Project summary
Borderline personality disorder (BPD) is characterized by impairments in the cognitive control of negative information. These impairments in cognitive control are presumably due to blunted activity of the dorsolateral prefrontal cortex (dlPFC) along with enhanced activations of the limbic system. However, the impact of an excitatory stimulation of the dlPFC still needs to be elucidated. In the present study, we assigned 50 patients with BPD and 50 healthy controls to receive either anodal or sham stimulation of the right dlPFC in a double-blind, randomized, between-subjects design. Participants performed a delayed working memory task with a distracter period during which a grey background screen, or neutral, or negative stimuli were presented. Response latencies were our primary dependent variable. The study took place at the Department of Psychiatry, Charité-Universitätsmedizin Berlin between January 2016 and June 2017.  
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Rationale & background information
Borderline personality disorder (BPD) is a serious mental disorder characterized by affective disturbances, impulsivity, self-injury, and chronic suicidal tendencies (Ansell, Sanislow, McGlashan, & Grilo, 2007; Lieb, Zanarini, Schmahl, Linehan, & Bohus, 2004). Of particular interest for the understanding of BPD psychopathology are impairments in cognitive control that allow individuals to process and maintain goal-relevant information, while adapting flexibly to changing environmental demands. Cognitive control is particularly important when individuals are presented with salient but irrelevant information that distracts resources from their current tasks, such as the presence of emotionally evocative information. Individual differences in the ability to control such irrelevant information are associated with different aspects of psychosocial functioning and mental health (De Panfilis, Meehan, Cain, & Clarkin, 2013; Nigg et al., 2006; Ochsner & Gross, 2005; Zetsche, Bürkner, & Schulze, 2018).
A multitude of experimental studies investigated cognitive control in BPD. Experimental studies have hitherto mostly illustrated that patients with BPD do not show general deficits in cognitive control (Barker et al., 2015; Jacob et al., 2013; Prehn et al., 2013). It was rather suggested that pronounced impairments in the cognitive control of negative affective material are characteristic for BPD. For instance, patients with BPD show an impaired inhibition of negatively valenced material in comparison to healthy controls (Domes et al., 2006; Korfine & Hooley, 2000). Additional findings suggest that patients with BPD are more susceptible to interference from negative, schema-related stimuli (Arntz, Appels, & Sieswerda, 2000; Sieswerda, Arntz, Mertens, & Vertommen, 2007). The presentation of such negative distracting information was found to enhance response latencies or decrease accuracy scores in patients with BPD compared to healthy controls (Krause-Utz et al., 2012; Krause-Utz, Elzinga, et al., 2014; Prehn et al., 2013). Functional imaging studies elucidated the neural basis of impaired cognitive control of negative material in BPD. These studies illustrated congruently prefrontal dysfunctions in orbitofrontal and dorsolateral regions of patients with BPD compared to healthy controls (Holtmann et al., 2013; Lang et al., 2012; Schulze et al., 2011; Sebastian et al., 2014; Silbersweig et al., 2007; Soloff, Abraham, Ramaseshan, Burgess, & Diwadkar, 2017; Wingenfeld et al., 2009). A recent meta-analysis concluded that BPD patients’ impairments in the cognitive control of negative stimuli are presumably the result of blunted activity of the dorsolateral prefrontal cortex (dlPFC) along with enhanced activation of the limbic system (Schulze, Schmahl, & Niedtfeld, 2016). 
However, despite the centrality of dlPFC abnormalities for neurobiological models of BPD (Krause-Utz, Winter, Niedtfeld, & Schmahl, 2014), no study to date has investigated the behavioral effects of an excitatory stimulation of this brain region in BPD. Transcranial direct current stimulation (tDCS) represents a simple and presumably effective way to alter cortical brain activity (Nitsche & Paulus, 2000, 2001; Nitsche et al., 2008). Beneficial effects of excitatory dlPFC stimulation on executive functioning have been reported for healthy and clinical samples (Dedoncker, Brunoni, Baeken, & Vanderhasselt, 2016). Notably, experimental studies have also provided promising results that excitatory stimulation of the dlPFC ameliorates cognitive control of aversive stimuli not only in healthy controls (Feeser, Prehn, Kazzer, Mungee, & Bajbouj, 2014), but also in patients with major depression (Wolkenstein & Plewnia, 2013). 
In the present study, we investigated whether excitatory stimulation of the right dlPFC (compared to a sham condition) results in an amelioration of cognitive control of negative stimuli in BPD. To this end, participants performed a delayed working memory task with a distracter period during which either a grey background screen, or neutral, or negative stimuli were presented. We expected an amelioration of cognitive control of negative stimuli in BPD compared to a sham condition. 
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Study goals and objectives
This study aimed to advance our understanding of neural abnormalities in patients with borderline personality disorder. The primary objective of this study was to investigate whether anodal stimulation of the right dorsolateral prefrontal cortex ameliorates cognitive control of negative stimuli in patients with borderline personality disorder compared to a sham condition. 

