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Abstract

Objective—Distinguishing depressive episodes due to bipolar disorder (BD) or major depressive
disorder (MDD) solely on clinical grounds is challenging. We aimed at comparing resting-state
functional connectivity (rsFC) of regions subserving emotional regulation in similarly depressed
BD and MDD.

Method—We enrolled 76 inpatients (BD, n=36; MDD, n=40), and healthy controls (HC, n=40).
A seed-based approach was used to identify regions showing different rsFC with the insula and the
amygdala. Insular and amygdalar parcellations were then performed along with diagnostic
accuracy of the main findings.

Results—Lower rsFC between the left insula and the left mid-dorsolateral prefrontal cortex and
between bilateral insula and right frontopolar prefrontal cortex (FPPFC) were observed in BD
compared to MDD and HC. These results were driven by the dorsal anterior and posterior insula
(PI). Lower rsFC between the right amygdala and the left anterior hippocampus was observed in
MDD compared to BD and HC. These results were driven by the centromedial and laterobasal
amygdala. Left Pl/right FPPC rsFC showed 78% accuracy differentiating BD and MDD.

Conclusion—Amygdalar and insular rsFC distinguished between depressed BD and MDD. The
observed differences suggest the possibility of differential pathophysiological mechanisms of
emotional dysfunction in bipolar and unipolar depression.
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Introduction

Distinguishing between bipolar disorder (BD) and major depressive disorder (MDD) is
challenging clinically and necessary for timely and effective treatment of individuals in the
midst of a major depressive episode, especially for those with bipolar depression.
Misdiagnosis of unipolar depression among persons whose clinical course ultimately proves
bipolar is common, with as many as 69% of persons with BD initially receiving a diagnosis
of unipolar depression and consulting a mean of four physicians prior to receiving an
appropriate diagnosis (1). Although the presence of depressive episode-related psychosis,
diurnal mood variation, and hypersomnia are more common in BD than MDD, and
excessive self-reproach, loss of energy, and diminished libido are more common in MDD
than BD (2), these features alone do not reliabily differentiate major depressive episodes
associated with BD from those associated with MDD. Over time, the course of the illness
(2-4) facilitates provision of the correct diagnosis and treatment, but often at substantial
personal, psychosocial, and economic cost (5,6).

Advanced neuroimaging may yield clinically useful methods by which to differentiate major
depressive episodes associated with BD from those associated with MDD (7,8). Resting
state functional connectivity (rsFC) is one possible such method (9). Previous studies
suggest that BD is characterized by decoupling of rsFC among frontal, temporal and
subcortical regions, as reflected by abnormally increased or decreased rsFC between
ventrolateral prefrontal cortex (PFC), amygdala and hippocampus bilaterally in combination
with increased rsFC in the reward circuitry in the left hemisphere (10). By contrast, meta-
analyses show that MDD is characterized by decreased rsFC within the frontoparietal
network bilaterally, increased rsFC within the anterior default mode network, and increased
rsFC between the salience and the anterior default mode network in the left hemisphere
(11,12). These findings suggest that BD and MDD differ with respect to the functional
neuroanatomy underlying disturbances of emotion, although additional evidence of such
differences between BD- and MDD-associated major depressive episode is needed (7,13).

The amygdala and the insula appear to be integrally involved in both bipolar and unipolar
depression, as well as in different neurophysiological depression subtypes (12,14,15). These
structures are critical nodes within the salience network, which is responsible for the
detection of emotional salience and the integration of sensory, emotional and cognitive
information (16). Lower insula activity and both higher and lower amygdala connectivity
with other frontal and subcortical regions are found during mood episodes in BD and
differentiate between depressive and manic states (17-19) vs. euthymic state (20). Moreover,
lower rsFC between and within the two regions has been found in fist-episode MDD and in
youth BD and MDD compared to healthy controls (HC), suggesting their early involvement
in emotional dysregulation and depression (21,22).
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Aims of the study

Whether the functional connectivity of the two regions differs in bipolar and unipolar
depression has not been investigated. Thus, we compared rsFC of the insula and amygdala in
similarly depressed inpatients diagnosed with BD and MDD. Cognizant of recent evidence
suggesting functionally distinct roles of subregions within the insula and amygdala (23,24),
we explored the differential contributions of each insula and amygdala subregion to the
functional networks involved in emotion and emotional regulation in BD and MDD. We also
investigated rsFC of these structures and their subregions in BD and MDD in comparison to
HC. We hypothesized that BD would display decreased rsFC with the lateral prefrontal
regions associated with cognitive control of emotions while MDD would display decreased
rsFC with the medial prefrontal regions associated with emotional processing.

