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Abstract  

Objective: Starting from the controversial results showed by empirical research on Linehan’s Biosocial 
model of Borderline Personality Disorder (BPD), this study aims to empirically evaluate Linehan’s 
conceptualization of emotional hypersensitivity and hyperreactivity, as well as to investigate the role 
of pre-existing emotional states in BPD altered physiological responsivity.  

Methods: We asked 24 participants (BPD = 12; Healthy Controls = 12) to complete a self-reported 
questionnaire (Positive and Negative Affect Schedule) in order to assess their pre-task affective state. 
Subsequently, 36 emotional pictures from four valence categories (i.e. erotic, negative, positive, 
neutral) were administered while assessing participants self-reported and electrodermal responses.  

Results: BPD patients showed higher levels of pre-task negative affectivity as well as an enhanced 
physiological response to neutral stimuli. No main BPD group effect was found for the physiological 
data. Moreover, pre-task negative affectivity levels were exclusively related to physiological responses 
among BPD subjects.  

Discussion: Our findings supported the hypersensitivity hypothesis operationalized as an enhanced 
responsiveness to non-emotional cues. Hyperreactivity assumption was not supported. Conversely, 
our study revealed heightened physiological responses in relation to pre-existent negative emotional 
states in BPD. We discussed our results in the context of the putative pathological processes underlying 
BPD. 
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1. Introduction  

Borderline Personality Disorder (BPD) is a severe Personality Disorder (PD) which manifests a 

core pathological dysfunction in emotional processing and emotion regulation (Linehan, 1993). 

According to Linehan’s Biosocial model (1993), BPD emotional dysregulation arises from an 

interaction between biological vulnerability and an invalidating environment. The first factor 

includes hypersensitivity and hyperreactivity to emotional cues, as well as, a slow return to 

emotional baseline (Zanarini & Frankenburg, 2007). There is a large consensus in identifying 

altered psychophysiological responses as a reliable biological marker of the previous dimensions 

(Cavazzi & Becerra, 2014). Further, Carpenter and Trull (2013) postulated that the biological 

aspects of emotional dysregulation are implicated in explaining core dysfunctional behaviors of 

BPD (i.e., impulsive, self-damaging and para-suicidal acts; Selby & Joiner, 2009).  

Although Linehan’s model seems to be well documented in clinical practice, empirical research 

did not fully support the model. A main problem is related to the operationalization of 

hypersensitivity and hyperreactivity. On the contrary, the slow return to emotional baseline 

seems to be the only assumption of the Linehan’s model that was well supported by 

experimental studies, as manifested by an impaired habituation of emotional responses in BPD 

patients (e.g., Austin, Riniolo, & Porges, 2007; Dziobek et al., 2011; Ebner-Priemer et al., 2009; 

Weinberg, Klonsky, & Hajcak, 2009). 

Hypersensitivity is characterized by a low threshold for eliciting emotional responses (Linehan, 

1993). However, studies which experimentally tested it proposed different interpretations. First 

of all, some authors operationalized hypersensitivity as a basal condition of physiological 

hyperarousal (e.g. Kuo & Linehan, 2009; Linehan, 1993), even though this assumption was not 

definitely supported by experimental studies (e.g., for a review see: Cavazzi & Becerra, 2014; 

Koenig et al., 2016). Another possible definition of hypersensitivity is a higher probability to 

experience stimuli as emotional (Carpenter & Trull, 2013; Linehan, 1993). Consequently, it 

could be related to responsiveness to neutral stimuli, which are cues that should not produce 

specific emotional responses. Accordingly, neutral faces and stimuli seem to be particularly 

salient for BPD patients, who are likely to perceive neutral or ambivalent cues more negatively 

than healthy volunteers (e.g., Arntz & Veen, 2001; Domes et al., 2008; Hidalgo et al., 2016; 

Meyer, Pilkonis, & Beevers, 2004; Mier et al., 2012; Veen & Arntz, 2000; Wagner & Linehan, 

1999) and consequently they might manifest a specific increased physiological responsiveness 

to such stimuli. Hence, given the previous evidences, the hypersensitivity hypothesis of BPD is 

not fully clarified.  
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On the other hand, hyperreactivity is defined by changes in the intensity of emotional responses 

after the presentation of an emotionally-evocative cue (Linehan, 1993). However, empirical 

research showed several problems in its conceptualization when experimentally assessed 

(Nelson, Shankman, Olino, & Klein, 2011), including differences in control conditions (e.g. 

baseline or neutral), analytic methods for measuring change (e.g. change score, percentage 

change score, statistical control for group differences), as well as assessment outcomes (i.e. self-

reported, physiological or behavioral scores). Nonetheless, physiological outcomes remain the 

most reliable and used measure to assess the biological dimension of Linehan’s model of 

emotional dysregulation in BPD.  

In line with the previous methodological inconsistencies, empirical studies on BPD emotional 

hyperreactivity showed extremely mixed results (for a review, see: Cavazzi & Becerra, 2013; 

Rosenthal et al., 2008). For instance, most of the physiological/behavioral studies showed that 

BPD patients did not manifest more intense reactions compared to HCs (Ebner-Priemer et al., 

2005; Elices et al., 2012; Herpertz et al., 2001; Herpertz & Koetting, 2005; Kuo & Linehan, 

2009; Kuo, Fitzpatrick, Metcalfe, & McMain, 2016; Lobbestael, Arntz, Cima, & Chakhssi, 2009; 

Taylor & James, 2009; Weber et al., 2009). Conversely, some research reported specific hyper-

responsiveness to unpleasant stimuli (Ebner-Priemer et al., 2009; Dziobek et al., 2011; Herpertz, 

Kunert, Schwenger, & Sass, 1999), BPD related scripts (Limberg, Barnow, Freyberger, & 

Hamm, 2011; Schmahl et al., 2004) and social stressor tasks (Weinberg, Klonsky, & Hajcak, 

2009).  

