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The biological underpinnings of self-harmin young people are unclear.
Self-harm often serves to regulate emotions, and electrodermal activity (EDA)
isawell-established biomarker of emotional arousal, whichis physiologically
related to emotion regulation. A quasi-experimental case control study

using predefined groups was conducted. Three groups of young people
(16-25 years; n =180) with different self-harm histories were recruited: no

self-harm history (n = 62), self-harmideation last year with no enaction (n=51)
and self-harm enaction last year (n = 67). EDA was measured during three tasks:
anauditory tones habituation task, a psychosocial stress task and an emotional

images task. Those in the self-harm enaction group elicited a heightened EDA
response (hyperreactivity) across two tasks, specifically a slower habituation
rate to auditory tones and higher EDA during the psychosocial stress task
compared to other groups. High levels of non-response during the emotional
images task limited analyses. These findings expand our understanding

of the biomarkers for self-harm, specifically emotional arousal in young
people who self-harm. Specifically, they suggest that those with a history of
self-harm exhibit a heightened electrodermal response to both stressful and
non-stressful stimuli compared to those who have no history of self-harm and
those who have only thought about self-harm.

Self-harm, defined as intentional self-poisoning or self-injuryirrespec-
tive of motive', isrelatively commonin adolescents and young adults,
with ameta-analysis of community studies finding up to 22% reported
self-harm during their lifetime and 23% in the past 12 months?. For some
young people, self-harmis an emotion-regulation tool used to control
distress?, with an influential meta-analysis concluding that the most
common function of self-harm was to modify the intensity or dura-
tion of emotions®, and a further qualitative meta synthesis suggesting
self-harm helped to control overwhelming feelings’.

Self-harmis a complex behavior that stems from the interplay of
social, psychological and biological mechanisms®. Much research has
focused onthe social and psychological factors, and these factors often
guide psychosocial treatments for both adults” and adolescents®. By
contrast, the biophysiological mechanisms underlying self-harm have
received limited attention, and these may improve our understanding
of vulnerability to self-harm, as well as its onset and maintenance’.

Several biopsychosocial models conceptualizing the pathways
to self-harm and suicidal behavior utilize an ideation-to-action
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Fig.1|Study recruitment flow chart. A flow chart outlining participant exclusion
and eligibility during the study recruitment.

framework™, distinguishing factors associated with self-harmideation
and self-harm enactment. Understanding the transition from thoughts
toactsis essential toidentify whois morelikely to engage in self-harm.
Factors thatinfluence the transition from thoughts to acts of self-harm
are described as volitional factors", with growing evidence to support
theideation-to-action distinction". Such studies have largely focused
on psychological or psychiatric factors to the exclusion of physiologi-
cal factors, an important omission given the emerging evidence that
physiological activation linked to emotion arousal may be associated
with mental health issues, self-harm and suicide attempts'?®,

Emotion regulation and emotional arousal are linked, with evi-
dence suggesting that the brain systems involved in generating emo-
tions (emotion arousal) and managing them (emotion regulation)
are interconnected™. Specifically, the limbic system, including the
amygdala, hippocampus and nucleus accumbens, is central to the
processing of emotions, regulating mood, and the creation of emo-
tional memories”. The amygdala may be particularly important for
processing fear and heightened emotions, and the prefrontal cortex,
used for cognitive control and executive function, is also active in
regulating emotions'®. Therefore, a focus on studying the biophysi-
ological mechanisms underlying emotional arousal may be beneficial
inrelation to emotion regulation.

Electrodermal activity (EDA) has been proposed as a biomarker
of emotional arousal, and, as it has been closely linked to autonomic
emotional and cognitive processing, can be used to examine implicit
emotional responses”. Specifically, EDA is a non-invasive measure
of changes in the electrical conductance of the skin that depends
on the quantity of sweat secreted by eccrine sweat glands, usually of
the fingers or palms, which reflects the influence of the sympathetic
nervous system. EDA is an overarching term with two components:
skin conductance level (SCL), representing a slow tonic component
reflecting general arousal, and skin conductance response (SCR),
reflecting a faster phasic element of the signal appearing in reaction
to the presentation of stimuli®®.

A recent meta-analysis of the relationship between autonomic
functioning and emotional dysregulation found that altered EDA was
notdirectly associated with emotional dysregulationin young people,
although it was noted that research was limited and additional stud-
ies were required”. Evidence indicates that EDA can be modulated by
emotional regulation strategies, suggesting that although EDA may
notbe ameasure of emotion regulation, emotionarousaland emotion

regulation may be physiologically linked. Therefore, dysregulated
EDA, as a measure of sympathetic arousal, may be an important tool
inunderstanding the underpinnings of self-harm.

Sofar, studies investigating the extent to which EDA is associated
with self-harm and suicidal behavior have yielded mixed results'***,
For example, Nock and Mendes (2008) found young people with a
self-harm history had increased reactivity (thatis, higher tonic SCL) dur-
ingadistressing task, implying they were hyperreactive (that is, experi-
encing heightened arousal)'. Other studies have found thatindividuals
withaself-harm history exhibited lower SCRs, indicating hyporeactivity
(that is, a dampened response) in response to stressful or emotional
stimuli®®*, Furthermore, several studies have found no associations
between SCL and self-harm®***?, It may be that these findings reflect
the EDA measurement (thatis, phasic SCR versus tonic SCL), the nature
ofthe task and the different sample demographics. EDA may be affected
by sex, age and self-harm history (ideation versus enaction). Indeed, a
recent meta-analysis found that the type of self-harm may influence how
the EDA dysregulation manifests; specifically, non-suicidal self-harm
studies reported heightened EDA in young people who self-harmed,
whereas those that included suicidal ideation and behaviors found
decreased EDA*®, There is also evidence to suggest that EDA may be
sensitive toanindividual’s physical state, for example, hydration levels,
as well as environmental conditions such as temperature®.

Conflicting findings may also be related to the paradigm adopted
to investigate dysregulated electrodermal responding; specifically,
rather than a distressing or emotive task, impersonal stimuli may
be used to elicit an autonomous SCR. Typically, after repetition of a
stimulus such as a sudden tone, the SCR gradually reduces and then
disappears as participants habituate®. A review has suggested that
individuals who made a ‘violent’ suicide attempt (that is, attempted
hanging or firearms) experienced EDA hyporeactivity (that is, fast
habituation) to asudden tone compared to non-suicidal individuals®.
These findings suggest a potential psychobiological biomarker that
may increase anindividual’s capability to engage in suicidal behavior.
Despite these promising findings, this method of eliciting EDA has not
been tested with young people who self-harm, and the habituation of
those who enact self-harm has not been compared to those who experi-
ence self-harm ideation only. Indeed, a recent meta-analysis® found
only studies that used an emotive or stressful stimuli. Therefore, the
relationship between self-harm and EDA dysregulationinyoung people
should be directly compared using different paradigms.

Current study and hypotheses

To address these gaps in knowledge, we investigated the extent to
which EDA distinguishes between young people who have different
self-harm histories. Specifically, we compared EDA responses for three
groups of young people aged 16-25 years: a control group (no history
of self-harm), aself-harmideation group (self-harm thoughts only) and
aself-harm enaction group (enacted self-harmin the last 12 months).
The study included four components with different stimuli and EDA
measurements: (1) a baseline measure of tonic SCL and amplitude of
non-specific skin conductance responses (NS-SCRs), (2) animpersonal
tones habituation task (measure of the number of SCRs until habitu-
ation), (3) a psychosocial stress task (measure of tonic SCL during the
task) and (4) viewing of emotive positive and negative images (measure
of the average amplitude of SCRs).

