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Germany

Andreas Stengel

University Tübingen
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Corinne Blanchet, Sébastien Guillaume, Flora Bat-Pitault, Marie-Emilie Carles, Julia Clarke, 
Vincent Dodin, Philibert Duriez, Priscille Gerardin, Mouna Hanachi-Guidoum, 
Sylvain Iceta, Juliane Leger, Bérénice Segrestin, Chantal Stheneur and Nathalie Godart

Medication in AN: A Multidisciplinary Overview of Meta-Analyses and Systematic Reviews
Reprinted from: Journal of Clinical Medicine 2019, 8, 278, doi:10.3390/jcm8020278 . . . . . . . . . . 89

Gaby Resmark, Stephan Herpertz, Beate Herpertz-Dahlmann and Almut Zeeck

Treatment of Anorexia Nervosa—New Evidence-Based Guidelines
Reprinted from: Journal of Clinical Medicine 2019, 8, 153, doi:10.3390/jcm8020153 . . . . . . . . . . 131

v





About the Editors

Professor Stephan Zipfel MD PhD; Affiliation: Internal Medicine VI, Department

for Psychosomatic Medicine and Psychotherapy, University Tuebingen, Germany; E-Mail:

stephan.zipfel@med.uni-tuebingen.de; Interests: anorexia nervosa; eating disorders; gut-brain

axis; irritable bowel syndrome; obesity; psychotherapy.

Professor Andreas Stengel MD PhD; Affiliation: Internal Medicine VI, Department

for Psychosomatic Medicine and Psychotherapy, University Tuebingen, Germany and

Department for Psychosomatic Medicine, Charité University Berlin, Germany; Email:
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Abstract: Difficulties in emotion regulation (ER) are common in females with eating disorders (ED).
However, no study to date has analyzed ER in males with ED. In the study at hand, we assessed
ER in males with ED and compared results to both females with ED and healthy controls (HC).
We also examined associations between ER difficulties, personality, and psychopathology. A total
of 62 males with ED were compared with 656 females with ED, as well as 78 male and 286 female
HC. ER was assessed by means of the Difficulties in Emotion Regulation Scale (DERS). We found
that males and females with ED showed greater ER difficulties compared to HC. Pronounced general
psychopathology was a shared factor associated with higher ER difficulties in both males and
females with ED. However, whereas higher novelty seeking, higher cooperativeness, lower reward
dependence, and lower self-directedness were related to higher ER difficulties in females with
ED, lower persistence was associated with ER difficulties in males with ED. In sum, males and
females with ED show similar ER difficulties, yet they are distinct in how ER deficits relate to
specific personality traits. Research on strategies promoting ER in the treatment of males with ED
is warranted.

Keywords: emotion regulation; males; eating disorders

1. Introduction

Emotion regulation (ER) is defined as the sum of techniques applied to manage the variety,
intensity, and duration of emotions [1]. Such strategies range from the putatively less adaptive, such as
dissociation, avoidance, or suppression, to the supposedly more adaptive, e.g., cognitive reappraisal
or problem-solving. Difficulties in ER are a transdiagnostic feature among multiple mental disorders
and may explain high comorbidity rates (e.g., with anxiety, depression, or borderline personality
disorder) [2]. Accordingly, ER is proposed as a transdiagnostic target for treatment [3].

J. Clin. Med. 2019, 8 , 161 ; doi:10.3390/jcm8020161 www.mdpi.com/journal/jcm1
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ER allows one to cope with aversive emotions, is a core feature of self-regulation, and has a
profound influence on food intake behaviors [4]. Difficulties in ER are present across all types of eating
disorders (ED) [5–9]. In some studies, anorexia nervosa (AN) and bulimia nervosa (BN) do not seem to
significantly differ with regard to most domains of ER. Patients with binge-eating disorder (BED) show
less severe ER difficulties than patients with AN or BN [5,10], although there are also studies claiming
that patients with binge-eating episodes (BED, BN, and AN/binge-eating purging subtype) present
more ER difficulties compared to patients with AN/restrictive subtype [11] and others have shown no
differences across ED types [12]. Nevertheless, ED are associated with other behaviors linked to ER
difficulties, such as substance abuse and self-harm [9,13–15].

In addition, it is unclear to which degree difficulties in ER in ED may be seen as
etiopathogenetic/vulnerability or as a maintenance factor contributing to the perpetuation of the
disorder. In AN, starvation and low body weight reduce the susceptibility for emotional stimuli in the
short-term and are thought to serve as dysfunctional strategies to regulate aversive emotions [16,17].
Patients suffering from AN are known to have difficulties in identifying emotional states in themselves
and in others (i.e., alexithymia) and may, in part, be reversed parallel to weight gain during the course
of treatment [18]. This is of clinical relevance, since difficulties in identifying emotions in others are
associated with difficulties in one’s own ER skills [19,20]. Relatedly, the interrelation between ER and
binge-eating behavior postulated in different models. According to the affect regulation theory [21],
binge-eating episodes in BN are used to relieve states of negative affect. In their meta-analysis,
Haedt-Matt and Keel [22] showed that negative affect immediately before an episode of binge-eating is
higher than a day’s average affective content and higher than the dominant affect immediately prior to
an unobtrusive eating behavior. In opposition to the affect regulation theory, the aversive emotional
state does not resolve immediately after the binge-eating episode, but after an apparent delay of several
hours [22]. Following a binge episode, compensatory behavior in BN may prevent a further increase
in negative affect. In addition, a prior study analyzing ER in female ED patients before and after
treatment found that emotional dysregulation can be modified as an effect of symptomatological ED
improvement [23]. With these controversial results in mind, the question of whether the emotional
dysregulation is a vulnerability factor for ED, a factor that maintains and worsens with the ED or both, is
still open. At present, several manualized therapies for ED focusing on ER have been published [24,25].

Nevertheless, as in the vast majority of ED studies, females are overrepresented in studies on ER in
ED [7,8], and males with ED are not researched as a whole. Although females greatly outnumber males
with respect to diagnosed ED, it stands to reason that ER could also play a role in eating pathology in
males, as it does in females.

With regard to gender-related differences in ER, evidence is scarce and mostly derived from
studies in nonclinical community samples of males and females. In the study by Hayaki and Free [26],
difficulties in ER predicted disordered eating in both male and female undergraduate students.
Whereas some studies have shown no global differences between genders in nonclinical cohorts [27],
others have shown gender-specific affective responses to high-calorie visual cues [28]. Significantly
higher levels of rumination have also been identified in females, which, as an ER strategy, mediated the
relationship between gender and disordered eating [29]. Difficulties in ER were identified as important
determinants of body dissatisfaction and disordered eating in a study with only undergraduate
males [30].

In a recent study in a cohort suffering from ED, difficulties in ER were found to be more strongly
associated with cognitively oriented ED symptoms than with behavioral symptoms, such as binge
eating, purging, driven exercise, non-suicidal self-injury, or suicide attempts. However, no gender
comparisons were undertaken [31]. So far, studies investigating gender-related ER differences in
clinical cohorts show no relevant gender-specific differences with regard to negative affect, emotional
instability, and interpersonal dysfunction in an ED cohort consisting of n = 251 females and n = 137
males [32] or with regard to emotional overeating in a BED cohort comparing n = 172 females and n = 48
males [33]. There are also divergent results showing no differences in complex emotion recognition

2



J. Clin. Med. 2019, 8 , 161

between males with ED (n = 29) and healthy controls (HC) (n = 42) [34]. However, none of these
studies in males made ER-specific instruments. Instead, the studies used subscales from a personality
questionnaire as indirect measures to assess both negative affect and interpersonal dysfunction. Others
have solely applied a specific measure of overeating in response to emotions, or analyzed only emotion
recognition, but not ER strategies or emotion difficulties In addition, no study published to date, to
our knowledge, analyzed ER in males using the different DSM-5 ED types, either because the sample
size did not allow for it or because they only analyzed one ED type.

Personality traits and ER appear to be intertwined, with evidence showing links between the
two in a number of studies [35,36]. For instance, difficulties in ER are implicated in the diagnostic
criteria for some personality disorders (e.g., borderline personality disorder) [37]. ED are also
associated with specific personality traits, including harm avoidance and low self-directedness in
all ED diagnostic types, high novelty seeking in BED and BN, and high reward dependence and
persistence in AN [38,39]. Males suffering from ED scored significantly lower than females with
ED on harm avoidance, reward dependence, and cooperativeness, had less body image concerns,
and lower general psychopathology [40]. In addition, dysfunctional personality traits are associated
with higher ED severity, general psychopathology, self-harm behaviors, and worse therapy response
and prognosis [41–43]. In a previous study by our group, we showed that ER difficulties mediated
the relationship between personality traits (i.e., high harm avoidance and low self-directedness)
and ED severity [44]. Thus, personality traits may increase vulnerability to ED pathology through
ER difficulties. As these aspects were not studied in males with ED before, we incorporated
an examination of the interplay between ER, personality traits, ED severity, and ED-related and
general psychopathology in males with ED as further objectives of the present study.

Taking into account all the aforementioned gaps in the literature, primarily the lack of studies
with clinical samples of males with ED, we aimed to examine ER in a large sample of consecutively
recruited male and female patients with ED and HC, considering different DSM-5 ED types. Based on
a previous research carried out at our Unit [23], which found how ER strategies improved along
with improvements in eating symptoms after cognitive behavioral therapy (CBT), we analyzed
the relationship between ED severity, general psychopathology, specific personality traits, and ER.
In addition, assessment of the associations between ER and other behaviors commonly used to alleviate
aversive emotional states, such as non-suicidal self-injury (NSSI), (reduced) interoceptive awareness,
binge-eating, and purging behaviors were part of the study protocol.

2. Experimental Section

2.1. Participants

The sample consisted of 62 male participants diagnosed with ED (16-AN, 12-BN, 15-BED, 19-Other
Specified Feeding or Eating Disorder (OSFED)), 656 female ED patients (140-AN, 236-BN, 100-BED,
180-OSFED), and a HC group, 286 females and 78 males, without a history of ED. The clinical groups
were consecutively referred for assessment and treatment at the Eating Disorders Unit within the
Department of Psychiatry at Bellvitge University Hospital in Barcelona, Spain. All patients were
diagnosed according to the DSM-5 [37] criteria and assessed by senior clinicians specialized in ED. All
HC came from the same catchment area as the patients. Participants were recruited between May 2013
and July 2018. In accordance with the Declaration of Helsinki, the present study was approved by
the Ethics Committee of our institution (The Clinical Research Ethics Committee (CEIC) of Bellvitge
University Hospital). All the participants provided signed informed consent.

2.2. Assessment

Eating Disorder Inventory-2 (EDI-2) [45]. This is a reliable and valid 91-item multidimensional
self-report questionnaire that assesses different cognitive and behavioral characteristics of eating
disorders: Drive for thinness, body dissatisfaction, bulimia, ineffectiveness, perfectionism, interpersonal
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distrust, interoceptive awareness, maturity fears, asceticism, impulse regulation, and social insecurity.
This instrument was validated in a Spanish population [46]. Internal consistency was excellent in our
sample (α = 0.97 for the total scale).

Symptom Checklist-90 Items-Revised (SCL-90-R) [47]. This is a 90-item questionnaire that is
widely used for assessing self-reported psychological distress and psychopathology. The test is scored
on nine primary symptom dimensions: Somatization, obsessive-compulsive, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism, and three global
indices: Global Severity Index (GSI), Positive Symptom Total (PST), and Positive Symptom Distress
Index (PSDI). This instrument was validated in a Spanish population [48]. Internal consistency was
excellent in our sample (Cronbach’s alpha, α = 0.98 Cronbach’s alpha).

Temperament and Character Inventory–Revised (TCI-R) [49]. The TCI-R is a 240-item questionnaire
with a five-point Likert scale format. This questionnaire is a reliable and valid measure of four
temperaments (harm avoidance, novelty seeking, reward dependence, and persistence) and three
character dimensions (self-directedness, cooperativeness, and self-transcendence). This questionnaire
was validated in a Spanish adult population [50]. Cronbach’s alpha for the current sample ranged from
good (α = 0.81 for “novelty seeking”) to excellent (α = 0.99 for “persistence”).

Difficulties in Emotion Regulation Scale (DERS) [51]. The DERS assesses emotion dysregulation
across six subscales: (a) Nonacceptance of emotional responses, (b) difficulties in pursuing goals when
having strong emotions, (c) difficulties controlling impulsive behaviors when experiencing negative
emotions, (d) lack of emotional awareness, (e) limited access to emotion regulation strategies, and (f)
lack of emotional clarity. Higher scores indicate more difficulties in emotion regulation. The Spanish
version was validated in an adult population [44], and excellent internal consistency was found in the
study sample (α = 0.96 for the total scale).

2.3. Statistical Analysis

Statistical analysis was carried out with Stata15 for Windows. The comparison of quantitative
variables between the groups was based on analysis of variance adjusted for the participants’
age, education level, and civil status (ANCOVA). The estimation of the effect size of the pairwise
comparisons was based on Cohen’s-d coefficients (|d| > 0.20 was considered low, |d| > 0.5 was
considered moderate, and |d| > 0.8 was considered high) [52]. In addition, Finner’s procedure
(a familywise error rate stepwise method which has demonstrated more powerful than Bonferroni
correction) controlled the increase in Type-I error due to multiple comparisons [53].

Linear multiple regressions stratified by sex estimated the predictive capacity of clinical measures
(defined as the independent variables) on ER (defined as the criterion, DERS total score). Each
regression was adjusted in five blocks/steps: (a) First block-step entered and set the covariates
participants’ age, education, and civil status; (b) Second block added ED-related variables (EDI-2 total,
onset of the ED, and duration of the ED); (c) The third block included global psychopathological state
(SCL-90R GSI); (d) The fourth block entered NSSI (0 = absent; 1 = present); and (e) The fifth block
included personality traits (TCI-R scale scores). The specific predictive capacity of each step/block
was measured as the increase in the R2 coefficient (ΔR2).

Pathways analysis assessed the underlying mechanisms of the following study variables:
Participants’ sex and age, personality traits, EDI-2 total score, SCL-90-R GSI and DERS scale scores.
This method constitutes an extension of multiple regression modeling, which aims to estimate the
magnitude and significance of hypothesized associations in a set of variables with the advantage
of allowing for the testing of mediational links (direct and indirect effects) [54]. Structural equation
modeling (SEM) was used by defining the maximum-likelihood estimation of parameter estimation
and testing goodness-of-fit through standard statistical measures: The root mean square error of
approximation (RMSEA), Bentler’s Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), and the
standardized root mean square residual (SRMR). Adequate model fit was considered non-significant by
χ2 tests and if the following criteria were met [55]: RMSEA < 0.08, TLI > 0.9, CFI > 0.9 and SRMR < 0.1.
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In this study, ER was defined as a latent variable defined by DERS scale scores, and the personality
profile as a latent class defined by TCI-R scale scores.

3. Results

3.1. Sample Characteristics

Table 1 includes the description and the comparison between the four groups of the study defined
by ED diagnosis and sex. Differences emerged with regards to civil status, education and age.

Table 1. Sample description.

ED Females ED Males HC Females HC Males
(n = 656) (n = 62) (n = 286) (n = 78)

n % n % n % n % p-Value

Civil status
Single 486 74.1% 42 67.7% 278 97.2% 77 98.7% <0.001 *

Married-partner 114 17.4% 17 27.4% 3 1.0% 0 0.0%
Separated-divorced 56 8.5% 3 4.8% 5 1.7% 1 1.3%

Education
Primary 261 39.8% 28 45.2% 6 2.1% 2 2.6% <0.001 *

Secondary 271 41.3% 22 35.5% 276 96.5% 75 96.2%
University 124 18.9% 12 19.4% 4 1.4% 1 1.3%
Employed

Student 259 39.5% 22 35.5% 120 42.0% 42 53.8% 0.077
Unemployed 397 60.5% 40 64.5% 166 58.0% 36 46.2%

Mean SD Mean SD Mean SD Mean SD p-Value

Age (years-old) 29.78 11.07 33.56 12.73 21.06 4.19 21.30 4.53 <0.001 *

SD: Standard deviation. * Bold: Significant comparison (0.05 level). ED: Eating disorder; HC: Healthy control.

3.2. ER and Negative Affect Measures and Comparison between Groups

The first block of Table 2 includes the results of the ANCOVA (adjusted forage, civil status, and
education) comparing the four study groups (ED-women, ED-men, HC-women, and HC-men) with
regard to DERS scales, EDI-2 scales, and the binge-eating/purging levels (these two last measures were
only compared between ED groups). Pairwise comparisons between ED-women and ED-men reached
significance in all measures (more ER difficulties for ED-women), except for DERS awareness and
the EDI-2 interpersonal distrust (no differences between the two groups were obtained). ED-women
registered higher mean scores in all the measures compared to HC-women. The same occurred with
ED-men compared to HC-men (except for on EDI-2 perfectionism). No differences between the two
HC groups (women and men) were found.

The second block of Table 2 contains the prevalence of NSSI and the comparison between the
groups (comparison between the groups was based on logistic regression adjusted by the participants’
age, education, and civil status). The proportion of ED-women who reported the presence of this
behavior was higher than the proportion reported by ED-men (44.2% vs. 16.1%, p < 0.001), as well
as the proportion reported by the HC-women (44.2% vs. 21.8%, p < 0.001). No significant differences
were found comparing the HC groups (women and men) or between ED-men and HC-men.

Figure 1 includes a radar-chart for the study variables in the four groups. To allow for easy
interpretation, z-standardized means were plotted.
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Figure 1. Radar-chart with the z-standardized means by group (n = 1082). DERS: Difficulties in Emotion
Regulation Scale; ED: Eating disorders; EDI-2: Eating Disorders Inventory-2; HC: Healthy controls;
TCI-R, SCL-90R: Symptom Checklist-90 Items-Revised; Temperament and Character Inventory revised.

3.3. Comparison of ER between ED Subtypes

Table 3 includes the ANCOVA (also adjusted for age, education, and civil status) comparing DERS
scores between the ED types (AN, BN, BED, and OSFED), stratified by sex. In the female subsample as a
whole, greater ER difficulties were associated with BN, followed by BED and OSFED. The lowest DERS
scores were found in AN. In the male subsample, greater ER difficulties were registered in OSFED
group, followed by the BN and BED groups. AN males had the lowest DERS scores. Results obtained
in the men subsample must be interpreted with caution due to the low sample size of the groups.

3.4. Predictive Capacity of the Study Variables on ER

Table 4 includes the final models of the two multiple regressions measuring the predictive capacity
of study variables on the DERS total score. In the ED-females model, emotion regulation difficulties
were predicted by higher EDI-2 total scores, more pronounced psychopathology, higher levels in
the novelty seeking and cooperativeness traits, and lower levels in the reward dependence and
self-directedness traits. No significant predictive contribution of the NSSI on the DERS-total was found
in the ED-females group.

For the ED-males model, DERS-total scores increased for men who reported higher scores on the
EDI-2, those with higher psychopathology and lower levels in persistence.
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3.5. Pathways Analysis

Figure 2 includes the path-diagram with the standardized coefficients of the SEM obtained in the
ED group (Table S1, supplementary material, includes the complete results valuing direct, indirect. and
total effects). Goodness-of-fit was obtained (all the fit statistics were in the adequate range). The latent
variable measuring ER difficulties (labeled as DERS in the figure) was directly increased for patients
who presented higher ED severity (higher EDI-2 total), higher psychopathology (higher SCL-90R
GSI), and who were younger. Higher scores in the latent variable measuring the personality construct
(labeled as TCI-R in the figure) were also direct predictors of greater ER difficulties. ED severity and
the psychopathology levels mediated the relationships between personality measures and ER, as
well as between sex and ER: Higher levels in the TCI-R construct and being female increased EDI-2
interoceptive awareness and SCL-90R scores, which contributed to increases on the DERS.

Figure 2. SEM: Standardized coefficients (ED subsample; n = 718). Continuous line: Significant
parameter (0.05 level). Dash line: Nonsignificant parameter. GSI: Global Severity Index.

4. Discussion

The present study attempted to address a relevant issue in the psychopathology of male patients
with ED. It aimed to provide a better knowledge regarding ER in this clinical population, analyzing
and comparing ER difficulties between male and female patients with ED and HC, which was rarely
studied before. Findings from this study provide new information for the treatment approach of male
patients with ED, a minority in the field of ED that runs the risk of being overlooked.

Our first main finding confirmed that patients with ED, both males and females, showed greater
global ER difficulties than HC. Although these results are not in accordance with prior research
indicating that males with ED did not differ from HC males in emotion regulation strategies, such as
emotion recognition [34], they are in line with previous studies which found that negative affect and
difficulties in ER predicted disordered eating in both males and females in community samples [26,27].
These discrepancies may be due to the fact that the study by Goddard et al. [34] focused on emotional
recognition and not on ER. Moreover, our results support previous findings in clinical samples that
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have reported decreased effective ER strategies among female patients with ED when compared with
HC [10,56], suggesting that a lack of effective ER skills may prompt individuals to use disordered or
abnormal eating behaviors to regulate negative affect [57], as well as contribute to body dissatisfaction
and disordered eating in males [30]. Therefore, ER difficulties may act as an important etiological
feature [57] or risk factor for the occurrence of EDs [23]. Although previous studies have focused
primarily on females with ED, our findings also offer the possibility of generalizing these findings to
males with ED.

When comparing male and female patients with ED, female patients with ED engaged in more
dysfunctional ER strategies than males with ED, displaying greater scores on all DERS scales, except
for DERS emotional awareness. There were no differences between male and female controls with
regard to ER difficulties. First, these findings confirmed our hypothesis that both males and females
with ED displayed a lack of emotional awareness. Second, the fact that female patients with ED scored
higher in the most of the DERS scales, such as nonacceptance of emotional responses, limited access to
emotion regulation strategies, lack of emotional clarity, and difficulties in engaging in goal-directed
behavior or in controlling impulsive behaviors when experiencing negative emotions suggests that
there are indeed gender-related patterns of ER in ED. However, we cannot fully exclude gender-related
response bias, since males may have had a tendency to minimize or underestimate (intentionally
or unintentionally) the difficulties related to their ER in order to prevent their culturally imposed,
self-perceived masculinity ideals from being threatened [58]. Furthermore, males with ED appear
to more often use externalizing behaviors (e.g., hetero-aggression) or to engage in drug or alcohol
use/abuse to deal with emotions whereas females with ED tend to use more internalizing behaviors,
such as NSSI [41]. Our results support these observations, with females with ED in the present study
showing significantly more NSSI behaviors than males with ED.

Regarding ED types, our findings showed higher ER difficulties in patients with binge
eating-related behaviors (BN, BED, and OSFED) compare to patients with restrictive behaviors (AN), in
both males and females with ED. These results are consistent with previous studies reporting more ER
difficulties among patients with binge-eating behaviors [44,59], but they are discrepant to other studies
reporting less severe ER difficulties in BED patients and no significant differences between AN-R and
other ED subtypes [5]. However, while females with BN showed the greatest ER deficits compared
to females with other ED diagnoses, males diagnosed with OSFED were those who displayed the
most ER difficulties. These differences suggest that females and males with ED engage in different
disordered eating behaviors for alleviating negative affect and emotional instability. Females with ED
seem to present more binge eating and purging behaviors for ER, whereas males with ED are prompt
to use more heterogeneous ED-related symptomatology for alleviating emotional distress (e.g., high
levels of exercise).

In terms of primary predictors, higher general psychopathology was the shared factor associated
with ER difficulties in both males and females with ED. However, ED severity and different personality
traits were identified as differential predictors in females and males with ED. Increased ED severity,
higher novelty seeking, higher cooperativeness, lower reward dependence, and lower self-directedness
were related to higher ER difficulties in females with ED, while lower persistence was associated
with ER difficulties in males with ED. Thus, in females with ED, difficulties in ER were associated
with a tendency to be more impulsive and intolerant of routine, and which are linked with seeking
little emotional support, the unwillingness to be sociable, and having difficulty in expressing feelings
and thoughts [60]. On the other hand, in males with ED, difficulties with ER were associated with
low persistence, that is, a tendency to be less perseverant in situations of frustration and fatigue [60].
In light of our results, our findings suggest that personality differences may impact ER difficulties,
therefore, it would be important to assess for personality traits and consider potential gender-related
differences [61,62]. In this regard, it may also be useful to apply ER-based adjuvant treatments focused
on reducing impulsivity and increasing self-directedness and reward dependence for females with ED,

11



J. Clin. Med. 2019, 8 , 161

and specific treatment approaches for males with ED where increased persistence management are
specifically addressed.

Finally, another emergent finding was that both ED severity and general psychopathology
mediated the relationships between personality and ER difficulties. This may open a new line of
research that allows for knowing if the improvement in the ED symptomatology could establish
changes in emotion dysregulation. In this sense, a previous study in females with ED found ER
improvements after CBT (treatment as usual, without any specific module addressing ER), especially
in patients with BN. This study found that improvements in ER were the largest in those with a better
treatment outcome [23]. In this line, our results reinforce this concept, suggesting that ED severity and
psychopathology may be associated with ER difficulties. In addition, although our study is transversal
and does not allow us to analyze the causality, we suggest the existence of a bidirectional pathological
process that has ER difficulties acting as a maintenance factors for the ED. However, these findings
do not exclude the possibility that ER is also a vulnerability factor for ED. The lack of longitudinal
studies analyzing individuals before developing the ED does not allow us to identify if the ER is an
etiopathogenic factor of the disorder or if, on the contrary, difficulties in ER are aggravated with the
ED. It is most likely that ER is probably acting in both directions, both as a vulnerability factor and as a
maintenance factor for the disorder (which is aggravated by psychopathology). With this in mind, we
hypothesize that treatment enhanced with a module aimed at improving ER skills could benefit the
treatment outcome of ED patients. Further studies should address this point.

Also, the results suggest that, a more dysfunctional personality profile and being female increased
the risk of higher ED severity and general psychopathology, which contributed to an increase in ER
difficulties in patients with ED. In this vein, a recent study found that depression moderated the
association between ER difficulties and binge eating in patients with BED, suggesting that individuals
who experience more intense emotions are more affected by difficulties in ER [8]. Again, the above is
consistent with the need for treatment based on addressing the difficulties of ER in ED patients, since,
although being aware of one’s own emotions is not sufficient for an adaptive emotional regulation [44],
it is the first step to improving it.

Limitations and Strengths

The present study should be evaluated within the context of its limitations. First, as we only
assessed patients with ED that were seeking treatment in a clinical setting, the patient cohorts may
not be representative of all patients with ED. In addition, ER difficulties were assessed by means of
the DERS. Although this is a validated instrument for the assessment of ER, it may not capture other
relevant aspects of ER, such as ER strategies or skills (e.g., reappraisal, stimulus control, etc.). Finally,
due to the study’s cross-sectional design, no conclusions can be drawn with regard to response to
treatment between genders.

Notwithstanding these limitations, the current study has also several strengths that should be
noted. One of the strengths of our study includes the relatively large number of males with ED in our
sample and our comparison with females with ED, as well as with male and female healthy controls.
For the first time, we addressed ER in a large sample of males with ED, including different DSM-5
types. As far as we know, this is the first study assessing predictors of difficulties in ER in females and
males with ED.

5. Conclusions

There is a growing interest in addressing difficulties in ER in the treatment of patients with ED.
However, most ER-based studies were performed in females with ED and, to date, no study was
carried out in males with all DSM-5 ED diagnoses. Our findings suggest that treatments focusing
on enhancing ER abilities are likely to be beneficial to both female and male patients with ED.
Our findings also suggest a bidirectional relationship, that is, if we improve eating symptomatology
and general psychopathology, we could improve ER in these patients. However, our results also
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provide evidence for the need to design specific treatments for males and females with ED that
address shared and differential gender-related features associated to emotion dysregulation, such as
impulsivity and reward dependence in females, and persistence in males with ED. Taking into account
all of the aforementioned factors, further research should be addressed to validate and complement
our results, including other measures of ER. Likewise, longitudinal designs may offer insight into
gender-related responses of ER difficulties to ED treatments. Findings of this kind may, in fact, provide
further evidence for the need of gender-specific, ER-centered treatments as a further step toward
individualized psychotherapy.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/2/161/s1,
Table S1: SEM: tests of direct, indirect and total effects (ED subsample, n = 718).
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Abstract: Standardised treatment manuals facilitate therapy planning and enhance comparability
for research purposes. Within the Anorexia Nervosa Treatment of Out Patients (ANTOP) study, the
largest multisite outpatient intervention trial in anorexia nervosa (AN) to date, manualised enhanced
cognitive-behavioural therapy (CBT-E) was offered as one treatment modality. The manual consisted
of 9 modules, of which Motivation, Nutrition, Formulation and Relapse Prevention were compulsory.
Homework worksheets were provided, to ensure the transfer of therapeutic improvements to daily
life. This study investigated the use of modules and worksheets in order to explore practice styles of
trained therapists in the treatment of AN. This secondary analysis was based on log-sheets (n = 2604)
CBT-E therapists completed after each session. Frequencies of modules and worksheets used across
all sessions were calculated. Relationships, such as that between use of module and duration of illness,
were examined. The most commonly used module was Motivation. In patients with longer illness
duration, the module Self Esteem seemed to be particularly important. The worksheet Scales, balancing
the pros and cons of AN, was prioritised by therapists. The results underline the importance of
motivational work in the treatment of AN, including validating the ambivalence experienced by most
AN patients. With increasing duration of illness, resource-oriented elements, such as self esteem
stabilisation, should be of focus.

Keywords: anorexia nervosa; cognitive behaviour therapy; manualised treatment; modules; worksheets

1. Introduction

Treatment manuals for psychotherapeutic interventions guarantee that the path of treatment
remains relatively focused, ensuring a standardised quality of therapy [1]. The clear structure associated
with manualised treatment also increases transparency associated with the treatment, and with that,
patient motivation [2]. Yet, the use of treatment manuals continues to be a controversial discussion point
in the psychotherapy field [2]. Critics argue that use of manuals leads to rigid treatment, which neglects
individual components of the patient’s disorder, and reduces scope for therapist innovation [1,2].
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Manuals exist for a vast array of treatments, including cognitive behaviour therapy (CBT) [3–5].
A convincing bank of evidence suggests that manualised CBT is effective in treating eating
disorders [6–8]. Studies have shown that CBT can produce weight gain in anorexia nervosa (AN)
patients [9], as well as improvements in eating disorder pathology for patients with AN [9], bulimia
nervosa and eating disorders not otherwise specified [10]. A recently developed modified version of
CBT, called enhanced cognitive behaviour therapy (CBT-E) [3], employs a transdiagnostic approach
addressing all eating disorders. CBT-E has been shown to produce lasting improvements in body-mass
index and eating disorder pathology in AN patients [11], and to be equally as effective as other
“standard” treatment options [11,12].

One aspect which warrants consideration is the inclusion of modules in CBT treatment manuals.
Modules are a form of building block for the treatment [4]; they outline the focal points of the planned
treatment and seek to guide the therapy. Several modular CBT manuals have been developed to treat
eating disorders; often, these manuals provide a wide selection of modules for therapists and patients
to choose from [3–5,13]. Worksheets are another element often included as a supplementary resource
to accompany modules; for example, in Wilhelm et al.’s CBT manual for body dysmorphic disorder [5]
and in Legenbauer and Vocks’ manual for anorexia and bulimia treatment [4]. Legenbauer and Vocks’
manual [4], only available in German, is a practical manual designed for the cognitive behavioural
treatment of eating disorders. The manual contains chapters addressing specific concepts related to
eating disorders, such as motivation. Each chapter is accompanied by specific activities and detailed
worksheets to assist the therapy. Worksheets can be used in-session and administered as homework,
and facilitate the transfer of therapeutic progress into daily life. Similarly, Fairburn’s CBT-E manual
considers “Next Steps”, an alternative term for homework, to be an integral component of treatment [3].
Most CBT manuals provide a rather clear structure, but should be seen as a guide, rather than an
inflexible, predetermined protocol [14].

While past research has demonstrated that modular treatment manuals can produce positive
treatment effects in eating disorder patients, to the authors’ knowledge, no research has investigated
the actual implementation of such manuals. Hence, there is an absence of research investigating the
ways in which therapists execute manualised treatment. This study aimed to tackle this research
gap, by investigating the practice styles of therapists administering a manualised CBT-E treatment to
outpatients with AN. The manual of focus, written in German, was developed in 2007, prior to the
publication of Fairburn’s CBT-E manual [3]. It was written based on a 2-day workshop delivered by
Fairburn. The manual was designed specifically for the ANTOP (Anorexia Nervosa Treatment of Out
Patients) study, a German multisite randomised control trial in outpatients with AN [15,16]. The design
and main outcome of the ANTOP study have been published elsewhere [15,16]. The present study
sought to answer the following research questions:

• What were the most commonly used modules?
• What were the most commonly used worksheets?
• Was there a relationship between stage of therapy and module used?
• Was there a relationship between duration of illness and module used?

2. Methods

2.1. CBT-E in the ANTOP Study

This study was conducted as a secondary analysis of data from the ANTOP study. In one arm
of this study, AN patients received 40 individual sessions of CBT-E over 10 months. Therapy was
categorised into three stages: stage 1 (sessions 1–16) involved therapy twice a week for 2 months,
stage 2 (sessions 17–32) involved therapy once a week for 4 months, and stage 3 (sessions 33-40)
involved therapy once every 2 weeks for 4 months. Twenty-four CBT therapists, trained initially
by Fairburn, used the specifically designed CBT-E ANTOP manual to guide treatment. The manual
contained 9 modules, 4 of which were compulsory (Table 1). Worksheets were also provided for
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optional use during sessions and as homework. At the time of the ANTOP manual development,
Fairburn’s available material did not contain any worksheets, and hence, worksheets were taken
from Legenbauer and Vocks’ German CBT manual [4]. At the end of each therapy session, therapists
were required to fill out a log-sheet, documenting detailed information regarding the content of the
session. Although several modules could be used per session, therapists were required to record the
single module which was the main focus throughout that session. Therapists could also record up to
2 worksheets given to the patient in the session, or as homework. This information provided the data
for the current analysis.

