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A B S T R A C T

Non-suicidal self-injury (NSSI) has received increasing recognition as a clinically significant phenomenon.
Although in most individuals who engage in NSSI, this behavior is short-lived, for a significant proportion of
these individuals, NSSI follows a chronic course. There is a need for research advancing our understanding of the
mechanisms of risk for NSSI, and how these mechanisms may change over time to account for the persistence of
this behavior. In the current paper, a conceptual framework is proposed for characterizing the processes un-
derlying the transition from initial engagement in NSSI to a chronic trajectory of this behavior. In particular, a
case is made for conceptualizing NSSI as a habitual behavior as defined within a cognitive neuroscience per-
spective, with support from the existing theoretical and empirical literature. Finally, potential mechanisms are
articulated for the development of chronic NSSI within this conceptual framework and recommendations pre-
sented for empirically evaluating this conceptualization of NSSI in future research in this area.

1. Introduction

Non-suicidal self-injury (NSSI), defined as the direct and deliberate
destruction of one’s own bodily tissue in the absence of any suicidal
intent (Nock, 2010), has only relatively recently received recognition as
a clinically important phenomenon. That is, although NSSI has tradi-
tionally received less empirical attention than suicidal behaviors, it is
increasingly recognized as a distinct and important clinical phenom-
enon in its own right (Muehlenkamp, 2005). In fact, NSSI as a distinct
syndrome is included in DSM-5 as a disorder in need of further in-
vestigation (American Psychiatric Association, 2013). The neglect of
NSSI in earlier research stemmed from the view that it exists on a
continuum of severity with suicidal behaviors, with NSSI simply being a
less severe form of self-injurious behavior (Brent, 2011; Liu et al.,
2016). There is accumulating evidence, however, to challenge this as-
sumption, with several recent studies suggesting that NSSI is a stronger
predictor of future suicidal behavior than is its past history, particularly
in adolescents (Asarnow et al., 2011; Wilkinson et al., 2011). Further-
more, a recent meta-analysis has found NSSI to be a significant pre-
dictor of prospective suicide attempts (Ribeiro et al., 2016). These
findings highlight the clinical importance of this behavioral phenom-
enon.

NSSI is a highly prevalent behavior. This is especially true among
adolescents, with lifetime prevalence rates of 13% to 24% in non-
clinical samples (Heath et al., 2009; Jacobson and Gould, 2007;

Muehlenkamp et al., 2012; Swannell et al., 2014), and 12-month pre-
valence rates ranging from 55% to 68% among psychiatric inpatients
(Cha et al., 2016; Guerry and Prinstein, 2010). Although less research
has focused on the course of NSSI than its prevalence, a review of
longitudinal studies suggests that NSSI persists into adulthood for a
substantial portion of individuals who initiate this behavior in adoles-
cence (Selby et al., 2015). Indeed, although the majority of individuals
who engage in NSSI more than once cease this behavior within a few
years, it persists for more than five years for approximately 20% of
these individuals (Whitlock et al., 2006). These findings regarding the
persistence of NSSI are congruent with recent evidence that of all the
risk factors studied to date, a past history of NSSI is the strongest pre-
dictor of its future recurrence, with a large pooled effect size observed
for this relationship (Fox et al., 2015).

Although most studies to date have focused on identifying risk
factors (i.e., what) for NSSI, there is a stated lack of research examining
how risk develops and influences this behavior (Nock, 2012). Given
that even a single incident of NSSI may be associated with significantly
greater risk for negative psychiatric outcomes (Whitlock, 2010;
Whitlock et al., 2006), there is a clear clinical need for studies deli-
neating the mechanisms driving the transition from initial engagement
in NSSI to a more persistent pattern of this behavior. Such work is
important because, although many commonly studied risk factors for
NSSI (e.g., female sex; Bresin and Schoenleber, 2015; Fox et al., 2015)
help identify who is at risk, they are limited in their ability to advance
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our understanding of how to intervene with these individuals. In con-
trast, longitudinal studies designed specifically to elucidate the pro-
cesses underlying risk for persistent NSSI can greatly inform the se-
lection of meaningful targets for clinical intervention. Clarifying these
underlying mechanisms is important for breaking the strong link that
has been observed between past and future NSSI (Fox et al., 2015).

The current paper presents a conceptual framework for under-
standing and characterizing the processes underlying the transition
from initial engagement in NSSI to a chronic trajectory of this behavior.
Specifically, within a cognitive neuroscience perspective (Graybiel,
2008), habitual behaviors have been defined as: (i) not innate; (ii)
evoked by specific contexts or stimuli; (iii) repetitive and becoming
fixed over time; and (iv) occurring with little effort once fully acquired.
With support from existing conceptualizations of NSSI models and
empirical studies, a case is made for NSSI meeting this definition of a
habitual behavior, focusing specifically on the latter two character-
istics, and potential mechanisms are articulated for the development of
chronic NSSI within this framework. Finally, included in this discussion
are specific examples of how this conceptualization of NSSI may be
empirically evaluated, with the view of guiding future research in this
area. To guide this discussion, the main components of this cognitive
neuroscience conceptualization of NSSI, along with specific hypotheses
for testing each component, are presented in Fig. 1.

2. NSSI as a repetitive behavior that becomes fixed over time

In certain cases, behaviors become repetitive and fixed over time if
they possess self-reinforcing properties. Based on DSM-5 criterion B
(contingent response) for NSSI disorder (American Psychiatric
Association, 2013), this may be the case for NSSI. This view is also
consistent with the four-function model of NSSI (Bentley et al., 2014;
Nock and Prinstein, 2004).1 This model posits that NSSI is maintained
by positive and negative self-reinforcing processes. These self-reinfor-
cing processes include intrapersonal positive reinforcement (generating
positive affective or cognitive states), intrapersonal negative re-
inforcement (reducing negative affective or cognitive states), inter-
personal positive reinforcement (eliciting attention and help-seeking),
and interpersonal negative reinforcement (facilitating removal from
aversive social situations or decreasing interpersonal demands). In the
case of intrapersonal negative reinforcement, for example, insofar as
NSSI immediately reduces negative affect, the tendency to engage in
this behavior should become stronger when confronted with negative
affect in the future. This model has received empirical support, with
intrapersonal negative reinforcement being the most commonly en-
dorsed function (Bentley et al., 2014; Zetterqvist, 2015). Similarly
consistent with this self-reinforcing conceptualization of NSSI, the ex-
periential avoidance model of self-harm conceptualizes NSSI as a ma-
ladaptive emotion regulation strategy, specifically a form of emotional
avoidance (Chapman et al., 2006). According to this model, when the
individual experiences an aversive emotional response to a stimulus,
avoidance behaviors such as NSSI are adopted. The short-term relief
produced by NSSI serves to reinforce the adoption of this behavior as an
avoidance strategy when confronted with future aversive stimuli. Fur-
thermore, and of direct relevance to the conceptualization of NSSI as a
repetitive and fixed behavior, its self-reinforcing nature is believed to
lead over time to an automaticity in its adoption as an avoidance
strategy.

