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Abstract: Non-suicidal Self-injury (NSSI) is a relevant clinical problem with high prevalence rates in
adolescence. Despite the high numbers of individuals with NSSI, the neurobiological background is still poorly
understood. This review aims to present an overview from different fields of neurobiological research. Results
from neuroimaging studies, as well as from studies on neurotransmitters, point to an insufficient stress response.
Analgesia and hypalgesia are often reported from individuals with repetitive NSSI, supporting neurobiological
alterations. Therefore NSSI can be understood as a coping strategy that serves to down-regulate high
experienced emotions.
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which an individual deliberately did one or more of
the following: Initiated behaviour (for example, selfcutting, jumping from a height), which they intended
to cause self-harm, ingested a substance in excess of
the prescribed or generally recognised therapeutic
dose, ingested a recreational or illicit drug that was an
act that the person regarded as self-harm, ingested a
non-ingestible substance or object.” (Madge et al.,
2008). However, since NSSI is a risk factor for
subsequent suicide attempts (Nock et al., 2006;
Andover et al., 2012), the neurobiological background
of these clinical phenomena may be comparable.
Studies on NSSI in adolescence suggest prevalence
rates between 3.7% one-year prevalence and 37.2%
lifetime prevalence (Plener et al., 2010). In a recent
review of 53 studies published between 2005 and
2011 on adolescent NSSI, a mean lifetime prevalence
rate of 18% was reported (Muehlenkamp et al., 2012).
NSSI has to be understood as transient phenomenon,
since the first large longitudinal study showed a
decrease of self harming behaviour in young
adulthood (Moran et al., 2012).

Non-suicidal Self-injury (NSSI) is defined
as repetitive, intentional, direct injury of one’s body
tissue without suicidal intent, that is not socially
accepted (Lloyd-Richardson et al., 2007). In current
classificatory systems (DSM-IV-TR and ICD-10),
NSSI is coded as a symptom of Borderline
Personality Disorder (BPD). Due to its occurrence in
individuals
without
BPD
or
any
other
psychopathology, there is an ongoing discussion to
integrate NSSI as autonomous diagnosis in the
upcoming DSM-5 (APA, 2012). With regards to
suicidal intent, a broader “umbrella term” (Cloutier et
al., 2010), Deliberate Self Harm (DSH), can also be
found in the literature, describing self-harming
behaviours including suicidal intent. DSH is widely
described as: “An act with a non-fatal outcome in
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The integrated theoretical model of the
development and maintenance of NSSI (Nock, 2010)
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proposes that these behaviours function as a method
of regulation of both affective experience and social
situations in the occurrence of a stressful event.
Although this leads to the assumption that an altered
stress response is involved in NSSI, the
neurobiological factors are still poorly understood. A
better
knowledge
of
the
neurobiological
substantiation of NSSI could help to develop a new
understanding of these behaviours and inform new
evidence-based treatment modalities. This selective
review presents empirical findings in recent research,
focusing on the neurobiological factors of NSSI.
Intrapersonal vulnerability factors such as high
aversive emotions and cognitions as well as a poor
distress tolerance could possibly be moderated by
genetic predispositions for high emotional and high
cognitive reactivity and by environmental adversities.
Different brain morphology and neuronal activity in
patients with NSSI or Borderline Personality Disorder
(BPD) compared to healthy controls can be linked to
divergent emotional and physical pain perception. An
involvement of lipids in the occurrence of NSSI has
been suggested (Roaldset, 2010; Garland, 2007).
Concerning neurotransmitters, a neurobiological
model of NSSI (Sher & Stanley, 2009) suggests that
abnormalities in the serotonergic, the dopaminergic
and the opioid system as well as the hypothalamicpituitary-adrenal (HPA) axis (cortisol) lead to an
increased level of stress vulnerability. In the event of
stress, NSSI might therefore be used in order to
restore an altered opioid-homeostasis. Analgesia or
hypalgesia experienced by individuals with repetitive
NSSI
strongly
suggests
a
neurobiological
involvement.

Results
Genetic predisposition for high emotional/ cognitive
reactivity
Considering the complexity of genebehaviour relationship and the development of
psychopathology, it would be inadequate to consider
the existence of one gene for NSSI. Results of studies
on the genetic background of NSSI and DSH are
mostly linked to genes involved in serotonergic
neurotransmission, but findings are still inconsistent.
In a study of N=252 children and
adolescents, those with one or two copies of the short
allele in the promoter region of the serotonin
transporter gene 5-HTTLPR showed the highest levels
of BPD symptoms (Hankin et al., 2011). On the other
hand, Maurex et al. (2010) did not find a relationship
between 5-HTTLPR and suicidal and self-injurious
behaviour in women with BPD (N=77). In accordance
with this finding, results from a meta-analysis by Lin
and Tsai (2004) did not state an association between
suicidal behaviour and the 5-HTTLPR serotonin
transporter gene.
According to Pooley et al. (2003), the
tryptophan hydroxylase (TPH A779C, rs1799913)
allele occurred more often among people with DSH
(n=129) than people without DSH (n=329; OR: 1.38,
95% CI 1.02-1.88; p=.03). However, no Bonferroni
correction for multiple comparisons was performed.
The other polymorphisms studied, being within the 5HT transporter gene (5-HTTLPR S/L), the
monoamine oxidase A gene (MAOA G941T,
rs1799835), the 5-HT1B receptor gene (HTR1B
G861C, rs6296), the 5-HT2A receptor gene (HTR2A
T102C, rs6313), and the 5-HT2C receptor gene
(HTR2C Cys23Ser, rs6318), were not associated with
DSH.
Evans et al. (2000) determined genetic
polymorphisms of TPH and the 5-HT2c receptor in
N=376 adults. There was a weak correlation between
the L allele of TPH in males and impulsiveness, but
no correlation between impulsiveness and the TPH
intron7. Males, but not females, with higher
impulsiveness scores were more likely to have a 5HT2-c serine variant. On the other hand, there were
no differences in the level of impulsiveness between
subjects with repeated DSH and subjects who did not
engage in DSH.
In a sample of N=195 patients with
depression (of which n=46 engaged in “self
mutilation”), Joyce et al. (2006) found that the T
allele of the G-protein β3 (GN β3) was a risk-factor
for self mutilation (OR: 3.96). The odds ratio
increased, if the sample was limited to patients aged
18 to 24 (OR: 9.21). The association between self
mutilation and GN β3 remained valid, when other
confounding variables like childhood sexual abuse
and BPD were accounted for. Despite this finding, the
mechanism of how the T allele of GN β3 might

