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ABSTRACT

Objective: To explore the alteration of brain regions after
treatments for bipolar disorder (BD) and borderline personality
disorder (BPD) in order to discover the underlying neural
mechanisms of therapies.

Data Sources: An electronic search of the PubMed, Embase,
Cochrane Library, and Web of Science databases from inception
until June 2021 was conducted.

Study Selection: Articles reporting the results of changes in brain
activation after treatment, to assess the effects of therapy relative
to a before-treatment condition, were included. A total of 1,592
records were retrieved, with 34 studies ultimately included.

Data Extraction: Activation coordinates were extracted from each
study. We used activation likelihood estimation meta-analysis

to evaluate the similarities and differences in the activation of
different brain regions in patients with BD and BPD after treatment
with psychotherapy and drug therapy.

Results: Most brain regions with abnormal activation were
improved after treatments for BD and BPD. The brain activity
changes produced by psychotherapy were mostly in the frontal
areas, while drug therapy primarily impacted the limbic areas.

In BD, treatments were associated with activation alterations in
the inferior frontal gyrus, superior temporal gyrus, and cingulate
gyrus, while in BPD, treatments were associated with activation
alterations in the supramarginal gyrus, middle frontal gyrus, and
parahippocampal gyrus.

Conclusions: These results suggest that drug therapy might

have a bottom-up effect, while psychotherapy might have a top-
down effect. This study may contribute to the clinical prediction
of treatment efficacy in BD and BPD and to the identification of
more accurate neuroimaging biomarkers for treatment of the two
disorders.
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B ipolar disorder (BD), a type of mood disorder, refers
to disease that includes both manic episodes and
depressive episodes and has an incidence as high as 5%.!
The symptoms of BD sometimes lead to severe emotional
disruption, destroying an individual’s ability to perform basic
daily functions and make correct judgments.” Borderline
personality disorder (BPD) consists of a universal pattern
of interpersonal relationship, self-image, and emotional
instability and significant impulsivity.®> The incidence of
BPD can be as high as 5.9%.* It usually starts no later than
early adulthood and exists in various contexts.> According
to the DSM-5,% two of the diagnostic criteria for BPD are
emotional instability due to significant mood reactivity and
inappropriately strong anger or difficulty controlling anger,
which are similar to symptoms of BD. This leads to difficulties
in the diagnosis of and differentiation between BD and BPD.
Thus, it is crucial to distinguish these two diseases.

In severe cases of BD, the probability of confusing BD with
BPD is particularly high, especially with bipolar II disorder®;
this is mainly due to the emphasis on the similarities rather
than the differences between BD and BPD.”® A recent
study demonstrated that up to 21.6% of BD patients have
BPD comorbidities.” Thus, the comorbidity rate of these
two diseases is very high, and emotional instability and
impulsivity are the most important common features of BD
and BPD.!? Underestimating the boundary between BD and
BPD also increases the risk of improper or harmful drug
exposure.!! The blurred boundary between BD and BPD is
one of the reasons it is important to study the relationship
between these two diseases.

Mood stabilizing drugs are considered to be the key
therapeutic intervention for BD, while psychotherapy
is the key treatment for BPD.'? Hence, in the present
research study, we only investigated the effect of drug
therapy and psychotherapy on BD and BPD. To treat
BD, psychotherapists use a variety of approaches, such as
cognitive behavioral therapy, mindfulness-based cognitive
therapy, psychoeducation, and family-focused therapy.'* In
terms of medication, lamotrigine, risperidone, divalproex,
and quetiapine are often considered.!* Some studies have
evaluated the effectiveness of psychotherapies'>!® or
pharmacotherapies'”!® for BD. However, the underlying
neurologic mechanism for the treatment of BD and BPD
is unclear. Although some studies have compared the
relationship between BD and BPD,'*?° they did not the
explore the similarities and differences in brain mechanisms
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Clinical Points

B Bipolar disorder and borderline personality disorder are
difficult to diagnose and differentiate, and their comorbidity
rate is very high.

B For patients with these disorders in whom either drug
therapy or psychotherapy is not effective, combining both
types of therapy is a viable consideration.

B After psychotherapy, the frontal lobe and temporal lobe
were the primary brain regions in which activation changed,
indicating a top-down effect of this therapy type. After drug
therapy, the limbic area was the region in which activation
changed, indicating a bottom-up effect.

between these two disorders after treatment. BD patients
have a different disease course and therapy response than
BPD patients, and misdiagnosis may result in patients
receiving ineffective treatment'?; therefore, it is particularly
important to explore the neural mechanisms of the treatment
of these two diseases.

In recent years, a large number of neuroimaging studies
have found some cerebral structural and functional
alterations related to the pathogenesis of BD and BPD. Most
BPD studies indicated that structural differences in the
amygdala, hippocampus, and cingulate cortex are involved
in affective deficits, and alterations in the dorsolateral
prefrontal and limbic regions have also been identified.?!*2
Supramarginal gyrus and angular gyrus demonstrate the
experienced trauma association with BPD.?! Although there
is a similarity of clinical signs shared by both disorders, BPD
primarily affects the fronto-limbic network, in particular the
amygdala and hippocampus, while BD affects both cortical
and subcortical areas.”>?* Abnormalities in the amygdala
explain the hypersensitivity to emotionally salient stimuli
in BPD patients, especially negative stimuli.?? Previous
functional studies have suggested a link between amygdala
hyperactivation and emotional dysregulation, and alterations
in the amygdala and parahippocampal gyrus were reported
as more frequent in BPD than in BD.?*-26 Neuroimaging
studies suggest that dysfunctional fronto-limbic brain
regions underlie the emotional dysfunction in BPD.?”
Several studies have associated the impulsivity of bipolar
disorder with dysfunctions in the interplay of cortical-limbic
circuits.?>

Although some studies have focused on brain activity
after treatment, the results have been mixed. In some
studies, the hippocampus was found to have increased
activation in BD patients after treatment.?’ However, in
another study, decreased activity was found in the same
area after psychoeducation.’® Bertsch et al*! found increased
activity in the amygdala in BPD patients after treatment, and
Carmona i Farrés et al* found increased activity in the insula
after dialectical behavioral therapy (DBT). Lischke et al*
found decreased activity in the amygdala and insula in BPD
patients. Thus, one of the aims of the present study was to
explore whether similar changes in brain activity occur after
treatment for BD and BPD.

We tound that studies on both disorders have shown
differences in the alterations of brain regions after different
treatments, and there is no unified study. Though it is not
yet clear what brain regions are significantly activated
after psychotherapy or drug therapy, it is suggested that
psychotherapy affected advanced functional brain areas,
such as the frontal area, while drug therapy affected limbic
areas in most studies. To the best of our knowledge, no meta-
analysis has studied the neural mechanism of BD and BPD
after various treatments, which we want to explore. Thus,
in this study, we also hypothesized that psychotherapy
affects mostly the frontal regions and drug therapy affects
mostly the limbic regions, such as cingulate gyrus. Some
brain regions of neural circuit associated with emotional
regulation, such as amygdala, are affected in both BD and
BPD after treatments. In sum, the aims of this meta-analysis
were to identify the brain activation changes in the treatment
of BD and BPD, evaluate the similarities and differences of
the neurologic mechanisms of these two disorders caused
by the treatments, and determine the distinctions between
different types of treatments (psychotherapy and drug
therapy). This information can help clinicians distinguish
treatment efficacy between BD and BPD and clarify the
neural mechanism of treatment for these two diseases.

METHODS

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement®*; it was organized by adhering
to previously recommended guidelines for transparent and
comprehensive reporting of methodology and results. The
PROSPERO ID of the protocol for this systematic review is
CRD42021246626.

