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Resting-state functional connectivity of the
amygdala subregions in unmedicated patients
with obsessive-compulsive disorder before and
after cognitive behavioural therapy

Jian Gao, PhD; Xiangyun Yang, PhD; Xiongying Chen, PhD; Rui Liu, PhD;
Pengchong Wang, MA; Fanqiang Meng, MA; Zhanjiang Li, MD*; Yuan Zhou, PhD*

Background: Cognitive behavioural therapy (CBT) is considered an effective first-line treatment for obsessive—compulsive disorder (OCD).
However, the neural basis of CBT for OCD has not yet been elucidated. The role of the amygdala in OCD and its functional coupling with the
cerebral cortex have received increasing attention, and may provide new understanding of the neural basis of CBT for OCD. Methods: We ac-
quired baseline resting-state functional MRI (fMRI) scans from 45 unmedicated patients with OCD and 40 healthy controls; we then acquired
another wave of resting-state fMRI scans from the patients with OCD after 12 weeks of CBT. We performed seed-based resting-state functional
connectivity analyses of the amygdala subregions to examine changes in patients with OCD as a result of CBT. Results: Compared to healthy
controls, patients with OCD showed significantly increased resting-state functional connectivity at baseline between the left basolateral amyg-
dala and the right middle frontal gyrus, and between the superficial amygdala and the right cuneus. In patients with OCD who responded to
CBT, we found decreased resting-state functional connectivity after CBT between the amygdala subregions and the visual association cortices
and increased resting-state functional connectivity between the amygdala subregions and the right inferior parietal lobe. Furthermore, these
changes in resting-state functional connectivity were positively associated with changes in scores on the compulsion or obsession subscales of
the Yale-Brown Obsessive—Compulsive Scale. Limitations: Because of the lack of a second scan for healthy controls after 12 weeks, our
results may have been confounded by other variables. Conclusion: Our findings yield insights into the pathophysiology of OCD; they also
reveal the potential neural changes elicited by CBT, and thus have implications for guiding effective treatment strategies with CBT for OCD.

Introduction

Obsessive—compulsive disorder (OCD) is a chronic disabling
mental disorder that affects 2% to 3% of the general popula-
tion.! It is characterized by recurrent intrusive thoughts (obses-
sions) and repetitive behaviours or mental acts (compulsions).
Cognitive behavioural therapy (CBT) with exposure and
response prevention is an effective first-line therapy for OCD
that focuses on patients’” dysfunctional thinking, emotions and
behaviours.? Although clinical symptoms can be alleviated
with CBT in 60% to 70% of patients with OCD, those patients
still experience some residual symptoms; the remaining 30% to
40% are nonresponders.® Thus, it is essential to elucidate the
neural mechanisms that underlie OCD, as well as the potential

neural basis of CBT for OCD; a better understanding of these
may provide new insights that can be used to enhance existing
treatments and improve treatment response in OCD.

Previous studies have indicated that the amygdala plays an
important role in affective pertinence and emotional modula-
tion.** The amygdala is also a key structure in the fear circuit,
which mediates the expression and extinction of conditioned
fear.®* More importantly, recent studies have also pointed to the
possible involvement of the amygdala in the pathogenesis of
OCD, enriching our understanding of the neural mechanisms
that underlie this condition.”# As well, previous studies have
provided some evidence that the subregions of the amygdala
may play different roles in the pathophysiology of OCD.*!!
Based on cytoarchitectonic characteristics, the amygdala can be
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functionally segmented into 3 major sections: the basolateral,
centromedial and superficial subregions.’*** The basolateral
amygdala is involved in fear conditioning and fear extinction
learning; for example, the projection from glutamate neurons
in the basolateral amygdala to glutamate and y-aminobutyric
acid neurons in the medial prefrontal cortex may have contrib-
uted to the checking symptoms of OCD in mice.'® The centro-
medial amygdala mediates attentional and motor responses
through connectivity with the brain stem and the cortical and
striatal regions;'* hyperactivity in this subregion has been re-
ported in response to emotional face processing in patients
with OCD." The superficial amygdala is associated with affec-
tive processes through connections with the limbic regions;*
its networks are related to the evaluation of reinforcers and
risk anticipation in OCD.! Investigating the subregions of the
amygdala separately (instead of treating the amygdala as a
unified structure) may provide deeper insights into how ab-
normalities of the amygdala contribute to the symptoms of
OCD, and provide more empirical evidence for the role of the
amygdala in the pathophysiology of OCD."”

