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ABSTRACT 

 

 Non-suicidal self-injury (NSSI), defined as the deliberate damaging or destruction 

of body tissue without intent to die, are common behaviors amongst youth. Although 

prior work has shown heightened response to negative outcomes and dampened response 

to positive outcomes across multiple methods, including behavioral and physiological 

measures, little is known about the neural processes involved in NSSI. This study 

examined associations between NSSI engagement and responsivity to rewards and losses 

in youth with and without a lifetime engagement in NSSI. 

 We employed a task-based functional magnetic resonance imaging (fMRI) study 

to examine differences between regions of interest (ROIs; ventral and dorsal striatum 

[VS, DS], anterior cingulate cortex [ACC], orbitofrontal cortex [OFC], ventrolateral and 

ventromedial prefrontal cortex [vlPFC; vmPFC], and insula) and whole-brain 

connectivity (utilizing bilateral DS, mPFC, and insula seed ROIs) in youth with and 

without NSSI. We used two reward tasks, in order to examine differences between 

groups across domains of reward (i.e., monetary and social). Additionally, we examined 

the specificity of the associations by controlling for dimensional levels of related 

psychopathology (i.e., aggression and depression).  

Results from the current study found that NSSI was associated with decreased 

activation following monetary gains in all ROIs. Further, these differences remained 

significant when controlling for comorbid psychopathology, including symptoms of 

aggression and depression. Finally, exploratory connectivity analyses found that NSSI 

was associated with differential connectivity between regions including the DS, vmPFC, 

insula, parietal operculum cortex, supramarginal gyrus, cerebellum, and central 
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opercular cortex. Weakened connectivity between these regions could suggest deficits 

in inhibitory control of emotions in individuals with NSSI, as well as dysfunction in 

pain processing in individuals with NSSI, whereby these individuals experience pain as 

more salient or rewarding than individuals without NSSI. Although results did not 

support our hypotheses, findings suggest disrupted reward processes in youth with NSSI, 

contributing to our understanding of the role that reward processes may play in NSSI, in 

the engagement and reinforcement of these behaviors. 

 We also conducted an extensive systematic review of the studies indexing neural 

structure and function in NSSI, summarizing the literature on the neurobiological 

correlates of several psychological processes implicated in NSSI engagement, including 

emotion processes, pain processes, executive processes, social processes, and reward 

processes. Results of the review highlighted the neural regions most consistently 

associated with NSSI, including the amygdala, insula, frontal, prefrontal, and 

orbitofrontal cortices, and the anterior cingulate, dorsal striatum, and ventral striatum. 

Additionally, data showed that NSSI is associated with greater emotional responses in 

negative situations, poorer down-regulation of negative emotions, and poorer inhibitory 

control over impulsive behaviors. Overall, findings suggest that NSSI is associated with 

maladaptive coping, and that this down-regulation of negative emotion resulting from 

NSSI may be experienced as rewarding and may serve to reinforce engagement in these 

behaviors. Finally, this review highlighted the importance of standardizing the methods 

of indexing neural structure and function in NSSI, specifically in terms of how NSSI is 

categorized, which comorbid disorders are examined, and how neuroimaging data are 

collected and analyzed, so that research in this area is comparable and reproducible.  
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CHAPTER 1 

 

MANUSCRIPT IN JOURNAL ARTICLE FORMAT 

 

INTRODUCTION 

 

Non-suicidal self-injury (NSSI) is defined as the deliberate damage or destruction 

of body tissue without intent to die. Recent reviews show NSSI prevalence rates of 15-

20% in adolescent community samples (Muehlenkamp et al., 2012), and up to 60% in 

adolescent psychiatric samples (Swannell et al., 2014). NSSI is associated with countless 

adverse consequences, such as disruptions in interpersonal relationships (Linehan, 1993), 

feelings of shame, guilt, and regret (Leibenluft et al., 1987), and increased risk for 

problem behaviors including substance use (Schwartz et al., 1989), violence towards 

others (Kleiman et al., 2015), and suicidal attempts and deaths by suicide (Hamza & 

Willoughby, 2013). Given the common occurrence of NSSI and the potential for severe 

outcomes for self-injuring individuals, NSSI should be considered to be a major public 

health concern. 

 A majority of the research on NSSI has been conducted in older samples, 

including college-aged students or adult populations. This research has included studies 

on the emergence of NSSI, although many of these studies have relied on retrospective 

reporting, as NSSI typically emerges during adolescence. Notably, NSSI is present in 

individuals as young as 7 (Barrocas et al., 2012), and epidemiological research has found 

that rates of NSSI increase dramatically from early adolescence (7%; Hilt et al., 2008) to 

young adulthood (38%; Rodham & Hawton, 2009). Therefore, in trying to understand 

more about the emergence and onset of these behaviors with the goal of working towards 

the prediction and prevention of these behaviors, research should investigate NSSI in 
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youth, nearer to or even prior to the onset of these behaviors.  

NSSI and Associations with Negative and Positive Outcomes 

Although there are many factors that are associated with NSSI engagement 

(Chapman et al., 2006; Horne & Csipke, 2009; Najmi et al., 2007; Suyemoto, 1998; 

Suyemoto & MacDonald, 1995; Yip, 2005), many models of NSSI propose that 

experiencing heightened negative emotions in response to negative outcomes is a 

common precipitant to NSSI in adolescents, whereby these individuals attempt to 

regulate these emotions through self-injury. Indeed, a heightened experience of negative 

emotions following negative outcomes is frequently and robustly associated with NSSI 

(Baetens et al., 2011; Crowell et al., 2005; Hay & Meldrum, 2010). Additionally, NSSI is 

associated with multiple dimensions of negative affect, including high-arousal negative 

emotions such as anger and hostility (Armey & Crowther, 2008; Brittlebank et al., 1990; 

Brown et al., 2007; Cheng et al., 2010; Claes et al., 2007; Sarno et al., 2010; Simeon et 

al., 1992), anxiety and fear (Brown et al., 2007; Claes et al., 2004; Simeon et al., 1992), 

and stress and distress (Hasking et al., 2010; Weinberg & Klonsky, 2011). Further, NSSI 

also is associated with low-arousal negative emotions, including sadness (Brown et al., 

2007) and hopelessness (Brittlebank et al., 1990; Hunter & O’Connor, 2003), as well as 

self-focused negative emotions such as shame and guilt (Brown et al., 2009; Brown et al., 

2007; Claes et al., 2003; Hooley et al., 2010). In addition to a heightened experience of 

negative emotions, NSSI is associated with greater levels of self-reported threat 

sensitivity, conflict, and rejection (Brown et al., 2017; Leibenluft et al., 1987; Schwartz et 

al., 1989). Finally, beyond self-report measures, NSSI is associated with poor response 

inhibition to negative affective stimuli (Allen & Hooley, 2015) and elevated negative 
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urgency (Allen & Hooley, 2018) on behavioral tasks.  

The research on associations between NSSI and responses to positive outcomes is 

more mixed than the research on associations between NSSI and negative outcomes. 

Some work has shown that NSSI also is associated with dampened responses to positive 

outcomes, reflecting individual differences in approach-related traits. For instance, prior 

work has shown that individuals with NSSI rate positively-valenced images as less 

pleasant than participants without NSSI (Tatnell et al., 2018). Additionally, following 

acute stress, individuals with NSSI display reduced physiological reactions (i.e., skin 

conductance) to positive images compared to individuals without NSSI (Tatnell et al., 

2018). Finally, positive affect is associated with decreased odds of NSSI, and has been 

shown to moderate the relationship between negative affect, brooding, self-criticism, and 

NSSI, such that there is a stronger relationship between these constructs and NSSI at 

lower levels of positive affect (Cohen et al., 2015; Hasking et al., 2018). However, other 

work has shown that higher reward sensitivity is associated with NSSI. Specifically, 

NSSI is associated with a greater willingness to approach rewards impulsively (Cerutti et 

al., 2011), as well as with the general tendency to approach rewards (Jenkins et al., 2013). 

Given these discrepancies in research on responses to positive outcomes in NSSI, more 

research in this area is needed to elucidate the directionality of these associations.  

Neural Correlates of NSSI 

Although these heightened responses to negative outcomes and dampened 

responses to positive outcomes are associated with NSSI, further research is needed 

examining the explicit neural mechanisms or processes involved in these altered 

responses to better understand them. However, few studies have examined neural 
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processes in NSSI, particularly in child and adolescent samples. Preliminary work has 

examined NSSI in relation to negative and positive outcomes, implicating neural regions 

involved in reward processing, social processing, and emotional processing. For 

responses to negative outcomes, the limited work examining neural processes associated 

with NSSI in adolescent samples have shown that NSSI is associated with heightened 

activation in the dorsal striatum, medial prefrontal cortex, ventrolateral prefrontal cortex, 

and insula during social exclusion (Brown et al., 2017; Groschwitz et al., 2016), as well 

as with heightened response to monetary losses versus rewards when examining feedback 

negativity from event-related potentials (Tsypes et al., 2018). Although no studies have 

been conducted in adolescents examining connectivity following negative outcomes, 

studies in adults with NSSI examining connectivity have shown negative associations 

between NSSI and connectivity in limbic-striatal (Westlund Schreiner et al., 2015) and 

frontal-limbic (Niedtfeld et al., 2012) networks during tasks inducing negative affect.  

For responses to positive outcomes, the limited work examining neural processes 

associated with NSSI in adolescent samples have shown that NSSI is associated with 

heightened activation in the medial prefrontal cortex and ventrolateral prefrontal cortex 

during social inclusion (Groschwitz et al., 2016). Notably, work examining social 

inclusion and exclusion typically has used Cyberball (Williams et al., 2012), which has 

feedback lacking personal salience (i.e., players are signified by cartoons). Additionally, 

one study examining reward processing in adults with NSSI showed that NSSI is 

associated with heightened activation in the orbitofrontal cortex during monetary reward 

receipt (Vega et al., 2018). Further, this study also found negative associations between 

NSSI and connectivity in frontal-limbic networks during reward task completion, 
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potentially indicating an impaired ability to update reward associations in NSSI. Given 

the consistency in findings between self-report and imaging methods for responses to 

negative outcomes, but the discrepancy between these methods for responses to positive 

outcomes, further examination, as proposed here, is warranted. 

NSSI and Comorbid Psychopathology 

NSSI is associated with multiple forms of psychopathology. NSSI occurs in 

mood, anxiety, personality, substance abuse, and externalizing disorders (Nitkowski & 

Petermann, 2011), although these behaviors also have been found to occur in the absence 

of comorbid psychiatric diagnoses (In-Albon et al., 2013). Importantly, NSSI is often 

examined through the lenses of comorbid disorders. For instance, NSSI is commonly 

researched within samples meeting criteria for major depressive disorder (MDD; e.g., Lin 

et al., 2017), even though less than 50% of NSSI samples meet criteria for comorbid 

major depression. Similarly, NSSI often is studied in the presence of borderline 

personality disorder (BPD; Herpertz, 1995); although many individuals with BPD do 

engage in NSSI (Clarkin et al., 1983), previous studies have also indicated that 

approximately only half of individuals who report engaging in NSSI actually meet 

diagnostic criteria for BPD (Nock et al., 2006; Zlotnick et al., 1999). Research also has 

considered NSSI as a means through which individuals manifest aggression (Medeiros et 

al., 2019). In particular, there are higher prevalence rates of NSSI in individuals with 

externalizing disorders than those without externalizing disorders, including conduct 

disorder (Ilomäki et al., 2007), intermittent explosive disorder (Jenkins et al., 2015; 

McCloskey et al., 2008), and oppositional defiant disorder (Cerutti et al., 2011; Crowell 

et al., 2012; Guertin et al., 2001; Nock et al., 2006). Notably, there is significant overlap 
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between the neural correlates of these associated forms of psychopathology and the 

neural correlates of NSSI. Specifically, associations between MDD and responses to 

negative and positive outcomes have been shown independently of NSSI. MDD is 

associated with heightened responses to negative outcomes such as monetary losses and 

social rejection (Zhang et al., 2013), and decreased responses to positive outcomes such 

as monetary gains or social acceptance (Admon & Pizzagalli, 2015), in similar regions to 

those implicated in NSSI, or regions involved in reward processes, social processes, and 

emotional processes. Additionally, research has examined associations between 

aggression and responses to negative and positive outcomes, finding that aggressive 

behaviors can activate reward centers in the brain to promote positive valence (Chester, 

2017). Specifically, conduct disorder and oppositional defiant disorder also are associated 

with heightened responses to negative outcomes, and decreased responses to positive 

outcomes (Matthys et al., 2013). Given these data on depression, aggression, and NSSI, 

studying NSSI in the context of its comorbid symptoms, in order to avoid confounds 

related to these symptoms, is key. 

The Current Study 

The current study examined associations between NSSI engagement and 

responses to negative and positive outcomes in youth with and without lifetime 

engagement in NSSI. This study expands on previous imaging studies of NSSI by 

examining neural response to negative and positive outcomes across both monetary and 

social stimuli. Additionally, this study assessed these constructs across multiple units of 

analysis, or both neural function and self-report measures. Indices of neural function 

included task-based reactivity to negative (monetary losses and social rejection) and 
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positive (monetary gains and social acceptance) outcomes in regions of interest (ROIs), 

including the ventral and dorsal striatum (VS, DS), the anterior cingulate cortex (ACC), 

the orbitofrontal cortex (OFC), the ventrolateral and ventromedial prefrontal cortices 

(vlPFC, vmPFC), and the insula. Further, this study included sensitivity analyses to 

examine the specificity of associations for NSSI by controlling for aggressive and 

depressive symptoms. Finally, in addition to task-based reactivity, this study explored 

functional connectivity using whole-brain psychophysiological interactions (PPI), 

utilizing bilateral DS, mPFC, and insula seed ROIs, as these regions are commonly 

implicated in reward, social, and emotional processing. 

The first aim of the current study was to examine associations between NSSI and 

reactivity to negative outcomes, through neural responses to monetary losses and social 

rejection, and self-report measures of experiences of peer victimization. Given the 

literature on neural responses to negative outcomes in NSSI, we hypothesized that (1a) 

NSSI would be associated with heightened reactivity to monetary losses in reward- and 

emotion-relevant ROIs, including the ACC, the DS and VS, the OFC, and the vlPFC, the 

vmPFC, and the insula. We also hypothesized that (1b) NSSI would be associated with 

heightened reactivity to social rejection in these reward- and emotion-related ROIs. 

Finally, given the extant literature on self-report responses to negative outcomes in NSSI, 

we hypothesized that (1c) NSSI would be associated with higher reports of responses to 

negative outcomes, or higher levels of victimization by peers. 

The second aim of the current study was to examine associations between NSSI 

and reactivity to positive outcomes, through neural responses to monetary gains and 

social acceptance, and self-report measures of pleasure sensitivity and social affiliation. 
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Given the literature on neural responses to positive outcomes in NSSI, we hypothesized 

that (2a) NSSI would be associated with heightened reactivity to monetary gains in 

reward- and emotion-relevant ROIs, including the ACC, the DS and VS, the OFC, and 

the vlPFC, the vmPFC, and the insula. We also hypothesized that (2b) NSSI would be 

associated with heightened reactivity to social acceptance in these reward-a and emotion-

related ROIs. Finally, given the extant literature on self-report responses to positive 

outcomes in NSSI, we hypothesized that (2c) NSSI would be associated with higher self-

reports of responses to positive outcomes, or higher levels of pleasure sensitivity and 

social affiliation. 

Finally, the third aim of the current study was an exploratory aim, to investigate 

associations between NSSI and connectivity in whole-brain PPI. These PPI analyses 

utilized DS, mPFC, and insular seed ROIs. Given the exploratory nature of this aim, we 

did not formulate specific hypotheses related to the nature of the potential associations 

between NSSI and whole-brain connectivity.  

METHODS 

 

Participant Recruitment 

 

 Participants in the current study included individuals drawn from the parent grant, 

R01 MH107495: Developmental Changes in Reward Responsivity: Associations with 

Depression Risk Markers (PI: Olino). Youth between 9-13 years with a primary caregiver 

were invited to participate in the study. Youth with a history of neurological disorder, 

head injury, pervasive developmental disorders, and/or intellectual functioning less than 

70 as assessed by the KBIT-2 were excluded. Youth also were ineligible for participation 

if they had a history of bipolar disorder, psychosis spectrum disorder (e.g., schizophrenia, 
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brief psychotic disorder, or mood disorder with psychotic features), developmental 

disorders or disabilities, neurological or cardiovascular diseases that affected central 

nervous system blood flow, or were taking any psychotropic medications at the time of 

recruitment. In addition, youth who could not participate in imaging assessments were 

not eligible for inclusion (e.g., individuals with non-removable metallic implants, braces, 

or with conditions such as uncorrectable vision or claustrophobia, that would make 

completing MRI assessments unsafe). All other youth were eligible.  

For the current project, the sample contained all individuals with at least partial 

baseline data on the measures of interest from the parent study. All youth were identified 

as children and adolescents either with or without NSSI based on the diagnostic interview 

and a self-report measure (see Measures section). Individuals who endorsed one or more 

NSSI events were considered within the “NSSI” group, and individuals who did not 

endorse any lifetime NSSI events were considered within the “no NSSI” group. In total, 

baseline data were collected from 238 participants.  