Literature Search

To identify relevant studies, a comprehensive systematic
search was conducted in the PubMed, Embase, Cochrane
Library, and Web of Science databases. Eligible studies on
BD published until June 10, 2021, were identified based on
the following keyword groupings (subject word and random
word): (a) “bipolar disorder,” “MRI,” “drug therapy” and
(b) “bipolar disorder,” “tMRI,” “psychotherapy.” Eligible
studies on BPD were based on the following keyword
groupings: (a) “borderline personality disorder,” “MRI,”
“drug therapy” and (b) “borderline personality disorder,”
“MRI,” “psychotherapy” When using psychotherapy and
drug therapy keywords, we also added specific psychological
treatments and medicines that are commonly used.
Psychological treatments were cognitive behavioral therapy,
mindfulness-based cognitive therapy, dialectical behavior
therapy, family-focused therapy, cognitive therapy, group
therapy, mentalization-based treatment, transference
focused therapy, schema therapy, emotion-focused
treatment, supportive therapy, counseling, psychoeducation,
and interpersonal therapy. Medicines were antidepressants,
antipsychotics, mood stabilizers, and lithium.
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Figure 1. Flow Diagram of Study Selection
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To ensure that we did not miss the matching literature,
we also manually searched existing meta-analysis and review
references on related topics. After removing duplicates, all
the abstracts were screened for suitability by 2 independent
raters.

Inclusion criteria for the eligible studies were (1) patients
with a clinical diagnosis of BD or BPD according to the
DSM-5; (2) neuroimaging studies using functional magnetic
resonance imaging (fMRI); (3) the study employed the
entire brain and not just a region of interest analysis; (4) the
3-dimensional (3D) coordinates of the peak activations in
the stereotactic space of the Montreal Neurologic Institute
(MNI) or Talairach were reported; (5) the research required
treatment or intervention for patients with BD or BPD, and
the type of treatment or intervention included pharmacologic
or psychological therapies; (6) the study reported the results
of changes in brain activation after treatment, assessing the
effects of therapy relative to a before-treatment condition.

A study was excluded if it (1) was a review or a meta-
analysis of the literature, (2) used a single case report format,
or (3) used normal subjects as the control group and reported
brain activation differences between the patient group and
the healthy control group.

Data Extraction
We evaluated the interrater reliability of the title
and abstract screening (k=0.90) and full-text screening

(k=0.91). They both reflected excellent agreement. Data
extraction was completed by 2 reviewers (J. L. and M. L.).
In addition to extracting basic information about the study
(sample size, average age, sex, years of education, disorder
type, treatment, treatment time), we also extracted the
coordinates of the results and coordinate space.

Activation Likelihood Estimation

Activation likelihood estimation (ALE) is a coordinate-
based meta-analysis technique that models the voxel-wise
spatial convergence of activation foci gleaned from published
studies after they are modeled in common stereotactic
space. This approach treats foci as 3-dimensional Gaussian
probability distributions centered at the given coordinates.*®
The width of the probability distribution is determined by
empirical estimates of the between-subject or between-
template variance associated with each single focus,
resulting in a random-effects analysis.

GingerALE software (version 2.3.1) from the BrainMap
Project was used to conduct the ALE meta-analyses of the
eligible studies.*® This meta-analysis was conducted in
MNI space with the Lancaster transformation applied to
the coordinates originally reported in Talairach space.’®’
For inconsistent coordinates in different spaces, we used
the function provided by GingerALE to convert the
coordinates from Talairach space to MNI space. ALE
results were reported onto an MNI brain template using the
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Table 1. Demographics and Clinical Details of Included fMRI Studies

Number of ~Averageage  Sex Education Coordinate  Number
Study patients (y) (F/M) (y) Type Treatment Time space of foci
Deckersbach et al, 2018*' 32 40.28(13.58) 16/16 15.07(1.58) BD  CBT/SP 18 weeks  MNI 7
Ives-Deliperi et al, 2013% 23 37.6(9.3) 14/9 NR BD  MBCT 8 weeks Talairach 2
Meusel et al, 2013 73 48.19 (9.0) 58/15  15.6(3.52) BD  Cognitive remediation 10 weeks  Talairach 14
Diler et al, 2013%° 10 15.6 (0.9) 8/2 NR BD  Individual psychotherapy 6 weeks MNI 6
and medication
Favre et al, 20133° 16 40.4(11.8) 9/7 NR BD  Psychoeducation 3months  MNI 8
therapy
Venza et al, 2016* 27 45.8(12.9) 16/11 16.0(1.8) BD  Cognitive training 4 weeks MNI 1
Diler et al, 2013% 10 15.6 (0.9) 8/2 NR BD  Individual psychotherapy 6 weeks MNI 5
and medication
Garrett et al, 202146 40 13.57(2.73)  20/20 NR BD  FFT 5months  MNI 5
Haldane et al, 2008* 12 42.1(11.8) 7/5 NR BD LTG 6 weeks Talairach 6
Jogia et al, 2008 12 42.1(11.8) 7/5 NR BD LTG 12 weeks  Talairach 8
Marchand et al, 20074 10 43.4(11.9) 0/10 NR BD  Psychiatric medications 11 months MNI 2
Passarotti et al, 2011°° 17 1429 (2.05)  12/5 NR BD  SGAandLTG 14 weeks  Talairach 5
Pavuluri et al, 2012%° 22 12.37 (2.08) 6/16 NR BD  Risperidone and 6 weeks MNI 22
divalproex
Pavuluri et al, 2012°' 21 12.77 (2.16) 9/12 NR BD  Risperidone and 6 weeks Talairach 6
divalproex
Pavuluri et al, 201152 24 12.65 (2.05) 8/16 NR BD  Risperidone and 6 weeks Talairach 7
divalproex
Pavuluri et al, 2010%3 17 143 (1.1) 11/6 NR BD  SGAandLTG 14 weeks  Talairach 16
Yang et al, 2013>* 13 13. 25 (2.27) 4/9 NR BD  Pharmacotherapy 16 weeks  Talairach 12
Miskowiak et al, 2016°> 30 39(12) 13/5 15 (4) BD  EPO 14 weeks  MNI 5
Miskowiak et al, 2018°° 18 39(12) 13/5 15(2) BD EPO 15weeks  MNI 5
Chang et al, 20187 23 15. 66 (1.87) 9/14 NR BD  Quetiapine 8 weeks MNI 3
Strakowski et al, 2016°® 42 8(5) 17/25 NR BD Lithium and quetiapine 8 weeks Talairach 3
Miskowiak et al, 2016°° 62 40. 97 (11.44)  41/21 15(3.49) BD EPO 14 weeks MNI 5
Dandash et al, 2018 39 21.45(2.20) 9/30 NR BD  Quetiapine and lithium 12 months MNI 1
Carmonai Farrés et al, 201932 65 32.37(7.88)  58/7 NR BPD DBT 10 weeks ~ MNI 2
Driessen et al, 2008°' 13 33(8.8) 13/0 11.1(1.6) BPD DBT 1 year Talairach 24
Niedtfeld et al, 201762 52 26.79 (6.84) 52/0 NR BPD DBT 12 weeks MNI 2
Paret et al, 2016 8 33.6(9.5) 8/0 NR BPD DBT 12 weeks  MNI 6
Perez et al, 2016%* 10 27.8(NR) 10/0 NR BPD TFP 1 year MNI 17
Schmitt et al, 2016 32 28.09(7.29)  32/0 NR BPD DBT 12 weeks  MNI 29
Schnell and Herpertz, 2007% 6 23.7 (4.8) 6/0 NR BPD DBT 12 weeks  Talairach 21
Winter et al, 2016%” 31 28.17 (7.47) 31/0 NR BPD DBT 12 weeks MNI 6
Bertsch et al, 2013 38 24.05 (5.40) 38/0 11.65(1.59) BPD Oxytocin NR MNI 5
Lischke et al, 201733 47 2647 (5.82)  47/0 NR BPD  Oxytocin NR MNI 4
Metz et al, 2019%8 17 26.82 (4.79) 17/0  11.76(1.52) BPD Hydrocortisone 1 week MNI 5

Abbreviations: BD =bipolar disorder, BPD =borderline personality disorder, CBT = cognitive behavior therapy, DBT =dialectical behavioral therapy,
EPO =erythropoietin, F =female, FFT =family-focused therapy, fMRI=functional magnetic resonance imaging, LTG=lamotrigine, M=male,
MBCT =mindfulness-based cognitive therapy, MNI=Montreal Neurologic Institute, NR=not reported, SGA = second-generation antipsychotic,
SP=supportive psychotherapy, TFP =transference-focused psychotherapy.

