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Abstract

Ever since Anorexia Nervosa (AN) has been described in 1873, there have been no major
improvements in the aetiology and treatment of the disorder. Anorexia Nervosa (AN) is a
neuropsychiatric disorder in which the patients compulsively starve themselves, experiences anxiety,
have a BMI of <17 kg/m?, and has the highest mortality of any neuropsychiatric disorder. About 4% of
women and 0.3% of men develop AN during their lifetime and 5% of AN patients do not survive the
first 4 years after diagnosis. Deep Brain Stimulation (DBS) is used as a final resort to treat treatment-
resistant neuropsychiatric disorders. In order to improve the DBS treatment of AN, the aetiology of AN
should be clarified. The aetiology of AN is difficult to pinpoint as different aspects of the disorder
overlap with aspects of addiction, Obsessive-Compulsive Disorder (OCD), and depression and anxiety.
Patients with AN often show addictive behaviour towards exercise and weight loss. Obsessive-
compulsive symptoms are also often seen in AN. Finally, patients with AN experience several
depressive-like symptoms and experience social anxiety. In OCD, addiction, and depression and anxiety,
the Nucleus Accumbens (NAc) is often targeted by DBS. The ventral Anterior Limb of the Internal
Capsule (VALIC) is used as a DBS target in both OCD and depression and anxiety. The Bed Nucleus of
the Stria Terminalis (BNST) is targeted by DBS only in OCD. Finally, the Subcallosal Cingulate Cortex
(SCC) is targeted by DBS only in depression and anxiety. To conclude, AN shows great overlap in
aetiology and symptomology with addiction, OCD, and depression and anxiety. The DBS targets of AN
should be the SCC, NAc, and the VvALIC, as these targets show promising results in AN.
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Introduction

Anorexia Nervosa (AN) was first described by Richard Morton in 1692 as a wasting of the body
without further sickness (Pearce, 2004). Exactly 150 years ago, in 1873, two separate neurologists
described AN. The French neuropsychiatrist Ernest Charles Lasegue described AN as a condition with
refusal of food and a distorted body image (Pearce, 2004; Vandereycken & Van Deth, 1989). Further,
British physician Sir William Gull also described AN as a disease of extreme emaciation mainly in
females between the ages of 16 and 23 (Pearce, 2004; Vandereycken & Van Deth, 1989). Gull was also
the first to use the term “anorexia nervosa”, whereas Lasegue used the term “hysterical anorexia”
(Vandereycken & Van Deth, 1989). Since then, many different treatments have been discovered.
However, the mortality rate of AN is still 5% within the first four years of diagnosis (Westmoreland et
al., 2022). Besides having the largest mortality rates of any psychiatric disorder, only 52% of patients
with AN fully recover (Miskovic-Wheatley et al., 2023). Sadly, 26-31% of the patients who show full
remission of AN experience relapse (Miskovic-Wheatley et al., 2023; Berends et al., 2018). This seems
to suggest that treatment for AN is not as successful as hoped.

There are many different forms of treatment for AN, such as Specialist Supportive Clinical
Management (SSCM), Enhanced Cognitive Behaviour Therapy (CBT-E), or Family-Based Treatment (FBT)
(Zipfel et al., 2015). It is well known in the literature that these treatments for AN are far from perfect
as there are high dropout rates and low success rates (Kiely et al., 2022). Further, it should be noted
that there are only psychotherapies currently, as no medication is known to consistently and effectively
treat AN (Clausen et al., 2023). SSCM is composed of two parts: clinical management and supportive
therapy for AN (Jordan et al., 2019). CBT-E is a treatment which first focusses on helping the patient
rethink their current physical state. This is followed by discussing the good and bad aspects of their
physical state, which is followed by helping the patient increase their weight, with permission of the
patient (Grave et al., 2013). The final most used treatment used for AN is FBT. FBT, or the Maudsley
approach, is a psychotherapy that is designed to improve the health of patients with AN (Riencke,
2017). SSCM has a success rate of up to only 32% and CBT-E has a success rate of 27% (Purvis et al.,
2023; KeRler et al., 2022). A more successful psychotherapy for AN appears to be FBT with a success
rate of 40-49% (Rienecke, 2017). A meta-analysis by Zeeck and colleagues in 2018 has shown that there
is no superior treatment. A large randomized controlled trial of 120 participants who received either
SSCM, CBT-E, or FBT, showed a dropout rate of 40% in the first six months, with 52.5% of participants
completing the 12-month follow-up (Byrne et al., 2017). This study showed a remission rate of 28.3%
across all treatments (Byrne et al., 2017). It is clearly shown that treating AN is still a challenge. The
treatment of AN is successful in not even half of the patients and there are very large dropout rates
across all main treatment strategies.

