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Abstract

Background: Non-suicidal self-injury (NSSI) is highly prevalent among adolescents and predicts
future psychopathology including suicide. To improve therapeutic decisions and clinical outcome of
patients engaging in NSSI, it seems beneficial to determine neurobiological markers associated with
treatment response. The present study investigated whether resting-state functional brain connectivity

(RSFC) served to predict clinical improvements following treatment in adolescents engaging in NSSI.

Methods: N=27 female adolescents with NSSI took part in a haseline MRI exam and clinical
outcome was assessed at follow-ups one, two and three years aftz: ha_zline. During the follow-up
period, patients received in- and/or outpatient treatment. Mixec -ei’~cts linear regression models were

calculated to examine whether RSFC was associated with clin.~al improvement.

Results: Patients’ clinical outcome improved acrees time. Lower baseline RSFC between left
paracentral gyrus and right anterior cingulate gy*'is was associated with clinical improvement from
baseline to one-year and from two-year to u.-er-year follow-up. Lower and higher baseline RSFC in
several inter- and intrahemispheric cortico-cortical and cortico-subcortical connections of interest

were associated with clinical symptomatc 'o gy and its severity, independent from time.

Limitations: A relatively smali .~my.le size constrains the generalizability of our findings. Further, no
control group not receivirg u~atment was recruited, therefore clinical changes across time cannot

solely be attributed to treau.ent.

Conclusions: While there was some evidence that RSFC was associated with clinical improvement
following treatment, our findings suggest that functional connectivity is more predictive of severity of
psychopathology and global functioning independent of time and treatment. We thereby add to the

limited research on neurobiological markers as predictors of clinical outcome after treatment.



Introduction

Non-suicidal self-injury (NSSI) denotes deliberate self-inflicted bodily injury without suicidal intent
(American Psychiatric Association, 2013), and includes self-cutting, scratching and bruising, which is
not socially or culturally accepted (Plener et al., 2016). With a prevalence rate of 17.2%, single events
of NSSI are highly common in population samples of adolescents (Swannell et al., 2014). NSSI
disorder, characterized by repetitive acts of NSSI, has been introduced in the 5" version of the
Statistical and Diagnostic Manual of Mental Disorders (DSM-5) as a research diagnosis requiring
further research (American Psychiatric Association, 2013), reflec'ing both clinical and scientific
interest in the phenomenon. Diagnostic criterion A of the disorder is mt when an individual engages
in self-injury without suicidal intent on at least five days withir. the )ast year. While a prevalence rate
of 4% has been found for NSSI disorder in adolescent cemnunity samples (Plener et al., 2016)
prevalence of around 50% has been found among adoles _ent \.3-patient samples (Glenn and Klonsky,
2013; Groschwitz et al., 2015). Females are mor: 1..»'y to report a history of NSSI than males, in
particular in clinical samples (Bresin and S* noeileber, 2015), which might be due to female patients
being more likely to seek help (Haavin <t al., 2019). Engagement in NSSI has serious negative
consequences, as NSSI history is assoc.a’ed with future NSSI, suicide attempts (Asarnow et al., 2011)
and an increased risk for suicide {(ho'wton et al., 2015). NSSI has also been found to be one of the
strongest predictors of Borderline Mersonality Disorder (BPD) development (Ghinea et al., 2019), and
recent research suggests trat M SSI is a transdiagnostic risk marker of psychopathology in general
(Ghinea et al., 2020).

Many psychiatric disorders already emerge in childhood and half of all mental illnesses begin
before the age of 14 years (Merikangas et al., 2009). However, response rates to mental health
treatment are concerning, with high rates of partial or no response (Menke, 2018). As a result, young
patients may experience heightened distress and may require several episodes of treatment, which in
turn are linked with increasing health care costs (Kessler, 2018). It is possible that determining
patients’ responses to therapy, might optimize treatment outcomes in adolescent psychiatric patients
(McMahon, 2014). The diagnostic and therapeutic process is however, mostly based on subjective

clinical judgment (McMahon, 2014), and patient characteristics (e.g., treatment adherence,



sociodemographic, psychosocial) which may additionally influence treatment outcomes. Therefore,
the prediction of treatment response is a challenging endeavor (Kessler, 2018; McMahon, 2014),
however recent scientific initiatives (e.g. the research domain criteria; RDoC; (Cuthbert, 2015))
suggest addressing this problem by focusing on dimensions of observable behavior and objective
neurobiological measures. That is to say, finding more objective predictors of treatment outcome
might allow for a more appropriate selection of, and more favourable responses to, treatment (Chang
et al., 2020; Jeong et al., 2020; Ng and Weisz, 2016).

To that end, neuroimaging research has so far mainly foctsed on proximal neurobiological
traits in individuals engaging in NSSI (Kaess et al., 2021). Finuing. to date have highlighted the
important roles of frontolimbic brain circuitry and alterations i1 pre frontal and limbic brain structure
associated with NSSI (Ando et al., 2018; Dahlgren et al., 752R; Sroschwitz et al., 2016; Koenig et al.,
2021; Niedtfeld et al., 2010; Plener et al., 2012; Schéar et .'., 2022; Vega et al., 2018). Previous
resting-state functional magnetic resonance irlag‘nr, (rsfMRI) studies assessing resting-state
functional connectivity (RSFC) in adolesce its v/ith NSSI have demonstrated both higher and lower
RSFC between frontal and limbic brain rcions: Female adolescents with NSSI (13 — 21 years old, n =
29) showed higher right amygdala - r.orsal anterior cingulate cortex (ACC) RSFC and higher
amygdala - supplementary motor 2re> (SMA) RSFC than healthy controls (Westlund Schreiner et al.,
2017). In the same study, lower ~egative amygdala RSFC with lateral occipital and angular gyri,
frontal pole, and inferior ai'd m, ddle temporal regions were found in comparison with healthy controls
(Westlund Schreiner et al., 2017). Another group of 12 — 17-year-olds with NSSI (n = 24) showed
reduced seed-based RSFC between the amygdala and the ACC, paracingulate gyrus, subcallosal
cortex, right insula and right planum temporale, and between the medial PFC and left insula, as well
as pre- and postcentral gyri, in comparison with healthy controls (Santamarina-Perez et al., 2019).
Adopting a graph theory approach to whole brain RSFC, we previously identified longer average path
lengths and a smaller number of weighted hubs globally, as well as lower efficiency and worse
integration in an orbitofrontal region in n = 33 adolescents (aged 12 — 17 years) engaging in NSSI
(Murner-Lavanchy et al., 2022).

Given the potential of neuroimaging as an objective measure, it is of particular interest as to



whether brain function might serve to predict clinical and treatment outcomes in adolescents engaging
in NSSI (Westlund Schreiner et al., 2019). The first study investigating whether brain connectivity
predicted treatment outcome in NSSI patients, used a seed-based approach to examine baseline
amygdala RSFC in 12-17 year-olds (Santamarina-Perez et al., 2019). The study found that lower
connectivity between the amygdala and ACC as well as the prefrontal cortex, was associated with
greater clinical improvement following treatment in NSSI patients after four months of Dialectical
Behavior Therapy for Adolescents (DBT-A) and treatment as usual (n = 24) (both treatment arms
were combined to increase statistical power). The authors suggested that ‘top-down’ regulation of the
amygdala by the prefrontal cortex might be beneficial for treatmer ¢ ou.~ome. A second study relating
seed-based RSFC with clinical outcomes after an 8-week ope 1-lak 2l N-acetylcysteine trial in 13-21
year-old NSSI patients (n = 18) found decreases in left amryYaic—right supramarginal gyrus and right
nucleus accumbens—left superior medial frontal cortex PSFC, and increases in right amygdala—right
inferior frontal cortex RSFC to be associated witi. reauctions in NSSI frequency after treatment
(Cullen et al., 2020). The finding of char.es .n RSFC associated with pharmaceutical treatment
suggests amygdala and nucleus-accumbe, =-based circuits as potential treatment targets.