Methods
For this selective review, the literature
search was performed using MEDLINE, including
studies published within the last 20 years. Key words
used were: “self-injury”, “NSSI”, “non-suicidal selfinjury”, “self harm”, “deliberate self harm”, “DSH”,
“self-mutilation” and “auto mutilation”. References
from textbook articles (Osuch & Payne, 2009; Sher &
Stanley, 2009) were also searched for and – if
applicable – included into the review. As often
terminology is unclear and classification issues are
still unsettled with regards to the distinction or
possible overlaps between suicidal behaviours and
NSSI (Skegg, 2005), we have included papers that
also represent acts of suicidal behaviours in addition
to NSSI (such as papers on DSH or parasuicidal
behaviours). Borderline Personality Disorder (BPD)
studies were selected, as up to 70-80% of patients
with BPD also show NSSI (Schmahl et al., 2004) and
neuroimaging
studies
(especially
involving
adolescents) are rare.
25

Suicidology Online 2012; 3:24-32.
ISSN 2078-5488

influence self mutilating behaviours still remains
unclear.
Overall, the results on genetic predisposition
for NSSI and DSH are still very inconsistent. Genes
involved in serotonergic neurotransmission, like 5HTTLPR or TPH, were associated with DSH or
related psychopathology in some studies, but no
association was reported in other publications. An
involvement of the T allele of GN β3 in selfmutilation was found by Joyce et al. (2006), but the
influence of this finding on the clinical manifestation
can not be explained yet.

(Jovev et al., 2008). Patients with increased pituitary
volumes showed higher levels of post-dexamethasone
cortisol, which in turn could be due to a hyperactive
HPA axis (Garner et al., 2005). In a sample of n=15
BPD patients and 15 healthy controls, Whittle et al.
(2009) found a decreased left ACC volume. This
decrease was positively correlated with the number of
parasuicide episodes.
Brunner et al. (2010) compared n=20
adolescents with BPD to n=20 adolescents with a
current psychiatric disorder to n=20 healthy controls.
Changes were also found in the clinical control group.
Nevertheless, BPD patients and clinical controls
showed a reduced grey matter in the left orbitofrontal
cortex (OFC) and the dorsolateral prefrontal cortex
(DLPFC), leading to the assumption that BPD
symptoms in adolescence do not lead to specific
morphological changes.

Altered physiological reactivity
There is mixed evidence concerning an
altered physiological reactivity in individuals with
NSSI or related psychopathology. However, a
decrease of physiological tension when imagining an
act of NSSI has been reported repeatedly.
Nock and Mendes (2008) compared 62
adolescents with a history of NSSI to 30 matched
controls without NSSI. Physiological hyperarousal
(measured by skin conductance) could be found
among adolescents with NSSI, when confronted with
a distressing task. Contrary to this, Kaess et al. (2012)
did not find differences in the heart rate of
adolescents with NSSI (n=14) and healthy controls
(n=14) in a standardized psychosocial stress protocol.
Also, in a study on parasuicidal adolescent girls
(n=23) and n=23 healthy controls, no differences in
heart rate or skin conductance were reported;
although there was greater respiratory sinus
arrhythmia activity (Crowell et al., 2005).
Imagining an act of NSSI can decrease
physiological tension, as measured e.g. per skin
conductance and heart rate in individuals with selfinjurious behaviours (Brain et al., 1998, Haines et al.,
1995). A rapidly lowered heart rate was also detected
in rhesus monkeys with repeated self-injurious
behaviours, after biting themselves (Novak, 2003).
A physiological hyper arousal in individuals
with NSSI was found in one study, but could not be
replicated in other studies, which could be due to
different methods of stress induction and
measurements (heart rate and skin conduction). Two
studies reported a reduction of physiological arousal
when imagining self-injury.

Functional abnormalities
In an fMRI study, adult patients with BPD
(n=11) showed a decreased activity in the OFC while
listening to a standardized script which described a
stressful situation leading to NSSI, compared to
healthy controls (n=10). An increase in the activation
of the DLPFC was described in patients with BPD in
stressful situations. During imagining NSSI, activity
in the right posterior ACC, which is responsible for
emotional response and cognitive assessment,
decreased (Kraus et al., 2010). Supporting these
findings, when heat induced pain was applied in
twelve patients with BPD and NSSI and twelve
healthy controls, an increased activity in the DLPCF
and a decreased activity in the posterior parietal
cortex, the perigenual ACC and the right amygdala
were found in BPD patients compared to healthy
controls (Schmahl et al., 2006).
Niedtfeld et al. (2010) confronted adults
(n=20 with BPD and n=23 healthy controls) with a
combination of warm and painful stimuli as well as
neutral and negative pictures of the International
Affective Picture System (IAPS). FMRI results
showed a significantly higher activation in the
amygdala, the ACC and the insula in patients with
BPD during the presentation of both neutral and
negative pictures. This suggests differences in
emotional processing in BPD patients. No changes in
activation in the amygdala and the ACC were found
during the exposure to warm and painful stimuli
compared to healthy controls, although activation
decreased in all participants when exposed to sensory
stimuli. This could be due to a shift in attention from
emotional pictures to sensory experience (Niedtfeld et
al., 2010). Also, in a study of n=9 adolescent patients
with NSSI and n=9 healthy controls, Plener et al. (in
press) found an increased activation in the amygdala
and the ACC for all emotional pictures being viewed.
In summary, there is only little evidence for
changes in brain morphology of patients with
parasuicidality or BPD, and these findings are not