Clearly, a new type of treatment is needed to treat patients with AN. An experimental
treatment that is also experimentally used in other neuropsychiatric disorders is Deep Brain Stimulation
(DBS). DBS has been used in experimental setting to treat AN by targeting several different brain
structures (Hsu et al., 2022). However, there is not yet an obvious target for DBS in AN, as the brain
mechanisms itself underlying AN is not yet known (Scharner & Stengel, 2019; Johnson et al., 2022).
Brain areas such as the nucleus accumbens, subcallosal cingulate cortex, corpus callosum, and bed
nucleus of the stria terminalis have been targeted by DBS in order to treat AN (Hsu et al., 2022). DBS
has a success rate of about 25% in the aforementioned brain areas (Hsu et al., 2022), which is about as
successful as treating AN by using psychotherapy. However, it should be mentioned that DBS is only
used in treatment-resistant patients, which therefore increases the effectiveness of the treatment as it
is the only successful treatment in these patients. The main question remains: which brain structures
should be targeted by DBS in order to more effectively treat AN?



Main Body

In order to properly explain how Anorexia Nervosa (AN) could be treated, The aetiology and
symptomology needs to be discussed. The symptomology and general information about AN will be
discussed first, followed by an explanation of the aetiology. Since AN shows overlap in aetiology and
symptomology with Obsessive-Compulsive Disorder (OCD), addiction, and depression, these three
disorders will be explained and will be coupled to AN.

What is Anorexia Nervosa?

AN is the psychiatric disorder which gets diagnosed in about 4% of females and 0.3% of males
during their lifetime (Van Eeden et al., 2021). The Diagnostic and Statistical Manuel of Mental Disorders,
fifth edition (DSM-V) describes AN by three main characteristics. The first characteristic is restriction of
energy intake, or self-starvation, which in turn leads to a significantly low body weight. This significantly
low body weight corresponds with a BMI of at most 17 kg/m?. The second characteristic described by
the DSM-V is that the patient experiences extreme fear concerning weight gain, even though the
patient is famished. The third and final characteristic of AN is that the perception of physical
appearance of the patient is disturbed and there is a lack of recognition of the seriousness of the
situation. The third characteristic has been demonstrated by Keizer and colleagues in 2013, who
showed that patients with AN experience a turning reflex to get through a door much earlier than their
body size suggests. Patients with AN started turning their torso when the apparatus was 40% wider
than their shoulders while healthy controls rotated their torso when the apparatus was only 25% wider
than their shoulders (Keizer et al., 2013). Besides the main characteristics of the disorder, patients who
suffer from AN also suffer from emotional instability (Nalbant et al., 2019). Within AN, there are two
separate types of the disorder, the restricting type and the binge-eating/purging type (American
Psychiatric Association, 2013). The restricting type describes patients with AN who have achieved their
low body weight primarily through fasting, dieting, and excessive exercise. The binge-eating/purging
type describes people with AN who have lost weight by self-induced vomiting, and misuse of e.g.
laxatives. The symptoms of AN are quite diverse and it is difficult to pinpoint a specific mechanism
which could explain these symptoms.

AN is a complex disorder in which many brain structures have altered functioning (Scharner &
Stengel, 2019). An important brain mechanism that is altered in AN is the reward system (Bischoff-
Grethe et al., 2013). The reward system, or mesolimbic system, is the brain mechanism responsible for
the experience of pleasure and motivation (Hoflich et al., 2018). The reward system is composed of the
following structures, which are all connected to the Ventral Tegmental Area (VTA): Nucleus Accumbens
(NAc), which is located in the Ventral Striatum (VS), the Prefrontal Cortex (PFC), the amygdala, the
hippocampus, and the insula (Lewis et al., 2021). Neuroimaging research has shown hypoactivation in
the insula and VTA in patients with AN (Jiang et al., 2019). Another neuroimaging study by Kaye et al.,
(2020) has shown hypoactivation of the insula to caudal putamen which is responsible for motivating
eating behaviours. This hypoactivation might lead to food avoidance and prolonged periods of self-
starvation (Kaye et al., 2020). A more widely confirmed difference in reward processing in anorexia
nervosa compared to healthy controls is the dysregulation of the NAc (Keating, 2010; Berner et al.,
2019). A study by Kawakami et al., (2022) has shown that there is impaired connectivity between the
NAc and VTA and thus results in impaired reward processing. Another brain area that is altered in AN
is the Subcallosal Cingulate Cortex (SCC) (Lipsman et al., 2015). The SCC plays a major role in emotional
processing of specifically negatively valenced emotions, such as sadness and fear (Rolls, 2019). Further,
the SCC plays a major role in reward processing and social-learning (Du et al., 2021). The SCC in AN has
disrupted connectivity and therefore impaired functioning (Hayes et al., 2015). Another brain structure
that is altered in AN is the Bed Nucleus of the Stria Terminalis (BNST) (Wang et al., 2019). The function
of the BNST is related to the intake of food and appetite, while a region within the BNST appears to
have a function within fear and stress processing (Wang et al., 2019; Goode et al., 2019). It is clear that
there is no obvious cause of AN, which has also been confirmed by other research (Johnson et al.,