Table 1. Modules in the Anorexia Nervosa Treatment of Out Patients (ANTOP) study CBT-E manual.

Module Module Content

Compulsory Modules

Motivation (Starting Well) Building a therapeutic relationship, reflecting on pros and cons of anorexia nervosa
(AN), and discussing healthy eating behaviours

Nutrition Establishing and maintaining a regular healthy eating pattern
Formulation Understanding what causes and maintains the individual’s eating disorder

Relapse Prevention (Ending Well) Maintaining positive behavioural changes learnt throughout the course of therapy
and preparing to cope with setbacks

Optional Modules

Cognitive Restructuring Learning to challenge dysfunctional beliefs concerning eating, weight and the body
Mood Regulation Recognising and coping with negative emotions

Social Skills Improving communication and conflict resolutions skills

Body Image Addressing the negative attitudes towards patients’ own bodies, and the influence
of perceived figure/weight on self-worth

Self Esteem and Resources Increasing self-worth: Identifying strengths, establishing new hobbies and interests,
reflecting on what brings happiness

2.2. Sample

Of the eighty AN patients assigned to the CBT-E arm in the ANTOP study, 78 commenced
treatment and 65 completed treatment (that is, they attended at least 27 of the 40 sessions). Only female,
adult patients (aged ≥ 18 years) were included in the ANTOP study. When the study commenced,
patients’ mean age was 27.4 years and mean body-mass index (kg/m2) was 16.82. Forty-nine patients
(61%) had an illness duration of less than or equal to 6 years, and 31 (39%) had AN for longer than
6 years [16]. The data used for this secondary analysis comprised of 2604 session logs; this number was
less than the total possible number of session logs (3120) as not all patients completed all 40 treatment
sessions. Only logs which contained relevant information regarding the component of interest were
included in each analysis.

The ANTOP study was approved by the ethics board of the faculty of medicine, University
Hospital Tübingen, on the 21/02/2006 (ref: 440/2006). Additionally, the study was approved by
the ethics committees at each of the participating treatment centres. All procedures performed in
studies involving human participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1975 Helsinki declaration and its later amendments
or comparable ethical standards.

2.3. Statistics

All statistical analyses were conducted using IBM SPSS Statistics version 25 (IBM, Armonk, NY, USA).
Frequency tests were conducted in order to identify the most commonly used modules and worksheets
across all CBT-E sessions. Crosstabs were displayed in order to investigate the relationship between
choice of module and stage of therapy. An overall chi square test of independence was conducted to
determine the relationship between module and duration of illness, followed by post hoc standardised
residuals testing (absolute value greater than 2.00 indicated significance [17]). Patients were classified
into two groups: those with an illness duration of equal to or less than 6 years, and those with an
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illness longer than 6 years. Duration of illness was classified in this way, because in the ANTOP study
the randomisation had been stratified according to this dichotomised variable.

3. Results

3.1. Modules

Across all 2604 CBT-E sessions, the focus module was recorded a total of 2411 times. Figure 1
depicts frequencies of module use.

Figure 1. Frequency (percentage) of focus modules (n = 2411) used throughout treatment.
M = Motivation, N = Nutrition, F = Formulation, CR = Cognitive Restructuring, MR = Mood Regulation,
SS = Social Skills, BI = Body Image, SE = Self Esteem, RP = Relapse Prevention. Asterisks represent
compulsory modules.

3.2. Relationship between Module and Stage of Therapy

As can be seen in Figure 2, stage of therapy appeared to influence choice of module. While Stage
1 sessions focused on modules such as Motivation and Nutrition most frequently, over 50% of Stage
3 sessions focused on Relapse Prevention.

Figure 2. Relationship between frequency (percentage) of applied modules (n = 2411) and stage of
therapy. M = Motivation, N = Nutrition, F = Formulation, CR = Cognitive Restructuring, MR = Mood
Regulation, SS = Social Skills, BI = Body Image, SE =Self Esteem, RP =Relapse Prevention. Stage 1:
sessions 1–16, Stage 2: sessions 17–32, Stage 3: sessions 33–40.

3.3. Relationship between Module and Duration of Illness

There was a statistically significant relationship between choice of module and duration of illness,
X2 (8, n = 2411) = 15.937, p = 0.043. Post-hoc tests analysing standardised residuals revealed that
differences between the duration of illness groups lay in the use of the Self Esteem and Resources module;
this module was used significantly more often with patients who had a duration of illness longer than
6 years, compared to those who had an illness duration of 6 years or less.

20



J. Clin. Med. 2018, 7 , 398

3.4. Worksheets

The use of worksheets was recorded 888 times across all session logs. 590 additional records of
worksheet use were excluded from analysis, as they did not refer to any of the 55 worksheets made
available to the therapists. A list of the top ten most commonly used worksheets was generated using
frequency analysis (Table 2).

Table 2. Top ten distributed worksheets, listed in descending order according to frequency used (n = 888).

Name of Worksheet (Module) Number of Times Distributed (%)

The Scales (Motivation) 107 (12)
Family relationships (Formulation) 56 (6.3)

Two letters to the eating disorder (Motivation) 53 (6.0)
How I’d like to change my eating behaviour (Nutrition) 43 (4.8)

Cognitive distortions (Cognitive Restructuring) 37 (4.2)
What have I learnt (Formulation) 34 (3.8)

Analysis of a monitoring record (Nutrition) 29 (3.3)
Paths to change (Nutrition) 27 (3.0)

Toolbox for emergencies (Relapse Prevention) 26 (2.9)
What I need to be content (Self Esteem) 26 (2.9)

The Scales was the most commonly used worksheet, distributed 107 times (12%). This worksheet
involved patients recording the short- and long-term pros and cons of their eating disorder on either
side of a balance scale. Next to each pro or con, they were instructed to write a number from 1 to 100,
indicating how important they considered this factor to be. After completing their list, patients were
asked to consider both the pros and cons lists in their entireties and to assign each side of the scale a
number. This number was to be used as a measure of whether the eating disorder is more friend or foe.

Family relationships was the second most commonly used worksheet, distributed 56 times (6.3%).
This worksheet involved patients reflecting on the relationships within their family, specifically
throughout their pubescent years, or whichever period they feel was most important for the
development of their eating disorder. Patients were instructed to draw or write the names of their
family members (including themselves) within a rectangle. They were told to use lines to connect
the family members; normal lines represented positive and stable relationships, and dotted lines
represented relationships characterised by conflict. On the left of the page, in the smaller boxes,
patients listed the distinctive traits they believe characterise each of their family members. The general
aim of this worksheet was to encourage reflection on family relationships, and also to identify factors
potentially influencing the emergence and persistence of the disorder. For information on further
worksheets, see Legenbauer and Vocks’ Manual.

4. Discussion

This secondary analysis of data from the ANTOP study provides insight into the practice styles
of experienced therapists administering manualised CBT-E to outpatients with AN. It sheds light on
which modules and corresponding worksheets were most commonly used. Additionally, it considers
the use of modules in more depth, in particular in relation to stage of therapy and duration of illness.

The four most commonly used modules overall were Motivation, Nutrition, Formulation and
Cognitive Restructuring, suggesting that they are arguably the most important modules of focus during
CBT-E for AN patients. It is, however, important to acknowledge that three of these four modules were
indeed compulsory modules, meaning they were required to be used for at least 5 of the 40 sessions.
The fact that focus was given more often to the optional module Cognitive Restructuring than to the
compulsory module Relapse Prevention can be interpreted in two ways. On the one hand, cognitive
restructuring represents an essential strategy within CBT. On the other hand, just over a quarter of the
ANTOP sample still had full syndrome AN at the end of treatment [16]; this might have resulted in
less use of Relapse Prevention, as use of this module often assumes absence of symptoms. It should also
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be acknowledged that although module choice was oriented around patient needs, choice of module
would have also been influenced by the therapists’ practice styles and beliefs.

The Motivation and Nutrition modules were of the greatest focus, both being distributed in over
20% of sessions. These findings coincide with the extensive bank of literature suggesting that these
aspects should be of pivotal focus throughout AN treatment. The ego syntonic nature of the illness
often contributes to an ambivalence to change in AN patients [18]; the symptoms which characterise
the illness, such as dangerously low body weight, are unfortunately characteristics which patients
value, and hence often wish to maintain. Indeed, patients with AN rarely seek treatment on an entirely
voluntary basis [18]. There is evidence that a patient’s motivation to change is arguably one of the
strongest predictors of treatment success [19,20]. Nutrition is another pivotal aspect to successful
CBT-E treatment of AN as patients need to normalise their eating behaviour and restore weight in order
to overcome the illness [21,22]. Additionally, evidence suggests that with better nutrition, cognitive
functioning can be improved, and subsequently, responsiveness to interventions [23].

The limited use of the Body Image module also warrants consideration. Disturbed body image is
one of the characterising features of AN [24–27]. Indeed, body image distortion is not only a predictor
of the development of AN [25], but also for the longevity of the diagnosis, and likelihood of relapse [24].
Perceptions of body image have also been found to be significantly related to depression and anxiety
symptoms in AN patients [26]. It is, therefore, clear that body image is intimately intertwined with
AN, and should accordingly be of pivotal focus in treatment. Yet, the current data analysis revealed
that the Body Image module was surprisingly the least frequently used module among the ANTOP
therapists; specifically, it was used in less than 3% of sessions. The current findings provide evidential
support for the concern that body image disturbances are somewhat neglected in eating disorder
therapy [4,28]. Accordingly, treatment outcomes might be improved by placing more focus on body
image disturbances [25]. Research comparing two versions of CBT for eating disorder patients revealed
that treatment which specifically addressed body image disturbance produced greater improvements
at end of treatment and one year follow up, than CBT treatment which did not [29]. When considered in
conjunction with this research, the current findings highlight a potential limitation in current treatment
practice; that therapists are perhaps not placing enough emphasis on the concept of body image in
their treatment of AN patients.

Data analysis found that during stage 1 (sessions 1–16) therapy sessions, the Motivation and
Nutrition modules were of predominant focus. These findings are in line with existing literature [3,30],
which suggests that in order for therapy to be successful, initial stages of therapy should address
aspects such as patient’s motivation to engage in therapy, healthy eating habits, and weight gain.
Analysis also revealed that over 50% of stage 3 sessions focused on the Relapse Prevention module.
This again coincides with the literature, which suggests that in order to ensure long-term results, final
stages of treatment should address how progress can be maintained upon cessation of therapy, and
how relapse can be prevented [3,30]. Overall, these results suggest that therapists administering CBT-E
in the ANTOP study were administering therapy in a manner that is in accordance with the suggested
progression of AN treatment.

There was a significant relationship between duration of illness and choice of modules, specifically
in the use of the Self Esteem and Resources module. This module was significantly more likely to be used
for patients who had an illness duration of longer than 6 years. Current research suggests that although
some patients do recover fully from AN, approximately 20% of patients go on to develop a severe
and enduring form of the disorder that is resistant to treatment [31]. Touyz and colleagues argue that
this subset of patients have a unique set of needs, different to those of other AN patients, and hence
suggest that a different approach should be taken in their treatment [32,33]. This approach, closely
linked to the Recovery Model [32], does not view recovery simply as an absence of symptoms. Instead,
focus is shifted away from weight gain towards aspects such as improving quality of life and hope for
the future [33]. The findings from the current study seem to compliment this alternative approach.
In their treatment of longer suffering AN, CBT-E therapists of the ANTOP study seemed to deem it
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necessary to place greater focus on resource-oriented aspects outside of the AN symptomatology, such
as the Self Esteem and Resources module.

The data analysis also revealed which of the available 55 worksheets were used most frequently.
In accordance with the priority given to the Motivation module, the worksheet The Scales, addressing
the pros and cons of the eating disorder, was used almost double the amount of times than any other
worksheet. Family Relationships, which required patients to construct a family diagram, was the second
most frequently used worksheet. The frequent use of these worksheets highlights the importance of
these specific topics of motivation and relationships throughout the treatment process.

Limitations and Future Research

While the design and conduct of the ANTOP study followed the highest aspirations of
international standards in clinical research, this subproject was limited due to its nature as a secondary
analysis. Consequently, the results must be considered as hypotheses to be tested in future studies.
It was a completer analysis, meaning only data provided by patients currently in treatment could be
considered. Additionally, the categorical nature of the data limited the scientific quality of the analysis;
mainly descriptive analysis was provided. Finally, although this study included an in-depth analysis
of the practice styles of experienced therapists, it did not assess the effectiveness of these practice
styles. Future research would therefore benefit from investigating whether use of certain modules, or
combinations of modules, results in better treatment outcomes for AN patients. Furthermore, it could
be useful to investigate whether certain worksheets were more commonly used in younger patients, as
many of them were designed in a “girlish” way (e.g., the worksheet My Strengths in the Self Esteem
module was pink and decorated with flowers), and so therapists may have chosen not to give them to
older patients.

5. Conclusions

To the authors’ knowledge this is the first scientific analysis which explores the practical
application of a modular therapy manual in the treatment of eating disorders. Analysing individual
outpatient therapy administered by experienced therapists involved in the ANTOP study, this
paper provides other therapists with practical recommendations regarding the use of modules and
corresponding worksheets within manualised CBT-E for AN. Analysis revealed that Motivation,
Nutrition, Formulation and Cognitive Restructuring were the most common modules of focus.
In particular, Motivation and Nutrition seemed to be most relevant during the initial stages of treatment,
whereas Relapse Prevention was more relevant in the final treatment stage. The module Self Esteem
appeared to be particularly relevant for patients who had a duration of illness longer than 6 years,
a finding which complements recent research advocating a so-called recovery model for long-term
sufferers of AN. Body Image was often neglected; a concerning finding, in light of recent research
highlighting the importance of addressing body image disturbances in AN patients. The most
commonly used worksheet was The Scales within the module Motivation. These findings underline
the importance of actively addressing the ambivalence often present in patients with AN in order
to facilitate readiness for change. Furthermore, the findings show clearly that modern manualised
CBT is much more than teaching strategies and techniques. It should leave room to address themes
that might maintain the individual’s eating disorder and therefore need to be solved in order to allow
for recovery.
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Abstract: Increased physical activity (PA) affects outcomes in patients with anorexia nervosa (AN).
To objectively assess PA patterns of hospitalized AN patients in comparison with healthy, outpatient
controls (HC), and to analyze the effect of PA on Body Mass Index (BMI) change in patients with AN,
we measured PA in 50 female patients with AN (median age = 25 years, range = 18–52 years; mean
BMI = 14.4 ± 2.0 kg/m2) at the initiation of inpatient treatment and in 30 female healthy controls
(median age = 26 years, range = 19–53 years; mean BMI = 21.3 ± 1.7 kg/m2) using the SenseWear™
armband. Duration of inpatient stay and weight at discharge were abstracted from medical records.
Compared with controls, AN patients spent more time in very light-intensity physical activity (VLPA)
(median VLPA = 647 vs. 566 min/day, p = 0.004) and light-intensity physical activity (LPA) (median
LPA = 126 vs. 84 min/day, p < 0.001) and less time in moderate-intensity physical activity (MPA)
(median MPA = 82 vs. 114 min/day, p = 0.022) and vigorous physical activity (VPA) (median VPA = 0
vs. 16 min/day, p < 0.001). PA and BMI increase were not associated in a linear model, and BMI
increase was mostly explained by lower admission BMI and longer inpatient stay. In a non-linear
model, an influence of PA on BMI increase seemed probable (jack knife validation, r2 = 0.203; p < 0.001).
No direct association was observed between physical inactivity and BMI increase in AN. An altered
PA pattern exists in AN patients compared to controls, yet the origin and consequences thereof
deserve further investigation.

Keywords: accelerometry; eating disorders; motor restlessness; physical inactivity
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1. Introduction

The role of increased physical activity (PA) for the onset and maintenance of anorexia nervosa
(AN) is increasingly recognized. Being associated with a longer duration of inpatient treatment [1]
and higher rates of a chronic outcome [2] as well as drop-out from treatment [3], increased PA can
be regarded as a significant factor in the persistence of the disease [4]. However, high level PA is
addressed insufficiently by current research [5]. As a consequence, a deeper understanding of the
mechanisms underlying altered PA in AN as well as for the development of suitable therapeutic
strategies to manage PA during weight restoration efforts are urgently warranted to improve outcomes
for patients with AN.

Elevated levels of physical activity have been observed in 30–80% of patients suffering from
AN [6,7], with this high range probably resulting from varying methods of PA measurement [8].
When assessed with subjective measurement tools including exercise questionnaires, patients reported
higher total PA in comparison with a control group, yet simultaneous objective PA assessment using
actigraphy yielded similar PA levels [9], suggesting that self-report overestimated PA in patients with
AN and that objective assessments are needed to obtain accurate results. In addition, PA behavior
is complex and has multiple dimensions; therefore, objective quantification of PA targets different
components. Previous studies on objectively assessed PA in AN have yielded mixed results, with some
reporting no differences in time spent in moderate to vigorous and daytime PA [10], or fidgeting [8],
while others reported increased moderate to vigorous PA duration [3] and seated non-exercise PA [11]
between AN inpatients and controls.

In a previous study [12], we focused on a potential link between high PA in AN and
hypoleptinemia using a multisensor body monitor (Sensewear™ armband) for objective PA detection
in hospitalized adults with AN. Results indicated that the use and interpretation of accelerometry,
employed to objectively assess PA in AN patients, needs to be developed further and should also
include parameters of physical inactivity. Building on the previous findings based on simple step count,
the present study focused on a more detailed analysis of an expanded set of objectively measured
PA patterns and intensities in adult females with AN, including inactivity parameters and adding a
comparison to normal weight controls. We aimed to investigate the relationship between different
PA patterns and BMI increase during inpatient treatment. We hypothesized that during inpatient
treatment (I), hospitalized adult AN patients show increased low intensity PA in comparison with
healthy controls, (II) increased low-level PA and BMI increase are inversely related, and (III) physical
inactivity and BMI increase are directly related.

2. Subjects and Methods

2.1. Study Population

We enrolled 50 female adults with AN who were admitted to the Department of Psychosomatic
Medicine at Charité—Universitätsmedizin Berlin for inpatient treatment of AN between 2011 and
2016. Patient inclusion criteria were: A diagnosis of AN according to ICD-10 (International Statistical
Classification of Diseases and Related Health Problems, 10th Revision), restrictive, purging or atypical
type, as well as a BMI < 17.5 kg/m2. Exclusion criteria were: age <18 years, current pregnancy or
a diagnosed psychotic episode. Information about the duration of the illness, comorbidities as well
as medication at the beginning and end of the treatment program were retrieved from anamnestic
data and medical reports. Between 2015 and 2016, we also recruited 30 sex-matched and similar aged
normal weight healthy controls (HC), consisting mostly of clinical staff and relatives thereof. A BMI
between 18.5 and 25 kg/m2 served as inclusion criteria. Exclusion criteria were: Any known major
medical or psychiatric disease and any condition with significant influence on PA. All participants
gave written informed consent, and the study was approved by the institutional ethics committee of
the Charité—Universitätsmedizin Berlin.
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2.2. Anthropometry

Weight of all patients was measured to the nearest 0.1 kg via a digital scale (Seca 771,
Vogel & Halke, Hamburg, Germany) and height to the nearest 0.5 cm via a stadiometer (Seca 220
Stadiometer, Vogel & Halke, Hamburg, Germany) [13]. Measurements took place in the morning
between 7 and 8 a.m. after overnight fasting and in underwear. Weight of the controls was measured
after a 2-h fast using a chair scale (MCB300K100M, KERN & Sohn GmbH, Balingen, Germany) and
height was measured using a stadiometer (Vogel & Halke). BMI was calculated as kg/m2.

2.3. Bioelectrical Impedance Analysis

Whole-body bioimpedance was measured by Nutriguard-M (Data Input, Darmstadt, Germany;
electrodes: Bianostic-AT, Data Input) as part of the patients’ clinical measurements. For bioimpedance
analysis (BIA) of the normal-weight controls Biacorpus RX 4004 (MEDICAL HealthCare GmbH,
Karlsruhe, Germany; Electrodes: BIA Classictabs, Medical HealthCare GmbH, Karlsruhe, Germany)
was used. Patients and controls were weighed after fasting for at least 2 h, voiding and an equilibration
period in a supine position. The equilibration period of both AN patients and controls lasted at least
10 min. BIA was carried out in accordance to the manufacturer’s instructions, and body composition
was calculated with Body Comp software (Version 9.0, Professional Scientific, Medical Health Care
GmbH, Karlsruhe, Germany).

2.4. PA Assessment

PA was measured in AN patients after inpatient admission and inclusion into the study. Using a
portable armband device (SenseWear™ PRO3 armband; BodyMedia, Inc., Pittsburgh, PA, USA), PA
was continuously detected over a 3-day period (Friday to Sunday). During the time of PA detection,
the study population was not restricted regarding their daily physical activity [13]. A day was included
into data analysis if the armband had been worn for at least 20.5 h [13]. Measurements of controls
took place while they stayed in their usual environment and by using the SenseWear™ PRO3 or
the SenseWear™ MF armband. According to a statement of the manufacturer from 15 March 2011,
the Sensewear Pro 3 and MF models were shown to be functionally equivalent in terms of sensor
technology and data analysis (manufacturers statement on equivalency available on request).

The Sensewear armband is a multi-sensor device worn on the upper dominant arm which enables
a continuous physiological PA detection [14] by measuring parameters such as heat flow, galvanic
skin response (GSR), body temperature and near-body temperature [15]. An integrated two-axial
accelerometer captures the movement of the upper arm as well as the position of the body [14].
The information captured by the five sensors and participant characteristics (age, sex, weight, height,
smoker or non-smoker and handedness) [16] are integrated and analyzed by a proprietary software
(SenseWear™ Software, Version 8.0, BodyMedia, Inc., Pittsburgh, PA, USA). This program is based
upon algorithms of the manufacturer and able to analyze the collected raw data at different metabolic
equivalent (MET) values. The latter represents a standardized indicator which is independent of time,
body weight and sex [15]. One MET is equivalent to 1 kcal/h/kg body weight and serves as useful
parameter to describe the energy expenditure [17] and intensity [15] of a specific activity. The MET
value ranges from 1 MET while at rest [17] and 1.1 METs when driving in a car to 2–4 METs when
doing housework [15], and can reach maximum values of 20 METs when doing excessive sports [15].
According to previous studies, we used six different MET categories to classify different activity
intensities of PA within our AN and control group:

• A MET-value ≤1.0 was defined as the rate of energy expenditure while at rest [17].
• Activities with a MET-value ≤1.8 were considered as sedentary behavior [18].
• Thus, we concluded to form a new category ranging from ≥1.1 to ≤1.8 METs to describe very

light-intensity physical activities (VLPA).
• Light-intensity physical activities (LPA) were defined as MET-values >1.8 and <3 [18].
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• Moderate-intensity activities (MPA) were defined as ≥3 METs to <6 METs [17,18].
• Vigorous-intensity activities (VPA) were divided firstly into MET-values ranging from ≥6 to ≤9,

and secondly into values >9 METs [3].

2.5. Statistical Analysis

Based on a prior study of 11 AN patients and 10 HCs whose activity was measured with a
shoe-based accelerometer at three time points: (I) while eating lunch, (II) filling out questionnaires,
and (III) watching television for 1 h, power was sufficient with 19 analyzed individuals to demonstrate
a significant difference in total PA levels (df = 1.19, f = 5.68, p = 0.03) [11]. However, we aimed to assess
activity continuously for 3 days and parse the analyses into six different PA intensity levels, i.e., (I) at
rest, (II) very light, (III) light, (IV) moderate, (V) vigorous and (VI) vigorous >9 METs. Therefore, we
assumed that at least four times more patients (i.e., n = 44) would be required to have sufficient power.
For organizational purposes we capped HCs at n = 30 (assuming less heterogeneity among HCs); we
increased the sample size of AN patients to n = 50.

A p-value of <0.05 was set as the significance threshold. All variables were tested in a
two-sided fashion. All data are presented as mean ± standard deviation (SD) if following a normal
distribution, otherwise as median (25th/75th percentile), or absolute frequency (relative frequency %).
Quartiles were computed using R type 8 so that the resulting quantile estimates were approximately
median-unbiased, regardless of the distribution. Data following a Gaussian distribution were analyzed
by t-tests. Wilcoxon tests were applied for group differences for quantitative response variables
not following a Gaussian distribution. Analyses for categories were performed by Fisher’s exact
test. To test the relationship between BMI change and various potential predictors, univariate and
multivariate linear models were computed. A regression tree was computed, as this approach does not
make assumptions on distributions or linearity. This machine learning technique computes a series of
prediction thresholds to split a data set. Given our relatively small sample, splitting the data set into
learning and test sets was not feasible; therefore, we applied a jack-knife procedure, classifying each
subject based on a tree build from the remaining patients. Statistical analyses were computed using R
version 3.4.2, R Core Team 2017.

3. Results

3.1. Characterization of the Study Population Including Medical Details, Comorbidities, Medications,
and Body Composition

Table 1 shows the patients’ demographic characteristics and body composition data upon hospital
admission compared to the healthy control group. The two study groups did not significantly differ in
age (p = 0.057). Body weight, BMI, body fat, and lean mass were significantly lower in patients with
AN compared to controls (all: p < 0.001; Table 1). Regarding phase angle, i.e., the ratio of body cell
mass to fat-free mass as an indicator of cellular health and integrity, AN patients had significantly
lower values than controls (p < 0.001; Table 1).

Medical details, comorbidities, and current medications of the study populations are summarized
in a supplemental table (Supplementary Table S1). Forty-eight percent of the patients were diagnosed
with restrictive AN, 26% with purging AN, and 26% with atypical AN. In terms of comorbidities, AN
patients had significantly more pericardial effusion (p < 0.001), episodes of depression (p < 0.001), and
at least one comorbidity (AN = 96% vs. C = 33%, p < 0.001). No statistically significant differences
existed for other medical disorders. In terms of medication, a significant difference between both
groups existed only for psychopharmacological treatment, with none of the controls (C) but 16% of
the AN patients receiving medication on admission (p = 0.021). No significant difference existed for
oral contraceptives (p = 0.052), L-thyroxine (p = 0.632), or taking no medication (AN, 35% vs. C, 37%;
p = 1.000).
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Table 1. Demographic characteristics and bioimpedance data in patients with anorexia nervosa on
admission and in the healthy control group.

Measurement Parameters Anorexia Nervosa Baseline (n = 50) Controls (n = 30) p

Demographic parameters
Age (years) 25 (21/30) 26 (23/35) 0.057
Weight (kg) 39.9 ± 6.6 (28.4–58.8) 60.5 ± 5.8 (51.2–71.9) <0.001
Height (cm) 166 ± 7 (152–185) 169 ± 6 (159–180) 0.128

BMI (kg/m2) 14.4 ± 2.0 (8.9–17.7) 21.3 ± 1.7 (18.8–25.0) <0.001
Duration of illness (months) 72 (15/134) N/A

Body composition
Phase angle (◦) 4.5 (3.8/5.1) 5.9 (5.5/6.4) <0.001
Fat mass (kg) 2.9 ± 2.7 (1–12.5) 16.0 ± 3.1 (11.3–22.5) <0.001
Fat mass (%) 6.7 ± 5.2 (2.1–21.6) 26 ± 3 (21–32) <0.001

Fat-free mass (kg) 37 ± 4 (27–46) 44 ± 3 (39–53) <0.001
Fat-free mass (%) 93 ± 5 (78–98) 74 ± 3 (68–79) <0.001

Data are expressed as mean ± SD (range) or as median (25th/75th percentile). BMI, Body Mass Index; N/A, not
applicable; AN, anorexia nervosa.

3.2. Comparison of Physical Activity and MET Intensities

PA data and time spent in different levels of physical activity of 50 hospitalized AN patients
compared to 30 ambulatory healthy controls are outlined in Table 2. Both groups engaged in similar
levels of activity in terms of average steps and total distance per day. However, patients with AN
had a greater range regarding the step count; 2479–31876 vs. 6507–22948 steps (Table 2). Significant
differences were observed in daily average METs with patients presenting lower median values than
controls. Patients with AN spent significantly more time in very low (p = 0.004) and low (p < 0.001)
levels of PA than controls. Conversely, AN patients spent significantly less time in PA below the very
low PA level (p < 0.001), in moderate (p = 0.022) as well as in 6–9 MET vigorous activity level (p < 0.001;
Table 2). However, no significant differences were found for markers of physical inactivity: Both
groups spent nearly the same duration of time on recumbency and sleep.

Table 2. Physical activity and the division into different MET cut-offs in patients with anorexia nervosa
on admission and in the healthy control group.

Measurement Parameters
Anorexia Nervosa Baseline

(n = 50)
Controls (n = 30) p

Physical activity
Number of steps per day 11,305 ± 6064 (2479–31,876) 11,098 ± 3973 (6507–22,948) 0.854
Total distance (km/day) 10.2 ± 5.5 (2.3–25.2) 9.8 ± 4.0 (4.6–19.2) 0.769

Metabolic equivalents (METs per day) 1.40 (1.40/1.60) 1.70 (1.50/1.80) <0.001
Duration of recumbency (min/day) 483 (443/527) 500 (440/560) 0.348

Duration of sleep (min/day) 427 (375/457) 408 (363/484) 0.842
PA ≤ 1 METs duration (min/day) 496 (448/536) 588 (502/643) <0.001

VLPA 1.1–1.8 METs duration (min/day) 647 (569/703) 566 (499/631) 0.004
LPA 1.8–3 METs duration (min/day) 126 (92/188) 84 (71/108) <0.001
MPA 3–6 METs duration (min/day) 82 (44/130) 114 (79/165) 0.022
VPA 6–9 METs duration (min/day) 0 (0/3) 16 (8/35) <0.001
VPA > 9 METs duration (min/day) 0.0 (0.0/0.0) 0.0 (0.0/3.2) 0.063

Data are expressed as mean ± SD (range) or as median (25th/75th percentile). LPA, light-intensity physical
activity; MET, metabolic equivalent; MPA, moderate-intensity physical activity; PA, physical activity; VLPA, very
light-intensity physical activity; VPA, vigorous-intensity physical activity.

3.3. BMI Change

Table 3 summarizes clinical outcome parameters of AN patients on admission and at discharge
from inpatient treatment. On average, AN patients achieved a weight gain of 2.1 ± 2.3 kg during
the 32-day (25th percentile: 26 days; 75th percentile: 63 days) inpatient treatment program. The BMI
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increased by 0.7 ± 0.8 kg/m2, which is equivalent to a BMI increase of 4%. The mean rate of weight
gain in AN was 0.29 kg/week and ranged from −0.44 kg/week up to 1.35 kg/week. Seven (14%) out
of the 50 AN patients lost weight during their inpatient stay.

Table 3. Clinical outcome parameters of patients with anorexia nervosa.

Measurement Parameters
Anorexia Nervosa Baseline

(n = 50)
Anorexia Nervosa Discharge

(n = 50)
p

Clinical outcome
Weight (kg) 39.9 ± 6.6 (28.4–58.8) 42.0 ± 6.2 (31.4–59.7) <0.001

Total weight gain (kg) - 2.1 ± 2.3 (−1.4–9.6)
BMI (kg/m2) 14.4 ± 2.0 (8.9–17.7) 15.2 ± 1.8 (11.7–18.3) <0.001

BMI increase (kg/ m2) - 0.7 ± 0.8 (−0.5–2.8)
BMI increase (%) - 4 (1/10)

Data are expressed as mean ± SD (range) or as median (25th/75th percentile); BMI, Body Mass Index.

3.4. Association between Physical Activity and Clinical Outcome

In an univariate regression analysis with BMI increase in % as the dependent variable and a range
of potential predictive factors as independent variables (length of inpatient stay, phase angle, BMI on
admission, steps, total distance, PA at different MET intensities, duration of sleep and recumbency),
only length of inpatient stay (r = 0.154; p < 0.001), phase angle (r = −2.95; p = 0.002) and BMI on
admission (r = −1.99; p < 0.001) were significant predictors (presented in Figure 1 with Spearman
rank correlation). In a multivariable model, length of inpatient stay (p < 0.001) and BMI on admission
(p = 0.029) remained significant predictors and duration of sleep became significant (r = −0.0107;
p = 0.019) as well. In addition, for MPA a trend (r = 0.0111; p = 0.089) towards becoming a significant
positive predictor of BMI increase was observed.

Figure 1. Associations between BMI increase in % and (a) length of inpatient stay and (b) number of
steps per day applying Spearman rank correlation. BMI, Body Mass Index.

In an exploratory regression tree model (Figure 2), the following parameters were relevant
predictors of percent BMI change: length of inpatient stay, BMI on admission, and number of steps.

32



J. Clin. Med. 2018, 7 , 289

Figure 2. Regression tree for non-linear modelling to test the relation between BMI percent change and
further parameters. BMI, Body Mass Index.

With this non-linear model, the association between actual and predicted BMI percent change
could be predicted with an r2 = 0.81 (Figure 3).

Figure 3. Non-linear model on predicted vs. measured BMI change. BMI, Body Mass Index.

Furthermore, validation of this prediction model by jack-knife analysis was successful (r2 = 0.203;
p < 0.001). The importance score for length of inpatient stay was 1026, for admission BMI 822, and for
number of steps 453, potentially suggesting at least a small effect of PA measured as steps on % BMI
increase. Applying these statistical procedures also for LPA as a parameter for low level activity, data
yielded a similar value for r2 for steps as well as an importance score of 562 for LPA, indicating also a
slight effect of LPA on BMI change comparable in strength to that of steps.

