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Abstract
Background: Although non- suicidal self- injury (NSSI) disorder is highly prevalent 
in adolescents, its relationship with pain system function and suicidality is still con-
troversial. The present study was designed to assess the function of the nociceptive 
afferent pathways and the endogenous pain modulation in adolescent patients with 
NSSI and to longitudinally register any suicide attempt, describe its frequency and 
find a possible association between suicide, neurophysiological measures and psy-
chological measures.
Methods: We enrolled 30 adolescents suffering from NSSI and 20 age-  and gender- 
matched healthy controls. Patients underwent a comprehensive psychological evalu-
ation. Each participant underwent thermal pain thresholds of the quantitative sensory 
testing, laser- evoked potential recording to study the ascending nociceptive pathway 
and the conditioned pain modulation testing to test the endogenous pain modulation.
Results: We found that patients with NSSI had a reduced amplitude of the N2 com-
ponent of laser- evoked potentials and an abnormal conditioned pain modulation. The 
amplitude of the N2 was associated with suicidal risk.
Conclusions: The deficit of the endogenous pain modulation likely depends on a 
saturation due to continuous pain solicitation. The strong association of a reduced 
amplitude of the N2 component with suicide suggests that it may serve as a possible 
biomarker in self- harming adolescents.
Significance: The present study identifies the N2 component of laser- evoked po-
tentials as a possible neurophysiological biomarker of suicidal risk in patients with 
non- suicidal self- injury, therefore, raising the possibility for a non- invasive test to 
identify subjects at higher risk of suicide among self- harming patients.

www.wileyonlinelibrary.com/journal/ejp
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-8828-361X
http://creativecommons.org/licenses/by/4.0/
mailto:Caterinamaria.leone@gmail.com
mailto:caterina.leone@uniroma1.it


1816 |   LEONE Et aL.

1 |  INTRODUCTION

Non- suicidal self- injury (NSSI) is broadly defined as a di-
rect, not socially sanctioned behaviour that causes phys-
ical injury which results in the destruction of one's own 
body tissue in the absence of any observable intent to die 
(Muehlenkamp,  2005). In recent years, the increase in 
Western countries of self- injurious behaviours, especially 
during adolescence and young adulthood, has made NSSI 
a major public health issue (Klonsky, 2011). Because NSSI 
can occur alone or in comorbidity with a range of disor-
ders, such as major depressive disorder (MDD; Hintikka 
et  al.,  2009), borderline personality disorder (BPD; Cerutti 
et al., 2011), eating disorders (Claes et al., 2018) and other 
disorders (Apter et al., 2008; Chart rand et al., 2012; Fliege 
et  al.,2009; MacLean et  al.,  2011; Serras et  al.,  2010), the 
‘DSM- 5’ proposal is now recommending to consider NSSI 
as an independent condition in need of further study. Since a 
few studies focused on the neurobiology of the disease in ad-
olescents and its clinical course, the pathogenesis is contro-
versial, particularly its link with pain processing, personality 
disorders and suicidality (Westlund Schreiner 2015) (Griep 
& MacKinnon, 2020).

The common reporting of a reduced or absent pain per-
ception in NSSI patients during self- harming partially an-
swers the legitimate question on how these patients can 
overcome the instinct to avoid pain and raise the possibility of 
an abnormal pain system function, as described in previous 
studies on self- harming adults (Franklin et al. 2012; Magerl 
et al. 2012; Schmahl et al. 2004). Given the lack of results 
on adolescents with recent diagnosis of NSSI not associated 
with BPD, it is not clear whether the pain system abnormality 
is present since disease onset, or rather should be attributed to 
the severity and duration of the disease, or to the association 
with a major psychiatric disorder. Recent studies pointed to 
the role of pain and emotion dysregulation in the transition 
from suicidal thoughts to action (Conejero et al.2018; Kim 
et al. 2020), suggesting a possible association between pain 
processing and suicide. Although a large collection of psy-
chological variables have been associated with suicide pro-
gression (Grandclerc et al.2016; Victor & Klonsky, 2014), no 
information is available in regard to quantitative neurophysi-
ological measures.

We, therefore, enrolled a population of adolescents with 
NSSI and followed up our patients for 2 years, setting up the 
study in two parts and gaining information on pain and sui-
cidality. We performed a cross- sectional neurophysiological 
study of a homogeneous population of adolescents with NSSI 
versus a control population aiming to: (1) assess the integ-
rity of the pain system in terms of thermal pain thresholds, 
laser pinprick thresholds, laser- evoked potentials and endog-
enous pain modulation and (2) find a possible correlation be-
tween the above- mentioned parameters and the severity and 

duration of the disease. We then longitudinally a) described 
the prevalence of suicide in our population, b) identified two 
distinct populations of patients (suicidal and non- suicidal) 
to compare their neurophysiological and psychological data, 
collected in the first part of the study and c) assessed the pres-
ence of any predictive factor for suicidality among the vari-
ables recorded during the study.

2 |  MATERIALS AND METHODS

2.1 | Study cohort and design

We consecutively screened 42 patients and enrolled 30 pa-
tients (12 patients and/or their guardians declined to partici-
pate) with NSSI diagnosed within 5 years from the symptoms 
onset (age 11– 18 years, mean 15.7; 27F) with five or more 
self- injurious behaviours without suicidal intention oc-
curred in the last year. Patients were consecutively recruited 
among the inpatients of the Adolescent Unit of the Child 
Psychiatry Department of the ‘Sapienza’ University. As a 
standard assessment procedure, all subjects were interviewed 
and screened for DSM- 5 diagnoses with the Italian version 
of the Schedule for Affective Disorders and Schizophrenia 
for School- Age Children/Present and Lifetime Version (K- 
SADS- 5: Townsend et al. 2019 Italian version) and diag-
noses were distributed as follows: depressive disorders (11 
patients), anxiety disorders (8), bipolar disorder (4 patients), 
behavioural disorders (4 patients), eating disorder (3 patient). 
Exclusion criteria were peripheral or central nervous system 
disorders, bipolar disorder type 1, schizophrenia spectrum 
disorders and neurodevelopmental disorders. At the time of 
investigation, the majority of the NSSI patients were assum-
ing drugs in stable regimen: quetiapine (N = 9), aripiprazole 
(N = 6), selective serotonin reuptake inhibitors (N = 4), no 
drugs (N = 11).

All patients underwent a comprehensive psychopatho-
logical evaluation for NSSI assessment, mood characteriza-
tion and personality dimension assessment.

For the neurophysiological evaluation, a control popu-
lation of 20 healthy subjects matched for age and sex (age 
11– 18 years, mean 16.8; 18F) was recruited among patients’ 
friends and relatives.

Each subject underwent a comprehensive evaluation of 
the pain system function by (1) static psychophysical mea-
sures of sensory and pain thresholds for the nociceptive sys-
tem evaluation, using quantitative sensory testing (QST) and 
laser- evoked potentials (LEP) and (2) dynamic psychophys-
ical measures to evaluate the endogenous pain modulation, 
using the conditioned pain modulation (CPM) testing.

All procedures took place at the Department of Human 
Neuroscience of Sapienza University Rome, in accordance 
with the Declaration of Helsinki. This research was approved 
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by the local institutional review board (Prot. n 278/16 RIF.
CE: 4007) and all patients and their guardians gave their in-
formed consent.

2.2 | Psychopathological instruments

Each NSSI patient was evaluated with the following psy-
chopathological measures, extensively described in previous 
works: Deliberate Self- Harm Inventory (DSHI) (Gratz, 2001), 
Repetitive Non- Suicidal Self- Injury Questionnaire (R- 
NSSI- Q) (Manca et al. 2014) and Clinician- rated severity of 
non- suicidal self- injury (CRS- NSSI) for NSSI assessment 
(Somma et  al.  2019); Child Depression Inventory (CDI) 
(Kovacs, 1985) and Beck Hopelessness Scale (BHS) (Beck 
et al. 1989) for mood characterization; Personality Inventory 
for DSM- 5 (PID- 5) for personality dimensions assessment 
(Krueger et al. 2012; Somma et al. 2019).

2.3 | Thermal pain thresholds with 
quantitative sensory testing

For quantitative sensory testing, we used a thermode 
(ATS, PATHWAY, Medoc, Israel). The computer- driven 
PATHWAY system contains a metal contact plate (contact 
area 30 × 30 mm) equipped with an external Peltier element 
that cools and heats the plate to target levels. The baseline 
temperature of 32°C reached target temperature at a ramp rate 
of 1°C/s. Quantitative sensory measures were tested on the 
right- hand dorsum. In all patients, we tested the cold detec-
tion threshold (CDT), the warm detection threshold (WDT), 
the cold pain threshold (CPT) and the heat pain threshold 
(HPT). All procedures took place in accordance with the rec-
ommendations given by the German Research Network on 
Neuropathic Pain (Rolke et al. 2006).

