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Group cognitive behavioral therapy
modulates the resting-state functional
connectivity of amygdala-related network
in patients with generalized social anxiety
disorder
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Abstract

Background: Amygdala is considered as the core pathogenesis of generalized social anxiety disorder (GSAD).
However, it is still unclear whether effective group cognitive behavioral therapy (CBT) could modulate the function
of amygdala-related network. We aimed to examine the resting-state functional connectivity (rsFC) of the amygdala
before and after group CBT.

Methods: Fifteen patients with GSAD were scanned on a 3T MR system before and after 8 weeks of group CBT.
For comparison, nineteen healthy control participants also underwent baseline fMRI scanning. We used bilateral
amygdala as seed regions and the rsFC maps of the right and left amygdala were created separately in a voxel-wise
way. Clusters survived two-tailed Gaussian Random Field (GRF) correction at p <0.05 (voxel z value >2.3).

Results: Compared with baseline, patients with CBT showed significantly decreased connectivity of the left amygdala
with the right putamen, the left dorsal medial prefrontal cortex (dmPFC) and the right dorsal anterior cingulate cortex
(dACC). Especially, the changes of the connectivity between the left amygdala and the dACC positively correlated with
changes of the anxiety symptom in patients. Furthermore, in relative to controls, patients showed higher connectivity
of left amygdala with dmPFC and dACC at baseline, while normal after CBT.

Conclusions: Short-term group CBT could down-regulate the abnormal higher connectivity of prefrontal-amygdala
network, along with clinical improvement. This may provide a potential biomarker to monitor the treatment effect of
CBT in GSAD patients.
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Background
Generalized social anxiety disorder (GSAD) is a common
mental disorder that mainly involves a notable fear and
avoidance of most social or performance situations, [1]
and has a point prevalence of 4.4 % [2]. The repeated
experience of anxiety in relatively harmless situations
interferes with substantial occupational performance
and relationships of GSAD patients [3]. Evidences from
animal models [4, 5] and human beings [6, 7] have indi-
cated the role of amygdala as the core in the pathogenesis
of GSAD. Especially, neuroimaging studies have detected
decreased volume of the amygdala [8] and increased
functional activity of the amygdala in response to aversive
and threatening social stimuli in GSAD patients [9–11].
Further studies began to study the interaction of amygdala
with other brain regions since the GSAD are attributable
to the mis-communication among different brain regions
in a wide network rather than a single specific brain struc-
ture [12]. Impaired connectivity between amygdala and
anterior cingulate cortex (ACC) rather than the activity
pattern of the amygdala has been found to be related to
anxiety symptoms severity [13]. Furthermore, anxiety was
associated with a negative connectivity between amygdala
and ventral medial prefrontal cortex (mPFC), suggesting
disrupted emotion regulation. Besides, a positive connect-
ivity between amygdala and dorsal mPFC was also related
to anxiety, indicating hypervigilance to external stimuli
[14]. Abnormal amygdala connectivity with other brain
regions such as precuneus [15] and insula [16] in GSAD
have also been revealed.
However, another question raises that whether these

aberrant amygdala-related networks can be modulated
along with clinical improvement after treatment. Investi-
gation of the brain changes before and after treatment
not only improves our understanding of the pathogen-
esis and recovery of GSAD, but can also help to monitor
treatment effects and guide the selection of the optimal
therapy [17]. The resting-state functional connectivity
(rsFC) method has become a valuable tool for investiga-
ting network function, as it allows for a paradigm-free

analysis of connectivity in fMRI without a priori as-
sumptions about neural activation [18, 19]. Besides, the
potentially powerful method enables us to increase our
understanding and develop a more refined and compre-
hensive brain modulatory model of GSAD before and
after treatment.
Using rsFC, some studies found the neuropeptide oxy-

tocin could affect the rsFC of the amygdala with rostral
ACC/ventral mPFC in GSAD patients [20]. However, as
another important treatment method [21], cognitive–be-
havioral therapy (CBT) appears to be equally effective
but more enduring [22, 23] and safer, with fewer side
effects. A recent study also showed that the resting-state
amygdala-prefrontal connectivity at baseline could predict
the prognosis of GSAD patients after CBT [24]. It is still
unclear that whether the standardized group CBT [25]
could modulate amygdala-related functional connectivity
along with clinical improvement. Based on the literature,
we hypothesized that certain amygdala-related neural net-
work was disrupted compared to healthy control subjects
at baseline, which would be normalized by group CBT
along with clinical improvement.