Materials and methods

Participants

The study protocol and procedures were approved in accordance with the Baylor College of
Medicine Internal Review Board. Written informed consent was obtained from all subjects.
Study participants were recruited from adult inpatient units at The Menninger Clinic
(Houston, TX) and included if they met DSM-1V (25) criteria for current major depressive
episode associated with either Recurrent MDD, BD type I, or BD type Il. Participants were
permitted to have comorbid substance use disorder diagnoses, given the pervasive
comorbidity between mood disorders and substance use disorders (26) together with the
need to investigate ecologically valid samples in neuroimaging studies (27). Propensity score
matching (PSM) was used to create a group of patients with MDD whose distribution of
baseline covariates was similar to a group of patients with BD, with respect to age, gender,
race, education and substance use. Particularly, for the latter covariate we entered in the
model the level of use score of substances that were used in more than a third of the sample
(tobacco, alcohol and cannabis) based on the World Health Organization Alcohol, Smoking
and Substance Involvement Screening Test (WHO-ASSIST).

HC subjects were recruited from the general population. HC were excluded if they had a
self-reported history of psychiatric diagnosis, including substance abuse/dependence.
Additional exclusion criteria for all participant groups included a previous history of
traumatic brain injury with loss of consciousness or any contraindication to magnetic
resonance imaging (MRI).

Assessments

Participants drawn from the inpatient services completed a comprehensive diagnostic
assessment. Demographic history was collected using a standardized patient information
survey. Psychiatric diagnoses were made using the Structured Clinical Interview for DSM-
IV Disorders (SCID-1/11) (28,29). Depression and difficulties in emotion regulation were
psychometrically assessed using the self-rated Patient Health Questionnaire depressive scale
(PHQ-9) (30) and the Difficulties in Emotion Regulation Scale (DERS) (31). The PHQ-9 is
a reliable measure of depression severity that scores each of the 9 diagnostic criteria of
Major Depressive Episode over the past 2 weeks as “0” (not at all) to “3” (nearly every day)
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(32). The DERS is a 36-item measure of the approach, understanding, and modulation of
emotions that is scored on a five-point Likert scale ranging from “1” (almost never) to “5”
(almost always). It incorporates six subscales that have been previously found to be
positively associated with depression in adults with severe mental illness (33). Patients also
completed the 12-item World Health Organization Disability Assessment Schedule 2.0
(WHODAS) (34) to assess level of disability. The WHODAS scores are reported as
percentile, ranging from normal (<74™ percentile) to extremely severe (>95™ percentile). All
patients were medicated at the time of the assessment.

Neuroimaging Data Acquisition and preprocessing

All study participants underwent magnetic resonance imaging of the brain on a 3T Siemens
Trio Magnetom system. A structural T1- MPRAGE (TR=1200ms, TE=2.66 ms, flip
angle=12°, voxel size=1mm isotropic, field of view (FOV)=245 mm, and total sequence
time=4.5 min) was acquired. A 5-minute resting-state echo-planar imaging (EPI) scan (echo
time (TE)=30 ms, repetition time (TR)=2000 ms, flip angle=90°, voxel size=3.4 x 3.4 x 4
mm, field of view (FOV)= 220 mm) also was acquired for each subject. A large “X” was
displayed on the screen during the resting-state scan and the participants were instructed to
keep their eyes open or closed and to not fall asleep.

Preprocessing of the functional data including functional realignment and unwarp,
functional slice-timing correction, structural segmentation and normalization, functional
normalization, ART-based functional outlier detection and scrubbing (global-signal Z value=
9; subject-motion=2mm), and functional smoothing (8 mm Gaussian kernel) were done in
MNI-space using CONN- fMRI Functional Connectivity toolbox v15.b (35) with SPM8
(www.fil.ion.ucl.ac.uk/spm/). Considering the importance of properly correcting for motion
by not only regressing out motion parameters but also regressing out or eliminating specific
frames with motion outliers (36), we used the Artifact Rejection Toolbox (ART; http://
www.nitrc.org/projects/artifact_detect/) outlier detection and scrubbing to create confound
regressors for motion parameters as implemented in CONN using default parameters.
Realignment parameters were entered as first-level covariates in the toolbox. Realignment,
scrubbing, white matter, and cerebrospinal fluid were entered as potential confound
regressors in the subject-level general linear model (GLM). Using the anatomical component
correction (aCompCor) method of flexibly removing physiological noise and movement
confounds on a voxel-by-voxel level (37,38), each of these effects was regressed out of the
BOLD signal before connectivity measures were computed by the toolbox. The aCompCor
strategy improves the sensitivity and specificity of positive correlations and can reveal non-
artifactual anticorrelations without global signal removal (37). Functional images were then
temporally band-pass filtered (0.01 < 7< 0.1 Hz) to investigate low frequency correlations.

