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Abstract 

Background Borderline personality disorder (BPD) is characterized by impairments in emotion regulation, impulse 
control, and interpersonal and social functioning along with a deficit in emotional awareness and empathy. In this 
study, we investigated whether functional connectivity (FC) within the default mode network (DMN) is affected by 
1-year psychodynamic psychotherapy in patients with BPD.

Methods Nine BPD patients filled out the demography, Interpersonal Reactive Index (IRI), Toronto Alexithymia Scale 
20 (TAS 20), the Alcohol, Smoking, and Substance Involvement Screening Test (ASSIST), and the Borderline Evalua-
tion Severity over Time (BEST) questionnaire. The BPD group (9F) and the control group (9F) had a mean ± SD age 
of 28.2 ± 5.3 years and 30.4 ± 6.1 years, respectively. BPD subjects underwent longitudinal resting-state fMRI before 
psychodynamic psychotherapy and then every 4 months for a year after initiating psychotherapy. FC in DMN was 
characterized by calculating the nodal degree, a measure of centrality in the graph theory.

Results The results indicated that patients with BPD present with aberrant DMN connectivity compared to healthy 
controls. Over a year of psychotherapy, the patients with BPD showed both FC changes (decreasing nodal degree in 
the dorsal anterior cingulate cortex and increasing in other cingulate cortex regions) and behavioral improvement 
in their symptoms and substance use. There was also a significant positive association between the decreased nodal 
degree in regions of the dorsal cingulate cortex and a decrease in the score of the TAS-20 indicating difficulty in iden-
tifying feelings after psychotherapy.

Conclusion In BPD, there is altered FC within the DMN and disruption in self-processing and emotion regulation. 
Psychotherapy may modify the DMN connectivity and that modification is associated with positive changes in BPD 
emotional symptoms.
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Highlights 

• BPD presented with aberrant DMN connectivity compared to a matched HC group.
• After 1 year of psychotherapy BPD showed behavioral improvement in their symptoms.
• After psychotherapy BPD showed hypo-connectivity in dACC along with an increase in emotional awareness.

Keywords Default mode network, Connectivity, Resting-state fMRI, Borderline personality disorder

Background
Borderline personality disorder (BPD) is a severe men-
tal illness with a relatively high prevalence among the 
population, 1% and 10 to 12% in the clinical outpatient 
setting [1]. It is characterized by impairments in emotion 
regulation, impulse control, and interpersonal and social 
functioning [2]. They may also have difficulty in compre-
hending their own feelings also known as alexithymia 
[3]. People with BPDs also show deficits in mentalizing 
[4] and self-awareness [5], two processes that give us 
the capacity to understand our inner world. Further-
more, individuals with BPD do not merely have problems 
understanding their own emotions but also understand-
ing and communicating others’ emotions, i.e. empathiz-
ing [6].

In patients with BPD with disturbed self-image, iden-
tity, and empathizing [6], resting-state functional  con-
nectivity is abnormal [7]. Interaction of default mode 
network (DMN) shapes our sense of self [8, 9]. DMN is 
involved in self-related mental activity [10]. Its connec-
tivity is also associated with emotional awareness [9]. The 
DMN is a series of brain areas that normally de-activate 
during task performance that needs external attention. It 
includes two midline areas, one located anteriorly in the 
medial prefrontal cortex (mPFC) and it contains medial 
prefrontal cortex (mPFC), dorsal medial prefrontal cor-
tex (dmPFC), anterior cingulate cortex(ACC), posterior 
cingulate cortex (PCC), anterior temporal lobe, inferior 
frontal gyrus and lateral parietal cortex and one poste-
riorly in the posterior cingulate cortex/precuneus, and 
it contains PCC, posterior inferior parietal lobule, angu-
lar, hippocampal and temporal lobe [11–13]. Anterior 
DMN seems to recruit more when reflecting on the pre-
sent while posterior DMN seems to recruit more when 
reflecting on the future [14, 15]. In the study of Wolf [7], 
patients with BPD had decreased  functional connectiv-
ity of the left inferior parietal lobule and the mid-left 
temporal cortex in the DMN. In another study patients 
with BPD showed increased medial prefrontal cortex 
and right precuneus/posterior cingulate cortex activity 
in PET scans [16]. The prognosis of BPD with these neu-
robiological changes over time is variable. Externalizing 

symptoms like self-destructive behaviors, impulsive reac-
tions, and aggression tend to decline over time [17, 18] 
while internalizing symptoms such as identity confusion 
and sense of emptiness, which are the primary sources 
of suffering in these patients, may persist throughout life 
[19]. As a consequence, patients with BPD are high-uti-
lizers of medical resources. There are no FDA-approved 
medications for BPD and research in this field is more 
limited than other psychiatric conditions with similar or 
even fewer morbidities [20, 21].

Given the lack of therapeutic medications, the leading 
treatment choice is psychotherapy. There are various psy-
chodynamic approaches for patients with BPD; as many 
as eight different therapies for the treatment of BPD have 
been demonstrated to be effective in randomized con-
trolled trials [22]. The primary mechanism of change in 
all psychotherapeutic interventions is improving patients’ 
communication with the external world [23]. Despite 
the modest efficacy of psychotherapeutic interventions, 
there is minimal evidence whether a baseline evaluation 
of BPD can predict patient response to psychotherapeu-
tic or medical interventions [24, 25]. In addition, research 
on the impact of BPD psychodynamic psychotherapy on 
DMN functioning, empathetic behavior, and emotional 
awareness is lacking [6, 26].

Below we report on DMN functional connectivity pat-
terns in patients with BPD compared to healthy con-
trol and their alteration after 1  year of psychodynamic 
psychotherapy. We also explored the association of this 
alteration with improvements in clinical symptoms, emo-
tional awareness, and empathy. We hypothesized that 
psychotherapy would improve DMN dysfunction, and 
that improvement would be associated with improve-
ment in emotional self-awareness (decrease in alexithy-
mia) and emotional communication (empathy).

Methods and materials
Participants
Thirteen patients with BPD referring to clinics and psy-
chiatric wards of Iran University of Medical Sciences 
were recruited. The diagnosis was based on a Structured 
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Clinical Interview for Diagnostic-II (SCID-II) by trained 
examiners. Patients younger than 18  years old, or older 
than 50 years old were excluded as were patients with a 
major neurological disorder such as epilepsy, traumatic 
brain injury, comorbidity with antisocial personality dis-
order, substance use disorder during the year of study, 
alcohol or cannabis intoxication, major mood disorder, 
psychotic disorder, education lower than high school. 
To be enrolled in the study, patients were required to be 
stable on their medications for at least 1  month before 
recruiting. Participants entered the study after they were 
fully informed about the 1-year duration and the research 
purpose and completed an informed consent. Four par-
ticipants dropped out during 1 year of psychotherapy and 
they were excluded from the analyses. The BPD group 
(9F) and the control group (9F) had a mean ± SD age of 
28.2 ± 5.3 (range: 20–34) years and 30.4 ± 6.1 (range: 
24–35) years, respectively. All the research was approved 
by the ethical committee of the Iran University of Medi-
cal Sciences (Ethical code: IR.IUMS.REC.1398.872) and 
informed consent was taken from all the participants. All 
methods were performed in accordance with the relevant 
guidelines and regulations of Helsinki.

