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Abstract

Objective: Psychotic symptoms are quite common in patients with pediatric bipolar disorder (PBD) and may affect
the symptom severity and prognosis of PBD. However, the potential mechanisms are less well elucidated until now.
Thus, the purpose of this study was to investigate the brain functional differences between PBD patients with and
without psychotic symptoms.

Method: A total of 71 individuals including: 27 psychotic PBD (P-PBD), 25 nonpsychotic PBD (NP-PBD), and 19
healthy controls were recruited in the present study. Each subject underwent 3.0 Tesla functional magnetic
resonance imaging scan. Four-dimensional (spatiotemporal) Consistency of local neural Activities (FOCA) was
employed to detect the local brain activity changes. Analyses of variance (ANOVA) were used to reveal brain
regions with significant differences among three groups groups of individuals, and inter-group comparisons were
assessed using post hoc tests.

Results: The ANOVA obtained significant among-group FOCA differences in the left triangular inferior frontal gyrus,
left supplementary motor area, left precentral gyrus, right postcentral gyrus, right superior occipital gyrus, and right
superior frontal gyrus. Compared with the control group, the P-PBD group showed decreased FOCA in the left
supplementary motor area and bilateral superior frontal gyrus and showed increased FOCA in the left triangular
inferior frontal gyrus. In contrast, the NP-PBD group exhibited decreased FOCA in the right superior occipital gyrus
and right postcentral gyrus and showed increased FOCA in the left orbital inferior frontal gyrus. Compared to the
NP-PBD group, the P-PBD group showed decreased FOCA in the right superior frontal gyrus.

Conclusion: The present findings demonstrated that the two groups of PBD patients exhibited segregated brain
functional patterns, providing empirical evidence for the biological basis of different clinical outcomes between
PBD patients with and without psychotic symptoms.
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Introduction
Pediatric bipolar disorder (PBD) receives more and more
attention owing to the atypical symptoms, prolonged
disease duration, more functional impairments, and re-
sistance to treatment [1]. In a recent meta-analysis, the
prevalence of PBD was estimated to be about 3.9% [2]. It
was reported that approximately 50% of patients with bi-
polar disorder (BD) experienced psychotic symptoms,
such as hallucinations, delusions, and other symptoms
during their disease course [3], while the prevalence of
psychotic symptoms in individuals with PBD was even
higher [4]. The occurrence of psychotic symptoms could
lead to significant impacts on clinical features and prog-
nosis of BD [5]. Therefore, preliminary evidence has sug-
gested that BD with psychotic symptoms can be treated
as a specific phenotype with unique pathophysiology [6],
although it was less well elucidated.
A growing body of studies are paying attention to the

relationship between neuroimaging biomarkers and
psychotic features in BD [7]. Regarding structural neuro-
imaging, results have suggested the presence of peculiar
gray matter volume (GMV) differences between BD pa-
tients with and without psychotic symptoms. Psychotic
BD seems to be associated with cortical GMV deficits
compared to both healthy controls and non-psychotic
BD patients, mainly in the frontal region. Conversely,
non-psychotic BD patients showed GMV deficits in se-
lective regions of the basal ganglia when compared with
the other groups [8]. Our recent study focusing on PBD
also found that PBD patients with psychotic features
were associated with extensive structural abnormalities
mainly located in the cortical-subcortical-limbic net-
work, whereas non-psychotic PBD patients exhibited
GM deficits in limited cortical regions [9]. In an attempt
to clarify the brain functional alterations associated with
the psychotic dimension of BD, a prior study using Glo-
bal Brain Connectivity (GBC) method demonstrated that
BD patients exhibited reduced medial prefrontal cortex
(mPFC) connectivity, increased amygdala-mPFC con-
nectivity, and reduced connectivity between amygdala
and dorsolateral PFC. However, further analysis revealed
that these effects were more pronounced in BD patients
with psychotic symptoms. Moreover, the magnitude of
observed effects was significantly correlated with lifetime
psychotic symptom severity [10]. Another seed-based
functional connectivity study revealed that ventral anter-
ior cingulate cortex (vACC) connectivity alterations in
BD patients depended on co-occurrence of lifetime
psychosis [11]. Taken together, these findings highlight
the importance of studies that focus on the effect of
psychotic dimension on neuroimaging alterations in BD
patients.
Resting state functional magnetic resonance imaging