Study Design and Methodology
To address this research question, we enrolled 50 patients with borderline personality disorder (BPD) and 50 healthy controls between January 2016 and June 2017. 
Healthy controls were only included if they did not take any psychotropic medication and had neither a current nor a lifetime diagnosis of any mental or neurological disorders (e.g., traumatic diseases of the central nervous system). Exclusion criteria for BPD patients were comorbid diagnosis of past or present psychotic disorder, current major depressive episode, bipolar disorder, cognitive disorders (e.g., delirium, dementia), or neurological disorders as well as substance-associated disorders within three months prior to study participation. In addition, we excluded participants with possible tDCS contraindications, such as a cardiac pacemaker, metal in or around the head, pregnancy, or tattoos or scarred skin on the scalp or left deltoid muscle. 
Participants were assigned to receive either sham or verum stimulation of the right dorsolateral prefrontal cortex within a double-blind, between-subjects design. Direct electrical current was applied by a saline-soaked pair of surface sponge electrodes with a surface of 35mm² connected to a battery-driven constant current stimulator (DC-Stimulator, NeuroConn GmbH, Ilmenau, Germany). For anodal stimulation of the right dlPFC, the electrode was positioned over F4 according to the 10-20 international system for EEG electrode placement 42. The cathode was placed on the left deltoid muscle. During active stimulation a constant current of 1.0 mA was applied for the duration of the experimental paradigm (or a maximum of 20 minutes). To mimic the sensation of tDCS in the sham condition, the current was ramped up and down for 30 seconds respectively at the beginning and end of the experimental session. In the sham condition the stimulator was turned off during the experiment. The stimulation device contained a study mode for double-blind trials. The principal investigator generated numeric codes for active and sham stimulation sessions prior to the experimental sessions. Sequences were generated with in-house functions based on randperm (Matlab). The experimenter entered these preassigned codes and was unaware of the experimental condition.
During the stimulation period, participants performed a delayed working memory task. Each trial started with a fixation cross (1000 ms), followed by the presentation of six target letters (1500 ms), which participants were asked to memorize. After a variable distracter period (i.e., interference duration of 1000, 2000, or 4000 ms), participants were presented a recognition display (until a response was made) and had to decide whether the presented letter was part of the initial set of letters. In half of the trials, the recognition display contained a previously presented target. Participants were asked to respond as quickly and accurately as possible. The distracter period of the experimental paradigm was manipulated with regard to the factors valence (grey background screen, or neutral, or negative stimuli) and interference duration (1000, 2000, or 4000 ms). Neutral and negative affective stimuli were selected from the International Affective Picture System. In total, the experiment contained 180 trials, divided into nine blocks with 20 trials each. Each block contained a unique experimental condition (e.g., negative stimuli presented for 1000 ms). Visual stimuli in these blocks were matched regarding valence, arousal, luminance, and visual complexity (all p’s > .55). Experimental blocks were presented in pseudo-random order. The experiment was conducted on a standard notebook connected with a 15-inch screen (screen resolution of 1024 x 768). 

Safety considerations
Participants were asked for the presence of possible side effects of the stimulation, i.e. perception of tingling or burning sensations, pain under the electrodes, light flashes during the stimulation, or headaches and nausea after the stimulation. 

Follow up
This study had no follow-up assessment. 

Data management and statistical analysis
We registered before the start of the experiment that we will calculated repeated-measures ANOVAs with reaction times or hit rates as dependent variable (cf. pre-registration at https://osf.io/g43bh/?view_only=f647fa67773041669f0a670c234dd150). These analyses comprise the within-subject factors valence (3 levels) and presentation times (3 levels) as well as the between-subject factors stimulation (2 levels) and diagnostic group (BPD and healthy controls).  Our main hypothesis refered to a three-way interaction of valence, diagnostic group, and stimulation. In addition, we registered a secondary analysis with reaction times for negative stimuli that are accounted for reaction times in response to neutral stimuli. The pre-registration also specified the sample size of our study as well as performance-related exclusions of participants (hit rate below 65%). 

Quality Assurance
The protocol should describe the quality control and quality assurance system for the conduct of the study, including GCP, follow up by clinical monitors, DSMB, data management etc. 

Expected outcomes of the study
The results contribute to neurobiological models of affective disturbances in borderline personality disorder. In this study, we focused on the potential of brain stimulation in an experimental setting. Future studies might help to elucidate the potential of such applications for health care, health systems, or health policies. 

Dissemination of results 
Results will be disseminated to relevant psychotherapeutic and patient communities in peer-reviewed journals, and at scientific conferences

Duration of the project
The study took place at the Department of Psychiatry, Charité-Universitätsmedizin Berlin between January 2016 and June 2017.  

Problems anticipated
We did not anticipate particular difficulties in carrying out this project. 

Project management
L.S. and S.R. designed the study. S.T. programmed the experimental paradigm. M.G. contributed to implementation of the study and data collection. L.S. analyzed the data and wrote the first draft of the manuscript. M.G., B.R. and S.R. contributed to the interpretation of the data. All authors contributed to writing, reviewing and editing of the manuscript and approved the final version of the manuscript.
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The ethics committee of the Charité-Universitätsmedizin Berlin approved the study protocol and the study was conducted in accordance with the Helsinki Declaration. The research team members made sure that the study respected the following ethical principles: all the personal data gathered is treated confidentially, written informed consent was collected, data was securely stored, and the data will only be used for research purposes. Participation in this research study was voluntary. Participants were reminded of their rights to withdraw from the study without giving any reason. Data privacy was guaranteed: all the research data gathered during the project will be identified using pseudonyms. Personal data is kept under lock and stored separately from research data. Communications and publications will not enable identification of individual participants. All participants gave written informed consent prior to participation. 

Informed consent forms
Informed consent forms will be made available upon request. 
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