2022). Instead of focussing solely on impaired brain functions, it might be more useful to focus on other
neuropsychiatric disorder which show overlap with AN, such as OCD, addiction, and depression.

What Causes Anorexia Nervosa?

AN is a neuropsychiatric disorder that does not yet have a known underlying mechanism, but
it does overlap with several other neuropsychiatric disorders of which the aetiology is better known of.
AN overlaps with OCD, addiction, and depression and AN has often been described as being one of
these disorders. By investigating these other, often comorbid, disorders, a possible cause or mechanism
could be described for AN.

Is Anorexia Nervosa an Obsessive-Compulsive Disorder?

OCD is a disorder that is often named in the context of AN, as compulsive behaviours are seen
in both AN and OCD (Thomas et al., 2022). A research by Serpell et al., in 2002 have found that the
level of anxiety experienced by patients with AN and OCD are similar. Another research has found that
patients with AN on average experience an at least moderate severity of obsessive-compulsive
symptoms based on the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Amianto et al., 2021). The
DSM-V (American Psychiatric Association, 2013) describes several examples of OCD-like behaviours and
symptoms in patients who suffer from AN. Patients with AN are often highly preoccupied with food and
have food constantly on their mind, which is defined as an obsession with food. These obsessive
thoughts, in this case, about food are a main symptom of OCD. Further, obsessive-compulsive
symptoms in patients with AN have long been observed in studies (Amianto et al., 2021). It has been
shown that there is a 55% genetic overlap between OCD and AN, indicating a possible shared aetiology
(Levinson et al., 2019). OCD might be the cause of AN, since there are strong overlaps between the
symptoms, obsessive-compulsive behaviours, and genetics.

Is Anorexia Nervosa an Addiction?

Besides OCD, compulsive behaviour has also been seen in addiction (Henden et al., 2013). This
indicates overlap between addiction and AN. Unlike many other addictions, the substance that is
addicting in AN is weight loss and physical activity (Barbarich-Marsteller et al., 2011). AN truly
resembles a behavioural addiction when viewing the excessive physical activity and compulsive self-
starvation. A qualitative study in 2015 by Godier and Park has investigated to what extent anorexia
nervosa resembles an addiction. A majority of the participants (62.5%) explain a lack of control and
inability to resist against their compulsions, which is a main symptom in addiction (Feltenstein et al.,
2020). 35% of the participants experienced an escalation in the compulsions, such as increased weight
loss goals. This behaviour is in line with the behaviour of increasing the dose of a substance over time
in addictive disorders (Turton & Lingford-Hughes, 2016). A final similarity between AN and addiction is
that the substance, dieting in AN, is used to modulate anxiety and mood (Barbarich-Marsteller et al.,
2011). Thus, addiction shows clear similarities with AN in terms of behaviours and symptoms.

Is Anorexia Nervosa a Type of Depression/Anxiety?

Depressive and anxious behaviour are often observed in patients with AN (Calvo-Rivera et al.,
2021; American Psychiatric Association, 2013). Many people with AN experience depressive symptoms
such as a depressed mood, social withdrawal, irritability, and similar to many other disorder, insomnia.
Similarly, many patients with AN experience a feeling of worthlessness and failure if they do not
succeed in losing any more weight (Wade et al., 2015). These symptoms all indicate a strong overlap
between AN and depression. When a patient with AN gains weight, this is perceived as a failure of self-
control, which could lower the self-esteem of the patient further.

The depressive symptoms of AN are part of the disorder, as anxiety also plays a substantial role
in AN. A main symptom of AN is the fear of gaining weight, which is accompanied by anxiety for
accidentally gaining weight. This might seem very similar, however, fear is defined by the DSM-V as the
emotional response to an imminent threat, while anxiety is the anticipation to a future threat. This fear



of gaining weight drives the persistent behaviour of losing weight. Further, patients with AN often have
social anxiety and will therefore withdraw themselves from social environments. Since anxiety and
depressive symptoms are highly prevalent in AN, these disorders might also be the cause of AN.

