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Non-suicidal self-injury is a risk factor for suicidal behavior, particularly in females. Two prominent theories of
suicide suggest that habituation to the psychophysiological aversiveness of NSSI is a mechanism by which NSSI
exposure may lead to increased risk for suicide. Several laboratory studies examining the relationship between
physiological habituation and suicide attempt history have yielded mixed results, potentially due to their use of
broad measures of physiological arousal and/or focus on speciﬁc psychopathologies. However, no studies have
examined the association between the time course (e.g., habituation, initial reactivity) of responding to aversiveness and NSSI, which may help to elucidate psychophysiological mechanisms of NSSI. Therefore, we examined habituation and initial reactivity to aversiveness (indexed by the time course of acoustic startle reﬂex, a
well-validated measure of defensive responding) in three groups of young adult females – those with a history of
NSSI, psychiatric controls matched on potential confounds (e.g., psychopathology, trauma history, demographics), and healthy controls. Results indicated that individuals with a history of NSSI exhibited blunted initial
reactivity and marginally slower habituation to aversiveness relative to the two control groups. The NSSI group's
insensitivity to aversiveness may reﬂect prior psychophysiological habituation, and may be a mechanism
through which prior NSSI exposure leads to increased risk for suicidal behavior.

1. Introduction
The deﬁnition of non-suicidal self-injury (NSSI) varies, but broadly,
the behavior refers to the direct, deliberate destruction of one's body
tissue in the absence of lethal intention (Nock, 2009). Common
methods of NSSI include cutting, burning, scratching, biting, hitting,
and skin picking (e.g., Klonsky, 2011). NSSI typically begins during
early adolescence and it is estimated that 13–23% of adolescents have
engaged in NSSI (Jacobson and Gould, 2007). Although there are
multiple reasons why people engage in NSSI, most models of NSSI posit
that in many cases, it serves to reduce aversive emotions such as sadness and anxiety (Klonsky, 2007; Nock and Prinstein, 2004).
NSSI has consistently been shown to be a risk factor for suicidal
behavior. Nock et al. (2006) found that 70% of adolescents who had
engaged in NSSI had attempted suicide at least once, and 55% reported
multiple attempts. Furthermore, longitudinal studies have shown NSSI
is a prospective and unidirectional predictor of suicidal behavior. These
studies indicate that individuals with a history of NSSI are more than
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ﬁve times more likely to experience suicidal ideation and 3–15 times
more likely to attempt suicide over follow-up periods ranging from
24 weeks to 3 years (Asarnow et al., 2011; Guan et al., 2012; Prinstein
et al., 2008; Whitlock et al., 2013; Wilkinson et al., 2011). Importantly,
both Asarnow et al. (2011) and Wilkinson et al. (2011) reported that
NSSI history predicted whether participants would later attempt suicide, even after controlling for prior suicide attempts. Additionally,
females have higher rates of NSSI and suicidal behavior (Asarnow et al.,
2011; Prinstein et al., 2008; Wilkinson et al., 2011) and more severe
levels of NSSI correlates (e.g., psychopathology; Victor et al., 2018),
suggesting that females may be especially vulnerable to NSSI and suicidal behavior. These ﬁndings highlight the importance of NSSI as an
indicator of risk for future suicide attempts.
However, the mechanism underlying the association between NSSI
and suicidal behavior is unclear. Two prominent theories of suicide
propose that physiological habituation to aversiveness may be a mechanism by which NSSI leads to suicidal behavior. Gateway theory
suggests that there is a continuum of self-injurious behaviors with NSSI
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aversiveness in NSSI.
Although gateway theory and the IPTS propose that physiological
habituation to aversiveness is a critical component leading to suicidal
behavior, there are several third variables that may entirely explain the
association between NSSI and suicidal behavior. For example, as suicide
completers and those who engage in NSSI have comparable rates of
psychopathology (88.6% vs. 87.6%, Fleischmann et al., 2005; Nock
et al., 2006), it is possible that having a mental disorder increases risk
for both NSSI and suicidal behavior. No study on the time course of
psychophysiological responding in NSSI has attempted to rule out these
potential confounds. Indeed, many (if not most) studies in the broader
NSSI literature either compare individuals with NSSI to healthy controls
or, as mentioned above, focus on NSSI exclusively in individuals with
certain psychopathologies such as depression (e.g., Asarnow et al.,
2011; Wilkinson et al., 2011), neither of which allows researchers to
separate the eﬀects of NSSI from confounding psychopathology. Some
studies (e.g., Andover and Gibb, 2010) have sought to address this
problem by statistically controlling for potential demographic or psychopathological third variables, but this may also be problematic because NSSI is so closely associated with psychopathology that statistically controlling for psychopathology may remove key variance
associated with the dependent variable of interest (Miller and
Chapman, 2001). Therefore, one goal of this study is to select a control
group that is matched to the NSSI group on potential confounds, such as
psychopathology and key demographics.
To test these aims, the present study conducted secondary analyses
from a larger psychophysiological project (Gorka et al., 2016;
Shankman et al., 2018; Weinberg et al., 2015) to examine the time
course of startle responding in three groups of individuals – (a) those
with a history of NSSI, (b) psychiatric controls matched on demographics and psychopathology, and (c) healthy controls. While startle
studies often examine how the startle response is modulated by context,
other studies have examined responses to unmodulated acoustic startle
probes as indicators of defensive responding (e.g., Miller et al., 1999)
including studies on the time course of defensive responding (Blanch
et al., 2014; Campbell et al., 2013; Smith et al., 2015). Although
comparing individuals with NSSI to matched psychiatric controls
served to address the potential eﬀects of third variables and isolate the
eﬀects of NSSI, we included the group of healthy controls to determine
whether individuals with a history of NSSI exhibited abnormal (and not
just diﬀerent from psychiatric controls) habituation or initial reactivity.
Additionally, because this investigation was a secondary analysis of
data from a larger study not speciﬁcally designed to examine NSSI, we
sought to validate our assessment of NSSI by examining group diﬀerences in pain threshold (i.e., the lowest level of stimulus intensity that is
perceived as painful) as individuals who have engaged in NSSI have
consistently exhibited greater pain thresholds (Koenig et al., 2016).
Because both gateway theory and the IPTS suggest that NSSI habituates
individuals to aversiveness, we hypothesized that individuals with a
history of NSSI would exhibit blunted psychophysiological initial reactivity and faster habituation relative to the psychiatric controls and
healthy controls.

