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Aims: Anxiety a core feature of panic disorder, is
linked to function of the amygdala. Volume alter-
ations in the brain of patients with panic disorder
have previously been reported, but there has been no
report of amygdala volume association with anxiety.

Methods: Volumes of hippocampus and amygdala
were manually measured using magnetic resonance
imaging obtained from 27 patients with panic disor-
der and 30 healthy comparison subjects. In addition
the amygdala was focused on, applying small volume
correction to optimized voxel-based morphometry
(VBM). State–Trait Anxiety Inventory and the NEO
Personality Inventory Revised were also used to
evaluate anxiety.

Results: Amygdala volumes in both hemispheres
were significantly smaller in patients with panic
disorder compared with control subjects (left:
t = -2.248, d.f. = 55, P = 0.029; right: t = -2.892,
d.f. = 55, P = 0.005). VBM showed that structural

alteration in the panic disorder group occurred on
the corticomedial nuclear group within the right
amygdala (coordinates [x,y,z (mm)]: [26,-6,-16], Z
score = 3.92, family-wise error-corrected P = 0.002).
The state anxiety was negatively correlated with the
left amygdala volume in patients with panic disorder
(r = -0.545, P = 0.016).

Conclusions: These findings suggested that the
smaller volume of the amygdala may be associated
with anxiety in panic disorder. Of note, the smaller
subregion in the amygdala estimated on VBM could
correspond to the corticomedial nuclear group
including the central nucleus, which may play a
crucial role in panic attack.

Key words: amygdala, hippocampus, magnetic
resonance imaging, panic disorder, voxel-based
morphometry.

PANIC DISORDER (PD) is a complex anxiety dis-
order characterized by recurrent episodes of

sudden and uncontrollable fear (panic attack) and
autonomic imbalance such as palpitation, perspira-
tion, trembling, shortness of breath, a sense of
suffocation, chest pain or discomfort, nausea or
gastrointestinal discomfort, and dizziness.

The amygdala, a major target in the present study,
is divided phylogenetically into two groups: the cor-
ticomedial nuclear group and basolateral nuclear
group.1,2 The corticomedial nuclear group includes
the cortical nucleus (CO), medial nucleus (ME) and
central nucleus (CE). The basolateral nuclear group
includes the lateral nucleus (LA), basal nucleus (BA),
and accessory basal nucleus (ABA). The corticome-
dial nuclear group occupies the dorsal medial area in
amygdala.3 The CE is located near the tail of the
caudate nucleus and putamen, mamillary body, and
hippocampal head.4

The neurobiological pathway of PD has been con-
sidered to act along a circuit mainly involving the
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amygdala according to previous animal studies.5–7

Viscerosensory information is conveyed to the CE
via LA and BA in the amygdala. When the CE
recognizes input information as ‘fear’, it activates
the autonomic nervous system.7 Thus these studies
suggest that the CE plays a very important role in
PD pathophysiology.

Recently human brain regions including the
medial temporal lobe, amygdala, and hippocampus
have been linked to anxiety and depression.8–10

Regional gray matter (GM) volume reduction in the
brain of patients with PD compared with healthy
controls has been reported on magnetic resonance
imaging (MRI). Manual tracing studies for PD
showed smaller GM volumes in right temporal
lobe,11 bilateral temporal lobes,12 and bilateral
amygdala.13 Previous voxel-based morphometry
(VBM) studies for PD demonstrated volume reduc-
tion in the left parahippocampal gyrus;14 volume
increase in the midbrain, rostral pons and the left
hippocampus with a prefrontal cortex volumes
decrease;15 increased GM volume in the left insula,
the left superior temporal gyrus, the midbrain and
the pons, and volume reduction in right anterior cin-
gulate cortex.16 Asami et al. previously reported the
volume reduction of the right anterior cingulate
cortex (ACC) in PD17 although no relationship was
detected between ACC volumes and anxiety.

The basic conception of PD is fear of panic attack
and anticipatory anxiety, ‘Panic attack may happen to
me’. Fear and anxiety are inseparably connected the
function of the amygdala, and the sense of fear is
stored in the hippocampus area. The amygdala and
hippocampus may play an important role in PD but
there have been few MRI structural studies, or studies
on the association of structure with function, in those
regions.