Obsessive-Compulsive Disorder

About 1% of men and 1,5% of women develop OCD during their lifetime, coming together to
about 2-3% of the world population (Fawcett et al., 2020; Carmi et al., 2022). OCD is an anxiety disorder
that is characterized by two main components as the name suggests: obsessions and compulsions
(American Psychiatric Association, 2013). Obsessions are defined by the Diagnostic and Statistical
Manual of Mental Disorders (5th ed.) as unwanted, intrusive thoughts, mental images, or urges which
are recurrent and cause stress and anxiety. The most common obsessions are contamination, imagining
disturbing scenes, or inflicting harm on others and/or themselves (American Psychiatric Association,
2013). Compulsions as defined by the DSM-5 are physical and/or mental acts, with very strict rules,
which function to neutralize the anxiety caused by the obsessions and are often done repeatedly due
to the strict rules and the need to do the compulsion “just right”. Similar to obsessions, there are very
common compulsions such as cleaning, counting, repeating specific words in a specific order (American
Psychiatric Association, 2013).

AN is highly comorbid with OCD (Yilmaz et al., 2022; Levinson et al., 2019). Patients with AN
are 9.6 times more likely to develop OCD in their lives when compared to healthy controls, leading to
44-62% of AN patients to develop OCD somewhere in their lives (Song et al., 2021; Mandelli et al.,
2020; Riquin et al., 2021). As has been discussed above, there are clear similarities between the
symptoms of both OCD and AN.

Many Deep Brain Stimulation (DBS) studies have focussed on the Nucleus Accumbens (NAc) as
it appears to yield the best results and is relatively safe to stimulate (Cruz et al., 2022; Rezai et al., 2023).
The NAc is a brain area that is dysfunctional in OCD (Ballester et al., 2015). The NAc is a structure that
is positioned by the lower part of the striatum (Bayassi-Jakowicka et al., 2021). Further, the NAc is part
of the limbic system, but due to its position next to the dorsal striatum, it also influences locomotion
(Bayassi-Jakowicka et al., 2021). The NAc has inhibitory projections towards the basolateral amygdala,
lateral hypothalamus, and the ventral pallidum (Xu et al., 2020). The NAc shows a decreased activation
in patients with OCD compared to healthy controls (Figee et al., 2011). The less active inhibitory
functions of the NAc leads to more activation in the aforementioned brain structures, specifically the
basolateral amygdala, which in turn, is associated with high anxiety and addiction (Rau et al., 2015).

Denys et al., (2010) performed a study in which 16 patients with OCD got NAc Deep Brain
Stimulation (DBS). The patients are aged between 18 and 65 years old, and the patients all have OCD
according to the DSM-IV criteria. The patients were asked to fill out the Y-BOCS, which is a detailed
questionnaire assessing the severity of obsessive and compulsive symptoms (Goodman, 1989). After
21 months, 9 out of the 16 patients responded to the DBS, bringing the response-rate to 56%. The
obsessive-compulsive symptoms decreased with 52% and the overall improvement was 72% as the
anxiety and depressive symptoms were halved (Denys et al., 2010). A negative side-effect of the
treatment was however that some patients experienced hypomania or elevated mood, which has been
found in many patients with DBS in the NAc. Similarly, DBS in the NAc and also in the internal capsule
might lead to manic behaviour (Schiiller et al., 2023).

Another brain area that is often targeted when treating OCD using DBS is the Bed Nucleus of
the Stria Terminalis (BNST), an extension of the amygdala with functions in fear processing (Hulsman
et al.,, 2021). Further, the BNST has an important role in processing of threat signals, which is disrupted
in OCD (Goode et al., 2019). A study by Naesstrom et al., (2021) has investigated the effects of DBS in
patients with OCD (n=11) when targeting the BNST. Similar to the results found by Denys et al., in 2010,
the patients experienced hypomania in the first period after stimulation. In this study, 6 out of 11
patients responded to the DBS and 4 out of 11 patients responded partially. Of the responders, the
score on the Y-BOCS was reduced with 49%.