2.4 | Laser- evoked potentials

To study laser- evoked potentials, we used a neodymium: 
yttrium- aluminium- perovskite (Nd:YAP) laser (wavelength 
1.34  mm, pulse duration 2– 20  ms, maximum energy 7  J) 
(Di Stefano et al. 2017). The dorsum of the right hand was 
stimulated by laser pulses (intensity, 89– 140 mJ/mm2, 2x in-
dividual pinprick threshold; duration, 5 ms; diameter, 5 mm) 
eliciting pinprick sensations. The interstimulus interval was 
varied pseudorandomly (10– 15 s). After each stimulus, the 
laser beam target was shifted. We determined the laser per-
ceptive thresholds by delivering stimuli in series at increas-
ing and decreasing intensities and defined the perceptive 
threshold as the lowest intensity at which the subjects per-
ceived at least 50% of laser stimuli and the pinprick threshold 

as the lowest intensity at which the subjects perceived a clear 
pinprick sensation. We asked subjects to mentally count the 
stimulations perceived in order to maintain steady vigilance/
attention (Cruccu 2008). We therefore asked subjects to rate 
the pinprick threshold on a numerical rating scale (0– 10). The 
EEG was recorded using 32 Ag– AgCl scalp electrodes placed 
according to the International 10– 20 system, referenced to 
the nose, to allow the recording of the negative– positive 
complex maximal at the vertex, named N2- P2 (recorded at 
Cz referenced at the nose), preceded by a smaller temporal 
component named N1 (recorded at T5 referenced at Fz).

Electroculographic (EOG) signals were simultaneously 
recorded using surface electrodes.

The EEG data were preprocessed using Letswave, a free 
signal- processing toolbox developed in Delphi 7.0. (https://
www.letsw ave.org). Continuous EEG data were bandpass fil-
tered, with a Butterworth filter, from 1 to 30 Hz for analysis in 
the time domain. EEG epochs were extracted using a window 
of 1,500 ms (−500 to 1,000 ms relative to stimulus onset) and 
baseline corrected using the prestimulus interval. Trials con-
taminated by eye blinks and movements were corrected using 
an independent component analysis algorithm (Delorme 
& Makeig,  2004) Epochs with amplitude values exceeding 
±100 µV were rejected. After baseline correction (reference 
interval: −500 to 0 ms), the data were re- referenced to Fz (in 
different data sets). Separate average waveforms were com-
puted for each participant.

2.5 | Conditioned pain modulation

To test the CPM, we used the CPM- Sense- Q: Model, 2001- 
TSA, Analyzer Sensory T (Medoc, Israel), consisting of two 
30 × 30 Peltier thermode, one used as test stimulus and the 
other as conditioning stimulus.

CPM was performed using a parallel paradigm (Leone 
et al. 2019). The noxious ‘test stimuli’ were delivered before, 
and then simultaneously with, the noxious ‘conditioning 
stimuli’. Contact heat applied to the non- dominant volar fore-
arm (dermatome C5, C6) served as the ‘test stimulus’. The 
intensity of the test stimulus was predetermined individually 
for each participant, based on the psychophysical parameter 
of ‘pain- 60’ (Granot et al. 2008). Using the method of limits, 
with a baseline temperature at 32°C and an increase rate of 
2C°/s, we asked each subject to press a stop button as soon as 
they perceived a painful sensation with an intensity of at least 
60 on a 0– 100 NRS scale for three consecutive trials. The av-
erage of the three trials was considered the target temperature 
(pain- 60) for the test stimulus.

After 15 min, we performed the CPM session. First, using 
the ramp and hold method, we delivered two consecutive 
heat stimulations using ‘pain- 60’ as target temperature to the 
non- dominant forearm. Then, we delivered to the dominant 

https://www.letswave.org
https://www.letswave.org
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forearm (dermatome C8, T1) a conditioning heat stimulus 
lasting 60 s, using the same stimulation temperature of the 
test stimuli. During the last 30 s of this conditioning stimu-
lation, two “test stimuli” were repeated consecutively on the 
non- dominant forearm, and their intensity rated. The CPM 
effect was calculated as the difference in the average pain 
scores of the mean rating of the conditioned and uncondi-
tioned ‘test stimuli’. A negative value indicates intact CPM 
(Yarnitsky et al. 2012).

2.6 | Statistical methods

As descriptive summaries of the sample composition, we 
adopted percentage frequencies for categorical variables and 
mean ± SD and median with IQR for quantitative variables.

A preliminary analysis of association was performed by 
evaluating group differences (controls versus. NSSI cases 
and attempted vs. non- attempted suicide) with the Mann– 
Whitney test or unpaired Student's t tests for continuous 
predictors and with chi- squared or Fisher's exact test for 
categorical ones and the analysis of variance (ANOVA) be-
tween subgroups (controls, suicide attempt and non- suicide 
attempt) with post hoc multiple comparisons and false dis-
covery rate (FDR) correction.

Moreover, since we considered a wide set of explanatory 
variables, capturing multiple aspects of participants’ clinical 
condition that can possibly affect the outcome of interest, the 
predictors which contribute to measure common traits of the 
individual status were naturally expected to form clusters of 
highly correlated factors. This phenomenon, known as multi-
collinearity, imposed the adoption of variable selection crite-
ria to avoid information redundancy and unreliable estimates 
of the predictive value of the single covariates (Vatcheva 
et al. 2016) (supplemental material).

The results of the exploratory association study were 
used as a preparatory step for a more accurate multivariate 
analysis, aimed at inferring the factors characterizing the 
suicide attempt in a reduced set of selected potential predic-
tors, through the specification and estimation of a logistic 
regression models with suicide attempt as the binary out-
come variable (Tolles & Meurer,  2016). The final logistic 
regression model with the optimal set of predictors was de-
termined through the application of the backward selection 
technique, relying on the Akaike information criterion (AIC) 
(Akaike, 1974). Finally, we built the receiver operating char-
acteristic (ROC) for the significant covariates and for the 
entire logistic model and quantified the corresponding diag-
nostic performance in correspondence of the optimal cut- off.

All tests performed in the analysis were two- sided and a p- 
value <0.05 was considered statistically significant. The sta-
tistical analysis was performed with the R software (R Core 
Team 2020).

3 |  RESULTS

3.1 | Study cohort

The average age was 15.7  years (11– 18) for patients and 
16.8 years (11– 18) for controls. The average duration of ill-
ness was 19.9 months (1– 60).

Within 2 years, 16 patients attempted suicide (53.3%).

3.2 | Pain system evaluation: Patients 
versus controls

Results from univariate analysis are summarized in Table 1.
The comparison of QST data between patients and control 

group was not significant for any of the variables explored 
(Table 1) (Figure 1a). In the individual analysis, QST values, 
compared with published reference data (Rolke et al. 2006), 
were within normative ranges.

The N2 amplitude of laser- evoked potentials and the CPM 
effect significantly differed between patients and controls 
(p < 0.04; p < 0.006).

The N2 amplitude of laser- evoked potentials was signifi-
cantly lower in patients compared to healthy subjects. We did 
not disclose any other significant difference between patients 
and healthy subjects, in terms of laser pinprick threshold, 
NRS of pinprick and amplitude of the other components: N1, 
P2 (Table 1) (Figures 1b– 2a).

In patients, the pain rating related to the conditioned test 
stimuli was similar to that related to the unconditioned test 
stimuli (p > 0.8); the CPM protocol therefore yielded a value 
around 0 (−0.9), thus indicating a deficit in the descending 
inhibitory pain control (Table  1). In the control group, the 
CPM protocol variables were compatible with an intact en-
dogenous pain modulation (Table 1).

3.3 | Patients’ correlation analysis

We found no significant correlation between duration and 
severity of the disease with thermal and pinprick thresholds, 
pain ratings and LEPs/CPM variables among the patients’ 
group.

3.4 | Seeking a candidate biomarker for 
suicide: Suicidal versus non- suicidal group

No significant differences were found regarding psy-
chological variables (Tables 2, 3 and S1), except for a 
tendency towards significance for the hopelessness scale 
(BHS) (p  =  0.082, Table  2) and the personality subfac-
ets anhedonia, impulsivity and risk- taking of the PID- 5 
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(p = 0.062; p = 0.068; p = 0.079, Table S1), which re-
sulted increased in the suicidal group. The N2 compo-
nent of laser- evoked potentials was significantly lower in 
suicidal patients than in non- suicidal (p < 0.02 Table 2, 
Figure 2b).

3.5 | Analysis of variance for comparing 
LEP- N2 and CPM levels among controls, non- 
suicidal and suicidal patients

The analysis of variance (ANOVA) of the N2 amplitude 
between groups (control, non- suicidal, suicidal) disclosed 
a significant difference between control versus suicidal 
(p < 0.003) and non- suicidal versus suicidal (p < 0.02), while 
no significant difference was found between control versus 
non- suicidal (p > 0.5) (Figure 3a).

The analysis of variance (ANOVA) of the CPM variable 
between groups (control, non- suicidal, suicidal) disclosed 
a significant difference between control versus suicidal 
(p < 0.04) and control versus non- suicidal (p < 0.004), while 
no significant difference was found between suicidal versus 
non- suicidal (p > 0.3) (Figure 3b).