4. Discussion

In our study, the following main results emerged: (1) Compared with healthy controls, AN
patients spent more time engaging in light and less time engaging in vigorous intensity PA; (2) the
patient’s BMI increase during inpatient treatment was largely predicted by low BMI on admission and
longer duration of inpatient stay; (3) high step count and time in light-intensity PA only emerged as
potential predictors of lower BMI increase in an exploratory and non-linear model; and (4) contrary to
our assumption, the duration of sleep as a marker of physical inactivity was inversely associated with
BMI increase.
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Few studies have objectively measured low intensity PA in AN inpatients compared with healthy
controls. Our findings demonstrating increased low intensity PA are consistent with a previous study
using a shoe-based monitor [11]. Using the SenseWear armband, El Ghoch et al. [3] also observed
that AN patients spent less time in high intensity PA, yet contrary to our findings time spent in
light-intensity PA did not differ between groups and the patients showed a significantly higher
moderate and vigorous PA duration. The division into two low intensity MET categories (1.1–1.8 and
1.8–3) in the present study as opposed to one category (1.1–3 METs) in the study by El Ghoch [3] may
explain the different and more detailed results. Differences in time spent with moderate to vigorous
PA might relate to varying approaches with respect to the restriction of PA on the wards or to practical
opportunities to exercise in the environment outside the ward. The choice of different PA assessment
tools should also be taken into account: When assessing PA with movement sensors, there was no
difference in time spent on “fidgeting” (operationalized as “body position change counts”) between
AN patients and controls [8]. Yet, the authors of that study mentioned problems with measurement
technology consisting of several leads and wires, which might have affected compliance and PA
behavior of the study participants.

A better understanding of the origin of distinct PA patterns in AN patients is warranted.
Increased light PA in AN might be a consequence of negative energy balance resulting in a foraging
response to increase PA to find food [19,20] or linked with a distinct phenotype characterized
by disturbed energy homeostasis specifically associated with increased PA despite severe weight
loss [6,21]. Further origins for increased light PA in AN might be an attempt of emotion regulation [6,22]
or the desire to lose weight [4,23]. Interestingly, when interviewed 57 years after participating in the
Minnesota starvation experiment in 1944/1945, the volunteer men did not report an increased drive
for PA while starving [23]. To add to the complexity of altered PA in AN, the surrounding conditions
during the time of PA assessment might play a considerable role. When obese volunteers were
subjected to 24-h measurements of energy turnover within a metabolic chamber [24] for analysis of
spontaneous PA, with exercise being prohibited within the chamber, the authors hypothesized that
such forced reduction of voluntary exercise may have resulted in the partially observed increased
engagement in spontaneous PA [25]. Similarly, in 16 healthy, male volunteers who underwent 8 weeks
of experimental overfeeding, two-thirds of the increase in total daily energy expenditure was due to
increased non-exercise activity thermogenesis (NEAT) [26]. Individual variation in NEAT accounted
for the 10-fold differences in fat storage that occurred with overfeeding, suggesting that during positive
energy balance, high activation of NEAT results in difficulties to gain weight for some individuals.
The phenomenon of high NEAT and concomitantly energy needs of 4000 kcal/day to gain weight
was recently documented in a case report of a young woman with AN at the end of therapy [27].
We believe that it is important for the tailoring of suitable PA interventions for AN patients to find an
answer to the question whether increased low-level PA is an AN-specific phenotype that is linked with
physiological processes during starvation and refeeding, or whether such PA behavior is related to
restrictive treatment setting characteristics irrespective of AN, which may also be observable in other
populations. Therefore, the current restrictive handling of PA during AN treatment may need to be
reconsidered since an increase in low-level PA could provoke higher daily energy expenditure and
might hinder weight recovery. Increased voluntary exercise could be accompanied by a decrease in
spontaneous PA [25]. Concomitantly, Calogero et al. [28] investigated the effectiveness of an exercise
program in patients with eating disorders, reporting on weight improvements through this intervention
and concluding that patients in the exercise program may have been less likely to exercise secretly,
whereas patients in the control group may have exercised unsupervised.

A low admission BMI was identified as a major determinant for BMI increase in AN. Resting
energy expenditure proportionally declines with BMI [29], physiologically leading to a more rapid
weight regain at the beginning of treatment. Longer inpatient stay also predicted BMI increase which
may be at least in part explained by the rules in our adult treatment setting where patients were
discharged if they continuously failed to meet the expected weight targets. On the other hand, patients
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who stayed in treatment longer also had more time to gain weight. Since only a slight effect of PA on
BMI increase was observed and only by conducting an exploratory analysis, the admission BMI and
duration of stay had an overall much greater, independent and overriding predictive power on BMI
increase in AN. Whether an association between PA and weight trajectory in AN can be detected may
depend on certain study characteristics, i.e., measurement technique and time point of PA assessment.
There was no association between (I) PA duration at different MET intensities and daily steps at
inpatient discharge and BMI at 1-year follow up [30]; (II) PA level operationalized as the average
acceleration in m/s2/min from both feet and BMI or rate of weight gain in AN patients admitted to an
inpatient unit [11], and (III) time spent on feet at low-weight within 2 weeks of hospital admission
or 1-month post-treatment discharge and 12 months BMI trajectory [8]. However, a longer on-feet
duration at the inpatient weight restored time point was associated with a more rapid decrease in BMI
over the 12 months following discharge [8]. Interestingly, a retrospective study applying questionnaires
for PA assessment 6 months and 1 week prior to inpatient admission in 20 adolescents with AN found
that an increase in PA—and not a decrease in food intake—was associated with the need for inpatient
treatment [31]. These findings give rise to at least some effect of PA on the weight and illness trajectory
of AN, and stress the need for further, systematic studies on this topic.

In the present study, no linear and direct associations between sleep duration and recumbency,
conceptualized as physical inactivity parameters, and weight gain during AN treatment existed.
Similarly, others could not find associations between sleep patterns and BMI [32], or between changes
in sleep patterns and changes in BMI [33]. In the latter study, there was a significant direct association
between baseline sleep time and BMI. In the present study, the contribution of sleep duration to
variance of BMI increase was only of minor effect size. However, unexpectedly, in a multivariable
model, the duration of sleep was inversely associated with BMI increase. In obesity, short sleep duration
is known to be associated with increased food intake and excess body weight [34,35]. Whether this
link also applies to patients with AN needs further investigation.

While we used objective PA assessments at standardized time points close to hospital admission,
which are different from other studies that assessed PA across various stages of AN treatment [11],
our findings also need to be interpreted within their limitations. Firstly, the validity of the SenseWear
armband in severely underweight AN patients is unknown, and raw data and algorithms within the
armband software are not accessible to researchers. Nonetheless, we consider this technology suitable
for PA detection due to its easy handling compared to other devices [8] and the fact that multiple
sensors enable the distinction between various types of PA, the recording of actual on-body time as
well as time spent on sleep [14]. Second, whether our controls were of comparable socioeconomic
background, and whether the wearing of the armband motivated them to work out more than usual
remains unclear. Given that PA analysis was conducted between hospitalized AN patients and healthy
controls within their everyday environment and thus in two very different settings, comparability
of data may be argued. As a consequence, PA patterns of the patients in the present study may
not be representative of other patients with AN under other types of care. However, finding a
suitable control group for hospitalized patients is difficult, as healthy people are not hospitalized, and
hospitalized patients for other reasons than AN are likely to suffer from a medical condition which
affects PA patterns.

In conclusion, we found that AN patients spent more time engaging in light, and less time
engaging in vigorous intensity PA than controls, and that the BMI increase during inpatient treatment
was predicted by low admission BMI and longer inpatient treatment. Furthermore, high step count and
time in light-intensity PA only emerged as potential predictors of lower BMI increase in an exploratory
and non-linear model. This latter finding indicates that the effect of PA on the disease course of AN
should be quantified and clarified further and that more complex models may need to be employed in
future research on this topic. Since PA behavior is likely influenced by multiple factors including age,
psychological and nutritional parameters, assessment of these potential modifiers in future studies
may contribute to a better understanding of PA variability in AN.
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Abstract: The treatment of patients with anorexia nervosa (AN) is often challenging, due to a high
degree of ambivalence towards recovery and weight gain these patients often express. One part of
the multimodal treatment is the utilization of treatment contracts (i.e., contingency contracts) that
aim to motivate patients to gain weight by applying positive and negative consequences for the
(non-)achievement of weight goals. The main aim of this study is to assess and analyze current
standards of contingency contracts’ utilization in German eating disorder centers. n = 76 mental health
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professionals of twelve specialized university centers in Germany that are currently or were formerly
treating patients with AN in an inpatient setting participated. Most experts use contingency contracts
in their clinic with weekly weight goals ranging between 500 and 700 g. Overall effectiveness and
significance of contingency contracts for the inpatient treatment of patients with AN was rated high.
Typical characteristics of a contingency contract in specialized German university hospital centers,
such as the most frequent consequences, are described. The survey results assist the planning of
further studies aiming to improve the multimodal treatment of patients with AN. For clinical practice,
using external motivators such as contingency contracts as well as targeting internal motivation
(e.g., by using motivational interviewing) is proposed.

Keywords: Anorexia nervosa; treatment contracts; weight gain; inpatient treatment; survey

1. Introduction

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), anorexia nervosa
(AN) is a mental disorder characterized by an intense fear of gaining weight and body image
disturbances that lead to restricted food intake relative to the required food intake (restrictive subtype)
or other behaviors promoting weight loss such as excessive exercising or purging behavior (binge-purge
subtype) [1]. Despite a twelve-month prevalence rate of 0.8% within the German population, AN is
one of the mental disorders with the highest mortality [2–4]. In the long term, only approximately half
of patients completely recover, whereas roughly 20 percent develop a chronic form of the disorder [5,6].
It takes an average of five to six years to achieve complete recovery [2]. This reflects the challenges
associated with treatment, resulting from a high degree of ambivalence towards recovery and weight
gain patients with AN often express [7,8].

According to German treatment recommendations, patients with severe AN (Body Mass Index
(BMI) < 15) are treated in inpatient settings that regard weight restoration as one of the focal points
for recovery [9]. Initial weight gain and symptom-orientation have been shown to predict good
outcomes [10,11]. Nonetheless, a study by Schlegl and colleagues suggests that about one third of
patients with AN do not show a significant response to intensive inpatient treatment [12]. Thus, there is
still room for improvement in inpatient treatment approaches for patients with AN [13].

One indispensable part of the multimodal treatment approach for patients with AN is the
utilization of a treatment contract, which is implemented to induce motivation for weight gain.
Treatment contracts are currently routinely used in the inpatient treatment of patients with AN in
Germany [14–17]. They are verbal or written agreements with the patient that contain mostly, but not
exclusively, weight goals. Frequently, they outline the amount of weight that should be gained
in a defined period of time during the inpatient stay (e.g., each week). Positive consequences for
reaching these weight goals and negative consequences for not fulfilling weight goals are determined.
Treatment contracts to induce weight gain in patients with AN can also be called weight contracts or
contingency contracts for weight gain.

A recent systematic review by our group showed that despite their routine usage in inpatient
treatment, contingency contracts for weight gain are an understudied topic and the empirical evidence
base is scarce [18]. The majority of publications included in our review were of rather historical
nature with few current contributions. We could, however, identify a development from restrictive
applications of treatment contracts, e.g., in the form of bed rest to more collaborative approaches.
These collaborative approaches try to actively involve patients into the contingency contracting process,
e.g., by negotiating terms of the contract or letting patients choose consequences.

In terms of clinical application, there is some guidance in available treatment manuals for
AN [15,19] with written examples of contracts. However, this guidance seems to stem from clinical
expertise which is valuable but not sufficient to ensure high treatment standards. Currently, it is
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unclear whether treatment manuals are used and if done so, how the contingency contract process is
organized in German eating disorder centers.

The main aim of the present study is to assess and analyze the utilization of contingency contracts
for weight gain in German university hospitals specializing in eating disorders by means of a survey.
Current approaches used by these specialized centers for collaboration with the patient are investigated,
as well as strategies to enhance the patients’ autonomy and motivation in the treatment contract process.
Experiences of mental health professionals during the treatment contract process are also described.
Finally, as an exploratory question, the role of professional characteristics in the contingency contract
process is examined.

2. Experimental Section

2.1. Study Centers

Twelve specialized university hospital centers in Germany were invited and participated in this
multicenter study. Mental health professionals who are currently or were formerly treating patients
with AN in an inpatient setting were eligible for participation.

2.2. Sample

The study sample consists of n = 76 medical doctors and clinical psychologists between the ages
of 24 and 60 (M = 37.95, SD = 8.28). For a detailed sample description, see Table 1.

Table 1. Demographic characteristics of the study sample (n = 76).

Variables M (SD) %

Gender: female 71.1
Clinical experience in psychotherapy/psychosomatic medicine/psychiatry in years 7.75 (7.20)
Occupational group

Medical doctor 61.8
Clinical psychologist 36.8
Both 1.3

Estimated number of treated patients with anorexia nervosa
<20 34.2
20–40 23.7
41–60 14.5
61–80 6.6
81–100 9.2
>100 11.8

Main therapeutic orientation
Cognitive-behavior psychotherapy 29.7
Psychodynamic psychotherapy 70.3

2.3. Measures

The online survey contained questions concerning the following topics: (1) demographic
characteristics (including e.g., therapeutic orientation and clinical work experience); (2) questions about
the utilization of and criteria for implementing contingency contracts into the inpatient treatment
routine (e.g., percentage of patients that receive a contingency contract, timepoint of conclusion,
duration, standardization of the procedure); (3) precise form of the contingency contract (e.g., verbal,
written, freely formulated); (4) weight goals, control days and consequences for achieving or not
achieving the weight goals; (5) circumstances that lead to a termination of contingency contracts;
(6) experienced emotions of experts during the contingency contract process and appraisal of
effectiveness. Items were either dichotomous (applicable–not applicable) or measured on a seven-point
Likert scale (e.g., 1 never–7 always). All items relating to the contingency contract were newly
developed for this survey.
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After the demographic questions, a definition of contingency contracts in the context of inpatient
treatment of patients with AN was given for clarification. Contingency contracts in the form of a
weight contract were defined as follows: “A weight contract is a verbal or written agreement with
a patient that determines weight changes and/or behavioral changes (e.g., eating behavior) that are
linked to consequences for the patient.”

2.4. Procedure

Invitational links were sent to representatives of all of the study centers, who then forwarded
the invitation to eligible expert staff. Upon clicking on the survey link, experts were informed about
the survey and protection of data privacy. They had to give consent in order to start the survey.
Upon reaching the final page, experts were informed that the survey is finished and thanked for
their participation.

2.5. Statistical Analyses

Means, standard deviations and percentages are reported for sample descriptions. Since variables
were mostly not normally distributed, Mann–Whitney U tests for the analyses of single differences of
means were used. To analyze potential associations between variables, Spearman rho correlations are
reported. All statistical analyses were performed using IBM SPSS Statistics version 24 (IBM Corporation,
Armonk, NY, USA). The level of significance for all analyses was set at α = 0.05.

3. Results

3.1. Utilization

All of the experts reported that contingency contracts are utilized in their institution for inpatients
with AN. They estimated that 87.6 percent of patients with AN in their department and 87.9 percent of
their own patients with AN receive a contingency contract (annualized rate). The majority of experts
(90.8%) reported using a standardized procedure to put contingency contracts in place. Of those,
almost all reported having a guideline/manual provided within the department (98.6%) versus e.g.,
a published manual.

3.2. Preparation and Conclusion

About two thirds of experts (65.8%) reported preparing contingency contracts before inpatient
treatment, for example at a preliminary (outpatient) consultation. 14.5 percent of the experts reported
on giving written information about contingency contracts to the patient before admission to the ward.
The majority of experts (78.4%) reported that contingency contracts are finalized in the first week of
the inpatient stay. Only 5.2 percent of experts reported finalizing contingency contracts in the second
week of inpatient treatment and 5.3 percent reported on not having a set time point for concluding
contingency contracts.

3.3. Weight Contingencies and Weight Goals

Most experts (88.2%) reported setting standardized weekly contingents for weight gain,
ranging between 300 g and 800 g per week. The most frequent weight gain goals are 700 g per
week (44.8%), 500 g per week (37.3%) and 800 g per week (10.4%). The determination of the designated
weight goal differs between the institutions: 46.1 percent of experts indicated individually negotiating
the weight goal with the patients, and 39.5 percent of experts indicated that the weight goal is orientated
at normal or close to normal weight with BMIs ranging between 17 and 19 kg/m2. One expert
indicated using different BMIs according to the age group of the patient for determining normal
weight. For 15.8 percent of experts, weight goals were adapted to the planned duration of treatment.
Only 6.6 percent of experts reported on not having a determined weight goal.
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3.4. Revisiting, Changing and Terminating Contingency Contracts

Experts reported on revisiting the contingency contract with the patients at determined time points
(47.4%), predominantly during ward rounds. Some other cases, e.g., if weight loss occurred, also made
it necessary to revisit contingency contracts. For a smaller proportion of experts, revisiting the
contingency contract occurred routinely after weighing the patient (28.9%), in the event of negative
consequences (28.9%) or in the event of positive consequences (25.0%). Only 27.6 percent of experts
reported on revisiting the contingency contract in each session.

Changing contingency contracts in the course of the inpatient treatment seemed to be handled
quite differently: About one third of the experts (32.9%) reported on changing contingency contracts
when patients lost weight and/or dropped below a certain BMI or when patients could not catch
up to the required amount of weight gain anymore (31.6%). Some experts (7.8%) reported that
changes/adaptions of the contingency contract were not intended whereas other experts reported
on individually adapting contingency contracts over the course of treatment. Individually adapting
might for instance take the form of temporarily changing from weight gain to weight maintenance.
Some experts also reported on discharging patients from the ward for motivational reasons if weight
goals were repeatedly not achieved. Patients were then offered the possibility of a re-admission after
one or two weeks if they achieved some weight gain on their own.

About half of the experts (48.6%) reported that terminating contingency contracts did not happen
in their institution, whereas 39.2 percent indicated that contingency contracts were terminated in special
cases. These include the achievement of normal weight, somatic reasons (e.g., refeeding syndrome,
infections) or if other symptoms gain priority (e.g., impulsive behavior).

3.5. Consequences

Consequences mostly depended on weight loss (90.8%) and weight gain (86.8%). One quarter
of experts also reported that consequences could depend on symptoms like vomiting/purging,
exercising/physical activity and eating behavior. Consequences were routinely applied after checking
weight, either after every weighing (31.6%) or every second weighing (47.4%). Experts reported on
choosing positive consequences themselves (23.7%) or letting the patient choose positive consequences
from a list (17.1%) or freely (26.3%). In about a quarter of cases (24.7%), consequences were already
determined in the contingency contract or were negotiated with the patient (13.0%). In regards to
negative consequences, 36.8% experts reported determining the consequences themselves, as opposed
to letting patients choose from a list (21.1%) or freely (11.8%).

Most frequently used positive consequences were the cessation of ward restriction (84.2%),
being able to temporarily leave the hospital (82.9%) and the cessation of a liquid diet. Other mentioned
positive consequences were: extension of treatment opportunities (e.g., patients could also participate
in art or music therapy), cessation of accompanied eating, cessation of nasogastric feeding,
and opportunities to temporarily leave the ward. When patients could choose their own positive
consequences, chosen consequences included: buying themselves something nice, having their hair
done, having a meal outside of the hospital, meeting friends, taking a bath, watching a movie/going
to the cinema, bringing one’s musical instrument to the ward and using the music room.

The most frequently used negative consequences were restriction to the ward (86.8%) and
additional high caloric nutrients (69.7%). Further mentioned negative consequences were movement
bans, nasogastric feeding, closely accompanied eating, and restrictions on using the phone or having
visitors. The ultimate negative consequence was discharge from the hospital.

3.6. Overall Effectiveness and Factors of Success from the Experts’ Points of View

Overall effectiveness of contingency contracts in the inpatient treatment of patients with AN
was rated as ‘effective for the most part’ (M = 5.72, SD = 0.74). Greater clinical work experience was
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associated with a higher appraisal of the relevance of contingency contracts for the inpatient treatment
of patients with AN (rs = 0.328, p = 0.006).

Among the factors experts rated as important for the success of a contingency contract were
general factors such as therapeutic alliance (M = 6.67, SD = 0.53), empathy of the therapist (M = 6.58,
SD = 0.62) and motivation of the patient (M = 6.53, SD = 0.67). Factors such as having a written
record of the contingency contract (M = 6.56, SD = 0.67) and having a copy of the contingency contract
available for the patient (M = 6.47, SD = 0.71) were also rated as important. For a detailed rating of
factors of success, see Figure 1.

Figure 1. Factors of success of contingency contracts for anorexia nervosa (AN) by expert ratings.
Factors of success were rated on a 7-point Likert scale from 1 ‘not important at all’ to 7 ‘very important’.

3.7. Emotions Experienced by the Experts during the Contingency Contract Negotiation and Emotional Burden

On average, experts rated the overall significance of contingency contracts for the inpatient
treatment of patients with AN as ‘significant for the most part’ to ‘very significant’ (M = 6.27, SD = 1.00).
They reported on not experiencing the contingency contract process (preparation, negotiation and
conclusion) as emotionally straining (M = 3.95, SD = 1.65), however there was a significant correlation
between experiencing emotional strain and the amount of clinical work experience in years of
rs = −0.355, p = 0.002. This indicates that when clinical work experience increases, emotional strain
during the contingency contract process decreases.
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Experts reported mainly experiencing a sense of responsibility (M = 5.20, SD = 1.09),
compassion (M = 4.80, SD = 1.09) and strain (M = 4.54, SD = 1.20) during the negotiation of contingency
contracts. Other emotions (tension, relaxation, ambivalence, frustration, anger and rejection) were
reported as being experienced ‘rarely’ to ‘occasionally’.

3.8. Group Differences

Potential differences in appraising contingency contracts in the inpatient treatment of patients
with AN were tested between occupational groups (medical doctors vs. psychologists) and between
therapeutic orientations (behavior therapy vs. psychodynamic therapy). Regarding differences
between occupational groups, there were no significant differences in emotions experienced during
the negotiation of contingency contracts (all Us > 406.50, all ps > 0.171). However, medical doctors
rated the ethical tenability of contingency contracts, especially regarding the application of negative
consequences such as restriction to the ward, higher than psychologists (U = 373.50, p = 0.008).

Regarding the emotions experienced during the contingency contract process, differences in how
ambivalence was experienced were found between therapeutic orientations (U = 314.00, p = 0.060).
Specifically, psychodynamic therapists experienced more ambivalence while negotiating a contingency
contract. There were no group differences for the other listed emotions (all Us > 362.00, all ps > 0.302).
For the ratings of factors of success, there was only one significant difference between the therapeutic
orientations: Behavioral therapists rated recording the contingency contract in a written form as more
important compared to psychodynamic therapists (U = 359.00, p = 0.019).

4. Discussion

This study analyzed characteristics, utilization and appraisal of contingency contracts for
weight gain in AN in German university hospitals specializing in the treatment of eating disorders.
Experts were asked about their preparation, negotiation, conclusion and revisions of contingency
contracts for patients with AN, their overall rating of effectiveness, as well as experienced emotions
and possible emotional strain during this process.

4.1. Similarities of Contingency Contracts in Specialized Eating Disorder Centers

As expected, the majority of patients with AN receive a contingency contract in the participating
institutions. Although not following a published manual, utilization in all centers follows internal
guidelines or manuals. The most commonly used weight goals range between 500 and 800 g per
week and are therefore in line with current recommendations of treatment guidelines for eating
disorders [9,20].

Consequences are usually dependent on weight gain and/or weight loss. Only a few experts
reported also putting consequences on other eating disorder related behaviors such as excessive
exercising or vomiting. Having weight gain or weight loss as a sole focus of contingency contracts
for patients with AN presumably originates from early behavioristic approaches of contingency
management [18]. In light of a holistic treatment approach however, it seems advisable to consider other
eating disorder related behaviors such as excessive exercising or vomiting as part of the contingency
contract as well.

In sum, the present study uncovered basic characteristics of contingency contracts shared by the
majority of experts. A typical contingency contract in specialized eating disorder centers in Germany
can therefore be described as presented in Figure 2.
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Figure 2. Characteristics of typical contingency contracts in specialized German university centers;
AN = anorexia nervosa.

4.2. Differences of Contingency Contracts in Specialized Eating Disorder Centers

The three major aspects, in which participating institutions differ, are their definitions of weight
goals, when and how contingency contracts are revisited and the choice of consequences. The definition
of weight goals and the revisiting of contingency contracts possibly reflect the different self-developed
manuals of the eating disorder centers. One half of experts negotiate weight goals with the patient,
also taking aspects such as planned duration of stay into consideration. Another 40% orientate
themselves toward a BMI value that should be achieved (low normal). One possible explanation for
different BMI goals, ranging between 17 and 19 kg/m2, is the continued discussion surrounding which
BMI cut-off should be used to indicate non-anorectic weight for patients with AN [1,21].

Herzog and colleagues [22] showed that lower weekly weight goals (500 g) led to a higher
achieved weight at the end of treatment, compared to higher weekly weight goals (750 g). In contrast,
there are studies showing that higher weekly caloric intake led to higher overall weight gain (e.g., [23]).
A recent systematic review [24] demonstrated that higher calorie refeeding is not associated with
increased risk of the refeeding syndrome, at least for mildly and moderately affected patients. However,
inpatient therapy is mainly indicated for severely ill patients and caution regarding caloric intake in
the first days of treatment should be applied. Hence, for severely malnourished patients, there is no
evidence to change current approaches. However, the long-term impact of different approaches is
unknown [24], therefore no clear recommendation can be made from the literature concerning what
(weekly) weight goals or BMI goals should be set [9].

4.3. Collaborative Approaches within the Contingency Contract Process

One of the aims of the current study was to identify approaches to incorporate patients into
the contingency contract process in order to motivate them and enhance compliance and autonomy.
In concrete terms, patients (and parents for younger patients) can for example co-determine weight
goals, choose consequences and write down the contingency contract in their own words. We found
that about 30% of experts let their patients choose consequences or negotiate consequences with
the patient and almost half of the experts negotiate weight goals with their patients. This seems
promising especially considering that patients are often ambivalent to restore weight [25]. However,
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letting patients co-determine weight goals can bare the risk of setting weight goals that are too small.
Additionally, negotiating weight goals and weight contingencies with the patient instead of setting
them oneself can be a wearisome task for the therapist.

In the literature covering the topic of collaboration in the field of AN, there is a clear preference
for collaborative approaches by patients as well as therapists [26]. Furthermore, Williams and Reid [25]
showed in their qualitative study that patients with AN feel low self-efficacy about changing behaviors.
On one side, AN gives them a sense of control, but the disorder also causes strong feelings of loss
of control. The authors conclude that this ambivalence patients experience should be targeted in
a collaborative manner [25]. In line with this evidence and the systematic review, which shows
an overall movement from the utilization of (directive) contingency management towards more
collaborative contingency contracts [18], contingency contracts in Germany should intensify their focus
on collaboration within the weight contract process.

4.4. Implications for Clinical Practice

Motivational aspects are one of the main considerations for the improvement of treatment and care
for patients with AN [27] and are taken into consideration for example by integrating motivation-based
therapeutic styles into treatment [28,29]. Motivation of patients has been shown to play an essential
role concerning dropout rates and treatment compliance [30]. Furthermore, internal motivation to
change was identified as one of the positive predictors of clinically significant changes in eating
disorder psychopathology in patients with AN quantitatively [12] as well as qualitatively in patients’
reports [31]. It is therefore worth considering a shift in the treatment approach, from motivating the
patients externally through a contingency contract, to enhancing internal motivation for example
by incorporating a motivations-based treatment style. Indeed, some of the authors are currently
developing a motivation-based intervention, incorporating motivational aspects into the inpatient
treatment of patients with AN, which they plan to soon test against existing treatment options.

4.5. Experiences of Experts with the Contingency Contract Process

Although there was great variation in emotions experienced by the participating experts
during the contingency contract process, on average there was no extremely negative or positive
emotions which evidently accompanied this process. Additionally, it could be shown that the
emotional burden for experts decreased with the years of experience, which coincides with clinical
impressions. We found no significant differences between occupational groups (physician versus
psychologist) or therapeutic orientation (behavioral versus psychodynamic psychotherapy). It would
be interesting, however, to also investigate the emotional experiences of nurses and other caregivers in
the inpatient environment.

4.6. Limitations and Prospects

The main limitation of the study is its descriptive nature; as no causal conclusions about the
reported associations and group differences can be drawn. Furthermore, only specialized university
centers were included which heightened the risk of a selection/recruitment bias. Although a fair
amount of specialized university centers in Germany participated, not all could be included, raising the
question of representativeness. However, given that this is the first study attempting to describe the
contingency contract process in specialized centers in Germany, this account provides a valuable
contribution to the evidence base.

The usefulness of contingency contracting practice styles for patients with AN in other countries
would also be of high interest. Taking into account that patients in other countries might be treated
in outpatient or day-patient settings more frequently, it might be more difficult to track positive and
negative consequences. However, this would also entail the chance for greater collaboration between
patients and therapists, potentially lessening the chance of patients fearing ‘to be controlled’ and
enabling them to gain more autonomy. There are some reports about the utilization of contingency
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contracts around the world [18], however to the best of our knowledge, studies about practice styles
that go beyond the treatment program of one specific clinic, are missing.

5. Conclusions

The majority of experts use contingency contracts for their patients with AN. Most contracts
involve weekly weight goals and there is strong consensus regarding the most frequent positive and
negative consequences following weight gain or loss. This knowledge can help define and implement
best practices concerning contingency contracting in the treatment of patients with AN. It also gives
insight into current practice, and is therefore useful for the planning of further studies aiming to
improve the efficacy of treatments procedures for patients with AN. For clinical practice, using external
motivators such as contingency contracts as well as targeting internal motivation (e.g., by using
motivational interviewing) is proposed.
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Abstract: The pathogenesis of an increasing number of chronic diseases is being attributed to effects
of the immune system. However, its role in the development and maintenance of anorexia nervosa is
seemingly under-appreciated. Yet, in examining the available research on the immune system and
genetic studies in anorexia nervosa, one becomes increasingly suspicious of the immune system’s
potential role in the pathophysiology of anorexia nervosa. Specifically, research is suggestive of
increased levels of various pro-inflammatory cytokines as well as the spontaneous production of
tumor necrosis factor in anorexia nervosa; genetic studies further support a dysregulated immune
system in this disorder. Potential contributors to this dysregulated immune system are discussed
including increased oxidative stress, chronic physiological/psychological stress, changes in the
intestinal microbiota, and an abnormal bone marrow microenvironment, all of which are present in
anorexia nervosa.
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1. Introduction

The importance of the immune system in the pathogenesis of a large number of diseases is being
increasingly accepted. Although its contribution toward organic disease is easily appreciated, the
realization that the immune system is also capable of contributing to the pathogenesis of mental health
disorders has only recently become more recognized as the effects of inflammation on the central
nervous system function have been discovered [1]. Furthermore, research has identified significant
pleiotropy between the immune system and mental health disorders [2]. However, the impact of
inflammation toward the development and maintenance of anorexia nervosa has not been elucidated
at this time. Anorexia nervosa, a mental illness characterized by extreme weight loss due to restricted
intake resulting from an extreme fear of weight gain, ultimately impacts every organ system and has a
very high recidivism rate due to the lack of efficacious treatment options. If indeed anorexia nervosa is
associated with a pro-inflammatory state, as this paper will attempt to argue, weight restoration, an
essential component of treatment, then becomes that much more difficult due to the hunger suppressing
and weight loss effects associated with the pro-inflammatory cytokines. This paper will attempt to
argue for this pro-inflammatory state by summarizing the research findings of the immune system in
anorexia nervosa and how they compare to the findings in primary malnutrition. However, much of
the current research on this topic is of lower quality, and this paper is not meant to serve as a systematic
review. With that said, a review of the majority of the publications on the immune system in anorexia
nervosa has been attempted.
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One first becomes intrigued by the possibility of a dysregulated immune system in anorexia
nervosa when examining the frequency of infection in patients with anorexia nervosa. Although
anorexia nervosa is a subtype of malnutrition, individuals with anorexia nervosa curiously may
not suffer the same increased incidence of infection as found in other types of malnutrition [3].
A pro-inflammatory state is suggested when comparing the immunologic findings in anorexia nervosa,
a state of starvation secondary to a primary mental health disease, to those present in primary
malnutrition (that are related to inadequate energy intake and not secondary to another condition such
as cancer, infection, malabsorption, etc.).

Genome wide association studies, which are non-biased studies examining the entire genome for
genetic variations occurring more frequently in a certain population, provide additional evidence for a
dysregulated immune system that is potentially involved in the pathogenesis of anorexia nervosa. One
locus found to be significantly affiliated with anorexia nervosa is associated with multiple autoimmune
disorders [4]. Research has indeed found an increased association between anorexia nervosa and
various autoimmune diseases, with a bidirectional relationship [5–7]. In addition, individuals with
auto-inflammatory disease (when the innate immune system attacks various host tissues) are at a higher
risk for the development of an eating disorder [6]. Curiously, there is a case report of an individual
with long-standing juvenile idiopathic arthritis and anorexia nervosa who exhibited improvement
in body weight and appetite after treatment with infliximab (anti-TNF therapy) [8]. There is another
case report of an individual with a 12-year history of anorexia nervosa pre-dating by many years
a diagnosis of Crohn’s disease, who experienced significant weight gain and no further relapse in
psychopathology several months after beginning immunosuppressive therapy [9].