Methods
Participants
Individuals with GSAD were enrolled by referrals from
the outpatient clinic of Mental Health Center, West
China Hospital, Chengdu, China from March 2011 to
December 2013. Eighteen patients completed a baseline
fMRI scan, 8 weeks of group CBT, and a second fMRI
scan after treatment. One female and two male patients
were excluded due to the sever head motion during the
MRI scan. Thus, 15 patients (10 males; mean age, 27.07 ±
8.11 years) were included in the final statistical analysis.
For comparison, we enrolled a group of 19 demographic-
ally matched healthy controls (13 males; mean age, 26.26 ±
4.90 years), who were volunteers from the community.
Table 1 shows all the participants’ demographic and clinical
characteristics. Four patients were on a stable dosage of a
selective serotonin reuptake inhibitor for at least 4 weeks

Table 1 Demographic information and psychological variables in GSAD and HC groups before and after treatment

HC (n = 19) Pretreatment
GSAD (n = 15)

Posttreatment
GSAD (n = 15)

T (pre-treatment
vs HCs)

P (pre-treatment
vs HCs)

T (pretreatment
vs posttreatment)

P (pretreatment
vs posttreatment)

Age (Years) 26.26 ± 4.90 27.07 ± 8.11 _ 0.36 0.723 _ _

Education (Years) 15.95 ± 2.82 11.27 ± 3.35 _ −4.43 <0.001 _ _

Total LSAS (mean ± SD) 24.53 ± 17.23 78.87 ± 27.00 50.93 ± 19.13 7.14 <0.001 5.80 <0.001

LSAS fear (mean ± SD) 11.00 ± 9.68 38.13 ± 13.21 26.60 ± 8.80 6.92 <0.001 5.50 <0.001

LSAS avoid (mean ± SD) 13.53 ± 10.85 40.73 ± 15.22 24.33 ± 12.75 6.08 <0.001 5.11 <0.001

HAMA (mean ± SD) 2.21 ± 2.64 14.53 ± 8.51 9.33 ± 5.27 5.98 <0.001 2.59 0.021

HAMD (mean ± SD) 2.11 ± 2.62 11.00 ± 6.75 7.00 ± 4.58 5.28 <0.001 3.30 0.005

GSAD generalized social anxiety disorder, HC healthy control, LSAS Liebowitz Social Anxiety Scale, HAMD Hamilton rating scale for depression, HAMA Hamilton
rating scale for anxiety
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(two patients were treated with paroxetine, 20 mg/day, one
patient was treated with paroxetine, 10 mg/day, and one
patient was treated with paroxetine, 20 mg/day as well as
tandospirone, 20 mg/day), but had had to discontinue psy-
chotropic medication due to poor response at least 2 weeks
prior to the baseline MRI scan.

Psychometric measures
The psychiatric diagnostic classification of the partici-
pants was based on the Structured Clinical Interview for
DSM-IV axis I disorders (SCID) [26] by psychiatrists. All
participants were right-handed. The participants were
interviewed to confirm that there was no history of psy-
chiatric illness among their first-degree relatives, and
that they themselves had no history of major medical or
neurologic illness, and no history of substance abuse
within a 6-month period prior to scanning. The patients
had to fulfill the criteria for GSAD according to the
SCID. The exclusion criteria for the patient group
included current psychotherapy, past CBT, and other
DSM-IV diagnoses, thus the patients included had no
comorbidty.
Symptom severity was assessed using the Liebowitz

Social Anxiety Scale Self-Report [27, 28] (LSAS-SR) at
the time of inclusion in the study and after treatment.
The Hamilton Anxiety Rating Scale (HAMA) and the
Hamilton Depression Rating Scale (HAMD) were also used
to measure anxiety and depression for all the participants.