at one extreme and completed suicide at the other and NSSI serves as a
“gateway” to more severe self-harm behaviors (e.g., attempted suicide)
by reducing inhibition through habituation to self-harm (Whitlock
et al., 2013). Similarly, the Interpersonal-Psychological Theory of Suicide (IPTS) suggests that repeated exposure to painful or provocative
experiences such as NSSI leads to “acquired capability” for suicide
(Joiner, 2005). Although the two theories diﬀer in some ways (e.g.,
gateway theory suggests that only behaviors with similar experiential
qualities [i.e., NSSI] can lead to suicidal behavior, whereas acquired
capability theory suggests that NSSI is one of many painful or provocative experiences that can lead to acquired capability for suicide;
Smith and Cukrowicz, 2010; Whitlock et al., 2013), both theories suggest that habituation to aversiveness plays an important role in suicidal
behavior.
Several studies have attempted to test this hypothesis by examining
physiological habituation in suicide attempters. Electrodermal studies
have found faster habituation in suicide attempters and those who later
die by suicide compared to suicide ideators and non-suicidal depressed
participants (Edman et al., 1986; Jandl et al., 2010; Keller et al., 1991;
Thorell et al., 2013; Wolfersdorf et al., 1999). However, other studies
have failed to ﬁnd an association. Smith et al. (2015) examined the
relationship between physiological habituation of the acoustic startle
reﬂex, suicide attempt history, and acquired capability, and found no
relationship between physiological habituation and self-reported acquired capability for suicide or suicide attempt history. Although research on the time course of defensive responding has focused on
physiological habituation of defensive responding (Klumpp and
Shankman, 2018), abnormal initial reactivity to painful or aversive
stimuli may also relate to NSSI. Initial reactivity (i.e., the beginning
intercept of an individual's responding over time) is thought to reﬂect
initial stimulus processing, whereas habituation (i.e., the slope of responding over time) may reﬂect one's ability to inhibit reactions to the
stimuli over time (Banks et al., 2007; Phan et al., 2005). Although not
examined in the laboratory studies discussed above, several studies
have examined average (not initial) reactivity to emotional stimuli in
NSSI with mixed results. For example, Glenn et al. (2011) examined
startle reactivity to emotional images and found no diﬀerences between
individuals with a history of NSSI and controls, but Nock and Mendes
(2008) found NSSI was associated with physiological hyperarousal (i.e.,
increased skin conductance) to psychological distress. However, these
studies did not examine the time course (e.g., habituation, initial reactivity) of responding, which may help to elucidate the role of physiological reactivity in NSSI.
These studies had several limitations that prevent them from being
deﬁnitive tests of the role of habituation to aversiveness in NSSI. First,
many of these studies only included participants who were currently
depressed. Although some individuals who engage in self-injurious
behaviors are depressed, NSSI, suicidal behavior, and the time course of
responding to aversiveness (e.g., habituation) are transdiagnostic
(Fleischmann et al., 2005; Nock et al., 2006). Therefore, it is important
to examine the time course of responding to aversiveness independent
of diagnosis, an aim in line with the Research Domain Criteria (RDoC)
initiative (Westlund Schreiner et al., 2015). Second, prior studies focused on habituation as a function of suicide attempt history and not
NSSI history, which is important because there are potentially diﬀerent
paths that lead to attempted suicide, some of which may not involve
prior suicidal behavior (and perhaps not acquired capability either;
Brackman et al., 2016; Hamza et al., 2012). To our knowledge, no laboratory studies have investigated the time course of psychophysiological responding in individuals speciﬁcally with a history of NSSI.
Third, many of these studies used measures that are not valence speciﬁc
but rather reﬂect overall emotional arousal (e.g., electrodermal activity). The acoustic startle reﬂex, on the other hand, is a basic, crossspecies reﬂex that reﬂects defensive motivation and is sensitive to the
valence of an individual's internal state (Lang, 1995), and therefore
may be a more relevant measure of psychophysiological responding to