The purpose of the present i dy was to expand the sparse literature on neuroimaging
precursors of treatment outcome Yy ‘nvestigating whether baseline RSFC is associated with clinical
change across three years in fen.~le adolescents engaging in NSSI. Our aim was to exploratively
investigate whether RSFC bet\ /een several a priori defined regions of interest predicted treatment

outcome at one, two- and th ee-years’ follow-up.

Methods and Materials
Participants and procedure

Two existing datasets were merged for the present investigation. Data on clinical outcome
stem from a clinical cohort study designed to evaluate an outpatient clinic specialized in adolescent
risk-taking and self-harm behavior (AtR!Sk; “Ambulanz fiir Risikoverhalten & Selbstschiadigung”,
University Hospital Heidelberg, Germany; Kaess et al., 2017). Adolescents between the age of 12 and

17 years who presented at this specialized outpatient clinic were consecutively recruited to participate



in this cohort study and underwent structured clinical assessments by specifically trained clinicians.

A subsample of patients recruited into the clinical cohort study between 2015 and 2016 were also
invited to participate in a cross-sectional neuroimaging study. Both study protocols (clinical cohort
study ID: S-449/2013; neuroimaging study ID: 983 6087 8915) were approved by the ethics
committee of the Medical Faculty, University of Heidelberg, Germany and were conducted according
to the Declaration of Helsinki (“World Medical Association Declaration of Helsinki,” 2013). Written
informed consent was obtained from participants and their primary caregivers prior to study
participation.

Within the clinical cohort study, yearly clinical assess nen.® were performed by trained
clinicians in child and adolescent psychiatry. In the current rcoort data from three follow-up time-
points were included. For further follow-ups, sample sizes v."re too small due to drop-out. Follow-up
assessments occurred at approximately 12 months, 24 m-.nth., and 36 months post baseline. Patients
received psychotherapeutic treatment either at inpaw 't units of the Clinic of Child and Adolescent
Psychiatry, University Hospital Heidelber1, 7. the AtR!SK outpatient clinic, or with licensed
psychotherapists. Treatment at the outpa.ient clinic AtRISk followed a structured treatment protocol
and consisted of a cognitive-behaviorul onented short-term therapy (10 sessions) and/or dialectic-
behavioral therapy. A minor proprru~n of patients received additional inpatient treatment.

General inclusion criteria *rere presentation in the AtR!Sk outpatient clinic, written informed
consent of adolescents and then caregivers, age between 12 and 17 years and fluent German language.
Exclusion criteria for both studies were acute psychotic symptoms, acute suicidality, pregnancy,
endocrine disorders, and prescription of glucocorticoid medication. For the cross-sectional
neuroimaging study, patients were additionally excluded if they had known vascular and neurological
diseases (potentially influencing brain function), claustrophobia, metal implants, and a history of brain

injury.

Clinical assessment

During the clinical assessment, sociodemographic information was obtained, including sex, date of

birth, handedness (using the Edinburgh Handedness Inventory (Oldfield, 1971)), body mass index



(BMI: weight(kg)/ height(m)2), medication and drug use. Further, information on treatment received

since the last clinical assessment was obtained.

The Mini-International Neuropsychiatric Interview for Children and Adolescents (M.I.N.1.-KID 6.0)
(Sheehan et al., 2010) was used as an extensive assessment of psychiatric diagnoses. The German
version of the Self-Injurious Thoughts and Behavior Interview (SITBI, (Nock et al., 2007)), the
SITBI-G (Fischer et al., 2014) was used to assess NSSI. This version has shown good reliability and
convergent validity (Fischer et al., 2014). The variable of interest for the present study was the
number of days with NSSI incidents during the month preceding the interview (henceforth
abbreviated as ‘“NSSI incidents”). The Clinical Global Imr.>ss,ca Scale (CGI-S), a one-item
clinician-rated measure was used to assess the severity of Ps, ~hopathology during the past seven days
at all follow-up assessments (Busner and Targum, z.27). Further, the Global Assessment of
Functioning (GAF) Scale was used to estimate glo'sal psychosocial functioning (Moos et al., 2000),
where clinicians were required to make an ¢ .van iudgement regarding a patient’s current level of
psychological, social, and occupational functiu~ing based on a 1 — 100 rating scale at all follow-up
time-points. Other clinical measures ob*. ey but not used in the statistical analyses are described in

the Supplementary material.

Neuroimaging

The neuroimaging procec ire has been described previously (Mirner-Lavanchy et al., 2022).
Anatomical Ti-weighted images and T,*-weighted echo planar images were acquired using a
Magnetom TRIO 3 Tesla scanner (Siemens, Erlangen, Germany) with a 32-channel-head coil. T1-
weighted images were acquired in the sagittal plane with the following parameters: 192 slices with
1mm thickness, 1x1mm? in-plane resolution, echo time, TE = 2.52 ms, repetition time, TR = 1900 ms
and flip angle = 9°). T2*-weighted echo planar images were acquired during a resting state, during
which patients were asked to keep their eyes open. Each of the three runs lasted for approximately 8

minutes (TE = 27 ms, TR = 2650 ms, FoV = 220 mm, Flip angle = 90°, slices = 45).



Image processing

T1-weighted images were automatically segmented using the Desikan-Killiany-Tourville atlas (Klein
and Tourville, 2012) in FreeSurfer version 6.0 (Reuter et al., 2010). The volume-based segmentation
process is performed as follows: 1) labelling of brain structures by registration to MNI305 space 2)
segmentation based on a subject-independent probabilistic atlas and subject-specific measured values
3) classification of each voxel to a label. After segmentation, all images underwent a visual quality
check by trained researchers. Details of FreeSurfer segmentation have previously been described
(Fischl et al., 2004, 2002). The volumes of regions which are labelle i as a particular structure are then

calculated by FreeSurfer and can further be used in statistical analy ses.

FMRIB’s Software Library (FSL 5.0, Oxford, 2012) was u<c-'d 1u: standard preprocessing of rsfMRI
data and included the following steps: motion correction . ~ing MCFLIRT, brain extraction with BET,
slice time correction, spatial smoothing with a full ‘w’dth-half-maximum 6 mm Gaussian kernel, as
well as high-pass temporal filtering. The FMPIb 'inear image registration tool was used for linear
registration of functional images with the pro. 2ssed brain extracted images and finally, FNIRT was
used to co-register the functional images ~on 'inearly with MNI standard space.

Connectivity network

All nodes were used to create a v nnectivity matrix. In this matrix, the connection of two nodes is
equal to the squared partial ~no'~don of the time series, which is controlled for the time series of all
other nodes (this serves i ~oiwrol for indirect connections between the connections of interest) as well

as cerebrospinal fluid and white matter.

