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Abstract

activity.

Anorexia nervosa, with the highest mortality rate among psychiatric diseases, is characterized by low body mass
index, fear of weight gain, and disturbed body image. Even though multiple drugs have been proposed for the
treatment of anorexia nervosa, current treatment modalities include nutritional support and psychotherapy. In this
study, our aim is to analyze the efficiency and possible adverse effects of olanzapine, an atypical anti-psychotic
drug, in the treatment of anorexia nervosa. The studies investigating the efficiency and possible adverse effects of
olanzapine in anorexia nervosa have been searched by using 3 databases (Embase, PubMed, and Cochrane Library).
DerSimonian-Laird random effects meta-analyses have been used in the statistical analysis. Effect of olanzapine
treatment in accordance with the duration and dosage of drug have been analyzed by the determination of 95%
confidence intervals (p value < 0.05 is considered as statistically significant). Despite the presence of some
contradictory studies, olanzapine treatment has been found beneficial in anorexia nervosa. In addition, analysis
reveals that statistically significant beneficial effect of olanzapine treatment is used at high doses and for short
duration. Possible side effects include neuroleptic malignant syndrome, hypoglycemia, and heart block in patients
suffering from anorexia nervosa. Even though there is obvious need for more comprehensive further studies,
current literature favors olanzapine treatment. The efficiency of olanzapine is considered to be related to changes in
dopaminergic and serotonergic system in anorexic patients both in terms of neurotransmitter levels and receptor
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Introduction

Anorexia nervosa (AN), classified as an eating disorder by
DSM-V along with bulimia nervosa and eating disorder
non-otherwise specified, is characterized by body weight
less than 85% of that expected for age and height, distur-
bances in body image, amenorrhea, and fear of weight
gain [1, 2]. Incidence of AN has been reported as 0.9-2%
in females and 0.3% in males which remained stable over
the last 50 years except an increase in females between
ages 15-24 [3, 4]. Comorbid psychiatric conditions includ-
ing obsessive-compulsive disorder, major depression, and
anxiety disorders have commonly been reported [5, 6].
AN is considered as the psychiatric disease with the
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highest mortality rate mostly attributable to its organic
outcomes [5, 6]. Current treatment guidelines for AN in-
clude nutritional support and psychotherapy such as cog-
nitive remediation therapy (CRT), dialectical behavior
therapy (DBT), and psychodynamic psychotherapy that
can be delivered in inpatient or outpatient setting.

Many drugs have been proposed as a pharmacotherau-
petic treatment option for AN while none has been ap-
proved by US Food and Drug Administration. Major
candidates are antidepressants, anti-psychotics, mood
stabilizers, and anti-obesity drugs (i.e., orlistat) [7]. Ra-
tionale behind trial of those medications is the altered
serotonergic system in patients with AN which may be
the primary pathophysiology [8—11]. Despite lack of suf-
ficient evidence regarding efficiency and safety, they are
widely prescribed mostly due to comorbid psychiatric
conditions in the patients [12]. Bupropion has been
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associated with increased seizure risk in AN patients,
thus, the use of buproprion is contraindicated. Addition-
ally, the use of monoamine oxidase (MAO) or tricyclic
anti-depressants (TCA) has not recommended due to in-
sufficient beneficial effects [7].

Olanzapine, an atypical anti-psychotic inhibiting seroto-
nergic (5-HT2) and dopaminergic (D2) system, has been
utilized in the treatment of major depression and certain
mood disorders including schizophrenia and bipolar dis-
order. Many trials of olanzapine in AN patients in com-
bination with psychotherapy and nutritional support have
been performed with promising outcomes. Known adverse
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effects of olanzapine are dizziness, orthostatic
hypotension, hypercholesterolemia, hypertriglyceridemia,
hyperglycemia, weight gain, extra-pyramidal symptoms,
dry mouth, hyperprolactinemia, and insomnia. In this lit-
erature review, our aim is to evaluate the efficiency and
safety of olanzapine treatment in patients with AN.

Methods

Literature search

Studies investigating the possible role of olanzapine in
the treatment of anorexia nervosa have been searched by
using 3 databases (PubMed, Cochrane Library, and
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Embase) by utilizing Medical Subject Headings (MeSH)
which are listed as follows “anorexia nervosa”, “olanza-
pine” and “antipsychotic agents”. Reference lists of each
study have been further assessed to minimize the risk of
overlooking any relevant study.