2. Methods
2.1. Participants
Ninety female participants that were 18 to 29 years old (M = 21.73,
SD = 2.81) were drawn from a larger, NIMH-funded, family study (see
Gorka et al., 2016 and Shankman et al., 2018 for additional details).
Advertisements (ﬂiers, internet postings, etc.) were used to recruit
participants from the community and from mental health clinics. A
Research Domain Criteria (RDoC) approach was taken to participant
recruitment such that recruitment screening was agnostic to Diagnostic
and Statistical Manual of Mental Disorders (DSM) diagnostic categories
(beyond the exclusion criteria listed below). However, participants with
2
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personal history of psychosis or mania was an exclusion criterion,
lifetime psychosis and mania were also assessed using the psychotic
screening module and manic episode section from the SCID's Mood
Disorders module. Doctoral students and bachelor's level research assistants were trained to criterion on the SCID and were supervised by a
licensed clinical psychologist. Interrater agreement was in the fair to
substantial ranges for lifetime diagnoses (k's = 0.46–0.87) and in the
fair to moderate ranges for current diagnoses (k's = 0.54–0.74) with the
exception of lifetime (k = 0.18) and current (k = 0.29) Social Anxiety
Disorder (Shankman et al., 2018; Shrout, 1998).

severe internalizing psychopathology were oversampled to ensure that
the sample was clinically relevant. Speciﬁcally, the Depression, Anxiety, and Stress Scale (DASS; Lovibond and Lovibond, 1995) was administered during the initial phone screen to ensure that the severity of
internalizing symptomology within the sample was normally distributed, but also had a higher average general psychological distress
score (M = 10.35, SD = 10.07) than the general population (M = 8.30,
SD = 9.83; Crawford et al., 2011). Consequently, the sample included a
wide range of psychopathologies, as well as healthy controls.
Inclusion criteria speciﬁed that participants had at least one full
biological sibling that was also willing to participate in the study. While
both siblings participated in the larger study, the sample for the present
study only included one sibling per family (so as not to violate the
statistical assumption of independence of observations). Exclusion criteria included personal or family history of psychosis or mania at the
time of the interview (given that psychosis and mania have been shown
to be separable from internalizing and externalizing disorders; Caspi
et al., 2014; Kotov et al., 2011; Krueger et al., 1998; Markon, 2010),
inability to read or write in English, history of serious head trauma, and
left-handedness (to protect against confounds with the neurophysiological data collected for the main aims of the larger study).
We extracted groups of participants with a history of NSSI (n = 16),
psychiatric controls (n = 28), and healthy controls (n = 43) that were
matched on age, ethnicity, and years of education. As 96% of participants in the larger study who endorsed a history of NSSI were female
and previous studies have demonstrated gender diﬀerences in rates and
methods of NSSI as well as suicide attempts (Andover et al., 2010;
Bresin and Schoenleber, 2015; Sornberger et al., 2012; Victor and
Klonsky, 2014), only females were included in the extracted groups. In
order to test for the speciﬁcity of the eﬀects of NSSI history on responses to aversiveness, a psychiatric control group was also extracted
that was comparable to the NSSI group in rates of suicide attempt,
lifetime and current psychopathology (e.g., depression, anxiety disorders, substance use disorders), childhood abuse and neglect, psychiatric medication use, and global symptom severity and impairment
as these variables are likely to be confounded with NSSI (Andover and
Gibb, 2010; Ballard et al., 2014; Gorka et al., 2015; Nock et al., 2006;
Glassman et al., 2007; Jovanovic and Ressler, 2010; Fournier et al.,
2010; Rodríguez-Fornells et al., 1999; Glenn and Klonsky, 2013;
Muehlenkamp and Gutierrez, 2007). There were no sibling pairs for
which both siblings had a history of NSSI. For sibling pairs in which one
sibling had a history of NSSI and the other met criteria for one of the
two control groups, the sibling with a NSSI history was selected for the
NSSI group and the other sibling was excluded. In cases in which both
siblings met criteria for either of the control groups, one of the siblings
was randomly selected to be included and the other sibling was excluded. Refer to Table 1 for participant demographics and clinical
characteristics.