Regions of Interest (ROI) were selected from the Deskan-Killiany atlas provided by FreeSurfer
(Desikan et al., 2006). The nine cortical ROIs assessed in the present study included caudal anterior
cingulate cortex, rostral anterior cingulate cortex, lateral orbitofrontal cortex, medial orbitofrontal
cortex, rostral middle frontal gyrus, caudal middle frontal gyrus, superior frontal gyrus, paracentral
cortex, pericalcarine cortex (each left and right hemisphere). The two subcortical ROIs included the
amygdala and the hippocampus (each left and right hemisphere, for an overview of all ROIs studied,

see Supplementary Figure 1). The aforementioned ROIs have been previously associated with the



neurobiology/neuroanatomy of NSSI in adolescents and adults (Ando et al., 2018; Koenig et al., 2021;
Mirner-Lavanchy et al., 2022; Santamarina-Perez et al., 2019). Connections of interest (COI)

between each possible combination of ROIs, were used as RSFC predictors in the statistical analyses.

Statistical analyses

First, descriptive analyses were calculated, and data was explored visually. Then, variables were
checked for normal distribution and log transformation was applied where necessary (i.e., for the
variable NSSI incidents). The analyses of our main aims were conducted with mixed-effects
regression models. These models are robust to the effects of missing u.*a, which occur in our sample
due to reduced patient numbers at clinical follow-ups (Molenberrhs >t <., 1997).

To analyse clinical outcomes across time, mixed-eftects \egression models were calculated,
with time point as a predictor (baseline, FU1, FU2 ana =U3,, clinical variables as outcome (NSSI
incidents, CGI-S scores, GAF scores) and a randor » tercept for each participant. Separate models
were calculated for each of the outcome variab.>s. Age at baseline and psychoactive medication
(yes/no) were included as covariates. To conu | for between-patient differences in the time between
the clinical and the MRI baseline assess™eir.: the number of days between these measurements was
additionally included as a covariate.

Next, we followed a forn.>! model comparison procedure to examine whether the strength of
connectivity between each pnss’hl: combination of our ROIs at baseline was able to explain variance
in changes of clinical cu.>an.C above the time point alone (Barr et al., 2013). Model MO included time
point and covariates (i.e., age at baseline, BMI at baseline, psychoactive medication, days between
measurements) to predict clinical outcome. Model M1 additionally contained RSFC as a predictor.
Model M2 additionally contained the interaction between RSFC and time point as predictor. Each
COlI was tested and compared in a separate series of models. COIs where one of the models had a
singular fit (i.e., variance of the random intercept estimated to be zero) were excluded from further
analyses (Lindquist et al., 2012; Mdiller et al., 2013). We compared models using the Bayes Factor
(BF), computed using the Bayesian Information Criterion (BIC) approximation. A BF larger than 3

and below 20 is considered ‘positive evidence’, while a BF above 20 is regarded as ‘strong evidence’



(Raftery, 1995). Models showing a BF above 20 were considered to provide evidence of the influence
of RSFC in the present study. A model selection based on Bayesian parameters has several
advantages over model selection based solely on P-values (Freedman, 1983; Freedman et al., 1988;
Miller, 1990). While Bayesian model selection does not require p-values for statistical comparison,
corresponding p-values have been included in the results section for readers more familiar to the
conventional frequentist statistical approach. Prompted by a reviewer’s comment, we conducted
sensitivity analyses by testing for associations between RSFC and clinical outcome including only
data from those n = 10 patients who had available data at all time po:ts (complete-data analyses).
Statistical analyses were performed using Stata (Version 15.0; StataCorp LP, College Station,
TX, US). Results from Models M1 and M2 were visualized uing he margins command in STATA
by plotting the predicted clinical outcome for individualc ..*th mean RSFC, - 1 SD from the mean
RSFC and plus 1 SD from the mean RSFC. Images of 'ie hOls were generated in Freeview within

FreeSurfer.

Results

Patient characteristics

Of n = 40 patients participating n. the cross-sectional neuroimaging study, n = 1 had to be excluded
due to a space-consuming le<io,> eading to unusable T1 images. Of the n = 39 (n = 2 males, 5.1%)
remaining patients, n = .7 (1. = 0 males) participated in the baseline assessment of the clinical cohort
study.

Therefore, the final sample for the present study comprised n = 27 female patients with a mean age of
15.04 years (SD = 1.26). At FUL, n = 25, at FU2, n = 19 and at FU3, n = 14 patients were included.
Patient characteristics for each measurement time point are presented in Table 1. Clinical diagnoses
met at baseline are detailed in Supplementary Table 1. The group average of days passed between

baseline measurements of both studies involved was 67.80 days (SD = 656.41).
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Table 1. Patient characteristics at each measurement time-point.

. Baselinevs.  FU1 vs. FU2 vs.
Baseline FU1 FU2 FU3
Demographic / FUL FU2 FU3
clinical measures (N= (N= (N= (N= p- p- p-
27) 25) 19) 14) value ES value ES value ES

15.04 16.12 16.50 17.70

Age, M (SD) (1.26) (1.2) (1.04) (0.95) .003 .87 295 .33 .006 1.19
20.57 20.44 21.11 22.09

BMI, M (SD) (3.01) (2.22) 2.97) (2.92) 861 -05 .397 .26 411 .26

Severity of

psychopathology >.08 3.64 3.0 2.70 <001 .71 325 25 .060 .60

(CGI-S), M (SD) (074)  (163)  (1.38)  (1.89)

Global functioning 47.42 61.20 61.83 74.00 <00 'O/ 905 04 142 60

(GAF), M (SD) (10.02)  (16.18) (18.13) (24.10)

NSSI incidents past 7.67 2.60 211 0.57

month, M (SD) (7.64)  (486) (428) (L1 Ot 65 191 .32 095 .46
Psychoactive 3 8 3

l(\/l%t)a)dlcatlon yes, n (11.11) 5(20.0) (42.11) (2140, <.001 6.67 .134 220 .491 1.38
Alcohol 1.67 2.44 2.81 3.2

Consumption, M (SD)  (0.71) (1.34) (1.28) 50) str 3% 7s2 100085 -85
Drug Consumption, 1.33 1.76 2.0% 25 ) )

M (SD) (100) (135 (161 (01 00 0 .32l 31227 -43

Note. Paired t-tests were used for paired comoarisons ~f continuous variables of normal data (effect size:
Cohen’s d, computed as the difference in mean. divided by the pooled standard deviation of both time points)
and Wilcoxon signed-rank test were used fc. 1.~n-1,ormal data (effect size: Z/\(N)). For binary variables,
McNemar’s test was used (effect size: odds r tic). ES = Effect size, BMI = Body Mass Index, BPD = Borderline
Personality Disorder, CGI = Clinical Glo.' lmipression Scale, GAF = Global Assessment of Functioning.
Alcohol consumption: Days of alcohe! v ~nsumption per year in the past year, 1 = never, 2 = occasional, 3 = at
least once a month, 4 = at least once «. ‘veek, 5 = 2-3 times per week, 6 = almost daily, 7 = daily. Drug
consumption: Days of drug consumy:*on per year in the past year: 1 = never, 2 = occasional, 3 = at least once a
month, 4 = at least once a week, © = 2-3 times per week, 6 = almost daily, 7 = daily. Variables with distributions
considered as normal: age, BMil, & AF; non-normal: CGI-S, NSSI incidents, alcohol and drug consumption.

11



Unadjusted paired comparisons showed differences between baseline and FU1 for age, severity of
psychopathology, global functioning, NSSI incidents, and number of patients receiving psychoactive
medication. Between FU1 and FU2, no significant differences were observed, while between FU2 and
FU3, the sample differed in age. Detailed information on treatment received by patients at FU1, FU2

and FU3 can be found in Supplementary Table 2.