In addition to the contribution of the amygdala subregions
to the pathophysiology of OCD, recent studies have proposed
that the functional activity of the amygdala subregions is
highly associated with treatment outcomes for CBT in OCD.¢
For instance, a resting-state functional MRI (fMRI) study
found that the degree centrality of the right basolateral amyg-
dala was positively correlated with response to CBT.!® Resting-
state functional connectivity between the basolateral amygdala
and the ventromedial prefrontal cortex also predicted treat-
ment outcomes for CBT in OCD.!®'° However, in these studies,
patients with OCD were receiving pharmacological treatment
before they underwent CBT, so findings may have been con-
founded by the influence of medication. Moreover, these stud-
ies did not assess changes in brain activity or the functional
connectivity of the amygdala after CBT, making it impossible
to identify associations between changes in the circuit centred
at the amygdala and treatment outcomes for CBT.

In this study, we aimed to investigate the resting-state func-
tional connectivity of the amygdala subregions in patients
with OCD, and to assess whether the intrinsic functional con-
nectivity of the amygdala subregions was altered after CBT.
We recruited a group of unmedicated patients with OCD and
healthy controls. We obtained resting-state fMRI data at base-
line for both groups, and after CBT in the patients with OCD.
We speculated that we would find regionally dependent dif-
ferences in the resting-state functional connectivity of the
amygdala subregions when making the following compari-
sons: patients with OCD (before CBT) versus healthy controls,
and patients with OCD before versus after CBT.

Methods

Participants

We recruited 50 patients with OCD from the outpatient clin-
ics of Beijing Anding Hospital, Capital Medical University.

We recruited 42 healthy controls, matched for age, sex and
education level, using advertisements in the local community.

All patients with OCD were diagnosed by experienced senior
psychiatrists using the Structured Clinical Interview for DSM-
IV Axis I Disorders (SCID-I),® and the severity of their symp-
toms was assessed using the Yale-Brown Obsessive Compul-
sive Scale (Y-BOCS).?! Patients also completed the 17-item
Hamilton Depression Rating Scale (HAM-D-17) to measure
depressive symptoms.?%

The inclusion criteria for patients with OCD were as follows:
a score of 16 or higher on the Y-BOCS scale and 18 or lower on
the HAM-D-17; right-handed; aged between 18 and 45 years;
no history of neurologic illnesses or other major physical dis-
eases, Axis I psychiatric disorders other than OCD (anxiety
secondary to OCD was not exclusionary) or drug or alcohol
abuse; and medication-naive or medication-free for at least
4 weeks before enrolment. Of the patients with OCD, 38 had
never taken medications for OCD (medication-naive) and
12 had taken medications before (selective serotonin reuptake
inhibitors) but were medication-free for at least 4 weeks before
enrolment. Patients were excluded if they had previous expos-
ure to any psychotherapy.

The inclusion criteria for the healthy controls were the
same as those for the patients with OCD, except that healthy
controls were excluded if they had any DSM-IV diagnosis of
an Axis I psychiatric disorder.

Of the participants in the present study, 24 patients with
OCD and 30 healthy controls were included in a previous
study? on differences in spontaneous brain activity between
patients with OCD and healthy controls. That study meas-
ured fractional amplitude of low-frequency fluctuation
(fALFF) and fALFF-guided resting-state functional connec-
tivity and was distinct from the present study.

All participants provided informed consent before partici-
pation. This study was approved by the Human Research
and Ethics Committee of Beijing Anding Hospital, Capital
Medical University.

Treatment with CBT

The patients participated in a 12-week individual CBT pro-
gram, which consisted of 14 sessions based on the concepts
outlined in a treatment manual for CBT in OCD (each session
lasted 60 minutes).??* The CBT program combined cognitive
interventions with exposure and response prevention. Briefly,
sessions 1 and 2 involved establishment of a therapeutic alli-
ance, collection of information and assessment; sessions 3 to 6
involved cognitive interventions such as identification of cog-
nitive distortion, correction of the distorted cognitions and so
on; sessions 7 to 12 involved preparation for and conduct of
exposure and response prevention; and sessions 13 and 14 in-
volved a review of the treatment process and relapse preven-
tion. A more detailed description of the manual can be found
in a previous report.”” All CBT therapists in the present study
had rich experience in treating OCD, completed pre-study
training, and received regular supervision from peers and ex-
perts to guarantee adherence to the manual. None of the pa-
tients with OCD were allowed to undergo pharmacological
treatment for their obsessive-compulsive symptoms during
the 12-week CBT period. Two patients with OCD who did not
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complete the 12 weeks of CBT were excluded from further
analyses. We defined response to CBT as a decrease of more
than 35% in total Y-BOCS score, in accordance with practice
guidelines for the treatment of OCD.? In patients with OCD,
clinical symptoms were assessed by independent evaluators
at baseline and 12 weeks.

