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Objective: Disruptions in the dopamine system have
been observed in psychiatric disorders. Since dopamine
is mainly produced in the ventral tegmental area (VTA),
elucidating the differences in the VTA neural network
across psychiatric disorders would facilitate a greater
understanding of the pathophysiological mechanisms un-
derlying these disorders. However, no study has compared
VTA-seed-based functional connectivity across psychi-
atric disorders. Therefore, we conducted a resting-state
functional magnetic resonance imaging (rs-fMRI) study
to perform a seed-based fMRI analysis, using the VTA as
a seed. Methods: We included participants with major de-
pressive disorder (MDD; n = 45), schizophrenia (n = 32),
and bipolar disorder (BPD; n = 30), along with healthy
control participants (n = 46) who were matched for age,
gender, and handedness. Results: The results showed that
patients with MDD and BPD had altered VTA-related
connectivity in the superior frontal gyrus, frontal pole re-
gions, hippocampus, cerebellum, and posterior cingulate
cortex. Some of these differences in connectivity were also
found between affective disorders and schizophrenia; how-
ever, there were no differences between the schizophrenia
and control groups. Connectivity between the VTA and
the hippocampus was correlated with positive symptoms
in the schizophrenia group. The connectivity was not as-
sociated with medication dose, and the results remained
significant after controlling for dose. Conclusions: The
results suggest that altered brain functional connectivity
related to VTA networks could be associated with the dis-
tinctive pathophysiologies of psychiatric disorders, espe-
cially affective disorders.
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Introduction

Dysregulation of the dopamine system is thought
to be associated with several psychiatric disorders.
Hyperactivity in the mesolimbic dopaminergic pathway
is thought to result in positive symptoms in patients with
schizophrenia,! whereas hypoactivity in the mesocortical
pathway is associated with negative symptoms of schizo-
phrenia and depressive symptoms of affective disorders,
such as major depressive disorder (MDD).? Similarly,
hyperdopaminergia in patients with bipolar disorder
(BPD) underlies the development of manic symptoms,
whereas hypodopaminergia may cause a depressive epi-
sode of the illness.’

Dopamine is mainly produced in the ventral tegmental
area (VTA) and the substantia nigra in the midbrain. The
VTA isthe neural origin of the mesocortical and mesolimbic
circuitry, which project via the medial forebrain bundle to
the medial prefrontal cortex and subcortical areas, such as
the pallidum, hippocampus, and amygdala.*> The VTA
connections are a central part of the reward network® and
play crucial roles in motivation’ and mood regulation.*®
Functional and behavioral dysregulation in VTA connec-
tions is responsible for the symptoms of several psychiatric
disorders.>>!® It thus seems plausible that differences in
VTA-related neural networks may serve as a specific path-
ophysiology, especially for affective symptomatologies in
psychiatric disorders.
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Although not only focusing on the VTA neural net-
works, recent neuroimaging studies have found differ-
ences in neural connections between psychiatric disorders.
A review comparing the neural correlates between schiz-
ophrenia and BPD showed a consistent association with
dysfunctional connectivity, especially related to the pre-
frontal cortex.!! Compared with patients with MDD,
patients with BPD showed elevated recruitment of atten-
tional neural circuits.'? Local functional connectivity was
increased in the visual and auditory cortices, including
the superior temporal gyrus, motor, and thalami, whereas
it was decreased in the orbitofrontal cortex in the fol-
lowing order: controls > MDD > BPD > schizophrenia. '
Likewise, short-range connectivity was localized in the
visual cortex, auditory cortex, and thalamus in the fol-
lowing order: controls > MDD > BPD > schizophrenia.'
Exploring shared and distinct functional connectivity in
more than 2 psychiatric disorders may help to identify
a common and disease-specific pathophysiology among
psychiatric disorders.