Current Study Participants 

 In total, 168 participants were consented and completed the MRI portion of the 

study; 70 participants either did not consent to participate in the MRI portion, or were not 

eligible to complete the MRI portion of the study due to contraindications (i.e., non-

removable metallic implants or braces, or uncorrectable vision). Of the participants who 

completed the MRI scan, 8 were excluded for incidental findings, including arachnoid 

cysts (N=2), lesions (N=3), sinusitis (N=2), and tumors (N=1). For the monetary 

Guessing Task, data were collected from 150 participants; 10 participants exited the scan 

prior to completing the task. Additionally, 29 participants were excluded due to excessive 
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head motion (>3mm of movement) during the Guessing Task, and 24 were excluded due 

to having < 75% compliance over the full number of trials across the task. Thus, 97 

participants total (30 youth with NSSI and 67 youth without NSSI) had usable data for 

the Guessing Task. For the social Chatroom Interact task, data were collected from 147 

participants; as described for the Guessing Task, 10 participants exited the scan prior to 

completing the task, and an incorrect version of the task was administered for 3 

participants. Additionally, 26 were excluded due to excessive head motion (>3mm of 

movement) during the Chatroom Interact Task. Thus, 121 participants total (36 youth 

with NSSI and 85 youth without NSSI) had interpretable brain and behavioral data for the 

Chatroom Interact Task. Finally, we have self-report data for 171 participants total (48 

youth with NSSI and 123 youth without NSSI), inclusive of the participants included in 

the imaging analyses; thus, we used this expanded sample in our examinations of self-

report measures of responses to negative and positive outcomes.  

Measures 

NSSI Status 

The Kiddie Schedule for Affective Disorders and Schizophrenia-PL DSM-IV 

(KSADS; Kaufman & Schweder, 2004) is a semi-structured clinical interview that 

assesses current and lifetime diagnoses, as well as ages of onset and offset of symptoms. 

KSADS interviews were completed with both the primary caretakers about children, and 

with the youth participant about themselves. Questions were included to assess the 

lifetime presence of any NSSI. Specifically, primary caretakers and participants were 

asked whether youth had ever engaged in cutting, biting, burning, carving, pinching, 

pulling hair, severe scratching, banging or hitting self, interfering with wound healing, 
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rubbing skin against a rough surface, sticking self with needles, or swallowing dangerous 

substances. Additionally, primary caretakers and participants were asked whether youth 

had ever engaged in any other self-harm behaviors. There were no cases where a primary 

caretaker endorsed NSSI and a child denied engaging in these behaviors. For cases where 

a participant endorsed NSSI and a primary caretaker denied NSSI engagement, this 

information was discussed with both the participant and the primary caretaker together, 

both in order to reach a consensus, and due to safety and liability concerns for the 

participant. Thirty-one participants were identified as having engaged in one or more 

lifetime incidents of NSSI based on the KSADS.  

Self-Report Measures 

 The Inventory of Statements about Self-Injury (ISAS; Klonsky & Glenn, 2008) is 

a self-report scale that also was administered to assess the lifetime presence of any NSSI. 

Participants were asked to estimate the number of times in their life they had intentionally 

performed each type of non-suicidal self-harm, including cutting, biting, burning, 

carving, pinching, pulling hair, severe scratching, banging or hitting self, interfering with 

wound healing, rubbing skin against a rough surface, sticking self with needles, and 

swallowing dangerous substances. Additionally, they were provided space to write-in an 

additional form of self-injury, and asked to estimate the number of times they had 

engaged in that behavior. Forty-eight participants were identified as having engaged in 

one or more lifetime incidents of NSSI based on the ISAS. Of these, thirty-one were 

identified by the KSADS as having engaged in one or more lifetime incidents of NSSI. 

Seventeen additional participants were identified on the ISAS as having engaged in one 

or more lifetime incidents of NSSI. 
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Additional Clinical Symptoms 

The Children’s Depression Inventory (CDI; Kovacs, 1985) is a 27-item self-report 

measure assessing the cognitive, affective, and behavioral signs of depression in children 

and adolescents. Participants are asked to endorse statements about themselves that vary 

in intensity, and for which scores vary from 1-3. For instance, participants can select “I 

am sad once in awhile,” for a score of 1, “I am sad many times,” for a score of 2, or “I am 

sad all of the time,” for a score of 3, with higher scores constituting higher levels of 

depressive symptoms. The CDI has been used widely to assess depressive symptom 

severity in both clinical and nonclinical samples, and has shown good internal and retest 

reliability. In the current study, internal consistency was strong (a=.90).  

The Early Adolescent Temperament Questionnaire (EATQ; Capaldi & Rothbart, 

1992) is a 103-item self-report measure assessing temperament and self-regulation in 

children and adolescents. The EATQ Aggression Subscale (EATQ-Agg) in particular 

contains 11 items and evaluates experiences of person- and object-directed physical 

violence, direct and indirect verbal aggression, and hostile reactivity. Participants are 

shown statements such as, “I tend to be rude to people I don’t like,” and are asked to 

respond on a 5-point Likert scale, ranging from “Almost always untrue,” to “Almost 

always true.” The EATQ previously has demonstrated good internal consistency (Ellis & 

Rothbart, 2001). In the current study, the EATQ Aggression Subscale a=.773.  

The CDI and the EATQ Aggression Subscale were used as covariates in 

analyses.
1
 

 

1
 The Multidimensional Anxiety Scale for Children (MASC) was also examined as a potential covariate. 

The MASC is a self-report scale assessing anxiety symptoms across physical, social, separation, panic, and 
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Responses to Positive and Negative Outcomes 

The Pleasure Scale for Children (PSC; Kazdin, 1989) is a 39-item self-report 

measure assessing anhedonic responses to rewarding events and activities in school-age 

children. Different hypothetical situations are described (e.g., “You accidentally overhear 

your teacher bragging to the principal about what a terrific student you are”), and 

participants are asked to indicate on a 3-point Likert scale if that activity would make 

them feel “very happy,” “happy,” or if it “wouldn’t matter.” In its original validation 

publication, the PSC demonstrated internal consistency, yielded moderate to high item-

total score correlations, and correlated positively and significantly with other measures of 

pleasurable affect. In the current study, a=.95. The PSC was used as an outcome measure 

of responses to positive outcomes in analyses. 

The EATQ (Capaldi & Rothbart, 1992) Pleasure Sensitivity Subscale (EATQ-

PSS) contains 7 items and assesses pleasure related to activities or stimuli involving low 

intensity, rate, complexity, novelty, and incongruity. Participants are shown statements 

such as “I like to look at the pattern of clouds in the sky,” and are asked to respond on a 

5-point Likert scale, ranging from “Almost always untrue,” to “Almost always true.” In 

the current study, the EATQ Pleasure Sensitivity Subscale a=.82. The EATQ Pleasure 

Sensitivity Subscale was used as an outcome measure of responses to positive outcomes 

in analyses. 

The Behavioral Inhibition System/Behavioral Activation System Scale (BIS/BAS; 

Carver & White, 1994) is a 24-item self-report measure assessing appetitive and aversive 

 

harm avoidance domains. In the current study, a=.916. No differences were found between youth with 

(M=83.19, SD=16.79) and without NSSI (M=79.45, 18.79), t(166)=-1.19, p=.24, so it was not used. 
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motives. The BAS Reward Responsiveness Subscale (BAS-RRS) in particular assesses 

positive response to rewards. Participants are shown statements (e.g., “When I'm doing 

well at something, I love to keep at it”), and asked how much they agree or disagree with 

each, on a 4-point Likert scale ranging from “very true for me” to “very false for me.” 

The BIS/BAS has previously demonstrated both convergent and discriminant validity. In 

the current study, the BAS Reward Responsiveness Subscale a=.76. The BAS Reward 

Responsiveness Subscale was used as an outcome measure of responses to positive 

outcomes in analyses. 

The Anticipatory and Consummatory Interpersonal Pleasure Scale (ACIPS; 

Gooding & Pflum, 2014) is a 17-item self-report scale assessing hedonic capacity for 

social interaction and interpersonal engagement. Participants are shown a list of social 

situations (e.g., “If I heard of a group or club where other kids had similar interests to me, 

I would be interested in joining it”), and are asked to rate how true or false the statement 

is for them on a 4-point Likert scale, ranging from “really false for me” to “really true for 

me.” The ACIPS has previously been found to be highly reliable in terms of internal 

consistency and test-retest stability, and is correlated with other measures of pleasure and 

affect. In the current study, a=.93. The ACIPS was used as an outcome measure of 

responses to positive outcomes in the social domain in analyses. 

The EATQ (Capaldi & Rothbart, 1992) Affiliation Subscale (EATQ-AS) contains 

8 items and assesses desire for warmth and closeness with others, such as friends and 

family members. Participants are shown statements such as “I would like to be able to 

spend time with a good friend every day,” and are asked to respond on a 5-point Likert 

scale, ranging from “Almost always untrue,” to “Almost always true.” In the current 
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study, the EATQ Affiliation Subscale a=.79. The EATQ Affiliation Subscale was used as 

an outcome measure of responses to positive outcomes in the social domain in analyses. 

The Peer Experiences Questionnaire (PEQ; Vernberg et al., 1999)) is an 18-item 

self-report measure assessing bullying behaviors and violence in school-age children. The 

PEQ Victimization Subscale (PEQ-VS) in particular contains 9 items and evaluates peer 

victimization, or the experiences of being a target of aggressive behavior by peers. 

Participants are asked about whether they have experienced a range of targeted bullying 

behaviors, such as, “Another child gossiped about me so that others would not like me,” 

or “A child did not invite me to a party or other social event even though they knew that I 

wanted to go,” and are asked to identify how often they have experienced a behavior: 

“never,” “once or twice,” “a few times,” “about once a week,” or “a few times a week.” 

In the current study, the PEQ Victimization Subscale a=.92. The PEQ Victimization 

Subscale was used as an outcome measure of responses to negative outcomes in the 

social domain in analyses. 

fMRI Tasks 

The Chatroom Interact Task was designed to examine reactions to social rejection 

and acceptance from virtual peers (Silk et al., 2012). During their lab visit, participants 

were shown photographs and fictitious biographical profiles for same-aged virtual peers, 

and asked to choose the top five same-sex peers that they would be interested in 

interacting with online. Participants also provided their own profile and photograph. 

During their scan visit, participants returned to the laboratory and were told that they had 

been matched with two same-sex peers selected from the first visit and that these youth 

were ready to participate in a “chat game” online. During the fMRI assessment, pictures 
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of the peers and participant were projected on the screen two at a time, as the participant 

and virtual peers took turns selecting who they would rather talk to about a series of teen 

interests (e.g., music, friends, school). The task consisted of three experimental blocks, 

each with 15 trials during which a person was chosen or not chosen to discuss each topic, 

and a fourth motor matching control block (total run time 13 min, 30 sec). Each block 

began with an instruction about who would be making choices for that block (agent). The 

photograph of the agent (i.e., the ‘chooser’) was shown at the bottom left corner of the 

screen and the photographs of the other two players were shown next to each other in the 

middle of the screen. For each trial, the question, “Who would you rather talk to about…” 

with the selected topic for that trial (i.e., “music?”) appeared on the screen for 4 seconds. 

For the first block of the task, the participant acted as the ‘chooser.’ For blocks two and 

three, trials were arranged so participants experienced one block in which they were 

chosen on 10 of the 15 trials and another block in which they were rejected on 10 of the 

15 trials. The photo of the person not chosen (i.e., “rejected”) was super-imposed with an 

X and the photo of the person who was accepted was highlighted around the border; this 

feedback was provided for 10 seconds. Finally, a fourth block was used as a motor and 

perceptual control task to control for viewing faces (self and others); a small gray dot 

appeared on one of the faces, and the participant was asked to indicate on which face the 

gray dot appeared. As this task was also used with participants at a later study timepoint, 

debriefing was not conducted with participants. Although implemented in blocks, the task 

was analyzed based on specific events (15 acceptance and 15 rejection trials across the 

task). The order of blocks and trials within blocks were randomized within participants. 

Participant photos were deleted from all computers at the conclusion of each assessment.  
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The Guessing Task (Forbes et al., 2009) has been implemented successfully in 

studies of youth and adults (Forbes et al., 2009; Forbes, Olino, et al., 2010; Forbes, Ryan, 

et al., 2010; Olino et al., 2011, 2014). This event-related task allows the examination of 

both anticipation of reward and response to rewarding outcomes. In the task, participants 

guess whether the value of a card is greater than or less than five. Trial outcomes include 

winning $1, losing 50¢, or no change in earnings (neutral outcomes). The task has 48 

trials and lasts for approximately 9 minutes. The sequence of trial outcomes is 

predetermined, allowing for a similar experience of rewarding outcomes in the same 

order for all participants. Participants were told that the outcomes of trials are the result 

of chance because striatal response to reward occurs in particular to unpredicted reward 

(Koob & Le Moal, 2008). In the current study, analyses focused on responses to 

rewarding (and loss) outcomes.  

Procedure 

Recruitment and Screening 

Participants were recruited with assistance from MSG Inc., a research sampling 

company that provided contact information for houses within a 30-mile radius of Temple 

University. Participants were first contacted via postal mail to make them aware of a 

study for which they may have been eligible to participate. They were provided with the 

option of calling lab staff to indicate interest in participation; if no word was received 

within two weeks of a letter being sent, study staff contacted participants via phone to 

describe the study and identify whether they were interested in participating. Web-based 

recruitment strategies also were used, such as postings on Craigslist, advertisements on 

Facebook, and electronic bulletin boards. Online ads contained instructions for interested 
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parties to call lab staff to receive more information about the study. Finally, for interested 

parties, a phone screen was conducted to assess eligibility for the study. If families were 

eligible to participate, they were invited to complete a baseline in-person lab visit for the 

study. 

Laboratory Visit 

Youth participants completed questionnaire, interview, and behavioral measures 

at the lab visit. Interviewers requested permission to audio record for reliability 

insurance. Confirmation or declination of audio recording also was obtained during the 

consent/assent process. Questionnaires and behavioral tasks were administered on lab 

computers; for questionnaires, fillable pdf forms were used to obtain data. After 

collection of questionnaire, interview, and behavioral task data, youth participants 

completed brief self-report forms and made preferences for the Chatroom fMRI task. For 

this task, we also requested permission to take the participant’s picture during the 

consent/assent process. Finally, participants also received training on tasks administered 

at the fMRI visit, as well as training on remaining still during the scan in a mock scanner.  

Scan Visit 

Before entering the scanner, participants completed an MRI safety screener. Tasks 

were presented using E-prime software (Schneider et al., 2002). Neuroimaging data were 

acquired using wide bore (70cms) 3T Philips Ingenia scanner equipped with Echo Planar 

Imaging (EPI) capability suitable for functional and structural imaging (DTI, DKI, and 

NODDI) with a standard 12-channel head coil located at the Jefferson Hospital Integrated 

Magnetic Resonance Imaging Center. Sessions began with a 10s scout to ensure proper 

head position. Structural 3D axial MPRAGE images were acquired (1mm thick; 
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TR=2200ms; TE=3.29ms; FOV=256x256; Matrix=256x256; Flip Angle=9°; 192 slices). 

BOLD functional images were acquired with a gradient echo planar imaging sequence 

and covered 34 axial slices (3 mm thick) beginning at the cerebral vertex and 

encompassing the entire cerebrum and the majority of the cerebellum (TR/TE=2000/25 

msec, field of view=20 cm, matrix=64×64). Scanning parameters were selected to 

optimize BOLD signal quality while maintaining a sufficient number of slices to acquire 

whole-brain data. Scanning was synchronized to stimulus presentation, and multiple 

images were obtained during the course of a trial. Before the collection of fMRI data for 

each participant, a reference echo planar imaging scan was acquired and visually 

inspected for artifacts (e.g., ghosting) and good signal across the entire volume. Total 

scan time was approximately one and a half hours. During the scan acquisition, tasks 

were administrated in a fixed order, where the Chatroom Interact Task was administered 

prior to the Guessing Task for all participants except for three, due to administrator error. 

Imaging Preprocessing 

Data preprocessing was conducted with Statistical Parametric Mapping Software, 

Version 12 (SPM 12), (Statistical Parametric Mapping Software, Version 12), and was 

facilitated by the functional connectivity toolbox (Whitfield-Gabrieli & Nieto-Castanon, 

2012) using standard procedures. For each scan, images for each participant were 

realigned to the first volume in the time series to correct for head motion. Realigned 

images were spatially normalized into Montreal Neurological Institute stereotactic space 

using a 12-parameter affine model, then smoothed to minimize noise and residual 

difference in gyral anatomy with a Gaussian filter set at 6 mm full width at half-

maximum. Voxel-wise signal intensities were ratio normalized to the whole-brain global 
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mean. A first-level fixed-effect model was constructed for each participant and 

predetermined condition effects at each voxel were calculated using a t-statistic. Analyses 

for responses to negative outcomes focused on contrasts of loss > control for the 

Guessing Task and rejection > control for the Chatroom Interact Task. Analyses for 

responses to positive outcomes focused on contrasts of gain > control for the Guessing 

Task and acceptance > control for the Chatroom Interact Task.  

