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Empirical evidence and clinical observations suggest a strong -yet under acknowledged-
link between anorexia nervosa (AN) and non-suicidal self-injurious behavior (NSSI). By
reviewing the literature on the psychopathology and neurobiology of AN and NSSI, we
shed light on their relationship. Both AN and NSSI are characterized by disturbances
in affect regulation, dysregulation of the reward circuitry and the opioid system. By
formulating a reward-centered hypothesis, we explain the overlap between AN and
NSSI. We propose three approaches understanding the relationship between AN and
NSSI, which integrate psychopathology and neurobiology from the perspective of self-
destructiveness: (1) a nosographical approach, (2) a research domain (RDoC) approach
and (3) a network analysis approach. These approaches will enhance our knowledge
of the underlying neurobiological substrates and may provide groundwork for the
development of new treatment options for disorders of self-destructiveness, like AN
and NSSI. In conclusion, we hypothesize that self-destructiveness is a new, DSM-5-
transcending concept or psychopathological entity that is reward-driven, and that both
AN and NSSI could be conceptualized as disorders of self-destructiveness.

Keywords: anorexia nervosa, eating disorders, non-suicidal self-injurious behavior, self-destruction,
psychopathology, neurobiology

INTRODUCTION

Empirical evidence and clinical observation suggest a strong link between eating disorders (EDs)
and non-suicidal self-injurious behavior (NSSI). Up to 72% of patients with EDs also engage in
NSSI, and 25–54% of patients that engage in NSSI report comorbid disordered eating (1).

In addition, NSSI and EDs share clinical risk factors and there is overlap in
motivational and behavioral aspects of both disorders (2), suggesting shared underlying
(neurobiological) mechanisms.

Abbreviations: AN, Anorexia Nervosa; NSSI, Non-suicidal self-injurious behavior; RDoC, Research Domain Criteria;
ED(s), Eating disorder(s); 5-HT, Serotonin; DA, Dopamine; OCD, Obsessive compulsive disorder; DSM, Diagnostic and
Statistical Manual of Mental Disorders.
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In our recent study on deep brain stimulation (DBS) as a
potential new treatment option for anorexia nervosa (AN) we
saw an increase in self-destructive behavior when the eating-
disorder symptoms lost their rewarding properties (3). This rose
the question how AN and self-destructive behavior are linked,
whether there is a shared pathogenesis, and why this potential
shared pathogenesis leads to different clinical expressions. On a
more fundamental level, we wondered whether the self-starvation
of AN-patients, which seems to be an ultimate form of self-
destruction, could be considered primarily self-destructive. In
this review self-destructive or self-injurious behavior is narrowed
down to NSSI and suicidal intent is excluded.

As is common in psychiatric practice, therapeutic options
often aim at either eating disorder pathology or self-injurious
behavior (4, 5). If NSSI and EDs share etiopathogenetic
mechanisms, acknowledging them may improve understanding,
diagnosis and treatment efficacy. However, research is scarce and
there is currently no overview on the neurobiological association
between EDs and NSSI.

Although all EDs evidently show pathological eating behaviors
with related cognitions and emotions, suggesting a common root,
there are also significant clinical and etiopathogenic differences
between EDs. Since the clinical overlap between self-destructive
behavior and one particular eating disorder, namely anorexia
nervosa, seems to be the most striking, and most neurobiological
evidence is available for AN, we will focus this review on AN.

With this narrative review we summarize the literature on
the psychopathology and neurobiology of anorexia nervosa (AN)
and NSSI and shed new light on their links (6).

We propose a new conceptualization of the overlap between
AN and NSSI and suggest new approaches to better characterize
their relation. Thereby we aim at providing a groundwork
for future research and the development of new biological
treatment options for AN and NSSI, especially if they are
occurring simultaneously.

METHODS AND OUTLINE

We conducted this narrative review according to the steps
described by Demiris (6). To answer the above questions we
first summarize the literature on the psychopathology (clinical
picture and psychological theories on the etiopathogenesis)
and the neurobiology of AN and NSSI separately. For this
search we used various combinations of search terms regarding
“Anorexia nervosa” “Self-destructive behavior,” ”NSSI” AND/OR
“psychopathology” AND/OR “neurobiology.” We chose relevant
articles that focus on the combination of and/or overlap between
the two. Because this search did not reveal many relevant hits
we expanded the search with “Eating disorders” AND “Self-
destructive behavior” for topics on which there was no literature
specific to AN. We scanned reference lists of included articles for
additional relevant literature.

First, we summarize the psychopathology and neurobiology
of AN and NSSI separately. In chapter 3 we discuss the
commonality between AN and NSSI on a psychopathological and
neurobiological level, leading to a reward centered hypothesis

on this overlap. We made the somewhat artificial distinction
between psychopathology in general and neurobiology in
specific for reasons of clarification from a research perspective.
Finally we propose three conceptual hypotheses explaining the
relationship between AN and NSSI, integrating psychopathology
and neurobiology.

RESULTS: PSYCHOPATHOLOGY AND
NEUROBIOLOGY OF ANOREXIA
NERVOSA AND NON-SUICIDAL
SELF-INJURIOUS BEHAVIOR,
RESPECTIVELY

Anorexia Nervosa
Psychopathology of Anorexia Nervosa
Anorexia nervosa (AN) is an eating disorder characterized by
(1) an intense fear of gaining weight or becoming fat; (2)
persistent behavior that interferes with weight gain, potentially
leading to self-starvation and severe somatic complications; (3)
and a misperception of one’s body weight or shape (and often
also the seriousness of the malnutritive state of the body).
There are two subtypes of AN: the restrictive subtype (AN-R),
characterized by restrictive eating; and the binge eating/purging
subtype (AN-BP), characterized by restrictive energy intake but
also binging and/or purging (self-induced vomiting, misuse of
laxatives and/or diuretics) (7).

AN typically has its onset in adolescence (8) and the female-
male ratio is 4:1 (9). AN has a prevalence of 1–4% and (9, 10).
With a mortality rate of 5.6% per decade (resulting from medical
complications and suicide), AN has the highest mortality rate of
all psychiatric disorders (9, 11).

Psychiatric comorbidity is high: comorbid psychiatric
disorders are reported in over 70% of AN-patients and include
affective disorders, obsessive compulsive disorder, personality
disorders, and impulse control disorders (9). Studies found
correlations between AN and childhood trauma and between
AN and specific personality traits (like perfectionism, negative
emotionality and bodily dissatisfaction (12). Despite increased
knowledge of neurobiological, psychological and environmental
factors that contribute to the development and maintenance of
the (9, 13, 14), effective treatment options are limited, and AN
takes on a chronic course in a considerable number of patients
(20%) (15).

Neurobiology of Anorexia Nervosa
Several neurobiological factors have been investigated in
AN, including neurotransmitter systems and brain network
functioning (16). Changes in serotonin (5-HT) and dopamine
(DA) have been most often examined.

Several studies show alterations in 5-HT-metabolites, -
receptor binding potential and -activity, suggesting involvement
of 5-HT function in AN (17, 18). Dopamine (DA) is related
to motivation and reward, and to eating and the reinforcing
value of food (19). Studies on DA metabolites and receptor
density in AN suggest an altered DA functioning and disturbed
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reward processing in AN (19–22). Bailer et al. (23) found a
positive association between DA release and anxiety in the dorsal
caudate in AN patients, possibly explaining why food-related DA-
release produces anxiety in AN but is considered pleasurable in
healthy individuals.