Neuroimaging
Several studies have found abnormalities in
the brain morphology and neuronal activity in
patients with NSSI or BPD. In particular, hyperarousal in limbic structures, like the amygdala and the
anterior cingulate cortex (ACC), seem to be common
outcomes of fMRI studies.
Brain morphology
Greater numbers of parasuicidal behaviours
were associated with an increased pituitary gland
volume (PGV), in adolescent patients with BPD
26
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specific for NSSI. Results from fMRI studies point to
the direction of hyper activation of limbic structures
in patients with NSSI and BPD.

Neurotransmitters
From a neurobiological perspective, the
serontonergic, the dopaminergic, and the opioid
system as well as the HPA axis are being discussed to
be involved in the development and maintenance of
NSSI (Stanley, 2010).

Lipids
Low cholesterol concentrations and low
levels of essential fatty acids (EFAs) have been
associated repeatedly with self-mutilating behaviours.
Results on low cholesterol and suicide-attempts are
inconsistent.
Garland et al. (2007) found that patients with
DSH (n=40) had a significantly lower cholesterol
level, lower levels of EFA and lower n-3 and n-6
EFA levels than healthy controls (n=40). In a
randomised controlled double-blind study, n=22
patients with repeated self-harm received n-3 EFA for
12 weeks and n=27 controls with repeated self-harm
received a placebo. Patients treated with n-3 EFA
showed significant improvements regarding e.g.
depression and suicidality compared to the control
group. Other measures like impulsivity or aggression
did not differ (Hallahan et al., 2007).
Soldiers engaging in autoaggressive
behaviours (n=33) showed significantly lower levels
of total serum cholesterol than soldiers with other
psychopathology (n=21) (Florkowski et al., 2001). In
a sample of 254 psychiatric patients, Roaldset et al.
(2010) found significantly lower triglyceride levels in
patients who showed suicidal and self-mutilating
behaviour. Low High-Density Lipoprotein (HDL)
concentration was a significant predictor for inpatient
self-mutilation. However, due to a low positive
predictive value and a low sensitivity, these measures
cannot be considered worthwhile for clinical
screening.
In a sample of N=1770 healthy women,
among those with low levels of high-density
lipoprotein cholesterol (HDL-C; <40 mg/dl), the
prevalence of suicide attempts was significantly
higher (OR=2.93, 95% CI=1.07–8.00, p<0.05) than in
women with higher levels of HDL-C (Zhang et al.,
2005). However, differences became statistically
insignificant after multivariable adjustment and no
differences were found in men. Similar associations
between suicide and low levels of serum cholesterol
have been shown repeatedly, although there are also
studies
reporting
contrary
findings
(e.g.
Deisenhammer et al., 2004; for an overview see e.g.
Zhang et al., 2005). Several studies (e.g. Atmaca et
al., 2003; Deisenhammer et al., 2004) found lower
cholesterol levels in patients who used more violent
methods to attempt suicide.
In summary, low cholesterol levels and low levels of
EFA have been associated with self-injury
consistently. Nevertheless, since serum cholesterol
levels are quite possibly influenced by factors like
age, gender, medication or diet, they might not serve
as reliable markers. Inconsistent results concerning
low level cholesterol and suicide attempts may be due
to those factors.

Serotonin
Some, although inconsistent, evidence for a
serotonin deficiency in association with self harming
behaviours could be found. Overall, serotonin was
more related to aggressive or violent behaviours in
general than self-injurious behaviours in particular.
Abnormalities within the serotonergic (5-HT)
system have been mentioned repeatedly in the context
of NSSI (McCloskey et al., 2009; Hankin et al., 2011;
Pies & Popli, 1995). There is evidence that decreases
in 5-HT are correlated with impulsive and aggressive
behaviours, suicide attempts and depression (Witte et
al., 2009; Crowell et al., 2005; McCloskey et al.,
2009; Hankin et al., 2011). In a recent study
(McCloskey et al., 2009), experimentally reduced
serotonergic activity led to more self aggression
among adults with (n=16) and without (n=16)
Intermittent Explosive Disorder. Crowell et al. (2008)
reported, that adolescents’ peripheral 5-HT levels, in
interaction with negativity and conflict in motherchild dyads, explained 64% of the variance of selfinjury. 5-HT levels can be affected by diet, which was
not accounted for in this study. However, participants
were asked to abstain from the intake of food on the
day the blood sample was taken. Although peripheral
5-HT levels are not indicative of brain serotonin
levels in humans, these findings can be linked to
relevant traits like aggressive behaviours, which could
point to an involvement of 5-HT in NSSI (Crowell et
al., 2008).
Monkeys engaging in self injurious
behaviours (self-biting) also showed a decreased
function of the 5-HT system (Tiefenbacher et al.,
2005). On the other hand, no differences in the serum
serotonin levels of bushbabies with self-injurious
behaviours and those without could be found (Watson
et al., 2009).
Other studies did not find associations
between platelet serotonin and NSSI (Garland et al.,
2007; Roaldset et al., 2010). No differences in the
levels of 5 hydroxyindolacetic acid (5-HIAA), a
serotonin metabolite, could be found between patients
with and without NSSI (Stanley, 2010).
Dopamine
There is only limited evidence for increased
dopamine levels being connected to NSSI. Most
conclusions for a correlation of dopamine and NSSI
were drawn from studies on populations with BPD or
animal studies (Tiefenbacher et al., 2005; Osuch &
Payne, 2009). From animal research, an increase of
self-biting with dopamine agonists was reported in
studies of mice after amphetamine exposure (Kasim
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& Jinnah, 2003). No differences in the levels of
homovanillic acid, a dopamin metabolit, could be
found between patients with NSSI and patients
without a history of NSSI who were all diagnosed
with a Cluster B personality disorder and had
committed a suicide attempt (Stanley, 2010).