Instruments
Structured Clinical Interview for Diagnostic I (SCID I)
This is a semi-structured interview for examination of 
major axis I psychiatric disorders based on DSM IV/
DSM IV-TR criteria. It usually starts with an open-ended 
question:” have you ever had “and it is followed by mul-
tiple questions about the content. The Kappa values 
ranged from 0.61 to 0.83, with a mean Kappa of 0 [27]. Its 
reliability and validity in the Persian translation has been 
established and its test–retest reliability is fair to good 
[28–32].

Structured Clinical Interview for Diagnostic II (SCID II)
The Structured Clinical Interview for Diagnostic II 
(SCID-II), carried out as a semi-clinical structured inter-
view, is conducted to diagnose personality disorders 
based on the DSM IV/DSM IV-TR. Like SCID I, it starts 
with an open-ended question:” have you ever had “and it 
is followed by multiple questions about the content. The 
SCID-II shows adequate interrater reliability (from 0.48 
to 0.98) and good reliability for dimensional diagnosis 
(from 0.90 to 0.98) and internal consistency (0.71–0.98). 
The SCID-II questionnaire was translated into Persian 
but its psychometric investigation is somewhat limited. 
In one study, the Persian SCID II test–retest reliability 
was reported at 0.87 [33].

The Alcohol, Smoking, and Substance Involvement Screening 
Test (ASSIST)
This scale was first developed to evaluate a wide range 
of substance use and consequent problems in primary 
care patients. The ASSIST items were considered easy 
to answer and were found to be reliable and feasible to 
administer in an international study. The test–retest reli-
ability coefficients ranged from 0.58 to 0.9. The reliability 
range for different categories of substances averaged 0.61 
for sedatives to 0.78 for opioids [34, 35].

Borderline Evaluation of Severity Over Time Questionnaire 
(BEST)
This is a self-report measure that assesses the change and 
severity of BPD, such as thoughts, feelings, and negative 
actions over time. It includes 15 items and three sub-
scales on the Likert-like Range [36]. An example of scale 
A (thoughts and feelings) would be one should rate how 
much “feeling angry” causes distress or problems for 
him/her. It has been suggested as both a reliable (Cron-
bach’s alfa: 0.86) and valid instrument for change and 
severity of BPD [36]. Its reliability and validity have been 
studied in Persian [37].

Interpersonal Reactive Index (IRI)
The IRI is a self-report questionnaire. It assesses four 
dimensions of empathy, and each subscale (empathic 
concern, perspective-taking, personal distress, and fan-
tasy) is made up of 7 items. An example of empathic 
concern would be: “I often have tender, concerned feel-
ings for people less fortunate than me.” Participants rate 
how much an item will describe them on a 5-point Lik-
ert scale. (Does not describe me well = 0 to represent me 
very well = 4). The maximum and minimum total scores 
on this questionnaire are 28 and 0, respectively. This 
questionnaire has shown relatively good psychometrics 
with high internal consistency (Alfa Cronbach of 0.71 to 
0.77 [38–40] Test–retest reliability was reported within 
0.62 to 0.71 [38–40]. This questionnaire has been trans-
lated into Persian and its psychometric properties have 
been studied extensively [41].

Toronto Alexithymia Scale‑20 (TAS‑20)
This questionnaire evaluates four dimensions of emo-
tional awareness, including difficulty identifying the feel-
ing, difficulty describing feelings, and externally oriented 
thinking. An example would be to rate how much one 
agrees (from strongly disagree to strongly agree) with 
every item like “I am often confused about what emotion 
I am feeling”. Validity and reliability have been studied 
by Bagby et al. [42] and has shown fairly good reliability 
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(Cronbach’s alfa from 0.8 to 0.83) and validity in Persian 
[43–45].

Psychotherapy
Once weekly, patients had a session of therapeutic session 
emphasizing the Transference Focused Psychotherapy 
approach. The content of the session was written by the 
therapist every week. The patient’s progression through 
the year was noted and analyzed. Core concepts of trans-
ference and countertransference, defense mechanisms, 
and signs of emotional communication were highlighted. 
Our focus was based on the way participants relate to 
the objects and the cue to the object relationships would 
come from the pattern of transference communication 
and competition repetitions in the sessions. Each thera-
pist had an individual supervisor. In addition, monthly 
group supervisory sessions were held to work through 
the dynamics of the sessions and feelings of being part of 
a study.

Procedure
Participants were recruited by convenience sampling 
among patients referred to clinics and psychiatric wards 
of the Iran University of Medical Sciences. Those who 
meet inclusion criteria based on the SCID II interview 
entered the study. After completing the informed con-
sent, participants with BPD filled out the demographic 
questionnaire, IRI, TAS 20, ASSIST, BEST question-
naire. Then their default mode network connectivity 
was measured using resting-state fMRI before initiat-
ing psychodynamic psychotherapy. After starting psy-
chodynamic psychotherapy, DMN connections were 
assessed 3 more times with each assessment separated 
by approximately 4  months (so that including their 
baseline assessment, the total number of fMRI assess-
ments for each individual was 4). Finally, at the conclu-
sion of their therapy patients again completed the IRI, 
TAS 20, ASSIST, the BEST questionnaire to monitor 
any possible changes.

fMRI acquisition
Multimodal MRI data were collected in a Siemens 
magnetom Prisma 3T MRI scanner. The resting-state 
functional MRI images covering the whole brain were 
obtained with an echo-planar imaging sequence with 
the following parameters: 240 volumes (8  min and 6  s), 
axial slices = 32 slices with 3.5  mm thickness, repeti-
tion time (TR) = 2000  ms, echo time (TE) = 30  ms, flip 
angle (FA) = 90°, voxel size: 3.1 × 3.1 × 3.5  mm, the field 
of view = 200 × 200  mm, and matrix size = of 64 × 64. 
T1-weighted structural images were acquired for co-
registration of functional images using a sagittal 3D-mag-
netization prepared rapid acquisition gradient echo 

(MPRAGE) sequence: TR 1800 ms, TE = 3.53 ms, inver-
sion time (TI) = 1100 ms, FA = 7°, FOV = 256 × 256  mm2, 
matrix size = 256 × 256, slice thickness = 1 mm, and scan 
time = 4 min and 12 s.

fMRI analysis
The analyses consist of five sequential steps that included 
pre-processing, extracting DMN FC matrix (FCM) 
based on the automated anatomical labeling (AAL) atlas, 
thresholding, and binary FCM, constructing binary graph 
network from binary FCM and extracting graph-theo-
retical features, and finally comparison and statistical 
analyses.