Additionally, several previous MR imaging studies have
examined the alterations in VTA functions or networks in
various psychiatric disorders. Patients with schizophrenia
were seen to have an abnormal brain response in the VTA
in conjunction with the striatum, temporal cortex, pari-
etal lobe, prefrontal cortex, and limbic regions. These
responses were seen in saliency, reward-based, deci-
sion-making tasks, and memory-based tasks.'>?* A diffu-
sion tensor imaging study showed that the white matter
pathway increased between the VTA and amygdala in pa-
tients with schizophrenia as compared to healthy controls.
This study also showed that the white matter pathway
was negatively correlated for patients with schizophrenia
when negative symptoms were present.* The resting-state
functional connectivity between the VTA and the stri-
atum, temporal cortex, and prefrontal cortex was seen to
be negatively associated with amotivation.”® In patients
with schizophrenia who had verbal or auditory hallucin-
ations, resting-state functional connectivity between the
VTA and striatum was enhanced as compared to patients
without hallucinations.?* Compared to healthy controls,
patients with schizophrenia showed reduced resting-state
functional connectivity between the VTA and striatum,
thalamus, hippocampus, insular cortex, lateral occipital
complex, precuneus, cingulate cortex, prefrontal cortex,
and cerebellum. In contrast, patients with schizophrenia
showed increased resting-state functional connectivity
between the VTA and dorsolateral prefrontal cortex.?’

MDD seems to be associated with a reduction in the
resting-state functional connectivity between the VTA
and striatum, prefrontal cortex, anterior cingulate cortex,
dorsal raphe nucleus, and habenula.” 3 Additionally,
MDD has been linked to reduced brain response when
reward or motivation based tasks are performed. This oc-
curs in the VTA as well as the striatum, limbic regions,
and frontal cortex.!”*3¥ BPD was found to be connected
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to decreased resting-state functional connectivity be-
tween the VTA and the striatum.* BPD was also associ-
ated with hypoactivation of the VTA in conjunction with
the striatum, frontal and parietal cortices in response to
reward-based tasks.'®

In summary, schizophrenia would be associated
with abnormal VTA activation related to reward, sa-
liency, memory, or decision-making neural networks.
Contrastingly, MDD and BPD could be associated with
decreased activation of the reward and neural motivation
networks, including VTA. Additionally, MDD could be
linked to the neural connection between the VTA and the
raphe nucleus or habenula.

To test this hypothesis, we designed a voxel-based
morphometric (VBM) analysis to examine the morpho-
logical differences across patients with MDD, schiz-
ophrenia, and BPD as well as a healthy control group.
An rs-fMRI study was then conducted to analyze seed-
based functional connectivity at rest, using the VTA as a
seed to compare the VTA networks across the 4 groups.
Although rs-fMRI cannot directly measure dopamin-
ergic neural activity, pharmacological neuroimaging
studies***' and a positron emission tomography study*
suggest that rs-fMRI connectivity reflects dopaminergic
neural activity. We thus assumed that the VTA map of
rs-fMRI connectivity could represent a portion of the
dopaminergic neural network of the VTA. In addition,
we used the Asian VTA template because the VTA, which
is a small region in the midbrain, shows differences in size
and location between Asians and Caucasians.*”

Materials and Methods

Participants

We recruited participants with MDD (rn = 45), schizo-
phrenia (n = 32), and BPD (n = 30) from the University
of Tokyo Hospital, and recruited control participants
(n = 46) who were matched for age, gender, and handed-
ness* (table 1). Four patients with schizophrenia were in
the stage of recent onset, within 1 year after emergence of
their psychotic symptoms, at the time of the MRI meas-
urements, while 28 were in the chronic stage.

All participants provided written informed consent,
and the study was approved by the Ethics Committee
at the School of Medicine, the University of Tokyo
(No. 3150-20). Psychiatric diagnoses were based on the
guidelines given in the Structured Clinical Interview
for the Diagnostic and Statistical Manual-1V. Patients
with a history of neuropsychological disease other than
MDD, schizophrenia, or BPD, alcohol or drug abuse,
head trauma with accompanying loss of consciousness,
or signal abnormalities on conventional diagnostic MRI
were not included. Trained psychiatrists or psycholo-
gists screened all control participants using the Japanese
version of the Mini International Neuropsychiatric
Interview® to exclude any psychiatric disorders.