Functional Connectivity Analyses

Seed-to-voxel—A seed-based, whole-brain approach was used to explore brain regions
that were differentially connected with the bilateral insula and amygdala during major
depressive episodes associated with either BD or MDD. The whole bilateral insula and
amygdala based on the automated anatomical labeling atlas (39) were chosen as seeds. The
mean time series from each seed was used as a predictor in a multiple regression GLM at
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each voxel. The toolbox creates t-statistic volumes, which were brought into SPM8 for
whole-brain investigation of between-group maps. ANCOVA controlling for age, gender,
psychosis, and substance use was performed. Medications effects, that could also plausibly
confound findings, were investigated in a post-hoc manner to avoid reducing statistical
power of the original ANCOVA analysis. A voxel statistical height threshold of p<0.001
with a cluster-level threshold of p<0.05 family-wise error (FWE) corrected was used to
identify connectivity differences between BD and MDD. Significant clusters were saved and
imported as target ROIs in the ROI-to-ROI analysis. Masks were created using the xjview
toolbox (http://www.alivelearn.net/xjview).

ROI-to-ROI—To explore which subregions within the insula and amygdala were
contributing to the abnormal connectivity with the resulting clusters, ROI-to-ROI analyses
were performed using the insula and amygdala subregions as seed ROIs. The insula was
divided into 3 subregions: ventral anterior (vAl), dorsal anterior (dAl) and posterior (PI).
ROIs 6mm radius spheres centered at MNI coordinates reported previously (23) that were
created using the WFU-pickatlas (http://fmri.wfubmc.edu/software/pickatlas). The amygdala
was divided into 3 subregions: the laterobasal (LB), centromedial (CM), and superficial
(SF). Each was based on a recently developed stereotaxic, cytoarchitectonic maps (40)
implemented in the SPM Anatomic Toolbox (41). CONN computed temporal correlations
between the BOLD signals in nine seed ROIs - right amydala LB (MNI: 25, -4, -19), CM
(MNI: 13, =7, -14), SF (MNI: 19, -7, -14) and bilateral vAl (MNI: =33, 13, -7; 32,10, -6),
dAl (MNI: =38, 6, 2; 35, 7, 3), PI (MNI: =38, -6, 5; 35, —11, 6), — and three target ROIs
[mid-dorsolateral PFC (mid-DLPFC): —38, 38, 4; frontopolar PFC (FPPFC): 17, 57, -11;
hippocampus: —30, —10, —18). Fisher’s Z-transformed correlations were calculated to
indicate the strength of connectivity between each pairs of ROIs. Between group differences
(BD vs. MDD) were studied using ANCOVA, controlling for age, gender, psychasis, and
substance use. ROI-to-ROI results are reported when significant if p< 0.05 false discovery
rate (FDR) analysis level corrected. To further explore whether the observed differences
persisted if medications were included in the model, effects of antidepressants, lithium,
antiepileptics, anxiolytics as well as antipsychotics were entered as dichotomous covariates
(absent vs. present) in post-hoc ANCOVA analyses.

Additionally, to assess the accuracy of the beta values in predicting diagnosis (BD versus
MDD) Receiver Operating Characteristics (ROC) analyses was carried out to obtain the area
under the curve (AUC) using SPSS software (SPSS, Inc., Chicago, Illinois). Three
diagnostic efficiency statistics were also calculated: Sensitivity (SN), Specificity (SP), and
Odds Ratio (OR).