The combination of region of interest (ROI) and
optimized VBM was used in the present study. It has
been suggested that the manually traced ROI is supe-
rior in anatomical accuracy to the atlas-based ROI in
optimized VBM, although it may be potentially influ-
enced by rater bias. In contrast, optimized VBM may
be unbiased, and reproducible. Therefore, it has been
suggested that the manually traced ROI and opti-
mized VBM provide different aspects of information
and should thus be used in tandem.18

The aim of the present study was to investigate
structural alterations in the hippocampus and
amygdala of PD patients compared with healthy
comparison (HC) subjects. Subsequent VBM with

small volume correction was applied to investigate
which subregion in the medial temporal region
might be more affected in PD patients. Furthermore,
we investigated whether any structural alteration in
the medial temporal region may be associated with
anxiety in the PD population. As far as we know, this
is the first paper to report a structure–function asso-
ciation between amygdala volume and anxiety in PD.

METHOD

Subjects

Thirty patients with PD and 30 HC subjects partici-
pated in the present study. The PD patients were
recruited from inpatients and outpatients at Yoko-
hama City University Hospital between March 2005
and August 2007. HC subjects, who were mostly
medical personnel, were recruited from the Univer-
sity Hospital between March 2006 and September
2007. All subjects met the following criteria: age
18–60 years; IQ > 70;19 right-handedness (handed-
ness > 0 on the Edinburgh Inventory);20 negative
history of epileptic seizures, traumatic brain injury
with loss of consciousness, and any neurological dis-
order; and no lifetime history of alcohol or drug
dependence. Neither the HC subjects nor their first-
degree relatives had Axis I psychiatric disorders.

Diagnosis of PD was determined for each patient
according to DSM-IV criteria21 through the Structured
Clinical Interview for DSM-IV Axis I Disorder (SCID-I)
Clinical Version.22 One patient was excluded due to
comorbid psychiatric disorder of Axis I, eating disor-
der (anorexia nervosa), and receiving atypical antip-
sychotic (risperidone). Two patients refrained from
MRI due to fear of a panic attack in the MRI unit.
Therefore, the final number of patients was 27 (10
male, 17 female) with a mean age of 38.2 years. The
patient group included 11 patients with agoraphobia
and three patients with a past history of major depres-
sion, illnesses that are often associated with panic
disorder. At the time of the MRI, the patients were
variously receiving benzodiazepine alone (n = 4);
selective serotonin re-uptake inhibitor (SSRI) alone
(n = 3); SSRI and serotonin noradorenalin re-uptake
inhibitor (SNRI; n = 1); benzodiazepine and SSRI
(n = 12); benzodiazepine and SNRI (n = 2); benzodi-
azepine and tricyclic antidepressant (n = 2); or benzo-
diazepine, SSRI and tetracyclic antidepressant (n = 1).
Clinical symptoms were evaluated using the Panic
Disorder Severity Scale (PDSS).23
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Thirty matched HC subjects (35.3 years; nine
male, 21 female; all right-handed) were assessed
with SCID for non-patients (SCID-NP)21 and the
Mini-International Neuropsychiatric Interview
(M.I.N.I.)56,57.

The subjects’ own and parental socioeconomic
status (SES) were evaluated for all subjects.24 The
global assessment of functioning (GAF) scale (range,
1–100) of Axis V in SCID was used to evaluate
general functioning level; higher values reflected
better overall functioning. This study was approved
by the Medical Research Ethics Committee of
Yokohama City University. Written informed con-
sent was obtained from all subjects before study
participation.

Magnetic resonance imaging

Procedure

MRI was done with a 1.5-T Magnetom Symphony
(Siemens Medical System, Erlangen, Germany) at
Yokohama City University Hospital. Turbo fast low-
angle shot sequence yielded a sagittal series of 128
contiguous 1.5-mm images (echo time [TE], 3.93 ms;
repetition time [TR], 1960 ms; inversion time [TI],
1100 ms; flip angle, 15°; field of view [FOV], 24 cm;
matrix, 256 ¥ 256 ¥ 128; voxel dimensions, 0.9375 ¥
0.9375 ¥ 1.5 mm). Next, a spin-echo yielded 60
contiguous axial turbo spin-echo slices throughout
the brain (TE, 93 ms; TR, 3400 ms; FOV, 24 cm;
matrix, 256 ¥ 256 ¥ 128; voxel dimensions, 0.9375 ¥
0.9375 ¥ 3.0 mm).