Although these self-reinforcing characteristics of NSSI have been
increasingly studied, they remain poorly characterized in the empirical
literature. Specifically, the existing literature has been almost entirely

reliant on self-report methodologies (Bentley et al., 2014). This is an
important limitation for several reasons. First, recent studies have
consistently revealed low congruency between self-report and beha-
vioral or physiological measures of several constructs, including im-
pulsivity (Cyders and Coskunpinar, 2012, 2011), self-control
(Duckworth and Kern, 2011), emotion regulation in general (Vasilev
et al., 2009), and distress tolerance in particular (Bernstein et al., 2011;
McHugh et al., 2011). Therefore, self-report data on self-reinforcing
properties of NSSI cannot be generalized to other measures of these
properties. Second, self-report measures are limited inasmuch as in-
dividuals have imperfect insight into the processes underlying their
behavior, and this is especially true for cognitive and affective processes
that may exist, at least in part, outside of conscious awareness (Nisbett
and Wilson, 1977). Thus, the validity and accuracy of self-report data
regarding behavioral contingencies relating to NSSI must be viewed
with a degree of caution (Nock et al., 2009), and laboratory tasks are
required to clarify the mechanisms underlying NSSI (Bentley et al.,
2014).

A few studies employing such tasks have been conducted, with one,
for example, demonstrating a physically aversive stimulus (a frequently
used experimental analogue for NSSI) to be associated with subsequent
reduction in negative affect, as indexed by startle eye-blink reactivity
(Franklin et al., 2010). Another study, albeit with a small college
sample, has observed cessation of a physically aversive stimulus to be
associated with a positive affective response and a reduced negative
affective response, as indexed by the post-auricular reflex (PAR;
Franklin et al., 2013a; Hebert et al., 2015; Quevedo et al., 2015) and
startle eye-blink reflex, respectively (Franklin et al., 2013a). These
findings were replicated in another study that included participants
with NSSI (Franklin et al., 2013b). Although these studies are consistent
with the view that NSSI has self-reinforcing properties, their cross-
sectional nature cannot inform our understanding of the temporal dy-
namics of their relation to the development or maintenance of NSSI.
Specifically, it is unclear to what degree these psychophysiological in-
dices are prospectively predictive of NSSI re-engagement (i.e., a risk
factor rather than concomitant or consequence; Kazdin et al., 1997;
Kraemer et al., 1997). Moreover, it is unclear how the self-reinforcing
properties of NSSI change over time in relation to the course of NSSI,
particularly the trajectory of chronic NSSI.

Delineation of potential neural mechanisms underlying changes in
self-reinforcing properties of NSSI during the course of this behavior is
needed to identify promising targets for clinical intervention. That is,
moving beyond a focus on self-reinforcement of NSSI solely at the
physiological level to a study of changes in their associated neuro-
circuitry over the course of NSSI may yield specific, modifiable targets
of intervention. The study of the neural processes underlying NSSI,
however, is still in its infancy, and has predominantly involved asses-
sing this behavior within the context of psychiatric diagnoses rather
than as a transdiagnostic clinical phenomenon (Westlund Schreiner
et al., 2015). One study of individuals who had engaged in NSSI (Osuch
et al., 2014) observed a positive association between degree of relief
after a physically aversive stimulus and blood oxygen level-dependent
(BOLD) response in the dorsal striatum, a brain region involved in
processing rewards (Everitt and Robbins, 2013; O’Doherty et al., 2004)
and habitual behavior formation (Schiltz, 2006). This finding is notable
because it mirrors prior research on habit formation in the broader
literature, particularly in the context of other forms of psychopathology
that similarly follow an often chronic course (e.g., substance use dis-
orders and anorexia nervosa). Specifically, according to basic instru-
mental (operant) learning principles, if a behavior (e.g., NSSI) is fol-
lowed immediately by a reward (e.g., reduced negative affect), the
behavior is likely to be reinforced. Specific neural circuits, including the
ventral striatal − posterior dorsomedial striatal network, have been
linked with this effortful form of learning and involved in the acquisi-
tion of new behaviors (Everitt and Robbins, 2013; Walsh, 2013). With
repeated engagement in the behavior (overtraining), followed

1 In contrast to a syndromal approach focusing on categorizing behaviors based on
topographical features (i.e., symptoms), functional approaches categorize behaviors
based on functional processes underlying their occurrence and maintenance (i.e., their
antecedents and consequences).
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consistently by the reward, the behavior will become relatively in-
sensitive to the reward, a process called stimulus-response (i.e., habit)
learning. Here, the nucleus accumbens − anterior dorsolateral striatum
circuit is involved (Everitt and Robbins, 2013). The transition from
voluntary behavior (instrumental learning) to habitual behavior (sti-
mulus-response learning) is reflected particularly by the shift in striatal
locus of control from the ventral to dorsal striatum (Everitt and
Robbins, 2013; Walsh, 2013). This shift in neural locus of control has
been established in other areas with the progression from substance use
to abuse and addiction (Everitt and Robbins, 2013; Schiltz, 2006).
Support for this model has even been found for anorexia nervosa, with
anorexic patients exhibiting greater BOLD activation in the dorsal
striatum when making choices about food consumption than did
healthy controls (Foerde et al., 2015). This finding suggests that self-
starvation eventually becomes habitual and is not under effortful con-
trol. If this model holds true for NSSI, initial engagement in this be-
havior should be voluntary and goal-directed, the aim being to regulate
affect. However, as NSSI is repeated over time, it becomes overtrained
(i.e., a habit), being thereafter associated with greater activation of the
dorsal striatum, as was found in the aforementioned NSSI neuroimaging
study (Osuch et al., 2014). Given the cross-sectional nature of this
study, however, the temporal changes in neural activation associated
with the development of chronic NSSI put forth in this model remain to
be evaluated.

Clarifying the neural pathways involved in the development of
chronic NSSI is important inasmuch as it may yield novel targets for
intervention. For example, deep brain stimulation, a reversible and non-
destructive treatment that has been applied to other forms of habitual
behaviors (e.g., obsessive-compulsive disorder), may offer some pro-
mise here, particularly when directed at specific brain regions im-
plicated in these behaviors (e.g., the nucleus accumbens; Luigjes et al.,
2012). In like manner, identifying the neural circuitry underlying per-
sistent NSSI may yield potential targets for non-invasive neuro-
stimulation methodologies (e.g., transcranial direct current stimulation
[tDCS] and transcranial magnetic stimulation [TMS]) that have been
found to produce a reduction in appetitive response for other self-re-
inforcing behaviors (e.g., disordered eating and substance dependence;
Jansen et al., 2013).

Finally, an important limitation applicable to all studies to date
interrogating the self-reinforcing aspects of NSSI on a physiological or
neural regulatory level is the stimulus proxies used for NSSI. Prior
studies in this area have used either electric shocks (Franklin et al.,

2013a, 2013b) or thermal discomfort (Franklin et al., 2010; Osuch
et al., 2014). Although such stimuli are well suited and frequently used
in other studies assessing whether NSSI is associated with greater basic
physical pain tolerance, they are limited in their ability to inform our
understanding reinforcing properties of this specific behavior, due to
the likely greater specificity of stimuli validly needed to conduct such
assessments. Support for the importance of specificity of stimuli may be
found in a recent study noting that individuals who engaged in cutting
as a form of NSSI exhibited a greater implicit self-association with this
behavior, when self-cutting stimuli were used, than did those with no
history of NSSI (Cha et al., 2016). In contrast, those who only used
other NSSI methods did not differ from those with no NSSI history.