(fMRI) is a fabulous way to characterize the baseline

brain activities without any tasks and can minimize the
effect of external stimuli [12]. Currently, an increasing
number of literatures have indicated that resting state
functional alterations are most likely associated with the
psychotic dimension in adults with BD; however, these
associations were less well revealed in PBD patients. To
the best of our knowledge, only one study has explored
the influence of psychotic symptoms on default mode
network (DMN) connectivity in PBD patients and found
that psychotic PBD, but not PBD without psychotic
symptoms, showed aberrant DMN connectivity relative
to healthy controls [13]. In this context, the purpose of
the present study was to investigate the brain resting
state functional differences between PBD patients with
and without psychotic symptoms. In the present study, a
novel measure, named Four-dimensional (spatiotempo-
ral) Consistency of local neural Activities (FOCA) [14],
was applied to investigate the local spontaneous brain
activity by integrating the temporal and spatial informa-
tion of local brain regions. Temporal correlation can be
used to reflect the temporal coherence of local neighbor-
ing voxels, while the spatial correlation was obtained to
reflect the stability of regional activity in adjacent time
points. The FOCA may reflects not only the consistency
of the time course of adjacent voxel activities in the local
brain region, but also the local brain region voxel activity
at the adjacent time point is spatially consistent. A larger
FOCA value means higher consistency of local spontan-
eous activity [15]. Based on previous findings, we hy-
pothesized that psychotic symptoms could lead to
different brain functional patterns mainly in the frontal
regions in patients with PBD.

Method
Participants
Fifty-six PBD patients participated in the study, four cases
were exclude from analysis because of poor scan quality.
Then, a total of 52 children and adolescents, including 27
patients with psychotic PBD (P-PBD group) and 25 pa-
tients with non-psychotic PBD (NP-PBD group) were re-
cruited from the child and adolescent psychiatric clinic of
The Second Xiangya Hospital of Central South University,
Changsha, Hunan, P.R. China from July, 2012 to August,
2013. For assignment to the P-PBD group, patients must
have experienced a history (past or current) of psychotic
symptoms during their illness period. Meanwhile, 19 age-
and sex-matched healthy controls (HCs) were also
recruited through advertisements in public schools. The
inclusion criteria for PBD patients included: 1) aged 10–
18 years, 2) met the Diagnostic and Statistical Manual of
Mental Disorders, IV Edition (DSM- IV) criteria for BD,
3) the Han ethnicity, 4) right-handedness, 5) could follow
the instructions to keep still during MRI scanning. Mean-
while, 19 age- and sex-matched healthy controls (HC) also
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were recruited through advertisements in public schools.
The general exclusion criteria were as follows: 1) existence
of major sensorimotor handicaps, 2) current active phys-
ical disease, 3) full-scale intelligence quotient (IQ) < 80, 4)
contraindications to MRI scan, including retractors or
braces, metallic implants, and claustrophobia, 5) presence
of other mental disorders, such as schizophrenia, anorexia,
bulimia nervosa, and learning disabilities, 6) drug or alco-
hol dependence or abuse, 7) with histories of electrocon-
vulsive therapy (ECT). This study is one of our serial
investigations focusing on PBD patients with and without
psychotic symptoms, and the recruitment of participants
has been described in our previous study [9].

Clinical assessments
All subjects and at least one of their guardians were en-
rolled in a diagnostic interview using a clinical assess-
ment combined with the Schedule for Affective
Disorders and Schizophrenia for School-aged Children-
Present and Lifetime Versions (K-SADS-PL). All the co-
morbidities were assessed by the K-SADS-PL interview
according to the DSM- IV criteria as well. Each diagno-
sis was made by two experienced psychiatrists (Gao and
Su) independently with satisfactory agreement (kappa =
0.85) for the inter-rater reliability. The P-PBD patients
were defined as having experienced psychotic symptoms,
such as delusions and/or hallucinations, in at least one
prior episode. The NP-PBD patients were defined as the
absence of psychotic symptoms in all episodes. The
demographic and clinical data from all patients and con-
trols were collected by a self-designed questionnaire.
Current severity of mood symptoms were evaluated by
Young Mania Rating Scale (YMRS) [16] and Mood and
Feelings Questionnaire (MFQ) [17] on the day of MRI
scanning, the clinical threshold points for the YMRS and
MFQ were 12 and 18, respectively.