Brain image acquisition

All participants were scanned using a 3.0 T magnetic reson-
ance scanner (Magnetom Trio, Siemens) at the State Key Lab-
oratory of Cognitive Neuroscience and Learning, Beijing Nor-
mal University, China. All participants completed MRI scans
at baseline, and 48 patients with OCD also underwent scans
after the 12-week CBT program. Participants were instructed
to lie in a supine position with their eyes closed during scan-
ning, but not to fall asleep or to think of anything in particular.

For resting-state functional image scanning, we used a
functional sequence with the following parameters: 33 axial
slices, repetition time 2000 ms, echo time 30 ms, flip angle
90°, slice thickness 3.5 mm with 0.6 mm gap, field of view
200 x 200 mm, in-plane resolution 64 x 64, 200 volumes. The
duration of the resting-state run was 400 s (6 min, 40 s).

We also acquired high-resolution T,-weighted images
using a gradient-echo sequence with the following param-
eters: repetition time 2530 ms, echo time 3.39 ms, inversion
time 1100 ms, flip angle 15°, in-plane acquisition matrix 169 x
196, field of view 169 x 196 mm?, 1.33 mm slice thickness
with no interslice gap, 169 axial slices.

MRI data preprocessing and analysis

We conducted preprocessing with Data Processing and
Analysis for Brain Imaging (DPABI_V3.0) software® based on
Statistical Parametric Mapping 12 (SPM 12; www fil.ion.ucl.
ac.uk/spm) and the Resting-State fMRI Data Analysis Toolkit
(REST 1.8; www.restfmri.net). Preprocessing included the fol-
lowing steps: removal of the first 10 volumes; slice timing and
spatial registration correction; T, map segmentation to gener-
ate grey matter, white matter and cerebrospinal fluid data;
nuisance variable regression; spatial normalization (resam-
pled to 2 x 2 x 2 mm?); and spatial smoothing (4 mm full-
width at half-maximum Gaussian kernel). The nuisance co-
variates included the 5 principal components from the
individual segmented cerebrospinal fluid and white matter
regions, Friston’s 24 motion parameters, and linear and quad-
ratic trends. We also regressed out frame-wise motion outliers
by frame-wise displacement® using scrubbing regressors.
Specifically, we identified time points with a frame-wise dis-
placement of greater than 0.2 mm (plus 1 backward and 2 for-
ward frames) as “bad” points and then modelled them as sep-
arate regressors in the regression model of the realigned
resting fMRI data, removing nuisance covariates.*' Finally, we
applied a band-pass filter (0.01-0.08 Hz) to remove low-
frequency drifts and high-frequency physiologic noise.

We excluded participants with excessive head motion. The
specific criteria were as follows: more than a maximum dis-
placement of 2.0 mm in either the x, y or z direction, or more

than 2.0° of angular rotation about any axis for any of the
190 volumes, based on motion parameters. Using these cri-
teria, we excluded 3 patients with OCD and 2 healthy controls
from further analysis. We also calculated the mean frame-
wise displacement for each participant and found that none of
them had a mean frame-wise displacement of more than
3 standard deviations beyond the mean of the entire sample.
Therefore, we included the rest of the participants (45 patients
with OCD and 40 healthy controls) in our analyses. We also
used the mean frame-wise displacement of each participant to
address the residual effects of motion in group-level analyses.

Resting-state functional connectivity of the amygdala and
its subregions

We derived the amygdala subregions (left and right basolat-
eral amygdala, centromedial amygdala and superficial amyg-
dala) from the SPM Anatomy toolbox.*>* First, we defined
the 3 subdivisions of the amygdala in each hemisphere based
on stereotaxic probabilistic maps of cytoarchitectonic bound-
aries. Then, we then mapped them in 10 human postmortem
brains, performed 3-dimensional reconstruction and mapped
them to Montreal Neurological Institute space.”> We created
subregion masks based on volume assignments in the maxi-
mum probability maps, which assigned each voxel exclu-
sively to a single region.* The subregion masks were all re-
sampled with a voxel size of 2 x 2 x 2 mm®and then taken as
our seed regions for resting-state functional connectivity
analyses (Figure 1). This method of defining amygdala sub-
regions for seed-based resting-state functional connectivity

Figure 1: Subregions of the amygdala. Red: left centromedial amyg-
dala; green: left basolateral amygdala; yellow: left superficial amyg-
dala; dark blue: right centromedial amygdala; violet: right basolateral
amygdala; light blue: right superficial amygdala. Created using the
SPM Anatomy toolbox and registered to Montreal Neurological Insti-
tute space.
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analyses has been used in several previous studies.!*3
We then computed Pearson correlation coefficients between
each seed and the voxels of the whole brain to create correla-
tion maps for each seed and each participant. Finally, we
transformed the correlation maps into Z values using Fisher
r-to-Z transformation to improve normality.

