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Introduction

Despite the relatively low prevalence of bipolar disorder (BD), 
which is estimated as 0.8% for bipolar I disorder (BD I) and 
1.1% for bipolar II disorder (BD II), the affected subjects are 
mostly working population, which in turn becomes a massive 
health burden to the society.1) In addition, BD seriously affects 
the quality of life of patients, and constitutes the major causes of 

premature mortality by leading to suicide and associated medi-
cal diseases.2)3) Yet the precise neurobiological mechanism of BD 
is not elucidated, but certain neuroimaging studies have suggest-
ed possible brain areas responsible for the pathophysiology of 
the disorder.4) Along with the findings of decreased volume in 
cortical regions such as the prefrontal cortex, orbitofrontal cor-
tex, anterior temporal cortex, insula, and dorsal anterior cingu-
late cortex,5-15) subcortical areas such as amygdala and hippo-
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campus showed significant volume changes in BD patients as 
well.16)

Along with the well-known function of processing unpleas-
ant stimuli such as fear, the amygdala has a fundamental role 
in emotion regulation and processing.17)18) Impairment in emo-
tion regulation and processing is one of the key symptoms of 
BD,19) suggesting the involvement of amygdala in the patho-
physiology of BD.20) Erstwhile consistent results of functional 
studies support the supposition. Compared with the healthy 
control (HC) group, the left amygdala in BD subjects showed 
abnormal hyperactivity during mania,21) and in response to pos-
itive and negative facial expressions.22)

In pediatric BD patients, structural studies have shown reason-
ably consistent findings of smaller volume of the whole amygda-
la.23-25) In addition, within the same youth sample, the inverse 
correlation between the functional and the morphological altera-
tions of the amygdala was validated.26) However, structural stud-
ies on the adult amygdala volume have produced contradictory 
results, reporting both volume reduction23)27)28) and volume en-
largement29-31) in BD subjects.

The amygdala participates in multiple domains of emotion 
and behavior, such as assigning emotional valence to neutral sen-
sory inputs, social communication, reward learning, motivation, 
attention, perception, and explicit memory.32-38) The functional 
diversity of amygdala implies its structural heterogeneity as 
well. The amygdala encompasses multiple nuclei, distinct from 
one another by their unique microanatomy, functions and 
connections to other parts of the brain.39) Therefore, the subtle 
volume changes in each amygdala nucleus might have not been 
fully reflected in the measure of the total amygdala volume, 
consequentially causing discrepant study results.

Unlike the majority of the cerebral cortex, which almost com-
pletes its volume growth by the age of six, a study showed that 
amygdala enlarges by 40% and its neuronal number increases 
by 11% from adolescence to adulthood. More interestingly, the 
amount of neuron number increment differed from one nucleus 
to another, where the basal nucleus increased by 30%, the acces-
sory basal nucleus by 17%, and the lateral nucleus by 3%, sug-
gesting that each amygdala nucleus matures in different speed 
and pattern.40) Such developmental pattern of amygdala nuclei 
further necessitates the evaluation of each nucleus specifically 
in adult samples.

Thus, in the present study, we aimed to investigate changes 
in the volumes of amygdala nuclei in adult patients with BD. 
Our a priori hypothesis was that there might be a significant 
difference in the volume of each specific amygdala nucleus be-
tween patients with BD and HC. In addition, we also aimed to 
elucidate the association between the subtypes of BD, lithium 

treatment, clinical states, illness duration, and the volume of each 
specific amygdala nucleus. 

Methods

Participants
Twenty-nine patients diagnosed with BD I, and twenty-six 

patients diagnosed with BD II were recruited from the outpa-
tient clinics in Korea University Anam Hospital. A total of 55 
BD patients were adults aged 19-64. Board-certified psychia-
trists (K.-M. Han, E. Won, and B.-J. Ham) diagnosed patients 
with BD according to the Diagnostic and Statistical Manual of 
Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR) 
criteria, and an independent psychiatrist confirmed the diag-
nosis using the Structured Clinical Interview for DSM-IV-TR 
Axis I disorders. Following exclusion criteria were applied in 
recruitment: 1) primary comorbid diagnosis of any other ma-
jor psychiatric illness (based on DSM-IV-TR criteria) on Axis I 
or Axis II within the last 6 months; 2) acute suicidal or homi-
cidal idea necessitating admission; 3) serious or unstable medi-
cal illness; 4) primary neurological illness, such as cerebrovas-
cular disease, Parkinson’s disease, or epilepsy; 5) abnormal 
results on physical examination or laboratory tests; 6) pregnant 
or nursing women; and 7) any contraindication for magnetic 
resonance imaging (MRI). The duration of the illness was as-
sessed by a board-certified psychiatrist using the life-chart 
methodology. We recruited 55 healthy volunteers aged between 
19 and 64 years without a history of psychiatric illness from 
the community to build a control group. Board-certified psy-
chiatrists confirmed the empty psychiatric history of the HC 
and applied the same exclusion criteria as the BD group. On 
the day of MRI scanning, 55 BD patients were assessed by psy-
chiatrists using the 17-item Hamilton Depression Rating Scale 
(HDRS).41) Out of 55 BD patients, 37 patients were in euthymic 
state, as indicated by a HDRS score of 7 or lower, and 18 were 
in depressive state. Upon study enrollment, all 55 BD patients 
were receiving pharmacotherapy, of which 11 were taking lith-
ium. The details of the patients are described in Table 1. The 
study protocol was approved by the Institutional Review Board 
of the Korea University Anam Hospital (2015AN0009), and all 
methods in this study were carried out in accordance with the 
approved guidelines and the Declaration of Helsinki. All sub-
jects gave written informed consent to participate in the study 
after a full explanation and understanding of the study in ac-
cordance with the Declaration of Helsinki.

MRI data acquisition 
MRI scans were acquired parallel to the anterior commissure–
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posterior commissure line using a 3.0 T Siemens Trio whole-
body imaging system (Siemens Medical Systems, Iselin, NJ, 
USA), using T1-weighted magnetization-prepared rapid gradi-
ent-echo with the following parameters: 1900 ms repetition 
time, 2.6 ms echo time, 220 mm field of view, 256 × 256 matrix 
size, 1 mm slice thickness, 176 coronal slices without gap, 0.86 × 
0.86 × 1 mm3 voxels, 16° flip angle, number of excitations = 1.