Table 1. Demographic Characteristics in This Study

VTA-Related Functional Connectivity in Psychiatric Disorders

Schizophrenia Healthy con- Effect size (Par-
MDD (n = 45) (n=32) BPD (n = 30) trols (n = 46) P value tial Eta Squared)
Age (mean £ SD years) 37 £10.1 31£95 35+10.0 36+ 8.6 .10 0.041
Sex (male/female) 27118 22710 19/11 277119 74 0.0782
Handedness (mean £ SD) 16.8 + 7.1 159150 16.6 £ 5.8 152+34 .56 0.014
Estimated IQ (mean * SD) 110.2 £ 8.1 101.8 £ 11.6 107.7 £ 8.5 107.0 £ 9.5 .003 0.092
Duration of illness (year) 189329 11.0 £ 8.6 7.7%£7.2 .052 0.044
Medication equivalent doses (mg/d)
Chlorpromazine 524 +114.1 606.2 + 514.1 120.3 £ 218.4 .001 0.383
Biperiden 0.1+04 14+22 02%0.6 .001 0.174
Imipramine 143.5 + 146.9 0.1+04 81.3+ 1125 .001 0.226
Diazepam 114+11.7 8.7%12.0 10.6 + 13.4 .631 0.009
Lithium 296.6 + 344.8
The severity of psychiatric symptoms
HAMD 119+ 64 11.0+6.5 930 0.005
mGAF-S 44.6 £ 10.6 43.6 + 14.1 449 +9.7 952 0.002
mGAF-F 45319.6 463t 11.6 452+ 8.6 918 0.002
mGAF 43.8 £10.7 439+ 135 431 +8.3 911 0.001
PANSS positive symptom 16.8 £ 5.1
PANSS negative 19.31+6.7
symptom
PANSS general psycho- 348 +8.5
pathology
PANSS total 722+ 17.0
YMRS 20+33

Note: MDD, major depressive disorder; BPD, bipolar disorder; HAMD, the GRID-Hamilton rating scale for depression; mGAF-S,

the modified Global Assessment of Functioning symptom subscale; mGAF-F, the modified Global Assessment of Functioning func-
tion subscale; mGAF, the modified Global Assessment of Functioning; PANSS, the Positive and Negative Syndrome Scale; YMRS, the
Young mania rating scale. Statistical differences were tested using analysis of variance or Chi-square test for 3 or more groups and z-test

for 2 groups.
Phi coefficient.

We assessed handedness using the rating scale of hand-
edness and estimated the premorbid intelligence quo-
tients (IQ) using the 25-item version of the Japanese
Adult Reading Test (JART).*

The general functioning and symptoms were assessed
using the modified Global Assessment of Functioning
(mGAF)¥ for all patient groups. The severity of depres-
sive symptoms was assessed using the 17-item version
of GRID-Hamilton rating scale for depression (GRID-
HAMD-17)* for MDD and BPD. Psychiatric symptoms
were assessed using the Positive and Negative Syndrome
Scale (PANSS)* for schizophrenia. The severity of manic
episodes was assessed using the Young Mania Rating
Scale (YMRS)* for BPD.

Medication doses were calculated using chlorprom-
azine, imipramine, biperiden, and diazepam equivalent
doses.”! The distribution of chlorpromazine equivalent
dose was assessed using a Kolmogorov-Smirnov test (see
supplementary material for detailed information).

Resting-State Functional Magnetic Resonance Imaging
Session

All participants underwent a 10-minute resting-state
functional magnetic resonance imaging (rs-fMRI) scan.

Each participant was instructed to focus on a fixation
cross during the scan. Immediately after the scan, each
participant rated their sleepiness during the scan using a
7-point scale (1 = not at all, 7 = more than ever).

Image Acquisition

All MR images were collected using a Discovery
MR750w 3.0 Tesla scanner equipped with a 24-channel
head coil (GE Healthcare). Each participant underwent
an rs-fMRI scan (described in the prior subsection) and
a high-resolution anatomical MRI scan. Details of MR
image sequences have been described in supplementary
material.