2.2.2. Global assessment of functioning and social and occupational
functioning assessment scale
The Global Assessment of Functioning (GAF; American Psychiatric
Association, 1994) was modiﬁed slightly to only focus on overall current symptom severity, and the Social and Occupational Functioning
Assessment Scale (SOFAS; Goldman et al., 1992) provided a measure of
overall functional impairment due to current psychopathology. Both
scales are rated from 0 to 100, with lower scores indicating greater
levels of symptom severity or impairment.
2.2.3. Childhood Trauma Questionnaire–Short Form (CTQ–SF)
The CTQ–SF (Bernstein et al., 2003) is a self-administered, psychometrically validated questionnaire consisting of 25 items assessing
history of childhood abuse and neglect. The CTQ–SF measures ﬁve
diﬀerent types of abuse and neglect: emotional abuse, emotional neglect, physical abuse, physical neglect, and sexual abuse. Items are
rated based on a 5-point Likert scale ranging from 1 (never true) to 5
(very often true). Cronbach's alphas for the ﬁve subscales ranged from
0.55 to 0.94 in the present study.
2.3. Electromyography startle habituation task
Electromyography (EMG) data were acquired using BioSemi Active
Two (Amsterdam, Netherlands). Startle tones were presented using
PSYLAB (Contact Precision Instruments; London, UK) and physiological
data was recorded using a PC-based acquisition system (Neuroscan 4.3).
Startle response was operationalized as the eyeblink response to six
40 ms, 103db bursts of white noise with near-instantaneous rise time
presented binaurally through headphones. The startle eyeblink in both
samples was recorded using two 4 mm Ag/AgCl electrodes placed over
the orbicularis oculi muscle underneath the right eye. Data were collected using a bandpass ﬁlter of DC-500-Hz at a sampling rate of 2000Hz.
Following electrode placement, all participants sat in a sound-attenuated, electrically shielded booth approximately 3.5-feet from a 19inch computer monitor. During each of two 2.5-minute habituation
periods, participants were told to relax and focus on a ﬁxation cross on
a monitor approximately one meter in front of them while 6 acoustic
startle probes were delivered through headphones. Interstimulus intervals (ISIs) between startle probes ranged between 15 and 20 s
(M = 17.60 s). In between the ﬁrst and second habituation periods,
shock electrodes were placed on participants' left wrist. Participants
were explicitly told that no shocks would be administered during the
habituation periods. Although these two habituation periods were intended to prevent early exaggerated startle responding during a subsequent threat-of-shock task that was administered as part of the larger
psychophysiological study (Gorka et al., 2013, 2015; Shankman et al.,
2013), they are nearly identical to a startle habituation paradigm used
in a previous study examining the relationship between suicide attempt
history and habituation to aversiveness (Smith et al., 2015).

2.2. Measures
2.2.1. Structured clinical interview for diagnostic and statistical manual of
mental disorders–5 (SCID)
NSSI history and suicide attempt history were assessed using an
adapted version of the SCID interview (First et al., 2015; Shankman
et al., 2018). The NSSI group was deﬁned as those who endorsed a
single yes/no item added to the Mood Disorders module that probed
whether the individual had ever engaged in NSSI in their lifetime. Two
additional items were included to assess the presence (yes/no) and
frequency of suicide attempts, respectively. The SCID also assessed
lifetime and current psychopathology (i.e., Major Depressive Disorder,
Alcohol Use Disorder, Substance Use Disorder, Posttraumatic Stress
Disorder, Panic Disorder, Agoraphobia, Social Anxiety Disorder, Speciﬁc Phobia, Obsessive Compulsive Disorder, Generalized Anxiety Disorder, Anorexia, Bulimia, and Binge Eating Disorder). Healthy controls
were required to have no lifetime diagnosis of any of these disorders. As

2.4. Shock workup procedure – pain threshold
After the two startle habituation periods, participants completed a
shock work-up procedure in which they received increasing intense
3
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Table 1
Participant demographics and clinical characteristics.
NSSI group
(n = 16)
Age (M, SD)
Ethnicity (% Caucasian)
Years of education (M, SD)
Current psychiatric medication
Lifetime suicide attempt
Lifetime suicidal ideation
Current suicidal ideation
Lifetime MDD
Current MDD
Lifetime AUD or SUD
Current AUD or SUD
Lifetime PD
Current PD
Lifetime GAD
Current GAD
GAF (M, SD)
SOFAS (M, SD)
CTQ physical abuse (M, SD)
CTQ sexual abuse (M, SD)
CTQ emotional abuse (M, SD)
CTQ physical neglect (M, SD)
CTQ emotional neglect (M, SD)