Image processing
The volumes of nine amygdala nuclei (lateral nucleus, basal 

nucleus, accessory basal nucleus, central nucleus, medial nu-
cleus, cortical nucleus, anterior amygdaloid area, cortico-
amygdaloid transition area, and paralaminar nucleus) and the 
whole amygdala were calculated from T1 images of all partici-
pants using the automated procedure for volumetric measures 
in the FreeSurfer 6.0 development version (Massachusetts Gen-
eral Hospital, Boston, MA, USA; http://surfer.nmr.mgh.harvard.
edu). The automatic segmentation method for the nine amyg-

dala nuclei developed by Saygin et al.39) uses a statistical atlas of 
the amygdala and the surrounding tissue. The automated seg-
mentation method by Saygin et al.39) labeled nine amygdala nu-
clei by scanning postmortem specimens at high resolution, and 
created an atlas using a recently developed atlas-building algo-
rithm based on Bayesian inference. Details of the technical as-
pects of this procedure have been described in a previous publi-
cation of Saygin et al.39) In brief, preprocessing of T1 images 
was performed using the FreeSurfer pipeline. The preprocess-
ing procedures included skull-stripping, bias field correction,42) 
automated Talairach transformation of each subject’s native 
brain,43)44) intensity normalization, and segmentation of subcor-
tical structures.43) After the above-mentioned procedures were 
performed, preprocessed T1 images were fed to the automatic 
segmentation algorithm of amygdala implemented in the Free-
Surfer, and the volumes of each amygdala nuclei and the entire 
amygdala were calculated.39) The demeaned value for the total 
intracranial cavity volume (TICV), measured manually,45) was 

Table 1. Demographic and clinical characteristics of patients with BD and HC

Characteristics BD (n = 55) HC (n = 55) p value (t, χ2 )

Age (years) 33.29 ± 11.32 35.18 ± 12.75 0.413 (t = -0.822)

Sex (female/male) 24/31 28/27 0.567 (χ2  = 0.584)

Education level
Elementary and middle school 0 2
High school or college/university 51 47 0.278 (χ2 = 2.563)

Above graduate school 4 6
HDRS-17 score 6.31 ± 4.87 1.80 ± 2.01 < 0.001 (t = 6.344)

BD I/BD II 29/26 NA NA
Euthymic (or remission) state/depressive state 37/18 NA NA
Duration of illness (months) 45.29 ± 64.38 NA NA
Drug-treated patients (n) 55 NA NA
Medication, n

SSRI 8
SNRI 2
NDRI 7
NaSSA 1
Combination of AD 0
Lithium 7 NA NA
AED 38
Lithium + AED 4
AED + AED 1
AP 25
Combination of AP 23

TICV (mm3) 1444253.31 ± 131053.36 1448157.16 ± 177530.28 0.896 (t = -0.131)

Data are mean ± standard deviation for age, HDRS-17 scores, and illness duration. The p values for distribution of sex and edu-
cation level were obtained using a chi-squared test. The p values for comparisons of age and HDRS scores were obtained using 
an independent t-test. BD : bipolar disorder, HC : healthy controls, HDRS-17 : 17-item Hamilton Depression Rating Scale, BD I : bi-
polar I disorder, BD II : bipolar II disoder, SSRI : selective serotonin reuptake inhibitor, SNRI : serotonin and norepinephrine reuptake 
inhibitor, NDRI : norepinephrine-dopamine reuptake inhibitor, NaSSA : noradrenergic and specific serotonergic antidepressant, 
AD : antidepressants, Combination of AD : combinations of two or more types of antidepressants, AED : anti-epileptic drugs, AP : 
antipsychotics, Combination of AP : combinations of two or more types of antipsychotics, TICV : total intracranial cavity volume
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used as a covariate to normalize regional brain volumes. Our T1 
imaging outputs in all processes were visually inspected by two 
trained independent researchers (W.-S. Tae and J. Kang) to en-
sure the quality of the analyses.

Statistical analyses
For group differences in demographic and clinical charac-

teristics, age, HDRS scores, and TICV were analyzed using t-
tests, and the distributions of sex and education level were ana-
lyzed using the chi-square test. Statistical analyses were performed 
using IBM SPSS Statistics for Windows, Version 24.0 (IBM 
Corp., Armonk, NY, USA). For main analysis, first, we compared 
the volumes of each amygdala subregion and the whole amygda-
la according to the diagnostic groups (BD group vs. HC group), 
the subgroups of BD patients determined by the subtypes (BD I 
vs. BD II), and lithium treatment [lithium-treated patients with 
bipolar disorder (Li+) vs. bipolar disorder patients without tak-
ing lithium treatment (Li-)]. Automatically calculated data for 
the volumes of each amygdala subregion and the whole amyg-
dala obtained from the FreeSurfer were analyzed using a one-
way analysis of covariance with individual volumes as dependent 

variables, and age, sex, and TICV as covariates. Illness duration 
and HDRS score were used as additional covariates when com-
paring amygdala subregion volumes according to lithium treat-
ment. For multiple comparisons, we applied the Bonferroni 
correction: p < 0.05/20 (18 subregions and 2 total volume in bi-
lateral amygdala) = 0.0025. As a secondary analysis, we investi-
gated the correlation of illness duration and HDRS score with 
amygdala subregion volumes in BD patients using a two-tailed 
Pearson’s partial correlation analysis with age, sex, and TICV as 
covariates.

Results

Demographic and clinical characteristics
The data regarding age, sex, education level, HDRS score, 

and TICV of BD and HC groups, duration of illness, subtype 
of BD, mood state and treated medication are shown in Table 1. 
The BD group and the HC group did not differ significantly in 
terms of age, sex, education level, and TICV, but had different 
HDRS scores (t = 6.344, p < 0.001). The mean duration of the 
illness in patients with BD was 45.29 ± 64.38 months. 