opioids, which in the event of stress can be restored
by engaging in NSSI. In a study of N=29 patients who
had committed suicide attempts and were diagnosed
with a Cluster B personality disorder (n=14 with
NSSI, n=15 without NSSI), Stanley et al. (2010)
found that cerebrospinal fluid (CSF) β – endorphin
and met-enkephalin levels of endogenous opioids
were significantly lower in patients with a history of
NSSI.

Cortisol
Consistent results from studies on cortisol in
individuals with NSSI showed a reduced cortisol
secretion. The HPA-axis interacts with endogenous
opioids and serotonergic mechanisms, and is involved
with the level of secretion of cortisol. Experiencing
stress is associated with an elevated secretion of
cortisol (Heim et al., 2000). According to Heim et al.
(2000), post-traumatic stress disorder (PTSD),
chronic stress and stress-related bodily disorders are
correlated with a low baseline cortisol secretion. In a
recent study Kaess et al. (2012) reported, that
adolescents who engaged in NSSI (n=14) showed a
hyporesponsive HPA-axis in stressful situations,
compared to healthy controls (n=14).
These findings are comparable to several
animal studies. Monkeys with self-injurious
behaviours that were subsequently exposed to stress,
showed a hyporesponsive HPA-axis when
experiencing acute stress (Tiefenbacher et al., 2005).
According to Tiefenbacher et al. (2005) it is still
unclear whether a hyporesponsive HPA-axis leads to
self-injurious behaviour, or if self injurious behaviour
influences the responsiveness of the HPA-axis.
Another study on rhesus monkeys also reported lower
serum cortisol in monkeys biting themselves, when
compared to monkeys not hurting themselves after
stress (relocation). However, this difference was not
significant (Davenport et al., 2008). A study of
bushbabies showed significantly lower levels of
plasma cortisol in animals with self-injurious
behaviours (Watson et al., 2009).

In summary, the most consistent results from
studies on the involvement of neurotransmitters in
NSSI are reduced levels of cortisol and endogenous
opioids, which suggest an altered stress response.
Findings on other neurotransmitters like serotonin and
dopamine are inconsistent and imply further research
in this field.
Analgesia/opiate hypothesis
Analgesia or hypalgesia are common
phenomenons reported by patients engaging in NSSI
repeatedly. An explanation for this phenomenon could
be lowered levels of endogenous opioids (as described
above).
According to Nock and Prinstein (2005),
repetitive NSSI is typically performed in the absence
of physical pain. Among patients with BPD and NSSI,
70% to 80% reported hypalgesia or analgesia
(Schmahl et al., 2004). This could be related to the
altered levels of endogenous opioids, repeatedly
described in patients with NSSI (Stanley, 2010; Sher
& Stanley, 2009). According to Tiefenbacher et al.
(2005), monkeys directed self-injurious behaviours to
body areas that are associated with acupuncture
analgesia. Schmahl et al. (2004; 2006) found that
patients diagnosed with BPD reported lower pain
ratings and higher pain thresholds compared to
healthy controls when confronted with heat pain
stimulation. Ludäscher et al. (2009) compared n=24
patients with BPD who currently engaged in NSSI
(nNSSI=13) and patients who used to engage in NSSI
(nExNSSI=11) with n=24 healthy controls. Patients
who currently performed NSSI showed the highest
pain threshold, followed by the ExNSSI group, which
was then followed by the healthy control group. Since
the pain threshold apparently decreased after stopping
NSSI, these findings suggest that hypalgesia is
habitual. In contrast, Nock et al. (2006) found a
positive correlation between the number of methods
used in NSSI and the experience of physical pain in
N=89 adolescents engaging in NSSI.

Endogenous opioids
Lower levels of endogenous opioids were
found in individuals with NSSI repeatedly and could
possibly explain an “addictive quality” of these
behaviours.
Endogenous opioids are associated with
various disorders, like BPD or pervasive
developmental disorders (PDD) of which NSSI and
self-mutilation are considered to be symptoms.
Opioids are involved in pain-perception and addictive
behaviours. Addictive qualities of NSSI have been
suggested in past studies (Nixon et al., 2002; Resch et
al., 1993), thus underlining the possible importance of
endogenous opioids in NSSI.
Altered opioid levels can be found in
patients with a history of repeated NSSI (Coid et al.,
1983; Sher & Stanley, 2008; Sher & Stanley, 2009).
According to a homeostasis model of NSSI (Stanley,
2010), childhood neglect and genetic vulnerability
lead to a chronically lower level of endogenous

Discussion
The understanding of neurobiological
mechanisms with regards to NSSI is still at it´s very
beginning, however within recent years a larger
number of studies have been published. We reviewed
the existing literature and found studies with regards
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to genetic background, altered physiological
reactivity, levels of neurotransmitters, lipids and
differences in brain activation.