Description of Regions of Interest (ROIs) 

We examined ROIs based on previous studies investigating neural functioning in 

NSSI. ROIs were defined bilaterally and obtained from the NeuroImaging Tools and 

Resources Collaboratory WFU_PickAtlas Toolbox, version 3.0.3, based on the Talairach 

Daemon database. This approach has previously been utilized in other neuroimaging 

studies in adolescent populations (e.g., Vetter et al., 2017). All realigned images were 

spatially normalized to the Montreal Neurological Institute (MNI) echo-planar imaging 

template in SPM12. ROIs included the ACC, DS, VS, OFC, vlPFC, vmPFC, and insula. 

Mean activation for each ROI was extracted and used in analyses in external statistical 

analysis programs. 

ROI Analyses 

A first-level model was constructed for each participant in which the 

hemodynamic signal was deconvolved using a general linear model. At the second-level 

analysis, first-level voxel-wise t-statistics were generated for each participant to calculate 

the following contrasts: loss > control (Guessing Task) and rejection > control (Chatroom 

Interact Task) for responses to negative outcomes, and gain > control (Guessing Task) 

and acceptance > control (Chatroom Interact Task) for responses to positive outcomes. 
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For second-level analyses, parameter estimates (beta estimates) were extracted from the 

predefined ROIs (ACC, DS, VS, OFC, vlPFC, vmPFC, and insula). The averaged 

parameter value from across the entire ROI then was exported into SPSS for further 

analyses. Specifically, ROI parameter estimates were used as dependent variables in 

linear models evaluating differences between youth with and without NSSI, both 

independently and when controlling for dimensional scores of aggression and depression, 

both individually and simultaneously.
2
 

Exploratory Connectivity Analyses 

Generalized psychophysiological interactions (PPI) analyses examined 

associations between NSSI and whole-brain connectivity for seed ROIs. PPI is used to 

examine context-specific changes in connectivity. This method identifies correlated 

activation between seed regions and other brain regions, and was used previously in the 

other study of reward-related connectivity in NSSI (e.g., Vega et al., 2018). For first-level 

analyses, time courses of activity were extracted from the ROI seed mask and then 

deconvolved from the hemodynamic response function. The seeds were bilateral caudate 

and putamen (DS), mPFC, and insula ROIs, defined by the FSL Harvard-Oxford atlas. 

Time course was entered as a regressor into a GLM analysis, along with regressors for 

each task condition and interaction terms, consisting of the product of the task regressor 

multiplied by the time-series regressor for each condition. This method was selected in 

order to reveal regions that demonstrated activity in sync with the original seed ROI, 

rather than whether there was any activity more generally in these areas. PPI analyses 

 

2 Analyses were run with and without the inclusion of covariates; as the inclusion of covariates did not 
impact the pattern of results, only models containing both aggression and depression covariates are 
presented in the current manuscript. Results of models without covariates or with covariates independently 
are available upon request. 
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were run for responses to negative outcomes using the Guessing Task loss > control 

contrast and the Chatroom Interact Task rejection > control contrast, and for responses to 

positive outcomes using the Guessing Task gain > control contrast and the Chatroom 

Interact Task acceptance > control contrast. PPI connectivity analyses were cluster-level 

family-wise error corrected at p < 0.05 as implemented in the Functional Connectivity 

Toolbox. Whole-brain beta estimates were extracted for each of these clusters. Finally, 

similar to the ROI analyses, these extracted beta estimates were exported into SPSS and 

used as dependent variables in linear models evaluating differences between youth with 

and without NSSI when controlling for dimensional scores of aggression and depression. 

Results presented include covariates. Given that these connectivity analyses were defined 

as exploratory analyses, we did not correct for multiple analyses. 

Self-Report Analyses 

 Youth with and without NSSI were also compared on self-report outcome 

measures, including the PSC, the BAS Reward Responsiveness Subscale, the EATQ-

Pleasure Sensitivity Subscale, the ACIPS, the EATQ-Affiliation Subscale, and the PEQ 

Victimization Subscale. Each measure was used as a dependent variable in linear models 

evaluating differences between youth with and without NSSI, both independently and 

when controlling for dimensional scores of aggression and depression.
3
 

RESULTS 

 

Prior to analyses, data were inspected to ensure the satisfaction of all statistical 

assumptions. For ANOVA analyses, assumptions included normal distributions of 

 

3 As described for the ROI analyses, analyses were run with and without the inclusion of covariates; as the 
inclusion of covariates did not impact the pattern of results, only models containing both aggression and 
depression covariates are presented in the current manuscript. Results of models without covariates or with 
covariates independently are available upon request. 
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residuals, homogeneity of variances, and homoscedasticity. For ANCOVA analyses, 

additional assumptions included homogeneity of regression slopes. Results were FDR-

corrected for multiple comparisons, to control for the number of Type I errors. Outcome 

families were defined in order to limit the number of comparisons. Specifically, one 

group included functional and self-report analyses examining responses to negative 

outcomes, or ROI activation for responses to monetary losses, ROI activation for 

responses to social rejection, and self-report scores on the PEQ-Victimization subscale. 

The second group included functional and self-report analyses examining responses to 

positive outcomes, or ROI activation for responses to monetary gains, ROI activation for 

responses to social acceptance, and self-report scores on the PSC, the BAS-RRS, the 

EATQ-PSS, the ACIPS, and the EATQ-AS. As connectivity analyses were considered 

exploratory, we did not include these as outcome families.  

Demographic and clinical characteristics of the sample are presented in Table 1. 

We estimated independent t-tests and chi-square tests to examine whether there were any 

differences between demographic characteristics and presence of NSSI between the 

individuals included in analyses and the larger sample. As individuals in the larger 

sample were excluded due to missing self-report data, we did not compare groups on 

symptom measures, or on outcome measures. Results from t-tests revealed participants 

included in analyses did not differ from the larger sample on age at the lab visit, 

t(230)=.63, p=.53, age at the scan visit, t(180)=.63, p=.53, or on time between the lab 

visit and the scan visit, t(177)=-1.97, p=.06. Participants with and without usable imaging 

data also did not differ on sex assigned at birth χ
2
(1)=2.01, p=.16, race, χ

2
(4)=3.43, p=.49, 

ethnicity χ
2
(1)=2.95, p=.09, or NSSI status, χ

2
(1)=.71, p=.40. 
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Table 1. Demographic and clinical characteristics. 

 No NSSI  NSSI  

Age at Lab Visit, years M (SD) 11.01 (1.48) 11.03 (1.49) 

Age at Scan Visit, years M (SD) 11.32 (1.45) 11.53 (1.54) 

Time Between Lab Visit and Scan Visit, 

months M (SD)  

4.50 (2.42) 5.10 (2.65) 

Female 58.3% 54.1% 

Race   

  White 44.6% 50.0% 

Black 39.9% 36.7% 

Asian 0.6% 0.0% 

 Multiracial 13.7% 6.7% 

   Other 1.2% 6.7% 

Ethnicity   

Hispanic 11.3% 10.0% 

Covariates   

CDI M (SD) 32.59 (6.42)** 36.17 (7.91)** 

EATQ-Agg M (SD) 12.18 (6.11)*** 17.03 (8.03)*** 

Outcomes   

PEQ-VS M (SD) 12.54 (5.20) 13.15 (6.50) 

BAS-RRS M (SD) 17.03 (2.87) 17.11 (2.31) 

PSC M (SD) 14.54 (6.22) 15.09 (6.32) 

EATQ-PSS M (SD) 88.21 (16.82) 88.59 (15.04) 

ACIPS M (SD) 57.21 (10.84) 56.62 (8.44) 

EATQ-AS M (SD) 19.20 (6.27) 19.35 (5.40) 

CDI=Children’s Depression Inventory. EATQ-Agg=Early Adolescent Temperament 

Questionnaire, Aggression Subscale. PEQ-VS=Peer Experiences Questionnaire, 

Victimization Subscale. BAS-RRS=Behavioral Activation Scale, Reward Responsiveness 

Subscale. PSC=Pleasure Scale for Children. EATQ-PSS=Early Adolescent Temperament 

Questionnaire (EATQ) Pleasure Sensitivity Subscale. ACIPS=Anticipatory and 

Consummatory Interpersonal Pleasure Scale. EATQ-AS=EATQ, Affiliation Subscale.  

*Significant differences between groups at p<.05 **Significant differences between 

groups at p<.01 ***Significant differences between groups at p<.001. 
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We also estimated independent t-tests and chi-square tests to examine whether 

there were any differences between these demographic and clinical characteristics 

between individuals with usable imaging data and those included in self-report analyses 

but excluded from imaging analyses due to have non-interpretable brain data, as 

described above. Results from t-tests revealed that participants included in imaging 

analyses did not differ from those excluded from imaging analyses on age at the lab visit, 

t(169)=-1.71, p=.09, or on symptom measures: CDI t(167)=-.07, p=.95, and EATQ 

Aggression Subscale t(146)=-.14, p=.89. Participants included in imaging analyses also 

did not differ from participants excluded from imaging analyses on outcome measures: 

PSC t(151)=-.55, p=.59, BAS Reward Responsiveness t(169)=-1.21, p=.23, EATQ 

Pleasure Sensitivity Subscale t(144)=-.33, p=.74, ACIPS t(139)=-.95, p=.35, and PEQ 

Victimization Subscale t(140)=-.23, p=.82. Finally, participants included in imaging 

analyses also did not differ from participants excluded from imaging analyses on sex 

assigned at birth χ
2
(1)=2.57, p=.11, race, χ

2
(3)=6.32, p=.10, ethnicity χ

2
(1)=1.54, p=.22, , 

or NSSI status, χ
2
(1)=2.62, p=.11. 

Finally, we estimated independent t-tests and chi-square tests within the NSSI 

group to examine whether there were any differences between these demographic and 

clinical characteristics between individuals based on whether they were identified by the 

KSADS and ISAS (N=31), or identified solely by the ISAS (N=17). Results from t-tests 

revealed that participants identified by the KSADS did not differ from those identified 

from the ISAS on age at the lab visit, t(46)=.051, p=.62, age at the scan visit, t(43)=.87, 

p=.60, or on time between the lab visit and the scan visit, t(43)=-1.06, p=.30. 

Additionally, participants identified by the KSADS did not differ from those identified 
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from the ISAS on symptom measures: CDI t(45)=-1.48, p=.15 and EATQ Aggression 

Subscale t(41)=1.11, p=.27. Participants identified by the KSADS also did not differ 

from those identified from the ISAS on age at the lab visit on outcome measures: PSC 

t(42)=.83, p=.41, BAS Reward Responsiveness t(46)=.66, p=.51, EATQ Pleasure 

Sensitivity Subscale t(41)=-.03, p=.98, ACIPS t(39)=-.04, p=.97, and PEQ Victimization 

Subscale t(38)=-.88, p=.39. Finally, participants identified by the KSADS did not differ 

from those identified from the ISAS on sex assigned at birth χ
2
(1)=.00, p=.96, race, 

χ
2
(3)=1.67, p=.64, or ethnicity χ

2
(1)=1.68, p=.20. Given that there were no significant 

differences between these features based on method of identification, we included 

participants within our NSSI group who had endorsed NSSI on both the KSADS and 

ISAS, and those who had endorsed NSSI solely on the ISAS. Within our NSSI group, the 

average number of NSSI events was 60.08 (SD=417.64; Range: 1-5000), and individuals 

did not differ in average number of NSSI events based on method of identification, 

t(46)=1.77, p=.10. Additionally, the average number of NSSI methods was 2.2 (SD=1.96; 

Range: 1-9). Additional related information on NSSI frequency and methods from both 

the KSADS and the ISAS can be found in Table 2. 

Results of ROI Analyses  

 

Responses to Negative Outcomes 

 

 Figure 1 displays ROI maps utilized within the current study. Linear models 

examined differences between youth with and without NSSI on neural responses to 

negative outcomes. Results showed there were no significant differences between youth 

with and without NSSI on neural responses to monetary losses in any ROIs (Table 3), 

while controlling for aggression and depression. Additionally, results also showed there 
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were no significant differences between youth with and without NSSI on neural 

responses to social rejection in any ROIs (Table 3), while controlling for aggression and 

depression. 

Responses to Positive Outcomes 

 

 Linear models examined differences between youth with and without NSSI on 

neural responses to positive outcomes. Results showed there were significant differences 

between youth with and without NSSI on neural responses to monetary gains in all ROIs 

(Table 3), while controlling for aggression and depression, such that youths with NSSI 

displayed significantly less neural activation following monetary gains than youth 

without NSSI. Results also showed there were no significant differences between youth 

with and without NSSI on neural responses to social acceptance in any ROIs (Table 3), 

while controlling for aggression and depression.  

Figure 1. Region of Interest (ROI) maps.  

 

A. Anterior Cingulate Cortex ROI; B. Dorsal Striatum ROI; C. Ventral Striatum ROI; D. 

Orbitofrontal Cortex ROI; E. Ventrolateral prefrontal cortex ROI; F. Ventromedial 

prefrontal cortex ROI; G. Insula ROI. 
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Table 2. NSSI frequency and methods by KSADS vs. ISAS.  
 
Method Endorsed 

on KSADS 
Endorsed on  

ISAS 
Number Endorsed 
Across Measures 

Number of NSSI Events 
M (SD)  

Range of Events 
[min, max] 

Cutting 21 21 21 3.96 (1.66) [1, 5] 
Severe Scratching 6 13 13 27.15 (35.83) [2, 104] 
Banging or Hitting 14 18 18 36.52 (108.95) [1, 500] 
Biting 2 11 11 85.85 (275.03) [1, 1000] 
Burning 1 1 1 1 (n/a) --- 
Interfering with Wound Healing 1 18 18 43.90 (54.30) [2, 200] 
Carving 0 0 0 --- --- 
Rubbing Skin Against Rough Surface 0 6 6 54.00 (120.59) [1, 300] 
Pinching 5 16 16 17.45 (54.97) [1, 250] 
Sticking Self with Sharp Objects 0 3 3 1 (0) --- 
Hair Pulling 2 14 14 20.07 (34.67) [1, 100] 
Swallow Dangerous Substances 0 2 2 1.33 (.58) [1, 2] 
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Table 3. Neural responses to negative and positive outcomes. 
 
  Responses to Negative Outcomes Responses to Positive Outcomes 
  Monetary Losses Social Rejection Monetary Gains Social Acceptance 
  B (SE) pr B (SE) pr B (SE) pr B (SE) pr 

ACC 
NSSI -.09 (.41) -.03 -.34 (.28) -.14 -1.31 (.47)** -.33 -.01 (.27) -.01 
Aggression -.02 (.03) -.03 .04 (.02) .22 -.01 (.03) -.03 .04 (.02) .23* 
Depression -.01 (.03) -.03 -.02 (.02) -.13 .02 (.03) .09 -.02 (.02) -.12 

DS 
NSSI -.24 (.38) -.08 -.21 (.25) -.09 -1.17 (.44)** -.31 .12 (.25) .05 
Aggression .00 (.03) .01 .03 (.02) .20 .01 (.03) .03 .03 (.02) .17 
Depression .00 (.03) -.01 -.02 (.02) -.11 .04 (.03) .15 -.02 (.02) -.12 

VS 
NSSI -.05 (.37) -.02 -.23 (.26) -.10 -1.60 (.52)** -.36 .10 (.24) .05 
Aggression .00 (.03) .00 .02 (.02) .12 -.02 (.04) -.08 .02 (.02) .14 
Depression .01 (.03) .02 -.02 (.02) -.12 .08 (.04) .26* -.02 (.02) -.15 

OFC 
NSSI .20 (.42) .06 -.46 (.26) -.19 -1.59 (.49)** -.38 -.08 (.25) -.03 
Aggression -.01 (.03) -.05 .02 (.02) .14 .00 (.04) .01 .02 (.02) .15 
Depression -.02 (.03) -.08 -.02 (.02) -.14 .03 (.03) .12 -.03 (.02) -.17 

vlPFC 
NSSI .06 (.40) .02 -.29 (.23) -.14 -1.45 (.47)** -.36 .07 (.23) .03 
Aggression -.01 (.03) -.05 .02 (.02) .13 -.01 (.03) -.05 .02 (.02) .11 
Depression -.01 (.03) -.06 -.02 (.02) -.14 .03 (.03) .11 -.02 (.02) -.17 

vmPFC 
NSSI .05 (.44) .01 -.31 (.29) -.12 -1.23 (.50)* -.29 -.02 (.29) -.01 
Aggression -.02 (.03) -.09 .04 (.02) .21 .01 (.04) .02 .04 (.02) .24 
Depression -.01 (.03) -.03 -.02 (.02) -.10 .03 (.03) .09 -.02 (.02) -.10 

Insula 
NSSI -.30 (.36) -.10 -.16 (.23) -.08 -1.30 (.47)** -.32 .16 (.23) .08 
Aggression -.01 (.03) -.04 .04 (.02) .27 -.01 (.03) -.05 .03 (.02) .22 
Depression -.01 (.02) -.04 -.01 (.02) -.09 .03 (.03) .13 -.01 (.02) -.10 

ACC=Anterior Cingulate Cortex. DS=Dorsal Striatum. VS=ventral striatum. OFC=orbitofrontal cortex. vlPFC=ventrolateral 
prefrontal cortex. vmPFC=ventromedial prefrontal cortex.  
*Significant differences between groups at pFDR-corrected < .05 **Significant differences between groups at pFDR-corrected < .01 
***Significant differences between groups at pFDR-corrected < .001. 
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Results of Exploratory Connectivity Analyses 

Whole-brain analyses (Table 4) and follow-up linear models (Tables 5-8, 

Supplemental Tables 1 and 2) examined differences in connectivity during responses to 

negative outcomes between youth with and without NSSI, controlling for dimensional 

scores of aggression and depression. When considering responses to negative outcomes, 

for loss > control (Table 5), whole-brain analyses showed significant differences in 

connectivity between the DS and the vmPFC, insula, and parietal operculum cortex. 

