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Altered intrinsic functional network connectivity is associated with impulsivity and emotion dysregulation in drug-naïve young patients with borderline personality disorder
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Abstract
Background
Despite impulse control and emotion regulation being altered in borderline personality disorder (BPD), the specific mechanism of these clinical features remains unclear. This study investigated the functional connectivity (FC) abnormalities within- and between- default mode network (DMN), salience network (SN), and central executive network (CEN) in BPD, and examined the association between aberrant FC and clinical features. We aimed to explore whether the abnormal large-scale networks underlie the pathophysiology of impulsivity and emotion dysregulation in BPD.

Methods
Forty-one young, drug-naïve patients with BPD (24.98 ± 3.12 years, 20 males) and 42 healthy controls (HCs; 24.74 ± 1.29 years, 17 males) were included in resting-state functional magnetic resonance imaging analyses. Independent component analysis was performed to extract subnetworks of the DMN, CEN, and SN. Additionally, partial correlation was performed to explore the association between brain imaging variables and clinical features in BPD.

Results
Compared with HCs, BPD showed significant decreased intra-network FC of right medial prefrontal cortex in the anterior DMN and of right angular gyrus in the right CEN. Intra-network FC of right angular gyrus in the anterior DMN was significantly negatively correlated with attention impulsivity in BPD. The patients also showed decreased inter-network FC between the posterior DMN and left CEN, which was significantly negatively correlated with emotion dysregulation.

Conclusion
These findings suggest that impaired intra-network FC may underlie the neurophysiological mechanism of impulsivity, and abnormal inter-network FC may elucidate the neurophysiological mechanism of emotion dysregulation in BPD.
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Introduction
Borderline personality disorder (BPD) is a severe mental disorder characterized by poor impulse control, dysfunctional emotion regulation, distorted self-image and instability in interpersonal relationships, and non-suicidal self-injury behavior [1]. Impulsivity in BPD can lead to various dangerous behaviors such as risky driving, substance abuse, aggression, self-harm and suicidality [2, 3]. Emotion dysregulation in BPD manifests as mood volatility and difficulty in controlling anger, which may lead to intense relationships and increased suicidal tendencies [4, 5]. However, the pathophysiology mechanisms of impulsivity and emotion dysregulation in BPD remain unclear.
Resting-state functional magnetic resonance imaging (fMRI) studies have found that impulsivity and emotion dysregulation in BPD were associated with functional abnormalities in the frontal cortex and precuneus [6, 7], anterior cingulate cortex [8], and insula [9]. Task-related brain imaging studies have also found that impulsivity and emotion dysregulation in BPD were associated with dysfunction in the prefrontal cortex [10, 11], anterior cingulate cortex [12], parietal lobes [13], amygdala and hippocampus [14]. However, some studies have suggested that the neural dysfunctions of BPD might occur at large-scale brain networks rather than in an independent brain region [15, 16]. Brain networks provide new insights into understanding the pathophysiological mechanisms of impulse control and emotion regulation in BPD [17–19]. Menon et al.  proposed a triple network model (default mode network, DMN; salience network, SN; central executive network, CEN) to understand the neural physiopathology of affective, cognitive, and social functions in multiple psychiatric disorders, including BPD, major depressive disorder, bipolar disorder, and others [20]. The DMN, a task-negative network, is linked to social and affective cognitions and self-introspections [21]. The DMN can be divided into two major subdivisions: anterior DMN (aDMN, mainly involving the medial prefrontal cortex, mPFC) and posterior DMN (pDMN, mainly including the posterior cingulate cortex and precuneus) [22]. The SN, covering anterior and posterior parts of the insula and the anterior cingulate cortex, plays a critical role in information filtering, detection, and integration [23]. Lastly, the CEN, including left and right lateralized frontal-parietal regions, is associated with executive control processes and the cognitive processes during goal-directed behaviors [24].
Neuroimaging studies in BPD have found intra-network dysfunctions in these three neural networks underlying impulsivity and emotion dysregulation with mixed results. Some studies found increased functional connectivity (FC) in the DMN was related to impulsivity [19, 25], while others revealed decreased FC in the DMN was associated with emotion dysregulation [16, 26]. Meanwhile, studies also found abnormal inter-network FC among the triple networks underlying emotion deficits, such as decreased inter-network FC between the CEN and SN as well as between the DMN and SN reflecting the instability of emotion regulation and emotion processing [18, 27]. However, there were several limitations in these studies. First, a seed-based method was used in a previous study [27]. One study has reported that large-scale networks are composed of several sub-networks [28], while the seed-based inter-region analysis has a limited capacity to explore the FC of sub-networks. Second, comorbidities may lead to biased results, while BPD samples in previous studies were comorbid with other psychiatric disorders (e.g., MDD, attention deficit hyperactivity disorder, and substance abuse) [16, 18, 26]. Third, previous studies in BPD did not eliminate the potential medication effects [16, 18, 19], which might influence brain activation and FC [29, 30]. Finally, most studies paid attention to the association between intra-network or inter-network FC and clinical characters, while no study systematically explored whether the large-scale networks of intra- as well as inter- network FC in the three networks underlie the pathophysiology of impulsivity and emotion dysregulation in BPD.
In this study, we applied data-driven independent component analysis (ICA) to investigate FC within and between the DMN, CEN, and SN among drug-naïve BPD patients without comorbidities. Furthermore, we assessed the relationship between FC in triple networks and clinical characteristics (e.g., impulse control and emotion regulation) in BPD. We aimed to explore whether abnormal large-scale networks underlie the pathophysiology of clinical features in BPD. Understanding pathophysiological mechanisms behind BPD will provide insights for accurate diagnosis and targeted treatment. Based on previous findings, our hypotheses were as follows: (a) BPD may show abnormal intra- and inter- network functional connectivity; (b) abnormal intra- and inter- network functional connectivity may be associated with specific clinical features in BPD.