Thus, although the aforementioned psychophysiological and neu-
roimaging studies are important to our basic understanding of psy-
chophysiological experiences of physical pain, the possibility that their
findings reflected a universal physiological response to painful stimuli
in general, rather than to NSSI in particular, cannot be excluded from
consideration. Consistent with this possibility, one of these studies
featured an unselected undergraduate sample rather than individuals
with NSSI (Franklin et al., 2013a), and another two found similar
patterns of increased PAR and reduced startle eye-blink response to
pain stimuli in both participants with NSSI and healthy controls, with
essentially no between-group differences (Franklin et al., 2013b, 2010).
Studies employing self-harm-related cues (e.g., self-harm concept
words) are therefore needed to evaluate the specificity of the self-re-
inforcing properties of NSSI to individuals who engage in this behavior.

One potential approach for future research in this area may be to
evaluate how the self-reinforcing properties of NSSI change over the
trajectory of chronic NSSI by assessing whether this trajectory is asso-
ciated with an increase in PAR (response to appetitive stimuli; Franklin
et al., 2013a; Hebert et al., 2015; Quevedo et al., 2015) specifically to
self-harm stimuli over time. Another promising possibility may be to
examine how phasic shifts in eye-blink rate (EBR) may change across
the course of NSSI. Spontaneous EBR is of particular relevance here for
its value as an indicator of striatal dopamine, with tonic EBR reflecting
tonic striatal dopamine levels and phasic changes in spontaneous EBR
indicative of phasic release of striatal dopamine and thus reward re-
sponsivity (Peckham and Johnson, 2016). In support of the latter,
phasic increases in EBR occurs as a result of pharmacological admin-
istration of a dopamine agonist (Blin et al., 1990) and in response to a
positive affect induction and reward tasks (Akbari Chermahini and
Hommel, 2012; Peckham and Johnson, 2016). Paralleling the finding

Fig. 1. A cognitive neuroscience model of NSSI as a
habitual behavior and potential processes of change
over time in response to self-harm stimuli across
multiple units of analysis.
Note: For the second definitional criterion for habi-
tual behaviors within a cognitive neuroscience fra-
mework, that NSSI in a behavior requiring reduced
effort over time, corresponding processes are in-
dicated by identical superscripts.
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that drug-related cues lead to heightened phasic dopamine release with
chronic drug use (Wanat et al., 2009), it may be that a chronic trajec-
tory of NSSI is similarly associated with an increase in phasic EBR in
response to self-harm stimuli over time. Finally, a complementary ap-
proach may be to assess whether a chronic trajectory of NSSI is asso-
ciated with a shift over time in the striatal locus of control from the
ventral striatum to the dorsal striatum in response to self-harm stimuli.

3. Repetitive NSSI as a behavior requiring reduced effort

This definitional criterion for habitual behavior is entirely con-
sonant with DSM-5 criteria for NSSI disorder (criterion C: difficulty
resisting the urge to engage in NSSI; American Psychiatric Association,
2013). Reduction in effort to engage in a behavior that is not innate,
such as NSSI, may occur over time as a result of the erosion of natural
impediments to the behavior (e.g., aversion to pain) following each
occurrence. Indeed, theoretical support for this possibility is evident in
the interpersonal theory of suicide (Joiner, 2005; Joiner et al., 2012).
According to this theory, NSSI is a physically painful and initially fear-
provoking behavior. Over time, however, with repeated engagement in
NSSI, the individual habituates to the pain and fear associated with
physical harm, thus reducing the effort required for future engagement
in this behavior. Consistent with this view, a recent review found that in
10 out of 11 studies to date, individuals with NSSI exhibited greater
pain tolerance than did healthy controls (Koenig et al., 2016). As noted
in this review, however, none of these studies involved a prospective
design. They leave unclear whether (i) differences in pain tolerance pre-
exist and predict engagement in NSSI and/or (ii) pain tolerance in-
creases subsequent to NSSI engagement and changes over the course of
this behavior. More nuanced analyses employed within a longitudinal
framework are therefore required to clarify the precise nature of the
relation between NSSI and pain tolerance, particularly whether in-
creased physical pain tolerance over time is associated with a chronic
trajectory.

A potential mechanism underlying this greater pain tolerance, and
resulting reduction in effort involved in initiating NSSI, is aberrant le-
vels of endogenous opioids in individuals engaging in this behavior
(Bresin and Gordon, 2013; Stanley et al., 2010). That endogenous
opioids influence the perception of pain has been well documented
(Fields, 2004; Yamada and Nabeshima, 1995). In support of the role of
the endogenous opioid system in NSSI, individuals with a history of this
behavior have been found to possess lower baseline cerebrospinal fluid
β-endorphin and met-enkephalin relative to psychiatric controls
(Stanley et al., 2010). One possible account of the lower baseline levels
of β-endorphin and enkephalins evident in individuals with NSSI is that
they result in hypersensitivity in corresponding opioid receptors, which
in turn lead these individuals to experience the physiological effects of
endogenous opioids (e.g., analgesia) all the more strongly when they
are released following engagement in NSSI (Klonsky and Olino, 2008).
In the absence of longitudinal studies in this area, however, it remains
unclear whether these atypical baseline β-endorphin and enkephalins
concentrations pre-exist NSSI onset or are an alteration consequent to
engagement in this behavior. This issue is of particular relevance to the
conceptualization of recurrent NSSI as a habitual behavior. Although
the two possibilities are not mutually exclusive, evidence that aberra-
tions in baseline endorphin levels are produced or accentuated by NSSI
would be consistent with the view that decreased pain sensitivity may
be a mechanism through which the effort required for this behavior
reduces over time, facilitating the development of habitual NSSI. Future
research employing multiple measures of endorphins across time is
required adequately to evaluate this possibility.

An intriguing possible account of this increased pain tolerance, and
resulting reduction of effort to engage in NSSI, may be found in studies
of classical conditioning in the substance abuse literature. In particular,
repeated pairing of a pre-drug conditional stimulus with a pharmaco-
logical unconditional stimulus has been noted to produce a conditional

compensatory response (CCR) that counteracts the effect of the drug
(Siegel, 2005). This phenomenon may in part account for physiological
tolerance to drugs over time (Siegel et al., 2000). Such a process may be
relevant to pain tolerance in recurrent NSSI. It may be, for example,
that an individual who cuts as a form of NSSI experiences an antici-
patory effect with repeated engagement in this behavior over time, such
that picking up a sharp instrument with the intent of NSSI elicits a CCR.
As a consequence of this increased tolerance, the individual may need
to cut deeper to achieve the same effect. If this is indeed the case,
empirical support for several hypotheses would need to be established
in future studies. First, engagement in NSSI should generally worsen
over the course of this behavior for a significant proportion of in-
dividuals (e.g., deeper cuts or increased number of cuts during sub-
sequent occurrences of NSSI). Second, as mentioned above, increased
pain tolerance over the course of this behavior would need to be de-
monstrated. Third, with this established, it would then be necessary to
elucidate the physiological mechanisms through which tolerance de-
velops, the aforementioned endogenous opioids hypothesis being one
promising possibility.

