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Abstract

There is limited information regarding the neurobiology underlying non-suicidal self-injury 

(NSSI) in clinically-referred youth. However, the salience of disturbed interpersonal relationships 

and disrupted self-processing associated with NSSI suggests the neural basis of social processes as 

a key area for additional study. Adolescent participants (N=123; M=14.75 years, SD=1.64) were 

divided into three groups: NSSI plus depression diagnosis (NSSI), depression only (DEP), healthy 

controls (HC). In the scanner, participants completed an Interpersonal Self-Processing task by 

taking direct (own) and indirect (mothers’, best friends’, or classmates’) perspectives regarding 

self-characteristics. Across all perspectives, NSSI showed higher BOLD activation in limbic areas, 

and anterior and posterior cortical midline structures versus DEP and HC, while HC showed 

greater activity in rostrolateral, frontal pole and occipital cortex than NSSI and DEP youth. 

Moreover, NSSI youth showed heightened responses in amygdala, hippocampus, 

parahippocampus, and fusiform when taking their mothers’ perspective, which were negatively 

correlated with self-reports of the mother’s support of adolescents’ emotional distress in the NSSI 

group. NSSI youth also yielded greater precuneus and posterior cingulate cortex activity during 

indirect self-processing from their classmates’ perspective. Findings suggest a role for disruptions 

in self- and emotion-processing, and conflicted social relationships in the neurobiology of NSSI 

among depressed adolescents.
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1. Introduction

Non-suicidal self-injury (NSSI) is the self-inflicted destruction of body tissue without 

suicidal intent, using socially unsanctioned methods (Nixon and Heath, 2009). This behavior 

is common among clinically-referred youth, with between 38 and 67% of adolescents with a 

psychiatric diagnosis reporting NSSI behavior (Brunner et al., 2014; Heath et al., 2009). 

NSSI is comorbid with both externalizing and internalizing disorders, including borderline 

personality (BPD), substance use, eating disorders, and depression (Nock et al., 2006). 

Understanding NSSI within its comorbid disorders is essential, as this behavior portends 

chronic mental illness (Barrocas et al., 2015), increased suicide risk (Dickstein et al., 2015; 

Klonsky et al., 2013), and lifetime impairment (Glenn and Klonsky, 2013; In-Albon et al., 

2013). Identifying neural signatures distinguishing NSSI from comorbid disorders may 

elucidate unique neural signatures of higher risk trajectories. For instance, NSSI may 

facilitate severe negative outcomes such as suicide attempts (Whitlock et al., 2013a), and 

BPD diagnosis (Groschwitz et al., 2015), which is associated with high societal costs 

(Brettschneider et al., 2014).

Despite these justifications for examining NSSI behavior’s associated neural signatures there 

is little neuroimaging research on NSSI in general; moreover, although NSSI’s highest 

prevalence rates occur in adolescence (Moran et al., 2012) the lack of neuroimaging studies 

is especially notable within adolescent groups. The few existing imaging studies regarding 

self-injury show altered emotional processing sub-served by limbic hyperactivity. For 

instance, Davis and colleagues (2014) found that self-injurers demonstrate more amygdala 

activation following instructions to regulate emotional responses to negative stimuli 

compared to healthy controls, even though no such differences were evident in basic 

emotional reactivity to stimuli. Davis et al. (2014) also reported heightened activity in self-

injurers versus depressed non-self-injuring controls in posterior cingulate cortex and 

prefrontal motor areas (BA8 and BA6) during regulation of negative emotions, perhaps 

suggestive of greater cognitive effort expended by self-injurers during emotion regulation. In 

the single neuroimaging study of adolescent-specific NSSI, Plener et al. (2012) reported 

hyperactivation of the bilateral amygdala, hippocampus, anterior cingulate cortex (ACC), 

and cerebellum in 9 self-injurers versus 9 healthy controls in response to viewing negative 

images; however, controlling for depression accounted for these group differences, and this 

investigation is limited by its small sample size.

While vastly limited in scope, existing neuroimaging research of adult and adolescent NSSI 

has focused primarily on emotion dysregulation and corresponding limbic hyperactivity 

during processing of negative stimuli. Nonetheless, the scarcity of existing studies, small 

sample sizes, and absence of psychiatric, non-NSSI control groups suggest that additional 

study in this area is urgently needed. Past neuroimaging research has also typically 
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employed methods which are remote from the individual’s own inter- or intra-personal 

context (i.e., viewing negative images). Thus existing studies have overlooked two relevant 

and interrelated features of NSSI: interpersonal relationship difficulties and distorted self-

processing, both of which are the focus of the present study.

Conflict with parents tends to increase during adolescence (Shanahan et al., 2007), and 

closeness and warmth within these relationships may decrease during this period (Marceau 

et al., 2015; Paikoff and Brooks-Gunn, 1991). Although self-injuring youth typically report 

conflict in both family and peer relationships (Lundh et al., 2009) researchers suggest that a 

history of conflict with caregivers may play a key role in the emergence of NSSI behavior 

through the development of poor emotion regulation skills, and that conflict with peers may 

serve to maintain existing NSSI behavior (Crowell et al., 2009). Specifically, caregiver 

emotional invalidation, conceptualized as parenting practices which imply the child’s 

opinions and emotions are invalid, irrational or unimportant (Linehan, 1993), have been 

linked to emotion dysregulation and NSSI (Adrian et al., 2011; Sturrock and Mellor, 2014; 

Tan et al., 2014; Yurkowski et al., 2015). Indeed, when accounting for multiple interpersonal 

characteristics, retrospective self-reports of experiencing maternal antipathy has been shown 

to be the sole significant predictor of NSSI behavior (Kaess et al., 2013), and observed 

maternal emotional invalidation and coerciveness have been linked to greater conflict in 

interactions between adolescent self-injurers and their mothers (Crowell et al., 2013). With 

respect to peers, conflict in peer relationships is also associated with youth NSSI behavior 

(e.g., (Hilt et al., 2008), perhaps by placing continued stress on already dysregulated 

emotional processing systems, or by serving as distressing triggers for NSSI engagement. 