Methods
Participants
This study was approved by the ethics committee of Second Xiangya Hospital. All participants provided signed informed consent forms.
We recruited young patients with BPD from the outpatients of the Second Xiangya Hospital, Central South University. We also recruited healthy controls (HCs) from the surrounding community through advertisements.
The diagnosis of BPD was conducted by two experienced psychiatrists based on the Structured Clinical Interview for Axis II disorders (SCID-II) of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). Each participant also received a structured clinical interview to exclude past or current Axis I psychiatric disorders (e.g., schizophrenia, attention deficit hyperactivity disorder, post-traumatic stress disorder, and substance abuse disorders) [31]. Participants with neurodevelopmental disorders, physical disorders of known psychiatric consequences (e.g., seizure disorder, hypothyroidism, brain injury) and contraindications to MRI were also excluded.
To control the effect of medication and comorbidities, we used a BPD subsample without medication and without comorbidities in this study. Among the 101 participants with BPD (28 males and 73 females) recruited, we excluded 20 patients with medication, 9 patients comorbid with major depressive disorder and 2 patients comorbid with bipolar disorder. There were 70 BPD patients left (21 male and 49 female). Additionally, we matched the number of male and female patients by randomly selecting half of the female sample (25 women) to control the effect of gender on results. Therefore, the BPD sample used in this study was a subsample of the patient pool we had.
Two qualified psychiatrists interviewed HCs using the SCID-I/II. Control participants were excluded if they met the criteria for contraindications to MRI, past or current history of any DSM-IV Axis I or Axis II disorder, current medical problem, or history of psychiatric disorders among first-degree relatives. Finally, forty-five age- and gender- matched HCs (18 males and 27 females) participated in this study.

Psychometric instruments
Barratt Impulsiveness Scale-11th version (BIS-11)
The BIS-11 was used to measure impulsivity level [32], which includes 30 items. Each item is scored on a 4-point Likert scale, from 1 (never) to 4 (always). The BIS-11 consists of three factors: non-planning impulsivity (11 items), motor impulsivity (11 items) and attentional impulsivity (8 items). The total score of BIS-11 ranges from 30 to 120, with higher scores indicating greater impulsivity. The Chinese version of the BIS-11 showed good reliability and validity [33]. In this study, the Cronbach's α of BIS-11 was 0.81.

Cognitive Emotion Regulation Questionnaire (CERQ)
The 36-item CERQ was used to assess cognitive emotion regulation strategies when encountering negative events [34], which includes nine types of specific strategies (a 5-point Likert scale, range 1–5). Self-blame, rumination, blaming others, and catastrophizing are regarded as maladaptive subscale (CERQ-M), while putting into perspective, acceptance, refocus on planning, positive reappraisal, and positive refocusing are regarded as adaptive subscale. In the current study, only the CERQ-M was used to assess negative emotion regulation strategies, with scores ranging from 16 to 80. The Chinese version of CERQ has shown acceptable reliability and validity [35]. In this study, the Cronbach's α of the CERQ-M subscale was 0.85.

Center for Epidemiological Studies Depression Scale (CES-D)
The 20-item CES-D was used to evaluate participants’ depressive symptoms [36]. Each item of CES-D is scored on a 4-point Likert scale from 1 (never) to 4 (very often), and the total score of CES-D ranges from 20 to 80. The CES-D has shown adequate psychometric properties in Chinese population [37]. In the current study, the CES-D had excellent internal consistency (Cronbach's α = 0.89).

State-Trait Anxiety Inventory (STAI)
The STAI is a self-reported anxiety questionnaire, including state anxiety inventory (SAI) and trait anxiety inventory (TAI) subscales [38]. Each subscale contains 20 items rated on a 4-point Likert scale from 1 (never) to 4 (always). The total score of each subscale is from 20 to 80. The Chinese version of the STAI has shown good reliability and validity [39]. The SAI (Cronbach's α = 0.93) and TAI (Cronbach's α = 0.90) subscale had good reliability in this study.


Functional magnetic resonance imaging data acquisition
MRI was performed with a 3.0 T Philips Ingenia scanner. The participants were instructed to lie on their backs with their eyes closed, to avoid systematic thinking, and to stay awake. Ear plugs and foam pads were used to reduce noise and head motion. Structural T1-weighted images were acquired with a three-dimensional 3D spoiled gradient recalled sequence (repetition time (TR) = 7.44 ms, echo time (TE) = 3.46 ms, slice thickness = 1.2 mm, field of view (FOV) = 240 mm, flip angle = 8°, matrix size = 240 × 240, voxel size = 0.60 × 1.0 × 1.0 mm3, slices = 301). Resting state fMRI sensitive to BOLD signal changes were obtained using a 6 min and 40 s gradient-echo echo-planar imaging sequence (TR = 2000 ms, TE = 30 ms, FOV = 240 mm × 240 mm, flip angle = 90°, matrix size = 128 × 128, slice thickness = 4 mm, slice spacing = 4 mm, voxel size = 1.88 × 1.88 × 4.0 mm3, slices = 36, volumes = 200).
Data preprocessing was performed in the software of Data Processing Assistant for Resting-State fMRI (DPARSF, http://​www.​restfmri.​net/​forum/​DPARSF) [40], which is based on Statistical Parametric Mapping (SPM12, http://​www.​fil.​ion.​ucl.​ac.​uk/​spm) and Resting-state fMRI Data Analysis Toolkit (REST, http://​www.​restfmri.​net) [41]. We discard the first 10 volumes to minimize the initial instability of machine and the participants’ adaptation. The images were corrected for slices timing differences and realigned to correct head motions. After motion correction, the functional scans were normalized to the Montreal Neurological Institute (MNI) template with the T1 image, resampled to 3 × 3 × 3 mm3 voxel size, and smoothed with an 8 mm full-width half maximum Gaussian kernel. High resolution T1-weighted image was used to exclude structural abnormalities for each participant, and was segmented into gray matter, white matter, and cerebrospinal fluid to obtain whole-brain gray matter volumes. Previous research found that gray matter volume might influence brain functional activation [42]. Therefore, the gray matter volume of each participant was included as a nuisance covariate in data analysis to control the influence of differences in brain volume. Meanwhile, five BPD (1 male and 4 females) and three HC (1 male and 2 females) participants who had head translation greater than 2.0 mm or head rotation greater than 2.0° in any direction were excluded.

