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Abstract

This study investigated Linehan’s (1993) theory that individuals meeting criteria for borderline
personality disorder (BPD) have high biological vulnerability to emotion dysregulation, including
high baseline emational intensity and high reactivity to emotionally-evocative stimuli. Twenty
individuals with BPD, 20 age-matched individuals with generalized social anxiety disorder (SAD),
and 20 age-matched normal controls (NC) participated in two separate emotion induction
conditions, a standardized condition and a personally-relevant condition. Respiratory sinus
arrhythmia (RSA), skin conductance response (SCR), and self-report measures were collected
throughout the experiment. BPD participants displayed heightened biological vulnerability
compared with NC as indicated by reduced basal RSA. BPD participants also exhibited high
baseline emotional intensity, characterized by heightened SCR and heightened self-reported
negative emotions at baseline. However, the BPD group did not display heightened reactivity as
their physiological and self-reported changes from baseline to the emotion inductions tasks were
not greater than the other two groups.
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Introduction

Borderline Personality Disorder and Emotion Dysregulation

Borderline personality disorder (BPD) is a life-threatening disorder characterized by severe
cognitive, behavioral, and emotional dysregulation. The prevalence of BPD in the general
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population is between 1% to 5.9% (Samuels et al., 2002; Torgerson, Kringlen, & Cramer,
2001; Swartz, Blazer, George, & Winfield, 1990; Grant et al., 2008) and up to 40% of high
utilizers of inpatient mental health care services (Geller, 1986) and approximately 15% of
outpatients are diagnosed with BPD (Koenigsberg, Kaplan, Gilmore, & Cooper, 1985;
Widiger & Weissman, 1991, Torgerson et al., 2001). The implications of these statistics are
compelling in view of the extremely high lifetime prevalence of self-injurious acts (up to
84%, Clarkin, Widiger, Frances, Hurt, & Gilmore, 1983; McGlashan et al. 2005), the rate of
suicide attempts (over 70% of BPD patients, Soloff et al., 2000; Zisook, Goff, Sledge, &
Schucter, 1994; Soloff, Lynch, & Kelly, 2002), and the 10% suicide rate (Frances, Fyer, &
Clarkin, 1986; Paris, Brown, & Nowlis, 1987).

Dialectical Behavior Therapy (DBT) is at present the most empirically-supported treatment
for BPD (see Lieb, Zanarini, Linehan, & Bohus, 2004) and is based on Linehan’s (1987)
theory of emotion dysregulation as the core characteristic of the disorder. Linehan (1993)
proposes a biosocial developmental model which states that BPD criteria are caused jointly
by a biological vulnerability to emotion dysregulation and an invalidating environment (one
that arbitrarily negates, rejects, or dismisses an individual’s behaviors). According to
Linehan’s model, emotion dysregulation in BPD includes high baseline negative emotional
intensity as well as high emotional reactivity which refers to changes in intensity of
emotional responding after presentation of an emotionally-evocative cue. High emotional
intensity and reactivity are proposed to be sequelae of emotional vulnerability and emotion
dysregulation occurs as the individual is further unable to effectively modulate the intensity
of the emotional response. When the emotionally vulnerable individual is placed in a
chronically invalidating environment, the constant transaction between the two lead to the
subsequent development of BPD.

There is a growing body of research examining Linehan’s proposed factors of emotion
dysregulation in BPD as well as the biosocial model in which it is based (see Rosenthal, et
al., 2008 for review). Several studies have examined the high intensity and high reactivity
components of emotion dysregulation. In contrast, fewer studies have examined the
biological dimension of the biosocial model, which specifies that BPD individuals are
biologically vulnerable to emotion dysregulation. Indeed, little is known about the biological
factors that render a BPD individual vulnerable to emotional intensity and reactivity and/or
more broadly, emotion dysregulation. The review below focuses on biological vulnerability,
baseline emotional intensity, and emotional reactivity in BPD, the limitations of the research
to date, and the rationale for the current study.

Linehan’s Biosocial Theory: Biological Vulnerability

Over two decades of research has identified various biological factors that may influence the
development of BPD. Studies of neurotransmitter dysfunction, particularly within the
serotonergic system, suggest a link between reduced serotonergic activity and impulsivity in
BPD (see Gurvits, Koenigsberg, & Siever, 2000 for review; Ni, et al., 2006).
Electrophysiological studies in BPD (see Boutros, Torello, & McGlashan, 2003 for review)
have reported abnormal brain electrical activity such as EEG slowing, lower EEG vigilance
(Hegerl, et al., 2007), increased REM density (Battaglia, et al., 1999) decreased REM
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latency (Battaglia, et al., 1993), and reduced right hemisphere gamma phase synchrony
(Williams, Sidis, Gordon, & Meares, 2006), which together have been proposed to
contribute to the impulsiveness and affective lability associated with the disorder. More
recently, structural imaging studies have reported decreased hippocampal and amygdala
volume in BPD (Driessen, et al., 2000; Tebartz van Elst, et al., 2003; Schmahl, Vermetten,
Elzinga, & Bremner, 2003a). Functional imaging studies have identified altered baseline
metabolism in prefrontal regions as well as dysfunctional frontolimbic networks in BPD (see
Schmahl & Bremner, 2006) in response to stressful challenges. While these reported
aberrations have been proposed as biological markers associated with BPD criteria, what
remains unclear is whether these factors reflect a specific vulnerability to emotion
dysregulation, the central mechanism proposed by Linehan’s model.