Exploratory comparisons—The primary hypothesis concerned differences between the
two depressed patients groups; however we also performed exploratory comparisons by
including a group of HC in a second series of ROI-to-ROI analyses. In order to provide
information regarding the extent to which observed MDD and BD differences represents
abnormal neural functioning, we extracted beta values from the same pairs of ROIs also in
HC and conducted an ANCOVA, controlling for the effect of age and gender. Results are
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reported as significant if p< 0.05 FDR analysis level corrected. Post-hoc analyses were also
performed.

Demographic and descriptive statistics are presented in Table 1. The BD, MDD did not
significantly differ on age, gender, years of education, race, presence of psychosis and
substance use/abuse disorder. BD and MDD differed from one another on the current use of
antidepressants (p= 0.001), lithium (p< 0.001), and antipsychotics (p< 0.001).

Seed-to-voxel analysis

After adjusting for the possible effect of age, gender, psychosis and substance use, three
clusters in which BD and MDD differed were identified. When compared to MDD, the BD
group demonstrated: lower rsFC between the left insula and both the left mid-DLPFC), BA
46 [k = 213, p=0.041; peak at MNI: (=38, 38, 4), Z= 4.04] and the right FPPFC, BA 10 [k
=210, p=0.043; peak at MNI: (12, 62, —10), Z= 4.51]; lower rsFC between the right insula
and the right FPPFC, BA 10 [k = 232, p= 0.032; peak at MNI: (18, 52, -12), Z= 4.31]; and
higher rsFC between the right amygdala and the left anterior hippocampus [k = 373, p=
0.003; peak at MNI: (=30, —10, —18), Z= 4.31]. No suprathreshold differences were found
considering the left amygdala as seed. Results are displayed in Figure 1.

ROI-to-ROI analysis

Lower rsFC between the left mid-DLPFC and the three left insula subregions [VAI t(70)=
-3.33, p=0.01; dAl t(70)= -3.31, p= 0.01);PI t(70)= -3.08, p= 0.02)] was observed in the
BD group when compared to the MDD group. Lower rsFC also was observed in BD
between the right FPPFC and the bilateral dorsal anterior insula (dAl) and posterior insula
(P1) [left dAI t(70)= -4.07, p= 0.003; right dAl t(70)= -4.27, p= 0.002; left PI t(70)= —4.55,
p=0.001; right PI t(70)= —3.32, p= 0.01]. Conversely, higher rsFC between the left anterior
hippocampus and both the right laterobasal amygdala (LB) and right centromedial amygdala
(CM) [LB t(70)= 4.44, p= 0.001 and CM t(70)= 3.95, p= 0.003] was observed in BD
compared to MDD.

Novel to the current analysis, BD showed higher rsFC between the left anterior
hippocampus and both the right vental anterior insula (vAl) and dorsal anterior insula [VAI
t(70)= -3.64, p=0.008; dAl t(70)= -2.69, p=0.03] compared to MDD. Moreover, higher
rsFC between the right superficial amygdala (SF) and right PI [t(70)=3.21, p=0.01] was
observed in BD compared to MDD.

After including the medications in the model, results remain significant except for the rsFC
between the left mid-DLPFC and left vAI [t(65)= —2.62, p= 0.12)] and the right FPPFC and
the right P1 [t(65)= —2.38, p= 0.056)]. With up to 78% accuracy, the left PI - right FPPFC
(p< 0.001) rsFC was the best predictor of major depressive episode associated with BD vs.
MDD, closely followed by right amy LB - left hippo (AUC= 75%, p<0.001), right dAl- right
FPPFC (AUC= 74%, p<0.001), left dAl- right FPPFC and right amy CM - left hippo (AUC=
73%, p=0.001), right PI - R FPPFC (AUC= 72%, p=0.001) and left dAl — left mid-DLPFC
(AUC=70%, p=0.003). Only the left PI — left mid-DLPFC showed poor to good accuracy
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(AUC=69%, p=0.005). Results are presented in Table 2. No correlations were found
between the altered rsFC and both the PHQ-9 and DERS scores.

Exploratory comparisons with healthy controls

Relative to HC, BD was associated with lower rsFC between the left mid-DLPFC and the
left dorsal and posterior insula [dAl t(109)= 3.61, p= 0.003; PI t(109)= 2.55, p= 0.027]. The
BD group also showed lower connectivity between the right FPPFC and the left PI [t(109)=
3.32, p=0.009] and the right dAl [t(109)= 3.08, p= 0.010]. Conversely, relative to HC the
MDD group showed lower connectivity between the left anterior hippocampus and the right
centromedial and laterobasal amygdala [CM t(109)= 0.33, p=0.003; LB t(109)= 3.62,
p=0.004. Comparisons are displayed in Figure 2.