Brain areas involved in eating and eating disorders can be
classified in circuits that are interconnected and mutually interact
with each other. Although difficult to compare, functional
magnetic resonance imaging (fMRI) studies in AN show
consistently altered activation in emotional, reward and cognitive
brain networks as well as networks implied in interoception. In
Supplementary Table 1, we summarize fMRI studies in ill and
recovered AN patients according to Frank et al. and O’Hara et al.
(24, 25).

In summary, the structures showing dysfunctional activation
in ill and recovered AN patients are part of (1) salience
and reward networks related to emotional processing and
reward processing, and (2) a cortical cognitive circuit related to
selective attention and planning. Together they form the cortico-
striatal-limbic neurocircuit, which is implicated also in other
reward related psychiatric disorders such as obsessive compulsive
disorder (OCD) (26).

Several models refer to a dysfunctional reward circuit in AN
[e.g., the bottom-up top-down model by Kaye et al. (27)]. Frank
et al. (24) suggest that there is a conflict between the conscious
motivation to restrict food in AN and a body-homeostasis
driven motivation to approach food. There seems to be a
reinforcing mechanism between AN behavior and anxiety. Some
AN behavioral symptoms provide short time relief of anxiety and
stress and are rewarding.

Based on these findings, O’Hara et al. (25) formulated
a reward-based model of AN. In this model the
etiopathophysiology of AN is described as an increased reward
responsiveness for and habit formation of anorectic behavior.
AN is thought to originate in striatal reward dysfunction,
reflected by reward-based learning of stimulus-driven bottom-up
processes. Illness-compatible cues become positively associated
with reward, while food-related healthy cues lose their rewarding
properties, and instead become punishing, a process the authors
call ‘reward contamination’.

Non-suicidal Self-Injurious Behavior
Psychopathology of Non-suicidal Self-Injurious
Behavior
As opposed to AN, non-suicidal self-injurious behavior (NSSI)
is no disorder or disease category. NSSI is defined as “any
socially unaccepted behavior involving deliberate and direct
destruction of bodily tissue without suicidal intent” (28–30).
Examples of NSSI are skin-cutting, self-hitting, self-burning and
scratching. In the DSM-III, NSSI was described as a symptom
of emotional and developmental disorders like borderline
personality disorder (BPD) and impulse control disorder (31).
The DSM-5 has included NSSI in the category “Conditions
for Further Study” (7), which, according to Cipriano et al.
(32), is a first step toward recognizing NSSI as a separate
disorder. One of the criteria of NSSI in the DMS-5 is that the

behavior attempts to diminish inter- as well as intrapersonal
psychological discomfort.

Since self-injurious behavior is often studied simultaneously
with suicidal behavior, it is difficult to separate findings for
NSSI from suicidality. Moreover, self-injurious behavior has been
studied under various acronyms [e.g., (non-suicidal) self-injury,
self-mutilation, self-harm, deliberate self-harm, parasuicidal
behavior] with varying in- and exclusion criteria (with the most
prominent variation being the in- or exclusion of suicidal intent),
which complicates interpretation of the literature. In this review
self-injurious behavior is narrowed down to NSSI and suicidal
intent is excluded.

Non-suicidal self-injurious behavior has an onset in early
adolescence (12–14 years) and a higher prevalence in women
than in men (29, 32). According to a recent systematic review
by Cipriano et al. (32), NSSI has a prevalence of 4–23% in
adults and 7.5–46.5% in adolescents, with wide ranges due to
differences in samples and methods. The prevalence rates of NSSI
in psychiatric populations are higher: 20% in adult psychiatric
populations and 40–80% in adolescent psychiatric populations
(29, 33). Because of the association of NSSI with psychiatric
conditions (borderline personality disorder, depressive disorder,
anxiety disorders, post-traumatic stress disorder, substance abuse
and eating disorders) individuals engaging in NSSI are part of a
diagnostically heterogeneous population.

Accordingly, the described etiopathogenesis of NSSI is diverse.
Several studies found environmental or social risk factors
for NSSI, like childhood trauma, attachment problems and
dysfunctional interpersonal relationships, as well as individual
risk factors like emotion regulation problems (32, 34). Paivio
and McCulloch (35) showed that difficulties to identify and
express emotional experience appropriately (i.e.,. alexithymia)
mediated the relation between childhood trauma (except sexual
abuse) and NSSI.

Most studies on NSSI describe emotion regulation problems
as the primary source. Typically, an increase in negative
emotionality is observed before engaging in NSSI, which is
reduced after NSSI, resulting in a positive rewarding experience
(32). Ammerman et al. (36) reviewed experimental studies using
physical aversive (painful) stimuli like heat, electric shocks or
cutting to induce NSSI related responses and found that when
NSSI functioned as self-punishment, NSSI individuals had a less
intense pain response to painful stimuli than controls (36).

There are several models of NSSI. Favaro and Santonastaso
(37) distinguish two forms of NSSI: (1) impulsive NSSI, described
as an impulsive act functioning as an episodic relief after
increasingly build up tension (e.g., skin cutting, burning), and
(2) compulsive NSSI, described as a compulsive act expressed as
a habitual, repetitive, non-functional motor behavior (e.g., hair
pulling, skin picking).

Others (38) have proposed a four-factor model, which
states that NSSI can be reinforced by either intrapersonal of
interpersonal motives, and can be either positively reinforcing
(by generating a positive feeling) or negatively reinforcing (by
reducing a negative feeling). This model is supported by empirical
evidence and is widely used for categorizing functionality of NSSI
(29, 33). Klonsky and Muehlenkamp (29) have extended this
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model to seven groups of functions or motivations of NSSI: (1)
affect regulation, (2) self-punishment, (3) interpersonal influence,
(4) anti-dissociation, (5) anti-suicide, (6) sensation seeking, (7)
interpersonal boundaries and self-control.

In summary, NSSI seems to be a maladaptive emotion
regulation strategy with (internal and external) reinforcing and
rewarding properties (32).

Neurobiology of Non-suicidal Self-Injurious Behavior
There are several neurotransmitter systems involved in NSSI.
First, the endogenous opioid system, because it is involved in
pain perception, pain relief and reduction of negative affect,
reward and motivational processes (39, 40). Evidence for the
relation between NSSI and the endogenous opioid system is based
on altered endogenous opioid levels, reduced pain sensitivity
and successful opioid antagonist treatment in NSSI (36, 40,
41). Risk factors for NSSI such as childhood trauma and
disrupted attachment, are also related to changes in opioid levels
(39, 40, 42).

The opioid system modulates the dopaminergic (DA) system
(42), which is also hypothesized to be involved in NSSI. In
animal models with reduced DA neurons, self-biting behavior
was observed when DA-agonists were administered, whereas DA-
antagonists had a reversing effect on this behavior. Self-injury in
animals was mainly observed when the animal was in isolation or
physically restricted (43). As DA is the major neurotransmitter
involved in reward processing (44), and reward is crucial in
engagement and reinforcement of NSSI, altered DA levels in the
reward circuit seem to be involved in NSSI. However, humane
data on the role of DA in NSSI are lacking.