Regions of interest

The ROI were the amygdala and hippocampus,
which were delineated manually using a medical
image analysis software package (3D slicer, http://
www.slicer.org).

The anterior boundary of the amygdala was
defined as the most anterior slice where the temporal
stem clearly appeared on the coronal section.25,26 The
amygdala was separated from the hippocampal head
as a marker of the alveus, the semi-lunar sulcus, or
the uncal recess of the inferior horn of the lateral
ventricle.27 The hippocampus contains the Ammon’s
horn, dentate gyrus, fimbria, and subiculum. The
posterior end slice of the hippocampal tail was
defined as the slice in which the crus of the fornix was
the longest on the coronal section.28

MRI volumetry

Volumetry in each hemisphere for the 57 subjects
was performed by F.H., blinded to diagnosis. Inter-
rater reliability for all ROI was examined in five ran-
domly assigned cases by two raters (F.H., K.U.), who
were blind to diagnosis. Intra-class correlation coef-
ficients (Cronbach’s alpha) were 0.95 and 0.94 for
left and right amygdala, and 0.93 and 0.93 for left
and right hippocampus, and 0.99 for intracranial
content (ICC). Intrarater reliability was also evalu-
ated in 10 randomly assigned cases by F.H. with
Cronbach’s alpha of 0.95 and 0.96 for left and right
amygdala, and 0.99 and 0.99 for left and right
hippocampus, and 0.99 for ICC.

Statistical analysis

Statistical analysis was performed using SPSS version
11.0J for Windows (SPSS, Chicago, IL, USA). Volume
of the ICC was used to control for head size differ-
ences; relative volume was computed for specific ROI:
relative volume = (ROI volume/ICC volume) ¥ 100.
Tests for group difference in ICC were conducted
using t-test.

The primary analysis of ROI was a three-way analy-
sis of variance (ANOVA) for relative volumes with a
between-subjects factor of diagnostic group and
two within-subjects factors of hemisphere (left, right)
and region (amygdala, hippocampus). As a follow-up
test, we performed a two-way ANOVA (between-
subject factor: group; within-subject factor: hemi-
sphere) for each region. To evaluate the likely
importance of these findings, we also computed
effect size using Cohen’s d.29

VBM protocol

Differences in localized ROI were assessed using
optimized VBM,6 an extension of the originally intro-
duced standard VBM technique.30,31 The automated
image processing was done using the Statistical Para-
metric Mapping (SPM)2 software (Wellcome Depart-
ment of Cognitive Neurology, London, UK), running
MATLAB (MathWorks, Natick, MA, USA). First, an
optimized study-specific template set consisting of a
T1 image and a priori GM, white matter (WM), and
cerebrospinal fluid (CSF) probability maps, was
created for the VBM analysis. This template set was
constructed from brain scans taken from all subjects.
All scans were first spatially normalized to the Inter-
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national Consortium for Brain Mapping template
(Montreal Neurological Institute, Montreal, Canada),
which approximates Talairach space. The normalized
images of all participants were averaged and
smoothed with an 8-mm full-width at half-maximum
(FWHM) Gaussian kernel and then used as a new
template with a reduced scanner- and population-
specific bias. In the second normalization step we
locally deformed each image of the entire group to
the new study-specific template using a non-linear
spatial transformation. The normalized images, using
a modified-mixture model cluster analysis, were cor-
rected for non-uniformities in signal intensity and
then segmented into GM, WM, CSF and background,
using the study-specific customized prior probability
maps. To remove unconnected non-brain voxels (e.g.
rims between the brain surface and meninges), a
series of morphological erosions and dilations were
applied to the segmented images. To modulate the
intensity, voxel values of the segmented images were
multiplied by the measure of warped and unwarped
structures derived from the non-linear step of the
spatial normalization (Jacobian determinant). This
step converts relative regional GM density to absolute
GM density, expressed as the amount of GM per unit
volume of brain tissue prior to spatial normalization.
Finally, the modulated images were smoothed using
an 8-mm FWHM Gaussian kernel.32

The group comparisons were analyzed using the
smoothed GM images with SPM2. The difference in
GM volume between PD patients and HC subjects
was assessed on ANCOVA. The ICC was included as a
covariate in the model. Once the group difference
was found for the amygdala, an ROI analysis was
performed with small volume correction (SVC) to
investigate which part could be most affected
within the amygdala ROI using WFU_Pickatlas
software.33 The result of this analysis was threshold
at family-wise false-positive error (FWE)-corrected P
(P < 0.05).