Recent evidence has linked vagal tone, referring to parasympathetic influence on the heart,
with emotion regulatory processes. Porges’ polyvagal theory (Porges, Doussard-Roosevelt,
& Maiti, 1994) suggests that activation of the myelinated vagal system terminating at the
sinoatrial node of the heart is positively associated with various attentional and emotion
regulatory processes. Substantial literature suggests that basal vagal tone is associated with
individual differences in emotional vulnerability (Porges, 1995a; Porges, 1995b;
Beauchaine, 2001; Butler, Wilhelm, & Gross, 2006). Additionally, studies of adult clinical
samples have reported reduced basal vagal tone in several Axis | disorders (Thayer,
Friedman, & Borkovec, 1996; Lyonfields, Borkovec, & Thayer, 1995; Friedman & Thayer,
1998; Cohen et al., 1998; Cohen et al., 2000) which has been conceptualized as indicating
difficulties in effectively interacting emotionally with the environment. Collectively, these
findings have led many investigators to conceptualize basal vagal tone as an index of
biological vulnerability to emotion dysregulation. Despite such evidence, little to no
research has investigated vagal tone in BPD.

Linehan’s Emotion Dysregulation Theory: High Baseline Intensity and High Reactivity

High Intensity—The primary method for assessing heightened emotional intensity in BPD
has been through self-report questionnaires. Consistent with Linehan’s theory, these studies
have reported higher negative emotional intensity in BPD compared with non-clinical
controls, other Axis Il individuals, as well as individuals with bipolar disorder (Leving,
Marziali, & Hood, 1997; Koenigsberg et al., 2002; Henry et al., 2001). Other studies have
reported a positive correlation between negative emotional intensity and BPD features (Yen,
Zlotnick, & Costello, 2002; Rosenthal, Cheavens, Lejuez, & Lynch, 2005; Cheavens et al.,
2005) as well as intense negative emotions following social interactions (Russell,
Moskowitz, Zuroff, Sookman, & Paris, 2007). Ambulatory monitoring studies indicate that
BPD participants report higher unpleasant emotional intensity (Stein, 1996; Ebner-Priemer
et al., 2007) and higher aversive tension (Stiglmayr et al. 2005) than non-clinical
participants in a naturalistic context.

The self-report studies provide substantial evidence for subjective, heightened negative
emotional intensity in BPD. These data are commonly interpreted as evidence for
heightened emotional reactivity in BPD. As noted above, however, Linehan’s model defines
high reactivity as stimulus-related changes in emotional intensity. Although self-report
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studies provide evidence of high negative emotional intensity in BPD, these studies do not
directly assess changes in emotional intensity after presentation of an emotionally-evocative
stimulus (hence, reactivity). Indeed, a major limitation in the self-report literature is that
baseline intensity and reactivity are often confounded. Thus, it remains unclear whether such
self-reported intensity in BPD is indeed due to increased reactivity, increased baseline levels
of emotional intensity, or both.

High Reactivity—In contrast to the self-report studies, physiological studies have assessed
reactivity more directly. However, findings from this literature are mixed. Herpertz and
colleagues (1999, 2000, 2001a) published three physiological emotion studies in which BPD
participants viewed neutral, positive, and negative valenced slides while physiologically
monitored (Herpertz, Kunert, Schwenger, & Sass, 1999; Herpertz et al. 2000, Herpertz et al.,
2001a). There were no indications of heightened emotional reactivity in BPD. Interestingly,
in the first two studies (Herpertz, et al., 1999; Herpertz et al., 2000), BPD individuals
exhibited significantly lower skin conductance (SC) magnitude, a measure of sympathetic
activity, across all slide valences compared with the control groups, suggesting lower
intensity of emotional responding across the task. Similarly, in a study where abused women
with BPD, PTSD, or neither disorder listened to personally-relevant abandonment and abuse
scripts, Schmahl et al., (2004b) found a tendency towards greater skin conductance
responses to the abandonment script in the BPD group, although this did not reach the level
of significance.

Studies by Ebner-Priemer, in contrast, (Ebner-Priemer et al., 2005, 2007) offer support for
physiological reactivity in BPD. Ebner-Priemer et al., (2007) found that non-medicated BPD
individuals exhibited a heightened degree of emotional heart rate (i.e. changes in heart rate
that is devoid of movement influences) compared with healthy controls in an ambulatory
monitoring paradigm. Ebner-Priemer et al., (2005) also reported larger startle response
magnitude (i.e., higher reactivity) and slower habituation in BPD compared with
psychologically healthy controls. In this study, the investigators also compared differences
in physiological responding between BPD participants high and low in present-state
dissociation. Results indicated that BPD participants with low present-state dissociation
exhibited higher EMG responses than BPD participants high in present-state dissociation.

One study to date has assessed vagal withdrawal as an indicator of emotional reactivity in
BPD. According to Porges’ polyvagal theory (Porges, Doussard-Roosevelt, Portales, &
Greenspan, 1996), the appropriate use of the “vagal brake” is essential for proper
engagement with tasks that require attention, social interaction, and emotion regulation.
Consistent with this theory, recent evidence suggests that excessive vagal withdrawal
reflects heightened emotional reactivity or emotionally dysregulated states such as panic
(YYeragani et al., 1990), anger (Donzella, Gunnar, Krueger, & Alwin, 2000), worry (Thayer
et al., 1996; Lyonfields et al., 1995) and hyperarousal in response to traumatic memories
(Sack, Hopper, & Lamprecht, 2004).

Awustin, Riniolo, & Porges (2007) monitored respiratory sinus arrhythmia (RSA), an index of
vagal tone, and heart period (HP) while BPD participants and non-clinical controls watched
film clips. Although there were no baseline differences, the BPD group displayed a decrease
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in RSA and HP while the control group displayed the opposite pattern throughout the course
of the experiment. The authors interpreted the vagal withdrawal exhibited by the BPD
participants to indicate heightened emotional reactivity. However, it is unclear whether the
vagal withdrawal exhibited by the BPD subjects was stimulus-linked (i.e. in response to the
films) or due to the passage of time. Additionally, the authors excluded BPD participants
with any additional disorders. Given that the rates of comorbidity between BPD and other
disorders is as high as 98% (see Skodol et al., 2002 for review), generalizability of these
results is limited.