Lastly, the ventral Anterior Limb of the Internal Capsule (VALIC) is a brain structure that contains
fibres from the prefrontal cortex and the thalamus, and is responsible for motivation, decision-making,
emotion, and cognitive processing (Haber & Behrens, 2014). This structure is often dysfunctional in
psychiatric disorders, making it an excellent target for DBS (Safadi et al., 2018). A cohort study (n=70)
by Denys et al., 2020 shows just how effective DBS in the VvALIC is. After twelve months, 52% of the
patients responded well, 17% of the patients were partial responders and the remaining 31% did not
respond to the DBS treatment. On average, the Y-BOCS score were reduced by 40%, which reduced the
symptoms from extreme severity to moderate severity (Goodman, 1989). Further, the study found that
the Hamilton Anxiety Rating Scale (HAM-A), a measure of anxiety, was reduced by 55%, and the
Hamilton Depression Rating Scale (HAM-D), a measure of depression, was reduced by 54%.

Addiction

AN can be seen as an addiction due to the excessive hyperactivity (e.g. running), and self-
starvation despite the negative consequences. An addiction is defined as a risky behaviour that is
repetitive, compulsive and excessive, and the patient is unable to stop this behaviour voluntarily
(American Psychiatric Association, 2013). Addictions include substance abuse, such as alcohol or
opioids, and behavioural addictions, such as gambling (Kuusisto et al., 2021; American Psychiatric
Association, 2013). An addiction in composed of three main symptoms: continuity, tolerance, and
withdrawal (American Psychiatric Association, 2013). When a patient is addicted, this person will have
tolerance to the drug to a certain extent (Turton & Lingford-Hughes, 2016). The brain undergoes certain
neuroadaptive changes that lead to a lower sensitivity of the drug, leading to a higher dose intake in
order to achieve the desired effect (Turton & Lingford-Hughes, 2016). One of these neuroadaptive
changes is a decrease in dopamine transporters in the ventral striatum and the NAc, lowering the
sensitivity to the drug (Volkow et al., 2001). This lowered sensitivity, or tolerance, leads to continuity
of drug abuse, since cessation of drug use leads to withdrawal symptoms due to the absence of the
drug in a context where the body anticipates for the arrival of the drug, causing the patient to
experience opposite effects to the effects of the drug (Turton & Lingford-Hughes, 2016). The
withdrawal symptoms force the patients to feed their addiction (American Psychiatric Association,
2013).

About 16% of patients with AN also get diagnosed with substance use disorder, in contrast to
only 0.7% of people worldwide in the same age group (Devoe et al.,, 2021). Similar to the high
preoccupation with food that patients with AN experience, a high preoccupation with exercise is also
seen often (Godier & Park, 2015; Kolnes, 2016). The high preoccupation with exercise is an important
aspect of exercise addiction, which is seen in 48% of AN patients (Freimuth et al., 2011; Krivoschekov
& Lushnikov, 2011). As explained before, many patients with AN experience similar symptoms to the
symptoms of people suffering from substance use disorder (Godier & Park, 2015).

The Nucleus Accumbens (NAc) is a brain area of the mesolimbic system which is dysregulated
in patients who suffer from addiction (Scofield et al., 2016). As described above, the less active NAc
insufficiently inhibits the basolateral amygdala, leading to increased risk of anxiety and addiction (Figee
etal., 2011; Rau et al., 2015). Therefore, a study was done by Bach et al., (2023) in which the effectivity
of DBS in the NAc was investigated in people who suffer from alcohol addiction (n=9). The NAc DBS has
resulted in a reduction of 47.4% of heavy drinking days in the patients after 6 months. After 18 months,
the proportion of abstinence had increased by 74.2% in the patients. This study clearly demonstrates
the success of NAc DBS in people who suffer from addiction.

Depression/Anxiety

Depression is a disorder which is a large problem worldwide, with a prevalence of 3.8% (4% of
men and 6% of women) (WHO, 2023). There are several different depressive disorders: disruptive mood
dysregulation disorder, major depressive disorder with single or recurrent episodes, persistent
depressive disorder (dysthymia), and depressive disorder due to another medical condition (American
Psychiatric Association, 2013). The disorder most often referred to as “depression” is Major Depressive



Disorder (MDD). MDD has three criteria, first of which being that the symptoms cause significant clinical
distress and cause impairment in social or functional setting. The second criterium is that the symptoms
are not caused by a substance or another medication condition. The last criterium is the symptoms of
the condition. There is a list of nine symptoms of which five is sufficient to get diagnosed with MDD.
Some of the symptoms are feeling depressed for most of the day, loss of pleasure and interest in
activities, feeling worthless, insomnia or hypersomnia, or recurrent thoughts of death. Depression is
often viewed in combination with anxiety.