Another genetic finding approaching significance in anorexia nervosa involves a locus containing
early B cell factor 1, which encodes a transcription factor important for immune system development,
regulation of adipocyte/osteoblast differentiation and possible interaction with leptin signaling [10].
A region on chromosome 7, which includes various taste receptor genes, but also a gene important for
cell–cell adhesion, apoptosis, and the immune response to pathogens, was also found to approach
significance in the anorexia nervosa population [11].

After comparing the immunologic findings in primary malnutrition to those found in anorexia
nervosa, suspicion arises as to why these differences exist. Potential contributors to these immunologic
differences between primary malnutrition and anorexia nervosa will then briefly be discussed. First, a
brief review of the immune system is warranted [12,13].

2. The Innate Immune System Overview

The innate immune system is largely composed of dendritic cells (DC), monocytes, macrophages,
neutrophils, natural killer cells (NK), and the complement factors. These cells serve as the first line
of nonspecific defense against potential pathogens, and are constantly surveilling the human body,
recognizing highly conserved molecules on pathogens. Identification of these structural motifs by
pathogen recognition receptors (i.e., Toll-like receptors) on immune system cells stimulates phagocytosis
or activates other aspects of the immune system, with the ultimate goal being pathogen destruction.
Complement is also capable of binding these non-host molecules, thereby marking the pathogen for
destruction by phagocytes and initiating the inflammatory cascade. In addition, NK cells are capable of
pathogen recognition via Toll-like receptors, and they destroy pathogens through apoptosis. However,
these NK cells differ from other immune cells in that their cell killing must first be downregulated
through binding to host antigens.

Macrophages and neutrophils are both capable of phagocytosis. Activation of these cells leads
to upregulation of various transcription factors that, in turn, leads to the production of various
pro-inflammatory genes. Cytokines, substances that induce an inflammatory response through
communication with various immune cells, aid in the recruitment of other immune cells through
chemotaxis, increase vascular permeability, and perform multiple other actions on the immune system
are released from the activated immune cells and largely serve to alter cell behavior.
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3. The Adaptive Immune System Overview

The adaptive immune system is composed of cell-mediated immunity, which involves the T cell
response, and humoral immunity, which involves the B cell response. The adaptive immune system is
more specific for pathogens, can take days to weeks to mount a response given use of immunologic
memory, and comes into significant play when the innate immune system is incapable of controlling
the reproduction of pathogens. The adaptive immune system becomes activated in lymph nodes
when B cells, DCs, and macrophages present proteins derived from pathogens to cells of the adaptive
immune system.

The cell-mediated immune response is highly dependent upon T cells. T lymphocytes are
produced in the marrow and mature in the thymus gland. T cells can be divided into cytotoxic T cells
(CD8) and helper T cells (CD4), which can be further divided into Th1 and Th2 type cells. Naïve T
cells become activated when their receptors, which are highly specific for a particular protein, bind to
antigen presenting cells such as DCs and macrophages. Activated cytotoxic T cells are then capable
of pathogen killing by recognizing very specific proteins located on the pathogen. CD4 cells will
differentiate into Th1 cells or Th2 cells depending upon the local cytokine milieu. Naïve T helper
cells favor Th1 differentiation in the presence of interleukin (IL)-12 and interferon (IFN)-γ and Th2
differentiation in the presence of IL-4. The Th1 helper cells then produce increased amounts of IL-2 and
IFN-γ, favoring cell-mediated immunity, while the Th2 helper cells produce increased amounts of the
cytokines IL-4, IL-5, IL-10, and IL-13, favoring humoral immunity. In general, the Th1 response is more
pro-inflammatory than the Th2 response. Naïve helper T cells can also differentiate into T regulatory
cells, which serve to downregulate the immune response.

Cell-mediated immunity is largely tested through delayed cutaneous hypersensitivity (macrophage
interaction with CD4 helper T cells causes the release of Th1 cytokines, which then recruit and activate
cytotoxic T cells, and these cells attempt to destroy the antigen with a localized immune response that
can be observed at the skin) and lymphocyte proliferation (a measure of clonal expansion of T cells
after exposure to antigen).

The humoral immune response is dependent upon the production of antibodies by B cells. Naïve
helper T cells differentiate into Th2 cells upon binding antigen presenting cells and in the presence of
certain cytokines. These Th2 cells then bind B cells specific for certain antigens, thereby activating the B
cells and increasing immunoglobulin production specific for that pathogen. Once the immunoglobulins
are secreted, they are capable of binding directly to the pathogen or to complement, increasing
phagocytosis and stimulating further inflammation.

4. The Immune System in Primary Malnutrition

The lymphatic tissues in animals and children suffering from primary malnutrition
exhibit significant histologic changes. The thymus shows generalized atrophy and distorted
architecture [14–16]. The peripheral lymph nodes and spleen also show generalized atrophy and
distorted architecture [14–16], although to a lesser extent than that seen in the thymus [14,15]. The bone
marrow frequently becomes hypo-cellular with decreased hematopoietic stem cells (HSC) (the precursor
to the hematologic cells produced in the marrow) and increased adipocytes [17–19], contributing to
lymphopenia, decreased myeloid cells (neutrophils and monocytes), and potentially other plasma
hematologic changes (i.e., anemia) as found in murine models [17,20,21]. However, plasma leukocyte
and lymphocyte levels in children with malnutrition are conflicting, likely related to recent or
concomitant infection as well as the methodology employed [22,23]. Nonetheless, research suggests
that leukopenia is present in human subjects when malnutrition is not associated with other processes
such as infection [24,25].

Significant deficits in the functioning of the innate immune system are suggested in primary
malnutrition. Neutrophil chemotaxis (cellular movement toward a stimulus) seems to be
abnormal [15,23,26]. Neutrophil intracellular killing with various enzymatic activities is also likely to
be impaired [15,23,27]. Results of phagocytosis are, however, contradictory [15,23] and may be related
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to whether activated neutrophils obtained from sites of inflammation versus neutrophils circulating
in plasma are being studied [26,28]. Macrophage function including chemotaxis, phagocytosis, and
intracellular killing all seem to be largely impaired in primary malnutrition [15,20,29]. Complement
levels and function appear to be decreased [15,23,30,31], and DC function may be impaired [32].
In addition, NK cell cytotoxicity seems impaired in a minority of individuals with malnutrition,
although collectively it is not statistically decreased [33,34]; it is likely that those select individuals
with impairment are suffering from various micronutrient deficiencies [35–37].

Studies in primary malnutrition are also suggestive of abnormalities with cell-mediated
immunity [38], resulting in a reduced cytotoxic T cell response [39] and reduced delayed cutaneous
hypersensitivity [16]. The ratio of helper to cytotoxic T cells (CD4/CD8) seems abnormally low in this
population [40,41]. CD4 counts seem to be more greatly decreased than CD8 counts in malnutrition
when infection is not present [39,42]. Results examining lymphocyte proliferation depend on the
antigen used, although this appears to be overall impaired in primary malnutrition [22,23].

Studies examining cytokine production in primary malnutrition can be contradictory based on
the methodology used (in vitro or in vivo), but certain patterns are nonetheless suggested. Cytokine
production in malnutrition favors the Th2 pathway with overall increased production of IL-4 and
decreased production of IL-12 and IFN-gamma [23,43–46]. Stimulated and spontaneous production of
IL-1 suggest either unchanged or decreased concentration [20,47–50]. Interpretation of IL-6 production
in malnutrition is made difficult by the findings of decreased, unchanged, and elevated levels
when compared to the controls; however, when controlling for infection, IL-6 seems to be overall
decreased [20,45,47,48,51–53]. Studies also seem to suggest decreased stimulated production of tumor
necrosis factor-alpha (TNF) when controlling for infection [20,49,51,53,54], without any suggestion of
increased spontaneous release of TNF [49,55].

Abnormalities in humoral immunity are quite controversial in the setting of primary malnutrition
due to limited research, but certain patterns are suggested. Diminished lymphopoiesis leads to
decreased circulating B cells [15,23,56]. However, B cell function appears mostly intact when
controlling for infection [15,22,23]. Studies are suggestive of decreased secretory IgA levels [15,23,57],
which are important for mucosal immunity, but otherwise preserved immunoglobulin production
and concentration (although it remains possible that these antibodies may have lower affinity to
antigens) [58,59]. Research also suggests that abnormalities in the T cell-B cell interaction contribute
to abnormalities with antibody production, although this appears to be secondary to helper T cell
abnormalities with intact B cell function [41,60].

5. The Immune System in Anorexia Nervosa

The lymphoreticular system (spleen, lymph nodes, thymus, and bone marrow) is largely unstudied
in anorexia nervosa except for findings regarding the bone marrow, wherein there is the frequently
noted condition referred to as gelatinous marrow transformation (GMT) [61–63]. GMT is associated
with an overall hypocellular marrow with decreased adiposity, and instead, the deposition of thick
amorphous gelatinous substances in the extracellular spaces [62,64], contributing to the decreased red
and white cell counts seen in these patients [61]. This differs from primary malnutrition, which is
frequently associated with a hypocellular marrow, but increased marrow adiposity [17].

The innate immune system in anorexia nervosa has multiple abnormalities. A single study of ten
individuals suffering from anorexia nervosa found deficits in neutrophil chemotaxis when compared
to a control group of expanded size (p < 0.05, n = 44), with chemotaxis nearly absent in two patients
with anorexia nervosa; neutrophil adherence was also decreased when compared to the controls
(p < 0.001) [65]. Defects in granulocyte microbicidal activity were also suggested in one study, who
found decreased alkaline phosphatase in five of six patients with anorexia nervosa [65]. Although
limited in sample size (n = 3), another study found reduced ability of granulocytes to kill two bacterial
species [66]. Similarly, neutrophil phagocytosis is poorly studied in anorexia nervosa, consisting of only
a single small study (n = 3) that found intact opsonization with Staphylococcus aureus [66]; however,
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no studies have been completed on the phagocytic function of activated neutrophils obtained from
sites of inflammation. Serum complement C3 levels were found to be decreased in anorexia nervosa
compared to the controls (p < 0.001) in a small study (n = 14), but 50% hemolytic complement activity
(CH50) was not statistically different [67]. Similarly, serum complement C3 (p < 0.001), along with C1q
(p < 0.05) and C2 (p < 0.001), were all low in the anorexia nervosa group of another study (n = 14), but
with normal serum levels of C4, C5, and C6 when compared to the controls [67]. Furthermore, C3
levels appear to correlate with nutritional status, improving with weight restoration [67,68]. NK cell
quantity is reduced in anorexia nervosa when compared to the controls [69–71], but NK cell activity
seems intact based on the few studies completed [72,73]. DC and macrophage function in anorexia
nervosa are unstudied. These aforementioned findings of the innate immune system in patients with
anorexia nervosa are thus similar to those noted in primary malnutrition.

Cell-mediated immunity in anorexia nervosa appears to be “dysregulated” when compared to the
immunologic abnormalities observed in primary malnutrition. Nine patients with anorexia nervosa
had insignificant skin reactions to various mitogens; however, four individuals were unresponsive
(anergic) to the mitogen [74]. In addition, greater mitogen concentrations were required to elicit a
similar reaction to the controls (p < 0.005), although still dependent on the mitogen used [74]. A study
of 22 individuals with anorexia nervosa found anergy in six individuals, with five of these individuals
weighing less than 60% of their ideal body weight [75]. Similarly, a study of 12 individuals with
anorexia nervosa examining cell-mediated cytotoxicity found a significantly reduced response when
compared to the controls (p < 0.05) [76]. T cell proliferation appears overall intact, if not increased,
though still dependent upon the mitogen used [77–80]. Nagata et al. [77] and Silber et al. [78]
reported similar responses to various mitogens when comparing individuals with anorexia nervosa to
a control group. However, Golla et al. [79] and Bentdal et al. [80] both reported statistically significant
increased T cell responsiveness, although dependent upon the mitogen used. Overall, these results
suggest diminished delayed type hypersensitivity and cell-mediated cytotoxicity, similar to primary
malnutrition. However, T cell proliferation seems intact, if not exaggerated, compared to the response
observed in primary malnutrition.

T cell subtypes also appear to be “dysregulated” when comparing anorexia nervosa to primary
malnutrition. The CD4/CD8 ratio in anorexia nervosa is seemingly increased, and this appears due
to a greater reduction in CD8 counts compared to CD4 counts [70,77,81,82]. Elegido et al. [70] and
Mustafa et al. [81] both attributed this abnormality in CD8 counts to a statistically significant decrease
in memory CD8 cells as opposed to naïve CD8 cells (p < 0.01). Nagata et al. [77] also found greater
elevation in the CD4/CD8 ratio with more significant weight loss (p < 0.05); indeed, these researchers
suggest that with greater depletion in body weight, lymphocyte production is prioritized over other
immune cells, especially naïve T helper cells, in the attempt to preserve the efficacy of the adaptive
immune system [77]. Regulatory T cell function seems to be unaffected in anorexia nervosa based on a
single study [83].

Fewer studies have been completed with regard to the humoral system in anorexia nervosa and
are inconclusive. One study with 16 individuals suffering from anorexia nervosa found normal serum
IgA, IgM, and IgG [84]. However, another small study (n = 5) found decreased IgG and IgM when
comparing anorexia nervosa patients to healthy controls [67]. One study found only reduced IgG
when comparing individuals with greater severity of anorexia nervosa (BMI less than 17.5) to the
controls (p < 0.05) [69]. One study seems to suggest normal B cell counts [69], while another study
found increased B cell counts in 46 anorexia nervosa patients when solely examining the restrictive
subtype; indeed this population suffered greater weight loss than the individuals in the binge/purge
subtype, and negative correlation between B cell counts and BMI was also found in this study [70].
T–B cell interaction has also been found to be abnormal in this population based on a single study [69].

Therefore, abnormalities in the innate immune system are largely similar between anorexia
nervosa and primary malnutrition. Although a few differences seem to exist regarding cell-mediated
immunity including potentially enhanced T cell proliferation in anorexia nervosa compared to primary
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malnutrition, and increased CD4/CD8 ratios in anorexia nervosa compared to primary malnutrition,
the findings are largely similar between anorexia nervosa and primary malnutrition. Conclusions
regarding the similarities and differences between the humoral immune system in anorexia nervosa
and primary malnutrition are more difficult to determine with the current research.

These above aberrations in the immune system in anorexia nervosa and primary malnutrition are
likely multifactorial, albeit expected, given the significant interaction between the state of nutrition and
immune system function [85,86]. Leptin is an adipokine (secreted by adipocytes), similar in structure to
multiple cytokines, that circulates at levels correlating with the density of adipose tissue and nutritional
status. Adequate leptin levels are indeed needed for nearly all aspects of the immune system to function
properly including cellular proliferation of the thymus and peripheral lymphoreticular system [14]; bone
marrow cellular proliferation and hematopoiesis [87–89]; macrophage phagocytosis, chemotaxis, and
microbicidal activity [86,90–92]; neutrophil chemotaxis and microbicidal activity [86,90]; complement
function [93]; increasing CD4 T cell proliferation [94,95]; Th1 cytokine response (inadequate leptin
favors Th2 response) [86,90,96,97]; cytotoxic T cell activity [90]; survival of B cells [56,86,90]; and NK
cell proliferation [86]. The immune system changes in primary malnutrition can likely be explained by
a leptin deficiency, which is low in primary malnutrition. Furthermore, serum leptin levels are known
to be abnormally low in anorexia nervosa [98]. Moreover, with weight restoration in patients with
anorexia nervosa, leptin levels rise back to a normal range. One must, therefore, question the etiology
of the possibly increased CD4/CD8 ratios and intact lymphoproliferative response noted in anorexia
nervosa when compared to primary malnutrition.

Furthermore, an examination of the cytokine profile in anorexia nervosa suggests a “dysregulated”
immune system when compared to the cytokine profile present in primary malnutrition. Although
the Th2 pathway seems to be favored in anorexia nervosa and primary malnutrition, with increased
IL-4 as well as decreased IL-2 production [69,99,100], pro-inflammatory cytokines appear to be
upregulated in anorexia nervosa. Studies examining IL-6 [82,100–103], IL-1 [100,101,104,105], and
IFN-γ [101,102,106,107] have found decreased, unchanged, or increased levels, depending on the
methodology employed. However, one meta-analysis was suggestive of overall increased IL-1 and IL-6
in anorexia nervosa when compared to healthy controls (p = 0.003 and p = 0.009, respectively) [106],
while another meta-analysis reported increased IL-6 when compared to the controls (p = 0.001) [107],
but elevated IL-1 only when comparing the restricting subtype of anorexia nervosa to the controls (p
= 0.018); there was no statistical significance in this meta-analysis when comparing all subtypes of
anorexia nervosa to healthy controls (p = 0.110).

Studies examining tumor necrosis factor (TNF) levels have also resulted in decreased, unchanged,
or increased levels of this cytokine [55,69,76,100–104,108,109], but a majority of the studies suggest
increased secretion of TNF by immune cells in anorexia nervosa [55,69,76,100,101,103,104,109]. Indeed,
meta-analyses have found elevated levels of TNF in anorexia nervosa when compared to the controls
(p = 0.008, p= 0.015) [106,107]. Furthermore, research is suggestive of increased spontaneous production
of TNF from circulating monocytes and lymphocytes in individuals with anorexia nervosa when
studied in vitro [55,69,76]. One study, directly comparing spontaneous TNF production in seven
patients with anorexia nervosa and six patients with primary malnutrition (infection free), found
significantly greater levels in anorexia nervosa when compared to primary malnutrition (p< 0.0006) [55].
In addition, the current research suggests that mRNA levels of TNF might remain elevated with
refeeding and weight restoration, although other cytokines seem to normalize [104,106].

To summarize, there are similarities between anorexia nervosa and primary malnutrition, but
there also exist the following immune system differences between anorexia nervosa and primary
malnutrition: (1) anorexia nervosa is associated with the bone marrow changes of GMT and reduced
marrow fat, which are not also seen in primary malnutrition; (2) T cell proliferation to various antigens
appears decreased in primary malnutrition when compared to the response in anorexia nervosa;
(3) CD8 cell counts seem to be more affected in anorexia nervosa without similar affects noted in
primary malnutrition; (4) various pro-inflammatory cytokines (IL-1, IL-6, and TNF) seem to be elevated
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in anorexia nervosa when compared to levels in primary malnutrition (when adequately controlled for
infection); and (5) there may be increased spontaneous production of TNF in anorexia nervosa that is
not present in primary malnutrition (see Table 1).

Table 1. Immune system and cytokine concentration differences between anorexia nervosa and
primary malnutrition.

Bone Marrow
T Cell

Proliferation
CD4/CD8

Ratio
IL-1 IL-6 TNF

Anorexia
nervosa

Gelatinous
Marrow

Transformation
(GMT) (low
adiposity)

Unchanged
to increased

High
(greater
effect on

CD8 cells)

Normal to
increased Increased

High
(including

spontaneous
production)

Primary
malnutrition

Increased
adiposity

without GMT
Decreased

Low (greater
effect on

CD4 cells)

Low to
normal Decreased

Low (no
spontaneous
production)

Therefore, one is left to ponder the question as to the cause of these immunologic differences
between anorexia nervosa and primary malnutrition if working under the assumption that the
immune system changes are solely due to malnutrition. Furthermore, these changes may suggest a
pro-inflammatory state in anorexia nervosa that does not appear to be present in primary malnutrition.
The genetic studies discussed above suggest there may be some intrinsic abnormality within the immune
system that contributes to this pro-inflammatory state; however, this remains speculative. Several
potential contributors to this “dysregulated” immune system in anorexia nervosa are discussed below,
although their contributions are highly speculative at this time. These include increased oxidative
stress, a chronically activated sympathetic nervous system (SNS) and hypothalamic-pituitary-adrenal
(HPA) axis, altered intestinal microbiota, and an abnormal bone marrow microenvironment.

6. Oxidative Stress

One potential contributor to an upregulated immune system in anorexia nervosa is increased free
radical formation causing increased oxidative stress [110]. Briefly, free radicals are atoms with unpaired
electrons, making them highly unstable and capable of causing damage to all tissues by disrupting
cellular function. In the human body, reactive oxygen species (ROS) are constantly generated in
mitochondria as electrons flow down the electron transport chain through the process of aerobic
metabolism. Important sources of increased oxidation in anorexia nervosa include not only the aerobic
metabolism of nutrients, but also the activation of the arachidonic acid cascade and activation of
various enzymes used by phagocytes in pathogen killing [111]. Once generated, these ROS are capable
of activating the inflammatory cascade and increasing production of pro-inflammatory cytokines [110].
This is largely accomplished through lipid peroxidation, which occurs when free radicals interact
with cell membrane fatty acids, disrupting the lipid structure and thereby altering downstream
intracellular signaling as well as propagating additional damage to proteins, DNA, and other cellular
structures [112].

Individuals with anorexia nervosa have increased oxidative stress [113–116], partially attributed to
decreased levels of anti-oxidants [113,117,118]. Studies in this population have also found abnormalities
in the electron transport chain, likely further contributing to increased oxidative stress [119,120].
Changes in lipid peroxidation also contribute [121], as individuals with anorexia nervosa have various
fatty acid deficiencies including the omega 3 fatty acids that have anti-inflammatory properties [122–124].
By increasing the ratio of omega 6 to omega 3 fatty acids within the cell membrane (the typical Western
diet contains much greater amounts of omega 6 than omega 3 fatty acids), increased amounts of
arachidonic acid are produced, thereby increasing the pro-inflammatory secondary signals [125].
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Refeeding, critical to the sustained recovery of patients with anorexia nervosa, is another potential
contributor to the upregulated immune system presumed in this condition. Although unstudied
in eating disorders, oxidative stress is increased in animal models of starvation when undergoing
refeeding and may potentially be related to increased adiposity (and associated adipokine secretion)
with weight gain [126]. Increased central adiposity has indeed been found in anorexia nervosa with
weight restoration [127], and this regional adiposity is very metabolically active [128]. Furthermore,
“postprandial dysmetabolism”, which is a function of increased oxidative stress following food
consumption due to elevated plasma glucose and lipids, creates increased inflammation for several
hours following oral consumption [129,130]. This dysmetabolism is believed to be secondary to
the effects of glucagon [129]. Although postprandial dysmetabolism has not been directly studied
in anorexia nervosa, individuals with anorexia nervosa behave similarly to diabetics before weight
restoration in that they have higher plasma glucagon and greater plasma glucose levels during a
glucose tolerance test [131], supporting a role for “postprandial dysmetabolism” in this population.

7. Chronic Stress

Stress, “a set of constructs representing stages in a process by which environmental demands
that tax or exceed the adaptive capacity of an organism occasion psychological, behavioral, and
biological responses that may place persons at risk for disease” [132], is another potential contributor
to the upregulated immune system in anorexia nervosa. Both physiologic stressors and situations
perceived as stressful are capable of activating the hypothalamic-pituitary-adrenal (HPA) system and
sympathetic nervous system (SNS), ultimately resulting in increased cortisol and norepinephrine
(NE)/epinephrine (EPI), respectively, and thereby affecting the immune system in anorexia nervosa.
Cortisol affects the immune system through binding with glucocorticoid receptors, which downregulate
gene transcription of inflammatory mediators. NE and EPI act through the mostly anti-inflammatory
β2 receptors present on the innate and adaptive immune cells, although α1 receptors are also present
and tend to upregulate the immune system. Under homeostatic conditions, the β2 receptor mediated
signals predominate [133].

Research supports both pro- and anti-inflammatory effects with long-term stressors [134,135].
However, it is being increasingly suggested that the target tissue response is more important than
circulating hormone levels [135]. Indeed, studies have found glucocorticoid receptor desensitization
with long-term activation of the HPA system, mitigating the anti-inflammatory response to
cortisol [134–136]. Although not as well studied and the implications of these findings are unclear,
a similar mechanism is suggested for the long-term activation of the SNS. The β receptors become
desensitized to NE and EPI, requiring higher levels of hormones to have the same effect [137,138].
Chronic binding of the hormone to the β receptors also causes them to become internalized [137],
thereby increasing the concentration of the pro-inflammatory α1 receptors on the cell membrane.
In addition, chronic activation of the β receptor alters intracellular signaling toward a pro-inflammatory
state [137,139].

When examining target tissue response in those with anorexia nervosa, the findings are
suggestive of increased activation of the stress response systems. Individuals with anorexia
nervosa lose responsiveness to glucocorticoid stimulation [140–142], and decreased numbers of
β adrenergic receptors have been found on immune cells [143], both of which would contribute to a
pro-inflammatory state.

Furthermore, individuals with anorexia nervosa have high co-morbidity of obsessive compulsive
disease, anxiety, depression, post-traumatic stress disorder, and other mental health disorders that are
associated with a chronically upregulated HPA axis and SNS [144]. Depression has been found to be
associated with abnormal β adrenergic responsiveness [145], anxiety is associated with downregulation
of the β adrenergic receptors [146], and panic disorder is associated with decreased β adrenergic
receptors on cell membranes as well as a reduced response to β agonists [147].
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Although it would seem that chronic stress impacts immune function, the above discussion is
overly simplified. Thus, the true effects of stress on immune function in anorexia nervosa and the
comorbid illnesses are unknown. The other hormones/cytokines present in the local milieu of the
immune cells, the timing of the stressor(s) on immune cell development, the type of immune cells
studied, and whether the immune cells are obtained from lymph nodes or other sites all likely impact
whether a pro- or anti-inflammatory effect is observed.

Stress has also been found to alter intestinal permeability through the actions of corticotropin
releasing hormone and mast cell activation, causing increased gut permeability and translocation of
commensal and pathogenic bacteria [148–150]. The implications of this are discussed below.

8. Intestinal Microbiota

The trillions of commensal bacteria normally inhabiting the human intestinal tract are very
important for normal gut health and function and are referred to as the microbiota [151]. They play a
role through the production of various metabolites such as the short chain fatty acid butyrate, which
serve as nutrition for the epithelial cells of the gastrointestinal tract [152]. The commensal bacteria
normally inhabiting the gastrointestinal tract are also very important for appropriate development of
the immune system [153], and for maintenance of immune tolerance in this state of symbiosis [151].
However, non-commensal gut microbes have developed means to evade the mucosal barrier and
interact with the intestinal epithelial cells [154]. These pathogenic bacteria are then capable of activating
the immune system through multiple processes: direct activation of the immune system via the constant
sampling of the luminal contents by the host’s immune cells [153], activation of the various immune
receptors located directly on the gut epithelial cells [153], loss of commensal bacterial metabolites
that downregulate the immune response through cell signaling [155], and disruption of the intestinal
barrier [156], leading to a proclivity toward sepsis and gastrointestinal infections. Increased production
of pro-inflammatory cytokines by the epithelial and immune cells further disrupts the intestinal
barrier [157], and a recurring pattern then develops [158].

The role of the microbiota is being increasingly studied in anorexia nervosa; however, it is beyond
the scope of this article to adequately discuss the microbiota and how it relates to anorexia nervosa.
For a good review on the topic of the microbiota and anorexia nervosa, see Roubalova et al. [159].
Briefly, microbiota changes do seem to occur in anorexia nervosa with weight loss and weight
restoration [160–163] as well as decreases in short chain fatty acid production [161]. Weight loss alone is
also capable of disrupting the intestinal epithelial barrier [158]. All of these changes would be expected
to ultimately lead to upregulation of the immune system. However, one study examining intestinal
permeability in anorexia nervosa actually found decreased intestinal permeability [164]. Ultimately, it
is currently unknown how the microbiota changes impact the immune system in anorexia nervosa and
is only speculative that these changes impact the functioning of the immune system.

9. Gelatinous Marrow Transformation and Mesenchymal Stem Cells

An appropriately functioning bone marrow is necessary not only for adequate hematopoiesis,
but also for regulation of immune cell activity [165]. The mesenchymal stem cells (MSC), which
are the precursors for the marrow stromal compartment, regulate growth and differentiation of
hematopoietic stem cells, and have an immunomodulatory effect on the various immune cells [166,167].
Local cytokines [165,168,169], SNS input [170,171], and MSC interactions with other cells in the
marrow [165,170] all impact factors produced by the MSCs. For example, IFN-γ appears to be the most
important cytokine for “licensing” the largely immunosuppressive functions of the MSCs [166,167,172].
These MSCs are then capable of inhibiting nearly all cells of the immune system [173–179].

Although MSCs are largely immunosuppressive, they can also have immune stimulatory
properties [166]. These cells are capable of phagocytosis and can have antigen presenting
properties [180]. MSCs tend to lose their immunosuppressive properties with changes in the
microenvironment including changes in MSC concentration [179,181], changes in various cytokine
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concentrations [180,182], and as a consequence of alterations in MSC interactions with other immune
cells in the marrow [175].

The marrow microenvironment is also largely responsible for MSC differentiation into adipocytes
and osteoblasts, amongst other cells [87,183]. MSC differentiation into osteoblasts is favored with
exposure to various growth factors including leptin [87,184], while differentiation into adipocytes is
favored with upregulation of the transcription factor peroxisome proliferator-activated receptor-γ
(PPARγ) [183,184]. PPARγ appears to be upregulated in malnutrition and fasting, contributing to the
increased marrow adiposity seen with malnutrition [17,185]. Similar to adipocytes throughout the rest
of the body, these marrow adipocytes are capable of producing pro-inflammatory adipokines [186],
which could alter the marrow microenvironment and immunomodulatory properties of the MSCs.

Although increased marrow adiposity can be seen in anorexia nervosa, frequently, the rule is
that these patients develop GMT, associated with decreased adiposity. The pathogenesis of GMT is
incompletely understood, but the microenvironment is highly altered, likely due to fat mobilization
and secondary hyaluronic acid deposition [187]. Although in anorexia nervosa the development of
this condition is dependent upon amount of weight loss [61], weight loss is not a pre-requisite as it
has also been observed in individuals with other conditions without documented weight loss such
as Hashimoto’s thyroiditis, chronic heart failure, and acute severe infection [62]. Furthermore, GMT
seems to be uncommon in individuals with kwashiorkor or marasmus [64], and seems to be very
rare in children [159,187], even though there is a higher prevalence of primary malnutrition in this
age group. Current evidence does seem to suggest that an upregulated immune response is a likely
contributor toward the development of this condition [62,64,187]. Therefore, one is left to question
how these bone marrow changes including a decreased amount of the bone marrow adipose tissue
that is important for immune system regulation, impacts the immune system in anorexia nervosa, and,
although speculative, whether this is a significant contributor to the immune system changes present
in anorexia nervosa compared to primary malnutrition, given that GMT and low marrow adiposity is
not noted in primary malnutrition.

10. Conclusions

The aforementioned increased secretion and concentration of the inflammatory cytokines as well
as genetic studies strongly suggest a “dysregulated” immune system in anorexia nervosa. When
comparing the immune system changes in protein malnutrition and anorexia nervosa, it is suggested
that anorexia nervosa is associated with increased pro-inflammatory cytokines, an elevated CD4/CD8
ratio, and increased T cell proliferation. It is difficult to explain these immunologic changes as occurring
solely secondary to malnutrition. Although the exact pathogenesis of these immunologic changes in
anorexia nervosa is unclear, a potential primary immunologic defect contributing to the development
of anorexia nervosa, which is possibly compounded by the conditions briefly discussed in this article,
remains a strong possibility. However, this remains speculative at this time, and the contribution from
oxidative stress, chronic psychological stress, an altered microbiota, and an abnormal bone marrow
microenvironment, is currently unknown. Additional research must be completed to determine the
etiology of the pro-inflammatory cytokine production as well as the effects of this pro-inflammatory
state toward the development and maintenance of anorexia nervosa. Although heretofore anorexia
nervosa was considered to have a bland state devoid of inflammation, as suggested by basic markers
of inflammation such as sedimentation rates, it is becoming increasingly intriguing to consider that the
immune system may actually be causal in the pathogenesis and maintenance of anorexia nervosa.
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Abstract: Abnormalities and alterations in brain function are commonly associated with the etiology
and maintenance of anorexia nervosa (AN). Different symptom categories of AN have been correlated
with distinct neurobiological patterns in previous studies. The aim of this literature review is to provide
a narrative overview of the investigations into neural correlates of disorder-specific stimuli in patients
with AN. Although findings vary across studies, a summary of neuroimaging results according to
stimulus category allows us to account for methodological differences in experimental paradigms.
Based on the available evidence, the following conclusions can be made: (a) the neural processing
of visual food cues is characterized by increased top-down control, which enables restrictive eating,
(b) increased emotional and reward processing during gustatory stimulation triggers disorder-specific
thought patterns, (c) hunger ceases to motivate food foraging but instead reinforces disorder-related
behaviors, (d) body image processing is related to increased emotional and hedonic reactions,
(e) emotional stimuli provoke increased saliency associated with decreased top-down control and
(f) neural hypersensitivity during interoceptive processing reinforces avoidance behavior. Taken
together, studies that investigated symptom-specific neural processing have contributed to a better
understanding of the underlying mechanisms of AN.

