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dala activation observed in mania (4, 5). Functional neuro-
imaging studies of bipolar depression are notably limited. 
However, research conducted by our group has revealed 
that bipolar I patients with depression also exhibit hypoac-
tivation in BA 47 (6), suggesting that the modulatory role of 
the ventrolateral prefrontal cortex may be more complex 
and not necessarily associated only with the manic mood 
state. To our knowledge, seven additional studies utilizing 
affective paradigms known to activate the amygdala have 
been conducted to examine depressed bipolar patients 
(7–13). The findings have been inconsistent, with some 
studies reporting increased amygdala responsivity in these 
patients compared with healthy comparison subjects (7, 
8, 10, 13) or no significant between-group differences in 
amygdala activation (6, 9, 11, 12). Notably, the majority of 
these studies included predominantly depressed bipolar I 
patients who were receiving medication.

In the present study, using a well-validated facial emotion 
processing task that has been shown to engage the cortico-
limbic network (3, 14), we examined differences in blood-
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O b je c t iv e : 	 A lthough	 the	 amygdala	 and	
ventrolateral	prefrontal	cortex	have	been	
implicated	 in	 the	 pathophysiology	 of	 bi-
polar	 I	 disorder,	 the	 neural	 mechanism s	
underlying	 bipolar	 II	 disorder	 remain	
unknown.	 The	 authors	 exam ined	 neural	
activity	in	response	to	negative	emotional	
faces	 during	 an	 emotion	perception	 task	
that	reliably	activates	emotion	regulatory	
regions.

M e tho d : 	 Twenty-one	 nonmedicated	 de-
pressed	bipolar	II	patients	and	21	healthy	
comparison	subjects	underwent	function-
al	 MRI	 (fMRI)	 while	 perform ing	 an	 emo-
tional	 face-matching	 task.	 W ithin-	 and	
between-group	 whole-brain	 fMRI	 activa-
tion	and	seed-based	connectivity	analyses	
were	conducted.

R e su lts : 	 In	depressed	bipolar	 II	patients,	
random -effects	 between-group	 fMRI	
analy		ses	 revealed	 a	 significant	 reduction	
in	activation	 in	several	regions,	 including	
the	 left	and	right	ventrolateral	prefrontal	

cortices	 (Brodmann’s	 area	 [BA]	 47)	 and	
the	right	amygdala,	a	priori	regions	of	in-
terest.	 Additionally,	 bipolar	 patients	 ex-
hibited	 significantly	 reduced	 negative	
functional	connectivity	between	the	right	
amygdala	and	the	right	orbitofrontal	cor-
tex	(BA	10)	as	well	as	the	right	dorsolater-
al	 prefrontal	 cortex	 (BA	 46)	 relative	 to	
healthy	comparison	subjects.

Co n c lu s io n s : 	These	findings	suggest	that	
bipolar	II	depression	is	characterized	by	re-
duced	regional	orbitofrontal	and	limbic	ac-
tivation	and	altered	connectivity	in	a	fron-
to-temporal	 circuit	 implicated	 in	 working	
memory	 and	 emotional	 learning.	 While	
the	 amygdala	 hypoactivation	 observed	 in	
bipolar	 II	depression	 is	opposite	 to	 the	di-
rection	 seen	 in	 bipolar	 I	 mania	 and	 may	
therefore	 be	 state	 dependent,	 the	 ob-
served	orbitofrontal	 cortex	hypoactivation	
is	 consistent	with	 findings	 in	 bipolar	 I	 de-
pression,	mania,	and	euthymia,	suggesting	
a	physiologic	trait	marker	of	the	disorder.

Bipolar II disorder is characterized by periods of de-
pression and hypomania. While a depressive episode is 
not a requirement for diagnosis, the predominant mood 
state is depression, and bipolar II patients spend up to 
half their time in this mood state (1). Patients with bipo-
lar II disorder may have greater depressive episode recur-
rence, equal or greater rates of disability, and a greater risk 
of suicidal behavior compared with those with bipolar I 
disorder or major depressive disorder (2). Despite its clini-
cal significance, an understanding of the neurobiological 
underpinnings of bipolar II depression lags behind that of 
other psychiatric disorders.

