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Objectives

It is increasingly thought that the human cerebellum plays an important role in emotion and cognition. Although re-

cent evidence suggests that the cerebellum may also be implicated in fear learning, only a limited number of studies have investigated
the cerebellar abnormalities in panic disorder. The aim of this study was to evaluate the cerebellar gray matter deficits and their clini-

cal correlations among patients with panic disorder.
Methods

Using a voxel-based morphometry approach with a high-resolution spatially unbiased infratentorial template, regional

cerebellar gray matter density was compared between 23 patients with panic disorder and 33 healthy individuals.

Results

The gray matter density in the right posterior-superior (lobule Crus I) and left posterior-inferior (lobules Crus II, VIIb,

VIlla) cerebellum was significantly reduced in the panic disorder group compared to healthy individuals (p < 0.05, false discovery rate
corrected, extent threshold = 100 voxels). Additionally, the gray matter reduction in the left posterior-inferior cerebellum (lobule VII-
Ta) was significantly associated with greater panic symptom severity (r = —0.55, p = 0.007).

Conclusions

Our findings suggest that the gray matter deficits in the posterior cerebellum may be involved in the pathogenesis of

panic disorder. Further studies are needed to provide a comprehensive understanding of the cerebro-cerebellar network in panic dis-

order.
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Introduction

Panic disorder is characterized by composite features of re-
current panic attacks, anticipatory anxiety, cognitive distortion,
and avoidance behaviors.” Several neuroimaging studies of the
human brain have demonstrated that significant functional
and/or structural alterations in cerebral regions including the
temporal lobe (the amygdala, hippocampus, insula, and para-
hippocampal gyrus), prefrontal cortex, and cingulate cortex,
are related to panic disorder.”® These cerebral regions are known
to mediate fear response, which may play a major role in the
pathogenesis of panic disorder.”
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Along with the advance in neuroimaging techniques, an in-
creasing number of studies have revealed that the cerebellum
modulates emotion and cognition as well as motor coordina-
tion." Furthermore, the extensive cerebro-cerebellar connec-
tions may be a part of the neural circuits involved in emotional
and cognitive processing during associative learning.""” Re-
cent studies have also reported the cerebellar abnormalities in
several neuropsychiatric disorders, including schizophrenia,
mood disorder, and developmental disorder.**"

Despite mounting evidence of cerebellar involvement in emo-
tion and cognition, there are no reports focusing solely on the
cerebellum in panic disorder. Up till now, the structural and



functional deficits in the cerebellum have been reported merely
as unexpected findings in panic disorder.””*® It is notable,
however, that higher glucose metabolism in the cerebellum
along with fear network-related cerebral regions was found in
patients with panic disorder.”” These alterations of glucose me-
tabolism in the brain including the cerebellum were normal-
ized after successful cognitive-behavioral therapy.”

There is increasing evidence that the cerebellum takes part
in the fear circuitry by playing a role in associative learning.”*"
Several studies have shown impaired fear conditioning in pa-
tients with cerebellar damage.”*” Moreover, recent functional
neuroimaging studies have reported increased activation in the
posterior cerebellum during anticipation of an aversive stimu-
lus.*

Taken together, we hypothesized that the structural deficits
in the cerebellum would contribute to pathogenesis of panic dis-
order. We aimed to investigate the differences in cerebellar gray
matter density between patients with panic disorder and healthy

* meth-

individuals, using a voxel-based morphometry (VBM)
od with a high-resolution atlas template of the human cerebel-
lum.*”® We were also interested in assessing the association of
the cerebellar gray matter deficits with current panic symptom

severity.

Methods

Participants

Twenty-three patients with panic disorder were recruited
from an outpatient clinic in Seoul, South Korea (Department of
Neuropsychiatry, Seoul National University Hospital). Panic
disorder was diagnosed using the Structured Clinical Interview
for DSM-IV (SCID-IV).” Thirty-three healthy individuals were
recruited through local newspaper advertisement. Subjects for
both groups who met any of the following criteria were exclud-
ed: 1) diagnosed with any other Axis I disorder by SCID-IV in-
terview, 2) antisocial or borderline personality disorder screened

by Personality Disorder Questionnaire-I1V,”

3) current or past
history of major medical or neurological illness, and 4) having
any contraindication to magnetic resonance imaging (MRI)
scanning. After providing information about the study, written
informed consent was obtained from all participants. Approval
for this study was granted by the ethics committee of the Seoul
National University Hospital (H-0805-080-245).