Keywords: anorexia nervosa; functional magnetic resonance imaging; disorder-specific stimuli;
narrative review

1. Introduction

Anorexia nervosa (AN) is a serious mental disorder characterized by self-induced starvation and
excessive weight loss, fear of weight gain, body image concerns and food aversion [1]. Psychiatric
comorbidities are common in patients with AN, as well as an increased mortality rate due to medical
complications and suicide [2,3]. Previous research has identified numerous factors involved in the
etiology of AN, where psychological, sociocultural and biological factors contribute to both the onset
and maintenance of this disorder [4,5]. Recently, neurobiological alterations have been proposed as
major factors contributing to AN [6]. Specifically, various studies have begun to employ neuroimaging
techniques to elucidate the underlying pathophysiology and neurobiological substrate of AN [7–10].
Altered neural activity is observed throughout the brain in patients with AN, including cortical- and
subcortical regions [7,11,12]. Based on neuroimaging investigations, theories have been proposed to
explain the contribution of aberrant brain function to the development and maintenance of AN. For
example, hyperactivity in cognitive control networks and a cooccurring reduction in motivational
responses to food has been proposed as a core neural mechanism underlying the development of
AN [5,12–14]. In contrast, reduced somatosensory and insula processing of taste stimuli may relate to
a failure to accurately recognize hunger signals [15,16]. However, due to methodological differences
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between neuroimaging studies, as well as a paucity of studies employing a longitudinal design to
differentiate between the state and trait, the exact neurobiological mechanisms of AN remain unclear.
The aim of this review is to provide a narrative overview of recent studies investigating alterations
in brain function related to disorder-specific stimuli in patients with AN and to provide a better
characterization of the pathophysiological mechanisms underlying AN. Specifically, we focused on
neuroimaging studies employing experimental designs drawing on symptom provocation to assess
neural aberrations associated with AN. Symptom provocation has been extensively analyzed in patients
with AN since the advent of fMRI-techniques [17] and has played an important role in the elaboration of
neurobiological theories of AN. The following section will outline results from previous neuroimaging
investigations grouped by stimulus type and relate these findings to current approaches examining
neuroanatomical biomarkers of AN. Specifically, we describe studies investigating the following:
(1) the responsivity to food-related stimuli, (2) hunger, (3) body image, (4) emotional processing and
(5) interoceptive processing.

2. Neural Processing of Food-Related Stimuli

Food restriction and avoidance are cornerstones of AN, since patients are able to limit food intake
even in the presence of prolonged food deprivation. Although the causative mechanisms are not
completely understood, a relation to increased inhibition, alterations in the rewarding effect of food
and a conditioned relationship between food and aversive emotional states have all been proposed
as possible explanations [13,18]. Numerous studies have investigated brain alterations related to
the exposure to different types of food stimuli in patients with AN. The experimental paradigms
employed in these studies have been broadly classified as using either visual depictions of food or
gustatory stimulation.

2.1. Visual Food Stimuli

The majority of studies investigating the neural processing of food have employed visual depictions
of food [19,20]. Visual stimuli are used in a wide array of different experimental tasks, and they allow
researchers to probe psychopathology-related neural processing in an efficient and economical manner.

Previous studies employing passive viewing of visual food stimuli have yielded conflicting results,
since a number different processes may be captured when passively viewing food stimuli [21]. However,
altered activation of the amygdala and insula has been consistently observed in patients with AN
during passive viewing of visual food stimuli [17,22,23]. Holsen and colleagues [24] investigated
neural processing when patients viewed high- and low calorie food images and the relation to hormone
mediated hunger signaling (i.e., by assessing the level of the hunger-inducing peptide hormone Ghrelin).
They aimed to investigate potential neurobiological mechanisms underlying appetite dysregulation in
AN. The authors observed a strong connection between hormone-mediated hunger signaling and the
neural processing of food pictures in the amygdala and insula in healthy controls but were unable to
detect the same relation in patients with acute AN and weight-recovered AN. These results suggest a
link between the often observed resistance to hunger-inducing hormones in patients with AN and
reduced motivational processing of food as a mechanism of restrictive eating.

When instructing participants to imagine eating the depicted food stimuli or to rate stimuli according
to their pleasantness, patients with AN commonly display aberrant activation in different regions of the
prefrontal cortex [25–29]. Specifically, as outlined in two recent reviews [20,21], hypoactivity during
food picture processing in regions such as the inferior parietal lobule and lateral prefrontal cortex may
indicate weight and body shape concerns induced by the exposure to visual food stimuli [27,30,31]. The
cooccurring increased activation of medial prefrontal regions during picture processing may be related
to increased top-down control and efforts to restrain eating and food avoidance [27,30,32,33]. For
example, Scaife and colleagues [28] instructed patients with AN to look at images of food with a high
caloric content and to focus on how much they want to eat the depicted items. As predicted, patients
displayed increased activation in inhibitory brain regions (i.e., the lateral prefrontal cortex), consistent
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with the persistent avoidance of high-calorie food observed in patients with AN. These results are
in line with eye-tracking data showing avoidance of food pictures by patients with AN [34]. Finally,
decreased activation in the medial orbitofrontal cortex and insula during food picture processing has
been interpreted as reduced hedonic reactivity to food stimuli in in patients with AN [20,31].

Foerde and colleagues [35] asked patients with AN to choose between different visually depicted
food items to assess the neural correlates of disorder-specific food choices in these patients. When choosing
low-fat foods, patients with AN displayed an increased connectivity between the dorsal striatum
and dorsolateral prefrontal cortex [35]. Furthermore, this association was related to subsequent
food intake, where a stronger connectivity was coupled with lower caloric intake on the following
day [35]. The authors concluded that frontal-striatal networks are crucial in the development of
habitual behaviors [36] and may subserve maladaptive eating behavior in patients with AN [35].
However, the authors did not clearly determine whether this observation was a risk factor for the
development of AN or is simply caused by prolonged periods of self-starvation, particularly since
adolescent patients with AN display hyperactivation in both reward-related and inhibitory control
regions when viewing pictures of high calorie food [37].

Taken together, the results from studies investigating visual food stimuli note a pronounced
top-down control mediated by medial prefrontal regions, which may override both somatosensory
and hedonic-related brain signals.

2.2. Gustatory Stimulation

Studies employing real taste stimuli are able to probe disorder-specific neural reactions to food in
a more natural setting. Behavioral investigations using gustatory stimulation have reported lower
taste sensitivity in patients with AN [38], although patients report an increased subjective perception
of taste stimuli [39]. Similarly, reduced taste classification accuracy in the insula during the tasting of
sucrose has been observed in patients with AN [40], although conflicting results exist [32].

The majority of studies using gustatory stimulation to investigate the neural processing of taste
found altered activation profiles in patients with AN compared to healthy controls. Interestingly, with
a few exceptions, (e.g., [41]), most studies consistently detected increased activation in reward-related
regions in patients with AN [15,42]. For example, Cowdrey and colleagues [32] compared the neural
responses to rewarding and aversive tastes in participants who had recovered from AN and healthy
controls. They did not observe differences between groups in subjective ratings of pleasantness and
taste processing in the primary gustatory cortex, which indicates similar sensory experiences in both
groups. However, the authors observed increased activation of brain regions processing reward and
aversion (i.e., the ventral striatum and posterior insula, respectively) in response to both pleasant and
aversive tastes.

Increased activation of reward-related brain regions during taste processing has been discussed
as an increased salience attribution to taste stimuli and is considered a potential neural biomarker
for AN [32]. Similarly, Frank and colleagues observed increased reward-related activity during the
processing of taste in both adolescent and adult patients with AN [43,44]. They propose a conflict
between an innate starvation-induced approach mechanism to food and a strong drive for thinness.
Specifically, the authors suggest that a starvation-induced sensitization of the dopamine system
stimulates food intake, which is in direct conflict with a high drive for thinness and body dissatisfaction.
Thus, neural reward processing may then become associated with a fear-driven mechanism that
overrides homeostatic signals that would normally initiate feeding behavior [43]. These results are in
part corroborated by a study by Vocks and colleagues [15], where patients with AN displayed higher
activation in the amygdala and medial temporal gyrus when drinking chocolate milk than healthy
controls during hunger. Since the amygdala is related to the processing of aversive stimuli and in the
acquisition of conditioned emotional responses [45], the authors postulated that this finding indicated
an increased fear of weight gain.
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Horndasch et al. [46] used an incentive delay task, allowing the measurement of both anticipation
and receipt of pleasant and aversive tastes. In a group of first-degree relatives of patients with AN, the
authors observed increased neural reward processing during the anticipation of both pleasant and
unpleasant tastes, but they observed a decreased reward processing during the receipt of aversive taste.
They interpret this finding as increased emotional arousal in response to food anticipation and a bias
towards reduced liking of food, with both observations representing a potential biomarker for AN.

Taken together, the results from studies investigating taste processing indicate an increased salience
of taste stimuli in patients with AN, which appears to be strongly correlated with disorder-specific
reactions to food stimuli, such as fear of weight gain and a drive for thinness.

3. Hunger

As stated above, since self-starvation allows the maintenance of the desired low body weight, this
behavior develops rewarding qualities in patients with AN and reinforces the illness [13]. Hunger
promotes foraging by inducing increased mesolimbic dopaminergic signaling, which increases the
motivational value of foraging behaviors [47]. This mechanism is thought to facilitate the progression to
anorexia nervosa, where the constant fasting-induced dopamine stimulation reinforces disorder-related
behaviors that are otherwise perceived as aversive [48–50]. However, few neuroimaging studies have
directly compared the effects of both hunger and satiety on the processing of disorder-related stimuli
in patients with AN.

Using visual depictions of food, Santel and colleagues [51] observed decreased somatosensory
processing during satiation in the parietal cortex and decreased processing in the visual cortex during
hunger when subjected rated food pictures. Similarly, when passively viewing food pictures, Gizewski
and colleagues [52] observed satiety state-dependent differences in brain activation in the cingulate
cortex, insula and prefrontal cortex in patients with AN compared to healthy controls. Furthermore,
both patients with AN and weight-restored patients show a general hypo-activation pattern in regions
associated with motivational processing when viewing pictures of food while they are hungry [53].
The authors conclude that hunger loses its ability to induce an increased motivational drive for food
consumption, thereby facilitating food restriction.

By presenting taste stimuli during both hunger and satiety, Vocks and colleagues [15] found that
patients with AN display increased activation in the amygdala and medial temporal gyrus while
tasting chocolate milk during hunger. Within the patient group, satiety led to an increased activation
of the right inferior temporal gyrus, a region that is typically activated during the processing of body
images, compared to the hungry state [54]. Together with the observed activation of the amygdala and
its relevance to the processing of aversive and fear-inducing stimuli [45,55], the authors propose that
the observed results possibly reflect a fear of weight gain in patients with AN.

Taken together, studies investigating the effect of hunger on brain activation in patients with
AN observe decreased activation in areas related to motivational processing and an interaction with
emotional processing related to a fear of weight gain. However, these results relate exclusively to
visual and gustatory food cues, since the influence of the satiety state on the processing of additional
disorder-related stimuli remains to be investigated.

4. Body Image

Body image distortion is a hallmark feature of AN. The subjective perception of body weight
or shape is disturbed, together with increased attention to particular details or parts of the body [1].
Body image disturbances are persistent symptoms of AN and are negatively correlated with patients’
long-term outcomes [56]. In healthy participants, a network of brain regions is associated with body
image processing. Studies investigating brain activation when participants compare their own body
with slim-idealized bodies or when they are presented with distorted images of their own body
typically observe increased activation in regions such as the extrastriate body area (a subportion of the
extrastriate visual cortex), the fusiform body area located in the fusiform gyrus [54,57], the dorsolateral
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prefrontal cortex and parietal lobe [58]. Previous studies have observed alterations in this network in
patients with AN, although the direction of differences has been inconsistent [59–62]. For example,
when viewing body images of other women, patients with AN display both similar and differing
brain activation patterns compared with healthy controls [59,63]. Furthermore, studies have observed
both activation in fear-related networks [64,65], and reward-related networks during body image
processing [66].

During the passive viewing of body images, patients with AN display reduced connectivity between
the extrastriate and fusiform body areas and a negative correlation between the magnitude of
connectivity and body size misjudgment [67]. Vocks and colleagues observed reduced activation in the
inferior parietal lobule when patients viewed their own body, but increased activation of the amygdala
when viewing pictures of another woman’s thin body [63]. The authors hypothesize correlations
between decreased attentional processing towards the patient’s own body and an increased emotional
response when viewing other bodies with an inherent bias towards social comparison.

When asked to compare their own body to slim, idealized female bodies, patients with AN display
reduced activation in the rostral anterior cingulate cortex, but increased activation in the insula and
premotor cortex [64]. Thus, body image perception in patients with AN may be related to alterations in
regions associated with interoceptive awareness. Furthermore, participants who have recovered from
AN show increased activation in the rostral anterior cingulate cortex during a comparison of their own
body with an underweight body [68]. This change may be viewed as a recovery of top-down control
of the emotional impact of body comparisons with others. Fladung and colleagues [66] employed
pictures of a female body corresponding to different weight categories; when patients with AN were
asked to imagine having the same weight as featured in the picture, they showed increased activation
in the bilateral ventral striatum when imagining having an underweight body shape compared to
healthy controls.

When shown pictures of their own body digitally modified to be oversized, patients with AN show
increased activation in the dorsolateral prefrontal cortex compared to healthy controls [69]. Furthermore,
this activation was related to eating disorder psychopathology (i.e., shape concerns). These results
suggest an increase in top-down control when patients are facing emotionally aversive stimuli, such as
distorted images of their own body. When asked to rate modified pictures of their own body, patients
with AN display increased activation in the insula and lateral prefrontal cortex during the evaluation
of thin self-images, which may indicate a stronger emotional involvement, although this claim remains
inconclusive since both regions are associated with a number of differing functions [70–72].

Taken together, studies examining the passive viewing of body shapes, body comparison and
modified images of one’s own body detected dysfunctional activation in neural body image networks
and regions associated with interoception, and top-down control, as well as increased activation in
regions associated with emotional processing and reward. Furthermore, the existing studies indicate a
correlation between reduced top-down control and body-comparison in patients with AN, whereas the
viewing of modified images of their own body is characterized by increased top-down control. These
results highlight the importance of disturbed body image processing in patients with AN, indicating
that underweight body images possess a rewarding effect and an increased emotional relevance for
patients with AN.

5. Emotional Processing

Dysfunctional emotional processing is prevalent in patients with AN and is related to both the
onset and prevalence of the disorder [73,74]. Dietary restrictions and binging/purging may facilitate
the avoidance or reduction of negative emotions [75–77]. Accordingly, a broad range of emotion
regulation deficits have been observed in patients with AN [78,79] and have been shown to correlate
with AN psychopathology [80,81]. For example, behavioral investigations suggest an increase in
disorder-related thoughts during an induced negative mood [82]. However, vast differences in emotion
regulation exist across different types of eating disorders. Patients with binge eating/purging compared
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to restrictive eating behaviour experience greater difficulties in emotion regulation in the domains of
goal-directed behaviour, impulse control and have limited access to regulatory strategies. In fact, the
emotion regulation profile of patients with AN-binge eating/purging type (AN-BP) is similar to patients
diagnosed with bulimia nervosa [83]. In contrast, patients with restrictive AN (AN-R) experience
greater difficulties in recognizing and expressing of emotions than patients with AN-BP [84].

When assessing neural emotional processing in response to affective facial expressions, Fonville
and colleagues [85] observed increased activation of the fusiform gyrus in patients with AN during
exposure to happy facial expressions. This observation may indicate the increased saliency of facial
expressions in patients with AN. However, Cowdrey and colleagues [86] failed to identify differences
during the neural processing of happy and fearful faces in participants who had recovered from AN,
leading the authors to conclude that deficits in the processing of emotional faces in patients with AN
might be state-dependent and improve with recovery. In contrast, Rangaprakash and colleagues [87]
reported reduced connectivity between the amygdala and prefrontal cortex when patients who had
recovered from AN viewed fearful facial expressions. These findings suggest that a decrease in
top-down control during the processing of emotional facial expressions represents a trait marker
of AN, indicating that aberrations in emotion regulation persist at neurobiological and behavioural
levels [88] in weight-recovered patients with AN. Leppanen and colleagues [89] investigated neural
responses to faces of infants displaying positive and negative emotions, and found that patients with
AN exhibit increased prefrontal downregulation of limbic regions when viewing of positive emotions,
but increased activation of the posterior insula when viewing of negative emotions. The latter finding
suggests an increased saliency of negative emotions in patients AN, due to the frequently observed
association of insula activation and emotion processing [90]. Taken together, studies employing facial
stimuli commonly observe increased neural saliency processing and suggest the presence of different
activation profiles, depending on the emotional valence of facial stimuli, where negative emotional
stimuli tend to be associated with decreased top-down control.

Neural processing during social interactions also appears to be impaired in patients with AN.
During positive social interactions in an economic exchange game, patients with AN and participants
who had recovered from AN displayed diminished neural responses in the precuneus and right angular
gyrus. However, only patients with current AN showed reduced activation in the fusiform gyrus
during negative interactions [91]. The authors discuss a potential role of aberrant neural responses
during positive social interactions as a predisposing trait for the development of AN, whereas changes
in the neural processing of negative interactions may be important for weight recovery following AN.
Via and colleagues used a social judgement task where participants received feedback on whether other
participants would like to meet them [92]. Patients exhibited reduced activation of the dorsal prefrontal
cortex when receiving positive feedback, but hyperactivation of visual regions and, surprisingly, a
positive correlation between reward-related brain regions and clinical severity scores when receiving
negative feedback. These results suggest the presence of dysfunctional self-evaluative processes and
reduced perceptions of social rewards, and finally, they highlight the importance of brain reward
networks for pathological behaviors in patients with AN. Consistent with the frequently observed
disturbances in interpersonal relationships in patients with AN [93], Maier and colleagues [94] found
that both patients with AN and participants who had recovered from AN display decreased activation
in the superior parietal cortex and a reduced responsivity in the dorsolateral prefrontal cortex when
viewing pictures displaying intimate situations. Similarly, Miyake and colleagues [95] observed
a negative relationship between alexithymia, or the inability to articulate and interpret emotional
experiences, and activation of the amygdala and posterior and anterior cingulate cortices during the
processing of negative interpersonal words. Furthermore, reduced processing in the medial prefrontal
cortex during a theory of mind task negatively correlates with treatment outcome [96]. This finding
further corroborates the observed relation between social functioning and therapy outcomes in patients
with AN [97] and confirms the importance and potential effectiveness of social skills training and
family-based interventions for patients with AN [98,99].
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Altered neural processing during the active regulation of emotions has also been observed in
patients with AN. According to Seidel and colleagues, when patients with AN are asked to “distance”
themselves from aversive pictures, they display the same neural activation pattern as healthy controls,
but increased activation of the amygdala and dorsolateral prefrontal cortex is detected when they
passively view aversive pictures [100]. However, in a subsequent study, Seidel and colleagues [101]
reported a positive correlation between activation of the ventral striatum during distancing from
positive pictures and body-related rumination, but this activation pattern negatively correlates with
negative affect and treatment outcomes in patients with AN. Although the neural regulation of emotions
is partially preserved in patients with AN, the authors emphasized the need to focus on adaptive
emotion regulation strategies during the treatment of AN.

Taken together, studies investigating neural activation related to the processing of emotions in
patients with AN reported contradictory results, but suggest increased salience processing and a
concurrent dysfunctional top-down control during emotional processing. However, heterogeneity
in studies investigating emotion regulation in patients with AN might explain the fact that more
than 55% of patients with AN exhibit at least one comorbid disorder [102], with approximately a 73%
lifetime prevalence of depressive disorders among patients with AN [103]. Comorbid depression
is associated with increased emotion regulation difficulties [104] and researchers have not clearly
determined how these comorbidities, particularly mood disorders, interact with the neural processing
of emotional stimuli in patients with AN. In previous functional imaging studies, little emphasis was
placed on the contributions of comorbid disorders, which might play an essential role when examining
disorder-specific stimuli, as these disorders might moderate the patient’s emotion regulation capacities.

6. Interoceptive Processing

Interoception refers to the perception and integration of visceral and homeostatic signals
representing internal physiological body states [105]. Altered interoceptive awareness is viewed
as a vulnerability factor for the development of AN, where overactive cognitive control enables the
development of maladaptive food habits that do not subserve the homeostatic weight balance [13].
Decreased interoceptive awareness is associated with alexithymia, which is the to describe and identify
one’s own feelings [106]. Alexithymia is related to impaired emotional regulation and is as risk
factor for the development and maintenance of AN [107]. Several neuropsychological models of
alexithymia have been proposed. According to an early hypothesis proposed by MacLean [108], an
altered communication between limbic and neocortical brain areas exists, leading to impairments in
identifying and describing one’s own emotions and feelings. As shown in recent studies, individuals
with alexithymia display decreased activation of limbic and paralimbic brain areas in response to
affective stimuli or increased activity in somatosensory/sensorimotor areas. The former indicates a
low emotional arousal to external emotional stimuli, while the latter suggests a hypersensitivity and
overreliance on physical stimulation [109].

Employing an interoceptive attention task where participants must focus on internal bodily
sensations such as heartbeat or stomach distension, Kerr and colleagues [110] observed altered activity
in the insula in weight-restored patients with AN. Furthermore, insula activity during stomach
interoception negatively correlates with eating disorder psychopathology and anxiety. The authors
postulate a visceral hypersensitivity entailing increased perception of gastrointestinal discomfort
during food consumption, particularly during the weight restoration process. In a subsequent study,
Kerr and colleagues [23] investigated the effect of interoceptive sensation on the neural processing
of food pictures in weight-restored patients with AN. During the neural processing of food pictures,
stomach sensation ratings recorded before scanning positively correlated with activity in the insula,
anterior cingulate cortex and amygdala, but negatively correlated with activity in the ventral pallidum
and ventral tegmental area. The authors concluded that gastric sensations may interfere with food
reward processing and may be related to an aversive response to food pictures in patients with AN.
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Two studies have investigated neural processing during unpleasant bodily sensations in patients
with AN. Strigo and colleagues [111] investigated the neural processing of pain in patients recovered
from AN and observed increased activity in the insula and dorsolateral prefrontal cortex (DLPFC)
during the anticipation of pain, whereas the experience of pain was associated with decreased insula
but increased DLPFC activity. Increased insular activity during the anticipation of pain was also
related to high levels of alexithymia. The authors concluded that the results suggest an abnormal
integration of interoceptive signals, and the increase in DLPFC activity is an attempt to control the
increased distress caused by the subsequent pain stimulation.

Similarly, Berner and colleagues assessed neural processing in women who had remitted from
AN during an inspiratory breathing load paradigm, where participants’ breathing was intermittently
restricted, causing mild discomfort [112]. When anticipating breathing restriction, patients displayed
reduced insular activation, whereas they showed stronger activation of the striatum, cingulate cortex
and prefrontal cortex during the actual breathing restriction. These results may reflect difficulties in
predicting and adapting to changes in interoceptive states in patients with AN, and highlight eating
restriction as a method for preventing unpredictable and/or unpleasant internal changes.

Bischoff-Grethe and colleagues investigated neural processing during a pleasant affective touch task
(i.e., gentle strokes with a soft brush administered to the forearm or palm), where participants who had
recovered from AN displayed an increased response in the right ventral mid-insula, but a decreased
response in the same region during the anticipation of a pleasant touch [113]. These results indicate an
impaired ability of patients with AN to predict and interpret physiological stimuli. Furthermore, since
reduced activity in the insula during anticipation is related to increased harm avoidance and higher
body dissatisfaction, aberrant interoceptive processing might contribute to an altered subjective body
experience and avoidance behavior [113].

In summary, the results from studies investigating neural interoceptive processing have identified
a pronounced relation between neural hypersensitivity to bodily sensations and concurrent avoidance
behavior, which is partially mediated by dysfunctional prefrontal processing. Importantly, since all of
the aforementioned studies recruited women who had recovered from AN, dysfunctional interoceptive
processing might be a potential trait of AN.

7. Summary and Conclusions

This narrative review aimed to provide a general overview of the neuroimaging literature
investigating symptom-specific neural processing in patients with AN. In recent years, a number of
studies have investigated the neural profiles of different symptom-categories in patients with AN
using fMRI. While the obtained results sometimes differ and certain disorder-related stimuli have not
yet been investigated, the findings provide a better understanding of the underlying neurobiological
correlates of AN. Based on the reviewed literature, we provide the following summary of the different
symptom categories.

Neural processing of visual food cues in patients with AN is characterized by increased top-down
control, enabling restrictive eating habits and a concurrent reduction in hedonic and somatosensory
reactivity. On the other hand, studies using real tastants typically observe increased activation of brain
areas related to saliency and reward processing, as well as emotional arousal, namely, a fear of weight
gain and drive for thinness. Thus, although an increase in neural cognitive control in response to
food cues allows patients to avoid food and consistently reduce their cravings for food, the actual
consumption of food is associated with a number of disorder-specific neural reactions that collectively
increase the saliency of food.

In patients with AN, hunger is associated with a decrease in neural motivational processing in
response to food cues, and the observed activation patterns suggest an increase in emotional sensitivity
related to a fear of weight gain. This finding is also consistent with the results from animal models
suggesting that conditioned fear cues inhibit food consumption by food-deprived rats; therefore, signals
from the amygdala may potentially override the homeostatic signaling of hunger in the hypothalamus
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and inhibit eating [114]. Therefore, the frequently observed strong effect of top-down control regions on
food reward processing [115] has also been observed on homeostatic signals driving food consumption.

When using stimuli related to body image, studies identified a number of aberrations in brain
regions related to emotion and reward processing, as well as interoceptive processing and top-down
control. Body images gain increased emotional relevance, and exposure to thin body figures can
become rewarding. These results are consistent with the “reward contamination theory” proposed
by Keating [49], which hypothesizes that the observed reduction in neural food reward processing
is caused by a pronounced fear of weight gain, but illness-related stimuli and behaviors, such as
emaciated body shapes or food restriction, become rewarding and activate reward-related brain regions
in patients with AN [50]. Furthermore, the observed activation of brain regions related to interoception
in patients with AN who are confronted with body images supports the hypothesis that dysfunctional
interoceptive awareness is linked and contributes to body image concerns [116].

The processing of emotions in patients with AN is characterized by increased saliency processing
and dysfunctional top-down control. These observations extend to visual depictions of emotional
facial expressions, social interactions and emotion regulation but are more pronounced for negative
emotional stimuli. Neural activation in corticolimbic regions during the processing of social stimuli
and emotion regulation are related to treatment outcomes. However, a number of open questions
related to emotional processing in patients with AN remain, such as the effect of the satiety state, since
no neuroimaging study has yet investigated the specific interaction between the hunger state and
neural emotional processing in patients with AN. An investigation of this interaction would be very
interesting because dietary restriction represents an important method avoiding or reducing negative
emotions in patients with AN [77].

The neural processing of interoception is related to a dysfunctional integration of interoceptive
signals in the insula and an increased general neural sensitivity to interoceptive and somatosensory
stimuli, which facilitates restrictive and avoidant behaviors in patients with AN. These results are
consistent with previous studies showing that anxiety associated with food intake in patients with AN
is related to intensified interoceptive sensations [117].

Taken together, studies using symptom provocation paradigms to assess disorder-specific
neurobiological alterations in patients with AN observed a number of alterations in different brain
networks. Some of these activation patterns are related to the acute phase of AN and some have been
identified as state-independent risk factors. Specifically, an increase in top-down control observed in
response to visual food cues appears to enable restrictive eating; a concurrent increase in the activation
of reward- and emotion related areas during gustatory stimulation triggers disorder-specific thought
patterns, such as a fear of weight gain. Hunger loses its ability to motivate food foraging but instead
reinforces disorder-related behaviors. Dysfunctional neural processing of body images is a central feature
of AN, where increased emotional and hedonic processing are prevalent, and neural activation during
emotional stimuli indicates decreased top-down control but increased salience, particularly for negative
stimuli. Finally, dysfunctional interoceptive processing is a trait of AN, where neural hypersensitivity to
bodily sensations promotes avoidance behavior.

Studies investigating the neurobiological correlates of disorder-specific stimuli in patients with
other psychiatric disorders might provide information about the pathophysiological mechanisms
underlying shared symptomatology of psychiatric disorders. Given the high prevalence of comorbidities
in patients with AN, studies investigating patients with anxiety disorders (e.g. obsessive-compulsive
disorder or social phobia), affective disorders or substance abuse disorder can contribute to a better
understanding of the psychopathology of AN. For example, patients with OCD show increased
activation of fronto-striato-limbic regions and the amygdala upon exposure to symptom-provoking
stimuli [118]. The authors concluded that amygdala hyperactivation in response to disorder-related
stimuli reflects an exaggerated fear response. This finding is similar to the observed amygdala
hyperactivation in patients with AN upon exposure to taste stimuli [15], food [22], and their own
body image [65]. Similar findings of exaggerated limbic activation in response to disorder-specific
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stimuli have been observed in individuals with substance use disorder [119], panic disorder with
agoraphobia [120] and social anxiety disorder [121]. These results suggest a potential shared functional
neural basis of symptom-provoking stimuli across patients with different psychiatric disorders.
However, researchers have not clearly determined whether these commonalities are a causal factor for
the response to disorder-specific stimuli or reflect an overlap of symptomatology underlying the high
prevalence of comorbidities.

Conclusions drawn from neuroimaging data often remain ambiguous since using observed brain
activation to infer conclusions about cognitive processes can be problematic. Specifically, reverse
inference, or “reasoning backwards from brain activation to the engagement of a particular cognitive
function” [122] is only valid when the selectivity of activation in the observed brain regions is high.
Furthermore, a number of limitations are present in fMRI-studies and should be taken into account
when drawing general conclusions. General limitations relate to small sample sizes and an almost
exclusive focus on female patients with AN. Contradictory results across studies could in part be
caused by differences in experimental paradigms and sample heterogeneity such as illness state (acute
vs. recovered AN) and duration, pharmacological treatment and psychiatric comorbidities. A number
of studies have included patients recovered from AN to avoid the confounding effects of starvation.
However, this approach can produce misleading findings, since patients often continue to display
core symptoms even after recovery [123,124] and the definition of recovery varies substantially in the
literature [125]. Furthermore, AN is characterized by alexithymia and high prevalence rates of affective
disorders which likely moderate neural response to disorder-related stimuli and tasks [126]. Finally,
emotion regulation difficulties differ across subtypes of AN [84] and future neuroimaging studies
should address the influence of both comorbid disorders as well as differences in emotion regulation
strategies across the eating disorder spectrum. A combination of neurophysiological techniques could
contribute to the understanding of the interactive effect of neurobiology and disorder eating behavior
underlying the psychopathology of AN.

Our conclusions are preliminary, since no systematic literature search or formal assessment
of methodological quality was performed. However, the aim of this review was to reconcile
findings derived from differing neural stimuli and to provide a parsimonious account of the
underlying neurobiological alterations associated with AN. Alterations in brain networks subserving
various functions jointly contribute to AN-specific symptoms and behaviors. Studies investigating
symptom-specific neural processing will provide a better understanding of the mechanisms underlying
AN and important suggestions for targets for neurobiologically informed treatments. In fact, treatment
options integrating neurobiological contributions have already been described [127,128].
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Abstract: Drugs are widely prescribed for anorexia nervosa in the nutritional, somatic, and psychiatric
fields. There is no systematic overview in the literature, which simultaneously covers all these
types of medication. The main aims of this paper are (1) to offer clinicians an overview of the
evidence-based data in the literature concerning the medication (psychotropic drugs and medication
for somatic and nutritional complications) in the field of anorexia nervosa since the 1960s, (2) to draw
practical conclusions for everyday practise and future research. Searches were performed on three
online databases, namely MEDLINE, Epistemonikos and Web of Science. Papers published between
September 2011 and January 2019 were considered. Evidence-based data were identified from
meta-analyses, if there were none, from systematic reviews, and otherwise from trials (randomized or
if not open-label studies). Evidence-based results are scarce. No psychotropic medication has proved
efficacious in terms of weight gain, and there is only weak data suggesting it can alleviate certain
psychiatric symptoms. Concerning nutritional and somatic conditions, while there is no specific,
approved medication, it seems essential not to neglect the interest of innovative therapeutic strategies
to treat multi-organic comorbidities. In the final section we discuss how to use these medications in
the overall approach to the treatment of anorexia nervosa.

Keywords: anorexia nervosa; drug-treatment; pharmacotherapy; medication; nutrition; comorbidity;
complication

1. Introduction

Anorexia nervosa (AN) is a severe condition with high morbidity and mortality rates resulting
from both somatic and psychiatric aspects of the disorder [1]. International guidelines recommend
treatment based on a multidisciplinary approach, including nutritional, somatic, psychiatric, and social
aspects [2–5]. This global treatment is mainly based on nutritional and psychotherapeutic approaches
associated with the treatment of medical and socio-familial complications. In the National Institute for
Health and Care Excellence (NICE) guidelines [4] it is clearly mentioned that medications cannot be
seen as the sole treatment for anorexia nervosa (Number 1.3.24 see Table 1).

As stated by Aigner et al. [6] the treatment objectives in AN include weight gain, prevention
of weight loss, a change in eating behaviours, reduction of associated psychopathologies
(e.g., preoccupations with body image, depression, anxiety, obsessive compulsive symptoms) and
the treatment of associated medical conditions (e.g., disturbances of the gonadal axis, infertility,
osteoporosis). Medication for its part is used to treat AN symptoms including eating disorder
symptoms (eating attitudes, refusal to gain weight, preoccupation about shape and weight, obsessions
about food . . . ) and psychiatric symptoms (depression, anxiety, obsessions, and compulsions.).
In addition, AN patients frequently have severe malnutrition and medical complications that can
be treated by medication. Indeed, while the return to a normal weight by re-feeding associated
with multidisciplinary care is crucial and enables the correction of many somatic functional disorders,
it seems essential not to neglect the usefulness of somatic medication in limiting the short and long-term
physical complications, optimizing quality of life and promoting a favourable outcome in all fields
affected by AN (somatic, psychiatric and social).

In 2011 the World Federation of Societies of Biological Psychiatry (WFSBP) guidelines for the
pharmacological treatment of eating disorders [6] concluded that the majority of the drugs to treat
AN are used off-label [6]. These drugs are widely prescribed, but not in compliance with international
guidelines [7,8], and can therefore be potentially unsafe for patients with AN.

For everyday practice, clinicians need improved recommendations about what medications can
be used, for what purpose and in which conditions. Current guidelines give some indications for
the use of different medications, but they lack precision and do not define who can be treated, when,
and with which medication (as seen in Table 1, NICE recommendations for medication in AN). When
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clinicians try to find information in the literature, it is not easy, as there are numerous publications
on the subject. For example, since the WFSBP guidelines were established for the pharmacological
treatment of eating disorders, there have been around 300 reports on the topic of medication and AN,
and no review covering all drugs used in the nutritional, somatic, and psychiatric fields.