The orbitofrontal cortex and the amygdala, brain re-
gions that help form a corticolimbic network, have been 
implicated in the emotional dysregulation characteristic 
of bipolar disorder. The ventrolateral prefrontal cortex 
(Brodmann’s area [BA] 47), a subregion of the orbitofrontal 
cortex, has been shown to play an inhibitory role over the 
amygdala in healthy subjects (3). A reduction in activation 
in this brain region may be related to the increase in amyg-
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W ho le -B ra in  fM R I A na ly sis

Details of the image acquisition parameters and behavioral 
data analysis are presented in the online data supplement. Func-
tional images were excluded for movement >1 voxel peak-to-peak 
over 117 images. The functional MRI (fMRI) data were analyzed 
using fMRI Expert Analysis Tool (FEAT), version 5.98, which is part 
of FSL 4.1.9 (Oxford Center for Functional MRI of the Brain [FM-
RIB] Software Library, [www.fmrib.ox.ac.uk/fsl]). Structural im-
ages were skull stripped using the FMRIB Software Library Brain 
Extraction Tool and used for intrasubject registration. Motion cor-
rection was performed using MCFLIRT (Motion Correction using 
FMRIB’s Linear Image Registration Tool). The six rigid body move-
ment parameters were also included as regressors in the model. 
Images were smoothed using a Gaussian kernel (5 mm full width 
at half maximum). All volumes underwent grand-mean intensity 
normalization by a single multiplicative factor as well as high-
pass temporal filtering using a Gaussian-weighted least-squares 
straight line fitting (sigma=37.5 seconds). Time-series statistical 
analysis was conducted using FMRIB’s Improved Linear Model 
with local autocorrelation correction. Using a seven-parameter 
affine registration, functional images were registered to high-
resolution structural images using FLIRT (FMRIB’s Linear Image 
Registration Tool) and then aligned to the Montreal Neurological 
Institute (MNI)-152 atlas with a 12-parameter affine registration.

Higher-level statistical analyses for within- and between-group 
analyses were carried out using stages 1 and 2 of FLAME (FMRIB’s 
Local Analysis of Mixed Effects) (20). The match emotions blocks 
were contrasted against the match forms blocks within groups to 
obtain a statistical map for each participant. To obtain within- 
and between-group results, z-statistic images were thresholded 
using clusters determined by a z value >2.0 and a cluster-correct-
ed threshold p value <0.05 (21), corrected for whole-brain mul-
tiple comparisons using Gaussian random field theory.

Func tio na l Connec tiv ity  A na ly sis

Data were analyzed using FSL and AFNI (Analysis of Functional 
NeuroImages [22]). Functional images were skull stripped using 
the AFNI program with the 3dSkullStrip and 3dAutomask com-
mands. Functional images were motion corrected to the average 
functional volume using MCFLIRT with a normalized correlation 
ratio cost function and sinc interpolation (23). Next, the images 
were spatially smoothed (5 mm full width at half maximum) and 
temporally high-pass filtered (t>0.01 Hz), and nuisance covari-
ates were regressed out. Nuisance covariates included the six rigid 
body motion parameters, average white matter, CSF, and global 
signal time series. The white matter and CSF time series reflected 
the signal from subject-specific regions of interest created using 
FAST (FSL’s Automatic Segmentation Tool). The residuals from 
this analysis were normalized, scaled, and aligned to the MNI av-
erage of 152 brains (12 degrees of freedom affine transformation) 
after registration to high-resolution coplanar images (six degrees 
of freedom affine transformation) using FLIRT. In line with prior 
analyses of whole-brain functional connectivity utilizing a face 
processing paradigm (24), we employed a seed-based approach 
whereby the time series from the right amygdala (Harvard-Oxford 
Probabilistic Atlas, thresholded at 25% probability) was extracted 
for each participant. Using FEAT, we regressed the average amyg-
dala time series with the times series for each brain voxel. This 
generated whole-brain correlation maps for each participant, 
which were transformed to a normal distribution using Fisher’s  
r-to-z transformation and then combined and compared be-
tween groups using the ordinary least-squares method.

All within- and between-group connectivity maps were thres-
holded at z>2.0 and corrected for multiple comparisons at the 
cluster level (p<0.05) using Gaussian random field theory. For 
between-group comparisons of connectivity maps, healthy com-
parison > bipolar for negative connectivity was the same as bi-

oxygen-level-dependent (BOLD) response in the amygdala 
and the ventrolateral prefrontal cortex in medication-free 
depressed bipolar II patients and healthy comparison sub-
jects. We also compared functional connectivity patterns to 
determine whether corticolimbic network abnormalities 
were present in the bipolar II sample. Given meta-analytic 
research demonstrating a reduction in ventrolateral pre-
frontal cortex activation in bipolar I patients across all mood 
states (15) and greater structural abnormalities in BA 47 in 
bipolar II patients relative to bipolar I patients (16), we hy-
pothesized that depressed bipolar II patients would exhibit 
reduced activation in BA 47 relative to healthy comparison 
subjects as well as differences in amygdala response while 
processing angry or fearful faces. We also hypothesized 
that these depressed bipolar patients would demonstrate 
reduced negative functional connectivity in amygdala 
and ventrolateral prefrontal cortex circuitry. Finally, while 
activation in the amygdala and the prefrontal cortex was 
our primary focus, we conducted whole-brain analyses to 
identify other brain regions showing modulation during af-
fective face processing and to determine whether regional 
brain activation was associated with clinical measures.