Basic demographic data were collected for all participants,
including age, sex, and handedness. The Panic Disorder Sever-
ity Scale (PDSS)”*” and the Zung Self-Rating Anxiety Scale
(Z-SAS)" were used to assess symptom severity in the panic
disorder group. Comorbid depressive symptoms were assessed
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with the Hamilton Depression Rating Scale.”” Neuropsycho-
logical tests including the Digit Symbol Substitution Test, the
Digit Span Forward and Backward Test, the Spatial Span Forward
and Backward Test, the Trail Making Test-A (TMT-A) and the
Trail Making Test-B (TMT-B) were performed in all participants.

Magnetic resonance image acquisition

A three-dimensional spoiled gradient echo pulse sequence
was used on a 3.0-T GE VHi scanner (GE Medical System, Milwau-
kee, WI, USA) and 248 sagittal T1 images were acquired (repe-
tition time = 5.7 ms, echo time = 1.4 ms, inversion time = 400 ms,
slice thickness = 0.7 mm, matrix size = 256 X 256, field of view =
22 cm, flip angle = 20° number of excitation = 1).

Image preprocessing and voxel-based morphometry

All of the image processing was conducted using Statistical
Parametric Mapping (SPM 5 : Wellcome Department of Cog-
nitive Neurology, University College London, UK) run on
MATLAB (Math Works, Natick, MA, USA). Before the pro-
cessing, T1 weighted images were reoriented and the origin
was set to the anterior commissure by MRIcro (http://www.
mricro.com) and resliced to a Imm isovoxel image by Analyze
5.0. Because the Spatially Unbiased Infratentorial (SUIT) tem-
plate can provide a more accurate inter-subjects alignment of
the cerebellum, we used the SUIT toolbox version 2.4 (available
at http://www.icn.ucl.ac.kr/motorcontrol/imaging/suit.htm)*
in the following processing. Using the isolate function within
the SUIT toolbox, the infratentorial structures including the
cerebellum and brainstem were cropped. Then, the cropped in-
dividual images were normalized into the SUTT template.’”
The deformation map produced in the process was used to re-
slice and segment the gray matter of the cerebellum.” The
segmented images were modulated to preserve the actual pro-
portion of gray matter within a given voxel.” Each step was
carefully reviewed by an experienced researcher (J.Y.]) before
progressing into the next step. The final modulated images were
smoothed using 4-mm full width at half-maximum isotropic
Gaussian kernel.

Statistical analysis

Group differences in demographic and clinical characteris-
tics were assessed using the independent t-test for continuous
variables and the chi-square test or the Fisher’s exact test for cat-
egorical variables. The smoothed images were statistically ana-
lyzed using the general linear model and random Gaussian field
theory.”” To compare the cerebellar gray matter density between
the two groups, we conducted an analysis of covariance using
SPM5. We performed global normalisation with proportional
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scaling, which removes global gray matter differences for each
participant. Age and sex were treated as confounding covari-
ates. Statistical analysis was carried out using a general linear
model embedded in SPM5. The limit for statistical significance
was set at p < 0.05 after false discovery rate correction and an
extent threshold of 100 contiguous voxels.

To investigate the relationships between regional cerebellar
gray matter deficits and panic disorder, we calculated the Pear-
son’s correlation coefficients between the mean gray matter
density and the clinical characteristics including panic symp-
tom severity and neuropsychological deficits. The mean gray
matter density was derived from the first eigenvariates of the
clusters showing significant group differences in a VBM analy-
sis. Statistical analysis was performed by Stata 12.1 (StataCorp,

College Station, TX, USA). The significance level was defined
at an alpha level of 0.05. To account for multiple testing of each
cluster, the Bonferroni correction (alpha = 1-0.95"" ; n = num-
ber of significant clusters) was applied.

Results

Characteristics of participants

The demographic and clinical characteristics of the study
participants and between-group comparison results are sum-
marized in Table 1. There were no statistically significant differ-
ences in age, sex composition, and handedness between the two
groups. The mean score on the PDSS and the Z-SAS in patients
with panic disorder was 9.2 + 6.2 and 42.8 + 9.7, respectively.