Clinical outcome across time-points

Mixed regression models controlling for age at baseline, psychoactive medication, and days between
measurements, showed improvements across time points for all clini~al cutcomes, namely severity of
psychopathology, global functioning and NSSI incidents (ill.sawed in Figure 1). Fixed effects
estimates of mixed regression models are presented in Ta.'e 2. The severity of psychopathology
decreased across time points (;(2 = 8016.13, p < .001), wa.~ cecreases in scores between TO and T1,
between T1 and T2, and between T2 and T3 (all p < 4C1). Global functioning improved across time
points (> = 7412.08, p < .001), with increase~. .. sc.ves between TO and T1, between T1 and T2, and
between T2 and T3 (all p < .001). Finally, NSS. incidents decreased across time points (5* = 5965.39,
p < .001), with decreases between TO <" T, between T1 and T2, and between T2 and T3 (all p <
.001).

The effect of psychoactive mec'icai*on, which was entered as a covariate, was also associated with
clinical improvement over &™e :n all models (severity of psychopathology: z = 38.56, p < .001;

global functioning: z = -3¢ 54, p < .001; and NSSI incidents: z = -23.61, p < .001).

8
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.

2
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Figure 1. Clinical Outcome across time-points. Illustrated are clinical outcomes across time points
in severity of psychopathology (CGI-S), global functioning (GAF) and NSSI incidents. NSSI = non-
suicidal self-injury. GAF = Global assessment of Functioning, CGI-S = Clinical Global Impression
Scale
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Table 2. Fixed effects for the factor time point

FUl FU2 FU3

QOutcome p Coefficient  95% ClI p Coefficient  95% ClI p Coefficient  95% ClI
Severity of <.001 -1.55 -1.60,- <001 -2.00 -2.08,- <.001 -2.57 -2.65, -
psychopathology 1.50 1.94 2.48
(CGI-S)?
Global functioning <.001 15.24 14.69, <.001 21.62 20.87, <.001 29.55 28.62,
(GAF)* 15.79 22.37 30.48
NSSI incidents <.001 -3.84 -4.09,- <001 -481 -5.12,- <001 -7.74 -8.08, -

3.60 4.50 7.40

Note. Results from mixed models for each clinical outcome separately. Coefficients indicate differences from
baseline to follow-up time points. * Additional fixed effect of psychoactive medication use.

RSFC associated with clinical changes at follow-up

Model comparison showed strong evidence (BF > 20) that FSFC between several COls improved

model fits for predicting clinical outcome across time.

Among all COls, model comparisons for one COI res-lted in superior model fit for M2. Model M2
showed an interaction between RSFC and tim~ point in predicting clinical outcome, indicating that
RSFC had a predictive value on the improve, -ent of clinical outcome across time. In detail, RSFC
between left paracentral gyrus and riqn. rostral ACC predicted change in the severity of
psychopathology (* = 152.15, p < .fu’) as well as global functioning (* = 150.92, p < .001) (Figure
2). Model results are detailed in Supplementary Table 3. Lower baseline RSFC in this COl was
associated with lower severn, ~f psychopathology (and higher RSFC with higher severity of
psychopathology) at Ful (u -. 001). Further, lower baseline RSFC in this COIl was associated with
higher global functioning (and higher RSFC with lower global functioning) at FU1(p = .037), and at

FU3 (p < .001).
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Figure 2. Interaction between left paracentral gyrus and right rostr7 { anterior cingulate gyrus (ACC)
resting-state functional connectivity (RSFC) and time point predi..ing clinical outcome (GAF =
global assessment of functioning; CGI = clinical global impression 1.c. severity of psychopathology).
Blue fit line represents predicted clinical outcome for an individu.' w.th -1 standard deviation (SD)
RSFC (z-standardized) from the mean; red: mean RSFC; green +1 5D RSFC from mean.

Further model comparisons showed strong evidence tha* kZEC between several COls predicted
clinical outcome across time (main effect) independent o fime (M1). These models indicate that
higher or lower baseline RSFC was associated with ~'.ni~.al outcome over time, but not with a change
in clinical outcome across time. Results are de aileu in Supplementary Table 4 and visualized in
Supplementary Figure 3. A summary of resuis is reported as follows: A higher baseline RSFC
between left rostral ACC and left super o'\ =ntal gyrus, as well as between left paracentral gyrus and
right rostral ACC was associatec wiu higher severity of psychopathology and lower global
functioning outcome across tim. A higher baseline RSFC between left paracentral gyrus and left
caudal middle frontal gyrus we associated with lower global functioning across time points. Further,
a higher left hippocampus ad right amygdala RSFC were associated with more NSSI incidents across
time. In contrast, a lower baseline RSFC between the right rostral ACC and right amygdala was
associated with lower global functioning over time. Effects for the different models ranged between

an average of 45 to 54 points in the GAF, 4 to 5 points in the CGI-S, and 3.5 NSSI incidents during

the past month.

Complete-data analyses including those n = 10 patients with data available at all time points
confirmed the association between left paracentral gyrus and right rostral ACC RSFC and the severity
of psychopathology as well as global functioning across time (M2). The remaining results were not

replicated in the smaller sample. All results are detailed in Supplementary Table 5.
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Discussion

In the present study, we aimed to investigate whether RSFC measured at baseline was associated with
changes in clinical outcome after treatment across three years in a sample of female adolescents
engaging in NSSI. This is one of the very few studies assessing brain connectivity predictors of
clinical change across time in adolescents with NSSI.

Our sample of adolescents on average showed improvement in clinical outcome as determined by
measures of severity of psychopathology, global functioning, and NSSI incidents. With the present
study design, clinical improvement cannot solely be attributed to tr.~rapy, but might also result from
developmental changes across age. The prevalence of NSSI appea: s to ‘ncrease continuously until the
age of 16, while during later adolescence remission rates are | igh Moran et al., 2012; Plener et al.,
2015; Reichl and Kaess, 2021). Interestingly, while . 'inical outcome such as severity of
psychopathology and the frequency of NSSI decreased @ id gicbal functioning increased across time-
points, the use of alcohol and drugs increased ac os. f.1low-up time-points. This secondary finding
aligns with existing evidence indicating a :-oter.tial shift in symptomatology towards more socially
accepted behavior occurring during late a’nlescence and young adulthood (Nakar et al., 2016). In the
respective study, a symptom shift was o'iserved in adolescents from the general community showing
high-risk trajectories in self-injurisus 2nd suicidal behavior as well as substance misuse. As this group
reported low levels of participa.~n in therapy, the symptom shift was unlikely attributable to
professional help and prol ably represented a naturalistic course of adolescent self-harm tendencies.
Since in the current study. ' ve did not recruit a control group receiving no therapy, we are unable to
evaluate whether the symptom shift was associated with therapy or whether it represents a naturalistic
trajectory in behavior across adolescence.

To our knowledge, there are only two studies examining RSFC predictors or concomitants of
therapy outcome in adolescents with NSSI (Cullen et al., 2020; Santamarina-Perez et al., 2019). Using
a seed-based approach Santamarina-Perez et al. (2019) found that stronger amygdala-ACC and
amygdala-medial prefrontal connectivity, but weaker amygdala-brainstem connectivity was related to
less post-treatment improvement after four months of DBT-A and treatment as usual (n = 24).