3.6 | Multivariate analysis

Through the multicollinearity analysis (supplemen-
tal material), we specified a logistic regression model 
with 10 potential predictors of the suicidal risk. The 
optimal model in terms of Akaike information criterion 
value was identified with backward selection procedure 
and the corresponding estimates are shown in Table  4. 
The LEP N2 amplitude variable was found to be the 

Patients (30) Healthy subjects (20) p value

CDT
(˚C from baseline)

4.5 (5.06)
2.7 (1.1;6)

3.6 (2.3)
3.1 (1.62;5.1)

0.399

WDT
(˚C from baseline)

3.8 (3.04)
2.7 (1.7;4.75)

3.13 (1.77)
2.75 (1.9;3.75)

0.316

CPT
(˚C)

9.05 (8.52)
6.9 (2;17)

10.83 (8.79)
9.35 (4;16.28)

0.487

HPT
(˚C)

46.51 (3.01)
46.8 (43.25;49.45)

45.3 (4.34)
45.9 (43.85;48.75)

0.287

Laser Pinprick Thr.
(mj/mm3)

82.23 (18.49)
76 (73;89)

80.7 (15.1)
76 (76;89)

0.750

NRS Pinprick
(0– 10)

3.42 (1.7)
3 (2;5)

3.25 (1.5)
3 (2;4)

0.715

LEP N1 Amplitude
(µV)

6.27 (5.5)
4.4 (2;9)

6.74 (5.14)
6.65 (2.25;7.75)

0.769

LEP N2 Amplitude
(µV)

16.75 (10.51)
14.5 (7.75;23.5)

23.5 (11.1)
21 (15.75;31)

0.038*

LEP P2 Amplitude
(µV)

29.39 (8.7)
28.5 (22;35.25)

27.55 (14.27)
23 (19.25;40.5)

0.609

CPM (NRS 0– 100)
(Last minus first)

−0.98 (9.25)
0.00 (−9.25;7.12)

−9.92 (11.32)
−10.00 (−17.25; −1.12)

0.006*

Note: Each value is expressed as Mean (SD) (first line) and Median (25;75 IRQ) (second line).
CDT, cold detection threshold; WDT, warm detection threshold; CPT, cold pain threshold; HPT, heat pain 
threshold; NRS, Numerical Rating Scale; LEP, laser- evoked potentials; CPM, conditioned pain modulation.
*p < 0.05.

T A B L E  1  Univariate analysis of 
neurophysiological data for patients versus 
controls

F I G U R E  1  Violin plots of QST (a) and 
LEP (b) variables by disease status (healthy 
subjects in purple and NSSI patients in 
green) with median value and interquartile 
range. HS, healthy subjects; Pt, patients; 
CDT, cold detection threshold; WDT, 
warm detection threshold; CPT, cold pain 
threshold; HPT, heat pain threshold
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only statistically significant predictor of suicidal risk 
(p = 0.036). Specifically, the negative estimated coeffi-
cient indicated that lower LEP N2 amplitude values in 
NSSI patients are associated with an increased suicide 
risk. A borderline result emerged for the effect of the 

severity class of the NSSI (p = 0.062) evaluated through 
the CRS- NSSI.

Several goodness- of- fit tests were applied to the estimated 
logistic model (Table S2); they all provided evidence in fa-
vour of the model adequacy to the observed data.

F I G U R E  2  Vertex components and 
related scalp maps of the evoked potentials 
(Cz- Nose recording) after hand stimulation. 
Superimposed individual traces, grand 
average in bold. (a) Patients versus healthy 
subjects; (b) non- suicidal versus suicidal. 
HS, healthy subjects; Pt, patients; NS, non- 
suicidal; S, suicidal

Non- suicidal (14) Suicidal (16) p value

 Duration
(months)

21.43 (22.85)
10.5 (1;44.5)

18.06 (19.97)
12.5 (1.25;29.75)

0.739

R- NSSI 29.57 (9.62)
32.5 (27.25;35.25)

32 (9.71)
35 (31;37)

0.505

DSHI 4.28 (2.81)
4.5 (1.5;7)

4.4 (2.69)
5 (3;6)

0.912

BHS 11.14 (6.27)
9.5 (5.5;18.25)

15.13 (5.56)
17 (11;19)

0.082

CDI 28.21 (9.49)
29.5 (20.75;38)

31.4 (8.62)
32 (29;37)

0.352

CDT
(˚C from baseline)

26.8 (6.2)
28.65 (26.2; 30.3)

28.1 (3.8)
29.4 (25.6; 31.1)

0.506

WDT
(˚C from baseline)

36.21 (3.5)
34.85 (33.5; 37.68)

35.48 (2.6)
34.7 (33.8; 36.3)

0.535

CPT
(˚C)

8.15 (7.7)
5.75 (1.1; 13.63)

9.9 (9.3)
7.5 (2.8; 20.2)

0.589

HPT
(˚C)

46.79 (2.48)
47.2 (45; 48.65)

46.25 (3.5)
46.8 (42; 49.8)

0.639

Laser Pinprick Thr
(mj/mm3)

79.07 (16.71)
76 (64; 89)

85 (20)
82.5 (76; 89)

0.385

LEP N1 AMP
(µV)

4.85 (2.95)
4.25 (2.25; 7.5)

7.4 (6.8)
4.4 (1.6; 14)

0.211

LEP N2 AMP
(µV)

21.46 (10.39)
20 (12.75; 27.75)

12.63 (8.9)
11.5 (6; 20.5)

0.020*

LEP P2 AMP
(µV)

30.27 (10.45)
28.5 (21.25; 37.5)

28.63 (7.1)
28.5 (22.25; 34.25)

0.282

CPM (NRS 0– 100)
(Last minus first)

1 (9.4)
0.25 (−6; 8.5)

−2.7 (9)
−1.25 (−10; 5)

0.279

Note: Each value is expressed as Mean (SD) (first line) and Median (25;75 IRQ) (second line).
R- NSSI Q, the repetitive non- suicidal self- injury questionnaire; DSHI, deliberate self- harm inventory; BHS, beck 
hopelessness scale; CDI, child depression inventory. CDT, cold detection threshold; WDT, warm detection threshold; 
CPT, cold pain threshold; HPT, heat pain threshold LEP, laser- evoked potentials; CPM, conditioned pain modulation.
*p < 0.05.

T A B L E  2  Univariate analysis 
for demographical, psychological and 
neurophysiological data
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The overall performance of the model to predict the out-
come was explored with the ROC curve (Figure 4a) and the 
related accuracy measures. The estimated logistic model ex-
hibited a significant AUC equal to 0.85 (p < 0.001) as well 
as appreciable SE = 75% and SP = 93%. Additionally, the 
sum of SE and SP is manifestly above 1, namely 1.679, con-
firming a global good predictive power. PPV and NPV values 
were, respectively, 92% and 76%.

The accuracy of the sole LEP N2 amplitude value as a bio-
marker of suicide was also investigated with the construction 

of the corresponding ROC curve reported in Figure  4b. 
The overall diagnostic ability of the LEP N2 amplitude as 
a predictor is quantified by a significant AUC equal to 0.75 
(p < 0.001). The optimal threshold was 14 (µV), correspond-
ing to SE = 69% and SP = 71%. PPV and NPV were, respec-
tively, 73% and 67%.

4 |  DISCUSSION

Our findings disclosed an abnormal pain modulation in pa-
tients with NSSI and a reduced amplitude of the N2 compo-
nent of laser- evoked potentials. The latter should be regarded 
as a potential biomarker of suicidal risk.

4.1 | PAIN AND NSSI

4.1.1 | QST findings and laser- 
evoked potentials

The findings of normal thermal pain, laser pinprick thresh-
olds and pain ratings in our patients, compared to healthy 
subjects, are in contrast with previous studies in patients with 
self- injurious behaviours associated with borderline per-
sonality disorder (BPD) that had used the cold pressor test 
(Bohus et  al.  2000; Russ et  al.  1992), a tonic radiant heat 
ramp (Kemperman et al. 1997), phasic heat pulses (Schmahl 
et  al.  2004) or mechanical pinprick stimulation (Magerl 
et al. 2012) to elicit pain. All these studies were conducted in 
adult patients with BPD and a relatively long history of self- 
injurious behaviours. Indeed, an abnormal central pain pro-
cessing has been observed in several psychiatric conditions 

T A B L E  3  Association test for binary categorical variables

Non- suicidal 
(14)

Suicidal 
(16) p value

CRS- NSSI† 7.1% 37.5% 0.086

Cutting 76.9% 100% 0.220

Burning 23.1% 30.8% 1.000

Carving 38.5% 46.2% 1.000

Scratches 61.5% 46.2% 0.694

Bites 46.2% 46.2% 1.000

Sticking pointed objects 61.5% 38.5% 0.433

Head- banging 69.2% 69.2% 1.000

Hitting 15.4% 38.5% 0.378

Prevent wound healing 38.5% 46.2% 1.000

Acid 0% 0% – 

Note: Each value is expressed as percentage frequencies.
*p < 0.05.
†The dichotomization of the severity classes is motivated by the fact that only 
few cases of class 4 were observed in the sample and no significant difference 
between class 1 and 2 was detected with a preliminary estimation of the model 
with a three- level severity covariate.

F I G U R E  3  Rainclouds with the 95% 
CI for the mean of the analysis of variance 
between subgroups for (a) the LEP N2 
amplitude and (b) the CPM paradigm. Each 
dot represents a single subject. HS, healthy 
subjects; NS, non- suicidal; S, suicidal

(a) (b)

Predictor Estimate 95% CI
p- 
value

LEP N2 Amplitude −0.117 [−0.250, −0.023] 0.036a 

CRS- NSSI: 3– 4 verus 1– 2 2.339 [0.198, 5.492] 0.062b 
aSignificant result at level <0.05.
bSignificant result at level <0.10.