M ethod

Pa rtic ipan ts

Participants provided written informed consent in accordance 
with the institutional review boards of the University of Califor-
nia, Los Angeles (UCLA). Individuals with bipolar II disorder who 
were currently depressed and not receiving medication were re-
cruited through the UCLA Mood Disorders Clinic and through lo-
cal advertising. Healthy comparison subjects were recruited via 
advertisements in local newspapers and campus flyers. Healthy 
subjects were excluded if they had a current or past psychiatric di-
agnosis (including a history of substance abuse). Details regard-
ing diagnostic assessment and additional inclusion/exclusion 
criteria are presented in the data supplement accompanying the 
online edition of this article.

Twenty-one currently depressed individuals (10 of them wom-
en) with bipolar II disorder according to Structured Clinical In-
terview for DSM-IV criteria were enrolled and scanned, and 21 
gender-matched healthy comparison subjects of similar age were 
taken from a larger control data set. For both groups, MRI data ac-
quisition spanned a period of approximately 5 years. On the day 
of the scan session, the severity of both hypomania and depres-
sion in bipolar patients was assessed using the Young Mania Rat-
ing Scale (17) and the 21-item Hamilton Depression Rating Scale 
(HAM-D) (18). A seven-item extension of the HAM-D was used to 
assess atypical depressive symptoms common in bipolar depres-
sion (19). At the time of the scan, none of the participants were 
receiving psychotropic medication. Seven bipolar patients were 
naive to psychotropic drugs, and the remaining 14 had been med-
ication free for an average of 3.1 years (SD=5.1; range: 17 days–20 
years) prior to scanning. (One patient had been taking 0.5 mg of a 
benzodiazepine until 17 days prior to the scan session.)

Expe rim en ta l S tim u li and  Pa rad igm

We used a face-matching paradigm that has been shown to re-
liably activate the amygdala in healthy populations (3) as well as 
in bipolar I patients in studies conducted by our research group 
(4–6). The task is described in detail in the online data supple-
ment.
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a priori regions of the amygdala and ventrolateral prefrontal cor-
tex are described in the online data supplement.

Re su lts

Pa rtic ipan t Da ta

There were no significant differences between the pa-
tient and comparison groups on age, gender distribution, 
and ethnicity (Table 1). Additionally, the patient and com-
parison groups did not differ significantly in either abso-
lute or relative motion. There was no significant correla-

polar > comparison for positive connectivity. Therefore, in order 
to identify and interpret four potential types of group differences 
(comparison > bipolar for regions of negative connectivity, com-
parison > bipolar for regions of positive connectivity, bipolar > 
comparison for regions of negative connectivity, and bipolar > 
comparison for regions of positive connectivity), we masked the 
group difference maps by the respective comparison and bipolar 
within-group negative and positive connectivity maps.

Exp lo ra to ry  A na ly se s o f  C lin ica l Va riab le s and  BO LD  
Re sponse

The methods for our exploratory analyses of the association 
between bipolar II disorder characteristics and activation in our 

TA Ble  1 . D em og raph ic  and  C lin ica l Charac te ristic s  and  Behav io ra l Pe rfo rm ance  A m ong  D ep re ssed  B ipo la r ii P a tien ts  and  
H ea lthy  Com parison  Sub je c ts  D u ring  the  Fac ia l A ffe c t P ro ce ssing  Task a

Characteristic
Depressed Bipolar 

II Group (N=21)
Healthy Comparison 

Group (N=21)
Between-Group 

Differences

N % N % pb

Female 10 47.6 10 47.6 1.00
Race
 Caucasian 16 76.2 13 61.9 0.10
 African American 4 19.0 2 9.5
 Asian 1 4.8 6 28.6
Current comorbidity
 Posttraumatic stress disorder 2 9.5
 Anorexia nervosa 1 4.8
 Panic disorder with agoraphobia 1 4.8
 Social phobia 1 4.8
Past comorbidity
 Social phobia 1 4.8
 Substance use disorders 7 33.3