Discussion

The current study investigated insula and amygdala-seeded rsFC in participants with
phenotypically similar major depressive episodes due to BD or MDD. Consistent with our
hypothesis, bipolar depression was associated with decreased rsFC between the left insula
and the left mid-DLPFC as well as between bilateral insula and right FPPFC when
compared to MDD and HC; this difference reflected rsFC of the right FPPFC to the dAl and
Pl insula subregions. Unexpectedly, unipolar depression was associated with decreased rsFC
between the right amygdala and the left anterior hippocampus when compared to BD and
HC; this difference reflected rsFC of the left anterior hippocampus to the CM and LB
amygdala subregions (Figure 3 shows a model of major findings). All of the observed rsFC
differences (excepting only the left Pl with the left mid-DLPFC) afforded accurate
differentiation between unipolar and bipolar depression in ROC analysis. Collectively, these
findings suggest that the insular and amygdalar rsFC reflect different functional
neuroanatomies for major depressive episodes due to BD versus MDD. Further, these
observations, if replicated at the group level and adapted to remain robust at the single-
subject level (42), may provide a starting point from which to develop a neuroimaging
method that facilitates differentiating unipolar depression from bipolar depression.

Considering the relative dearth of previous seed-based rsFC studies comparing unipolar and
bipolar depression on regions of the salience network, cautious interpretation of the present
findings is required. In contrast to a previous, smaller, and potentially underpowered study
that failed to identify rsFC differences between unipolar and bipolar depression (43), our
results are consistent with the findings of decreased rsFC of the left posterior insula in
depressed BD compare to MDD (44) and decreased rsFC between the amygdala and the
anterior hippocampus with respect to HC (17). By contrast, MDD showed lower rsFC with
respect to BD and HC, consistent with observations made in in adolescent MDD, early-onset
MDD, and populations at-risk for MDD (45-47) and suggesting aberrant amygdala-
hippocampus rsFC throughout the course of recurrent MDD. Moreover, in adults with
recurrent MDD, reduced amygdala-hippocampus rsFC is a particularly robust discriminator
from HC in a multivariate whole-brain analysis (48). The present findings suggest that
differential amygdalar-hippocampal rsFC also may robustly discriminate not only MDD
from HC but also unipolar from bipolar depression.
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The insula is a multimodal integration region that evaluates emotional or motivational
salience of certain external and internal stimuli (49). The VAl is functionally connected with
the anterior cingulate (ACC) and involved principally in the processing of emotion and in
emotional salience detection (23,50). The dAl is functionally connected with the entire
insula and adjacent regions (opercula and posterior orbitofrontal cortex (pOFC)) and with a
set of regions mainly involved in the cognitive control network. Thus, it has been proposed
that the dAl plays a role in responding to affective aversive stimuli by linking the affective
response to attentional or executive mechanisms (23). The Pl is functionally connected also
with the entire insula, opercula, dorsal ACC, and IFG but also with the primary and
secondary motor and somatosensory cortices. Thus, the Pl might play a role in processing
somatosensory stimuli with affective or motivational significance (23,51).

In the present study, bilateral insula, particularly dAl and PI subregions, showed altered
connectivity with the mid-DLPFC and FPPFC which are respectively involved in the
manipulation of externally generated information and in the process of evaluation of
internally generated responses for action (52). Thus, we hypothesized that in BD the
pathway by which the somatosensory/interoceptive information from the PI influence
decision-making and behavior via dAl is impaired. The altered connectivity may relate to
the dysfunction in integrating multiple cognitive and emotional functions, thus failing to
correctly identify the most homeostatically relevant external and internal stimuli.
Additionally, if replicated, our findings of rsFC between the left Pl and right FPPFC suggest
that this pattern of connectivity might be a suitable biomarker to assist in the differential
diagnosis between BD and MDD. In fact, the diagnostic efficiency statistics observed for
this pattern of connectivity are in line with, and in some instances better than, the sensitivity
and specificity of other psychiatric diagnostic tests as well as more established medical
laboratory tests (53). Finally, the insula baseline activity has been identified as one of the
predictive neural markers of treatment response in unipolar depression (54). Anterior insula
hypometabolism is associated with poor response to antidepressant but remission with
psychotherapy in a MDD sample (55). Considering the debate on the risk-benefit profile of
antidepressants in BD, we suggest future studies should test the insula treatment biomarker
also in bipolar depression.