Anxiety is a very broad term which includes many different disorders. Anxiety disorders include
specific phobias, social anxiety, panic disorder, generalized anxiety disorder, or anxiety disorder due to
another medical condition (American Psychiatric Association, 2013). Anxiety disorders are described
broadly as disorders that cause excessive fear and anxiety with behavioural disturbances. An example
of an anxiety disorder relevant for this thesis, is social anxiety disorder. This type of anxiety disorder is
characterized by a fear of being in social interactions, or being observed. A very important aspect of
social anxiety disorder is the fear that the subject is negatively viewed by other people. This anxiety
disorder causes the subject to avoid interactions with other people, the subject withdraws itself.

Depression is highly comorbid with AN, about 60% of all patients with AN also develop
depression (Calvo-Rivera et al., 2021; Calugi et al., 2014). Similarly, more than half of the patients with
AN also suffer from social anxiety (Catone et al., 2021). As mentioned above, patients with AN
experience many of the same symptoms as people with depression do. One symptom in particular
appears to be overlapping with AN, depression, and social anxiety, which is social withdrawal. Social
anxiety explains that social withdrawal is a consequence of feeling anxiety for the way people might
judge the patient. Similarly, people with AN feel insecure about their body, and therefore might remove
themselves from social situations.

Similar to OCD and addiction, the NAc is an important brain structure that has decreased
volume and activation in depression and anxiety (Auerbach et al., 2022). In 2012, a study was done by
Bewernick and colleagues in which the researchers treated 11 patients with treatment-resistant
depression with NAc DBS. After 12 months, 45% of the patients were categorised as responders for at
least four years. Besides the NAc, the SCC also shows disrupted functioning in depression (Dunlop et
al., 2017). A study by Crowell et al., (2019) in which the long term effects of SCC DBS in treatment
resistant depression patients (n=20) was investigated. This study had a response rate of >50% and a
remission rate of >30%, with decreased global illness severity and increased global functioning.
Another study was done by Bergfeld and colleagues in 2016, who investigated the effect of vALIC DBS
in treatment-resistant depressive patients. This study was done with 25 patients, of who 10 patients
responded to the DBS and 6 patients responded partially. Of the 25 patients, 5 patients managed to
reach remission. These three studies indicate the success of NAc, SCC, and vALIC DBS in patients with
treatment-resistant depression.

Deep Brain Stimulation

Deep Brain Stimulation (DBS) is a treatment which is used in
several treatment-resistant neurological disorders (Sullivan et al.,
2021). DBS was first approved by the Food and Drug Administration
(FDA) in 2002 for the treatment of Parkinson’s disease (PD) (Gardner,
2013). With DBS, electrodes are implanted into the brain of the
patient at the desired position to stimulate a specific brain area (Goyal
et al.,, 2021). These electrodes stimulate the target areas with a
specific frequency, current and pulse-width. A pacemaker-like device
is implanted under the collar bone which powers the electrodes
(Figure 1) (Professional, 2023). Finally, the device needs to be fine-
tuned in order to avoid unwanted psychiatric changes in the patient figure 1: Schematic representation
(Senova et al., 2019). To treat PD, the brain mechanism needs to be ZggfaiistzzV;;’?g";:?:g,g:;ghe
established. The Substantia Nigra pars compacta (SNpc) has a . the brain, made using
modulatory role in the direct and indirect pathway of movement BioRender.com




(Young et al., 2023). The SNpc has dopaminergic neurons which activate the striatum, which in turn
inhibits the Globus Pallidus internus (GBi) and the Subthalamic Nucleus (STN). In PD, there is
dopaminergic cell loss in the substantia nigra (Bae et al., 2021). This dopaminergic cell loss disrupts the
stimulation of the striatum and therefore the inhibition of the GBi and STN (Young et al., 2023). This
explains why the subthalamic nucleus and the globus pallidus internus are the most used targets for
DBS in PD (Honey et al., 2016). By stimulating the GBi and STN directly, the dysfunctional SNpc is
bypassed, relieving the patient of many symptoms (Young et al., 2023; Honey et al., 2016).

PD is the only disease in which DBS is used as a treatment, but there have been many trials in
neuropsychiatric disorders. As mentioned before, DBS has been experimentally used in OCD, addiction,
and depression. However, this invasive treatment for several neurological diseases is not flawless, as it
is successful in 72.5% of PD patients (Hitti et al., 2020). When DBS is used in treatment-resistant OCD,
it has 49.5% success rate and 22.5% of patients respond partial to the treatment (Mar-Barrutia et al.,
2021). DBS is also slightly more successful in addiction as 59.6% of patients improve (Shaheen et al.,
2023). Finally, DBS in treatment-resistant depression has a response rate of 60% (Figee et al., 2022).
The success of DBS in treatment-resistant psychiatric disorders indicates that DBS might also be a
successful final resort for treating eating disorders such as anorexia nervosa.

