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ABSTRACT
BACKGROUND: Nonsuicidal self-injury (NSSI), a transdiagnostic behavior, often emerges during adolescence. This
study used the Research Domain Criteria approach to examine cognitive control (CC) with a focus on response
inhibition and urgency relative to NSSI severity in adolescents.
METHODS: One hundred thirty-eight adolescents, assigned female sex at birth, with a continuum of NSSI severity
completed negative and positive urgency measurements (self-report), an emotional Go/NoGo task within negative
and positive contexts (behavioral), and structural and functional imaging during resting state and task (brain
metrics). Cortical thickness, subcortical volume, resting-state functional connectivity, and task activation focused
on an a priori–defined CC network. Eighty-four participants had all these main measures. Correlations and
stepwise model selection followed by multiple regression were used to examine the association between NSSI
severity and multiunit CC measurements.
RESULTS: Higher NSSI severity correlated with higher negative urgency and lower accuracy during positive no-
inhibition (Go). Brain NSSI severity correlates varied across modalities and valence. For right medial prefrontal cortex
and right caudate, higher NSSI severity correlated with greater negative but lower positive inhibition (NoGo) activa-
tion. The opposite pattern was observed for the right dorsolateral prefrontal cortex. Higher NSSI severity correlated
with lower left dorsal anterior cingulate cortex (ACC) negative inhibition activation and thicker left dorsal ACC, yet it
was correlated with higher right rostral ACC positive inhibition activation and thinner right rostral ACC, as well as
lower CC network resting-state functional connectivity.
CONCLUSIONS: Findings revealed multifaceted signatures of NSSI severity across CC units of analysis, confirming
the relevance of this domain in adolescent NSSI and illustrating how multimodal approaches can shed light on
psychopathology.

https://doi.org/10.1016/j.bpsgos.2023.04.005
Nonsuicidal self-injury (NSSI) is the intentional destruction of
one’s own body tissue without suicidal intent in a manner that
is not culturally sanctioned (1). NSSI, which is categorized as
impulsive, as opposed to stereotypic or psychosis related, is
characteristically associated with tension release or emotion
regulation (2). Rates in adolescents are higher (17.2%) than
rates in young adults (13.4%) or adults (5.5%) (3), with onset
age at 12 years or even earlier (4). NSSI occurs more frequently
in females than males (5,6). To guide treatment development,
advances are needed in understanding the complex mecha-
nisms behind NSSI.

Recent work has highlighted the potential promise of a
multiple-units-of-analysis approach to studying functioning
domains [psychological/biological systems outlined in the
Research Domain Criteria (RDoC) initiative (7,8)] and for
advancing current understanding of the mechanisms underly-
ing adolescent NSSI (9–12). One fundamental RDoC construct
that has been implicated in NSSI is cognitive control (CC),
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which has been defined as follows: “A system that modulates
the operation of other cognitive and emotional systems, in the
service of goal-directed behavior, when prepotent modes of
responding are not adequate to meet the demands of the
current context. Additionally, control processes are engaged in
the case of novel contexts, where appropriate responses need
to be selected from among competing alternatives” (13). While
the broader construct of CC encompasses many different
facets, impulsivity is especially relevant to NSSI. Decades ago,
“deliberate self-harm syndrome” was considered an impulse
control disorder based on the conceptualization that self-
injurers have difficulty resisting the impulse/urge to injure
themselves (14). Numerous studies using self-report measures
have shown a relationship between NSSI and impulsivity
(15–21) and lower effortful control (22). However, prior multiunit
studies of CC have found weak relationships between self-
report and behavioral measures of impulsivity, perhaps
because they tap distinct aspects of the construct (23–25).
ier Inc on behalf of Society of Biological Psychiatry. This is an
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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When impulsivity is broken down into factors, negative ur-
gency (the tendency to engage in impulsive behavior under
conditions of negative affect) (26) has been associated with
NSSI over and above other factors such as sensation seeking,
low perseverance, or lack of premeditation (27–30) and has
been shown to predict NSSI urges longitudinally (31). The
RDoC subconstruct of CC that is most relevant to impulsivity is
“response selection; inhibition/suppression.” Response inhi-
bition (RI) is related to negative urgency more so than other
impulsivity traits (32), especially during threatening conditions
(33). Accordingly, we focused on the relationship between
NSSI severity and RI and urgency (in both negative and posi-
tive contexts) within the CC framework. Because urgency is
highly related to both NSSI and RI but does not itself fall
directly within the RI construct, we broadly refer to CC as the
domain encompassing both of these constructs of interest.

Prior studies using case-control designs to examine
impulsivity within emotional contexts in NSSI have revealed
mixed findings regarding CC performance (34–37). In accor-
dance with RDoC, dimensional versus categorical approaches
may be more useful. Furthermore, incorporation of additional
units of analysis such as neuroimaging may shed light on the
complexity of these mechanisms in relation to NSSI. A small
but growing body of neuroimaging studies have indicated
NSSI’s association with possible neural deficits underlying
both emotion processing and impulse regulation [see (38–40)].
One prior study showed that compared with healthy control
participants, individuals with NSSI showed higher cingulate
cortex activation and lower dorsolateral prefrontal cortex
(DLPFC) activation during a CC task (41). However, no prior
studies have comprehensively examined CC using a multiple-
units approach in adolescents with NSSI.

The current study used an RDoC approach to examine CC
using multiple units of analysis in adolescents with a contin-
uum of NSSI severity. These units included self-report,
behavior, and structural and functional neuroimaging
Table 1. Multilevel Measures of Cognitive Control

Units of
Analysis Measure

Brain

Structure Bilateral dACC, rACC, mPFC, DLPFC cortical thickness

Bilateral caudate and putamen volume

Function Bilateral dACC, rACC, mPFC, DLPFC, caudate, and
putamen activity during NoGo conditions within
negative and positive contexts (negative . scrambled
and positive . scrambled contrasts) during the
emotional Go/NoGo task

Connectivity Mean cognitive control within-network resting-state
functional connectivity

Behavior Accuracy in Go (no-inhibition) and NoGo (inhibition)
conditions within positive and negative contexts

RT in correct Go conditions d-prime within positive and
negative contexts as z(hit) 2 z(FA)

Self-report Negative and positive urgency scores from the UPPS-P

dACC, dorsal anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex;
FA, false alarm; mPFC, medial PFC; rACC, rostral ACC; RT, reaction time; UPPS-
P, Urgency (negative), Premeditation (lack of), Perseverance (lack of), Sensation
Seeking, Positive Urgency, Impulsive Behavior Scale.
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characterizing the CC network (CCN) (Table 1). We preliminarily
examined how these CC variables were related to each other
and then tested how different units of CC measures were
related to NSSI severity. We hypothesized that NSSI severity
would be correlated with greater dysfunction in CC across all
units of analysis and that considering all units together would
shed new light on the nuances of this complex behavior.

METHODS AND MATERIALS

Overview

This work is part of a longitudinal study, BRIDGES (Brain Im-
aging Development of Girls’ Emotion and Self), the overarching
goals of which are to examine CC, sustained threat (9), and
self-knowledge constructs longitudinally in an NSSI-enriched
sample (see the BRIDGES Project in the Supplement).
Recruitment procedures and sample details have been pro-
vided elsewhere (9). The current work is based on data
collected primarily at the first assessment. The study was
approved by the institutional review board at the University of
Minnesota.