Mango software package. Based on the recommendations of
Eickhoff et al,*® we applied a P value threshold at P<.001 and
a minimum cluster of 250 mm?®.

ALE Meta-Analyses

This study focused on the effects of brain activation
changes in BD and BPD patients as well as the influences of
different treatments. Therefore, we performed the following
meta-analysis: (1) based on the type of disorder, the included
studies were divided into 2 groups—a BD group and a BPD
group—to evaluate the consistency of changes in brain
regions after treatment for different diseases; (2) based on
treatment methods, the included studies were divided into 2
groups—psychotherapy studies and drug therapy studies—
to evaluate the consistent activation of and changes in the
brain areas of patients with BD and BPD receiving different
treatments. Each meta-analysis has its own ALE result graph
and cluster report.

This study reports the activation clusters of brain regions
and their maximum ALE values for each meta-analysis. The

maximum ALE value represents the activation probability
of the brain area. To better present the data results, we
used Mango software (http://ric.uthscsa.edu/mango/) to
superimpose the coordinates into a standard brain.*°

RESULTS

Literature Search

The flow diagram of the selection process based on the
PRISMA statement is shown in Figure 1. The preliminary
search identified 1,589 articles and 3 additional articles after
a reference search. After removing duplicates, we obtained
823 articles. Of these, 341 articles were excluded on the
basis of title and abstract. After the full-text articles were
evaluated, 34 articles met the inclusion criteria and were
considered eligible.

The demographics, imaging status, treatment methods,
coordinate space, and methodological details extracted from
each study are shown in Table 1. The results reported the
changes before and after treatment in each group. Therefore,
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Figure 2. Similar Changes in Brain Regions Modulated by Different Treatments®

Insula
\

?Red indicates areas with increased activation; blue indicates areas with reduced activation; color rulers indicate the ALE values.
Abbreviations: ACC=anterior cingulate cortex, ALE=activation likelihood estimation, IFG=inferior frontal gyrus, MeFG =medial frontal gyrus,

PCC=posterior cingulate cortex.

these documents are divided into substudies of multiple
samples, so all the documents contain a total of 34 small
studies, which are all written in English. Twenty-three of the
studies are on BD, and 11 are on BPD. When categorized
by treatment, 14 of the 34 studies used psychotherapy, 18
studies used drug therapy, and 2 studies used a combination
of 2 treatment methods.

Similar Changes in Brain Regions
Modulated by Different Types of Treatment

A total of 34 studies were included in the ALE meta-
analysis, resulting in 912 subjects. A total of 186 activity

increase points and 90 activity decrease points were extracted
from these studies. After combining the calculations, there
were 12 increased activation clusters and 2 decreased
activation clusters.

To elucidate the brain regions modulated by treatment,
we first conducted meta-analyses to identify the convergent
increased or decreased activation brain regions. Treatments
were associated with activity increases in the bilateral
anterior cingulate cortex (ACC), right medial frontal gyrus
(MeFQ), left amygdala, right inferior frontal gyrus (IFG),
left cingulate gyrus (CG), left insula, and right claustrum.
Treatments were associated with activity decreases in the left
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Figure 3. Brain Activity in Bipolar Disorder (BD) and Borderline Personality Disorder (BPD): (A) Brain Activity in BD After
Psychotherapy, (B) Brain Activity in BD After Drug Therapy, (C) Brain Activity in BPD After Psychotherapy, and (D) Brain
Activity in BPD After Drug Therapy?

Lingual Gyrus

Supramarginal Gyrus

0.007[{4‘_‘ 0.01

Insula

Pyramis

@Red indicates areas with increased activation; blue indicates areas with reduced activation; color rulers indicate the ALE values.
Abbreviations: ACC=anterior cingulate cortex, ALE=activation likelihood estimation, IFG =inferior frontal gyrus, MeFG=medial frontal gyrus, MFG =middle
frontal gyrus, MTG = middle temporal gyrus, PCC = posterior cingulate cortex, SFG =superior frontal gyrus, STG=superior temporal gyrus.

parahippocampal gyrus (PG) and right posterior cingulate
cortex (PCC) (Figure 2, Supplementary Table 1).

Results of Different Disorders and Treatments

The studies were categorized based on the treatment
method: psychotherapy or drug therapy. Information about
the activated brain regions after treatment is presented in
Supplementary Table 2. In the BD group, after receiving
psychotherapy, the activity of the IFG and the superior
temporal gyrus (STG) increased (Figure 3A). After drug
therapy, the activity of the ACC, MeFG, IFG, amygdala,
lingual gyrus (LG), angular gyrus (AG), insula, and
claustrum increased, and the activity of the PCC decreased

(Figure 3B). In the BPD group, after psychotherapy, the
activity of the supramarginal gyrus (SG) increased, and
the activity of the middle frontal gyrus (MFG) decreased
(Figure 3C). After drug therapy, the activity of the IFG,
middle temporal gyrus (MTG), superior frontal gyrus (SFG),
and precuneus increased, and the activity of the PG, insula,
and amygdala decreased (Figure 3D). Information about
the activated brain regions after treatment is presented in
Supplementary Table 3. The results of activity in the brain
regions after psychotherapy and drug therapy for BD and
BPD are shown in Supplementary Table 4. These results
suggest that psychotherapy and drug therapy use different
therapy mechanisms.
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Figure 4. Hypothetical Model of Psychotherapy and Drug Therapy?®
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@Blue represents decreased activity, red represents increased activity, and green indicates that the area has experienced activation and deactivation.

bBefore treatments, both disorders showed abnormally reduced activation of the IFG, STG, ACC, and insula and increased activation of the PG and PCC.
Psychotherapy reduces PG and PCC activity by increasing the activity of the IFG and STG (psychotherapy produces a top-down effect by activating the
activity of the frontal area and temporal area). Drug therapy increases brain activity in the IFG and STG by reducing the activity in the PG and ACC and
increasing the activity in the insula (drug therapy produces a bottom-up effect by reducing the limbic area).

Abbreviations: ACC=anterior cingulate cortex, CG=cingulate gyrus, IFG=inferior frontal gyrus, PCC=posterior cingulate cortex, PG = parahippocampal gyrus,

STG=superior temporal gyrus.

DISCUSSION

To the best of our knowledge, this is the first ALE
meta-analysis of brain imaging research to explore the
similarities and differences in the neurobiological results of
psychotherapy and drug therapy for BD and BPD. Thirty-
four studies met the filtering criteria, including 23 studies
on BD and 11 on BPD. We used the ALE method to analyze
the consistency of brain activation in these studies. The
distinction under different conditions was further explored
by disorder types and treatments.

Similar Changes in Brain Regions
After Different Treatments

Previous studies have found that both disorders have
functional and structural abnormalities in the default mode
network (DMN).”%”! The present study found that the
activation of the brain area of the neural circuit changed
after the treatments.

