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Abstract

Although parasuicidal behavior in adolescence is poorly understood, evidence suggests that it may be a
developmental precursor of borderline personality disorder (BPD). Current theories of both parasuicide and BPD
suggest that emotion dysregulation is the primary precipitant of self-injury, which serves to dampen overwhelmingly
negative affect. To date, however, no studies have assessed endophenotypic markers of emotional responding among
parasuicidal adolescents. In the present study, we compare parasuicidal adolescent girls (n = 23) with age-matched

controls (n = 23) on both psychological and physiological measures of emotion regulation and psychopathology.
Adolescents, parents, and teachers completed questionnaires assessing internalizing and externalizing
psychopathology, substance use, trait affectivity, and histories of parasuicide. Psychophysiological measures
including electrodermal responding (EDR), respiratory sinus arrhythmia, and cardiac pre-ejection period (PEP)
were collected at baseline, during negative mood induction, and during recovery. Compared with controls,
parasuicidal adolescents exhibited reduced respiratory sinus arrhythmia (RSA) at baseline, greater RSA reactivity
during negative mood induction, and attenuated peripheral serotonin levels. No between-group differences on
measures of PEP or EDR were found. These results lend further support to theories of emotion dysregulation and

impulsivity in parasuicidal teenage girls.

Parasuicidal behavior, including all nonfatal
acts of deliberate self-harm (Kreitman, 1977),
is among the most troubling and dangerous
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manifestations of psychological distress, and
the most reliable predictor of later suicide
(Comtois, 2002). Conservative estimates place
the risk of eventual completed suicide among
attempters at approximately 15% (Bongar,
2002). Among those previously hospitalized
for suicidal behavior, an estimated 8.6% will
eventually complete (Bostwick & Pankratz,
2000). Furthermore, 30-47% of those who
commit suicide report having previously en-
gaged in parasuicidal behavior (Gunnell &
Frankel, 1994), with 20-25% reporting an epi-
sode of parasuicide in the year before their
death (Foster, Gillespie, & McClelland, 1997).

As of 1999, suicide was the third leading
cause of death among youth between the ages
of 15 and 24 (US Public Health Service, 1999).
Moreover, in a 2001 national survey, 19% of
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high school students described seriously con-
sidering suicide, 14.8% described a specific
plan to attempt suicide, 8.8% made a suicide
attempt, and 2.6% made a suicide attempt se-
rious enough to warrant medical attention
(Grunbaum et al., 2002). Each year, approxi-
mately 1,600 teenagers in the United States
die by suicide (Gould, Greenberg, Velting, &
Shaffer, 2003). Accordingly, suicide and non-
fatal self-injury have been identified as seri-
ous public health problems, particularly in
adolescent and young adult populations (Grun-
baum et al., 2002; US Public Health Service,
1999; World Health Organization, 2002).

Most adolescents who engage in parasui-
cide meet criteria for one or more psychiatric
disorders. Although mood disorders are the
most prevalent diagnoses, impulse control
problems, anxiety disorders, substance abuse
disorders, and conduct disorder are all com-
mon psychiatric conditions associated with
parasuicidal behavior (Kingsbury, Hawton,
Steinhardt, & James, 1999; Rudd, Joiner, &
Rajab, 1996; Shaffer et al., 1996). Moreover,
comorbid psychiatric disorders appear to be
particularly common in this population. In a
recent article, Haw, Hawton, Houston, and
Townsend (2001) reported that 36.7% of their
sample presented with two or more psychiat-
ric disorders, and 10.0% presented with three
or more. Cognitive and personality factors also
distinguish parasuicidal adolescents from those
do not engage in self-harming behaviors. These
include severely pessimistic, dysfunctional at-
titudes (Meyer et al., 2003), hopelessness
(Shaffer et al., 1996), poor executive function-
ing (Keilp, Sackeim, Brodsky, Oquendo, Ma-
lone, & Mann, 2001), poor interpersonal
problem-solving abilities (Rotheram-Borus,
Trautman, Dopkins, & Shrout, 1990), impul-
sive temperament (Maser et al., 2002), low
self-esteem (McGee, Williams, & Nada—Raja,
2001; Overholser, Adams, Lehnert, & Brink-
man, 1995), emotion dysregulation (Esposito,
Spirito, Boergers, & Donaldson, 2003; Zlot-
nick, Donaldson, Spirito, & Pearlstein, 1997),
and neuroticism and self-criticism (Enns, Cox,
& Inayatulla, 2003).

Although these studies have provided de-
scriptive insights into the psychological and
cognitive correlates of suicide risk among ad-
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olescents, considerable work remains toward
understanding specific etiological mecha-
nisms through which parasuicide is expressed.
One school of thought is that the emergence
of such behaviors is partially explained by
the numerous developmental challenges con-
fronting adolescents, including maturational
changes in psychological and biological func-
tioning, evolving social roles, and conflicting
expectations regarding autonomy and depen-
dency (Angold, Costello, & Worthman, 1998;
Dahl, 2001; Giedd et al., 1999; Steinberg et al.,
in press). Yet, most adolescents are able to
navigate this period of transition successfully,
and many who are described by the character-
istics outlined above do not engage in self-
injurious behaviors. For others, however,
parasuicide appears to be associated with re-
peated adaptational failures in confronting the
task demands of normal development. More-
over, such failures may foreshadow continued
maladaptation into adulthood (Cicchetti &
Rogosch, 2002). Indeed, parasuicidal behav-
ior in adolescence may be a risk factor for
psychopathology in adulthood (e.g., Birmaher
et al., 1996) including borderline personality
disorder (BPD). In turn, borderline features in
young adults prospectively predict impair-
ment in interpersonal relations, academic
achievement, and occupational functioning,
over and above risk conferred by other psy-
chiatric conditions (Bagge et al., 2004).

A Developmental Psychopathology
Framework

The developmental psychopathology perspec-
tive offers a unique framework for understand-
ing the emergence of borderline pathology.
This approach emphasizes individual patterns
of adaptation and maladaptation, and how
transactions between early adaptation, matu-
ration, and environmental challenge shape later
development, contributing to both typical and
pathological outcomes (Cicchetti, 1990; Rut-
ter & Sroufe, 2000; Sroufe & Rutter, 1984).
Psychopathology is therefore viewed as the
consequence of biological and psychological
vulnerabilities that compromise one’s ability
to negotiate developmental milestones. From
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this perspective, maladaptive development is
best understood when juxtaposed with normal
development, both of which are viewed as
complex processes involving multiple biolog-
ical, psychological, and environmental deter-
minants. An integrated approach to the study
of normal and pathological development is
therefore necessary; one that incorporates ge-
netic, neurobiological, psychological, and
social-contextual influences (Cicchetti & Can-
non, 1999).

Given such developmental complexities, it
is unlikely that any single vulnerability leads
to BPD. Indeed, personality disturbance is
likely to emerge from interactions among mul-
tiple neurobehavioral systems (Depue & Len-
zenweger, 2005), the long-term functioning of
which are shaped by salient environmental
challenges including abuse, neglect, and mal-
treatment (Macfie, Cicchetti, & Toth, 2001;
Pollak, Klorman, Brumaghim, & Cicchetti,
2001). As outlined by Depue and Lenzen-
weger (2005), these neurobehavioral systems
underlie the expression of both normal and
pathological personality, with disorders such
as BPD representing the functional extremes
of continuously distributed neurologically
based traits. According to this conceptualiza-
tion, personality is largely determined by the
interaction of four such higher order traits,
including agentic extraversion, affiliation, anx-
iety, and nonaffective constraint. The respec-
tive neurobiological systems underlying these
traits include the mesolimbic dopamine (DA)
system, the u-opiate receptor complex, the
central and peripheral corticotropin-releasing
hormone systems, and the serotonin (5-HT)
system. Although Depue and Lenzenweger of-
fer limited predictions about how these neuro-
behavioral systems interact to produce the
specific characteristics of those with border-
line pathology, their discussion is important
because it provides a testable model of person-
ality. Furthermore, given that the foundations
of adult personality are constructed at earlier
developmental stages, studying early manifes-
tations of borderline traits among adolescents
may allow for prospective identification of
developmental trajectories that place individ-
uals at risk for adult personality disturbance.
Finally, assessing specific behavioral traits and
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their biological substrates among developmen-
tal samples may provide insights into mecha-
nisms of multifinality through which at-risk
individuals reach different pathological and
nonpathological outcomes.