We hypothesized that dysregulation of EDA (that is, being hypo-
reactive or hyperreactive) may act as a volitional factor facilitating the
transition from thoughts of self-harm to self-harm acts". Compared to
those who have thought about self-harm (self-harm ideation group)
and controls, those who have engaged in self-harm (self-harm enac-
tion group) will show a dysregulated EDA response to different types
of stimulus. Due to the previous inconsistent findings, we have not
specified whether the dysregulation will be hypo- or hyperreactive
(thatis, blunted or heightened).
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Table 1| Participant characteristics for the self-harm groups and the total sample

Control group (n=62)

Self-harm ideation group (n=51)

Self-harm enaction group Total sample (n=180)

(n=67)
Age, years® 21.37(2.52) 20.98 (2.32) 20.85(2.64) 2112 (2.56)
Sex, % (n)°
Female 50 (31) 56.9 (29) 71.6 (48) 60 (108)
Male 50 (31) 431(22) 28.4(19) 40 (72)
Ethnicity, % (n)
Asian/British Asian 40.3 (25) 451 (23) 20.9 (14) 34.4(62)
Black 3.2(2) 2(1) 0 1.7(3)
Other® 1.3 (7) 13.7(7) 16.4 (11) 13.9(25)
White 45.2(28) 39.2(20) 62.7 (42) 50 (90)
Education, % (n)
Degree/postgraduate 66.7 (42) 56.9 (29) 46.3 (31) 56.7 (102)
A levels/GCSE/NVQ 32.3(20) 431(22) 53.7(36) 43.3(78)
Employment, % (n)
Student 82.3(51) 80.4 (41) 761 (51) 79.4 (143)
Employed 14.5(9) 11.8(6) 16.4 (11) 14.4 (26)
Unemployed 3.2(2) 7.8 (4) 7.5 (5) 6.1(11)

?Age presented as mean (s.d.). "Sex assigned at birth. °Includes multiple ethnicities or other (including Latino or Latin-American (n=5), Indian (n=2), Pakistani (n=1), Chinese (n=1), Turkish (n=1),
Albanian (n=1) or not specified (n=14)). GCSE, General Certificate of Secondary Education; NVQ, National Vocational Qualification

Results

Participant characteristics, psychiatric history and self-harm
history

A flow chart outlining study recruitment is outlined in Fig. 1. Table 1
outlines the participant characteristics for the self-harm groups. Of
note, the enaction group had significantly more females (71.6%) than
the control (50.8%) and self-harm ideation (56.9%) groups (x> = 6.576,
P=0.037). There were no significant differences between the groups
by age (Fisher’s statistic F(2) = 0.748, P= 0.475). Age and sex were con-
trolled for in all analysis.

Table 2 reports the psychiatric history of mental health diagnosis
within each group. The self-harm enactiongroup overall reported more
history of amental health diagnosis than the self-harmideationgroup,
with 64.2% reporting at least one mental health diagnosis compared
to 34.3%inthe self-harmideation group. The enaction group was also
more likely to report multiple diagnoses (40.3%) than the ideation
group (25.5%). Inboth groups, depression and anxiety were the most
commonly reported mental health problem.

Self-harm history for the self-harm enaction group is reported
in Table 3. Self-harm was either non-suicidal (that is, non-suicidal
self-harm) or suicidal (that is, a suicide attempt), as per the National
Institute for Health and Care Excellence (NICE) definition of self-harm,
whichincludes an episode regardless of the intent of the action. Most
participants had a history of non-suicidal self-harm (92.25%), and nearly
half (47.76%) had a history of both. Age of onset for both self-harm with
and without suicidal intent was typically between the ages of 11 and
16 years. Most participants had carried out between two and ten acts
of self-harm in the last year (61.29%), and one suicide attempt within
thelast year (28.6%). For non-suicidal self-harm, the method most often
reported was cutting self (82.23%) and for asuicide attempt, overdose
was most commonly reported (57.14%).

Baseline analysis

Potential baseline differences in tonic SCL between the self-harm
groups (control, self-harmideation and self-harmenaction) were tested
using a one-way analysis of variance (ANOVA). The results found no
differences between the groups at baseline (F(2) =1.704, P=0.185,
eta-squared (7% = 0.019). Additionally, there were no significant

Table 2 | Rates of mental health diagnoses reported within
the three self-harm groups (n=180)

Totalsample Control Self-harm Self-harm
(n=180), (n=62), ideation enaction
N (%) N (%) (n=51), (n=67),
N (%) N (%)
Depression 51(28.5) 0 14 (27.5) 37(56.1)
ADHD 2(17) 0 (0] 2(3)
Problems with 2(10) 0 1(2) 1(1.5)
irritability or
anger
Manic 5(2.8) 1(1.6) 2(3.9) 2(3)
depression,
mania or bipolar
disorder
Anxiety disorders 43 (23.9) 0] 14 (27.5) 29(43.3)
(including panic
attacks)
Problems with 2(17) 0 0 2(3)
alcohol or drugs
Any other 8(4.7) 0 1(2) 7(1.9)
emotional
problems
diagnosed
No. of diagnoses reported
1 22(12.2) 1(1.6) 5(9.8) 16 (23.9)
2 33(18.3) 0 12 (23.5) 21(31.3)
3 4(2.2) 0] 1(2) 3(4.5)
4 2(11) 0 0 2(3)
5 1(0.6) 0 0 1(1.5)

ADHD, attention deficit hyperactivity disorder (autism was not assessed).

differences between the groups on average SCR amplitude at base-
line (F(2) =0.60, P=0.4349, n” = 0.012). There were no differences by
sex for baseline SCL (F(1) = 0.085, P=0.771, B? = 0.0005) or NS-SCRs
(F(1) =1.147, P=0.286, n> = 0.007). Correlation analysis found that
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Table 3 | History of self-harm behaviors (with and without
suicidal intent) within the self-harm enaction group (n=67)

Self-harm (non-suicidal) Suicide attempt
(n=62), N (%) (n=35), N (%)

Age of onset, years

<N 3(4.90) 0
11-16 50 (81.90) 20 (57.20)
17-24 8(13.10) 15 (42.80)

No. of episodes, lifetime

1 1(1.61) 21(60.00)
2-10 16 (25.80) 14 (40.00)
1-50 18 (29.03) (0]
51-100 21(33.87) 0
101+ 18 (29.03) 0
Too many to count 6 (9.68) 0

No. of episodes, last year
1 9(9.68) 10 (28.60)
2-10 38(61.29) 2(5.71)
1-50 5(7.69) 0
51-100 3(4.84) (0]
101+ 2(3.22) 0
Too many to count 5(7.69) 0

Primary method
Cutting self 51(82.23)
Overdose 20 (57.14)
Hanging/strangulation 5(14.29)
Multiple methods 40 (64.51) 2(5.71)
Other 1(17.77) 10 (28.57)

Note: n=1not sure age of onset; n=32 history of both non-suicidal self-harm and suicide
attempt. Age of onset has been collated into approximate education age ranges in the United
Kingdom; primary school <11years, secondary 11-16 years, and 17-24 years.

baseline SCL and NS-SCR amplitudes are moderately positively cor-
related (r=0.551, P< 0.001).

Tone habituation analysis
Several participants (n=10) did not produce an SCR to any of the tones.
Previous studies have suggested that some people produce no or low
SCRs, although rates of exclusion on this basis are not often reported™’.
These ten participants were excluded from the tone habituation analy-
sis (n=3(4.8%) controlgroup, n =2 (4%) self-harmideationgroup,n=>5
(7.5%) self-harm enaction group), and the final group numbers were
n=359controls, n=48self-harmideation and n = 62 self-harm enaction.
Results from a Poisson log-linear generalized linear model (GLM)
indicated that there were significant self-harm group differences in
tone habituation rate (y*(2) = 30.41, P< 0.001) when controlling for age
and sex. Figure 2 displays these differences, showing that the self-harm
enactiongroup reported the highest habituation rate (thatis, number
of SCRs before habituating to the tones), followed by the self-harmidea-
tiongroup, thenthe control group. Wheninspecting the group differ-
encesmore closely, itis evident that the self-harm enactiongroup had a
higher habituation rate than the control group (odds ratio (OR) = 1.617;
95% confidence interval (CI) =1.3608-1.923, P< 0.001) and than the
self-harmideationgroup (OR =1.293;95% CI=1.090-1.533,P=0.003).