Treatment phase
Patients participated in 8 weekly CBT sessions in a
group format according to the principles described by
Hope, Heimberg [29] and Hofmann [25]. The therapy
consisted of one 150-min session per week, according to
a standardized protocol-based group treatment [25]. The
sessions were conducted by a licensed clinical psychologist
with several years of working experience in group CBT. A
licensed clinical psychologist with expertise in both CBT
and clinical trial studies involving CBT supervised the
therapy to ensure adherence to treatment. The two psy-
chologists were not involved in the subsequent analysis
of treatment outcome and fMRI data. The group CBT
comprised of psychoeducation, cognitive restructuring,
relaxation training, in vivo exposures to public speaking,
social skills training and homework assignment.

Functional MRI scan acquisition
A 3.0 T magnetic resonance scanner (Siemens 3.0 T Trio
Tim, Germany) with a twelve-channel phased-array head
coil at the Huaxi MR Research Center was used. Each par-
ticipant was positioned supine in the MRI scanner with
foam padding to reduce head movements. Functional im-
ages were acquired using a single-shot, gradient-recalled
echo-planar imaging sequence (repetition time, 2,000 ms;

echo time, 30 ms; flip angle, 90°; field of view, 240 mm×
240 mm; matrix, 64 × 64; thickness, 5 mm; without gap),
which yielded a voxel size of 3.75 mm× 3.75 mm× 5 mm.
Each brain volume comprised of 30 axial slices and each
functional run contained 205 image volumes. Participants
were instructed to rest with their eyes closed and let their
minds wander but not fall asleep. The scan lasted 6.8 min.

Functional MRI data preprocessing
Imaging preprocessing was performed with Data Pro-
cessing Assistant for Resting-State fMRI Basic Edition
(DPARSF_3.0; http://rfmri.org/DPARSF). All software
programs were run on a Statistical Parametric Mapping
platform, (SPM8, http://www.fil.ion.ucl.ac.uk/spm), based
on the MATLAB programming language (The Mathworks
Inc, USA). The first 10 volumes from each run were
discarded to ensure the stability of the imaging data. In
the first step, the functional images were corrected for
slice timing, and participants with head motion of more
than 3.0 mm in the x, y, or z direction and more than
1.0° of rotation about each axis were excluded. Next,
the realigned images were spatially normalized to the
EPI template in SPM8, resampled to 3 mm cubic voxels,
and smoothed by convolution with an isotropic Gaussian
kernel (full width half maximum, 4 mm) to decrease
spatial noise. Linear trend and quadratic trend entered in
the regression analysis. Cerebrospinal fluid, white matter,
6 head motion parameters, 6 head motion parameters
one time point before, and the 12 corresponding squared
items were removed from the images [30]. Considering
the increasing evidence that global brain signal regression
could alter inter-individual differences [31], the global
signal regression was not performed. The resting data
were bandpass-filtered between frequencies of 0.01 and
0.1 to limit the analysis to the resting-state frequencies
of interest.

Functional MRI data analysis
By applying a seed-region approach [32], we used the right
and left amygdala seeds, defined within the automated
anatomical labeling (AAL) [33] atlas using MarsBar tool-
box (http://marsbar.sourceforge.net) for FC analyses. The
resulting r values were converted to z-values using Fisher's
r-to-z transformation to improve the Gaussianity of
their distribution. The FC maps of both the right and
left amygdala were created using the resting-state fMRI
data processing toolkit (REST V1.8, State Key Laboratory
of Cognitive Neuroscience and Learning in Beijing Normal
University; 〈http://www.restfmri.net/forum/REST_V1.8〉).
We then performed several statistical parametric tests in