MRI acquisition
The structural and resting-state functional data of all
subjects were collected by Siemens 3.0-T MRI scanner
(Allegra, Siemens Medical System). To ensure the qual-
ity of the data collected, the subjects were required to lie
on the MRI scanner bed throughout the scan and to re-
main completely motionless, eyes closed and awake. To
reduce the effects of noise, earplugs were worn on both
ears during MRI data acquisition. The regular axial
three-dimensional T1-weighted images were acquired
with a spoiled gradient recall sequence with the follow-
ing imaging parameters: repetition time (TR) = 2300ms,
echo time (TE) = 2.03 ms, gap = 0mm, slice thickness =
1 mm, flip angle = 9°, matrix size = 256 * 256, field of
view (FOV) = 256 * 256 mm2, slices = 176. An echo pla-
nar imaging sequence was applied to acquire the func-
tional images, the parameters were as follows: TR =

2000 ms, TE = 30ms, slice thickness = 4 mm, matrix =
64 × 64, FOV = 240*240 mm2, flip angle = 90°, gap = 0.4
mm, 30 axial slices, and a total of 250 volumes were col-
lected for each participant.

FOCA analysis
The data were preprocessed using the SPM8 software
(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). During
this process, the first 10 time points were removed to re-
duce the influence of the T1 saturation effects on the data
quality. The Subjects whose head motion exceeded 1° or/
and 1mm were excluded. The realigned images were
spatially normalized to the Montreal Neurological Insti-
tute (MNI) template and resliced with voxel size of 3 ×
3 × 3mm3. Following normalization, several spurious
sources of variation—including head motion, linear drift,
white matter (WM), and cerebrospinal fluid (CSF) signals
were regressed out using multiple linear regression ana-
lysis. The FOCA then were calculated using the neurosci-
ence information analysis tool NIT (http://www.neuro.
uestc.edu.cn/NIT.html) [14]. The detailed calculation
steps of FOCA were as follows: FOCA reflects the spatio-
temporal consistency of local spontaneous activity in the
brain. It is necessary to calculate the time correlation coef-
ficient and the spatial correlation coefficient of each voxel.
The FOCA value of each voxel was obtained by multiply-
ing the temporal correlation coefficient by the spatial cor-
relation coefficient. Then the average FOCA value of the
whole brain was obtained on the basis of the FOCA value
of each voxel. The normalized FOCA value was calculated
by dividing the FOCA value of each voxel by the average
FOCA value of the whole brain. The standardized FOCA
value was subtracted by 1, and its image was spatially
smoothed (FWHM: 6mm).

Statistical analysis
The statistical analyses of the demographic and clinical
data were done using Statistical Package for the Social
Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, IL,
USA). Chi-square tests (χ2) and analyses of variance
(ANOVAs) were used to compare groups on non-
parametric data and parametric data, respectively. The
level of two-tailed statistical significance was set at p <
0.05 for all tests.
For FOCA comparisons, one-way ANOVA was calcu-

lated on the individual imaging maps in a voxel-by-voxel
manner, and then a mask was built according to the re-
sults of ANOVA. Finally, the inter-group differences
were assessed by using post hoc analyses based on the
mask. The underlying confounders, such as age, educa-
tional level, and sex were included as covariates in the
measures. The significance level was set at p < 0.05,
AlphaSim corrected (combined height threshold p <
0.001 and cluster > 108) was analyzed with DPABI
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(http://rfmri.org/dpabi). Lastly, the average FOCA values
of the clusters with group differences were extracted by
using region of interest (ROI) analyses. The correlations
of FOCA alterations with clinical characteristics, includ-
ing illness course, onset age, episode times, and scores of
YMRS and MFQ, were assessed by performing Pearson’s
correlation analyses.

Result
Demographic and clinical features
The demographic and clinical characteristics of subjects
in the three groups are listed in Table 1. The three
groups of individuals did not differ with respect to age,
sex, years of education, and IQ. Nevertheless, the three

groups differed on the average scores of YMRS and
MFQ. Compared to HCs, patients in P-PBD group
showed higher scores on YMRS and MFQ, whereas pa-
tients with NP-PBD scored higher on YMRS only. There
was no significant difference between two groups of pa-
tients on distributions of PBD type, current mood state,
comorbidity, family history, means of illness duration,
onset age, and episode times. A total of 15 (55.6%) P-
PBD patients reported current psychotic symptoms,
while the rest (12, 44.4%) in P-PBD group reported only
past history of psychotic symptoms. A higher proportion
of P-PBD patients (88.9%) received drugs for treatment
compared to the NP-PBD group (56.0%) at the time of
recruitment.