A VBM Analysis

For the VBM analysis, we created an region of interest
(ROI) for each psychiatric disorder based on 14371
studies contained in the Neurosynth (http://neurosynth.
org) database. Then, high-resolution anatomical MRI
data were analyzed with FSL-VBM?3? (http://fsl.fmrib.
ox.ac.uk/fsl/fslwiki/FSLVBM), and an optimized VBM
protocol®® was carried out with FSL tools.* Details of
the VTA analysis have been described in supplementary
material.
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ROI as the Seed

We created a 3-mm sphere on the peak voxel of the Asian
VTA probabilistic template® ([x, y, z] = [-2, —20, —18]) as
the VTA ROL

Preprocessing for Functional MR Images

Conventional preprocessing was performed using tools
from the FMRIB Software Library (FSL Version 6.0;
http://www.fmrib.ox.ac.uk/fsl/) package. fMRI data were
preprocessed as follows: (1) head motion correction by
realigning the time series to the middle volume, (2) re-
moving non-brain tissues using the brain extraction tool,
(3) slice-timing correction using Fourier-space phase
shifting, aligning to the middle slice, (4) image smoothing
with a 5-mm full-width at half-maximum Gaussian
kernel, (5) application of a bandpass filter of 0.005-0.1
Hz as in a previous study,* (6) linear detrending, and (7)
grand-mean intensity normalization using a single mul-
tiplicative factor. To remove the effects of time-points
that were corrupted by large motion (motion outliers)
from the analysis, a confounder matrix was created using
FSL’s toolbox (FSL Motion Outliers) to be used at the
participant-level analysis. This confounder matrix also
included a time series extracted from individual white
matter and cerebrospinal fluid regions. Before group
analyses, the high-resolution anatomical image was
normalized to the MNI avgl52 Tl1-weighted template
(2-mm isotropic resolution) using a nonlinear transfor-
mation with a 10-mm warp resolution, as implemented
by FSL’s fMRI nonlinear registration tool. Details of
preprocessing for rs-fMRI data have been described in
supplementary material.

Seed-Based Functional Connectivity Analysis

Time-series extraction from the VTA ROI was performed
on non-smoothed preprocessed rs-fMRI data. To create
an individual functional connectivity map, the extracted
time-series from the VTA ROI was included in a regres-
sion model (the general linear model; GLM) using FSL’s
fMRI Expert Analysis Tool (FEAT). This model also in-
cluded a confounder matrix as a nuisance covariate.

Group-level analysis for group comparisons was con-
ducted using a 1-way ANOVA and post hoc 2-sample
t-tests. For all functional connectivity analyses, we set the
cluster-forming threshold as z > 3.1. Clusters were then
formed, their P-values calculated, and those P-values
that were above the cluster P-threshold (P < 0.05 family-
wise error corrected) were disregarded.

In each patient group, based on the results of the seed-
based functional connectivity analysis, VTA-related con-
nectivity values from the group-level significant clusters
were tested for their associations with symptom severity.
For instance, VTA-related connectivity values from the
pallidum formed by the [BPD > schizophrenia] contrast,
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which was tested for its association with PANSS scales
in the schizophrenia group and with YMRS in the BPD
group. We adjusted the threshold significance level to cor-
rect multiple analyses using Bonferroni correction. We
controlled for age, sex, and estimated 1Q to test the asso-
ciation. If significant correlations with symptom severity
for each group were observed, we also tested whether
the correlation remained significant after controlling for
medication doses.

Results

Participants

One-way ANOVA showed that there were no significant
differences in age and handedness among the 4 groups
(F(3,149) = 2.12, P = .10 and F(3,149) = 0.69, P = .56,
respectively; table 1). The Chi-squared test showed no
association between gender and group (¥*(3) = 1.26,
P = .74). Estimated 1Q differed among the 4 groups
(F(3,149) = 4.87, P = .003). A post hoc test showed that
the JART score in MDD was greater than that in schiz-
ophrenia (P = .001, Bonferroni-corrected). We thus in-
cluded JART scores as a covariate-of-no-interest for
further use in rs-fMRI analysis.