Figure 2 displays significant voxels for the DS seed for loss > control. Specifically, for 

connectivity between the DS and vmPFC, youth with NSSI displayed weaker negative 

connectivity than youth without NSSI. For connectivity between the DS and insula, youth 

with NSSI displayed weaker positive connectivity than youth without NSSI. Finally, for 

connectivity between the DS and the parietal operculum cortex, youth with NSSI 

displayed negative connectivity, whereas youth without NSSI displayed positive 

connectivity, between these regions. Linear models found significant differences in 

connectivity between the DS and the vmPFC and parietal operculum cortex, but not 

between the DS and the insula. Notably, differences were significant when controlling for 

depressive symptoms independently, and when controlling for both aggression and 

depression concurrently, but not when controlling for aggressive symptoms 

independently (see Supplemental Table 1). Additionally, whole-brain analyses showed 

significant differences in connectivity between the insula and the supramarginal gyrus, 

whereby youth with NSSI displayed weaker negative connectivity than youth without 

NSSI. However, follow-up linear models failed to show robust group differences with or 
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without inclusion of covariates. Finally, there were no significant differences in 

connectivity between groups using the mPFC seed for loss > control.  

Finally, for rejection > control (Table 6), whole-brain analyses showed significant 

differences in connectivity between the DS and the cerebellum, whereby youth with 

NSSI displayed weaker positive connectivity than youth without NSSI. Additionally, 

whole-brain analyses showed significant differences in connectivity between the mPFC 

and the central opercular cortex, whereby youth with NSSI displayed weaker negative 

connectivity than youth without NSSI. Follow-up linear models failed to show robust 

group differences with or without inclusion of covariates for both of these seed regions 

(Supplemental Table 1). Finally, there were no significant differences in connectivity 

between groups using the insula seed for rejection > control. 

When considering responses to positive outcomes, for gain > control (Table 7), 

whole-brain analyses showed significant differences in connectivity between the DS and 

the parietal operculum cortex. Figure 3 displays significant voxels for the DS seed for 

gain > control. Specifically, youth with NSSI displayed negative connectivity, whereas 

youth without NSSI displayed positive connectivity, between the DS and the parietal 

operculum cortex. Additionally, whole-brain analyses showed significant differences in 

connectivity between the insula and the vmPFC, whereby youth with NSSI displayed 

weaker positive connectivity than youth without NSSI. Linear models found significant 

differences in connectivity between the DS and parietal operculum cortex, but not 

between the insula and vmPFC. Differences between groups for connectivity between the 

DS and parietal operculum cortex were significant when controlling for aggressive 

symptoms independently, when controlling for depressive symptoms independently, and 
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when controlling for both aggression and depression concurrently, but not when 

controlling for aggressive symptoms independently (Supplemental Table 2). Finally, 

there were no significant differences in connectivity between groups using the mPFC 

seed for gain > control. 

Finally, for acceptance > control (Table 8), whole-brain analyses showed 

significant differences in connectivity between the mPFC and the parietal operculum 

cortex, whereby youth with NSSI displayed stronger negative connectivity than youth 

without NSSI. Additionally, whole-brain analyses showed significant differences in 

connectivity between the insula and the DS, whereby youth with NSSI displayed weaker 

negative connectivity than youth without NSSI. Follow-up linear models failed to show 

robust group differences with or without inclusion of covariates for both of the seed 

regions (Supplemental Table 2). Finally, there were no significant differences in 

connectivity between groups using the DS seed for acceptance > control. 

Results of Self-Report Analyses 

 Linear models examined differences between youth with and without NSSI, 

without and with covariates, on experiences of peer victimization, pleasure sensitivity, 

and social affiliation, with and without controlling for dimensional scores of aggression 

and depression. Results found no differences between groups on experiences on any of 

the self-report measures. Results of linear models for responses to negative and positive 

outcomes can be found in Table 9. 
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Table 4. Whole-brain connectivity results. 
 

Seed Cluster Location Cluster Size Coordinates Statistic NSSI  No NSSI 
  kE x y z Z M (SD) M (SD) 

Monetary Loss 

DS Seed 
vmPFC 112 +24 +57 +12 4.47 -.27 (.81) -.78 (1.16) 
Insula 61 -27 -12 +06 4.29 .35 (.79) .62 (1.04) 
Parietal Operculum Cortex 55 -39 -39 +18 3.90 -.52 (1.09) .58 (.99) 

mPFC Seed n.s. --- --- --- --- --- --- --- 
Insula Seed Supramarginal Gyrus 41 -60 -33 +42 4.00 -.37 (1.19) -.94 (1.72) 

Social Rejection 
DS Seed Cerebellum 77 +06 -84 -42 4.34 .21 (.57) .39 (.65) 

mPFC Seed Central Opercular Cortex 102 -57 -21 +15 5.12 -.12 (.37) -.17 (.31) 
Insula Seed n.s. --- --- --- --- --- --- --- 

Monetary Gain 
DS Seed Parietal Operculum Cortex 51 +51 -21 +24 4.5 -.38 (.85) .65 (1.11) 

mPFC Seed n.s. --- --- --- --- --- --- --- 
Insula Seed vmPFC 52 -24 +69 -06 3.92 .92 (2.32) 1.54 (2.99) 

Social Acceptance 
DS Seed n.s. --- --- --- --- --- --- --- 

mPFC Seed Parietal Operculum Cortex 283 -51 -36 +15 4.63 -.14 (.28) -.13 (.23) 
Insula Seed DS 53 -03 +03 +06 4.88 -.24 (.51) -.28 (.55) 

DS=Dorsal Striatal; mPFC=Medial Prefrontal Cortex; vmPFC=Ventromedial Prefrontal Cortex.  
Voxel threshold p-uncorrected at p < .001. Cluster threshold cluster-size p-FWE corrected at p < .05. 
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Table 5. Connectivity results for responses to negative outcomes: monetary loss. 
 

Seed Region – Target   B (SE) pr 
 NSSI .52 (.25)* .25 

DS Seed – vmPFC Aggression .03 (.02) .16 
 Depression -.03 (.02) -.19 
 NSSI -.22 (.24) -.11 

DS Seed – Insula Aggression .05 (.02)* .31 
 Depression .02 (.02) .12 
 NSSI -.94 (.27)*** -.40 

DS Seed – POC Aggression .01 (.02) .07 
 Depression .00 (.02) .00 

Insula Seed – 
Supramarginal Gyrus 

NSSI .42 (.37) .14 
Aggression .05 (.03) .20 
Depression -.01 (.02) -.07 

DS=Dorsal Striatum; vmPFC=Ventromedial Prefrontal Cortex; POC=Parietal 
Operculum Cortex. 
*Significant differences between groups at puncorrected < .05 **Significant differences 
between groups at puncorrected < .01 ***Significant differences between groups at puncorrected 
< .001. 
 
 
Table 6. Connectivity results for responses to negative outcomes: social rejection. 
 

Seed Region – Target   B (SE) pr 
 NSSI -.07 (.16) -.05 

DS Seed – Cerebellum Aggression -.01 (.01) -.14 
 Depression .00 (.01) -.03 
 NSSI .01 (.09) .02 

mPFC Seed – COC Aggression -.01 (.01) -.10 
 Depression .00 (.01) -.02 

DS=Dorsal Striatum; mPFC=Medial Prefrontal Cortex; COC=Central Opercular 
Cortex.  
*Significant differences between groups at puncorrected < .05 **Significant differences 
between groups at puncorrected < .01 ***Significant differences between groups at puncorrected 
< .001.
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Table 7. Connectivity results for responses to positive outcomes: monetary gains. 
 

Seed Region – Target   B (SE) pr 
 NSSI -1.20 (.26)*** -.49 

DS Seed – POC Aggression -.04 (.02) -.23 
 Depression .00 (.02) .03 
 NSSI -.56 (.75) -.09 

Insula Seed – vmPFC Aggression .00 (.06) .01 
 Depression -.03 (.05) -.08 

DS=Dorsal Striatum; POC=Parietal Operculum Cortex; vmPFC=Ventromedial 
Prefrontal Cortex.  
*Significant differences between groups at puncorrected < .05 **Significant differences 
between groups at puncorrected < .01 ***Significant differences between groups at puncorrected 
< .001. 
 
 
Table 8. Connectivity results for responses to positive outcomes: social acceptance. 
 

Seed Region – Target   B (SE) pr 
 NSSI -.05 (.13) -.04 

Insula Seed – DS Aggression .00 (.01) .00 
 Depression .00 (.01) -.02 
 NSSI -.06 (.06) -.10 

mPFC Seed – POC Aggression .00 (.00) .12 
 Depression .00 (.00) -.02 

DS=Dorsal Striatum; mPFC=Medial Prefrontal Cortex; POC=Parietal Operculum 
Cortex.  
*Significant differences between groups at puncorrected < .05 **Significant differences 
between groups at puncorrected < .01 ***Significant differences between groups at puncorrected 
< .001. 
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Figure 2. Whole brain depiction showing significant clusters for connectivity with the DS seed for negative outcomes, loss > control. 
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Figure 3. Whole brain depiction showing significant clusters for connectivity with the DS seed for positive outcomes, gain > control. 
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Table 9. Self-report responses to negative and positive outcomes. 
 

 PEQ-VS BAS-RRS PSC EATQ-PSS ACIPS EATQ-AS 
 B (SE) pr B (SE) pr B (SE) pr B (SE) pr B (SE) pr B (SE) pr 
NSSI -1.12 

(1.00) 
-.10 .25 

 (.53) 
.04 2.17  

(3.10) 
.06 .72 

(1.21) 
.05 .96 

(1.75) 
.05 .34 

(1.15) 
.03 

Aggression .18  
(.06) 

.24 .06  
(.03) 

.14 .13  
(.20) 

.06 .09  
(.08) 

.10 -.04 
(.11) 

-.03 .10  
(.07) 

.11 

Depression .29  
(.06) 

.39 -.10 
(.03) 

-.25 -.57  
(.19) 

-.25 -.17 
(.07) 

-.19 -.53 
(.11) 

-.40 -.19 
(.07) 

-.23 

 
PEQ-VS=Peer Experiences Questionnaire, Victimization Subscale. BAS-RRS=Behavioral Activation Scale, Reward 
Responsiveness Subscale. PSC=Pleasure Scale for Children. EATQ-PSS=Early Adolescent Temperament Questionnaire 
(EATQ) Pleasure Sensitivity Subscale. ACIPS=Anticipatory and Consummatory Interpersonal Pleasure Scale. EATQ-
AS=EATQ, Affiliation Subscale.  
*Significant differences between groups at pFDR-corrected < .05 **Significant differences between groups at pFDR-corrected < .01 
***Significant differences between groups at pFDR-corrected < .001.
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DISCUSSION 
 

The current study examined associations between NSSI engagement and 

responses to negative and positive outcomes in youth with and without lifetime 

engagement in NSSI. Results suggested that NSSI was associated with decreased 

activation following monetary gains in ROIs including the ACC, DS, VS, OFC, vlPFC, 

vmPFC, and insula. These differences remained significant when controlling for related 

psychopathology, or symptoms of aggression and symptoms of depression. Notably, 

although significant differences were found following monetary gains, there were not 

significant group differences in activation following monetary losses, or following social 

acceptance or social rejection. Additionally, no significant differences were found 

between youth with and without NSSI on self-report measures of experiences of peer 

victimization, pleasure sensitivity, or affiliation. Finally, exploratory analyses of 

connectivity found that NSSI was associated with differential connectivity between 

regions including the DS, vmPFC, insula, parietal operculum cortex, supramarginal 

gyrus, cerebellum, and central opercular cortex. For example, youth with NSSI 

displayed weaker negative connectivity compared to youth without NSSI between the 

dorsal striatum and vmPFC following monetary losses, and youth with NSSI displayed 

negative connectivity, whereas youth without NSSI displayed positive connectivity, 

between the dorsal striatum and the parietal operculum cortex following both monetary 

losses and gains. Differences in connectivity generally remained significant when 

including covariates. Thus, these results suggest that individuals who engage in NSSI 

display decreased neural responses to monetary rewards, as well as disrupted connectivity 

between frontal, reward, and emotion-related regions of the brain. 
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Although we originally hypothesized that NSSI would be associated with 

heightened reactivity to monetary gains in reward-relevant ROIs, findings indicate that 

NSSI was associated with decreased activation following monetary gains in reward-

relevant ROIs. Our hypotheses were informed by limited extant studies of NSSI and 

reward processing, and it is important to note that these previous studies examined 

alternate stages of reward processing, or used alternate types of reward, compared to the 

current study. For instance, Sauder et al. (2016) found that NSSI was associated with 

decreased activation during reward anticipation in the putamen, OFC, and amygdala. 

Additionally, using an event-related monetary gambling task, Vega et al. (2018) found 

that NSSI was associated with heightened activation in the OFC during monetary receipt. 

However, this finding only was significant when examining “boost trials” or unexpected 

monetary receipt, or for trials where participants were rewarded with a greater sum of 

money than they previously expected, otherwise known as reward prediction error. No 

differences were found in activation for expected rewards. Thus, it is possible that our 

findings differed from these previous studies due to our examination of responses to 

expected rewards, rather than reward anticipation or receipt of unexpected rewards. 

Our findings of decreased activation following monetary gains in NSSI in reward-

related regions, including the ACC, DS, VS, OFC, vlPFC, vmPFC, and insula, parallel 

findings of hyporesponsivity to rewards in both aggression and depression. However, our 

findings extend beyond these symptoms, suggesting that these differences in activation 

following positive outcomes are indeed specific to NSSI. Notably, this decreased 

activation within reward-related regions would suggest compromised reward processes in 

these individuals, such as reward valuation or learning, which could contribute to NSSI in 
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several potential ways. First, it is possible that that this hyposensitivity to rewards leads 

individuals to engage in behaviors such as NSSI, or other “risky” behaviors (e.g., 

alcohol or substance use) to upregulate their reward circuitry in pursuit of eliciting 

hedonic responses. However, it is also possible that individuals with NSSI may have 

disrupted reward processing, and so may experience or interpret situations such as pain as 

more salient or rewarding. Although our data did not necessarily test this question, other 

studies have indeed examined this. Specifically, Osuch et al. (2014) found that although 

young adults with NSSI and control participants reported equivalent levels of pain in 

response to cold stimuli, young adults with NSSI reported greater relief following the 

painful stimuli. Further, within the NSSI group, relief after self-afflicted cold stimuli was 

positively related to BOLD signal within the dorsal striatum. Thus, further work 

examining associations between pain and reward processing in individuals with NSSI is 

warranted, to better understand this phenomenon. 

 Our results did not find significant differences in activation between groups 

following monetary losses. This result was in line with the one previous study that had 

examined neural markers of monetary loss anticipation, which did not find group 

differences between individuals with and without NSSI in the OFC, striatum, or 

amygdala (Sauder et al., 2016). Results also did not find differences in activation 

following social acceptance or social rejection, which was somewhat surprising given the 

extant literature. Groschwitz et al. (2016) found that adolescents with NSSI showed 

increased activation in the mPFC and vlPFC during exclusion versus inclusion trials, and 

Brown et al. (2017) found that NSSI was associated with increased activation in the ACC 

during social exclusion, increased activation in the dlPFC, dmPFC, and insula during 
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social inclusion, and increased activation in the putamen during social exclusion versus 

inclusion. Our lack of significant findings for neural responses to negative and positive 

social outcomes could potentially be due to the young age of our sample. Specifically, 

adolescence is the developmental period during which social processes involving peer 

acceptance, rejection and self-perception become key, attributed to the rapid brain 

changes in cortico-striatal networks underlying social reward and threat (Crone & Dahl, 

2012; Peper & Dahl, 2013; Steinberg & Morris, 2001). During adolescence, youth have 

been shown to experience “social reorienting,” whereby they begin to value the opinions 

of their peers over those of their family members (Larson & Richards, 1991; Larson et 

al., 1996). The mean age of our sample at the time of the scan was about 11; therefore, it 

is possible that our participants had not experienced this social reorienting yet, and thus, 

responses to negative and positive social outcomes were less pronounced.  

Notably, there were null findings for differences between youth with and without 

NSSI on self-report measures of experiences of peer victimization, pleasure sensitivity, 

and social affiliation. This suggests that although youth with NSSI display differential 

neural responses to positive outcomes, these differences are not seen when utilizing 

alternate methods, such as self-report scales. Although it is possible that the neural 

differences seen between youth with and without NSSI may not be affecting their 

behavior, as reflected by their self-reports, another possible explanation is that youth with 

NSSI are biased in their responses on these self-report measures. This discrepancy 

between neural and self-report data highlights the importance of utilizing multiple 

methods rather than a single method, and emphasizes the need for more objective 
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markers of behavior and biology in the examination of the mechanisms or processes 

involved in these altered responses to outcomes in NSSI.  