Mean SD Mean SD p
Age at scanning (years) 38.4 12.2 41.1 10.9 0.45
Inventory of Depressive Symptomatology–Clinician Rated score 36.4 8.7
Hamilton Depression Rating Scale (HAM-D)
 21-item score 19.9 3.8
 28-item score 26.7 5.2
Young Mania Rating Scale score 2.9 2.2
Age at illness onset (years) 17.8 9.0
Duration of bipolar illness (years) 21.5 11.9
Duration of current depressive episode (weeks) 16.7 22.5
Lifetime number of major depressive episodes 7.1c 4.6c

Lifetime number of hypomanic episodes 5.2d 6.1d

Number of depressive episodes in past 12 months 2.6 1.5
Number of hypomanic episodes in past 12 months 3.1 3.3
Lifetime number of hospitalizations for depression 0.4 0.8
Accuracy (%)
 Match emotions 84.2 9.7 87.1 17.4 0.34
 Identify emotions 83.7 8.8 82.9 10.3 1.00
 Match forms (control) 98.0 2.7 94.7 12.2 1.00
Reaction time (seconds)
 Match emotions 2.29 0.49 2.09 0.50 0.36
 Identify emotions 2.09 0.39 2.19 0.49 0.59
 Match forms (control) 1.07 0.20 1.13 0.23 0.29
a Behavioral data were missing for one depressed bipolar II patient and one healthy comparison subject. Hamilton Depression Rating Scale 

and Young Mania Rating Scale scores were not available for one patient. The duration of depressive episode indicated the time depressed 
prior to scanning and was unknown for one patient, and the lifetime number of depressive and hypomanic episodes was unknown for one 
patient.

b All p values indicate two-tailed statistical significance levels.
c The range of lifetime depressive episodes for depressed bipolar II patients was 2–15; an additional 13 patients had a number of lifetime 

episodes that was scored as “too many to count.”
d The range of lifetime hypomanic episodes for depressed bipolar II patients was 1–20; an additional 11 patients had a number of lifetime 

episodes that was scored as “too many to count.”
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patients during performance on the face-matching para-
digm (Figure 1).

Be tw een -G roup  A na ly se s

Random-effects analyses (comparison > bipolar) re-
vealed significant between-group differences in the match 
emotions versus match forms contrast (z>2.0, p<0.05, cor-
rected), as shown in Table 2. Relative to bipolar patients, 
healthy comparison subjects showed significantly greater 
activation in the left and right inferior frontal gyri (BA 47) 
and the right amygdala, also a priori regions of interest 
(Figure 1). Other regions in which significantly greater ac-
tivation was observed in comparison subjects relative to 
bipolar patients were limbic and striatal regions (the left 
and right insula, left and right frontal gyri [BA 11], left and 
right anterior cingulate cortices [BA 24/32], right puta-
men, left and right hippocampi, middle temporal gyrus, 

tion between medication-free duration and age at illness 
onset, duration of illness, duration of current episode, and 
current depression severity. Eleven patients had either 
current or past comorbid psychiatric disorders (Table 1).

Behav io ra l Da ta

No significant between-group differences were ob-
served for response times or accuracy during performance 
on the match emotions, identify emotions, and match 
forms (control) conditions (Table 1).

W ith in -G roup  A na ly se s

Within-group regional patterns of activation (z>2.0, 
p<0.05, corrected) in the match emotions versus match 
forms contrast are summarized in the online data supple-
ment. The left and right amygdalae and ventrolateral pre-
frontal cortices, a priori regions of interest, were robustly 
activated in both healthy comparison subjects and bipolar 

FiGURe  1 . W ith in - and  Be tw een -G roup  A c tiv a tion  Pa tte rn s in  Spe c ific  A x ia l S lice s in  H ea lthy  Com parison  Sub je c ts  and  D e -
p re ssed  B ipo la r ii P a tien ts  Du ring  a  Face -M a tch ing  Parad igm  (“M a tch  em o tion s”  v s. “M a tch  Fo rm s”  Con tra st)a

A. Healthy Comparison Subjects (N=21)

B. Depressed Bipolar II Patients (N=21)

p<0.05 corrected

2.0 6.0
z

C. Between-Group Differences: Comparison > Bipolar

R

z=–24 –20 –16 –12 –8 –4

L

a Both healthy comparison subjects and depressed bipolar II patients exhibited extensive activation in typical emotion and facial processing 
regions, including a priori regions (the left and right amygdalae [green circles] and the left and right ventrolateral prefrontal cortices [BA 47] 
[yellow circles]). Relative to healthy comparison subjects, depressed bipolar II patients exhibited significant hypoactivation in several regions, 
including a priori regions (left and right BA 47 and the right amygdala).
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significant group differences in negative connectivity be-
tween the right amygdala and either the left or right BA 47. 
(As a follow-up to this analysis, we also examined between-
group connectivity using a left amygdala seed and similarly 
found no significant group differences in negative connec-
tivity in the ventrolateral prefrontal cortex [BA 47].)