Another neurotransmitter that might be implicated in NSSI
is the serotonergic (5-HT) system (40). Associations have been
made between 5-HT and impaired emotion regulation and
impulsivity (17), which are both psychological risk factors
for NSSI. Also, 5-HT dysfunction has been linked to several
psychiatric disorders associated with NSSI, such as depression,
anxiety, BPD and eating disorders (17, 42). Genetic studies
have found a correlation between polymorphisms in 5-HT
transporters and increased probability of NSSI, particularly when
mediated by stress exposure (34). However, other studies found
no relation between NSSI and 5-HT levels (45).

Neuroimaging studies in patients with NSSI (with or without
a specific psychiatric condition) suggest involvement of brain
circuits related to negative valence, reward and habit formation,
and cognitive control (36). For example, NSSI-expressing
individuals seem to have more inhibitory control toward NSSI-
related pictures than controls. Plener et al. (46) found increased
activation in the limbic system (amygdala, anterior cingulate
cortex) in response toward these pictures, which was related
to increased levels of arousal. They also found increased
activation in the prefrontal cortex, which was related to a
controlling response toward the observed limbic over-activation.
This could suggest that the initial arousing response toward
NSSI was neutralized, probably because of the final rewarding
experience of NSSI. Kraus et al. (47) and Reitz et al. (48)
found similar imaging results related to NSSI-triggering acts and
while experiencing physical pain. Ammerman et al. (36) stated

that these findings support the regulative effects of NSSI on
emotional processing.

Liu (41) proposes a habit model to explain NSSI. The author
describes a shift from voluntary behavior (instrumental learning)
to repetitive habitual behavior (stimulus-response learning)
occurring over time. Similar to addiction, when the self-injury
becomes a habit, it loses the sensitivity to the positive outcome.
This shift is paralleled by a shift from the ventral to the
dorsal striatum, as observed in addiction. Other research showed
that NSSI decreased arousal mostly in individuals infrequently
engaging in the behavior, which suggests that the reinforcing
and rewarding effects are the strongest during the onset of
the behavior. The positive effects of pain relief after NSSI
were lower in frequent NSSI-patients, supporting NSSI as a
habitual ‘rewarding’ experience (36). This implicates that risk
factors for NSSI possibly change over time, just as NSSI and
its neurobiological correlates might become more habitual over
time (41).

An important conclusion of both Ammerman et al. (36)
and Liu (41) is that, based on most behavioral and imaging
studies, NSSI is considered a conditioned, reinforcing behavioral
act, aimed at emotion regulation, which results in a habitual
rewarding experience. The reward system might therefore be
of great interest when further investigating the neurobiological
etiology of NSSI.

RESULTS: PSYCHOPATHOLOGICAL AND
NEUROBIOLOGICAL OVERLAP
BETWEEN ANOREXIA NERVOSA AND
NON-SUICIDAL SELF-INJURIOUS
BEHAVIOR

Anorexia Nervosa and Non-suicidal
Self-Injurious Behavior:
Psychopathological Overlap
As mentioned above, there is a high rate of co-occurrence
between EDs and NSSI. Cucchi et al. (49) found a lifetime
prevalence of NSSI in 22% of the AN patients and in 33% of the
bulimia nervosa (BN) patients. This seems logical because both
NSSI and purging require proactive deliberate action, whereas
restricting is a more passive action (50).

Claes and Muehlenkamp (51) define both NSSI and ED
related behavior as “harmful behaviors falling within a behavioral
spectrum ranging from self-care to self-harm.” The behavioral
symptoms of EDs and more specifically of both subtypes of
AN (AN-R and AN-BP) do have a highly (self-) destructive
character. Because of the level of self-destructiveness in AN
(and other EDs), and the assumed function of eating disorder
symptoms in emotion regulation, some authors even suggest
to consider EDs itself as a form of non-suicidal self-injurious
behavior (NSSI) (13).

The onset of both AN and NSSI is usually during adolescence,
and both show a trend toward a higher prevalence in the female
population. Both NSSI and EDs share important risk factors like
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experienced childhood trauma, especially sexual abuse, or other
traumatic events. Claes and Muehlenkamp present a conceptual
model based on the psychosocial risk factors that are shared by
NSSI and EDs (Figure 1, derived from Claes and Muehlenkamp
(51).

In addition, Svirko and Hawton (13) systematically reviewed
the literature on psychological associations between NSSI
and EDs. The most important shared psychological factors
besides affect/emotion dysregulation implicated in EDs and
NSSI are impulsivity, obsessive-compulsivity, dissociation, self-
criticism/self-punishment and a need for control. Furthermore,
associations are found with perfectionism, body-dissatisfaction
and identity-conservation (52).

Both NSSI and EDs are considered to be related to emotion
dysregulation (49, 53–55). The behaviors function as maladaptive
coping strategies that can be seen as a form of self-destructive
behavior, to either escape or generate specific feelings. NSSI as
well as eating-disordered behavior are automatically negatively
reinforced by the reduction of negative affect and potentially
positively reinforced by an increase in positive affect (in case
of dietary restriction this could be an increase in positive
mood, control and accomplishment) and are thus maintained by

reinforcement and habituation. Both NSSI and EDs symptoms
have been reported by patients as forms of self-punishment.

In conclusion, there seem to be psychopathological links
between NSSI and AN in emotion dysregulation, (maladaptive)
coping behavior, and reinforcement or reward (56).

Anorexia Nervosa and Non-suicidal
Self-Injurious Behavior: Neurobiological
Overlap
The neurobiological evidence on AN and NSSI summarized
above, suggests that processes related to reward are essential
in their overlap. As described above, NSSI induces opioid
related reward to compensate for lower levels of endogenous
opioids (39, 42). If reduced sensitivity of endorphin receptors
and/or low levels of endogenous opioids are typical for patients
engaging in NSSI, NSSI and also anorectic/eating disordered
behavior in these patients might be a way to self-stimulate the
endogenous opioid system.

The endogenous opioid system and the reward system are
closely linked, since opioid modulates DA pathways resulting
in an increased DA release in for example the striatum.

FIGURE 1 | Claes and Muehlenkamp (51) distinguish “distal” risk factors that include temperament (high emotional reactivity, negative mood intolerance, anxiety
sensitivity) and personality traits (impulsivity, obsessive-compulsive traits, perfectionism), cultural factors, family factors, and traumatic interpersonal experiences, and
“proximal” risk factors that include emotion dysregulation, cognitive distortions, low body regard, dissociation, peer pressure/contagion and comorbid psychiatric
disorders. It is hypothesized that these risk factors interact with each other and with stressful events and that the internal distress caused by these interactions is
regulated by behaviors of NSSI and/or EDs, which in turn can influence or reinforce the proximal risk factors.
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Furthermore, opioids are thought to be involved in the emotional
value of reward, but also in modulating appetite and energy
metabolism (17).

One class of opioids, beta-endorphin, is released during
stress as well as during positive experiences and causes an
euphoric rush and a reduced pain perception. NSSI, but
also other impulsive behaviors like binge-eating, results in a
release of beta-endorphin and its rewarding rush (39, 42, 45).
Interestingly, as a consequence of malnutrition, beta-endorphin
levels are reduced in AN-patients (17). NSSI, but possibly also
the self-destructive eating disorder related behavior itself, in
these patients could therefore be a way to self-stimulate and
mobilize the last reserves of the endogenous opioid system
(42). From this perspective, the state of malnutrition in AN-
patients stimulates the engagement in self-destructive or other
radical behavior. Besides NSSI, also binge-eating, food restriction
and excessive exercising are ways to gain such an endorphin
rush and thus to stimulate the reward system (39, 42, 57).
In this way, self-destructive behavior is providing a short-
term rewarding relief of the typical negative emotional state in
AN-patients. Thereby, endogenous opioid dysfunctioning seems
an important explanation for the neurobiological association
between NSSI and AN.