Participants

Inclusion criteria were assigned female sex at birth, 12 to 16
years of age with or without a history of NSSI, and post-
menarchal. Exclusion criteria were magnetic resonance imag-
ing (MRI) contraindications; having a clinical condition that
would potentially confound brain findings such as a neuro-
logical disorder, major medical illness, or current substance
abuse disorder; and (although NSSI can occur in the context of
these disorders) having a primary psychotic disorder, bipolar
disorder, or autism that might confound findings due to sig-
nificant associated neurodevelopmental abnormalities. Partic-
ipants provided informed assent; parents/guardians gave
consent. Families were compensated for each visit.

Clinical Assessments

Diagnostic interviews were conducted separately with ado-
lescents and parents using the Kiddie Schedule of Affective
Disorders and Schizophrenia-Present and Lifetime Version
(42,43), and the Self-Injurious Thoughts and Behaviors Inter-
view (44) was administered to the adolescents. NSSI severity,
our primary outcome variable, was defined as the lifetime
number of NSSI episodes based on the Self-Injurious
Thoughts and Behaviors Interview. To address skewness,
this variable was log-transformed to allow for the data to be
used appropriately in regression models.

Parents reported their gross income and whether adoles-
cents were currently taking psychotropic medications. IQ was
estimated based on the Vocabulary and Matrix Reasoning
subtests of the Wechsler Abbreviated Scale of Intelligence test
(45), and depression severity was assessed using the Beck
Depression Inventory–Revised (46); these were used as
covariates in follow-up analyses.

Self-report Assessment of CC in Emotion Contexts:
Negative and Positive Urgency

Adolescents completed the Urgency (negative), Premeditation
(lack of), Perseverance (lack of), Sensation Seeking, and
866 www.sobp.org/GOS
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Positive Urgency Impulsive Behavior Scale (47), a 59-item in-
ventory measuring dimensions of impulsivity. According to the
rationale provided previously, we focused on negative and
positive urgency, i.e., the tendency to engage in impulsive
behavior in negative or positive affective contexts.

MRI Data Acquisition

Neuroimaging was conducted at the Center for Magnetic
Resonance Research at the University of Minnesota using a
Siemens 3T Prisma scanner and a 32-channel receive-only
head coil, using the Human Connectome Project multiband
sequences. See the Neuroimaging Details in the Supplement
for detailed information on the acquisition.

Emotional Go/NoGo Task

We measured RI in emotion contexts using a modified Go/
NoGo task, which measures the ability to inhibit a dominant
response in the context of affective pictures as task-irrelevant
distractors (48). Letters were presented sequentially in a small
box at the center of the screen superimposed on negative,
positive, neutral, or scrambled images in the background; im-
ages were selected from the International Affective Picture
System (49), which had an equal number of neutral, positive,
and negative valence ratings. Participants were instructed to
ignore the images and respond as quickly as possible with a
button press to the presentation of each letter (Go), except the
letter X (NoGo). The task was presented using E-Prime (Psy-
chological Software Tools Inc.) in the MRI scanner. See the Go/
NoGo Task Details in the Supplement for more details on the
task.

Behavioral performance was measured by accuracy on Go
(no-inhibition) and NoGo (inhibition) trials across emotional
backgrounds and reaction time on accurate Go trials for each
background. In addition, an overall measure of behavioral
performance was indexed by d-prime for negative and positive
backgrounds, the standardized difference between the hit rate
(accuracy on Go trials) and false alarm rate (commission errors
on NoGo trials) distributions. Larger values of d-prime indicate
better performance, i.e., higher hit rate and low false alarm rate
(see Go/NoGo Task Details in the Supplement).

Hereafter, we use the term negative inhibition to refer to
cognitive inhibition in the context of negative backgrounds and
positive inhibition to refer to cognitive inhibition in the context
of positive backgrounds; inhibition refers to NoGo trials, and
no-inhibition refers to Go trials.

Neuroimaging Data Preprocessing

Human Connectome Project pipelines were used to process
neuroimaging data (50). See the Neuroimaging Details in the
Supplement for a detailed description of the processing steps,
quality checks, and handling of head motion.

Defining the CCN for Neuroimaging Metrics

We used an a priori–defined CCN applied to all neuroimaging
modalities to consistently examine the same network across
different types of brain assessments. We selected cortical re-
gions known to be crucial for both cognitive and emotion
regulation, which are functionally inseparable (51): cognitive
(dorsal) and emotional (rostral) subregions of the anterior
Biological Psychiatry: Global O
cingulate cortex (ACC), which is a key region for RI, especially
when there is emotion interaction (52); ACC subregions that
demonstrate distinct inhibitory roles for cognition and emotion
(53); medial prefrontal cortex (mPFC), being a key region not
only for inhibitory control but also for attention and emotion
(54,55); and the DLPFC, being one of the well-established CCN
regions (56) and more importantly being involved in regulating
emotion and behavior (41). We also included the caudate and
putamen, which are critical for behavioral control and auto-
mated responses (57–60). Because this study focused pri-
marily on the RI subconstruct of the CC domain, we limited our
CCN selection around the middle and lateral frontal cortices
and key basal ganglia regions, but, for example, not the dorsal
parietal cortex, which is sometimes included in CCNs (56),
because it is not specifically implicated in RI (61). See Figure 1
for the cortical parcellations from the Glasser Atlas (62) that
were selected for the current study’s CCN (see Glasser
Parcellations Selected for this Study in the Supplement).
Caudate and putamen parcellations were obtained from the
Harvard-Oxford Subcortical Atlas (63).

Structural. For the cortical regions, cortical thickness values
from Glasser regions in the CCN were extracted from the
Human Connectome Project–derived vertexwise thickness
maps by calculating the weighted average of thickness ac-
cording to surface area of regions of interest (ROIs) as follows:

ðROI1thickness � ROI1surfareaÞ1 ðROI2thickness � ROI2surfareaÞ1 ðROI3thickness � ROI3surfareaÞ
ROI1surfarea 1ROI2surfarea1ROI3surfarea

(1)

For the subcortical regions, volumes were calculated using
FreeSurfer’s “asegstats2table” function and then adjusted to
participants’ intracranial brain volumes.

Task Functional MRI. FSL FEAT (64) was used to conduct
a whole-brain regression analysis measuring neural activation
during the Go/NoGo task. Our contrasts of interest were
negative . scrambled and positive . scrambled. The scram-
bled condition was used as a comparison because it does not
elicit an emotional response, thereby allowing us to capture
brain activations during cognitive inhibition specifically within
an emotional context. Average z scores within the left and right
CCN ROIs for these contrasts were extracted for further
analyses.

Resting-State Functional Connectivity. The CIFTI-
space gray-ordinatewise time series were used to create
average time series for each of the Glasser (cortical) and
Harvard-Oxford (subcortical) parcellations. CCN ROI time se-
ries were extracted, cross-correlated, and Fisher’s z-trans-
formed to yield z scores representing resting-state functional
connectivity (RSFC) in each connection. These were averaged
across all CCN ROIs (Figure 1) to yield a single measure of
CCN RSFC per person.