Po sitive  fun c tio na l co nne c tiv it y. Relative to healthy com-
parison subjects, bipolar patients exhibited significantly 
greater positive connectivity between the right amygdala 
and left BA 47, left insula (Table 3, Figure 2), right precen-
tral gyrus, and right postcentral gyrus. The bipolar group 
also exhibited greater positive connectivity in the right 
superior temporal gyrus and left regions of the amygdala, 
hippocampus, and putamen. Relative to bipolar patients, 
healthy comparison subjects did not exhibit significantly 
stronger positive connectivity in any regions.

Exp lo ra to ry  A na ly se s Exam in ing  Re la tio n sh ip s 
B e tw een  C lin ica l Va riab le s and  BO LD  Re sponse

There were no significant associations between illness 
duration, age at illness onset, and duration of current de-

and superior temporal gyrus), as well as the left and right 
supramarginal gyri, left inferior parietal lobule, and left 
precentral gyrus (Table 2). Conversely, bipolar patients 
did not exhibit significantly greater activation in any brain 
regions relative to comparison subjects.

W ith in -G roup  Connec tiv ity  A na ly se s

The within-group connectivity findings are summa-
rized in Table 3 (see also the online data supplement).

Be tw een -G roup  Connec tiv ity  A na ly se s

Nega tive  fun c tio na l conne c tiv ity. Relative to the com-
parison group, there were no regions showing significantly 
greater negative connectivity in the bipolar group. How-
ever, relative to the bipolar group, the comparison group 
exhibited significantly greater negative functional con-
nectivity between the right amygdala and right BA 10, cor-
responding to the middle frontal gyrus and the superior 
frontal gyrus, as well as the right dorsolateral prefrontal 
cortex (BA 46) (Table 3, Figure 2). Comparison subjects also 
exhibited significantly greater negative connectivity in the 
right inferior and superior parietal lobules. There were no 

TA Ble  2 . Be tw een -G roup  D iffe rence s (H ea lthy  Com parison  > D ep re ssed  B ipo la r ii) in  Re g iona l Functiona l A c tiv a tion  fo r the  
“M a tch  em o tion s”  Ve rsu s “M a tch  Fo rm s”  Con tra sta

Region Brodmann’s Area
Montreal Neurological Institute Coordinates 

(x , y, z)b z Score (Maximum)

Frontal lobe
 Left inferior frontal gyrus 47 –32, 40, –8 3.20
 Right inferior frontal gyrus 47 26, 16, –20 2.57
 Left medial frontal gyrus 11 –2, 42, –16 3.29
 Left middle frontal gyrus 11 –26, 48, –12 2.90
 Left precentral gyrus 6 –42, 0, 40 3.40
 Left insula 38, –12, 6 3.33
 Right insula –36, –14, 16 2.27
Cingulate gyrus
 Left dorsal anterior cingulate 32 –2, 44, –8 2.74
 Right dorsal anterior cingulate 32 2, 44, –8 3.17
 Right ventral anterior cingulate 24 –2, 30, 18 2.74
Subcortical regions
 Right amygdala 26, –2, –16 2.42
 Left hippocampus –36, –14, –16 2.26
 Right hippocampus 34, –20, –12 2.66
 Right putamen 26, 8, –8 2.77
Temporal lobe
 Left middle temporal gyrus 21 –56, –22, –12 3.48
 Right middle temporal gyrus 21 60, –10, –10 3.67
 Left superior temporal gyrus 22 60, –40, 20 3.29
 Right superior temporal gyrus 22 64, –38, 14 3.63
 Right superior temporal gyrus 39 52, –58, 22 2.92
Parietal lobe
 Left inferior parietal lobule 40 –52, –52, 40 3.64
 Left supramarginal gyrus 39 –50, –54, 32 3.24
 Right supramarginal gyrus 40 60, –52, 24 2.60
Occipital lobe
 Left lingual gyrus 18 –4, –82, –8 3.53
a Anatomical labels and Brodmann’s areas, where appropriate, were assigned according to Talairach and Tournoux brain atlas registration 

after nonlinear coordinate conversion (www.bioimagesuite.org).
b The data indicate coordinates of peak voxels significant at z>2.0 and p<0.05, corrected for multiple comparisons across whole-brain using 

Gaussian random field theory.
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also found that bipolar patients demonstrated stronger 
positive functional coupling than comparison subjects be-
tween the amygdala and the insula, hippocampus, supe-
rior temporal gyrus, putamen, and left BA 47.