Following from this discussion, the over-
riding objective of this study was to character-
ize parasuicidal adolescent girls, both on
measures of psychological functioning and on
biological markers of neurologically based
traits that may underlie the expression of BPD.
In the sections to follow, we outline several
traits that have been either empirically or
theoretically linked to risk for borderline
pathology. These sections are followed by our
rationale for choosing the specific endopheno-
typic markers of each trait that were used in
this study.

Emotion Dysregulation and Parasuicide

Currently, research addressing parasuicidal
behavior among adolescents is in a nascent
stage of development. Thus, considerable de-
bate exists regarding the developmental pre-
cursors and sequelae of adolescent self-harm.
Theoretical conceptualizations of BPD in adult-
hood, however, suggest that emotion dysreg-
ulation is the core precipitant of parasuicidal
behavior, which serves to dampen overwhelm-
ingly negative affect (Linehan, 1993). Al-
though it is unknown whether the same factors
that underlie self-harming behavior among
adults with BPD also do so among parasui-
cidal adolescents, a handful of self-report stud-
ies have provided preliminary support for the
emotion dysregulation hypothesis (Nixon,
Cloutier, & Aggarwal, 2002; Zlotnick et al.,
1997). In particular, the most common rea-
sons for which adolescents report attempting
suicide are to release unbearable tension
(Nixon et al., 2002), to attain relief from a
terrible state of mind (Rodham, Hawton, &
Evans, 2004), to escape from an impossible
situation (Boergers, Spirito, & Donaldson,
1998), and to put an end to an unbearable
consciousness (Kienhorst, De Wilde, Diek-
stra, & Wolters, 1995). There are also several
studies in which adolescents have described
high levels of emotion dysregulation on self-
report measures (Esposito et al., 2003; Zlot-
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nick et al., 1997). Finally, suicidal adolescents
have reported significant reductions in anger
and hopelessness after making a suicide at-
tempt (Negron, Piacentini, Graae, Davies, &
Shaffer, 1997).

Each of these findings suggests that para-
suicide represents a dysfunctional emotion reg-
ulation strategy. However, emotion regulation
is still a poorly understood construct, despite
its recent emergence as a popular topic of in-
quiry in the developmental psychology litera-
ture. Furthermore, given the diverse range of
phenomena to which the term has been ap-
plied, and given that emotion regulation is
often inferred from the absence of behavior,
some authors have questioned its utility as a
scientific construct (e.g., Cicchetti, Acker-
man, & Izard, 1995; Cole, Martin, & Dennis,
2004). Although the precise definition of emo-
tion regulation and how it should be measured
remain matters of debate, there is con-
siderable agreement that healthy emotion
regulation skills are integral to normative de-
velopment (Cole, Michel, & Teti, 1994; Fox,
1994).

The development of emotion regulation is
closely tied to numerous intrinsic and extrin-
sic factors. According to Fox and Calkins’
(2003) developmental model of emotional self-
control, intrinsic factors contributing to a
child’s reactivity to the environment include
temperament, attention, effortful processes, and
executive functioning. Individual differences
in temperament, particularly with respect to
negative affectivity, appear to impact the abil-
ity to regulate emotions (Calkins & Dedmon,
2000). For example, infants who are more eas-
ily frustrated (Fox & Henderson, 2001), or
who are anxious and inhibited (Kagan, 1999)
often fail to develop adequate emotion regu-
lation strategies. Evidence suggests that right
frontal EEG asymmetry, a marker of trait neg-
ative affectivity (see Davidson, 2000), is one
biological marker of poor emotion regulation
strategies, whereas left frontal EEG asymme-
try may protect against the impact of negative
affectivity through greater access to attention
and inhibitory skills (Henderson, Fox, & Ru-
bin, 2001). Emotion regulation is also likely
to be dependent on the ability to allocate at-
tention to modulate emotions (Perez—Edgar &
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Fox, 2005), the ability to inhibit prepotent re-
sponses in the service of goal directed activity
(Vaughn, Kopp, & Krakow, 1984), and the
capacity to anticipate and respond appropri-
ately to circumstances requiring regulation
strategies (Dodge, 1991). Finally, the quality
of the parent—child relationship may contrib-
ute to differences in the ability to regulate
emotions throughout development (Cicchetti,
Ganiban, & Barnett, 1991). For example,
mother—child interactions in which the recip-
rocal and synchronous regulation of emo-
tional responding occurs are likely to result in
the development of better emotion regulation
skills (Cole, Teti, & Zahn—Waxler, 2003; Du-
mas, LaFreniere, & Serketich,1995; Feldman,
Greenbaum, & Yirmiya, 1999).

As the above discussion indicates, the de-
velopment of effective emotion regulation in-
volves multiple interacting and overlapping
capabilities. Thus, the emotion dysregulation
characteristic of borderline pathology is likely
attributable to failures to meet the adap-
tational demands of development across
numerous areas of functioning, including in-
terpersonal relationships, self-image, affect,
and self-control. Although specific develop-
mental precursors to BPD have yet to be de-
scribed, borderline-like traits have been studied
in children and adolescents, which may pro-
vide some insight into the potential pathways
leading to the development of the disorder.
For example, the preschool years may be the
most likely time for dissociative symptoms to
emerge (Putnam, 1993). According to one
model of the development of dissociation
(Macfie et al., 2001), maltreatment during the
preschool years leads to an increasingly frag-
mented sense of self. This dissociative pattern
may emerge because of a failure to develop
secure attachments and problems in early self-
development. Thus, the emergence of a co-
herent sense of self requires the successful
navigation of these earlier developmental
stages. Moreover, dissociative symptoms in
childhood may also be related to difficulty
coping with losses and separations (Irwin,
1994; see also Macfie et al., 2001).

Those studying links between emotion dys-
regulation and borderline pathology among ad-
olescents and adults have generally focused
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on evaluating Linehan’s (1993) theory, and on
the efficacy of dialectical behavior therapy
(DBT). DBT was formulated with the objec-
tive of increasing emotion regulation skills,
thereby reducing emotional reactivity and su-
icidal impulses. These studies have provided
preliminary evidence suggesting that DBT re-
duces self-harming behaviors among parasui-
cidal adolescents (Katz, Cox, Gunasekara, &
Miller, 2004; Katz, Gunasekara, & Miller,
2002; Rathus & Miller, 2002). Furthermore,
evidence from several studies conducted with
adults suggests that borderline probands are
more sensitive to emotional stimuli, and ex-
perience such stimuli more intensely than
controls. For example, in one investigation,
individuals with BPD recalled more borderline-
relevant words (e.g., abandon, despise, sui-
cidal) in a directed forgetting task than controls
(Korfine & Hooley, 2000). The authors sug-
gested that this occurred because of an inabil-
ity of those with BPD to inhibit the rehearsal
of negative stimuli. This interpretation is con-
sistent with the hypothesis of heightened sen-
sitivity to emotional cues. Similarly, adults
with BPD show increased sensitivity to nega-
tive facial expressions, particularly expres-
sions of fear (Wagner & Linehan, 1999).
Neuroimaging results also provide support for
Linehan’s emotion dysregulation model. Com-
pared with controls, adults with BPD exhibit
increased bilateral activation of the amygdala
when viewing emotionally aversive slides, sug-
gesting heightened emotional sensitivity (Her-
pertz et al., 2001). At present, however, it is
unknown whether these findings generalize to
adolescent populations.

Anxiety and Parasuicide

In addition to deficiencies in emotion regula-
tion, some authors have suggested that para-
suicidal adolescents are more anxious than
other teens. Clinical reports indicate that para-
suicide may serve to reduce intolerable anxi-
ety, which has led to the development of tension
reduction models of repetitive self-harm (e.g.,
Carr, 1977). There is some evidence indicat-
ing that anxiety is a risk factor for parasui-
cide. Specifically, Ohring and colleagues
(1996) found that both state and trait anxiety
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are risk factors for suicidal behavior among
adolescents, and that trait anxiety predicts su-
icidal behavior even after controlling for de-
pression. Risk for suicide has been studied
independently in a number anxiety disordered
populations, including those with panic disor-
der (Noyes, 1991; Pilowsky, Wu, & Anthony,
1999; Weissman, 1991; Weissman, Klerman,
Markowitz, & Ouellette, 1989) and social pho-
bia (Cox, Direnfeld, Swinson, & Norton, 1994,
Weissman et al., 1996). However, links be-
tween these disorders and suicide are not well
established (Valentiner, Gutierrez, & Blacker,
2002), and may be accounted for by the
presence of comorbid diagnoses (Overbeek,
Rikken, Schuers, & Griez, 1998; Vickers &
McNally, 2004; Warshaw, Dolan, & Keller,
2000). However, despite findings indicating
that panic disorder does not confer specific
risk for suicide (Beck, Steer, Sanderson, &
Skeie, 1991), research suggests that panic at-
tacks and severe panic symptoms may pre-
cede acts of self-harm among some anxious
and depressed adults (Fawcett, 1992; Fawcett
et al., 1990; Lepine, Chignon, & Teherani,
1993). Unfortunately, the literature relating
anxiety to parasuicide among adolescents is
limited, perhaps in part because anxiety is dif-
ficult to differentiate from depression, partic-
ularly in young samples (Cole, Truglio, &
Peeke, 1997). Thus, further research is needed
to characterize the relationship between anxi-
ety and parasuicide among teens. One objec-
tive of the present study was to examine
relations among parasuicidal behavior and self-
report, informant-report, and physiological
measures of trait anxiety.