Statistical Analyses

As a preliminary step, we conducted correlation analyses with
listwise exclusion to examine relationships among all the study
variables. To address our main aim (understanding how
pen Science October 2023; 3:855–866 www.sobp.org/GOS 857
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Figure 1. Locations of Glasser regions of interest
selected for the cognitive control network in the cur-
rent study. All regions of interest were selected from
both left and right hemispheres. For example, the
rostral anterior cingulate cortex (rACC) includes 2
Glasser parcels (p24 and a24) as both left and right;
thus, the rACC includes 4 Glasser parcels. Likewise,
the dorsal ACC (dACC) includes 6 (left and right 33pr,
a24pr, p24pr), the medial prefrontal cortex (mPFC)
includes 12 (left and right p32pr, a32pr, d32, p32, 8BM,
9m), and the dorsolateral prefrontal cortex (DLPFC)
includes 26 parcels (left and right 8C, 8Av, i6-8, s6-8,
SFL, 8BL, 9p, 9a, 8Ad, p9-46v, a9-46v, 46, 9–46d). See
Glasser Parcellations Selected for This Study in the
Supplement for explanations of abbreviations.

Cognitive Control in Adolescent NSSI
Biological
Psychiatry:
GOS
multilevel CC measures predict lifetime NSSI severity), we first
applied a stepwise variable selection procedure that iterates
through a large number of intermediate models to identify the
model that optimizes Akaike information criterion. This opti-
mized model consisted of the combination of variables that
together best explained the variance of NSSI severity while
penalizing overly complex models. We then tested how the
variables in this best explanatory model predicted NSSI
severity using multiple linear regression. To ensure that our
results were robust to outliers, we used the same variables in
robust regression models (65) and found very similar results
(see Results).

Follow-up analyses tested whether any significant effects
from correlation and regression analyses could be explained
by age, income, IQ, depressive symptoms, and medication
status. We also ran a regression model including only these
covariates and compared that to our optimal model using an
analysis of variance test to make sure that this model
explained NSSI severity significantly better than the covariate-
only model.

Different rates of missingness across variables posed a
challenge for application of imputation methods. Therefore, we
used all possible data available for each analysis; however,
because of the various missing data patterns across variables,
sample sizes in each regression model changed depending on
the combination of variables.

All statistical analyses were conducted in R (R Core Team,
2015; https://www.R-project.org/). Figures were produced
using the packages ggplot2 (66) and ggcorrplot (67).

RESULTS

Participants

Demographic and clinical information for this sample is pro-
vided in Table 2. Figure 2 summarizes the activities completed
by all participants in this study, capturing missing data and
dropout, which are further detailed in BRIDGES Project in the
Supplement.

Correlation of All Study Variables (n = 75)

We observed a consistent pattern of many strong correlations
within each level of analysis. Accuracy and reaction time for Go
trials during positive inhibition and age correlated positively
with activation during negative inhibition in mostly left medial
858 Biological Psychiatry: Global Open Science October 2023; 3:855–
prefrontal regions, whereas positive urgency scores correlated
negatively with positive and negative inhibition performance
(NoGo accuracy and d-prime) and with right mPFC, right
dorsal ACC (dACC), and right and left putamen activations
during negative inhibition and left dACC during positive inhi-
bition. CCN RSFC correlated negatively with negative inhibi-
tion performance (d-prime), negative no-inhibition performance
(Go accuracy), age, medication status, and more importantly
with NSSI severity (Figure 3A). The ACC stood out among
other CCN regions: left dACC activation during positive inhi-
bition correlated negatively with positive no-inhibition perfor-
mance and both positive and negative urgency scores; left
rostral ACC (rACC) activation during negative inhibition corre-
lated positively with all positive performance measures. How-
ever, most of these findings did not remain significant when
adjusted for age, income, Beck Depression Inventory,
Wechsler Abbreviated Scale of Intelligence, and medication
status, except correlations with left dACC activation during
positive inhibition. Moreover, negative no-inhibition perfor-
mance became significantly negatively correlated with activa-
tion during negative and positive inhibition in almost all CCN
regions, and left DLPFC cortical thickness (CT) became posi-
tively correlated with activation during position inhibition in the
medial frontal cortex (Figure 3B).

Relationships Between Multilevel CC Variables and
NSSI Severity (n = 84)

Stepwise model testing revealed that the variables in the
model that best explained NSSI severity (Akaike information
criterion = 272.56) were 1) self-report measures: negative ur-
gency; 2) behavioral measures: positive and negative Go ac-
curacy; 3) activation during negative inhibition: right DLPFC,
right mPFC, right caudate, right putamen, left DLPFC, left
dACC, left putamen; 4) activation during positive inhibition:
right DLPFC, right mPFC, right rACC, right dACC, right
caudate, right putamen; 5) structural: right DLPFC, right mPFC,
right rACC, and left dACC CT; and 6) connectivity: CCN RSFC.

When applied using only these variables, the linear regres-
sion model significantly predicted NSSI severity (adjusted R2 =
0.47, F21,62 = 4.53, p , .001): higher NSSI severity was pre-
dicted by higher negative urgency; higher right mPFC and right
caudate activations during negative inhibition and higher right
DLPFC and right rACC activations during positive inhibition;
and higher left dACC CT. Furthermore, higher NSSI severity
866 www.sobp.org/GOS
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Table 2. Demographic and Clinical Characteristics of
BRIDGES Participants

Mean (SD) or n (%)

Demographic Characteristics

Age, Years, n = 134 14.52 (1.25)

Race, n = 139

Asian 6 (4.48%)

American Indian/Alaska Native 3 (2.24%)

Black/African American 6 (4.48%)

More than one race 14 (10.45%)

Other race 1 (0.75%)

White 109 (81.34%)

Ethnicity, Hispanic/Latino, n = 134 14 (10.45%)

Gross Income per Year, n = 134

$0–$24,999 9 (6.77%)

$25,000–$39,999 15 (11.28%)

$40,000–$59,999 10 (7.52%)

$60,000–$89,999 20 (15.04%)

$90,000–$179,999 54 (40.60%)

Over $180,000 26 (19.55%)

Clinical Characteristics

Lifetime Total NSSI Episodes, n = 138 127 (0.82)

Psychotropic Medication, n = 138 63 (45.65%)

SSRIs 46 (33.33%)

Antipsychotics 4 (2.90%)

Anxiolytics 8 (5.80%)

Other 5 (3.62%)

BDI-II Score, n = 132 15.84 (14.02)

BSSI Score, n = 135 5.91 (8.16)

WASI Score, n = 128 108.53 (11.48)

UPPS-P Score, n = 110

Positive urgency 1.87 (0.74)

Negative urgency 2.40 (0.74)

Other Clinical Diagnosticsa

Major depressive disorder 91 (65.94%)

General anxiety disorder 49 (35.51%)

Attention-deficit/hyperactivity disorder 41 (29.71%)

Phobia 33 (23.91%)

Posttraumatic stress disorder 30 (21.74%)

Social anxiety 23 (16.67%)

Panic disorder 17 (12.32%)

Separation anxiety 16 (11.59%)

Obsessive-compulsive disorder 11 (7.98%)

Persistent depressive disorder 10 (7.25%)

Oppositional defiant disorder 6 (4.35%)

Substance use disorder 3 (2.17%)

For categorical variables, data are reported with n (%), whereas for continuous
variables, data are reported as mean (SD).