Clinical and psychological evaluation

Correlation analysis was carried out to examine the
impact of age, SES, GAF score, years of schooling,
Wechsler Adult Intelligence Scale–Revised IQ score,
years of medication, duration of illness, severity of
symptoms (PDSS) and dosage of medication34 on
each region volumes. Correlation showed that each
volume obtained from manual tracing and optimized
VBM were unaffected by these factors.

As part of the psychological evaluation, we used
the State–Trait Anxiety Inventory (STAI),35 and the
NEO Personality Inventory–Revised (NEO-PI-R).36

The STAI consists of the Trait form (STAI-T) and
the State form (STAI-S). STAI-T and STAI-S are
20-item self-report scales that measures participants’
degree of trait anxiety and state anxiety, respectively.
Each item of trait and state anxiety is rated on a 1–4
scale of severity, with total scores ranging from 20
to 80.

The NEO-PI-R is a 240-item self-report scale that
covers each of the big five adult personality traits:
Neuroticism (NEO-N), Extraversion (NEO-E), Open-
ness (NEO-O), Agreeableness (NEO-A), and Consci-
entiousness (NEO-C). Items consist of statements
that respondents rate on a 5-point scale ranging from
‘strongly disagree’ to ‘strong agree’.

Psychological evaluations were obtained for 19 out
of 27 PD patients (M : F = 8:11) and 28 out of 30 HC
subjects (M : F = 9:19). Differences in psychological
evaluations between the two groups were tested using
independent sample t-tests.

The relationship between anatomical variables of
manual tracing volumes and psychiatric evaluation
were examined using Pearson’s correlation. For the
correlation analysis, we used a Bonferroni correction
for the P level for two variables (P < 0.025: 0.05/2) in
STAI and for five variables (P < 0.01: 0.05/5) in NEO-
PI-R. In addition, the correlation between the
amygdala volumes in VBM and psychiatric evalua-
tions was evaluated using two linear contrasts (posi-
tive or negative correlation).

RESULTS
Table 1 lists demographic and clinical characteristics
of the two study groups. The two groups did not
differ significantly in age, gender, handedness, sub-
ject’s own and parental SES, or IQ score. GAF scores,
however, were significantly lower in PD patients
than in HC subjects (t = -8.67, d.f. = 55, P < 0.001).
Also, education (years of schooling) was sig-
nificantly shorter in PD patients than in HC
subjects (t = -2.48, d.f. = 55, P = 0.02). STAI-T and
STAI-S scores were significantly higher in PD
patients than in HC subjects (STAI-T: t = 4.54,
d.f. = 45, P = 0.00004; STAI-S: t = 4.26, d.f. = 45,
P = 0.0001). Neuroticism score on the NEO-PI-R
was also significantly different (t = 3.27, d.f. = 45,
P = 0.002).
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ROI volume

Three-way ANOVA indicated a significant group ¥
hemisphere interaction (F = 7.957, d.f. = 1, 55,
P = 0.007) without main effect of group (F = 0.115,
d.f. = 1,55, P = 0.736). The two-way ANOVA in
amygdala volume showed no significant group ¥
hemisphere interaction (F = 0.184, d.f. = 1,55,
P = 0.669) and a significant main effect of group
(F = 9.110, d.f. = 1,55, P = 0.004). The two-way
ANOVA in hippocampus volume indicated a signifi-
cant group ¥ hemisphere interaction (F = 10.609,
d.f. = 1,55, P = 0.002) without main effect of group
(F = 0.335, d.f. = 1,55, P = 0.565). Post-hoc t-tests
indicated that right amygdala volume was signifi-
cantly different (t = -2.892, d.f. = 55, P = 0.005) and
left amygdala volume also was significantly different
(t = -2.248, d.f. = 55, P = 0.029). t-Tests were per-
formed in each hemisphere because there was a
group ¥ hemisphere interaction in the hippocampus.
The hippocampal volumes, however, did not indicate
a significant group difference (right: t = -0.244,
d.f. = 55, P = 0.808; left: t = 1.467, d.f. = 55, P =
0.148). The effect sizes of Cohen’s d were medium–

large for amygdala (left, 0.67; right, 0.70) but small–
medium for hippocampus (left, 0.39; right, 0.04).
These results suggest that the volumes of the bilateral
amygdala but not hippocampus were decreased in
the PD patients compared with the HC subjects
(Fig. 1).