REST to test our priori hypotheses. To examine the chan-
ged amygdala-related network compared to the baseline
status after group CBT, the FC maps in the pre-treatment
and post-treatment groups were compared on a voxel-wise
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basis via a paired sample t-test. The Gaussian Random
Field (GRF) theory correction was used for the statistical
significance of group differences, with a voxel z threshold
of a voxel p value <0.0214, a cluster p value <0.1 (two
tailed), and a cluster connectivity of 5 mm, which is
equivalent to voxel z value >2.3, cluster p value < 0.05 (two
one tail corrections) in the SPM. Then, we defined regions
of interest (ROI) based on functional clusters showing
significant differences between pre-treatment and post-
treatment groups. These seed regions were used as masks
to test whether the pre- versus post-treatment findings in
patients were different between patients and healthy
controls (HC). Two sample t-test was used to characterize
the difference between patients and controls (p < 0.05,
voxel z value > 2.3, GRF corrected). Cluster size was set at
least 5 voxels (135 mm3), with cluster connectivity of
5 mm. Gender, age, sex, education years and frame-wise
displacement (FD) measurements of head motion [34]
were modeled as covariates to remove their impacts.
After multiple comparison corrections, we further

identified the surviving clusters by comparison with the
neuroanatomical atlas by visual assessment and cross-
referenced reports. Finally, the FC values of the seed
regions and functional clusters within the seed regions
that survived the voxel correction criteria between pre-
treatment and HC groups were extracted by REST toolkit
and used for further analysis. To assess for correlations
with symptom severity, the extracted FC values from the
GSAD pre-treatment scans were correlated with the LSAS
(including total score, fear factor and avoidance factor)
and HAMA using Pearson correlation analysis. Pearson
correlation coefficient analysis was also conducted be-
tween the degree of change in the extracted FC values
(ΔFC/PreFC) and the scale of improvement in LSAS
(ΔLSAS/PreLSAS) and HAMA (ΔHAMA/PreHAMA) scores
upon treatment in order to test the hypothesis that FC
changes would parallel the clinical response to treat-
ment. (SPSS version 19, IBM, USA).

Results
Treatment results
After 8 weeks of group CBT, the total and the subscale
scores of LSAS-SR significantly decreased (p < 0.05) in
patients group, with the average total scores reduced
from 78.87 ± 27.00 to 50.93 ± 19.13. Also, the HAMA
scores reduced from an average of 14.53 ± 8.51 to 9.33 ±
5.27 (p < 0.05), while HAMA decreased from an average
of 11.00 ± 6.75 to 7.00 ± 4.58 (p < 0.05). These findings
indicate the CBT is effective in treatment of the symp-
toms of GSAD patients (Table 1).

Connectivity analysis
Compared to the baseline, patients with GSAD showed
decreased connectivity of the left amygdala with three

brain regions: the right putamen, the left dorsal portions
of the PFC (dmPFC), and the right dorsal ACC (dACC)
(Figs. 1 and 2). No differences were found for the right
amygdala connectivity between the pre-treatment and
post-treatment groups. The changes of extracted FC
values (ΔFC/PreFC) in left amygdala-right ACC were posi-
tively correlated with changes of the HAMA scores
(ΔHAMA/PreHAMA) (r = 0.823, p <0.001). No significant
correlation of extracted FC values from the GSAD pre-
treatment scans and symptom severity was revealed.
To test whether the connectivity of the left amygdala

with above three brain regions were different between the
patients and controls, the survived three clusters were
used as masks for group comparisons of the amygdala
related connectivity maps between patients and controls.
In relative to controls, the patient group showed higher
connectivity of the left amygdala with the right dACC
and the left dmPFC at baseline, but recovered to normal
after CBT. (Fig. 3, Table 2).

Fig. 1 Statistical t-map of resting-state functional connectivity of
amygdala between the pre-treatment and post-treatment groups.
Compared to the baseline, patients with GSAD showed decreased
connectivity of the left amygdala with the right putamen, the left
dmPFC and the right dACC. (paired sample t-test, p <0.05, voxel z
value >2.3, GRF corrected, two-tailed). No differences were found
for the right amygdala connectivity between the pre-treatment
and post-treatment groups. dmPFC, dorsal medial prefrontal cortex;
dACC, dorsal anterior cingulate cortex; L, left; R, right
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Discussion
In this longitudinal study, we used fMRI to investigate
changes of rsFC in patients with GSAD before and after
8 weekly group CBT treatment. Based on a standard
clinician measure, the majority of patients improved fol-
lowing treatment. As we hypothesized, GSAD patients
showed aberrant amygdala-related network and the
short-term group CBT could normalize the abnormal
hyper-connectivity of amygdala-prefrontal network.
Furthermore, the changes of the left amygdala-dACC
connectivity were associated with the clinical improve-
ment (changes of the HAMA scores) in GSAD patients
after treatment.
The most important finding of the current study is the