A VBM Analysis

There was no significant morphological difference seen in
the ROI across the 4 patient groups.

rs-fMRI Session

One-way ANOVA showed that there was no signifi-
cant difference in head motion across all groups (F(3,
152) = 1.12, P = .34) and no significant difference in
sleepiness across all groups (F(3, 152) =1.23, P = .30).
Details of results of rs-fMRI session have been described
in supplementary material.

Seed-Based Functional Connectivity Analysis

One-way ANOVA showed group differences in the pre-
frontal cortex, temporal lobe, pre-/postcentral gyrus, oc-
cipital lobe, cingulate and paracingulate gyrus, precuneus
cortex, limbic system (hippocampus, parahippocampus,
and amygdala), basal ganglia (putamen and pallidum),
thalamus, and cerebellum. Post hoc #-test analysis showed
significant differences in VTA connectivity maps between
MDD and controls, BPD and controls, MDD and BPD,
schizophrenia and MDD, and schizophrenia and BPD
(figure 1, table 2).

The [MDD < controls] contrast showed several signifi-
cant clusters in the prefrontal cortex, whereas the [MDD
> controls] contrast showed significant clusters in the pos-
terior cingulate cortex, superior temporal gyrus, and cer-
ebellum. The [BPD < controls] contrast showed several
significant differences in the prefrontal cortex, whereas the
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Fig. 1. Group differences in resting-state functional connectivity. The orange cross depicts the peak voxel. The y-axis of the bar graphs
depicts the connectivity values (z-value) from the group-level significant clusters. HC, healthy controls; MDD, major depressive disorder;

SCZ, schizophrenia; BPD, bipolar disorder.

[BPD > controls] contrast showed significant differences
in the posterior cingulate cortex and limbic regions. The
[MDD > schizophrenia] contrast showed significant differ-
ences in the bilateral hippocampus and cerebellum, whereas
the [MDD < schizophrenia] contrast showed significant
differences in the prefrontal cortex. The [BPD > MDD]
contrast showed significant differences in the precuneus.
The [schizophrenia > BPD] contrast showed significant
differences in the prefrontal cortex and precentral gyrus,
whereas the [schizophrenia < BPD] contrast showed signif-
icant differences in the cerebellum and pallidum.

The Kolmogorov-Smirnov test showed that the chlor-
promazine equivalent dose was normally distributed
across the schizophrenia group (P = .111). The Grubbs’
test> detected one outlier of the chlorpromazine equiva-
lent dose (2150 mg/d). This analysis was then redone after
we discarded the outlier from this analysis. We confirmed
no significant difference existed from the original ana-
lyses conducted.

The Association Between Functional Connectivity and
Psychiatric Symptoms

In the schizophrenia group, the PANSS positive score was
positively correlated with the VTA-hippocampus connec-
tivity (uncorrected P=.001, r =.540; Bonferroni-corrected
significant level: P < .005; figure 2). The correlation re-
mained significant after controlling for chlorpromazine
(P =.0024), biperiden (P = .0050), and diazepam equiv-
alent doses (P = .0080). In the BPD group, the mGAF-F
score was negatively correlated with connectivity in the
middle frontal gyrus as seen in the [BPD < controls]
contrast (uncorrected P = .004, r = —.508, Bonferroni-
corrected significant level: P < .0041; figure 2). The corre-
lation was seen to be at a marginal level after controlling
for chlorpromazine (P = .0090), biperiden (P = .005), di-
azepam (P = .0050), imipramine (P = .0060), and lithium
equivalent doses (P = .0060). None of the correlations
between connectivity values from the significant clusters
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Table 2. Differences in VTA-Related Functional Connectivity