22.19 (2.88)
62.5%
14.87 (1.97)
31.3%
12.5%
75.0%
6.25%
93.8%
18.8%
62.5%
6.3%
37.5%
18.8%
26.7%
18.8%
62.50 (12.92)a
67.19 (11.78)a
7.00 (2.94)a,b
7.19 (5.68)a
9.75 (4.82)a
7.06 (2.54)a,b
10.81 (4.83)a

Psychiatric controls
(n = 28)

Healthy controls
(n = 43)

p-Value of group diﬀerence test

21.11 (1.89)
32.1%
14.92 (1.74)
25.0%
17.9%
46.4%
10.7%
85.7%
25.0%
57.1%
17.9%
39.3%
14.3%
28.6%
7.1%
60.46 (11.40)a
65.18 (12.59)a
7.18 (2.28)a
5.96 (2.62)a,b
9.68 (3.51)a
7.43 (2.67)a
9.61 (3.89)a

21.63 (3.01)
48.8%
15.51 (1.98)
–
–
–
–
–
–
–
–
–
–
–
–
84.00 (8.57)b
85.44 (7.45)b
5.93 (2.19)b
5.21 (0.68)b
6.95 (3.02)b
5.91 (2.23)b
7.00 (2.65)b

.429
.132
.346
.924
.969
.128
.999
.753
.919
.977
.534
.999
.999
.999
.51
< .1
< .1
.7
.64
.2
.31
< .1

MDD = Major Depressive Disorder. AUD = Alcohol Use Disorder. SUD = Substance Use Disorder. PD = Panic Disorder. GAD = Generalized Anxiety Disorder.
GAF = Global Assessment of Functioning. SOFAS = Social and Occupational Functioning Assessment Scale. CTQ = Childhood Trauma Scale-Short Form. Diﬀerent
subscripts within the same row reﬂect group diﬀerences (p < .05). p-Values of group diﬀerence tests for rows in which the healthy control group has a hyphen reﬂect
comparisons between the NSSI and psychiatric control groups (i.e., excluding the healthy control group). Group diﬀerences for categorical variables were tested using
chi-square tests with Yates' continuity correction. Group diﬀerences for continuous variables were tested using ANOVAs.

were used in analyses.

shocks beginning at 0.6 mA and increasing by 0.6 mA until they reached
an intensity level that they described as feeling “highly annoying but
not painful.” The shock level described as “highly annoying but not
painful” served as the measure of pain threshold. Although the idiographic maximum shock levels obtained from this task primarily served
to ensure equality in perceived shock aversiveness (Rollman and Harris,
1987) in the subsequent threat-of-shock task, this shock-work up procedure was nearly identical to paradigms used in previous studies examining pain threshold in the context of NSSI research (Brackman
et al., 2016; Franklin et al., 2013a). The maximum shock level a participant could receive was 5 mA and the mean pain threshold was
1.19 mA (SD = 0.50).

2.6. Statistical analyses
A complex contrast was utilized to test the hypothesis that pain
thresholds (i.e., participants' chosen shock levels) would be higher in
the NSSI group compared to controls (i.e., psychiatric and healthy
controls combined). Longitudinal mixed linear models were conducted
to examine group diﬀerences in the within-individual slope and initial
reactivity (i.e., the intercept of each individual's slope as estimated by
the model) of startle responses over time. Time was coded as the
number of elapsed seconds since the administration of the ﬁrst startle
probe, and the slope of startle reactivity was deﬁned as the estimated
within-person slope of startle responses across time. The intercept represented the estimated magnitude of the participant's ﬁrst startle response (i.e., at time = 0). This operationalization of initial reactivity
uses all of the participant's data to estimate the slope intercept or ‘initial
starting point’ and thus is more reliable than using the ﬁrst startle response (i.e., blink 1 of the habituation period). Missing data (i.e., unscorable blinks) were handled by weighting slope estimates by the
number of observations. The statistical signiﬁcance of ﬁxed eﬀects (e.g.,
group) was evaluated using F tests, and follow-up t-tests were used to
test pairwise group diﬀerences. In line with recommendations from a
recent simulation study (Luke, 2017), degrees of freedom were estimated using Satterthwaite's approximation. Partial R-squared and the
associated 95% conﬁdence interval (CI) was estimated for each ﬁxed
eﬀect using the Kenward-Roger method. All analyses were conducted in
version 3.4.3 of R (R Core Team, 2017) utilizing version 1.1–13 of the
lme4 package (Bates et al., 2015), version 0.18–0 of the afex package
(Singmann et al., 2017), version 2.0–33 of the lmerTest package
(Kuznetsova et al., 2017), and version 0.1.2 of the r2glmm package
(Jaeger, 2017).