Table 1 Demographic and clinical characteristics of all subjects (n = 71)

P-PBD group
n = 27

NP-PBD group
n = 25

HC group
n = 19

F/χ2 p

Age (Years) 15.4 (1.55) 14.8 (1.94) 14.2 (1.57) 2.858 0.064

Sex (Male/Female) 11/16 14/11 7/12 1.930 0.381

Education (Years) 8.37 (1.50) 7.96 (2.11) 7.47 (2.22) 1.204 0.306

IQ 102.9 (13.8) 105.0 (12.5) 105.3 (7.51) 0.311 0.733

Illness course (Months) 16.7 (12.3) 17.3 (16.8) 0.018 0.895

Onset age (Years) 14.2 (1.54) 13.3 (2.09) 2.939 0.093

Episode times 3.59 (1.65) 4.71 (7.09) 0.631 0.431

PBD-I/PBD-II 16/11 17/8 0.428 0.513

YMRS 12.4 (13.1)b 15.4 (14.4)a 3.63 (2.06) 5.437 0.006

MFQ 15.2 (14.2)a 11.7 (10.6) 6.11 (3.33) 3.862 0.026

Psychotic symptom, n (%)

Current
15 (55.6)

Past
12 (44.4)

Current status, n (%)

Mania 8 (29.6) 9 (36.0) 0.239 0.625

Depression 8 (29.6) 7 (28.0) 0.017 0.897

Euthymia 11 (40.8) 9 (36.0) 0.318 0.573

Family history (Y/N) 5/22 7/18 0.657 0.417

Treatment, n (%)

None 3 (11.1) 11 (44.0) 7.137 0.008

Lithium 12 (44.4) 7 (28.0) 1.514 0.219

Valproate 15 (55.6) 9 (36.0) 1.997 0.158

Antipsychotics 22 (81.5) 12 (48.0) 11.15 0.001

Antidepressants 2 (7.41) 1 (4.0) 0.272* 0.602

Comorbidity n (%)

Anxiety 7 (25.9) 3 (12.0) 1.590* 0.207

ADHD 2 (7.41) 1 (4.0) 0.272* 0.602

OCD 1 (3.70) 1 (4.0) 0.003* 0.956

ADHD attention deficit hyperactivity disorder, HC healthy controls, IQ intelligence quotient, MFQ mood and feelings questionnaire, NP-PBD nonpsychotic pediatric
bipolar disorder, OCD obsessive-compulsive disorder, P-PBD psychotic pediatric bipolar disorder, YMRS Young Mania Rating Scale. a Compared with HC, p < 0.01, b

Compared with HC p < 0.05, *Fisher’s exact test
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Alterations of FOCA
The ANOVA indicated that significant FOCA differ-
ences were found among three groups. These differences
were located in the left triangular inferior frontal gyrus
(IFG), left supplementary motor area (SMA), left precen-
tral gyrus, right postcentral gyrus, right superior occipi-
tal gyrus (SOG), and right superior frontal gyrus (SFG)
(Table 2 and Fig. 1). Compared to the control group, the
P-PBD group showed decreased FOCA in the left SMA
and bilateral SFG and showed increased FOCA in the
left triangular IFG (Table 3 and Fig. 2). In contrast, the
NP-PBD group exhibited decreased FOCA in the right
SOG and right postcentral gyrus and showed increased
FOCA in left orbital IFG (Table 3 and Fig. 3). Compared
to the NP-PBD group, the P-PBD group showed de-
creased FOCA in the right SFG (Table 3 and Fig. 4). The
mean cluster values of the regions that showed signifi-
cant differences in the above FOCA analysis were ex-
tracted from each patient. However, no significant
association was found between FOCA alterations and
clinical features in PBD patients.

Discussion
In this study the FOCA method was used to distinguish
the resting-state brain function between PBD patients
with and without psychotic symptoms. Our findings
demonstrated that the two PBD groups exhibited similar,
but mostly distinct brain functional abnormalities. The
differences in brain functional alterations are likely to be
part of the underlying neurobiological basis for the pres-
ence of psychotic symptoms. Thus, these findings add to
the literature on novel pathogenesis involvement in PBD
patients with and without psychotic symptoms and sup-
port the viewpoint that individual differences in history
of psychotic symptoms should seriously be considered in
future studies of PBD.
Brain functional changes in the prefrontal cortex