Consequently, the current study examined how indirect self-processing from both mothers’ 

and peers’ perspectives engage the neural basis of emotion- and self-processing in self-

injurers.

Self-processing is the ability to perceive, evaluate and judge one’s states, traits and abilities. 

Toward the end of adolescence, self-referential processing results in global cognitive self-

representations (self-knowledge) enabled by abstract thinking skills that emerge during this 

period (Harter, 1999). Researchers have shown that, in addition to dysfunctional 

interpersonal relationships, negatively biased self-knowledge and unresolved identity 

formation characterize youth who engage in NSSI. For example among eating disorder (ED) 

patients, NSSI is significantly and robustly related to greater identity confusion and to less 

identity coherence (Claes et al., 2015). Similarly, among self-injuring adolescents with ED, 

poor interoceptive awareness and high interpersonal ineffectiveness are both associated with 

NSSI (Ross et al., 2009). Lack of self-esteem and low self-efficacy have also each been 

linked with NSSI in student samples (Tatnell et al., 2014). High self-criticism has been 

shown to mediate associations between exposure to emotional abuse in childhood and NSSI 

behavior (Glassman et al., 2007), and is also linked with pain analgesia and higher pain 

endurance in self-injurers (Glenn et al., 2014; Hooley and St Germain, 2014). Thus, it has 

been proposed that NSSI may represent a possible manifestation of one’s painful, confused 

or disrupted self-processing (Claes et al., 2010b; Claes et al., 2015).

The neural substrates of self-processing implicate somewhat distinct systems compared to 

those involved in emotion processing and regulation (i.e., limbic regions, lateral prefrontal 
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cortex [PFC]). Specifically, processing information regarding the self reliably engages both 

anterior and posterior cortical midline structures (CMS), including rostral and perigenual 

anterior cingulate cortex (ACC), posterior cingulate cortex (PCC), precuneus and medial 

PFC, particularly medial BA10 (Ichikawa et al., 2011; Kircher et al., 2000). Additionally, 

dorsal ACC recruitment has been noted during social rejection or negative evaluation (Rotge 

et al., 2015), and when healthy adolescents engage in both direct (self perspective) and 

indirect (important others’ perspectives) self-referential processing (Jankowski et al., 2014; 

Pfeifer et al., 2009). Although limited in scope, existing research has shown that self-

injuring youth and adults demonstrate hyperactivation of CMS regions (i.e., ACC, PCC) 

during emotionally distressing tasks (Davis et al., 2014; Plener et al., 2012), perhaps 

suggesting self-injurers’ atypical processing of self-related information during heightened 

emotional demand. Hyperactive CMS during direct or indirect self-referential processing is 

also generally implicated for depressed individuals (Cooney et al., 2010; Ruiz et al., 2013; 

Zhang et al., 2013), a common comorbid diagnosis of NSSI (Lofthouse et al., 2009). Self-

harming adults have also been shown to demonstrate even greater activation of the PCC than 

depressed (but non-self-harming) controls during emotion processing (Davis et al., 2014). It 

is also likely there are interactions among the neural systems engaged by self-processing and 

emotion processing. For example, self-criticism and negative self-concept, which both 

characterize self-injuring youth (Claes et al., 2010a; Glassman et al., 2007), are also each 

linked to greater limbic activity during exposure to adjectives of personally-relevant negative 

content versus exposure to neutral and negative non-self-referential adjectives (Doerig et al., 

2014). Overall, the extant literature reviewed here lends support for studying the hypothesis 

that depressed youth with NSSI may show higher activity in both CMS and limbic areas 

when engaged in self-processing compared to depressed youth without NSSI and healthy 

controls.

Given NSSI’s association to both chronic interpersonal difficulties and negatively biased 

self-processing, the current study sought to compare patterns of neural activation in 

depressed youth with and without NSSI and psychologically healthy controls during self-

processing appraisals both indirectly (from the perspectives of key social others: mother, 

best friend and classmates), and from their own direct perspective. This research was guided 

by two overarching hypotheses. First, we hypothesized that NSSI youth would show the 

greatest hyperactivation of CMS during direct and indirect self-referential processing, 

regardless of perspective, followed by depressed youth without NSSI, and then 

psychologically healthy controls. Second, we predicted that self-processing from the 

mothers’ perspective would elicit greater limbic activity in depressed youth with NSSI 

compared to both depressed and healthy controls; this hypothesis was based on theory 

(Linehan, 1993) and research (e.g., Kaess et al., 2013) suggesting the relevance of parental 

emotional invalidation on dysregulation of emotional processes in self-injuring youth. To 

further corroborate this putative explanation for variation in neural responses in the NSSI 

group, we also explored associations between observed neural activation during the mothers’ 

perspective and mothers’ reports of providing support to adolescents’ experiences of 

sadness, anger, and fear; we expected that for self-injurers, greater limbic activity would be 

related to less maternal support of negative emotions.
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2. Method

2.1. Participants and general procedure

One-hundred twenty-three adolescents (67 females; Mage=14.75 years, SD=1.64) 

participated in a larger study concerning the neurobiology of self and social processes in 

adolescent depression. Participants were recruited from brief crisis inpatient units and from 

youth assessed for depression at the Universities of Minnesota (40 male, 46 female, 

Mage=15.18, SD=1.60) and Pittsburgh (16 male, 21 female=21, Mage=14.18, SD=1.58), at 

local outpatient mental health clinics, and through radio and flyer advertisements. 