 Finally, our exploratory connectivity analyses found differential connectivity 

between groups following monetary losses and monetary gains between regions including 

the DS, vmPFC, insula, parietal operculum cortex, and supramarginal gyrus. The DS 

plays a role in the processes required for habitual learning (Zeighami & Moustafa, 2015), 

the vmPFC has been implicated in regulating emotional responses to situations (Hiser & 

Koenigs, 2018), and the insula is involved in emotion processing and arousal (Hanlon et 

al., 2016). Weakened connectivity between these regions could suggest deficits in 

inhibitory control of emotions in individuals with NSSI. Additionally, the parietal 

operculum cortex previously has been implicated in pain perception in humans (Frot & 

Mauguière, 2003; Horing et al., 2019). Notably, youth with NSSI displayed negative 

connectivity, whereas youth without NSSI displayed positive connectivity, between the 

DS and the parietal operculum cortex. This finding may further suggest dysfunction in 

pain processing in individuals with NSSI, whereby these individuals experience pain as 

less salient than individuals without NSSI. Finally, the supramarginal gyrus also plays a 

role in emotional processes (Kropf et al., 2019); thus, weakened negative connectivity 

between the insula and supramarginal gyrus in NSSI would further suggest that disrupted 

emotional processing may be present in individuals who are engaging in NSSI. 

Importantly, findings between the DS and vmPFC and the DS and parietal operculum 

cortex largely remained significant when controlling for symptoms of both aggression 

and depression, suggesting that these differences are indeed specific to NSSI rather than 

attributable to related symptoms of aggression or depression more generally.  
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 Exploratory connectivity analyses also found differential connectivity between 

groups following social rejection and social acceptance between regions including the 

DS, the cerebellum, the mPFC, the central opercular cortex, the parietal operculum 

cortex, and the insula. Although the cerebellum is primarily known for being responsible 

for coordinating voluntary movements and motor skills, such as balance, coordination, 

and posture (Koziol et al., 2014), more recent work has discovered that the cerebellum 

also plays a key role in the experience and regulation of emotional states in relation to 

motor, cognitive, and social behaviors (Adamaszek et al., 2017). Additionally, the central 

opercular cortex covers the upper part of the insular lobe and is thought to play a role in 

thermosensory and nociceptive processes (Peyron & Fauchon, 2019). Findings of 

disrupted connectivity suggests further dysregulation in regulatory processes of emotions 

and pain; however, follow-up linear models failed to show robust group differences with 

the inclusion of covariates. Thus, these results should be interpreted with caution, as 

findings may be attributable to related symptoms rather than due to the presence of NSSI 

specifically.  

 There were several notable limitations to this work. One significant limitation of 

the current study is that the NSSI group was heterogeneous based on both chronicity and 

severity of NSSI. Specifically, in the current study, we defined NSSI engagement as a 

dichotomous variable, whereby one or more lifetime NSSI events constituted inclusion in 

the “NSSI group.” Therefore, it is likely that the NSSI group in the current study was 

comprised of both “chronic” NSSI youth, who began engaging in these behaviors 

habitually from a young age, as well as more “experimental” NSSI youth, who engaged 

in these behaviors one to a few times, but may not continue to engage in NSSI in the 
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future. Additionally, the sample was heterogeneous with respect to additional features of 

NSSI that might suggest increased “severity” of these behaviors, such as number of NSSI 

methods or frequency of NSSI (Ammerman et al., 2019). This heterogeneity in NSSI may 

have impacted our findings; for instance, some effects may have been seen if more 

stringent inclusion criteria had been applied to determine the NSSI group, as has been 

done in previous studies, such as in Dahlgren et al. (2018), where membership in the 

NSSI group was constituted by “current skin-cutting behaviors and more than 10 lifetime 

episodes.” Future work therefore could utilize more stringent inclusion criteria, via 

examination of these features in a clinical sample, rather than in a community sample, or 

could even examine associations between NSSI and responses to negative and positive 

outcomes using a continuous measure of NSSI, such as the number of NSSI methods 

used or the number of NSSI occurrences. 

Additionally, although the current project examined NSSI nearer to the onset or 

emergence of NSSI than in previous studies (particularly imaging studies), and so was 

less limited by retrospective reporting biases, this study still examined differential 

responses to negative and positive outcomes following NSSI onset. As such, it remains 

unknown whether these differences in functional activation and connectivity exist prior to 

engagement in NSSI, or emerge following the initiation of these behaviors. Examination 

of prospective associations between neural function, connectivity, and NSSI has the 

ability to inform prevention efforts for NSSI. As such, future work could utilize study 

designs allowing for the examination of these prospective associations in youth. 

Finally, the current study did not counter-balance the presentation of tasks 

between subjects during imaging acquisition; thus, the Chatroom Interact Task was 
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presented first to all participants (excluding three participants, for whom the Guessing 

Task was presented first, due to administrator error). This could have contributed to a 

reward-framing effect (Yu & Zhang, 2014). As such, future studies utilizing multiple 

reward tasks should counter-balance and randomize task presentation based on reward 

domain (monetary vs. social), in order to prevent such potential reward framing effects.  

Despite these limitations, the current study also extends the extant literature in a 

number of important ways. First, this study examined associations between NSSI and 

responses to both negative and positive outcomes across domains of reward. This allowed 

for the examination of whether NSSI involves altered responses to these outcomes 

globally, or is limited to specific domains or valence of outcome. Results found that 

altered responses to negative and positive outcomes were present for monetary losses 

(connectivity) and monetary gains (functional; connectivity), but not for social rejection 

or social acceptance. This domain-specificity for responses to negative and positive 

outcomes in the current sample suggests that future work examining similarly-aged youth 

may benefit from use of monetary reward tasks rather than social reward tasks, in order to 

most effectively elicit effects.  

Further, previous imaging studies of NSSI predominantly have studied NSSI in 

the presence of comorbid psychopathology (Brown et al., 2017; Vega et al., 2018; 

Groschwitz et al., 2016). Few studies have examined associations between NSSI and 

neural functioning regardless of comorbid categorical diagnoses (Sauder et al., 2016; 

Westlund Schreiner et al., 2015), and so have not been able to examine whether these 

significant associations were specific to NSSI, or were better accounted for by these 

comorbid disorders. Rather than rely on categorical diagnostic criteria, the current study 



 

 

47 

instead controlled for dimensional levels of aggressive and depressive symptoms, finding 

differences between responses to negative and positive outcomes to be specific to NSSI 

and independent from the presence of these related symptoms.  

Conclusion and Future Directions 

 NSSI behaviors are common in youth with and without psychopathology and are 

associated with a litany of severe outcomes. Although prior work has shown differential 

responses to negative and positive outcomes in NSSI, little is known about the neural 

processes involved in these findings. Results from the current study found that NSSI was 

associated with decreased activation following monetary gains in ROIs including the 

ACC, DS, VS, OFC, vlPFC, vmPFC, and insula. Further, these differences remained 

significant when controlling for related psychopathology, including symptoms of 

aggression and symptoms of depression. Finally, exploratory connectivity analyses found 

that NSSI was associated with differential connectivity between regions including the 

DS, the mPFC, the insula, the parietal operculum cortex, the supramarginal gyrus, the 

cerebellum, and the central opercular cortex. 

Although our results did not support our hypotheses expecting associations 

between NSSI and heightened responses to both negative and positive outcomes across 

neural and self-report measures, findings contribute to the extant body of literature 

examining reward processes in NSSI across domains, and examined these constructs in 

the youngest sample of individuals engaging in NSSI to date. Suggestions for future work 

in this area include more stringent requirements for NSSI inclusion, as well as the 

examination of these features prior to the onset of NSSI, in order to contribute to the 

prediction and prevention efforts of these behaviors in youth in the future.  
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Supplemental Table 1. Connectivity results for responses to negative outcomes, with and without the inclusion of covariates. 
 
  Model 1 Model 2 Model 3 Model 4 
  B (SE) pr B (SE) pr B (SE) pr B (SE) pr 

Monetary Loss 

DS Seed – 

vmPFC 

NSSI .52 (.23)* .22 .41 (.25) .19 .66 (.24)** .31 .52 (.25)* .25 

Aggression --- --- .02 (.02) .11 --- --- .03 (.02) .16 

Depression --- --- --- --- -.02 -.15 -.03 (.02) -.19 

DS Seed – 

Putamen 

NSSI -.27 (.21) -.13 -.20 (.23) -.11 -.28 (.23) -.14 -.22 (.24) -.11 

Aggression --- --- .05 (.02)** .32 --- --- .05 (.02)* .31 

Depression --- --- --- --- .02 (.02) .14 .02 (.02) .12 

DS Seed – 

POC 

NSSI -1.1 (.22)*** -.45 -.95 (.26)*** -.41 -1.01 (.25)*** -.43 -.94 (.27)*** -.40 

Aggression --- --- .01 (.02) .08 --- --- .01 (.02) .07 

Depression --- --- --- --- .00 (.02) .01 .00 (.02) .00 

Insula Seed – 

Supramarginal 

Gyrus 

NSSI .57 (.35) .17 .38 (.36) .13 .40 (.34) .13 .42 (.37) .14 

Aggression --- --- .04 (.03) .19 --- --- .05 (.03) .20 

Depression --- --- --- --- -.01 (.02) -.05 -.01 (.02) -.07 

Social Rejection 

DS Seed – 

Cerebellum 

NSSI -.18 (.13) -.13 -.08 (.15) -.06 -.15 (.15) -.10 -.07 (.16) -.05 

Aggression --- --- -.01 (.01) -.15 --- --- -.01 (.01) -.14 

Depression --- --- --- --- .00 (.01) .00 .00 (.01) -.03 

mPFC Seed – 

COC 

NSSI .05 (.07) .07 .01 (.08) .01 .02 (.08) .03 .01 (.09) .02 

Aggression --- --- -.01 (.01) -.10 --- --- -.01 (.01) -.10 

Depression --- --- --- --- .00 (.01) -.03 .00 (.01) -.02 

DS=Dorsal Striatum; POC=Parietal Operculum Cortex; vmPFC=Ventromedial Prefrontal Cortex; mPFC=Medial Prefrontal 
Cortex; COC=Central Opercular Cortex. Model 1 contains no covariates. Model 2 contains aggression covariate. Model 3 contains 
depression covariate. Model 4 contains depression and aggression covariates.  
*Significant differences between groups at puncorrected < .05 **Significant differences between groups at puncorrected < .01 ***Significant 

differences between groups at puncorrected < .001. 
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Supplemental Table 2. Connectivity results for responses to positive outcomes, with and without the inclusion of covariates. 
 

  Model 1 Model 2 Model 3 Model 4 
  B (SE) pr B (SE) pr B (SE) pr B (SE) pr 

Monetary Gain 

DS Seed – 

POC 

NSSI -1.02 (.23)*** -.42 -1.20 (.26)*** -.50 -1.24 (.26)*** -.49 -1.20 (.26)*** -.49 

Aggression --- --- -.04 (.02) -.23 --- --- -.04 (.02) -.23 

Depression --- --- --- --- .00 (.02) .00 .00 (.02) .03 

Insula Seed – 

vmPFC 

NSSI -.63 (.62) -.10 -.59 (.73) -.10 -.59 (.69) -.10 -.56 (.75) -.09 

Aggression --- --- .00 (.06) .00 --- --- .00 (.06) .01 

Depression --- --- --- --- -.03 (.05) -.06 -.03 (.05) -.08 

Social Acceptance 

Insula Seed – 

DS 

NSSI .04 (.11) .03 -.04 (.13) -.03 -.05 (.12) -.04 -.05 (.13) -.04 

Aggression --- --- .00 (.01) .00 --- --- .00 (.01) .00 

Depression --- --- --- --- -.01 (.01) -.07 .00 (.01) -.02 

mPFC Seed – 

POC 

NSSI -.01 (.05) -.03 -.07 (.06) -.12 -.03 (.06) -.06 -.06 (.06) -.10 

Aggression --- --- .00 (.00) .11 --- --- .00 (.00) .12 

Depression --- --- --- --- .00 (.00) -.02 .00 (.00) -.02 

DS=Dorsal Striatum; POC=Parietal Operculum Cortex; vmPFC=Ventromedial Prefrontal Cortex; mPFC=Medial Prefrontal 
Cortex. Model 1 contains no covariates. Model 2 contains aggression covariate. Model 3 contains depression covariate. Model 4 
contains depression and aggression covariates.  
*Significant differences between groups at puncorrected < .05 **Significant differences between groups at puncorrected < .01 ***Significant 

differences between groups at puncorrected < .001. 
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CHAPTER 2 

ASSOCIATED LITERATURE REVIEW 

Introduction 

Non-suicidal self-injury (NSSI) is the deliberate destruction of one’s body tissue 

without intent to die. These behaviors are exceedingly prevalent, occurring in 13-30% 

percent of the general population (Muehlenkamp et al., 2012), though rates are estimated 

at up to 60% in psychiatric samples (Swannell et al., 2014). NSSI is highly 

heterogeneous, varying in terms of the methods used to self-injure (Sornberger et al., 

2012), the frequency of engagement in self-injury (Muehlenkamp et al., 2017), and the 

functions served by these behaviors (Cipriano et al., 2017). Given this heterogeneity in 

NSSI, newer research has begun to examine the neurological correlates of the 

psychological processes implicated in NSSI, with the hopes of understanding why and/or 

how these processes may function differently in NSSI. These psychological processes 

include emotion processes, pain processes, executive processes, social processes, and 

reward processes. However, the study of NSSI has been historically hindered due to 

several important factors; thus, work in this area is still somewhat limited. 

First, NSSI engagement has previously been considered either to be symptomatic 

of or a consequence of other underlying psychiatric disorders. For instance, “recurrent 

self-mutilating behavior” was included as an explicit criterion of borderline personality 

disorder (BPD) in the Diagnostic Statistical Manual of Mental Disorders IV (i.e., DSM-

IV-TR; American Psychiatric Association. Diagnostic and Statistical Manual of Mental 

Disorders, 2000). However, NSSI behaviors are not unique to BPD. These behaviors are 

present in histrionic, paranoid, and schizotypal personality disorder (e.g., Klonsky et al., 
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2003; Nock et al., 2006), mood disorders (e.g., Darche, 1990; MacPherson et al., 2018), 

anxiety disorders (e.g., Bahar Ölmez et al., 2018), obsessive-compulsive disorder (e.g., 

Bolognini et al., 2003), eating disorders (e.g., Favazza et al., 1989), substance use 

disorders (e.g., Guvendeger Doksat et al., 2017), and post-traumatic stress disorder 

(Briere & Gil, 1998). Following this recognition that NSSI is a trans-diagnostic behavior, 

the diagnostic classification of NSSI has begun to shift. Rather than being treated as a 

symptom of other psychiatric disorders, work has begun to consider NSSI behaviors 

independently from other diagnoses (e.g., Hooley & Franklin, 2018), and NSSI was 

included as a condition for further study in the DSM-5 (American Psychiatric 

Association, 2013). This trans-diagnostic phenomenology of NSSI advocates for the 

importance of moving beyond the consideration of NSSI through the lens of its comorbid 

psychiatric disorders to the broader examination of the psychological processes 

implicated in NSSI. 

Second, most research examining the psychological processes involved in NSSI 

or the functions of NSSI engagement has utilized self-report scales to examine emotion 

processes, pain processes, executive processes, social processes, and reward processes in 

NSSI. However, there are several notable limitations related to the use of self-report 

scales in NSSI research. Importantly, individuals engaging in NSSI often exhibit 

difficulty in identifying and describing their feelings (Rita Cerutti et al., 2018) that raises 

concerns that work solely relying on self-report scales to examine NSSI may have 

questionable validity. Further, weaknesses in the reliance on self-report measures is 

particularly pertinent when assessing motivations for engaging in NSSI, as individuals 

typically endorse a range of reasons for or functions of NSSI engagement which can span 



 

 

52 

across both interpersonal and intrapersonal domains (Case et al., 2019; Klonsky, 2007; 

Lloyd-Richardson et al., 2007). Lastly, these self-report measures can only inform us of 

which psychological processes are involved in NSSI; however, they are not able to 

inform us of why and/or how these processes function differently in NSSI. These 

limitations of self-report measures suggest the importance of using objective methods in 

the examination of psychological processes in NSSI. Specifically, examining the 

biological correlates of these psychological processes may better address the question of 

why and/or how these processes operate differently in NSSI. 

Notably, methods indexing neural structure and function such as magnetic 

resonance imaging (MRI) and functional MRI (fMRI), diffusion tensor imaging (DTI), 

and electroencephalogram (EEG) allow for the non-invasive in vivo study of neural 

structure and function (Rentería et al., 2017). Importantly, the examination of indices of 

neural structure and function in relation to self-report measures of NSSI can complement 

the research that solely relies on the use of self-report measures. Notably, the use of 

neurobiological measures in NSSI research has the potential to extend the research on 

the psychological processes in NSSI beyond observable symptoms or behaviors, allowing 

for the examination of the questions of why or how these psychological processes 

(specifically emotion processes, pain processes, executive processes, social processes, 

and reward processes) function differently in NSSI engagement. 