ICA and selection of network-of-interest
A spatial ICA for all 83 participants was performed by using the Group ICA for fMRI toolbox (http://​icatb.​sourceforge.​net). The preprocessed data was decomposed into 75 independent components using principal components analysis (PCA). The number of components was affirmed based on previous studies [28, 43], which proposed that high-model-order ICA models can refine components corresponding to known anatomical and functional segmentations and provide a more detailed and robust decomposition of subnetworks. Twenty ICAs (ICASSO, implemented in GIFT software) were performed to ensure the stability of the decomposition. This procedure resulted in a set of average group components that were back-constructed into single-subject space via group ICA-3 algorithm based on the compression and projection of PCA [44]. Mean of all quality index (Iq) was then used to assess the overall stability of the ICA decomposition. The mean Iq was 0.96 in this study, indicating a stable ICA decomposition. For each component, the spatial map of z-scores and its corresponding time course for each participant as well as the average z-map and time course were then obtained.
In terms of independent component selection, multiple spatial correlation analyses were conducted on 75 independent components average z-maps according to previously established templates [28]. Specifically, Allen and colleagues decomposed resting-state fMRI data of 603 participants into 75 independent components using a group-ICA framework in the GIFT software [28]. In this study, the SN, CEN and DMN were chosen as templates, and then spatial correlation analyses were performed between our 75 average z-maps of the independent components and these templates. The top three correlations between ICA component and network templates were as follows: anterior DMN (component 8, r = 0.463; component 38, r = 0.423; component 12, r = 0.268), posterior DMN (component 73, r = 0.552; component 56, r = 0.447; component 35, r = 0.309), SN (component 20, r = 0.536; component 60, r = 0.364; component 62, r = 0.274,), left CEN (component 49, r = 0.643; component 35, r = 0.200; component 60, r = 0.197), and right CEN (component 37, r = 0.661; component 53, r = 0.384; component 20, r = 0.171). Components that had the highest correlation coefficients with templates (anterior DMN, component 8; posterior DMN, component 73; SN, component 20; left CNN, component 49; right CNN, component 37) were then selected to represent the five networks. Therefore, 5 independent components were selected from all participants.

Outcome measures
We extracted 5 independent components for each participant, each component’ z-map and its corresponding time course indexed the intra-network FC. Before calculating the inter-network FC, we further linearly detrended, despiked, and temporally filtered the time courses of all network-of-interest [45]. We computed Pearson's correlation coefficients between the time course of each pair of networks in the SN, DMN and CEN subsystems, and then transformed the coefficients into z-scores via Fisher's z-transformation in each participant. The transformed z-scores represented the inter-network FC of each pair of networks.

Statistical analysis
We performed two-sample t-tests and chi-squared tests to compare the differences in demographic and clinical features between BPD and HC groups in SPSS 25 (SPSS Inc., Chicago, IL, United States), with Cohen’s d to reflect the effect size of group differences [46].
To analyze group effects of intra-network FC, we performed one-sample t-tests to compare the participants’ reconstructed spatial maps for each network and each group (p < 0.05, corrected for family-wise error correction, FWE). With a conjunction map of the one-sample t-test image as a network mask, we then applied two-sample t-tests to analyze participants' spatial z-maps, which included gender, age, education and gray matter volume as covariates. Also, we ran the sensitivity analyses with CES-D, SAI, TAI scores, gender, age, education and gray matter volume as covariates to explore whether the findings were valid and reliable. Results were corrected via a cluster-level pFWE < 0.05 with a voxel-level threshold p < 0.001.
To detect group differences of inter-network FC, we transformed Pearson's correlation coefficients of each pair network into z values via Fisher r-to-z transformation. Then, we used two-sample t-tests to compare the z-scores between BPD and HC groups (p < 0.01 with Bonferroni correction for 10 pairwise correlations).
For the BPD group, we conducted partial correlation analyses (gender, age, education, and gray matter volume as covariates) to explore the association between clinical features (BIS-11 and CERQ-M subscales) and the z-scores that differed significantly between BPD and HC groups.


Results
Demographic and clinical variables
The final analysis included 41 patients with BPD (20 males and 21 females) and 42 HCs (17 males and 25 females). Table 1 summarizes demographic and clinical characteristics for each group. There were no significant group differences in age, sex, education, and gray matter volume. The patients with BPD scored significantly higher on BIS-11, CERQ-M, CES-D, SAI and TAI than HC participants.Table 1Demographic and clinical characteristics of the BPD and HC (Mean ± SD)


	 	BPD
	HC
	t/χ2
	p
	|Cohen’s d|

	N = 41
	N = 42

	Age (years)
	24.98 ± 3.12
	24.74 ± 1.29
	0.46
	0.65
	0.10

	Sex (male: female)
	20:21
	17:25
	0.58
	0.45
	0.17

	Education (years)
	15.90 ± 0.37
	16.12 ± 0.67
	-1.81
	0.07
	0.41

	GMV (ml)
	713.22 ± 197.95
	769.35 ± 263.43
	-1.10
	0.28
	0.24

	BIS-11 scores
	 	 	 	 	 
	    Total
	67.37 ± 8.53
(54 ~ 87)
	59.51 ± 7.05
(45 ~ 78)
	4.58
	 < 0.001
	1.00

	    Attention
	17.73 ± 3.43
(12 ~ 27)
	14.51 ± 2.68
(9 ~ 20)
	4.77
	 < 0.001
	1.05

	    Motor
	22.93 ± 3.49
(17 ~ 33)
	21 ± 3.03
(15 ~ 28)
	2.69
	0.009
	0.59

	    Nonplanning
	26.71 ± 4.52
(20 ~ 40)
	24 ± 3.41
(18 ~ 34)
	3.08
	0.003
	0.68

	CERQ-M
	40.17 ± 5.71
(29 ~ 53)
	34.24 ± 5.40
(25 ~ 43)
	4.87
	 < 0.001
	1.07

	CES-D
	35.73 ± 6.63
(26 ~ 53)
	27.79 ± 4.91
(20 ~ 41)
	6.22
	 < 0.001
	1.36

	SAI
	37.41 ± 9.07
(22 ~ 62)
	30.00 ± 5.76
(20 ~ 52)
	4.46
	 < 0.001
	0.98

	TAI
	41.90 ± 8.01
(26 ~ 58)
	33.57 ± 5.00
(24 ~ 53)
	5.70
	 < 0.001
	1.25


BPD borderline personality disorder, HC healthy control, |Cohen’s d| absolute value of Cohen’ s d, GMV gray matter volume, CERQ-M maladaptive subscale of Cognitive Emotion Regulation Questionnaire, BIS-11 the Barratt Impulsiveness Scale-11th version, CES-D Center for Epidemiologic Studies Depression Scale, SAI State Anxiety Inventory, TAI Trait Anxiety Inventory; (): range of scores




Identification of network-of-interest
Figure 1 shows the combined spatial map of the network-of-interest for each group revealed by the one-sample t-tests (pFWE < 0.05). The aDMN mainly consisted of the mPFC and anterior cingulate cortex, whereas the pDMN mainly involved the precuneus and posterior cingulate cortex. The rCEN mainly comprised of right dorsal lateral prefrontal cortex, right angular gyrus and the right inferior parietal lobule, whereas the lCEN mainly consisted of the left dorsal lateral prefrontal cortex, left supramarginal gyrus and left inferior parietal lobule. The SN mainly included the cingulate cortex and insula.[image: ]
Fig. 1Spatial patterns of the DMN, CEN, and SN. aDMN, anterior default mode network; pDMN, posterior default mode network; SN, salience network;lCEN, left central executive network; rCEN, right central executive network. R, right; L, left