Table 1. Demographic and clinical characteristics between the panic disorder group and healthy individuals

Panic disorder (n = 23) Healthy individuals (n = 33) Statistic p value*
Demographic characteristics
Age, yr, mean £ SD 320 £ 6.6 30.7 = 6.4 t=0.72 0.47
Female sex, n (%) 10 (43.5) 14 (42.4) ¥ =0.01 0.94
Right handedness, n (%) 23 (100) 29 (90.6) - 0.26
Clinical characteristics
PDSS scores 92+ 6.2 - - -
Z-SAS scores 428 £ 9.7 - - -
HDRS scores 4.6 £ 5.1 3.0 £ 42 t=1.23 0.22
Neuropsychological tests, mean + SD
Trail Making Test-A 40.6 = 16.8 28.5 £ 128 t=23.02 < 0.01
Trail Making Test-B 107.8 £ 70.1 67.6 = 41.9 t=2.65 0.01
Digit Symbol Substitution Test 52.4 £ 158 71.8 £ 12.1 t=-473 < 0.01
Digit Span Forward Test 8.7 £ 24 10.9 £ 2.6 t=-3.07 < 0.01
Digit Span Backward Test 6.0+ 2.7 9.1 + 3.5 t=-3.40 < 0.01
Spatial Span Forward Test 7.0+ 1.4 9.4 +£22 t=—4.49 < 0.01
Spatial Span Backward Test 6.6 +1.8 85+ 20 t=-3.43 < 0.01

= : statistical values were calculated by y* statistics or Fisher's exact test for categorical variables, t statistics for continuous vari-
ables. SD : standard deviation, PDSS : Panic Disorder Severity Scale, Z-SAS : Zung Self-Rating Anxiety Scale, HDRS : Hamilton De-

pression Rating Scale

Table 2. Significant clusters of reduced cerebellar gray matter density in the panic disorder group compared with healthy individuals

. ) MNI coordinates®  Cluster size Maximum Uncorrected  Corrected
Cluster Cerebellar regions Side ( +
y 7 voxels) t value/z value p value p value

1 Posterior-superior lobe R 20 81 —26 1821 6.47/5.52 < 0.001 0.001
(peak voxel : Crus I)

2 Posterior-inferior lobe L —44 —64 54 144 4.77/4.33 < 0.001 0.006
(peak voxel : Crus II)

3 Posterior-inferior lobe L =37 78 42 374 4.29/3.95 < 0.001 0.015
(peak voxel : Crus II)

4 Posterior-inferior lobe L -27 —68 58 113 4.10/3.80 < 0.001 0.022
(peak voxel : lobule Vlib)

5 Posterior-inferior lobe L -25 -58 61 163 4.08/3.78 < 0.001 0.023

(peak voxel : lobule Vila)

= MNI coordinates (mm) of the maximal significant voxel, T : corrected for multiple comparisons with false discovery rate. MNI :

Montreal Neurological Institute
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Fig. 1. Voxel-based morphometry
comparisons between the panic
disorder group and healthy individ-
uals. The probabilistic atlas of the
cerebellum by Diedrichsen.*® (A)
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anatomy according to the Schmah-
mann’s nomenclature.®” Yellow re-
gions in coronal (B) and sagittal (C)
planes depict reduced gray matter
density in the panic disorder group
compared with healthy individuals.
Statistical maps were set at a thresh-
old of p < 0.05, false discovery rate
corrected with a cluster size thresh-
old of 100 voxels.

Comparisons of gray matter density between the panic
disorder group and healthy individuals

After adjusting for the confounding variables including age
and sex, we found five clusters of significantly reduced gray mat-
ter density in the panic disorder group as compared to healthy
individuals (Table 2, Fig. 1). The largest cluster was located in
the right posterior-superior cerebellum [lobule Crus I, peak
voxel (20, —81, —26), cluster size 1821 voxels, corrected p <
0.001]. The other four clusters were found in the left posterior-
inferior cerebellum [lobule Crus II, peak voxel (—44, —64, —54),
cluster size 144 voxels, corrected p = 0.006 ; lobule Crus II,
peak voxel (—37, =78, —42), cluster size 374 voxels, corrected p =
0.015 ; lobule VIIb, peak voxel (—27, —68, —58), cluster size 113
voxels, p = 0.022 ; lobule VIIIa, peak voxel (—25, —58, —61),
cluster size 163 voxels, p = 0.023]. There were no regions of in-
creased gray matter density in the panic disorder group.

Relationship between cerebellar gray matter deficits
and clinical characteristics

Within-group analysis of patients with panic disorder showed
a significant correlation between the PDSS scores and gray mat-
ter density reduction in the lobule VIIIa (r = —0.55, p = 0.007)
(Fig. 2). The PDSS scores were not significantly correlated with
the gray matter density in any other clusters (cluster in the lob-
ule Crus I, r = —0.08, p = 0.729 ; clusters in the lobule Crus II, r =
—0.46, p = 0.026 and r = —0.32, p = 0.132; cluster in the lobule
VIIb, r = —0.41, p = 0.051).