In summary, although the physiological literature provides some evidence for heightened
emotional reactivity in BPD, the findings within this literature are mixed and fraught with
limitations. The mixed findings can be accounted for by the variability in the stimuli
employed across investigations. Some studies included standardized stressors (e.g., slides)
and others idiographic stressors (e.g., abandonment scripts). The discrepant methodologies
make it difficult to determine whether BPD individuals are more reactive to certain cues or
whether other methodological factors are influencing the results. Incorporating both
standardized and idiographic stimuli under one methodological umbrella is needed to
address this question. A second limitation is that very few of these studies have included
clinical comparison groups. Given the recent movement towards a unifying theory of
emotion dysregulation in Axis | disorders (Barlow, Allen, & Choate, 2004), additional
comparisons of the emotion dysregulation profile in BPD versus other Axis | disorders is
warranted. A majority of studies have also failed to control for the impact of dissociation on
results, despite evidence indicating that present-state dissociation mitigates autonomic
output in BPD (Ebner et al., 2005). Finally, there has been a lack of comprehensive
autonomic assessments in the physiological studies to date. Contemporary views of
autonomic activity emphasize that contributions of the sympathetic (SNS) and
parasympathetic systems (PNS) may vary reciprocally, coactively, or independently
(Berntson, Cacioppo, & Quigley, 1991) and therefore, simultaneously assessing SNS and
PNS activity is crucial to understanding emotional processing systemically.

The Current Study

The study presented here examined three core components of Linehan’s model (biological
vulnerability, baseline emotional intensity, and emotional reactivity) and addressed the
limitations of previous research. Three groups of participants, BPD, generalized social
anxiety disorder (SAD), and normal controls (NC) engaged in a standardized (films) and
idiographic (imagery) paradigm while physiologically monitored. The rationale for selecting
SAD as a clinical control was as follows: First, given the substantial evidence for emotion
dysregulation in anxiety disorders, selecting an anxiety disorder control group would allow
for comparisons between BPD and other groups where emotion dysregulation processes
have been indicated. Second, given the high (approximately 56%) comorbidity of BPD with
PTSD (Zanarini, et al., 1998), selecting a PTSD control group would limit the specificity
between the two samples. Further, given the existing theoretical debate around GAD as a
separate diagnostic category as indicated by its high comorbid rates with depression as well
as other anxiety disorders (See Nutt, Argyropoulos, Hood, & Potokar, 2006), selecting this
group as a clinical control would also limit the specificity between the two samples. Indeed,
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the “diagnostically unclean” GAD group would render it difficult to ascertain what clinical
conditions BPD is distinct from. SAD was decidedly the most appropriate clinical control
group because 1) It would allow for comparability with the current data on emotion
processes in SAD and anxiety disorders in general, 2) Its rate of comorbidity with BPD (45—
50%, Zanarini, et al., 1998; Zanarini, Frankenburg, Hennen, Reich, & Silk, 2003) is lower
than that of PTSD and depression, and 3) its diagnostic profile is more distinctive than that
of GAD.

The primary hypotheses were as follows: 1) BPD individuals would exhibit biological
vulnerability to emotion dysregulation as indicated by reduced basal RSA compared with
the SAD and NC groups, 2) BPD individuals would demonstrate heightened baseline
negative emotional intensity compared with the SAD and NC groups as indicated by higher
electrodermal responding and higher self-reported negative emotions at baseline and 3) BPD
individuals would exhibit heightened emotional reactivity compared with the SAD and NC
groups as indicated by greater changes from baseline to emotion-eliciting tasks in
physiological and self-report measures.

The limitations reviewed above were addressed by first examining Linehan’s largely
untested notion of biological vulnerability in BPD by comparing baseline differences in
vagal tone. Second, baseline negative emotional intensity and stimulus-induced reactivity
were separately assessed, thus allowing the two constructs to be delineated. Emotional
reactivity was assessed across three core emotions (sadness, anger, and fear) and across both
standardized and personally-relevant conditions. The addition of a clinical control group,
SAD, allowed for comparisons of the BPD emotion dysregulation profile with that of
another clinical population. Additionally, dissociative state was controlled for and both
sympathetic and parasympathetic indices were measured.

Method

Participants

Three groups of participants were recruited to take part in the study: individuals with BPD,
individuals with SAD, and individuals with no current Axis | disorders or BPD (NC).
Participants were recruited through flyers and internet postings throughout the community,
local hospitals, and clinics, and by outreach to BPD participants in existing treatment studies
at the University of Washington Behavioral Research and Therapy Clinics (BRTC). Only
females were recruited because of indicated differences in emotional reactions (Fischer,
2000) as well as differences in cardiovascular control and vagal activity between genders
(Fyan et al., 1994). Given the challenges of diagnosing young children with personality
disorders, only participants over the age of 18 were included. Exclusion criteria included
schizophrenia, schizophreniform, and schizoaffective disorders, psychosis NS, bipolar
disorder, current substance dependence, as well as the following physical conditions:
epilepsy or seizure disorder, heart disease, and asthma. Participants were also excluded if
they were taking any psychotropic medication other than SSRIs, major tranquilizers,
antihistamies, or beta blockers. Color-blindness was also an exclusion criterion as one of the
baseline tasks in the study required the identification of colors. Finally, SAD and NC
participants meeting four or more BPD criteria or the impulsivity and self-harm/suicidality
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criteria from the Structured Clinical interview for DSM-IV Axis || (SCID-I1)- BPD (First,
Spitzer, Gibbons, Williams, & Benjamin, 1996) were excluded to ensure the three samples
remained distinct. Seventeen SAD and NC participants were therefore excluded after
screening based on these criteria. All participants were between ages 18-45 and were
matched on age (£2 years). The final sample resulted in 20 BPD, 20 SAD, and 20 NC
participants. Effect sizes from pilot data as well as other physiological studies with similar
designs suggested that, with a sample of n=20 in each group, we would have a power of .68
to detect baseline physiological differences as well as a power of .85 to detect differences in
reactivity.