Preprocessing
For each subject, preprocessing of the rs-fMRI data was 
carried out using statistical parametric mapping (SPM12) 
and the data processing assistant for resting-state fMRI 
(DPARSF) toolbox version 4.5 [46]. Briefly, the follow-
ing steps were carried out: (1) removing the first 10 
volumes of the 240 volumes to allow for magnetization 
equilibrium; (2) skull stripping was performed on both 
functional and structural images to remove non-brain 
tissue before co-registration of T1 images and functional 
images for better registration of T1 image to functional 
space; (3) slice-timing correction; (4) correcting for head 
movements, which required the images to be realigned 
with a six-parameter (rigid body) linear transformation. 
Individual structural images were co-registered to mean 
functional images; (5) segmentation of T1-weighted 
images into grey matter (GM), white matter (WM), and 
cerebrospinal fluid (CSF); (6) regressing out of 27 nui-
sance covariates, including signals from WM and, CSF, 
global signals, and Friston 24 motion parameters; (7) 
spatial normalization was done to the standard template 
Montreal Neurological Institute (MNI) space; (8) spatial 
smoothening with a Gaussian kernel of 6 mm full-width 
at half-maximum (FWHM_); and (9) subsequently, a 
temporal band pass filter (0.01–0.01 Hz) was performed 
to reduce the influence of low-frequency drift and high 
frequency respiratory and cardiac noise.

Brain functional connectivity matrix (FCM) and graph 
construction
For analysis of FC, the seed regions of the default mode 
network (DMN) were chosen based on a priori knowl-
edge [47, 48] from the AAL atlas [49] with the DMN 
regions shown in Table 1. The time series for each region 
were extracted and then on each pair, the Pearson cor-
relation was used to obtain a correlation matrix for each 
participant. Based on the correlation matrices, we con-
structed a weighted brain graph or weighted functional 
connectivity matrix using a set of sparsity thresholds 
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ranging from 5 to 40% with a step of 1% (5 ≤ T ≤ 40). The 
sparsity threshold represented the proportion of the pre-
sent connections to the maximum possible connections 
within the network. This approach included assigning 
labels 1 to D% (density) of the strongest connections in 
each network and 0 to other connections [50]. For group 
comparison, unlike the absolute threshold, the use of 
proportional thresholds ensures that the network of each 
group have the same number of nodes and edges [50]. 
This makes more meaningful comparisons between the 
two groups. We described FC with a network density of 
5–40%. The range of 5–40% was chosen for interpreta-
tion, because, according to previous reports, this range is 
in overall consistency with the biological background of 
the brain functional networks [51, 52].

Graph‑theoretical measures
Centrality metrics can determine the importance of each 
node in a brain network, which makes them appropriate 
measures to capture the complexity of functional con-
nectivity. Among these metrics, the nodal degree is the 
most popular measure of centrality since it is directly 
related to functional connectivity [53–55]. Furthermore, 
the nodal degree is shown to have a high correlation with 
other centrality metrics (betweenness centrality, cluster-
ing coefficient, node neighbor’s degree, and closeness 
centrality) [53, 56–58]. We calculated the ‘nodal degree’ 
in DMN regions and compared patients with BPD with 
the healthy control group.

The ‘nodal degree’ of each node equals the total num-
ber of edges that are connected to a node [54].

where N is the number of all nodes in the network, aij is 
the connection value between a pair of nodes (i and j), 
with aij = 1 when a connection between (i, j) exists, and 
aij = 0 unless otherwise.

Given that nodal degree quantifies FC, it can be con-
cluded that a brain region with a greater/lesser nodal 
degree has a greater/lesser FC (hyper- and hypoconnec-
tivity). Hyperconnectivity means increased nodal degree 
in a network and hypoconnectivity means decreased 
nodal degree in a network in this literature [55].

Statistical analyses
A nonparametric permutation test with 10,000 resam-
ples was used to evaluate the significance of differences 
in degree between the HC and BPD groups. The nonpara-
metric permutation test is used to determine whether 
a measured effect is genuine or is a statistical anomaly 
due to the randomness associated with the selection of 
the sample [59]. Permutation testing for controlling the 
nominal type I error is considered acceptable [59]. We 
also used a non-parametric permutation test to assess the 
significance of the differences between groups (reported 
as P values) and to determine the 95% confidence inter-
vals [60].

To determine the relationship between nodal degree 
results and clinical variables, Pearson correlation coeffi-
cients were calculated using SPSS 25 (SPSS Inc., Chicago, 
Illinois). The clinical variables included the empathy, 

(D)i =
∑

j∈N
aij ,

Table 1 Regions of interest default mode network (DMN)

DMN regions (or nodes) Abbreviations

Left and right superior frontal gyrus, orbital part ORBsub.L, ORBsub.R

Left and right middle frontal gyrus MFG.L, MFG.R

Left and right inferior frontal gyrus, orbital part ORBinf.L, ORBinf.R

Left and right superior frontal gyrus, medial SFGmed.L, SFGmed.R

Left and right superior orbital frontal gyrus, medial ORBsupmed.L, ORBsupmed.R

Left and right anterior cingulate and paracingulate gyri ACG.L, ACG.R

Left and right median cingulate and paracingulate gyri DCG.L, DCG.R

Left and right posterior cingulate gyrus PCG.L, PCG.R

Left and right hippocampus HIP.L, HIP.R

Left and right parahippocampal gyrus PHG.L, PHG.R

Left and right inferior parietal lobule IPL.L, IPL.R

Left and right angular gyrus ANG.L, ANG.R

Left and right precuneus PCUN.L, PCUN.R

Left and right middle temporal gyrus MTG.L, MTG.R

Left and right temporal gyrus pole: middle temporal TPOmid.L, TPOmid.R

Left and right inferior temporal gyrus ITG.L, ITG.R
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ASSIST, TAS, and BEST measures. Also, we used paired 
t tests to evaluate differences between pre-and post-psy-
chotherapy clinical evaluations.

Results
DMN alternation in BPD during psychotherapy compared 
to the HC
Baseline
We first compared the HC and BPD groups at baseline 
and found that the nodal degree in left and right ACG in 
the BPD group was less than in the HC group (P < 0.05) 
(Fig.  1A). Furthermore, the nodal degree in the right 
DCG was greater in the BPD (baseline) group compared 
to the HC group (P < 0.05). In other regions of the DMN, 
no significant difference was found between the HC and 
BPD (baseline) group.