Moreover, distilling the evidence summarized above on the
neurobiology of AN and NSSI, both are linked to reward-related
processes like DA dysregulation, serotonergic functioning and
abnormal activation in the cortico-striatal neurocircuit.

The reward-centered model of AN (25) describing increased
activation in striatal (bottom-up) networks and decreased
activation in controlling cognitive (top-down) networks, is not
only applicable for the engagement in anorectic behavior but
also for NSSI. A study into the motivational processing of
AN-compatible cues revealed that striatal DA modulation was
relevant in the development of automated behavior regulated
by the cortico-striatal circuit (58). This is consistent with the
reward-based learning model of anorectic behavior and illness
compatible cues proposed by the same authors.

Furthermore, the model of Liu (41) shows similarities with
the model of O’Hara et al. (25), since both NSSI and anorectic
behavior are initially a way to regulate negative affect, while
repeated NSSI and AN-behavior is linked to habitual behavior or
reward-associated learning. The imbalance in the cortico-striatal
circuit, with a focus on bottom-up processes of the striatal reward
system, might be of great relevance for the reward associated
learning of self-destructive behavior in AN and NSSI in general.

Because of the central role of reward in both NSSI and AN, the
reward-associated brain areas and neurobiological mechanisms,
we hypothesize that reward is a central and common factor in the
pathophysiology of both AN and NSSI.

SUMMARY

Both AN and NSSI are characterized by disturbances in affect
regulation, coping strategies, the psychological constructs of
reward, and on a neurobiological level dysregulation of the
reward circuitry and the opioid system.

DISCUSSION AND
CONCEPTUALIZATION

Anorexia Nervosa and Non-suicidal
Self-Injurious Behavior: Conceptual
Hypotheses
We acknowledge the fact that in this review, we have placed
ourselves in the difficult position of describing links between
two constructs that are conceptually and structurally dissimilar.
The conceptualization of both eating disorders and NSSI
is a topic of much debate. Eating disorders, and AN in
particular, may be perceived as disorders of feeding, but also
as body-image disorders, psychosomatic disorders, neurotic
or obsessive-compulsive disorders or even disorders with a
psychotic component. Based on the psychopathological and
neurobiological evidence outlined in our review, a reward-related
or behavioral addiction disorder perspective seems applicable.

Self-destructive behavior has long been considered a symptom
of several psychiatric disorders and has only been recently taken
into consideration as a separate, affect regulation- and reward-
related disorder.

Based on the overlap between AN and NSSI summarized
above–in epidemiology, comorbidity, clinical picture,
functionality, explanatory mechanisms and involvement of
(partially) the same neurobiological systems–we propose several
hypothetical models of the relationship between AN and
NSSI and their underlying neurobiology: (1) a nosographical
approach, (2) a research domain (RDoC) approach, and (3) a
network analysis approach. Central in these models is the overlap
between AN and NSSI in affect regulation, body and/or pain
disperception, punishment and reward.

Anorexia Nervosa and Non-suicidal Self-Injurious
Behavior: A Nosographical Approach
Although there is considerable overlap between AN and
NSSI, there are also differences. AN is a well-defined
psychiatric disorder with specific diagnostic criteria. Although
self-starvation, purging and over-exercising are highly self-
destructive, the body image distortion and denial of the severity
of the somatic condition in AN are not seen to this extent in
people engaging in NSSI and seem to be specific to AN. NSSI
on the other hand is increasingly being considered as a distinct
disorder instead of a symptom of other disorders in the DMS-5.
Based on these characteristics and differences in clusters of
symptoms (i.e., a different classification of symptoms) it can
therefore be hypothesized that NSSI and AN are two separate
disorders, with some degree of overlap in neurobiology and
functionality, leading to comorbidity (see Figure 2A).

One might also argue that NSSI is no separate construct
or disorder at all. NSSI is prevalent in the context of many
psychiatric disorders, especially disorders related to emotion
regulation, impulsiveness, identity and interpersonal problems.
Self-destructive eating disordered behavior and other forms of
NSSI present during the course of AN could thus be seen as a
symptom of AN, like NSSI is also often seen as a symptom in
borderline personality disorder (see Figure 2B). While the initial
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FIGURE 2 | (A) NSSI and AN as two separate disorders, with some degree of overlap in neurobiology and psychology, leading to comorbidity. (B) NSSI as a
symptom of AN [like it can be a symptom of boulimia nervosa (BN) or borderline personality disorder (BPD)]. (C) AN as a symptom of NSSI (with NSSI being
considered as a separate disorder with multiple (interchangeable) expressions). (D) Self-destructiveness as new, DSM-transcending concept or psychopathological
entity with a distinct neurological basis and a variety of clinical expressions.
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motivation to engage in food restriction and purging might be
a drive for thinness, the existing predominant view of AN as
a disorder of fear of weight gain might need to be revised. In
accordance with the reward-based hypothesis of AN, AN could
be considered as a disorder of emotion regulation and disrupted
reward processing, with self-destructiveness, reflected by eating
disordered behavior as well as NSSI in general, as a key symptom.

Alternatively, yet in line with this view, the eating-disordered
behavior seen in AN might be seen as a form of NSSI. In
this perspective, NSSI would be considered a separate disorder
with multiple (interchangeable) expressions. Purging, starvation,
food restriction and over-exercising will in this model be in
the same line with other forms of self-destructive behavior
like for example self-cutting or self-burning. Self-destructive
behavior is rewarding and reinforcing (e.g., in providing a relief
of negative affect). This reinforcement is enhanced in AN due
to the effects of starvation, which might explain why people
engaging in eating disordered self-destructiveness tend to stick
with the eating disordered behavior instead of changing to
other forms of self-destructive behavior. In this model, AN,
or the anorexia-related behaviors, can be considered as a form
of internalized and positively reinforcing self-destructiveness or
NSSI (see Figure 2C).

Based on the commonality in epidemiology, comorbidity,
clinical features, functionality and neurobiological mechanisms
a more fundamental relationship between NSSI and AN does
not seem completely arbitrary. If a nosographical approach
is conducted there seems to be considerable overlap in the
intentionality and experience of both NSSI and AN. This overlap
consists of the concept of self-harm, but also the concepts of
aberrant reward and punishment systems, the focus on the body
or bodily structures, and the concept of affect dysregulation. In
this perspective, both NSSI and AN could be conceptualized as
(disorders of) self-destructiveness, driven by shared factors, with
a different means of expression (see Figure 2D).

Anorexia Nervosa and Non-suicidal Self-Injurious
Behavior: A Research-Domain Centered Approach
As shown above, AN and NSSI share various psychological
concepts like reward and punishment, affect regulation and
control. A relatively new but promising way to investigate
mental disorders is through the Research Domain Criteria
(RDoC) framework (National Institute of Mental Health). The
RDoC framework aims at understanding the nature of mental
health and illness in terms of varying degrees of dysfunction
in general psychological and biological systems (59). The RDoC
framework focuses on six major domains of human functioning.
These domains consist of behavioral constructs, that are studied
or assessed using different classes of variables (p.e. genetic,
neurocircuit, behavioral, self-report).