Impulsivity and Parasuicide

An additional trait that has been consistently
associated with parasuicide is impulsivity
(Apter, Gothelf, Orbach, Weizman, & Rat-
zoni, 1995; Kingsbury et al., 1999; Maser et al.,
2002). In fact, research has indicated that
impulsivity is more strongly associated with
suicidal behavior than is the severity of de-
pression (Mann, Waternaux, Haas, & Malone,
1999). In most neurobiological models of mo-
tivation, impulsivity can arise from either or
both of two sources (e.g., Beauchaine, 2001;
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Beauchaine, Gatzke—Kopp, & Mead, in
press; Brenner, Beauchaine, & Sylvers, 2005;
Cloninger, Svrakic, & Svrakic, 1997; Corr,
2004; Depue & Lenzenweger, 2005; Gray &
McNaughton, 2000). One source is the meso-
limbic DA system, which includes projections
from the ventral tegmental area to the nu-
cleus accumbens of the ventral striatum. This
pathway is activated during approach be-
haviors, and has been implicated in dis-
orders characterized by impulsivity, including
attention-deficit/hyperactivity disorder, con-
duct disorder, and substance dependences (see,
e.g., Berridge & Robinson, 2003; Gatzke—
Kopp & Beauchaine, in press; Sagvolden, Jo-
hansen, Aase, & Russell, in press). Depending
on the author, the behaviors/traits that are me-
diated by this system have been referred to as
behavioral approach (Gray & McNaughton,
2000), behavioral activation (Fowles, 1980),
novelty seeking (Cloninger et al., 1997), and
agentic extraversion (Depue & Lenzenweger,
2005). Early theories of mesolimbic dysfunc-
tion in disorders characterized by impulsivity
posited overactivation of the central DA sys-
tem (e.g., Fowles, 1988; Quay, 1993). How-
ever, in recent years it has become evident
through both neuroimaging and autonomic ner-
vous system studies that underactivation of
the mesolimbic DA system is one etiological
pathway to impulsivity (see, e.g., Beauchaine
etal., in press; Bush et al., 1999; Vaidya et al.,
1998). Unfortunately, no studies have been
conducted to date in which markers of meso-
limbic DA activity have been assessed in
adolescent female samples, much less para-
suicidal adolescent female samples.

A second source of impulsivity derives from
the central 5-HT system, a point also agreed
upon by numerous authors (e.g., Beauchaine,
2001; Cloninger et al., 1997; Depue & Len-
zenweger, 2005; Gray & McNaughton, 2000).
According to Gray and McNaughton’s concep-
tualization, serotonergic projections of the sep-
tohippocampal system, which receives direct
input from the amygdala, exert inhibitory ef-
fects on behavior when conflicting goals are
present. These inhibitory effects result from
anxiety, which serves to halt ongoing pre-
potent behaviors so that decision making can
be optimized. Thus, individuals low on trait
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anxiety due to a deficiency within this system
are less likely to stop ongoing behavior when
environmental cues indicate danger or a better
behavioral alternative. This provides a second
direct pathway to impulsivity. Depending on
the author, the behaviors/traits that are medi-
ated by this system have been referred to as
behavioral inhibition (Gray & McNaughton,
2000), harm avoidance (Cloninger et al., 1997),
and nonaffective constraint (Depue & Lenzen-
weger, 2005). Importantly, most authors ac-
knowledge that the central 5-HT system can
also modulate and potentiate the central DA
system. This results in complex interactions
among systems in producing behavioral traits,
sometimes resulting in “double jeopardy,” with
afflicted individuals’ impulsive behaviors de-
riving from both neurobiological sources (see
Beauchaine et al., in press).

Endophenotypic Markers of Emotion
Regulation, Anxiety, and Impulsivity

As noted above, the overarching objective in
conducting this study was to characterize para-
suicidal behavior among adolescent girls within
a multimethod framework. Thus, we used care-
fully chosen self-report, informant-report, and
endophenotypic measures. Endophenotypes,
which are usually biological markers, fall along
the continuum between genotype and pheno-
type, and can be advantageous in developmen-
tal psychopathology research for a number of
reasons (Beauchaine & Marsh, in press; Cas-
tellanos & Tannock, 2002). First, they are of-
ten more precise than behavioral measures
because they can usually be assessed with less
measurement error. Second, they can aid in
identifying sources of heterogeneity in the be-
havioral phenotype when there is more than
one pathway to a particular disorder or condi-
tion. Third, they can be used to target specific
neurobiological sources of underlying symp-
toms when there is more than one biological
substrate for a given phenotype, as is the case
for impulsivity (see above). We review below
our rationale for selecting the particular set of
endophenotypes used in this study. Technical
details about each can be found in the Meth-
ods section.
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Emotion regulation

We used a number of autonomic measures in
this study, each of which was chosen based
on established empirical relations with a
specific trait of interest. RSA, an index of
parasympathetic-linked cardiac activity often
referred to as vagal tone, has been shown in
numerous studies to mark individual differ-
ences in emotion regulation capabilities (see
Beauchaine, 2001; Beauchaine et al., in press).
Consistent with this formulation, Rottenberg,
Wilhelm, Gross, and Gotlib (2002) recently
reported that RSA was negatively correlated
with suicidal ideation among depressed
adults. By assessing both baseline RSA and
RSA reactivity during emotion evocation, we
sought to extend these findings to parasui-
cidal adolescents.

Anxiety

A second potentially useful autonomic mea-
sure with this population is EDR, which has
been linked consistently with both trait and
state anxiety (see Beauchaine, 2001). Highly
anxious people often exhibit electrodermal la-
bility, whereas individuals low on trait anxi-
ety, including disinhibited, aggressive, and
psychopathic populations, are electrodermally
under responsive (Beauchaine, Katkin, Strass-
berg, & Snarr, 2001; Fowles, 2000; Katkin,
1965; Lorber, 2004). To date, at least two
studies have suggested electrodermal under
responding among self-harming samples
(Haines, Williams, Brain, & Wilson, 1995;
Wolfersdorf, Straub, Barg, Keller, & Kaschka,
1999). Because these findings appear to be
inconsistent with high trait anxiety models of
self-harm, and because generalization of these
studies is restricted to either all adult or all
adult male samples, EDR was also assessed.

Impulsivity

Given the two pathways to impulsivity noted
above (mesolimbic DA and 5-HT), separate
markers of each were used. The first was car-
diac pre-ejection period (PEP), an index of
sympathetic nervous system linked cardiac ac-
tivity. Lengthened baseline PEP, which signi-
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fies attenuated sympathetic tone, has been
demonstrated in several studies of impulsive
children and adolescents (Beauchaine et al.,
2001, in press; Crowell, Beauchaine, Sylvers,
Mead, & Gatzke—Kopp, in press). More im-
portantly, PEP appears to mark central ner-
vous system reward sensitivity to incentives.
This argument is based on several functional
and phylogenetic considerations. First, behav-
ioral approach requires expenditures of en-
ergy, and the functional role of the SNS has
traditionally been viewed as one of mobiliz-
ing resources to meet environmental demands.
Second, increases in cardiac output required
for behavioral approach are mediated by sym-
pathetically induced changes in the contrac-
tile force of the left ventricle (Sherwood, Allen,
Obrist, & Langer, 1986; Sherwood et al., 1990).
Third, infusions of DA agonists into the ven-
tral tegmental area, the neural substrate of the
mesolimbic DA system, result in sympatheti-
cally mediated increases in blood pressure and
cardiac output (van den Buuse, 1998). Fourth,
our previous work with children, adolescents,
and adults has demonstrated shortened PEP in
normal participants specifically during re-
ward (Beauchaine et al., 2001, in press; Crow-
ell et al., in press), but not during extinction or
mood induction (Brenner et al., 2005). Such
PEP shortening is not observed among chil-
dren or adolescents with conduct problems.
Despite theories of common etiologic mecha-
nisms for both antisocial and borderline traits
(Goldman, D’ Angelo, & DeMaso, 1993; Nor-
den, Klein, Donaldson, Pepper, & Klein, 1995;
Paris, 1997), and despite the high rates of con-
duct disorder observed among self-harming
samples, no studies have examined PEP among
parasuicidal adolescents or adults.