Participant Demographics—Mean age for the three groups were: BPD=23.55,
SAD=23.90, NC=23.30, indicating successful matching. See Table 1 for ethnic and marital
demographics and Table 2 for rates of Axis | comorbidiy for the BPD and SAD groups. A
Mann-Whitney test indicated that there was not a significant difference in the number of
comorbid diagnoses between the BPD and SAD groups, with an average rank of 21.42 for
the BPD group and 17.7 for the SAD group (p >.05). Four (20%) of the BPD participants
were on SSRIs (one on citalopram, two on fluoxetine, one on sertraline), one (10%) SAD
participant was on citalopram, and none of the NC participants were on psychotropic
medications. There were no significant differences in the number of medications with an
average rank of 22.00 for the BPD group and 19.00 for the SAD group, (p > .05).

Screening and Descriptive—The Sructured Clinical interview for DSM-1V Axis |
(SCID-I) (First, Spitzer, Gibbon, & Williams, 1995) and Structured Clinical interview for
DSM-IV Axis |l (SCID-II)- BPD (First, et al., 1996) were administered to screen for Axis |
disorders and BPD, respectively. All SCIDs were conducted by the principal investigator of
the study, who was trained to reliability with assessors from the larger treatment trials within
the UW BRTC. The Demographic Data Survey (DDS) (Linehan, unpublished, 1982) was
administered to obtain a wide range of demographic data including age, height, weight, and
ethnicity.

Self-Report measures of emotion and emotion regulation

Trait Measures: The Difficultiesin Emotion Regulation Scale (DERS) (Gratz & Roemer,
2004), was administered as a trait measure of emotion regulation. The DERS is a 36-item
measure that assesses individuals’ typical levels of emotion dysregulation across six
domains: non-acceptance of negative emaotions, inability to engage in goal-directed
behaviors when experiencing negative emotions, difficulties controlling impulsive behaviors
when experiencing negative emotions, limited access to emotion regulation strategies
perceived as effective, lack of emotional awareness, and lack of emotional clarity. The
DERS has high internal consistency (a=.93) and good test-retest reliability (p;=.88). The
Acceptance and Action Questionnaire (AAQ)-16 item (Hayes et al, 2004), a measure of
experiential avoidance was also administered. Finally, the State-Trait Anger Inventory
(STAXI), Trait Anger subscale (Spielberger, Krasner, & Solomon, 1988), was administered
to measure trait levels of anger (Cronbach's alpha for women = 0.75; re-test correlation for
women between 0.70 and 0.76).
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State Measures: After every baseline and emotion induction, participants reported their
emotional states using the Visual Analogue Scale (VAS) (Haines J., Williams C., Brain K., &
Wilson, 1995), a measure of subjective reactions on a scale of 1-100 on the following
bipolar dimensions: relaxed-tense, calm-angry, unafraid-afraid, happy-sad, normal-unreal,
relieved-uptight, contented-ashamed, and accepting-punishing. After every emotion
induction, participants also completed the Dissociative Sate Scale (DSS) (Stiglmayr,
Shapiro, Stieglitz, Limberger, & Bohus, 2001), a 21-item self-report inventory assessing the
duration and intensity of acute somatic and psychological dissociation, which was included
as a covariate. The scale was developed at the Borderline Research Unit, University of
Freiburg. Test retest reliability (1-week daily data recording, k= .8) and internal consistency
estimates (Cronbach’s alpha = 0.9) are high.

Physiological Measures

Respiratory sinus arrhythmia (RSA): RSA was used as the index of vagal tone and was
measured by assessing the high-frequency (HF) band of spectral analysis (Berntson et al.,
1997), which decomposes ECG R-wave time series into three heart rate variability
frequency ranges through Fast-Fourier transformations. Spectral analyses were conducted
using Mindware Technologies HRV 2.33 software (Westerville, OH) which detects
questionable R-R intervals based on the overall R-R distribution using a validated algorithm
to aid artifact detection and editing (Berntson, Quigley, Jang, & Boysen, 1990) The low-
frequency range is less than 0.04 Hz, mid-frequency from 0.04-0.15 Hz, and the high-
frequency range is greater than .15 Hz. Research on heart rate and heart rate variability
suggest that parasympathetic/vagal activity influences all frequencies of <0.5, while
sympathetic activity affects frequencies of <0.15 (Berntson et al., 1997). High-frequency
spectral densities were calculated across 30-second epochs for each baseline and emotion
induction.

Skin Conductance Response (SCR): Skin conductance was measured as an index of
sympathetic responding. Nonspecific skin conductance responses (SCRs) were scored using
the Mindware Technologies EDA 2.40 program which calculated the number of fluctuations
exceeding 0.05,S across one-minute epochs. A programmable rolling filter was employed
for artifact detection and editing.

All physiological measurements were collected using a BIOPAC 5-channel data acquisition
system (Biopac Technologies, Model MP100). Data were digitized at 1000 samples per
second and set for a gain of 1000 using low (35Hz) and high (.05Hz) pass filters. ECG data
were collected at the left and right wrists via disposable Ag-AgCl snap electrodes (Biopac
Technologies Model EL503) with a third electrode attached to the ankle for ground
reference. SCR was measured by 2 6-mm electrodes (Biopac model TSD203) with
electrolyte gel attached to the medial phalanges of two fingers on the non-dominant hand.
All SC application was done according to field standards (Fowles et al., 1981).