also described in studies of primates (Tiefenbacher et
al., 2005). Findings from studies on cortisol and the
HPA axis in individuals (and animals) with NSSI
consistently showed an altered cortisol response (e.g.
Kaess et al., 2012, Tiefenbacher et al., 2005). Also
studies showed changed levels of endogenous opioids,
therefore pointing to an altered stress response in
individuals with NSSI and possibly explaining an
addictive quality of NSSI that has been described in
individuals with severe NSSI (Nixon et al., 2002).
These endogenous opioids may serve as an
explanation for the consistently reported phenomenon
of hypalgesia or analgesia in patients with repetitive
NSSI, which seems to be reversible after ending NSSI
(Ludäscher et al., 2009).
These findings from different fields of
neurobiological research can be interpreted in the
direction of an insufficient stress response. This is
underscored by the most consistent results from
neuroimaging studies, as well as studies on cortisol
levels and endogenous opioids. Taken together these
neurobiological factors support the integrated
theoretical model of NSSI proposed by Nock (2010).
At this point, the evidence emerging from
genetic studies is still inconsistent, so that the genetic
predisposition for high emotional or cognitive
reactivity proposed as distal factor by Nock (2010)
still needs further exploration. There is evidence for
the intrapersonal vulnerability factor of high aversive
emotions, as well as the interpersonal vulnerability
factor of poor social problem solving (supported by
altered neurochemical reactions in social stress tasks).
It has to be kept in mind, that many studies
observed NSSI in the context of other psychiatric
disorders, such as BPD or depression. This is
understandable, given the fact that NSSI is not
represented as disorder of its own in the ICD-10 or
DSM-IV. As a NSSI-syndrome has been proposed for
inclusion in the upcoming DSM 5, this could increase
research that is solely focused on NSSI.

Studies investigating the genetic background
of NSSI and DSH primarily showed results in
association with genes involved in serotonergic
neurotransmission (Hankin et al., 2011, Pooley et al.,
2003, Evans et al., 2000). Since these findings are
inconsistent, currently, no candidate genes emerge for
further studies, thus leaving the field open to a more
exploratory approach.
Studies
consistently
showed
altered
physiological reactivity in individuals with NSSI
(Brain et al., 1998; Nock & Mendes, 2008; Haines et
al., 1995). Only recently Kaess et al (2012) had
shown no differences in the heart rate in adolescents
with NSSI in a social distress task. This is contrary to
the findings of Nock & Mendes (2008) (who also
enrolled adolescents in their study), and can possibly
be explained by the different assessment procedures
used. Also, Kaess et al. (2012) reported other
parameters (such as cortisol response, see later), that
were changed in these adolescents, leading to assume
that differences in physiological reactivity are present
in NSSI.
Results from fMRI studies point into the
direction of a hyper arousal of limbic structures (such
as the amygdala and the ACC) (Niedtfeld et al., 2010;
Plener et al., in press). Activation of these structures
seems to decrease both after induction of painful
stimuli (Schmahl et al., 2006), as well as after
imagining an act of NSSI (Kraus et al., 2010). This
evokes the assumption, that NSSI serves a stress
regulating purpose in an otherwise highly activated
limbic system.
Findings from research in blood lipid levels
point to the fact that lower cholesterol levels can be
found in patients with DSH (Garland et al., 2007) and
lower levels of triglycerides seem to be predictive of
suicidal and self-mutilating behaviour (Roaldset et
al., 2010). However, due to an overall low sensitivity,
the use of cholesterol levels as a screening tool for
NSSI seems not suitable.
Looking at the level of neurotransmitters,
there is ample evidence for an association between
impulsive behaviours and a lack of serotonin.
However, as NSSI can often not be described as a
predominantely impulsive behaviour (see Janis &
Nock, 2009), there is only little evidence for a
supporting mechanism of serotonin deficiency in the
maintenance of NSSI, such as the study relating
mother-child dyads and peripheral serotonin with
NSSI (Crowell et al., 2008). The same holds true for
an involvement of dopaminergic neurotransmission in
normally developed individuals with NSSI. In a
recent study (Stanley et al., 2010) no differences in
levels of serotonin or dopamine metabolites could be
found in the CSF of patients with NSSI, a finding,
that – with regards to dopamine metabolites – was

A better understanding of the underlying
neurobiology of NSSI can help to foster effective
treatment,
especially
with
regards
to
psychopharmacological interventions. There is still no
agreed-upon pharmacological treatment of NSSI
(Plener et al., 2009), and proposed treatment with
serotonergic agents (Roberts, 2003) has shown to be
able to increase NSSI (Donovan et al., 2000). There is
also a lack of studies regarding the psychotherapeutic
treatment of adolescents with NSSI (Wilkinson &
Goodyer, 2011). A psychopharmacological treatment
directly addressing NSSI should therefore be
administered with caution, however it seems helpful
to address existing psychiatric disorders (e.g.
depression)
with
a
psychopharmacological
intervention, based on the respective treatment
guidelines.

29

Suicidology Online 2012; 3:24-32.
ISSN 2078-5488

Conflict of interest
R.G. reports no conflict of interest. P.L.P. has
received travel reimbursemenst from Lundbeck
Pharmaceuticals.

Journal of Consulting and Clinical Psychology,
76, 15-21.
Davenport, M . D., Lutz, C. K., Tiefenbacher, S.,
Novak, M. A., & Meyer, J. S. (2008). A rhesus
monkey model of self-injury: effects of relocation
stress on behaviour and neuroendocrine function.
Biological Psychiatry, 63, 990-996.

Acknowledgements
We would like to thank M. Bonenberger for help with
this manuscript.

Deisenhammer, E. A., Kramer-Reinstadler, K.,
Liensberger, D., Kemmler, G., Hinterhuber, H.,
& Fleischhacker, W. W. (2004). No evidence for
an association between serum cholesterol and the
course of depression and suicidality. Psychiatry
Research. 121, 253-261.