Given the previous inconclusive findings, we could hypothesize that BPD patients are not 

persistently hyper-responsive to emotional situations. Indeed, consistently with Linehan’s 

clinical considerations, heightened emotional reactions are often referred by BPD patients when 

they experience pre-existing unpleasant emotional states (Linehan, 1993). However, there are 

no studies that empirically evaluate whether physiological hyperreactivity exclusively emerges in 

the presence of specific affective states (e.g. negative vs. positive affectivity) that are experienced 

before emotional events.   

Starting from these considerations this study aimed to address some key unsolved questions 

related to emotional dysregulation in BPD:  

1) clarify the concept of emotional hypersensitivity as operationalized in three ways: a) an 

increased basal physiological activation, b) an enhanced responsiveness to neutral stimuli, 

c) a basal heightened negative emotionality; 

2) evaluate the hyperreactivity assumption defined as an overall heightened response to 

emotional stimuli; 
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3) investigate the role of pre-task emotional states in modulating physiological responses to 

emotional cues 

In line with the previous aims, we collected physiological (Electrodermal Activity, EDA) data 

during the administration of negative, positive, neutral and erotic pictures from the Nencki 

Affective Picture System (NAPS; Marchewka, Żurawski, Jednoróg, & Grabowska, 2014; 

Wierzba et al., 2015). Further, pre-task affectivity was assessed by the Positive and Negative 

Affective Schedule (PANAS; Watson, Clark, & Tellegen, 1988).  

The choice to include erotic pictures was related to the fact that to our knowledge there are no 

data on the processing and responsiveness to erotic cues in BPD patients. However, sexuality 

seems to be particularly relevant for BPD patients who usually manifest greater sexual 

preoccupation, sexual depression, and sexual dissatisfaction (Hurlbert, Apt, & White, 1992). 

Other studies have reported stronger negative attitudes, sexual pressure by partners, and 

ambivalence toward sexuality in BPD subjects compared to controls (Bouchard, Godbout & 

Sabourin, 2009). These data lead us to assume that erotic stimuli could be particularly 

problematic for BPD patients. 

2. Methods 

2.1 Participants 

2.1.1 Individuals with BPD. Twelve BPD female outpatients were recruited from the 

Department of Psychiatry, Hospital de la Santa Creu i Sant Pau, Barcelona (Spain) from May 

2016 to September 2016. Clinical subjects met BPD diagnosis in according to DSM-IV criteria 

evaluated by the Structured Clinical Interview for DSM-IV axis II Personality Disorders, Version 2.0 

(SCID-II, Gómez-Beneyto et al., 1994). SCID-II was conducted during routine diagnostic 

assessment by trained raters, who were blinded to the hypotheses of this study. Exclusion 

criteria were an IQ lower than 70 and the presence of other acute psychiatric symptomatology 

within one month before task administration (e.g. major depressive episode, active substance 

use). Nonetheless, lifetime co-diagnoses of other psychiatric disorders did not represent 

additional exclusion criteria. Moreover, patients were asked to refrain from using 

Benzodiazepines 24 hours prior to the experiment. The mean number of Personality Disorders 

(PDs) diagnoses was 2.00 (SD = 0.90, range 1-3). Dependent PD (N=4, 33.3%), Paranoid PD 

(N =4, 33.3%), Obsessive-Compulsive PD (N =3, 25%) and Avoidant PD (N =1, 8.3%) were 

the most recurrent PD co-diagnoses. Moreover, lifetime psychiatric comorbidities included 

Major Depression Disorder (N =7, 58.3%), Anxiety Disorders (N =2, 25%), Obsessive 

Compulsive Disorder (N =1, 8.3%), Eating Disorder (N =6, 50.0%), Substance Use Disorders 

(N =3, 25.0%). Pharmacological treatments did not also represent a study exclusion criterion. 
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Every patient took stable pharmacological treatments for at least three months. The number of 

medical prescriptions ranged from 2 to 3. The most commonly prescribed medications were 

SSRI, MAO, antiepileptics and neuroleptics/antipsychotics. 

2.1.2 Healthy Controls. Twelve community dwelling female volunteers with negative medical 

history for psychiatric or neurological disorders were included in the nonclinical sample. 

Participants were screened using a self-report questionnaire specifically developed to investigate 

the presence of previous certificated psychological, psychiatric and neurological diagnoses and 

treatments. Additional exclusion criteria were an IQ lower than 70, substance use, 

psychopharmacological treatments and current or lifetime psychological treatments.  

2.2 Measures 

2.2.1 Pictures. Thirty-six pictures from the NAPS (Marchewka, Żurawski, Jednoróg, & 

Grabowska, 2014) were administered during the experiment. Pictures were divided according 

to the original ratings in 3 valence categories: a) Low Valence (Negative), b) High Valence 

(Positive) and c) Neutral Valence. Additionally, erotic pictures (ERO) from NAPS-ERO 

(Wierzba et al., 2015) were included in the set. As a whole, 9 pictures for each category were 

administered. Pictures were specifically selected considering different arousal levels to cover all 

valence and arousal dimensions. 

2.2.2 Physiological data. EDA data were collected using BITalino (da Silva et al., 2014; 

Guerreiro et al., 2013) a biomedical data acquisition device with a sampling rate of 1000Hz. 

EDA was collected through two electrodes on the left palm. EDA results were analyzed using 

Ledalab (www.ledalab.de). A 2 Hz low-pass filter was used to pre-process the data (Mitra & 

Kuo, 2006). Moreover, a Continuous Decomposition Analysis (CDA, Benedek & Kaernbach, 2010a, 

2010b) was applied and principal skin conductance indexes were extracted in a 5 seconds 

overlapping response window after the presentation of each picture. Indexes of Tonic (SCL) 

and Phasic Skin Conductance Response (SCR) were calculated from the physiological data and 

data were normalized using a log transformation.  

2.2.3 Positive and Negative Affect Schedule (PANAS, Watson, Clark, & Tellegen, 1988; 

Joiner et al., 1997). A twenty items questionnaire developed to assess the current positive 

(Positive Affect, PA) and negative (Negative Affect, NA) affectivity was administered. In our 

sample, the PANAS showed adequate reliability in both BPD (PA: α=.92; NA: α=.92) and HCs 

group (PA: α=.83; NA: α=.92). 