The main aim of this work is to offer clinicians a multidisciplinary overview of the evidence-based
published literature concerning drug treatments in the field of AN. This overview is based on the
conclusions of meta-analyses, failing that on systematic reviews, and otherwise on trials (randomized
or if not open-label studies). Unlike other reviews, this one is not restricted to drugs used to treat AN
symptoms or psychiatric symptoms, but also includes the treatment of the medical conditions and the
nutritional aspects associated with AN.

Table 1. Extract from the National Institute for Health and Care Excellence (NICE) recommendations [4]
for medication in anorexia nervosa (chapter 1.3) and eating disorders in general including anorexia
nervosa (chapter 1.8).

Recommendations

Medication for anorexia nervosa
1.3.24 Do not offer medication as the sole treatment for anorexia nervosa.
Dietary advice for people with anorexia nervosa [ . . . ]
1.3.21 Encourage people with anorexia nervosa to take an age-appropriate oral multi-vitamin and multi-mineral
supplement until their diet includes enough to meet their dietary reference values.
Comorbid mental health problems
1.8.12 When deciding in which order to treat an eating disorder and a comorbid mental health condition (in parallel,
as part of the same treatment plan or one after the other), take the following into account:
- The severity and complexity of the eating disorder and comorbidity.
- The person’s level of functioning.
- The preferences of the person with the eating disorder and (if appropriate) those of their family members or carers.
1.8.13 Refer to the NICE guidelines on specific mental health problems for further guidance on treatment.
Medication risk management
1.8.14 When prescribing medication for people with an eating disorder, and comorbid mental or physical health
conditions, take into account the impact that malnutrition and compensatory behaviours can have on medication
effectiveness and the risk of side effects.
1.8.15 When prescribing for people with an eating disorder and comorbidity assess how the eating disorder will affect
medication adherence (for example, for medication that can affect body weight).
1.8.16 When prescribing for people with an eating disorder, take into account the risks of medication that can
compromise physical health due to pre-existing medical complications.
1.8.17 Offer electrocardiogram (ECG) monitoring for people with an eating disorder who are taking medication that
could compromise cardiac functioning (including medication that could cause electrolyte imbalance, bradycardia
below 40 beats per minute, hypokalaemia, or a prolonged QT interval).
Substance or medication misuse
1.8.18 For people with an eating disorder, who are misusing substances, or over-the-counter or prescribed medication,
provide treatment for the eating disorder unless the substance misuse is interfering with this treatment.
1.8.19 If substance misuse or medication is interfering with treatment, consider a multidisciplinary approach with
substance misuse services.
Growth and development
1.8.20 Seek specialist paediatric or endocrinology advice for delayed physical development or faltering growth in
children and young people with an eating disorder.

2. Methods

A systematic literature search was performed on the topic of medication in AN in order to perform
a systematic overview, according to the following method.

2.1. Data Sources and Search Strategies

Searches were performed on online databases, namely MEDLINE, Epistemonikos and Web of
Science. Inclusion and exclusion criteria are described in Table 2.
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Table 2. Inclusion and exclusion criteria for the systematic overview of systematic reviews, meta- analyses
and selected trials (Population Intervention Control Outcome and Study design (PICOS) criteria and
other elements).

Parameters Inclusion Criteria Exclusion Criteria

Patients

- AN 1 (with or without the mention of the restrictive or
binging/purging types)

- Human studies
- All ages

- BN 2, BED 3, other ED 4

- Mixed eating disorder samples
(AN and any other ED)

Interventions - Medication for AN (psychotropic or somatic or
nutritional)

- Medication for refeeding
complications

Comparators - All comparison groups (placebo or active drug or
treatment as usual)

Outcomes
- All criteria linked to ED symptoms, psychiatric -and

somatic symptoms, and nutritional aspects, as
appropriate

Study design - Meta-analyses and systematic reviews with a detailed
methodology, including RCTs 5 and/or open trials

- Narrative or qualitative reviews
- Overviews

- Reviews of unpublished data

Period considered

- Papers published between September 2011 (since the
publication of The World Federation of Societies of

Biological Psychiatry Guidelines for the Pharmacological
Treatment of Eating Disorders) [6] and 30th January 2019

Language - English and French
1 AN: Anorexia Nervosa; 2 BN: Bulimia Nervosa; 3 BED: Binge Eating Disorders; 4 ED: Eating Disorder; 5 RCT:
Randomized Controlled Trial.

Only meta-analyses and systematic reviews with a detailed methodology were retained; narrative
or qualitative reviews were excluded, as they provide elements only on some studies, and can be
biased by a lack of information. We excluded studies that investigated mixed eating disorder groups,
as their conclusions cannot be extended to AN.

The searches were complemented by a manual search: reference lists of articles were manually
investigated to identify reviews or meta-analyses potentially relevant for inclusion that were not
detected by electronic search.

The search strategies were conducted in two phases by two of the investigators (C.B., N.G.).
First, we defined a search in order to identify all reviews and meta-analyses published on the topic

of drug treatments in AN with the following terms and algorithm, which, among the algorithms tested
with different key words and combinations, proved to be the one that retrieved the largest corpus
of papers: “anorexia nervosa and pharmacotherapy or drug treatment or medication or nutrition or
enteral nutrition or weight restoration”.

The search on the three databases previously mentioned selected 289 papers, 45 of which were
reviews or meta-analyses on the topic (see Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow-chart Figure 1). Two further papers were identified by manual research.

Among the 45 reviews or meta-analyses, 26 were excluded for the following reasons: 16 were
overviews and/or not systematic reviews with no explicit methodology for the selection of the papers
mentioned [9–24], one review [25] predated the World Federation of Societies of Biological Psychiatry
review, one [26] reviewed the same eight studies as a meta-analysis included [27], five focused on
unpublished data, or studies that were reviewed in later papers included here [28–32], one mainly
focused on emerging treatment research or perspectives [33], two concerned oxytocin but with no
specific results in AN [34,35].

The 19 selected papers (15 systematic reviews and four meta-analyses) are presented in Table 3.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow
Diagram [36].
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Secondly, the overview was completed by original research (RCTs, open studies as mentioned
previously) published after the last review or meta-analysis reviewed. In addition, for nutritional and
somatic aspects, as there was no meta-analysis nor systematic review on some of the subjects (vitamin
D and calcium, micronutrients supplementation and functional digestive disorders), we reviewed
published papers (RCTs, and if not open studies as mentioned previously), and retrospective or case
studies if no other information existed on the topic of AN. For functional digestive disorders, as there
were no papers about their treatment in the AN literature, reviews including this topic (in general and
not in AN) were selected.

2.2. Study selection and Quality Assessment

From the French Anorexia and Bulimia Federation (http://www.anorexieboulimie-afdas.fr/),
we recruited a group of eating disorder specialists participating on a voluntary basis, including
nutritionists, an endocrinologist, an adolescent paediatrician, psychiatrists, and child and adolescent
psychiatrists (see authors of the paper).

Eligible papers were screened in the literature search by their title and abstract by two reviewers
working together (C.B. and N.G.). The papers were selected by agreement on the basis of the inclusion
exclusion criteria (Table 2). Then, the screened papers (meta-analyses or systematic reviews) were
read in full and again selected or not, according to inclusion and exclusion criteria. If there was any
uncertainty regarding the eligibility of a paper, it was referred to the rest of team for further discussion.

Disagreements between reviewers were resolved by consensus; they mainly concerned the
suitability of studies for the purpose of the review.

3. Results

3.1. Papers Selected

The 19 selected systematic reviews are presented in Table 3.
We gave priority here to meta-analyses and systematic reviews rather than to study reports,

according to the following rules. For each topic, meta-analysis results are presented first when
available. Then, if the meta-analyses only focused on a particular period or a specific question, or if
there was no meta-analysis on the topic, the results of the more recent systematic reviews on the topic
based on RCTs were described, and completed by previous ones if they provided more information.
If reviews on the topic were not available, existing trials on the topic are reported, RCTs are reported
in priority if available, if not open trials are reported. Study reports are only cited if they were not
referenced in the cited meta-analyses or reviews and were published after the reviews (we did not take
into account papers excluded from the reviews for methodological reasons).

We do not report on case reports, or retrospective chart studies, as they are based on the local
practice of the teams involved, and are more a reflection of their practice than an evaluation of
treatments. In case of numerous reviews or meta-analyses on a topic, results are completed by earlier
reviews if they provide complementary information. When samples only involved adolescents, this is
mentioned, and any specifics concerning the adolescents are also mentioned.

3.2. Results: Psychotropic Medications

3.2.1. Methodological Issues

The reviews and meta-analyses selected in this overview reviewed from six [51] to 66 studies [45]
(see Table 3). This wide range results from numerous factors (aim of the review; types of study
considered: ranging from only RCTs to all types of study; period; methodology for selection of
studies: ranging from all published studies to a selection based on quality guidelines; type and
number of databases used). For example, Brockmeyer et al. used the Cochrane Handbook and the
National Institute of Heath Criteria for a quality assessment of controlled intervention studies [51]
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between October 2011 and the end of 2016 and selected only three good quality RCTs on psychotropic
medication. Conversely, Franck et al. [45] were exhaustive and included all studies (except case reports)
published in the past 50 years. Miniati et al. [48] underlined the impossibility of applying quality
criteria to select studies in their review. In addition, samples were very different in terms of age (see
Table 3), some focused on adolescents, others on adults, and some on both.

Psychotropic medications have been used since the 1960s to treat AN. For the studies included
in the reviews, Miniati et al [48] underlined the paucity of reports, including the small number of
RCTs, the small numbers of subjects included in the studies (one to maximum 93 in this review), the
heterogeneity of sample composition, treatments, and treatment settings, and the small number of
males to enable comparisons based on gender, which are all aspects that impact the conclusions.

The variable settings (inpatient/outpatient) had an impact on patient characteristics; for example
in the studies, these authors observed that the age of inpatients was significantly younger than that
of outpatients [48]. In addition, in cases of positive results in favour of a medication, the results had
never been replicated. The conclusions of these studies were based on small samples and the fact that
they derived no significant results could be partly explained by a lack of power; the results were often
extrapolated across patient groups of different ages, illness durations, and severity. Another important
limitation of these studies is their duration [48]. Most of the studies were based on short term follow-up
in an illness requiring long-term management [48]. The majority of the studies were conducted on
inpatient samples, whereas the majority of patients are treated on an ambulatory basis [48]. Not all
symptom dimensions of AN, nor all the comorbidities, nor the impact of the medication on these
elements were systematically reported.

A small number of studies specially focused on children and adolescents. The majority of the
studies were conducted in the acute phase of AN and a minority in the maintenance phase [40]. Below
we provide information in terms of dose, duration of treatment, and sample size, for comparative
studies only.

3.2.2. Antidepressants (AD)

The rationale for treating AN with antidepressants was initially that AN and depression had
clinical and biological similarities, including comorbidity and symptom overlap with anxiety disorders,
obsessive compulsive disorders and depression, and a hypothetical dysfunction in the serotonergic
and noradrenergic systems in the pathophysiology of AN. The earliest studies mostly concerned
tricyclics and monoamine oxydase inhibitors and the more recent mostly concerned selective serotonin
reuptake inhibitors (SSRI) [6,37,45,48]. We found one small meta-analysis [41] pooling two studies on
tricyclics [54,55], two on selective serotonin reuptake inhibitors [56,57], and five reviews concerning
each different class of antidepressant separately [6,37,40,45,48]. No other recent study was found.

Meta-analyses

The meta-analyses (see Table 3 for details) concerned all antidepressant RCTs versus placebo
evaluating the impact on either weight restoration or maintenance, with various doses, durations and
evaluation criteria. It pooled four RCTs. One was on clomipramine (50 mg, duration not mentioned,
there were eight placebo subjects and there were eight AD subjects, evaluation criterion: weight gain
in kg) [54], one was on amitriptyline (160 mg max, for 32–45 days, there were 25 placebo subjects,
and 24 AD subjects, evaluation criterion: weight gain per day) [55]. Two were on fluoxetine [56,57]
(respectively 60 mg and 20 to 60mg, for 7 weeks and 1 year, 16 placebo and 44 subjects, 15 AD and
49 subjects, evaluation criteria, respectively: ideal body weight and body mass index) involving
96 patients in the antidepressant groups and 94 patients in the placebo groups. No impact of
antidepressants on weight gain or maintenance in AN was found [41]; because of the small sample
sizes no meta regression or subgroup analyses were conducted.
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Tricyclics

On the basis of an analysis of three RCTs versus placebo [45,48], there is no clear evidence for the
general use of tricyclics among patients with AN in terms of weight gain and depressive symptoms,
according to two studies on amitryptiline (160 mg max and 2.8 ± 0.3mg/kg, respectively for 32–45 days
and five weeks, placebo 25 subjects and 11, AD 24 and 11 subjects, evaluation criteria: weight gain
per day and weight plus psychological outcome) [58] and one with clomipramine (50 mg, 76 days
clomipramine and 72 days placebo, placebo eight and AD eight subjects, evaluation criterion: weight
gain in kg) [54,59]. These drugs only showed some impact on hunger, appetite, and energy intake
at the beginning of treatment, but with no effect on weight, as mentioned previously. Although
clomipramine tended in one study [54] to be associated with lower weight gain compared to the
placebo, this was hypothesised to be linked to more physical activity. An open trial comparing
paroxetine to clomipramine (respectively 18.4 ± 4.7 mg and 75.3 ± 7.6 mg, duration 39 ± 26 and
58 ± 30, 39 and AD 57 subjects, evaluation criteria: BMI, duration to weight gain) found no difference
in terms of weight gain in an adolescent sample, but duration to obtain weight gain was significantly
shorter for paroxetine (72 versus 97 days) [45,60]. In addition, because of the lethal risk with overdose
in suicide attempts and the potential for fatal arrhythmia at low body weight, particularly among
young subjects, this type of medication is no longer studied and is not recommended today for
AN [6,37,40,45,48].

Selective Serotonin Reuptake Inhibitors (SSRIs)

There is today no clear evidence supporting the use of SSRIs in AN [48].
The three RCTs [56,57,61] on fluoxetine versus placebo provided controversial results (respectively

60 mg for the first and for the others 20 to 60mg, for seven weeks, one year, and 52 weeks, placebo 16,
44, and 16 subjects AD 15, 49, and 19 subjects). Most RCTs with placebo (2/3) reported negative results
concerning the effect on eating psychopathology and weight gain [56] and on weight maintenance on
a large sample at 12 months [45,48,57]. The only one that had positive results for the maintenance of
weight at 12 months and for anxiety [61] had only 13 completers for the treatment and no associated
psychological treatment [48]. Some authors hypothesised that fluoxetine inefficacy could be linked
to malnutrition, and in particular, to a lack of dietary tryptophan. Tryptophan supplementation in
addition to fluoxetine was evaluated in a double-blind controlled trial versus placebo (fluoxetine
20 to 60 mg, for six months, AD and placebo 11 subjects, AD with nutritional supplementation
15 subjects). Barbarich, et al. [62], did not show benefits from this supplementation on weight gain,
anxiety or obsessive compulsive symptoms [45]. Three RCTs compared fluoxetine to nortriptyline,
amineptine [63,64] (respectively for fluoxetine 60 mg, versus nortriptyline 75 mg, amineptine 300 mg for
16 weeks, 22 subjects and 13 subjects) or clomipramine / amisulpride [65] (respectively for fluoxetine
28 mg, clomipramine 58 mg/ amisulpride 50 mg for 12 weeks, 35 subjects), and failed to demonstrate
any difference [40].

The effect of citalopram was only investigated in three open trials [66–68]. The authors of the
third study with a control group (citalopram 20 mg, for 12 weeks, 19 subjects compared to 20 patients
on a waiting list) found no improvement in terms of weight, but an improvement in depression,
obsessive-compulsive symptoms, impulsiveness and trait-anger [48], and body dissatisfaction [45].

A small open-label study that compared sertraline with the placebo [69] reported that sertraline
improved depressive symptoms, perceptions of ineffectiveness, a lack of interoceptive awareness, and
perfectionism, but not weight gain [45]

Other Antidepressants

Monoamine oxydase inhibitors were evaluated in an open study among six patients for six
weeks [70]. Mood and anxiety improved [45] but these drugs are no longer used, as a result of
both their inefficacy on weight and their unfavourable side effect profile [48]. Venlaxine has only
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been studied in an open trial [71], in comparison with fluoxetine and in association with cognitive
behavioural therapy, with no differences in weight or behaviour outcomes [45]. Mirtazapine and
duloxetine used in AN have only been described in case reports on adults [48]. Concerning adolescents,
mirtazapine was not found to be superior to other medications nor to no medication in AN [45].

In conclusion, antidepressants have no impact on weight gain [45,48], and their impact on eating
symptoms or psychopathology is not clear. Tricyclics and monoamine oxydase inhibitors have adverse
side effect profiles and should no longer be used in AN [45,48].

Antipsychotics

The rationale for treating AN with antipsychotics was initially linked to the hypothesis that
obsessions regarding weight and body shape in AN (abnormal beliefs that are ego-syntonic and
characterised by an acute lack of insight that persists even when the affected person’s health status
is endangered) could be viewed as delusional ideas and consequently could result from dopamine
receptor hypersensitivity in AN [45]. Other arguments for their use in AN were based on the effect of
these drugs on reward system regulation, their potential efficacy in controlling problematic frequency
of physical activity (usually called hyperactivity in AN) and the weight gain side effects observed in
other disorders [48]. Another recent argument is that second generation drugs also act on the salience
network, known to be impaired in eating disorders, and that they could thus act by enhancing the
reactivity of the anterior cingulate cortex and the salience network in the response to the reward value
of food in AN. These drugs are mainly dopamine D2 and serotonin 5HT2A antagonists [71]. Finally,
more recently, Frieling et al. [72] cited by Miniati et al. [48], have postulated the existence of an altered
expression of the dopaminergic genes among patients exhibiting psychomotor hyperactivity. These
drugs are dopamine D2 receptor antagonists with severe adverse effects. For second-generation drugs,
the arguments also include positive effects on depression and anxiety symptoms arising from eating
disorders [48]. First-generation antipsychotics (typical antipsychotics) and second-generation (atypical)
antipsychotics have all been studied.

Four meta-analyses [27,38,41,43] and six reviews concerned each class of antipsychotic
separately [6,37,40,45,48,51]. The reviews are considered for first-generation drugs, as they are mainly
not included in meta-analyses, and also for second-generation drugs after 2012 (the most recent data
in the meta-analyses). Since the end of the last review [48] five study reports have been published
about antipsychotics in AN, two retrospective chart reviews on adults and adolescents with AN
respectively [45] not reviewed here, one open-label study among adolescents [73] and one among
adults [74] not reviewed here, and two RCTs [75,76]. Details concerning antipsychotic studies are
presented in Table 4.
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Meta-Analyses

The meta-analyses compared antipsychotics, mainly second-generation, to placebo in six to eight
studies, but never exactly the same drugs, always with a majority of studies on olanzapine. 2/4 pooled
first and second-generation antipsychotics [27,41], the two others only included second-generation
drugs [38,43]. They concerned respectively:

- Eight RCTs (four on olanzapine [81,82], one on quetiapine [88], one on risperidone [86], one on
pimoside [77] and one on sulpiride [78] versus placebo) with 102 subjects in the antipsychotic group
and 114 in the comparator group (six placebo groups and one treatment-as-usual), one study [78]
included one sample of adolescents, the last one [86] examined the effects on BMI, weight, glucose
levels, depressive and anxiety symptoms, dropout rates from any cause, adverse effects, akathisia and
drowsiness/sedation [27].

- Seven RCTs including five against placebo, four on olanzapine [81–84], one on risperidone [86],
and two against chlorpromazine [80] or clomipramine or fluoxetine [65] with 72 subjects in the
second-generation antipsychotic group and 75 in the comparator group, exploring weight gain and
drive for thinness, body dissatisfaction, overall eating disorder symptoms and anxiety [38,43].

- Six RCTs (five on olanzapine [81,82,84,85] and one on sulpiride [78]), including one sample of
adolescents [85], one with 73 subjects in the antipsychotic group and 72 in the placebo group, exploring
weight post-treatment [41].

- Seven RCTs (four on olanzapine [81–84], two on quetiapine [87,88], and one on risperidone [86]
with 91 subjects in the second-generation antipsychotic group and 99 in the placebo group, exploring
BMI change, overall changes in anorectic symptoms, and number of dropouts [43].

No impact of antipsychotics was found in comparison to placebo on weight gain, whether
antipsychotics were pooled or considered individually (evaluated in 4/4 meta-analyses), nor on
eating disorder symptoms (evaluated in 3/4 meta-analyses [38]), nor was it found for akathisia [27],
dropout [27], or glucose levels [27]. A recent paper by Attia et al. [76] reported an RCT on olanzapine
increased to the maximum of 10 mg/day in four weeks compared to placebo. This study was
conducted on a large sample of 152 adults AN (83 completers) with a long illness duration (mean
age for placebo group 28 ± 10.9 and for olanzapine group 30.0 ± 11.0 years old and illness duration
respectively 10.5 ± 9.5 and 12.6 ± 11.7). It showed a modest therapeutic effect of four months of
olanzapine, compared with placebo on BMI (with an increase difference of 0.165 BMI points more
per month). This study found no difference between groups in terms of clinical global impressions,
obsessionality, anxiety and depressive symptoms, nor eating disorders symptoms (except an increase
in shape concerns that was observed in the olanzapine group).

Drowsiness/sedation occurred significantly more often with antipsychotics than with
placebo/usual care in the pooled analyses, and especially for olanzapine in an individual analysis [27].
Attia et al [76] found no significant differences in the frequency of the abnormal blood test to assess
metabolic abnormalities between the olanzapine and placebo groups.

For the effect on anxiety and depressive symptoms, there was no apparent efficacy of antipsychotics
according to the largest meta-analysis on the topic (pooling four studies) [27]. A recent small RCT study
lasting three months among 30 adult outpatients with AN mentioned a superiority of Olanzapine (2.5 mg
the first month and 5 mg the two following months) combined with cognitive behavioural therapy
(CBT) versus placebo combined with CBT in improving obsessiveness-compulsivity, depression, anxiety
and especially hostility (but not weight gain or specific aspects related to the AN eating pathology)
without showing results [75].

Typical Antipsychotics other than those Explored in the Meta-Analyses

Haloperidol and chlorpromazine have generally not been evaluated in RCTs, and evidence levels
for their efficacy and safety are poor [48]. Haloperidol as an adjunct to psychotherapy was found
to be associated with weight over six months in one open study [45,48,79]. In an RCT, there was no
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difference in terms of weight gain between chlorpromazine and olanzapine [80] but olanzapine was
superior for the reduction of anorexic ruminations [37].

Other Second-Generation Antipsychotics than those Explored in the Meta-Analyses

Amisulpride was studied in one study [45]. It was found to be superior to fluoxetine and
clomipramine in a single blind RCT for weight gain (not for weight phobia, body image disturbance or
amenorrhea) [65].

Aripiprazole was considered only in a case series of adults and young people [48].
In conclusion, according to the four meta-analyses considered here, antipsychotics had no impact

on weight gain compared to placebo, and their impact on eating symptoms and psychopathology is
not clear. Olanzapine had a modest effect on weight gain in one RCT including adults with a long
duration of AN [76]. Typical antipsychotics have an adverse side effect profile and should not be used
in AN, except perhaps haloperidol in severe AN [45]. Atypical antipsychotics could alleviate some
symptoms, such anorexic ruminations, anxiety or depressive symptoms, but levels of evidence are low,
and based only some small studies [75] and not supported by meta-analyses on the topic [27].

3.2.3. Lithium

The rationale for using lithium among patients with AN is mainly related to the fact that it induces
weight gain in other disorders [37,48].

We found four reviews concerning lithium [6,37,48] all mentioning one RCT [89], but we found
no other recent study.

This small RCT, involving lithium among adults (dose not mentioned, 16 patients and controls,
evaluation criterion: weight gain at weeks three and four) showed a significant difference in terms of
weight for the lithium-treated group, but not for other psychological dimensions [89]. However, the
use of lithium is not recommended in AN, even for patients with severe and resistant forms. Sodium
and fluid depletion are frequent in AN and could reduce lithium clearance, which could lead to lithium
poisoning [45,48], as renal complications are frequent in AN [90].

3.2.4. Appetite Enhancers

Antihistamines

Four reviews [6,37,45,48] mentioned antihistamines but we did not find any more recent studies.
Cyproheptadine (CYP), a serotonin and histamine antagonist reputed to produce weight gain

among children with asthma, was tested in two RCTs [37,48]. The first RCT in four arms compared
Placebo and CPY both with and without cognitive behavioural therapy (12 mg to 32 mg maximum,
duration not mentioned, 81 subjects in four groups: CYP and behavioural therapy or placebo, placebo
and behavioural therapy, placebo; evaluation criterion: weight gain) [91]. The second compared
placebo, CYP and amitriptyline (CPY 32 mg maximum, amitriptyline 160 mg maximum, duration:
to 5% of target weight, 72 subjects in three groups, evaluation criterion: duration to 5% target
weight) [92]. There was no clinically significant effect on weight gain with CYP in the first RCT. In the
second, cyproheptadine marginally decreased the length of time to reach the weight gain objective for
restricting AN patients, but it significantly impaired treatment efficacy for the binging/purging
anorectic patients, compared to amitriptyline and placebo [45,48]. Thus antihistamines remain
non-indicated in AN and should be avoided. No further study was found.

Opiates

One review [37] mentioned a study about cannabinoids and we did not find any more
recent studies.

The opioid peptide system has been implicated in appetite and feeding regulation, linked to
the hedonic value of food in both animals and humans. It has been hypothesised that both anorexia
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nervosa and bulimia nervosa could be opioid-mediated addictions [37]. In line with these hypotheses
opiates and opiate antagonists have been used in order to stimulate eating in AN or to deactivate
the suspected auto-addictive properties of food restriction. No study has been conducted in AN
exclusively to test this hypothesis. Only one review by Aigner et al. [6] mentions one RCT that was
conducted in a mixed sample of 19 AN binging/purging subtype and bulimia nervosa patients using
naltrexone, 100 mg for 6 weeks [93]. Bingeing and purging behaviours decreased among both AN and
bulimia nervosa patients. Naltrexone has no indication in AN.

Cannabinoids

Given the well-known impact of cannabis on appetite, cannabinoids have also been used and
tested in AN. [45,51].

Two reviews mentioned cannabinoids, but we did not find any more recent studies [45,51].
Two RCTs evaluated cannabinoids. An earlier four-week double-blind crossover study [45]

compared delta-9-terahydrocannabiol (delta-9-THC) to diazepam (delta-9-THC, 7.5 to 30 mg versus
diazepam 1 to 15 mg, for four weeks, 11 subjects, evaluation criteria: weight gain, daily calorie intake),
and showed no benefit of delta-9-THC [94]. In addition, three patients experienced severe dysphoric
reactions under 9-Tetrahydrocannabinol administration. The second four-week crossover RCT (5 mg,
4 weeks, 24 subjects, evaluation criteria: weight gain, daily calorie intake), [95] compared low doses
of dronabinol (a synthetic form of delta-9- tetrahydrocannabinol) to a placebo and observed a small
significant gain of 0.73 kg for dronabinol. It had no impact on the total duration of physical activity
but increased the average intensity of this physical activity [51].

In conclusion, cannabinoids have no proof of their efficacy nor of their safety in AN, they need
further evaluation in AN, and should not be used in routine care practice.

Ghrelin

One review [45] mentioned ghrelin agonists, but we did not find any more recent studies.
In a small open trial, infusions of ghrelin over 14 days were delivered to five individuals with

AN, and improved gastrointestinal discomfort and improved nutritional intake and weight gain were
rapidly observed [96].

In conclusion, however, ghrelin has not proved its efficacy nor its safety in AN, and needs more
evaluation in that setting.

3.2.5. Other Medications

Benzodiazepines

Only one review mentioned benzodiazepines [45], and we did not find any more recent studies.
Benzodiazepines are anxiolytic agonists of the gamma-aminobutyric acid (GABA) receptors.

Although they are widely used in anorexia nervosa [7] studies that systematically investigated
benzodiazepines in AN are scarce, and fairly recent [45]. An RCT on alprazolam in an AN inpatient
setting comparing 75 mg of alprazolam prior to a laboratory test meal to placebo, did not find this
drug beneficial in the treatment of AN [45]: alprazolam does not improve calorie intake and increases
fatigue without reducing anxiety [97].

Clonidine

Clonidine is an alpha two adrenergic agonist used to treat hypertension. It was mentioned
in only two reviews [6,48] reporting one placebo-controlled crossover study on four patients on
500–700 micrograms/day [98] and we did not find any more recent studies. No beneficial effect in AN
was observed, but it was associated with hemodynamic side effects such as hypotension.

In conclusion, clonidine has not proved its efficacy in AN and should not be used in routine
care practice.
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N-Methyl-D-Aspartate Agonists and Antagonists

D-cycloserine is an N-methyl-D-aspartate (NMDA) receptor agonist known to facilitate extinction
learning, a promising treatment for anxiety disorders. Only one review mentioned glutamatergic
drugs [45], and they were reported in two RCTs. We did not find any more recent studies.

In one RCT [99], which used D-cycloserine versus placebo prior to meal exposure therapy, it was
found that the D-cycloserin group was linked to a greater weight gain after four exposure sessions and
at one-month follow-up [45].

The NMDA receptor antagonist amantadine was also used in a case series of 22 patients [100].
Amantadine administered 45 min before the main meal improved neuro-autonomic symptoms during
the meal. Patients were able to eat all types of foods and their BMI increased over three months [45].

In conclusion, these drugs have no proof of their efficacy nor of their safety in AN and they need
more evaluation in AN. They should not be used in routine care practice.

Oxytocin

Oxytocin is a neuropeptide hormone synthesised in the hypothalamus. It plays a role in
pair bonding and in the regulation of broader social interactions, emotional reactivity and feeding
behaviours. Some authors suggest that oxytocin could be a useful adjunct for the treatment for
AN [51], but no review has published results. We found one recent RCT. The usefulness of oxytocin
as a therapeutic agent in AN was tested in only one RCT in the course of hospital-based nutritional
rehabilitation, comparing 16 AN patients under oxytocin 36 UI (intra-nasal) per day for four to six
weeks and 17 patients receiving placebo. The weight gain was similar in the two groups, while eating
concerns and cognitive rigidity lowered after oxytocin treatment [101].

3.3. Results: Somatic and Nutritional Treatments

Recent progress in understanding and progress in care provision for eating disorders has led to
an overall consensus at the beginning of the 21st century on somatic and nutritional treatments in
multidisciplinary approaches, and on evidence that weight restoration is a key aspect for the correction
of many somatic functional disorders. Nevertheless, somatic medications or nutritional approaches
for AN patients are more often used off-label, with no detailed guidelines for severe AN inpatient
populations, nor for specific organic complications (osteoporosis, growth or puberty failure) treated by
various highly specialized physicians.

Our literature review found various narrative reviews concerning somatic aspects of AN, but only
a few recent systematic reviews concerning multi-organic somatic medications. In fact, most systematic
reviews are concerned with the effects of weight gain or pharmacological treatments (hormone
replacement, biphosphonates, teriparatide, and vitamin K) on bone mineral density and secondary
osteoporosis [39,44,49,50] or they concerned nutritional therapeutic modalities and their impact on
weight changes [42,46], or the efficacy of nasogastric enteral nutrition and adverse effects [47,52,53].
Most of the studies involved small samples, with heterogeneity within and among studies concerning
evaluations, biomarkers and age range, with heterogeneous adolescent and adult populations,
and various durations, often with an insufficient follow-up. There are very few studies only on
child/adolescent populations, and more than 95% of the data mainly concerned female and Caucasian
AN patients.

3.3.1. Nutritional Support and Refeeding

While weight gain and progressive weight restoration is an important first step in treating patients
with AN, and is essential for medical stabilization before starting specific psychiatric care, it is clear
that there is a lack of empirical evidence concerning initial refeeding strategies, and that heterogeneous
medical practices are observed in everyday practice.
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Approaches to Refeeding

One systematic review [42], including seven studies assessed and summarized nutritional
treatments provided for 403 adolescent AN inpatients. Initial energy intake, regardless of refeeding
protocols, ranged from 1000 kcal to >1900 kcal/day with a maximum energy intake during
hospitalization ranging from 2000 to 4350 kcal/day. The maximum energy intake achieved was greater
in the groups with additional enteral feeding (three comparative studies out of seven). The level of
evidence for these results was not sufficient to propose any consensus on the most effective refeeding
protocols, but it supported the need for future research on this topic.

One systematic review [46], including 27 studies and 2635 patients examined approaches to
refeeding among adolescent and adult AN patients in various treatment settings, and 96% were
observational/prospective or retrospective and conducted in hospital. This review focused on
refeeding protocol analyses, patient clinical characteristics and somato-psychic outcomes. Thirteen
studies described a meal-based approach to refeeding (calorie intake divided into meals and snacks),
ten studies approached the topic with various combinations of nasogastric feeding and oral intake, one
combined total parenteral nutrition and oral intake, three involved altered nutrient content (differing
from current dietary recommendations). The main results of this systematic review concluded that
the classic refeeding approach (starting the calorie level between 1000 and 1200 kcal/j) among mildly
and moderately malnourished patients is too “conservative”, and could be associated with lower
weight gain and longer hospitalization. Higher calorie intake (calorie starting level between 1500 and
2400 kcal/j) with a meal-based approach, or a combination of nasogastric feeding and oral intake
could be safe and well tolerated with appropriate monitoring. In the absence of sufficient evidence,
a lower calorie approach in refeeding remains the rule for severely malnourished inpatients. Parenteral
refeeding was associated with multiple adverse effects and is not recommended. The authors of
the review suggested more research to evaluate the impact of different refeeding approaches on the
duration of a hospital stay and long-term outcomes.