Table 2. Amygdala subregion volume difference between patients with BD and HC

Amygdala subregions
BD (mm3) HC (mm3) BD vs. HC

Mean SD Mean SD F (1, 105) p value

Left hemisphere
Lateral nucleus 719.24 81.74 742.89 112.59 2.607 0.109
Basal nucleus 435.60 43.70 456.54 59.54 7.518 0.007
Accessory basal nucleus 258.67 26.15 271.86 33.71 7.500 0.007
Anterior amygdaloid area 67.30 8.84 70.18 10.23 3.710 0.057
Central nucleus 54.28 8.94 56.82 10.77 3.336 0.071
Medial nucleus 26.47 5.05 27.38 5.66 1.122 0.292
Cortical nucleus 27.11 4.55 27.54 4.79 0.148 0.701
Cortico-amygdaloid transition area 155.41 22.03 164.19 27.91 3.448 0.066
Paralaminar nucleus 41.82 5.53 43.29 6.29 2.154 0.145
Whole amygdala 1785.89 174.64 1860.67 245.98 5.589 0.020

Right hemisphere
Lateral nucleus 723.07 84.43 751.93 91.44 3.767 0.055
Basal nucleus 447.72 45.10 478.87 58.16 17.206 6.83.E-05*
Accessory basal nucleus 277.76 27.40 300.83 38.62 20.332 1.70.E-05*
Anterior amygdaloid area 67.74 8.09 74.58 9.64 19.629 2.32.E-05*
Central nucleus 52.56 7.86 54.97 8.10 3.259 0.074
Medial nucleus 27.39 5.01 28.52 5.49 1.683 0.197
Cortical nucleus 30.82 3.71 32.66 5.12 5.927 0.017
Cortico-amygdaloid transition area 161.24 18.21 178.56 29.90 16.895 7.86.E-05*
Paralaminar nucleus 41.68 5.42 43.45 5.95 3.544 0.063
Whole amygdala 1829.99 178.29 1944.39 224.07 14.293 2.60.E-04*

The F and p values were obtained using one-way analysis of covariance with the adjustment for age, sex, and total intracranial 
cavity volume as covariates. The Bonferroni correction was applied : p < 0.05/20 = 0.0025. * : Significant amygdala subregion vol-
ume differences. BD : bipolar disorder, HC : healthy controls, SD : standard deviation
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Analyses of amygdala subregion volumes in patients 
with BD and HC

The whole right amygdala volume [F(1, 105) = 14.293, p = 2.60 × 
10-5 ; BD = 1829.99 ± 178.29 mm3, HC = 1944.39 ± 224.07 
mm3], and the subregions including basal nucleus [F(1, 105) = 
17.206, p = 6.83 × 10-5 ; BD = 447.72 ± 45.10 mm3, HC = 478.87 ± 
58.16 mm3], accessory basal nucleus [F(1, 105) = 20.332, p = 1.70 × 
10-5 ; BD = 277.76 ± 27.40 mm3, HC = 300.83 ± 38.62 mm3], an-
terior amygdaloid area [F(1, 105) = 19.629, p = 2.32 × 10-5 ; BD = 
67.74 ± 8.09 mm3, HC = 74.58 ± 9.64 mm3], and cortico-amyg-
daloid transition area [F(1, 105) = 16.895, p = 7.86 × 10-5 ; BD = 
161.24 ± 18.21 mm3, HC = 178.56 ± 29.90 mm3] in the right 
amygdala were significantly smaller for the HC group in BD 
patients after the Bonferroni correction (Table 2). 

Association between the amygdala subregion volumes 
and subtypes of BD and lithium treatment

We investigated association of the subtypes of BD with amyg-
dala subregion volumes in the BD I and BD II subgroups, using 
the same statistical methods as those used in the analysis of BD 
and HC groups (Table 3). We found a significant volume differ-

ence in right paralaminar nucleus [F(1, 50) = 5.576, p = 0.022 ; BD 
I = 42.66 ± 5.64 mm3, BD II = 40.59 ± 5.06 mm3]. However, this 
finding was not significant after the Bonferroni correction.

We also investigated associations between lithium treatment 
and the amygdala subregion volumes, using the same above 
statistical methods, but including illness duration and HDRS 
as additional covariates (Table 4). We found significant volume 
difference in the medial nucleus [F(1, 48) = 4.269, p = 0.044; Li+ = 
29.97 ± 6.66 mm3, Li- = 26.75 ± 4.36 mm3], although this find-
ing was not significant after the Bonferroni correction.

Association of amygdala subregion volumes with 
clinical states and illness duration

As secondary analysis, we investigated correlations between 
the duration of illness and the amygdala subregion volumes us-
ing partial correlation analysis adjusting for age, sex, and TICV 
(Table 5). However, we could not find any significant correla-
tions (all, p > 0.05). We also explored correlations between 
HDRS scores and the amygdala subregion volumes using the 
same statistical methods as those used in the illness duration 
analysis. We found a significant negative correlation (r = -0.311, 

Table 3. Amygdala subregion volume difference between patients with BD I and BD II

Amygdala subregions
BD I (mm3) BD II (mm3) BD I vs. BD II

Mean SD Mean SD F (1, 50) p value

Left hemisphere
Lateral nucleus 708.88 70.37 730.78 92.86 0.102 0.750
Basal nucleus 431.36 41.88 440.33 46.00 0.006 0.940
Accessory basal nucleus 255.12 24.71 262.62 27.61 0.197 0.659
Anterior amygdaloid area 66.56 9.03 68.12 8.73 0.005 0.946
Central nucleus 54.89 10.48 53.61 6.99 2.147 0.149
Medial nucleus 26.24 4.95 26.73 5.25 0.009 0.925
Cortical nucleus 26.57 4.33 27.73 4.80 0.417 0.521
Cortico-amygdaloid transition area 151.67 21.66 159.59 22.10 1.089 0.302
Paralaminar nucleus 41.30 5.57 42.40 5.54 0.181 0.673
Whole amygdala 1762.58 159.05 1811.90 190.28 0.117 0.733