2.5. EMG startle processing
Startle blinks were scored according to published guidelines
(Blumenthal et al., 2005). Data processing included applying a 28 Hz
high-pass ﬁlter, rectifying, then smoothing using a 40 Hz low-pass ﬁlter.
Blink response was deﬁned as the peak amplitude of EMG activity
within the 20–150-ms period following startle probe onset relative to
baseline (average baseline EMG level for the 50-ms preceding the
startle probe onset). Each peak was identiﬁed by software (BrainVision
Analyzer 2.1.0 [Brain Products, Munich, Germany]) but examined by
hand to ensure acceptability (e.g., not a double blink). Blinks were
scored as non-responses if EMG activity during the 20–150-ms poststimulus timeframe did not produce a blink peak that was visually
diﬀerentiated from baseline activity. Blinks were considered to be visually diﬀerentiated from baseline activity if the magnitude of the blink
was at least two times the mean of the baseline. All blinks were visually
evaluated using the same scale to ensure within-subject consistency in
the identiﬁcation of non-responses. Blinks were scored as missing if the
baseline period was contaminated with noise, movement artifact, or if a
spontaneous or voluntary blink began before minimal onset latency and
thus interfered with the startle probe-elicited blink response. These
deﬁnitions are in accordance with established guidelines (Blumenthal
et al., 2005). Blink magnitude values (including nonresponse values)
4
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in the NSSI group was not diﬀerent from zero, b = −0.11, t
(349.40) = 1.03, p = .303. Contrary to expectations, the slope of startle
responding diﬀered among groups at a trend level such that the healthy
control group, b = −0.22, t(347.03) = 1.80, p = .073, and the psychiatric control group, b = −0.24, t(345.05) = 1.84, p = .066, habituated marginally more rapidly than the NSSI group. Slopes of startle
magnitude over time did not diﬀer between the psychiatric controls and
healthy controls, b = 0.02, t(338.18) = 0.20, p = .838, indicating that
these groups habituated at similar rates. While the NSSI group displayed a diminished initial startle response and habituation rate that
did not signiﬁcantly diﬀer from zero, the NSSI group's startle response
to the ﬁnal startle probe did not diﬀer from that of the healthy controls,
b = −11.45, t(126.83) = 0.91, p = .366, or psychiatric controls,
b = −6.54, t(125.55) = 0.49, p = .628, suggesting that the NSSI
group's ﬁnal startle response was comparable to that of the two control
groups.

3. Results
3.1. Pain threshold
As hypothesized, the contrast testing whether the NSSI group
(M = 73.47, SD = 20.31) had a higher pain threshold than the combined control groups (M = 58.00, SD = 25.67) was signiﬁcant, t
(81) = 2.17, p = .033, d = 0.48.
3.2. Startle responding
There were no group diﬀerences in the number of non-responses, F
(2, 84) = 0.93, p = .399, ηp2 = 0.02, or missing (i.e., unscorable)
startle responses, F(2, 84) = 0.69, p = .505, ηp2 = 0.02, suggesting that
any group diﬀerences in the time course of startle responding were not
due to group diﬀerences in nonresponses or missing blinks. A longitudinal mixed linear model was conducted to examine the eﬀects of
group, habituation period (with vs. without shock electrodes), time
(within the habituation period), and their interactions on startle magnitude. Results revealed signiﬁcant main eﬀects of group, F(2,
108.40) = 4.22, p = .017, partial R2 = 0.08 (95% CI [0.01, 0.20]), and
time, F(1, 110.85) = 52.46, p < .001, partial R2 = 0.34 (95% CI [0.20,
0.47]), as well as a marginally signiﬁcant interaction between group
and time (see Fig. 1), F(2, 110.61) = 2.74, p = .069, partial R2 = 0.05
(95% CI [0.01, 0.17]). The main eﬀect of habituation period was
marginally signiﬁcant, F(1, 269.39) = 3.82, p = .051, partial R2 = 0.01
(95% CI [0.00, 0.05]), such that startle magnitudes were marginally
greater in the ﬁrst habituation period compared to the second, but the
group by habituation period interaction, F(2, 269.24) < 0.01,
p = .997, partial R2 < 0.01 (95% CI [0.00, 0.03]), and group by habituation period by time interaction, F(2, 723.91) = 0.52, p = .595,
partial R2 < 0.01 (95% CI [0.00, 0.01]), were not signiﬁcant. Thus, the
placement of shock electrodes did not impact group diﬀerences in the
time course of startle responding.
Even though the omnibus group by time interaction only approached signiﬁcance, due to our a priori hypothesis, pairwise group
comparisons were conducted as follow-up analyses. As hypothesized,
individuals with a history of NSSI displayed a diminished initial startle
response compared to both healthy controls, b = −31.01, t
(126.28) = 2.45, p = .016, and psychiatric controls, b = −27.87, t
(125.73) = 2.06, p = .041. Initial reactivity did not signiﬁcantly diﬀer
between psychiatric controls and healthy controls, b = −3.14, t
(120.55) = 0.30, p = .762.
The negative slopes for the psychiatric controls, b = −0.35, t
(336.82) = 4.59, p < .001, and healthy controls, b = −0.33, t
(340.24) = 5.32, p < .001, signiﬁcantly diﬀered from zero, indicating
that the two control groups habituated to the startle probes over the
duration of the habituation periods. The slope of defensive responding