Study selection

Abstracts of the studies found in the literature search
have been analyzed by two authors independently in
order to assess their eligibility for literature review. Stud-
ies that fit to the inclusion criteria of our literature re-
view have further been analyzed. Details of the literature
review and study selection process have been demon-
strated in Fig. 1 [13]. Inclusion criteria for article selec-
tion are as follows:

1. The study should be conducted with patients that
are diagnosed with anorexia nervosa and treated
with olanzapine.

2. Participants of the studies should be diagnosed with
AN according to DSM-III, DSM-III-R, DSM-1V,
DSM-V, Russell, or ICD-10.

3. The article should be published in a peer-reviewed
journal between 2009 and 2019 in English.

Quality assessment

After the determination of eligible studies, each study
has been evaluated by both authors independently to as-
sess their “level of evidence” established by Melnyk at
“Evidence-based practice in nursing & healthcare: a
guide to best practice” (criteria for level of evidence as-
sessment is available at Table 1) [14]. In addition, each
study has been further assessed depending on the pres-
ence of the control group, size of study, participant se-
lection criteria, presence of comorbid conditions in the

Table 1 Level of evidence assessment [14]

Level of Description

evidence

1 Evidence from a systematic review of all relevant
randomized controlled trials (RCTs), or evidence-based
clinical practice guidelines based on systematic reviews
of RCTs

2 Evidence obtained from at least one well-designed ran-
domized controlled trial (RCT)

3 Evidence obtained from well-designed controlled trials
without randomization, quasi-experimental

4 Evidence from well-designed case-control and cohort
studies

5 Evidence from systematic reviews of descriptive and
qualitative studies

6 Evidence from a single descriptive or qualitative study

7 Evidence from the opinion of authorities and/or reports

of expert committees

(2020) 56:60 Page 3 of 7

participants, consistency of data from each study, and
evaluation criteria for efficiency.

Statistical analysis

We used weighted mean difference (WMD) in order to
point estimate each study which is an indicator of the
treatment efficiency in terms of change in body mass
index (BMI) since studies analyzed in the review contain
a variable number of participants [15]. We determined
their 95% confidence intervals and their pooled effects
by wusing DerSimonian-Laird random-effects meta-
analyses as implemented in Comprehensive Meta-
analysis V 2.0 [16]. T test is implemented to compare
the efficiency of treatment with the control groups.

Subgroup analysis

We determined prior hypotheses for subgroup analysis
in order to analyze the possible source of differences
among the study results which includes trial duration (8
weeks or less vs. more than 8 weeks) and dose of drug
(low dose vs. high dose). We performed ¢ test to assess
the statistical significance of the differences and p value
below 0.05 are considered as statistically significant.

Results

The literature review evaluates 24 studies comprised of
5 randomized controlled trials, 8 case-control studies,
and 11 case reports (Table 2). Among them, a total of 10
studies comprised of randomized controlled trials and
case-control studies are found eligible for statistical ana-
lysis and quantitative evaluation.

Qualitative evaluation

Hansen (1999) demonstrated successful utilization of
olanzapine, with an average of 1 kg/week weight gain, in a
49-year-old female patient with obsessive-compulsive dis-
order who received antidepressant treatment before, in-
cluding chlorpromazine [17]. A case series study with two
patients suffering from anorexia nervosa over 5 years with
multiple hospitalizations at the ages of 15 and 27 was the
first study exploring the efficiency of olanzapine in pa-
tients with no other comorbidities [18]. Both patients
gained over 1kg/week (> 3% of their initial body weights),
1.2 kg/week, and 1.7 kg/week respectively, with 5 mg/day
olanzapine treatment [18]. Another case series study dem-
onstrating possible beneficial effects of olanzapine in the
treatment of AN included a 50-year-old female without
any comorbidity and a 34-year-old female with borderline
personality disorder [19]. Later on, many other cases have
been reported in adolescents and adults.