Four months’ post‑psychotherapy onset
The nodal degree was significantly greater in the BPD 
groups 4 months after psychotherapy (Phase1) compared 
to the HC group, in the right PCUN and DCG (P < 0.05). 
Also, the nodal degree in the left inferior ORB was lesser 
in the BPD (phase1) group compared to the HC group 
(P < 0.05) (Fig. 1B).

Eight months’ post‑psychotherapy onset
Compared with the HC group, the BPD group, 8 months 
after psychotherapy (Phase2), showed a significantly 
greater nodal degree in the right DCG (P < 0.05). Further-
more, the nodal degree in the right ACG and left ANG 
was less in the BPD (***phase2) group compared to the 
HC group (P < 0.05) (Fig. 1C).

Twelve months’ post‑psychotherapy onset
Comparing HC and BPD groups 12  months after the 
onset of psychotherapy (phase3), the nodal degree in the 
right ITG in the BPD group was greater than in the HC 
group (P < 0.05) (Fig. 1D). In other regions of the DMN, 
no significant difference was found between the HC and 
BPD (phase3) groups.

DMN alternation in BPD during psychotherapy compared 
to the BPD in baseline
In the DMN, the nodal degree was significantly greater in 
the right ACG in the BPD group 4 months after psycho-
therapy compared to their baseline (P < 0.05) (Fig.  2A). 
In contrast, the nodal degree was significantly less in left 
ORBinf and right PCG in DMN (P < 0.05) (Fig.  2A). In 
the DMN, no significant difference was found between 
BPD (8  months after psychotherapy) and BPD (base-
line). Comparing the baseline to 12  months after psy-
chotherapy in the BPD group, the nodal degree in 
right DCG and right PCG in the BPD group 12 months 

after psychotherapy was less than that seen at baseline 
(P < 0.05). Furthermore, the nodal degree in the right 
ACG was greater in the BPD group 12 months after psy-
chotherapy compared to baseline (P < 0.05) (Fig. 2B).

Alternation nodal degree of ACG, DCG in BPD pre–
post‑psychotherapy
Figure 3A shows nodal degree of ACG, DCG, and PCG 
pre and post psychotherapy. Three major points emerged: 
(1) nodal degree of DCG and PCG after 12-month psy-
chotherapy were significantly decreased in the BPD 
group. (2) In contrast, nodal degree of ACG in the BPD 
group after 12-month psychotherapy was significantly 
increased. (3) After 12-month psychotherapy, nodal 
degree pattern in ACG, DCG, and PCG in BPD group 
similar to the pattern of nodal degree these regions in 
the HC group. Figure 3B shows a schematic brain view of 
ACG, DCG, and PCG.

Statistical analysis on clinical measurements
We found a significant positive association between the 
decreased nodal degree of DCG and decrease in the 
score of difficulty identify feeling subscale of the TAS-20 
(R = 0.801, after FDR correction at q < 0.01) after psycho-
therapy. Results of the dependent (paired) sample t tests 
indicated that there were significant differences in the 
score of ASSIST, the score of BEST, and the score of TAS 
(difficulty identify feeling subscale) between pre- and 
post-psychotherapy (Table2). Mean values in post-psy-
chotherapy for ASSIST, BEST and TAS decreased signifi-
cantly (P value < 0.05).

Discussion
Our study showed that patients with BPD present with 
aberrant DMN connectivity compared to a matched 
healthy control group. However, after 1  year of psycho-
dynamic psychotherapy, they showed neuroimaging 
changes [hyperconnectivity in ACC and hypo-connectiv-
ity in dACC (DCG)] and behavioral improvement in their 
symptoms, and decreased substance use. We also found 
that the decrease in dACC connectivity was associated 
with  patient with BPD improvement in identifying their 
feeling. However, we did not see any changes in empathy 
measures after psychotherapy.

Patients with BPD demonstrated aberrant connectivity 
including hyperconnectivity in the dACC and hypocon-
nectivity in the ACC in their DMN before starting psy-
chodynamic psychotherapy. This finding is in line with 
previous studies that showed abnormal connections in 
the DMN in patients with BPD [16, 61]. Previous stud-
ies showed structural abnormalities in GM in the DMN 
and frontolimbic circuit [61] and disturbed activity in the 
regions of the midline core and the anterior subsystem 
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of the DMN in patients with BPD. These abnormali-
ties are thought to reflect interpersonal emotional com-
munication and emotion regulation difficulties in BPD 
[16]. More specifically, amygdala hyperactivity along 
with ACC hypoactivity has been proposed as the neural 

mechanism of emotion dysregulation in negative emo-
tion processes in BPD [62, 63]. ACC as a part of the 
medial wall of the frontal lobes has been involved in emo-
tional processing [64]. ACC abnormal activity suggests a 
dysfunction in frontolimibic circuitry which suggests a 

Fig. 1 Comparison of the nodal degree values of DMN regions between the HC and BPD groups, using the non-parametric permutation test. 
Dark-blue points present the difference in nodal degree values between the healthy and BPD groups (BPD–HC), which lie within the confidence 
intervals presented by the light-blue zone. The actual difference value (dark-blue color points) is significant (< 0.05) if it falls outside the confidence 
intervals (light-blue zone)
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reduced capacity of patients with BPD to effectively acti-
vate their PFC during emotional situations leading to 
hyperlimbic activity and hyperarousal in these situations 
[65–70]. The DMN is also related to emotional self-ref-
erential processing [69–71], which is markedly affected 
in BPD. Accordingly, we also observed hyperconnectivity 
in the dACC. The dorsal portion of the ACC (dACC) is 
considered critical for salience detection, attention regu-
lation and cognitive control [72–81]. dACC is a part of 
the default mode network and also a hub for the salience 
network and has some connection to PCC which is part 
of posterior DMN. dACC and PCC interact in focusing 
attention to the relevant self-related information [82, 83]. 
Furthermore, in emotionally charged situations, there 
is an interaction between attention and emotion in the 
dACC [84, 85]. Experimental tasks that direct attention 
towards emotion engage the dACC [86–88]. Greater 
awareness of one’s own emotional experiences is associ-
ated with greater recruitment of the dACC during emo-
tional arousal. This finding might reflect greater attention 
to processing emotional information [89]. However, in 

patients with BPD, we found hyperconnectivity of dACC 
in resting state. This finding, given previous reports on  
patients with BPD ruminations, suggests increased atten-
tion to negative social information and enhanced self-ref-
erential processing (e.g., retrieval of negative memories of 
interpersonal events) during the resting state in patients 
with BPD.