Group differences in intra-network FC
Compared with HCs, the BPD group had significantly decreased mean FC in aDMN (HC: 1.05 ± 0.17; BPD: 0.94 ± 0.17; p = 0.004) and rCEN (HC: 0.99 ± 0.14; BPD: 0.89 ± 0.13; p = 0.002), while there were no significant group differences in pDMN, lCEN, and SN. The comparisons of network z-maps revealed that BPD had significantly decreased intra-network FC of the right mPFC in the aDMN, and of the right angular gyrus in the rCEN than HCs (Fig. 2), while there were no significant group differences in intra-network FC of the anterior cingulate gyrus in the aDMN and of the right dorsal lateral prefrontal cortex in rCEN. No significant group differences in intra-network FC in the pDMN, lCEN, and SN were detected. With the CES-D, SAI, TAI scores, gender, age, education and gray matter volume as covariates, the group differences in intra-network FC were consistent with the above results (Table 2).[image: ]
Fig. 2Group differences in intra-network FC. A Group differences in intra-network FC of right mPFC (x = 15, y = 21, z = 51; voxel = 38) in the anterior DMN. B Group differences in intra-network FC of right angular gyrus (x = 33, y = -69, z = 24; voxel = 48) in the right CEN. Cool colors indicating decreased intra-network FC in BPD patients compared with HCs. R, right; L, left

Table 2Group differences in intra-network FC between BPD and HC


	Network region
	Hemisphere
	BA
	voxel
	MNI
	T

	x
	y
	z

	aDMN

	    mPFC
	Righta
	8
	38
	15
	21
	51
	3.90

	 	Rightb
	8
	37
	15
	27
	48
	4.61

	rCEN

	    angular gyrus
	Righta
	39
	48
	33
	-69
	24
	4.49

	 	Rightb
	39
	56
	42
	-75
	33
	4.41


awith gender, age, education as covariates; b with CES-D, SAI and TAI, gender, age, education as covariates




Group differences in inter-network FC
Compared with the HC group (r = 0.18 ± 0.25), the BPD group (r = -0.01 ± 0.22) had significantly decreased inter-network FC between pDMN and lCEN (p < 0.001, Bonferroni corrected; Table 3). No other significant group differences in inter-network FC were found among aDMN, rCEN and SN (p > 0.05).Table 3Group differences in inter-network FC (r) between BPD and HC


	Inter-network FC
	BPD
	HC
	t
	p
	|Cohen’s d|

	aDMN-pDMN
	0.03 ± 0.27
	0.20 ± 0.27
	-2.880
	0.005
	0.63

	aDMN-SN
	0.05 ± 0.27
	-0.02 ± 0.29
	1.120
	0.422
	0.25

	aDMN-lCEN
	0.40 ± 0.26
	0.46 ± 0.26
	-1.096
	0.421
	0.23

	aDMN-rCEN
	0.24 ± 0.21
	0.37 ± 0.21
	-2.926
	0.005
	0.62

	pDMN-SN
	0.03 ± 0.21
	-0.06 ± 0.25
	1.723
	0.105
	0.39

	pDMN-lCEN
	-0.01 ± 0.22
	0.18 ± 0.25
	-3.882
	 < 0.001
	0.81

	pDMN-rCEN
	0.31 ± 0.26
	0.37 ± 0.27
	-1.078
	0.203
	0.23

	SN-lCEN
	0.04 ± 0.24
	0.01 ± 0.27
	0.485
	0.614
	0.12

	SN-rCEN
	0.14 ± 0.19
	0.08 ± 0.23
	1.195
	0.244
	0.28

	lCEN-rCEN
	0.36 ± 0.24
	0.51 ± 0.31
	-2.462
	0.012
	0.54


FC functional connectivity, BPD borderline personality disorder, HC healthy control, |Cohen’s d| absolute value of Cohen’ s d, > 0.80: large effect size; aDMN: anterior default mode network, pDMN posterior default mode network, SN salience network, lCEN left central executive network, rCEN right central executive network; p < 0.001 (Bonferroni corrected)




Partial correlations between FC and psychometric measures in BPD
Correlation results revealed that the intra-network FC of right angular gyrus in the rCEN was negatively correlated with BIS-attention (r = -0.34, p = 0.04) in BPD (Table 4); the intra-network FC of right mPFC in the aDMN was marginally negatively correlated with BIS-total (r = -0.30, p = 0.07), BIS-attention (r = -0.32, p = 0.05) in BPD (Table 4). The inter-network FC between pDMN and lCEN was negatively correlated with CERQ-M subscale scores (r = -0.40, p = 0.02) in BPD (Table 4). No other significant correlations between brain imaging variables and clinical characters were found in BPD.Table 4Correlations between altered FC values and clinical features in BPD


	 	mPFC
	angular gyrus
	pDMN-lCEN

	 	r
	p
	r
	p
	r
	p

	BIS-total
	-0.30
	0.07
	-0.23
	0.18
	0.16
	0.34

	BIS-attention
	-0.32
	0.05
	-0.34
	0.04*
	0.25
	0.14

	BIS-motor
	-0.14
	0.39
	-0.20
	0.25
	-0.05
	0.79

	BIS-Nonplanning
	-0.22
	0.20
	-0.02
	0.90
	0.15
	0.38

	CERQ-M
	0.24
	0.15
	0.01
	0.57
	-0.40
	0.02*


FC functional connectivity, BPD borderline personality disorder, mPFC medial prefrontal cortex, pDMN posterior default mode network, lCEN left central executive network, BIS Barratt Impulsiveness Scale-11th version, CERQ-M maladaptive subscale of Cognitive Emotion Regulation Questionnaire, *p < 0.05