Psychological evaluation and determination of depression diagnosis and NSSI behavior for 

all participants was completed using the Schedule for Affective Disorders and Schizophrenia 

for School-Aged Children (K-SADS, Kaufman et al., 1997) and the Child Depression Rating 

Scale (CDRS, Poznanski et al., 1979). The Pubertal Development Scale (PDS, Petersen et 

al., 1985) was also completed (M= 3.05, SD = .55), with the majority of participants having 

mid to late pubertal status. Adolescents also completed measures of anxiety (SCARED, Hale 

et al., 2005), self-esteem (PCSC, Harter, 1982) and attributional style (CASQ, Conley et al., 

2001). Maternal reports of their provision of support to their adolescent child’s emotional 

experiences of sadness, anger, and fear were obtained via the Emotional Socialization 

Measure (ESM; Malatesta-Magai, 1991). One to two weeks after psychological evaluation 

and completion of questionnaires, adolescents completed neuroimaging procedures.

2.2 Participant groups

Participants were divided into three subgroups based on K-SADS depression diagnosis and 

NSSI behavior. NSSI behavior was determined using the K-SADS interview item regarding 

self-injury, and was defined as any intentional act of self-injury without suicidal intent that 

caused tissue damage in the form of bleeding and/or scarring; this included cutting, burning, 

hitting and scratching. Participants were classified as having engaged in NSSI behavior if 

they reported at least four instances of self-injury within the last year. Inter-coder agreement 

was established through double coding of 30 diagnostic interviews (24%), and results 

showed 98% agreement in primary diagnostic category (depressive disorder), and 100% 

agreement in presence or absence of NSSI. Fifty adolescents both reported NSSI behavior 

and met criteria for depression diagnosis (NSSI group), 36 reported no NSSI but met criteria 

for depression diagnosis (DEP), and 37 had no past or current psychiatric disorder or NSSI 

behavior (healthy controls, HC). Descriptive statistics and comparative analyses among the 

three groups for demographic and relevant clinical variables are summarized below and 

detailed in Table 1.

Compared to HC, NSSI and DEP groups both yielded lower IQ and family income, and 

were more likely to be Caucasian. NSSI and DEP groups also reported more abuse/trauma, 

higher anti-depressant and anti-psychotic medication intake, more frequent suicide attempts, 

more chronic and severe depression, lower self-esteem and higher anxiety than HC, and 

more negative attributional styles; however, the NSSI and DEP groups did not differ from 

one another on any of these variables. The NSSI group reported higher suicidal ideation than 

both HC and DEP. Finally, scanning site did not differ among NSSI, DEP, and HC groups 

[χ2 (2)=5.42, p=0.087]. The following variables were thus included as covariates in analyses 
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with extracted brain activity from coordinates that differed significantly among groups using 

SPSS software: IQ, ethnicity, depression severity and chronicity, medication intake, and 

suicide ideation.

2.3. Neuroimaging data acquisition

Data were collected using 3.0 Tesla Siemens Trio MRI scanners in both Minneapolis and 

Pittsburgh. Structural 3D axial MPRAGE images were acquired in the same session (TR/

TE=2100/3.31ms; TI: 1050; Flip Angle 8°; Field of View: 256 × 200mm; Slice-Thickness: 

1mm; Matrix: 256 × 200; 176 continuous slices). Mean BOLD images were acquired with a 

gradient echo EPI sequence during 17:02 minutes covering 60 oblique axial slices (2.0mm 

thick; TR/TE = 3340/30ms; FOV=200×200mm; matrix 80×80; Flip Angle 90°). Temporal 

signal to noise ratios were calculated using 3dTstats in Afni by dividing mean baseline 

estimates (signal) by standard deviations of the residual time series (noise); these ratios were 

then extracted and were statistically similar, t(476)=2.03, p=0.97. The present sample had 

movement parameters of maximum absolute shifts in xyz axes of < 2.0 mm or absolute 

rotations < 0.57 radians. Movement parameters did not differ among groups [F (2,117) 

=0.40, p =0.67] or data collection sites [F(1,117) =1.64, p =0.20], nor were there any 

significant group by site interaction effects [F(2, 117) =0.26, p=0.77].

2.4. Interpersonal self-processing task

A previously validated Interpersonal Self-Processing task (Pfeifer et al., 2009) assessed both 

direct and indirect self-processing (see Figure 1). Youth listened to statements about 

themselves (e.g., “I always have lunch with my friends”, “I am not a good speller”) and 

responded (via button press) as to whether the statements were self-descriptive, both from 

their own perspective (direct), and from their mothers’, best friends’, and classmates’ 

perspectives (indirect). Written reminders of perspective were shown during each condition 

(e.g., “my mother thinks…” or “I think…”). Further task details are provided in prior studies 

validating its use to engage the neural basis of self-processing in youth and adults (Pfeifer et 

al., 2009; Pfeifer and Peake, 2012). Stimulus presentation and recording of responses were 

obtained using e-prime software version 2.1.