2.2.4 Self-report. Arousal, valence and dominance were rated from 0 to 1 using three digital 

sliders (Affective Sliders, AS; Betella & Verschure, 2016). The dominance slider was added to 

http://www.ledalab.de/
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the two original scales (arousal and dominance) for the purpose of this study, in accordance 

with the authors of the AS. The poles of the AS (Aroused/Relaxed; Positive/Negative; 

Dominant/Overwhelmed) are characterized by the presence of an emoticon (i.e., symbolic and 

stylized facial expression) in order to give a visual representation of the affective poles of the 

scales. Self-report results were not considered as primary outcomes of the current study. 

2.2.5 Procedure 

The whole process was carried out in a laboratory setting at Pompeu Fabra University, 

Barcelona. Participants were asked to refrain from drinking coffee or smoking cigarettes 2 hours 

before the experiment. Informed consent was signed prior to the experiment. Participants were 

required to complete the PANAS and the anamnestic questionnaire. Before the experiment, a 2 

minutes baseline recording for physiological activity was performed. Subsequently, participants 

completed a short block of practice trails of images to familiarize with the experimental 

protocol. The experiment was composed of two blocks of 18 pictures each, with a small break 

of 5 minutes between them. The order of the pictures was randomized for each participant. 

Before each picture, a fixation cross was shown for 5 seconds on the screen and participants 

were instructed to look at the cross until the picture appeared. Pictures were presented for 30s. 

After that, the three AS rating scales (Arousal, Valence and Dominance) appeared on the screen. 

This assessment procedure was proposed to replicate the original picture validation 

(Marchewka, Żurawski, Jednoróg, & Grabowska, 2014; Wierzba et al., 2015). Subjects were 

instructed to rate each scale using the mouse and then move to the next picture clicking on a 

“Continue” button on the screen. During the whole procedure, EDA data were continuously 

recorded.  

2.2.6 Data Analysis  

Consistently with the small sample size and the non-normal distribution of several outcomes 

measures in the study, we used non-parametric procedures to analyze the data. In detail, we 

computed Mann-Whitney U tests to compare BPD and HC subjects based on the Exact Test 

to calculate p-values. Monte Carlo simulation 2-tailed 99% confidence interval (CI) based on 

1000 independent samples was computed to support the robustness of the findings (Davison, 

1997). When multiple comparisons were performed, we applied adequate Bonferroni’s 

correction. We used r as the effect measure of the comparisons, following Rosenthal (1991) and 

Field (2013). Furthermore, to evaluate non-parametric interaction effects, we applied the 

Aligned Rank Transform to perform factorial ANOVA using the ARTool program (Wobbrock, 

Findlater, Gergle, & Higgins, 2011). Partial eta-squared (pη
2) was used as an effect size measure 

for ANOVA results. Eventually, we estimated Spearman’s correlation (ρ) (bootstrap 2-tailed 
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99% CI) between baseline measures and outcomes during the experiment to evaluate how pre-

task conditions interact with task responses. We also proposed ρ comparisons between groups 

using specific transformation of Spearman’s correlation coefficient, to compute the Fisher z-

transformation necessary to estimate the significance of the difference between the observed 

correlations (Myers & Sirois, 2004).  

3. Results 

Four BPD participants and 1 HC were excluded from the analyses due to technical problems in 

the EDA recording. The remaining sample was aged matched (BPD= 30.50 [9.11]; HCs=23.90 

[3.64]) (U= 24.00, Z=1.66, ns). BPD excluded participants did not significantly differ from 

included subjects for age and other clinical variables (e.g., number of PDs traits, number of 

psychiatric disorders and specific co-diagnoses). 

Table 1 shows detailed results of the comparisons performed in relation to the physiological 

data. With regard to self-report outcomes, in both groups negative images showed lower scores 

in valence ratings than neutral (BPD: Z=-2.52, p<.0167; HCs: Z=-2.93, p<.01) and positive 

images (BPD: Z=-2.52, p<.0167; HCs: Z=-2.93, p<.01), as well as positive pictures were rated 

significantly higher than neutral ones (BPD: Z=-2.52, p<.0167; HCs: Z=-2.93, p<.01) 

(Comparisons were based on a Wilcoxon test using Bonferroni correction .05/3 = .0167).  

Table 1. Physiological data: descriptive statistics and non-parametric comparisons 

 
BPD patients (N= 8) 

 

HCs (N=11) 

 
    

 M(SD) Mean Rank M(SD) Mean Rank U Z p r 

SCL-baseline 814.92 (94.75) 8.38 854.87 (63.84) 11.18 31.00 -1.07 .31 -.24 

SCR-baseline 2.09 (.46) 10.57 1.87 (.46) 8.82 31.00 -.68 .90 -.15 

         

SCL erotic 684.62 (186.11) 7.63 818.72 (94.68) 11.73 25.00 -1.57 .13 -.36 

SCL positive 688.42 (175.95) 7.88 825.14 (58.74) 11.55 27.00 -1.40 .18 -.32 

SCL negative 673.87 (170.31) 7.25 824.30 (64.05) 12.00 22.00 -1.82 .08 -.42 

SCL neutral 698.32 (177.48) 7.63 823.07 (77.80) 11.73 25.00 -1.57 .13 -.36 

         

SCR erotic .94 (.65) 11.63 .74 (.41) 8.82 31.00 1.07 .31 .24 

SCR positive .81 (.52) 9.75 .82 (.43) 10.18 42.00 -.16 .90 -.04 

SCR negative .92 (.45) 9.88 .91 (.33) 10.09 43.00 -.08 .97 -.02 

SCR neutral 1.31 (.32) 13.88 .78 (.43) 7.18 13.00 2.56* .009 .59 

Note: SCL: Skin Conductance Level; SCR: Skin Conductance Response; p-value was computed on exact 

significance procedures (2-tailed); multiple comparisons Bonferroni correction was applied (α = 0.0125) 

*p < .0125 
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3.1 Hypersensitivity hypothesis 

We did not find significant differences between groups when baseline physiological measures 

were considered. Conversely, we observed a significant and moderate to large difference in 

levels of self-reported Negative Affect (NA) (U= 19.00; Z = 2.07; p = .009, [Monte Carlo 

simulation 99% CI: .035-.045]) measured before task administration. Specifically, BPD subjects 

showed higher levels of NA than HCs. Additionally, BPD individuals showed a significant and 

large difference in phasic response when neutral stimuli were presented (U= 13.00; Z = 2.56; p 

= .009, [Monte Carlo simulation 99% CI: .007-.012]). In detail, BPD subjects exhibited a 

physiological heightened response to neutral affective stimuli. These results supported the 

emotional hypersensitivity assumption in BPD patients in terms of an enhanced basal negative 

affectivity and a heightened physiological response to neutral stimuli. 