Correlations between the neuropsychological tests and the
regional gray matter density in the panic disorder group are
shown in Table 3. The total time taken to complete the TMT-A
was negatively correlated with the gray matter density within
both the clusters in the left CrusII (r = —0.65, p < 0.001;r =

x=-44 x=-40 x=-36 x=-25 x=-21

ok *‘*'5‘0_‘9’ e Ak

Left Right

x=17 x=21 x=25 x=29 x=33

Z value

75 4
o r=-0.55p =0.007

Gray matter density in the left lobule Vllla

40

0 5 10 15 20 25

Panic Disorder Severity Scale scores

Fig. 2. Relationship between cerebellar gray matter density and
Panic Disorder Severity Scale scores. Regional gray matter den-
sity was obtained from the first eigenvariate across all adjusted
voxels within the significant cluster that covered the left lobule VII-
la in the posterior-inferior cerebellar lobe.

—0.57, p = 0.004). The Digit Symbol Substitution Test scores
and the Digit Span Forward Test scores were positively correlated
with the gray matter density in both the left Crus II (r = 0.57, p =
0.005; r = 0.63, p = 0.001, respectively) and the left lobule VIIb
(r=0.61,p =0.002; r = 0.57 p = 0.005, respectively). There was
also a positive correlation between the Spatial Span Forward
scores and the gray matter density in the left Crus II (r = 0.57,
p = 0.005). No correlations were found between the neuropsy-
chological tests and the cerebellar gray matter density in healthy
individuals.
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Table 3. Pearson correlation coefficients between cerebellar gray matter density and neuropsychological functions in the panic disorder

group
Neuropsychological tests
Gray matter density  Trail Making  Trail Making Dslggssﬁ\{giﬁl Digit Span Digit Span  Spatial Span  Spatial Span

Test-A Test-B Test Forward Test Backward Test Forward Test Backward Test

Cluster 1 (right Crus 1) 0.04 —-0.01 —-0.07 —0.06 —-0.03 —-0.09 —0.03

Cluster 2 (left Crus II) -0.65" -0.47 0.57* 0.63" 0.49 0.37 0.41

Cluster 3 (left Crus II) -0.57* -0.49 0.44 0.39 0.45 0.57* 0.33

Cluster 4 (left lobule Vlib) —0.50 -0.36 0.61* 0.57* 0.45 0.28 0.38

Cluster 5 (left lobule Vllia) -0.26 -0.16 0.33 0.44 0.23 —-0.10 0.19

Significant p value after Bonferroni correction (alpha = 1-0.95"%). = : corrected p < 0.05, T : corrected p < 0.01

Discussion

Our study investigated the cerebellar gray matter deficits
and their clinical correlations among patients with panic dis-
order. As hypothesized, the cerebellar gray matter density in
the posterior-superior and posterior-inferior lobes was mark-
edly reduced in the panic disorder group compared with healthy
individuals. Additionally, the cerebellar gray matter deficits in
the posterior-inferior lobe were significantly associated with
greater panic symptoms severity and lower neuropsychological
function among patients with panic disorder. The relationship
between cerebellar regions and panic disorder has not been
previously established. To the best of our knowledge, this is the
first study to focus on the structural abnormalities in the cere-
bellum in panic disorder by employing the SUIT template for an
accurate alignment of the infra-tentorial structures.”

The cerebellar cortex can be divided into anterior (lobules
I-V), posterior-superior (lobule VI/Crus I) and posterior-inferi-
or (lobule VIIa-X) lobes by the primary and horizontal fis-
sures.*” In our study, the cerebellar gray matter deficits were
found in the posterior-superior and the posterior-inferior lobes
but not in the anterior lobe. These results may be congruent
with the findings from previous studies of functional topogra-
phy in the human cerebellum.”"” The anterior lobe is known
to be involved in motor coordination, while the posterior lobe,
which is anatomically and functionally connected to the pre-
frontal and parietal cortices, is believed to be involved in regu-
lating emotion and cognition.”"”

From medial to lateral, the cerebellum can also be divided
into the vermis and the hemispheres.*” Among these subre-
gions, the posterior vermal regions have been extensively inves-
tigated with respect to fear response. Several animal studies have
reported that the posterior vermal regions are involved in the
fear conditioning.*”*” Furthermore, increased activation in the
vermal regions was found during cholecystokinin tetrapep-