Right hemisphere
Lateral nucleus 727.46 82.42 718.18 87.99 1.572 0.216
Basal nucleus 451.37 42.68 443.66 48.17 2.679 0.108 
Accessory basal nucleus 277.97 25.51 277.52 29.89 0.770 0.384 
Anterior amygdaloid area 67.44 8.02 68.07 8.32 0.026 0.873 
Central nucleus 53.14 8.60 51.91 7.07 1.403 0.242 
Medial nucleus 27.68 5.34 27.07 4.70 1.001 0.322 
Cortical nucleus 30.62 3.73 31.04 3.75 0.083 0.774 
Cortico-amygdaloid transition area 161.26 17.35 161.22 19.48 0.367 0.547 
Paralaminar nucleus 42.66 5.64 40.59 5.06 5.576 0.022*
Whole amygdala 1839.60 172.19 1819.26 187.68 2.163 0.148 

The F and p values were obtained using one-way analysis of covariance with the adjustment for age, sex, and total intracranial 
cavity volume as covariates. * : Significant amygdala subregion volume differences. BD I : bipolar I disorder, BD II : bipolar II disor-
der, SD : standard deviation
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p = 0.025) between the volume of right central nucleus and the 
HDRS score, which was not significant after the Bonferroni 
correction. 

Discussion

In this study, we investigated the volume change of amygda-
la nuclei in BD patients. Compared to HC group, we observed 
significant volume decrements in the basal nucleus, accessory 
basal nucleus, anterior amygdaloid area, and cortico-amygda-
loid transition area in the right amygdala, and the whole right 
amygdala even after the Bonferroni correction. 

To our knowledge, this is the first study to compare the amyg-
dala subdivision volume of BD patients with HC group in adult 
sample. One study on youth with BD showed reductions in spe-
cific areas of left and right amygdala, which correspond to ba-
solateral and superficial subregions, compared to HC group.46) 
The results may be consistent with our results, but the patient 
group was limited to pediatric familial BD and the analytic 
method was different from the present study since radial dis-

tances were measured via statistical surface modeling analysis.46)

Previous studies on amygdala subregions have investigated 
the amygdala structure by dividing it into 2-4 parcellations. 
Four subregions, namely lateral, basolateral, basomedial, and 
centromedial, were compared in their degree of atrophy be-
tween schizophrenia and psychotic BD patients, to suggest a 
differential biomarker.47) In another attempt to distinguish the 
morphologic changes of amygdala in BD and schizophrenia, 
volume, total neuron numbers, neuronal size, and density of 
neurons were analyzed in specific amygdala subregions, local-
ized as lateral, basal, accessory basal, and cortical nuclei.48) Youth 
with BD were investigated on three subregions, which are ba-
solateral, superficial, and centromedial.46) Each subregion of 
such studies correspond to a cluster of numeral nuclei of our 
division, which implies higher sensitivity of our study in detect-
ing structural abnormalities in the amygdala. 

According to the study by Sah et al.,49) each amygdala nucle-
us can be classified as either basolateral group, superficial 
group, or centromedial group. The basal and accessory basal 
nucleus belong to the basolateral group, which functions mainly 

Table 4. Amygdala subregion volume difference between Li+ (n = 11) and Li- (n = 44)

Amygdala subregions
Li+ (mm3) Li- (mm3) Li+  vs. Li-

Mean SD Mean SD F (1, 48) p value

Left hemisphere
Lateral nucleus 741.38 78.61 713.70 82.44 0.663 0.419
Basal nucleus 446.31 45.72 432.92 43.30 0.777 0.382
Accessory basal nucleus 269.32 25.90 256.00 25.82 3.125 0.083
Anterior amygdaloid area 70.90 9.60 66.40 8.52 1.550 0.219
Central nucleus 53.65 8.47 54.44 9.14 0.195 0.661
Medial nucleus 27.38 4.78 26.24 5.15 0.233 0.631
Cortical nucleus 29.25 4.53 26.58 4.44 3.981 0.052
Cortico-amygdaloid transition area 163.15 18.19 153.48 22.66 1.708 0.198
Paralaminar nucleus 42.10 6.40 41.75 5.38 0.004 0.947
Whole amygdala 1843.45 159.56 1771.51 176.98 1.465 0.232

Right hemisphere
Lateral nucleus 728.50 83.93 721.71 85.47 0.246 0.622
Basal nucleus 446.35 61.34 448.07 40.97 0.000 0.992 
Accessory basal nucleus 279.16 37.80 277.41 24.70 0.112 0.739 
Anterior amygdaloid area 68.91 9.34 67.45 7.84 0.278 0.600 
Central nucleus 51.40 8.50 52.85 7.77 0.281 0.599 
Medial nucleus 29.97 6.66 26.75 4.36 4.269 0.044* 
Cortical nucleus 31.89 4.23 30.55 3.57 1.707 0.198 
Cortico-amygdaloid transition area 158.30 19.11 161.98 18.13 0.288 0.594 
Paralaminar nucleus 41.17 6.13 41.81 5.30 0.203 0.654 
Whole amygdala 1835.65 220.38 1828.57 169.15 0.103 0.749 

The F and p values were obtained using one-way analysis of covariance with the adjustment for age, sex, total intracranial cavity 
volume, illness duration, and Hamilton Depression Rating Scale score as covariates. * : Significant amygdala subregion volume 
differences. Li+ : lithium-treated patients with bipolar disorder, Li- : bipolar disorder patients without taking lithium treatment, SD : 
standard deviation
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in integrating, coordinating, and processing the received sensory 
inputs.49)50) In a study of youth with BD I, abnormal functional 
connectivity was detected between the amygdala basolateral 
subregion and the brain areas crucial for emotion processing 
and regulation.51) Such report implies meaningful contribution 
of the basolateral subregion to the pathophysiology of BD, which 
corresponds with our result of reduced volume of the basal and 
accessory basal nucleus in patients with BD. In addition, the lat-
eral nucleus, which has a major role in receiving and assigning 
emotional valence to the environmental information, exten-
sively projects to the basal and accessory basal nucleus.33)38)52-58) 
The basal and accessory basal nucleus then make internuclear 
and intranulcear connections, and projects to cortical and sub-
cortical areas as well.49)59-63) Therefore, it is plausible to expect 
that deformations in these nuclei contribute to the maladaptive 
pattern of emotional perception in BD.