T A B L E  4  Results of the logistic 
regression model for the suicide attempt
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(Asmundson & Katz, 2009; Atik et al. 2007; Davis et al. 1979; 
Singh et al. 2006; Stubbs et al. 2014). Several studies have 
proved that overlapping neurotransmitter systems (mainly 
serotonin, noradrenalin and dopamine) (Dayer,  2014; 
Naliboff and Rudy 2009) as well as overlapping brain net-
works (Navratilova & Porreca,  2014; Palaniyappan & 
Liddle,  2012) may underlie both pain and psychiatric dis-
orders. A recent study by Ludäscher and colleagues (2015) 
specifically explored thermal pain thresholds in adolescents 
diagnosed with BPD and found that disturbed pain process-
ing is not only a consequence of chronic BPD but is already 
present in early stages of disease. According to our findings, 
disclosing normal thermal pain thresholds and pain ratings, 
together with the lack of correlation with duration and se-
verity of self- harming, we can conjecture that the increase 
in pain thresholds observed in BPD patients could be inter-
preted as a plastic phenomenon due to the underlying person-
ality disorder, rather than the consequence of self- injurious 
behaviour and, hence, the result of an adaptive effect.

Laser- evoked potentials disclosed a significant ampli-
tude reduction of the N2 component in patients group as 
compared to controls. These findings may seem in contrast 
with previous results by Schmahl and colleagues using 
laser- evoked potentials and showing no general impairment 
of the spinothalamic pathway in this category of patients 
(2004). However, the study was conducted in a cohort of 
adult patients with self- injury behaviour associated with a 
defined personality disorder (BPD), therefore not compara-
ble with the adolescent population of our study, diagnosed 
with NSSI alone. Furthermore, a more in- depth analysis 
of our data disclosed that the subgroup of patients with 
attempted suicide significantly weighted on the difference 
between patients and controls and that the non- suicidal 
population behaved like controls (Figure  3a). Since the 
study by Schmahl et al. did not provide any information 
about suicide attempts, we can alternatively hypothesize 
that their population was mainly composed by non- suicidal 
patients.

4.1.2 | Conditioned pain modulation

The CPM disclosed a deficit of the endogenous pain modula-
tion in patients with NSSI. The lack of function of the endog-
enous system seems not to validate the interesting hypothesis 
proposed by Magerl and colleagues (2012), suggesting that 
hypoalgesia in BPD self- harming adults may result from a 
learning process caused by repeated self- injury and involv-
ing the plasticity of the endogenous pain control. Admittedly, 
our cohort of adolescent patients, while describing hypoal-
gesia during self- harming, did not show the increased pain 
thresholds observed in BPD adults; therefore, any conclu-
sion may sound speculative. A recent study by Defrin and 
colleagues (2020) demonstrated an increased function of the 
endogenous pain modulation system in adult patients with 
BPD. The lack of differences between patients with BPD and 
patients with BPD and self- injury behaviour led the authors 
to hypothesize that the enhanced pain modulation could be 
attributed to dissociation, a peculiar feature of BPD. Our 
findings may rely on a saturation due to the repetition of 
self- injurious behaviours. Previous studies on patients with 
continuous pain stress, such as fibromyalgia (Lautenbacher 
1997), irritable bowel syndrome (Wilder- Smith 2007) and 
functional abdominal pain (Morris 2016) proved a deficit of 
the endogenous pain control, possibly explained by a con-
tinuous solicitation of the endogenous system, resulting in a 
lack of function.

Another interesting explanation to our results concerning 
the CPM deficit should be sought in the theory proposed by 
Schmahl and Baumgärter (2015) to explain self- injury be-
haviour in BPD. They stated that, in healthy subjects, a lesion 
simultaneously causes stress and pain, where the pain acts 
as a trigger for further stress. In animals, it is called stress- 
induced analgesia, where stress can reduce pain perception. 
This interaction is altered in many patients with BPD and 
self- injury behaviour, where the self- injurious act is used as 
a vehicle to reduce inner aversive tension with the side ef-
fect of pain, bringing the patient to a lower level of tension 

F I G U R E  4  ROC curve of the 
estimated logistic regression model (a) 
and the LEP N2 amplitude values (b) for 
predicting the suicide attempt

(a) (b)
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(Schmahl and Baumgärter 2015). From this point of view, 
the effectiveness of the endogenous pain modulation would 
be counterproductive, reducing the effect of the lesion on the 
lowering of the tension.

4.2 | Suicidality and NSSI

The chance to follow our patients for more than 2 years al-
lowed us to register the incidence of attempted suicide and, 
more importantly, to isolate any biological variables among 
the ones collected that would allow us to distinguish NSSI 
from a self- injury behaviour prodromal to an attempted 
suicide.

4.2.1 | Psycho- diagnostic evaluation

The psychopathological instruments used in the study did 
not clearly distinguish between suicidal and non- suicidal 
patients. A recent meta- analysis on the correlates of suicide 
attempts (SA) among self- injurers (Victor & Klonsky, 2014) 
found that the strongest correlate of SA history was suicidal 
ideation, while other NSSI specifiers, including NSSI fre-
quency, number of NSSI methods and hopelessness, were 
weaker predictors. Indeed, although our findings only ap-
proached the statistical significance, we found overlapping 
results in our cohort of patients.

NSSI severity evaluated through the clinician- rated se-
verity of non- suicidal self- injury (CRS- NSSI), proved to 
be a weak predictor of suicide: patients with grade 3 and 4, 
namely those with moderate to severe grade of NSSI, had a 
higher risk of suicide attempt during the study period.

The Bech Hopelessness Scale, evaluating the presence 
and degree of Hopelessness resulted increased in suicidal 
patients as compared with non- suicidal (p < 0.1). Although 
elevated hopelessness can be considered a common trait to all 
self- harming, many authors pointed out its predictive role for 
suicide (Klonsky et al. 2016).

Regarding Personality inventory data, we found that 
three subfacets approached significance: anhedonia, im-
pulsivity, risk- taking. The anhedonic trait has been ob-
served in subjects with suicidal behaviour including 
adolescents (Brausch & Gutierrez, 2010; Muehlenkamp & 
Gutierrez, 2007) and is considered an important risk factor 
for suicidality in subjects with different psychiatric con-
ditions (Bradley et  al.  2015; Fawcett et  al.  1990; Kollias 
et  al.  2008; Nock & Kazdin,  2002; Spijker et  al.  2010; 
Winer et al., 2014).

Several studies have also reported impulsivity and risk- 
taking traits as predictors of suicidal attempt especially among 
adolescence, where completed suicide often occurs suddenly, 
unexpectedly and impulsively (Brodsky et al. 1997; Hawton 

et al. 1999; Mann et al., 1999; Nock and Kes 2006; Klonsky 
& May, 2010).

In light of the results of PID- 5 and clinical assessment, 
our sample does not seem to show a clear trajectory oriented 
towards BPD, thus suggesting that NSSI may have a signif-
icant clinical and diagnostic heterogeneity and is not just an 
expression of underlying or prodromal BPD. It is, therefore, 
important to recognize NSSI as an independent diagnosis 
with peculiar features.

4.2.2 | Neurophysiological evaluation

The most interesting data we obtained are the presence of a sig-
nificant reduction of the N2 component of laser- evoked poten-
tials’ amplitude in subjects who attempted suicide compared to 
subjects who maintained a non- suicidal self- injury behaviour. 
This finding was further supported by an accurate multivari-
ate analysis which found the LEP N2 amplitude variable to be 
the only statistically significant predictor of suicidal risk with 
lower N2 amplitude values in NSSI patients associated with an 
increased probability to attempt the suicide.

The N2 component of laser- evoked potentials generated 
at the level of the anterior cingulate and of the anterior mid- 
insula (Garcia- Larrea, 2003) is the only component among 
the three explored (N1, N2, P2) that resulted predictive for 
suicide. The integrity of the other two components points 
to a predominant impairment of the anterior insula/anterior 
cingulate or to a reduced connectivity between these re-
gions and the posterior insula in NSSI patients attempting 
suicide and, therefore, to a predominant impairment of the 
affective- motivational aspect of pain (Brooks and Tracy 
2005; Garland, 2012).

Indeed, previous functional neuroimaging and post- 
mortem studies in patients with suicidal behaviour (see van 
Heeringen & Mann, 2014 for a comprehensive review) dis-
closed structural and functional changes of the anterior cin-
gulate and the insula associated with suicide (van Heeringen 
& Mann, 2014; Tanaka et al. 2004; Giakoumatis et al. 2013; 
Pan et al. 2011 and 2013; Dombrovski et al. 2013; Benedetti 
et al. 2011).

On the other hand, both the lateral and medial pain systems 
have been shown to be dysfunctional in patients with major 
psychiatric disorders associated with psychosis (Minichino 
et al. 2016). Indeed, the medial, affective- motivational ‘ma-
trix’ of pain perception is also part of the so- called ‘salience 
network’, a neural network that functions to segregate the most 
relevant among internal and extra personal stimuli to guide 
behaviour and a dysfunction of this network has been related 
to the expression of psychotic symptoms (Palaniyappan & 
Liddle, 2012).

Given these considerations, it is possible that the N2 
component of laser- evoked potentials could represent an 
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unspecific measure of salience circuit dysfunction and, 
therefore, not a specific biomarker for suicide, but rather 
an index of impairment of subjective evaluation of one's af-
fective state and of internalization of perceptions of oneself 
by others, a common finding in several psychiatric disor-
ders (New et al., 2008). Finally, LEP N2 component is also 
sensitive to changes in attention, both general and selective 
(Franz et  al.  2015; Legrain et  al.  2002), and its reduction 
could reflect a lack of attentional drive, which is itself 
linked to suicidality (Fernández- Sevillano et al. 2021). In 
this case, the N2 component would be just an intermediate 
marker. Admittedly, we did not perform a specific task to 
monitor attention, besides asking each subject to mentally 
count the stimulations perceived to maintain a steady vigi-
lance/attention (Cruccu 2008) nor we applied specific psy-
chological tests to evaluate attention deficits. Future studies 
are needed, specifically testing the influence of attentional 
factors, to clarify to what extent the N2 reduction could be 
explained by attention.