Discussion

Anorexia Nervosa (AN) shows overlap with Obsessive-Compulsive Disorder (OCD), addiction,
and depression and anxiety in terms of symptomology and altered brain functions (Godier & Park,
2015; Amianto et al., 2021; Bach et al., 2023; Denys et al., 2010; Liu et al., 2020; Naesstrom et al., 2021;
Blomstedt et al., 2017; Barbier et al., 2011; Denys et al., 2020; Oudijn et al., 2021; Crowell et al., 2019;
Bergfeld et al., 2016; Riquin et al., 2021; Lipsman et al., 2017). This overlap between the different
disorders could be used to improve the Deep Brain Stimulation (DBS) treatment that is already being
experimented with in AN. The different brain areas that are used as targets in OCD, addiction, and

depression and anxiety are shown in table 1.

Table 1: Overview of the brain structure used in DBS in different disorders. Nucleus Accumbens: NAc; Subcallosal Cingulate
Cortex: SCC; Bed Nucleus of the Stria Terminalis: BNST; ventral Anterior Limb of the Internal Capsule: vALIC; Obsessive-
Compulsive Disorder: OCD.

Disorder
Brain Structure 0CD Addiction Depression/Anxiety
NACc X X X
BNST X
VALIC X X
scc X

The DBS treatment of OCD shows many more potential targets for stimulation in the brain. The
first brain structure that is mentioned is the Nucleus Accumbens (NAc). The NAc is a brain structure
that shows impaired functioning in OCD and AN (Ballester et al., 2015; Keating, 2010; Berner et al.,
2019). Similar to being a promising target in OCD, the NAc is also often targeted in treating treatment-
resistant addiction (Denys et al., 2010; Chang et al., 2022). The NAc is a brain area that is dysregulated
in AN, OCD, addiction, and depression, which are all highly co-morbid with AN (Kawakami et al., 2022;
Ballester et al., 2015; Scofield et al., 2016; Xu et al., 2020; Auerbach et al., 2022). The study that is
discussed shows promising results of NAc DBS in people who suffer from alcohol addiction with a
success rate of 47.4% (Bach et al., 2023). A meta-analysis by Shaheen et al., (2023) provides a more
reliable success rate of 59.6% of NAc DBS in people who suffer from substance abuse addictions.
Similarly, the overall improvement patients with OCD who received NAc DBS is 72%, with a response
rate of 52% (Denys et al., 2010). Luckily, the success of NAc DBS is not limited to the treatment of
addictions and OCD, as the success rate of NAc DBS in AN is 61% (Liu et al., 2020). This study by Liu and
colleagues in 2020 was performed with 28 patients with treatment-resistant AN. These success rates
indicate that more than half of the patients with NAc DBS responded well, specifically in OCD and AN.
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Addiction is a disorder that is not solely a problem in reward processing, it is also a habit disorder
(Vandaele & Ahmed, 2020). The basal ganglia is the brain structure that is responsible for habit
formation and is an important structure in addiction (Renteria et al., 2018). The importance of the basal
ganglia in addiction might explain that the DBS in the NAc is not as successful as in OCD. The fact
remains that the NAc is an excellent target for DBS in patients with AN.

The second brain structure that was discussed, is the Bed Nucleus of the Stria Terminalis
(BNST). The BNST is a brain structure that is involved in the processing of threat signals, but also in
regulating food intake and appetite (Goode et al., 2019; Wang et al., 2019). Further, the BNST regulates
unpredictable threat processing, which plays an important role in social anxiety (Clauss et al., 2019).
Social anxiety in turn, plays an important role in AN as it plays an important role in shame (Grabhorn
et al., 2006). These functions of the BNST make it a very interesting brain structure for the treatment
of OCD and AN, as the functions in threat processing and appetite, respectively, are main components
of the disorders. The study by Naesstrom et al., (2021) has shown that targeting the BNST in OCD is
indeed an successful option as 54.5% of patients responded well and 36.4% of patients responded
partially. The responders showed a reduction in obsessive-compulsive symptoms of 49% (Naesstrom
et al,, 2021). The BNST has not yet been targeted by a larger DBS study with multiple participants since
DBS in AN is still in its early stage, thus two case studies will be discussed. The two case studies were
done by Blomstedt and colleagues in 2017, and Barbier et al. in 2011 and show promising results in
two women with treatment resistant AN. Both patients in the case studies showed a disappearance of
anxiety concerning food. It should be mentioned that the patient of Blomstedt et al., had no increase
in BMI. Another important note is that the patient of Blomstedt et al., had AN with comorbid
depression, similarly the patient of Barbier et al., had AN with comorbid OCD. Sadly, no clear
percentages of improvement are given by the two case studies. However, the disappearance of the
anxiety surrounding food indicates that BNST DBS in AN patients might have a similar success rate
compared to BNST DBS in OCD. Despite the limitation of low quantity of patients, the treatments do
show promising results. More clinical studies should be performed in which a large sample of patients
with AN get BNST DBS, in order to properly confirm the success of this specific DBS target.