3.2 Hyperreactivity hypothesis 

Considering EDA measures, we did not find a main effect of group and category for SCR [F 

(1,17) = 2.97; p = .10; pη
2 = .15]. On the other hand, a large and significant interaction effect 

was revealed [ F (3,15) = 4.11; p = .03; pη
2 = .45]. In detail, as previously mentioned, BPD 

subjects showed a specific increased phasic response in relation to neutral stimuli (U= 13.00; Z 

= 2.56; p = .009, [Monte Carlo simulation 99% CI: .007-.012]) (Bonferroni correction: .05/4 = 

.0125). We did not find a main effect of group and category for SCL [F (1,17) = 2.95; p = .10; 

pη
2 = .15] nor a interaction effect [ F (3,15) = 1.48; p = .26; pη

2 = .23]. These findings did not 

support the hypothesis of an overall hyperreactivity in BPD. 

3.3 Baseline-task relationships  

Considering self-reported Positive Affect (PA) measured before task administration, we did not 

find significant relations with phasic and tonic responses during experiment. However, we 

observed a significant difference between groups in the correlation of pre-task PA and Phasic 

SCR responses to erotic stimuli (ρ BPD = -.67; ρ HC = .27; Z = -2.81; p = .007) (Bonferroni 

correction .05/4 = .0125). As a whole, pre-task PA was related to lower SCR in BPD subjects; 

conversely, the same dimension showed a small opposite effect in HCs.  

Pre-task levels of Negative Affect (NA) were exclusively related to SCR to positive stimuli in 

the BPD group (ρ = .98; p < .001, [bootstrap 99% CI: .53-1.00]). Furthermore, we found 

significant differences between groups in the correlation with erotic (ρ BPD = .79; ρ HC = -.69; Z 

= 4.78; p < .001), positive (ρ BPD = .98; ρ HC = -.54; Z = 7.35; p < .001) and negative (ρ BPD = 

.71; ρ HC = -.47; Z = 3.60; p < .001) stimuli. Specifically, pre-task NA was related to higher SCR 

in BPD subjects; conversely, the same dimension demonstrated an opposite effect in HCs.  
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4. Discussion  

The current study sought to clarify two aspects of emotional vulnerability postulated by 

Linehan’s emotional dysregulation model of BPD (i.e. physiological hypersensitivity and 

hyperreactivity). In line with Linehan’s Biosocial theory, we hypothesized that hypersensitivity 

could be adequately described by different emotional functioning: an increased activation in 

baseline condition or higher physiological responses in relation to neutral emotional stimuli. 

Additionally, we considered two possible aspects of physiological hyperreactivity: an overall 

heightened response or an affective-related hyper-responsiveness.  

Our results supported the emotional hypersensitivity hypothesis in BPD in terms of an 

enhanced basal negative affectivity and a heightened phasic physiological response when neutral 

stimuli were presented. The relevance of heightened basal negative affectivity is coherent with 

previous findings (Elices et al., 2012; Feliu-Soler et al., 2014; Kuo & Linehan, 2009; Scott, Levy, 

& Granger, 2013). In addition, altered physiological response to neutral stimuli is consistent 

with neuroimaging data which demonstrated that BPD individuals show greater amygdala 

activation than HCs in relation to the presentation of neutral facial expressions (Donegan et al., 

2003). Moreover, our finding is in line with well-documented deficits in emotion recognition in 

BPD, especially to ambiguous emotional stimuli (Daros, Zakzanis, & Ruocco, 2013; Domes et 

al., 2008). On the contrary, hypersensitivity hypothesis was not manifested by an increased basal 

physiological activation, in line with other studies showing counter-intuitive results in relation 

to Linehan’s assumption (e.g., for a review see: Cavazzi & Becerra, 2014).  

The assumption of an overall hyperreactivity to emotional cues was not supported as 

demonstrated by the absence of significant differences between groups in the physiological 

responses to emotional pictures. As previously reported, this result is consistent with previous 

studies which demonstrated that BPD patients show similar physiological responses to different 

emotional stimuli compared to HCs. A possible explanation might be related to the type and 

the content of our emotional stimuli (i.e., general emotional pictures). Indeed, several studies 

which used general emotional stimuli showed small or null differences in SCR among BPD 

patients compared to HCs (Bichescu-Burian et al., 2016; Kuo & Linehan, 2009; Kuo, Neacsiu, 

Fitzpatrick, & MacDonald, 2014; Lobbestael, Arntz, Cima, & Chakhssi, 2009). Conversely, 

previous studies which revealed enhanced physiological responses presented BPD related 

stimuli (i.e., interpersonal stressors and trauma related cues; Limberg, Barnow, Freyberger, & 

Hamm, 2011; Schmahl et al., 2004; Weinberg, Klonsky, & Hajcak, 2009). In line with these 

results, future research should compare BPD physiological responses to general emotional 

stimuli and disorder related cues, within the same study, in order to clarify this inconsistency. 
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Our findings related to a significant relation between pre-task levels of NA and physiological 

responses during the task might suggest a context-specific hyperarousal hypothesis. In detail, 

we found different associations between NA and phasic responses in BPD patients and HCs, 

with BPD patients who reported higher phasic responses to emotional pictures when negatively 

activated before the task administration. Interestingly, these relations were significantly different 

in BPD and HCs. In line with our hypothesis, it might be possible that BPD patients exclusively 

manifested intense physiological responses due to pre-existent negative emotional states. This 

effect was particularly relevant when BPD individuals were exposed to positive emotional 

stimuli. The increased physiological response to positive stimuli when BPD patients experience 

high levels of negative affectivity might be consistent with a demonstrated tendency to suppress 

positive emotions (Beblo et al., 2013). It is well known that suppression produces an increase 

of physiological responses (Gross, 1998; Gross & Levenson, 1993, 1997). Consequently, it could 

be possible that BPD individuals use suppression as a maladaptive emotion regulation strategy 