Discussion
This is the first study, to our knowledge, that investigated FC within and between the CEN, DMN, and SN in drug-naïve patients with BPD, and explored the relationship between impaired network connectivity and core symptoms of BPD. BPD had decreased intra-network FC of right mPFC in the aDMN as well as of right angular gyrus in the rCEN than HCs. In the BPD group, the decreased intra-network FC of right angular gyrus in the rCEN was significantly negatively correlated with attention impulsivity, and the decreased inter-network FC between pDMN and lCEN was significantly negatively correlated with emotion dysregulation. These findings highlighted that abnormal intra- and inter- network FC were associated with impulsivity and emotion dysregulation in BPD, respectively, which supported our hypotheses.
BPD showed decreased intra-network FC of right mPFC in the aDMN than HCs. The DMN is decomposed into two subsystems: the aDMN more involved in self-referential processing, and the pDMN more in episodic memory (Lee et al., 2020). Previous studies have found structural abnormalities of mPFC [47] and abnormal resting state FC of DMN [16] in BPD. Bechara proposed that the activity of the mPFC is influenced by top-down control mechanisms arising from the prefrontal cortex, and modulated by bottom-up emotional signals exerted by the amygdala [48]. The mPFC, linking control and emotion, plays an important role in cognitive control and affective processing [48]. Therefore, BPD with mPFC abnormalities might have various clinical problems, such as behavioral disinhibition, emotion problems, damaged social functioning [49–51]. The marginally significant correlations between right mPFC and BIS-total as well as BIS-attention in our study supported that dysfunction of right mPFC in the aDMN in BPD might underlie the deficit in impulse control.
In this study, BPD also had decreased intra-network FC of right angular gyrus in the rCEN. The angular gyrus is located at the back of the inferior parietal lobule [52]. Previous studies have reported decreased FC in inferior parietal lobule within the fronto-parietal network in BPD [19] and reduced gray matter volume in the inferior parietal lobule [53] in BPD. These functional and structural impairments of inferior parietal lobule in BPD implied that inferior parietal lobule is an important neuroimaging marker of the BPD. The inferior parietal lobule is involved in top-down attention and also associated with deficits in visuospatial processing in BPD [54, 55]. The CEN is crucial for cognitive control functions such as inhibitory control, complex decision making, and planning [20]. We found that the decreased intra-network FC of angular gyrus in the rCEN was significantly associated with higher attention impulsivity (referring to poor cognitive control and concentration), which might indicate the more severe the alteration of this network, the poorer the inhibitory control in BPD. Decreased intra-network FC of angular gyrus in the rCEN might be the neurophysiological mechanism of impulsivity in BPD.
Besides intra-network FC findings, we also observed decreased pDMN-lCEN inter-network FC alterations in BPD. Notably, the time courses between pDMN and lCEN correlated negatively in the BPD group but positively in the HC group. In a healthy brain, a positive correlation seems unexpected and inconsistent with the notion of anti-correlation between the DMN and CEN [20]. Based on high-model ICA experiments, Allen et al. confirmed that both DMN and CEN networks had functional subnetworks [28]. Using ICA method, Smith et al.  also found that distinct subnetworks within the DMN had special connective patterns among themselves and with other functional networks [56]. The current results suggested that different subsystems of DMN and CEN might have specific inter-network FC patterns. The alteration in inter-network FC of pDMN-lCEN in BPD group might indicate impaired suppression mechanism between these two subnetworks. Moreover, we found a significant negative correlation between scores of CERQ-M subscale and inter-network FC of pDMN-lCEN in BPD. Emotional dysregulation is one of the main clinical characteristics and concerns of the clinical intervention in BPD [57]. The negative correlation between inter-network FC of pDMN-lCEN and affective dysregulation in BPD might provide a biological explanation for the emotion dysfunction in BPD. Therefore, altered inter-network FC between pDMN and lCEN might be crucial to clarify the emotion dysfunction of BPD.
However, we did not reveal abnormal intra- and inter- network FC in SN. As an important component in the triple network model, the SN is involved in filtering and detecting internal and external salient stimuli and plays an important role in monitoring the interactions between the DMN and CEN, acting as a “switching” [20]. The present result suggested that BPD might have normal switching function between task-negative and task-positive processing.
This study has several strengths. First, by excluding medication and comorbidities, we made the patients with BPD in this study highly homogenous, which helps us to better understand the neurobiological mechanism of BPD. Second, previous large-scale study have found significant gender differences in resting state FC [58], and we included ratio-matching female and male BPD to control the gender effect on results and overcome the limitation of using predominantly female samples in previous studies. Nevertheless, several potential limitations should be considered. First, we investigated the relationship between resting-state functional network and clinical features (impulsivity and emotion dysregulation) in BPD. Although the clinical features have been assessed by well-established self-reported scales and the spontaneous BOLD signals might reflect actual neuronal activity underlying human cognitive and emotion processing in the resting state, task fMRI related to impulse control and emotion regulation would be warranted to extend our findings in the future. Second, we primarily focused on a well-known triple-network model, but we did not include other networks related to cognitive function and emotion regulation in this study. Further study can explore more extensive brain networks, such as the limbic system. Third, the homogeneous patients might also limit the generalizability of our results to the broader BPD population, since BPD is often comorbid with other mental disorders. In the future, we should use different subtypes of BPD (e.g. patients with or without comorbidity) to examine whether our results could be replicated and serve as potential biomarkers of BPD. Fourth, we did not include clinical control group in this study, which limits conclusions about the specificity of the findings to BPD. In the future, it is necessary to include clinical control groups, such as bipolar disorder group. Fifth, as a cross-sectional study, this research cannot definitively illustrate the causal relationship between abnormal brain networks and clinical features in BPD. Therefore, longitudinal studies are necessary to capture the network biomarkers in BPD.

Conclusion
In summary, dysfunctional connectivity in DMN and CEN subnetworks related to impulsivity, and aberrant inter-network connectivity between pDMN and lCEN was correlated with emotion dysregulation in BPD. These findings suggested that abnormal intra- and inter-large-scale networks might underlie the pathophysiology mechanism of impulsivity and emotion dysregulation in BPD. Targeting impulsivity and emotional regulation is critical for preventing impulsive behaviors and their consequences in patients with BPD, and these findings provide potential circuits that may be used in novel target approaches. One previous study found that the repetitive transcranial magnetic stimulation (rTMS) had significant effects on modulating impulsivity and emotion dysregulation in certain brain areas [59], and our results provided further support for the application of novel target approaches in BPD.

Acknowledgements
Not applicable.

Authors’ contributions
Jinyao Yi and Mingtian Zhong designed the study. Changlian Tan, Haiyan Liao, Sainan Cai, Ying Liu and Shuxin Zheng acquired the data. Wanyi Cao and Ying Liu analyzed data. Wanyi Cao, Ying Liu, and Jun Chu wrote the manuscript, which was revised by Jinyao Yi. All authors reviewed the manuscript and approved the final version to be published.

Funding
This study was supported by grants from National Natural Science Foundation of China (Grant No. 81370034) and Hunan Provincial Innovation Foundation for Postgraduate (Grant No. CX20210365) and Fundamental Research Funds for the Central Universities of Central South University (Grant No. 2021zzts0363).

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was conducted in accordance with the declaration of Helsinki and was approved by the Ethics committee of the Second Xiangya Hospital of Central South University. All participants were aware of the study's purpose and provided an informed consent form.

Consent for publication
Not applicable.

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


References
	1.
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5. 5th ed. Washington, D.C.: Am Psychiatr Assoc; 2013.