4. Discussion
This study examined the relationship between NSSI history and the
time course of defensive responding to aversiveness in secondary analyses of data from a larger psychophysiological study. As hypothesized,
we found that individuals with a history of NSSI exhibited blunted initial reactivity to aversiveness relative to healthy and psychiatric controls. Additionally, habituation rates were marginally greater for the
two control groups relative to the NSSI group, who did not signiﬁcantly
habituate. However, group diﬀerences in habituation rate should be
interpreted cautiously in light of their marginal signiﬁcance and the
small sample size. The NSSI group and psychiatric control group were
matched on potentially confounding variables (e.g., psychopathology,
suicide attempt history, childhood trauma, global functional impairment, demographic characteristics), suggesting that diﬀerences may
speciﬁcally relate to aspects of prior engagement in NSSI. These ﬁndings highlight the importance of studying multiple aspects of the time
course of responding to aversiveness (i.e., aﬀective chronometry;
Klumpp and Shankman, 2018), and suggest that insensitivity to psychophysiological aversiveness may be a pathway through which NSSI
history may lead to an escalation in NSSI and/or acquired capability for
suicidal behavior.
The blunted initial reactivity in the NSSI group may have been due
to prior habituation to aversiveness resulting from prior engagement in
NSSI. This interpretation is consistent with the IPTS and gateway
theory, as both theories suggest that prior aversive experiences (e.g.,
NSSI) cause habituation to aversiveness (Joiner, 2005; Smith and
Cukrowicz, 2010; Whitlock et al., 2013), which in turn reduces the
defensive reaction or reﬂex to aversiveness (i.e., initial reactivity; Smith
and Cukrowicz, 2010) and increases acquired capability for suicide.
Although individuals with a history of NSSI did not signiﬁcantly
habituate, diﬀerences in habituation rates between the NSSI group and
the two control groups were only marginally signiﬁcant. It is therefore
unclear whether NSSI history is only associated with blunted initial
reactivity or whether it is also associated with blunted habituation to
aversiveness, as it is possible that observed group diﬀerences in habituation rate were type I errors. Group diﬀerences in habituation rate
should therefore be interpreted cautiously and are in need of replication. The NSSI group's marginally blunted rate of habituation relative to
controls may appear to be in conﬂict with prior ﬁndings linking suicide
attempts to faster electrodermal habituation (e.g., Edman et al., 1986;
Jandl et al., 2010) and the IPTS's and gateway theory's assertion that
exposure to NSSI should be associated with faster physiological habituation (Joiner, 2005; Whitlock et al., 2013). It is, however, consistent
with a prior study that found that startle habituation was unrelated to
suicide attempt history and acquired capability for suicide (Smith et al.,
2015). Furthermore, considering that the NSSI group's initial reactivity
was blunted relative to the two control groups and there were no group
diﬀerences in startle response to the ﬁnal startle probe, the NSSI group

Fig. 1. Group diﬀerences in the time course of startle responding. Ribbons represent standard errors.
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aversive stimuli. However, a variety of stimuli have been used as laboratory proxies for NSSI (e.g., heat pain, cold pain, shocks, imaginary
scripts) and have yielded similar results (i.e., reduced physiological
arousal or negative aﬀect after the NSSI proxy; Franklin et al., 2010;
Franklin et al., 2013b; Haines et al., 1995; Schmahl et al., 2006). Fifth,
the omnibus group by time interaction and eﬀect of group on pain
threshold only approached statistical signiﬁcance and thus follow up
analyses examining speciﬁc group comparisons must be interpreted
cautiously. Sixth, our extracted sample was entirely female. Although
our ﬁndings indicate that insensitivity to aversiveness may be a mechanism through which NSSI leads to increased risk for suicidal behavior, there may be separate mechanisms for males.