However, a biomarker can demonstrate good clinical util-
ity because it is able to stratify patients into clinically mean-
ingful categories, with a high sensitivity and specificity, 
without directly reflecting the mechanisms that give rise to 
a given clinical condition, as the patterns of neural activation 
that allow discrimination between conditions might be en-
tirely epiphenomenal (Mouraux and Iannetti 2018).

Although not specific, the amplitude of the N2 may be 
considered a candidate biomarker due to the rapidity and the 
non- invasiveness of the examination and the good sensitivity 
in identifying a population at risk among self- harming ado-
lescents. The area under the curve of ROC disclosed a sensi-
tivity around 70% below a cut- off of 14 μV.

4.3 | LIMITATIONS

The results of this study should be considered in the light of 
several limitations. First, the lack of information about the 
reproducibility of our findings: Further studies are needed 
to confirm the N2 reduction in suicidal patients among ado-
lescent self- harmers. Without replications, the potential role 
of the N2 component as a biomarker of suicide cannot be 
determined. Second, we cannot rule out the possibility that 
the medications used by NSSI patients affected the results 
obtained (Mucci et al. 2006). However, recent observations 
demonstrated the absence of analgesic properties of psychi-
atric drugs (Jochum et  al.  2006; De Tommaso et  al.  2011; 
Potvin et al. 2008) and a previous study by our group on 
LEPs in psychiatric patients found no effect of medication 
(Minichino et al. 2016). Regarding the comparison between 
suicidal and non- suicidal patients, the drug intake was bal-
anced between the two populations.

5 |  CONCLUSIONS

Our findings indicate that NSSI is associated with an abnor-
mal pain processing not related to an over function of the 
endogenous pain control, which, on the contrary, shows a 
dysfunction possibly resulting from a saturation due to the 
repetition of self- injurious behaviours. Among NSSI patients, 
the amplitude of the LEP N2 component could be a candidate 
biomarker for suicide, even stronger when associated with a 
high severity of disease assessed by the CRS- NSSI.

Further studies are needed to replicate our data and test for 
specificity. Since the presence of this neurophysiological al-
teration in adolescents with onset of NSSI behaviours offers 
the chance to use a non- invasive test to identify a subgroup of 
patients with a higher risk of suicide among self- harming ad-
olescents, we encourage further research to validate our data 
and possibly introduce laser- evoked potentials in the diagnos-
tic assessment of these patients.

ACKNOWLEDGEMENTS
The authors wish to thank the journalist Sara Sartori who 
interviewed our patients and realized a podcast entitled ‘No 
more scars' that will help sensitize a wider audience to the 
NSSI condition.

CONFLICT OF INTEREST
Prof. Giorgio Cruccu declares to have a consulting contract 
with Angelini and Byogen and a research grant and per-
sonal fees with Alfasigma. Prof. Andrea Truini declares to 
have a relationship with Alfasigma, Angelini, Pfizer and 
Grunenthal as speaking fees. The other authors have noth-
ing to declare.

AUTHORS CONTRIBUTION
CL, SG and AT designed the experiment; CL, SG, AT, SM, 
VM, LB, CP and MF collected the data; CL and CM analysed 
the data; CL, SG, AT, GC, MF drafted the manuscript and 
gave final approval.

ORCID
Caterina Leone   https://orcid.org/0000-0002-8828-361X 

REFERENCES
Akaike, H. (1974). A new look at the statistical model identification. 

IEEE Transactions on Automatic Control, AC- 19, 716– 723. https://
doi.org/10.1109/TAC.1974.1100705

Apter, A., King, R. A., Bleich, A., Fluck, A., Kotler, M., & Kron, S. 
(2008). Fatal and non- fatal suicidal behavior in Israeli adolescent 
males. Archives of Suicide Research, 12(1), 20– 29. https://doi.
org/10.1080/13811 11070 1798679

Asmundson, G. J., & Katz, J. (2009). Understanding the co- occurrence 
of anxiety disorders and chronic pain: State- of- the- art. Depress 
Anxiety, 26, 888– 901. https://doi.org/10.1002/da.20600

https://orcid.org/0000-0002-8828-361X
https://orcid.org/0000-0002-8828-361X
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1080/13811110701798679
https://doi.org/10.1080/13811110701798679
https://doi.org/10.1002/da.20600


   | 1825LEONE Et aL.

Atik, L., Konuk, N., Akay, O., Ozturk, D., & Erdogan, A. (2007). 
Pain perception in patients with bipolar disorder and schizo-
phrenia. Acta Neuropsychiatrica, 19, 284. https://doi.
org/10.1111/j.1601- 5215.2007.00193.x

Beck, A. T., Brown, G., & Steer, R. A. (1989). Prediction of eventual 
suicide in psychiatric inpatients by clinical ratings of hopelessness. 
Journal of Consulting and Clinical Psychology, 57(2), 309– 310. 
https://doi.org/10.1037//0022- 006x.57.2.309

Benedetti, F., Radaelli, D., Poletti, S., Locatelli, C., Falini, A., 
Colombo, C., & Smeraldi, E. (2011). Opposite effects of suicidality 
and lithium on gray matter volumes in bipolar depression. Journal 
of Affective Disorders, 135, 139– 147. https://doi.org/10.1016/j.
jad.2011.07.006

Bohus, M., Limberger, M., Ebner, U., Glocker, F. X., Schwarz, B., 
Wernz, M., & Lieb, K. (2000). Pain perception during self- reported 
distress and calmness in patients with borderline personality disor-
der and self- mutilating behavior. Psychiatry Research, 95(3), 251– 
260. https://doi.org/10.1016/s0165 - 1781(00)00179 - 7

Bradley, K. A. L., Case, J. A. C., Khan, O., Ricart, T., Hanna, A., 
Alonso, C. M., & Gabbay, V. (2015). The role of the kynurenine 
pathway in suicidality in adolescent major depressive disorder. 
Psychiatry Research, 227, 206– 212. https://doi.org/10.1016/j.psych 
res.2015.03.031

Brausch, A. M., & Gutierrez, P. M. (2010). Differences in non- suicidal 
self- injury and suicide attempts in adolescents. Journal of Youth 
and Adolescence, 39, 233– 242. https://doi.org/10.1007/s1096 
4- 009- 9482- 0

Brodsky, B., Malone, K. M., Ellis, S. P., Dulit, R. A., & Mann, J. J. 
(1997). Characteristics of borderline personality disorder associated 
with suicidal behavior. American Journal of Psychiatry, 154, 1715– 
1719. https://doi.org/10.1176/ajp.154.12.1715

Brooks, J., & Tracey, I. (2005). From nociception to pain perception: 
Imaging the spinal and supraspinal pathways. Journal of Anatomy, 
207, 19– 33.

Cerutti, R., Manca, M., Presaghi, F., & Gratz, K. L. (2011). Prevalence 
and clinical correlates of deliberate self- harm among a community 
sample of Italian adolescents. Journal of Adolescence, 34(2), 337– 
347. https://doi.org/10.1016/j.adole scence.2010.04.004

Chartrand, H., Sareen, J., Toews, M., & Bolton, J. M. (2012). Suicide at-
tempts versus nonsuicidal self- injury among individuals with anxi-
ety disorders in a nationally representative sample. Depress Anxiety, 
29(3), 172– 179. https://doi.org/10.1002/da.20882

Claes, L., Turner, B., Dierckx, E., Luyckx, K., Verschueren, M., & 
Schoevaerts, K. (2018). Different clinical presentations in eat-
ing disorder patients with non- suicidal self- injury based on the 
co- occurrence of borderline personality disorder. Psychologica 
Belgica, 58(1), 243– 255. https://doi.org/10.5334/pb.420

Conejero, I., Olié, E., Calati, R., Ducasse, D., & Courtet, P. (2018). 
Psychological pain, depression, and suicide: Recent evidences and 
future directions. Current Psychiatry Reports, 20(5), 33. https://doi.
org/10.1007/s1192 0- 018- 0893- z

Cruccu, G., Aminoff, M. J., Curio, G., Guerit, J. M., Kakigi, R., 
Mauguiere, F., Rossini, P. M., Treede, R.- D., & Garcia- Larrea, L. 
(2008). Recommendations for the clinical use of somatosensory- 
evoked potentials. Clinical Neurophysiology, 119(8), 1705– 1719. 
https://doi.org/10.1016/j.clinph.2008.03.016

Davis, G. C., Buchsbaum, M. S., & Bunney, W. E. (1979). Analgesia to 
painful stimuli in affective illness. American Journal of Psychiatry, 
136, 1148– 1151.

Dayer, A. (2014). Serotonin- related pathways and developmental plas-
ticity: Relevance for psychiatric disorders. Dialogues in Clinical 
Neuroscience, 16, 29– 41.

De Tommaso, M., Serpino, C., Difruscolo, O., Cormio, C., Sciruicchio, 
V., Franco, G., Farella, I., & Livrea, P. (2011). Nociceptive inputs 
transmission in Huntington's disease: A study by laser evoked po-
tentials. Acta Neurologica Belgica, 111(1), 33– 40.