Psychosocial stress task analysis
Due to equipment problems during the Maastricht acute stress test
(MAST), during which some participants’ EDA measures did not save
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Fig. 2| Poisson log-linear GLM testing differences in habituation rate to
auditory tones (1-15) between the self-harm groups (n = 169). Note that

the habituation rate considers the number of tones eliciting an SCR after
threeconsecutive non-responses. x*(2) =30.41, P <0.001, adjusting for age

and sex. Controls:mean (s.d.) =3.61(2.97), n = 59; self-harm ideation: mean (s.d.)
=4.54(2.55), n=48; self-harm enaction: mean (s.d.) =5.46 (3.97), n=62.

during the stress task, five people were excluded (n =1 (1.6%) in the
control group, n =0 (0%) in the self-harm ideation group and n =4
(5.7%) in the self-harm enaction group). For this analysis, the final
groups numbered n = 61 controls, n =52 self-harmideationand n =66
self-harm enaction.

We ran two GLMs exploring the main effects for self-harm group,
phase, sex and age, and the interaction of self-harm group and phase
(Table 4 and Supplementary Table 3). Model 1 shows that there are
significant group differences in SCL, with the self-harm enaction group
exhibiting higher SCL than the control group (OR =1.219 (1.055-1.410),
P=0.007) and self-harm ideation group (OR =1.319 (1.135-1.534),
P<0.001). Figure 3 displays the mean SCL over each phase, showing
that the self-harm enaction group displays consistently higher values
than the other groups. The main model effect of phase was not sig-
nificant (Table 4); despite this, the parameter estimates suggest that
the first phase of the MAST indicates an overall higher SCL than the
final phase (OR =1.180(1.019-1.367), P= 0.03), suggesting that overall
SCL did reduce during the stress task, although this was not a large
effect (Fig. 3). An effect of age was found (OR = 0.925 (0.903-0.948),
P<0.001), suggesting that SCL decreased as age increased. There
was also an effect of sex, as males (mean = 3.13) had a higher SCL than
females (mean=2.94; OR =1.168 (1.031-1.323), P= 0.015).

Model 2 included aninteraction term between group and phase,
testing whether there were differences between the self-harm groups
over the phases of the stress task. As shownin Table 4, the interaction
was not significant, suggesting there were no differences over the
phases of the psychosocial stress task based on group membership.
Additionally, the goodness of fit indices indicated that model 1 was a
better fit for the data, suggesting that the interaction did notimprove
the model.

Correlation analysis suggested that the average SCR amplitude
generated during the tones task was moderately positively correlated
with SCL dataduring the psychosocial stress task (r=0.352, P < 0.001),
suggesting they are different but related constructs.

Itshould be noted that due to high levels of non-responding to the
emotionalimages (i.e.,no SCRs generated within 1-4 secs ofimage pres-
entation), we had concerns about the robustness of this dataand it was
decided nottoreport these findingsin the mainbody of the Article but
toincludeinthe Supplementary Information (Supplementary Table 4).

Discussion

The current study investigated the extent to which EDA, a physiologi-
calindex of emotion processing, distinguishes between young people
who have no history of self-harm and those with a history of self-harm
thoughts and those who have engaged in self-harm. We hypothesized
that dysregulation of EDA may act as avolitional factor in distinguishing
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Table 4 | GLM overall model effects and groupxphase
interaction for mean tonic SCL (square-root transformed)
during the psychosocial stress task (n=178)

Variable Model 1, main effects Model 2, groupxtime
X Py X' (P)
Group® 14.256 (<0.001) 14.279 (<0.001)
Phase® 4.8790 (0.087) 4.905 (0.086)
Age 39.244 (<0.001) 39.277 (<0.001)
Sex? 5.939 (0.015) 5.935 (0.015)
Groupxphase 0.178 (0.996)
Observations (n) 529 529
Goodness of fit
AlC® 1144.496 1152.318
BICf 1178.664 1,203.570
Omnibus test (x2)° 59.568 (<0.001) 59.746 (<0.001)

*Wald estimate chi-squared test. °Control, self-harm ideation, self-harm enaction. °Phases
of the MAST. “Sex assigned at birth (female, male). °Akaike’s information criterion. ‘Bayesian
information criterion. °Compares the fitted model against the intercept-only model.
Two-sided P value.

between thoughts of self-harm and self-harm acts. We probed this
hypothesis using several established EDA measurements: (1) the SCR
rate of habituation to auditory stimuli, (2) tonic SCL during a psycho-
social stress task and (3) the average SCR amplitude in response to
positive and negative images. The final task was notincluded in the main
analysis because of high levels of non-response. Overall, the hypothesis
was broadly supported, asin our sample of young people (16-25 years)
thoseinthe self-harmideation group differed significantly fromthose
in the self-harm enaction group in two of the primary EDA measure-
ments. Specifically, we found that those in the enaction group took
longer to habituate to the impersonal tones stimuli, and displayed a
higher tonic SCL during the phases of the psychosocial stress task than
those in the ideation group. No differences were found in the groups’
EDA responses to emotional images before and after the psychoso-
cial stress task, although some potential issues were noted with this
paradigm. Taken together, these findings suggest young people who
self-harm may experience EDA hyperreactivity (that is, a heightened
response to stimuli).

Thefinding that those in the self-harm enaction group exhibited a
slower habituation rate (hyperreactivity) compared to the control and
self-harmideation groupsis not consistent with some of the previous
researchinvestigating habituation of SCRs to auditory stimuli and sui-
ciderisk. This previous research suggests that those who have made a
suicide attempt are more likely to demonstrate afaster habituation rate
(hyporeactivity, or dampened response) compared to those who have
not made a suicide attempt®, with further research investigating the
operationalization of this marker in clinical settings to identify those
atincreased risk of suicide®. Several differences in our sample may
explainsome of these inconsistent findings. For example, we recruited
ayoung sample (16-25 years) of participants who had engaged in or
thought about self-harm, regardless of the intent of those actions,
whereas most of the previous research on EDA habituation rate and sui-
ciderisk has beenconducted with clinically depressed adults, who often
had ahistory of a‘violent’ suicide attempt™. Indeed, the majority of our
sample had engaged in non-suicidal self-harm during the previous year,
with only 12 making a suicide attempt. As self-harm serves a variety of
functions, including regulation of emotions, and is not necessarily
related to a desire to die®, the heterogeneity of motives may explain,
inpart, thisinconsistency. As noted in the meta-analysis by Bellato and
colleagues®, the type of self-harm appears to influence how the EDA
dysregulation manifests. Specifically, studies of non-suicidal self-harm
reported heightened EDA (that is, hyperreactivity) inyoung people who
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Fig. 3 | Differences in mean tonic SCL (square-root-transformed) between the
self-harm groups during the phases of the psychosocial stress task (n=177).
Score range: minimum =1.079, maximum = 5.159. Data labels report meanvalues.
Error bars represents.d. Controls: phase1,n=61,s.d.=0.77; phase 2,n=61, s.d.
=0.81; phase 3,n=61,s.d.=0.83.Self-harm ideation: phase 1,n=51,s.d.= 0.70;
phase2,n=51,s.d.=0.68; phase 3, n=51, s.d. = 0.67. Self-harmenaction: phase1,n
=65,s.d.=0.72; phase 2,n=65,s.d.=0.69; phase 3,n=63,5.d.=0.72.

had self-harmed, whereas those that included suicidal ideation and
behaviors found alowered EDA response®. Although the studiesin the
meta-analysisincluded those using emotive or stressful stimuli, it may
be that this distinction relating to suicidal or non-suicidal motives for
self-harmalso applies within the EDA habituation paradigm. This may
reflect the underlying mechanisms that drive individuals to self-harm
with and without suicidal attempt, in particular considering self-harm
asaway to help toregulate a heightened autonomic response to various
forms of stimuli. To our knowledge, our sample is younger than that
whichis typically investigated in EDA habituation studies, so, consistent
withother physiological markers suchas cortisol, where age effects are
established, hyperreactivity may transition to hyporeactivity with age.
Specifically, a meta-analysis found that the direction of the associa-
tion between cortisol response and self-harm or suicide risk seems to
reverse with age, with younger people eliciting higher cortisol levels
and older individuals exhibiting lower cortisol in stress-reactivity
paradigms®. This suggests that the physiological response to stress
changes as those atrisk of suicide age, possibly helping to explain the
apparently contradictory findings in the EDA habituation literature,
specifically that some studies have found that those atincreased risk of
suicide appear toelicit adampened electrodermal response®, whereas
the current study found an elevated EDA response (through slower
habituation) in 16-25-year-olds to the auditory stimuli, suggesting a
heightened physiological response.