MNI Coordinate

Region Cluster Size z-Value X y z Effect Size (Cohen’s d)
Controls > MDD

Superior Frontal Gyrus 1588 4.95 6 34 50 1.047

Middle frontal gyrus 288 4.32 -36 40 28 0.949
MDD > controls

Posterior cingulate cortex 22 160 5.46 -12 —48 10 1.36

Cerebellum 1247 4.46 -24 —68 —44 1.13

Superior temporal gyrus 676 3.76 60 -10 -2 1.27
Controls 2 BPD

Superior frontal gyrus 17 585 4.80 4 20 52 1.16

Middle frontal gyrus 148 3.64 =56 24 28 0.88
BPD 2 controls

Posterior cingulate cortex 40 839 6.13 -8 —46 2 1.69

Amygdala® 5.59 26 -16 -8 1.28

Parahippocampus® 5.55 14 =36 -2 0.88
MDD > schizophrenia

Hippocampus (right) 2522 4.05 34 -32 -2 1.32

Hippocampus (left) 556 4.19 =32 =32 -2 0.89

Cerebellum 980 4.00 -14 —66 -36 1.22
Schizophrenia > MDD

Middle frontal gyrus 4299 4.42 30 10 34 0.95

Frontal pole 676 3.95 -34 54 26 0.88
BPD > MDD

Precuneus 802 3.82 -2 =76 50 0.91
Schizophrenia > BPD

Superior frontal gyrus 5802 4.42 2 20 54 1.15

Precentral gyrus 447 3.39 -16 -18 62 0.98
BPD = schizophrenia

Cerebellum 13 853 5.04 -12 —64 -38 1.21

Pallidum® 4.55 22 -16 -8 1.27

Note: *Subpeak in the clusters.

in each group and their medication equivalent doses were
significant (P > .05).

Since mGAF, mGAF-F, and mGAF-S data were
available for all patient groups, we tested the correl-
ations between connectivity values and each score.
However, the connectivities from each significant
cluster showed no significant correlation with mGAF
or mGAF subscales (P > .05).

Discussion

To our knowledge, this is the first study to investigate
the VTA-seed-based functional connectivity among the
MDD, schizophrenia, BPD, and control groups in a
resting state. Patients with MDD and BPD showed at-
tenuated functional connectivity in the frontal regions
and strengthened connectivity in the limbic regions,
cerebellum, and posterior cingulate cortex. In these re-
gions, some differences in connectivity were observed be-
tween the affective disorders and schizophrenia groups.
However, there was no connectivity difference between
the schizophrenia and control groups in any region.
Within each group, significant differences in some brain

1244

regions were also observed in the relationship between
VTA-related functional connectivity and symptom se-
verity. None of the connections were significantly correl-
ated with medication equivalent doses, and associations
with symptom severity remained after controlling for
medication equivalent doses.

Unlike the previous report,” the patients with schizo-
phrenia in this study did not show decreased VTA—hip-
pocampus functional connectivity as compared to that
in the healthy control group. Additionally, the functional
connectivity positively correlated with the PANSS posi-
tive symptom subscores even after the chlorpromazine
equivalent dose being regressed out. Increased basal do-
pamine synthesis is seen in schizophrenia®® and hyperac-
tivity in the mesolimbic dopaminergic pathway is thought
to result in the emergence of positive symptoms.! Also,
dysregulation of the hippocampus, which is a crucial part
of the dopaminergic circuit and is closely connected, both
functionally and anatomically, to the VTA, is thought to be
associated with these positive symptoms.’” Positive symp-
toms in patients with schizophrenia have been reported
as associated with volume reduction or deformation in
the hippocampus.® ¢ Compared to healthy participants,



Schizophrenia

A5 Apgs  |*®
0.2

Connectivity from
the hippocampus

-0.4-
PANSS positive

VTA-Related Functional Connectivity in Psychiatric Disorders

BPD

p = 0.004
é r=-0.508
§ 3 .
- 8
25 o
. = T T 1
° o 10 20 30
Q5 ‘.,
£ 'S,
s ..
SE ~..
° .
5 [ [ )
mGAF-F

Fig. 2. The association between functional connectivity and psychiatric symptoms. The orange cross depicts the peak voxel. The y-axis
of the scatter plot depicts connectivity values (z-value) from the group-level significant clusters, while the x-axis depicts demeaned scores

of psychiatric symptoms.

the hippocampal-midbrain loop increased during re-
ward, aversion, and novelty processing in individuals that
were considered ultra-high risk for psychosis.®! Together,
strengthened functional connectivity between the VTA
and hippocampus may be associated with increased dopa-
minergic connectivity. This could be the underlying psy-
chopathology of the presence of positive symptoms.