Statistical analysis

We performed 2-sample ¢ tests and y? tests to analyze the
demographic differences between patients with OCD and
healthy controls. We used a paired t test to compare changes
in clinical symptoms between patients with OCD before and
after treatment. We performed these tests in SPSS 23.0 (IBM).

For the imaging data, we conducted statistical analyses
using SPM 12. First, we performed a 1-sample ¢ test for each
group in a voxel-wise manner to determine the brain regions
that showed significantly positive or negative correlations
with each of the seed regions. Then, we performed 2-sample
t tests to explore differences in resting-state functional con-
nectivity at baseline between patients with OCD and healthy
controls, using age, sex and mean frame-wise displacement
(head motion) as nuisance covariates. We compared differ-
ences in resting-state functional connectivity at baseline and
after CBT in responders to CBT (> 35% decrease in total
Y-BOCS score) using paired ¢ tests. We used 2-sample ¢ tests
to determine whether resting-state functional connectivity
was different in responders to CBT compared to healthy
controls. The threshold of correction for multiple compari-
sons was p < 0.05 (cluster-level family-wise error [FWE] cor-
rected; individual voxel threshold p < 0.001). Because the
resting-state functional connectivity analysis was repeated
6 times for the amygdala subregions, we used Bonferroni
correction for multiple comparisons (i.e., corrected p <
0.05/6 = 0.008). Finally, we performed partial correlation
analyses in SPSS 23.0 to explore the correlation between
changes in Y-BOCS total score or subscores and averaged
resting-state functional connectivity in the regions that
showed significant differences before and after CBT (after
Bonferroni correction) in responders to CBT (with age, sex
and HAM-D-17 score as covariates; p < 0.05).

Results
Demographic and clinical data

Our final sample consisted of 45 patients with OCD and
40 healthy controls after excluding participants with
excessive head movement and patients with OCD who
did not complete the 12 weeks of CBT (Table 1). We found
no differences between the 2 groups in terms of age, sex
or educational level. After CBT, patients with OCD dis-
played improvements in OCD-related symptoms com-
pared to baseline: Y-BOCS total scores and subscores all
decreased significantly (p < 0.001). We identified 38 of the
45 patients with OCD as responders to CBT (total Y-BOCS
score decreased > 35%), for a response rate of 84.4%, simi-
lar to response rates reported in previous studies.?3
Additional details about the clinical characteristics of the
patients with OCD can be found in Appendix 1, Table S1,
available at jpn.ca.

Altered resting-state functional connectivity of the amygdala
subregions at baseline in patients with OCD

At baseline, patients with OCD showed increased functional
connectivity compared to healthy controls in the amygdala—
frontal network and the amygdala—visual network. Specif-
ically, patients with OCD had increased functional connectiv-
ity between the left basolateral amygdala and the right
middle frontal gyrus (peak Montreal Neurological Institute
coordinates: x, y, z = 48, 8, 38; peak t: 4.37; cluster size:
112 voxels) and between the right superficial amygdala and
the right cuneus (peak Montreal Neurological Institute
coordinates: x, y, z = 2, =80, 18; peak t: 4.96; cluster size:
122 voxels; Brodmann area 18; cluster-level pgy; < 0.05). How-
ever, only the increased resting-state functional connectivity
between the right superficial amygdala and the right cuneus
survived Bonferroni correction (Figure 2).

We also compared the baseline resting-state functional
connectivity of the amygdala subregions between healthy
controls and responders to CBT (n = 38) and found similar
differences in responders to CBT (Appendix 1, Table S2).

Table 1: Demographic and clinical characteristics

OCD

Healthy n=45

controls
Characteristic n=40 Pre-CBT Post-CBT
Age, yr 289+6.4 28.7+6.7
Female/male, n 18/22 20/25
Education, yr 13.8+2.38 13.7+£29
lliness duration, yr 7.3+6.5
HAM-D score 6.7+42 58+5.2
Y-BOCS total score 23.6+5.9 10.3+5.6
Y-BOCS obsession subscale score 122+48 5.1+3.2
Y-BOCS compulsion subscale score 11.4+38 52+34

CBT = cognitive behavioural therapy; HAM-D = Hamilton Depression Rating Scale; OCD = obsessive—
compulsive disorder; Y-BOCS = Yale—Brown Obsessive Compulsive Scale.
Values are mean + standard deviation, unless otherwise indicated.
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Altered resting-state functional connectivity of the amygdala
subregions in responders to CBT