(for a meta-analytic review see: Cavicchioli, Rugi & Maffei, 2015), especially when they 

experience contradictory emotional states, leading to heightened phasic responses. Additionally, 

the high levels of negative affectivity in BPD (Chu, Victor, & Klonsky, 2016; Krueger et al., 

2012; Mena, Macfie, & Strimpfel, 2016) might represent itself one of the most robust 

vulnerability factors to emotional physiological hyperreactivity. This has been already 

demonstrated in studies with nonclinical individuals (Zellars et al., 2009) and it is also supported 

by our results related to a significant increase of baseline NA in BPD patients compared to HCs. 

Conversely, it seems that positive affectivity might induce a reduced response to erotic stimuli, 

in BPD patients.  Indeed, pre-task PA was related to lower SCR exclusively in BPD subjects. 

Unexpectedly, erotic pictures did not elicit enhanced emotional reactions in BPD patients, 

compared to HCs. As a whole, our data seems to support the crucial role of pre-existing 

hypersensitivity to affective stimuli in modulating the physiological response of BPD subjects 

to emotional cues. 

The current study has several limitations. First, our sample was exclusively composed by 

women. Consequently, we have no insight in gender effects. Nevertheless, this sampling bias 

was related to the BPD population which is mainly composed of females as reported by several 

clinical trials for this disorder (for a review see: Leichsenring et al., 2011). Secondly, we enrolled 

a small number of participants. Even though our data were appropriately analyzed with 

statistical methods for such a condition and our results are robust, the small sample size might 

affect the relationships observed between pre-task traits and experimental responses. Indeed, 

the strong association between NA and SCR to emotional stimuli, especially to positive stimuli, 

would be certainly reduced with a larger sample. Consequently, our findings should be replicated 
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with a more representative sample size of such population. Further sampling limitations were 

related to co-diagnoses and pharmacological treatments in the BPD group. Specifically, the high 

co-occurrence of other psychiatric disorders, especially Major Depressive Disorder, might 

influence physiological responses to emotional cues. However, the co-diagnoses between BPD 

and other clinical conditions are the norm rather than the exception (e.g., Grant et al., 2008). 

Consequently, it was not possible to carry out a study which exclusively considered BPD 

subjects without other psychiatric conditions. Consistent with the large heterogeneity of 

additional psychiatric disorders, our participants necessarily took medications and the 

interruption of treatment for experimental reasons is counterproductive regarding clinical goals. 

Eventually, another limitation was related to the content of the stimuli. Although our stimuli 

are ecologically valid by showing real-life situations, it could be possible that they are not 

sufficiently personally relevant for BPD individuals. Lastly, since emotion eliciting techniques 

vary, our results may not be directly comparable to other studies which have used different 

methods for emotional elicitation (e.g. films, sounds, or autobiographical memories). However, 

we consider our results representative given the well-established properties of the emotional 

image database we used. 

In conclusion, our results mainly support the emotional hypersensitivity hypothesis in BPD 

rather than an overall hyperreactivity assumption. In particular, we showed that baseline self-

reported explicit affective states are connected to the physiological responses to affective stimuli 

in BPD. Our results thus point towards suggesting an alternative conceptualization of emotional 

hyper-reactivity in BPD, which resulted manifested exclusively when patients are negatively 

aroused. 

 

 

 

 

 

 

 

 

 

 



 
MJCP|8, 1, 2020 Bortolla et al. 

12 

 

References 

1. Arntz, A., & Veen, G. (2001). Evaluations of others by borderline patients. The Journal of nervous and mental 

disease, 189(8), 513-521. Doi: 10.1097/00005053-200108000-00004 

2. Austin, M. A., Riniolo, T. C., & Porges, S. W. (2007). Borderline personality disorder and emotion regulation: 

Insights from the Polyvagal Theory. Brain and cognition, 65(1), 69-76. Doi: 10.1016/j.bandc.2006.05.007 

3. Beblo, T., Fernando, S., Kamper, P., Griepenstroh, J., Aschenbrenner, S., Pastuszak, A., ... & Driessen, M. 

(2013). Increased attempts to suppress negative and positive emotions in borderline personality disorder. 

Psychiatry research, 210(2), 505-509. Doi: 10.1016/j.psychres.2013.06.036 

4. Benedek, M., & Kaernbach, C. (2010). A continuous measure of phasic electrodermal activity. Journal of 

neuroscience methods, 190(1), 80-91. Doi: 10.1016/j.jneumeth.2010.04.028 

5. Benedek, M., & Kaernbach, C. (2010). Decomposition of skin conductance data by means of nonnegative 

deconvolution. Psychophysiology, 47(4), 647-658. Doi: 10.1111/j.1469- 8986.2009.00972.x 

6. Betella, A., & Verschure, P. F. (2016). The affective slider: a digital self-assessment scale for the measurement 

of human emotions. PloS one, 11(2), Doi: 10.1371/journal.pone.0148037 

7. Bichescu-Burian, D., Steyer, J., Steinert, T., Grieb, B., & Tschöke, S. (2016). Trauma- related dissociation: 

Psychological features and psychophysiological responses to script-driven imagery in borderline personality 

disorder. Psychophysiology, 54(3), 452-461. Doi: 10.1111/psyp.12795 

8. Bouchard, S., Godbout, N., & Sabourin, S. (2009). Sexual attitudes and activities in women with borderline 

personality disorder involved in romantic relationships. Journal of sex & marital therapy, 35(2), 106-121. Doi: 

10.1080/00926230802712301  

9. Carpenter, R. W., & Trull, T. J. (2013). Components of emotion dysregulation in borderline personality 

disorder: A review. Current psychiatry reports, 15(1), 335. Doi: 10.1007/s11920-012- 0335-2 

10. Cavazzi, T., & Becerra, R. (2014). Psychophysiological research of borderline personality disorder: Review 

and implications for biosocial theory. Europe’s Journal of Psychology, 10(1), 185-203. Doi:10.5964/ejop.v10i1.677 

11. Cavicchioli, M., Rugi, C., & Maffei, C. (2015). Inability to withstand present-moment experiences in 

Borderline Personality Disorder: a meta-analytic review. Clinical Neuropsychiatry, 4(12), 101-110. 