VBM volume

Whole brain analysis of optimized VBM showed that
PD patients had significant GM volume reductions in
multiple sites including right amygdala.37 To investi-
gate which subregion was more affected within the
amygdala, an ROI analysis was performed using
small volume correction with threshold at FWE-
corrected P (P < 0.05). A significant volume reduc-
tion was seen within the right amygdala (coordinate
[x,y,z (mm)]: [26,-6,-16], Z score = 3.92, FWE-
corrected P = 0.002; Fig. 2), which could correspond
to the corticomedial nuclear group.

Correlation with volume

We computed Pearson’s correlation between manu-
ally traced volumes of the bilateral amygdala and

Table 1. Subject details

Variable

Panic disorder
patients (n = 27)

Healthy comparison
subjects (n = 30) t-test

Mean SD Mean SD t (d.f. = 55) P

Age (years)† 38.2 9.9 35.3 10.5 1.04 0.30
Gender(male/female) 10/17 9/21
Handedness‡ 0.97 0.11 0.96 0.11 0.22 0.82
Socioeconomic status§

Subject 2.4 0.9 2.0 0.9 1.78 0.08
Parents 2.4 0.8 2.0 0.6 1.85 0.07

GAF score 67.5 10.6 89.0 6.1 8.67 <0.001
Education(years) 14.0 2.6 15.7 2.6 2.48 0.02*
WAIS-R IQ score¶ 105.1 13.4 110.1 14.2 1.20 0.23
Age first medicated (years) 33.1 10.0
Duration of illness (years) 5.4 6.4
PDSS 8.8 4.8

*P < 0.05.
†Age ranges for the two groups were 19–57 years and 22–57 years, respectively.
‡Handedness was evaluated using the Edinburgh inventory and right-handedness is above zero. Their ranges were 0.5–1.0 and
0.4–1.0, respectively.
§Socioeconomic status, assessed using the Hollingshead scale. Higher scores indicate lower status.
¶The IQ ranges for the two groups were 74–133 and 81–142, respectively.
GAF, Global Assessment of Functioning; PDSS, Panic Disorder Severity Scale; WAIS-R, Wechsler Adult Intelligence
Scale–Revised.
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Figure 1. Relative volumes of the amygdala and hippocampus in panic disorder (PD) patients (blue; n = 27) and healthy
comparison (HC) subjects (pink, n = 30). Horizontal bar, mean normalized volumes (absolute amygdalar and hippocampal
volume/intracranial content volume) ¥ 100 in (a) left and (b) right amygdala and (c) left and (d) right hippocampal volume. PD
patients had smaller amygdala (left, P = 0.029; right, P = 0.005), compared with HC subjects. There were no group difference for
bilateral hippocampus (left, P = 0.148; right, P = 0.806).
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hippocampus and psychological evaluation. There
was a significant negative correlation between the
volume of the left amygdala and STAI-S score for
PD patients (r = -0.545, P = 0.016). Right amygdala
volume was associated with neuroticism scores of
NEO-PI-R for PD patients (r = -0.483, P = 0.036;
Fig. 3), although it was a trend-level difference after
Bonferroni correction. There was no significant cor-
relation between the volume of the left amygdala and
STAI-S score in HC subjects (r = 0.072, P = 0.715), or
between the volume of the right amygdala and
neuroticism score of NEO-PI-R for HC subjects
(r = 0.017, P = 0.931).

In addition, we examined small-volume correc-
tions for the bilateral amygdala using SPM2. We did
not find a correlation between the bilateral amygdala
volumes and STAI score or NEO-PI-R score for PD
patients and HC subjects.

DISCUSSION
Our previous study found volume reduction of the
amygdala when we estimated regional GM volume
using optimized VBM for the PD patients.37 The
present study showed volume reduction of amyg-
dala in PD patients, confirmed on both manual
tracing and optimized VBM with small-volume
correction. Furthermore, smaller amygdala was asso-
ciated with anxiety, suggesting that the amygdala,
especially the corticomedial nuclear group, is a
crucial area of the neurobiological pathway under-
lying PD.