In sum, our findings suggest aberrant connectivity in 
DMN and corticolimbic regions along with along with a 
probable changed internetwork resting state functional 
connectivity between salience network and DMN.

Our results, however, showed that psychotherapy may 
help to regulate BPD dysfunctional behavior (leading to 
an increase in ACC and decrease in dACC connectiv-
ity and PCC connectivity). Patients with BPD  showed a 
reduction in symptom severity over time and a decrease 
in substance abuse. They also showed less difficulty in 
identifying their feelings and emotions. These findings 
were associated with a reduction in dACC hyperactiv-
ity. It is possible that psychotherapy creates a secure 
atmosphere to effectively process traumatic interpersonal 

Fig. 2 Comparison of the nodal degree values of DMN regions between the BPD in baseline and BPD groups after psychotherapy, using the 
non-parametric permutation test. Dark-blue points present the difference in nodal degree values between the BPD (baseline) and BPD groups 
after psychotherapy [BPD–BPD (baseline)], which lie within the confidence intervals presented by the light-blue zone. The actual difference value 
(dark-blue color points) is significant (< 0.05) if it falls outside the confidence intervals (light-blue zone)
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events and emotional regulation, resulting in a DMN 
resting state approaching normal. Our study has some 
notable caveats. Due to the long course of psychotherapy, 
we had patients with BPD dropouts and our small sample 

size with a limited age range requires replication with a 
larger sample size. Furthermore, our exclusion criteria 
led to the omission of more severe  patients with BPD.

Fig. 3 Nodal degree of ACG, DCG and PCG in BPD pre–post psychotherapy. A Nodal degree of right DCG and right ACC in baseline BPD (red 
square) or pre psychotherapy, BPD after 12 months’ psychotherapy (green circle) and HC (blue star). B ACG (red circle) increased nodal degree in 
post psychotherapy DCG and PCG (blue circle) decreased nodal degree in post psychotherapy
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Conclusion
In BPD, there is altered connectivity within DMN and 
disruption in self-processing and emotion regulation. 
Psychotherapy may not only alleviate behavioral dys-
function but also normalizes connectivity within the 
DMN. This study could be a start for future studies 
for the investigation of the impact of the duration of 
psychotherapy on the pattern of DMN connectivity in 
personality disorders for building a time frame for psy-
chotherapy. Evaluating DMN before and after psycho-
therapy might help to determine the potential target for 
treatment and to better identify neuroimaging results 
to clinical symptomatology.

Acknowledgements
The authors thank all research participants and the Iranian National Brain 
Mapping Laboratory (NBML), Tehran, Iran, for providing the data acquisition 
service.

Author contributions
SA and FSM wrote the main manuscript text and contributed to the concep-
tion and design of the experiment, and analysis of the data. SN, HM, ME, 
and JG contributed to the idea, design, and development of the experiment 
and editing of the main manuscript text. NK and MM collected the data. All 
authors read and approved the final manuscript.

Funding
This work was supported by the Iran University of Medical Sciences (IUMS) 
grant [IUMS-98-4-91-16351].

Data availability
Data can be made available upon reasonable request.

Declarations

Ethics approval and consent to participate
Prior to the start of the study, this study received ethics approval from the Iran 
University of Medical Sciences (IR.IUMS.REC.1398.872). All participants gave 
written, informed consent for data analyzation and publication.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Neuroscience Research Center, Shahid Beheshti University of Medical Sci-
ence, Tehran, Iran. 2 Department of Psychiatry, School of Medicine, Mental 
Health Research Center, Psychosocial Health Research Institute, Iran University 
of Medical Sciences (IUMS), Tehran, Iran. 3 Department of Physical Medicine 
& Rehabilitation, Neurology, Cognitive Neurology and Alzheimer’s Center, 
Department of Psychiatry, Feinberg School of Medicine & Department of Psy-
chology, Weinberg College of Arts and Sciences, Northwestern University, 
Chicago, IL, USA. 4 Iran Psychiatric Hospital, Iran University of Medical Sciences 
(IUMS), Tehran, Iran. 5 Islamic Azad University Science and Research Branch 
Qazvin, Qazvin, Iran. 

Received: 3 March 2023   Accepted: 25 April 2023

References
 1. Ellison WD, Rosenstein LK, Morgan TA, Zimmerman M. Community and 

clinical epidemiology of borderline personality disorder. Psychiatr Clin. 
2018;41(4):561–73.

 2. Edition F. Diagnostic and statistical manual of mental disorders. Am 
Psychiatr Assoc. 2013;21(21):591–643.

 3. Nemiah JC, Sifneos PE. Psychosomatic illness: a problem in communica-
tion. Psychother Psychosom. 1970;18(1–6):154–60.

 4. Bateman A, Fonagy P. Psychotherapy for borderline personality disorder: 
mentalization-based treatment. J Pers Disord. 2004;18(1):36–51.

 5. Emerari A, Carcione A, Dimaggio G, Nicolò G, Procacci M. Understanding 
minds: different functions and different disorders? The contribution of 
psychotherapy research. Psychother Res. 2007;17(1):106–19.

 6. Harari H, Shamay-Tsoory SG, Ravid M, Levkovitz Y. Double dissociation 
between cognitive and affective empathy in borderline personality 
disorder. Psychiatry Res. 2010;175(3):277–9.

 7. Wolf RC, Sambataro F, Vasic N, Schmid M, Thomann PA, Bienentreu SD, 
et al. Aberrant connectivity of resting-state networks in borderline per-
sonality disorder. J Psychiatry Neurosci. 2011;36(6):402.

 8. Qin P, Northoff G. How is our self related to midline regions and the 
default-mode network? Neuroimage. 2011;57(3):1221–33.

 9. Smith R, Alkozei A, Bao J, Smith C, Lane RD, Killgore WD. Resting state 
functional connectivity correlates of emotional awareness. Neuroimage. 
2017;159:99–106.

 10. Buckner RL, Andrews-Hanna JR, Schacter DL. The brain’s default net-
work: anatomy, function, and relevance to disease. Ann N Y Acad Sci. 
2008;1124(1):1–38.