BDI-II, Beck Depression Inventory II; BRIDGES, Brain Imaging Development of
Girls’ Emotion and Self; BSSI, Beck Scale for Suicidal Ideation; NSSI, nonsuicidal
self-injury; SSRI, selective serotonin reuptake inhibitor; UPPS-P, Urgency
(negative), Premeditation (lack of), Perseverance (lack of), Sensation Seeking,
Positive Urgency, Impulsive Behavior Scale; WASI, Wechsler Abbreviated Scale of
Intelligence.

aNo bipolar I or II, conduct disorder, or schizophrenia diagnoses in this dataset.
All diagnoses listed include past, current, and recurrent diagnoses, which can be
comorbid with each other.
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was predicted by lower positive Go condition accuracy; lower
right DLPFC and right putamen activations during negative
inhibition; lower right mPFC and right caudate activations
during positive inhibition; lower right rACC CT; and lower CCN
RSFC. Figure 4 shows the associations between NSSI severity
and these key variables via regression plots.

After controlling for age, income, Beck Depression In-
ventory, Wechsler Abbreviated Scale of Intelligence, and
medication status (n = 75, adjusted R2 = 0.57, F26,48 = 4.77, p
, .001), the model still significantly predicted NSSI severity;
the significant associations with greater NSSI severity gener-
ally held, with some new relationships between NSSI severity
and CC measures emerging as marginally significant or losing
significance. Table 3 shows the results for the model predicting
NSSI severity with the best explanatory variables both with and
without covariates.

Furthermore, we found that our best explanatory model,
which accounted for 47% of the variance, predicted NSSI
severity significantly better than a model consisting of only
covariates (p , .05), which accounted for only 40% of the
variance. This best explanatory model explained NSSI severity
even better when controlling for the covariates by accounting
for 57% of the variance (Table 3).

DISCUSSION

This study used an RDoC approach to examine CC in ado-
lescents with a continuum of NSSI severity. Key strengths of
this work include an integrative multiple-units-of-analysis
approach, utilization of a transdiagnostic recruitment strat-
egy, a relatively large (compared with prior CC/NSSI studies)
sample of adolescents exhibiting a range of NSSI severity, and
the consideration of impulsive behavior in both negative and
positive emotion contexts. One key observation was that the
CCN in adolescents with NSSI showed divergent activation
patterns depending on the valence of the inhibitory context. In
addition, we observed a lateralization effect in both structural
and functional brain measures wherein significant associations
between NSSI severity and CCN activations during positive
inhibition emerged in the right hemisphere, which is the side of
the brain most commonly implicated in emotion (68,69).
Moreover, we demonstrated that a specific combination of CC
measures from different units of analysis together explained
NSSI severity significantly better than a combination of some
key demographic and clinical measures. This combination of
CC measures explained NSSI severity even better when the
combination was controlled for those demographic and clinical
measures. Overall, the findings revealed multifaceted neural
and behavioral signatures of NSSI severity across units of
analysis, confirming the relevance of this domain in adolescent
NSSI and illustrating how multimodal approaches can shed
light on the complexity of how RDoC domains operate in the
context of psychopathology.

Consistent with prior work (19,30,70), self-reported and
behavioral impulsivity were significantly correlated in this
study. More specifically, somewhat distinct from Allen et al.
(32), who found different association patterns between positive
and negative conditions, negative urgency here was negatively
correlated with performance during both positive and negative
inhibitory conditions (NoGo) but not with performance in Go
pen Science October 2023; 3:855–866 www.sobp.org/GOS 859
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Consented (n = 168)

INTAKE
Total n = 164

Ineligible d/t dx (n = 4)

Cognitive Control Task 
Usable data n = 109

Exclusions
Missing run n = 11
Missing task data n = 6
Unusable task data n = 3
Poor fieldmap n = 4
Excessive motion n = 5

Resting State fMRI
Usable data n = 131

Exclusions
Poor fieldmap n = 4
Excessive motion: n = 3

Structural (T1) scan
Usable data n = 137

Exclusions
Processing error n = 1

MRI useable
n = 130 (+8)*

Figure 2. BRIDGES CONSORT diagram for
cognitive control. *130 magnetic resonance imaging
(MRI) scans were conducted at the year 1 time point.
Eight individuals who did not have their scans con-
ducted during the first year completed an MRI ses-
sion at their second-year visit, bringing the total
number of scans to 138. d/t, due to; dx, diagnosis;
fMRI, functional MRI.
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conditions. The more the adolescents viewed themselves as
more impulsive in the negative context, the worse they per-
formed in positive inhibition. Furthermore, after controlling for
covariates, negative Go accuracy correlated inversely with
activation during negative and positive inhibition in almost all
CCN regions. Moreover, when considered with variables from
other units of analysis, higher NSSI severity was significantly
associated with worse positive Go accuracy. Notably, for the
same task in healthy adolescents, negative context impaired
inhibitory performance (48). Taken together, the frequent
occurrence of negative emotional states (71,72) and sustained
threat (9) in adolescents with NSSI may set the stage for
impaired accuracy in the context of positive versus negative
emotion due to less practice with positive emotional states.
This could suggest an adaptive process at the neural level that
does not rise to the level of awareness; in their daily lives,
adolescents with severe NSSI still perceive themselves as
more impulsive in the context of negative emotion.

With respect to brain activation correlates of NSSI severity,
we also observed patterns that diverged according to context
valence (Figure 4E). For example, higher NSSI severity was
associated with greater activation of the right mPFC during
negative inhibition, but lower activation during positive inhibi-
tion. In contrast, the opposite pattern was seen for the right
DLPFC; higher NSSI severity was associated with greater
activation during positive inhibition but lower activation during
negative inhibition. A similarly complex pattern was observed
for the subcortical CCN regions; while the right caudate results
mirrored those of right mPFC, the nearby region of the right
putamen was inversely associated with NSSI severity during
negative inhibition. These findings highlight the complex in-
teractions of emotion, cognition, and psychopathology in the
brain; when tasked with inhibiting impulses, valence affects
how adolescents recruit their neural resources, and this varies
by severity of NSSI.

We found a negative relationship between NSSI severity
and CCN RSFC. Although it focuses on a different network,
860 Biological Psychiatry: Global Open Science October 2023; 3:855–
this result is consistent with prior work showing lower
amygdala-frontal RSFC (9,10) and lower network coherence in
default mode and salience networks (73) in youth with NSSI.
However, a global association between NSSI and functional
connectivity is likely not the case. For example, Ho et al. (74)
found that adolescents with NSSI had greater connectivity
between the default mode network and the central executive
network (similar to the CCN in this study). Hence, these find-
ings are likely to vary depending on the circuit being probed.