The second biological measure of impul-
sivity used was peripheral serotonin level. Def-
icits in serotonergic functioning have been
consistently observed in cases of both suicide
and impulsive aggression (Kamali, Oquendo,
& Mann, 2002). In the 30 years since Asberg,
Traskman, and Thoren (1976) first reported
lower levels of 5-hydroxyindoleacetic acid
(5-HIAA), a 5-HT metabolite, in the cerebro-
spinal fluid (CSF) of individuals who at-
tempted suicide, measures of 5-HT in
postmortem brain tissue, CSF, and blood plate-
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lets have provided consistent evidence of se-
rotonergic hypofunctioning in suicidal patients
(Cremniter et al., 1999; Meyer et al., 2003;
van Heeringen et al., 2003). However, meth-
odological problems in studies conducted to
date make it unclear whether serotonin levels
are reduced in adolescents with parasuicidal
behavior (Pandey et al., 2002).

Method

Participants

The participants included 23 parasuicidal ad-
olescent girls, ages 14—18, and 23 age-matched
controls. The mean age of both groups was
15.3 (SD = 1.1). Although four parasuicidal
males were also enrolled in the study, their
data are omitted because too few were avail-
able to conduct analyses by gender. The sam-
ple was 74% Caucasian (n = 34), 7% Latina
(n = 3), 4% African American (n = 2) and
15% (n = 7) of mixed racial /ethnic heritage.
Mean family incomes, in thousands, were 63.2
(SD = 36.3) for the parasuicide group and
81.7 (SD = 32.1) for controls. The difference
in income was not significant, F (1, 44) =
3.30, p = .08, % = .07. Parasuicidal partici-
pants were recruited through brochures that
were distributed to service providers at Seat-
tle area inpatient and outpatient facilities. Pro-
spective participants were included if they had
engaged in three or more parasuicidal behav-
iors in the past 6 months, or five or more
parasuicidal events in their lifetime. Exclu-
sion criteria included mental retardation or a
diagnosis falling within the schizophrenia spec-
trum. Control participants were recruited
through fliers distributed in high school classes
throughout the Seattle School District. Exclu-
sion criteria for this group included mental
retardation, lifetime parasuicidal events, cur-
rent substance or alcohol abuse/dependence
disorders, psychotropic medications, or any
lifetime Axis I disorder. Because of the im-
pact of certain medications on electrodermal
and cardiac psychophysiology, participants in
both groups were excluded if they were cur-
rently taking benzodiazepines, beta blockers,
or mood stabilizers. Because so many parasui-
cidal adolescents are prescribed antidepres-
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sants, however, participants were not excluded
based on this criterion. Nevertheless, anti-
depressant status was recorded for later statis-
tical control in analyses of the autonomic and
serotonergic data (see below). Antidepressant
use was analyzed as a dichotomous covariate,
both because several different selective sero-
tonin reuptake inhibitors were being used by
study participants, and because of inherent dif-
ficulties in verifying exact dosages taken by
the adolescents. Participants who met the above
criteria were invited to Seattle Children’s Hos-
pital and Regional Medical Center for a 2-3 hr
assessment. The invitation included a $50 mon-
etary incentive. The study was approved by
the Institutional Review Board at Children’s
Hospital and Regional Medical Center, and all
participants and their parents provided writ-
ten informed assent and consent, respectively.

Procedure

After consent and assent forms were signed,
adolescents and their parents were escorted
separately to quiet rooms where they each com-
pleted a packet of questionnaires. Adolescent
measures included the Youth Symptom Inven-
tory (YSI; Gadow et al., 2002), the Positive
and Negative Affect Schedule (PANAS; Wat-
son, Clark, & Tellegen, 1988), the Children’s
Depression Inventory (CDI; Kovacs, 1992),
the Youth Self-Report (YSR; Achenbach,
1991c¢), and a substance use questionnaire that
assessed the frequency of the adolescent’s use
of several major substance classes. Parent
measures included the Adolescent Symp-
tom Inventory (ASI; Gadow et al., 2002),
and the Child Behavior Checklist (CBCL;
Achenbach, 1991a). Participant’s teachers com-
pleted the Teacher Report Form (TRF; Achen-
bach, 1991b). Details about each measure
appear below.

The 120-item ASI is a parent-report check-
list that yields dimensional scores and diag-
nostic cutoffs for many Axis I disorders listed
in Diagnostic and Statistical Manual of Men-
tal Disorders (American Psychiatric Associa-
tion, 2000). Symptoms are rated on 4-point
scales (0 = never, | = sometimes, 2 = often,
3 = very often), with ratings of 2 or higher
considered positive for a given diagnostic cri-
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terion. The YSI is the self-report version of
this instrument. Sensitivity and specificity of
both the ASI and YSI are adequate to excel-
lent (Gadow et al., 2002). The PANAS is a
trait measure of positive and negative affec-
tivity that is self-administered and scored on
5-point Likert scales. Participants were asked
to indicate how they feel in general or on
average. The PANAS consists of 10 negative
affect items (e.g., “irritable,” “nervous™) and
10 positive affect items (e.g., “interested*, “en-
thusiastic®). Reliability of the PANAS is ex-
cellent (Watson et al., 1988). The CDI is a
27-item measure of depressive symptoms that
includes five subscales and an overall depres-
sion score. In the present paper, the overall
score was used. Psychometric properties of
the CDI are adequate (Kovacs, 1992). The
CBCL is a 112-item parent-report measure of
child behavior problems that yields several
psychopathology subscales and both internal-
izing and externalizing scores. The CBCL is a
well-validated measure with excellent psycho-
metric properties (Achenbach, 1991a). The
YSR and TRF are self-report and teacher-
report versions, respectively, of the CBCL.
Finally, the substance use measure included
adolescent ratings of both frequency of use
and age of first use for alcohol, tobacco, mar-
ijuana, cocaine, heroin, amphetamines, hallu-
cinogens, and inhalants. Frequency of use was
rated on an 8-point Likert scale (1 = never
used the substance, 8 = more than once a
day).

Following completion of the questionnaire
measures, parasuicidal adolescents and their
parents were interviewed separately with the
Lifetime Parasuicide Count (LPC; Linehan &
Comtois, 1996), a structured, face to face in-
terview for assessing information regarding
lethality, intention to die, level of medical treat-
ment received, and specific details of the
adolescent’s first, most recent, and most se-
vere episodes of parasuicide. Participants were
also asked to count the number of times that
the adolescent engaged in different types of
parasuicidal behavior in the last year (e.g.,
cutting, burning, overdosing), and prior to the
last year. Both the adolescent and her parent
were interviewed with this measure because
each provides unique information. Adoles-
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cents are typically able to provide a more ac-
curate count of the number and lethality of
parasuicide episodes, whereas parents may be
better able to remember dates of events and
the nature of medical attention received. Con-
trol participants did not complete this interview.

Psychophysiological assessments were con-
ducted after the adolescent completed all ques-
tionnaire and interview measures. Recordings
of cardiac and electrodermal activity were com-
pleted in a quiet, dimly lit room that was mon-
itored with a video camera and microphone.
Psychophysiological activity was first mea-
sured during the last minute of a 10-min rest-
ing baseline. Next, participants watched a
3-min film clip from “The Champ,” which
portrays a scene of a boy with his dying fa-
ther. This film clip has been found to evoke
sadness in previous studies, and may be par-
ticularly relevant for assessing reactions to sep-
aration themes (Gross & Levenson, 1995).
Physiological recording continued for 10 min
of recovery following the end of the movie.
After watching the film, all electrodes were
removed and the adolescent was immediately
taken to an adjacent room where a registered
nurse drew a small sample (4 mL) of blood.
The sample was assayed for levels of whole-
blood serotonin. Adolescents did not have a
snack or meal until after both the physiologi-
cal recordings and the blood sample were
complete.