2.5. Analytic plan

Data was previewed before preprocessing with ART, which was also used to correct for 

unusual scans in the time series (i.e., xyz movement > 2mm), slices and volumes as 

recommended by Mazaika et al. (2005). Data were preprocessed and analyzed with 

Statistical Parametric Mapping 8 (SPM8; http://www.fil.ion.ucl.ac.uk/spm). Functional 

images for each participant were realigned to the first volume in the time series to correct for 

head motion. Realigned and motion corrected images were co-registered with subjects’ high-

resolution anatomical image, segmented, spatially normalized to standard MNI template, re-

sliced to voxels of 2mm3 and spatially smoothed with a Gaussian kernel of 7mm full-width 

at half-maximum (FWHW).

A first-level fixed-effect GLM was constructed for each participant. Hemodynamic response 

function was applied to model epochs. Scan and predetermined condition effects at each 

voxel were calculated using a t-statistic, and produced four contrasts of interest for use in 
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second-level models: each perspective (self, mother, best friend, classmates) block minus 

baseline. A second-level flexible factorial GLM model entered these t-contrast images from 

the four perspectives (self, mother, best friend, classmates) as a repeated measure within-

subjects factor, as recommended to test group by condition effects (Glascher and Gitelman, 

2008). This flexible factorial repeated measures ANOVA included two factors (1 between-, 1 

within-subjects), Group [3 levels: (NSSI, DEP and HC)] and Perspective [4 levels: self, 

mother, best friend, and classmate], as well as subject level effects with scanning site as a 

covariate. See online addendum for reaction time and endorsement of self-descriptors 

analyses.

To clarify the source of any obtained main effect of group in large cortical midline structure 

clusters, groups were compared across all self-processing perspectives with contrasts 

comparing NSSI versus youth without NSSI (i.e., DEP, HC), HC versus depressed youth 

(i.e., NSSI, DEP), and differences among all three groups. Then, to test our hypothesis 

regarding perspective effects and, specifically, that NSSI would show higher limbic activity 

when engaged in self-processing from their mother’s perspective, the flexible factorial 

repeated measures ANOVA was examined for group differences within each of the four 

perspectives individually with t-contrasts that were specific to each perspective (e.g., a t-
contrast that compared NSSI> DEP > HC for the mother’s perspective only). Labeling of 

regions was confirmed by the xj-view GUI in SPM8 and Talairach Daemon software.

To correct for multiple comparisons, we calculated whole-brain thresholds via Monte Carlo 

simulations using the program 3dClustSim in AFNI which yielded a voxel resolution of: 

6.86, 6.75, 6.25. Given a voxel-wise threshold of p<.001, a cluster-extent threshold of 

k=91.5 voxels corresponded with a family-wise-error (FWE) corrected alpha of p < 0.05. 

This joint magnitude-extent threshold was used in tables and figures. Finally, region of 

interest (ROI) time series for 7mm spheres centered on coordinates that significantly differed 

among the groups were extracted using the first eigenvalue function in SPM8. These 

extractions were used in graphs and additional tests of effects of potential medication, 

covariates using SPSS software (v. 21). These analyses were Group (3 levels: NSSI, DEP 

and HC) by Medication (Medication, No Medication) by Brain Activity (ROI) as within 

participant factors or Group by Brain activity with medication load, number of medications, 

IQ, suicidal ideation and ethnicity as a covariates. ROI extractions were then also used in 

correlation analyses with mothers’ reports of support.

3. Results

3.1. Group effects

In the repeated measures ANOVA, a main effect of group was found for five large clusters 

significant at the whole-brain level. The first spanned occipital and mid-temporal regions 

including the lingual gyrus, cuneus, and fusiform, [−20 −88 −18], F(2, 476) = 14.49, 

k=1764; the second was in the precuneus and PCC, [10 −40 48], F (2, 476) = 14.04, k=1037; 

the third was in the superior frontal gyrus extending across BA8 from lateral to medial 

dorsal PFC, [32 22 52], F(2, 476)= 4.04, k=445; the fourth encompassed bilateral medial 

temporal lobe structures and limbic regions including parahippocampus, hippocampus, and 

amygdala, [30 −38 −22 ], F(2, 476)=13.27, k=602; and the fifth was comprised by the rostral 
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medial prefrontal cortex (rMPFC), including BA10 and subgenual ACC, [−8, 58,14], F(2, 

476)=13.17, k=280.

Targeted follow-up contrasts (Table 2) were examined to elucidate the direction of these 

group effects, collapsed across all four perspectives of self-processing. These contrasts 

compared (i) NSSI versus both DEP and HC jointly, (ii) HC versus DEP and NSSI jointly 

and (iii) HC versus NSSI versus DEP separately. First, contrast (i) showed that NSSI had 

higher BOLD signal than DEP and HC during self-processing in the dorsal prefrontal cortex 

(BA8), precuneus, PCC, superior parietal lobule, left and right middle temporal limbic 

structures (amygdala, parahippocampus, and hippocampus), fusiform, and middle temporal 

gyrus (Figure 2 and Table 2, contrast: NSSI>DEP+HC). Next, contrast (ii) revealed that HC 

had higher BOLD signal than NSSI and DEP during self-processing in the occipital and 

rostral medial prefrontal cortex (rMPFC) clusters; however, the ACC activation noted in the 

omnibus test was absent from the rMPFC cluster (Figure 3, Table 2, contrast: HC>DEP

+NSSI). Finally, contrast (iii) showed that, in addition to rMPFC and occipital activation, 

HC showed less de-activation in the subgenual ACC and caudate compared to NSSI, who in 

turn had less de-activation in these regions than DEP (see Supplemental Figure). This 

subgenual ACC cluster fell short of our threshold for significance, but this contrast (iii) was 

the only test that yielded activity differences previously observed in the omnibus test for the 

subgenual ACC.