tide- or lactate-induced panic attacks among healthy volun-
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teers.”"*” Recent studies, however, suggest that the posterior
cerebellar hemispheres are also likely to play a potential role in
the fear conditioning process."”* Moers-Hornikx et al.”” re-
ported that panic-like behaviors in rats were accompanied by
deactivation of the dentate nucleus within the posterior cerebel-
lar hemispheres, as well as the fastigial nucleus in the vermis. A
meta-analysis of functional neuroimaging studies revealed the
different roles of the posterior vermis, which is involved in emo-
tional processing and the posterior hemispheres, participating
in cognitive processing in the human cerebellum. Another re-
cent review of the human cerebellar lesion studies showed that
the vermal regions are important in autonomic and somatic re-
sponses to fear, whereas the posterior cerebellar hemispheres con-
tribute to emotional and cognitive associative learning of fear,”
which is one of the main components of panic disorder.””*”
Our study showed the gray matter deficits only in the poste-
rior hemispheres, but not in the posterior vermis. Considering
the previous studies that reported increased activation of the
vermis during a panic attack but not during anticipatory anxi-
ety’25>47—49)

be related to the panic attack itself. Nevertheless, with a small

a possible explanation is that the vermal deficits may

sample size, caution must be exercised and further studies are
needed to verify the different roles of the vermis and the cere-
bellar hemispheres in panic disorder.

In the current study, a significant correlation of cerebellar
deficits in the lobule VIIIa with symptom severity was observed
in patients with panic disorder. Interestingly, this finding is
concordant with that in a previous VBM study showing gray
matter deficits in the lobule VIIIa as one of the putative state
markers in major depressive disorder with panic disorder.’”
This study reported duloxetine-induced changes in gray mat-
ter density in several brain areas, including the cerebellar lob-
ule VIIIa among drug-naive major depressive disorder with
panic disorder patients.*”

The lobule VIIIa may be involved in modulation and storage

of information.”” It is notable that the cerebello-parietal loop



between the lobule VIITa and the inferior parietal lobe is in-
volved in encoding and storage of relevant information during
working memory task.””*” Furthermore, functional MRI acti-
vation in the lobule VIIIa was linearly increased with higher
memory load and practice-related proficiency.”” Considering
that emotional associative learning such as fear conditioning
may impose higher cognitive load™ structural deficits in the
lobule VIIIa could induce failure of adaptive conditioned re-
sponse and contribute to the development of panic symptoms.
We also found significant correlations between the gray
matter deficits in the posterior-inferior lobe and cognitive per-
formances including memory and information processing,
which is mostly in accordance with the results of previous
studies of functional topography in the cerebellum." Ravizza

etal’®

also suggested that the extent of damage to the posteri-
or-inferjor cerebellum was associated with the storage of work-
ing memory. Furthermore, as mentioned above, the up-to-date
research has confirmed that the posterior-inferior hemispheres
in the cerebellum are crucial for adaptive learning of emotion
and cognition.” These findings enhance our understanding of
the role of the posterior-inferior cerebellum in patients with
panic disorder. Taken together, it could be conceivably hypoth-
esized that the cerebellar deficits in the posterior-inferior lobe
may be associated with impairment of emotional and cognitive
associative learning, and consequent failure to select relevant
information and response with adequate behavior in panic dis-
order.

However, more research on this hypothesis needs to be un-
dertaken before these assertions can be more clearly under-
stood, as some of our findings in this study do not support
those of the previous research. Several neuroimaging studies
suggest that the posterior-superior cerebellar lobe including
the lobule VI and the Crus I also play a role in eye-blink condi-
tioning and associative learning. In spite of the largest cluster
of gray matter deficits in the posterior-superior lobe, no signifi-
cant associations were found with current panic symptoms in
this study.

Among several studies using a whole-brain VBM analysis in
panic disorder, only a few studies have reported structural def-

icits in the cerebellum.**”

* The negative findings of previous
structural neuroimaging studies could, in part, be due to the
insufficiency of the whole-brain template to provide accurate
spatial normalization of the cerebellum.” To address this is-
sue, the current study used the SUIT approach that provides
high sensitivity and accuracy in the analysis of the cerebel-
lum.**” However, since the focus of the current study is on the
structural abnormalities in the cerebellum, our findings have

limitations in providing a comprehensive view of the cerebel-
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lar-cerebral network within the neural mechanisms of panic
disorder. In addition, the current or previous use of psychotro-
pic medication may bring potential confounding effects on
cerebellar gray matter deficits.””*®

Our previous report using the whole-brain VBM analysis in
this sample showed decreased gray matter volumes in the basal
ganglia but not in the cerebellum.” Interconnections between
the cerebellum and the basal ganglia have long been implicated
in the manifestation of motor disorders, through their involve-
ment in associative learning.*” Interestingly, recent evidences
suggest that the cerebellar interactions with the basal ganglia
also contribute to regulation of emotion and cognition.*” Hence,
further work is needed to explore how interactions between the
cerebellum and the cerebrum contribute to symptoms of panic
disorder.
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