may have habituated to aversiveness before the start of the habituation
task. In other words, individuals with a history of NSSI may have had
less “far to fall” in terms of startle reactivity due to their blunted initial
reactivity. Taken together, these results may suggest that individuals
who have habituated to the aversiveness of NSSI may increase the
frequency and/or severity of NSSI method to produce the desired experience of pain, which in turn might increase acquired capability for
suicide.
Although it is unclear which speciﬁc aspects of NSSI our habituation
task approximated, these ﬁndings provide insight into the role of responding to psychophysiological aversiveness in NSSI. Future studies
are needed, however, to disambiguate whether blunted initial reactivity
and slower habituation are vulnerability markers that precede NSSI or
are a consequence (i.e., “scar”) of NSSI. It is possible that blunted initial
reactivity and slower habituation to aversiveness may be a trait like
factor that precedes and connotes risk for NSSI. Alternatively, abnormal
responding to aversiveness may be a consequence of exposure to the
physiological aversiveness of NSSI (i.e., prior habituation). In line with
this idea, preliminary longitudinal data suggest that pain sensitivity
does not normalize after NSSI reduction (Koenig et al., 2017), but
further longitudinal research is needed to elucidate the mechanistic role
of responding to aversiveness in NSSI.
This study had several notable strengths. First, we examined the
time course of responding to aversiveness, which allowed us to diﬀerentiate initial reactivity and habituation. Several studies examining the
association between average startle response and NSSI have reported no
relationship between the aﬀectively modulated startle reﬂex and history of NSSI (Franklin et al., 2013b; Glenn et al., 2011). Our ﬁndings
provide insight into the temporal dynamics of responding to aversiveness in individuals with a history of NSSI. Second, our examination of a
transdiagnostic sample was important, as NSSI itself is transdiagnostic
(Nock et al., 2006). Third, we included a psychiatric control group
matched on potentially confounding variables (e.g., psychopathology,
suicidality, childhood trauma, global functional impairment, demographics), which allowed us to show that blunted initial reactivity and
slower habituation to aversiveness likely were not reﬂective of broader
risk factors for suicide and may be speciﬁc to NSSI.
This study also had several limitations, the most notable of which
relate to our utilization of data from a larger psychophysiological study
that was not designed to examine diﬀerences in responding to aversiveness by NSSI history. First, our extracted groups (and the NSSI
group in particular) were small, which likely decreased statistical
power. Second, we used a single interview item to assess NSSI history.
Single item assessments of NSSI, although commonly used, may yield
lower estimates of NSSI prevalence than NSSI checklist measures
(Muehlenkamp et al., 2012) and may have greater potential for false
negatives (i.e., participants incorrectly reporting no history of NSSI)
and false positives (i.e., participants incorrectly reporting a history of
NSSI; Ross and Heath, 2002). However, the validity of our assessment
of NSSI was supported by the fact that individuals with a history of NSSI
exhibited a higher pain threshold compared to healthy controls and
psychiatric controls, a ﬁnding that has been consistently reported in the
NSSI literature (Koenig et al., 2016). Third, we did not assess the frequency or method of NSSI or time since last NSSI episode. Although
several studies have found no relationship between NSSI frequency and
responding to aversiveness (Glenn et al., 2014; Nock et al., 2006), it is
possible that these variables may have aﬀected our ﬁndings. Fourth, as
previously discussed, it is unclear which elements of the NSSI process
are most closely approximated by our startle habituation paradigm.
Although similar paradigms have been used in other studies examining
psychophysiological mechanisms of self-harm behaviors (Smith et al.,
2015), acoustic startle probes may lack ecological validity as aversive
stimuli (i.e., startle probes may not be subjectively aversive for those
with a history of NSSI). It is also possible that habituation to reﬂexive
defensive responding (measured via startle) could involve diﬀerent
mechanisms than habituation to intentional self-injury or other types of

4.1. Conclusions
In summary, our ﬁndings suggest that NSSI history is associated
with insensitivity to aversiveness as indicated by blunted initial reactivity to aversiveness. The NSSI group's blunted initial defensive reactivity relative to both healthy controls and psychiatric controls indicates that the NSSI group's reduced initial response was not due to
broader risk factors for NSSI or suicide and may have been speciﬁcally
associated with aspects of prior NSSI exposure such as prior habituation
to the psychophysiological aversiveness of NSSI. Blunted initial defensive reactivity in individuals with a history of NSSI may be a mechanism
through which NSSI exposure leads to an escalation in NSSI (e.g., increased frequency or severity of NSSI method) and/or increased risk for
suicidal behavior.
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