The PCC is an important part of the DMN; it plays a
crucial role in memory and self-reference processing.”> A
study found that the activation within the PCC was greater
in the BPD patients in comparison to the healthy controls,
but less activation was seen in the amygdala.”> BD seems
to be associated with changes in the frontal and posterior
DMN structures, especially the prefrontal lobe and PCC.”°
Additionally, damage to the PG may lead to abnormalities
in emotion processing and cognition, which are part of the
DMN.”* Altered activity in the regions of the DMN may reflect
the barriers of interpersonal and emotional adjustment, and
these changes could underlie the core symptoms in BPD.”!
The present study found that the neural circuit of DMN
changed after the two types of treatment. This suggests that

treatment may change these brain activation levels by acting
on the abnormal brain neural circuit, so as to “normalize” its
activity and improve symptoms.

In the fronto-limbic network, prefrontal cortices (such
as dorsolateral prefrontal cortex [DLPFC] and MeFG) and
marginal structures (such as the amygdala and ACC) are
most often involved in the regulation of emotions.”> Malhi
et al’® suggested that fronto-limbic network dysfunction
underpins both BD and BPD. Our study found that the
function of the fronto-limbic network (MeFG, ACC, and
amygdala) improved after treatment. This further suggests
that the treatment may change these abnormal brain neural
circuits in BD and BPD.

Brain Areas Activated in BD and BPD

We found that after treatments, the activated brain areas
of BD and BPD are different. These results demonstrate that
there are more brain areas in which the activity changes in
BD than in BPD. This difference may be due to differences
in the patients’ neurobiology, or it may be due to the limited
number of articles using fMRI scans after treatment.
Although emotional instability is a conspicuous feature
of both disorders, their mechanisms are different. The
emotional regulation defect of BPD is related to abnormal
activity in the frontal and limbic areas.”’

Our results indicated that activated brain areas after
psychotherapy are different between BD and BPD. It has
been proven that supramarginal gyrus is related to mood
regulation and empathy for pain.”® When patients with
BPD viewed angry faces, they showed lower activation
in the left SG.” This may indicate that the treatment
improved empathy in BPD, activating the associated brain
regions. ACC is an important brain region for evaluating
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and controlling subjective emotional response.”®*Studies
reported abnormal function activation of the frontal-
limbic system in BD patients, including ACC.8! We found
that after drug therapy, activity was increased in the
precuneus in BPD. Precuneus, which is vital in the DMN,
participates in reflection, self-related processing, empathy,
self-consciousness, and episodic memory.#*%3 One study
preliminarily demonstrated that there were differences in
the DMN between BPD patients and controls.®* Treatment
was found to decrease activation in the amygdala in this
study, perhaps because treatment regulates overreaction to
emotions of BPD. A study by Herpertz et al®® found that BPD
patients showed greater activation in the amygdala compared
to the control group, probably reflecting an attempt to
reconcile response to strong emotions. While amygdala
was found to have increased activation in BD, this may
indicate that treatment improved the depressive state of BD
and shifted the patient’s reactions to emotions to a normal
state. The results are consistent with previous findings that
indicated individuals with BPD have abnormalities in the
temporal lobe and limbic regions associated with emotional
instability.3¢ In the BPD group, the activation of SFG and
PG changed after treatment, demonstrating that treatment
regulates a patient’s mood by altering abnormal brain
regions. After treatments, the activity of the insula was
found to increase in the BD group and decrease in the BPD
group. This may be because in BD, insufficient emotional
regulation is a problem. For emotional stimulation, the BD
group showed dysfunction of the limbic brain network,
including the amygdala, insula, and other brain areas.®” In
the BPD group, it is easier to notice negative emotions before
treatment, leading to increased activation in the insula;
therefore, after treatment, the activation of the insula in the
BPD group decreased.

To summarize, we propose that treatment achieves a
therapeutic effect by regulating the activity of the DMN
circuit and mood-related brain regions to “normalize” them.
Specifically, the brain regions with abnormally increased
activation showed decreased activation after treatment, and
brain regions with abnormally decreased activation showed
increased activation after treatment to relieve the symptoms
of these disorders and achieve therapeutic results.

Brain Areas Activated by Different Treatments

This separate meta-analysis found differences in the
activated brain regions between the 2 types of treatment.
The frontal lobe and temporal lobe were the primary brain
areas in which the activity changed after psychotherapy; after
drug therapy, the brain activity changed mostly in the limbic
area, including the CG and PG. These results may suggest
that drug therapy and psychotherapy work through different
mechanisms.

Psychotherapy changed the activity mostly in the frontal
lobe, which is related to cognitive control, emotion, and
memory. Kupferschmidt and Zakzanis®® found weak frontal
lobe activity in untreated BD, and they also observed
differences in the brain activation of STG between the BD

and the healthy group. The STG was found to be correlated
to emotion processing deficits and other symptoms.®? Our
study found that in the BPD group psychotherapy decreased
activity in the MFG, which is a part of the DLPFC that
plays a vital role in emotional regulation and inhibition of
unneeded memories.”® This suggests that psychotherapy
could enable BPD patients to manage their emotions and
improve symptoms of mood instability. In motion tasks,
BD patients showed poorly controlled balance,’® which may
indicate that abnormality in the IFG leads to dysmotility
in BD. Given that the frontal lobe and temporal lobe are
activated by treatment, we can speculate that psychotherapy
could restore the brain activity of BD and BPD patients to
a normal state.

After drug therapy, activity was increased in the IFG in
both BD and BPD patients. The potential neurobiology of
mood regulation disorders with BD is assumed to involve
an abnormal increase in the limbic regions and decreased
activation of the frontal lobe.”? It has been reported
that IFG in BD was deactivated during emotional face
processing, and this was ameliorated by medication.”® In
BPD, dysregulation of emotion is associated with reduced
IFG activation.” IFG is part of the ventrolateral prefrontal
cortex (VLPEC). In view of VLPFC'’s role in the regulation
of emotions,” we assume that deficits in the emotional
regulation of BD and BPD patients can be ameliorated
by IFG activation due to drug therapy. In addition to
emotional regulation deficits, BD is characterized by
cognitive impairment.”® MeFG has been shown to play
a role in cognitive control.”” Low activation of specific
subregions in a cognitive control network located in the
MeFG has been described in BD.?® Drug therapy increased
activity in the MeFG, which may indicate BD patients can
more effectively regulate their emotions after undergoing
therapy. However, we found decreased MeFG activity in
BPD; this could be due to the fact that, before treatment,
BPD patients are keen about avoiding negative emotions,
so they use more cognitive control resources. It is known
that BPD displays an overlap of some symptoms with BD,
such as affective instability. Functional studies have shown
abnormal bilateral DLPFC and amygdala activation in
BPD and abnormal frontal and amygdala activation in
BD.” There are various abnormalities in the prefrontal
attention network and mechanism of inhibitory control,
which may lead to impulsivity and poor regulation of top-
down emotion. In our meta-analysis, we found alterations
of frontal areas and limbic areas in both disorders. It may be
inferred that treatments worked by targeting the common
brain regions to achieve the effect of treating common
symptoms.

A review!? summarized the effect of drug therapy on
BD and found that it can affect the brain activation of the
prefrontal lobe in emotion processing and non-emotional
cognitive tasks. In our results, drug therapy increased brain
activity in the IFG in the BD group. The right IFG is related
to emotion and cognitive control.!! In the present study,
we found that ACC, MeFG, and IFG were involved in
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processing emotions in BD, and the insula was activated after
drug therapy in both the BD and BPD groups, showing that
this area plays a role in the wider regulation of antidepressant
response and relief.!%? Additionally, we found that activity
was decreased in the PCC and increased in the ACC after
drug therapy in the BD group. Abnormal activation of
the CG can be used as a potential diagnostic marker and
neurofeedback target for depression,'® while the activation
of the CG changed after drug therapy. These findings suggest
that these brain areas could be markers for determining the
effect of treatment.