Less effort may also be required over time to engage in NSSI if the
individual increasingly identifies on some level with this behavior, as
may occur through its repeated recurrence. One view that may provide
an explanatory model for this possibility is the differential activation
hypothesis (Teasdale, 1988). Although originally formulated as a cog-
nitive reactivity model of depressive recurrence, it may be applicable to
the development of chronic NSSI. Based upon semantic network theory,
this cognitive model holds that early depressive episodes lead to the
establishment of a depression-related cognitive processing network. In
a manner not dissimilar to Hebbian learning at the neural level (i.e., the
association between neurons that frequently fire together strengthen
over time; Hebb, 1949), the association between depression and this
negative cognitive network, particularly when activated by negative
mood, may strengthen over time with their repeated temporal pairing.
This model has received substantial empirical support, such that the
cognitive reactivity it describes has been viewed as a candidate causal
risk factor for depressive relapse and recurrence (Lau et al., 2004). If
the differential activation hypothesis is applicable to NSSI, it may be
that with repeated engagement in this behavior, NSSI may become
increasingly entwined with the individual’s self-schema. Relevant to
this possibility, a few recent studies have assessed implicit self-asso-
ciations with self-harm in individuals with a history of NSSI (Cha et al.,
2016; Franklin et al., 2014; Glenn et al., 2016; Glenn and Klonsky,
2011; Nock and Banaji, 2007). Although the support is currently mixed
for a longitudinal relation between implicit identification with self-
harm and NSSI in the four studies to date (Cha et al., 2016; Franklin
et al., 2014; Glenn et al., 2016; Glenn and Klonsky, 2011), there has
been consistency across studies (Cha et al., 2016; Glenn et al., 2016;
Glenn and Klonsky, 2011; Nock and Banaji, 2007; but also see Franklin
et al., 2014, for an exception) in support of a significant cross-sectional
relation. Furthermore, one recent study found implicit self-identifica-
tion with self-harm to be positively associated with frequency of NSSI
(Glenn et al., 2016). None of these studies assessed implicit self-iden-
tification with self-harm at multiple time-points, and thus it is unclear
how it may change over time in relation to the course of NSSI. Within
the current conceptual framework, a strengthening implicit self-asso-
ciation with self-harm over time should be associated with a chronic
course of NSSI.

As with the study of the self-reinforcing properties of NSSI, research
relating to reduced effort for chronic engagement in this behavior needs
to extend beyond behavioral assessments toward an evaluation of po-
tential neural underpinnings and how they may change over the de-
velopment of chronic NSSI. As mentioned above, such work is im-
portant for its potential to lead to the identification of potential targets
for intervention. Within this context, the right inferior frontal gyrus
(rIFG) may be a region of particular interest, as it has been observed in
several studies to be responsive to anodal tDCS (Cai et al., 2016;
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Cunillera et al., 2014; Ditye et al., 2012; Stramaccia et al., 2015). The
rIFG has been found to be involved in cognitive interference resolution
(Berman et al., 2011). Lesions to this region result in impaired perfor-
mance on neurobehavioral indices of interference resolution (Aron
et al., 2003), and further support for IFG involvement in cognitive in-
terference resolution comes from a meta-analysis of neuroimaging
studies of such measures (Nee et al., 2007). If chronic NSSI indeed re-
quires reduced effort relative to initial engagement in this behavior, it
then follows that anything that is incongruent with this behavior would
require increased effort. Moreover, if engagement in NSSI is positively
associated with implicit self-identification with this behavior (Cha
et al., 2016; Glenn et al., 2016; Glenn and Klonsky, 2011; Nock and
Banaji, 2007), one would expect greater cognitive interference to be
experienced and effort required (i.e., greater rIFG activation) on in-
congruent trials for a task measuring this implicit self-identification.
The self-injury implicit association test offers a novel opportunity to
assess this possibility. Specifically, in this paradigm, one would expect
greater activation of the rIFG on trials requiring an individual with NSSI
to associate the concept of “me” with the concept of “not harm” and
reduced activation of this brain area on trials involving the pairing of
the concepts “me” and “self-harm.” Moreover, rIFG activation on in-
congruent trials should decrease over time with the development of
chronic NSSI.

4. Conclusion

Although several psychological and behavioral models of NSSI have
received increasing support in recent years, the current effort adds to
these perspectives by advancing a cognitive neuroscience model of this
behavior. Such advances are necessary to inform new areas of inquiry,
particularly in uncovering the circuitry underlying the development of
NSSI. There are relatively few longitudinal studies of NSSI risk factors,
and the ones that do exist tend to assess these risk factors at a single
time-point in relation to prospectively occurring NSSI. These static as-
sessments of potential NSSI mechanisms cannot provide insight into
how risk develops and changes over time. Therefore, research is par-
ticularly needed to examine how underlying processes of risk for NSSI
change over its course.

Identifying processes of change over time in association with the
development of a chronic trajectory of NSSI is important insofar as it
may yield modifiable targets for intervention. That is, although iden-
tifying stable risk factors (e.g., sex, history of peer NSSI) has value for
determining who is at risk, such risk factors cannot address clinically
important questions of why these individuals are at risk, when they are
most at risk, and thus when and how best to intervene. Contrastingly,
processes of risk that change over time may hold value for safety
monitoring of at-risk individuals. Targeting these modifiable processes
may also avert the development of a chronic trajectory or benefit those
who have already assumed this trajectory. In particular, identifying the
mechanisms underlying the persistence of this behavior may inform our
attempts effectively to replace it with more adaptive alternatives (e.g.,
adopting healthy behaviors with overlapping self-reinforcing proper-
ties; Wallenstein and Nock, 2007). Additionally, insofar as chronic NSSI
is a habitual behavior, incorporating into treatment elements of habit
reversal therapy, found to be efficacious with habit disorders such as
trichotillomania (Bate et al., 2011), may offer promise for intractable
cases.

This need for advances in our understanding of how to intervene
with NSSI is pressing, given the current lack of empirically based
treatment protocols for NSSI (Nock, 2012), with recent meta-analyses
finding no evidence of an effect across 11 treatment studies for ado-
lescents (Ougrin et al., 2015), and eight RCTs with adults (Calati and
Courtet, 2016). Adding weight to this priority is the recent finding of a
24% increase in suicides in the U.S. over the last 15 years (Centers for
Disease Control and Prevention, 2016). With NSSI being a stronger
predictor of suicidal behavior than is its past occurrence (Asarnow

et al., 2011; Ribeiro et al., 2016; Wilkinson et al., 2011), developing
effective interventions for NSSI may indirectly address this public
health concern. Finally, if supported, this cognitive neuroscience model
of chronic NSSI as a habit may have some generalizability to other
psychiatric phenomena. To provide just one example, depressive ru-
mination shares certain properties that may warrant evaluation as a
habitual behavior, particularly its fixed nature and the often reported
feeling that it is productive, and thus self-reinforcing (Nolen-Hoeksema
et al., 2008). Modeling the development of dynamic processes of risk
for NSSI over its trajectory may therefore serve as a useful template for
studying potentially comparable processes of risk underlying the de-
velopment of these other psychiatric outcomes.

Acknowledgements

Preparation of this manuscript was supported in part by the National
Institute of Mental Health of the National Institutes of Health under Award
Numbers<GN1>R01MH101138 and R21MH112055<GN1> . The
content is solely the responsibility of the author and does not necessarily
represent the official views of the funding agency. There is no conflict of
interest.

References

Akbari Chermahini, S., Hommel, B., 2012. More creative through positive mood? Not
everyone! Front. Hum. Neurosci. 6, 319. http://dx.doi.org/10.3389/fnhum.2012.
00319.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders: DSM-5. American Psychiatric Association, Washington, DC.

Aron, A.R., Fletcher, P.C., Bullmore, E.T., Sahakian, B.J., Robbins, T.W., 2003. Stop-signal
inhibition disrupted by damage to right inferior frontal gyrus in humans. Nat.
Neurosci. 6, 115–116. http://dx.doi.org/10.1038/nn1003.