We did not observe significant alteration in functional
connectivity in the VTA networks between patients with
schizophrenia and controls. Previous rs-fMRI studies
showed reduced connectivity between the VTA/mid-
brain and cortical and subcortical regions, including
the prefrontal cortex, insular cortex, hippocampus,
and cerebellum.”? A potential cause may be the dif-
ferent conditions of the patients involved in the studies.
Giordano and colleagues examined patients who used
lower doses of medication,” while Hadley and colleagues
recruited patients who had been unmedicated for at least
10 days.”” Their results showed decreased connectivity
between the VTA and precuneus, posterior cingulate
cortex, accumbens, hippocampus, and pallidum?’; these
findings were similar to those of the present study, with
respect to the affective disorder groups. Since most of the
patients with schizophrenia in this study were relatively
stable and in the chronic stage when MRI measurements
were obtained, aberrant dopaminergic activity may have
been normalized because of treatment. Indeed, patients
with severe positive symptoms in the schizophrenia group

had VTA-hippocampus connectivity similar to those in
the MDD and BPD groups. Dopaminergic activity is
modulated by several subcortical regions, such as the nu-
cleus accumbens, amygdala, and pallidum.®-% The mech-
anism underlying the effectiveness of antipsychotics’ D2
receptor blockage for positive symptoms remains un-
known. A detailed analysis focused on the dopaminergic
system in human fMRI studies with an antipsychotics
trial would be a useful future study.

The present study showed that the VTA-prefrontal
cortex connectivity was attenuated in patients with MDD
and BPD, compared to healthy controls and (for some
regions) patients with schizophrenia. These results are
consistent with previous findings regarding alteration of
functional connectivity in the prefrontal cortex,!!:17:33:66
Previous non-human studies exploring the pathway of
the dopaminergic system have shown that depressive be-
haviors are associated with an attenuated mesocortical
pathway,®” which may result from decreased reward sensi-
tivity.®® A neuroimaging study has shown that decreased
brain response in the VTA, as well as the middle frontal
gyrus in response to reward-based tasks, was associated
with BPD.!® Therefore, the present findings are con-
sistent with previous human neuroimaging studies and
animal studies exploring the dopamine neural pathway.
Additionally, the VTA receives serotonergic projections
from the dorsal raphe, and the dopaminergic system is
modulated by the serotonergic neural system.® Thus, in
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order to reveal the neural pathophysiology of depressive
symptoms, the role of the mesocortical pathway and se-
rotonergic regions such as the dorsal raphe nucleus and
habenula, should be examined in future studies.

Our findings should be interpreted with caution.
First, since the participants in the patient groups were
on medication, the effects of medication might have in-
fluenced our results. As discussed above, the conditions,
medication status, and clinical stages of the participants
may alter the dopaminergic activity and VTA-related
functional connectivity. Although we regressed out
the effect of medication to test the correlation between
connectivity and symptoms, it would be informative to
conduct further studies of unmedicated and/or first-
episode patients and assess the effect of medication on
connectivity, using repeated measurements. Second,
as discussed above, the rs-fMRI connectivity analysis
could show a pseudo-relationship provided by a third
brain region. Since the dopamine-related neural activity
is modified in a complex manner by several interacting
brain regions, a causality analysis should be performed
in a future study.

In conclusion, this study is the first to compare VTA-
related functional connectivity networks among MDD,
schizophrenia, BPD, and control groups in the resting
state. Patients with MDD and BPD showed similar alter-
ations, when compared with healthy controls and patients
with schizophrenia. This result suggests that alterations
of the VTA-associated functional network may underlie
the common pathophysiology of affective symptoms
and disorders. Our results provide new insights into the
psychophysiology of psychiatric disorders; however, an
analysis of the causal pathway and a clinical trial with
functional imaging studies will be needed to clarify the
contribution of the dopaminergic system to the etiology
of each psychiatric disorder.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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