3.1.1. Medication and covariate effects—For analyses conducted within depressed 

participants for the extracted significant clusters pertinent to contrast (i) [i.e., superior frontal 

gyurs (BA8), precuneus, PCC, limbic regions], no significant effects of medication presence, 

F(1, 116)=0.02, p=0.89, dosage load, F(26, 86)=0.81, p=0.73, or total number of 

medications, F(3, 113)=0.46, p=0.71, were found. Further, no effects of group interaction 

with medication presence, F(2, 116)=0.78, p=0.46, dosage load, F(7, 86)=0.50, p=0.83, or 

total number of medications, F(3, 113)=0.83, p=0.48, were found. Finally, no individual 

category of medication (antidepressants, anxiolytics, mood stabilizers, stimulants, 

antipsychotics) significantly interacted with group membership, F(2, 116)=0.001 to 1.90, 

p=0.45 to 0.97. Similarly, no covariates (IQ, ethnicity, depression severity/chronicity, suicide 

ideation) were significantly associated with activity from extracted clusters, suggesting that 

group differences in brain activity were not due to medication effects or to variables that 

differed among participant groups.

3.2. Group by perspective self-processing effects

To test the second hypothesis, group by perspective interactions were tested with contrasts 

for each self-processing perspective. Contrast (iv), NSSI>DEP>HC, revealed that when 

engaged in self-reflection from their mother’s perspective NSSI youth had greater activation 

in the bilateral amygdala, hippocampus, parahippocampus and fusiform compared to DEP, 

who in turn activated these areas more than HC (Table 2, Figure 4). Finally, although not 

hypothesized, group by perspective contrasts also showed that NSSI youth had greater 

activation in precuneus and PCC compared to HC during the classmates’ perspective, who in 

turn showed more activity than DEP (Figure 4). No group differences in brain activity were 

found during self-referential processing from the self or best-friend perspectives.
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3.2.2. Medication and covariates effects—No significant effects of medication 

presence, F(1, 117) =0.06, p = .81, dosage load, F(27, 86)=0.83, p = 0.70, or total number of 

medications, F(3, 114) = 1.00, p=0.40, were found for the extractions of significant neural 

clusters pertinent to contrast (iv) (i.e., bilateral amygdala, hippocampus, parahippocampus 

and fusiform). Interactions between group and medication presence, F(2, 117)=0.46, p = 

0.63, medication load, F(7, 86)=0.37, p=0.92, and total number of medications, F (3, 

114)=0.34, p = 0.80, were also non-significant. Finally, no category of medication 

(antidepressants, anxiolitic, mood stabilizers, stimulants, antipsychotics) by group 

interactions were found, F (2, 117)=0.04 to 2.59, p=0.11 to 0.84. None of the included 

covariates (IQ, ethnicity, depression severity/chronicity, suicide ideation) yielded significant 

effects, suggesting that group by perspective results were not due to effects of medication or 

to variables that differed among groups.

3.2.3. Follow-up correlations with maternal support of emotional experience—
Additional correlational analyses were conducted to explore our follow-up question 

regarding associations between BOLD activation in the NSSI group during self-processing 

from the mothers’ perspective, and mothers’ reports of their provision of support to 

adolescent’s negative emotions (Table 3). Results showed a consistent pattern of negative 

correlations between maternal support of adolescent emotions and the NSSI group’s 

activation in the amygdala and parahippocampus, and marginal negative correlations with 

fusiform activity. In contrast, maternal support was not associated with BOLD activation in 

HC and was marginally positively associated with hippocampal and parahippocampal 

activation in DEP.

4. Discussion

This study aimed to distinguish the neurobiology of self-injuring youth from depressed and 

psychologically healthy adolescents during direct and indirect self-processing. The majority 

of hypotheses were supported. First, NSSI youth showed greater limbic and CMS activation 

during self-referential processing across all perspectives compared to DEP and HC. Second, 

NSSI was associated with greater limbic activation during self-processing than DEP from 

the mothers’ perspective, and DEP in turn showed greater limbic activity than HC. Within 

the NSSI group, greater limbic activation during the mothers’ perspective showed 

theoretically sound, unique correlations with mother’s lack of support toward adolescents’ 

negative emotions. Finally, exploratory findings showed higher occipital (lingual and 

cuneus) and rMPFC activity during self-processing for HC compared to NSSI and DEP, and 

NSSI yielded higher posterior CMS activity during the classmates’ perspectives versus HC 

and DEP.