Furthermore, the SCL data during the psychosocial stress task
also showed that those in the self-harm enaction group exhibited a
higher SCL during the task compared toboth those in the control and
self-harm ideation groups. This finding is consistent with some of
the previous literature that found that young people who self-harm
had higher physiological reactivity (skin conductance) during a dis-
tressing task'. However, other research found that low physiologi-
cal arousal during stress in adolescents interacted with impulsivity
to predict self-harm*, and during an emotional task, lower EDA was
observed among participants with a history of self-harm compared to
adepressed group®. These studies withinconsistent findings also uti-
lized younger adolescent samples, and, rather than measure tonic SCL
duringthe tasks, they appeared to measure non-specific SCRs. Accord-
ingly, these different EDA measures may account for the inconsisten-
cies. Additionally, we directly compared those who enacted self-harm
withthose who had thought about self-harm, and our findings suggest
thatyoung people who engage in self-harm have a different physiologi-
calresponse to stressful stimuli than those who think about self-harm,
indicating that this may be abiomarker that could distinguish between
these groups. It should be noted that the self-harm enaction group did
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have amore severe psychiatric history compared to the self-harmidea-
tion group (that is, higher rates of depression and anxiety); although
this is typical within self-harm research, it may be that some of the
effects are related to diagnostic history. Placed within the context of
the integrated motivational-volitional (IMV) model”, a predominant
model of suicidality, heightened arousal of the electrodermal system
seemstoactasavolitional factor that may underpin the transition from
thoughts to acts of self-harm.

No differences were found between the self-harm groupsin SCRs
to positive and negative images, although responding to theimages was
inconsistent and may reflect the issues around the robustness of this
paradigm or with fatigue. The images may not have been sufficiently
emotivetogenerate an SCR, particularly after the stress task when they
were exposed to the sameimages. We suggest that future research may
benefit from further exploration of emotive stimuli paradigms with
young people who self-harm.

Strengths and limitations

The current study has several strengths. First, it tested different para-
digmsintheinvestigation of electrodermal activity as a physiological
proxy foremotion regulationinyoung people who self-harm, that s, the
body’s natural physiological habituation to auditory stimuliand elec-
trodermalactivity during apsychosocial stress task. Second, the consid-
eration of study designisimportant, asin previous research there have
beeninconsistent findings; importantly this may be related to age and
sex differences, which our analysis has accounted for. Third, the study
of physiological markers for self-harmis an under-researched area, and
thisstudy acts toremedy the relative dearth of literature on this topic
with young people who have engaged in self-harm compared to those
whoreport self-harmideation only. The distinction between thought
and enactionisimportant, asitis essential to determine which factors
areimplicated inthe transition of thoughts of self-harmto enaction of
self-harm, thus better informing the identification of and intervention
withthose atrisk. To this end, this study suggests that the dysregulation
of the electrodermal system is one such potential biomarker.

It should also be noted that the current study had several limita-
tions. First, as aresult of COVID-19, recruitment targets were not met,
and there were challenges around recruiting equal numbers of males
and females, especially to the self-harm enaction group. Addition-
ally, we did not collect data on participants’ culture or geographic
background, which may impact generalizability. Second, there is a
lack of consensusin how to approach the measurement of EDA and the
transformation of these measurements for analysis, with suggestions
thatall techniques have their own limitations'. In the current study, the
datawere square-root-transformed as this method was more effective
inreducing the skew and kurtosis in the data, but some other studies
have used logarithmic transformation®. Additionally, similar to other
research, we found SCRs did not always occur linearly in response to
each stimulus presentation, which may resultin some selection bias*®.
Furthermore, many previous studies do not report exclusions due
to non-responses to the stimuli*’, and therefore we were unable to
establish the extent to which our exclusion rates were comparable.
The field should agree aconsensus on how best to measure, transform
and report EDA data. It should also be noted that the self-harm enac-
tion group had a more severe psychiatric history than the self-harm
ideation group; although this is typical within such studies, it may be
thatsome of the effects are related to diagnostic history. Finally, we did
not measure any other physiological indicators of the stress response
(that is, heart rate or cortisol). However, as evidence suggests that
stress induction may influence areas of the autonomic nervous system
differently in those who self-harm?, future research should integrate
these, alongside EDA, to determine the nature of these relationships.
Despite these limitations, however, the current study adds considerably
to the literature exploring dysregulation in physiological responses
for those at risk of suicide.

Clinical implications

The hyperreactivity evident in young people who self-harm may rep-
resent a dysregulated response to stressful and auditory stimuli, and
as such may represent an underlying function of enacting self-harm,
as the young person aims to regulate their stress response. A greater
understanding of physiological mechanisms such as this could aid in
the clinicalinterpretation of how and why self-harm manifestsinsome
young people but not in others, and help inform how best this can be
managed. This elevated response could also be used to potentially
identify who may be at increased risk for self-harm, and to aid in the
provision of early intervention to reduce self-harm risk. Although a
potentially useful biomarker, it may be difficult toimplement EDA meas-
urements within clinical settings, so more considerationis requiredin
terms of the implementation of such biomarkers clinically.

As EDA is proposed to be a physiological proxy of emotional
arousal, its dysregulation reflects a heightened or dampened sym-
pathetic activation, highlighting that how an individual copes with
dysregulated arousal may be important for emotion regulation®. Evi-
dencesuggests that adolescents and adults who report poor emotion
regulationalso report higher suicidalideation and suicide attempts™.
However, emotion self-regulation strategies have been successful
in modulating EDA, and this voluntary regulation of EDA is linked to
cognitive reappraisal and the activation of prefrontal brain regions®.
Cognitive reappraisal is a strategy that involves changing one’s inter-
pretation of asituation to modulate its emotionalimpact, and the use
of emotion-regulation strategies is associated with reduced auto-
nomic arousal levels and EDA activity*. For example, while watching
emotional film clips, participants’ SCL responses were found to be
influenced by emotion-suppressionstrategies*’, and those exhibiting
high levels of anxiety around maths used cognitive reappraisal tech-
niquesto reduce the negative association between higher physiological
arousal and poorer accuracy in maths*. Therefore, emotion-regulation
strategies may be important in regulating EDA and potentially for
self-harm management.

Another potential application of the findingsis to utilize an indi-
vidual’s EDA as a means of recognizing how the body responds to
emotional arousaland then employ techniquesto adapt this response.
For example, biofeedback may be useful in this regard. Biofeedback is
anon-invasive bio-behavioral approachwhere anindividual trains to
achieve volitional control over an autonomous bodily process; with
evidence that biofeedback interventions (primarily using electro-
encephalographic neurofeedback) can reduce symptoms in clinical
populations®. Other studies have used EDA biofeedback, by using
biofeedback to successfully attempt to manipulate the sympathetic
activation of the skin that is associated with emotional arousal*.
Indeed, EDA biofeedback training has been used as a treatment for
managing eating disorders*, anxiety/stress** and depersonaliza-
tion disorder®. This strategy may be adapted for self-harm, for
example, as an additional non-invasive treatment for young people
who self-harm to recognize, monitor and control their dysregulated
physiological arousal.