Asarnow, J.R., Porta, G., Spirito, A., Emslie, G., Clarke, G., Wagner, K.D., Vitiello, B.,
Keller, M., Birmaher, B., McCracken, J., Mayes, T., Berk, M., Brent, D.A., 2011.
Suicide attempts and nonsuicidal self-injury in the Treatment of Resistant Depression
in Adolescents: Findings from the TORDIA study. J. Am. Acad. Child Adolesc.
Psychiatry 50, 772–781. http://dx.doi.org/10.1016/j.jaac.2011.04.003.

Bate, K.S., Malouff, J.M., Thorsteinsson, E.T., Bhullar, N., 2011. The efficacy of habit
reversal therapy for tics, habit disorders, and stuttering: a meta-analytic review. Clin.
Psychol. Rev. 31, 865–871. http://dx.doi.org/10.1016/j.cpr.2011.03.013.

Bentley, K.H., Nock, M.K., Barlow, D.H., 2014. The four-function model of nonsuicidal
self-injury: Key directions for future research. Clin. Psychol. Sci. 2, 638–656. http://
dx.doi.org/10.1177/2167702613514563.

Berman, M.G., Nee, D.E., Casement, M., Kim, H.S., Deldin, P., Kross, E., Gonzalez, R.,
Demiralp, E., Gotlib, I.H., Hamilton, P., Joormann, J., Waugh, C., Jonides, J., 2011.
Neural and behavioral effects of interference resolution in depression and rumina-
tion. Cogn. Affect. Behav. Neurosci. 11, 85–96. http://dx.doi.org/10.3758/s13415-
010-0014-x.

Bernstein, A., Marshall, E., Zvolensky, M., 2011. Multi-method evaluation of distress
tolerance measures and construct(s): Concurrent relations to mood and anxiety
psychopathology and quality of life. J. Exp. Psychopathol. 2, 386–399. http://dx.doi.
org/10.5127/jep.006610.

Blin, O., Masson, G., Azulay, J.P., Fondarai, J., Serratrice, G., 1990. Apomorphine-in-
duced blinking and yawning in healthy volunteers. Br. J. Clin. Pharmacol. 30,
769–773.

Brent, D., 2011. Nonsuicidal self-injury as a predictor of suicidal behavior in depressed
adolescents. Am. J. Psychiatry 168, 452–454. http://dx.doi.org/10.1176/appi.ajp.
2011.11020215.

Bresin, K., Gordon, K.H., 2013. Endogenous opioids and nonsuicidal self-injury: A me-
chanism of affect regulation. Neurosci. Biobehav. Rev. 37, 374–383. http://dx.doi.
org/10.1016/j.neubiorev.2013.01.020.

Bresin, K., Schoenleber, M., 2015. Gender differences in the prevalence of nonsuicidal
self-injury: A meta-analysis. Clin. Psychol. Rev. 38, 55–64. http://dx.doi.org/10.
1016/j.cpr.2015.02.009.

Cai, Y., Li, S., Liu, J., Li, D., Feng, Z., Wang, Q., Chen, C., Xue, G., 2016. The role of the
frontal and parietal cortex in proactive and reactive inhibitory control: A transcranial
direct current stimulation study. J. Cogn. Neurosci. 28, 177–186. http://dx.doi.org/
10.1162/jocn_a_00888.

Calati, R., Courtet, P., 2016. Is psychotherapy effective for reducing suicide attempt and
non-suicidal self-injury rates? Meta-analysis and meta-regression of literature data. J.
Psychiatr. Res. 79, 8–20. http://dx.doi.org/10.1016/j.jpsychires.2016.04.003.

Centers for Disease Control and Prevention, 2016. Increase in Suicide in the United States,
1999-2014 [WWW Document]. URL http://www.cdc.gov/nchs/products/databriefs/
db241. htm.

Cha, C.B., Augenstein, T.M., Frost, K.H., Gallagher, K., D’Angelo, E.J., Nock, M.K., 2016.
Using implicit and explicit measures to predict nonsuicidal self-injury among ado-
lescent inpatients. J. Am. Acad. Child Adolesc. Psychiatry 55, 62–68. http://dx.doi.
org/10.1016/j.jaac.2015.10.008.

R.T. Liu Neuroscience and Biobehavioral Reviews 80 (2017) 159–165

163

http://dx.doi.org/10.3389/fnhum.2012.00319
http://dx.doi.org/10.3389/fnhum.2012.00319
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0010
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0010
http://dx.doi.org/10.1038/nn1003
http://dx.doi.org/10.1016/j.jaac.2011.04.003
http://dx.doi.org/10.1016/j.cpr.2011.03.013
http://dx.doi.org/10.1177/2167702613514563
http://dx.doi.org/10.1177/2167702613514563
http://dx.doi.org/10.3758/s13415-010-0014-x
http://dx.doi.org/10.3758/s13415-010-0014-x
http://dx.doi.org/10.5127/jep.006610
http://dx.doi.org/10.5127/jep.006610
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0045
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0045
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0045
http://dx.doi.org/10.1176/appi.ajp.2011.11020215
http://dx.doi.org/10.1176/appi.ajp.2011.11020215
http://dx.doi.org/10.1016/j.neubiorev.2013.01.020
http://dx.doi.org/10.1016/j.neubiorev.2013.01.020
http://dx.doi.org/10.1016/j.cpr.2015.02.009
http://dx.doi.org/10.1016/j.cpr.2015.02.009
http://dx.doi.org/10.1162/jocn_a_00888
http://dx.doi.org/10.1162/jocn_a_00888
http://dx.doi.org/10.1016/j.jpsychires.2016.04.003
http://dx.doi.org/10.1016/j.jaac.2015.10.008
http://dx.doi.org/10.1016/j.jaac.2015.10.008


Chapman, A.L., Gratz, K.L., Brown, M.Z., 2006. Solving the puzzle of deliberate self-harm:
The experiential avoidance model. Behav. Res. Ther. 44, 371–394. http://dx.doi.org/
10.1016/j.brat.2005.03.005.

Cunillera, T., Fuentemilla, L., Brignani, D., Cucurell, D., Miniussi, C., 2014. A simulta-
neous modulation of reactive and proactive inhibition processes by anodal tDCS on
the right inferior frontal cortex. PLoS One 9, e113537. http://dx.doi.org/10.1371/
journal.pone.0113537.

Cyders, M.A., Coskunpinar, A., 2012. The relationship between self-report and lab task
conceptualizations of impulsivity. J. Res. Pers. 46, 121–124. http://dx.doi.org/10.
1016/j.jrp.2011.11.005.

Cyders, M.A., Coskunpinar, A., 2011. Measurement of constructs using self-report and
behavioral lab tasks: Is there overlap in nomothetic span and construct representation
for impulsivity? Clin. Psychol. Rev. 31, 965–982. http://dx.doi.org/10.1016/j.cpr.
2011.06.001.

Ditye, T., Jacobson, L., Walsh, V., Lavidor, M., 2012. Modulating behavioral inhibition by
tDCS combined with cognitive training. Exp. Brain Res. 219, 363–368. http://dx.doi.
org/10.1007/s00221-012-3098-4.

Duckworth, A.L., Kern, M.L., 2011. A meta-analysis of the convergent validity of self-
control measures. J. Res. Pers. 45, 259–268. http://dx.doi.org/10.1016/j.jrp.2011.
02.004.

Everitt, B.J., Robbins, T.W., 2013. From the ventral to the dorsal striatum: Devolving
views of their roles in drug addiction. Neurosci. Biobehav. Rev. 37, 1946–1954.
http://dx.doi.org/10.1016/j.neubiorev.2013.02.010.