Emotion Induction Conditions

Standardized Condition/Emotion Films—Films known to reliably elicit targeted
emotions were selected from a sample developed by Gross & Levenson (1995). Each film
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lasted approximately 166 seconds. The sad film was a 2:51 minute clip from the movie “The
Champ,” which showed a young boy crying at his father’s death. The fear film was a 3:29
minute clip from the movie “Silence of the Lambs,” which depicted a basement chase scene.
The anger film was a 4:06 minute scene from the movie, “My Bodyguard” which showed a
young teenage boy being bullied by another young man. Finally, the Neutral film was a
silent 1:30 minute clip depicting colored bars. All films were presented from on a 16.5”
x12.5” computer monitor.

Personally-relevant Condition/Imagery—Development of the imagery task followed
procedures described by Pitman and colleagues (Pitman, Orr, Forgue, de Jong, & Claiborn,
1987). Two to five days prior to the experimental procedures, participants were interviewed
by a trained assessor who asked them to describe in writing the most recent or vivid event in
which they felt sad, afraid, angry, and emotionally neutral (control). The assessor prompted
the participant when needed in order to ensure the described event was sufficient to elicit an
emotional response. Only events where the intensity of the emotion experienced was rated
as an eight or higher on a scale of 1-10 were used. Each participant’s script was then
rewritten to take approximately two minutes when read out loud. In accordance with the
Pitman et al., (1987) protocol, scripts were also evaluated by the trained assessor and the
principal investigator to ensure that each script (with the exception of the neutral script)
consisted of five emotions, five sensations, and five thoughts. The rewritten scripts
maintained the exact phrases of the participants and were recorded by the principal
investigator in a neutral voice tone. On the day of the experiment, the recording was played
back to the participant and they were instructed to imagine themselves back in the situation
described.

The experimental procedures were divided into two separate sessions, one for each
condition. Counterbalancing procedures were applied to the order of the condition
(standardized vs. personally-relevant) and type of emotion induction (sadness, fear, anger,
neutral). At the start of each experimental session, participants engaged in a four-minute
“True Baseline” where they were instructed to maintain wakefulness and sit quietly and still.
Participants then engaged in a four-minute “Vanilla Baseline” period (Jennings, Kamarck,
Stewart, Eddy, & Johnson, 1992), where they engaged in a non-stressful, non-demanding
cognitive task requiring them to count the number of times a specified color appeared on a
screen. The purpose of using the vanilla baseline was to control for any negative emotions
that the participant may experience during a true baseline period.

Following the first True and Vanilla Baselines, participants engaged in either the
standardized or personally-relevant condition, depending on the counterbalancing method.
Between each emotion induction, participants engaged in a five-minute vanilla baseline.
Participants were physiologically monitored throughout the entirety of the experimental
session.

All were instructed to avoid ingestion of caffeine and tobacco on the day of and refrain from
taking any over the counter medications 24 hours prior to the physiological procedures.
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Data Reduction and Analysis

Analyses were conducted using SPSS, version 13.0. A visual inspection of the physiological
data indicated no distinct linear or polynomial relationship, therefore, a Mixed-Model
ANOVA (MMANOVA) approach was employed for all physiological analysis. The mixed
model (Littell, Milliken, Stroup, & Wofinger, 1996) is an extension of the standard general
linear regression and is appropriate when the data consist of independent subjects or
clusters, and the regression model for each subject or cluster can be assumed to be a random
deviation from some population parameter estimate. The MMANOVA models separate
means per group over time, where our interest focuses on (a) group by time interaction,
which assesses whether the differences between groups vary over time and (b) group effect
which assesses the difference between groups pooled across the longitudinal period. The
MMANOVA is similar to repeated measures ANOVA in that it models the clustering of the
repeated data but unlike repeated measures ANOVA, offers more flexibility to model
various covariance structures and accommodate missing data. In addition, the MMANOVA
framework, as implemented in SPSS, allows within-group and between-group contrasts to
be investigated over various ranges of time.

A priori hypotheses involving multiple comparisons are specified below. Adjustments were
not employed for planned comparisons. However, for all tasks where a priori hypotheses
were not stated, omnibus F-tests, followed by post-hoc comparisons were conducted. All
significance tests were two-tailed.

Sample Descriptives and Trait Measures of Emotion and Emotion Regulation
—Sample descriptives and self-report questionnaires of trait emotion and emotion regulation
were analyzed using One-way ANOVA.

Biological Vulnerability

RSA: A 3x2 Repeated-Measures ANOVA investigating the relationship between Group and
the two true baselines (Group: BPD, SAD, NC; Task: Films true baseline, Imagery true
baseline) indicated no Group*Task interactions, F=.72 (2,56) p=.49. Similarly, 3x2
Repeated-Measures ANOVA investigating the relationship between Group and the two
vanilla baselines (Group: BPD, SAD, NC; Task: Films vanilla baseline, Imagery vanilla
baseline) indicated no Group*Task interactions F=1.41 (2,56) p=.25. Therefore, true
baselines were combined across the Films and Imagery conditions as well as the vanilla
baselines across the Films and Imagery conditions. Differences between the three groups
were then analyzed using Mixed-Model ANOVA with “Epoch” (i.e., eight epochs/thirty
seconds each) as the within-subjects factor and “Group” (BPD, SAD, and NC) as the
between-subject factor.