12. Chu, C., Victor, S. E., & Klonsky, E. D. (2016). Characterizing positive and negative emotional experiences 

in young adults with Borderline Personality Disorder symptoms. Journal of clinical psychology, 72(9), 956-965. 

Doi: 10.1002/jclp.22299 

13. da Silva, H. P., Guerreiro, J., Lourenço, A., Fred, A. L., & Martins, R. (2014). BITalino: A Novel Hardware 

Framework for Physiological Computing. In PhyCS (pp. 246-253). Doi: 0.5220/0004727802460253I 

14. Daros, A. R., Zakzanis, K. K., & Ruocco, A. C. (2013). Facial emotion recognition in borderline personality 

disorder. Psychological Medicine, 43(9), 1953-1963. Doi: 10.1017/S0033291712002607 



 
MJCP|8, 1, 2020 Hypersensitivity or hyperreactivity in BPD? 

13 

 

15. Davison, A. C. (1997). Bootstrap methods and their application (Vol. 1). New York, NY: Cambridge 

University Press. 

16. Domes, G., Czieschnek, D., Weidler, F., Berger, C., Fast, K., & Herpertz, S. C. (2008). Recognition of facial 

affect in borderline personality disorder. Journal of personality disorders, 22(2), 135-147. 

Doi:10.1521/pedi.2008.22.2.135 

17. Donegan, N. H., Sanislow, C. A., Blumberg, H. P., Fulbright, R. K., Lacadie, C., Skudlarski, P., ... & Wexler, 

B. E. (2003). Amygdala hyperreactivity in borderline personality disorder: implications for emotional 

dysregulation. Biological psychiatry, 54(11), 1284-1293. Doi: 10.1016/S0006-3223(03)00636-X 

18. Dziobek, I., Preißler, S., Grozdanovic, Z., Heuser, I., Heekeren, H. R., & Roepke, S. (2011). Neuronal 

correlates of altered empathy and social cognition in borderline personality disorder. Neuroimage, 57(2), 539-

548. http://dx.doi.org/10.1016/j.neuroimage.2011.05.005  

19. Ebner-Priemer, U. W., Badeck, S., Beckmann, C., Wagner, A., Feige, B., Weiss, I., & Bohus, M. (2005). 

Affective dysregulation and dissociative experience in female patients with borderline personality disorder: a 

startle response study. Journal of psychiatric research, 39(1), 85- 92. Doi: 10.1016/j.jpsychires.2004.05.001 

20. Ebner-Priemer, U. W., Mauchnik, J., Kleindienst, N., Schmahl, S., Peper, M., Rosenthal, Z., Bohus, M. 

(2009). Emotional learning during dissociative states in Borderline Personality Disorder. Journal of Psychiatry 

& Neuroscience, 34(3), 214-222. Doi: 10.1016/j.jpsychires.2004.05.001 

21. Elices, M., Soler, J., Fernández, C., Martín-Blanco, A., Portella, M. J., Pérez, V., ... & Pascual, J. C. (2012). 

Physiological and self-assessed emotional responses to emotion-eliciting films in borderline personality 

disorder. Psychiatry Research, 200(2), 437-443. Doi: 10.1016/j.psychres.2012.07.020 

22. Feliu‐Soler, A., Pascual, J. C., Borràs, X., Portella, M. J., Martín‐Blanco, A., Armario, A., ... & Soler, J. (2014). 

Effects of dialectical behaviour therapy‐mindfulness training on emotional reactivity in borderline personality 

disorder: preliminary results. Clinical psychology & psychotherapy, 21(4), 363-370. Doi: 10.1002/cpp.1837 

23. Field, A. (2013). Discovering statistics using IBM SPSS statistics. Sage. 

24. Gómez-Beneyto, M., Villar, M., Renovell, M., Pérez, F., Hernandez, M., Leal, C., ... & Asencio, A. (1994). 

The diagnosis of personality disorder with a modified version of the SCID-II in a Spanish clinical sample. 

Journal of Personality Disorders, 8(2), 104-110. Doi: 10.1521/pedi.1994.8.2.104 

25. Grant, B. F., Chou, S. P., Goldstein, R. B., Huang, B., Stinson, F. S., Saha, T. D., ... & Ruan, W. J. (2008). 

Prevalence, correlates, disability, and comorbidity of DSM-IV borderline personality disorder: results from 

the Wave 2 National Epidemiologic Survey on Alcohol and Related Conditions. The Journal of clinical psychiatry, 

69(4), 533-545. Doi: https://doi.org/10.4088/JCP.v69n0404  

26. Gross, J. J. (1998). Antecedent-and response-focused emotion regulation: divergent consequences for 

experience, expression, and physiology. Journal of personality and social psychology, 74(1), 224-237. Doi: 0O22-

3514/98/3.O0 

http://dx.doi.org/10.1016/j.neuroimage.2011.05.005
https://doi.org/10.4088/JCP.v69n0404


 
MJCP|8, 1, 2020 Bortolla et al. 

14 

 

27. Gross, J. J., & Levenson, R. W. (1993). Emotional suppression: physiology, self-report, and expressive 

behavior. Journal of personality and social psychology, 64(6), 970-986.  Doi: 

https://psycnet.apa.org/doi/10.1037/0022-3514.64.6.970  

28. Gross, J. J., & Levenson, R. W. (1997). Hiding feelings: the acute effects of inhibiting negative and positive 

emotion. Journal of abnormal psychology, 106(1), 95-103. 