The main aim of the present study was to investigate changes
in resting-state functional connectivity of the amygdala sub-
regions in responders to CBT compared to baseline (1 = 38).
After treatment, responders to CBT showed decreased resting-
state functional connectivity between the left centromedial
amygdala and the left middle temporal gyrus and between
the right centromedial amygdala and the left middle occipital
gyrus. We also found decreased resting-state functional con-
nectivity after treatment in responders to CBT between the
left basolateral amygdala and the left middle temporal gyrus,
between the left inferior temporal gyrus and the left middle
occipital gyrus, between the right basolateral amygdala and
the left middle occipital gyrus, and between the right superfi-
cial amygdala and the right middle temporal gyrus. Con-
versely, we found that responders to CBT showed increased
resting-state functional connectivity between the right infer-
ior parietal lobule and 3 subregions of the amygdala (the left
centromedial amygdala and the left and right superficial
amygdala) after CBT (cluster-level p.y: < 0.05; Figure 3,
Table 2). Some of these alterations survived Bonferroni
correction (Table 2; cluster-level py,; < 0.008).

To explore whether resting-state functional connectivity in
responders to CBT was different from healthy controls, we
compared resting-state functional connectivity for each
amygdala subregion between responders to CBT (n = 38)
after 12 weeks of treatment and healthy controls at baseline.
We found no significant differences between the 2 groups
(cluster-level ppy: > 0.05; Appendix 1, Figure S1).

Association between changes in resting-state functional
connectivity of the amygdala subregions and the efficacy of
CBT in responders to CBT

We examined the association between changes in the
resting-state functional connectivity of the amygdala subre-
gions and changes in clinical symptoms after CBT using
partial correlation analyses in responders to CBT (1 = 38).
We found that decreased resting-state functional connectiv-
ity between the right centromedial amygdala and the left
middle occipital gyrus was positively correlated with a
reduction in Y-BOCS compulsion score. Decreased resting-
state functional connectivity between the left basolateral
amygdala and the left inferior temporal gyrus was posi-
tively correlated with a reduction in Y-BOCS obsession
score (Figure 4).

Seed Healthy controls

[ |
38 4.96

ocD Healthy controls v. OCD

Figure 2: Resting-state functional connectivity of the amygdala subregions that showed significant differences at baseline in patients with
OCD compared to healthy controls. (A) Seed regions: left basolateral amygdala and right superficial amygdala. (B and C) Resting-state func-
tional connectivity in (B) healthy controls and (C) patients with OCD. (D) Regions in which we found significant differences in resting-state
functional connectivity with the seed region (cluster-level peye < 0.05). *Survived Bonferroni correction. BLA = basolateral amygdala; FWE =
family-wise error; MFG = middle frontal gyrus; OCD = obsessive—compulsive disorder; SFA = superficial amygdala.

E632 J Psychiatry Neurosci 2021;46(6)



Altered functional connectivity in OCD after CBT

Discussion

To our knowledge, this study was the first to explore altera-
tions in the circuit centred at the amygdala subregions before
and after CBT for OCD. We showed an association between
resting-state functional connectivity in these subregions and
improvement in clinical symptoms in patients with OCD. At
baseline, we found increased functional connectivity between
the amygdala subregions and the frontal networks (the right
middle frontal gyrus), and between the amygdala subregions
and the visual cortex (the right cuneus) in patients with OCD
compared to healthy controls. This finding indicates that the
amygdala may contribute to the pathophysiology of OCD via

the perceptual processing of emotional stimuli, a finding that
would enrich the pathology model of OCD. More impor-
tantly, after 12 weeks of CBT, resting-state functional connec-
tivity between the amygdala subregions and the regions in
the visual association cortices decreased in responders to CBT.
These changes were significantly associated with improve-
ments in obsessive-compulsive symptoms.

Altered resting-state functional connectivity of the amygdala
subregions at baseline in patients with OCD

We found increased functional connectivity between the left
basolateral amygdala and the right middle frontal gyrus in

Figure 3: Altered resting-state functional connectivity of the amygdala subregions in patients with OCD who responded to CBT, before and
after treatment (cluster-level pqy < 0.05). The red regions are locations where functional connectivity with the amygdala subregions was
increased in responders to CBT after treatment (compared to before treatment). The blue regions are locations where functional connectivity
with the amygdala subregions was decreased in responders to CBT after treatment. BLA = basolateral amygdala; CBT = cognitive behavioural
therapy; CMA = centromedial amygdala; FWE = family-wise error; IPL = inferior parietal lobule; ITG = inferior temporal gyrus; MOG = middle
occipital gyrus; MTG = middle temporal gyrus; OCD = obsessive—compulsive disorder; SFA = superficial amygdala.
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unmedicated patients with OCD, indicating an abnormality in
the amygdala—frontal network. Previous functional studies
have found that connectivity of the amygdala and the pre-
frontal cortex subserved emotion regulation, and the influ-
ence of the amygdala on the right middle frontal gyrus was
positively correlated with neuroticism.?’-* Compared to
healthy controls, patients with OCD have shown higher
scores in neuroticism,***! which could increase their suscept-
ibility to negative emotion and lead to difficulties in emotion
regulation.*** One fMRI study also indicated that connectiv-
ity between the basolateral amygdala and the right middle
frontal gyrus might underlie emotional appraisal or expres-
sion and regulation.* Similarly, our finding that patients with