Table 2 Differences score of ASSIST, BEST, TAS and empathy (pre–post)

*P value < 0.05 is considered statistically significant

Parameters Pre(baseline)
Mean ± std

Post (12 months)
Mean ± std

Mean change (post–
pre)

P value

ASSIST 13.67 ± 13.51 10 ± 10.13 − 3.67 0.021*

BEST 44.00 ± 10.05 35.89 ± 9.49 − 8.11 0.008*

TAS (difficulty identifying feeling subscale) 24.22 ± 5.14 18.89 ± 6.22 − 5.33 0.012*

TAS (difficulty describing feeling subscale) 15.89 ± 4.14 13.56 ± 3.36 − 2.33 0.264

TAS (attention) 23.00 ± 7.35 20.56 ± 3.71 − 2.44 0.458

Total TAS 63.11 ± 13.22 53 ± 8.57 − 10.11 0.087

EC (empathic concern) 16.00 ± 4.12 17.11 ± 4.80 1.11 0.481

PT (perspective talking) 14.11 ± 1.9 14.44 ± 3.88 0.33 0.784

PD (personal distress) 15.78 ± 5.54 17.33 ± 4.53 1.56 0.391

F (fantasy) 14.78 ± 4.66 15.56 ± 6.13 0.78 0.417



Page 11 of 12Amiri et al. Annals of General Psychiatry           (2023) 22:18  

 11. Damoiseaux JS, Beckmann CF, Arigita EJS, Barkhof F, Scheltens P, Stam 
CJ, et al. Reduced resting-state brain activity in the “default network” in 
normal aging. Cereb Cortex. 2008;18(8):1856–64.

 12. Lei X, Zhao Z, Chen H. Extraversion is encoded by scale-free dynamics of 
default mode network. Neuroimage. 2013;74:52–7.

 13. Lei X, Wang Y, Yuan H, Mantini D. Neuronal oscillations and functional 
interactions between resting state networks: effects of alcohol intoxica-
tion. Hum Brain Mapp. 2014;35(7):3517–28.

 14. D’Argembeau A, Stawarczyk D, Majerus S, Collette F, Van der Linden M, 
Salmon E. Modulation of medial prefrontal and inferior parietal cortices 
when thinking about past, present, and future selves. Soc Neurosci. 
2010;5(2):187–200.

 15. D’Argembeau A, Feyers D, Majerus S, Collette F, Van der Linden M, 
Maquet P, et al. Self-reflection across time: cortical midline structures 
differentiate between present and past selves. Soc Cogn Affect Neurosci. 
2008;3(3):244–52.

 16. Visintin E, De Panfilis C, Amore M, Balestrieri M, Wolf RC, Sambataro 
F. Mapping the brain correlates of borderline personality disorder: a 
functional neuroimaging meta-analysis of resting state studies. J Affect 
Disord. 2016;204:262–9.

 17. Kaess M, Brunner R, Chanen A. Borderline personality disorder in adoles-
cence. Pediatrics. 2014;134(4):782–93.

 18. Morgan TA, Chelminski I, Young D, Dalrymple K, Zimmerman M. Dif-
ferences between older and younger adults with borderline personal-
ity disorder on clinical presentation and impairment. J Psychiatr Res. 
2013;47(10):1507–13.

 19. Fonagy P, Speranza M, Luyten P, Kaess M, Hessels C, Bohus M, et al. ESCAP 
expert article: borderline personality disorder in adolescence: an expert 
research review with implications for clinical practice. Eur Child Adolesc 
Psychiatry. 2015;24(11):1307–20.

 20. Lieb K, Völlm B, Rücker G, Timmer A, Stoffers JM. Pharmacotherapy for 
borderline personality disorder: cochrane systematic review of ran-
domised trials. Br J Psychiatry. 2010;196(1):4–12.

 21. Ripoll LH, Triebwasser J, Siever LJ. Evidence-based pharmacotherapy for 
personality disorders. Int J Neuropsychopharmacol. 2011;14(9):1257–88.

 22. Leichsenring F, Leibing E, Kruse J, New AS, Leweke F. Borderline personal-
ity disorder. Lancet. 2011;377(9759):74–84.

 23. Fonagy P, Luyten P, Allison E. Epistemic petrification and the restoration of 
epistemic trust: a new conceptualization of borderline personality disor-
der and its psychosocial treatment. J Pers Disord. 2015;29(5):575–609.

 24. Stanley B, Perez-Rodriguez MM, Labouliere C, Roose S. A neuroscience-
oriented research approach to borderline personality disorder. J Pers 
Disord. 2018;32(6):784–822.

 25. Perez DL, Vago DR, Pan H, Root J, Tuescher O, Fuchs BH, et al. Frontolimbic 
neural circuit changes in emotional processing and inhibitory control 
associated with clinical improvement following transference-focused 
psychotherapy in borderline personality disorder. Psychiatry Clin Neuro-
sci. 2016;70(1):51–61.

 26. Abbass AA, Nowoweiski SJ, Bernier D, Tarzwell R, Beutel ME. Review 
of psychodynamic psychotherapy neuroimaging studies. Psychother 
Psychosom. 2014;83(3):142–7.

 27. Lobbestael J, Leurgans M, Arntz A. Inter-rater reliability of the structured 
clinical interview for DSM-IV axis I disorders (SCID I) and axis II disorders 
(SCID II). Clin Psychol Psychother. 2011;18(1):75–9.

 28. Mohammadi MR, Assadi SM, Sharifi V, Seddigh A. Structured clinical inter-
view for DSM-IV (SCID Persian translation and cultural adaptation). Iran J 
Psychiatry. 2007;2(1):46–8.

 29. First MB. Structured clinical interview for DSM-IV axis I disorders. Biomet-
rics Research Department. 1997.

 30. First MB, Spitzer RL, Gibbon M, Williams JBW. User’s guide for the struc-
tured clinical interview for DSM-IV axis I disorders SCID-I: clinician version. 
Washington, DC: American Psychiatric Pub; 1997.

 31. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured clinical interview 
for DSM-IV-TR axis I disorders, research version, patient edition. SCID-I/P 
New York; 2002.

 32. Sharifi V, Asadi SM, Mohammadi MR, Amini H, Kaviani H, Semnani Y, 
Shabanikia A, Shahrivar Z, Davari AR, Hakim SM, Sedigh A. Reliability and 
feasibility of the Persian version of the structured diagnostic interview for 
DSM-IV (SCID). Adv Cogn Sci. 2004;6(1–2):10–22.

 33. Maffei C, Fossati A, Agostoni I, Barraco A, Bagnato M, Deborah D, et al. 
Interrater reliability and internal consistency of the structured clinical 

interview for DSM-IV axis II personality disorders (SCID-II), version 20. J 
Pers Disord. 1997;11(3):279–84.

 34. Group WA. The alcohol, smoking and substance involvement screen-
ing test (ASSIST): development, reliability and feasibility. Addiction. 
2002;97(9):1183–94.

 35. Humeniuk R, Ali R, Babor TF, Farrell M, Formigoni ML, Jittiwutikarn J, et al. 
Validation of the alcohol, smoking and substance involvement screening 
test (ASSIST). Addiction. 2008;103(6):1039–47.