We observed significant volume decrement in the cortico-
amygdaloid transition area and the anterior amygdaloid area 
as well. The superficial group, which comprises the cortico-
amygdaloid transition area, is expected to play a crucial role in 
social communication.64) Functional connections with the an-
terior insula and inferior frontal gyrus, which are associated 

with the perception of emotional face expressions, assist the 
role of the superficial group in the processing of socially salient 
inputs.65-67) Specifically, the cortico-amygdaloid transition area 
is thought to participate in the assessment of negative emotions, 
such as anger.68) Therefore, abnormality in the cortico-amyg-
daloid transition area is likely to contribute to the deficient abil-
ity in facial emotion interpretation and social skills encountered 
in BD patients. Since little is revealed about the connections 
and functions of the anterior amygdaloid area, along with its 
association with other amygdala nuclei, further investigation 
should be conducted to elucidate its role in the pathophysiology 
of BD.

It is worth notice that the volume reductions were one-sided, 
biased to the right hemisphere. When stimulated electronical-
ly, the right amygdala produced negative emotions, while the left 
amygdala induced either positive or negative emotions, which 
indicates functional differences between left and right amyg-
dala.69) In pediatric samples, the results were not consistent in its 
hemispheric specialization.46)51) Due to the shortage of data in 
adult BD samples, further studies are required to adequately ex-
plain such one-sidedness.

Since functional studies showed significant differences be-

Table 5. Correlation of illness duration and HDRS score with amygdala subregion volumes in patients with bipolar disorder

Amygdala subregion volumes
Illness duration HDRS score

r p value r p value

Left hemisphere
Lateral nucleus -0.263 0.060 -0.259 0.064
Basal nucleus -0.219 0.119 -0.076 0.594
Accessory basal nucleus -0.161 0.253 -0.020 0.885
Anterior amygdaloid area -0.213 0.130 -0.216 0.124
Central nucleus -0.161 0.255 -0.053 0.712
Medial nucleus -0.153 0.277 -0.102 0.474
Cortical nucleus -0.007 0.960 0.018 0.900
Cortico-amygdaloid transition area -0.204 0.146 -0.042 0.767
Paralaminar nucleus -0.270 0.053 0.021 0.884
Whole amygdala -0.271 0.052 -0.169 0.230

Right hemisphere
Lateral nucleus 0.019 0.895 -0.246 0.079
Basal nucleus -0.072 0.610 -0.099 0.485
Accessory basal nucleus -0.031 0.826 -0.184 0.191
Anterior amygdaloid area -0.223 0.113 -0.003 0.986
Central nucleus 0.142 0.314 -0.311 0.025*
Medial nucleus -0.014 0.924 -0.200 0.154
Cortical nucleus -0.012 0.932 -0.166 0.241
Cortico-amygdaloid transition area -0.099 0.484 -0.064 0.653
Paralaminar nucleus -0.131 0.355 0.011 0.936
Whole amygdala -0.037 0.797 -0.214 0.128

A two-tailed Pearson’s partial correlation analysis was performed controlling for age, sex, and total intracranical cavity volume. * : 
Significant correlations. HDRS : Hamilton Depression Rating Scale
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tween BD I and BD II,70)71) meaningful result was anticipated 
on our investigation of comparing amygdala subregion vol-
umes of each BD subtype. However, coherent with inconsistent 
results of former structural MRI studies comparing structural 
anomalies between BD subtypes,72) we could not find any sig-
nificant amygdala volume differences between BD I and BD II 
patients. Starting with our study, further investigations with larg-
er samples are needed to elucidate the role of amygdala in each 
BD subtype. 

Considering the heterogeneity of our BD group, which is com-
prised of both depressive and euthymic patients, we investigated 
the correlation between the amygdala volume and the clinical 
state and illness duration. Although we could not find any sig-
nificant finding, in context of a previous finding which implicat-
ed smaller amygdala volume in depressive BD patients com-
pared to HC group,73) the possibility of the association between 
the clinical states and the amygdala volume must be taken into 
account in further studies. 

In our study, there was no association between lithium treat-
ment and amygdala subregion volume. Previous study results 
with larger samples indicate larger amygdala volume in lithium 
treatment group.24)74) This implies that our result may be changed 
when the sample is expanded.

There are several limitations to consider throughout the 
study. First, within BD subjects, the drug-naïve group was not 
analyzed separately from the drug-treated group. The BD group 
in our study is heterogeneous in its treated medication, includ-
ing antidepressants, lithium, antiepileptic drugs, and antipsy-
chotics. Although the impact of such medication in amygdala 
volume is not clear, there were some related reports. A negative 
correlation between neuron somata size and lithium and chlor-
promazine exposure was suggested,48) and lithium showed some 
neuroprotective function in the amygdala.75) On such grounds, 
we cannot overlook the possibility of the confounding effects 
of pharmacological treatment. Second, because of the cross-
sectional design of this study, we could not elucidate clear caus-
al relationship between the morphologic changes in the amyg-
dala and lithium treatment, clinical states, and illness duration. 
Finally, although the total intracranial volume was adjusted, the 
amygdala volume can have innate variation and have been af-
fected by any disruptions during development. Interaction with 
psychosocial factors were not investigated as well. Despite such 
limitations, we demonstrated significant difference in the spe-
cific amygdala nuclei volume between the BD patients and HC 
group. Although our explanations remain at the level of postu-
lation and are deficient in precise neurobiological grounds of 
the smaller amygdala nuclei volume in BD subjects, this study 
advocate the amygdala nuclei as intimately related to the patho-

physiology of BD. Hence, further studies should be conducted 
on the amygdala nuclei in BD patients.