The first case-control study was performed in 2002
with 14 patients treated with 10 mg/day olanzapine for
10-week period [21]. Ten patients gained 4 kg on average
while the remaining four patients demonstrated a weight
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Name of Type of study Number of participants ~ Therapy details Efficiency
study and age (year)
Hansen L [17] Case report 1 (age: 49) 10 mg/day olanzapine Effective
La Via et al. Case series 2 (age: 15 and 27) 5mg/day olanzapine Effective
[18]
Jensen and Case series 3 (age: 30, 34, 50) 5-10 mg/day olanzapine + Effective
Mejhede [19] psychotherapy
Mehler et al.  Case series 5 (age: 12,17) Variable doses of olanzapine + Effective
[20] psychotherapy
Powers et al.  Case control study 14 (age:14-56 with mean 10 mg/day olanzapine for 10 weeks +  Effective
[21] age of 26.8) psychotherapy
Ercan et al. Case report 1 (age: 15) 20 mg/day olanzapine Effective
[22]
Dennis et al.  Case series 5 (age: 12-18) Variable doses of olanzapine + Effective
[23] psychotherapy
Brambilla Randomized placebo- 20 (mean age: 23 £ 48) 2.5 mg/day for 2 months and 5 mg/ Ineffective
et al. [24] controlled trial day for 2 months
Bissada et al.  Randomized placebo- 34 (mean age: 29.67 + Variable doses of olanzapine for 10- Effective
[25] controlled trial 11.59) week period
Brown Case control study 13 (age non-specified) 2.5 mg olanzapine for 6 weeks Effective
University
(17) [26]
Leggero et al. Case control study 13 (mean age: 13.7 £ 2.3) Low dose olanzapine for 6 months +  Effective
[27] psychotherapy
Capasso et al. Case report 1 (age: 19) 2.5 mg olanzapine for 1 month and 5 Effective
[28] mg for 3 months
Attia et al. Randomized, double blind, 23 (mean age: 27.7 £ 9.1) 2.5-10 mg olanzapine for 8 weeks + Effective
[29] placebo-controlled trial anti-depressants
Kafantaris Randomized, double blind, 15 (mean age: 17.1 Low dose olanzapine for 10 weeks Not effective
et al. [30] placebo-controlled trial ranging between 12 and
21)
Pirkalani and  Case control study 27 (age non-specified) 2.5mg olanzapine for 6 weeks + Effective
Anorexia [31] citalopram + vitamin B6
Bangratz et al. Case control study 16 (age: 11-17) 5-10 mg olanzapine for 5 weeks Effective
[32]
Duvvuri et al.  Case report 1 (age: 12) 2.5 mg olanzapine for 36 weeks Effective
[33]
Haruta etal.  Case report 1 (age: 36) 20 mg day paroxetine +2.5 mg day Not effective in weight restoration,
[34] olanzapine + psychotherapy hypoglycemia develops
Kesic et al. Case control study 24 (age: 14-20) 2.5-7.5mg olanzapine for 3-42 weeks + Effective
[35] psychotherapy + anti-depressants
Alwazeer Case report 1 (age: 16) 2.5-7.5mg olanzapine for 4 weeks Effective in weight restoration, heart
et al. [36] block develops
Ayyildiz et al. ~ Case report 1 (age: 17) 5mg day olanzapine + psychotherapy  Efficiency unknown, neuroleptic
[37] malignant syndrome develops on
day 2
Himmerich Case control study 12 (age: 18-60) 8 weeks of olanzapine Effective
et al. [38]
Spettigue Case control study 32 (age: 11-17) Open label trial with various dosage Effective
et al. [39] and duration
Attia et al. Randomized double-blind 152 (age: 18-65) 2.5-10 mg olanzapine for 16 weeks Efficient in terms of weight
[40] placebo-controlled trial restoration
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loss of approximately 1kg [21]. The first randomized
controlled trial comparing the efficiency of olanzapine
versus chlorpromazine in AN patients illustrated no sta-
tistically significant difference in terms of weight gain
[41]. Patients treated with olanzapine showed statistically
less anorexic rumination behavior [41]. However, the
primary limitation of this study is the lack of placebo
control group [41]. First placebo-controlled RCT per-
formed in 2007 including 10 participants receiving olan-
zapine (2.5 mg/day olanzapine for 2 months and 5mg/
day for 4 months) and 10 participants receiving placebo
showed the inefficiency of olanzapine [24]. Both patient
groups received behavioral therapy and nutritional
support [24]. On the other hand, another placebo-
controlled RCT performed with a total of 34 AN pa-
tients demonstrated a statistically significant beneficial
effect of olanzapine in terms of weight gain [25]. Patients
receiving olanzapine demonstrated 4-point increase in
BMI, on average, (standard deviation = 0.99) while the
placebo group showed 3 point increase in BMI (standard
deviation = 1.32) [25]. Multiple other studies including
case control and RCT have been performed over the last
years with various outcomes.

Safety profile of olanzapine treatment in AN has also
been a point of interest in our study. There are few case
reports showing adverse effects including neuroleptic
malignant syndrome, hypoglycemia, hyperglycemia,
morning sedation, and heart block [34, 36, 37, 42]. How-
ever, most studies report no significant adverse
reactions.

Quantitative evaluation

Weighted mean difference in BMI with olanzapine treat-
ment is 0.435kg/m2 per month (standard deviation of
0.139), whereas, WMD in BMI with the control group is
0.099 kg/m2 per month (SD = 0.002). No statistically sig-
nificant difference has been observed at the baseline
BMI of control group and olanzapine group (p value >
0.05). Analysis of the effect of olanzapine on BMI com-
pared to the control group reveals statistically significant
beneficial effects (p value < 0.01; 95% CI: 0.316, 0.355).