 36. Pfohl B, Blum N, St. John D, McCormick B, Allen J, Black DW. Reliability and 
validity of the borderline evaluation of severity over time (best): a self-
rated scale to measure severity and change in persons with borderline 
personality disorder. J Pers Disord. 2009;23(3):281–93. https:// doi. org/ 10. 
1521/ pedi. 2009. 23.3. 281.

 37. Azizi MR, Mohammadsadeghi H, Alavi K, Rasoulian M, Karimzad N, 
Ardebili ME. Validity and reliability of Persian translation of the border-
line evaluation of severity over time (BEST) questionnaire. Med J Islam 
Repub Iran. 2019;33:133.

 38. Davis MH. Empathic concern and the muscular dystrophy telethon: 
empathy as a multidimensional construct. Pers Soc Psychol Bull. 
1983;9(2):223–9.

 39. Davis MH. Measuring individual differences in empathy: evidence for a 
multidimensional approach. J Pers Soc Psychol. 1983;44(1):113.

 40. Davis MH. A multidimensional approach to individual differences in 
empathy. JSAS Catalog  Sel Doc Psychol. 1980;10:85.

 41. Ghorbani N, Watson PJ, Lotfi S, Chen Z. Moral affects, empathy, and 
integrative self-knowledge in Iran. Imagin Cogn Pers. 2014;34(1):39–56.

 42. Bagby RM, Parker JD, Taylor GJ. The twenty-item Toronto alexithymia 
scale—I. Item selection and cross-validation of the factor structure. J 
Psychosom Res. 1994;38(1):23–32.

 43. Bagby M, Taylor GJ, Ryan D. Toronto alexithymia scale: relationship with 
personality and psychopathology measures. Psychother Psychosom. 
1986;45(4):207–15.

 44. Besharat MA. Psychometric characteristics of Persian version of the 
Toronto alexithymia scale-20 in clinical and non-clinical samples. Iran J 
Med Sci. 2008;33(1):1–6.

 45. Besharat MA. Reliability and factorial validity of a Farsi version of the 
20-item Toronto alexithymia scale with a sample of Iranian students. 
Psychol Rep. 2007;101(1):209–20.

 46. Chao-Gan Y, Yu-Feng Z. DPARSF: a MATLAB toolbox for “pipeline” data 
analysis of resting-state fMRI. Front Syst Neurosci. 2010;4:13.

 47. Chiang S, Stern JM, Engel J Jr, Levin HS, Haneef Z. Differences in graph 
theory functional connectivity in left and right temporal lobe epilepsy. 
Epilepsy Res. 2014;108(10):1770–81.

 48. Ting C-M, Ombao H, Samdin SB, Salleh S-H. Estimating dynamic con-
nectivity states in fMRI using regime-switching factor models. IEEE 
Trans Med Imaging. 2017;37(4):1011–23.

 49. Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard O, 
Delcroix N, et al. Automated anatomical labeling of activations in SPM 
using a macroscopic anatomical parcellation of the MNI MRI single-
subject brain. Neuroimage. 2002;15(1):273–89.

 50. van den Heuvel MP, de Lange SC, Zalesky A, Seguin C, Yeo BTT, Schmidt 
R. Proportional thresholding in resting-state fMRI functional con-
nectivity networks and consequences for patient-control connectome 
studies: Issues and recommendations. Neuroimage. 2017;152:437–49.

 51. Fornito A, Zalesky A, Bullmore ET. Network scaling effects in graph 
analytic studies of human resting-state fMRI data. Front Syst Neurosci. 
2010;4(June):1–16.

 52. Fornito A, Zalesky A, Bassett DS, Meunier D, Ellison-Wright I, Yücel M, 
et al. Genetic influences on cost-efficient organization of human corti-
cal functional networks. J Neurosci. 2011;31(9):3261–70.

 53. Oldham S, Fulcher B, Parkes L, Arnatkevic ̆iūtė A, Suo C, Fornito A. Con-
sistency and differences between centrality measures across distinct 
classes of networks. PLoS ONE. 2019;14(7): e0220061.

 54. Bullmore E, Sporns O. Complex brain networks: graph theoreti-
cal analysis of structural and functional systems. Nat Rev Neurosci. 
2009;10(3):186.

 55. Amiri S, Arbabi M, Kazemi K, Parvaresh-Rizi M, Mirbagheri MM. Char-
acterization of brain functional connectivity in treatment-resistant 
depression. Prog Neuro-Psychopharmacol Biol Psychiatry. 2021;111: 
110346.

https://doi.org/10.1521/pedi.2009.23.3.281
https://doi.org/10.1521/pedi.2009.23.3.281


Page 12 of 12Amiri et al. Annals of General Psychiatry           (2023) 22:18 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 56. Rueda DF, Calle E, Marzo JL. Robustness comparison of 15 real telecom-
munication networks: structural and centrality measurements. J Netw 
Syst Manag. 2017;25(2):269–89.

 57. Amiri S, Mehvari-Habibabadi J, Mohammadi-Mobarakeh N, Hashemi-
Fesharaki SS, Mirbagheri MM, Elisevich K, et al. Graph theory application 
with functional connectivity to distinguish left from right temporal lobe 
epilepsy. Epilepsy Res. 2020;167: 106449.

 58. Amiri S, Mirbagheri MM, Asadi-Pooya AA, Badragheh F, Zibadi HA, Arbabi 
M. Brain functional connectivity in individuals with psychogenic non-
epileptic seizures (PNES): an application of graph theory. Epilepsy Behav. 
2021;114: 107565.

 59. Nichols TE, Holmes AP. Nonparametric permutation tests for func-
tional neuroimaging: a primer with examples. Hum Brain Mapp. 
2002;15(1):1–25.

 60. Mijalkov M, Kakaei E, Pereira JB, Westman E, Volpe G, Initiative ADN. 
BRAPH: a graph theory software for the analysis of brain connectivity. 
PLoS ONE. 2017;12(8): e0178798.

 61. Yang X, Hu L, Zeng J, Tan Y, Cheng B. Default mode network and fron-
tolimbic gray matter abnormalities in patients with borderline personality 
disorder: a voxel-based meta-analysis. Sci Rep. 2016;6(1):1.

 62. Baczkowski BM, van Zutphen L, Siep N, Jacob GA, Domes G, Maier S, et al. 
Deficient amygdala–prefrontal intrinsic connectivity after effortful emo-
tion regulation in borderline personality disorder. Eur Arch Psychiatry Clin 
Neurosci. 2017;267(6):551–65.

 63. Silbersweig D, Clarkin JF, Goldstein M, Kernberg OF, Tuescher O, Levy 
KN, et al. Failure of frontolimbic inhibitory function in the context of 
negative emotion in borderline personality disorder. Am J Psychiatry. 
2007;164(12):1832–41.