abnormally elevated amygdala-dACC connectivity in
GSAD patients, which is normalized along with clinical
symptom improvement after group CBT. The dACC is
densely and reciprocally connected with amygdala [35]
which mostly sends projections to amygdala [36]. More-
over, joint activation pattern of amygdala and dACC
have been identified in many neuroimaging studies on
emotion [37, 38]. It has been previously reported that
the dorsal–caudal regions of the ACC and mPFC are in-
volved in the appraisal and expression of negative emo-
tions, whereas the ventral–rostral portions of the ACC
and mPFC play a regulatory role in negative emotion
[39, 40]. The authors concluded that the amygdala-
dmPFC/ACC connectivity is associated with “negative
emotion generation” [39]. Abnormal amygdala-dACC

connectivity has been previously reported in association
with anxiety [13, 40]. Considering the above mentioned
findings, and in conjunction with our results, the abnor-
mal hyper-connectivity of amygdala-dACC connectivity
could attribute an exaggerated significance to possible
threat stimuli from the internal and the external environ-
ment, leading to a high level of anxiety in patients with
GSAD. Besides, present study provide further evidence
to support the 8 weeks of group CBT exert an effect on
normalizing the amygdala–dACC connectivity along with
the improvement of anxiety symptom. Since CBT could
alleviate the predisposition for excessive fear and anxiety
in response to environmental stimuli [41] by effective
strategies such as relaxation training, in vivo exposure
and social skills training, such therapy could relief the
abnormal elevated connectivity between amygdala and
dACC. Therefore, our finding not only provided robust
evidence for the key role of the amygdala-dACC con-
nectivity in GSAD pathogenesis, but also provide a
potential biomarker to monitor the treatment effect of
CBT in GSAD patients.
Besides, we also found that the short-term group CBT

reduced the abnormally elevated connectivity of the left
amygdala with the left dmPFC at baseline. In fact, the
abnormal elevated amygdala-dmPFC connectivity has
been reported during self-directed criticism in patients
with generalized social phobia [42]. Both the dmPFC
and the amygdala are regions associated with fear ex-
pression in response to stimuli from the external world

Fig. 2 Statistically significant differences in resting-state functional connectivity of amygdala between the pre-treatment and post-treatment
groups. Compared to the baseline, patients with GSAD showed decreased connectivity of the left amygdala with the right putamen, the left
dmPFC and the right dACC. (paired sample t-test, p <0.05, voxel z value >2.3, GRF corrected, two-tailed). The left amygdala seed was mapped
onto the brain regions at three views: from left to right, from front to back and from right to left. No differences were found for the right
amygdala connectivity between the pre-treatment and post-treatment groups. dmPFC, dorsal medial prefrontal cortex; dACC, dorsal anterior
cingulate cortex; L, left; R, right
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Table 2 Altered amygdala connectivity with other brain regions

Contrast Brain
region

Brodmann
area

MNI Coordinate T score Voxels

x y z

Altered amygdala connectivity in GSAD patients before and after treatment

GSAD Pre > GSAD Post

Amygdala L Putamen R _ 27 12 −9 3.67a 392

dmPFC L 46 −27 30 27 4.10a 329

dACC R 32 6 39 12 2.88a 19

Amygdala R none

Abnormal amygdala connectivity in pre-treatment group compared with HC
GSAD Pre > HC

Amygdala L dmPFC L 46 −30 36 9 2.62b 11

dACC R 32 6 39 9 2.76b 7

Abnormal amygdala connectivity in post-treatment group compared with HC

none

No significant voxels for GSAD Pre < GSAD Post or GSAD Pre < HC
p <0.05, voxel z value >2.3, Gaussian Random Field (GRF) corrected (two-tailed); MNI Montreal Neurologic Institute, GSAD generalized social anxiety disorder
(entire cohort, N = 15), HC healthy control (N = 19), Pre pretreatment, Post post-treatment, dmPFC dorsal medial prefrontal cortex, dACC dorsal medial anterior
cingulate cortex, L left, R right, vs versus; a: paired sample T-test; b: two sample T-test