Using this face-matching task, significant ventrolateral 
prefrontal cortex attenuation has been observed in de-
pressed bipolar I patients (6), medicated euthymic bipo-
lar I patients (25), and manic patients (4, 5). Our finding 
of ventrolateral prefrontal cortex attenuation in bipolar II 
depression converges with other assessments of orbito-
frontal cortex and ventrolateral prefrontal cortex function 
in bipolar I patients during mania, depression, and even 
euthymia (11, 15, 26, 27), suggesting that this regional hy-
poactivation is independent of mood state. Hypoactiva-
tion in the ventrolateral prefrontal cortex may represent 
a physiologic trait marker of bipolar disorder that reflects 
the inability to regulate emotion that may then lead to hy-
pomanic or depressed states. This deficit in ventrolateral 
prefrontal cortex function may underlie vulnerability to 

pressive episode or between current depression severity 
and activation in the left or right inferior frontal regions 
(BA 44, 45, and 47) or in the amygdala.

D iscu ssion

Our results indicate that during performance on the face-
matching fMRI activation task, both healthy comparison 
subjects and nonmedicated depressed bipolar II patients 
exhibited significant bilateral activation in the amygdala 
and ventrolateral prefrontal cortex (BA 47), regions that are 
important for emotion processing and regulation. Howev-
er, relative to comparison subjects, bipolar patients exhib-
ited a significant reduction in activation in the right amyg-
dala and left and right BA 47. Additionally, we found that 
relative to comparison subjects, bipolar patients exhibited 
reduced negative connectivity between the right amygdala 
and frontal brain regions, including the right dorsolateral 
prefrontal cortex and right orbitofrontal cortex (BA 10). We 

TA Ble  3 . W ith in - and  Be tw een -G roup  Functiona l Connectiv ity  U sing  the  R igh t A m ygda la  Seed  in  H ea lthy  Com parison  Sub -
je c ts  and  D ep re ssed  B ipo la r ii P a tien tsa

Healthy Comparison 
Group

Depressed Bipolar II 
Group

Comparison > 
Bipolar II

Bipolar II >  
Comparison

Right Amygdala BA

MNI 
Coordinates 
(x, y, z) Peak 

Maxi-
mum z 
Score

MNI 
Coordinates 
(x, y, z) Peak 

Maxi-
mum z 
Score

MNI 
Coordinates 
(x, y, z) Peak 

Maxi-
mum z 
Score

MNI 
Coordinates 
(x, y, z) Peak 

Maxi-
mum z 
Score

Negative connectivity
Left middle frontal gyrus 46 –36, 40, 18 4.50 –44, 40, 14 3.05
Right middle frontal gyrus 46 40, 46, 14 5.52 40, 36, 28 2.74 40, 46, 14 4.20
Left middle frontal gyrus 10 –24, 54, 8 4.81 –26, 45, –3 4.07
Right middle frontal gyrus 10 34, 52, –6 4.15 34, 66, 8 3.72
Right middle frontal gyrus 8 28, 20, 52 3.31 28, 26, 46 3.40
Left superior frontal gyrus 10 –20, 52, 16 3.75 –28, 68, 0 3.31
Right superior frontal gyrus 10 30, 56, 14 3.64 28, 68, 4 3.18
Left ventral anterior cingulate cortex 24 –2, 28, 20 2.85 –2, 38, –4 3.92
Right ventral anterior cingulate cortex 24 6, 36, 18 3.29 4, 38, 4 3.79
Left dorsal anterior cingulate cortex 32 –8, 40, 20 2.19 –2, 38, 30 4.66
Right dorsal anterior cingulate cortex 32 6, 36, 20 3.31 2, 42, 18 3.63
Left inferior parietal lobule 40 –40, –58, 44 6.25 –40, –56, 42 5.19
Right inferior parietal lobule 40 44, –58, 52, 5.57 52, –66, 42 4.71 54, –44, 52 3.78
Right superior parietal lobule 7 36, –70, 52 4.05 34, –72, 54 3.10 26, –68, 48 2.69
Left precuneus 7 –6, –66, 46 4.25 –12, –66, 46 4.86
Right precuneus 7 8, –74, 40 4.73 2, –78, 52 4.70
Left cuneus 18/19 –8, –76, 20 5.26 –12, –76, 34 3.77
Right cuneus 18/19 8, –72, 14 5.26 8, –74, 32 4.67
Positive connectivity
Left inferior frontal gyrus 47 –28, 15, –15 2.99 –18, 14, –22 3.06 –22, 16, –22 2.12
Left insula –42, –4, –8 3.23 –42, –6, –8 3.88 –34, 2, 10 3.17
Right precentral gyrus 4 60, 2, 6 3.13 52, –2, 12 2.72
Right postcentral gyrus 43 56, –12, 14 3.23 56, –10, 14 3.55
Right superior temporal 38 42, 20, –26 6.16 40, 18, –26 6.69
Right superior temporal 22 50, –10, –4 2.47 62, –2, 4 3.04 66, –4, 4 2.97
Left putamen –24, 2, –6 3.28 –26, 4, –10 4.78 –30, –10, –2 3.01
Left amygdala –24, –6, –16 6.47 –28, –2, –24 6.51 –28, –6, –20 2.04
Right amygdala 26, –4, –18 9.95 22, –6, –16 10.00
Left hippocampus –24, –6, –18 6.38 –28, –10, –18 7.18 –28, –8, –20 2.98
a MNI=Montreal Neurological Institute; BA=Brodmann’s area.
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may reflect a potential difference between the subtypes 
of bipolar disorder. However, the nature of the perceptual 
face-matching task may contribute, in part, to decreased 
neural response in the right (but not left) amygdala, since 
studies of healthy subjects have shown that the right amyg-
dala is often engaged during implicit processing tasks (28). 
Different rates of habituation for the amygdala may also 
contribute to an explanation for the hemispheric lateraliza-
tion given that the right amygdala, compared with the left, 
responds to fearful faces more rapidly but displays a faster 
decrease in response over time (29). Moreover, while the left 
amygdala is associated with the processing of negative ex-
pression, the right amygdala appears to be more involved in 
face processing, regardless of emotional valence (30).