4.1. Group differences in self-processing

Across all four self-processing perspectives, HC showed higher activity than NSSI and DEP 

in the rMPFC (BA 10) and tended to have more subgenual ACC and caudate activity 

compared to all depressed youth (supplemental figure). HC also showed higher activity in 

areas supporting visual, word processing and reading (occipital and lingual gyrus regions) 

(Bookheimer et al., 1995; Price et al., 1994). Activity in the rMPFC (BA10) is strongly 
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linked to self-processing (Flagan and Beer, 2013). The subgenual ACC is thought to 

integrate emotional and cognitive signals into decision making processes, integrate 

conflictive information (Phillips et al., 2003b, c; Phillips et al., 2008), and to support implicit 

emotion regulation given its interconnections with limbic structures (Bush et al., 2000; 

Davis et al., 2005). Indeed, rMPFC activation has previously been identified during self-

processing in typically-developing adolescents (Dégeilh et al., 2015; Jankowski et al., 2014). 

Thus, our findings replicate and extend prior research regarding psychologically healthy 

youth. An identified trend toward less ACC deactivation in HC versus all depressed youth, 

suggests HC may successfully regulate emotional processes during all conditions of self-

processing. However, the marginal significance of these results precludes more precise 

interpretation.

NSSI youth showed greater dorsal PFC (BA8) activation than both HC and DEP. BA8 is 

associated with social cognition (Amodio and Frith, 2006; Gusnard et al., 2001) and 

voluntary emotion regulation (Phillips et al., 2008). As such, these differences suggest that 

self-injuring, depressed adolescents may exert more conscious regulatory control over their 

affect (perhaps unsuccessfully, given corresponding limbic hyperactivity) and/or social 

cognitive effort during self-processing across various social perspectives. However, these 

findings cannot determine which particular function of the dorsal PFC activity was 

specifically engaged by NSSI youth, thus this should be further explored in subsequent 

investigations.

NSSI youth also demonstrated relatively greater precuneus, PCC and superior parietal lobe 

activity across all perspectives (i.e., less deactivation versus other groups). Relatively higher 

PCC activation might represent “getting caught up in” one’s experience, given that present-

centered awareness has been linked to PCC deactivation (Brewer et al., 2013). Additionally, 

areas of the superior parietal gyrus are engaged during self-recognition (van Veluw and 

Chance, 2014), and remembrance of events from the personal past (Spreng and Mar, 2012). 

Furthermore, both the PCC and precuneus enable episodic memory retrieval (Cavanna and 

Trimble, 2006) which is also supported by the hippocampus. These findings suggest that, 

compared to HC and DEP, NSSI youth might be recalling, and becoming relatively more 

immersed in, past autobiographical memories to process their self-representations from the 

perspectives of others.

4.2. Group differences in specific indirect self-processing perspectives

As predicted, NSSI youth showed distinct patterns of limbic (i.e., bilateral amygdala, 

hippocampus, parahippocampus) and fusiform hyperactivation when adopting the 

perspective of their mothers compared to DEP and HC. Similar limbic hyperactivity has 

been reported among self-injuring patients during processing of emotional stimuli in prior 

research (Davis et al., 2014; Osuch et al., 2014; Plener et al., 2012). Prior research suggests 

amygdala activation is more reliably elicited by negative stimuli (Dickstein and Leibenluft, 

2006; Phillips et al., 2003a) or threatening experiences (Ochsner et al., 2012), though this 

region is active during processing of highly relevant or emotionally salient stimuli, 

regardless of emotional valence (Cunningham and Brosch, 2012). Amygdala activity is also 

required for retrieval of fear memories (Erlich et al., 2012) and, with the hippocampus, the 
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amygdala enables retrieval of emotional memories (Phelps, 2004; Richardson et al., 2004). 

Minimally, the joint hyperactivation of the amygdala, hippocampus, and parahippocampus 

suggest that NSSI youth may retrieve more emotionally charged and salient memories, 

regardless of valence, than DEP and HC when taking their mothers’ perspective (Cipolotti 

and Moscovitch, 2005; Greenberg et al., 2005; Piolino et al., 2004). Finally, the fusiform is 

part of a network (along with the amygdala and other neocortical areas) believed to be 

responsible for socioemotional cognition (Adolphs and Spezio, 2006; Allison et al., 2000; 

Bokde et al., 2006; Fenker et al., 2005). Thus, in combination with high limbic activity, 

fusiform activation may indicate that self-injuring youths engaged in intense socioemotional 

processing when taking their mother’s perspective. Future experiments ought to establish 

whether high limbic and fusiform activity among self-injuring youth during self-appraisals 

from the mother’s perspective are specifically linked with retrieval of affectively charged 

memories about salient social relationships (e.g. negatively valenced memories), or with 

general high emotionality that has been previously noted among patients with NSSI. 

Additional research should also examine associations between neural activation and 

informant reports regarding the valence of the emotions and memories recalled during the 

various conditions of the task.

It is notable that limbic hyperactivity was elicited only by self-processing from the mother’s 

perspective, and that activation in these regions showed a unique pattern of negative 

correlations with self-injurers’ mothers’ reports of their low provision of support in response 

to the child’s negative emotions. Given that prior research in healthy controls has yielded 

limbic activation in healthy youth while listening to maternal criticism (Lee et al., 2015), the 

current findings suggest that the mother-child relationship, or at least the youth’s 

interpretation of how their mother perceives them, may induce strong emotions (as 

evidenced by high limbic activity) in self-injuring youth (Kaess et al., 2013; Martin et al., 

2015; Martin et al., 2016; Nock et al., 2009). Combined with prior research regarding 

associations between negative parent-child relationships and NSSI (Adrian et al., 2011; 

Yurkowski et al., 2015), our follow-up analyses demonstrating correlations between low 

maternal emotional support and high limbic activity suggest that NSSI youths’ limbic 

hyperactivation during self-referential processing from their mother’s perspective may be 

linked with maternal emotional invalidation. This notion is bolstered by prior research that 

has shown hostile mother-child relationships are linked with altered psychophysiology of 

emotion regulation and with intense anger among self-injurious adolescents (Crowell et al., 

2013).