Conclusions

There is a need to better understand the factors associated with
self-harminyoung people, with greater attention on the physiological
biomarkers of self-harmrisk long overdue. The current study suggests
that young people who have a history of self-harm exhibit aheightened
electrodermal response to both stressful and non-stressful stimuli
compared to those who have no history of self-harm and those who
have only thought about self-harm. Therefore, this finding advances our
understanding of akey physiological mechanism, or biomarker, poten-
tially underpinning the transition from thoughts to acts of self-harm.
Clinically, this could help us to better identify young people who are
at higher risk of self-harm, and to inform the development of future
basic science and treatment studies.
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Methods

Participants and recruitment

This study adopted a quasi-experimental approach, as groups were pre-
defined and not randomized*®. Ethical approval was granted from the
University of Glasgow’s College of Medical, Veterinary & Life Sciences
(MVLS) ethics board (200180180). The study was not preregistered,
butananalysis plan was submitted with the grant application.

Three groups of participants were recruited: a control group
with no self-harm history, a self-harmideation group witha history of
thoughts, but no enactment of self-harm ever, and a self-harm enac-
tion group who had harmed themselves within the past 12 months.
Aflow chartoutlining those potential participants who were excluded
during screening and recruitment is displayed in Fig. 1. After exclu-
sions due to non-response (n = 3), equipment problems (n=3) or
self-harm history (n =1; seven excluded in total, n=2 control,n=2
self-harmideation, n = 3 self-harm enaction), the final group numbers
were: n =62 control, n = 51 self-harm ideation and n = 67 self-harm
enaction groups.

A full breakdown of the demographic characteristics of each
group is outlined in Table 1. Sex was self-reported as ‘sex assigned
at birth’, due in part to the biological nature of the study. Ethnicity
was self-reported. It should be noted that recruitment was adversely
affected by COVID-19, as it was halted as a result of the lockdown
periods, and it was slower than we anticipated when the COVID-19
restrictions were eased and then lifted. Participant recruitment was
delayed because of COVID-19, with recruitment beginning following
the final COVID-19 lockdown in July 2021. Some participants (n =19)
were recruited when wearing face coveringsin public places (including
classrooms) was alegal requirement in Scotland (this restriction was
lifted on 18 April 2022). Throughout recruitment, participants were
informed that masks were optional, but it was not recorded whether
they wore a face covering or not.

Participants were recruited using arange of approaches, includ-
ing via online advertisements (for example, social media), adver-
tisements placed in the community (for example, local colleges,
psychology participant pool) and by contacting relevant organiza-
tions to share the study details (for example, Penumbra self-harm net-
work, Bipolar Scotland, MQ Mental Health). Those who expressed an
interestin the study completed a short online screening tool assess-
ing their eligibility, which included questions about their self-harm
history and health conditions that may make them ineligible for
the cold pressor test and the physiological measures (for example,
heart conditions, diabetes, epilepsy, Reynaud’s syndrome), and
provided their contact details and a suitable contact time. Research-
ers then contacted potentially eligible participants by telephone
to complete a brief screening, where their current self-harm and
mental health history was assessed. Self-harm ideation was assessed
with the question ‘Have you ever had thoughts of purposely hurting
yourself whether or not you wanted to die?’ and self-harm enaction
was assessed with ‘Have you ever hurt yourself purposely whether
or not you wanted to die?’. Both were followed with ‘If so, when was
the last time?’. Participants were eligible to take part if they had no
history of self-harm ideation or enaction or any mental health diag-
nosis (controls), if they had self-harmideationin the past 12 months
but had never enacted (self-harm ideation group) and if they had
enacted self-harminthe past 12 months (self-harm enaction). When
a participant met the eligibility criteria, an appointment was made
for the participant to visit the Mindstep Health Lab at the University
of Glasgow. Those who took part received £30 as compensation for
their time. Anyone ineligible to take part (through the online or phone
screening) was thanked for their time and sent asupportsheet listing
the contact details of relevant organizations. Those who expressed
recent self-harmideation or behaviors were asked about their current
desiretolive, and arisk assessment and safety plan was conducted if
they were deemed at risk.

Procedure

During thelab appointment (Supplementary Fig.1provides the study
flow chart), participants were asked to read an information sheet and
thensigned aconsent formto agreetotake partinthestudy. They were
told they could stop participation at any time without giving areason.
The experimental procedure included several phases: (1) a familiari-
zation and baseline measurement phase, (2) a tonal habituation task
phase, (3) an emotional images task phase and (4) a psychosocial stress
task phase. Finally, participants were interviewed to assess their history
of mental health disorders and self-harm (including with and without
suicidalintent).

Electrodermal activity recording

Participants were familiarized with the EDA recording equipment.
Two surface Ag/AgCl disposable electrodes were attached to the par-
ticipants’ non-dominant hand (distal phalanges of the first and second
fingers) to measure EDA throughout the experiment. The units used
for measuring EDA electrical conductance are microsiemens (uS),
with typical skin conductance levels in the range of 2-20 S (ref. 19).
For data acquisition, a BIOPAC MP160 module with an EDA1I0OC-MRI
Smart Amplifier was linked to a laptop using AcqKnowledge (version
5.0.5) software to process the EDA signal (Biopac Systems). The sam-
pling rate was 25 Hz and the gain 2 pS V7, the low-pass filter was set at
1Hzand the high-pass filter at 0.05 Hz.

Baseline measurements

After familiarization with the EDA equipment, baseline recordings
(3 min) of average SCL and the average amplitude of the NS-SCR were
taken while participants viewed a neutral image (a black X on a white
background). During this time, participants were instructed to rest
their hand with the EDA electrodesin asupine position onthe armrest
and to moveit as little as possible.

Tonal habituation task

Thistask usesimpersonal tonesto elicit the participants’ natural SCRs
toauditory stimuli. Based onasimilar procedure to that outlinedinref.
29, aseries of 15 moderately loud sinus tones (80 dB, 1kHz,1-s duration)
atvarying interstimulus intervals (15,20 and 25 s) were administered
to the participants via headphonesin a sequence that appeared to be
random to the participant. An SCR to a tone must occur within 1-4 s
after tone onset and have aminimum amplitude of 0.05 pS. Consistent
with previous research™”, the habituation rate was the number of the
stimulus (thatis, 1-15 tones) that produced the last SCR amplitude, and
where no other SCR had been detected over three subsequent stimuli.
Using AcqKnowledge (version 5.0.5) software, SCRs were identified and
exportedto Excel, and habituation rates were calculated (range 1-15).

Psychosocial stress task

The MAST* was used to stimulate physiological stress responses. It
includes five socially evaluated cold pressor trials where participants
immerse their dominant hand in an ice-cold water bath for varying
durations (60-90 s) over a 10-min time span. Between trials, partici-
pants are instructed to perform mental arithmetic as quickly and as
accurately as possible, and receive negative feedback on their per-
formance when mistakes are made. To heighten the social evalua-
tion component, participants are falsely informed that they are being
videotaped throughout for facial expression analyses. Throughout the
stress task, consistent with previous research, SCLs are measured'”,
and datafromthree time points are extracted to determine differences
inthe pattern of electrodermal responding. Specifically, average SCLs
are measured at three time periods (epochs lasting 90 s) at the start,
middleandend of the task to establishhow SCL changes over the course
of the stress task for each group. The data were exported and epochs
derived using PhysioData Toolbox (version 0.6.3)*® analyzers, which
allow for the SCL signal to be low-pass-filtered (with shock removal) and
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smoothed by resampling the filtered signal with a 20-Hz time vector.
The typical range for tonic SCLis between 2 pSand 20 pS (ref. 35). Tobe
conservative we excluded individuals withan average SCLbelow1 S,
with one participant excluded based on this criterion.

Emotional images

Participants were exposed to a series of 21 images selected from the
International Affective Picture System (IAPS)*’, before and after the
psychosocial stress task (MAST). The images are designed to create
anemotional response, and images from each of the valence (positive,
neutral, negative) x arousal (high, low) categories were chosen. Images
were presented inarandomized order to each participant at each time
point. Like the tones task, any SCR that occurred within1-4 sof image
presentation was recorded as an EDA response to the image. An aver-
age SCR amplitude was calculated for positive, negative and neutral
images at both time points, to assess whether the stress task had an
impact uponresponses to the images.