Effect of therapy duration

WMD in BMI with short term olanzapine treatment (<
8 weeks) is 0.477 kg/m2 per month (SD = 0.126) while
WMD in BMI with long term olanzapine treatment is
0.312 kg/m2 per month (SD = 0.143). Statistical analysis
regarding the duration of olanzapine therapy reveals
that shorter duration of therapy is more beneficial (p
value < 0.01; 95% CI: 0.12949, 0.20051).

Effect of dosage
WMD in BMI with high dose olanzapine treatment (> 5
mg/day) is 0.499 kg/m2 per month (SD = 0.12) while
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WMD in BMI with low dose olanzapine treatment is
0.295 kg/m2 per month (SD = 0.125). Statistical analysis
regarding the dosage of olanzapine demonstrates that a
higher dosage of olanzapine is more beneficial (p value <
0.01; 95% CI: 0.17292, 0.23508).

Discussion

Anorexia nervosa, one of the eating disorders listed on
DSM-V, is characterized by low BMI, distorted body
image, and extreme fear of weight gain that may lead to
severe morbidity and mortality, especially among young
females. It is important to note that AN is considered to
have the highest mortality rate among psychiatric condi-
tions, thus, proper management is crucial. Currently,
recommended therapeutic approach includes nutritional
support and psychotherapy while there is no FDA-
approved pharmacotherapy in the treatment.

Initial rationale behind olanzapine trial in AN patients
is the side effect profile of olanzapine including weight
gain and common comorbid psychiatric comorbidities of
AN. Detection of lower levels of serotonin and its me-
tabolite, 5-hydroxyindolacetic acid, in CSF along with al-
tered binding activities toward serotonergic receptors (5-
HT1A and 5-HT2A) in patients with AN leads to trials
of many anti-depressant and anti-psychotic drugs in AN
treatment [8, 10, 24]. Additional findings regarding
lower levels of dopamine and its metabolite (homovani-
lic acid) in CSF of AN patients along with altered bind-
ing activities toward dopaminergic receptors (D2 and
D3) provide supportive evidence [8, 10, 24]. Although
many other anti-depressant and anti-psychotic drugs
have been investigated including risperidone, aripipra-
zole, fluoxetine, dronabinol, and alprazolam, olanzapine
continues to remain as the primary candidate in AN
treatment [43-47]. Furthermore, anti-psychotic drugs
have shown to led an increase in serum leptin levels
which may be an additional beneficiary effect of olanza-
pine treatment in patients with AN [48].

Growing evidence indicates shared pathophysiological
mechanisms between schizophrenia and eating disorders
including AN primarily from functional magnetic reson-
ance imaging (fMRI) and neuroimaging studies [49, 50].
The primarily affected shared brain areas include anter-
ior fronto-insular cortex and anterior cingulate cortex
which are collectively referred as the salience network.
Increased activation of the anterior cingulate cortex has
been detected in AN patients while administration of su-
crose solutions leads to decline in its activity as evi-
denced by fMRI findings [51]. Similar pattern of
involvement has been observed in patients with schizo-
phrenia [52, 53]. Large scale meta-analyses demonstrate
that anti-psychotic therapy is associated with alteration
of activity of the salience network while following anti-
psychotic therapy patients are more likely to have
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increased activation of the insular cortex when given
static food-related images [54, 55]. Although the mech-
anism is not definitive with current literature and need
for further studies is clear, the potential beneficial effects
of anti-psychotic therapy such as olanzapine in AN pa-
tients may be underlined via correction of shared neuro-
logical circuit at the salience network.

Limitation of this review includes a low number of
double-blind randomized controlled trials, issues regard-
ing the non-standardized duration of trials and dosages
of therapy, and non-standardized therapeutic procedure.
Although there is no clear indicator of selection bias in
the included studies and both olanzapine and control
groups appear to have similar baseline features, possible
selection bias in non-blinded studies should not be over-
looked and should be considered as another limitation
of this review.

To conclude, our findings support the utilization of
olanzapine treatment in patients with AN by demon-
strating a statistically significant increase in BMI com-
pared to placebo control groups with a relatively
tolerable side effect profile. We detected that short term
(< 8 weeks) and higher doses (> 5 mg/day) of olanzapine
treatment is more beneficial in terms of weight gain.
However, there is a clear need for large scale, more com-
prehensive studies regarding the efficiency and safety
profile of olanzapine treatment in patients with AN in
order to have a better understanding of the subject.
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