Presented here is a systematic review of the literature on studies indexing neural 

structure and neural function in NSSI. This review will summarize the literature on the 

neurobiological correlates of several psychological processes implicated in NSSI 

engagement, including emotion processes, pain processes, executive processes, social 
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processes, and reward processes. The current review will highlight differences in neural 

structure and neural function in NSSI. Overall, this review will summarize the literature 

and identify limitations in the current field, as well as directions for future work, on the 

neurobiology underlying the psychological processes implicated in NSSI engagement. 

METHODS 

Literature Search 

Literature searches were conducted in PubMed, PsycINFO, and EMBASE for 

articles indexing neural structure and neutral function to examine the psychological 

processes implicated in NSSI. Two sets of keywords were defined. For each list, 

synonyms, equivalent terms, and wildcards were also included. The first set of keywords 

focused on non-suicidal self-injurious behaviors and included: non-suicidal self-injury, 

NSSI, self-injury, self-injurious behavior, self-harm, deliberate self-harm, parasuicidal 

behaviors, parasuicidality, cutting, and self-mutilation. The second set of keywords 

focused on neuroimaging methodologies, including magnetic resonance imaging, MRI, 

fMRI, connectivity, event-related potential, ERP, electro-encephalogram, EEG, 

neuroimaging, and brain. This search was current through November 14, 2019. Figure 1 

depicts the literature search procedure. 
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Figure 4. Diagram depicting database sources and steps performed for the systematic 

review. 

 

Inclusion Criteria 

This review focused on indices of neural structure and/or function in NSSI. Only 

original, peer-reviewed articles written in English within this domain were included. 

Studies were excluded from this review if they were unpublished or non-peer-reviewed 

articles, case reports, conference abstracts, meta-analyses, review articles, or editorials; 

however, meta-analyses and review articles were reviewed for the inclusion of relevant 
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articles within the current review. Additionally, this review specifically focused on NSSI; 

studies were excluded if they more broadly examined constructs related to NSSI, such as 

suicidal behaviors (e.g., suicidal ideation and suicidal attempts) or disorders where NSSI 

is often, but not always, a feature (e.g., BPD or MDD). Finally, studies examining NSSI 

behaviors in the context of developmental or genetic disorders (e.g., autism spectrum 

disorders or Prader-Willi syndrome) were excluded, as although NSSI is present within 

these disorders, it likely serves alternate functions (Minshawi, 2008). 

RESULTS 

After applying our exclusion criteria, there were 37 articles to review. Of these, 

six studies (Ashton et al., 1994; Jovev et al., 2008; Marchand et al., 2012, 2013; 

Takahashi et al., 2009; Whittle et al., 2014) were excluded because they failed to 

differentiate between NSSI and suicide attempts in their examinations of parasuicide. 

Additionally, one study (Poon et al., 2018) was excluded because it examined individuals 

with thoughts of engaging in NSSI, with only one participant having a history of NSSI 

engagement. Characteristics of each study are detailed in Table 10. Studies were 

identified that examined emotion processes (k=11), pain processes (k=6), executive 

processes (k=5), social processes (k=5), and reward processes (k=3). Findings within 

psychological processes are reviewed below. 

Emotion Processes 

Eleven studies examined emotion processes in NSSI. Nine of these examined 

processes involved in regulating emotions, and two examined processes involved in 

emotion recognition. Sample sizes ranged from 18 to 66 individuals, and cohorts included 

participants from Germany (7 studies) and the United States (4 studies). Nine included 
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only females and two included both females and males. Five examined adolescents and 

six examined adults. Five examined NSSI in the context of BPD, and six examined NSSI 

independent of psychiatric diagnoses. Finally, eight examined blood oxygenation level 

dependent (BOLD) activation of regions of interest (ROIs) during functional imaging 

tasks, two examined structure and volume of ROIs, and one examined resting-state 

activation and functional connectivity of ROIs. Three of the task-based studies used the 

same negative affect induction task; the other five used unique emotion recognition or 

emotion induction tasks.  

Davis et al. (2014) examined the role of emotion regulation in NSSI. Specifically, 

this study assessed whole-brain and amygdala activation using fMRI during a task 

measuring negative emotional reactivity and ability to regulate emotion with reappraisal. 

Participants were female adults with a history of NSSI (any previous NSSI episode) and 

psychiatric controls, matched on demographic characteristics (i.e., age, race, ethnicity, 

education, income, and intelligence) and psychopathology (depression and anxiety). 

Individuals with a diagnosis of BPD were excluded from both samples. Results showed 

that NSSI was associated with increased activation in the amygdala, medial (m-) 

prefrontal cortex (PFC), and posterior cingulate (PCC) during emotion regulation with 

reappraisal. Findings implicate the role of these specific neural regions in emotional 

reappraisal, suggesting that poor emotion regulation ability, but not necessarily greater 

negative emotional reactivity, is a correlate of NSSI engagement. 

Kraus et al. (2010) examined the role of emotion regulation in NSSI via assessing 

whole-brain activation during an emotional distress induction task describing the 

circumstances and execution of an act of NSSI from a first-person viewpoint. Participants 
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were female patients with BPD and a history of NSSI, and age, ethnicity, and gender-

matched controls without NSSI and without any current or past psychiatric diagnoses. 

Results found that NSSI was associated with decreased activation in the orbitofrontal 

cortex (OFC) and increased activation in the dorsolateral (dl-) PFC while individuals 

imagined the reactions to a situation triggering NSSI. NSSI was also associated with 

decreased activation in the midcingulate while individuals imagined engaging in the 

NSSI act itself. This pattern of activation suggests diminished emotion regulation and 

impulse control for individuals with a history of NSSI compared to controls. 

Plener et al. (2012) examined the role of emotion regulation in NSSI. Specifically, 

this study assessed whole-brain activation while individuals viewed pictures varying in 

degree of emotional valence and arousal, including pictures depicting NSSI or imagery 

related to NSSI, and were instructed not to suppress their emotions. Participants were 

female adolescents engaging in NSSI (at least one episode within the past 6 months), and 

age-matched controls without NSSI and without any current or past psychiatric 

diagnoses. Results found that NSSI was associated with enhanced activation in the 

amygdala, hippocampus, and bilateral anterior cingulate cortex (ACC) while individuals 

viewed emotional pictures. Furthermore, while individuals viewed the NSSI-specific 

imagery, NSSI was associated with increased activation in the medial OFC, and inferior 

and medial frontal cortex. Finally, while individuals viewed emotional pictures, NSSI 

was associated with decreased activation in correlation to arousal in the occipital cortex 

and in correlation to valence in inferior frontal cortex. These findings support the role of 

these key frontal regions in emotion-regulation in NSSI. 
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Table 10. Studies included within systematic review. 

Authors N % 
Female Age Group Psychiatric 

Comorbidities 
Operationalization of 

NSSI Country Marker 
Type  

Psychological 
Process 

Ando et al, 2018 29 patients, 
21 controls 100% Adolescent -- 

Episodes on > 5 days 
within the past year 

Germany Volumetric 
Emotion 
Processes 

Beauchaine et al, 
2018 

20 patients, 
20 controls 100% Adolescent -- 

> 3 episodes in past 
year or > 5 lifetime  USA Volumetric 

Emotion 
Processes 

Davis et al, 2014 21 patients, 
27 controls 42.60% Adult No BPD 

Any previous  
NSSI episode USA Functional 

Emotion 
Processes 

Demers et al, 2019 25 patients 100% Adolescent -- 
> 4 episodes, with > 1 

in the past month USA Functional 
Emotion 
Processes 

Kraus et al, 2010 11 patients; 
10 controls 100% Adult BPD 

“History of self-
injurious behavior” Germany Functional 

Emotion 
Processes 

Niedtfeld et al, 2010 20 patients, 
23 controls 100% Adult BPD 

"Lifetime history  
of NSSI" Germany Functional 

Emotion 
Processes 

Niedtfeld et al, 2012 20 patients, 
23 controls 100% Adult BPD 

"Lifetime history  
of NSSI" Germany Connectivity 

Emotion 
Processes 

Niedtfeld et al, 2017 43 patients, 
23 controls 100% Adult BPD 

"Lifetime history  
of NSSI" Germany Functional / 

Connectivity 
Emotion 
Processes 

Plener et al, 2012 9 patients, 
9 controls 100% Adolescent -- 

> 1 episode within the 
past 6 months Germany Functional 

Emotion 
Processes 

Reitz et al, 2015 21 patients, 
17 controls 100% Adult BPD 

> 1 episode in the past 
6 months Germany Functional / 

Connectivity 
Emotion 
Processes 

Westlund Schreiner et 
al, 2017 

25 patients, 
22 controls 100% Adult -- 

> 4 episodes, with > 1 
in the past month USA Connectivity 

Emotion 
Processes 
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           Table 10 continued. Studies included within systematic review. 
 

Authors N % 
Female Age Psychiatric 

Comorbidities 
Operationalization of 

NSSI Country Marker 
Type 

Psychological 
Process 

Bonenberger et al, 
2018 

14 patients, 
16 controls 100% Adult -- 

> 5 episodes in 1 year 
within past 8 years Germany Functional 

Pain  
Processes 

Kluetsch et al, 2012 25 patients, 
22 controls 100% Adult BPD 

"History of self-
injurious behavior" Germany Connectivity 

Pain  
Processes 

Olie et al, 2018 20 patients, 
23 controls 100% Adult BPD 

History of tissue-
damaging NSSI within 

past 1.5 years 
Switzerland Functional 

Pain  
Processes 

Osuch et al, 2014 13 patients, 
15 controls 82% Adult -- “Past or present NSSI”  Canada Functional  / 

Connectivity 
Pain  

Processes 

Russ et al, 1999 
41 patients, 

15 psychiatric controls, 
20 controls 

100% Adult BPD, MDD 
History of > 5 

episodes, most recent 
within 6 months 

USA ERP 
Pain  

Processes 

Schmahl et al, 2006 12 patients, 
12 controls 100% Adult BPD 

"Reported self-
injurious behavior" Germany Functional 

Pain  
Processes 

Dahlgren et al, 2018 15 patients, 
15 controls 100% Adult -- 

Current skin-cutting 
behaviors and > 10 
lifetime episodes 

USA Functional 
Executive 
Processes 

Grant et al, 2007 9 patients, 
7 controls 100% Adult BPD 

> 1 episode a week, 
and > 1 urges a week USA DTI 

Executive 
Processes 

Lee et al, 2015 
14 patients, 

14 psychiatric controls, 
17 controls 

18% Adult Schizophrenia > 1 past episodes England Functional 
Executive 
Processes 

Schmahl et al, 2004 10 patients, 
14 controls 100% Adult BPD 

"Current self-injurious 
behaviour" Germany LEP 

Executive 
Processes 

Vega et al, 2015 
17 patients, 

17 psychiatric controls, 
17 controls 

100% Adult BPD 
> 5 lifetime episodes, 
with > 2 within last 2 

years 
Spain ERP 

Executive 
Processes 
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           Table 10 continued. Studies included within systematic review. 
 

Authors N % 
Female Age Psychiatric 

Comorbidities 
Operationalization of 

NSSI Country Marker  
Type 

Psychological 
Process 

Brown et al, 2017 29 patients, 
31 controls 

76.9% - 
100% 

Adolescent and 
Adult BPD 

> 5 episodes within 
past 1 year Germany Functional 

Social  
Processes 

Groschwitz et al, 
2016 

14 patients, 
14 psychiatric controls, 

15 controls 
79% Adolescent MDD 

> 5 episodes within 
past 1 year Germany Functional 

Social  
Processes 

Malejko et al, 2018 
16 patients, 

15 psychiatric controls, 
17 controls 

100% Adult BPD 
Any lifetime or current 

NSSI Germany Functional 
Social  

Processes 

Perini et al, 2019 30 patients, 
30 controls 100% Adolescent -- 

> 5 episodes over past 
6 months Sweden Functional 

Social  
Processes 

Sauder et al, 2016 19 patients, 
19 controls 100% Adolescent -- 

> 3 episodes in past 
year or > 5 lifetime USA Functional 

Reward 
Processes 

Tyspses et al, 2018 
19 patients, 
38 controls 

40% Child -- 
any prior engagement  

in NSSI 
USA ERP 

Reward 
Processes 

Vega et al, 2017 
20 patients, 

20 psychiatric controls, 
20 controls 

100% Adult BPD 
> 5 lifetime episodes, 
with > 2 within last 2 

years 
Spain 

Functional / 
Connectivity 

Reward 
Processes 
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Niedtfeld et al. (2010) examined the role of emotion regulation in NSSI by 

investigating the potential role of self-inflicted pain as a means of affect regulation. This 

study assessed whole-brain and ROI activation in the amygdala, insula, and ACC during 

negative affect induction and subsequent pain experience in individuals in three separate 

studies. Thermal stimuli were applied to induce either warmth perception or heat pain 

following the negative affect induction via picture stimuli. In the first two studies, 

participants were female patients with a lifetime history of NSSI and a diagnosis of BPD, 

and age-matched controls without NSSI and without any current or past psychiatric 

diagnoses. Results from the first study found that NSSI was associated with increased 

activation in the amygdala, insula, and ACC while individuals viewed both negative and 

neutral pictures. Additionally, enhanced amygdala activation was correlated with self-

reported deficits in emotion regulation. Finally, NSSI was associated with increased 

activation in the cingulate gyrus, substantia nigra, and superior temporal gyrus, and 

decreased activation in the dlPFC and middle occipital gyrus. Additionally, results 

showed that decreased amygdala and ACC activation was independent from ratings of 

pain for women who did and did not engage in NSSI. Findings suggest that painful 

stimuli are processed differently depending on emotional status in NSSI engagement. 

In the second study, Niedtfeld et al. (2012) further examined the role of emotion 

regulation in NSSI, re-analyzing the previously-collected data to examine whole-brain 

functional connectivity with seeds in the amygdala, insula, and ACC in response to 

painful stimulation. Results found that during exposure to heat pain stimuli following 

negative affect induction, NSSI was associated with negative connectivity between the 

amygdala and mPFC, the insula and dlPFC, and the ACC and middle frontal gyrus. 
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Additionally, when neutral pictures were combined with painful heat sensation, NSSI 

was associated with increased positive connectivity between the amygdala and lentiform 

nucleus, the insula and putamen, and the dorsal ACC and lentiform nucleus. Findings 

suggest that during pain, prefrontal areas inhibit limbic and paralimbic activity in NSSI. 

Finally, in their third study, Niedtfeld et al. (2017) again examined the role of 

emotion regulation in NSSI. This study investigated whether pain thresholds or the 

appraisal of pain change following residential Dialectical Behavior Therapy (DBT) 

treatment. Individuals underwent fMRI scanning using the same negative affect-inducing 

paradigm at two time points, 12 weeks apart. Participants were individuals with a lifetime 

history of NSSI and BPD undergoing DBT via self-referral, individuals with a lifetime 

history of NSSI and BPD undergoing treatment as usual (TAU), and age-matched 

controls without NSSI and without any current or past psychiatric diagnoses. Individuals 

with a lifetime history of NSSI and BPD displayed amygdala deactivation in response to 

painful stimulation, as well as altered connectivity between the left amygdala and dorsal 

ACC. This activation and connectivity decreased in individuals who received DBT 

treatment when compared to individuals who received TAU. Findings replicate the role 

of pain as a means of affect regulation in individuals engaging in NSSI, indicated by 

increased amygdala connectivity. Further, findings demonstrate that pain-mediated affect 

regulation can be altered by DBT treatment.  

Reitz et al. (2015) also examined the role of emotion regulation in NSSI, 

assessing resting-state activation and functional connectivity in the amygdala to examine 

the relevance and role of the amygdala in stress-regulation. Participants were female 

adults with BPD and NSSI (at least one episode in the past 6 months), and age and 
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education-matched controls without NSSI and without any current or past psychiatric 

diagnoses. Participants underwent stress induction, then received a sham treatment or an 

incision into their forearm, and then participated in the scan. Results found that NSSI was 

associated with decreased activation in the amygdala following the incision/sham, 

whereas the absence of NSSI was associated with increased activation in the amygdala 

following the incision/sham. Additionally, NSSI was associated with increased 

connectivity between the amygdala and superior frontal gyrus following the incision 

compared to the sham, whereas the absence of NSSI was associated with reduced 

connectivity between these regions comparing these conditions. Findings suggest that 

NSSI is associated with increased amygdala activity following injury, suggesting that 

NSSI engagement may serve to regulate emotions and reduce inner tension.  

Ando et al. (2018) examined the role of emotion regulation in NSSI, using 

structural magnetic resonance imaging to assess regional gray matter volumes of 

frontolimbic structures in NSSI, including the lateral PFC, medial PFC, OFC, ACC, 

insula, thalamus, hippocampus, and amygdala. Participants were female adolescents 

engaging in NSSI who engaged in episodes on 5 or more days within the past year and 

age and education-matched controls without NSSI and without any current or past 

psychiatric diagnoses. Results found that NSSI was associated with significantly smaller 

regional brain volumes in the insula and ACC while controlling for total segmented 

volume, though results for the ACC were no longer significant when correcting for 

multiple comparisons. These findings suggest reduced gray matter volume in 

frontolimbic structures in NSSI. 