experiencing future mood episodes as a result of an im-
paired emotion regulatory network.

The decreased activation in the right amygdala that we 
observed is contralateral to that observed in manic patients 
(4, 5). Interestingly, euthymic bipolar I patients have dem-
onstrated no significant differences in amygdala activation 
relative to comparison subjects while performing this same 
paradigm (25), suggesting that amygdala activation in bi-
polar disorder may be state dependent. Studies of bipolar I 
depression using affective face stimuli have reported either 
increased amygdala activation (7, 8, 10, 13) in bipolar I pa-
tients relative to comparison subjects or no significant be-
tween-group differences (6, 9, 11) in this region. Our obser-
vation of amygdala hypoactivation in bipolar II depression 

FiGURe  2 . R igh t A m ygda la  Connectiv ity  in  H ea lthy  Com parison  Sub je c ts  and  D ep re ssed  B ipo la r ii P a tien tsa

Comparison > Bipolar II Negative Connectivity

Bipolar II > Comparison Positive Connectivity
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z

A. Right Amygdala Seed

B. Healthy Comparison Subjects (N=21)

C. Depressed Bipolar II Patients (N=21) 

D. Between-Group Differences

y=4 z=–14
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a Panel A depicts the right amygdala (used as a seed region), derived from the Harvard-Oxford Probabilistic Atlas (thresholded 25% probabil-
ity), on the 1-mm Montreal Neurological Institute-152 T1-standard brain. Panels B and C present the within-group connectivity maps for the 
comparison and bipolar groups, and Panel D presents the direct between-group contrasts, all rendered on the Inflated PALS-B12 brain atlas 
using the Caret software package (Computerized Anatomical Reconstruction and Editing Toolkit; Van Essen Laboratory, Washington University 
School of Medicine, St. Louis). Maps are thresholded at z>2.0, with correction for multiple comparisons applied at the cluster level (p<0.05). 
Blue circles highlight areas of greater negative connectivity with the seed region in the comparison group, and red circles highlight areas of 
greater positive connectivity with the seed region in the bipolar group.
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evidence for reduced negative coupling in the amygdala 
and inferior parietal lobule circuitry in depressed bipolar 
II patients relative to healthy comparison subjects, which 
may contribute, in part, to these patients’ difficulties in 
fear and social signal processing.

In addition to the observed group differences in negative 
connectivity, we found that depressed bipolar II patients 
exhibited significantly greater positive connectivity be-
tween the right amygdala and left BA 47 relative to healthy 
subjects. This finding is consistent with results from func-
tional connectivity studies of depressed bipolar I patients 
in which patients demonstrated significantly greater con-
nectivity in the right amygdala and ventrolateral prefrontal 
cortex in response to sad faces than did healthy subjects 
(43). It has been proposed that increased positive connec-
tivity in this fronto-limbic network in response to nega-
tive facial expressions may be a potential trait marker of 
bipolar I disorder (43); however, within-subject longitudi-
nal studies are needed for bipolar II disorder. We observed 
increased positive connectivity in depressed bipolar II pa-
tients relative to healthy subjects between the amygdala 
and the insula, superior temporal gyrus, putamen, and 
hippocampus. Enhanced amygdala-insula functional cou-
pling may mediate anxious anticipation of aversive events 
(44) and may be a mechanism of hypervigilance in anxiety 
disorders (45). Moreover, dispositional negative affectivity, 
which is marked by generalized hypervigilance, has been 
shown to predict the degree of activity in the amygdala and 
superior temporal gyrus in response to invisible fearful 
faces (36). In individuals with bipolar II depression, hyper-
vigilance may also be associated with increased positive 
coupling between such limbic-paralimbic regions.