In summary, we observed significant volume decrements of 
the basal nucleus, accessory basal nucleus, anterior amygdaloid 
area, and cortico-amygdaloid transition area in the right hemi-
sphere in adult BD patients, compared to HC. We postulate that 
such volume changes are associated with altered functional ac-
tivity and connectivity of amygdala nuclei in BD. Additional 
investigations are needed to confirm our hypothesis, but we be-
lieve that our findings have significant meaning in extending 
the research domain to the specific amygdala nuclei and pro-
viding additional neurobiological evidence regarding the asso-
ciations between BD and the structural changes of the brain in 
patients. 

Acknowledgments
This research was supported by the Bio & Medical Technology De-

velopment Program of the National Research Foundation (NRF) fund-
ed by the Ministry of Science, ICT & Future Planning (NRF-2016M3 
A9A7916996).

Conflicts of interest
The authors have no financial conflicts of interest.

REFERENCES
1) Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld 

RM, Petukhova M, et al. Lifetime and 12-month prevalence of bi-
polar spectrum disorder in the National Comorbidity Survey repli-
cation. Arch Gen Psychiatry 2007;64:543-552.

2) Kupfer DJ. The increasing medical burden in bipolar disorder. 
JAMA 2005;293:2528-2530.

3) Osby U, Brandt L, Correia N, Ekbom A, Sparén P. Excess mortality in 
bipolar and unipolar disorder in Sweden. Arch Gen Psychiatry 2001; 
58:844-850.

4) Phillips ML, Swartz HA. A critical appraisal of neuroimaging stud-
ies of bipolar disorder: toward a new conceptualization of underlying 
neural circuitry and a road map for future research. Am J Psychiatry 
2014;171:829-843.

5) Phillips ML, Ladouceur CD, Drevets WC. A neural model of volun-
tary and automatic emotion regulation: implications for understand-
ing the pathophysiology and neurodevelopment of bipolar disorder. 
Mol Psychiatry 2008;13:829, 833-857.

6) Strakowski SM, Adler CM, Almeida J, Altshuler LL, Blumberg HP, 
Chang KD, et al. The functional neuroanatomy of bipolar disorder: 
a consensus model. Bipolar Disord 2012;14:313-325.

7) Stanfield AC, Moorhead TW, Job DE, McKirdy J, Sussmann JE, Hall 
J, et al. Structural abnormalities of ventrolateral and orbitofrontal 
cortex in patients with familial bipolar disorder. Bipolar Disord 
2009;11:135-144.

8) Matsuo K, Kopecek M, Nicoletti MA, Hatch JP, Watanabe Y, Nery 
FG, et al. New structural brain imaging endophenotype in bipolar 
disorder. Mol Psychiatry 2012;17:412-420.

9) van der Schot AC, Vonk R, Brouwer RM, van Baal GC, Brans RG, 
van Haren NE, et al. Genetic and environmental influences on focal 
brain density in bipolar disorder. Brain 2010;133:3080-3092.

10) van der Schot AC, Vonk R, Brans RG, van Haren NE, Koolschijn 
PC, Nuboer V, et al. Influence of genes and environment on brain 
volumes in twin pairs concordant and discordant for bipolar disor-
der. Arch Gen Psychiatry 2009;66:142-151.



Korean J Biol Psychiatry █ 2019;26(1):22-31

30

11) Selvaraj S, Arnone D, Job D, Stanfield A, Farrow TF, Nugent AC, et 
al. Grey matter differences in bipolar disorder: a meta-analysis of 
voxel-based morphometry studies. Bipolar Disord 2012;14:135-145.

12) Tost H, Ruf M, Schmäl C, Schulze TG, Knorr C, Vollmert C, et al. 
Prefrontal-temporal gray matter deficits in bipolar disorder patients 
with persecutory delusions. J Affect Disord 2010;120:54-61.

13) Almeida JR, Akkal D, Hassel S, Travis MJ, Banihashemi L, Kerr N, 
et al. Reduced gray matter volume in ventral prefrontal cortex but not 
amygdala in bipolar disorder: significant effects of gender and trait 
anxiety. Psychiatry Res 2009;171:54-68.

14) Haller S, Xekardaki A, Delaloye C, Canuto A, Lövblad KO, Gold G, 
et al. Combined analysis of grey matter voxel-based morphometry 
and white matter tract-based spatial statistics in late-life bipolar dis-
order. J Psychiatry Neurosci 2011;36:391-401.

15) Ivleva EI, Bidesi AS, Keshavan MS, Pearlson GD, Meda SA, Dodig 
D, et al. Gray matter volume as an intermediate phenotype for psy-
chosis: Bipolar-Schizophrenia Network on Intermediate Phenotypes 
(B-SNIP). Am J Psychiatry 2013;170:1285-1296.

16) Wijeratne C, Sachdev S, Wen W, Piguet O, Lipnicki DM, Malhi GS, 
et al. Hippocampal and amygdala volumes in an older bipolar disor-
der sample. Int Psychogeriatr 2013;25:54-60.

17) Müller VI, Habel U, Derntl B, Schneider F, Zilles K, Turetsky BI, et 
al. Incongruence effects in crossmodal emotional integration. Neu-
roimage 2011;54:2257-2266.

18) Phelps EA, LeDoux JE. Contributions of the amygdala to emotion 
processing: from animal models to human behavior. Neuron 2005; 
48:175-187.

19) Goodwin FK, Jamison KR. Manic-Depressive Illness: Bipolar Dis-
orders and Recurrent Depression. 2nd ed. New York, NY: Oxford 
University Press;2007.

20) Swanson LW. The amygdala and its place in the cerebral hemisphere. 
Ann N Y Acad Sci 2003;985:174-184.

21) Altshuler L, Bookheimer S, Proenza MA, Townsend J, Sabb F, Fires-
tine A, et al. Increased amygdala activation during mania: a func-
tional magnetic resonance imaging study. Am J Psychiatry 2005;162: 
1211-1213.

22) Lawrence NS, Williams AM, Surguladze S, Giampietro V, Brammer 
MJ, Andrew C, et al. Subcortical and ventral prefrontal cortical neu-
ral responses to facial expressions distinguish patients with bipolar 
disorder and major depression. Biol Psychiatry 2004;55:578-587.