Beauchaine et al. (2018) examined the role of emotion regulation in NSSI, also 
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using structural magnetic resonance imaging to assess whole-brain cortical gray matter 

volumes. Participants were female adolescents engaging in NSSI who engaged in 3 or 

more episodes in the last year or 5 or more lifetime episodes, and controls without NSSI 

and without any current or past diagnoses of depression, bipolar disorder, or 

schizophrenia. Whole-brain analyses also revealed that NSSI was associated with 

reduced gray matter volumes in the insular cortex and in the right inferior frontal gyrus, 

an adjacent neural structure also implicated in emotion and self-regulation. Additionally, 

insular and inferior frontal gyrus gray matter volumes were inversely correlated with self-

reported emotion dysregulation. These findings similarly suggest reduced gray matter 

volume in frontolimbic structures in NSSI. 

Demers et al. (2019) examined emotion recognition in NSSI by assessing the 

relationship between dimensions of alexithymia and neural responses during automatic 

processing of masked emotional faces. Participants were female adolescents with a 

history of NSSI (4 or more episodes, with at least 1 having occurred in the past month). 

Results found that in NSSI, decreased introspection about emotions was associated with 

decreased activation to happy faces relative to fixation in the right inferior frontal gyrus, 

left precentral gyrus, and right supramarginal gyrus. Additionally, in NSSI, the decreased 

introspection about emotions was associated with increased activation to fearful faces in 

the right supramarginal gyrus. These findings suggest that in NSSI, individuals with 

decreased introspection about emotions may be less alert to subtle positively-valenced 

emotion cues. 

Westlund Schreiner et al. (2017) also examined the role of emotion recognition in 

NSSI, assessing amygdalar functional connectivity networks during rest and during 
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completion of a negative emotion face-matching fMRI task. In the task, participants 

viewed affective (e.g., faces depicting anger and fear) and control stimuli (e.g., horizontal 

and vertical ellipses). Participants were adolescents with a history of NSSI (4 or more 

episodes, with at least 1 having occurred in the past month) and age-matched controls 

without NSSI and without any current or past psychiatric diagnoses. During resting state 

conditions, NSSI was associated with low positive amygdala connectivity with the 

supplementary motor area and the dorsal ACC, whereas the absence of NSSI was 

associated with high negative amygdala connectivity with these regions. For task 

conditions, adolescents engaging in NSSI displayed low negative, while controls had 

high positive, connectivity with the medial frontal cortex and the dorsal ACC. These 

findings implicate altered motor and reward processing in NSSI, suggesting frontal-

amygdala and amygdala-supplementary motor area circuits as important mechanisms 

underlying the link between negative affect and habitual behaviors that are specifically 

relevant to NSSI. 

Pain Processes 

Six studies examined pain processes in NSSI. Sample sizes ranged from 24 to 76 

individuals, and cohorts included participants from Germany (3 studies), the USA (1 

study), Canada (1 study), and Switzerland (1 study). Five included only females, and one 

included both females and males. Additionally, five examined adults, and one examined 

adolescents. Four examined NSSI in the context of BPD, and two examined NSSI 

independent of psychiatric diagnoses. Finally, four examined BOLD activation of ROIs, 

one examined functional connectivity, and one examined theta via EEG. All studies used 

pain paradigms. 
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Bonenberger et al. (2015) examined the role of pain processes in NSSI by 

assessing whole-brain and ROI activation in the posterior, middle, and anterior insula, 

and the somatosensory cortex during painful electrical stimulation. Participants were 

young adult females history with a history of NSSI (defined as a frequency of at least five 

episodes in 1 year within the past 8 years) and age and education-matched controls 

without NSSI and without any current or past psychiatric diagnoses. NSSI and the 

absence of NSSI were both associated with activation of the posterior insula following 

electric pain stimulation. However, significant positive associations between anterior 

insula activation and increasing electrical pain stimulation were seen only in the absence 

of NSSI; anterior insula activation did not differ across levels of painful electrical 

stimulation in NSSI. Findings suggest that NSSI may be associated with altered processes 

of the affective aspects of unpleasant or distressing experiences, such as pain. 

Kluetsch et al. (2012) also examined the role of pain processes in NSSI, assessing 

connectivity within the default mode network (DMN), a network implicated in both self-

referential processes and pain processes. Researchers elicited pain in participants via heat 

stimulation. Participants were adult females with BPD, 92% of whom had a history of 

NSSI, and age-matched controls without NSSI, a lifetime diagnosis of BPD, or a current 

axis I diagnosis. Results found that NSSI was associated with less integration of the left 

retrosplenial cortex and left superior frontal gyrus into the DMN. Additionally, NSSI was 

associated with less connectivity between the posterior cingulate cortex and the dlPFC 

during the heat stimulation exposure compared to neutral temperature exposure. Findings 

suggest that NSSI may be associated with cognitive and affective appraisals of pain as 

being less self-relevant and aversive. 
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Olie et al. (2018) examined the role of pain processes in NSSI. Specifically, this 

study investigated whether the reward system—particularly the nucleus accumbens—

modulates the processing of physical pain (via thermal stimulation) following induction 

of social distress. This study assessed whole-brain and ROI activation in regions 

including the nucleus accumbens, insula, and amygdala during exposure to a painful heat 

stimulus. First, participants completed the Cyberball task, a virtual ball-tossing game 

designed to elicit responses to social inclusion and social exclusion. Following 

completion of the task, participants were administered a hot, subjectively painful 

stimulus. Participants were adult females with BPD with a history of tissue-damaging 

NSSI (specifically cutting, burning, or hitting) within the past year and a half, and 

controls without NSSI and without any current or past psychiatric diagnoses. Results 

found that NSSI was associated with increased activation in the nucleus accumbens and 

amygdala during exposure to painful stimuli following social exclusion, and that this 

activation was mediated by anxious attachment style. These findings suggest that NSSI 

may be associated with differential processing of physical pain following social 

exclusion, and implicates the role of the reward system in NSSI engagement.  

Osuch et al. (2014) examined the role of pain processes in NSSI by assessing both 

whole-brain BOLD activation and connectivity during exposure to a painfully cold and 

comparison cool stimuli under both self-administered and experimenter-administered 

conditions. Participants were male and female adolescents with past or present NSSI 

(specifically cutting, scratching, or burning), and controls with mood and/or anxiety 

symptoms, but without NSSI. Results found that NSSI was associated with increased 

activation in the midbrain and pons, culmen, amygdala, parahippocampus, inferior frontal 
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and superior temporal gyri, and OFC. Additionally, post-hoc analyses showed that NSSI 

was associated with reduced functional connectivity between the right OFC and the ACC 

across conditions. These findings inform unique associations between pain and reward in 

NSSI, and imply potential deficits in the neuroregulation of emotional behavior in NSSI 

engagement.  

Schmahl et al. (2006) examined the role of pain processes in NSSI, assessing 

BOLD activation during administration of pain through heat. Participants were adult 

women with a diagnosis of BPD and engagement in NSSI, and controls without NSSI 

and without any current or past diagnosis of BPD and without a current axis I psychiatric 

diagnosis. Results of analyses comparing the number of activated voxels between groups 

found that NSSI was associated with smaller overall volumes of activity in response to 

heat stimuli. Additionally, when the stimulus temperature was individually adjusted for 

subjective pain level, overall volumes of activity were similar between NSSI and the 

absence of NSSI, although regional patterns differed significantly. Specifically, NSSI 

was associated with increased activation in the dlPFC, but decreased activation in the 

posterior parietal cortex, the perigenual ACC, and the amygdala. Findings suggest that 

these neural responses are associated with an antinociceptive mechanism in NSSI. 

Finally, Russ et al. (1999) examined the role of pain processes in NSSI, using 

EEG to examine theta event-related potentials (ERPs) while participants immersed their 

hand in a cold water bath. Participants were adult females with BPD who reported pain 

during NSSI; with BPD who reported no pain during NSSI; with MDD and without BPD 

and NSSI; and without any current or past psychiatric diagnoses and NSSI. Additionally, 

NSSI was defined as individuals having a history of at least five episodes, the most recent 
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having occurred within 6 months of participation. Total absolute theta power was 

significantly higher in individuals engaging in NSSI compared to patients with MDD, but 

without NSSI, and healthy controls. Total absolute theta power did not significantly differ 

between patients with BPD who did and did not report pain during NSSI. Finally, theta 

activity was significantly associated with pain ratings and scores on a dissociative 

experiences scale. Findings suggest that increased theta activity occurs for individuals 

with BPD and NSSI during pain paradigms, regardless of whether or not individuals 

subjectively report experiencing pain during engagement in self-injurious behaviors. 

Additionally, theta activity is greater for individuals who exhibit a propensity for 

dissociation. 

Executive Processes 

Five studies examined executive processes in NSSI. Three examined processes 

related to impulsivity, and two examined processes involved in cognitions. Sample sizes 

ranged from 16 to 51 individuals, and cohorts included participants from the United 

States (2 studies), England (1 study), Germany (1 study), and Spain (1 study). Four 

included only females, and one included both females and males. Additionally, all five 

examined adults. Three examined NSSI in the context of BPD, one examined NSSI in the 

context of schizophrenia, and one examined NSSI independent of psychiatric diagnoses. 

Finally, two examined BOLD activation of ROIs during functional tasks, one examined 

whole-brain volume and structure, one examined error-related negativity (ERN), error-

related positivity (PE), and theta using EEG, and one examined laser-evoked potentials 

(LEPs). All task-based studies examining cognition and impulsivity used unique 

behavioral tasks.  
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Dahlgren et al. (2018) examined the role of impulsivity in NSSI during 

completion of a task designed to activate the cingulo-frontal-parietal network using two 

types of cognitive inference: spatial and flanker. Participants were female patients 

engaging in NSSI (current skin-cutting behaviors and more than 10 lifetime episodes), 

and age, education, and IQ-matched controls without NSSI and without any current 

psychiatric diagnoses. Results showed that NSSI was associated with increased activation 

in the cingulate cortex and decreased activation in the dlPFC. Additionally, results 

examined associations between individual fMRI activation and measures of emotional 

reactivity and impulsivity in NSSI, finding that dlPFC activation was inversely correlated 

with emotional reactivity and self-reported impulsivity in NSSI. Findings demonstrate 

that decreased dlPFC activation is associated with poorer emotional control and increased 

impulsivity in NSSI engagement. 

Lee et al. (2015) also examined the role of impulsivity in NSSI, assessing whole-

brain and ROI activation during a go/no-go response inhibition task in the ventrolateral 

(vl-) PFC, ACC, dorsal and ventral PCC, dlPFC, and thalamus. Participants were male 

and female adult patients with schizophrenia and a history of NSSI (defined as one or 

more past NSSI acts), patients with schizophrenia without a history of NSSI, and healthy 

controls. Results found that activation in the dlPFC and the PCC was greatest in healthy 

controls, then in patients with schizophrenia and NSSI, and finally least in patients with 

schizophrenia without NSSI. In addition, patients with schizophrenia both with and 

without NSSI displayed less activation in the OFC, ACC, and thalamus. These findings 

suggest a role for the dlPFC in NSSI specifically for individuals with schizophrenia. 

Vega et al. (2015) also examined the role of impulsivity in NSSI, using EEG to 
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study ERN and PE ERPs, as well as theta power using a Flanker task. Participants were 

female adults, with groups composed of individuals with BPD and a lifetime history of 

NSSI (5 or more lifetime episodes, with at least two having occurred in the last two 

years), patients with BPD without NSSI, and controls without NSSI and without any 

current or past psychiatric diagnoses. Groups were matched by sex, age, and IQ. Results 

did not find any significant differences in ERPs following errors for any of the groups. 

Findings suggest that error monitoring is preserved in NSSI, and that NSSI may not be 

associated with dysfunction in cognitive control. 

Grant et al. (2007) examined the role of cognition in NSSI, using DTI to assess 

frontal white matter integrity through trace and fractional anisotropy in frontal and 

posterior regions related to cognition. Participants were female adults with BPD and 

NSSI (one or more episodes a week, and urges to self-injure at least once a week). 

Participants underwent neuropsychological testing emphasizing executive functions, as 

well as neuroimaging assessment. Results found that NSSI was associated with 

significantly higher measures of trace and lower fractional anisotropy in inferior frontal 

regions. Posterior trace was significantly associated with both perseverative and non-

perseverative responses on a test of set-shifting abilities. Additionally, both anterior trace 

and fractional anisotropy were significantly correlated with recall recognition. Results 

suggest that NSSI may be associated with decreased white matter microstructural 

integrity in inferior frontal brain regions, including components of orbitofrontal circuitry. 

Schmahl et al. (2004) also examined the role of cognition in NSSI, using laser-

evoked potentials (LEPs) to examine the factors underlying analgesia in NSSI in relation 

to cognition. Participants were female adults with BPD and current NSSI, reporting 
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analgesia for at least 70% of NSSI episodes. During the experiment, participants were 

administered brief heat pulses while LEPs were recorded with suprathreshold laser 

stimuli during a spatial discrimination paradigm and a mental arithmetic paradigm. 

Results found that NSSI was associated with significantly higher heat pain thresholds and 

significantly lower pain ratings, though LEP amplitudes and latencies did not differ based 

on the presence or absence of NSSI. Results suggest that hypoalgesia in NSSI likely is 

not due to altered cortical processing. 

Social Processes 

Five studies examined social processes in NSSI. Sample sizes ranged from 43 to 

123 individuals, and cohorts included participants from Germany (2 studies), Sweden (1 

study), Switzerland (1 study), and the United States (1 study). Two included only 

females, and three included both females and males. Additionally, three examined 

adolescents, one examined adults, and one examined both adolescents and adults. One 

examined NSSI in the context of BPD, two examined NSSI in the context of MDD, and 

two examined NSSI in the context of MDD with and without comorbid BPD. Finally, all 

five examined BOLD activation of ROIs during social interaction tasks. Three used the 

same social paradigm, Cyberball, and two used different interpersonal self-processing 

tasks.  

Brown et al. (2017) examined the role of social processes in NSSI, assessing 

BOLD activation in ROIs including the dorsomedial (dm-) PFC, dlPFC, vlPFC, ACC, 

ventral striatum, putamen, and premotor cortex during the Cyberball Task. Participants 

were depressed adolescents with current NSSI (at least five times within the past year) 

without BPD, age-matched control adolescents without NSSI and without any current or 
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past psychiatric diagnoses, depressed adults with BPD and current NSSI, and age-

matched control adults without NSSI and without any current or past psychiatric 

diagnoses. Although all participants reported experiencing enhanced feelings of social 

exclusion, NSSI was specifically associated with increased activation of the putamen 

during social exclusion versus inclusion. Additionally, both depressed adolescents with 

current NSSI and depressed adults with BPD and current NSSI showed enhanced 

activation in the ventral ACC during social exclusion compared to controls. However, 

only depressed adults with BPD and current NSSI displayed enhanced activation in the 

dlPFC, dmPFC, and anterior insula during social inclusion compared to a passive 

condition. Findings show that NSSI may be associated with greater responses to both 

positive and negative social situations, or both social inclusion and social exclusion by 

peers. 

Groschwitz et al. (2016) also examined the role of social processes in NSSI, 

assessing both whole-brain and ROI BOLD activation during Cyberball, in regions 

including the vlPFC, medial PFC, and dorsal ACC. Participants were depressed 

adolescents with current NSSI (at least five times within the past year), depressed 

adolescents without current NSSI (five of whom reported minor lifetime NSSI, with two 

participants having engaged once, one participant having engaged four times, and two 

participants having engaged seven times), and controls without NSSI and without any 

current or past psychiatric diagnoses. Participants were matched for age, gender, IQ, and 

depression-scores. Results found that NSSI was associated with increased activation in 

the medial PFC, vlPFC, and the parahippocampus for social exclusion minus inclusion. 

Results suggest divergent processing of social exclusion in NSSI engagement. 
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Malejko et al. (2019) also examined the role of social processes in NSSI, also 

assessing whole-brain and ROI BOLD activation during Cyberball, in regions of the 

salience network including the ventral ACC and the anterior insula. Participants were 

adult females engaging in NSSI without BPD, adult females with BPD and without NSSI, 

and controls without NSSI and without any current or past psychiatric diagnoses. 

Participants were matched for education and age. Results found that NSSI was associated 

with decreased activation in the right dmPFC, and conjunction analyses found significant 

increases neural activations within the pregenual ACC and anterior insula for both BPD 

and NSSI. Findings suggest that although adults engaging in NSSI and adults with BPD 

exhibit similar increases in activation within the salience network following social 

inclusion, there are disorder-specific reactions within the dmPFC following social 

inclusion.  

Perini et al. (2019) examined the role of social processes in NSSI, assessing 

whole-brain BOLD activation during a simulated social media interpersonal self-

processing task. During the task, participants viewed a picture of themselves receiving 

positive or negative feedback from simulated players. Participants were female 

adolescents engaging in NSSI (five or more episodes over the last six months), and age-

matched controls without lifetime NSSI and without any psychiatric diagnoses within the 

past year. Results of a multi-voxel pattern analysis identified activation in regions similar 

in the presence and absence of NSSI, including the anterior insula and dorsal ACC. 