To our knowledge, only one other emotion-focused fMRI 
study of nonmedicated depressed bipolar II patients has 
been published (12), and the authors reported no signifi-
cant between-group differences in amygdala or prefrontal 
cortex activation. Possible explanations for the discrepant 
findings may be their inclusion of only male participants 
and the use of neutral faces as the baseline contrast rather 
than the geometric forms used in our study. Neutral faces, 
in particular, have been shown to elicit greater baseline 
amygdala reactivity in individuals with bipolar I depres-
sion (10), which may result in less relative activation ver-
sus baseline differences. Similarly, the inconsistent amyg-
dala activation results across published studies of bipolar I 
depression could be a result of studies combining patients 
in different mood states (8), conflating the type I and type 
II subtypes of bipolar disorder (13), using psychotropic 
medications, or employing task designs that use varied 
affective faces (7, 8, 10). Aside from carefully controlling 
for all of these variables, our study reduced task variability 
by our inclusion of only angry and fearful faces as targets, 
since these negative emotions more robustly activate the 
amygdala than positive emotions (39).

There are several limitations to this study. First, we did 
not exclude patients with a current or past axis I comor-

We observed neural hypoactivation in depressed bi-
polar II patients throughout a facial emotion processing 
network, including subcortical and occipito-temporal 
regions, such as the middle temporal gyrus and superior 
temporal gyrus, as well as the insula, anterior cingulate, 
putamen, inferior parietal lobule, and lingual gyrus. Af-
fective face processing may rely on the interplay between 
initial perceptual processing by a core “face-responsive 
network,” including the fusiform gyrus and superior tem-
poral sulcus, and the extended “affective network” (31, 
32), comprised of temporal-limbic and prefrontal regions 
involved in emotion evaluation and modulation. Thus, 
reduced activation in regions pertinent to both networks 
may explain impairments found in individuals with bipo-
lar II depression. Notably, we did not observe group dif-
ferences in fusiform gyrus activation but found that de-
pressed bipolar II patients exhibited reduced activity in 
the left and right superior temporal gyri/middle temporal 
gyri, regions involved in processing social cues (33, 34). 
Activity in the right superior temporal sulcus covaries with 
activation in the right amygdala during implicit process-
ing of fearful facial expressions (35, 36).

Our functional connectivity findings did not reveal sig-
nificantly reduced negative ventrolateral prefrontal cortex 
and amygdala coupling in bipolar II patients. However, 
we observed that bipolar patients, relative to comparison 
subjects, exhibited decreased negative functional amyg-
dala connectivity with right prefrontal areas implicated in 
emotion regulation (BA 10 and 46) as well as with the right 
inferior and superior parietal lobules. Whereas BA 47 uses 
integrated sensory/emotional stimuli to modulate limbic 
output, the dorsolateral prefrontal cortex (BA 9/46), which 
is implicated in emotional learning and memory, inte-
grates cognitive centers to modulate emotional reactivity 
(37). The fact that bipolar patients had reduced negative 
functional connectivity between the amygdala and BA 46 
may indicate that they have impairment in adaptive cog-
nitive strategies to offset negative reactions to emotional 
stimuli (e.g., fearful and angry faces, as in the study para-
digm). The hemispheric lateralization of our findings war-
rants further exploration and replication.

While we did not expect to find group differences in 
connectivity between the amygdala and the inferior pari-
etal lobule, this is a region that has been shown to respond 
to negatively valenced faces (38–40). Moreover, lesions in 
the inferior parietal lobule have been associated with im-
paired recognition specifically of fear and sadness in faces 
(41). Prior research has demonstrated hypoactivation in 
the inferior parietal lobule in depressed bipolar I patients 
(7, 13), and our study extends these findings to patients 
with bipolar II depression. Despite the amygdala’s preemi-
nent role in social information processing, a recent study 
further demonstrated that in the absence of a functional 
amygdala, increased activity in the inferior parietal lob-
ule may be an adaptive compensatory mechanism for its 
pathology (42). Notably, our connectivity results provide 
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