Taken together, these results suggest that, for BD and
BPD, activation of the frontal area, including the IFG, STG,
and MFG, changed after psychotherapy, while activation of
PG and CG changed after drug therapy. The brain activity
changes produced by psychotherapy are mostly in the
frontal areas, which is related to advanced brain function,
like cognitive control, emotional regulation, and memory;,
while drug therapy primarily impacts the limbic area, which
is related to emotion and attention. The difference may be
due to the fact that these two treatments work with distinct
mechanisms such that drug therapy has a bottom-up effect,
especially reducing the excessive activity of the peripheral
structure, while psychotherapy has a top-down effect, which
tends to increase the activity in and recruitment of the
frontal area.!® Drug therapy can quickly relieve symptoms;
psychotherapy provides broader symptom improvement and
longer-lasting effects after treatment.'%°

We can speculate that both types of treatment regulate
the activity of related brain regions and might “normalize”
functional brain abnormalities in specific ways, so as to
achieve the therapeutic effect. Based on the emotional circuit,
we propose the hypothesis of the respective mechanisms of
psychotherapy and drug therapy (Figure 4) on the basis of
the meta-analysis results. Psychotherapy produces a top-
down effect by increasing the activity of the frontal area
and temporal area, and drug therapy produces a bottom-up
effect by decreasing the activity of the limbic area, resulting
in greater activation in the IFG and less activation in the PG.
These treatments have an effect on the patient’s emotional

Brain Imaging in BD and BPD: Mechanisms of Treatment

circuit intheir own ways to “normalize” the corresponding
brain region activation, thereby alleviating the symptoms.

Limitations

This analysis has some limitations. First, the number
of studies using fMRI after administering different types
of therapies is limited and unbalanced across different
conditions. As far as we know, only a few have used fMRI
scans to compare the data measured before and after
treatment; This limited the number of articles we included
in the analysis. Second, most of the BPD subjects in the
included articles are women, which limits the applicability
of the results of this analysis. Third, we included only
1 imaging method and 2 types of treatment. In future
studies, we can consider other neuroimaging methods and
include non-invasive brain stimulation therapies in order to
explore the effect and mechanism of that kind of treatment.
Furthermore, due to the limitation of the number of studies,
when exploring the differences in the consistency of the
changes under different conditions, only 1 condition can be
controlled at a time. This may be affected by the interaction
of other regulatory factors, such as age and gender.

CONCLUSION

In conclusion, we analyzed the similarities and differences
in the activation of areas in the brain in BD and BPD groups
after treatments, and we analyzed the disorder type, treatment
method, and imaging task type as moderating variables. We
found that the activation of brain areas in BD and BPD is
consistent, but there are also differences in the activation of
those areas after undergoing different types of treatment.
The differences in brain regions activated by psychotherapy
and drug therapy may be due to the different mechanisms
of therapeutic action. We posit that drug therapy might have
a bottom-up effect, while psychotherapy might have a top-
down effect. This meta-analysis may contribute to prediction
of treatment efficacy in BD and BPD and identification of
more accurate neuroimaging biomarkers for the treatment
of these two disorders.

Submitted: March 4, 2022; accepted October 31,
2022.

Published online: March 27,2023.

Relevant financial relationships: The authors
report no potential conflicts of interest.

Funding/support: This research was supported
by the Anhui Natural Science Foundation (No.
1808085MH291) and Grants for Scientific Research
of BSKY from Anhui Medical University (No.
XJ201826).

Role of the sponsor: The supporters had no role in
the design, analysis, interpretation, or publication
of this study.

Author contributions: All authors developed the
project and contributed to the manuscript; J.L.,
M.L., and PY. conducted the literature search,
coded the studies, and conceived of the statistical
model; J.L.implemented, conducted, and
presented all statistical analyses; and J.L. and X.L.
wrote the paper.

Supplementary material: Available at
Psychiatrist.com.

REFERENCES

1. Benazzi F. CNS Drugs. 2007;21(9):727-740.

2. Teh WL, Abdin E, Vaingankar J, et al. J Affect
Disord. 2020;274:339-346.

3. American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders. Fifth
Edition. American Psychiatric Publishing; 2013.

4. Grant BF, Chou SP, Goldstein RB, et al. J Clin
Psychiatry. 2008;69(4):533-545.

5. Chanen A, Sharp C, Hoffman P; Global Alliance
for Prevention and Early Intervention for
Borderline Personality Disorder. World
Psychiatry. 2017;16(2):215-216.

6. Ghaemi SN, Barroilhet S. Acta Psychiatr Scand.
2015;132(4):281-282.

7. Agius M, Lee J, Gardner J, et al. Psychiatr
Danub. 2012;24(suppl 1):5197-5201.

17.

18.

. Vieta E, Suppes T. Bipolar Disord. 2008;10(1 Pt

2):163-178.

. Fornaro M, Orsolini L, Marini S, et al. J Affect

Disord. 2016;195:105-118.

. Henry C, Mitropoulou V, New AS, et al.

J Psychiatr Res. 2001;35(6):307-312.

. Zimmerman M, Morgan TA. Curr Psychiatry Rep.

2013;15(12):422.

. Paris J, Black DW. J Nerv Ment Dis.

2015;203(1):3-7.

. Oud M, Mayo-Wilson E, Braidwood R, et al. BrJ

Psychiatry. 2016;208(3):213-222.

. Baldessarini RJ, Tondo L, Vazquez GH. Mol

Psychiatry. 2019;24(2):198-217.

. Chiang KJ, Tsai JC, Liu D, et al. PLoS One.

2017;12(5):e0176849.

. Szentagotai A, David D. J Clin Psychiatry.

2010;71(1):66-72.

Bailly D. Encephale. 2017;43(3):254-258.
Tamayo JM, Zarate CA Jr, Vieta E, et al. IntJ
Neuropsychopharmacol. 2010;13(6):813-832.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2023 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 84:3, May/June 2023

PSYCHIATRIST.COM [E 9


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17696573&dopt=Abstract
https://doi.org/10.2165/00023210-200721090-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32469825&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.05.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18426259&dopt=Abstract
https://doi.org/10.4088/JCP.v69n0404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28498598&dopt=Abstract
https://doi.org/10.1002/wps.20429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25923951&dopt=Abstract
https://doi.org/10.1111/acps.12428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22945223&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18199235&dopt=Abstract
https://doi.org/10.1111/j.1399-5618.2007.00561.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26881339&dopt=Abstract
https://doi.org/10.1016/j.jad.2016.01.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11684137&dopt=Abstract
https://doi.org/10.1016/S0022-3956(01)00038-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24254199&dopt=Abstract
https://doi.org/10.1007/s11920-013-0422-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25536097&dopt=Abstract
https://doi.org/10.1097/NMD.0000000000000225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26932483&dopt=Abstract
https://doi.org/10.1192/bjp.bp.114.157123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29679069&dopt=Abstract
https://doi.org/10.1038/s41380-018-0044-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28472082&dopt=Abstract
https://doi.org/10.1371/journal.pone.0176849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19852904&dopt=Abstract
https://doi.org/10.4088/JCP.08r04559yel
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198073&dopt=Abstract
https://doi.org/10.1016/j.encep.2016.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20128953&dopt=Abstract
https://doi.org/10.1017/S1461145709991246

Luo et al

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

ZimMmerman M, Margan TA. Dialogues Clin
Neurosci. 2013;15(2):155-169.

Asherson P, Young AH, Eich-Hochli D, et al. Curr
Med Res Opin. 2014;30(8):1657-1672.

Dadomo H, Salvato G, Lapomarda G, et al.
Front Hum Neurosci. 2022;16:773593.

Grecucci A, Lapomarda G, Messina |, et al. Front
Psychiatry. 2022;13:804440.