In our review, we have focused on the clinical and especially
neurobiological overlap between AN and NSSI. The RDoC
framework could be of value in further exploring the overlap
between AN and NSSI in terms of exploring the basic biological
and cognitive processes underlying these disorders, to explain
comorbidity and to create a dimensional conceptualization of the
phenomena AN and NSSI (60).

According to our review, there seems to be overlap on
several if not all six RDoC domains. In both disorders
there is involvement of negative valence systems (e.g., fear,
anxiety, non-reward), positive valence systems (p.e. reward,
reward learning, habit formation), cognitive systems (p.e. self-
perception, cognitive control), systems for social processes (p.e.
self-perception, attachment), arousal/regulatory systems (p.e.
homeostatic system, pain regulation) and sensimotor systems
(motor actions, sensimotor dynamics). By using the RDoC
framework it would be possible to research the more central
domains and constructs of AN and NSSI, focusing on the
underlying basis (and partially common) concepts. In this way
the overlapping aspects can be investigated in a basic and
dimensional way using genetic, neurobiological, behavioral and
developmental data, leading to new (and maybe common)
preventive and therapeutic options (Figure 3).

Anorexia Nervosa and Non-suicidal Self-Injurious
Behavior: A Network Analysis Approach
Another way of researching clinical and neurobiological overlap
is the network approach. In the network approach mental
disorders are conceptualized as causal systems of mutually
interacting symptoms (61). Statistical models provide ways to
assess centrality of symptoms (i.e., how connected and clinical
relevant a symptom is in a network) and to assess so-called ‘bridge
symptoms,’ that occur in both disorders.

In the network approach NSSI and AN are hypothesized to
co-occur due to mutual interactions among (shared) symptoms.
Moreover, besides symptoms, other variables like environmental
factors, developmental factors, cognitive processes and laboratory
and neurobiological measurements can also be included in a
network analysis. A network analysis might reveal connections
and bridges between variables that seem to overlap, like the
symptoms of NSSI and AN itself (the various forms of expression
of NSSI as well as food restriction, binging and purging), co-
occurring affective symptoms regarding mood and anxiety, but
also other variables like childhood trauma, impulsivity, obsessive-
compulsiveness, perfectionism, focus on the body, self-criticism,
need for control, emotion regulation and reward. Based on this
review it is hypothesized that maladaptive coping and emotion
regulation together with dysfunctional reward processing are
central variables.

Although establishing centrality and shared symptoms might
be of great value to explain co-morbidity, to predict the course of
mental disorders, and to target treatment, the network analysis
does not fully explain the direction and causality between
connecting variables. It may, however, shed more light on the
overlap between NSSI and AN and the shared etiopathogenetic
and neurobiological processes underlying both phenomena.
This might guide the phenomenological and research domain
discussion elaborated on in the above paragraphs (Figure 4).

LIMITATIONS

We described the (psychopathological and neurobiological)
overlap between two distinct constructs: AN, which is

Frontiers in Psychiatry | www.frontiersin.org 8 May 2022 | Volume 13 | Article 756238

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


fpsyt-13-756238 May 5, 2022 Time: 19:6 # 9

Oudijn et al. Anorexia Nervosa and Self-Injurious Behavior

FIGURE 3 | Conceptualization of the relationship between AN and NSSI via the RDoC framework.
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FIGURE 4 | Conceptualization of the relationship between AN and NSSI via
network analysis.

a psychiatric diagnosis based on the internationally used
psychiatric categorical classification system, and NSSI. NSSI has
been included in the category ‘Conditions for Further Study’ in
the DSM-5, suggesting a movement toward considering NSSI as a
separate disorder. However, in the literature, NSSI is not studied
as a separate disorder but as behavior occurring in patients with
a range of (psychiatric) disorders as well as in patients with
no disorder. Comparing two nosographically and conceptually
different constructs may induce bias and complicates drawing
conclusions on potential consistency. We have tried to minimize
the risk of this bias by selecting literature on NSSI only, and
excluding literature on self-destructive behavior and suicidality in
general. Due to the use of various definitions of “self-destructive
behavior” or related terms, the differences in context in which
self-destructive behavior is studied, and the conceptual nature of
our literature synthesis, we conducted a narrative review. This
narrative review may be a prelude to more systematic review with
a formal search strategy related to the theories we formulated in
this narrative review.

Studies on self-destructive behavior and/or NSSI in
combination with EDs often do not distinguish between
the different EDs but focus on the concept of EDs in general,
or on disturbed eating as a symptom. In this narrative review,
we chose to focus on AN because we think that AN is a more
confined illness-concept with well-defined criteria, and because
we hypothesize that the anorectic behavior (restricting, purging,
over-exercising) and cognitions in particular have a highly
self-destructive character. We used literature specific for AN in
combination with NSSI. When no information specific for AN
was available, we used literature on EDs in general as this was the
best available evidence on this topic.

CONCLUSION

The aim of this review was to review the literature on the
neurobiology of anorexia nervosa (AN), the neurobiology of non-
suicidal self-injurious behavior (NSSI), and the possible clinical
and neurobiological overlap between AN and NSSI, leading

to a conceptual hypothesis of a shared etiopathogenesis (or
etiopathological correlates) of AN and NSSI.

Based on the literature, both NSSI and EDs are related to
emotion dysregulation, maladaptive coping and a dysfunctional
reward system. In this conceptual review we formulate a reward-
centered hypothesis explaining the overlap between AN and
NSSI. Furthermore, we propose three approaches that can
advance the understanding of the relationship between AN
and NSSI, which integrate psychopathology and neurobiology:
(1) a nosographical approach, (2) a research domain (RDoC)
approach, and (3) a network analysis approach. We believe that
the approaches will enhance our knowledge of the underlying
neurobiological substrates and may provide groundwork for the
development of new treatment options for disorders of self-
destruction, like AN and NSSI.

In conclusion, we hypothesize that self-destructiveness is a
new, DSM-5-transcending concept or psychopathological entity
that is reward-driven, and that both AN and (other forms of)
NSSI could be conceptualized as disorders of self-destructiveness.

RECOMMENDATIONS FOR FURTHER
RESEARCH

Our models on the possible relationship between AN and
self-destructiveness are hypothetical, providing new inroads for
scientific substantiation. We recommend the development of
research initiatives that study AN and NSSI in the context of
RDoC and through the network analysis and dynamic systems
approach. This might increase insight in the mechanisms that
cause the clinical and neurobiological overlap between AN and
NSSI. To overcome nosologic difficulties we suggest to consider
NSSI as a behavioral concept independent of diagnosis, and
to research the overlap and differences with disturbed eating-
related behavior instead of eating disorders or anorexia nervosa.
This would lead to a more neuroscientific approach of defining
and researching psychopathology conform the Research Domain
Criteria (RDoC) Project (59, 62).

The involvement of the opioid system in both AN and
NSSI is a point of interest, possibly creating an opportunity for
new pharmacotherapeutical interventions in AN, NSSI or the
combination (63). For example, N-Acetylcysteine is being studied
as possible moderator in behavioral addiction (64).