The amygdala is a complex of structurally and functionally heterogeneous group of nuclei
with a well-documented role in processing emotions (56). The LB amygdala facilitates
associative learning processes through connections with the temporal regions including the
hippocampus, medial PFC, and precentral gyrus. The CM amgydala mediates response
expression and facilitates attention to salient stimuli via connections to thalamus, insula,
dorsal ACC, and cerebellum. The SF amygdala supports olfactory and affective processes
through connections throughout the limbic cortex (24). Although the spatial resolution of the
fMRI is a limitation for the parcellation of the amygdala undertaken in this study, the present
findings within the right amygdala are consistent with Grotegerd et al. (57). Albeit at a non-
significant level, they observed activity in the right LB amydgala group differentiating
between unipolar and bipolar depressed patients, during an emotion-processing task. In the
present study, lower rsFC was observed between the amygdala and hippocampus, mainly the
anterior part. According to a recent model, the anterior hippocampus is engaged during high-
level cognitive functions linked to the construction and refinement of scene representation
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(58). Effective connectivity between these two regions is essential to the network
interactions facilitating integration of emotional states into conscious awareness (59). The
transition from the “unconscious” or automatic aspect of emotions into conscious awareness
requires the effective integration of information between the so-called ventral and the dorsal
compartment, for which the hippocampus is a key node. Thus, it is tempting to speculate that
the altered connectivity in MDD may reflect impairment in the creation of emotional
feelings.

Potential limitations of the present study include sample-specific factors. All of the
participants with BD or recurrent MDD were hospitalized with a major depressive episode at
the time of study participation. Accordingly, it is not clear whether the present rsFC findings
reflect emotional state or diagnosis-specific traits. Further, findings in this sample may not
generalize easily to persons with less chronic, less severe, or less complex BD or MDD that
are typically managed in outpatient settings. The present study also did not include a
comprehensive accounting of the number and duration of previous mood episodes as well as
the total duration of illness, leaving uncertain the relationship of the rsFC patterns observed
and these illness characteristics. The inclusion of persons with comorbid substance use
disorder also risks introduction of findings that reflect the effects of these disorders or their
interactions with BD or MDD rather than characteristics of BD or MDD alone. This caveat
is somewhat tempered given the analytic approaches employed across analyses that
statistically controlled for substance abuse comorbidity. Additionally, the inclusion of
individuals with comorbid substance use increases the “real-world” characteristics of the
present population (27), thereby potentially increasing the ecological validity of these
findings. All persons with BD and MDD also were prescribed multiple medications at the
time of MRI. Although medication status was secondarily included as covariates in the
analyses performed here, the potential effects of medication status on rsFC cannot be
disentangled fully from those effects attributable to diagnosis (i.e., BD vs. MDD). However,
an updated review on neuroimaging studies comparing BD and HC concluded that
medication effects do not seem to provide an alternative explanation for differences in
BOLD signal (60). Moreover, using self-reported psychiatric history, including substance
abuse/dependence, to characterize the HC participants is a limitation of this study, and may
reduce between-group differences. However, the comparison with the HC group was
conducted for exploratory purposes in the present study.

With regard to the fMRI analysis, the seed-based approach used in this study may limit the
findings produced, as it focuses on specific regions of interest and ignores possibly valuable
differences elsewhere that might have been revealed by a data-driven approach. However,
the seed-based approach has the advantage of being a neuroanatomic model-driven
specification of brain regions that are functionally connected and one that yields moderate to
high reliability when a hypothesis-driven approach to data analysis is taken (61).
Additionally, spatial localization error and overlaps between the amygdala subregions,
particularly with the CM and LB, cannot be excluded and results concerning the specific
subregions should be interpreted carefully, especially in light of the somewhat large voxel
size used. However, our approach uses cytoarchitectonic mapping that has been previously
employed (24,57).

Acta Psychiatr Scand. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ambrosi et al.

Page 10

Lastly, although the diagnostic accuracy of the main findings was performed on the
connectivity data obtained in the post-hoc analyses risking inflated accuracy, we also
calculated SN, SP, and OR - to provide a deeper understanding of the results.