References
American Psychiatric Association (2012, March 2).
DSM-5 development. Non-suicidal self injury.
Retrieved from
http://www.dsm5.org/ProposedRevision/Pages/pr
oposedrevision.aspx?rid=443#

Donovan, S., Clayton, A., Beeharry, M., Jones, S.,
Kirk, C., Waters, K., Gardner, D., Faulding, J., &
Madeley, R. (2000). Deliberate self-harm and
antidepressant drugs. British Journal of
Psychiatry, 177, 551-556.

Andover, M. S., Morris, B. W., Wren, A., &
Bruzzese, M. E. (2012). The co-occurrence of
non-suicidal self-injury and attempted suicide
among adolescents: distinguishing risk factors
and psychosocial correlates. Child and
Adolescent Psychiatry and Mental Health.

Evans, J., Reeves, B., Platt, H., Leibenau, A.,
Goldman, D., Jefferson, K., & Nutt, D. (2000).
Impulsiveness, serotonin genes and repetition of
deliberate self-harm (DSH). Psychological
Medicine, 30, 1327-1334.

Atmaca, M., Kuloglu, M., Tezcan, E., & Ustundag, B.
(2003). Serum leptin and cholesterol values in
violent and non-violent suicide attempters.
Psychiatry Research, 158, 87-91.

Florkowski, A., Gruszczynski, W., & Wawrzyniak, Z.
(2001). Selected biochemical parameters of blood
serum in soldiers committing self-mutilation. Mil
Med, 166, 375-377.

Brain, K. L., Haines, J., & Williams, C. L. (1998).
The psychophysiology of self-mutilation:
Evidence of tension reduction. Archives of
Suicide Research, 4, 227-242.

Garland, M. R., Hallahan, B., McNamara, M., Carney,
P. A., Grimes, H., Hibbeln, J. R., Hark, A., &
Conroy, R. M. (2007). Lipids and essential fatty
acids in patients presenting with self-harm.
British Journal of Psychiatry, 190, 112-117.

Brunner, R., Henze, R., Parzer, P., Kramer, J., Feigl,
N., Lutz, K., Essig, M., Resch, F., & Stieltjes, B.
(2010). Reduced prefrontal and orbitofrontal gray
matter in female adolescents with borderline
personality disorder: Is it disorder specific?
NeuroImage, 49, 114-120.

Garner, B., Pariante, C. M., Wood, S. J., Velakoulis,
D., Phillips, L., Soulsby, B., Brewer, W. J.,
Smith, D. J., Dazzan, P., Berger, G. E.,
Yung,A.R., van den Buuse, M., Murray, R.,
McGorry, P. D., & Pantelis, C., (2005). Pituitary
volume predicts future transition to psychosis in
individuals at ultra-high risk of developing
psychosis. Biological Psychiatry 58, 417–423.

Cloutier, P., Martin, J., Kennedy, A., Nixon, M. K., &
Muehlenkamp, J. J. (2010). Characteristics and
co-occurrence of adolescent non-suicidal selfinjury and suicidal behaviours in pediatric
emergency crisis services. Journal of Youth and
Adolescence, 39, 259-269.

Haines, J., Williams, C. L., Brain, K. L., & Wilson, G.
V. (1995). The psychophysiology of selfmutilation. Journal of Abnormal Psychology,
104, 471-489.

Coid, J., Allolio, B., & Rees, L. H. (1983). Raised
plasma metenkephalin in patients who habitually
mutilate themselves. The lancet, 322, 545-546.

Hallahan, B., Hibbeln, J. R., Davis, J. M., & Garland,
M. R. (2007). Omega-3 fatty acid
supplementation in patients with recurrent selfharm. The British Journal of Psychiatry, 190,
118-122.

Crowell, S., Beauchaine, T. P., McCauley, E., Smith,
C. J., Stevens, A. L., & Sylvers, P. (2005).
Psychological, autonomic, and serotonergic
correlates of parasuicide among adolescent girls.
Development and Psychopathology, 17, 11051127.

Hankin, B. L., Barrocas, A. L., Jennes, J.,
Oppenheimer, C. W., Badanes, L. S., Abela, J.
R., Young, J., & Smolen, A. (2011). Association
between 5-HTTLPR and borderline personality
disorder traits among youth. J Clin Child Adolesc
Psychol, 40, 572-85.

Crowell, S. E., Beauchaine, T. P., McCauley, E.,
Smith, C. J., Vasilev, C. A., & Stevens, A. L.
(2008). Parent-child interactions, peripheral
serotonin, and self-inflicted injury in adolescents.

30

Suicidology Online 2012; 3:24-32.
ISSN 2078-5488

Heim, C., Ehlert, U., & Hellhammer, D. H. (2000).
The potential role of hypocortisolism in the
pathophysiology of stress-related bodily
disorders. Psychoneuroendocrinology, 25, 1-35.

harm within an international community sample
of young people: Comparative findings from the
Child & Adolescent Self-Harm in Europe
(CASE) study. Journal of Child Psychology and
Psychiatry, 49, 667-677.

Janis, I. B., & Nock, M.K. (2009). Are self-injurers
impulsive? Results from two behavioural
laboratory studies. Psychiatry Research, 169,
261-267.

Maurex, L., Zaboli, G., Öhman, A., Asberg, M., &
Leopardi, R. (2010). The serotonin transporter
gene polymorphism (5-HTTLPR) and affective
symptoms among women diagnosed with
borderline personality disorder. European
Psychiatry, 25, 19-25.