Diagnostic and self-harm history interview

Psychiatric history was assessed witha question directly asking whether
they had ever received a mental health diagnosis. If yes, participants
were given options for their diagnosis and could select as many as
they felt applied: depression, ADHD, problems with irritability or
anger, manic depression, mania or bipolar disorder, anxiety disorders
(including panic attacks), problems with alcohol or drugs and any other
emotional problems.

Self-harm history was assessed using the Self-Injurious Thoughts
and Behaviours Interview (SITBI)*°, a structured interview used to
assess the presence, frequency and characteristics of self-injurious
thoughts and behaviors, including suicidalideation, suicidal attempts
and non-suicidal self-injury. The SITBlis awidely used measure demon-
strating good interrater reliability, test-retest reliability and concur-
rent validity with young people®™.

Statistical analysis

All analysis was conducted using SPSS version 29°'. No missing data
were imputed. De-identified data and code for the current analysis
has been made available on the Open Science Framework (https://
osf.io/g8ejf/). The literature suggests that SCL tonic data should be
transformed to reduce skew and kurtosis in the data and adjust for
individual differences'. A distribution is approximating normality
if skewness or kurtosis (excess) values are between -1 and +1 (ref.
52). The literature recommends that logarithmic or square-root
transformations are suitable to be applied to SCL data®. Although
the data did not indicate extreme skew, some kurtosis was evident
(Supplementary Table 1), and it was decided to transform the data as
per the recommendations in the literature. Upon performing both
logarithmic and square-root transformations, we found that the skew
and kurtosis values better approximate normality with the square-root
transformation (Supplementary Table 1). Therefore, SCL data were
square-root-transformed, which had the additional benefit of removing
some of the individual differences in SCL within the data, and guid-
ance suggests that further adjustment for individual differences can
be problematic and may not be necessary™. A similar procedure was
applied to the SCR data in the emotional images task. Furthermore, a
sensitivity analysis suggested that the results were similar, regardless
ofthe transformation adopted (Supplementary Table 2).

Baseline measurement

We tested for initial baseline differences within the SCL tonic and
NS-SCRs (that is, SCRs generated in the absence of stimuli) amplitude
data to identify whether there were any individual level differences
between the groups before any stimuli presentation, using one-way
ANOVA; where applicable, Bonferroni post hoc corrections would
also be applied. Sex (assigned at birth; male, female) differences in

baseline SCL and NS-SCR amplitudes were also investigated using
one-way ANOVA. Furthermore, we conducted a correlational analysis
to establish whether baseline SCL and NS-SCR amplitude data were
significantly associated and in which direction.

Auditory tones task

The outcome measure for the tones task was the habituation rate
(range 1-15) for each participant, that is, the number of tones eliciting
anSCRwithin1-4 s, before three consecutive non-responses. GLM was
used totest for differences between the self-harm groupsin the tones
task habituation rate, and analysis was adjusted for sex and age. GLM
isan umbrella term that encompasses several models, expanding the
generallinear model so that the dependent variableis linearly related
to the factors and covariates via a specified link function. This allows
for the outcome variable (¥) to have an error distribution other thana
normal distribution; it extends linear models to allow count variables,
and it is useful when the data are clustered, for example, repeated
observations of the same participants®. The output for modelsincludes
goodness-of-fit statistics (AIC and BIC), model effects (chi-squared)
and parameter estimates, such as ORs. For the tone habituation task
analysis, a Poisson log-linear model was selected, where the Poisson
distribution is the number of occurrences of an event of interest, and
thelog link function transforms the count variable for analysis.

Psychosocial stress task

To test for self-harm group differences during the MAST, filtered SCL
tonic data from three 90-s phases from the start, middle and end of
the task were extracted using PhysioData Toolbox. The overall mean
SCL during these phases of the MAST was calculated, and the self-harm
groups were compared using multilevel linear GLM with the identity
link function (as data have already been transformed). Within the
modelsweincluded the covariates of age, sex and phase (three levels)
of the task. Interaction for the self-harm groups with phase of the task
was added to the GLMin a further model. The overall model effects for
the variables and interactions are reported for each model in Table 4,
and the ORs for each of the categorical variables in relation to tonic
SCL are reported in Supplementary Table 3. Finally, we conducted
a correlation analysis to establish the association between the SCR
amplitudes generated during the tones task and the SCL during the
phases of the stress task.

Emotional images task

Animage mustelicitan SCR within1-4 s of image presentation, and the
mean SCRamplitude inresponse to both positive (n = 7) and negative
(n=7) images was calculated. As with previous measurements, SCR
amplitudes were square-root-transformed. GLM was used to test for
differences between the self-harm groupsin the mean SCR amplitude
inresponse to negative and positive images, and this included a time
variable for before and after the psychosocial stress task. A linear
model was selected, because the SCR amplitude is a continuous vari-
able. All analyses were adjusted for sex and age. However, there were
highlevels of non-responding, that is, participants not generating any
SCRs, or only one or two SCRs, to the negative or positive images, and
as we use an average SCR as the outcome, we were concerned about
the robustness of these data. Specifically, post the stress task, n= 67
(37%) participants generated fewer than two SCRs to the 14 positive
and negative images (a 14.2% response rate). Often, responses were
not generated to either negative or positive images, so calculating an
average score was compromised. It may be that the images were not
sufficiently emotive, particularly given the repetition after the stress
task. Consequently, we decided not toreport these findings in the main
body of the Article but toinclude these analyses in the Supplementary
Information (Supplementary Table 4). For the analysis, in theinterests
of completeness, we included all participants who elicited at least one
SCRto a positive or negative image (n =131), and, on performing a
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sensitivity analysis, excluding those who did not respond to more than
oneimage (n=110), we found the results were the same.

Power calculation

Using a power calculation, based on previous research™, with an effect
size of Cohen’sd = 0.47, with 0.80 power, alphaset at 0.05and assuming
awithin participants correlation of 0.50, it was calculated that we would
need 72 participants per group toidentify aninteractionbetween group
and time. As noted, this was not achieved for each group, which may
suggest that theinteraction analysis may be underpowered. However,
to identify main effects, asample size of 52 participants was required,
so there was likely sufficient power to identify main effects.

Reporting Summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
De-identified data for this paper have been made available on the Open
Science Framework (https://osf.io/g8ejf/).

Code availability

No custom code was developed for this paper.

References

1. National Institute for Health and Care Excellence. Self-harm:
assessment, management and preventing recurrence [NG225]
https://www.nice.org.uk/guidance/ng225 (2022).

2. Xiao, Q., Song, X., Huang, L., Hou, D. & Huang, X. Global
prevalence and characteristics of non-suicidal self-injury between
2010 and 2021 among a non-clinical sample of adolescents: a
meta-analysis. Front. Psychiatry 13, 912441 (2022).

3. Nock, M. K., Prinstein, M. J. & Sterba, S. K. Revealing the form
and function of self-injurious thoughts and behaviors:

a real-time ecological assessment study among adolescents
and young adults. J. Abnorm. Psychol. 118, 816-827
(2009).

4. Taylor, P. J. et al. A meta-analysis of the prevalence of different
functions of non-suicidal self-injury. J. Affect. Disord. 227,
759-769 (2018).

5. Lindgren, B.-M., Wikander, T., Neyra Marklund, |. & Molin, J.

A necessary pain: a literature review of young people’s
experiences of self-harm. Issues Ment. Health Nurs. 43,
154-163 (2022).

6. O’Connor, R. C. & Nock, M. K. The psychology of suicidal
behaviour. Lancet Psychiatry 1, 73-85 (2014).

7. Witt, K. G. et al. Psychosocial interventions for self-harm in adults.
Cochrane Database Syst. Rev. 4, Cd013668 (2021).

8. Bettis, A. H., Liu, R. T., Walsh, B. W. & Klonsky, E. D. Treatments
for self-injurious thoughts and behaviors in youth: progress and
challenges. Evid. Based Pract. Child Adolesc. Ment. Health 5,
354-364 (2020).

9. Kaess, M. Advancing a temporal framework for understanding
the biology of nonsuicidal self- injury: an expert review. Neurosci.
Biobehav. Rev. 130, 228-239 (2021).