	2. 
Linhartová P, Látalová A, Barteček R, Širůček J, Theiner P, Ejova A, Hlavatá P, Kóša B, Jeřábková B, Bareš M, Kašpárek T. Impulsivity in patients with borderline personality disorder: a comprehensive profile compared with healthy people and patients with ADHD. Psychol Med. 2020;50:1829–38. https://​doi.​org/​10.​1017/​S003329171900189​2.

	3. 
Sebastian A, Jacob G, Lieb K, Tüscher O. Impulsivity in borderline personality disorder: a matter of disturbed impulse control or a facet of emotional dysregulation? Curr Psychiatry Rep. 2013;15:339. https://​doi.​org/​10.​1007/​s11920-012-0339-y.

	4. 
Bohus M, Stoffers-Winterling J, Sharp C, Krause-Utz A, Schmahl C, Lieb K. Borderline personality disorder. Lancet (London, England). 2021;398:1528–40. https://​doi.​org/​10.​1016/​S0140-6736(21)00476-1.

	5. 
Chapman AL. Borderline personality disorder and emotion dysregulation. Dev Psychopathol. 2019;31:1143–56. https://​doi.​org/​10.​1017/​S095457941900065​8.

	6.
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. https://​doi.​org/​10.​1016/​j.​jad.​2016.​07.​025.CrossrefPubMed

	7. 
Yi X, Fu Y, Zhang Z, Jiang F, Xiao Q, Chen BT. Altered regional homogeneity and its association with cognitive function in adolescents with borderline personality disorder. J Psychiatry Neurosci. 2023;48:E1–10. https://​doi.​org/​10.​1503/​jpn.​220144.

	8. 
Lei X, Zhong M, Zhang B, Yang H, Peng W, Liu Q, Zhang Y, Yao S, Tan C, Yi J. Structural and functional connectivity of the anterior cingulate cortex in patients with borderline personality disorder. Front Neurosci. 2019;13:971. https://​doi.​org/​10.​3389/​fnins.​2019.​00971.

	9.
Xiao Q, Yi X, Fu Y, Jiang F, Zhang Z, Huang Q, Han Z, Chen BT. Altered brain activity and childhood trauma in Chinese adolescents with borderline personality disorder. J Affect Disord. 2023;323:435–43. https://​doi.​org/​10.​1016/​j.​jad.​2022.​12.​003.CrossrefPubMed

	10.
Scherpiet S, Brühl AB, Opialla S, Roth L, Jäncke L, Herwig U. Altered emotion processing circuits during the anticipation of emotional stimuli in women with borderline personality disorder. Eur Arch Psychiatry Clin Neurosci. 2014;264:45–60. https://​doi.​org/​10.​1007/​s00406-013-0444-x.CrossrefPubMed

	11.
Sicorello M, Schmahl C. Emotion dysregulation in borderline personality disorder: A fronto-limbic imbalance? Curr Opin Psychol. 2021;37:114–20. https://​doi.​org/​10.​1016/​j.​copsyc.​2020.​12.​002.CrossrefPubMed

	12.
Safar K, Sato J, Ruocco AC, Korenblum MS, O’Halpin H, Dunkley BT. Disrupted emotional neural circuitry in adolescents with borderline personality traits. Neurosci Lett. 2019;701:112–8. https://​doi.​org/​10.​1016/​j.​neulet.​2019.​02.​021.CrossrefPubMed

	13.
van Zutphen L, Siep N, Jacob GA, Domes G, Sprenger A, Willenborg B, Goebel R, Tüscher O, Arntz A. Impulse control under emotion processing: an fMRI investigation in borderline personality disorder compared to non-patients and cluster-C personality disorder patients. Brain Imaging Behav. 2020;14:2107–21. https://​doi.​org/​10.​1007/​s11682-019-00161-0.CrossrefPubMed

	14.
LeBoeuf A, Guilé J-M, Labelle R, Luck D. Functional neuroimaging pilot study of borderline personality disorder in adolescents. Sante Ment Que. 2016;41:141–62.CrossrefPubMed

	15. 
Cremers H, van Zutphen L, Duken S, Domes G, Sprenger A, Waldorp L, Arntz A. Borderline personality disorder classification based on brain network measures during emotion regulation. Eur Arch Psychiatry Clin Neurosci. 2020. https://​doi.​org/​10.​1007/​s00406-020-01201-3.

	16.
Quattrini G, Pini L, Pievani M, Magni LR, Lanfredi M, Ferrari C, Boccardi M, Bignotti S, Magnaldi S, Cobelli M, Rillosi L, Beneduce R, Rossi G, Frisoni GB, Rossi R. Abnormalities in functional connectivity in borderline personality disorder: Correlations with metacognition and emotion dysregulation. Psychiatry Res Neuroimaging. 2019;283:118–24. https://​doi.​org/​10.​1016/​j.​pscychresns.​2018.​12.​010.CrossrefPubMed

	17.
Denny BT, Fan J, Fels S, Galitzer H, Schiller D, Koenigsberg HW. Sensitization of the neural salience network to repeated emotional stimuli following initial habituation in patients with borderline personality disorder. Am J Psychiatry. 2018;175:657–64. https://​doi.​org/​10.​1176/​appi.​ajp.​2018.​17030367.CrossrefPubMedPubMedCentral

	18.
Doll A, Sorg C, Manoliu A, Wöller A, Meng C, Förstl H, Zimmer C, Wohlschläger AM, Riedl V. Shifted intrinsic connectivity of central executive and salience network in borderline personality disorder. Front Hum Neurosci. 2013;7:727. https://​doi.​org/​10.​3389/​fnhum.​2013.​00727.CrossrefPubMedPubMedCentral

	19.
Wolf RC, Sambataro F, Vasic N, Schmid M, Thomann PA, Bienentreu SD, Wolf ND. Aberrant connectivity of resting-state networks in borderline personality disorder. J Psychiatry Neurosci. 2011;36:402–11. https://​doi.​org/​10.​1503/​jpn.​100150.CrossrefPubMedPubMedCentral

	20.
Menon V. Large-scale brain networks and psychopathology: a unifying triple network model. Trends Cogn Sci. 2011;15:483–506. https://​doi.​org/​10.​1016/​j.​tics.​2011.​08.​003.CrossrefPubMed

	21.
Raichle ME, Snyder AZ. A default mode of brain function: a brief history of an evolving idea. Neuroimage. 2007;37:1083–9. https://​doi.​org/​10.​1016/​j.​neuroimage.​2007.​02.​041.CrossrefPubMed

	22.
Raichle ME. The brain’s default mode network. Annu Rev Neurosci. 2015;38:433–47. https://​doi.​org/​10.​1146/​annurev-neuro-071013-014030.CrossrefPubMed

	23. 
Craig ADB. How do you feel -- now? The anterior insula and human awareness. Nat Rev Neurosci. 2009. https://​doi.​org/​10.​1038/​nrn2555.