Defrin, R., Sagy, N. C., Biran, I., Goor- Aryeh, I., Shai, R., & Ginzburg, 
K. (2020). Enhanced pain modulation capacity among individuals 
with borderline personality disorder: a possible mechanism under-
lying their hypoalgesia. European Journal of Pain, 24(3), 544– 554. 
https://doi.org/10.1002/ejp.1504

Delorme, A., & Makeig, S. (2004). EEGLAB: An open source toolbox 
for analysis of single- trial EEG dynamics including independent 
component analysis. Journal of Neuroscience Methods, 134(1), 9– 
21. https://doi.org/10.1016/j.jneum eth.2003.10.009

Di Stefano, G., La Cesa, S., Leone, C., Pepe, A., Galosi, E., Fiorelli, M., 
Valeriani, M., Lacerenza, M., Pergolini, M., Biasiotta, A., Cruccu, 
G., & Truini, A. (2017). Diagnostic accuracy of laser- evoked poten-
tials in diabetic neuropathy. Pain, 158(6), 1100– 1107. https://doi.
org/10.1097/j.pain.00000 00000 000889

Dombrovski, A. Y., Szanto, K., Clark, L., Reynolds, C. F., & Siegle, 
G. J. (2013). Reward signals, attempted suicide and impulsivity in 
late- life depression. JAMA Psychiatry, 70, 1020– 1030. https://doi.
org/10.1001/jamap sychi atry.2013.75

Fawcett, J., Scheftner, W. A., Fogg, L., Clark, D. V., Young, M. A., 
Hedeker, D., & Gibbons, R. (1990). Time- related predictors of sui-
cide in major affective disorder. American Journal of Psychiatry, 
147, 1189– 1194.

Fernández- Sevillano, J., González- Pinto, A., Rodríguez- Revuelta, J., 
Alberich, S., Gónzalez- Blanco, L., Zorrilla, I., Velasco, Á., López, 
M. P., Abad, I., & Sáiz, P. A. (2021). Suicidal behaviour and cog-
nition: A systematic review with special focus on prefrontal defi-
cits. Journal of Affective Disorders, 278, 488– 496. https://doi.
org/10.1016/j.jad.2020.09.044.

Fliege, H., Lee, J. R., Grimm, A., & Klapp, B. F. (2009). Risk factors 
and correlates of deliberate self- harm behavior: A systematic re-
view. Journal of Psychosomatic Research, 66(6), 477– 493. https://
doi.org/10.1016/j.jpsyc hores.2008.10.013

Franklin, J. C., Aaron, R. V., Arthur, M. S., Shorkey, S. P., & Prinstein, 
M. J. (2012). Nonsuicidal self- injury and diminished pain percep-
tion: The role of emotion dysregulation. Comprehensive Psychiatry, 
53(6), 691– 700. https://doi.org/10.1016/j.compp sych.2011.11.008

Franz, M., Nickel, M. M., Ritter, A., Miltner, W. H., & Weiss, T. 
(2015). Somatosensory spatial attention modulates amplitudes, la-
tencies, and latency jitter of laser- evoked brain potentials. Journal 
of Neurophysiology, 113(7), 2760– 2768. https://doi.org/10.1152/
jn.00070.2015

Garcia- Larrea, L., Frot, M., & Valeriani, M. (2003). Brain genera-
tors of laser- evoked potentials: From dipoles to functional signif-
icance. Neurophysiologie Clinique, 33(6), 279– 292. https://doi.
org/10.1016/j.neucli.2003.10.008

Garland, E. L. (2012). Pain processing in the human nervous system: A 
selective review of nociceptive and biobehavioral pathways. Primary 
Care, 39, 561– 571. https://doi.org/10.1016/j.pop.2012.06.013

Giakoumatis, C. I., Tandon, N., Shaha, J. et al (2013). Are structural 
brain abnormalities associated with suicidal behavior in patients 
with psychotic disorders? Journal of Psychiatric Research, 10, 
1389– 1395.

https://doi.org/10.1111/j.1601-5215.2007.00193.x
https://doi.org/10.1111/j.1601-5215.2007.00193.x
https://doi.org/10.1037//0022-006x.57.2.309
https://doi.org/10.1016/j.jad.2011.07.006
https://doi.org/10.1016/j.jad.2011.07.006
https://doi.org/10.1016/s0165-1781(00)00179-7
https://doi.org/10.1016/j.psychres.2015.03.031
https://doi.org/10.1016/j.psychres.2015.03.031
https://doi.org/10.1007/s10964-009-9482-0
https://doi.org/10.1007/s10964-009-9482-0
https://doi.org/10.1176/ajp.154.12.1715
https://doi.org/10.1016/j.adolescence.2010.04.004
https://doi.org/10.1002/da.20882
https://doi.org/10.5334/pb.420
https://doi.org/10.1007/s11920-018-0893-z
https://doi.org/10.1007/s11920-018-0893-z
https://doi.org/10.1016/j.clinph.2008.03.016
https://doi.org/10.1002/ejp.1504
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1097/j.pain.0000000000000889
https://doi.org/10.1097/j.pain.0000000000000889
https://doi.org/10.1001/jamapsychiatry.2013.75
https://doi.org/10.1001/jamapsychiatry.2013.75
https://doi.org/10.1016/j.jad.2020.09.044
https://doi.org/10.1016/j.jad.2020.09.044
https://doi.org/10.1016/j.jpsychores.2008.10.013
https://doi.org/10.1016/j.jpsychores.2008.10.013
https://doi.org/10.1016/j.comppsych.2011.11.008
https://doi.org/10.1152/jn.00070.2015
https://doi.org/10.1152/jn.00070.2015
https://doi.org/10.1016/j.neucli.2003.10.008
https://doi.org/10.1016/j.neucli.2003.10.008
https://doi.org/10.1016/j.pop.2012.06.013


1826 |   LEONE Et aL.

Grandclerc, S., De Labrouhe, D., Spodenkiewicz, M., Lachal, J., & 
Moro, M. R. (2016). Relations between nonsuicidal self- injury and 
suicidal behavior in adolescence: A systematic review. PLoS One, 
11(4), e0153760. https://doi.org/10.1371/journ al.pone.0153760

Granot, M., Weissman- Fogel, I., Crispel, Y., Pud, D., Granovsky, Y., 
Sprecher, E., & Yarnitsky, D. (2008). Determinants of endogenous 
analgesia magnitude in a diffuse noxious inhibitory control (DNIC) 
paradigm: Do conditioning stimulus painfulness, gender and per-
sonality variables matter? Pain, 136(1– 2), 142– 149. https://doi.
org/10.1016/j.pain.2007.06.029

Gratz, K. L. (2001). Measurement of deliberate self- harm: Preliminary 
data on the Deliberate Self- Harm Inventory. Journal of 
Psychopathological and Behavioral Assessment, 23, 253– 263.

Griep, S. K., & MacKinnon, D. F. (2020). Does nonsuicidal self- injury 
predict later suicidal attempts? A review of studies. Arch Suicide 
Res, 1– 19. https://doi.org/10.1080/13811 118.2020.1822244

Hawton, K., Kingsbury, S., Steinhardt, K., James, A., & Fagg, J. (1999). 
Repetition of deliberate self- harm by adolescents: The role of psy-
chological factors. Journal of Adolescence, 22, 369– 378. https://doi.
org/10.1006/jado.1999.0228

Hintikka, J., Tolmunen, T., Rissanen, M. L., Honkalampi, K., Kylmä, 
J., & Laukkanen, E. (2009). Mental disorders in self- cutting ado-
lescents. Journal of Adolescent Health, 44(5), 464– 467. https://doi.
org/10.1016/j.jadoh ealth.2008.10.003

Jochum, T., Letzsch, A., Greiner, W., Wagner, G., Sauer, H., & Bär, K. 
J. (2006). Influence of antipsychotic medication on pain perception 
in schizophrenia. Psychiatry Research, 142, 151– 156. https://doi.
org/10.1016/j.psych res.2005.09.004

Kemperman, I., Russ, M. J., Clark, W. C., Kakuma, T., Zanine, E., 
& Harrison, K. (1997). Pain assessment in self- injurious patients 
with borderline personality disorder using signal detection theory. 
Psychiatry Research, 70(3), 175– 183. https://doi.org/10.1016/s0165 
- 1781(97)00034 - 6

Kim, D. J., Bartlett, E. A., DeLorenzo, C., Parsey, R. V., Kilts, C., & 
Cáceda, R. (2020). Examination of structural brain changes in re-
cent suicidal behavior. Psychiatry Research: Neuroimaging, 307, 
111216. https://doi.org/10.1016/j.pscyc hresns.2020.111216

Klonsky, E. D., & May, A. M. (2010). Rethinking impulsivity in suicide. 
Suicide and Lifethreatening Behavior, 40(6), 612– 619.

Klonsky, E. D., May, A. M., & Saffer, B. Y. (2016). Suicide, sui-
cide attempts, and suicidal ideation. Annual Review of Clinical 
Psychology, 12, 307– 330. https://doi.org/10.1146/annur ev- clinp sy- 
02181 5- 093204

Klonsky, E. D. (2011). Non- suicidal self- injury in United States 
adults: Prevalence, sociodemographics, topography, and functions. 
Psychological Medicine, 41, 1981– 1986. https://doi.org/10.1017/
S0033 29171 0002497

Kollias, C. T., Kontaxakis, V. P., Havaki- kontaxaki, B. J., Stamouli, S., 
Margariti, M., & Petridou, E. (2008). Association of physical and so-
cial anhedonia with depression in the acute phase of schizophrenia. 
Psychopathology, 41, 365– 370. https://doi.org/10.1159/00015 2378

Kovacs, M. (1985). The children's depression, inventory (CDI). 
Psychopharmacology Bulletin, 21(4), 995– 998.