Psychophysiological measures

EDR. The EDR signal and all other psycho-
physiological measures were recorded contin-
uously using a Biopac MP100 system (Goleta,
CA) with appropriate signal conditioners and
amplifiers at a sampling rate of 1 kHz. EDR
was measured using two standard 0.8-cm? Ag—
AgCl electrodes that were adhered to the the-
nar eminence of the participant’s nondominant
hand with masking collars and 0.05 molar NaCl
electrolyte solution. Nonspecific skin conduc-
tance responses (SCRs) were scored as fluc-
tuations exceeding 0.05 uS.

RSA. Vagal influences on cardiac activity were
assessed using spectral analysis (see Berntson
et al., 1997). This involves decomposing the
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Table 1. Incidents reported on the Lifetime Parasuicide Count

by self-harming participants

Item N (%) M SD Range
Self-report
Total self-harm events 23 (100.0) 156.8 209.8 11-839
Events with intent to die 20 (87.0) 22.0 63.3 0-310
Events with ambivalence 21 (91.3) 52.2 112.1 0-402
Events without intent to die 23 (100.0) 81.7 129.4 2-447
Events requiring medical attention 19 (82.6) 3.8 5.8 0-25
Parent report
Total self-harm events 22 (95.6) 43.4 65.0 0-285
Events with intent to die 12 (52.2) 5.9 18.8 0-90
Events with ambivalence 10 (43.5) 8.6 18.4 0-65
Events without intent to die 18 (78.3) 27.2 42.4 0-155
Events requiring medical attention 17 (73.9) 4.6 6.9 0-25

“The number and percentage of participants reporting at least one incident of this type.

electrocardiographic (ECG) R-wave time se-
ries into component heart rate variability fre-
quencies using fast Fourier transformations.
The resulting components are expressed in a
spectral density function, which specifies the
amount of spectral power within given fre-
quency bands. Spectral power was divided into
low- to midfrequency variability (<0.15 Hz)
and high-frequency variability (>0.15 Hz).
Parasympathetic influences on heart rate, in-
cluding RSA, are observed primarily in the
high-frequency range (e.g., Akselrod et al.,
1981). The validity of RSA as an index of
parasympathetic activation has been estab-
lished via pharmacologic (cholinergic) block-
ade (see Berntson et al., 1997). Spectral
analyses were conducted using a software
package developed by Richard Sloan and his
colleagues at Columbia University. High-
frequency spectral densities were calculated
in 30-s epochs to examine trends in respond-
ing at baseline, during mood induction, and
during recovery. As is customary with spec-
tral data, all reported values were normalized
through log transformations.

PEP. Sympathetic influences on cardiac activ-
ity were assessed from both ECG and imped-
ance cardiographic (ICG) signals. These were
used to extract PEP, or the time between the
ECG Q-wave and the dZ /dt B-wave (McCub-
bin, Richardson, Langer, Kizer, & Obrist, 1983;

Sherwood et al., 1990). PEP values were en-
semble averaged (Kelsey & Guethlein, 1990)
in 30-s epochs using Biopac’s AcqKnowledge
software. The ECG and ICG signals were ob-
tained using a spot electrode configuration de-
scribed by Qu, Zhang, Webster, and Tompkins
(1986). Two additional electrodes were placed
on the left ankle and the right wrist to obtain
the ECG signal. The validity of PEP as an
index of sympathetic activation has been es-
tablished via pharmacologic (beta adrenergic)
blockade (Sherwood et al., 1986).

Results

Psychological data

LPC. Descriptive statistics from the LPC are
summarized for the parasuicide group in
Table 1. As indicated, there was a wide range
of lifetime self-harm events reported by both
probands (11-839) and parents (0-285), with
a correspondingly wide range of intended le-
thality. Nevertheless, 87.0% of participants
(n = 20) reported intent to die on at least one
self-harm occasion. Parents reported fewer self-
harm events than adolescents in all categories
except events requiring medical attention,
where they reported more. Parent—child agree-
ment varied considerably, with correlation co-
efficients across raters of .94 (p < .001) for
events with intent to die, .66 (p < .001) for
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total self-harm events, .41 (p < .05) for events
requiring medical attention, .33 (p = .06) for
events with ambivalence, and .07 (p = .38)
for events without intent to die. Thus, parents
appeared to be especially aware of more lethal
self-harm episodes. There was no difference
in the age of first self-harm event reported by
adolescents (M = 13.2, SD = 1.8) versus par-
ents (M = 12.8, SD = 1.8). The sample con-
sisted primarily of self-mutilators, with 81.8%
(n = 18) of adolescents reporting that cutting
was their preferred method of self-harm. Of
the other participants, 9.1% (n = 2) engaged
in head banging and 4.5% (n = 1) used an-
other method of self-harm. The one partici-
pant who was coded as other typically engaged
in a combination of cutting and overdosing.
Although cutting was the preferred method of
self-harm in this sample, all but one partici-
pant had harmed herself by multiple methods,
with puncturing and overdosing being the next
most common methods of self-harm.

Measures of psychopathology. Parent-report,
self-report, and teacher-report measures of psy-
chopathology are summarized in Table 2. Be-
cause of the large number of contrasts, only
effects significant at p < .01 are interpreted.
Compared with controls, participants in the
self-harm group scored consistently higher on
the Achenbach scales, regardless of the infor-
mant source. In fact, across 30 contrasts span-
ning all scales, all but 2 (self-report social
problems, teacher-report delinquent behavior)
were significant at p < .01. This pattern
emerged despite the fact that teacher-report
data were available for only about half of the
sample. Examination of 7 scores revealed that
self-harm probands were at or near the clini-
cal cutoff (T = 70, 98th percentile) on most of
the parent-report and self-report scales. Thus,
symptoms of psychopathology were both per-
vasive and clinically significant.

Analyses of the parent- and self-report
DSM-1V scales also indicated significant im-
pairment in the parasuicide group. For the self-
report data, probands scored significantly
higher on all scales. Moreover, despite re-
duced power resulting from missing parent-
report data (the ASI was added to the battery
midway through the study), parasuicidal par-
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ticipants scored higher than controls on 5 of
10 diagnostic categories. Nevertheless, self-
report ratings of psychopathology were gen-
erally higher than parent report, with at least
half of the self-harm sample meeting criteria
for dysthymia (63.6%), major depression
(63.6%), and generalized anxiety (50.0%). Fur-
thermore, roughly one-third of the self-harm
sample met criteria for anorexia (36.4%), so-
cial phobia (36.4%), and panic attacks (31.8%).

On measures of both depression and trait
affectivity for which only self-report data were
available, probands also differed from con-
trols. Self-harm participants reported signifi-
cantly higher depression scores (M = 24.6,
SD = 7.4) than controls (M = 5.2, SD = 3.8)
onthe CDI, F (1, 44) =124.2,p < .001, n% =
.74. Moreover, parasuicidal participants scored
higher on PANAS-rated trait negative affec-
tivity (M = 30.4, SD = 8.7) than controls
(M =18.7,8D =17.6), F(1,44) =282, p <
.001, % = .39. On PANAS-trait positive af-
fectivity, the difference between self-harm par-
ticipants (M = 28.1, SD = 10.0) and controls
(M = 33.3, SD = 7.6) approached statistical
significance, F (1, 44) =4.0, p = .05, 7> = .08.

Substance use. To assess group differences in
substance use, a multivariate analysis of vari-
ance (MANOVA) was conducted in which rates
of exposure to each of eight substance classes
(alcohol, tobacco, marijuana, cocaine, heroin,
amphetamines, hallucinogens, and inhalants)
were entered as a dependent variable set, with
group as the predictor. The corresponding Wilks’
A (.59) was significant, indicating that 41% of
the variance in substance use was accounted
for by group membership. Rates of use and age
of first use for each substance class are re-
ported in Table 3 along with follow-up univar-
iate tests of significance. Self-harm participants
reported higher rates of use for all substances
except heroin. On average, self-harm partici-
pants reported using alcohol, tobacco, and mar-
ijuana multiple times per month, compared with
less than monthly use rates for controls.