Fig. 3 a Scatter plots showing significant correlation between the degree of change to mean rsFC and the scale of improvement in HAMA
scores in dACC (p <0.001). The preHAMA and preFC in dACC decreased after CBT, and changes of FC paralleled symptom improvements. When
removing the outlier on the left of the scatter plots, there are still significant correlations (p <0.05). b Mean rsFC value of each altered region. Pre,
pre-treatment; rsFC, resting-state functional connectivity; HAMA, Hamilton rating scale for anxiety; dACC, dorsal anterior cingulate cortex; dmPFC,
dorsal medial prefrontal cortex. * Comparison is significant at the 0.05 level (GRF corrected)
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and a positive amygdala-dmPFC connectivity was associ-
ated with hypervigilance [14]. Thus the observed impaired
amygdala–dmPFC connectivity in our study may reflect
the tendency to attribute an exaggerated significance to
possible self-relevant stimuli from the processed threat
cues in patients with GSAD [42, 43]. And the decreased
coupling of these two regions after cognitive restructuring
in group CBT could underlie this modulated knowledge of
the self.
Beyond the above findings, we found decreased con-

nectivity between the left amygdala and the right putamen
in GSAD after treatment. The putamen is the one of the
sectors of the striatum. The striatum has been proved
to be the “emotion guarder”, which was an important
terminal to receive the sensory and emotional informa-
tion from the prefrontal areas [44]. Thus the decreased
connectivity between the left amygdala and the right
putamen in SAD may represent the short-term recovery
process of the negtive emotions in social situations.
Another thing should be noted is that the altered

connectivity only involved the left amygdala. This
phenomenon could be explained by the abundantly
reported lateralization of the human amygdala. The
left amygdala was more often activated than the right
amygdala, irrelevant to stimulus type [45]. Our finding of
left amygdala-dominant brain networks at resting-state
further suggested the asymmetric interhemispheric infor-
mation transfer, in line with the left hemifield of amygdala
advantage for fear processing in task-related studies [46].
The findings of the present study should be considered

in the context of several limitations. First, the study design
lacked re-test data of the healthy control group and a
placebo or wait-list control. Thus, the neural and clinical
findings cannot be causally attributed to group CBT and
could be related to a number of plausible factors not
related to the treatment, such as the natural course of the
illness over the 8-week period and placebo/expectancy
effects. Second, four of the GSAD patients were on SSRI
medication at the time of study participation and the
medications were reported to be ineffective in the treat-
ment of this illness. However, the effects of medication
should not be ignored in explaining the results. A recent
study showed mediating effects of acute SSRI intake on
prefrontal-amygdala effectivity connectivity [47], although
the patients withdrawed medication at least two weeks be-
fore the baseline MRI scan in present study, our findings
might be related to the medications. Third, although from
previous studies we know that a group of 14 partici-
pants were sufficient to detect significant treatment ef-
fects measured with fMRI [48], the limited sample size
(n = 15 GSAD subjects) increased the risk for false
negatives and constrains the test for relationships be-
tween rsFC and treatment effects. These findings,
however, may guide subsequent fMRI studies of

treatment. Finally, there are a number of studies sug-
gesting distinct functional connectivity patterns for the
amygdala subregions such as the superficial and centro-
medial amygdala when choosing these subnuclei as
seed [49, 50]. However, accurate delineation in the hu-
man brain is still under debate [51] and such approach
has a major limitation as the amygdala is peculiarly sus-
ceptible to image distortion, normalization failure and
draining vein effects [52]. Thus we chose a more con-
servative approach based on functional results of the
whole amygdala region using the AAL template ac-
cording to most human literature for investigation of
the amygdala-related network.

Conclusions
Our findings provide evidence that the short-term group
CBT could attenuate the hyper-connectivity of amygdala
with dACC and dmPFC along with the improvement of
symptom severity during resting-state in patients with
generalized social anxiety disorder. These findings not
only provided robust evidence for the key role of the
abnormal higher connectivity of prefrontal-amygdala in
GSAD pathogenesis, but also provide a potential bio-
marker to monitor the treatment effect of CBT in GSAD
patients.
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