10. Klonsky, E. D., Saffer, B. Y. & Bryan, C. J. Ideation-to-action theories
of suicide: a conceptual and empirical update. Curr. Opin.
Psychol. 22, 38-43 (2018).

1. O’Connor Rory, C. &Kirtley Olivia, J. The integrated motivational-
volitional model of suicidal behaviour. Phil. Trans. R. Soc. B 373,
20170268 (2018).

12. Branley-Bell, D. et al. Distinguishing suicide ideation from
suicide attempts: further test of the integrated motivational-
volitional model of suicidal behaviour. J. Psychiatr. Res. 117,
100-107 (2019).

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Wetherall, K. et al. From ideation to action: differentiating
between those who think about suicide and those who attempt
suicide in a national study of young adults. J. Affect. Disord. 241,
475-483 (2018).

Nock, M. K. & Mendes, W. B. Physiological arousal, distress
tolerance and social problem-solving deficits among adolescent
self-injurers. J. Consult. Clin. Psychol. 76, 28-38 (2008).
Sarchiapone, M. et al. The association between electrodermal
activity (EDA), depression and suicidal behaviour: a systematic
review and narrative synthesis. BMC Psychiatry 18, 22 (2018).
Thompson, R. A. & Virmani, E. A. in Encyclopedia of Human
Behavior 2nd edn (ed. Ramachandran, V. S.) 504-511 (Academic,
2012); https://doi.org/10.1016/B978-0-12-375000-6.00339-6
Brudzynski, S. M., Silkstone, M. J. D. & Mulvihill, K. G. in Handbook
of Ultrasonic Vocalization: A Window into the Emotional Brain

(ed. Brudzynski, S. M.) 239-251 (Elsevier, 2018); https://doi.org/
10.1016/B978-0-12-809600-0.00023-8

Tyng, C. M., Amin, H. U., Saad, M. N. M. & Malik, A. S. The
influences of emotion on learning and memory. Front. Psychol. 8,
1454 (2017).

Braithwaite, J. J., Watson, D. G., Jones, R. & Rowe, M. A Guide

for Aanalysing Electrodermal Activity (EDA) & Skin Conductance
Responses (SCRs) for Psychological Experiments Technical Report,
2nd version (Selective Attention & Awareness Laboratory (SAAL)
Behavioural Brain Sciences Centre, 2015).

Boucsein, W. et al. Publication recommendations for
electrodermal measurements. Psychophysiology 49, 1017-1034
(2012).

Bellato, A., Sesso, G., Milone, A., Masi, G. & Cortese, S. Systematic
review and meta-analysis: altered autonomic functioning in
youths with emotional dysregulation. J. Am. Acad. Child Adolesc.
Psychiatry 63, 216-230 (2024).

Sistiaga, S., Bodart, A., Sequeira, H. & Campanella, S. Emotion
regulation assessment: a new perspective using simultaneous
electroencephalographic and electrodermal recordings. Clin.
EEG Neurosci. 56, 295-304 (2025).

Aldrich, J. T., Wielgus, M. D. & Mezulis, A. H. Low physiological
arousal and high impulsivity as predictors of self-injurious
thoughts and behaviors among adolescents. J. Adolesc. 62,
55-60 (2018).

Tatnell, R., Hasking, P., Lipp, O. V., Boyes, M. & Dawkins, J.
Emotional responding in NSSI: examinations of appraisals of
positive and negative emotional stimuli, with and without acute
stress. Cogn. Emot. 32, 1304-1316 (2018).

Crowell, S. E. et al. Differentiating adolescent self-injury from
adolescent depression: possible implications for borderline
personality development. J. Abnorm. Child Psychol. 40, 45-57
(2012).

Fitzpatrick, S., Zeifman, R., Krantz, L., McMain, S. & Kuo, J. R.
Getting specific about emotion and self-inflicted injury: an
examination across emotion processes in borderline personality
disorder. Arch. Suicide Res. 24,102-123 (2020).

Tuna, E. & Gengdz, T. Pain perception, distress tolerance and
self-compassion in Turkish young adults with and without a history
of non-suicidal self-injury. Curr. Psychol. 40, 4143-4155 (2021).
Bellato, A. et al. Autonomic dysregulation and self-injurious
thoughts and behaviours in children and young people: a
systematic review and meta-analysis. JCPP Adv. 3, €12148 (2023).
Jandl, M., Steyer, J. & Kaschka, W. P. Suicide risk markers in

major depressive disorder: a study of electrodermal activity and
event-related potentials. J. Affect. Disord. 123, 138-149 (2010).
Gold, A. K., Kredlow, M. A., Orr, S. P., Hartley, C. A. & Otto, M.

W. Skin conductance levels and responses in Asian and White
participants during fear conditioning®. Physiol. Behav. 251, 113802
(2022).

Nature Mental Health | Volume 3 | November 2025 | 1374-1383

1382


http://www.nature.com/natmentalhealth
https://osf.io/g8ejf/
https://www.nice.org.uk/guidance/ng225
https://doi.org/10.1016/B978-0-12-375000-6.00339-6
https://doi.org/10.1016/B978-0-12-809600-0.00023-8
https://doi.org/10.1016/B978-0-12-809600-0.00023-8

Article

https://doi.org/10.1038/s44220-025-00520-5

31. Thorell, L. H. Valid electrodermal hyporeactivity for depressive
suicidal propensity offers links to cognitive theory. Acta Psychiatr.
Scand. 119, 338-349 (2009).

32. Sarchiapone, M. et al. EUDOR—a multi-centre research program:
a naturalistic, European Multi-centre Clinical study of EDOR Test
in adult patients with primary depression. BMC psychiatry 17, 108
(2017).

33. Klonsky, E. D. The functions of deliberate self-injury: a review of
the evidence. Clin. Psychol. Rev. 27, 226-239 (2007).

34. O’Connor, D. B., Ferguson, E., Green, J. A., O'Carroll, R. E. &
O’Connor, R. C. Cortisol levels and suicidal behavior: a
meta-analysis. Psychoneuroendocrinology 63, 370-379 (2016).

35. Dawson, M. E., Schell, A. M. & Filion, D. L. in Handbook of
Psychophysiology 4th edn (eds Cacioppo, J. T. et al.) 217-243
(Cambridge Univ. Press, 2016); https://doi.org/10.1017/
9781107415782.010

36. Pizzie Rachel, G. & Kraemer David, J. M. The association between
emotion regulation, physiological arousal, and performance in
math anxiety. Front. Psychol. 12, 639448 (2021).

37. Goreis, A. et al. Attentional biases and nonsuicidal self-injury
urges in adolescents. JAMA Netw. Open 7, €2422892 (2024).

38. Colmenero-Navarrete, L., Garcia-Sancho, E. & Salguero, J. M.
Relationship between emotion regulation and suicide ideation
and attempt in adults and adolescents: a systematic review.
Arch. Suicide Res. 26,1702-1735 (2022).

39. Urry, H. L., van Reekum, C. M., Johnstone, T. & Davidson, R. J.
Individual differences in some (but not all) medial prefrontal
regions reflect cognitive demand while regulating unpleasant
emotion. Neuroimage. 47, 852-863 (2009).

40. Gross, J. J. Antecedent- and response-focused emotion
regulation: divergent consequences for experience, expression
and physiology. J. Pers. Soc. Psychol. 74, 224-237 (1998).

41. Schoenberg, P. L. & David, A. S. Biofeedback for psychiatric
disorders: a systematic review. Appl. Psychophysiol. Biofeedback
39, 109-135 (2014).

42. Critchley, H. & Nagai, Y. in Encyclopedia of Behavioral Medicine
(eds Gellman, M. D. & Turner, J. R.) 666-669 (Springer, 2013);
https://doi.org/10.1007/978-1-4419-1005-9_13

43. Pop-Jordanova, N. Psychological characteristics and biofeedback
mitigation in preadolescents with eating disorders. Paediatr. Int.
42,76-81(2000).