Jovev, M., Garner, B., Phillips, L., Velakoulis, D.,
Wood, S. J., Jackson, H. J., Pantelis, C.,
McGorry, P. D., & Chanen, A. M. (2008). An
MRI study of pituitary volume and parasuicidal
behaviour in teenagers with first-presentation
borderline personality disorder. Psychiatry
Research, 162, 273-277.

McCloskey, M. S., Ben-Zeev, D., Lee, R., Berman,
M. E., & Coccaro, E. F. (2009). Acute tryptophan
depletion and self-injurious behaviour in
aggressive patients and healthy volunteers.
Psychopharmacology, 203, 53-61.

Joyce, P. R., McKenzie, J. M., Mulder, R. T., Luty,
S.E., Sullivan, P. F., Miller, A. L., & Kennedy,
M. A. (2006). Genetic, developmental and
personality correlates of self-mutilation in
depressed patients. Australian and New Zealand
Journal of Psychiatry, 40, 225-229.

Moran, P., Coffey, C., Romaniuk, H., Olsson, C.,
Borschmann, R., Carlin, J. B., & Patton, G. C.
(2011). The natural history of self-harm from
adolescence to young adulthood: A population
based cohort study. The Lancet, 379, 236 – 243.

Kaess, M., Hille, M., Parzer, P., Maser-Gluth, C.,
Resch, F., & Brunner, R. (2012). Alterations in
the neuroendocrinological stress response to
acute psychosocial stress in adolescents engaging
in nonsuicidal self-njury.
Psychoneuroendocrinology, 37, 157-161.

Muehlenkamp, J. J., Claes, L., Havertape, L., &
Plener, P. L. (in press). International Prevalence
of Non-Suicidal Self-Injury and Deliberate SelfHarm in Adolescents. Child and Adolescent
Psychiatry and Mental Health.
Niedtfeld, I., Schulze, L., Kirsch, P., Herpertz, S. C.,
Bohus, M., & Schmahl, C. (2010). Affect
regulation and pain in borderline personality
disorder: A possible link to the understanding of
self-injury. Biological Psychiatry, 68, 383-391.

Kasim, S., & Jinnah, H.A. (2003). Self-biting induced
by activation of L-type calcium channels in mice:
Dopaminergic influences. Dev Neurosci, 25, 2025.

Nixon, M. K., Cloutier, P. F., & Aggarwal, S. (2002).
Affect regulation and addictive aspects of
repetitive self- injury in hospitalized adolescents.
Journal of the American Academy of Child and
Adolescent Psychiatry, 41, 1333-1341.

Kraus, A., Valerius, G., Seifritz, E., Ruf, M.,
Bremner, J. D., Bohus, M., & Schmahl, C.
(2010). Script-driven imagery of self-injurious
behaviour in patients with borderline personality
disorder: a pilot FMRI study. Acta Psychiatrica
Scandinavica, 121, 41-51.

Nock, M. K. (2010). Self-injury. Annual Review of
Clinical Psychology, 6, 339-363.

Lin, P.-Y., & Tsai, G. (2004). Association between
serotonin transporter gene promoter
polymorphism and suicide: Results of a metaanalysis. Biol. Psychiatry, 55, 1023–1030.

Nock M. K., Joiner, T. E. Jr., Gordon, K. H., LloydRichardson, E. E., & Prinstein, M. J. (2006).
Non-suicidal self-injury among adolescents:
diagnostic correlates and relation to suicide
attempts. Psychiatry Research, 30, 65-72.

Lloyd-Richardson, E. E., Perrine, N., Dierker, L., &
Kelley, M. L. (2007). Characteristics and
functions of non-suicidal self-injury in a
community sample of adolescents. Psychological
Medicine, 37, 1183-1192.

Nock, M. K., & Mendes, W.B. (2008). Physiological
arousal, distress tolerance, and social problemsolving deficits among adolescent self-injurers.
Journal of Consulting and Clinical Psychology,
76, 28-38.

Ludäscher, P., Greffrath, W., Schmahl, C.,
Kleindienst, N., Kraus, A., Baumgärtner, U.,
Magerl, W., Treede, R. D., & Bohus, M. (2009).
A cross-sectional investigation of discontinuation
of self-injury and normalizing pain perception in
patients with borderline personality disorder.
Acta Psychiatrica Scandinavica, 120, 62-70.

Nock, M. K., & Prinstein, M. J. (2005). Contextual
features and behavioural functions of selfmutilation among adolescents. Journal of
Abnormal Psychology, 114, 140-146.
Novak, M. A. (2003). Self-injurious behavior in
rhesus monkeys: New insights into its etiology,
physiology, and treatment. American Journal of
Primatology, 59, 3–19.

Madge, N., Hewitt, A., Hawton, K., Wilde, E. J.,
Corcoran, P., Fekete, S., Heeringen, K. B., Leo,
D. D., & Ystgaard, M. (2008). Deliberate self31

Suicidology Online 2012; 3:24-32.
ISSN 2078-5488

Osuch, E. A., & Payne, G. W. (2009).
Neurobiological perspectives on self-injury. In:
M. K. Nixon, & N. L. Heath (Eds.), Self-injury in
youth: The essential guide to assessment and
intervention (pp. 79-110). New York: Routledge
Press.

Differential nociceptive deficits in patients with
borderline personality disorder and self-injurious
behaviour: Laser-evoked potentials, spatial
discrimination of noxious stimuli, and pain
ratings. Pain, 110, 470-479.
Sher, L., & Stanley, B. H. (2008). The role of
endogenous opioids in the pathophysiology of
self-injurious and suicidal behaviour. Archives of
Suicide Research, 12, 299-308.

Pies, R. W., & Popli, A. P. (1995). Self-injurious
behaviour: pathophysiology and implications for
treatment. Journal of Clinical Psychiatry, 56,
580-588.