Examining seed-based RSFC before and after pharmaceutical therapy, Cullen et al. (2020) found that
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greater improvements in NSSI were associated with greater increases in RSFC between right
amygdala and right frontal pole, and that greater reductions in depression scores were associated with
increases in left amygdala - left middle frontal cortex RSFC. In this study, improvement in both NSSI
and depression symptoms was further associated with decreased amygdala-supplementary motor area
(SMA) connectivity. In a previous report, the same sample of adolescents had greater amygdala -
SMA RSFC than healthy controls (Westlund Schreiner et al., 2017). Together, these findings might
indicate a ‘hyperconnectivity’ between limbic regions and the SMA (involved in complex movement
planning; part of the SMA is located in the paracentral cortex) in . dolescents with NSSI, while the
decrease in RSFC after treatment might represent a normalization ( Zuh. n et al., 2020).

Using our exploratory approach including several RO:5 which have previously been
implicated in the neurobiology of NSSI, our data do not r... ca.2 the findings of amygdala - ACC or
amygdala - prefrontal connectivity as a concomitant or predicior of treatment outcome. In our sample
of n = 27 adolescents, the overall effect of RSFC a. ‘oriations with clinical outcome after treatment
was small, with RSFC in only one COI br.ng .trongly associated with change in clinical outcome
(i.e., an RSFC by time point interaction, Lower resting-state connectivity between left paracentral
gyrus and right rostral ACC on averag. 'va, associated with clinical improvement, in particular from
the second to the third follow-up, w. ile higher RSFC in this COI was associated with a worsening in
group means of clinical outcome . ~tween the second and third follow up.

Several structural /RI studies point to smaller ACC volumes among adolescents engaging in
self-injury (Ando et al., 2( 18; Whittle et al., 2009). The few previous resting-state fMRI studies,
despite using the amygdala as seed, have also found the ACC to be implicated in NSSI behavior.
Although our findings do not show evidence for amygdala - ACC connectivity, they confirm the role
of the ACC for psychopathology in NSSI. Interestingly in our previous RSFC study (Mirner-
Lavanchy et al., 2022), we found a lower connectivity in the paracentral gyrus in adolescents with
NSSI when compared to healthy controls. This region is known for the motor and sensory control of
the legs and has only recently has been shown to be involved in emotion processing (Li et al., 2016).
Findings from the present study suggest that a weaker connectivity between ACC and paracentral

gyrus — two brain regions affected in adolescents engaging in NSSI — appears to be functional, i.e.,

16



associated with improved treatment outcome. It is important to note, however, that at the second (n =
19) and third (n = 14) follow up, group sizes were relatively small, resulting in large confidence
intervals. Therefore, while the effect of the overall model was considerable, the interaction effect must
be interpreted with caution and needs replication with larger samples.

Our findings further point to some influence of RSFC on overall clinical symptomatology and
severity independent of time. Higher and/or lower RSFC between several inter- and intrahemispheric
cortico-cortical and cortico-subcortical connections was associated with clinical outcome (main
effects). This suggests that baseline RSFC was more associated witt s2verity of psychopathology and
global functioning in our patients in general, independent of time ¢ nd 1. <ely independent of treatment.
However, differences in findings between analyses containing all ivailable data and the sensitivity
analyses including patients with complete data at all time- o 1. only, indicate that these associations
are less robust and replication in larger samples is thrretu.2 warranted. Although preliminary in
nature, our data adds to the limited evidence base o e robiological predictors of treatment outcome
in NSSI.

Several limitations merit comme, * First, the small sample size constrains the generalizability
of our findings. As there was consideiahle drop-out across time-points, we attempted replication in
patients with complete data availeic at all time-points. These analyses were based on n = 10 patients
only, which limits interpretahility 2t the findings and concurrently hampers comparability with the
original analyses (already « onad cted in a relatively small sample). Second, we did not recruit a control
group receiving no treatme it. Therefore, with our study design, clinical changes across time points
cannot (solely) be attributed to treatment. Third, our sample exclusively consisted of female patients.
Therefore, we were not able to examine potential sex differences in the association between RSFC
and treatment outcome. Fourth, the cross-sectional design of the neuroimaging study did not allow us
to investigate whether treatment response was associated with changes in functional connectivity
between baseline and the end of treatment. Neural changes are possible and even likely and might
interact with change in clinical symptoms or as a function of pharmacological and psychotherapeutic
interventions (Cullen et al., 2016; Quidé et al., 2012; Ritchey et al., 2011). Fifth, we have limited our

analyses to ROIs previously implicated in adolescent NSSI which were examinable with our
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methodological approach. However, RSFC in other brain regions such as the nucleus accumbens,
which we did not further examine in the present study (Cullen et al., 2020) might be more strongly
associated with outcome after treatment. Further, we only examined RSFC, while other peripheral
neurobiological markers, such as autonomic nervous system functioning might be more predictive.
For example, pre-treatment resting-state heart rate variability has been found to be associated with
clinical outcome after therapy in adolescents with BPD engaging in NSSI (Sigrist et al., 2021; Weise
et al., 2021). While the results from our study add to the understanding of the neurobiology of NSSI,
they are yet limited in their clinical significance given that our neur imaging results do not point to a
prediction of treatment outcomes. Larger samples, however, incfudi.g a variety of neuroimaging
analyses and allowing complex methods of machine-based .2arning may detect patterns of brain
structure and functioning that allow prediction of *.c>tn.ant response and subsequent risk
stratification. In addition, a better understanding of the n~.uro.*ological underpinnings of NSSI might
in the future help to identify neurobiologica’ . ?at.nent targets and thus advance treatment
development (Santamarina-Perez et al., 201 1.

Despite several limitations, our (+eliminary findings show some evidence that paracentral -
ACC RSFC at baseline was associated wwn change in clinical outcome following treatment and
further evidence that baseline RS~C in several connections of interest is associated with severity of
psychopathology independent frcm time. We thereby add to the very limited evidence-base of
neuroimaging predictors cf cli ical outcome after treatment in adolescents engaging in NSSI. More
knowledge on the brain fu ctional concomitants of treatment outcomes in adolescents engaging in
NSSI might help to identify targets of neurobiological treatment in the future (Westlund Schreiner et

al., 2019).

Acknowledgements

We would like to thank all adolescents and their parents for participating in the study.

Disclosures

18



The Dietmar Hopp Foundation funded reimbursement of study participants in the AtR!Sk-
Bio study [23011121]. The foundation was not involved in the collection, analysis or
interpretation of data, in the writing of the manuscript or the decision to submit the article for

publication.

References

American Psychiatric Association, 2013. Diagnostic and statistical manual of mental disorders, 5th edition.
American Psychiatric Association, Washington, DC.

Ando, A., Reichl, C., Scheu, F., Bykova, A., Parzer, P., Resch, F., Brunner, R., Kaess, M., 2018. Regional grey
matter volume reduction in adolescents engaging in non-suicidal self-injury. Psychiatry Research:
Neuroimaging 280, 48-55. https://doi.org/10.1016/j.pscychresns.2. ? 3.08.005

Asarnow, J.R., Porta, G., Spirito, A., Emslie, G., Clarke, G., Wagner, K.D.. VViu 'lo, B., Keller, M., Birmaher,
B., McCracken, J., Mayes, T., Berk, M., Brent, D.A., 2011. Suic de ax 2mpts and nonsuicidal self-
injury in the treatment of resistant depression in adolescents: fi~d1,.22 from the TORDIA study. J Am
Acad Child Adolesc Psychiatry 50, 772—781. https://doi.org/ 0.10 '6/j.jaac.2011.04.003

Barr, D.J., Levy, R., Scheepers, C., Tily, H.J., 2013. Random effec* stru..re for confirmatory hypothesis
testing: Keep it maximal. Journal of Memory and Langi'~1e %, 255-278.
https://doi.org/10.1016/j.jml.2012.11.001

Bresin, K., Schoenleber, M., 2015. Gender differences in the prev.’-nce of nonsuicidal self-injury: A meta-
analysis. Clinical Psychology Review 38, 55-64. htto_://doi.org/10.1016/j.cpr.2015.02.009

Busner, J., Targum, S.D., 2007. The Clinical Global Impr :s<.or s Scale: Applying a Research Tool in Clinical
Practice. Psychiatry 29-37.