Ding JB, Hu K. Cureus. 2021;13(7):e16425.
Donegan NH, Sanislow CA, Blumberg HP, et al.
Biol Psychiatry. 2003;54(11):1284-1293.
Lapomarda G, Grecucci A, Messina |, et al. Brain
Res. 2021;1762:147401.

Davies G, Hayward M, Evans S, et al. Psychiatry
Res. 2020;286:112864.

Schulze L, Schmahl C, Niedtfeld I. Biol
Psychiatry. 2016;79(2):97-106.

Lapomarda G, Pappaianni E, Siugzdaite R, et al.
Behav Brain Res. 2021;406:113228.

Diler RS, Segreti AM, Ladouceur CD, et al.

J Child Adolesc Psychopharmacol.
2013a;23(3):214-221.

Favre P, Baciu M, Pichat C, et al. Psychiatry Res.
2013;214(3):285-295.

Bertsch K, Gamer M, Schmidt B, et al. AmJ
Psychiatry. 2013;170(10):1169-1177.

Carmona | Farrés C, Elices M, Soler J, et al. Clin
Psychol Psychother. 2019;26(5):562-571.
Lischke A, Herpertz SC, Berger C, et al. Soc
Cogn Affect Neurosci. 2017;12(11):1783-1792.
Moher D, Liberati A, Tetzlaff J, et al; PRISMA
Group. PLoS Med. 2009;6(7):e1000097.
Eickhoff SB, Laird AR, Grefkes C, et al. Hum
Brain Mapp. 2009;30(9):2907-2926.

Laird AR, Eickhoff SB, Fox PM, et al. BMIC Res
Notes. 2011;4(1):349.

Lancaster JL, Tordesillas-Gutiérrez D, Martinez
M, et al. Hum Brain Mapp.
2007;28(11):1194-1205.

Eickhoff SB, Nichols TE, Laird AR, et al.
Neuroimage. 2016;137:70-85.

Turkeltaub PE, Eickhoff SB, Laird AR, et al. Hum
Brain Mapp. 2012;33(1):1-13.

Lancaster JL, Cykowski MD, McKay DR, et al.
Neuroinformatics. 2010;8(3):171-182.
Deckersbach T, Peters AT, Shea C, et al. J Affect
Disord. 2018;229:342-350.

Ives-Deliperi VL, Howells F, Stein DJ, et al.

J Affect Disord. 2013;150(3):1152-1157.

Meusel L-AC, Hall GB, Fougere P, et al.
Psychiatry Res. 2013;214(2):142-152.

Venza EE, Chapman SB, Aslan S, et al. Front
Psychol. 2016;7:1676-1686.

Diler RS, Ladouceur CD, Segreti A, et al. Brain
Imaging Behav. 2013;7(2):227-235.

Garrett AS, Chang KD, Singh MK, et al. Bipolar
Disord. 2021;23(6):604-614.

Haldane M, Jogia J, Cobb A, et al. Eur
Neuropsychopharmacol. 2008;18(1):48-54.
Jogia J, Haldane M, Cobb A, et al. BrJ
Psychiatry. 2008;192(3):197-201.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Marchand WR, Leg JN, Thatcher J, etal. JAffect
Disord. 2007;103(1-3):237-241.

Passarotti AM, Sweeney JA, Pavuluri MN.
Psychopharmacology (Berl).
2011;216(4):485-499.

Pavuluri MN, Passarotti AM, Fitzgerald JM, et al.

JAm Acad Child Adolesc Psychiatry.
2012b;51(2):157-170.€5.

Pavuluri MN, Passarotti AM, Lu LH, et al.
Psychiatry Res. 2011;193(1):28-37.

Pavuluri MN, Passarotti AM, Parnes SA, et al.

J Child Adolesc Psychopharmacol.
2010;20(5):395-406.

Yang H, Lu LH, Wu M, et al. J Affect Disord.
2013;150(2):571-577.

Miskowiak KW, Vinberg M, Glerup L, et al.
Psychol Med. 2016;46(8):1679-1691.

Miskowiak KW, Petersen NA, Harmer CJ, et al.
Acta Psychiatr Scand. 2018;138(4):336-347.
Chang K, DelBello M, Garrett A, et al. J Child
Adolesc Psychopharmacol. 2018;28(6):379-386.
Strakowski SM, Fleck DE, Welge J, et al. Bipolar
Disord. 2016;18(6):490-501.

Miskowiak KW, Macoveanu J, Vinberg M, et al.
Acta Psychiatr Scand. 2016;134(3):249-259.
Dandash O, Yiicel M, Daglas R, et al. Trans/
Psychiatry. 2018;8(1):59.

Driessen M, Wingenfeld K, Rullkoetter N, et al.
Psychol Med. 2009;39(3):507-516.

Niedtfeld I, Schmitt R, Winter D, et al. Soc Cogn
Affect Neurosci. 2017;12(5):739-747.

Paret C, Kluetsch R, Zaehringer J, et al. Soc
Cogn Affect Neurosci. 2016;11(6):952-960.
Perez DL, Vago DR, Pan H, et al. Psychiatry Clin
Neurosci. 2016;70(1):51-61.

Schmitt R, Winter D, Niedtfeld |, et al. Biol
Psychiatry Cogn Neurosci Neuroimaging.
2016;1(6):548-557.

Schnell K, Herpertz SC. J Psychiatr Res.
2007;41(10):837-847.

Winter D, Niedtfeld |, Schmitt R, et al. Eur Arch
Psychiatry Clin Neurosci. 2017;267(1):51-62.
Metz S, Fleischer J, Garnter M, et al.
Neuropsychopharmacology.
2019;44(12):2038-2044.

Pavuluri MN, Ellis JA, Wegbreit E, et al. Behav
Brain Res. 2012;226(2):493-503.

Zovetti N, Rossetti MG, Perlini C, et al.
Epidemiol Psychiatr Sci. 2020;29:e166.

Visintin E, De Panfilis C, Amore M, et al. J Affect
Disord. 2016;204:262-269.

Leech R, Kamourieh S, Beckmann CF, et al.
JNeurosci. 2011;31(9):3217-3224.

Bateman AW, Gunderson J, Mulder R. Lancet.
2015;385(9969):735-743.

Aminoff EM, Kveraga K, Bar M. Trends Cogn Sci.
2013;17(8):379-390.

Ochsner KN, Ray RR, Hughes B, et al. Psychol
Sci. 2009;20(11):1322-1331.

Malhi GS, Tanious M, Fritz K, et al. Mol
Psychiatry. 2013;18(12):1247-1248.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Schmahl C, Bremner JD."J Psychiatr Res.
2006;40(5):419-427.

Etkin A, Egner T, Peraza DM, et al. Neuron.
2006;51(6):871-882.

Flasbeck V, Enzi B, Briine M. Front Psychiatry.
2019;10:357.

Carter CS, Braver TS, Barch DM, et al. Science.
1998;280(5364):747-749.

Townsend J, Altshuler LL. Bipolar Disord.
2012;14(4):326-339.

V6llm BA, Taylor AN, Richardson P, et al.
Neuroimage. 2006;29(1):90-98.

Fransson P, Marrelec G. Neuroimage.
2008;42(3):1178-1184.

O'Neill A, D'Souza A, Samson AC, et al.
Psychiatry Res. 2015;231(1):25-32.

Herpertz SC, Dietrich TM, Wenning B, et al.
Biol Psychiatry. 2001;50(4):292-298.

Masso6 Rodriguez A, Hogg B, Gardoki-Souto |,
et al. Front Psychiatry. 2021;12:681876.
Wessa M, Linke J. Int Rev Psychiatry.
2009;21(4):357-367.

Kupferschmidt DA, Zakzanis KK. Psychiatry
Res. 2011;193(2):71-79.