Krueger, R. F., Derringer, J., Markon, K. E., Watson, D., & Skodol, A. E. 
(2012). Initial construction of a maladaptive personality trait model 
and inventory for DSM- 5. Psychological Medicine, 42, 1879– 1890. 
https://doi.org/10.1017/S0033 29171 1002674

Lautenbacher, S., & Rollman, G. B. (1997). Possible deficiencies of 
pain modulation in fibromyalgia. Clinical Journal of Pain, 13(3), 
189– 196. https://doi.org/10.1097/00002 508- 19970 9000- 00003

Legrain, V., Guérit, J. M., Bruyer, R., & Plaghki, L. (2002). 
Attentional modulation of the nociceptive processing into the 
human brain: Selective spatial attention, probability of stim-
ulus occurrence, and target detection effects on laser evoked 
potentials. Pain, 99(1– 2), 21– 39. https://doi.org/10.1016/s0304 
- 3959(02)00051 - 9

Leone, C., & Truini, A. (2019). The CPM effect: Functional assess-
ment of the diffuse noxious inhibitory control in humans. Journal of 
Clinical Neurophysiology, 36(6), 430– 436. https://doi.org/10.1097/
WNP.00000 00000 000599

Ludäscher, P., von Kalckreuth, C., Parzer, P., Kaess, M., Resch, F., 
Bohus, M., Schmahl, C., & Brunner, R. (2015). Pain perception in 
female adolescents with borderline personality disorder. European 
Child & Adolescent Psychiatry, 24(3), 351– 357. https://doi.
org/10.1007/s0078 7- 014- 0585- 0

MacLean, J., Kinley, D. J., Jacobi, F., Bolton, J. M., & Sareen, J. 
(2011). The relationship between physical conditions and suicidal 
behavior among those with mood disorders. Journal of Affective 
Disorders, 130(1– 2), 245– 250. https://doi.org/10.1016/j.
jad.2010.10.028

Magerl, W., Burkart, D., Fernandez, A., Schmidt, L. G., & Treede, R. 
D. (2012). Persistent antinociception through repeated self- injury 
in patients with borderline personality disorder. Pain, 153(3), 575– 
584. https://doi.org/10.1016/j.pain.2011.11.021

Manca, M., Presaghi, F., & Cerutti, R. (2014). Clinical specificity of 
acute versus chronic self- injury: Measurement and evaluation of re-
petitive non- suicidal self- injury. Psychiatry Research, 215(1), 111– 
119. https://doi.org/10.1016/j.psych res.2013.10.010

Mann, J. J., Waternaux, C., Haas, G. L. et al (1999). Towards a clinical 
model of suicidal behavior in psychiatric patients. American Journal 
of Psychiatry, 156, 181– 189.

Minichino, A., Delle Chiaie, R., Cruccu, G., Piroso, S., Di Stefano, G., 
Francesconi, M., Bersani, F. S., Biondi, M., & Truini, A. (2016). 
Pain- processing abnormalities in bipolar I disorder, bipolar II disor-
der, and schizophrenia: A novel trait marker for psychosis proneness 
and functional outcome? Bipolar Disorders, 18(7), 591– 601. https://
doi.org/10.1111/bdi.12439

Morris, M. C., Walker, L. S., Bruehl, S., Stone, A. L., Mielock, A. S., 
& Rao, U. (2016). Impaired conditioned pain modulation in youth 
with functional abdominal pain. Pain, 157, 2375– 2381. https://doi.
org/10.1097/j.pain.00000 00000 000660

Mouraux, A., & Iannetti, G. D. (2018). The search for pain biomark-
ers in the human brain. Brain, 141(12), 3290– 3307. https://doi.
org/10.1093/brain/ awy281

Mucci, A., Volpe, U., Merlotti, E., Bucci, P., & Galderisi, S. (2006). 
Pharmaco- EEG in psychiatry. Clinical EEG and Neuroscience, 
37(2), 81– 98. https://doi.org/10.1177/15500 59406 03700206

Muehlenkamp, J. J., & Gutierrez, P. M. (2007). Risk for suicide attempts 
among adolescents who engage in non- suicidal self- injury. Archives 
of Suicide Research, 11, 69– 82. https://doi.org/10.1080/13811 11060 
0992902

Muehlenkamp, J. J. (2005). Self- injurious behavior as a separate clini-
cal syndrome. American Journal of Orthopsychiatry, 75, 324– 333. 
https://doi.org/10.1037/0002- 9432.75.2.324

Naliboff, B. D., & Rhudy, J. L. (2009). Anxiety in functional pain dis-
orders. In E. A. Mayer & M. C. Bushnell (Eds.), Functional Pain 
Syndromes: Presentation and Pathophysiology (pp. 185– 213). Seattle.

Navratilova, E., & Porreca, F. (2014). Reward and motivation in pain 
and pain relief. Nature Neuroscience, 17, 1304– 1312. https://doi.
org/10.1038/nn.3811

https://doi.org/10.1371/journal.pone.0153760
https://doi.org/10.1016/j.pain.2007.06.029
https://doi.org/10.1016/j.pain.2007.06.029
https://doi.org/10.1080/13811118.2020.1822244
https://doi.org/10.1006/jado.1999.0228
https://doi.org/10.1006/jado.1999.0228
https://doi.org/10.1016/j.jadohealth.2008.10.003
https://doi.org/10.1016/j.jadohealth.2008.10.003
https://doi.org/10.1016/j.psychres.2005.09.004
https://doi.org/10.1016/j.psychres.2005.09.004
https://doi.org/10.1016/s0165-1781(97)00034-6
https://doi.org/10.1016/s0165-1781(97)00034-6
https://doi.org/10.1016/j.pscychresns.2020.111216
https://doi.org/10.1146/annurev-clinpsy-021815-093204
https://doi.org/10.1146/annurev-clinpsy-021815-093204
https://doi.org/10.1017/S0033291710002497
https://doi.org/10.1017/S0033291710002497
https://doi.org/10.1159/000152378
https://doi.org/10.1017/S0033291711002674
https://doi.org/10.1097/00002508-199709000-00003
https://doi.org/10.1016/s0304-3959(02)00051-9
https://doi.org/10.1016/s0304-3959(02)00051-9
https://doi.org/10.1097/WNP.0000000000000599
https://doi.org/10.1097/WNP.0000000000000599
https://doi.org/10.1007/s00787-014-0585-0
https://doi.org/10.1007/s00787-014-0585-0
https://doi.org/10.1016/j.jad.2010.10.028
https://doi.org/10.1016/j.jad.2010.10.028
https://doi.org/10.1016/j.pain.2011.11.021
https://doi.org/10.1016/j.psychres.2013.10.010
https://doi.org/10.1111/bdi.12439
https://doi.org/10.1111/bdi.12439
https://doi.org/10.1097/j.pain.0000000000000660
https://doi.org/10.1097/j.pain.0000000000000660
https://doi.org/10.1093/brain/awy281
https://doi.org/10.1093/brain/awy281
https://doi.org/10.1177/155005940603700206
https://doi.org/10.1080/13811110600992902
https://doi.org/10.1080/13811110600992902
https://doi.org/10.1037/0002-9432.75.2.324
https://doi.org/10.1038/nn.3811
https://doi.org/10.1038/nn.3811


   | 1827LEONE Et aL.

New, A. S., Goodman, M., Triebwasser, J., & Siever, L. J. (2008). 
Recent advances in the biological study of personality disorders. 
Psychiatric Clinics of North America, 31(3), 441– 461. https://doi.
org/10.1016/j.psc.2008.03.011.

Nock, M. K., & Kazdin, A. E. (2002). Examination of affective, cogni-
tive, and behavioral factors and suicide- related outcomes in children 
and young adolescents. Journal of Clinical Child and Adolescent 
Psychology, 31(1), 48– 58. https://doi.org/10.1207/S1537 4424J 
CCP31 01_07

Nock, M. K., & Kessler, R. C. (2006). Prevalence of and risk factors for 
suicide attempts versus suicide gestures: Analysis of the national 
comorbidity survey. Journal of Abnormal Psychology, 115(3), 616– 
623. https://doi.org/10.1037/0021- 843X.115.3.616

Palaniyappan, L., & Liddle, P. F. (2012). Does the salience network 
play a cardinal role in psychosis? An emerging hypothesis of insular 
dysfunction. Journal of Psychiatry and Neuroscience, 37, 17– 27. 
https://doi.org/10.1503/jpn.100176

Pan, L. A., Batezati- Alves, S. C., Almeida, J. R. C., Segreti, A. M., 
Akkal, D., Hassel, S., Lakdawala, S., Brent, D. A., & Phillips, 
M. L. (2011). Dissociable patterns of neural activity during re-
sponse inhibition in depressed adolescents with and without sui-
cidal behavior. Journal of the American Academy of Child and 
Adolescent Psychiatry, 50, 602– 611. https://doi.org/10.1016/j.
jaac.2011.03.018