23) Blumberg HP, Kaufman J, Martin A, Whiteman R, Zhang JH, Gore 
JC, et al. Amygdala and hippocampal volumes in adolescents and 
adults with bipolar disorder. Arch Gen Psychiatry 2003;60:1201-
1208.

24) Chang K, Karchemskiy A, Barnea-Goraly N, Garrett A, Simeonova 
DI, Reiss A. Reduced amygdalar gray matter volume in familial pe-
diatric bipolar disorder. J Am Acad Child Adolesc Psychiatry 2005; 
44:565-573.

25) DelBello MP, Zimmerman ME, Mills NP, Getz GE, Strakowski SM. 
Magnetic resonance imaging analysis of amygdala and other sub-
cortical brain regions in adolescents with bipolar disorder. Bipolar 
Disord 2004;6:43-52.

26) Kalmar JH, Wang F, Chepenik LG, Womer FY, Jones MM, Pittman 
B, et al. Relation between amygdala structure and function in ado-
lescents with bipolar disorder. J Am Acad Child Adolesc Psychiatry 
2009;48:636-642.

27) Pearlson GD, Barta PE, Powers RE, Menon RR, Richards SS, Ayl-
ward EH, et al. Ziskind-Somerfeld Research Award 1996. Medial 
and superior temporal gyral volumes and cerebral asymmetry in 
schizophrenia versus bipolar disorder. Biol Psychiatry 1997;41:1-14.

28) Chen BK, Sassi R, Axelson D, Hatch JP, Sanches M, Nicoletti M, et 
al. Cross-sectional study of abnormal amygdala development in 
adolescents and young adults with bipolar disorder. Biol Psychiatry 
2004;56:399-405.

29) Altshuler LL, Bartzokis G, Grieder T, Curran J, Jimenez T, Leight K, 
et al. An MRI study of temporal lobe structures in men with bipolar 
disorder or schizophrenia. Biol Psychiatry 2000;48:147-162.

30) Strakowski SM, DelBello MP, Sax KW, Zimmerman ME, Shear PK, 
Hawkins JM, et al. Brain magnetic resonance imaging of structural 
abnormalities in bipolar disorder. Arch Gen Psychiatry 1999;56: 
254-260.

31) Brambilla P, Harenski K, Nicoletti M, Sassi RB, Mallinger AG, 
Frank E, et al. MRI investigation of temporal lobe structures in bi-
polar patients. J Psychiatr Res 2003;37:287-295.

32) Holland PC, Gallagher M. Amygdala circuitry in attentional and rep-
resentational processes. Trends Cogn Sci 1999;3:65-73.

33) Cardinal RN, Parkinson JA, Hall J, Everitt BJ. Emotion and motiva-
tion: the role of the amygdala, ventral striatum, and prefrontal cor-
tex. Neurosci Biobehav Rev 2002;26:321-352.

34) LeDoux JE. Emotion circuits in the brain. Annu Rev Neurosci 2000; 
23:155-184.

35) Halgren E. Emotional neurophysiology of the amygdala within the 
context of human cognition. In: Aggleton JP, editor. The Amygdala: 
Neurobiological Aspects of Emotion, Memory, and Mental Dys-
function. 1st ed. New York, NY: Wiley-Liss;1992. p.191-228.

36) Gloor P. Role of the human limbic system in perception, memory 
and affect: lessons from temporal lobe epilepsy. In: Doane BK, Liv-
ingston KE, editors. The Limbic System: Functional Organization 
and Clinical Disorders. New York, NY: Raven Press;1986. p.159-
169.

37) Amaral DG, Price JL, Pitkanen A, Carmichael ST. Anatomical or-
ganization of the primate amygdaloid complex. In: Aggleton JP, edi-
tor. The Amygdala: Neurobiological Aspects of Emotion, Memory, 
and Mental Dysfunction. 1st ed. New York, NY: Wiley-Liss;1992. 
p.1-66.

38) LeDoux J. The amygdala. Curr Biol 2007;17:R868-R874.
39) Saygin ZM, Kliemann D, Iglesias JE, van der Kouwe AJW, Boyd E, 

Reuter M, et al.; Alzheimer's Disease Neuroimaging Initiative. High-
resolution magnetic resonance imaging reveals nuclei of the human 
amygdala: manual segmentation to automatic atlas. Neuroimage 
2017;155:370-382.

40) Avino TA, Barger N, Vargas MV, Carlson EL, Amaral DG, Bauman 
MD, et al. Neuron numbers increase in the human amygdala from 
birth to adulthood, but not in autism. Proc Natl Acad Sci U S A 2018; 
115:3710-3715.

41) Hamilton M. A rating scale for depression. J Neurol Neurosurg Psy-
chiatry 1960;23:56-62.

42) Sled JG, Zijdenbos AP, Evans AC. A nonparametric method for auto-
matic correction of intensity nonuniformity in MRI data. IEEE Trans 
Med Imaging 1998;17:87-97.

43) Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Haselgrove C, et 
al. Whole brain segmentation: automated labeling of neuroanatomi-
cal structures in the human brain. Neuron 2002;33:341-355.

44) Fischl B, van der Kouwe A, Destrieux C, Halgren E, Ségonne F, Salat 
DH, et al. Automatically parcellating the human cerebral cortex. 
Cereb Cortex 2004;14:11-22.

45) Tae WS, Kim SS, Lee KU, Nam EC, Kim KW. Validation of hippo-
campal volumes measured using a manual method and two automat-
ed methods (FreeSurfer and IBASPM) in chronic major depressive 
disorder. Neuroradiology 2008;50:569-581.

46) Kelley R, Chang KD, Garrett A, Alegría D, Thompson P, Howe M, et 
al. Deformations of amygdala morphology in familial pediatric bipo-
lar disorder. Bipolar Disord 2013;15:795-802.

47) Mahon PB, Lee DS, Trinh H, Tward D, Miller MI, Younes L, et al. 
Morphometry of the amygdala in schizophrenia and psychotic bipo-
lar disorder. Schizophr Res 2015;164:199-202.