29. Guerreiro, J., Martins, R., Silva, H., Lourenço, A., & Fred, A. L. (2013). BITalino-A Multimodal Platform for 

Physiological Computing. In ICINCO (1) (pp. 500-506). 

30. Herpertz, S. C., & Koetting, K. (2005). Startle response in inpatients with borderline personality disorder vs. 

healthy controls. Journal of neural transmission, 112(8), 1097-1106. Doi: 10.1007/s00702-004-0249-1 

31. Herpertz, S. C., Kunert, H. J., Schwenger, U. B., & Sass, H. (1999). Affective responsiveness in borderline 

personality disorder: A psychophysiological approach. American Journal of Psychiatry, 156(10), 1550-1556. Doi: 

https://doi.org/10.1176/ajp.156.10.1550 

32. Herpertz, S. C., Werth, U., Lukas, G., Qunaibi, M., Schuerkens, A., Kunert, H. J., & Sass, H. (2001). Emotion 

in criminal offenders with psychopathy and borderline personality   disorder. Archives of general psychiatry, 58(8), 

737-745. Doi:10.1001/archpsyc.58.8.737 

33. Hidalgo, N. A. I., Oelkers-Ax, R., Nagy, K., Mancke, F., Bohus, M., Herpertz, S. C., & Bertsch, K. (2016). 

Time course of facial emotion processing in women with borderline personality disorder: an ERP study. 

Journal of psychiatry & neuroscience: JPN, 41(1), 16. Doi: 10.1503/jpn.140215 

34. Hurlbert, D. F., Apt, C., & White, L. C. (1992). An empirical examination into the sexuality of women with 

borderline personality disorder. Journal of sex & marital therapy, 18(3), 231-242. Doi: 

10.1080/00926239208403409 

35. Joiner Jr, T. E., Sandin, B., Chorot, P., Lostao, L., & Marquina, G. (1997). Development and factor analytic 

validation of the SPANAS among women in Spain:(More) cross-cultural convergence in the structure of 

mood. Journal of Personality assessment, 68(3), 600-615. Doi: https://doi.org/10.1207/s15327752jpa6803_8  

36. Kaiser, D., Jacob, G. A., Domes, G., & Arntz, A. (2016). Attentional Bias for Emotional Stimuli in Borderline 

Personality Disorder: A Meta-Analysis. Psychopathology, 49(6), 383-396. Doi: 10.1159/000448624 

37. Koenig, J., Kemp, A. H., Feeling, N. R., Thayer, J. F., & Kaess, M. (2016). Resting state vagal tone in 

borderline personality disorder: a meta-analysis. Progress in Neuro- Psychopharmacology and BiologicalPsychiatry, 64, 

18-26. Doi: https://doi.org/10.1016/j.pnpbp.2015.07.002  

38. Krueger, R. F., Derringer, J., Markon, K. E., Watson, D., & Skodol, A. E. (2012). Initial construction of a 

maladaptive personality trait model and inventory for DSM-5. Psychological medicine, 42(9), 1879-1890. Doi: 

10.1017/S0033291711002674 

39. Kuo, J. R., & Linehan, M. M. (2009). Disentangling emotion processes in borderline personality disorder: 

physiological and self-reported assessment of biological vulnerability, baseline intensity, and reactivity to 

emotionally evocative stimuli. Journal of abnormal psychology, 118(3), 531. Doi: 10.1037/a0016392 

https://psycnet.apa.org/doi/10.1037/0022-3514.64.6.970
https://doi.org/10.1176/ajp.156.10.1550
https://doi.org/10.1207/s15327752jpa6803_8
https://doi.org/10.1016/j.pnpbp.2015.07.002


 
MJCP|8, 1, 2020 Hypersensitivity or hyperreactivity in BPD? 

15 

 

40. Kuo, J. R., Fitzpatrick, S., Metcalfe, R. K., & McMain, S. (2016). A multi-method laboratory investigation of 

emotional reactivity and emotion regulation abilities in borderline personality disorder. Journal of behaviour 

therapy and experimental psychiatry, 50, 52-60. Doi: 10.1016/j.jbtep.2015.05.002 

41. Kuo, J. R., Neacsiu, A. D., Fitzpatrick, S., & MacDonald, D. E. (2014). A methodological examination of 

emotion inductions in borderline personality disorder: A comparison of standardized versus idiographic 

stimuli. Journal of Psychopathology and Behavioral Assessment, 36(1), 155- 164. Doi: 10.1007/s10862-013-9378-x 

42. Leichsenring, F., Leibing, E., Kruse, J., New, A. S., & Leweke, F. (2011). Borderline personality disorder. The 

Lancet, 377(9759), 74-84. Doi: 10.1016/S0140-6736(10)61422-5 

43. Limberg, A., Barnow, S., Freyberger, H. J., & Hamm, A. O. (2011). Emotional vulnerability in borderline 

personality disorder is cue specific and modulated by traumatization. Biological psychiatry, 69(6), 574-582. Doi: 

https://doi.org/10.1016/j.biopsych.2010.10.024  

44. Linehan, M. (1993). Cognitive-behavioral treatment of borderline personality disorder. Guilford press. 

45. Lobbestael, J., Arntz, A., Cima, M., & Chakhssi, F. (2009). Effects of induced anger in patients with antisocial 

personality disorder. Psychological medicine, 39(04), 557-568. Doi: 10.1017/S0033291708005102 

46. Marchewka, A., Żurawski, Ł., Jednoróg, K., & Grabowska, A. (2014). The Nencki Affective Picture System 

(NAPS): Introduction to a novel, standardized, wide-range, high-quality, realistic picture database. Behavior 

research methods, 46(2), 596-610. Doi: 10.3758/s13428-013-0379-1 

47. Mena, C. G., Macfie, J., & Strimpfel, J. M. (2016). Negative affectivity and effortful control in mothers with 

borderline personality disorder and in their young children. Journal of personality disorders, 1-16. Doi: 

10.1521/pedi_2016_30_258 

48. Meyer, B., Pilkonis, P. A., & Beevers, C. G. (2004). What's in a (neutral) face? Personality disorders, 

attachment styles, and the appraisal of ambiguous social cues. Journal of personality disorders, 18(4), 320-336. Doi: 

10.1521/pedi.2004.18.4.320 

49. Mier, D., Lis, S., Esslinger, C., Sauer, C., Hagenhoff, M., Ulferts, J., ... & Kirsch, P. (2012). Neuronal correlates 

of social cognition in borderline personality disorder. Social Cognitive and Affective Neuroscience, 8(5), 531-537. 