The amygdala is a heterogeneous collection of
nuclear groups located in the temporal lobe.38 A
variety of different functions has been attributed to
the amygdaloid complex, including memory, atten-
tion, interpretation of emotional significance of
sensory stimuli, perception of body movements and
generation of emotional aspects of dreams.39–41 The
amygdala consists of anterior nucleus (AN), LA, BA,
CE, ME, CO and ABA. Notably, LA, BA and CE are
candidate nuclei related to PD pathophysiology.42,43

The LA and BA receive information from the stimu-
lation of various senses.44,45 When fear is recognized
in BA, the signal is transmitted to CE.46 The fiber
pathway from CE is connected with fear action and
physiological changes. Efferent fibers from CE reach
the parabrachial nucleus, which influences respira-
tory rate,47 the hypothalamic lateral nucleus, which
induces autonomic arousal and sympathetic dis-
charge,48 the hypothalamic paraventricular nucleus,
which induces an increase in the release of adreno-
corticoids,49 the locus ceruleus, which increases nore-
pinephrine release resulting in increases in blood
pressure, heart rate, and behavioral fear response,50

and the periaqueductal gray region, which is related
to defensive behaviors and postural freezing.51 All
these responses develop as autonomic failure in the
case of panic attack.

Using VBM we observed significant reduction
in the corticomedial nuclear group of the right
amygdala in the PD group in comparison with the
HC group. Because CE in the corticomedial nuclear
group is an area possibly related to autonomic

Figure 2. Voxels with a significant decrease in region of
amygdala area among panic disorder (PD) patients compared
with healthy control (HC) subjects. (a) statistical parametric
map showing significantly smaller subregion within the
amygdala. (b) The same statistical parametric map overlayed
on a structural volume.
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failure during a panic attack, it seems that the
volume reduction of this area could affect CE
function.

We confirmed no impact of demographic and
clinical factors on ROI volume, indicating statistical
validity of group comparison. Structure–personality
association was examined by calculating correlations
between VBM and NEO-PI-R scores. As shown by the
Omura et al. study, there was a negative correlation
between right amygdala volume and neuroticism
score of NEO-PI-R.52 The present study found similar
associations in the PD group: a negative correlation
between left amygdala volume and the state anxiety
of STAI and a trend-level negative correlation
between right amygdala volume and neuroticism
of NEO-PI-R. The relationship between amygdala

volume and anxiety was reflected in volume cor-
relations with STAI and NEO, supporting a prior
hypothesis of neurobehavioral association between
amygdala and anxiety.

In the present study hippocampus volumes did not
differ between the study groups. According to a recent
report it is suggested that antidepressant treatment
may inhibit or reverse the atrophy or damage of hip-
pocampus by upregulation of adult neurogenesis.53,54

Furthermore, in another study hippocampus but not
amygdala had volume increase on antidepressants.55

In the present study the hippocampus volume in
the PD group was slightly larger as compared with
the HC group (effect size: left, 0.39; right, 0.04), pos-
sibly reflecting adult neurogenesis in dentate gyrus
induced by antidepressants.
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Figure 3. Scatter plots of the correlation between left amygdala volume and STAI-S scores for (a) PD patients (r = -0.545,
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There were methodological limitations in the
present study. First, the sample size for subjects in
both groups was not large enough. Second, the
present study included three subjects with a past
history of major depression, therefore this might
have affected measurement of the volume. A previous
study has reported that there were no significant dif-
ferences for the volume of whole brain and temporal
lobe between PD patients with any current comor-
bidity and those without comorbidity,12 but it might
have affected measurement of the volume of
amygdala and hippocampus. We note here that
structural differences between PD patients with and
without any comorbidity (current and past), between
those with and without agoraphobia should be inves-
tigated in future studies with large sample.

In the present study the reduction of amygdala
volume in PD was shown on both manual tracing
and optimized VBM. Furthermore, the smaller
volume of the right amygdala was associated with
anxiety. The present results suggest that the smaller
volume of the amygdala could reflect a dysfunctional
aspect of the region in PD subjects.
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