The next brain structure discussed in the analysis is the ventral Anterior Limb of the Internal
Capsule (vALIC) which is responsible for motivation, decision-making, emotion, and cognitive
processing (Haber & Behrens, 2014). The study by Denys and colleagues in 2020 showed that patients
with OCD who received vALIC DBS showed a reduction of 40% on the Y-BOCS, 55% on the HAM-A, and
54% on the HAM-D. Further, 52% of the patients responded well to the DBS, and 17% of patients
responded partially. Beside OCD, vALIC DBS also shows promising results in treating treatment-resistant
depression. Bergfeld and colleagues (2016) treated 25 patients with depression with vALIC DBS. Of the
25 patients, 10 patients responded well to the treatment, and 6 patients responded partially. It is shown
that vALIC DBS is a promising target for DBS in OCD and depression, but research has also found
promising results in AN. Oudijn et al., in 2021 treated treatment-resistant AN with vALIC DBS. Although
this study only has 4 participants, the patients showed a promising increase in BMI of 42.8%, a
reduction of 47.9% on the HAM-A scores, and a reduction of 36.7% on the HAM-D scores. Overall, these
results show that the vALIC is also a promising target for DBS in AN as the BMI of the patients increased
significantly with 42.8%, placing the patients out of danger.

The last brain area discussed is the Subcallosal Cingulate Cortex (SCC), which is of high
importance in both depression and AN. The SCC is a brain structure that is involved in the processing
of reward, but also negatively valenced emotions (Rolls, 2019; Du et al., 2021). Patients with depression
who received SCC DBS showed a response rate of more than 50% and a remission rate of more than
30% (Crowell et al., 2019). Similarly, in a study done by Lipsman et al. in 2017 treated patients with
treatment-resistant AN (n=16) with SCC DBS. The patients showed a response rate of 60% and a
remission rate of 40% (Lipsman et al., 2017). The results from these studies are quite interesting as SCC
DBS in AN appears to be 10% more successful in both response rate and remission rate compared to
SCC DBS in depression. These results show that the overlap of AN and depression is also seen in the
brain as stimulation of the SCC in both disorders yields the same results.
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It must be noted that DBS is not a perfect treatment. DBS can have very promising results, but
this only occurs if the patient responds to the treatment, which is not the case in on average 33% of
the cases (Hitti et al., 2020; Mar-Barrutia et al., 2021; Shaheen et al., 2023). However, of the 67% of
patients that do respond to the treatment, there is also a percentage of people who only respond
partially to the treatment (Mar-Barrutia et al., 2021). Further, DBS does not actually treat a disease
permanently (Holtzheimer & Mayberg, 2011). After the battery of the implant dies, the psychiatric
symptoms could return immediately as they were before the activation of the device (Holtzheimer &
Mayberg, 2011; Vora et al., 2012). Further, DBS can have negative side effects, such as an increase in
anxiety, but also an increase in impulsivity and hypomania (Van Westen et al., 2021; Denys et al., 2010).
However, DBS does also help many patients who suffer from certain psychiatric disorder, as is
demonstrated above. It is only used as a final resort when all other treatments have failed, as it is an
invasive and experimental treatment.

Conclusion

The main question asked in the introduction was: which brain structures should be targeted by
DBS in order to more effectively treat AN? The brain areas that would yield the best results as possible
targets for DBS in AN are the NAc, VvALIC, and SCC. The BNST could also be a good target since BNST
DBS yielded good results in OCD patients, but more research is needed to confirm this. Further, the
NAc is the most obvious target for DBS in AN, since the NAc is also targeted with DBS in OCD, addiction,
and depression and anxiety. It is the only brain area that is targeted in all disorders that are highly
comorbid with AN or could be the cause of AN. DBS of the VALIC showed good results in both OCD and
depression, which are the disorders most similar to AN. Finally, the SCC was only targeted by DBS in
depression, but this brain structure is often experimentally targeted by DBS in AN, showing promising
results.
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