(PFC) have frequently been reported in previous resting-
state or task-related fMRI studies in PBD. In a meta-
analysis of fMRI studies, when engaged in attentional

tasks, increased activation was observed in the IFG with
decreased activation in the limbic regions in patients
with PBD, relative to typically developing subjects [18].
In addition, our prior studies also demonstrated that
PBD patients exhibited functional disturbances in the
prefrontal regions, including the IFG, SFG, orbital
frontal gyrus (OFG), medial frontal gyrus, and middle
frontal gyrus (MFG) [12, 19, 20]. The present study
found that PBD patients with psychotic symptoms
showed more extensive functional changes in the pre-
frontal cortex (PFC), especially in the bilateral SFG and
left triangular IFG, whereas the NP-PBD group exhibited
FOCA changes only in the left orbital IFG. The role of
the PFC in psychosis has been suggested by a recent sys-
tematic review of adult BD neuroimaging studies. While
not entirely consistent, comparisons between P-BD and
NP-BD patients suggested that gray matter volume alter-
ations mainly involved the PFC, such as the left SFG,
right MFG, and left IFG [21]. Taken together, our
current findings provided new implications that psych-
otic features might have effects on the PFC functioning
in PBD patients as well.
In our study, when comparing to HCs, both groups of

PBD patients showed increased FOCA in the left IFG. It
has been demonstrated that dysfunction of the IFG is
implicated in emotional dysregulation and executive dis-
turbance [22], which are core characteristics of BD. Prior
studies have reported that abnormal functioning of the
IFG during cognitive or emotion-inducing tasks are
commonly observed in both adult BD and PBD patients
[18, 23, 24]. Furthermore, the IFG also works in concert
with different brain regions both in terms of cognitive
and emotional regulation functions, highlighting the im-
portance of network abnormalities in BD. In a recent
study, patients with PBD were revealed to exhibit in-
creased functional connectivity between IFG and ventro-
medial prefrontal cortex (vmPFC) following feedback
processing, as well as elevated functional connectivity
between IFG and parahippocampal gyrus (PHG)/peria-
queductal gray (PAG) during attention orienting follow-
ing frustration [25]. In general, we speculated that the
current finding of regional activation of the IFG might
be associated with mood dysregulation and executive
deficits in patients with PBD.
A second noteworthy finding was that group difference

of resting-state brain function between PBD patients
with and without psychotic symptoms was observed in
the right SFG. Current PBD diagnosis combined with
psychotic symptoms history seemed to be good predic-
tors of dysfunction in the right SFG. The SFG is a part
of the dorsolateral prefrontal cortex (DLPFC). The DLPF
C plays a key role in plenty of mental processing, includ-
ing executive functioning, attention, emotional process-
ing, and working memory [26]. Functional disruptions in

Table 2 Brain regions showing significant functional differences
among three groups (p < 0.05, AlphaSim corrected)

Brain region Hemisphere Cluster
size

F
value

MNI coordinate

x y z

Triangular IFG L 199 8.72 −54 36 3

Postcentral gyrus R 225 8.93 30 −39 63

SOG R 118 7.17 24 −84 33

SMA L 168 8.25 0 6 51

Precentral gyrus L 161 7.50 −36 −6 60

SFG R 165 11.4 18 9 69

IFG Inferior frontal gyrus, MNI Montreal neurological institute, SFG Superior
frontal gyrus, SMA Supplementary motor area, SOG Superior occipital gyrus
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the DLPFC have been proved to account for working
memory deficits and emotional dysregulations in BD pa-
tients with psychotic symptoms and schizophrenia [27,
28]. Our finding was, at least in part, comparable with a
prior study reporting that functional connectivity of the
frontoparietal control network, in which the DLPFC was
a key component, was disrupted in multiple psychotic
disorders, including schizophrenia and psychotic BD
[29]. Interestingly, the investigators further found that
the presence of effective and psychotic symptoms might
lead to graded disruptions in frontoparietal network
connectivity in their latter work. Moreover, there was a
link between psychotic symptoms and decreased fronto-
parietal network connectivity [30]. Based on these find-
ings, molecular mechanisms involving the DLPFC in
psychotic BD also were revealed. A recent postmortem
study exploring the proteomic differences associated
with BD psychosis in the DLPFC indicated that

psychotic symptoms in patients with BD might be asso-
ciated with abnormalities in neurodevelopment, neuro-
plasticity, neurotransmission, and neuromodulation in
the DLPFC [31]. Taken together, the extant evidence
may suggest that the DLPFC could be a potential region
for distinguishing BD patients with and without psych-
otic symptoms.
In the present study FOCA alterations were found also