Baseline Negative Emotional Intensity: SCR and Self-report/VAS

SCR: A 3x2 Repeated-Measures ANOVA investigating the relationship between Group and
the two true baselines (Group: BPD, SAD, NC; Task: Films true baseline, Imagery true
baseline) indicated no Group*Task interactions, F=2.22 (2,54) p=.12. Similarly, 3x2
Repeated-Measures ANOVA investigating the relationship between Group and the two
vanilla baselines (Group: BPD, SAD, NC; Task: Films vanilla baseline, Imagery vanilla
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baseline) indicated no Group*Task interactions F=.05 (2,54) p=.95. Therefore, true
baselines were combined across the Films and Imagery conditions as well as the vanilla
baselines across the Films and Imagery conditions. Differences between the three groups
were then analyzed using Mixed-Model ANOVA with “Epoch” (i.e., eight epochs/thirty
seconds each) as the within-subjects factor and “Group” (BPD, SAD, and NC) as the
between-subject factor.

Self-report/VVAS: A composite score of negative emotion was computed (i.e., “VASNeg,”
consisting of items relaxed-tense, relaxed-anxious, calm-angry, unafraid-afraid, happy-sad,
relieved-uptight and contented-ashamed). Square root transformations were employed
where violations of normality were violated. Differences in combined Films and Imagery
true baseline “VASNeg” scores as well as combined Films and Imagery vanilla baseline
“VASNeg” scores were then examined using independent samples t-tests.

Emotional Reactivity: RSA, SCR, and Self-report/VAS

RSA and SCR: Emotional reactivity was operationalized as the difference between the
mean RSA/SCR during the baseline prior to the emotion induction and the mean RSA/SCR
during the emotion induction. As skin conductance data are frequently positively skewed,
square-root transformations were employed as necessary (Venables & Christie, 1980).
Mixed-model ANCOVA (with total DSS score as the covariate) was run separately for the
each paradigm, with “Phase” (baseline or film/imagery) as the within-subjects factor and
“Group” (BPD, SAD, or NC) as the between-subject factor.

Self-report/\VVAS: Emotional reactivity was operationalized as the difference between the
VAS rating during the baseline prior to the emotion induction and the VAS rating during the
emotion induction. For the Neutral tasks, emotional reactivity was operationalized as the
difference between “VASNeg” during the baseline before the neutral task and “VVASNeg”
during the neutral task. The VAS data from the Films and Imagery procedures were
analyzed using Mixed-Model ANOVA, with “Phase” (Baseline or Film/Imagery) as the
within-subjects factor and “Group” (BPD, SAD, and NC) as the between-subjects factor.

Self-Report Measures

A summary of the results for self-report measures are in Table 3. One SAD participant was
missing her Difficulties in Emotion Regulation Scale (DERS) and State-Trait Anger Scale
(STAXI) data and, therefore, was not included in the analysis. Omnibus One-way ANOVAs
indicated significant between-group differences in the total DERS score as well as all six
DERS subscales, the Acceptance and Action Questionnaire (AAQ), and the STAXI trait
anger subscale. The BPD group scored higher than NC on all scales and subscales, and
higher than SAD on all but the AAQ awareness subscale. A summary of the Dissociative
State Scale (DSS) is in Table 4. As expected, the BPD group scored significantly higher on
the DSS than the NC across all film and imagery inductions and significantly higher than the
SAD group in the sad and anger imagery inductions. There were no significant DSS
differences between the SAD and NC groups on any film or imagery inductions.
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Biological Vulnerability: RSA True and Vanilla Baselines

A summary of the results for the baseline analyses are in Table 5. As predicted, the BPD
group exhibited reduced RSA in the true and vanilla baselines compared with the NC group.
Additionally, the BPD group demonstrated reduced RSA in the true and vanilla baselines
compared with the SAD group. There were no significant differences in the true or vanilla
baselines between the SAD and NC groups.

Baseline Negative Emotional Intensity: SCR and Self-report/VAS True and Vanilla

Baselines

SCR—Results indicated that the BPD group exhibited a higher number of SCRs in the
vanilla baseline and a trend toward a higher number of SCRs in the true baseline compared
with the NC group. The BPD group did not exhibit significantly higher SCR compared with
the SAD group in any of the baselines. The SAD group exhibited a higher number of SCRs
in the true and vanilla baselines compared with the NC group.

VAS—As predicted, the BPD group reported significantly higher levels of negative emotion
in the true and vanilla baselines compared with the NC group. There were no other
significant differences.

Emotional Reactivity: RSA, SCR, and Self-report/VAS

RSA—Results of analysis of all Films and Imagery Group*Phase interactions are reported
in Tables 6 and 7. Only one significant difference emerged (See Figure 1). There was a
significant difference in slopes between the BPD and SAD group in the sad film (M=-.43,
SE=.15), 1(103.60)=-2.89, p<.01) such that the BPD group exhibited a significant increase
in RSA from baseline to sad film (M=.25, SE=.11, t(103.18)=-2.37, p<.05), while SAD
group exhibited a decrease in RSA, although this change did not reach statistical
significance (M=-.18, SE=.11, t(104.05)=1.71, p>.05). All other Group*Phase interactions
in the films and imagery tasks were non—significant.l

SCR—Similar to the RSA data, results indicated that there were two significant
Group*Phase interactions in the sad film (See Figure 1). There was a significant difference
in slopes between the BPD and NC group (M=-.41, SE=.19, t(93.68)=2.16, p<.05) such that
the BPD group did not exhibit a significant change from Baseline to sad film (M=-.12, SE=.
13, 1(93.62)=.94, p>.05) while the NC exhibited a significant increase from Baseline to sad
film (M=.28, SE=.13, 1(93.73)=-2.10, p<.05). Similarly, while the BPD group did not
exhibit a significant change from Baseline to sad film (M=-.12, SE=.13, 1(93.62)=.94, p>.
05) the SAD group exhibited a significant increase from Baseline to sad film (M=.27, SE=.
13), 1(91.94)=2.01, p<.05. All other Group*Phase interactions in the films and imagery tasks
were non-significant. 1

VAS—There were no significant Group*Phase interactions any of the films or imagery
tasks.