A potentially promising intervention that is being researched
in patients with severe, chronic treatment refractory AN is
modulation of the reward circuitry with deep brain stimulation
(DBS). Given the observed high levels of self-destructiveness
(eating-disordered as well as non-eating disordered) and the
affect regulation and reward-related abnormalities in these
patients, DBS might be effective in the treatment of not only AN
but also of self-destructiveness in general.

Neuroimaging studies focusing on the concepts of self-
destructiveness, affect regulation and reward regulation of both
AN and NSSI might increase knowledge of the underlying
neurobiological substrates, providing tools for the development
of new and targeted treatment options for both AN, NSSI and the
combination of both.

Frontiers in Psychiatry | www.frontiersin.org 10 May 2022 | Volume 13 | Article 756238

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


fpsyt-13-756238 May 5, 2022 Time: 19:6 # 11

Oudijn et al. Anorexia Nervosa and Self-Injurious Behavior

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

MO and JL wrote the manuscript. RM, AL, AE, and DD
contributed to writing the manuscript. All authors read and
approved the final manuscript.

ACKNOWLEDGMENTS

We acknowledge Mark Koppenberg, Brainclinics Foundations,
for his contribution in designing the figures in
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2022.756238/full#supplementary-material

REFERENCES
1. Claes L, Muehlenkamp JJ. Non-suicidal Self-Injury in Eating Disorders. Berlin:

Springer (2016).
2. Carlson L, Steward T, Aguera Z, Mestre-Bach G, Magana P, Granero R, et al.

Associations of food addiction and nonsuicidal self-injury among women with
an eating disorder: a common strategy for regulating emotions? Eur Eat Disord
Rev. (2018) 26:629–37. doi: 10.1002/erv.2646

3. Oudijn MS, Mocking RJT, Wijnker RR, Lok A, Schuurman PR, van den
Munckhof P, et al. Deep brain stimulation of the ventral anterior limb of the
capsula interna in patients with treatment-refractory anorexia nervosa. Brain
Stimul. (2021) 14:1528–30. doi: 10.1016/j.brs.2021.10.387

4. Healthcare DFfQDiM. Practice Guideline for the Treatment of Etaing Disorders
[Zorgstandaard Eetstoornissen]. Utrecht: Akwa GGZ (2017).

5. Hemert AMV, Kerkhof AJFM, Keijser JD. Multidisciplinaire Richtlijn
Diagnostiek en Behandeling Van Suïcidaal Gedrag. Utrecht: De Tijdstroom
(2012).

6. Demiris G, Oliver DP, Washington KT. Chapter 3 – Defining and analyzing
the problem. In: Demiris G, Oliver DP, Washington KT editors. Behavioral
Intervention Research in Hospice and Palliative Care: Building an Evidence
Base. Cambridge, MA: Academic Press (2019). p. 27–39.

7. APA. Diagnostic and Statistical Manual of Mental Disorders. 5th ed.
Washington, DC: APA (2013).

8. Mitchell JE, Peterson CB. Anorexia nervosa. N Engl J Med. (2020) 382:1343–
51.

9. Keski-Rahkonen A, Mustelin L. Epidemiology of eating disorders in
Europe: prevalence, incidence, comorbidity, course, consequences, and risk
factors. Curr Opin Psychiatry. (2016) 29:340–5. doi: 10.1097/YCO.0000000000
000278

10. Smink FR, van Hoeken D, Donker GA, Susser ES, Oldehinkel AJ, Hoek
HW. Three decades of eating disorders in Dutch primary care: decreasing
incidence of bulimia nervosa but not of anorexia nervosa. Psychol Med. (2016)
46:1189–96. doi: 10.1017/S003329171500272X

11. Sullivan PF. Mortality in anorexia nervosa. Am J Psychiatry. (1995) 152:1073–
4. doi: 10.1176/ajp.152.7.1073

12. Ulfvebrand S, Birgegård A, Norring C, Högdahl L, von Hausswolff-Juhlin
Y. Psychiatric comorbidity in women and men with eating disorders results
from a large clinical database. Psychiatry Res. (2015) 230:294–9. doi: 10.1016/j.
psychres.2015.09.008

13. Svirko E, Hawton K. Self-injurious behavior and eating disorders: the extent
and nature of the association. Suicide Life Threat Behav. (2007) 37:409–21.
doi: 10.1521/suli.2007.37.4.409

14. Watson HJ, Yilmaz Z, Thornton LM, Hubel C, Coleman JRI, Gaspar HA,
et al. Genome-wide association study identifies eight risk loci and implicates
metabo-psychiatric origins for anorexia nervosa. Nat Genet. (2019) 51:1207–
14. doi: 10.1038/s41588-019-0439-2

15. Treasure J, Stein D, Maguire S. Has the time come for a staging model to
map the course of eating disorders from high risk to severe enduring illness?
An examination of the evidence. Early Interv Psychiatry. (2015) 9:173–84.
doi: 10.1111/eip.12170

16. Frank GKW. Neuroimaging and eating disorders. Curr Opin Psychiatry. (2019)
32:478–83.

17. Kaye W. Neurobiology of anorexia and bulimia nervosa. Physiol Behav. (2008)
94:121–35.

18. Frick A, Ahs F, Engman J, Jonasson M, Alaie I, Bjorkstrand J, et al.
Serotonin synthesis and reuptake in social anxiety disorder: a positron
emission tomography study. JAMA Psychiatry. (2015) 72:794–802. doi: 10.
1001/jamapsychiatry.2015.0125

19. Phillipou A, Rossell SL, Castle DJ. The neurobiology of anorexia nervosa: a
systematic review. Austr N Zeal J Psychiatry. (2014) 48:128–52. doi: 10.1177/
0004867413509693

20. Kaye WH, Frank GK, McConaha C. Altered dopamine activity after recovery
from restricting-type anorexia nervosa. Neuropsychopharmacology. (1999)
21:503–6. doi: 10.1016/S0893-133X(99)00053-6

21. Brambilla F, Bellodi L, Arancio C, Ronchi P, Limonta D. Central dopaminergic
function in anorexia and bulimia nervosa: a psychoneuroendocrine approach.
Psychoneuroendocrinology. (2001) 26:393–409. doi: 10.1016/s0306-4530(00)
00062-7

22. Frank GK, Bailer UF, Henry SE, Drevets W, Meltzer CC, Price JC, et al.
Increased dopamine D2/D3 receptor binding after recovery from anorexia
nervosa measured by positron emission tomography and [11c]raclopride. Biol
Psychiatry. (2005) 58:908–12. doi: 10.1016/j.biopsych.2005.05.003

23. Bailer UF, Price JC, Meltzer CC, Wagner A, Mathis CA, Gamst A, et al.
Dopaminergic activity and altered reward modulation in anorexia nervosa-
insight from multimodal imaging. Int J Eat Disord. (2017) 50:593–6. doi:
10.1002/eat.22638

24. Frank GKW, Shott ME, DeGuzman MC. The neurobiology of eating disorders.
Child Adolesc Psychiatr Clin North Am. (2019) 28:629–40.