Regions were also identified that robustly differentiated between the presence and 

absence of NSSI, including the dmPFC and subgenual ACC. Finally, in NSSI, multi-

voxel classification scores correlated with behavioral sensitivity to negative feedback 
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from others. These findings suggest altered roles of these neural regions during social 

interactions in NSSI. 

Finally, Quevedo et al. (2016) also examined the role of social processes in NSSI, 

assessing whole-brain BOLD activation during an interpersonal self-processing task 

assessing both direct and indirect self-processing. Participants listened to statements 

about themselves (e.g., “I always have lunch with my friends”, “I am not a good speller”) 

and responded as to whether the statements were self-descriptive, from their own 

perspective (direct), and from their mothers’/best friends’/classmates’ perspectives 

(indirect). Participants were adolescents with depression and current NSSI (at least four 

times within the past year), depressed adolescents without current NSSI, and controls 

without NSSI and without any current or past psychiatric diagnoses. Results found that 

across self-processing perspectives, NSSI was associated with increased activation in the 

rostral medial PFC, dorsal PFC, caudate, precuneus, ACC, PCC,  

and superior parietal lobe. Additionally, the absence of NSSI was associated with 

increased activation in the rostrolateral frontal pole and the occipital cortex (OCC). NSSI 

was also associated with greater activation in the amygdala, hippocampus, 

parahippocampus, and fusiform during indirect self-processing (specifically, from their 

mothers’ perspective). Finally, NSSI was associated with increased precuneus and PCC 

activation during indirect self-processing (specifically, from their classmates’ 

perspective). These findings suggest disruptions in self- and emotion-processing, as well 

as conflicted social relationships, in NSSI. 

Reward Processes 

Three studies examined reward processes in NSSI. Sample sizes ranged from 38 
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to 71 individuals, and cohorts included participants from the USA (2 studies) and Spain 

(1 study). Two included only females, and one included both females and males. 

Additionally, one examined children, one examined adolescents, and one examined 

adults. One examined NSSI in the context of BPD, and two examined NSSI independent 

of psychiatric diagnoses. Finally, two examined BOLD activation of regions of interest 

(ROIs) during reward tasks. One of these studies also examined functional connectivity. 

The last study examined feedback negativity ERPs using EEG.  

Sauder et al. (2016) examined the role of reward processes in NSSI, assessing 

BOLD activation in ROIs including the caudate, putamen, OFC, and the amygdala using 

the Monetary Incentive Delay task. Participants were adolescent females with at least 

three acts of NSSI in the last year or five or more in their lifetime and age-matched 

controls without NSSI and without a current or past diagnosis of depression. Results 

found that NSSI was associated with decreased activation during reward anticipation in 

the putamen, OFC, and amygdala. Additionally, activation within the striatum and the 

amygdala was correlated negatively with both parent- and adolescent-reported symptoms 

of ADHD and MDD. These findings suggest that there may be a common neural 

vulnerability to impulsivity and MDD, and implicate the role of the amygdala in the 

development of NSSI. 

Vega et al. (2018) examined the role of reward processes in NSSI, assessing 

BOLD activation and connectivity in the ventral striatum and OFC during a monetary 

gambling task. Participants were adults with BPD and a history of NSSI (five or more 

episodes, with two having occurred in the previous two years), with BPD without NSSI, 

and controls without NSSI and without any current or past psychiatric diagnoses. These 
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three groups were matched by sex, age, and IQ. Results found that NSSI was associated 

with increased activation in the OFC and ventral striatum following unexpected rewards. 

Additionally, NSSI was associated with diminished connectivity between the left OFC 

and right parahippocampal gyrus following the receipt of an unexpected additional gain. 

These findings suggest impaired ability to update reward associations of potential choices 

in NSSI. Further, results suggest that NSSI involves alterations in the reward system 

independently of BPD. 

Finally, Tsypses et al. (2018) examined the role of reward processes in NSSI, 

using EEG to assess feedback negativity (FN) ERPs using the Doors task. Participants 

were children with a history of NSSI (any prior engagement) and demographically-

matched controls without any history of NSSI. Results showed that NSSI was associated 

with significantly more negative delta FN (i.e., FN to losses minus FN to gains). This 

difference remained significant after controlling for current depressive, anxious, and 

externalizing symptoms. Associations also were significant when excluding children with 

a lifetime history of MDD or anxiety disorders, or with parents with a suicide attempt 

history. Findings of altered FN in NSSI reflect that NSSI is associated with impairments 

in ACC functioning during reward processing. Further, this altered delta FN is specific to 

NSSI and not accounted for personal history of internalizing problems or family history 

of suicide attempts.  

DISCUSSION  
 

Presented here is a systematic review of the academic literature utilizing 

assessments of neural structure and neural function in NSSI. Studies were reviewed that 

examined psychological processes implicated in NSSI engagement, including emotion 

processes, pain processes, executive processes, social processes, and reward processes. 
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Discussed below are the most prominent consistencies and inconsistencies of the 

neurobiological correlates of these psychological processes. Additionally, we will discuss 

limitations in the current field, as well as directions for future work, on the neurobiology 

underlying these psychological processes involved in NSSI behaviors. 

Across all psychological processes, neural regions frequently implicated in NSSI 

included structures within the limbic system involved in emotional, memory and 

motivational processes (Hariri et al., 2000). These regions include the amygdala, the 

insula, and the hippocampus and parahippocampus. Although the amygdala has 

previously been identified as a region integral to the processing of fear, research has 

shown that the amygdala is associated with the perception and processing of a wide range 

of negative emotions, including anger, sadness, and aggression. Along with the 

amygdala, the insula is also thought to be involved in emotion processing and arousal, 

including awareness of one's own bodily states, as well as decision-making and other 

executive processes (Hanlon et al., 2016). Finally, the hippocampus and 

parahippocampus are involved in memory formation, encoding, and retrieval.  

Findings across psychological processes generally converged to show that NSSI 

was associated with increased neural activation across contexts in regions associated with 

emotional and memory processes. This hyper-activation suggests that NSSI is associated 

with a lower emotional threshold and a heightened emotional response. Further, NSSI 

may also be associated with a heightened tendency to form and recall memories that are 

emotionally charged. Finally, the introduction of a painful stimulus (or engagement in 

NSSI) may serve to decrease stress and down-regulate negative affect for individuals 

engaging in NSSI that results in decreased activation in these limbic regions. 
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Additionally, although individuals engaging in NSSI likely learn the association between 

NSSI and its immediate consequences (e.g., relief from emotional distress), they fail to 

learn the association between NSSI and the possible long-term negative results of these 

behaviors.  

In addition to these limbic regions, the frontal, prefrontal, and orbitofrontal 

cortices were also associated with NSSI across psychological processes. Broadly, the 

frontal lobe is integral for cognitive skills, including emotional expression, problem 

solving, memory, language, and judgment. Notably, specific regions of the prefrontal 

cortex are important in planning behavior, decision-making, and controlling impulses 

(Fuster, 2001). For instance, within the prefrontal cortex, the dlPFC has been implicated 

in higher cognitive functions including switching attention and inhibiting inappropriate 

responses, and the dmPFC is consistently engaged in inferring mental states. 

Additionally, within the prefrontal cortex, the vlPFC has specifically been implicated in 

regulating emotional responses to social situations (Riva & Eck, 2016), and the 

ventromedial (vm-) PFC is similarly involved in both emotional and social processes 

(Hiser & Koenigs, 2018). Finally, the OFC is a key region for integrating sensory, 

hedonic and emotional information (Berridge & Kringelbach, 2008).  

Findings across psychological processes show that NSSI is associated with altered 

structure, function, and connectivity of frontal regions broadly involved in cognitive 

skills and problem solving. However, the nature and impact of these alterations may 

specifically depend on the psychological processes examined. In executive processes, 

NSSI is associated with reduced white matter integrity and activation in frontal regions 

during executive functioning tasks, suggesting poor behavioral control. In reward 
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processes, NSSI is associated with altered activation dependent on the stage and type of 

reward—decreased during reward anticipation and increased during unexpected reward 

attainment—and diminished frontal-limbic connectivity during reward receipt. Since 

NSSI is associated with reduced processing of reward, this suggests that individuals 

engaging in NSSI may experience deficits in updating reward contingencies, thus 

displaying weakened inference of consequences of their behaviors. For emotion and pain 

processes, NSSI is associated with increased activation of frontal regions and altered 

connectivity between frontal regions, suggesting that dysfunction within frontal regions 

may lead to deficits in the regulation of emotional behavior during exposure to painful 

stimuli. Finally, for social processes, individuals engaging in NSSI display altered 

activation in frontal regions in anticipation and receipt of social feedback from others, 

suggesting that these individuals may experience difficulty in regulating their emotions 

and behaviors in relation in the context of their interpersonal relationships. Across these 

processes, results suggest that individuals engaging in NSSI likely experience difficulties 

exerting inhibitory cognitive control over both their emotions and their behaviors. This 

difficulty may lead to individuals engaging in NSSI as a maladaptive coping strategy 

when exposure to stimuli or events exceeds their capacity to regulate themselves 

adaptively. 

Finally, other neural regions commonly implicated in NSSI and across 

psychological processes include the ACC, and the ventral and dorsal striatum. The ACC 

has been implicated in various cognitive processes related to decision-making, including 

the management of reward-seeking behaviors and social behavior (Burhans et al., 2001). 

The ACC is also interconnected with limbic system structures (e.g., the amygdala and 
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hypothalamus); thus, the ACC is thought to be involved in a number of emotional 

functions, including the assigning emotions to internal and external stimuli and 

integration of emotions into decision-making. Additionally, the striatum is also 

extensively involved in reinforcement-based decision-making and learning processes, as 

well as habit formation. In particular, the ventral striatum plays a role in goal-directed 

learning (Zeighami & Moustafa, 2015), whereas the dorsal striatum plays a role in the 

processes required for habitual learning.  

Findings across psychological processes generally converged to show that similar 

to hyper-activation in limbic regions, individuals engaging in NSSI display hyper-

activation in these neural regions implicated in reinforcement learning, emotional 

decision making, and habit formation, including the ACC and the dorsal and ventral 

striatum. These alterations within these neural regions or networks suggest that 

individuals engaging in NSSI are more sensitive to both rewards and losses. However, 

decreased activation in NSSI-specific contexts, such as imagining engaging in NSSI or 

during exposure to pain, and decreased connectivity between the ACC and OFC during 

pain exposure, suggests that the cingulate cortex is inhibited during the experience of 

pain for individuals engaging in NSSI. This reduction in activity suggests that the pain 

following NSSI engagement may be experienced as rewarding. This reward, in turn, may 

lead to the reinforcement of NSSI, where individuals habitually engage in NSSI as an 

effective means of down-regulating their negative emotional states. Notably, findings 

suggest that aberrant functioning in these regions may be improved through behavioral 

interventions such as DBT. 

In sum, the papers included in the current review suggest that NSSI is associated 
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with greater emotional responses in negative situations, as well as poorer down-

regulation of negative emotions and poorer inhibitory control over impulsive behaviors. 

NSSI is thus likely used as a maladaptive coping mechanism, and the down-regulation of 

negative emotion resulting from NSSI may be experienced as rewarding and serve to 

reinforce engagement in these behaviors. 

Limitations 

There were several notable limitations of the previous studies included within the 

current review. First, there was significant variability in the age of individuals engaging 

in NSSI examined in these studies. Some examined adults engaging in NSSI 

(Bonenberger et al., 2015; Dahlgren et al., 2018; T. S. Davis et al., 2014; Grant et al., 

2007; Kluetsch et al., 2012; Kraus et al., 2010; Lee et al., 2015; Malejko et al., 2019; 

Niedtfeld et al., 2010, 2012, 2017; Olié et al., 2018; Reitz et al., 2015; Russ et al., 1999; 

Schmahl et al., 2004, 2006; Vega et al., 2018, 2018) and others examined adolescents 

(Ando et al., 2018; Beauchaine et al., 2018; R. C. Brown et al., 2017; Demers et al., 

2019; Groschwitz et al., 2016; Osuch et al., 2014; Perini et al., 2019; Plener et al., 2012; 

Quevedo et al., 2016; Sauder et al., 2016; Westlund Schreiner et al., 2017). Notably, only 

one study examined children engaging in NSSI (Tsypes et al., 2018). This variation in 

age may introduce confounds related to duration of time engaging in NSSI. As such, 

more research examining NSSI in populations nearer to the onset or emergence of these 

behaviors is an important next step for research. 

Second, many of the studies reviewed examined NSSI through the lens of 

comorbid psychiatric disorders, including BPD  and depression (Groschwitz et al., 2016; 

Quevedo et al., 2016), and schizophrenia (Lee et al., 2015). Examining NSSI in the 
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context of these disorders can make it difficult to ascertain whether findings are 

specifically related to NSSI engagement, or instead may result from comorbid diagnoses. 

Notably, some studies did include psychiatric control groups in their studies (Davis et al., 

2014; Groschwitz et al., 2016; Malejko et al., 2019; Vega et al., 2018), and others still 

included individuals solely based on their engagement in NSSI (Ando et al., 2018; 

Beauchaine et al., 2018; Bonenberger et al., 2015; Dahlgren et al., 2018; Demers et al., 

2019; Osuch et al., 2014; Perini et al., 2019; Plener et al., 2012; Sauder et al., 2016; 

Tsypes et al., 2018; Westlund Schreiner et al., 2017). More work using such practices is 

needed, to truly elucidate which findings are specific to NSSI. 

Third, the studies reviewed here varied greatly in terms of their operationalization 

of NSSI. Inclusion criteria for defining NSSI ranged from anyone with a single previous 

episode of NSSI (Davis et al., 2010; Kluetsch et al., 2012; Kraus et al., 2010; Lee et al., 

2015; Malejko et al., 2019; Niedtfeld et al., 2010, 2012, 2017; Osuch et al., 2014; 

Schmahl et al., 2006; Tsypes et al., 2018) to one or more episodes a week, and urges to 

self-injure at least once a week (Grant et al., 2007). Further, these studies most commonly 

used NSSI frequency as their criterion variable; however, recent work has shown that 

frequency may not be the most reliable marker of NSSI severity (Ammerman et al., 2019; 

Zielinski et al., 2018), highlighting the importance of examining other NSSI-related 

variables, such as the number or type of methods used to self-injure, in NSSI research. 

Thus, future work could examine NSSI based on variables beyond the frequency of these 

behaviors. 

Fourth, previous work has typically relied on examining individual regional 

activation, or connectivity between a small number of regions, in individuals engaging in 
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NSSI. However, as discussed above, most of the neural regions involved in NSSI 

engagement have been implicated across multiple psychological processes. 

Advancements in imaging methods have begun to allow for the examination of larger-

scale or broader neural networks (Schmittmann et al., 2015). These techniques may be 

particularly relevant for the examination of neural structure and neural function in 

individuals engaging in NSSI. Thus, moving beyond examining functional activity (e.g., 

hyper-activation vs. hypo-activation) within particular regions to instead examine the 

large-scale or broader neural networks implicated in NSSI may offer additional insight 

into why and how these psychological processes function differently in individuals 

engaging in NSSI. 

Fifth and finally, there may be additional psychological processes that are 

implicated in NSSI that have not yet been examined. These processes may be more 

closely related to the functions served by NSSI. For example, although social processes 

have broadly been examined in NSSI, predominantly in the examination of responses to 

social acceptance and social rejection, it is possible that task paradigms based on close 

relationships and trust rather than on social evaluative processes would be more closely 

related to some of the interpersonal motivations for NSSI, such as interpersonal influence 

or interpersonal boundaries. As such, future work examining additional psychological 

processes that may be implicated in NSSI, or work using novel tasks to specifically 

examine these functions of NSSI, may be merited. 

CONCLUSION 

This review described the results of studies examining the neural structure and 

function underpinning the psychological processes implicated in NSSI. Specifically, this 
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review highlighted which regions are dysfunctional in individuals engaging in NSSI, and 

the ways in which these regions are dysfunctional in individuals engaging in NSSI. 

Regions most consistently associated with NSSI across psychological processes included 

the amygdala, insula, and hippocampus and parahippocampus, frontal, prefrontal, and 

orbitofrontal cortices, and the anterior cingulate, dorsal striatum, and ventral striatum. 

Collectively, these data suggest that NSSI is associated with greater emotional responses 

in negative situations, poorer down-regulation of negative emotions, and poorer 

inhibitory control over impulsive behaviors. Overall, this suggests that NSSI is associated 

with maladaptive coping, and this down-regulation of negative emotion resulting from 

NSSI may be experienced as rewarding that may serve to reinforce engagement in these 

behaviors. Finally, this review highlights the importance of standardizing the methods of 

indexing neural structure and function in NSSI, specifically in terms of how NSSI is 

categorized, which comorbid disorders are examined, and how neuroimaging data is 

collected and analyzed, so that research in this area is comparable and reproducible. 

Notwithstanding, from this review it is evident that several psychological processes and 

their underlying systems in the brain function differently in NSSI, and thus contribute to 

the engagement in these behaviors.
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