Enteral Feeding (EF)

Enteral feeding is indicated if under-nutrition is severe (BMI < 13) and/or associated with
metabolic disorders, and/or if there is prolonged weight stagnation, despite adequate nutritional and
psychiatric management [3]. EF is considered safe and well tolerated, and effectively enhances calorie
intake and the rate of weight gain among patients with AN [102]. Enteral nutrition should always be
performed using a small nasogastric tube. Although a few studies reported using percutaneous
endoscopic gastrostomy [103], this route should not be used in the nutritional management of
anorexia nervosa, because it can aggravate the distortion of body shape perception among patients.
An isocaloric and isoprotidic solute should be used continuously (1 mL = 1 kcal) in the first days
in case of severe undernutrition, in order to avoid post-stimulatory hypoglycaemia [104]; nocturnal
refeeding can also be performed. Caloric progression should be cautious in the first days, beginning
with 10–15 kcal/kg/d, and increasing slowly up to 30 to 40 kcal/kg/d at one week, in order to prevent
refeeding syndrome [105], but some recent data also reported the potential risk of "underfeeding
syndrome", supporting the interest of more aggressive refeeding therapies [106]. EF should be
maintained only as needed, to ensure that patients retain normal eating behaviours. Progressive
oral feeding should always be encouraged and accompanied by an experienced dietician [107].

One recent systematic review [53] including 10 studies, confirmed that EF is a safe therapeutic tool
that is well tolerated for the management of AN patients, with an average weight gain > 1kg/week
and enhanced calorie intake and weight gain in the four studies comparing EF to oral-only refeeding.
Long-term effects associated with nasogastric enteral refeeding are only reported in the RCT study [108],
with a higher mean body weight at 12 months in the EF group.

One systematic review [47] including 18 studies and 1427 adolescent and adult AN patients
(1406 F/21 M), evaluated physiological and psychiatric outcomes and patient adherence to nasogastric
feeding (NG). It can be noted that 95% of the studies were conducted in inpatient medical or psychiatric
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units and only one study concerned ambulatory patients [109]. Continuous NG was reported for
50% of the patients, and various tube refeeding methods (combined, overnight, bolus, not reported)
for the others. Mean duration for NG use was 79.5 days. All studies reported a greater short-term
weight gain for patients with NG than for patients fed per os, with 30% of non-adherent patients
(interference with the tube or the feeding pump). NG could decrease bingeing/purging behaviours and
improve cognitive functions and psychiatric comorbidities such as anxiety and depression symptoms.
Results concerning the physiological tolerance of NG (digestive disorders), safety (partial symptoms
of refeeding syndrome) and the psychiatric outcomes are confusing and should be taken with caution
because of the many methodological limitations.

One systematic review [52], investigating the efficacy of enteral nutrition (EN) in the treatment
of eating disorders included 22 studies and 1397 AN patients, 97.4 % of whom were females. One
study concerned only hospitalized adolescent boys [110]. The nineteen studies evaluating the use of
enteral nutrition in the treatment of anorexia nervosa, reported a significant short-term weight and/or
BMI gain, but results were more uncertain in the long term. Five studies evaluated the characteristics
and outcomes of the use of enteral nutrition in the treatment of binge-eating/purging behaviours,
among which four studies were conducted in home settings [108,109,111,112]. The combined results
of these studies confirmed that transient exclusive EN use decreased the frequency and severity
of bingeing/purging behaviours. Three studies [113–115] on severe AN patients with BMI ≤ 11.5
reported that EN was initially better accepted than oral intake, and that EN is a safe and well-tolerated
therapeutic strategy for high-risk patients. No major side effects in comparative studies were reported
concerning transient hypophosphatemia, well controlled by biological monitoring, and transient
and moderate digestive disturbances were resolved with treatment. Most studies reported various,
transient EN interference strategies, without massive refusal for the reinstatement of tube feeding. Hale
et al, discussed the limitations of the study, including various selection biases and ethical limitations
for the conduct of blind randomized trials in the EN clinical context.

Oral Nutritional Supplementation

High-calorie liquid supplements can be prescribed to supplement oral food intake or to substitute
for calories refused in meals, to increase energy intake and to promote weight gain [106]. Different
types of oral supplements varying in flavour, volume, and nutritional composition exist, and need to
be adapted to individual therapeutic purposes. Evidence is really scarce in the field of AN.

We found no systematic review on this topic, but benefits and adverse effects for high-energy
liquid supplements among feeding methods are reported by Hart et al. [116] with the combined
findings and conclusions of five descriptive studies [117–120]. Oral nutritional supplements can meet
the high calorie requirements for weight gain in a smaller volume (125–300 mL) than food, and can
thus be helpful for patients with digestive discomfort and/or for vulnerable patients in avoiding
early satiety. This can lead to a better and faster nutritional recovery, and a reduction of hospital
stays by shortening the duration of treatment. The main adverse effect is the risk of addiction to
oral supplements creating an obstacle to food reintroduction, by reinforcing avoidance behaviours
or by encouraging dependence on artificial food sources. These findings suggest that oral nutritional
supplements can be considered as a part of dietary and medical care, and should be administered with
precise and specific objectives explained to patients and integrated into a multidisciplinary approach.

Parenteral Feeding

Parenteral feeding is contraindicated in anorexia nervosa because of the major risk of metabolic
and infectious complications [45].

Micronutrient Supplementation

No systematic review was found on this question. Several micronutrient deficiencies (including
vitamins, minerals and trace elements) are described among patients with eating disorders [121]. These
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deficiencies are the consequence of restrictive food and low micronutrient intakes widely described
among eating disorder patients [122]. Among malnourished patients, initial asymptomatic electrolyte,
vitamin and trace element deficiencies can often worsen with re-feeding because of the increased needs,
and lead to the occurrence of refeeding syndrome (RS) [45]. Prophylactic electrolyte and micronutrient
supplementation is recommended for eating disorder patients with high risk of RS by the French and
American guidelines on eating disorders [2,3], especially in long-lasting renutrition among adult AN
patients with severe under-nutrition and a very low weight. This supplementation, in addition to
unspecific vitamin and trace element supplementation, includes phosphorous (0.5–0.8 mmol/kg/d),
and thiamin (200–300 mg/d) [105,123].

Zinc

Zinc deficiency is frequent in AN patients. Zinc is reported to be an appetite stimulator and
to improve depression and anxiety. Zinc increases the expression of NPY and orexin m-RNA in
experimental animals and plays a role in limiting the progression of cachexia and sarcopenia [124].

One RCT study [125] evidenced a BMI increase that was twice as rapid and an enhancement
of brain neurotransmitters, including gamma-aminobutyric acid (GABA), in the group receiving
zinc supplementation. No side effects are reported. Birmingham et al [125], suggest that daily oral
supplementation should be considered for malnourished AN patients.

Vitamin B12 and Selenium

Other rare micronutrient deficiencies are reported, such as cases of sensory neuropathy resulting
from vitamin B12 deficiency [126] and cases of cardiac involvement resulting from selenium
deficiency [127]. There are no recommendations on specific supplementation with vitamin B12 or
selenium. However, a plasma concentration assay should be performed, and supplementation should
be administered if any specific clinical or biological symptoms are observed in severely malnourished
AN patients.

Polyunsaturated Fatty Acids (PUFAs)

Polyunsaturated fatty acids (PUFAs) including essential fatty acids, linoleic (n-6) and
alpha-linolenic n-3 (n-3) acids, and long-chain fatty acids (LC n-PUFAs), seem to provide different
benefits for various neurological and psychic disorders by acting on the brain and the inflammatory
system [128].

A recent comprehensive overview of the literature [129] reported that AN patients have modified
PUFAs levels. Shih et al [129], reported on one case [130] and two cases series [131,132] concerning the
effectiveness of polyunsaturated fatty acid supplementation and concluded that polyunsaturated fatty
acids and particularly n-3 and n-6 PUFAs could be a novel adjunct medication for AN patients to treat
food aversion, comorbid anxiety and depression and promote weight restoration.

3.3.2. Functional Digestive Disorders

Functional Digestive Disorders according to the Rome III criteria are common in anorexia
nervosa [133–135]. Reported lesions are dysphagia and gastric burns, described respectively in 6% and
22% of patients, with no clear link to structural involvement of the oesophagus [136]. In a prospective
cohort study including inpatients with eating disorders, 96% reported postprandial fullness, 90%
reported abdominal distension and more than half complained of abdominal pain, gastric distension,
early satiety and nausea [137]. Classic therapies are not very effective and there are few studies on the
subject. Refeeding inducing a return to normal weight, remains the most effective therapeutic option;
however no systematic review exists on this topic specifically in AN. We report here, empirical data
concerning therapies provided in digestive disturbances associated with AN.
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Drugs Acting on the Gastro-Oesophageal Cardia and Gastric Motility

According to the current guidelines of the American College of Gastroenterology [138], the
prokinetic agents of choice are metoclopramide, erythromycin, azithromycin, and domperidone [139].

Metoclopramide is the first-line drug (moderate recommendation, moderate level of evidence [138]).
It is a dopamine D-2 receptor antagonist that acts by stimulating the parasympathetic innervation of
the stomach to increase the motility and contraction of the smooth muscles of the stomach. It should
be started at a low dose, 2.5 mg 30 min before meals. This prescription should be monitored clinically
because of the risk of acute dystonia and the cardiac risk with the prolongation of the QT interval.

Erythromycin is an antibiotic that also works at low doses, as a motilin agonist, which is a
stimulant of gastric peristalsis. It has a prokinetic effect that improves the symptoms of gastroparesis.
However, erythromycin has non-negligible adverse effects, and its effectiveness is limited to a few
weeks because there is a saturation effect of the receptors. Long-term use can induce a decrease in
the response to the drug (strong recommendation and a moderate level of evidence). Moshiree et al,
have also shown that azithromycin has a similar motilin agonist effect to erythromycin and can be
prescribed at a 250 mg daily dose [140].

Domperidone is a D-2 dopaminergic receptor agonist similar to metoclopramide with fewer
central nervous system side effects (moderate recommendation and a moderate level of evidence) [138].
Due to the serious cardiac side effects, domperidone is subject to recent restrictions on use, particularly
among underweight AN patients.

Other Drugs for the Gastro-Intestinal Tract

Trimebutine, a smooth muscle relaxant, can be useful in treating irritable bowel syndrome,
particularly during the initial re-feeding period [141].

Proton pump inhibitors are often administered to AN patients in a context of gastroesophageal
reflux or during tube re-feeding, and they are the first-line treatment because of their efficacy and
supposed safety [142]. In fact, proton pump inhibitors have various potential side effects involving
bone and renal and digestive functions, and they can interact with psychotropic medications in AN
patients [143].

Laxatives

In the context of constipation in AN, the use of laxatives should be evaluated for the risk-benefit
balance, and non-irritant osmotic laxatives should be proposed in priority in association with a gut
muscle relaxant such as trimebutine. Indeed, they are not very effective, and there is a significant
risk of abuse as a strategy for weight control. Their use should be cautious because they can
lead to dehydration or hypokalaemia [144], and a progressive withdrawal is necessary to limit
sub-occlusive risk.

Probiotics

The gut microflora contributes to the regulation of feeding behaviours and probably has a
significant impact on the regulation of responses to stress [145]. Recent findings support the concept
of altered host-microbe symbiosis in patients with AN, which could be one of the key factors in the
pathophysiology of AN. Probiotic gut microflora modulation could be an interesting biotherapeutic
strategy [146,147], but currently no data exists.

To sum up, digestive symptoms are common in patients with AN, they are a source of physical
and psychic complaints, and can be a barrier to re-feeding. Functional digestive disorders should be
appropriately managed using specific medications restricted in time to relieve patients and facilitate
their adherence to the oral or enteral feeding program. Despite the lack of data on their efficacy in AN,
these drugs should be considered as an adjunctive therapy on a case-by-case basis among patients
with severe functional digestive symptoms, and their relevance should be regularly reassessed.
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3.3.3. Endocrine Medications

Anorexia nervosa is associated with numerous neuroendocrine dysfunctions associated with
modified plasma hormone levels and blunted, suppressed or paradoxical responses to dynamic tests,
involving the hypothalamic-pituitary-gonadal growth hormone (GH)-insulin-like growth factor-I
(IGF-I) and the hypothalamic-pituitary-adrenal axis, thyroid function, several adipokines, such
as leptin, gut peptides such as ghrelin and YY peptide, and the posterior pituitary (oxytocin and
anti-diuretic hormone). Endocrine disturbances can generate severe and irreversible complications
involving osteoporosis, puberty, fertility or growth and can in addition perpetuate AN symptoms and
psychiatric comorbidities [148,149].

Among AN patients, the majority of endocrine disturbances are attributable to weight reduction
and to the low energy availability as a result of chronic starvation, but also due to neuro-psychic
alterations, and consequently, the key treatment consists in weight restoration and in treating psychic
disorders. Since hormone changes can also act as maintenance or aggravating factors on AN cognitive
and behavioural symptoms, on psychiatric comorbidity (anxiety, depression) and on neuro-psychic
function, it seems essential not to neglect endocrine comorbidities and to possess an adequate range of
specific medications.

To date, no systematic review concerning endocrine medications exists, but we found a few recent,
innovative studies on promising hormone treatments conducted among female AN patients: one study
concerned recombinant human growth hormone (rhGH) replacement among adult AN women [150],
one study concerned rhGH treatment among AN children [151], one study concerned oestrogen
replacement among adolescent AN girls [152], one study concerned GnRH among weight-recovered
AN [153] and one study concerned recombinant human leptin among underweight women [154].
We report these five studies on these innovative hormone medications in the following sections, and
they are summarized in Table S1. All other studies about endocrine medications and bone health and
osteoporosis were reported in previous systematic reviews and are summarized in Table 3.

Growth Hormone (GH)-Insulin-Like Growth Factor-I (IGF-I) Axis Medication

Nutritionally acquired resistance to GH, with high levels of this hormone and a disruption of
the circadian dynamics of GH secretion, high levels of the GH secretagogue ghrelin, and low serum
IGF-I levels have been reported among young AN patients [20]. The pathophysiological mechanisms
underlying pubertal delay or arrest and low height velocity (HV) are complex during the critical
window for the pubertal growth spurt. These mechanisms can affect adult height, but they are still
incompletely understood. After the patients’ nutritional and mental state has improved, catch-up
growth is highly variable, from complete catch-up to a complete failure to gain height [155,156]. About
one third of girls with severe early-onset AN are at risk for adult height deficit [157]. It remains
unclear whether the high rates of associated psychiatric comorbidities, such as depression and anxiety,
contribute to hypercortisolemia and persistent severe growth deficiency. It can also be noted that
among children and adults, GH and IgF1 have various metabolic effects on body composition and
trophic effects on bone formation and osteoblastic activity [150].

In a randomized placebo-controlled study, Fazeli et al [150], showed that supraphysiological
rhGH administration for AN adult women for 12 weeks failed to increase IgF1 levels, but significantly
decreased the total fat mass and fat mass percentage (rhGH, −2.5 ± 0.6%, vs. placebo, 2.2 ± 1.1%;
p = 0.004) and leptin levels in the rhGH group. Glucose, insulin, free fatty acid levels, bone markers
(N-terminal propeptide of type 1 procollagen, type I collagen C-telopeptide), and weight did not differ
between the two groups. These results support the independent metabolic roles of GH and IgF1 and
the fact that supraphysiological rhGH is not a useful medication for adult AN women because of the
negative effects on nutritional status via increased lipolysis, and on gonadal function via the effects
of leptin.

In a proof-of-concept study reported by Léger et al [151], recombinant human growth hormone
(rhGH) treatment has recently been shown to greatly increase HV among AN adolescents with
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delayed puberty and prolonged severe growth failure (HV < 2.5 cm/year for at least 18 months at
the age of 13.3 ± 1.1 years) within one year of treatment instatement. Serum IGF-I levels increased
to the mid-normal range for all patients; HV increased significantly, from a median of 1.0 (0.7–2.1)
to 7.1 (6.0–9.5) cm/year after one year (p < 0.002). This increase in HV was also maintained in
subsequent years and adult height (−0.1 ± 1.0 SD) was close to target height after 3.6 ± 1.4 years of
rhGH. The treatment was well tolerated. Despite a substantial increase in body mass index (BMI)
before the start of GH treatment, mean BMI SDS did not normalize entirely. These data indicate
that the increase in HV observed in these patients was probably related to hGH therapy, with only a
small potential contribution of the improvement in nutritional intake and BMI. To determine whether
hGH therapy should be considered an appropriate option for AN adolescent patients, a randomized
placebo-controlled study evaluating the effect of hGH treatment on growth, metabolic parameters,
bone mineral density and overall course of the illness in this rare and severe condition in children is
currently being conducted.

Hypothalamic-Pituitary-Gonadal Axis Medication

AN patients present functional hypogonadotropic hypogonadism including low levels of gonadal
hormones (estradiol/testosterone), prepubertal patterns of gonadotropin hormones (Follicle Stimulating
Hormone (FSH), Luteinizing Hormone (LH), reduced GnRH pulsatility with menstrual disorders
in women, and fertility and sexuality disorders in both sexes [149]), although the literature on
endocrinopathies among AN males is sparse [158]. Weight restoration is a crucial issue for gonadal
function recovery, but individual BMI targets and time lapses to menstrual resumption are highly
variable [159], and the indication for hormone replacement to restore menstrual function, and the efficacy
of fertility-stimulating treatment among weight-recovered anorexic female patients, are frequently
questioned. The potential impact of oestrogen on cognitive function among AN women following
adolescent onset has recently been suggested [160].

One double-blind RCT reported by Misra et al [152] on 72 AN adolescent girls with an
18-month follow-up evaluated the impact of transdermal 17 ßestradiol (100 μg twice/week)/ 2.5 mg
medroxyprogesterone acetate J1-J10/month) on anxiety, eating attitudes, and body image. Oestrogen
replacement was linked to a decrease in anxiety trait scores evaluated on the Spielberger State-Trait
Anxiety Inventory for Children (STAIC-trait scores) without impacting anxiety state scores (STAI-state).
There was no effect of oestrogen replacement on eating disorder symptoms evaluated on the Eating
Disorder Inventory (EDI II) or the Body Shape Questionnaire (BSQ-34 scores). BMI changes did not
differ between groups. Oestrogen replacement leads to a reduction in trait anxiety among adolescent
girls with AN that is independent from weight changes. However, oestrogen replacement did not
directly impact eating attitudes and behaviours, body shape perception, or state anxiety. These results,
to be confirmed, raise interesting questions and call for future research to confirm the impact of various
oestrogen replacement therapies on cognitive functions, anxiety and depressive symptoms in AN.

One retrospective observational monocentric study reported by Germain et al [153], compared
response to gonadotropin-releasing hormone therapy (GnRH) with 20 μg/90 min/four weeks
induction cycles (repeated if there was no pregnancy) administered by a sub-cutaneous infusion
pump to 19 weight-recovered AN patients (Rec-AN) (BMI > 18.5) and to patients with other causes
of hypothalamic amenorrhea, including primary hypothalamic amenorrhea patients (PHA) and
secondary hypothalamic amenorrhea patients (SHA). The study results reported higher estradiol and
LH levels during induction cycles among Rec-AN patients than in the PHA and SHA groups; follicular
recruitment and the ovulation rate were higher among Rec AN patients than among PHA patients,
but similar to SHA patients; the cumulate pregnancy rate was 74 % for Rec-An (vs 73% for SHA et
14% for PHA). No adverse side effect and no excessive response to stimulation were reported. This
study showed that pulsatile GnRH therapy could be a safe and efficient treatment in hypothalamic
amenorrhea among weight-recovered AN patients.
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Leptin

Previous animal model studies reported that leptin, an anorexigen adipokine regulating LH
pulsatility, gonadal function, puberty development and fertility, could participate in starvation-induced
amenorrhea among AN patients [161]. Leptin levels are decreased in malnourished AN patients, and
recent research discussed the potential interest of recombinant human leptin treatment, which could
normalize reproductive hormones and restore gonadal function among female AN patients, and the
interest of combining recombinant human leptin with oestrogen therapy [162].

One prospective study, reported by Welt et al [154], concerned the use of recombinant human
leptin (r-metHULeptin) for up to three months among eight secondary hypothalamic amenorrheic
adult women (18–33 years) versus six amenorrheic control subjects. Amenorrhea among the treated
patients was secondary to recently increased physical exercise or weight loss but without AN diagnosis.
The study reported increased LH pulsatility after two weeks of treatment, and increased estradiol
levels and ovarian activity, over a period of three months among treated subjects. Levels of thyroid
hormones (free T3), IgF1 and IGF1-BP3 and osteoformation biomarkers also increased with leptin
treatment. The safety and tolerance of leptin administration and the impact on eating behaviours
among AN patients are in debate and require further research.

There are serious gaps in knowledge and no approved treatment for gonadal deficits or other
endocrine dysfunctions in AN despite the various severe consequences on somatic, nutritional and
psychiatric aspects of the low levels of reproductive hormones and other hormonal disturbances such
as prolonged hypercortisolism. Recent studies suggest interesting new approach strategies, such as
sexual hormone therapy to normalize oestrogen deficit, and restore puberty and fertility processes,
with a potentially positive impact on cognitive functions, mood, anxiety, and bone health, and reduced
spontaneous fracture risk. To date, there is no data concerning gonadal function treatments for male
AN patients.

3.3.4. Bone and Osteoporosis Medication

Anorexia nervosa leads to a loss of bone mass, accompanied by low bone mineral density
(BMD), secondary osteoporosis and increased fracture risk, as a result of malnutrition and hormonal
imbalance [163]. Almost all adult AN patients (92%) have a BMD 1 SD below controls and 38% of
patients have a BMD 2.5 SD below controls. For the same duration of amenorrhea, AN patients
who develop AN during adolescence have lower BMD than those who present AN later in adult life.
As suggested by Misra et al, long-term use of SSRIs could contribute to low bone mass in AN [164].
Given the impact of AN on bone metabolism, fracture risk should be assessed in AN patients using
dual energy X-ray absorptiometry (DXA). The U.K. National Osteoporosis Society (NOS) recommends
monitoring BMD by DXA every two years.

We found four systematic reviews concerning the treatment provided for bone health and
osteoporosis [39,44,49,50]. One of them concerned the impact of weight gain/restoration on bone [44],
one was about impact of oestrogen replacement on bone [39], and the two other studies concerned the
impact of various somatic medications on bone health [49,50] We report these four systematic reviews
in the following sections on the basis of the therapeutic strategies provided.

Weight Gain/Restoration

Restoring weight and normal function of the gonadal axis (with restoration of menses for women)
is one of the goals of the treatment of AN and is essential for bone health.

In a systematic review [44] which included 18 studies with follow-up periods from 12 to 90 months
of female adolescent AN patients, eight studies showed no significant change in BMD after weight
gain/restoration (follow-up 12 months), one study showed decreased BMD after weight restoration
(follow-up 12 months), and nine studies showed BMD improvements with weight gain (mean
follow-up 30 months) without total catch-up with controls. Therefore, there is strong evidence for at
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least a stabilization of BMD with weight gain and/or weight restoration. Longer follow-up (more
than 12 months) provides evidence of an increase in BMD with weight gain. Nonetheless low BMD
and fracture risk persist after weight recovery. In an adult study [165] the patients whose menses
were restored had an increase in spine BMD independently from weight restoration, and weight gain
improved hip BMD, whereas the patients with no weight gain nor restoration of menses had an annual
rate of BMD decrease of 2.5%. Weight gain and restoration of the gonadal axis can be difficult to
obtain in clinical practice. In addition, BMD is persistently low a long time after recovery for AN
patients without complete catch-up with weight and menses restoration [166]. The adjunction of
complementary medications to treat low BMD and limit fracture risk among pre-menopausal AN
women needs to be considered. Only one study [167] on male adolescents with AN was reported,
evidencing a rapid and positive bone density evolution in case of weight restoration.

Oestrogen Replacement Therapy

Oestrogen inhibits bone resorption and hypogonadism resulting from food restriction in AN and
contributes to increased bone resorption as a result of hypoestrogenia in women.

One cross-sectional study [168] has shown a higher spine BMD for AN subjects exposed to oral
contraceptives (OC) combining oestrogen and progesterone compared to AN patients without OC, but
Elkazaz et al. [169] reported that healthy premenopausal women with OC current use have a lower
BMD compared to women with past OC use and/or non-use, and that this relationship seems in part
mediated by IGF1 suppression by oestrogen and thus should not be recommended as a bone accrual
medication for adult AN patients.

One systematic review [39] including 10 studies with eight placebo-controlled RCTs evaluated
the influence of oestrogen therapies on bone mineral density (lumbar spine and femoral neck or
hip BMD by DXA) among adolescent and premenopausal adult women with amenorrhea [39].
Five RCTs used oral contraceptives and three RCTs used hormone replacement therapy. The results
were poor quality and generally disappointing regarding oral contraceptives with various ethinyl
estradiol doses administered (20–35 μg/d) and various combined progestins, small samples and
short follow-up. Of the five studies using oral contraceptives, only one reported increased BMD
in the lumbar spine [170], while in the other studies bone loss was not modified or continued to
progress. Lebow et al concluded that oral contraceptives were poorly effective in treating bone loss
among adolescent or young adult amenorrheic AN patients [39]. Physiological hormone replacement
therapy yielded more interesting results, particularly with one study reported by Misra et al, [171] on
physiological transdermal oestrogen (17ß estradiol) replacement therapy among AN adolescent girls
(with incremental doses of oestrogen mimicking oestrogen pubertal secretion for the youngest patients
and 100 μg patches for bone-mature patients) combined with cyclic progesterone. This increased
hip and spinal BMD, with an increment comparable to the healthy control group, in a well-designed
randomized controlled 18-month trial, but it did not provide complete recovery at the end of the
trial, as BMD was still lower in the AN group than in the control group [171]. Therefore, transdermal
oestrogen replacement therapy, by bypassing the IgF1 suppressive effect of oral oestrogen, could be
recommended for adolescent females suffering from AN.

Hormonal and Other Somatic Medications

One systematic review [49] concerning 20 studies (10/20 were double-blind RCTs) reported a
synthetic assessment of the effectiveness of weight restoration and interventional studies exploring
various somatic drugs (oestrogen replacement therapy, recombinant h-GH, recombinant h-IgF1, DHEA,
biphosphonates, teriparatide) on bone health among adolescent and adult AN women.

The most recent systematic review [50] included 19 studies (10/19 were double-blind RCTs) and
concerned adjuvant medications potentially active on bone, such as various oral contraceptives (OC)
containing Ethinyl Estradiol (EE) (EE or EE/levonorgestrel or EE/progestin or EE/norgestimate), various
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oestrogen replacements (transdermal 17ßE/progesterone or oral EE/progesterone), teriparatide (TPt),
alendronate, rhIgF1, menatetrenone (MED) (vitamin K2), risedronate and transdermal testosterone.

The results from these two systematic reviews concerning various medications and pharmacological
interventions are summarized in the sections below.

Bisphosphonates

Biphosphonates inhibit osteoclast activity and bone resorption, they increase BMD and reduce
fracture risk in post-menopausal women. Three trials have explored the impact of bisphosphonate
treatment on BMD in AN (one RCT with alendronate [172], two with risedronate: one controlled
trial [173] and one RCT [174]). After 1 year of alendronate in an adolescent AN group (baseline Zscore
≤ −1), weight was the main determinant of BMD. After controlling for body weight, alendronate
increased femoral neck BMD. This does not provide sufficient proof to support the use of alendronate
in adolescent osteoporosis in AN.

Among adult premenopausal AN patients with osteopenia (Tscore of −2.7 ± 2) [173] spine BMD
had increased by 4.9±1% after nine months of treatment with risedronate compared to a decrease of
1 ± 1.3% in the control group. After one year of risedronate [174] (baseline Zscore −1.5 ± 0.7) spine
BMD increased by 3.2%, whereas it was unchanged in the placebo group.

Oral bisphosphonates have been associated with upper gastrointestinal tract ulcerations.
Nonetheless, in the three trials in AN no adverse effects on the gastrointestinal tract were reported.
Intravenous bisphosphonates could be an option in AN, but they have yet to be tested in this population.
The main question concerning the use of bisphosphonates in AN resides in its long half-life and its
potential harm to the foetus in case of pregnancy. For the time being, for premenopausal adult
AN women, the prescription of bisphosphonates cannot be widely recommended, and individual
prescription should be discussed on a case-by-case basis.

Testosterone

In the studies using transdermal testosterone administration in women with AN there was no
significant changes in markers of bone formation, and no increase in spinal BMD when transdermal
testosterone was administered without risedronate [174,175].

DHEA

The sole significant effect of DHEA was observed when combined with oral contraceptive
(20 μgEE/ 0.1 mg levonorgestrel) with a stabilisation of femoral neck BMD [176].

IgF1

RhIGF-1 replacement increased bone formation markers in both adolescents and adults AN
patients [177–179]. Effectiveness of combined oral contraceptives or 17ß estradiol replacement and
rhIgF1 are discussed [50].

Teriparatide

Teriparatide is a human recombinant parathyroid hormone, anabolic on bone and it is
recommended for the treatment of post-menopausal osteoporosis. A six-month RCT [180] studied
the impact of teriparatide among older AN patients (mean age 47, Tscore ≤ 2.5), and evidenced that
teriparatide increased spine BMD by 6% (+ 0.2% in the control group). This result supports the use of
teriparatide as anabolic agent for older AN patients.

Menatetrenone (MED) (Vitamin K2)

Administration of MED (vitamin K2) in AN among Japanese women over a nine-month period
reduced bone loss, but there was no increase in BMD [181].
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Evidence-based data from these recent comprehensive studies suggests that the safest and most
effective strategy to protect and improve bone density in AN and prevent fractures among adolescent
and premenopausal women is restoration of weight with the resumption of menses. The most
promising available medications include 17 ß estradiol replacement (such as the transdermal estradiol
patch) for adolescents and bisphosphonates for adults.

Vitamin D and Calcium Supplementation

Low levels of vitamin D and inadequate calcium intake are associated with increased fracture
risk and low BMD. In addition, D3 hypovitaminosis could be responsible for the lack of inflammatory
response and depressive symptoms among patients with long-term eating disorders. Calcium intake
among adolescent AN patients has been described as comparable to that among controls, partly as a
result of supplements [182]. While their intake and the bioavailability of oral ergocalciferol among
young AN patients was similar to that of healthy controls, AN patients have lower serum levels of
25 and 1,25OH-Vitamin D [183]. In addition, patients who have lower serum levels of vitamin D
(<20 ng/mL) have lower hip BMD [184]. After weight gain, the spine BMD increase was greater
in the group of patients with higher serum vitamin D levels (≥30 ng/mL) [185], supporting the
use of oral vitamin D supplements to obtain sufficient serum levels during weight gain. No RCT
prospective trial has been performed to evaluate the efficacy of calcium and vitamin D supplements
alone on BMD among AN patients. Nevertheless, given the impact of calcium and vitamin D on bones,
although the efficacy of calcium and vitamin D supplementation has been poorly evaluated in AN, we
recommend a total intake of calcium of approximately 1000–1200 mg and vitamin D supplements if
serum levels of vitamin D are insufficient or if there is a secondary hyperparathyroidism [186]. Since
oral calcium supplements can be associated with an increased risk of incident coronary atherosclerosis,
a calcium-rich diet should be privileged if possible among AN patients [187].

4. Discussion

The original aim of this multidisciplinary overview was to summarize all the literature published
about the use of medication in the psychiatric, somatic and nutritional aspects in AN.

Evidence based on the efficacy of medication in anorexia nervosa is scarce whether for the
psychological, somatic or nutritional sphere. The evidence base is sparse, as the literature reports
mainly case reports, cases series, open studies and some RTCs. In addition, for the RCTs, methodologies
have numerous failings such as the heterogeneity of study designs, research methods, population
samples, and intervention modalities [6,37,44,45,50]. The aims of the published research were initially
to find medication that would cure AN by overcoming the key resistant symptom, the need for weight
gain. Many drugs have been tested in AN on the rationale of their side effect in terms of weight gain
in other disorders (for example lithium, antihistamines, cannabinoids, etc.) or their action on clinical
manifestations observed in AN (depression, anxiety, obsessions, hyperactivity). In parallel, some
psychotropic drugs have been tested in connection with hypotheses of neurobiological etiopathogenic
neuro-transmitter involvement in the development or maintenance of AN (for example noradrenalin
and serotonin for antidepressants, dopamine for antipsychotics). Recently, new neuro-hormones
involved in the regulation of dimensions altered in AN, such as appetite regulation (ghrelin) or social
interactions (oxytocin) have been evaluated. However, oxytocin and ghrelin have not proved their
efficacy nor their safety in AN. In relation to its anorexigen effect, oxytocin needs more evaluation in
AN setting [188]. These neuro-hormones should not be used in routine care practice.