25. O’Hara CB, Campbell IC, Schmidt U. A reward-centred model of
anorexia nervosa: a focussed narrative review of the neurological and
psychophysiological literature. Neurosci Biobehav Rev. (2015) 52:131–52. doi:
10.1016/j.neubiorev.2015.02.012

26. Bergfeld IO, Dijkstra E, Graat I, de Koning P, van den Boom BJG, Arbab T,
et al. Invasive and non-invasive neurostimulation for OCD. Curr Top Behav
Neurosci. (2021) 49:399–436. doi: 10.1007/7854_2020_206

27. Kaye WH, Fudge JL, Paulus M. New insights into symptoms and neurocircuit
function of anorexia nervosa. Nat Rev Neurosci. (2009) 10:573–84. doi: 10.
1038/nrn2682

28. Claes L, Vandereycken W. Self-injurious behavior: differential diagnosis and
functional differentiation. Compr Psychiatry. (2007) 48:137–44. doi: 10.1016/j.
comppsych.2006.10.009

29. Klonsky ED, Muehlenkamp JJ. Self-injury: a research review for the
practitioner. J Clin Psychol. (2007) 63:1045–56. doi: 10.1002/jclp.20412

30. Self-Injury ISftSo. What is Self-Injury? International Society for the Study of
Self-Injury. (2018). Available online at: www.itriples.com

31. APA. Diagnostic and Statistical Manual of Mental Disorders. 3rd ed.
Washington, DC: APA (1980).

32. Cipriano A, Cella S, Cotrufo P. Nonsuicidal self-injury: a systematic review.
Front Psychol. (2017) 8:1946. doi: 10.3389/fpsyg.2017.01946

33. Lloyd-Richardson EE, Perrine N, Dierker L, Kelley ML. Characteristics and
functions of non-suicidal self-injury in a community sample of adolescents.
Psychol Med. (2007) 37:1183–92. doi: 10.1017/S003329170700027X

34. Brown RC, Plener PL. Non-suicidal self-injury in adolescence. Curr Psychiatry
Rep. (2017) 19:20.

Frontiers in Psychiatry | www.frontiersin.org 11 May 2022 | Volume 13 | Article 756238

https://www.frontiersin.org/articles/10.3389/fpsyt.2022.756238/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.756238/full#supplementary-material
https://doi.org/10.1002/erv.2646
https://doi.org/10.1016/j.brs.2021.10.387
https://doi.org/10.1097/YCO.0000000000000278
https://doi.org/10.1097/YCO.0000000000000278
https://doi.org/10.1017/S003329171500272X
https://doi.org/10.1176/ajp.152.7.1073
https://doi.org/10.1016/j.psychres.2015.09.008
https://doi.org/10.1016/j.psychres.2015.09.008
https://doi.org/10.1521/suli.2007.37.4.409
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1111/eip.12170
https://doi.org/10.1001/jamapsychiatry.2015.0125
https://doi.org/10.1001/jamapsychiatry.2015.0125
https://doi.org/10.1177/0004867413509693
https://doi.org/10.1177/0004867413509693
https://doi.org/10.1016/S0893-133X(99)00053-6
https://doi.org/10.1016/s0306-4530(00)00062-7
https://doi.org/10.1016/s0306-4530(00)00062-7
https://doi.org/10.1016/j.biopsych.2005.05.003
https://doi.org/10.1002/eat.22638
https://doi.org/10.1002/eat.22638
https://doi.org/10.1016/j.neubiorev.2015.02.012
https://doi.org/10.1016/j.neubiorev.2015.02.012
https://doi.org/10.1007/7854_2020_206
https://doi.org/10.1038/nrn2682
https://doi.org/10.1038/nrn2682
https://doi.org/10.1016/j.comppsych.2006.10.009
https://doi.org/10.1016/j.comppsych.2006.10.009
https://doi.org/10.1002/jclp.20412
www.itriples.com
https://doi.org/10.3389/fpsyg.2017.01946
https://doi.org/10.1017/S003329170700027X
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


fpsyt-13-756238 May 5, 2022 Time: 19:6 # 12

Oudijn et al. Anorexia Nervosa and Self-Injurious Behavior

35. Paivio SC, McCulloch CR. Alexithymia as a mediator between childhood
trauma and self-injurious behaviors. Child Abuse Neglect. (2004) 28:339–54.
doi: 10.1016/j.chiabu.2003.11.018

36. Ammerman BA, Berman ME, McCloskey MS. Assessing non-suicidal self-
injury in the laboratory. Arch Suicide Res. (2018) 22:193–223. doi: 10.1080/
13811118.2017.1319312

37. Favaro A, Santonastaso P. Self-injurious behavior in anorexia nervosa. J Nerv
Ment Dis. (2000) 188:537–42.

38. Nock MK, Prinstein MJ. A functional approach to the assessment of self-
mutilative behavior. J Consult Clin Psychol. (2004) 72:885–90. doi: 10.1037/
0022-006X.72.5.885

39. Bresin K, Gordon KH. Endogenous opioids and nonsuicidal self-injury: a
mechanism of affect regulation. Neurosci Biobehav Rev. (2013) 37:374–83.
doi: 10.1016/j.neubiorev.2013.01.020

40. Sher L, Stanley BH. The role of endogenous opioids in the pathophysiology
of self-injurious and suicidal behavior. Arch Suicide Res. (2008) 12:299–308.
doi: 10.1080/13811110802324748

41. Liu RT. Characterizing the course of non-suicidal self-injury: a cognitive
neuroscience perspective. Neurosci Biobehav Rev. (2017) 80:159–65. doi: 10.
1016/j.neubiorev.2017.05.026

42. Bandelow B, Schmahl C, Falkai P, Wedekind D. Borderline personality
disorder: a dysregulation of the endogenous opioid system? Psychol Rev.
(2010) 117:623–36. doi: 10.1037/a0018095

43. Winchel RM, Stanley M. Self-injurious behavior: a review of the behavior and
biology of self-mutilation. Am J Psychiatry. (1991) 148:306–17. doi: 10.1176/
ajp.148.3.306

44. Haber SN, Knutson B. The reward circuit: linking primate anatomy and
human imaging. Neuropsychopharmacology. (2010) 35:4–26. doi: 10.1038/npp.
2009.129

45. Stanley B, Sher L, Wilson S, Ekman R, Huang YY, Mann JJ. Non-suicidal self-
injurious behavior, endogenous opioids and monoamine neurotransmitters.
J Affect Disord. (2010) 124:134–40. doi: 10.1016/j.jad.2009.1
0.028

46. Plener PL, Bubalo N, Fladung AK, Ludolph AG, Lulé D. Prone to excitement:
adolescent females with non-suicidal self-injury (NSSI) show altered cortical
pattern to emotional and NSS-related material. Psychiatry Res. (2012) 203:146–
52. doi: 10.1016/j.pscychresns.2011.12.012

47. Kraus A, Valerius G, Seifritz E, Ruf M, Bremner JD, Bohus M, et al.
Script-driven imagery of self-injurious behavior in patients with borderline
personality disorder: a pilot FMRI study. Acta Psychiatr Scand. (2010) 121:41–
51. doi: 10.1111/j.1600-0447.2009.01417.x

48. Reitz S, Kluetsch R, Niedtfeld I, Knorz T, Lis S, Paret C, et al. Incision and stress
regulation in borderline personality disorder: neurobiological mechanisms of
self-injurious behaviour. Br J Psychiatry. (2015) 207:165–72. doi: 10.1192/bjp.
bp.114.153379

49. Cucchi A, Ryan D, Konstantakopoulos G, Stroumpa S, Kacar AS, Renshaw
S, et al. Lifetime prevalence of non-suicidal self-injury in patients with
eating disorders: a systematic review and meta-analysis. Psychol Med. (2016)
46:1345–58. doi: 10.1017/S0033291716000027