48) Berretta S, Pantazopoulos H, Lange N. Neuron numbers and volume 
of the amygdala in subjects diagnosed with bipolar disorder or schizo-



Volume Changes of Amygdala Nuclei in Bipolar Disorder █ Lee HJ, et al 

journal.biolpsychiatry.or.kr 31

phrenia. Biol Psychiatry 2007;62:884-893.
49) Sah P, Faber ES, Lopez De Armentia M, Power J. The amygdaloid 

complex: anatomy and physiology. Physiol Rev 2003;83:803-834.
50) Bzdok D, Laird AR, Zilles K, Fox PT, Eickhoff SB. An investigation 

of the structural, connectional, and functional subspecialization in 
the human amygdala. Hum Brain Mapp 2013;34:3247-3266.

51) Singh MK, Kelley RG, Chang KD, Gotlib IH. Intrinsic amygdala 
functional connectivity in youth with bipolar I disorder. J Am Acad 
Child Adolesc Psychiatry 2015;54:763-770.

52) Davis M, Whalen PJ. The amygdala: vigilance and emotion. Mol 
Psychiatry 2001;6:13-34.

53) Boucsein K, Weniger G, Mursch K, Steinhoff BJ, Irle E. Amygdala 
lesion in temporal lobe epilepsy subjects impairs associative learn-
ing of emotional facial expressions. Neuropsychologia 2001;39:231-
236.

54) Gallagher M, Chiba AA. The amygdala and emotion. Curr Opin Neu-
robiol 1996;6:221-227.

55) LeDoux J. The emotional brain, fear, and the amygdala. Cell Mol 
Neurobiol 2003;23:727-738.

56) Gur RC, Schroeder L, Turner T, McGrath C, Chan RM, Turetsky BI, 
et al. Brain activation during facial emotion processing. Neuroimage 
2002;16:651-662.

57) Pitkänen A, Stefanacci L, Farb CR, Go GG, LeDoux JE, Amaral DG. 
Intrinsic connections of the rat amygdaloid complex: projections 
originating in the lateral nucleus. J Comp Neurol 1995;356:288-310.

58) Smith Y, Paré D. Intra-amygdaloid projections of the lateral nucleus 
in the cat: PHA-L anterograde labeling combined with postembed-
ding GABA and glutamate immunocytochemistry. J Comp Neurol 
1994;342:232-248.

59) Amaral DG, Behniea H, Kelly JL. Topographic organization of pro-
jections from the amygdala to the visual cortex in the macaque mon-
key. Neuroscience 2003;118:1099-1120.

60) Pitkänen A, Kelly JL, Amaral DG. Projections from the lateral, bas-
al, and accessory basal nuclei of the amygdala to the entorhinal cor-
tex in the macaque monkey. Hippocampus 2002;12:186-205.

61) Fudge JL, Kunishio K, Walsh P, Richard C, Haber SN. Amygdaloid 
projections to ventromedial striatal subterritories in the primate. Neu-
roscience 2002;110:257-275.

62) Pitkänen A, Amaral DG. Organization of the intrinsic connections of 
the monkey amygdaloid complex: projections originating in the later-
al nucleus. J Comp Neurol 1998;398:431-458.

63) Pikkarainen M, Pitkänen A. Projections from the lateral, basal and 
accessory basal nuclei of the amygdala to the perirhinal and postrhi-
nal cortices in rat. Cereb Cortex 2001;11:1064-1082.

64) Moreno N, González A. Evolution of the amygdaloid complex in ver-
tebrates, with special reference to the anamnio-amniotic transition. J 
Anat 2007;211:151-163.

65) Carr L, Iacoboni M, Dubeau MC, Mazziotta JC, Lenzi GL. Neural 
mechanisms of empathy in humans: a relay from neural systems for 
imitation to limbic areas. Proc Natl Acad Sci U S A 2003;100:5497-
5502.

66) Wicker B, Keysers C, Plailly J, Royet JP, Gallese V, Rizzolatti G. Both 
of us disgusted in My insula: the common neural basis of seeing and 
feeling disgust. Neuron 2003;40:655-664.

67) Roy AK, Shehzad Z, Margulies DS, Kelly AM, Uddin LQ, Gotimer K, 
et al. Functional connectivity of the human amygdala using resting 
state fMRI. Neuroimage 2009;45:614-626.

68) Kilts CD, Egan G, Gideon DA, Ely TD, Hoffman JM. Dissociable 
neural pathways are involved in the recognition of emotion in static 
and dynamic facial expressions. Neuroimage 2003;18:156-168.

69) Lanteaume L, Khalfa S, Régis J, Marquis P, Chauvel P, Bartolomei F. 
Emotion induction after direct intracerebral stimulations of human 
amygdala. Cereb Cortex 2007;17:1307-1313.

70) Caseras X, Lawrence NS, Murphy K, Wise RG, Phillips ML. Ventral 
striatum activity in response to reward: differences between bipolar 
I and II disorders. Am J Psychiatry 2013;170:533-541.

71) Caseras X, Murphy K, Lawrence NS, Fuentes-Claramonte P, Watts J, 
Jones DK, et al. Emotion regulation deficits in euthymic bipolar I ver-
sus bipolar II disorder: a functional and diffusion-tensor imaging 
study. Bipolar Disord 2015;17:461-470.

72) Hozer F, Houenou J. Can neuroimaging disentangle bipolar disor-
der? J Affect Disord 2016;195:199-214.

73) Foland-Ross LC, Brooks JO 3rd, Mintz J, Bartzokis G, Townsend J, 
Thompson PM, et al. Mood-state effects on amygdala volume in bi-
polar disorder. J Affect Disord 2012;139:298-301.

74) Foland LC, Altshuler LL, Sugar CA, Lee AD, Leow AD, Townsend J, 
et al. Increased volume of the amygdala and hippocampus in bipolar 
patients treated with lithium. Neuroreport 2008;19:221-224.

75) Johnson SA, Wang JF, Sun X, McEwen BS, Chattarji S, Young LT. 
Lithium treatment prevents stress-induced dendritic remodeling in 
the rodent amygdala. Neuroscience 2009;163:34-39.