	24.
Sridharan D, Levitin DJ, Menon V. A critical role for the right fronto-insular cortex in switching between central-executive and default-mode networks. Proc Natl Acad Sci U S A. 2008;105:12569–74. https://​doi.​org/​10.​1073/​pnas.​0800005105.CrossrefPubMedPubMedCentral

	25.
Ueltzhöffer K, Herpertz SC, Krauch M, Schmahl C, Bertsch K. Whole-brain functional connectivity during script-driven aggression in borderline personality disorder. Prog Neuropsychopharmacol Biol Psychiatry. 2019;93:46–54. https://​doi.​org/​10.​1016/​j.​pnpbp.​2019.​03.​004.CrossrefPubMed

	26.
Kluetsch RC, Schmahl C, Niedtfeld I, Densmore M, Calhoun VD, Daniels J, Kraus A, Ludaescher P, Bohus M, Lanius RA. Alterations in default mode network connectivity during pain processing in borderline personality disorder. Arch Gen Psychiatry. 2012;69:993–1002. https://​doi.​org/​10.​1001/​archgenpsychiatr​y.​2012.​476.CrossrefPubMedPubMedCentral

	27.
Krause-Utz A, Veer IM, Rombouts SARB, Bohus M, Schmahl C, Elzinga BM. Amygdala and anterior cingulate resting-state functional connectivity in borderline personality disorder patients with a history of interpersonal trauma. Psychol Med. 2014;44:2889–901. https://​doi.​org/​10.​1017/​S003329171400032​4.CrossrefPubMed

	28. 
Allen EA, Erhardt EB, Damaraju E, Gruner W, Segall JM, Silva RF, Havlicek M, Rachakonda S, Fries J, Kalyanam R, Michael AM, Caprihan A, Turner JA, Eichele T, Adelsheim S, Bryan AD, Bustillo J, Clark VP, Feldstein Ewing SW, Filbey F, Ford CC, Hutchison K, Jung RE, Kiehl KA, Kodituwakku P, Komesu YM, Mayer AR, Pearlson GD, Phillips JP, Sadek JR, Stevens M, Teuscher U, Thoma RJ, Calhoun VD. A baseline for the multivariate comparison of resting-state networks. Front Syst Neurosci. 2011;5:2. https://​doi.​org/​10.​3389/​fnsys.​2011.​00002.

	29.
Metz S, Fleischer J, Grimm S, Gärnter M, Golde S, Duesenberg M, Roepke S, Wolf OT, Otte C, Wingenfeld K. Resting-state functional connectivity after hydrocortisone administration in patients with post-traumatic stress disorder and borderline personality disorder. Eur Neuropsychopharmacol. 2019;29:936–46. https://​doi.​org/​10.​1016/​j.​euroneuro.​2019.​05.​008.CrossrefPubMed

	30.
Pec O, Bob P, Simek J, Raboch J. Dissociative states in borderline personality disorder and their relationships to psychotropic medication. Neuropsychiatr Dis Treat. 2018;14:3253–7. https://​doi.​org/​10.​2147/​NDT.​S179091.CrossrefPubMedPubMedCentral

	31. 
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-IV-TR. 4th ed. Washington, D.C: Am. Psychiatr. Assoc; 2000.

	32.
Patton JH, Stanford MS, Barratt ES. Factor structure of the Barratt impulsiveness scale. J Clin Psychol. 1995;51:768–74. https://​doi.​org/​10.​1002/​1097-4679(199511)51:​6%3c768:​:​aid-jclp2270510607%3e3.​0.​co;2-1.CrossrefPubMed

	33.
Yao S, Yang H, Zhu X, Auerbach RP, Abela JRZ, Pulleyblank RW, Tong X. An examination of the psychometric properties of the Chinese version of the Barratt Impulsiveness Scale, 11th version in a sample of Chinese adolescents. Percept Mot Skills. 2007;104:1169–82. https://​doi.​org/​10.​2466/​pms.​104.​4.​1169-1182.CrossrefPubMed

	34.
Garnefski N, Kraaij V, Spinhoven P. Negative life events, cognitive emotion regulation and emotional problems. Pers Individ Dif. 2001;30:1311–27. https://​doi.​org/​10.​1016/​S0191-8869(00)00113-6.Crossref

	35.
Zhu X, Auerbach RP, Yao S, Abela JRZ, Xiao J, Tong X. Psychometric properties of the Cognitive Emotion Regulation Questionnaire: Chinese version. Cogn Emot. 2008;22:288–307. https://​doi.​org/​10.​1371/​journal.​pone.​0150206.Crossref

	36.
Radloff LS. The CES-D scale: a self-report depression scale for research in the general population. Appl Psychol Meas. 1977;1:385–401.Crossref

	37.
Wang M, Armour C, Wu Y, Ren F, Zhu X, Yao S. Factor structure of the CES-D and measurement invariance across gender in Mainland Chinese adolescents. J Clin Psychol. 2013;69:966–79. https://​doi.​org/​10.​1002/​jclp.​21978.CrossrefPubMed

	38. 
Spielberger CD. Manual for the State–Trait Anxiety Inventory (Form Y). Palo Alto: Mind Gard; 1983.

	39. 
Shek DT. The Chinese version of the State-Trait Anxiety Inventory: its relationship to different measures of psychological well-being. J Clin Psychol. 1993;49:349–58. https://​doi.​org/​10.​1002/​1097-4679(199305)49:​3%3c349:​:​aid-jclp2270490308%3e3.​0.​co;2-j.

	40. 
Chao-Gan Y, Yu-Feng Z. DPARSF: A MATLAB toolbox for “Pipeline” data analysis of resting-state fMRI. Front Syst Neurosci. 2010;4:13. https://​doi.​org/​10.​3389/​fnsys.​2010.​00013.

	41. 
Song X-W, Dong Z-Y, Long X-Y, Li S-F, Zuo X-N, Zhu C-Z, He Y, Yan C-G, Zang Y-F. REST: a toolkit for resting-state functional magnetic resonance imaging data processing. PLoS One. 2011;6:e25031. https://​doi.​org/​10.​1371/​journal.​pone.​0025031.