44. Khanna, A., Paul, M. & Sandhu, J. S. Efficacy of two relaxation
techniques in reducing pulse rate among highly stressed females.
Calicut Med. J. 5, e2 (2007).

45. Schoenberg, P. L. A., Sierra, M. & David, A. S. Psychophysiological
investigations in depersonalization disorder and effects of
electrodermal biofeedback. J. Trauma Dissociation 13, 311-329
(2012).

46. Harris, A. D. et al. The use and interpretation of
quasi-experimental studies in medical informatics. J. Am. Med.
Inform. Assoc. 13, 16-23 (2006).

47. Smeets, T. et al. Introducing the Maastricht Acute Stress
Test (MAST): a quick and non-invasive approach to elicit
robust autonomic and glucocorticoid stress responses.
Psychoneuroendocrinology 37, 1998-2008 (2012).

48. Sjak-Shie, E. PhysioData Toolbox version 0.6.3 (2022);
https://PhysioDataToolbox.leidenuniv.nl

49. Lang, P. J., Bradley, M. M. & Cuthbert, B. N. International Affective
Picture System (IAPS) (APA PsycTests, 2005).

50. Nock, M. K., Holmberg, E. B., Photos, V. |. & Michel, B. D.
Self-Injurious Thoughts and Behaviors Interview: development,
reliability and validity in an adolescent sample. Psychol. Assess.
19, 309-317 (2007).

51. BM Corp. IBM SPSS Statistics for Windows version 29.0.2.0
(IBM Corp).

52. Mishra, P. et al. Descriptive statistics and normality tests for
statistical data. Ann. Card. Anaesth. 22, 67-72 (2019).

53. Rabe-Hesketh, S. & Skrondal, A. in International Encyclopedia of
Education 3rd edn (eds Peterson, P. et al.) 171-177 (Elsevier, 2010);
https://doi.org/10.1016/B978-0-08-044894-7.01332-4

Acknowledgements

We acknowledge those who contributed to this research, including
the participants who took part in this study and the organizations that
helped to promote the study. R.C.O.C., KW. and S.C. disclose support
for the research of this work from Medical Research Foundation (MRF)
Eating Disorder & Self Harm Research Grant (grant no. MRF-058-
0013-RG-OCON, R.C.0.C.) and The Mindstep Foundation (R.C.O.C.).
The funders had no role in study design, data collection and analysis,
decision to publish or preparation of the manuscript.

Author contributions

Conceptualization was provided by R.C.O.C.,KW.,S.C., E.F.,ET. and
M.K.N. Methodology was established by R.C.0.C., KW. and S.C. Formal
analysis was carried out by KW., R.C.O.C., S.C. and J.M. Investigations
were conducted by S.C., N.B., K.J.L., S.M. and M.E.E. The original draft
was written by K.W. and R.C.O.C. Review and editing of the paper were
carried out by KW., R.C.O.C,, SC.,N.B.,, JM., E.F,,ET, M.K.N., K.J.L.,
S.M.and M.E.E.

Competinginterests
The authors declare no competing interests.

Additional information
Supplementary information The online version
contains supplementary material available at
https://doi.org/10.1038/s44220-025-00520-5.

Correspondence and requests for materials should be addressed to
Karen Wetherall.

Peer review information Nature Mental Health thanks Alessio Bellato
and the other, anonymous, reviewer(s) for their contribution to the
peer review of this work.

Reprints and permissions information is available at
www.nhature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2025

Nature Mental Health | Volume 3 | November 2025 | 1374-1383

1383


http://www.nature.com/natmentalhealth
https://doi.org/10.1017/9781107415782.010
https://doi.org/10.1017/9781107415782.010
https://doi.org/10.1007/978-1-4419-1005-9_13
https://PhysioDataToolbox.leidenuniv.nl
https://doi.org/10.1016/B978-0-08-044894-7.01332-4
https://doi.org/10.1038/s44220-025-00520-5
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s):  Dr Karen Wetherall

Last updated by author(s): Jul 1, 2025

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXO O O00000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  AcgKnowledge (version 5.0.5) software was used to to process the EDA signal (Biopac Systems Inc., Goleta, CA, USA). No other software or
code was used to collect the data.

Data analysis The skin conductance levels data were exported and epochs derived using PhysioData Toolbox (Version 0.6.3; Sjak-Shie, 2022). Analysis was
conducted using SPSS version 29 (IBM Corp, 2023) and no original code was generated.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

De-identified data for the current analysis has been made publicly available on the Open Science Framework (https://osf.io/g8ejf/).




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex was self-report, Participnats were asked 'What was your sex assigned at birth?’, due in part to the biological nature of the
study it was decided to focus on biological sex rather than gender. Sex is reported in the main demographics table. Sex was
added as a covariate in all analysis.

Reporting on race, ethnicity, or  Ethnicity was self-reported, and assessed with this question: '"What is your ethnic group?'
other socially relevant Due to very small numbers of non-white or Asian participants, in the demographics table this was reduced to: Asian/British
groupings Asian, White and Other. Ethnicity was not included as a covariate.

Education and employment were also reported.

Population characteristics See below. Continuous age was included as a covariate in all analysis and is reported in the main demographics table

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Recruitment Participants were recruited using a range of approaches, including via online advertisements (e.g., social media),
advertisements placed in the community (e.g., local colleges, psychology participant pool) and by contacting relevant
organisations to share the study details (e.g., Penumbra self-harm network, Bipolar Scotland, MQ Mental Health). Those who
expressed an interest in the study completed a short online screening tool assessing their eligibility, which included questions
about their self-harm history and health conditions that may make them ineligible for the cold pressor test and the
physiological measures (e.g., heart conditions, diabetes, epilepsy, Reynaud’s syndrome). Bias in recruitment may be from
exposure to the desired population, as not everyone who has a history of self-harm will have been approached.

Ethics oversight Ethical approval was granted from the University of Glasgow’s College of Medical, Veterinary & Life Sciences (MVLS) ethics
board (200180180).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.
Study description Quasi-experimental case control study (quantative data)

Research sample In total, n=180 18-25 year olds took part in the study, demographics included: mean age was 21 years, 60% female, 50% White,
56.7% degree educated. The sample was not representative of the broader population, as specific self-harm histories were recruited
to test for differences in physiological responses.

Three groups of young people (18-25 years) were recruited: a control group with no self-harm (SH) history, a self-harm (SH) ideation
group with a history of thoughts, but no enactment of SH ever, and a self-harm (SH) enaction group who had harmed themselves
within the past 12 months. The final group numbers were: n=62 control, n=51 SH ideation, n=67 SH enaction groups.

Sampling strategy Convienence sampling was used as we used adverts online and in the community. Using a power calculation, based upon previous
research (Nock & Mendes, 2008), with an effect size of d = .47, with .80 power, alpha set at .05 and assuming a within participants
correlation of .50, it was calculated that we would need 72 participants per group to identify an interaction between group and time.
As noted, this was not achieved for each group, which may indicate that the interaction analysis may be underpowered. However, to
identify main effects, a sample size of 52 participants was required, therefore, was likely sufficient power to identify main effects.

Data collection Written informed consent was obtained from all participants prior to study commencement.
EDA recording equipment. Two surface Ag/AgCl disposable electrodes were attached to the participants’ non-dominant hand (distal
phalanges of the first and second fingers) to measure electrodermal activity (EDA) throughout the experiment. The units used for
measuring EDA electrical conductance are microsiemens (uS), with typical skin conductance levels in the range of 2-20 uS
(Braithwaite et al., 2015). For data acquisition, a BIOPAC MP160 module with an EDA100C-MRI Smart Amplifier was linked to a laptop
using Acgknowledge (version 5.0.5) software to process the EDA signal (Biopac Systems Inc., Goleta, CA, USA). The sampling rate was
25 Hz, gain 2 uS/V, low pass filter set at 1 Hz and a high pass filter set to 0.05 Hz.

Experimenter was not blind. They were in the room with the participant for the duration. Diagnosis and suicide history data was
collected by the experimenter using pen and paper and this data was later processed.

Timing Start: 13.12.2021
End: 31.08.23
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