With respect to structure, the region with the strongest as-
sociations with NSSI severity was the ACC, with a lateralization
effect within different subregions; higher NSSI severity was
associated with thicker left dACC, but thinner right rACC.
Furthermore, after controlling for covariates, higher NSSI severity
became marginally associated with thicker right DLPFC. While
there are still relatively few structural MRI studies that have
considered correlates of NSSI, these findings contrast with the
direction of findings from prior studies reporting that suicidal risk
is associated with thinner cortices in various frontal areas
(75–78). Interestingly, a gene transcription/neuroimaging study
showed recently that NSSI-associated cortical thickness differ-
ences in youth with NSSI were linked to cellular component
morphogenesis of astrocytes and excitatory neurons (79). Taken
together, the current findings further highlight the value of
multimodal approaches to help understand how multiple sys-
tems may be operating in concert with each other in the context
of complex behaviors such as NSSI.
Limitations

First, despite the relatively substantial size of this clinically
enriched sample, the inclusion of multiple types of data per
person introduced the risk of missing data across levels,
thereby reducing power for analyses requiring all data types.
Second, although a standard regression approach was
appropriate for these data, considering the limits of other
penalized regression approaches (e.g., Ridge or
866 www.sobp.org/GOS
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Figure 3. Correlations. (A) Correlations between
all variables. (B) Correlations between all cognitive
control (CC) variables after controlling for the cova-
riates. Acc, accuracy; ACC, anterior cingulate cortex;
BDI, Beck Depression Inventory; CCN, CC network;
CT, cortical thickness; dACC, dorsal ACC; DLPFC,
dorsolateral prefrontal cortex; L, left; mPFC, medial
prefrontal cortex; Neg, negative; NSSI, nonsuicidal
self-injury; Pos, positive; R, right; rACC, rostral ACC;
RSFC, resting-state functional connectivity; RT, re-
action time; UPPS-P, Urgency (negative), Premedi-
tation (lack of), Perseverance (lack of), Sensation
Seeking, Positive Urgency, Impulsive Behavior
Scale; Vol, volume; WASI, Wechsler Abbreviated
Scale of Intelligence.
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bootstrapping), our data’s correlation structure, and the lack of
a validation sample, this approach should not be considered
as true predictive modeling. Third, generalizability is limited by
the exclusion of adolescents who were assigned male sex at
birth and relatively low rates of racial and ethnic minorities in
our sample. Fourth, the key outcome measure of NSSI severity
(self-reported lifetime episodes) may have flaws such as recall
bias and the fact that some adolescents tend to underreport
while others overreport. Fifth, to optimize power by limiting the
Biological Psychiatry: Global O
number of CC variables, we used an average within-network
connectivity metric, which precludes interpretations regarding
specific connections within the CCN. Furthermore, while the
current research focused primarily on how CC (across multiple
units of analysis) relates to NSSI and limited the analyses of
connectivity to examining within the CCN (without testing other
networks), other work has found that connectivity between the
CCN and the default mode network was greater in adolescents
with versus without NSSI (73), underscoring the potential value
pen Science October 2023; 3:855–866 www.sobp.org/GOS 861
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Figure 4. Significant associations between nonsuicidal self-injury (NSSI) severity and the best explanatory variables. Capital letters refer to different units of
analysis: (A) Self-report; (B) behavior; (C) connectivity; (D) structure; and (E) function. For all graphs, x-axes represent log-scaled NSSI lifetime episodes, and
y-axes represent cognitive control (CC) measures that form the best explanatory model. To highlight divergent patterns, graphs are grouped according to the
brain region’s association with NSSI severity in the left and right hemisphere or in the negative and positive context. An asterisk denotes CC measures that lost
their significant association with NSSI severity when the best explanatory model controlled for the covariates. CCN, CC network; CT, cortical thickness; dACC,
dorsal anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; mPFC, medial prefrontal cortex; rACC, rostral ACC; RSFC, resting-state functional
connectivity; UPPS-P, Urgency (negative), Premeditation (lack of), Perseverance (lack of), Sensation Seeking, Positive Urgency, Impulsive Behavior Scale.
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of looking beyond the CCN in future work. Sixth, although they
are distinct phenomena, because they commonly co-occur,
disentangling NSSI from depression in adolescents may be
impossible to do completely (80). Seventh, CC has many
facets, not all of which were considered here. For example,
working memory performance, task-switching capabilities, and
flexibility in goal-directed thoughts and behaviors would also
be excellent CC candidates for future studies that would shed
more light on NSSI. Finally, cross-sectional analyses limit in-
terpretations with respect to development and teasing out
862 Biological Psychiatry: Global Open Science October 2023; 3:855–
questions related to state versus trait. For example, it may be
that some of the variables here are more reflective of NSSI only
when measured in close temporal sequence with NSSI events
(state), while others may be predictive of current (or past) NSSI
regardless of measurement time.
Conclusions

These findings begin to paint a picture of the complex ways in
which CCN structure and function maps onto NSSI severity
866 www.sobp.org/GOS
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Table 3. Multiple Regression Analysis Results With Multilevel Cognitive Control Variables That Made It to the “Best
Explanatory Model” as Predictors and NSSI Lifetime Episodes (log-transformed) as the Outcome Variable

Model Results Without Covariates With Covariates

The Best Explanatory Model

Adjusted R2 = 0.47,
F21,62 = 4.53,
p , .001, n = 84

Adjusted R2 = 0.57,
F26,48 = 4.77,
p , .001, n = 75

Level of Analysis Measure Inhibition Context CCN Region
Parameter Estimate (Standardized),

p Value (Only If Marginally Significant)

Self-report UPPS-P
Urgency

Negative NA 0.40*** 0.30*

Behavior Go/NoGo task
Go accuracy

Positive 20.27** (***with robust
regression)

20.24* (**with robust
regression)

Negative 0.16 0.17

Brain Measures for
CCN Network

Structure: cortical
thickness

NA Right rACC 20.31** 20.24*

Right mPFC 20.20 20.19 (*with robust
regression)

Right DLPFC 0.19 (marginally significant
with robust regression)

0.22, p = .07 (*with robust
regression)

Left dACC 0.25* (***with robust
regression)

0.20, p = .05

Go/NoGo task
activation

Positive Right dACC 0.15 0.24, p = .05

Right rACC 0.44** 0.48** (***with robust
regression)

Right mPFC 21.20*** 21.20***

Right DLPFC 0.99*** 0.77**

Right caudate 20.62** (***with robust
regression)

20.46* (**with robust
regression)

Right putamen 0.18 0.13

Left hemisphere – –

Negative Right mPFC 0.44** 0.49*

Right DLPFC 20.82*** 20.73***

Right caudate 0.51* 0.22

Right putamen 20.39** 20.25
Left dACC 20.24* (marginally significant

with robust regression)
20.21* (marginally significant

with robust regression)

Left DLPFC 0.22 0.07

Left putamen 0.33* (marginally significant
with robust regression)

0.37*

RSFC NA Average within CCN 20.25** 20.12

Covariate-Only Model Adjusted R2 = 0.40, F5,91 = 13.96, p , .001, n = 97

Covariates Age NA 0.12

Income 0.15, p = .07

BDI-II 0.43***

Medication status 0.33*** (**with robust regression)