Sher, L., & Stanley, B. H. (2009). Biological models
of nonsuicidal self injury. In: M.K. Nock (Eds.),
Understanding nonsuicidal self-injury (99-117).
Washington, DC: American Psychological
Association.

Plener, P. L., Brunner R., Resch, F., Fegert, J. M., &
Libal, G. (2010). Selbstverletzendes Verhalten
im Jugendalter. Z Kinder Jugendpsych Psychoth,
38, 77-89.
Plener, P. L., Libal, G., Nixon, & M. K. (2009). Use
of medication in the treatment of non-suicidal
self-injury in youth. In: M. K. Nixon, & N. Heath
(Eds.): Self-Injury in Youth: The essential guide
to assessment and Intervention (275-308). New
York : Routledge.

Skegg, K. (2005). Self-harm. Lancet, 366, 1471-1483.

Plener, P. L., Bubalo, N., Fladung, A. K., Ludolph, A.
G., & Lulé, D. (in press). Prone to excitement:
adolescent females with Non-suicidal Self-Injury
(NSSI) show changed cortical pattern to
emotional and NSSI related material. Psychiatry
Research Neuroimage.

Tiefenbacher, S., Novak, M. A., Lutz, C. K., Meyer, J.
S. (2005). The physiology and neurochemistry of
self-injurious behaviour: A nonhuman primate
model. Frontiers in Bioscience, 10, 1-11.

Stanley, B., Sher, L., Wilson, S., Ekman, R., Huang,
Y., & Mann, J. J. (2010). Non-suicidal selfinjurious behaviour, endogenous opioids and
monoamine neurotransmitters. Journal of
Affective Disorders, 124, 134-140.

Watson, S. L., McCoy, J. G., Fontenot, M. B.,
Hanbury, D. B., & Ward, C. P. (2009). LTryptophan and Correlates of Self-Injurious
Behavior in Small-Eared Bushbabies (Otolemur
garnettii). Journal of the American Association
for Laboratory Animal Science, 48, 185-191.

Pooley, E. C., Houston, K., Hawton, K., & Harrison,
P. J. (2003). Deliberate self-harm is associated
with allelic variation in the tryptophan
hydroxylase gene (TPH A779C), but not with
polymorphisms in five other serotonergic genes.
Psychological Medicine, 33, 775-783.

Whittle, S., Chanen, A. M., Fornitoc, A., McGorry, P.
D., Pantelisc, C., & Yücel, M. (2009). Anterior
cingulate volume in adolescents with firstpresentation borderline personality disorder.
Psychiatry Research Neuroimaging, 172, 155160.

Resch, F., Karwautz, A., Schuch, B., & Lang, E.
(1993). Kann Selbstverletzung als süchtiges
Verhalten bei Jugendlichen angesehen werden?
Zeitschrift für Kinder- und Jugendpsychiatrie,
21, 253-259.

Wilkinson, P., & Goodyer, I. (2011). Non-suicidal
self-injury. Eur Child Adolesc Psychiatry, DOI
10.1007/s00787-010-0156-y.

Roaldset, O., Bakken, A. M., & Bjørkly, S. (2010). A
prospective study of lipids and serotonin as risk
markers of violence and self-harm in acute
psychiatric patients. Psychiatry Research, 186,
293-299.

Witte, A. V., Flöel, A., Stein, P., Savli, M., Mien, L.K., Wadsak, W., Spindelegger, C., Moser, U.,
Fink, M., Hahn, A. Mitterhauser, M., Kletter, K.,
Kasper, S., & Lanzenberger, R. (2009).
Aggression is related to frontal serotonin-1A
receptor distribution as revealed by PET in
healthy subjects. Human Brain Mapping, 30,
2558-2570.

Roberts, N. (2003). Adolescent self-mutilatory
behaviour: Psychopharmacological treatment.
Child & Adolescent psychopharmacology news,
8, 10-12.
Schmahl, C., Bohus, M., Esposito, F., Treede, R. D.,
Di Salle, F., Greffrath, W., Ludaescher, P.,
Jochims, A., Lieb, K., Scheffler, K., Hennig, J.,
& Seifritz, E. (2006). Neural correlates of
antinociception in borderline personality
disorder. Archives of General Psychiatry, 63,
659-67.

Zhang, J., McKeown, R.E., Hussey, J.R., Thompson,
S.J.,Woods, J.R., & Ainsworth, B.E. (2004). Low
HDL cholesterol is associated with suicide
attempt among young healthy women: the Third
National Health and Nutrition Examination
Survey. Journal of Affective Disorders, 89, 25–
33.

Schmahl, C., Greffrath, W., Baumgärtner, U.,
Schlereth, T., Magerl, W., Philipsen, A., Lieb,
K., Bohus, M., & Treede R. D. (2004).
32

ISSN 2078-5488
Editorial Office
Dr. Nestor Kapusta
Medical University of Vienna
Department of Psychoanalysis and Psychotherapy
Waehringer Guertel 18-20
1090 Vienna, Austria
office@suicidology-online.com
http://www.suicidology-online.com

Suicidology Online is published under the following Creative Commons License:
Attribution-Noncommercial-No Derivative Works 3.0 Austria.
http://creativecommons.org/licenses/by-nc-nd/3.0/at/deed.en

This license regulates that articles from Suicidology Online are free to be
Shared — to be copied, distributed and transmitted under the following conditions:
Attribution — You must attribute the work in the manner that it's source Suicidology Online is
mentioned. The most appropriate way to do this is by following scientific citation rules. (But not in
any way that suggests that Suicidology Online or the authors endorse you or your use of the work).
Noncommercial — You may not use this work for commercial purposes.
No Derivative Works — You may not alter, transform, or build upon this work.