Fields, H., 2004. State-dependent opioid control of pain. Nat. Rev. Neurosci. 5, 565–575.
http://dx.doi.org/10.1038/nrn1431.

Foerde, K., Steinglass, J.E., Shohamy, D., Walsh, B.T., 2015. Neural mechanisms sup-
porting maladaptive food choices in anorexia nervosa. Nat. Neurosci. 18, 1571–1573.
http://dx.doi.org/10.1038/nn.4136.

Fox, K.R., Franklin, J.C., Ribeiro, J.D., Kleiman, E.M., Bentley, K.H., Nock, M.K., 2015.
Meta-analysis of risk factors for nonsuicidal self-injury. Clin. Psychol. Rev. 42,
156–167. http://dx.doi.org/10.1016/j.cpr.2015.09.002.

Franklin, J.C., Hessel, E.T., Aaron, R.V., Arthur, M.S., Heilbron, N., Prinstein, M.J., 2010.
The functions of nonsuicidal self-injury: Support for cognitive–affective regulation
and opponent processes from a novel psychophysiological paradigm. J. Abnorm.
Psychol. 119, 850–862. http://dx.doi.org/10.1037/a0020896.

Franklin, J.C., Lee, K.M., Hanna, E.K., Prinstein, M.J., 2013a. Feeling worse to feel better:
Pain-offset relief simultaneously stimulates positive affect and reduces negative af-
fect. Psychol. Sci. 24, 521–529. http://dx.doi.org/10.1177/0956797612458805.

Franklin, J.C., Puzia, M.E., Lee, K.M., Lee, G.E., Hanna, E.K., Spring, V.L., Prinstein, M.J.,
2013b. The nature of pain offset relief in nonsuicidal self-injury: A laboratory study.
Clin. Psychol. Sci. 1, 110–119. http://dx.doi.org/10.1177/2167702612474440.

Franklin, J.C., Puzia, M.E., Lee, K.M., Prinstein, M.J., 2014. Low implicit and explicit
aversion toward self-cutting stimuli longitudinally predict nonsuicidal self-injury. J.
Abnorm. Psychol. 123, 463–469. http://dx.doi.org/10.1037/a0036436.

Glenn, C.R., Kleiman, E.M., Cha, C.B., Nock, M.K., Prinstein, M.J., 2016. Implicit cogni-
tion about self-injury predicts actual self-injurious behavior: results from a long-
itudinal study of adolescents. J. Child Psychol. Psychiatry 57, 805–813. http://dx.doi.
org/10.1111/jcpp.12500.

Glenn, C.R., Klonsky, E.D., 2011. Prospective prediction of nonsuicidal self-injury: A 1-
year longitudinal study in young adults. Behav. Ther. 42, 751–762. http://dx.doi.
org/10.1016/j.beth.2011.04.005.

Graybiel, A.M., 2008. Habits, rituals, and the evaluative brain. Annu. Rev. Neurosci. 31,
359–387. http://dx.doi.org/10.1146/annurev.neuro.29.051605.112851.

Guerry, J.D., Prinstein, M.J., 2010. Longitudinal prediction of adolescent nonsuicidal self-
injury: Examination of a cognitive vulnerability-stress model. J. Clin. Child Adolesc.
Psychol. 39, 77–89. http://dx.doi.org/10.1080/15374410903401195.

Heath, N.L., Schaub, K., Holly, S., Nixon, M.K., 2009. Self-injury today: Review of po-
pulation and clinical studies in adolescents., in: Self-Injury in Youth: The Essential
Guide to Assessment and Intervention. Routledge/Taylor & Francis Group, New York,
pp. 9–27.

Hebb, D.O., 1949. Organization of Behavior. Wiley, New York.
Hebert, K.R., Valle-Inclán, F., Hackley, S.A., 2015. Modulation of eyeblink and post-

auricular reflexes during the anticipation and viewing of food images.
Psychophysiology 52, 509–517. http://dx.doi.org/10.1111/psyp.12372.

Jacobson, C.M., Gould, M., 2007. The epidemiology and phenomenology of non-suicidal
self-injurious behavior among adolescents: A critical review of the literature. Arch.
Suicide Res. 11, 129–147. http://dx.doi.org/10.1080/13811110701247602.

Jansen, J.M., Daams, J.G., Koeter, M.W.J., Veltman, D.J., van den Brink, W., Goudriaan,
A.E., 2013. Effects of non-invasive neurostimulation on craving: A meta-analysis.
Neurosci. Biobehav. Rev. 37, 2472–2480. http://dx.doi.org/10.1016/j.neubiorev.
2013.07.009.

Joiner, T.E., 2005. Why People Die by Suicide. Harvard University Press, Cambridge, MA.
Joiner, T.E., Ribeiro, J.D., Silva, C., 2012. Nonsuicidal self-injury, suicidal behavior, and

their co-occurrence as viewed through the lens of the interpersonal theory of suicide.
Curr. Dir. Psychol. Sci. 21, 342–347. http://dx.doi.org/10.1177/
0963721412454873.

Kazdin, A.E., Kraemer, H.C., Kessler, R.C., Kupfer, D.J., Offord, D.R., 1997. Contributions
of risk-factor research to developmental psychopathology. Clin. Psychol. Rev. 17,
375–406.

Klonsky, E.D., Olino, T.M., 2008. Identifying clinically distinct subgroups of self-injurers
among young adults: A latent class analysis. J. Consult. Clin. Psychol. 76, 22–27.
http://dx.doi.org/10.1037/0022-006X.76.1.22.

Koenig, J., Thayer, J.F., Kaess, M., 2016. A meta-analysis on pain sensitivity in self-injury.
Psychol. Med. 46, 1597–1612. http://dx.doi.org/10.1017/S0033291716000301.

Kraemer, H.C., Kazdin, A.E., Offord, D.R., Kessler, R.C., Jensen, P.S., Kupfer, D.J., 1997.
Coming to terms with the terms of risk. Arch. Gen. Psychiatry 54, 337–343.

Lau, M.A., Segal, Z.V., Williams, J.M., 2004. Teasdale’s differential activation hypothesis:
implications for mechanisms of depressive relapse and suicidal behaviour. Behav.
Res. Ther. 42, 1001–1017. http://dx.doi.org/10.1016/j.brat.2004.03.003.

Liu, R.T., Cheek, S.M., Nestor, B.A., 2016. Non-suicidal self-injury and life stress: A sys-
tematic meta-analysis and theoretical elaboration. Clin. Psychol. Rev. 47, 1–14.
http://dx.doi.org/10.1016/j.cpr.2016.05.005.

Luigjes, J., van den Brink, W., Feenstra, M., van den Munckhof, P., Schuurman, P.R.,
Schippers, R., Mazaheri, A., De Vries, T.J., Denys, D., 2012. Deep brain stimulation in
addiction: A review of potential brain targets. Mol. Psychiatry 17, 572–583. http://
dx.doi.org/10.1038/mp.2011.114.

McHugh, R.K., Daughters, S.B., Lejuez, C.W., Murray, H.W., Hearon, B.A., Gorka, S.M.,
Otto, M.W., 2011. Shared variance among self-report and behavioral measures of
distress intolerance. Cognit. Ther. Res. 35, 266–275. http://dx.doi.org/10.1007/
s10608-010-9295-1.

Muehlenkamp, J.J., 2005. Self-injurious behavior as a separate clinical syndrome. Am. J.
Orthopsychiatry 75, 324–333. http://dx.doi.org/10.1037/0002-9432.75.2.324.