OCD showed increased resting-state functional connectivity
between the basolateral amygdala and the right middle fron-
tal gyrus at baseline compared to healthy controls suggests
that patients with OCD may experience dysfunctional emo-
tional appraisal and difficulty regulating negative emotion.
We also observed alterations in resting-state functional
connectivity between the right superficial amygdala and the
right cuneus in patients with OCD. The cuneus, as part of the
visual cortex, is involved in visual spatial processing and re-
ceives visual information from the contralateral retina, which
is then projected to extrastriate cortices (Brodmann areas 18
and 19).% Previous studies have shown that the functional
coupling between the amygdala (involved in regulating

Table 2: Brain regions with significant differences in resting-state functional connectivity of the amygdala subregions before

and after CBT in responders to CBT

Brodmann MNI coordinates,
Amygdala seed Brain region Voxels area X, ¥ z t Prwe
Pre-CBT > post-CBT
Left centromedial amygdala Left middle temporal gyrus 107 37 -50, -68, 2 5.13 0.009
Right centromedial amygdala Left middle occipital gyrus 120 19 -30, -82, 28 4.64 0.005*
Left basolateral amygdala Left inferior temporal gyrus 158 19 -50, —64, -6 4.46 0.001*
Left middle temporal gyrus 105 39/19 —-38,-62, 14 5.45 0.011
Left middle occipital gyrus 427 19/39 —-30,-78, 30 5.09 < 0.001*
Right basolateral amygdala Left middle occipital gyrus 85 39 —34, -80, 28 4.59 0.034
Right superficial amygdala Right middle temporal gyrus 88 39 -50, —60, 18 5.15 0.027
Pre-CBT < post-CBT
Left centromedial amygdala Right inferior parietal lobule 291 40 42, -44, 36 4.83 <0.001*
Left superficial amygdala Right inferior parietal lobule 219 40 58, —48, 48 5.58 <0.001*
Right superficial amygdala Right inferior parietal lobule 125 40 40, —46, 44 5.03 0.002*

CBT = cognitive behavioural therapy; FWE = family-wise error; MNI = Montreal Neurological Institute.

*Survived Bonferroni correction.

A Right centromedial amygdala and
left middle occipital gyrus

02 - R =0.339, p = 0.038
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Figure 4: Correlations between changes in functional connectivity in amygdala subregions and symptom improvement in responders to CBT.
(A) Positive correlation between changes in resting-state functional connectivity after CBT (right centromedial amygdala and left middle occipital
gyrus) and a reduction in Y-BOCS compulsion score in responders to CBT. (B) Positive correlation between changes in resting-state functional
connectivity after CBT (left basolateral amygdala and inferior temporal gyrus) and a reduction in Y-BOCS obsession score in responders to CBT.
CBT = cognitive behavioural therapy; Y-BOCS, Yale—Brown Obsessive Compulsive Scale.
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“classical” emotions) and the extrastriate visual regions was
altered when patients with OCD viewed stimuli with a nega-
tive valence.>® Another study noted that functional connec-
tivity between the superficial amygdala and the visual areas
was increased during fear stimuli (compared with joy), sug-
gesting that the functional coupling between the superficial
amygdala and the visual areas may be vital to visual alert-
ness.* Taken together, our results complement previous
studies by showing that dysfunctional coupling between the
superficial amygdala and the visual cortex plays an impor-
tant role in visual processing, especially in processing nega-
tive, fear-provoking stimuli for patients with OCD.

Altered resting-state functional connectivity of the amygdala
subregions in responders to CBT