Chang, J.P.-C., Mondelli, V., Satyanarayanan, S.K , Chia.q, Y.-J., Chen, H.-T., Su, K.-P., Pariante, C.M., 2020.
Cortisol, inflammatory biomarkers and *eurr crophins in children and adolescents with attention deficit
hyperactivity disorder (ADHD) in Taiwan. 2rain, Behavior, and Immunity 88, 105-113.
https://doi.org/10.1016/j.bbi.2020.0. 117

Cullen, K.R., Klimes-Dougan, B., Vu, D.P., Wes."ind Schreiner, M., Mueller, B.A., Eberly, L.E., Camchong, J.,
Westervelt, A., Lim, K.O., 2016. [ (e’.r.. Correlates of Antidepressant Treatment Response in
Adolescents with Major Depres~*ve N order. J Child Adolesc Psychopharmacol 26, 705-712.
https://doi.org/10.1089/cap.2C* 5.0222

Cullen, K.R., Schreiner, M.W., Klim«s-Dc 'gan, B., Eberly, L.E., LaRiviere, L.L., Lim, K.O., Camchong, J.,
Mueller, B.A., 2020. Neu; ~! ccrelates of clinical improvement in response to N-acetylcysteine in
adolescents with non-suicidai Jelf-injury. Progress in Neuro-Psychopharmacology and Biological
Psychiatry 99, 109772, “...//doi.org/10.1016/j.pnpbp.2019.109778

Cuthbert, B.N., 2015. Resear. h Do nain Criteria: toward future psychiatric nosologies. Dialogues Clin Neurosci
17, 89-97. https:/ic~i.uiy/10.31887/DCNS.2015.17.1/beuthbert

Dahlgren, M.K., Hooley, J.M., Best, S.G., Sagar, K.A., Gonenc, A., Gruber, S.A., 2018. Prefrontal cortex
activation during coynitive interference in nonsuicidal self-injury. Psychiatry Res Neuroimaging 277,
28-38. https://doi.org/10.1016/j.pscychresns.2018.04.006

Fischer, G., Ameis, N., Parzer, P., Plener, P.L., Groschwitz, R., Vonderlin, E., Kélch, M., Brunner, R., Kaess,
M., 2014. The German version of the self-injurious thoughts and behaviors interview (SITBI-G): a tool
to assess non-suicidal self-injury and suicidal behavior disorder. BMC psychiatry 14, 265.
https://doi.org/10.1186/s12888-014-0265-0

Fischl, B., Salat, D. ~H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C., van der Kouwe, A., Killiany, R.,
Kennedy, D., Klaveness, S., Montillo, A., Makris, N., Rosen, B., Dale, A. ~M., 2002. Whole brain
segmentation: automated labeling of neuroanatomical structures in the human brain. Neuron 33, 341-
355.

Fischl, B., van der Kouwe, A., Destrieux, C., Halgren, E., Ségonne, F., Salat, D.H., Busa, E., Seidman, L.J.,
Goldstein, J., Kennedy, D., Caviness, V., Makris, N., Rosen, B., Dale, A.M., 2004. Automatically
Parcellating the Human Cerebral Cortex. Cerebral Cortex 14, 11-22.
https://doi.org/10.1093/cercor/bhg087

Freedman, D.A., 1983. A Note on Screening Regression Equations. The American Statistician 37, 152-55.

Freedman, D.A., Navidi, W., Peters, S.C., 1988. On the Impact of Variable Selection in Fitting Regression
Equations, in: Dijkstra, T.K. (Ed.), On Model Uncertainty and Its Statistical Implications, Lecture

19



Notes in Economics and Mathematical Systems. Springer, Berlin, Heidelberg, pp. 1-16.
https://doi.org/10.1007/978-3-642-61564-1_1

Fydrich, T., Renneberg, B., Schmitz, B., Wittchen, H.U., 1997. Strukturiertes Klinisches Interview fir DSM-1V
Achse I1: Personlichkeitsstorungen (SKID-II), Hogrefe. ed. Goéttingen.

Ghinea, D., Edinger, A., Parzer, P., Koenig, J., Resch, F., Kaess, M., 2020. Non-suicidal self-injury disorder as a
stand-alone diagnosis in a consecutive help-seeking sample of adolescents. Journal of Affective
Disorders 274, 1122-1125. https://doi.org/10.1016/j.jad.2020.06.009

Ghinea, D., Koenig, J., Parzer, P., Brunner, R., Carli, V., Hoven, C.W., Sarchiapone, M., Wasserman, D.,
Resch, F., Kaess, M., 2019. Longitudinal development of risk-taking and self-injurious behavior in
association with late adolescent borderline personality disorder symptoms. Psychiatry Research 273,
127-133. https://doi.org/10.1016/j.psychres.2019.01.010

Glenn, C.R., Klonsky, E.D., 2013. Nonsuicidal self-injury disorder: an empirical investigation in adolescent
psychiatric patients. J Clin Child Adolesc Psychol 42, 496-507.
https://doi.org/10.1080/15374416.2013.794699

Groschwitz, R.C., Plener, P.L., Groen, G., Bonenberger, M., Abler, B., 2016. Differential neural processing of
social exclusion in adolescents with non-suicidal self-injury: An fMRI study. Psychiatry Res
Neuroimaging 255, 43-49. https://doi.org/10.1016/j.pscychresns.2uL 14.08.001

Groschwitz, R.C., Plener, P.L., Kaess, M., Schumacher, T., Stoehr, R., Bor;~ 1., 2015. The situation of former
adolescent self-injurers as young adults: a follow-up study. BMC Psyc iatry 15, 160.
https://doi.org/10.1186/s12888-015-0555-1

Haavik, L., Joa, I., Hatloy, K., Stain, H.J., Langeveld, J., 2019. Help s ekin j for mental health problems in an
adolescent population: the effect of gender. Journal of Me.>*al health 28, 467-474.
https://doi.org/10.1080/09638237.2017.1340630

Hawton, K., Bergen, H., Cooper, J., Turnbull, P., Waters, K., N.=s, J. Kapur, N., 2015. Suicide following self-
harm: Findings from the Multicentre Study of self-harr n. =ngland, 2000-2012. Journal of Affective
Disorders 175, 147-151. https://doi.org/10.1016/i.,..2014.12.062

Jeong, H., Dimick, M.K., Sultan, A., Duong, A., Park, S.¢ . 2l oufi El Sabbagh, D., Goldstein, B.1., Andreazza,
A.C., 2020. Peripheral biomarkers of mitochc~driai uysfunction in adolescents with bipolar disorder.
Journal of Psychiatric Research 123, 187 -1y . hu.3s://doi.org/10.1016/j.jpsychires.2020.02.009