Muehlenkamp, J.J., Claes, L., Havertape, L., Plener, P.L., 2012. International prevalence
of adolescent non-suicidal self-injury and deliberate self-harm. Child Adolesc.
Psychiatry Ment. Health 6. http://dx.doi.org/10.1186/1753-2000-6-10.

Nee, D.E., Wager, T.D., Jonides, J., 2007. Interference resolution: Insights from a meta-
analysis of neuroimaging tasks. Cogn. Affect. Behav. Neurosci. 7, 1–17. http://dx.doi.
org/10.3758/CABN.7.1.1.

Nisbett, R.E., Wilson, T.D., 1977. Telling more than we can know: Verbal reports on
mental processes. Psychol. Rev. 84, 231–259. http://dx.doi.org/10.1037/0033-295X.
84.3.231.

Nock, M.K., 2012. Future directions for the study of suicide and self-injury. J. Clin. Child
Adolesc. Psychol. 41, 255–259. http://dx.doi.org/10.1080/15374416.2012.652001.

Nock, M.K., 2010. Self-injury. Annu. Rev. Clin. Psychol. 6, 339–363. http://dx.doi.org/
10.1146/annurev.clinpsy.121208.131258.

Nock, M.K., Banaji, M.R., 2007. Assessment of self-injurious thoughts using a behavioral
test. Am. J. Psychiatry 164, 820–823. http://dx.doi.org/10.1176/appi.ajp.164.5.820.

Nock, M.K., Prinstein, M.J., 2004. A functional approach to the assessment of self-muti-
lative behavior. J. Consult. Clin. Psychol. 72, 885–890. http://dx.doi.org/10.1037/
0022-006X.72.5.885.

Nock, M.K., Prinstein, M.J., Sterba, S.K., 2009. Revealing the form and function of self-
injurious thoughts and behaviors: A real-time ecological assessment study among
adolescents and young adults. J. Abnorm. Psychol. 118, 816–827. http://dx.doi.org/
10.1037/a0016948.

Nolen-Hoeksema, S., Wisco, B.E., Lyubomirsky, S., 2008. Rethinking rumination.
Perspect. Psychol. Sci. 3, 400–424. http://dx.doi.org/10.1111/j. 1745-6924.2008.
00088. x.

O’Doherty, J., Dayan, P., Schultz, J., Deichmann, R., Friston, K., Dolan, R.J., 2004.
Dissociable roles of ventral and dorsal striatum in instrumental conditioning. Science
304 (80), 452–45410.1126/science.1094285

Osuch, E., Ford, K., Wrath, A., Bartha, R., Neufeld, R., 2014. Functional MRI of pain
application in youth who engaged in repetitive non-suicidal self-injury vs. psychiatric
controls. Psychiatry Res. 223, 104–112. http://dx.doi.org/10.1016/j.pscychresns.
2014.05.003.

Ougrin, D., Tranah, T., Stahl, D., Moran, P., Asarnow, J.R., 2015. Therapeutic interven-
tions for suicide attempts and self-harm in adolescents: Systematic review and meta-
analysis. J. Am. Acad. Child Adolesc. Psychiatry 54, 97–107. http://dx.doi.org/10.
1016/j.jaac.2014.10.009. e2.

Peckham, A.D., Johnson, S.L., 2016. Spontaneous eye-blink rate as an index of reward
responsivity validation and links to bipolar disorder. Clin. Psychol. Sci. 4, 451–463.
http://dx.doi.org/10.1177/2167702615594999.

Quevedo, K., Johnson, A.E., Loman, M.M., Lafavor, T., Moua, B., Gunnar, M.R., 2015. The
impact of early neglect on defensive and appetitive physiology during the pubertal
transition: A study of startle and postauricular reflexes. Dev. Psychobiol. 57,
289–304. http://dx.doi.org/10.1002/dev.21283.

Ribeiro, J.D., Franklin, J.C., Fox, K.R., Bentley, K.H., Kleiman, E.M., Chang, B.P., Nock,
M.K., 2016. Self-injurious thoughts and behaviors as risk factors for future suicide
ideation, attempts, and death: a meta-analysis of longitudinal studies. Psychol. Med.
46, 225–236. http://dx.doi.org/10.1017/S0033291715001804.

Schiltz, C.A., 2006. Habitual responding and the dorsal striatum. J. Neurosci. 26,
1891–1892. http://dx.doi.org/10.1523/JNEUROSCI. 4419-05.2006.

Selby, E.A., Kranzler, A., Fehling, K.B., Panza, E., 2015. Nonsuicidal self-injury disorder:
The path to diagnostic validity and final obstacles. Clin. Psychol. Rev. 38, 79–91.
http://dx.doi.org/10.1016/j.cpr.2015.03.003.

Siegel, S., 2005. Drug tolerance, drug addiction, and drug anticipation. Curr. Dir. Psychol.
Sci. 14, 296–300. http://dx.doi.org/10.1111/j. 0963-7214.2005.00384. x.

Siegel, S., Baptista, M.A., Kim, J.A., McDonald, R.V., Weise-Kelly, L., 2000. Pavlovian
psychopharmacology: the associative basis of tolerance. Exp. Clin. Psychopharmacol.
8, 276–293.

Stanley, B., Sher, L., Wilson, S., Ekman, R., Huang, Y., Mann, J.J., 2010. Nonsuicidal self-
injurious behavior, endogenous opioids and monoamine neurotransmitters. J. Affect.
Disord. 124, 134–140. http://dx.doi.org/10.1016/j.jad.2009.10.028.

Stramaccia, D.F., Penolazzi, B., Sartori, G., Braga, M., Mondini, S., Galfano, G., 2015.
Assessing the effects of tDCS over a delayed response inhibition task by targeting the
right inferior frontal gyrus and right dorsolateral prefrontal cortex. Exp. Brain Res.
233, 2283–2290. http://dx.doi.org/10.1007/s00221-015-4297-6.

Swannell, S.V., Martin, G.E., Page, A., Hasking, P., St John, N.J., 2014. Prevalence of
nonsuicidal self-injury in nonclinical samples: Systematic review, meta-analysis and
meta-regression. Suicide Life-Threatening Behav. 44, 273–303. http://dx.doi.org/10.
1111/sltb.12070.

Teasdale, J.D., 1988. Cognitive vulnerability to persistent depression. Cogn. Emot. 2,
247–274. http://dx.doi.org/10.1080/02699938808410927.