Physiological data

Each psychophysiological measure was as-
sessed using repeated measures ANOVA, com-
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Table 2. Parent, self-, and teacher reports of psychopathology by group

Parent Report

Self-Report

Teacher Report

Self-Harm

Control

n? Self-Harm

Control

Self-Harm

n Control F n
Achenbach Scales”
n=23 n=23 n=23 n=23 n=13 n=15
Withdrawn 69.3 (11.1) 522 (4.2) 68,477 61 647 (8.6) 52.5 (4.6) 36.175% 45 60.6 (11.4) 513 (4.4) 8.7 25
Somatic complaints 682 (8.6) 54.3 (4.7) 46.5%%% 51 61.1 (9.4) 53.7(5.3) 11.0%% 20 582 (6.8) 50.0 (0.0) 21755 45
Anxious/depressed 71.0 (8.8) 51.9 (3.6) PAN .68 73.2 (13.9) 52.5(4.2) 46.7%#%* Sl 61.5(11.4) 51.5(3.9) 10.4%* .29
Social problems 60.6 (6.2) 51.6 (2.8) 39.8#** 47 58.7 (7.1) 54.6 (7.1) 3.8 .08 60.2 (10.6) 51.4 (3.8) 9.1%* .26
Thought problems 69.4 (11.7) 51.2(2.7) 52.7%** 54 64.4 (10.9) 53.5(5.7) 18.0%** .29 66.5 (12.3) 50.0 (0.0) 27. 1% Sl
Attention problems 69.8 (10.0) 51.5(3.6) 68.47%** .61 67.3 (9.5) 54.1(6.4) 30.8%** 41 58.8 (7.2) 51.1(3.9) 13.0%** 33
Delinquent behavior 68.0 (11.1) 54.6 (6.2) 25 5% 37 74.2 (10.0) 58.0 (8.0) 36.9%** 46 59.2 (10.8) 51.6 (4.4) 6.2 .19
Aggressive behavior 61.6 (9.2) 50.9 (1.6) 30,2 41 63.8 (8.5) 547 (5.8) 17.8%%% 29 56.1 (6.7) 50.9 (2.5) 7.7 23
Total internalizing 72:6 (7.5) 467 (8.1) 127, 15 74 69.5 (10.7) 48.7 (8.3) 54,7k 55 60.8 (11.8) 43.0 (7.7) 20,8 47
Total externalizing 63.9(10.7) 46.4 (8.0) 39,33k 47 69.2 (10.1) 553 (8.1) 26,64 38 563 (8.7) 447 (6.0) 17255 40
DSM-1V Scales”
n=14 n=23 n=22 n=23

Anorexia 0.4 (0.9) 0.1(0.2) 4.3 11 2.0 (1.3) 0.4 (0.8) 24.0%** .36

No. meeting criteria 3 (21.4%) 0 (0.0%) 8 (36.4%) 0 (0.0%)
Bulimia 0.6 (1.1) 0.1(0.2) 52 13 1.5 (1.3) 0.6 (1.1) 7.0%* 14

No. meeting criteria 2 (14.3%) 0 (0.0%) 4 (18.2%) 5 (21.7%)
Dysthymia 29 (23) 0.1 (0.3) 34,8 50 3.6 (2.9) 0.8 (1.4) 16.5%%% 28

No. meeting criteria 6 (42.9%) 0 (0.0%) 14 (63.6%) 1 (43%)
Major depression 31 (29) 0.2 (0.6) 20 4 39 117 (4.9) 0.8 (1.3) 105.5%%* 71

No. meeting criteria 3 (21.4%) 0 (0.0%) 14 (63.6%) 0 (0.0%)
Generalized anxiety 3.2 (2.0 0.1(0.3) 53.0%** .60 6.0 (2.9) 1.2 (2.1) 42.8%*% .50

No. meeting criteria 2 (14.3%) 0 (0.0%) 11 (50.0%) 1 (4.3%)
Panic attacks 0.1 (0.3) 0.0 (0.0) 1.8 .05 0.7 (0.9) 0.0 (0.0) 13.9%%* 24

No. meeting criteria 1 (7.1%) 0 (0.0%) 7 (31.8%) 0 (0.0%)
Social phobia 0.9 (0.9 0.0 (0.0) 23.0%%** .29 3.1 (3.6) 0.1 (0.4) 15.7%#%* 27

No. meeting criteria 4 (28.6%) 0 (0.0%) 8 (36.4%) 1 (4.3%)
Separation anxiety 0.1 (0.3) 0.0 (0.0) 1.7 05 17 (23) 0.1 (0.4) 11.8%%% 22

No. meeting criteria 0 (0.0%) 0 (0.0%) 2 (9.1%) 0 (0.0%)
Bipolar disorder 0.6 (1.2) 0.0 (0.0) 7.3%% 17 57 (3.4) 3.3 (1.8) 8.9%% 17

No. meeting criteria 0 (0.0%) 0 (0.0%) 5 (22.7%) 1 (4.3%)
Schizophrenia 0.1 (0.4) 0.0 (0.0) 3.6 .09 2.8 (2.3) 0.1(0.2) 31.4%%* 42

No. meeting criteria 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Note: The T scores for the Achenbach scales and raw scores for the DSM-IV scales are reported as mean (standard deviation).
aParent, self-, and teacher reports on the Achenbach scales were assessed using the Child Behavior Checklist (Achenbach, 1991a), the Youth Self-Report (Achenbach, 1991c), and the Teacher Report Form
(Achenbach, 1991b), respectively.
PParent and self-reports on the DSM-1V scales were assessed using the Adolescent Symptom Inventory (ASI; Gadow et al., 2002) and the Youth Symptom Inventory (Gadow et al., 2002), respectively. Parent report
data from the ASI were missing for nine participants in the self-harm group because this measure was added midway through the study.

wEp < 01, #p = 001
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Table 3. Rates of use and age at first use for specific substances by group

Rate of Use“

Number (%)
Reporting Use

Average Age
at First Use”?

Self-Harm  Control

Substance (n=23) (n=23) F n? Self-Harm Control ~ Self-Harm  Control
Alcohol 37(2.0) 17(1.0) 17.9%% 29 15(652) 10(43.5) 12.5(2.4) 14.4(1.6)
Tobacco 35(3.00 1.2(0.4) 13.8%x 24 10 (43.5) 4(17.4) 129 (3.5) 14.0(2.3)
Marijuana 36(1.2) 1.1(0.4) 18.0%xx 29 12(52.2) 5(21.7) 139(1.6) 14.8(1.7)
Cocaine/crack 1.6 (1.2) 1.0(0.0) 6.0* A2 7(30.4) 0 (0.0) 14.1(0.9) —
Heroin 1.0 (0.2) 1.0 (0.0) 1.0 .02 2 (8.7) 0 (0.0) 14.0(1.4) —
Amphetamines 1.4 (0.7) 1.0(0.0) 5.8*% .12 5(217) 0 (0.0) 13.6(1.3) —
Hallucinogens 1.8(1.7) 1.0(0.0) 5.0% .10 5(21.7) 0 (0.0) 13.6(1.1) —
Inhalants 14(0.8) 1.0(0.0) 53% .11 6(26.1) 0 (0.0) 13.6(22) —

9Rates of use were computed from the following scale: 1 = never used the substance, 2 = less than once a month, 3 =
about once a month, 4 = 2 or 3 times a month, 5 = 1 or 2 times a week, 6 = 3 or 4 times a week, T = daily or almost

daily, 8 = more than once a day.

bTests of significance are not reported because so few control group participants reported ever using most substances.

*p < .05, #Fkp < 001,

puted across 30-s epochs during baseline, mood
induction, and recovery. Only the last 1 min
of baseline data were recorded, as the objec-
tive of the long duration (10 min) was to allow
participants to become acclimated to the sur-
roundings. Both the mood induction and re-
covery data were recorded across six epochs
(3 min). Because departures from the spheric-
ity and compound symmetry assumptions of
repeated measures ANOVA are common with
psychophysiological data (Vasey & Thayer,
1987), all F statistics involving a repeated mea-
sure (main effects and interactions) were com-
puted with Greenhouse—Geisser corrected
degrees of freedom.! Associated epsilon val-
ues are reported. Because of equipment fail-
ure, physiological data were missing for one
self-harm and one control participant.