Kaess, M., Hooley, J.M., Klimes-Dougan, B., Ku"nir, J., Plener, P.L., Reichl, C., Robinson, K., Schmahl, C.,
Sicorello, M., Westlund Schreiner, M., Cun.", K.R., 2021. Advancing a temporal framework for
understanding the biology of nonsuic.“al self- injury: An expert review. Neurosci Biobehav Rev 130,
228-239. https://doi.org/10.1016/j.".2 biu "ev.2021.08.022

Kaess, M., Parzer, P., Mattern, M., Resch, i .. 81hulco, A., Brunner, R., 2011. Childhood Experiences of Care
and Abuse (CECA). Zeitschrift (.~ k..der- und Jugendpsychiatrie und Psychotherapie 39, 243-252.
https://doi.org/10.1024/1422- *.7/au00115

Kessler, R.C., 2018. The potential of :»rediciive analytics to provide clinical decision support in depression
treatment planning. Currer. Op.aion in Psychiatry 31, 32—39.
https://doi.org/10.1097/ 0. ,000000000000377

Klein, A., Tourville, J., 2012. 2u_ laueled brain images and a consistent human cortical labeling protocol.
Frontiers in Neurasc.~nce https://doi.org/10.3389/fnins.2012.00171

Koenig, J., Hoper, S., van de. Venne, P., Murner-Lavanchy, 1., Resch, F., Kaess, M., 2021. Resting state
prefrontal cortex oxvr 2nation in adolescent non-suicidal self-injury — A near-infrared spectroscopy
study. Neurolmage: Clinical 31, 102704. https://doi.org/10.1016/j.nicl.2021.102704

Kovacs, M., 2015. Children’s Depression Inventory (CDI). Technical manual update. Multi-Health Systems,
North Tonawanda, NY, USA.

Li, G., Ma, X,, Bian, H., Sun, X., Zhai, N., Yao, M., Qu, H., Ji, S., Tian, H., Zhuo, C., 2016. A pilot fMRI study
of the effect of stressful factors on the onset of depression in female patients. Brain Imaging and
Behavior 10, 195-202. https://doi.org/10.1007/s11682-015-9382-8

Lindquist, M.A., Spicer, J., Asllani, I., Wager, T.D., 2012. Estimating and testing variance components in a
multi-level GLM. Neurolmage, Neuroergonomics: The human brain in action and at work 59, 490—
501. https://doi.org/10.1016/j.neuroimage.2011.07.077

McMahon, F.J., 2014. Prediction of treatment outcomes in psychiatry--where do we stand ? Dialogues Clin
Neurosci 16, 455-464. https://doi.org/10.31887/DCNS.2014.16.4/fmcmahon

Menke, A., 2018. Precision pharmacotherapy: psychiatry&rsquo;s future direction in preventing, diagnosing,
and treating mental disorders. Pharmacogenomics and Personalized Medicine 11, 211-222.
https://doi.org/10.2147/PGPM.S146110

Merikangas, K.R., Nakamura, E.F., Kessler, R.C., 2009. Epidemiology of mental disorders in children and
adolescents. Dialogues in Clinical Neuroscience 11, 14.

Miller, A.J., 1990. Subset Selection in Regression. Chapman and Hall, London.

20



Molenberghs, G., Bijnens, L., Shaw, D., 1997. Linear Mixed Models and Missing Data, in: Verbeke, G.,
Molenberghs, G. (Eds.), Linear Mixed Models in Practice: A SAS-Oriented Approach, Lecture Notes
in Statistics. Springer, New York, NY, pp. 191-274. https://doi.org/10.1007/978-1-4612-2294-1 5

Moos, R.H., McCoy, L., Moos, B.S., 2000. Global assessment of functioning (GAF) ratings: Determinants and
role as predictors of one-year treatment outcomes. Journal of Clinical Psychology 56, 449-461.
https://doi.org/10.1002/(SIC1)1097-4679(200004)56:4<449::AID-JCLP1>3.0.CO;2-8

Moran, P., Coffey, C., Romaniuk, H., Olsson, C., Borschmann, R., Carlin, J.B., Patton, G.C., 2012. The natural
history of self-harm from adolescence to young adulthood: a population-based cohort study. Lancet
379, 236-243. https://doi.org/10.1016/S0140-6736(11)61141-0

Mdiller, S., Scealy, J.L., Welsh, A.H., 2013. Model Selection in Linear Mixed Models. Statistical Science 28,
135-167. https://doi.org/10.1214/12-STS410

Miirner-Lavanchy, I., Koenig, J., Reichl, C., Brunner, R., Kaess, M., 2022. Altered Resting-State Networks in
Adolescent Non-Suicidal Self-Injury - A Graph Theory Analysis. Soc Cogn Affect Neurosci nsac007.
https://doi.org/10.1093/scan/nsac007

Nakar, O., Brunner, R., Schilling, O., Chanen, A., Fischer, G., Parzer, P., Carli, V., Wasserman, D.,
Sarchiapone, M., Wasserman, C., Hoven, C.W., Resch, F., Kaess, M., 2016. Developmental trajectories
of self-injurious behavior, suicidal behavior and substance misuse & A their association with adolescent
borderline personality pathology. J Affect Disord 197, 231-238.
https://doi.org/10.1016/j.jad.2016.03.029

Ng, M.Y., Weisz, J.R., 2016. Annual Research Review: Building a sci~...~ ur personalized intervention for
youth mental health. J Child Psychol Psychiatr 57, 216—236. ~ttps '/doi.org/10.1111/jcpp.12470

Niedtfeld, I., Schulze, L., Kirsch, P., Herpertz, S.C., Bohus, M., Sc:mahi, C., 2010. Affect Regulation and Pain
in Borderline Personality Disorder: A Possible Link to . 'Jnerstanding of Self-Injury. Biological
Psychiatry, Rare Gene Variants in Neurodevelopment.. Dist rders 68, 383—-391.
https://doi.org/10.1016/j.biopsych.2010.04.015

Nock, M., Holmberg, E., Photos, V., Michel, B., 2007. Se!? :jurious Thoughts and Behaviors Interview:
Development, Reliability, and Validity in an Ad. lrsce it Sample. Psychological assessment 19, 309—
17. https://doi.org/10.1037/1040-3590.19.3.3C

Oldfield, R.C., 1971. The assessment and analysis u1 . anu.dness: The Edinburgh inventory. Neuropsychologia
9, 97-113. https://doi.org/10.1016/002& 2922(71)90067-4

Plener, P.L., Allroggen, M., Kapusta, N.D., Brahler, = . Fegert, J.M., Groschwitz, R.C., 2016. The prevalence of
Nonsuicidal Self-Injury (NSSI) in a1 nresentative sample of the German population. BMC Psychiatry
16, 353. https://doi.org/10.1186/s172%8-L "6-1060-x

Plener, P.L., Bubalo, N., Fladung, A.K., Ludcpn, A.G., Lulé, D., 2012. Prone to excitement: adolescent females
with Non-suicidal self-injury (P..=1) ciiow altered cortical pattern to emotional and NSS-related
material. Psychiatry Res 203. Z16-1v2. https://doi.org/10.1016/j.pscychresns.2011.12.012

Plener, P.L., Schumacher, T.S., Mur.> L.M., Groschwitz, R.C., 2015. The longitudinal course of non-suicidal
self-injury and deliberate s 'f-n.rm: a systematic review of the literature. Borderline Personal Disord
Emot Dysregul 2, 2. htt.~//dc.0rg/10.1186/s40479-014-0024-3