R.T. Liu Neuroscience and Biobehavioral Reviews 80 (2017) 159–165

164

http://dx.doi.org/10.1016/j.brat.2005.03.005
http://dx.doi.org/10.1016/j.brat.2005.03.005
http://dx.doi.org/10.1371/journal.pone.0113537
http://dx.doi.org/10.1371/journal.pone.0113537
http://dx.doi.org/10.1016/j.jrp.2011.11.005
http://dx.doi.org/10.1016/j.jrp.2011.11.005
http://dx.doi.org/10.1016/j.cpr.2011.06.001
http://dx.doi.org/10.1016/j.cpr.2011.06.001
http://dx.doi.org/10.1007/s00221-012-3098-4
http://dx.doi.org/10.1007/s00221-012-3098-4
http://dx.doi.org/10.1016/j.jrp.2011.02.004
http://dx.doi.org/10.1016/j.jrp.2011.02.004
http://dx.doi.org/10.1016/j.neubiorev.2013.02.010
http://dx.doi.org/10.1038/nrn1431
http://dx.doi.org/10.1038/nn.4136
http://dx.doi.org/10.1016/j.cpr.2015.09.002
http://dx.doi.org/10.1037/a0020896
http://dx.doi.org/10.1177/0956797612458805
http://dx.doi.org/10.1177/2167702612474440
http://dx.doi.org/10.1037/a0036436
http://dx.doi.org/10.1111/jcpp.12500
http://dx.doi.org/10.1111/jcpp.12500
http://dx.doi.org/10.1016/j.beth.2011.04.005
http://dx.doi.org/10.1016/j.beth.2011.04.005
http://dx.doi.org/10.1146/annurev.neuro.29.051605.112851
http://dx.doi.org/10.1080/15374410903401195
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0175
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0175
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0175
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0175
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0180
http://dx.doi.org/10.1111/psyp.12372
http://dx.doi.org/10.1080/13811110701247602
http://dx.doi.org/10.1016/j.neubiorev.2013.07.009
http://dx.doi.org/10.1016/j.neubiorev.2013.07.009
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0200
http://dx.doi.org/10.1177/0963721412454873
http://dx.doi.org/10.1177/0963721412454873
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0210
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0210
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0210
http://dx.doi.org/10.1037/0022-006X.76.1.22
http://dx.doi.org/10.1017/S0033291716000301
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0225
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0225
http://dx.doi.org/10.1016/j.brat.2004.03.003
http://dx.doi.org/10.1016/j.cpr.2016.05.005
http://dx.doi.org/10.1038/mp.2011.114
http://dx.doi.org/10.1038/mp.2011.114
http://dx.doi.org/10.1007/s10608-010-9295-1
http://dx.doi.org/10.1007/s10608-010-9295-1
http://dx.doi.org/10.1037/0002-9432.75.2.324
http://dx.doi.org/10.1186/1753-2000-6-10
http://dx.doi.org/10.3758/CABN.7.1.1
http://dx.doi.org/10.3758/CABN.7.1.1
http://dx.doi.org/10.1037/0033-295X.84.3.231
http://dx.doi.org/10.1037/0033-295X.84.3.231
http://dx.doi.org/10.1080/15374416.2012.652001
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131258
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131258
http://dx.doi.org/10.1176/appi.ajp.164.5.820
http://dx.doi.org/10.1037/0022-006X.72.5.885
http://dx.doi.org/10.1037/0022-006X.72.5.885
http://dx.doi.org/10.1037/a0016948
http://dx.doi.org/10.1037/a0016948
http://dx.doi.org/10.1111/j. 1745-6924.2008.00088. x
http://dx.doi.org/10.1111/j. 1745-6924.2008.00088. x
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0300
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0300
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0300
http://dx.doi.org/10.1016/j.pscychresns.2014.05.003
http://dx.doi.org/10.1016/j.pscychresns.2014.05.003
http://dx.doi.org/10.1016/j.jaac.2014.10.009
http://dx.doi.org/10.1016/j.jaac.2014.10.009
http://dx.doi.org/10.1177/2167702615594999
http://dx.doi.org/10.1002/dev.21283
http://dx.doi.org/10.1017/S0033291715001804
http://dx.doi.org/10.1523/JNEUROSCI. 4419-05.2006
http://dx.doi.org/10.1016/j.cpr.2015.03.003
http://dx.doi.org/10.1111/j. 0963-7214.2005.00384. x
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0345
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0345
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0345
http://dx.doi.org/10.1016/j.jad.2009.10.028
http://dx.doi.org/10.1007/s00221-015-4297-6
http://dx.doi.org/10.1111/sltb.12070
http://dx.doi.org/10.1111/sltb.12070
http://dx.doi.org/10.1080/02699938808410927


Vasilev, C.A., Crowell, S.E., Beauchaine, T.P., Mead, H.K., Gatzke-Kopp, L.M., 2009.
Correspondence between physiological and self-report measures of emotion dysre-
gulation: A longitudinal investigation of youth with and without psychopathology. J.
Child Psychol. Psychiatry 50, 1357–1364. http://dx.doi.org/10.1111/j. 1469-7610.
2009.02172. x.

Wallenstein, M.B., Nock, M.K., 2007. Physical exercise as a treatment for non-suicidal
self-injury: evidence from a single-case study. Am. J. Psychiatry 164, 350–351.
http://dx.doi.org/10.1176/ajp.2007.164.2.350a.

Walsh, B.T., 2013. The enigmatic persistence of anorexia nervosa. Am. J. Psychiatry 170,
477–484. http://dx.doi.org/10.1176/appi.ajp.2012.12081074.

Wanat, M.J., Willuhn, I., Clark, J.J., Phillips, P.E.M., 2009. Phasic dopamine release in
appetitive behaviors and drug abuse. Curr. Drug Abuse Rev. 2, 195–213.

Westlund Schreiner, M., Klimes-Dougan, B., Begnel, E.D., Cullen, K.R., 2015.
Conceptualizing the neurobiology of non-suicidal self-injury from the perspective of
the Research Domain Criteria Project. Neurosci. Biobehav. Rev. 57, 381–391. http://

dx.doi.org/10.1016/j.neubiorev.2015.09.011.
Whitlock, J., 2010. Self-injurious behavior in adolescents. PLOS Med. 7, e1000240.

http://dx.doi.org/10.1371/journal.pmed.1000240.
Whitlock, J., Eckenrode, J., Silverman, D., 2006. Self-injurious behaviors in a college

population. Pediatrics 117, 1939–1948. http://dx.doi.org/10.1542/peds.2005-2543.
Wilkinson, P., Kelvin, R., Roberts, C., Dubicka, B., Goodyer, I., 2011. Clinical and psy-

chosocial predictors of suicide attempts and nonsuicidal self-injury in the Adolescent
Depression Antidepressants and Psychotherapy Trial (ADAPT). Am. J. Psychiatry
168, 495–501. http://dx.doi.org/10.1176/appi.ajp.2010.10050718.

Yamada, K., Nabeshima, T., 1995. Stress-induced behavioral responses and multiple
opioid systems in the brain. Behav. Brain Res. 67, 133–145.

Zetterqvist, M., 2015. The DSM-5 diagnosis of nonsuicidal self-injury disorder: a review of
the empirical literature. Child Adolesc. Psychiatry Ment. Health 9, 1–13. http://dx.
doi.org/10.1186/s13034-015-0062-7.

R.T. Liu Neuroscience and Biobehavioral Reviews 80 (2017) 159–165

165

http://dx.doi.org/10.1111/j. 1469-7610.2009.02172. x
http://dx.doi.org/10.1111/j. 1469-7610.2009.02172. x
http://dx.doi.org/10.1176/ajp.2007.164.2.350a
http://dx.doi.org/10.1176/appi.ajp.2012.12081074
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0385
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0385
http://dx.doi.org/10.1016/j.neubiorev.2015.09.011
http://dx.doi.org/10.1016/j.neubiorev.2015.09.011
http://dx.doi.org/10.1371/journal.pmed.1000240
http://dx.doi.org/10.1542/peds.2005-2543
http://dx.doi.org/10.1176/appi.ajp.2010.10050718
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0410
http://refhub.elsevier.com/S0149-7634(17)30148-3/sbref0410
http://dx.doi.org/10.1186/s13034-015-0062-7
http://dx.doi.org/10.1186/s13034-015-0062-7

	Characterizing the course of non-suicidal self-injury: A cognitive neuroscience perspective
	Introduction
	NSSI as a repetitive behavior that becomes fixed over time
	Repetitive NSSI as a behavior requiring reduced effort
	Conclusion
	Acknowledgements
	References