RSA. All RSA values are expressed in units of
log(beats/min?/Hz). Analysis of RSA at base-
line indicated a significant group difference,
F (1, 42) = 14.3, p < .001, n? = .25, with
greater high-frequency spectral power for con-

1. Greenhouse—Geisser corrected degrees of freedom were
not computed when there were only two time points
in the repeated measure, because such data are not
subject to the sphericity or compound symmetry
assumptions.

trols (M = 7.3, SD = 0.8) than for self-harm
participants (M = 5.9, SD = 1.6). This effect
remained significant when controlling for anti-
depressant status in an analysis of covariance
(ANCOVA), F (1,41) =154, p < .001, 2 =
.27. Thus, attenuated parasympathetic tone was
observed in the parasuicide group. Analyses
of RSA data during mood induction yielded
a significant Group X Trials interaction,
F (5,205) =2.4,p < .05, e = .86, n* = .06,
which is depicted in Figure 1. This effect also
remained significant when controlling for med-
ication status in an ANCOVA, F (5, 200) =
3.6, p < .01, n? = .08. Follow-up single de-
gree of freedom linear trend analyses indi-
cated reduced RSA across epochs for the self-
harm group, F (1, 42) = 9.4, p < .01, n? =
.18, but not for the control group, F (1, 42) =
0.2, p = .66, > < .01. Finally, analyses of
RSA during recovery also yielded a signifi-
cant group difference, F (1, 38) = 20.2, p <
.001, »? = .35, which remained significant
when antidepressant status was statistically
controlled, F (1, 37) = 23.2, p < .001, n* =
.39. For these analyses, data were missing for
three participants in each group. Self-harm
participants averaged lower high-frequency
spectral power (M = 5.5, SD = 1.7) than con-
trols (M = 7.3, SD = 1.0). A nonsignificant
trials effect indicated that both groups re-
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Figure 1. The respiratory sinus arrhythmia values (log[beats/min?/Hz]) across the six 30-s epochs of
mood induction for self-harm participants and controls.

turned to baseline immediately following the
mood induction, with no further reductions
across epochs.

EDR. Analysis of EDR at baseline indicated
no difference between groups, F (1,42) = 0.4,
p = .52, n% = .01. Self-harm participants av-
eraged 1.3 (SD = 1.4) SCRs/min compared
with 1.8 (SD = 1.6) SCRs/min for controls.
Analysis of EDR across the six mood induc-
tion epochs also yielded no difference be-
tween groups, F (1,42) =0.02, p = .86, 9> <
.01. Self-harm participants averaged 3.4 (SD =
4.1) SCRs/min compared with 3.6 (SD = 3.8)
SCRs/min for controls. A single degree of free-
dom contrast comparing SCRs during base-
line and mood induction indicated significantly
greater EDR for both groups during the latter
condition, F (1, 42) = 24.8, p < .001, 2 =
.37. Finally, analyses of EDR during recovery
also yielded no group difference, F (1, 38) =
0.4, p = .52, »> = .01. For this analysis, data
were missing for three participants in each
group. Self-harm participants averaged 2.1
(SD = 3.6) SCRs/min compared with 2.8
(SD = 3.2) SCRs/min for controls. The non-
significant trials effect indicated that both
groups returned to baseline immediately fol-
lowing the mood induction, with no further
reductions across epochs.

Cardiac PEP. Analysis of PEP at baseline
indicated no difference between groups,

F(1,42) = 0.1, p = .76, n* < .01. Self-harm
participants averaged PEP values of 118.7 ms
(8D =13.2) compared with 119.8 (SD = 10.0)
for controls. Analysis of PEP across the six
mood induction epochs also yielded no differ-
ence between groups, F (1, 42) = 0.001, p =
.98, n? < .01. Averaged PEP values for self-
harm participants were 119.2 (SD =12.6) com-
pared with 119.1 (SD = 10.8) for controls. A
single degree of freedom contrast comparing
PEP during baseline and mood induction indi-
cated no significant change across conditions
for either group, F (1, 42) = 0.01, p = .91,
1> < .01. Because this indicated no reactivity,
analyses of recovery data were not conducted.

Peripheral serotonin. Analyses of peripheral
serotonin were conducted with a one-way AN-
OVA. Serotonin values are expressed in units
of nanograms per milliliter. As expected, self-
harm participants had significantly lower lev-
els of peripheral serotonin (M = 49.9, SD =
54.7) than controls (M = 134.4, SD = 46.7),
F(1,42) =304, p < .001, n? = .42. Further-
more, this effect remained when controlling
for antidepressant treatment in an ANCOVA,
F(1,41) =117, p = .001, n = .22.

Discussion

Despite an accumulation of diverse sources
of data suggesting that emotion dysregulation,
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anxiety, and impulsivity may underlie self-
harm behavior, few studies have explored en-
dophenotypic markers of these traits among
parasuicidal adolescents. In the present study,
psychological, psychophysiological, and sero-
tonergic correlates of self-harm behavior were
explored in a sample of parasuicidal girls. Our
findings of reduced RSA and whole-blood
serotonin provide evidence in support of
emotion dysregulation and impulsivity mod-
els of parasuicide. However, given that we
found no significant differences on measures
of EDR, theories that a biological predisposi-
tion toward trait anxiety may underlie adoles-
cent parasuicide were not supported in our
sample.

Attenuated RSA among parasuicidal ado-
lescents is consistent with theories that
emotion dysregulation is a precipitant of self-
harm behavior. Both the theoretical and
empirical literatures suggest that RSA is a par-
ticularly useful biological marker of emotion
regulation (Beauchaine et al., 2001, in press;
Porges, 1995, 1997, 2001). RSA measures
parasympathetic nervous system influences on
cardiac activity, which are mediated by vagal
projections to the heart that originate in the
nucleus ambiguous of the ventral vagal com-
plex. Source nuclei within this medullary net-
work regulate both the facial expressions of
emotion and parasympathetic efference to
the heart. Thus, expressions of emotion are
accompanied by concomitant changes in RSA
(Porges, 1995). Accordingly, reduced RSA
marks poor emotion regulation across a wide
range of psychiatric disorders, including anx-
iety disorders, depression, panic disorder, and
conduct disorder (Beauchaine, 2001). Al-
though the literature on parasuicidal adults with
BPD has emphasized emotion dysregulation
as a precipitant of self-harm (Linehan, 1993),
this formulation is based largely on the sub-
jective reports of borderline patients (e.g.,
Brown, Comtois, & Linehan, 2002). A similar
approach characterizes the adolescent litera-
ture, which consists almost entirely of descrip-
tive accounts of the reasons for engaging in
self-harm (e.g., Boergers et al., 1998). Thus,
the present study is unique in that it included
an objective, biological marker of emotion reg-
ulation as well as self-report measures.
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In addition to attenuated RSA at baseline,
parasuicidal adolescents evidenced reduc-
tions in RSA across the six film epochs. This
physiological response to sad mood induction
lends further support to emotion dysregula-
tion models of parasuicide. Specifically, re-
ductions in RSA during the emotional challenge
suggest that parasuicidal adolescents experi-
enced the task as more evocative than their
typically developing peers. As we have writ-
ten elsewhere (Beauchaine, 2001; Beauchaine
et al., in press), excessive vagal reactivity may
predispose individuals to subjectively over-
whelming levels of emotion, and initiate
active avoidance of emotionally evocative
stimuli. According to Linehan’s (1993) theory,
self-harm behavior may serve this active avoid-
ance function.

Although the pattern of RSA reactivity ob-
served among parasuicidal adolescents sup-
ports the emotional sensitivity hypothesis,
probands did not exhibit a slower return to
physiological baseline than controls follow-
ing the mood induction. Yet, slow return to
emotional baseline is also a component of Line-
han’s (1993) theory. One interpretation is that
the slow return to baseline hypothesis is incor-
rect. However, it remains a possibility that
more intense emotional stimuli are associated
with a longer recovery among self-harming
samples. For ethical reasons, we were reluc-
tant to expose participants to stimuli of this
nature. Finally, it is possible that subjective
experiences of emotion among self-harming
samples diverge from autonomic response pat-
terns. Although we did not collect data on
participants’ subjective responses to the mood
induction, future research might address this
question directly.