1When analyses were rerun without controlling for dissociative state, findings did not change (data available upon request)
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DISCUSSION

Findings from this investigation offer partial support for Linehan’s (1987) theory of emotion
dysregulation in BPD. Three major findings emerged. First, BPD individuals exhibited
lower basal RSA compared with the SAD and NC, indicating biological vulnerability to
emotion dysregulation. Second, BPD individuals displayed high baseline negative emotional
intensity, characterized by higher baseline electrodermal responding and self-reported
negative emotions compared with the other two groups. Third, there were no indications of
heightened reactivity in BPD on any index or in either emotion condition. Taken together,
the baseline differences between the BPD and control groups coupled with the lack of
differences in slope from baseline to emotional stress suggest that 1) BPD individuals are
biologically vulnerable to emotion dysregulation and 2) emotion dysregulation in BPD is
accounted for by high baseline emotional intensity and not by high reactivity. Indeed, these
data seemingly conflict with clinical observations of emotional reactivity in BPD. While
clinical observations of high emotional intensity in BPD are often assumed to reflect high
reactivity, these findings suggest that individuals meeting criteria for BPD are, in fact, not
more “reactive” than non-clinical and socially anxious individuals. Rather, the extreme
intensity of negative emotions often seen in BPD appears to be accounted for by the high
starting point likely associated with persistent difficulties in regulation of negative affect.

Biological Vulnerability

Consistent with our hypothesis, BPD participants consistently demonstrated low basal RSA
compared with the NC group in both the true and vanilla baselines. Interestingly, this
finding conflicts with the null findings reported by Austin et al. (2007) who reported no
significant basal RSA differences between BPD and NC. Reasons for this may be due to
differences in the BPD participants between the two studies. While the current study
excluded participants with specific comorbid mental disorders (e.g., bipolar disorder,
psychotic disorders, current substance dependence), Austin and colleagues excluded BPD
participants with any additional mental disorders. The BPD sample in the current study was
likely drawn from a much more complex and severe population.

Additionally, the BPD group exhibited lower RSA compared with the SAD group in both
the true and vanilla baselines, and there were no RSA differences in either of the baselines
between the SAD and NC group. The differences in RSA between the BPD and SAD group
is particularly compelling in that it suggests that reduced vagal tone is not a mere marker of
psychopathology. Rather, these findings suggest that compromised parasympathetic
functioning may be reflective of dimensional differences in emotion regulation capabilities
between BPD and other clinical groups.

Baseline Negative Emotional Intensity

The BPD group also demonstrated high baseline negative emotional intensity as indicated
by higher baseline SCR and self-reported negative emotions compared with the NC but not
the SAD group. This finding was more robust for the self-report than electrodermal data.
While there were significant differences in self-reported negative emotion between the BPD
and NC across both baselines, the BPD group exhibited higher SCR than the NC in the
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vanilla baseline and a trend toward higher SCR in the true baseline. Inspection of the mean
SCR values showed that the BPD group had a higher number of SCRs in the vanilla baseline
than the true baseline, while the NC stayed relatively the same. Given that the vanilla
baseline always followed the true baseling, it may be that the increased SCRs in the BPD
group reflected increased distress from sitting for an extended period of time. Although the
purpose of the vanilla baseline was to mitigate any such potential distress, it is possible that
it was not effective in doing so. This may account for why the heightened baseline EDA
reported in this study conflicts with the previous reports of reduced EDA across slide
viewing (Herpertz et al., 1999, 2000). It is possible that the slides functioned as a distraction
from any potential distress induced by sitting over an extensive period, thus reducing EDA.

Emotional Reactivity

Our hypothesis of high emotional reactivity in BPD was not supported. Across both emotion
conditions, the BPD group did not demonstrate greater self-reported or physiological
changes in slope compared with the control groups. Inspection of the raw data also discounts
the possible influence of a ceiling or floor (for RSA) effect as self-reported negative emation
in the BPD group was less than 25 on a 0—100 scale at baseline, and baseline SCR and RSA
values for the BPD group were within the average range of reported scores in the literature
(Dawson, Schell, & Filion, 2007; Fukusaki, Kawakubo, &Yamamaoto, 2000).

A further unexpected finding also emerged. In the sad film, the BPD group exhibited a
significant decrease in physiological reactivity from baseline to film compared with the NC
and SAD groups. These findings are particularly interesting in that they suggest that the
BPD group was not only less reactive than the SAD and NC groups, but that they were more
regulated and/or less aroused during the sad film, despite their self-reported increase in
sadness. This was not the case for the SAD and NC groups, where increases in self-reported
sadness were coupled with significant increases in electrodermal responding. A possible
interpretation of the decoupling exhibited by the BPD group may be that, while this group
did experience an increase in sadness during the sad film, they were employing implicit
emotion regulation strategies to mitigate their emotional experiencing. Data from the
emotion regulation literature suggest that within-subject changes in RSA may be reflective
of emotion regulatory efforts, which may or may not correspond with increased positive
emotional experiencing (Butler, Wilhelm, & Gross; Ingjaldsson et al., 2003). Therefore, the
increase in RSA demonstrated by the BPD group may reflect engagement of emotion
regulation strategies during the sad film.