Pan, L. A., Hassel, S., Segreti, A. M., Nau, S. A., Brent, D. A., & 
Phillips, M. L. (2013). Differential patterns of activity and func-
tional connectivity in emotion processing neural circuitry to angry 
and happy faces in adolescents with and without suicide attempt. 
Psychological Medicine, 43, 2129– 2142. https://doi.org/10.1017/
S0033 29171 2002966

Potvin, S., & Marchand, S. (2008). Hypoalgesia in schizophrenia is in-
dependent of antipsychotic drugs: A systematic quantitative review 
of experimental studies. Pain, 138, 70– 78. https://doi.org/10.1016/j.
pain.2007.11.007

Rolke, R., Magerl, W., Campbell, K. A., Schalber, C., Caspari, S., 
Birklein, F., & Treede, R. D. (2006). Quantitative sensory testing: 
A comprehensive protocol for clinical trials. European Journal of 
Pain, 10(1), 77– 88. https://doi.org/10.1016/j.ejpain.2005.02.003

Russ, M. J., Roth, S. D., Lerman, A., Kakuma, T., Harrison, K., 
Shindledecker, R. D., Hull, J., & Mattis, S. (1992). Pain per-
ception in self- injurious patients with borderline personality 
disorder. Biological Psychiatry, 32(6), 501– 511. https://doi.
org/10.1016/0006- 3223(92)90218 - o

Schmahl, C., & Baumgärtner, U. (2015). Pain in borderline personal-
ity disorder. Modern Trends in Pharmacopsychiatry, 30, 166– 175. 
https://doi.org/10.1159/00043 5940

Schmahl, C., Greffrath, W., Baumgärtner, U., Schlereth, T., Magerl, 
W., Philipsen, A., Lieb, K., Bohus, M., & Treede, R. D. (2004). 
Differential nociceptive deficits in patients with borderline per-
sonality disorder and self- injurious behavior: Laser- evoked 
potentials, spatial discrimination of noxious stimuli, and pain 
ratings. Pain, 110(1– 2), 470– 479. https://doi.org/10.1016/j.
pain.2004.04.035

Schreiner, W., Melinda, B.- D., Begnel, E. D., & Cullen, K. R. (2015). 
Conceptualizing the neurobiology of non- suicidal self- injury from 
the perspective of the research domain criteria project. Neuroscience 
& Biobehavioral Reviews, 57, 381– 391. https://doi.org/10.1016/j.
neubi orev.2015.09.011

Serras, A., Saules, K. K., Cranford, J. A., & Eisenberg, D. (2010). Self- 
injury, substance use, and associated risk factors in a multi- campus 
probability sample of college students. Psychology of Addictive 
Behaviors, 24(1), 119– 128. https://doi.org/10.1037/a0017210

Singh, M. K., Giles, L. L., & Nasrallah, H. A. (2006). Pain insensitiv-
ity in schizophrenia: Trait or state marker? Journal of Psychiatric 
Practice 12, 90– 102. https://doi.org/10.1097/00131 746- 20060 
3000- 00004

Somma, A., Fossati, A., Ferrara, M., Fantini, F., Galosi, S., Krueger, 
R. F., Markon, K. E., & Terrinoni, A. (2019). DSM- 5 personal-
ity domains as correlates of non- suicidal self- injury severity in an 
Italian sample of adolescent inpatients with self- destructive be-
haviour. Personality and Mental Health., 13(4), 205– 214. https://
doi.org/10.1002/pmh.1462

Spijker, J., de Graaf, R., ten Have, M., Nolen, W. A., & Speckens, A. 
(2010). Predictors of suicidality in depressive spectrum disorders 
in the general population: Results of the Netherlands Mental Health 
Survey and Incidence Study. Social Psychiatry and Psychiatric 
Epidemiology, 45, 513– 521. https://doi.org/10.1007/s0012 
7- 009- 0093- 6

Stubbs, B., Mitchell, A. J., De Hert, M., Correll, C. U., Soundy, A., 
Stroobants, M., & Vancampfort, D. (2014). The prevalence and 
moderators of clinical pain in people with schizophrenia: A system-
atic review and large scale meta- analysis. Schizophrenia Research, 
160, 1– 8. https://doi.org/10.1016/j.schres.2014.10.017

Tanaka, S. C., Doya, K., Okada, G., Ueda, K., Okamoto, Y., & Yamawaki, 
S. (2004). Prediction of immediate and future rewards differentially 
recruits cortico- basal ganglia loops. Nature Neuroscience, 7, 887– 
893. https://doi.org/10.1038/nn1279

Tolles, J., & Meurer, W. J. (2016). Logistic regression: Relating patient 
characteristics to outcomes. JAMA, 316(5), 533– 534. https://doi.
org/10.1001/jama.2016.7653

Townsend, L., Kobak, K., Kearney, C., Milham, M., Andreotti, C., 
Escalera, J., Alexander, L., Gill, M. K., Birmaher, B., Sylvester, R., 
Rice, D., Deep, A., & Kaufman, J. (2019). Development of three 
web- based computerized versions of the kiddie schedule for affec-
tive disorders and schizophrenia child psychiatric diagnostic inter-
view: Preliminary validity data. Journal of the American Academy 
of Child and Adolescent Psychiatry, 59(2), 309– 325. https://doi.
org/10.1016/j.jaac.2019.05.009

van Heeringen, K., & Mann, J. J. (2014). The neurobiology of suicide. 
Lancet Psychiatry, 1(1), 63– 72. https://doi.org/10.1016/S2215 
- 0366(14)70220 - 2

Vatcheva, K. P., Lee, M., McCormick, J. B., & Rahbar, M. H. (2016). 
Multicollinearity in regression analyses conducted in epidemiologic 
studies. Epidemiology (Sunnyvale), 6(2), 227. https://doi.org/10.41
72/2161- 1165.1000227

Victor, S. E., & Klonsky, E. D. (2014). Correlates of suicide attempts 
among self- injurers: A meta- analysis. Clinical Psychology Review, 
34(4), 282– 297. https://doi.org/10.1016/j.cpr.2014.03.005

Wilder- Smith, C. H., & Robert- Yap, J. (2007). Abnormal endogenous 
pain modulation and somatic and visceral hypersensitivity in fe-
male patients with irritable bowel syndrome. World Journal of 
Gastroenterology, 13(27), 3699– 3704.

Winer, E. S., Veilleux, J. C., & Ginger, E. J. (2014). Development and 
validation of the specific loss of interest and pleasure scale (SLIPS). 
Journal of Affective Disorders, 152– 154, 193– 201. https://doi.
org/10.1016/j.jad.2013.09.010

https://doi.org/10.1016/j.psc.2008.03.011
https://doi.org/10.1016/j.psc.2008.03.011
https://doi.org/10.1207/S15374424JCCP3101_07
https://doi.org/10.1207/S15374424JCCP3101_07
https://doi.org/10.1037/0021-843X.115.3.616
https://doi.org/10.1503/jpn.100176
https://doi.org/10.1016/j.jaac.2011.03.018
https://doi.org/10.1016/j.jaac.2011.03.018
https://doi.org/10.1017/S0033291712002966
https://doi.org/10.1017/S0033291712002966
https://doi.org/10.1016/j.pain.2007.11.007
https://doi.org/10.1016/j.pain.2007.11.007
https://doi.org/10.1016/j.ejpain.2005.02.003
https://doi.org/10.1016/0006-3223(92)90218-o
https://doi.org/10.1016/0006-3223(92)90218-o
https://doi.org/10.1159/000435940
https://doi.org/10.1016/j.pain.2004.04.035
https://doi.org/10.1016/j.pain.2004.04.035
https://doi.org/10.1016/j.neubiorev.2015.09.011
https://doi.org/10.1016/j.neubiorev.2015.09.011
https://doi.org/10.1037/a0017210
https://doi.org/10.1097/00131746-200603000-00004
https://doi.org/10.1097/00131746-200603000-00004
https://doi.org/10.1002/pmh.1462
https://doi.org/10.1002/pmh.1462
https://doi.org/10.1007/s00127-009-0093-6
https://doi.org/10.1007/s00127-009-0093-6
https://doi.org/10.1016/j.schres.2014.10.017
https://doi.org/10.1038/nn1279
https://doi.org/10.1001/jama.2016.7653
https://doi.org/10.1001/jama.2016.7653
https://doi.org/10.1016/j.jaac.2019.05.009
https://doi.org/10.1016/j.jaac.2019.05.009
https://doi.org/10.1016/S2215-0366(14)70220-2
https://doi.org/10.1016/S2215-0366(14)70220-2
https://doi.org/10.4172/2161-1165.1000227
https://doi.org/10.4172/2161-1165.1000227
https://doi.org/10.1016/j.cpr.2014.03.005
https://doi.org/10.1016/j.jad.2013.09.010
https://doi.org/10.1016/j.jad.2013.09.010


1828 |   LEONE Et aL.

Yarnitsky, D., Granot, M., Nahman- Averbuch, H., Khamaisi, M., & 
Granovsky, Y. (2012). Conditioned pain modulation predicts dulox-
etine efficacy in painful diabetic neuropathy. Pain, 153(6), 1193– 
1198. https://doi.org/10.1016/j.pain.2012.02.021

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Leone C, Galosi S, Mollica 
C, et al. Dissecting pain processing in adolescents 
with Non- Suicidal Self Injury: Could suicide risk lurk 
among the electrodes?. Eur J Pain. 2021;25:1815– 
1828. https://doi.org/10.1002/ejp.1793

https://doi.org/10.1016/j.pain.2012.02.021
https://doi.org/10.1002/ejp.1793