WASI 20.05

Variables whose significance level changed with the robust regression are indicated with parentheses. *significant at p, .05; **significant at p, .01; ***significant at p,

.001.
BDI-II, Beck Depression Inventory II; CCN, cognitive control network; dACC, dorsal anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; mPFC, medial

prefrontal cortex; NA, not applicable; NSSI, nonsuicidal self-injury; rACC, rostral ACC; RSFC, resting-state functional connectivity; RT, reaction time; UPPS-P, Urgency
(negative), Premeditation (lack of), Perseverance (lack of), Sensation Seeking, Positive Urgency, Impulsive Behavior Scale; WASI, Wechsler Abbreviated Scale of
Intelligence.
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and how results from different units of analysis can help us
piece together different parts of the story. Future work inte-
grating results from other RDoC domains [e.g., sustained
threat (9), self-knowledge] will allow a deeper understanding of
how different neurobiological profiles may interact (concur-
rently and over time) to increase risk in different adolescents.
This integrative research may suggest novel approaches for
using profiles of biological data to characterize clinically
Biological Psychiatry: Global O
relevant subgroups of adolescents, which could potentially be
useful in guiding treatment selection. Furthermore, while the
RDoC domains are notably distinct, these investigations may
suggest points of overlap (e.g., neural hubs of intersecting
networks) that could be potential high-impact treatment tar-
gets for future clinical trials. Finally, longitudinal integrative
research will be critical to understand dynamics (how clinical
and biological trajectories of risk and adaptation evolve and
pen Science October 2023; 3:855–866 www.sobp.org/GOS 863
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interact over the course of adolescence) that will inform timing
of neurobiologically informed interventions for youth with
NSSI.
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9. Başgöze Z, Mirza SA, Silamongkol T, Hill D, Falke C, Thai M, et al.
(2021): Multimodal assessment of sustained threat in adolescents with
nonsuicidal self-injury. Dev Psychopathol 33:1774–1792.
864 Biological Psychiatry: Global Open Science October 2023; 3:855–
10. Westlund Schreiner M, Klimes-Dougan B, Mueller BA, Eberly LE,
Reigstad KM, Carstedt PA, et al. (2017): Multi-modal neuroimaging of
adolescents with non-suicidal self-injury: Amygdala functional con-
nectivity. J Affect Disord 221:47–55.

11. Klimes-Dougan B, Eberly LE, Westlund Schreiner M, Kurkiewicz P,
Houri A, Schlesinger A, et al. (2014): Multilevel assessment of the
neurobiological threat system in depressed adolescents: Interplay
between the limbic system and hypothalamic-pituitary-adrenal axis.
Dev Psychopathol 26:1321–1335.

12. Thai M, Schreiner MW, Mueller BA, Cullen KR, Klimes-Dougan B
(2021): Coordination between frontolimbic resting state connectivity
and hypothalamic-pituitary-adrenal axis functioning in adolescents
with and without depression. Psychoneuroendocrinology 125:105123.

13. National Institute of Mental Health: Development and definitions of the
RDoC domains and constructs. Available at: https://www.nimh.
nih.gov/research/research-funded-by-nimh/rdoc/development-and-
definitions-of-the-rdoc-domains-and-constructs. Accessed February
21, 2023.

14. Pattison EM, Kahan J (1983): The deliberate self-harm syndrome. Am J
Psychiatry 140:867–872.

15. Claes L, Vandereycken W, Vertommen H (2003): Eating-
disordered patients with and without self-injurious behaviours: A
comparison of psychopathological features. Eur Eat Disorders
Rev 11:379–396.

16. Claes L, Houben A, Vandereycken W, Bijttebier P, Muehlenkamp J
(2010): Brief report: The association between non-suicidal self-injury,
self-concept and acquaintance with self-injurious peers in a sample of
adolescents. J Adolesc 33:775–778.

17. Hasking PA, Coric SJ, Swannell S, Martin G, Thompson HK, Frost ADJ
(2010): Brief report: Emotion regulation and coping as moderators in
the relationship between personality and self-injury. J Adolesc 33:767–
773.

18. Evans J, Platts H, Liebenau A (1996): Impulsiveness and deliberate
self-harm: A comparison of “first-timers’ and “repeaters’. Acta Psy-
chiatr Scand 93:378–380.

19. Janis IB, Nock MK (2009): Are self-injurers impulsive?: Results from
two behavioral laboratory studies. Psychiatry Res 169:261–267.

20. MacLaren VV, Best LA (2010): Nonsuicidal self-injury, potentially
addictive behaviors, and the Five Factor Model in undergraduates.
Pers Individ Dif 49:521–525.

21. Herpertz S, Sass H, Favazza A (1997): Impulsivity in self-mutilative
behavior: Psychometric and biological findings. J Psychiatr Res
31:451–465.

22. Baetens I, Claes L, Willem L, Muehlenkamp J, Bijttebier P (2011): The
relationship between non-suicidal self-injury and temperament in male
and female adolescents based on child- and parent-report. Pers
Individ Dif 50:527–530.

23. MacKillop J, Weafer J, C Gray J, Oshri A, Palmer A, de Wit H (2016):
The latent structure of impulsivity: Impulsive choice, impulsive action,
and impulsive personality traits. Psychopharmacology 233:3361–
3370.

24. Sharma L, Markon KE, Clark LA (2014): Toward a theory of distinct
types of “impulsive” behaviors: A meta-analysis of self-report and
behavioral measures. Psychol Bull 140:374–408.

25. Stahl C, Voss A, Schmitz F, Nuszbaum M, Tüscher O, Lieb K,
Klauer KC (2014): Behavioral components of impulsivity. J Exp Psy-
chol Gen 143:850–886.

26. Whiteside SP, Lynam DR, Miller JD, Reynolds SK (2005): Validation of
the UPPS Impulsive Behaviour Scale: A four-factor model of impul-
sivity. Eur J Pers 19:559–574.

27. Claes L, Muehlenkamp JJ (2014): Non-Suicidal Self-Injury in Eating
Disorders: Advancements in Etiology and Treatment. New York:
Springer-Verlag Publishing, vi, 364.

28. Lynam DR, Miller JD, Miller DJ, Bornovalova MA, Lejuez CW (2011):
Testing the relations between impulsivity-related traits, suicidality, and
nonsuicidal self-injury: A test of the incremental validity of the UPPS
model. Personal Disord 2:151–160.