Quidé, Y., Witteveen, A.B., E’-r.~9e, W., Veltman, D.J., OIff, M., 2012. Differences between effects of
psychological versus nhar nacological treatments on functional and morphological brain alterations in
anxiety disorders ai..! major depressive disorder: a systematic review. Neurosci Biobehav Rev 36, 626—
644. https://doi.org/1(.1016/j.neubiorev.2011.09.004

Raftery, A.E., 1995. Bayesian Model Selection in Social Research. Sociological Methodology 25, 111.
https://doi.org/10.2307/271063

Reichl, C., Kaess, M., 2021. Nicht-suizidales selbstverletzendes Verhalten und suizidales Verhalten im
Jugendalter. Swiss Archives of Neurology, Psychiatry and Psychotherapy 172.
https://doi.org/10.4414/sanp.2021.03151

Reuter, M., Rosas, H.D., Fischl, B., 2010. Highly accurate inverse consistent registration: a robust approach.
Neurolmage 53, 1181-96. https://doi.org/10.1016/j.neuroimage.2010.07.020

Ritchey, M., Dolcos, F., Eddington, K.M., Strauman, T.J., Cabeza, R., 2011. Neural correlates of emotional
processing in depression: changes with cognitive behavioral therapy and predictors of treatment
response. J Psychiatr Res 45, 577-587. https://doi.org/10.1016/j.jpsychires.2010.09.007

Salbach-Andrae, H., Burger, A., Klinkowski, N., Lenz, K., Pfeiffer, E., Fydrich, T., Lehmkuhl, U., 2008.
Diagnostik von Persdnlichkeitsstorungen im Jugendalter nach SKID-II. Zeitschrift fur Kinder- und
Jugendpsychiatrie und Psychotherapie 36, 117-125. https://doi.org/10.1024/1422-4917.36.2.117

Santamarina-Perez, P., Romero, S., Mendez, 1., Leslie, S.M., Packer, M.M., Sugranyes, G., Picado, M., Font, E.,
Moreno, E., Martinez, E., Morer, A., Romero, M., Singh, M.K., 2019. Fronto-Limbic Connectivity as a
Predictor of Improvement in Nonsuicidal Self-Injury in Adolescents Following Psychotherapy. J Child
Adolesc Psychopharmacol 29, 456-465. https://doi.org/10.1089/cap.2018.0152

21



Schér, S., Mirner-Lavanchy, 1., Slavova, N., Lerch, S., Reichl, C., Brunner, R., Koenig, J., Kaess, M., 2022.
Pituitary volume in adolescents with non-suicidal self-injury: Preliminary evidence for alterations in
pituitary maturation. Psychoneuroendocrinology 138, 105662.
https://doi.org/10.1016/j.psyneuen.2022.105662

Sheehan, D.V., Sheehan, K.H., Shytle, R.D., Janavs, J., Bannon, Y., Rogers, J.E., Milo, K.M., Stock, S.L.,
Wilkinson, B., 2010. Reliability and Validity of the Mini International Neuropsychiatric Interview for
Children and Adolescents (MINI-KID). The Journal of Clinical Psychiatry 71, 313-326.
https://doi.org/10.4088/JCP.09m05305whi

Sigrist, C., Reichl, C., Schmidt, S.J., Brunner, R., Kaess, M., Koenig, J., 2021. Cardiac autonomic functioning
and clinical outcome in adolescent borderline personality disorder over two years. Prog
Neuropsychopharmacol Biol Psychiatry 111, 110336. https://doi.org/10.1016/j.pnpbp.2021.110336

Stiensmeier-Pelster, J., Schiirmann, M., Duda, K., 2014. Depressionsinventar fiir Kinder und Jugendliche
(DIKJ), 2nd ed. Hogrefe, Gattingen.

Swannell, S.V., Martin, G.E., Page, A., Hasking, P., St John, N.J., 2014. Prevalence of nonsuicidal self-injury in
nonclinical samples: systematic review, meta-analysis and meta-regression. Suicide & life-threatening
behavior 44, 273-303. https://doi.org/10.1111/slth.12070

Vega, D., Ripollés, P., Soto, A., Torrubia, R., Ribas, J., Monreal, J.A., Pascu.* J.C., Salvador, R., Pomarol-
Clotet, E., Rodriguez-Fornells, A., Marco-Pallarés, J., 2018. Orbi*Z=on..l overactivation in reward
processing in borderline personality disorder: the role of non-sui. idal : elf-injury. Brain Imaging and
Behavior 12, 217-228. https://doi.org/10.1007/s11682-017-9F57 x

Weise, S., Parzer, P., Furer, L., Zimmermann, R., Schmeck, K., Resct. F., }aess, M., Koenig, J., 2021.
Autonomic nervous system activity and dialectical behavi:-al tnerapy outcome in adolescent borderline
personality pathology. The World Journal of Biological . /i, atry 22, 535-545.
https://doi.org/10.1080/15622975.2020.1858155

Westlund Schreiner, M., Klimes-Dougan, B., Mueller, B.A., Eb>rly, I_.E., Reigstad, K.M., Carstedt, P.A.,
Thomas, K.M., Hunt, R.H., Lim, K.O., Cullen, K . 2017. Multi-modal neuroimaging of adolescents
with non-suicidal self-injury: Amygdala functior 2’ co inectivity. J Affect Disord 221, 47-55.
https://doi.org/10.1016/j.jad.2017.06.004

Westlund Schreiner, M., Klimes-Dougan, B., Pare.ite. \, ~ , Hill, D., Cullen, K.R., 2019. A Framework for
Identifying Neurobiologically Based In. *ve ition Targets for NSSI. Curr Behav Neurosci Rep 6, 177—
187. https://doi.org/10.1007/s40473-019-0u 8-z

Whittle, S., Chanen, A.M., Fornito, A., McGu. v, P.D., Pantelis, C., Ylcel, M., 2009. Anterior cingulate volume
in adolescents with first-presentatic:. horu2rline personality disorder. Psychiatry Research:
Neuroimaging 172, 155-160. http.:/'dor.org/10.1016/j.pscychresns.2008.12.004

World Medical Association Declaration o, He.omki: Ethical Principles for Medical Research Involving Human
Subjects, 2013. . JAMA 310 .'91. nttps://doi.org/10.1001/jama.2013.281053

22



Author Statement

Contributors
Ines Murner-Lavanchy: methodology, formal analysis, visualization, writing - original draft.

Johannes Josi: formal analysis, writing - review and editing. Julian Koenig: writing - review and
editing, investigation. Corinna Reichl: writing - review and editing, investigation. Romuald
Brunner: conceptualization, writing - review and editing, funding acquisition. Michael Kaess:

conceptualization, methodology, writing - review and editing, funding acquisition, supervision.

Role of the funding source
The Dres. Majic/Majic-Schelz-Foundation funded reimbursem:nt »f study participants in the
neuroimaging study. The longitudinal cohort was funded by the Dietmar Hopp Foundation

[23011121].

Conflict of interest
The authors have no conflict of interest to declare

23



Highlights

Adolescent patients with NSSI underwent MRI and three yearly clinical follow-ups
Patients’ clinical outcome improved following treatment across time
Baseline brain connectivity (RSFC) associated with clinical outcome:

Lower left paracentral-right anterior cingulate RSFC associated with clinical
improvement

RSFC was more predictive of clinical outcome independent of time and treatment
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