 64. Papez JW. A proposed mechanism of emotion. Arch Neurol Psychiatry. 
1937;38(4):725–43.

 65. Kraus N, Chandrasekaran B. Music training for the development of audi-
tory skills. Nat Rev Neurosci. 2010;11(8):599–605.

 66. Ruocco AC, Amirthavasagam S, Choi-Kain LW, McMain SF. Neural 
correlates of negative emotionality in borderline personality disorder: 
an activation-likelihood-estimation meta-analysis. Biol Psychiatry. 
2013;73(2):153–60.

 67. Smoski MJ, Salsman N, Wang L, Smith V, Lynch TR, Dager SR, et al. Func-
tional imaging of emotion reactivity in opiate-dependent borderline 
personality disorder. Pers Disord Theory Res Treat. 2011;2(3):230–41.

 68. Schulze L, Schmahl C, Niedtfeld I. Neural correlates of disturbed emotion 
processing in borderline personality disorder: a multimodal meta-analy-
sis. Biol Psychiatry. 2016;79(2):97–106.

 69. Andrews-Hanna JR, Smallwood J, Spreng RN. The default network and 
self-generated thought: component processes, dynamic control, and 
clinical relevance. Ann N Y Acad Sci. 2014;1316(1):29–52.

 70. Kraus A, Valerius G, Seifritz E, Ruf M, Bremner JD, Bohus M, et al. Script-
driven imagery of self-injurious behavior in patients with border-
line personality disorder: a pilot FMRI study. Acta Psychiatr Scand. 
2010;121(1):41–51.

 71. Andrews-Hanna JR, Saxe R, Yarkoni T. Contributions of episodic retrieval 
and mentalizing to autobiographical thought: evidence from functional 
neuroimaging, resting-state connectivity, and fMRI meta-analyses. Neuro-
image. 2014;91:324–35.

 72. Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior 
cingulate cortex. Trends Cogn Sci. 2000;4(6):215–22.

 73. Weissman DH, Roberts KC, Visscher KM, Woldorff MG. The neural bases of 
momentary lapses in attention. Nat Neurosci. 2006;9(7):971–8.

 74. Nee DE, Wager TD, Jonides J. Interference resolution: insights from 
a meta-analysis of neuroimaging tasks. Cogn Affect Behav Neurosci. 
2007;7(1):1–7.

 75. Wager TD, Smith EE. Neuroimaging studies of working memory. Cogn 
Affect Behav Neurosci. 2003;3(4):255–74.

 76. Dosenbach NU, Visscher KM, Palmer ED, Miezin FM, Wenger KK, Kang HC, 
Burgund ED, Grimes AL, Schlaggar BL, Petersen SE. A core system for the 
implementation of task sets. Neuron. 2006;50(5):799–812.

 77. Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H, et al. 
Dissociable intrinsic connectivity networks for salience processing and 
executive control. J Neurosci. 2007;27(9):2349–56.

 78. Petersen SE, Posner MI. The attention system of the human brain: 20 years 
after. Annu Rev Neurosci. 2012;35:73.

 79. Niendam TA, Laird AR, Ray KL, Dean YM, Glahn DC, Carter CS. Meta-
analytic evidence for a superordinate cognitive control network 
subserving diverse executive functions. Cogn Affect Behav Neurosci. 
2012;12(2):241–68.

 80. Menon V, Uddin LQ. Saliency, switching, attention and control: a network 
model of insula function. Brain Struct Funct. 2010;214(5):655–67.

 81. Menon V. Large-scale brain networks and psychopathology: a unifying 
triple network model. Trends Cogn Sci. 2011;15(10):483–506.

 82. Greicius MD, Supekar K, Menon V, Dougherty RF. Resting-state functional 
connectivity reflects structural connectivity in the default mode network. 
Cereb Cortex. 2009;19(1):72–8.

 83. Götting FN, Borchardt V, Demenescu LR, Teckentrup V, Dinica K, Lord AR, 
et al. Higher interference susceptibility in reaction time task is accompa-
nied by weakened functional dissociation between salience and default 
mode network. Neurosci Lett. 2017;649:34–40.

 84. Fichtenholtz HM, Dean HL, Dillon DG, Yamasaki H, McCarthy G, LaBar KS. 
Emotion–attention network interactions during a visual oddball task. 
Cogn Brain Res. 2004;20(1):67–80.

 85. Carlsson K, Petersson KM, Lundqvist D, Karlsson A, Ingvar M, Öhman A. 
Fear and the amygdala: manipulation of awareness generates differential 
cerebral responses to phobic and fear-relevant (but nonfeared) stimuli. 
Emotion. 2004;4(4):340.

 86. Lane RD, Fink GR, Chau PM, Dolan RJ. Neural activation during selec-
tive attention to subjective emotional responses. NeuroReport. 
1997;8(18):3969–72.

 87. Taylor SF, Phan KL, Decker LR, Liberzon I. Subjective rating of emotionally 
salient stimuli modulates neural activity. Neuroimage. 2003;18(3):650–9.

 88. Hutcherson CA, Goldin PR, Ochsner KN, Gabrieli JD, Barrett LF, Gross JJ. 
Attention and emotion: does rating emotion alter neural responses to 
amusing and sad films? Neuroimage. 2005;27(3):656–68.

 89. Kim D-Y, Lee J-H. Are posterior default-mode networks more robust than 
anterior default-mode networks? Evidence from resting-state fMRI data 
analysis. Neurosci Lett. 2011;498(1):57–62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Alternation in functional connectivity within default mode network after psychodynamic psychotherapy in borderline personality disorder
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Highlights 
	Background
	Methods and materials
	Participants
	Instruments
	Structured Clinical Interview for Diagnostic I (SCID I)
	Structured Clinical Interview for Diagnostic II (SCID II)
	The Alcohol, Smoking, and Substance Involvement Screening Test (ASSIST)
	Borderline Evaluation of Severity Over Time Questionnaire (BEST)
	Interpersonal Reactive Index (IRI)
	Toronto Alexithymia Scale-20 (TAS-20)

	Psychotherapy
	Procedure
	fMRI acquisition
	fMRI analysis
	Preprocessing
	Brain functional connectivity matrix (FCM) and graph construction
	Graph-theoretical measures
	Statistical analyses


	Results
	DMN alternation in BPD during psychotherapy compared to the HC
	Baseline
	Four months’ post-psychotherapy onset
	Eight months’ post-psychotherapy onset
	Twelve months’ post-psychotherapy onset

	DMN alternation in BPD during psychotherapy compared to the BPD in baseline
	Alternation nodal degree of ACG, DCG in BPD pre–post-psychotherapy
	Statistical analysis on clinical measurements

	Discussion
	Conclusion
	Acknowledgements
	References