29. Peterson CM, Davis-Becker K, Fischer S (2014): Interactive role of
depression, distress tolerance and negative urgency on non-suicidal
self-injury. Personal Ment Health 8:151–160.
866 www.sobp.org/GOS

mailto:bagze001@umn.edu
mailto:bagze001@umn.edu
https://doi.org/10.1016/j.bpsgos.2023.04.005
https://doi.org/10.1016/j.bpsgos.2023.04.005
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref1
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref1
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref2
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref2
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref3
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref3
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref3
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref3
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref4
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref4
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref4
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref5
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref5
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref5
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref5
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref6
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref6
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref6
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref7
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref7
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref8
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref8
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref9
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref9
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref9
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref9
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref10
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref10
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref10
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref10
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref11
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref11
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref11
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref11
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref11
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref12
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref12
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref12
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref12
https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/development-and-definitions-of-the-rdoc-domains-and-constructs
https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/development-and-definitions-of-the-rdoc-domains-and-constructs
https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/development-and-definitions-of-the-rdoc-domains-and-constructs
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref14
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref14
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref15
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref15
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref15
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref15
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref16
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref16
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref16
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref16
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref17
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref17
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref17
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref17
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref18
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref18
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref18
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref19
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref19
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref20
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref20
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref20
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref21
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref21
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref21
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref22
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref22
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref22
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref22
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref23
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref23
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref23
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref23
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref24
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref24
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref24
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref25
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref25
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref25
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref26
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref26
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref26
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref27
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref27
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref27
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref28
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref28
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref28
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref28
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref29
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref29
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref29
http://www.sobp.org/GOS


Cognitive Control in Adolescent NSSI
Biological
Psychiatry:
GOS
30. Glenn CR, Klonsky ED (2010): A multimethod analysis of impulsivity in
nonsuicidal self-injury. Personal Disord 1:67–75.

31. Bresin K, Carter DL, Gordon KH (2013): The relationship between trait
impulsivity, negative affective states, and urge for nonsuicidal self-
injury: A daily diary study. Psychiatry Res 205:227–231.

32. Allen KJD, Johnson SL, Burke TA, Sammon MM, Wu C, Kramer MA,
et al. (2021): Validation of an emotional stop-signal task to probe in-
dividual differences in emotional response inhibition: Relationships
with positive and negative urgency. Brain Neurosci Adv 5:
23982128211058269.

33. Roxburgh AD, White DJ, Cornwell BR (2022): Negative urgency is
related to impaired response inhibition during threatening conditions.
Acta Psychol 228:103648.

34. Allen KJD, Hooley JM (2017): Negative mood and interference control
in nonsuicidal self-injury. Compr Psychiatry 73:35–42.

35. Lengel GJ, DeShong HL, Mullins-Sweatt SN (2016): Impulsivity and
nonsuicidal self-injury: Examining the role of affect manipulation.
J Psychopathol Behav Assess 38:101–112.

36. Allen KJD, Hooley JM (2015): Inhibitory control in people who self-
injure: Evidence for impairment and enhancement. Psychiatry Res
225:631–637.

37. Allen KJD, Hooley JM (2019): Negative emotional action termination
(NEAT): Support for a cognitive mechanism underlying negative ur-
gency in nonsuicidal self-injury. Behav Ther 50:924–937.

38. Domínguez-Baleón C, Gutiérrez-Mondragón LF, Campos-
González AI, Rentería ME (2018): Neuroimaging studies of suicidal
behavior and non-suicidal self-injury in psychiatric patients: A sys-
tematic review. Front Psychiatry 9:500.

39. Groschwitz RC, Plener PL (2012): The Neurobiology of non-suicidal
self-injury (NSSI): A review. Suicidology Online. Available at: http://
www.selfinjury.bctr.cornell.edu/perch/resources/groschwitz.pdf.
Accessed February 23, 2022.

40. Schmaal L, van Harmelen AL, Chatzi V, Lippard ETC, Toenders YJ,
Averill LA, et al. (2020): Imaging suicidal thoughts and behaviors: A
comprehensive review of 2 decades of neuroimaging studies. Mol
Psychiatry 25:408–427.

41. Dahlgren MK, Hooley JM, Best SG, Sagar KA, Gonenc A,
Gruber SA (2018): Prefrontal cortex activation during cognitive
interference in nonsuicidal self-injury. Psychiatry Res Neuroimaging
277:28–38.

42. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al.
(1997): Schedule for Affective Disorders and Schizophrenia for School-
Age Children-Present and Lifetime version (K-SADS-PL): Initial reli-
ability and validity data. J Am Acad Child Adolesc Psychiatry 36:980–
988.

43. Townsend L, Kobak K, Kearney C, Milham M, Andreotti C, Escalera J,
et al. (2020): Development of three web-based computerized versions
of the kiddie schedule for affective disorders and schizophrenia child
psychiatric diagnostic interview: Preliminary validity data. J Am Acad
Child Adolesc Psychiatry 59:309–325.

44. Nock MK, Holmberg EB, Photos VI, Michel BD (2007): Self-Injurious
Thoughts and Behaviors Interview: Development, reliability, and val-
idity in an adolescent sample. Psychol Assess 19:309–317.

45. Wechsler D (2011): Wechsler Abbreviated Scale of Intelligence®, 2nd
ed (WASI-II). San Antonio, TX: NCS Pearson.

46. Beck AT, Steer RA, Brown G (1996): Manual for the Beck Depression
Inventory–II. San Antonio, TX: Psychological Corporation.

47. Lynam Smith, Whiteside Cyders (2006): The UPPS-P: Assessing Five
Personality Pathways to Impulsive Behavior. West Lafayette, IN:
Purdue.

48. Cohen-Gilbert JE, Thomas KM (2013): Inhibitory control during
emotional distraction across adolescence and early adulthood. Child
Dev 84:1954–1966.

49. Lang PJ, Bradley MM, Cuthbert BN (2008): International Affective
Picture System (IAPS): Affective Ratings of Pictures and Instruction
Manual. Technical Report A-8. Gainesville, FL: University of Florida.

50. Glasser MF, Sotiropoulos SN, Wilson JA, Coalson TS, Fischl B,
Andersson JL, et al. (2013): The minimal preprocessing pipelines for
the Human Connectome Project. Neuroimage 80:105–124.
Biological Psychiatry: Global O
51. Pessoa L (2008): On the relationship between emotion and cognition.
Nat Rev Neurosci 9:148–158.

52. Albert J, López-Martín S, Tapia M, Montoya D, Carretié L (2012): The
role of the anterior cingulate cortex in emotional response inhibition.
Hum Brain Mapp 33:2147–2160.

53. Bush G, Luu P, Posner MI (2000): Cognitive and emotional influences
in anterior cingulate cortex. Trends Cogn Sci 4:215–222.

54. Etkin A, Egner T, Kalisch R (2011): Emotional processing in
anterior cingulate and medial prefrontal cortex. Trends Cogn Sci
15:85–93.

55. de Kloet SF, Bruinsma B, Terra H, Heistek TS, Passchier EMJ, van den
Berg AR, et al. (2021): Bi-directional regulation of cognitive control by
distinct prefrontal cortical output neurons to thalamus and striatum.
Nat Commun 12:1994.

56. Williams LM (2017): Defining biotypes for depression and anxiety
based on large-scale circuit dysfunction: A theoretical review of the
evidence and future directions for clinical translation. Depress Anxiety
34:9–24.