in the primary sensorimotor regions, such as the left
SMA and right postcentral gyrus in PBD patients. The
SMA has a wide range of connections to many brain
areas, such as the IFG, thalamus, and striatum. These re-
lated brain areas play a key role in motor control, action
selection, preparation, motor execution, and internally
generated movements [32]. A previous study reported
that children with BD exhibited decreased SMA volume
when comparing to healthy controls [33]. Increased re-
gional homogeneity (ReHo) in the right SMA was found
in unmedicated patients with BD II depression as well
[34]. In addition, abnormal functional connectivity be-
tween the DMN and the motor area network was re-
ported in the euthymic BD patients. The authors
suggested that these brain function alterations might be
the potential neurobiological underpinnings for their pa-
tients’ residual manic symptoms, such as psychomotor
agitation or psychotic symptomatology [35]. In our study
only PBD patients with psychotic symptoms showed de-
creased FOCA in the left SMA when compared to

Fig. 1 Brain regions showing significant functional differences among three groups (p < 0.05, AlphaSim corrected). The color scale represents F
values of ANOVA. (A) the left Triangular IFG; (B) the right SOG; (C) the left SMA; (D) the left Precentral gyrus; (E) the right Postcentral gyrus; (F) the
right SFG

Table 3 Brain regions showing inter-group differences based
on the results of ANOVA (p < 0.05, AlphaSim corrected)

Brain region Hemisphere Cluster
size

t
value

MNI coordinate

x y z

P-PBD < HC

SMA L 166 −3.83 0 6 51

SFG L 113 −4.14 −27 −3 72

R 121 −4.77 18 9 72

P-PBD > HC

Triangular IFG L 188 3.73 − 45 42 3

NP-PBD < HC

SOG R 111 −4.15 24 −84 33

Postcentral gyrus R 137 −4.71 33 −39 60

NP-PBD > HC

Orbital IFG L 138 5.21 −51 39 −6

P-PBD < NP-PBD

SFG R 159 −4.24 23 10 68

ANOVA analyses of variance, HC health controls, IFG Inferior frontal gyrus, MNI
Montreal neurological institute, NP-PBD nonpsychotic pediatric bipolar
disorder, P-PBD psychotic pediatric bipolar disorder, SFG Superior frontal gyrus,
SMA Supplementary motor area, SOG Superior occipital gyrus

Fig. 2 Brain functional differences between P-PBD and HCs (p <
0.05, AlphaSim corrected). The color scale represents t values. (A) the
left Triangular IFG; (B) the left SMA; (C) the left SFG; (D) the right SFG
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healthy controls; thus, we speculated that functional
changes of the SMA might be more likely to represent
the biological mechanisms underlying psychotic and psy-
chomotor symptoms in PBD.
Some limitations should be noted in the present study.

First, for the participants, the sample size of each sub-
group was relatively small and restricted us to discuss
the effects of psychotic symptoms on brain functional
changes in a single type (PBD I, or PBD II) or mood
state (mania, depression, or euthymia), it should be
taken more seriously, because in a series of our past
studies focusing on PBD, we have already observed dif-
ferent patterns of brain function during different mood
state [36, 37]. Meanwhile, the age range 10–18 might be
pretty extensive, which could lead to brain functional
differences independent of the diagnosis [38]. Second,
the majority of the PBD patients were taking medica-
tions when scanning, but the effects of medication use
on brain functional changes remained unknown. Consid-
ering the small sample of the present study, we did not
study this issue deeply, however, a previous review re-
vealed that medication appeared to influence many
structural MRI studies, but had limited impact on func-
tional MRI and Diffusion Tensor Imaging (DTI) findings
[39]. Third, there were still many confounders that may
have an influence on brain function (e.g., comorbidity
and family history), and they should be well controlled
in feature studies. Forth, cognitive function was not
assessed in the present study, since cognitive deficits
could be an additional way of differentiating the two
groups of PBD patients [40] and it might also be

associated with brain function alterations, cognitive tests
should be added in feature studies as well. Finally, the
cross-sectional design of this study precluded any causal
inference.

Conclusion
In summary, the present findings demonstrated that the
two groups of PBD patients exhibited segregated brain
functional patterns, providing empirical evidence for the
biological basis of different clinical outcomes between
PBD patients with and without psychotic symptoms. In-
dividual differences in histories of psychotic symptoms
should seriously be considered in future neuroimaging
studies of PBD.
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