Malhi GS, Lagopoulos J, Sachdev PS, et al.
Bipolar Disord. 2007;9(4):345-357.

Kluetsch RC, Schmahl C, Niedtfeld |, et al.
Arch Gen Psychiatry. 2012;69(10):993-1002.
King JB, Anderson JS, Yurgelun-Todd DA, et
al. J Child Psychol Psychiatry.
2018;59(8):900-907.

Chen CH, Suckling J, Lennox BR, et al. Bipolar
Disord. 2011;13(1):1-15.

Hafeman DM, Bebko G, Bertocci MA, et al.

J Psychiatr Res. 2014;58:129-136.

Silvers JA, Hubbard AD, Biggs E, et al.
Psychiatry Res Neuroimaging. 2016;254:74-82.
Phillips ML, Ladouceur CD, Drevets WC. Mol
Psychiatry. 2008;13(9):829, 833-857.

Yatham LN, Torres IJ, Malhi GS, et al. Bipolar
Disord. 2010;12(4):351-363.

Ridderinkhof KR, Ullsperger M, Crone EA, et
al. Science. 2004;306(5695):443-447.
Welander-Vatn A, Jensen J, Otnaess MK, et al.
Neurosci Lett. 2013;549:51-56.

Sripada CS, Silk KR. Curr Psychiatry Rep.
2007;9(1):40-45.

Laidi C, Houenou J. Eur
Neuropsychopharmacol. 2016;26(11):1695-
1740.

Zhang L, Li W, Wang L, et al. J Affect Disord.
2020;272:58-65.

McGrath CL, Kelley ME, Holtzheimer PE, et al.
JAMA Psychiatry. 2013;70(8):821-829.
Mel'nikov ME, Petrovskii ED, Bezmaternykh
DD, et al. Bull Exp Biol Med. 2018;165(6):741-
745.

Quidé Y, Witteveen AB, El-Hage W, et al.
Neurosci Biobehav Rev. 2012;36(1):626-644.
Petersen TJ. J Psychopharmacol.
2006;20(suppl):19-28.

See full references for this article at PSYCHIATRIST.COM.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2023 Copyright Physicians Postgraduate Press, Inc.
10 @ PSYCHIATRIST.COM

J Clin Psychiatry 84:3, May/June 2023


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24174890&dopt=Abstract
https://doi.org/10.31887/DCNS.2013.15.2/mzimmerman
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24804976&dopt=Abstract
https://doi.org/10.1185/03007995.2014.915800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35280205&dopt=Abstract
https://doi.org/10.3389/fnhum.2022.773593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35295769&dopt=Abstract
https://doi.org/10.3389/fpsyt.2022.804440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34422464&dopt=Abstract
https://doi.org/10.7759/cureus.16425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14643096&dopt=Abstract
https://doi.org/10.1016/S0006-3223(03)00636-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33675742&dopt=Abstract
https://doi.org/10.1016/j.brainres.2021.147401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32163818&dopt=Abstract
https://doi.org/10.1016/j.psychres.2020.112864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25935068&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2015.03.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33684426&dopt=Abstract
https://doi.org/10.1016/j.bbr.2021.113228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23607410&dopt=Abstract
https://doi.org/10.1089/cap.2012.0054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24156926&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2013.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23982273&dopt=Abstract
https://doi.org/10.1176/appi.ajp.2013.13020263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31132302&dopt=Abstract
https://doi.org/10.1002/cpp.2382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29036358&dopt=Abstract
https://doi.org/10.1093/scan/nsx107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19172646&dopt=Abstract
https://doi.org/10.1002/hbm.20718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21906305&dopt=Abstract
https://doi.org/10.1186/1756-0500-4-349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17266101&dopt=Abstract
https://doi.org/10.1002/hbm.20345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27179606&dopt=Abstract
https://doi.org/10.1016/j.neuroimage.2016.04.072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21305667&dopt=Abstract
https://doi.org/10.1002/hbm.21186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20582489&dopt=Abstract
https://doi.org/10.1007/s12021-010-9074-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29331692&dopt=Abstract
https://doi.org/10.1016/j.jad.2017.12.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23790741&dopt=Abstract
https://doi.org/10.1016/j.jad.2013.05.074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23993991&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2013.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27847486&dopt=Abstract
https://doi.org/10.3389/fpsyg.2016.01676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23355265&dopt=Abstract
https://doi.org/10.1007/s11682-012-9219-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33432670&dopt=Abstract
https://doi.org/10.1111/bdi.13045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17618089&dopt=Abstract
https://doi.org/10.1016/j.euroneuro.2007.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18310580&dopt=Abstract
https://doi.org/10.1192/bjp.bp.107.037960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17316821&dopt=Abstract
https://doi.org/10.1016/j.jad.2007.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21390505&dopt=Abstract
https://doi.org/10.1007/s00213-011-2243-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22265362&dopt=Abstract
https://doi.org/10.1016/j.jaac.2011.10.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21592741&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2011.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20973710&dopt=Abstract
https://doi.org/10.1089/cap.2009.0105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23517886&dopt=Abstract
https://doi.org/10.1016/j.jad.2013.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26996196&dopt=Abstract
https://doi.org/10.1017/S0033291716000209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29882276&dopt=Abstract
https://doi.org/10.1111/acps.12915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29847157&dopt=Abstract
https://doi.org/10.1089/cap.2017.0030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27647671&dopt=Abstract
https://doi.org/10.1111/bdi.12426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27259062&dopt=Abstract
https://doi.org/10.1111/acps.12597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29507281&dopt=Abstract
https://doi.org/10.1038/s41398-018-0108-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18466663&dopt=Abstract
https://doi.org/10.1017/S0033291708003358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119507&dopt=Abstract
https://doi.org/10.1093/scan/nsw183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26833918&dopt=Abstract
https://doi.org/10.1093/scan/nsw016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26289141&dopt=Abstract
https://doi.org/10.1111/pcn.12357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29653096&dopt=Abstract
https://doi.org/10.1016/j.bpsc.2016.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17064731&dopt=Abstract
https://doi.org/10.1016/j.jpsychires.2006.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27091455&dopt=Abstract
https://doi.org/10.1007/s00406-016-0689-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31279324&dopt=Abstract
https://doi.org/10.1038/s41386-019-0459-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22004983&dopt=Abstract
https://doi.org/10.1016/j.bbr.2011.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32895076&dopt=Abstract
https://doi.org/10.1017/S2045796020000803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27552444&dopt=Abstract
https://doi.org/10.1016/j.jad.2016.07.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21368033&dopt=Abstract
https://doi.org/10.1523/JNEUROSCI.5626-10.2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25706219&dopt=Abstract
https://doi.org/10.1016/S0140-6736(14)61394-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23850264&dopt=Abstract
https://doi.org/10.1016/j.tics.2013.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19883494&dopt=Abstract
https://doi.org/10.1111/j.1467-9280.2009.02459.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23439484&dopt=Abstract
https://doi.org/10.1038/mp.2013.22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16239012&dopt=Abstract
https://doi.org/10.1016/j.jpsychires.2005.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16982430&dopt=Abstract
https://doi.org/10.1016/j.neuron.2006.07.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31191371&dopt=Abstract
https://doi.org/10.3389/fpsyt.2019.00357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9563953&dopt=Abstract
https://doi.org/10.1126/science.280.5364.747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22631618&dopt=Abstract
https://doi.org/10.1111/j.1399-5618.2012.01021.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16122944&dopt=Abstract
https://doi.org/10.1016/j.neuroimage.2005.07.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18598773&dopt=Abstract
https://doi.org/10.1016/j.neuroimage.2008.05.059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25482858&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2014.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11522264&dopt=Abstract
https://doi.org/10.1016/S0006-3223(01)01075-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34177664&dopt=Abstract
https://doi.org/10.3389/fpsyt.2021.681876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20374149&dopt=Abstract
https://doi.org/10.1080/09540260902962156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21676596&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2011.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17547581&dopt=Abstract
https://doi.org/10.1111/j.1399-5618.2007.00485.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22637967&dopt=Abstract
https://doi.org/10.1001/archgenpsychiatry.2012.476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29451300&dopt=Abstract
https://doi.org/10.1111/jcpp.12875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21320248&dopt=Abstract
https://doi.org/10.1111/j.1399-5618.2011.00893.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25151338&dopt=Abstract
https://doi.org/10.1016/j.jpsychires.2014.07.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27379614&dopt=Abstract
https://doi.org/10.1016/j.pscychresns.2016.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18574483&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20636632&dopt=Abstract
https://doi.org/10.1111/j.1399-5618.2010.00830.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15486290&dopt=Abstract
https://doi.org/10.1126/science.1100301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23778236&dopt=Abstract
https://doi.org/10.1016/j.neulet.2013.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17257513&dopt=Abstract
https://doi.org/10.1007/s11920-007-0008-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27617780&dopt=Abstract
https://doi.org/10.1016/j.euroneuro.2016.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32379621&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.03.122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23760393&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2013.143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30353344&dopt=Abstract
https://doi.org/10.1007/s10517-018-4255-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21963442&dopt=Abstract
https://doi.org/10.1016/j.neubiorev.2011.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16644768&dopt=Abstract
https://doi.org/10.1177/1359786806064314