57. Schmidt CC, Timpert DC, Arend I, Vossel S, Fink GR, Henik A,
Weiss PH (2020): Control of response interference: Caudate nucleus
contributes to selective inhibition. Sci Rep 10:20977.

58. Tschernegg M, Pletzer B, Schwartenbeck P, Ludersdorfer P,
Hoffmann U, Kronbichler M (2015): Impulsivity relates to striatal gray
matter volumes in humans: Evidence from a delay discounting para-
digm. Front Hum Neurosci 9:384.

59. Cai C, Yuan K, Yin J, Feng D, Bi Y, Li Y, et al. (2016): Striatum
morphometry is associated with cognitive control deficits and symptom
severity in internet gaming disorder. Brain Imaging Behav 10:12–20.

60. Tolomeo S, Yu R (2022): Brain network dysfunctions in addiction: A
meta-analysis of resting-state functional connectivity. Transl Psychi-
atry 12:41.

61. Hannah R, Jana S (2019): Disentangling the role of posterior parietal
cortex in response inhibition. J Neurosci 39:6814–6816.

62. Glasser MF, Coalson TS, Robinson EC, Hacker CD, Harwell J,
Yacoub E, et al. (2016): A multi-modal parcellation of human cerebral
cortex. Nature 536:171–178.

63. Makris N, Goldstein JM, Kennedy D, Hodge SM, Caviness VS,
Faraone SV, et al. (2006): Decreased volume of left and total anterior
insular lobule in schizophrenia. Schizophr Res 83:155–171.

64. Woolrich MW, Ripley BD, Brady M, Smith SM (2001): Temporal
autocorrelation in univariate linear modeling of FMRI data. Neuroimage
14:1370–1386.

65. Koller M, Stahel WA (2011): Sharpening Wald-type inference in robust
regression for small samples. Comp Stat Data Anal 55:2504–2515.

66. Wickham H (2016): ggplot2: Elegant graphics for data analysis.
New York: Springer-Verlag.

67. Kassambara A: ggcorrplot: Visualization of a Correlation Matrix using
‘ggplot2’. R package version 0.1.3. Available at: https://CRAN.R-
project.org/package=ggcorrplot.

68. Gainotti G (2019): Emotions and the right hemisphere: Can new data
clarify old models? Neuroscientist 25:258–270.

69. Harmon-Jones E, Gable PA, Peterson CK (2010): The role of asym-
metric frontal cortical activity in emotion-related phenomena: A review
and update. Biol Psychol 84:451–462.

70. McCloskey MS, Look AE, Chen EY, Pajoumand G, Berman ME (2012):
Nonsuicidal self-injury: Relationship to behavioral and self-rating
measures of impulsivity and self-aggression. Suicide Life Threat
Behav 42:197–209.

71. Klonsky ED (2007): The functions of deliberate self-injury: A review of
the evidence. Clin Psychol Rev 27:226–239.

72. Moller CI, Tait RJ, Byrne DG (2013): Deliberate self-harm, substance
use, and negative affect in nonclinical samples: A systematic review.
Subst Abus 34:188–207.

73. Ho TC, Walker JC, Teresi GI, Kulla A, Kirshenbaum JS, Gifuni AJ, et al.
(2021): Default mode and salience network alterations in suicidal and
non-suicidal self-injurious thoughts and behaviors in adolescents with
depression. Transl Psychiatry 11:38.

74. Ho TC, Teresi GI, Ojha A, Walker JC, Kirshenbaum JS, Singh MK,
Gotlib IH (2021): Smaller caudate gray matter volume is associated
pen Science October 2023; 3:855–866 www.sobp.org/GOS 865

http://refhub.elsevier.com/S2667-1743(23)00044-7/sref30
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref30
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref31
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref31
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref31
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref32
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref32
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref32
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref32
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref32
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref33
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref33
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref33
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref34
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref34
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref35
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref35
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref35
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref36
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref36
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref36
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref37
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref37
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref37
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref38
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref38
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref38
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref38
http://www.selfinjury.bctr.cornell.edu/perch/resources/groschwitz.pdf
http://www.selfinjury.bctr.cornell.edu/perch/resources/groschwitz.pdf
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref40
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref40
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref40
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref40
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref41
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref41
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref41
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref41
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref42
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref42
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref42
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref42
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref42
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref43
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref43
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref43
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref43
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref43
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref44
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref44
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref44
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref45
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref45
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref46
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref46
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref47
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref47
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref47
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref48
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref48
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref48
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref49
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref49
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref49
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref50
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref50
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref50
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref51
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref51
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref52
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref52
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref52
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref53
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref53
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref54
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref54
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref54
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref55
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref55
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref55
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref55
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref56
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref56
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref56
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref56
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref57
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref57
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref57
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref58
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref58
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref58
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref58
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref59
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref59
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref59
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref60
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref60
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref60
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref61
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref61
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref62
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref62
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref62
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref63
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref63
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref63
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref64
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref64
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref64
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref65
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref65
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref66
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref66
https://CRAN.R-project.org/package=ggcorrplot
https://CRAN.R-project.org/package=ggcorrplot
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref68
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref68
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref69
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref69
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref69
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref70
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref70
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref70
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref70
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref71
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref71
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref72
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref72
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref72
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref73
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref73
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref73
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref73
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref74
http://refhub.elsevier.com/S2667-1743(23)00044-7/sref74
http://www.sobp.org/GOS


Cognitive Control in Adolescent NSSI
Biological
Psychiatry:
GOS
with greater implicit suicidal ideation in depressed adolescents.
J Affect Disord 278:650–657.

75. Segreti AM, Chase HW, Just M, Brent D, Pan L (2019): Cortical
thickness and volume reductions in young adults with current suicidal
ideation. J Affect Disord 245:126–129.

76. Gifuni AJ, Chakravarty MM, Lepage M, Ho TC, Geoffroy MC,
Lacourse E, et al. (2021): Brain cortical and subcortical morphology in
adolescents with depression and a history of suicide attempt.
J Psychiatry Neurosci 46:E347–E357.

77. Wagner G, Schultz CC, Koch K, Schachtzabel C, Sauer H, Schlösser RG
(2012): Prefrontal cortical thickness in depressed patients with high-risk
for suicidal behavior. J Psychiatr Res 46:1449–1455.
866 Biological Psychiatry: Global Open Science October 2023; 3:855–
78. Huber RS, Subramaniam P, Kondo DG, Shi X, Renshaw PF, Yurgelun-
Todd DA (2019): Reduced lateral orbitofrontal cortex volume and
suicide behavior in youth with bipolar disorder. Bipolar Disord 21:321–
329.

79. Cai S, Guo Z, Wang X, Huang K, Yuan K, Huang L (2023): Cortical
thickness differences are associated with cellular component
morphogenesis of astrocytes and excitatory neurons in nonsuicidal
self-injuring youth. Cereb Cortex 33:811–822.
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