	42.
Oakes TR, Fox AS, Johnstone T, Chung MK, Kalin N, Davidson RJ. Integrating VBM into the General Linear Model with voxelwise anatomical covariates. Neuroimage. 2007;34:500–8. https://​doi.​org/​10.​1016/​j.​neuroimage.​2006.​10.​007.CrossrefPubMed

	43.
Dong D, Ming Q, Zhong X, Pu W, Zhang X, Jiang Y, Gao Y, Sun X, Wang X, Yao S. State-independent alterations of intrinsic brain network in current and remitted depression. Prog Neuropsychopharmacol Biol Psychiatry. 2019;89:475–80. https://​doi.​org/​10.​1016/​j.​pnpbp.​2018.​08.​031.CrossrefPubMed

	44.
Erhardt EB, Rachakonda S, Bedrick EJ, Allen EA, Adali T, Calhoun VD. Comparison of multi-subject ICA methods for analysis of fMRI data. Hum Brain Mapp. 2011;32:2075–95. https://​doi.​org/​10.​1002/​hbm.​21170.CrossrefPubMed

	45.
Fan J, Zhong M, Gan J, Liu W, Niu C, Liao H, Zhang H, Yi J, Chan RCK, Tan C, Zhu X. Altered connectivity within and between the default mode, central executive, and salience networks in obsessive-compulsive disorder. J Affect Disord. 2017;223:106–14. https://​doi.​org/​10.​1016/​j.​jad.​2017.​07.​041.CrossrefPubMed

	46. 
Cohen J. Statistical power analysis for the behavioral sciences. J Am Stat Assoc. 2nd. 1988.

	47. 
Aguilar-Ortiz S, Salgado-Pineda P, Marco-Pallarés J, Pascual JC, Vega D, Soler J, Brunel C, Martin-Blanco A, Soto A, Ribas J, Maristany T, Sarró S, Salvador R, Rodríguez-Fornells A, Pomarol-Clotet E, McKenna PJ. Abnormalities in gray matter volume in patients with borderline personality disorder and their relation to lifetime depression: A VBM study. PLoS One. 2018;13:e0191946. https://​doi.​org/​10.​1371/​journal.​pone.​0191946.

	48.
Bechara A. Decision making, impulse control and loss of willpower to resist drugs: a neurocognitive perspective. Nat Neurosci. 2005;8:1458–63. https://​doi.​org/​10.​1038/​nn1584.CrossrefPubMed

	49.
Dambacher F, Sack AT, Lobbestael J, Arntz A, Brugmann S, Schuhmann T. The role of right prefrontal and medial cortex in response inhibition: interfering with action restraint and action cancellation using transcranial magnetic brain stimulation. J Cogn Neurosci. 2014;26:1775–84. https://​doi.​org/​10.​1162/​jocn_​a_​00595.CrossrefPubMed

	50. 
Juechems K, Balaguer J, Herce Castañón S, Ruz M, O’Reilly JX, Summerfield C. A network for computing value equilibrium in the human medial prefrontal cortex. Neuron. 2019;101:977–87.e3. https://​doi.​org/​10.​1016/​j.​neuron.​2018.​12.​029.

	51.
Wang Y-M, Zou L-Q, Xie W-L, Yang Z-Y, Zhu X-Z, Cheung EFC, Sørensen TA, Møller A, Chan RCK. Altered functional connectivity of the default mode network in patients with schizo-obsessive comorbidity: A comparison between schizophrenia and obsessive-compulsive Disorder. Schizophr Bull. 2019;45:199–210. https://​doi.​org/​10.​1093/​schbul/​sbx194.CrossrefPubMed

	52.
Igelström KM, Graziano MSA. The inferior parietal lobule and temporoparietal junction: a network perspective. Neuropsychologia. 2017;105:70–83. https://​doi.​org/​10.​1016/​j.​neuropsychologia​.​2017.​01.​001.CrossrefPubMed

	53.
Zhuo C, Lin X, Wang C, Song X, Xu X, Li G, Xu Y, Tian H, Zhang Y, Wang W, Zhou C. Unified and disease specific alterations to brain structure in patients across six categories of mental disorders who experience own-thought auditory verbal hallucinations: a pilot study. Brain Res Bull. 2020;160:33–9. https://​doi.​org/​10.​1016/​j.​brainresbull.​2020.​04.​001.CrossrefPubMed

	54.
Bareham CA, Georgieva SD, Kamke MR, Lloyd D, Bekinschtein TA, Mattingley JB. Role of the right inferior parietal cortex in auditory selective attention: An rTMS study. Cortex. 2018;99:30–8. https://​doi.​org/​10.​1016/​j.​cortex.​2017.​10.​003.CrossrefPubMed

	55.
Swinton M. The role of the parietal lobe in borderline personality disorder. Med Hypotheses. 2003;60:263–7. https://​doi.​org/​10.​1016/​s0306-9877(02)00384-5.CrossrefPubMed

	56.
Smith SM, Miller KL, Moeller S, Xu J, Auerbach EJ, Woolrich MW, Beckmann CF, Jenkinson M, Andersson J, Glasser MF, Van Essen DC, Feinberg DA, Yacoub ES, Ugurbil K. Temporally-independent functional modes of spontaneous brain activity. Proc Natl AcadSci U S A. 2012;109:3131–6. https://​doi.​org/​10.​1073/​pnas.​1121329109.Crossref

	57.
Winsper C. The aetiology of borderline personality disorder (BPD): contemporary theories and putative mechanisms. Curr Opin Psychol. 2018;21:105–10. https://​doi.​org/​10.​1016/​j.​copsyc.​2017.​10.​005.CrossrefPubMed

	58.
Ritchie SJ, Cox SR, Shen X, Lombardo MV, Reus LM, Alloza C, Harris MA, Alderson HL, Hunter S, Neilson E, Liewald DCM, Auyeung B, Whalley HC, Lawrie SM, Gale CR, Bastin ME, McIntosh AM, Deary IJ. Sex differences in the adult human brain: evidence from 5216 UK biobank participants. Cereb Cortex. 2018;28:2959–75. https://​doi.​org/​10.​1093/​cercor/​bhy109.CrossrefPubMedPubMedCentral

	59. 
Yang CC, Völlm B, Khalifa N. The effects of rTMS on impulsivity in normal adults: a systematic review and meta-analysis. Neuropsychol Rev. 2018;28:377–92. https://​doi.​org/​10.​1007/​s11065-018-9376-6.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Altered intrinsic functional network connectivity is associated with impulsivity and emotion dysregulation in drug-naïve young patients with borderline personality disorder


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40479_2023_227_Fig1_HTML.png
rCEN

1CEN





OEBPS/css/envelope.png





OEBPS/images/40479_2023_227_Fig2_HTML.png





OEBPS/css/sidebar.gif