50. Favaro A, Ferrara S, Santonastaso P. Self-injurious behavior in a community
sample of young women: relationship with childhood abuse and other types of
self-damaging behaviors. J Clin Psychiatry. (2007) 68:122–31. doi: 10.4088/jcp.
v68n0117

51. Claes L, Muehlenkamp J editor. Non-Suicidal Self-Injury in Eating Disorders.
Berlin: Springer-Verlag (2014).

52. Verschueren M, Luyckx K, Kaufman EA, Vansteenkiste M, Moons P,
Sleuwaegen E, et al. Identity processes and statuses in patients with and
without eating disorders. Eur Eat Disord Rev. (2017) 25:26–35. doi: 10.1002/
erv.2487

53. Klonsky ED. Non-suicidal self-injury in United States adults: prevalence,
sociodemographics, topography and functions. Psychol Med. (2011) 41:1981–
6. doi: 10.1017/S0033291710002497

54. Haynos AF, Roberto CA, Martinez MA, Attia E, Fruzzetti AE. Emotion
regulation difficulties in anorexia nervosa before and after inpatient weight
restoration. Int J Eat Disord. (2014) 47:888–91. doi: 10.1002/eat.22265

55. Paul T, Schroeter K, Dahme B, Nutzinger DO. Self-injurious behavior in
women with eating disorders. Am J Psychiatry. (2002) 159:408–11. doi: 10.
1176/appi.ajp.159.3.408

56. Gordon KH, Kwan MY, Minnich AM, Carter DL. Etiological models of non-
suicidal self-injury and eating disorders. In: Claes L, Muehlenkamp JJ editors,
Non-Suicidal Self-Injury in Eating Disorders: Advancements in Etiology and
Treatment. Berlin: Springer (2014). p. 55–71.

57. Michalsen A. Prolonged fasting as a method of mood enhancement in chronic
pain syndromes: a review of clinical evidence and mechanisms. Curr Pain
Headache Rep. (2010) 14:80–7. doi: 10.1007/s11916-010-0104-z

58. O’Hara CB, Keyes A, Renwick B, Giel KE, Campbell IC, Schmidt U. Evidence
that illness-compatible cues are rewarding in women recovered from anorexia
nervosa: a study of the effects of dopamine depletion on eye-blink startle
responses. PLoS One. (2016) 11:e0165104. doi: 10.1371/journal.pone.0165104

59. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research
domain criteria (RDoC): toward a new classification framework for research
on mental disorders. Am J Psychiatry. (2010) 167:748–51. doi: 10.1176/appi.
ajp.2010.09091379

60. van Elburg A, Treasure J. Advances in the neurobiology of eating disorders.
Curr Opin Psychiatry. (2013) 26:556–61. doi: 10.1097/YCO.0b013e328365a2e7

61. Chiesi AM. Network analysis. 2nd ed. In: Wright JD editor, International
Encyclopedia of the Social & Behavioral Sciences. Oxford: Elsevier (2015). p.
518–23.

62. Westlund Schreiner M, Klimes-Dougan B, Begnel ED, Cullen KR.
Conceptualizing the neurobiology of non-suicidal self-injury from the
perspective of the research domain criteria project. Neurosci Biobehav Rev.
(2015) 57:381–91. doi: 10.1016/j.neubiorev.2015.09.011

63. Westlund Schreiner M, Klimes-Dougan B, Parenteau A, Hill D, Cullen KRA.
Framework for identifying neurobiologically based intervention targets for
NSSI. Curr Behav Neurosci Rep. (2019) 6:177–87. doi: 10.1007/s40473-019-
00188-z

64. Cullen KR, Klimes-Dougan B, Westlund Schreiner M, Carstedt P, Marka N,
Nelson K, et al. N-acetylcysteine for nonsuicidal self-injurious behavior in
adolescents: an open-label pilot study. J Child Adolesc Psychopharmacol. (2018)
28:136–44. doi: 10.1089/cap.2017.0032

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Oudijn, Linders, Mocking, Lok, van Elburg and Denys. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychiatry | www.frontiersin.org 12 May 2022 | Volume 13 | Article 756238

https://doi.org/10.1016/j.chiabu.2003.11.018
https://doi.org/10.1080/13811118.2017.1319312
https://doi.org/10.1080/13811118.2017.1319312
https://doi.org/10.1037/0022-006X.72.5.885
https://doi.org/10.1037/0022-006X.72.5.885
https://doi.org/10.1016/j.neubiorev.2013.01.020
https://doi.org/10.1080/13811110802324748
https://doi.org/10.1016/j.neubiorev.2017.05.026
https://doi.org/10.1016/j.neubiorev.2017.05.026
https://doi.org/10.1037/a0018095
https://doi.org/10.1176/ajp.148.3.306
https://doi.org/10.1176/ajp.148.3.306
https://doi.org/10.1038/npp.2009.129
https://doi.org/10.1038/npp.2009.129
https://doi.org/10.1016/j.jad.2009.10.028
https://doi.org/10.1016/j.jad.2009.10.028
https://doi.org/10.1016/j.pscychresns.2011.12.012
https://doi.org/10.1111/j.1600-0447.2009.01417.x
https://doi.org/10.1192/bjp.bp.114.153379
https://doi.org/10.1192/bjp.bp.114.153379
https://doi.org/10.1017/S0033291716000027
https://doi.org/10.4088/jcp.v68n0117
https://doi.org/10.4088/jcp.v68n0117
https://doi.org/10.1002/erv.2487
https://doi.org/10.1002/erv.2487
https://doi.org/10.1017/S0033291710002497
https://doi.org/10.1002/eat.22265
https://doi.org/10.1176/appi.ajp.159.3.408
https://doi.org/10.1176/appi.ajp.159.3.408
https://doi.org/10.1007/s11916-010-0104-z
https://doi.org/10.1371/journal.pone.0165104
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1097/YCO.0b013e328365a2e7
https://doi.org/10.1016/j.neubiorev.2015.09.011
https://doi.org/10.1007/s40473-019-00188-z
https://doi.org/10.1007/s40473-019-00188-z
https://doi.org/10.1089/cap.2017.0032
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Psychopathological and Neurobiological Overlap Between Anorexia Nervosa and Self-Injurious Behavior: A Narrative Review and Conceptual Hypotheses
	Introduction
	Methods and Outline
	Results: Psychopathology and Neurobiology of Anorexia Nervosa and Non-Suicidal Self-Injurious Behavior, Respectively
	Anorexia Nervosa
	Psychopathology of Anorexia Nervosa
	Neurobiology of Anorexia Nervosa

	Non-suicidal Self-Injurious Behavior
	Psychopathology of Non-suicidal Self-Injurious Behavior
	Neurobiology of Non-suicidal Self-Injurious Behavior


	Results: Psychopathological and Neurobiological Overlap Between Anorexia Nervosa and Non-Suicidal Self-Injurious Behavior
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: Psychopathological Overlap
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: Neurobiological Overlap

	Summary
	Discussion and Conceptualization
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: Conceptual Hypotheses
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: A Nosographical Approach
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: A Research-Domain Centered Approach
	Anorexia Nervosa and Non-suicidal Self-Injurious Behavior: A Network Analysis Approach


	Limitations
	Conclusion
	Recommendations for Further Research
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