Limitations and Future Directions

Some limitations are noted. First, controlling for medications, necessary due to possible
dampening of physiological reactivity, limits the generalizability of our findings. In the
present study, 80% of the BPD participants were not on medications and 20% were only
taking SSRIs. In a large longitudinal study of BPD individuals, 69% reported medication
consultations in the first year of the study (Bender et al., 2006). In a recent randomized-
controlled study on DBT (Linehan et al., 2006), 30% of the BPD participants took more than
just SSRI medication. Future larger-scale studies should include participants with a wider
range of medication use and compare differences in emotional processes between various
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medicated subgroups. Second, the study did not exclude BPD participants with comorbid
diagnoses. Given the high comorbid rates of BPD with other disorders, this decision
increased the external validity, yet simultaneously decreased the internal validity of the
study. However, while acknowledging the trade-off of compromising internal validity in the
service of increasing external validity, adding the SAD control group mitigated some of the
threat to internal validity.

A third limitation is that the personally-relevant imagery condition was retrospective in
nature. The participants knew how the script would unfold and this knowledge likely
influenced their emotional responding. This is of particular concern for the fear script,
where, in the actual event, being oblivious to the outcome is central to the experience of
fear. Therefore, recalling the event retrospectively, where the outcome was already known,
likely mitigated the emotional responding. Nonetheless, the mere retrospective recall of an
emotional event may not accurately reflect the actual intensity of emotional response during
the time of the event.

The findings from this investigation, while informative, raise additional questions that will
be important to address in future investigations. First, the relationship between emotional
vulnerability and baseline emotional intensity warrants theoretical and empirical attention.
Given that the current investigation found evidence of emotional vulnerability and high
baseline intensity in BPD, a question that follows is how these two constructs are related.
Although Linehan’s (1987) theory proposes that high emotional intensity is an outcome of
vulnerability, direct empirical investigation of the conceptual and temporal relationship
between these two constructs is needed. For instance, is intensity indeed an independent
vulnerability factor? Does vulnerability lead to high baseline intensity (as proposed by
Linehan’s theory), or could it be that individuals experiencing high baseline intensity are
more emotionally vulnerable? Addressing these questions in future investigation is crucial to
further the understanding the emotion dysregulation profile in BPD.

Some future directions are proposed. As indicated in the Method section, participants were
not asked to report what strategies they might have implemented during the induction.
Although dissociation was assessed, the possibility exists that participants engaged in other
emotion regulation strategies during the induction period. Therefore, investigators of
emotion processes in BPD may want to consider assessing for regulation strategies after
employing emotion inductions. However, although asking participants to report any
strategies they might have used would allow for a better understanding of self-report and
physiological patterns, doing so could potentially prompt participants to engage in various
emotion regulation strategies that they otherwise would not have known to implement. If the
purpose of the study is to investigate natural emotional processes, then this would pose a
potential confound. Therefore, the decision whether to assess for emotion regulation
strategies needs to be carefully weighed and considered in the context of the primary
research question.

In conclusion, these findings have significant implications for the etiological and treatment-
relevant models of BPD. As reviewed earlier, Linehan’s (1993) theory encompasses a
biosocial, developmental model of BPD which proposes that BPD is the result of a
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transactional relationship between biological vulnerability to emotion dysregulation and an
invalidating environment. It appears, therefore, that BPD individuals may not be more
reactive to the invalidating environment but, rather, start off with a higher level of emotional
intensity. Further, while this study provides evidence for biological vulnerability in BPD and
substantial literature report high rates of childhood sexual abuse (see Lieb, et al., 2004;
Murray, 1993 for review) in this group (i.e. the epitome of an invalidating environment), the
transactional relationship between these two factors on the subsequent development of BPD
has not been directly examined. As such, it remains unclear whether the baseline intensity
observed in this study is indeed a sequelae of vulnerability (as proposed by Linehan’s
model) or, if such intensity is the outcome of the chronic transaction between an emotionally
vulnerable individual and an invalidating environment. Prospective, longitudinal studies are
important to more rigorously substantiate Linehan’s etiological model of BPD. In regards to
clinical intervention, findings from this study offer specificity in the targeting of emotional
reactions in BPD. While emotional reactivity is often a primary treatment target in BPD,
these findings suggest that skills that target emotional vulnerability and baseline intensity
may be more useful.
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Figure 1.
Sad film group*phase interactions

Note. All significant differences and trends are in bold. BPD=borderline personality
disorder, SAD=social anxiety disorder, NC=normal controls. RSA=respiratory sinus
arrhythmia, SCR=skin conductance response, VAS=Visual Analogue Scale
*p<l05~kl p<l01~k*’ p<.001***
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Table 1

Participant Ethnic and Marital Demographics: Percent Breakdown

BPD | SAD | NC

Caucasian 65.0 | 722 | 422

African-American 5.0 5.6 10.5

Asian-American 25.0 16.7 | 473

Other 5.0 55 0.0
Single 84.2 722 | 84.2
Married 105 | 222 | 105
Divorced 5.3 5.6 53
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Note. BPD=borderline personality disorder, SAD=social anxiety disorder, NC=normal controls
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BPD and SAD Past and Current Axis | Diagnoses: Percent Breakdown

Table 2

BPD SAD

Past | Current Past | Current
Anorexia 10 0 0 0
Bulimia 10 5 5 0
Binge-eating 0 0 10 5
Depression 75 50 40 15
Dysthymia N/A | 5 N/A | 0
Depressive NOS 5 0 0 0
Mood Disorder/Medic 5 0 5 0
Mood Disorder/Substance 0 0 0 0
Substance Dependence 50 10 (Abuse only) | 30 5
PTSD 35 20 20 20
Generalized Anxiety Disorder N/A | 5 N/A
Obsessive Compulsive Disorder | 15 10 15 5
Specific Phobia 10 10 10
Social Anxiety- General 30 30 100 100
Social Anxiety- Eating 5 5 0 0
Panic w/ Agoraphobia 0 0 0 0
Panic 25 15 5 0
Anxiety NOS N/A | O N/A | O

Note. BPD=borderline personality disorder, SAD=social anxiety disorder, NC=normal controls
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