Doi: 10.1093/scan/nss028 

50. Mitra, S. K., & Kuo, Y. (2006). Digital signal processing: a computer-based approach (Vol. 2). McGraw-Hill Higher 

Education. 

51. Myers, L., & Sirois, M. J. (2004). Spearman correlation coefficients, differences between. Encyclopedia of 

statistical sciences, 12. Doi: 10.1002/0471667196.ess5050.pub2 

52. Nelson, B. D., Shankman, S. A., Olino, T. M., & Klein, D. N. (2011). Defining reactivity: How several 

methodological decisions can affect conclusions about emotional reactivity in psychopathology. Cognition & 

emotion, 25(8), 1439-1459. Doi: 10.1080/02699931.2010.551185 

https://doi.org/10.1016/j.biopsych.2010.10.024


 
MJCP|8, 1, 2020 Bortolla et al. 

16 

 

53. Rosenthal, M. Z., Gratz, K. L., Kosson, D. S., Cheavens, J. S., Lejuez, C. W., & Lynch, T. R. (2008). 

Borderline personality disorder and emotional responding: A review of the research literature. Clinical 

psychology review, 28(1), 75-91. Doi: 10.1016/j.cpr.2007.04.001 

54. Rosenthal, R. (1991). Meta-analytic procedures for social research (Vol. 6). Sage. 

55. Schmahl, C. G., Elzinga, B. M., Ebner, U. W., Simms, T., Sanislow, C., Vermetten, E., ... & Bremner, J. D. 

(2004). Psychophysiological reactivity to traumatic and abandonment scripts in borderline personality and 

posttraumatic stress disorders: A preliminary report. Psychiatry Research, 126(1), 33-42. Doi: 

10.1016/j.psychres.2004.01.005 

56. Scott, L. N., Levy, K. N., & Granger, D. A. (2013). Biobehavioral reactivity to social evaluative stress in 

women with borderline personality disorder. Personality Disorders: Theory, Research, and Treatment, 4(2), 91-100. 

Doi: 10.1037/a0030117 

57. Selby, E. A., & Joiner Jr, T. E. (2009). Cascades of emotion: The emergence of borderline personality disorder 

from emotional and behavioral dysregulation. Review of General Psychology, 13(3), 219. Doi: 

10.1037%2Fa0015687 

58. Taylor, J., & James, L. M. (2009). Evidence for a putative biomarker for substance dependence. Psychology of 

Addictive Behaviour s, 23(3), 491-499. Doi: https://psycnet.apa.org/doi/10.1037/a0016632 

59. Veen, G., & Arntz, A. (2000). Multidimensional dichotomous thinking characterizes borderline personality 

disorder. Cognitive Therapy and Research, 24(1), 23-45. Doi: 10.1023/A:1005498824175 

60. Wagner, A. W., & Linehan, M. M. (1999). Facial expression recognition ability among women with 

borderline personality disorder: implications for emotion regulation?. Journal of personality disorders, 13(4), 329-

344. Doi: 10.1521/pedi.1999.13.4.329 

61. Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures of positive 

and negative affect: the PANAS scales. Journal of personality and social psychology, 54(6), 1063. Doi: G022-

35l4/88/00.75 

62. Weber, K., Miller, G. A., Schupp, H. T., Borgelt, J., Awiszus, B., Popov, T., & Rockstroh, B. (2009). Early 

life stress and psychiatric disorder modulate cortical responses to affective stimuli. Psychophysiology, 46(6), 1234-

1243. Doi: 10.1111/j.1469-8986.2009.00871.x 

63. Weinberg, A., Klonsky, E. D., & Hajcak, G. (2009). Autonomic impairment in borderline personality 

disorder: a laboratory investigation. Brain and cognition, 71(3), 279-286. Doi: 10.1016/j.bandc.2009.07.014 

64. Wierzba, M., Riegel, M., Pucz, A., Leśniewska, Z., Dragan, W. Ł., Gola, M., ... & Marchewka, A. (2015). 

Erotic subset for the Nencki Affective Picture System (NAPS ERO): cross- sexual comparison study. 

Frontiers in psychology, 6. Doi: 10.3389/fpsyg.2015.01336 

65. Wobbrock, J. O., Findlater, L., Gergle, D., & Higgins, J. J. (2011, May). The aligned rank transform for 

nonparametric factorial analyses using only anova procedures. In Proceedings of the SIGCHI conference on human 

factors in computing systems (pp. 143-146). ACM. Doi: 10.1145/1978942.1978963 

https://psycnet.apa.org/doi/10.1037/a0016632


 
MJCP|8, 1, 2020 Hypersensitivity or hyperreactivity in BPD? 

17 

 

66. Zanarini, M. C., & Frankenburg, F. R. (2007). The essential nature of borderline psychopathology. Journal of 

Personality Disorders, 21(5), 518-535. Doi: 10.1521/pedi.2007.21.5.518 

67. Zellars, K. L., Meurs, J. A., Perrewé, P. L., Kacmar, C. J., & Rossi, A. M. (2009). Reacting to and recovering 

from a stressful situation: the negative affectivity-physiological arousal relationship. Journal of Occupational 

Health Psychology, 14(1), 11. Doi: 10.1037/a0013823  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©2020 by the Author(s); licensee Mediterranean Journal of Clinical 
Psychology, Messina, Italy. This article is an open access article, licensed 
under a Creative Commons Attribution 4.0 Unported License. 
Mediterranean Journal of Clinical Psychology, Vol. 8, No. 1 (2020).  

International License (https://creativecommons.org/licenses/by/4.0/). 

DOI: 10.6092/2282-1619/mjcp.2297 

 