In summary, NSSI youth appear to experience intense emotional activation subserved by 

high limbic activity during self-processing from the mother’s point of view. That said, 

additional research specifically targeting adolescents’ reports of their specific emotional 

experiences while engaging in self-reflection from their mothers’ perspective is required to 

further inform this interpretation. In turn, high limbic activity was linked to the parent’s 

report of low support of their child’s experiences of anger, sadness or fear. Together, these 

results lend credence to the supposition that NSSI is associated with variation in affective 

processing that can be linked to emotional invalidation by primary caregivers. However, due 

to the correlational and cross-sectional nature of the current study, this explanation ought to 

be verified with longitudinal research that links emotion socialization practices to NSSI and 
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brain function over time. Additional investigation should further examine the associations 

between mother-adolescent relationship challenges and alteration of emotional processing 

longitudinally, as this area remains vastly understudied.

Finally, depressed youth with NSSI showed greater activation of posterior CMS during self-

processing from their classmates’ perspective than DEP, yet resembled HC youth who 

showed close to zero activity during their classmates’ perspective. Greater similarity 

between NSSI and HC in these regions while taking classmates’ perspectives, compared to 

DEP youth, is intriguing. It might be that NSSI attempt (unsuccessfully) to regulate their 

emotions, whereas DEP youth (who experience less intense affect than NSSI but who also 

have fewer regulatory skills than HC) engage the posterior CMS to a lesser extent than both 

NSSI and HC during this perspective. Greater precuneus and PCC activity for NSSI youth 

resembles findings among self-harming adults during regulation of aversive emotions 

(Crowell et al., 2013; Davis et al., 2014) and, as scholars have previously suggested, may 

indicate accessing of autobiographical memories (Lang et al., 1983) or the anticipation of 

negative stimuli (Scherpiet et al., 2014). Thus, it is possible that NSSI youth hold negative 

cognitions regarding their peers, or recall negative interactions with peers, when engaging in 

self-processing from classmates’ perspectives. Alternatively, self-injurers may be isolated 

from the peer group (Amitai and Apter, 2012; Whitlock et al., 2013b), and greater neural 

activation may reflect the increased effort required for self-reflection from this particular 

perspective due to lack of familiarity with peers’ perspectives. Regardless, additional 

research is needed to corroborate or disconfirm these various possibilities. The lack of 

limbic activation during self-processing from classmates’ perspectives also bears comment. 

Specifically, it is possible that peers are more similar to the participants or that reflecting 

upon the self from peers’ perspectives is less likely to result in strong emotional response 

(Claes et al., 2010a; Hasking et al., 2013; Prinstein et al., 2010) compared to self-reflection 

from the mothers’ perspective.

4.3 Limitations

Despite the strengths of this investigation, there are a few limitations to note. First, given the 

cross-sectional design used, trajectories of depression and self-injury and their 

corresponding links to neural activity remain unclear. Additional research including such 

trajectories may reveal processes by which neural disruptions in self-processing develop and 

progress throughout the duration of depressive illness or engagement in NSSI. Second, as 

data were collected between two sites, some characteristics unaccounted for could have 

influenced the results. Nonetheless, key variables did not differ between sites. Third, self-

processing from the perspective of other caregivers (e.g., fathers) or measures of family 

hostility and emotional invalidation may have yielded varying results. Finally, our findings 

may not be generalizable to all self-injuring youth, particularly those who engage in NSSI 

and have no psychiatric diagnosis, and the lack of available detail regarding NSSI behavior 

(i.e., methods, motivations) and other associated symptoms (presence of borderline 

personality traits) further limit generalizability.
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4.4 Conclusions

Our findings suggest that during interpersonal self-processing, particularly from the 

mother’s perspective, depressed adolescents who engage in NSSI experience greater 

activation of limbic structures, and may rely more strongly on past autobiographical 

memories than either depressed youth without NSSI or healthy controls. This study 

demonstrates the power of fMRI to distinguish depressed adolescents with NSSI from those 

with depression diagnosis alone using the context of relevant social processes. Future 

research should continue to study the neurological and physiological underpinnings of this 

self-damaging behavior using longitudinal methodologies.
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Highlights

• Disrupted emotions, social processes and relationships are salient to NSSI

• Identifying neural markers of NSSI can improve assessment and treatment 

efficiency

• NSSI relates to high activity in areas that support socioemotional processing 

during self-reflection from mother’s perspective

• Neural patterns of self-reflection differentiate youth with NSSI are linked to 

maternal self-report of low emotional support for their teens.
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Figure 1. 
Direct and reflected/indirect appraisals task: participants endorse or deny self-descriptive 

phrases from their perspective or the perspective of their mothers, best friend or classmates.
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Figure 2. 
Depressed youth with NSSI behavior show higher superior frontal gyrus activity than 

depressed and healthy control youth and less deactivation in the superior parietal lobule, 

middle temporal gyrus and limbic structures.
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Figure 3. 
Healthy adolescents show higher frontal pole (BA10), lingual and cuneus activity than both 

depressed groups.
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Figure 4. 
Depressed youth with NSSI behaviors show higher bilateral limbic and precuneus activity 

during self-appraisals from their mothers’ and their classmates’ perspectives respectively, 

compared to depressed and healthy control youth.
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Table 1