Parasuicidal adolescents did not differ from
controls on measures of EDR, an often reli-
able peripheral index of trait anxiety. This is
perplexing given that half of the parasuicidal
adolescents (50.0%) met criteria for general-
ized anxiety according to self-report, and
roughly one-third met criteria for social pho-
bia (36.4%) and panic attacks (31.8%). Inter-
estingly, reduced rather than heightened EDR
is a fairly consistent finding in the limited
literature on the physiology of parasuicide.
One early study found low EDR among vio-
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lent suicide attempters (Edman, Asberg, Le-
vander, & Shalling, 1986), leading the authors
to describe a subgroup of patients with low
CSF 5-HIAA and electrodermal nonreactivity.
Moreover, in their sample, patients who later
died by suicide were more likely to have been
classified as EDR nonreactive. Similar find-
ings were also reported by Wolfersdorf and
Straub (1993, 1994), who described a relation
between EDR nonreactivity and the violence
level of both suicide and suicide attempts.
Wolfersdorf and colleagues later replicated
these findings in a large sample (n = 504) of
adult depressed inpatients (Wolfersdorf et al.,
1999). Furthermore, similar results were re-
ported in a sample of borderline adults, where
Herpertz and colleagues (Herpertz, Kunert,
Schwenger, & Sass, 1999) found that those
with BPD exhibited reduced EDR compared
with both normal controls and a comparison
group with avoidant personality disorder. How-
ever, these studies have examined EDR reac-
tivity to suicide scripts or to auditory stimuli,
and all were conducted with adults. Thus, our
data are not directly comparable. Neverthe-
less, given documented relations between (a)
trait anxiety and electrodermal lability, (b) self-
harming behavior and trait anxiety, and (c)
violent self-harm and electrodermal hypoac-
tivity, it is possible that there are subgroups of
self-harming adolescents; one that engages in
self-harm as a means of coping with chronic
overwhelming anxiety and another that does
so in a more impulsively violent manner. Con-
sistent with this possibility, research suggests
reduced EDR among individuals who are both
impulsive and aggressive. Such an interpreta-
tion should be considered as speculative, how-
ever, particularly when considering that almost
all data linking impulsive aggression to
attenuated EDR have been derived from male
samples. Although our sample size was too
small to test for the presence of two distinct
groups, four of our self-harm participants evi-
denced a complete lack of EDR, similar to
that seen among aggressive male adolescents
(Beauchaine et al., 2001; Gatzke—Kopp, Raine,
Loeber, Stouthamer—Loeber, & Steinhauer,
2002).

As with EDR, no differences in cardiac
PEP were found between parasuicidal adoles-

S. E. Crowell et al.

cents and controls. Lengthened baseline PEP,
which has been demonstrated in several stud-
ies of externalizing children and adolescents
(Beauchaine et al., 2001; Beauchaine &
Gatzke—Kopp, in press; Crowell et al., in press),
was not found in the current sample despite
significantly higher rates of both externaliz-
ing and aggressive behaviors on parent, self-,
and teacher-report measures. Lengthened PEP
might also be expected in parasuicidal adoles-
cents given speculation of shared etiological
risk for the development of borderline and
antisocial pathologies. This line of research
has developed in part because of the inverted
gender distribution for the two disorders, with
more females meeting criteria for BPD and
more males meeting criteria for antisocial per-
sonality disorder (ASPD). Thus, even though
BPD and ASPD have approximately the same
prevalence rates in community samples,
roughly 80% of those with ASPD are male
and roughly 80% of those with BPD are fe-
male (Paris, 1997). Furthermore, there is some
diagnostic overlap between the two disorders,
including impulsivity, anger/irritability, and
aggression. Although aggression is generally
expressed toward others in ASPD and is typi-
cally self-directed in BPD, those with ASPD
have been known to harm themselves (Val-
liant, 1975; Yochelson & Samenow, 1976) and
those with BPD may engage in physical fights
(American Psychiatric Association, 2000).
Moreover, in a recent discussion of this issue,
Paris (1997) identified several overlapping risk
factors for the development of ASPD and BPD,
including the high heritability of traits com-
mon to both disorders (impulsivity, affective
instability, cognitive deficits), reduced seroto-
nin, family dysfunction, and a histories of
abuse. These risk factors are also seen among
parasuicidal adolescents (Brent et al., 2002;
Brodsky et al., 2001; Hawton, Haw, Houston,
& Townsend, 2002) and among adolescents
with disruptive behavior disorders (e.g., Pol-
lak, 2003). In light of the considerable overlap
between parasuicidal and aggressive samples,
and given the presence of similar risk factors
for the development of BPD and ASPD, sim-
ilar physiological profiles might be expected.
With respect to both PEP and EDR, however,
our findings argue against this interpretation.
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Finally, our finding of reduced peripheral
serotonin levels is consistent with earlier re-
search suggesting that suicidal behavior is as-
sociated with 5-HT dysregulation (Cremniter
et al.,, 1999; Meyer et al., 2003; van Heerin-
gen et al., 2003). These results provide further
support for hypotheses that impulsivity is re-
lated to reduced serotonin levels in parasui-
cidal patients. Indeed, a similar finding was
recently reported in a sample of adult suicide
attempters, where low 5-HTT was associated
with impulsivity among suicidal participants
but not among controls (Lindstrom et al.,
2004). Furthermore, research suggests that the
risk for suicidality, independent of depres-
sion, is transmitted familially (e.g., Hawton
et al., 2002), and may be accounted for by the
double-short allele of the serotonin trans-
porter gene (Joiner, Johnson, & Soderstrom,
2002). Thus, a genetically transmitted ten-
dency toward greater impulsivity (Cremniter
et al., 1999) may predispose emotionally dys-
regulated adolescents to engage in self-harm
in response to negative life events.

In terms of the two alternative pathways
to impulsivity outlined in the introduction of
this article, failure to find differences in
PEP, combined with clear differences in
peripheral serotonin levels, suggest that
mesolimbic DA dysfunction may not be the
neurobiological substrate of disinhibition
among parasuicidal adolescent girls. Rather,
amygdalar—septohippocampal dysfunction is
the more likely candidate. However, we con-
sider these conjectures preliminary pending
confirmation in future studies, including those
using neuroimaging technologies.

Implications for the development
of borderline pathology

Given the paucity of longitudinal studies of
adolescent parasuicide, it is unknown what
portion of self-harming teenagers will go on
to develop further borderline pathology. How-
ever, our findings indicate that parasuicidal
adolescents, like borderline adults, present with
multiple clinical diagnoses, and may therefore
be at increased risk for the development of
further psychopathology as they transition into
adulthood. In turn, borderline features in adult-
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hood are known to predict continued impair-
ment in interpersonal relations, academic
achievement, and occupational functioning
(Bagge et al., 2004).

Our findings of attenuated RSA and low
peripheral serotonin levels lend support to the
assertion that parasuicidal adolescents are both
emotionally dysregulated and impulsive, fea-
tures that also characterize adults with BPD.
Recently, we have speculated that emotion reg-
ulation capabilities, indexed by RSA, may be
socialized within families during develop-
ment (Beauchaine et al., in press; Crowell et al.,
in press). Although high-risk externalizing pre-
schoolers show sympathetic deficiencies (PEP,
EDR) characteristic of older antisocial sam-
ples, deficiencies in parasympathetic function-
ing (RSA) do not emerge until the middle
school years. It is well known that emotional
lability is shaped by negative reinforcement
contingencies in the families of children with
conduct problems (Patterson, 1982; Snyder,
Edwards, McGraw, Kilgore, & Holton, 1994;
Snyder, Schrepferman, & St. Peter, 1997), and
that the same children exhibit deficiencies in
RSA. Repeated escalatory and evocative ex-
changes between parents and children are likely
to elicit coercive behavior patterns, emotional
lability, and autonomic reactivity. Over time,
these coercive exchanges increase in fre-
quency and intensity until they become an au-
tomated response pattern for obtaining desired
ends. This further disrupts parenting efforts
and also places the child at risk for poor inter-
personal relationships because of ineffective
modulation of affect in social situations. Al-
though there has been no test of the coercion
model among parasuicidal adolescents, com-
mon etiological pathways have been described
for conduct disorder/ASPD and BPD (e.g.,
Norden et al., 1995; Paris, 1997).

Behavior genetics studies indicate that RSA,
which is proving to be increasingly useful as a
peripheral marker of emotional lability, is about
50% heritable and 50% determined by envi-
ronmental inputs (Kupper, Willemsen, Post-
huma, de Boer, Boomsma, & de Geus, 2004).
Future research might examine whether suc-
cessful treatment with DBT, the efficacy of
which has been demonstrated in several stud-
ies, confers measurable changes in RSA.
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Despite the importance of developmental re-
search, few studies have explored the develop-
mental history of individuals with borderline
pathology. Although research with parasui-
cidal adolescents represents one means of un-
derstanding the development of BPD, studies
of younger children at risk for borderline pa-
thology are also needed. A number of variables
have now been identified that may be risk
factors for later emergence of Axis II psycho-
pathology and suicidality (Rudd, Joiner, &
Rumzek, 2004). Specifically, Rudd et al. (2004)
found that adults who had made multiple sui-
cide attempts reported having more Axis I
psychopathology in their childhood, with early-
onset depressive and anxiety disorders distin-
guishing multiple attempters from ideators and
single attempters. Unfortunately, this study used
retrospective reports of childhood symptoms.
Thus, although the early emergence of mood
disorders will likely confer increased risk of
later psychopathology, itis unclear whether such
symptoms could prospectively identify indi-
viduals at heightened risk for suicidality.

The current study is limited by the small
number of participants (n = 23/group), by the
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