We further explored changes in resting-state functional con-
nectivity of the amygdala subregions in patients with OCD
who responded to CBT, and we observed decreased resting-
state functional connectivity between the amygdala subregions
and the visual association cortices, including the temporal cor-
tex and the occipital cortex. In particular, CBT decreased the
functional connectivity between the right centromedial amyg-
dala and the middle occipital gyrus. Previous neuroimaging
studies have indicated that the amygdala was highly activated
with the visual association cortices, which mainly included the
middle occipital gyrus in the processing of emotional informa-
tion.#” Another resting-state fMRI study*® found that the hypo-
thalamic neuropeptide oxytocin could decrease the resting-
state functional connectivity between the right centromedial
amygdala and the right middle occipital gyrus. The authors
suggested that the modulatory effects of oxytocin on the net-
works related to emotional face processing are mediated by
the functional connectivity of the centromedial amygdala. As
well, based on the evidence for the different functions of the
subregions of amygdala in emotion processing,* the centro-
medial amygdala was preferentially sensitive to highly arous-
ing negative emotional stimuli.*® Thus, our results may suggest
that CBT could regulate the emotional processing of negative
content in patients with OCD by reducing the functional
coupling between the centromedial amygdala and the middle
occipital gyrus. We also found that decreased resting-state
functional connectivity was associated with a reduction in the
compulsive behaviour scores in patients with OCD who
responded to CBT. This modulatory influence of CBT on the
connectivity of the centromedial amygdala may provide a
neural basis for CBT in decreasing compulsive repetitive be-
haviours in patients with OCD.

We found additional changes in the connectivity of the
amygdala subregions after CBT, as evidenced by decreased
connections from the basolateral amygdala to the visual asso-
ciation cortices (the inferior and middle temporal gyrus and
middle occipital gyrus). Previous neuroimaging studies have
indicated that the activation of the amygdala may influence
the early recruitment of the ventral visual stream, including
the occipital gyrus. The occipital gyrus becomes sensitive to
disorder-relevant stimuli and relays detection to the middle
temporal cortex, which in turn upregulates activity in the

amygdala.®'?? A recent meta-analysis found that activation of
regions including the bilateral amygdala, the middle
temporal cortex and the middle occipital cortex was signifi-
cantly increased during emotion processing in OCD.® Based
on these findings, we can assume that the amygdala has close
functional coupling with the visual association cortices, in-
cluding the temporal and occipital cortices, and that func-
tional connectivity among these regions is likely to reflect
their involvement in the emotional processing of disorder-
relevant stimuli in OCD.** Moreover, dysfunction of the
coupling between the basolateral amygdala and the visual as-
sociation areas may cause a perceptual bias effect in those
whose perception of ongoing tasks is easily influenced by
task-irrelevant stimuli, and this may lead to impaired inte-
gration of the perceptual and emotional processes.** In our
study, we found that CBT could dampen the increased
resting-state functional connectivity between the visual asso-
ciation cortices and the basolateral amygdala in OCD, and
that such altered resting-state functional connectivity was
positively associated with improvements in obsessive-
compulsive symptoms in patients with OCD who responded
to CBT. This finding was also in line with previous results in
which CBT reduced hyperactivity in brain regions associated
with emotion processing, such as the amygdala and the mid-
dle temporal gyrus. More importantly, these neural changes
adjusted by CBT could also help patients with anxiety disor-
ders reduce their clinical symptoms.®* Taken together, our
findings suggest that CBT modulates emotional processing in
patients with OCD by integrating visual and emotional
signals related to higher cognitive processes such as re-
appraisal,®® and by decreasing the perceptual bias toward
threatening stimuli that may easily induce symptoms.

We also found increased resting-state functional connectiv-
ity between the subregions of the amygdala (centromedial
amygdala and superficial amygdala) and the right inferior
parietal lobule in patients with OCD who were responders to
CBT. A previous study indicated that the inferior parietal lob-
ule may integrate emotional information from the limbic re-
gions (e.g., amygdala) and constitute “hubs” or “switches” in
the processing of emotional conflict.®! Resting-state functional
connectivity between the superficial amygdala and the infer-
ior parietal lobule has also been associated with emotional
lability scores in patients with attention-deficit/hyperactivity
disorder, which suggests emotional self-regulation dysfunc-
tion.®> However, a recent study reported that patients with
OCD showed decreased resting-state functional connectivity
between the left amygdala and the left inferior parietal cortex
after 4 weeks of cognitive-coping therapy.* The inconsistency
between that study and the present study can be attributed to
patient characteristics, the content of psychotherapy and the
duration of the observation window. In the present study, pa-
tients were medication-naive or medication-free for at least
4 weeks before enrolment, and patients were excluded if they
had previous exposure to any psychotherapy. In the study by
Zhao and colleagues,* most of the participants (21/26) were
taking selective serotonin reuptake inhibitors when they were
enrolled in the study. Such a difference in medication status
may have influenced resting-state functional connectivity, as
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suggested in a previous study.® The psychotherapy used in
the present study was also different from that used in the
study by Zhao and colleagues.®* In our study, CBT involved
5 sessions of behavioural intervention (i.e., exposure and re-
sponse prevention) in addition to the cognitive interventions.
The study by Zhao and colleagues,®® used cognitive-coping
therapy (a novel emotion- and motivation-focused therapy for
OCD). This difference between the 2 studies suggests that dif-
ferent psychotherapy techniques may induce different func-
tional brain changes, an interesting and important question to
be addressed in future studies. Finally, the treatment period
used in the 2 studies was different. Psychotherapy lasted
12 weeks in the present study, but only 4 weeks in the study
by Zhao and colleagues,* leading to differences in the obser-
vation window. It is possible that the resting-state functional
connectivity of the amygdala could change dynamically
across the treatment period. Future studies can test this pos-
sibility by scanning at multiple time points during treatment
(e.g., pre-treatment, mid-treatment and post-treatment). Still,
in spite of the differences between the present study and that
of Zhao and colleagues,® both suggested that a functional
coupling between the amygdala and the parietal lobe — asso-
ciated with the processing of emotional information and emo-
tional self-regulation — might be in involved in OCD and
could be altered by psychotherapy.