Demographic and Clinical Differences across Depressed with NSSI, Depressed only, and Healthy Control 

Groups

HC
n = 37

DEP
n = 36

NSSI
n = 50 Comparison Statistic

Age F(2, 120) = 0.83

 m (sd) 14.49 (1.53) 14.77 (1.86) 14.94 (1.54)

IQ F (2, 120) = 4.14*

 m (sd) 117.08 a (12.57) 109.56 b (20.78) 107.84 b (12.24)

Sex χ2 (2) = 3.10

 Male 19 (51.35%) 19 (52.78%) 18 (36%)

 Female 18 (48.65%) 17 (47.22%) 32 (64%)

Ethnicity χ2 (2) = 3.92c

 White 28 (75.7%) 20 (55.6%) 29 (58.0%)

 African American 1 (2.7%) 7 (19.4%) 3 (6.0%)

 Hispanic 1 (2.7%) 6 (16.7%) 4 (8.0%)

 Indian/Asian 3 (8.1%) 0 3 (6.0%)

 Other 0 1 (2.8%) 11 (22.0%)

Family Income χ2 (4) = 13.77**

χ2 (2) =0.26d

 < $35,000 10.8% a 35.3% a 32.7% a

 $35,000–$75,000 21.6% a 35.3% a 29.4% a

 >$75,000 67.6% b 29.4% a 34.7% a

Family Structure χ2 (2) =7.00*

χ2 (1) = 0.25d

 Cohabiting Parents 86.5% a 60.0% b 65.3% b

 Single Parents 13.5% a 40.0% b 34.7% b

Medication

 Anti-depressants 0a 12 (33.3%) a,b 24 (48%) b χ2 (2) = 24.07***

 Adj. Resid. −4.7 0.6 3.8 χ2 (1) = 1.85d

 Anti-psychotic 0a 0a,b 6.0b χ2 (2) = 9.29**

 Adj. Resid. 1.6 1.6 3.0 χ2 (1) = 2.98d

 Mood stabilizers 2.0a 0a 1.0a χ2 (2) = 2.31

 Adj. Resid 1.4 −1.1 −.3 χ2 (1) = 0.73d

 Stimulant 0a 4.0b 6.0b χ2 (2) = 4.10

 Adj. Resid. −2.2 0.8 1.3 χ2 (1) = 0.02d

 Anxiolitic 0a 1.0a 5.0a χ2 (2) = 5.07

 Adj. Resid. −1.6 −.70 2.2 χ2 (1) = 1.68d

Abuse/trauma 0a 17 (47.2%)b 24 (48%)b χ2 (2) = 26.47***

χ2 (1) =0.01d
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HC
n = 37

DEP
n = 36

NSSI
n = 50 Comparison Statistic

 Adj. Resid. −5.1 2.1 2.9

Total suicide attempts 0a 7.0b 17.0b χ2 (2) = 15.62***

 Adj. Resid. −3.6 0 3.4 χ2 (1) = 2.20d

Current suicide ideation

 m (se) 1.16 (.26)a 3.25 (.26)b 4.48 (.22)c F (2, 120) = 46.94***

Depression Severity F (2, 120) = 154.43***

 m (se) 20.65 (2.03)a 60.53 (2.06)b 65.12 (1.75)b

Depression Chronicity F (2, 120) = 29.37***

 m (se) 0.43 (.32)a 2.97 (.33)b 3.58 (.28)b

Anxiety

 m (se) 13.68 (2.49)a 29.74 (2.56)b 33.65 (2.17)b F (2, 118) = 19.51***

Self-esteem F (2, 120) = 89.91***

 m (se) 1.38 (.25)a 5.22 (.25)b 5.42 (.21)b

Attributional style

 m (se) 6.68 (1.01)a 1.56 (1.02)b 0.02 (.87)b F (2, 120) = 492.34***

Note. HC = health control group. DEP = depressed without NSSI group. NSSI_DEP = depressed with NSSI group.

Non-shared subscripts (a, b) indicate significant differences in post-hoc Tukey’s tests comparing the three groups.

c
Compares groups for Caucasians vs. non-Caucasians due to discrepant cell sizes for additional ethnicity categories.

d
Statistics represent comparisons between the DEP and NSSI groups only.

*
p < 0.05.

**
p < 0.01.

***
p < 0.001.
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Table 3

Correlations between Mother-reported Supportive Response to Adolescent Emotions a and BOLD Activation 

in Limbic Regions and Fusiform

Neural Region of BOLD activity HC DEP NSSI

R Amygdala 0.01 0.19 −0.29*

L Amygdala 0.07 0.15 −0.20

R Hippocampus <0.01 0.34+ −0.13

L Hippocampus −0.01 0.25 −0.08

R Parahippocampus 0.04 0.13 −0.35**

L Parahippocampus 0.22 0.29+ −0.27*

R Fusiform 0.06 0.03 −0.22

L Fusiform 0.10 0.08 −0.24+

Note. R=right hemisphere. L = left hemisphere. HC = healthy controls. DEP = depressed only. NSSI = depressed + NSSI behavior.

a
Assessed using the Emotion Socialization Measure, a maternal report of parenting response style to child emotional experiences of sadness, anger, 

or fear.

+
p ≤ 0.10.

*
p < 0.05.

**
p < 0.01.
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