In summary, the present findings support the hypothesis that phenotypically similar major
depressive episodes in BD and MDD arise from different patterns of altered functional
connectivity. Abnormal fronto-insular connectivity may mediate emotional regulation
dysfunction in BD while abnormal amygdala-hippocampal connectivity may mediate
emotional processing dysfunction in MDD. As such, the observed differences suggest the
possibility of differential pathophysiological mechanisms of major depressive episodes in
BD and MDD. If replicated, such differences may inform the development of neuroimaging
methods that facilitate clinical distinction between unipolar depression and bipolar
depression.
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Significant outcomes

. Despite phenotypic similarities, bipolar and unipolar depression can be
distinguished with respect to the resting-state functional connectivity of the
insula and amygdala.

. Lower fronto-insular connectivity in BD and lower amygdala-hippocampal
connectivity in MDD suggest different underlying dysfunction of the neural
networks involved in emotion regulation.

. Connectivity findings showing good diagnostic accuracy may contribute to
differential diagnosis, especially if replicated in larger medication-naive and
first-episode samples.

Limitations

. Depressed patients with comorbid substance use/abuse were not excluded.
This was included as a possible confounder in the analyses.

. Seed-based approach may limit the detection of possible additional
differences.
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BD > MDD contrast

I8

Figure 1. Seed-to-voxel between patients (BD vs. MDD) results
Clusters presenting lower (blue) or higher (red) rsFC, p< 0.05 FWE-corrected.

A) Left insula seed; B) left insula and right insula seeds; C) right amygdala seed. Talairach
X,Y,Z- coordinates are shown above each slice (left hemisphere corresponds to the left side of
the image).
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Figure 2.
ROI-to-ROI comparison between BD, MDD, and HC.

Values are means, with standard errors represented by vertical bars. *p <0.05; **p<0.01.
Legend:

L vAI= left ventral anterior insula; LdAI= left dorsal anterior insula; L Pl= left posterior
insula; R vAI= right ventral anterior insula; R dAl= right dorsal anterior insula; R PI= right
posterior insula; R amy SF= right amygdala superficial; R amy LB= right amygdala
laterobasal; R amy CM= right amygdala centromedial; L mid-DLPFC= left mid-dorsolateral
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prefrontal cortex; R FPPFC= right frontopolar prefrontal cortex; L Hippo= left
hippocampus.
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rsFC in depressed BD rsFC in depressed MDD

Figure 3.
Proposed model of altered rsFC in depressed BD and MDD.

Altered lower (dark blue) or unaltered (light gray) connections. Superior view of a 3D brain.
BD= bipolar disorder group; MDD= major depressive disorder group.

mid-DLPFC= mid-dorsolateral prefrontal cortex; FPPFC= frontopolar prefrontal cortex;
dAl= dorsal anterior insula; PI= posterior insula; amy LB= amygdala laterobasal; amy CM=
amygdala centromedial; Hippo= left hippocampus.
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Diagnostic Efficiency Statistics of rsFC pairings in classifying diagnosis.

AUC SN SP OR
L Pl - R FPPFC 0.781 | 0.722 | 0.725 | 6.855
Ramy LB - L hippo | 0.755 | 0.722 | 0.725 | 6.855
R dAl- R FPPFC 0.740 | 0.611 | 0.625 | 2.619
Ramy CM - L hippo | 0.733 | 0.667 | 0.675 | 4.154
L dAI- R FPPFC 0.731 | 0.667 | 0.675 | 4.154
R PI-RFPPFC 0.722 | 0.667 | 0.675 | 4.154
L vAl - L DLPFC 0.716 | 0.639 | 0.675 | 3.675
L dAl - L DLPFC 0.701 | 0.639 | 0.650 | 3.286
LPI-LDLPFC 0.688 | 0.583 | 0.600 | 2.100

AUC= area under the curve from receiver operating characteristic analysis; SN= sensitivity; SP= specificity; OR= odds ratio.

Table 2

Page 20

L vAl= left ventral anterior insula; LdAI= left dorsal anterior insula; L PI= left posterior insula; R vAI= right ventral anterior insula; R dAl= right
dorsal anterior insula; R Pl=right posterior insula; R amy SF= right amygdala superficial; R amy LB= right amygdala laterobasal; R amy CM=
right amygdala centromedial; L mid-DLPFC= left mid-dorsolateral prefrontal cortex; R FPPFC= right frontopolar prefrontal cortex; L Hippo= left

hippocampus
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