Implications of the present study

This study provided detailed evidence for the functional con-
nectivity of amygdala subregions that could contribute to the
pathological mechanisms of OCD and might be significantly
altered by CBT. However, differences in resting-state func-
tional connectivity of the amygdala subregions between pa-
tients with OCD and healthy controls at baseline did not
overlap with changes in resting-state functional connectivity
in responders to CBT. These results suggest that the neural
basis of treatment response might not be the neural basis of
the etiology of OCD, or the manifestation of a neuropsychiat-
ric disorder that tends to highlight the differences between
patients and healthy controls. This concept is in line with the
findings of previous studies that have explored the mech-
anisms of CBT for social anxiety disorder.®* We also found
that the resting-state functional connectivity of the amygdala
subregions could change after CBT and further revealed its
relationship with treatment efficacy (i.e., changes in symptom
severity). We speculate that resting-state functional connec-
tivity between the amygdala subregions and the visual asso-
ciation cortices in patients with OCD may be associated with
a perceptual bias effect and lead to dysfunctional emotion
regulation, which in turn translates to the therapeutic effects
of CBT. This finding echoes the view of Reggente and col-
leagues,” who raised the possibility that one of the effects of
CBT might be to significantly adjust the interplay between
the visual network and the amygdala. To the best of our
knowledge, this adjustment has not yet been proven with
empirical evidence. However, our findings support this view
and suggest that the functional coupling of the amygdala
subregions with the visual association cortices could serve as

the underlying neural basis for the effect of CBT for OCD. We
also found no significant group differences in baseline
resting-state functional connectivity between responders to
CBT and healthy controls. This finding suggests that the
resting-state functional connectivity of the amygdala in
patients with OCD could be normalized with treatment.
However, this finding should be interpreted with caution be-
cause of our small sample size and the lack of a second scan
for the healthy controls.

Limitations

Our findings are promising, but the present study had sev-
eral limitations. The control group in our study might have
been inadequate because of the lack of a 12-week waitlist
condition. Our study recruited a healthy control group in-
stead of a waitlist group, because putting patients with OCD
in a placebo group for nearly 3 months would have been un-
likely to receive approval from our local ethics committee. In
addition, we did not conduct a second resting-state fMRI
scan after 12 weeks in the healthy control group, so we were
unable to draw conclusions about whether the changes in pa-
tients with OCD were specific to CBT or reflected a better
general prognostic outcome. In other words, the results may
have been confounded by other variables such as scanner
noise from the time interval. Still, the present study provides
detailed information about changes in the neural connectivity
of the amygdala subregions after CBT in patients with OCD,
and in this way it may still help guide future study to explore
the therapeutic mechanisms of CBT by focusing on the func-
tion of the amygdala and its subregions. Although we tried
to reduce heterogeneity among the patients with OCD by re-
cruiting people who were unmedicated, our findings may
still have been confounded by heterogeneity in OCD sub-
types, which may have different neural bases and different
neural mechanisms for the effects of CBT.% Future studies
should focus on OCD subtypes. Finally, we lacked objective
measures of emotional processing in our patient group, so
we were unable to draw definitive conclusions about the
relationship between altered functional connectivity and
changes in emotion processing after CBT. Further research
could incorporate neuropsychological testing or task-based
fMRI to confirm the hypotheses formulated here.

Conclusion

Our study showed altered resting-state functional connectiv-
ity centred on the amygdala subregions in OCD and pro-
vides relatively detailed evidence for the underlying mech-
anisms of CBT for OCD. The decreased functional
connectivity we found between the amygdala subregions
and the visual association cortices may reflect an effect of
CBT on emotional processing. These findings enrich the clas-
sic corticostriatal models of OCD pathophysiology by add-
ing more empirical evidence for the amygdala, and they sug-
gest a potential neural basis for CBT, which might be useful
for guiding the development of effective treatment strategies
for OCD in the future.
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