THE JOURNAL OF

CLINICAL PSYCHIATRY

THE OFFICIAL JOURNAL OF THE AMERICAN SOCIETY OF CLINICAL PSYCHOPHARMACOLOGY

Supplementary Material

Article Title: The Neuropsychological Mechanism of Treatment of Bipolar Disorders and Borderline
Personality Disorders: Activation Likelihood Estimation Meta-Analysis of Brain Imaging
Research

Authors: Jingyi Luo, MSc; Meng Liang, MSc; Pengcheng Yi, PhD; and Xiaoming Li, PhD

DOI Number:  10.4088/JCP.22r14463

List of Supplementary Material for the article

1. Table 1 Overall Analysis of Two Disorders After Treatments

2. Table 2 Analysis of Psychotherapy and Drug Therapy in BD

3. Table3 Analysis of Psychotherapy and Drug Therapy in BPD

4. Table 4 Analysis of Psychotherapy and Drug Therapy in Two Disorders
Disclaimer

This Supplementary Material has been provided by the author(s) as an enhancement to the published article. It
has been approved by peer review; however, it has undergone neither editing nor formatting by in-house editorial
staff. The material is presented in the manner supplied by the author.

© Copyright 2023 Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website. ¢ © 2023 Copyright Physicians Postgraduate Press, Inc.



Supplementary Materials

Supplementary Table 1 Overall analysis of two disorders after treatments.

. . ) Cluster Size MNI
Brain Region Hemisphere BA ALE Z
(mm?) X y z
Overall increase:
Anterior Cingulate R 25 1248 6 18 -14 0.015 4.11
Medial Frontal Gyrus R 9 1120 6 50 12 0.017 446
Amygdala L NA 496 22 -4 20 0.017 4.44
Anterior Cingulate L 32 432 0 46 0 0016 431
Anterior Cingulate R 24 352 8 36 -2 0014 392
Inferior Frontal Gyrus R 47 328 36 26 -18 0.014 3.98
Cingulate Gyrus L 24 272 -6 2 46 0.013 3.74
Insula L 13 256 40 -8 8 0.013 3.66
Claustrum R NA 256 38 -8 0.013  3.66
Overall decrease:
Parahippocampal Gyrus L 34 688 20 -2 -18 0.013 4.49
Posterior Cingulate R 30 416 12 -48 24 0.011 4.11
Supplementary Table 2 Analysis of psychotherapy and drug therapy in BD.
. . ) Cluster Size MNI
Brain Region Hemisphere BA ALE Z
(mm?) X y z
Psychotherapy increase:
Inferior Frontal Gyrus L 47 344 46 18 -4 0.012 4.17
Superior Temporal Gyrus R 41 296 46 -34 14 0.010 3.84
Drug therapy increase:
Anterior Cingulate R 25 1976 6 18 -14 0.014 457
Medial Frontal Gyrus R 9 1016 8 46 16 0.015 4.69
Anterior Cingulate L 32 800 0 46 0 0.016 4.93
Inferior Frontal Gyrus R 47 792 36 26 -18 0.014 4.60
Amygdala L NA 472 24 -4 -18 0.013 438
Medial Frontal Gyrus L 9 464 -6 50 18 0.013 435
Inferior Frontal Gyrus L 47 456 -34 24 -18 0.014 4.49
Lingual Gyrus L 18 456 20 -84 2 0.014 4.49
Insula L 47 456 -39 -6 8 0.013 4.8
Angular Gyrus L 39 448 30 -54 44 0.013 433
Frontal Lobe L 10 312 -44 44 -8 0.011 3.85
Medial Frontal Gyrus R 6 288 6 -10 74 0.011 391
Drug therapy decrease:
Posterior Cingulate R 31 520 16 -46 28 0.010 443




Supplementary Table 3 Analysis of psychotherapy and drug therapy in BPD.

. . ) Cluster Size MNI
Brain Region Hemisphere BA —  ALE Z
(mm?) X y z
Psychotherapy increase:
Supramarginal Gyrus L 40 304 -60 -54 28 0.009 3.74
Psychotherapy decrease:
Middle Frontal Gyrus R 6 280 32 22 46 0.007 3.71
Drug therapy increase:
Inferior Frontal Gyrus R 46 384 51 41 -2 0.008 3.88
Middle Temporal Gyrus R 39 352 42 -52 31 0.008 3.98
Superior Frontal Gyrus R 352 18 56 31 0.008 3.98
Precuneus L 352 -6 43 52 0.008 3.98
Drug therapy decrease:
Parahippocampal Gyrus L 34 1560 20 -2 -18 0.013 5.11
Insula L 13 368 40 16 1 0.010 4.13
Amygdala R NA 256 32 -6 -14 0.008 3.68

Supplementary Table 4 Analysis of psychotherapy and drug therapy in two disorders.

. . ) Cluster Size MNI
Brain Region Hemisphere BA — ALE Z
(mm?) X y z

Psychotherapy increase:
Superior Temporal Gyrus R 41 400 50 -32 10 0.011 3.68
Inferior Frontal Gyrus L NA 280 46 18 -4 0.012 3.85
Anterior Cingulate R 24 264 6 36 -4 0.012 3.88

Psychotherapy decrease:
Middle Frontal Gyrus R 6 280 32 22 46 0.007 3.71

Drug therapy increase:
Anterior Cingulate R 25 1904 6 18 -14 0.014 4.47
Medial Frontal Gyrus R 9 944 8 46 16 0.015 4.9
Anterior Cingulate R 47 768 0 46 0 0016 4.84
Inferior Frontal Gyrus L 32 752 36 26 -18 0.014 4.49
Inferior Frontal Gyrus L 47 456 -34 24 -18 0.014 4.39
Lingual Gyrus L 18 456 20 -84 2 0.014 4.39
Insula L NA 448 39 -6 8 0.013 4.15
Claustrum R NA 448 38 -8 8 0.013 4.15
Amygdala L NA 432 24 -4 -18 0.013 428
Medial Frontal Gyrus L 9 400 -6 50 18 0.013 4.25
Angular Gyrus L 39 384 30 -54 44 0.013 4.23
Drug therapy decrease:

Parahippocampal Gyrus L 34 816 20 -2 -18 0.013 4.64

Posterior Cingulate R 30 440 12 48 24 0.011 431
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