4.1. Somatic and Nutritional Aspects

Concerning somatic aspects, if weight gain is a crucial step to correct the majority of adaptive
and functional changes resulting from undernutrition, somatic drugs have been explored from the
late 1990s. The evidence of a higher risk of osteoporosis and spontaneous fracture among AN subjects
with amenorrhea [17,19] raised the question of the use of bisphosphonate or oestrogen replacement
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to treat low bone density [39,49,50]. Other hormone replacement therapies for the endocrine
consequences of AN, such as growth or pubertal delay, appeared in the 2000s in association with
endocrine-paediatric management in the context of a multidisciplinary approach [151,157]. Two recent
narrative update reviews on endocrine mechanisms and repercussions in AN report on available
treatments and innovative therapeutic strategies in endocrinology [189,190]. Physicians’ interest in
refeeding modalities [191], relating to optimal daily calorie requirements [42], the risk of over-feeding
and that of under-feeding, high calorie oral supplementation [116], vitamin supplementation and
functional digestive disorder medications [139], is fairly recent and corresponds to the development of
specific nutritional and dietary expertise, alongside the publication of international guidelines [2,3].
Finally, in the last 20 years, we have observed a paradigm shift concerning enteral tube feeding,
considered initially as unethical and coercive, and now viewed as efficient, safe and well tolerated [53].
Promising somatic medications for new targets have developed recently, with micronutrients such
as zinc, polyunsaturated fatty acids (PUFAs) used in refeeding, physiological oestrogen replacement
or teriparatide to treat bone health, leptin to restore gonadic function, reproductive hormone
for hormonal deficits and neuropsychic functions, and GH for severe growth retardation among
prepubertal adolescents.

4.2. Psychotropic Drugs

Since the 1960s nearly all classes of psychotropic drugs have been tried in AN [45]. Psychotropic
drugs were initially compared to placebo without psychotherapy, with very poor results, but the most
recent studies now use psychotropic drugs as additional treatment to global treatment approaches
including psychotherapy (individual and/or family therapy). This type of use stems from an
international consensus, as attested by the NICE guidelines (the most recent international guidelines
published) stipulating that medication cannot be considered as the sole treatment for Anorexia Nervosa
(see Table 1).

Despite the evolution and improvement in study design, evidence-based data is scarce and
possibly even less robust than it was in the WFSBP in 2011 [6] since atypical antipsychotics seem not to
exhibit the efficacy they initially appeared to have.

The RCTs generally evidence negative results concerning weight, and contradictory results
concerning eating disorder symptoms and psychiatric dimensions. This situation can be explained
by discrepancies in study methodologies [45,48], including many limitations such as relatively short
durations of treatment (weeks, or two to three months mainly) and the small sample sizes (fewer than
100 in RCTs, and generally fewer than 30). That said, one of the most important limitations to efficacy
in AN is non-compliance with medication treatments: patients frequently do not take their medication.

This situation of a poor evidence base in the existing literature is discouraging [48]. It has led, in
the more recent reviews published, to giving prominence to emergent or promising interventions and
recommendations for research [24,40,45,51].

In this situation, if we refer only to the evidence-based elements, psychotropic drugs should not
be prescribed in AN. However, the reality in the field is quite the reverse. All psychotropic drugs
are widely prescribed to both adults and adolescents with AN, and this seems to be increasing [7].
In addition, more than half of the patients have more than one psychotropic drug prescribed
simultaneously. Also, dangerous drugs such as bupropion or tricyclics, are still prescribed despite
the conclusions of the literature [7]. The same observation has been made in other studies on
adults and adolescents in different countries [7,8,192]. These papers highlight the disparity between
research conclusions and clinical practice in the treatment of AN. This underlines the importance
of consensual guidelines incorporating evidence-based data. We also need expert consensus and
training for practitioners on this question, especially for ED specialists, who mostly base their practice
on their experience and who seem more resistant to using guidelines than general practitioners [7].
Our “experience” is the result of a complex combination of elements. It is based on core beliefs derived
from different sources, including, of course, evidence-based data. Evidence can be biased in favour
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of drug efficacy by the publication of positive results only [7]. In addition, some studies (or their
coordinators) are sponsored by the industry and their results can be biased by conflicts of interest.
This last point leads the latest NICE guidelines to exclude studies sponsored by the industry from
the studies analysed to establish the evidence base retained for the guidelines [4]. In addition, our
experience is also impacted by psychiatric theoretical orientations, [7] or good or bad experiences with
one or several patients.

4.3. Use of Psychotropic Medication in AN

Once we have discussed these elements, the central question for this review is still unresolved:
how should we use medication in AN?

As recommended by most guidelines, we need to evaluate the global situation of the patient,
including psychiatric, medical, nutritional and social aspects, to propose the best-suited treatment.
Medication should be prescribed on the basis of the clinical evaluation. This evaluation should include
the patient’s opinion about the treatment [4,24].

Concerning psychotropic medication, comorbidities (including mood disorders, anxiety disorders,
obsessive disorders) should be evaluated and treated [18,45] if they are real disorders and not “artefacts”
that will improve with re-feeding [193]. These disorders are usually treated by teams on the assumption
that treating anxiety and depressive disorders facilitates AN treatment, or at least improves their
quality of life [45]. These disorders are usually treated according to the specific recommendations
for each, and taking into account the particular risks of side effects resulting from low weight and
metabolic disturbances (possible depletion in potassium, phosphorus, magnesium, and zinc), and
somatic complications concerning hematologic, renal, hepatic and heart functions that can interact
with medication. Antidepressants and atypical antipsychotics are the most frequently evaluated drugs
and the most widely used in practice.

Chlorpromazine is no longer used for AN because of its severe adverse effects, including
seizures; low doses of haloperidol could be effective as an adjunct treatment for patients with severe,
treatment-resistant conditions with marked self-image alteration [48]. Atypical antipsychotics can
sometimes be useful to help patients with AN, in case of high levels of anxiety [75] or in adults with
a long illness duration [76], but practitioners should be aware that they prolong the QT segment
and can be dangerous in case of malnutrition by leading to cardiac death associated with ventricular
arrhythmia. Their prescription should be monitored for safety, including regular electrocardiogram and
ionogram assessments. In addition, because of the risk of metabolic syndrome, such as hyperglycaemia,
dyslipidaemia or HTA, the usual guidelines for the monitoring of antipsychotics should be applied.
Benzodiazepines are also widely used and their use is questionable, especially among young people,
as they induce dependency and can lead to abuse or misuse [7].

A psychotropic drug can be useful to manage eating disorders or psychiatric symptoms.
Himmerich et al. [194] in a recent survey among AN patients and carers and reported that people
with anorexia nervosa want medication to help with anxiety and sleep problems [24]. However, the
specific treatment of AN also requires re-feeding, and/or cessation of binging and purging, specific
psychotherapy (individual or family therapy) and work on the social impact of the illness. Medications,
and especially antidepressants, are less effective among those that are acutely ill and underweight [18].

Outside situations of emergency (suicidal ideas or risk, very severe anxiety or OCD), following
the discussion with the patient, it is possible to wait a few weeks in order to later reassess the need
for specific treatments for possible comorbidities [195]. In order to diagnose whether psychiatric
symptoms are linked to a comorbid diagnosis or to malnutrition, it is useful to investigate the personal
and family history of comorbid disorders and the chronology of appearance of AN and psychiatric
symptoms. Diagnosis should be based on symptoms, their evolution, the chronology of onset and
individual and familial history of comorbidities [18].

A general discussion with the patient (and the parents for a minor) is necessary to review side
effects, risks, benefits, and alternatives. One important point to make is that psychotropic drugs do not
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induce weight gain in AN but can alleviate negative psychological symptoms. This will be important
for the therapeutic alliance. Practitioners should always have in mind that to be efficient, a medication
needs be taken, and AN patients are often not observant, especially for antipsychotics [37]. In addition,
to be efficient, a medication needs be absorbed. When patients purge after they have taken their pills
or have swallowing phobia or food orality disturbances, they cannot be efficient. Both points should
be discussed with the patients.

As in other reviews, we will conclude on perspectives for future research on the topic of medication
in AN.

4.4. Perspectives

Several perspectives suggest the need for the development of innovative treatments.
Part of the lack of evidence could be attributable to the heterogeneity of significant symptoms and

the treatment responses encountered in AN. Very few studies thus far have stratified the subtypes or
clinical features of the disorder. Anorexia nervosa is a heterogeneous disorder and a single “optimal”
drug for all individuals is highly unlikely. Targeting more homogeneous subgroups could be helpful.
Thus, growing evidence derived from various approaches supports a specific staging trajectory
for anorexia nervosa, and there is preliminary evidence that interventions should be matched to
the stage in the illness (for review see [196]). Interventions tailored according to the stage of the
illness or the developmental trajectory could be valuable options. Certain other clinical features
could be considered for more homogeneous subgroups of patients, since they could be associated
with a specific form of the illness, or lower response to medication, for instance the AN subtype
(AN-R, AN-BP, AN/B, AN/P), age (differentiating pre and post-pubertal adolescents and adults),
gender, cultural environment, current and maximum pre-treatment BMI, associated personality traits,
psychiatric comorbidities [45] or a history of childhood abuse [197,198]. A number of latent class
and latent profile analyses have been performed on symptom and personality factors to stratify the
endo-phenotypes spanning AN [197,199–201]. These sub-categorizations could be a starting point to
homogenize samples.

Also, there is currently emphasis on using precision medicine to identify targets, which should
lead to more effective treatments. Symptoms that maintain the disorder may differ across individuals
and participate in the lack of evidence. A novel methodological perspective is thus to address the
extreme heterogeneity within AN and to develop and adapt treatments to each individual, which
could be of considerable interest in the near future [202].

Finally, beyond a categorical approach, treating one or several specific dimensions associated
with the illness rather than the illness overall could be useful, since changing targets might change
clinical outcomes. Some salient dimensions in AN, such as delay discounting or cognitive impulse
control, could potentially be targeted by drugs or a neuromodulation approach [203].

Concerning non-psychotropic drugs used in AN, these are mainly used to treat medical conditions
associated with AN. It is critical to underline that weight gain and restoration of normal weight is the
first line of approach to the management of these conditions whenever possible. Therefore, refeeding
modalities for weight gain or restoration, including the specific indications for enteral nutrition,
oral nutritional supplementation, micronutrient supplementation and specific drugs for functional
digestive disorders, seem absolutely essential, but to date no guidelines exist on nutritional therapeutic
strategies for AN.

Among the drugs available, sex hormone treatments need to be discussed, as they are fairly
widespread in use, but their effects are a source of considerable debate. Various arguments should be
taken into account in the assessment of the risk-benefit balance of their prescription. As demonstrated
by our results, oral contraceptives have failed to show any significant benefit in protecting bones among
patients with AN. Although certain issues could explain this lack of effect, such as the heterogeneity of
the patients included across studies, and variable treatment and follow-up durations, the suggestion
is not to use oral contraception to protect bones in AN. On the other hand, transdermal estradiol
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has been found to be a more physiological form of oestrogen replacement and more promising
than oral administration in managing osteopenia among adolescents with AN. This explains the
position of the recent British national guidelines suggesting hormone replacement therapy with
17-β-estradiol (with cyclic progesterone) rather than oral contraception, and only for young AN
women (13–17 years). Furthermore, the decision to prescribe oral contraception is not without
drawbacks. For example, the return of menstrual function, which indicates adequate weight restoration,
is masked by the cessation of bleeding induced by contraceptives. Also, its use can provide a sense
of reassurance that patients are protected against osteopenia, which can reduce efforts for weight
rehabilitation. On the other hand, it is important to keep in mind that amenorrhea, occurring in 66
to 84% of women suffering from anorexia nervosa, favours the absence of contraceptive measures,
explaining a particularly high rate (up to 50%) of unwanted pregnancies in this population. Finally,
somato-psychic tolerance and compliance with hormonal replacement are very limited due to fat
phobia, menstruation and bleeding refusal in many adolescent AN patients. Recent studies evaluated
the interest of testosterone replacement therapy in AN women based on the fact that hypothalamic
amenorrhea is associated with a profound androgen deficit. Transdermal testosterone replacement
increases spinal BMD when administered with risedronate and can stimulate bone formation [174].
In addition, this could be an effective medication in women with treatment-resistant depression by
improving depression and cognitions [175]. Otherwise, as mentioned previously, SSRIs seems to
be inefficient in conditions of undernutrition, and future studies should assess optimal renutrition
and adapted hormone replacement to potentiate the effectiveness of psychotropic medications [49].
To date, testosterone replacement therapy is not recommended for female nor for male AN patients.
Concerning the use of medications for bone health and BMD improvement, despite the promising
results of studies on sexual hormone replacement, bisphosphonates and combined interventions
among adolescent and premenopausal women, the safest and most effective strategy to protect and
improve bone density and prevent spontaneous fractures risk is, for now, the restoration of weight and
menstrual recovery. Further studies are needed to establish standards for the treatment of osteoporosis
in AN.

There are no specific treatments taking into account particular aspects of adolescent or adult
male AN patients and current proposed treatments are similar to those for AN women [158]. Specific
research on the male AN population is insufficient and needs to be developed, particularly with
regard to testosterone and other therapies, and the benefits of specific drugs on somatic, cognitive and
psychiatric functions that can influence evolution and prognosis in AN boys and men.

4.5. Strengths and Limitations of This Overview

As stated by Pollock et al. (p16) [204] “overviews are a relatively new methodological innovation,
and there are currently substantial variations in the methodological approaches used within different
overviews”. We defined a methodology for this overview on the basis of elements from the literature,
but due to the characteristic of the literature concerning medication for AN we could not totally fulfil
all the quality criteria previously defined [205].

Indeed, a good quality overview should include systematic reviews with four characteristics [205]:
1. They should not substantially overlap. 2. They should focus on the precise question asked by the
overview. 3. They should be high quality. 4. They should be up-to-date.

There is considerable overlap between reviews and meta-analyses selected in our overview.
In order not to bias our conclusions we focused on the more recent reviews or meta-analyses; when
meta-analyses and reviews were available on the same studies we focused on the meta-analysis
conclusions, and when two reviews were available we focused on the more recent one including
the more recent research. We selected only systematic reviews with a well-defined methodology but
methodological quality was not homogeneous.

The conclusions we have drawn are limited by the methodology of the systematic reviews
included, which use different criteria and objectives, over different periods, possibly leading to
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different conclusions and possibly biased by their selection. In order to alleviate this limitation we
developed a systematic overview using the PRISMA guidelines, mainly based on meta-analyses and
systematic reviews of RCTs and open comparative studies, but not on narratives reviews, retrospective
studies or case reports.

Our findings are also limited by the quality of the published literature on the topic of medication
for AN, which also impacts the conclusions, since most of the studies published on the subject are
open studies, retrospective studies or case series or case reports, and RCTs are rare. The reason for this
situation is linked to both AN patient refusal to participate in RCTs and to the clinical context, and also
to the relatively low frequency of AN. Otherwise, it is also linked to ethical reasons, particularly on
the refeeding topic [52] or growth hormone replacement [151]. In addition, the existing RCTs are poor
quality, as they were conducted with various methodological procedures, on heterogeneous, small
samples, and over different durations of follow-up. Finally, these studies were mostly conducted over
short treatment durations whereas AN is a chronic disorder.

5. Conclusions

Perspectives for future research on medication in AN should include more specific phenotyping
for psychological dimensions and comorbidities, also taking into account more somatic and
anthropometric data, such as premorbid weight, body composition, nutritional and hormonal markers
of undernutrition, so as to optimize the assessment of the efficacy of medication.

There is a need to make progress and develop innovative therapeutic strategies, especially
for severe, chronic forms of AN with resistant psychiatric comorbidities, and for pre-pubertal AN
patients with severe somatic prognosis, by targeting medication more efficiently through improved
understanding of their etiopathogenic mechanisms [189,190]. A future perspective is to address the
extreme heterogeneity within AN and to develop psychotropic treatments for the various clinical
dimensions observed. We should develop new, more sensitive and specific biomarkers, especially for
bone microarchitecture, because evaluating BMD is not sufficient to predict fracture risk. In addition,
we need better-adapted techniques to measure the benefits of weight gain and nutritional status,
including body composition analyses [176].

There are exciting perspectives for the development of transdisciplinary studies, based on
well-defined and phenotyped sub-groups, including psychotherapeutic approaches and evaluating
the impact of optimized refeeding modalities, hormone replacement, other somatic medications, or
psychotropic drugs.

Studies should evaluate synergistic benefits of these combined interventions on a global perspective,
including renutrition, cognitive functions, somatic, and psychic outcomes over prolonged follow-up
periods.
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Abstract: Anorexia nervosa is the most severe eating disorder; it has a protracted course of illness
and the highest mortality rate among all psychiatric illnesses. It is characterised by a restriction
of energy intake followed by substantial weight loss, which can culminate in cachexia and related
medical consequences. Anorexia nervosa is associated with high personal and economic costs for
sufferers, their relatives and society. Evidence-based practice guidelines aim to support all groups
involved in the care of patients with anorexia nervosa by providing them with scientifically sound
recommendations regarding diagnosis and treatment. The German S3-guideline for eating disorders
has been recently revised. In this paper, the new guideline is presented and changes, in comparison
with the original guideline published in 2011, are discussed. Further, the German guideline is
compared to current international evidence-based guidelines for eating disorders. Many of the
treatment recommendations made in the revised German guideline are consistent with existing
international treatment guidelines. Although the available evidence has significantly improved
in quality and amount since the original German guideline publication in 2011, further research
investigating eating disorders in general, and specifically anorexia nervosa, is still needed.

Keywords: anorexia nervosa; guidelines; evidenced-based; treatment

1. Introduction

1.1. Anorexia Nervosa

Anorexia nervosa (AN) is a serious illness leading to high morbidity and mortality [1–4]. It is
characterised by a restriction of energy intake, weight loss, fear of weight gain and distorted body
image. According to the diagnostic criteria of the International Classification of Diseases, 11th Revision
(ICD-11) [5] and the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) [6],
the resulting malnutrition and low body weight may result in massive impairment to health. Often it
takes years for patients with AN to achieve a first remission or to recover permanently. A quarter of
adult patients go on to develop an enduring form of the disorder, and one-third of patients continue to
suffer from residual symptoms in the long-term. The long-term outcome of adolescent-onset AN is
more favourable [7]. Because of its severe and protracted course, AN represents a high emotional and
economic burden for sufferers, carers and the society in general [8,9]. Age of onset peaks in middle
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to late adolescence, which affects educational and professional development. The consequences of
starvation can have a negative impact on bone density, growth, and brain maturation, especially in
children and adolescents. Many patients are affected by comorbid psychological diseases, such as
depression, anxiety or obsessive–compulsive disorder. Additionally, the ego-syntonic nature of AN
leads to a strong ambivalence regarding weight gain and recovery, which complicates and often slows
down the recovery process. In light of these factors, treatment of AN remains challenging. To improve
patients’ chances of recovery, all individuals dealing with this illness should be well informed about
the nature and challenges of treating AN.

1.2. Evidence-Based Treatment Guidelines for Eating Disorders

Evidence-based guidelines have been developed in several countries around the world to guide
the treatment of different eating disorders, such as AN. These guidelines have the following aims [10]:

• To support all professionals involved in the diagnosis and treatment of eating disorders, as well
as sufferers and their relatives, in deciding on adequate measures of care (prevention, diagnosis,
therapy and aftercare);

• To improve health care outcomes;
• To minimise risks;
• To increase treatment safety and efficiency;
• To avoid non-indicated diagnostic and treatment methods.

Further, guidelines can reveal gaps in the health care system [11] and inspire new paths of research.
Treatment guidelines provide recommendations based on current scientific evidence. In cases

where a lack of scientific evidence is available, recommendations are often provided based on expert
opinion, influenced by years of clinical experience.

2. The German S3Guideline for the Diagnosis and Treatment of Eating Disorders

2.1. Historical Development of the S3-Guideline

In 2000, the German Society for Psychiatry, Psychotherapy and Psychosomatics (DGPPN)
published a guideline for the diagnosis and treatment of eating disorders in Germany for the first
time [12]. In the same year, a guideline of the German Society of Child and Adolescent Psychiatry,
Psychosomatics and Psychotherapy (DGKJP) was also published [13]. Both guidelines were developed
by expert groups using informal consensus (a representative group of experts from the relevant
medical society prepares a recommendation which is adopted by the board of the society, development
stage one) with the aim of developing recommendations for the diagnosis and treatment of eating
disorders. In the autumn of 2003, a conference of members of the German Society for Psychosomatic
Medicine and Medical Psychotherapy (DGPM) and the German College of Psychosomatic Medicine
(DKPM) decided to develop an evidence-based guideline for eating disorders in Germany according
to development stage three (S3, based on all elements of systematic development—logic, decision and
outcome analysis, evaluation of the clinical relevance of scientific studies and periodic review).

One year later, in the spring of 2004, a group composed of psychiatrists, child and adolescent
psychiatrists, medical specialists in psychosomatic medicine and psychologists with expertise in eating
disorders, was formed. The group included representatives of the five professional societies (DGKJP,
the German Psychological Society (DGPs), DGPM, DGPPN and DKPM) that are responsible for the care
of patients with eating disorders within the German health care system. In 2010, the evidence-based
guideline for the diagnosis and treatment of eating disorders was published online by the Association
of the Scientific Medical Societies in Germany (AWMF) [14]. The AWMF advises on matters and
tasks of fundamental and interdisciplinary interest in medicine and provides, among other things,
a wide range of clinical practice guidelines on its website. The AWMF is the national member for
Germany in the Council for International Organisations of Medical Sciences (CIOMS) at the World
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Health Organisation, Geneva. In 2011, the guideline was made available in book format [15]. Based on
the scientific guideline, a patient guideline was published in 2015 [16]; this guideline, supported by
the German Society for Eating Disorders (DGESS), was designed to communicate the content of the
scientific guideline to patients and relatives. The patient guideline, available both online [16] and in
book format [17], addresses care structures and supports communication with professional health care
providers, such as the family doctor, medical or psychological psychotherapists for adults or child and
adolescent psychiatrists and psychotherapists.

Over the last two years, the scientific guideline has been revised, and a second edition will be
available in German at the beginning of 2019, both online [14] and in book format. An English version
of the guideline is currently in preparation and will be released at a later date. The scientific guideline
addresses all age groups and is available in both a short and an extended version. The thematic
structure of the recent guideline largely corresponds to the first edition and includes chapters covering
epidemiology, diagnostics, the therapeutic relationship, AN, Bulimia nervosa (BN), Binge eating
disorder (BED), physical sequelae and methodology. The chapter ‘Diagnostics’ is subdivided into
sections on the diagnostics of psychological and somatic symptoms. In line with DSM-5 [6], two new
categories of eating disorders have been added to the revised guideline: the ‘Other Specified Feeding
or Eating Disorders’ (OSFED), which also include the ‘Night Eating Syndrome’, and the ‘Avoidant
Restrictive Food Intake Disorder’ (ARFID), which replaces the old category of ‘Eating Disorders
Not Otherwise Specified’ (EDNOS). With regard to the therapeutic studies on AN [18], BN [19] and
BED [20], meta-analyses were performed based on a systematic literature search and assignment of
pre-determined quality indicators (evidence level I).

2.2. Recommendation for AN—Differences between the First Version and the Revision

Changes in treatment recommendations were based on a systematic literature search (2008–2017),
in which 26 new randomised controlled trials (RCTs) on psychotherapeutic treatments, 13 new RCTs on
pharmacotherapy and 2 new RCTs on nutritional management were identified [14,18]. The evidence
base has considerably improved since the first version, although studies still show a large heterogeneity
in terms of samples (adolescents, adults, severe and enduring AN), setting (outpatient, day hospital,
inpatient), treatment phase (acute, maintenance) and outcome measures used. It should be emphasised
that an improvement in study quality can be seen. In recent years, for example, studies have been
published with sample sizes that allow sufficient statistical power [21–26].

Treatment recommendations were based on a network-meta-analysis (see Section 2.3), newly
published RCTs, systematic reviews, or lower levels of evidence (if RCTs or systematic reviews
were not available). The guideline group discussed each recommendation in light of the available
evidence, clinical relevance and suitability. The most relevant changes in the revised version concerning
evidence levels and recommendations are summarised in Table 1. Evidence levels were assigned
using the Oxford Centre of Evidence Based Medicine criteria [27]: An evidence level of I is given
if there is evidence for a specific treatment based on a systematic review (or meta-analysis) of
randomised controlled trials (Ia), or one randomised controlled trial with narrow confidence interval
(Ib). An evidence level of II is based on cohort-studies (IIa: systematic review, or IIb: individual cohort
study). Evidence level III refers to case-control studies and evidence level IV to case-control series.

Treatment recommendations in the German treatment guideline were graded according to levels
‘A’, ‘B’, ‘0’ and ‘KKP’ [28]. ‘A’ is the strongest recommendation, which is usually based on evidence
level I (something ‘is to be done’). ‘B’ recommendations are less strong (something ‘should be done’;
evidence level II) and ‘0’ recommendations are even less explicit (something ‘may be done’). ‘KKP’
(‘clinical consensus point’) stands for recommendations, which are not based on empirical research and
were derived from the experience of experts (good clinical practice). Grading of recommendations was
based largely on the evidence level, but also took the following criteria into account: clinical relevance of
effect sizes and end points, the balance of benefits and risks, ethical considerations, patient preferences
and applicability. Grading of recommendations was discussed in several consensus meetings.
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Table 1. German guideline—changes in treatment recommendations for AN.

Original guideline recommendations 2010 [15] Guideline-revision recommendations 2019 [14]

General recommendations

No recommendation concerning co-morbid conditions

(Evidence level IV; Clinical consensus point: good clinical
practice): Co-morbid conditions should be systematically

assessed and taken into consideration when treating patients
with AN.

Treatment setting

(Evidence level IV; 0): Inpatient treatment should take place in
facilities able to offer a specialised multimodal treatment program.

(Evidence level IV; A): Same recommendation as original
guideline, recommendation grading updated to A.

No recommendation concerning a stabilisation phase

(Evidence level IV; B): In order toreduce the probability of
relapse, the final stage of inpatient therapy should aim to ensure
that patients at least maintain their weight for a certain period

and are prepared for the transition to an outpatient setting.

No specific recommendation concerning day hospital treatment
for children and adolescents

(Evidence level Ib; A): A transfer to day hospital treatment after
short-term inpatient treatment with sufficient physical

stabilisation should be considered for children and adolescents,
provided eating disorder-specific day hospital treatment can be
carried out by the same treatment team, and close involvement

of the relatives is ensured (evidence level Ib; A).

Psychotherapy

(Evidence level II; B): Patients with AN are highly ambivalent
towards change. Addressing ambivalence and motivation to

change is a central task and should be maintained throughout the
whole treatment process.

(Evidence level Ia; A): Same recommendation as original
guideline, recommendation grading updated to A.

(Evidence level II; B): The outpatient treatment of first choice for
AN should be evidence-based psychotherapy.

(Clinical consensus point: good clinical practice): Patients with AN
should be offered specialised therapy by a practitioner

experienced with eating disorders. The choice of method should
take into account the patient’s preference and age.

(Evidence level Ib; B): Outpatient treatment of first choice for
patients with AN should be evidence-based psychotherapy (FBT
for children and adolescents; FPT, CBT-E, MANTRA or SSCM

for adults), administered by practitioners experienced with
eating disorders.

Nutritional management

(Evidence level: not rated; statement): For orientation during the
first days of treatment, the initial food intake (for enteral nutrition)

of highly underweight patients can be quantified at approx.
30–40 kcal/kg.

(Evidence level IIa; statement): In patients with mild to moderate
AN, an initial low caloric energy supply with gradual increase is

not required for safe weight gain (avoidance of refeeding
syndrome)—provided that medical monitoring is ensured.

No recommendation, but formulation of statements. For example,
The basal metabolic rate is initially low and increases significantly
with the onset of weight gain. The formulas for calculating basal
metabolic rate obtained from normal and overweight people are

not suitable for use with AN.

(Evidence level IV; Clinical consensus point: good clinical
practice ): The energy supply for the expected weight gain is

highly variable and should be individually tailored to the
patients as well as to the treatment phase and be

continuously monitored.
Pharmacotherapy

(Evidence level Ib; B): Neuroleptics are not suitable for achieving
weight gain in AN.

(Evidence level Ia; A): Antidepressants are not recommended for
achieving weight gain in AN. This applies to both initial therapy

and relapse prevention.

(Evidence level Ia; A): Same recommendations as original
guideline, recommendation grading regarding neuroleptics

updated to A.

(Evidence level IIa; B): If thinking is considerably restricted to
weight phobia and eating and if hyperactivity is not controllable,
an attempt to use low-dose neuroleptics (especially olanzapine)

may be justified in individual cases.
The indication for treatment should be limited to the duration of

the symptoms mentioned above (no long-term treatment) and
should only be applied within the framework of an overall

treatment plan.

Same recommendation as original guideline, with altered
recommendation levels:

(Evidence level IIa; downgrading to 0): If thinking is
considerably restricted to weight phobia and eating and if

hyperactivity is not controllable, an attempt to use low-dose
neuroleptics (especially olanzapine) may be justified in

individual cases.
(Clinical consensus point: good clinical practice): The indication
for treatment should be limited to the duration of the symptoms
mentioned above (no long-term treatment) and should only be

applied within the framework of an overall treatment plan.
The patient must be informed about the circumstances of the

off-label use.

FBT, Family-Based Treatment; FPT, Focal Psychodynamic Therapy; CBT-E, Enhanced Cognitive Behaviour
Therapy; MANTRA, Maudsley Model of Anorexia Nervosa Treatment for Adults; SSCM, Specialist Supportive
Clinical Management.

Several key treatment recommendations did not change. They will be referred to in the comparison
of evidence-based guidelines from other countries (see Section 3.2).
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Up and down-grading of recommendations: Only one recommendation was downgraded. It is
the recommendation for the use of low-dose neuroleptics in some cases of AN. The decision was
based on the consideration that this recommendation should be followed only with caution and
not as an overall clinical standard. In contrast, the recommendation not to use neuroleptics for the
treatment of AN was upgraded due to an increase in evidence (systematic reviews). The same is
true for the recommendation to continuously address motivation to change throughout treatment.
Several studies show that motivation to change is a relevant predictor of treatment outcome. Recent
high-quality trials made it possible to make specific recommendations regarding the use of specialised
psychotherapeutic treatments. However, due to ethical reasons, no study compared an active treatment
with untreated control groups. Therefore, it was decided that the recommendation should be classified
as ‘B’ and not ‘A’. A further recommendation was upgraded based on clinical relevance; Inpatient
treatment should take place in facilities which are able to offer a specialised multimodal treatment
programme. In Germany, some adult and child and adolescent psychiatric and psychosomatic hospitals
are not specialised and have no experience with the treatment of patients with AN. Treatment in such
facilities is, therefore, not recommended, due to high associated risks, not to mention high costs.
The new guideline also includes the explicit recommendation to consider co-morbidity in patients
with AN. Co-morbid conditions like borderline-personality disorder or post-traumatic stress disorder,
for example, might require changes in treatment planning and prioritisation of therapy goals. Although
empirical evidence is scarce, a recommendation for a stabilisation phase as a final phase in inpatient
treatment was included, as relapse after discharge is common [29–31], and the transition from one
service level to another service level (especially to a level with less supervision and support) is a
major challenge for patients with AN. Finally, there was new empirical evidence suggesting that
a short inpatient stay for weight stabilisation followed by day hospital treatment is as effective as
long-term inpatient treatment for children and adolescents with AN, providing there is continuity in
the therapists that are responsible and if there is sufficient support by family members [23].

2.3. Network-Meta-Analysis

Based on the systematic literature search (see Section 2.2), a network-meta-analysis was conducted
to answer the following question: What is the comparable effectiveness of different psychotherapeutic
treatments for AN? Additionally, two further questions were addressed using standardised mean
change statistics: What is the amount of weight gain that can be expected in different treatment
settings? And: What is the amount of weight gain that can be expected in adolescents vs. adults?

Predefined inclusion and exclusion criteria were used to select the studies. Each study was rated
by two independent researchers and additionally assessed for quality [18]. For more details on data
analysis see [18].

Network-meta-analysis: 18 randomised controlled studies met inclusion criteria for the
data-analysis. Ten studies were on adolescents (625 patients), and 8 studies were on adults (622
patients). No treatment approach was found to be superior. However, there were several limitations
to the analysis and interpretation of results. All studies compared active treatments with each
other, with no study including an untreated control group. Only a few comparisons were replicated.
Furthermore, the majority of studies on adolescents evaluated family-based treatment approaches
mostly by the same group of researchers, while interventions in adults were almost exclusively on
an individual basis. The manualised treatment approaches that were evaluated in high quality trials
comprise the Maudsley Model of Anorexia Nervosa Treatment for Adults (MANTRA) [25], Focal
Psychodynamic Therapy (FPT) [26,32,33], Enhanced Cognitive Behaviour Therapy (CBT-E) [26,34,35],
Specialist Supportive Clinical Management (SSCM) for adults [25,35,36], and family-based treatment
(FBT) for adolescents [21,22,24].

Standardised mean change statistics (SCM): Analyses were conducted with 38 studies (1164
patients). Seventeen of these studies were naturalistic studies, and four studies were on adolescents
(350 patients). For a course of up to 27 weeks, significantly higher weight gains can be expected in
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inpatient treatment compared to outpatient treatment (for adults: mean weight gain of 537 g/week
in inpatient treatment vs. 105 g/week in outpatient treatment; for adolescents: mean weight gain of
615 g/week in inpatient treatment vs. 192 g/week in outpatient treatment). The estimated effect sizes
for weight gain in adolescents were significantly higher compared to adults (in RCTs: SMC = 1.97 vs.
1.02, in naturalistic studies SMC = 1.84 vs. 1.42, respectively).

In sum, there are several existing manualised psychotherapeutic treatments for AN, which can
be considered evidence-based and effective. However, there is a need for replication studies. There
are differences regarding treatment response and most suitable treatment approach in adult versus
adolescent patients.

3. Comparison of the German S3-Guideline with International Evidence-Based Clinical
Treatment Guidelines

3.1. International Evidenced-Based Eating Disorders Guidelines

There are currently several additional evidence-based guidelines available, which provide
recommendations regarding the diagnosis and treatment of eating disorders. Most of the guidelines
were written by multidisciplinary groups (comprising health care professionals and researchers),
and most were designed solely for use by health specialists involved in the treatment of eating
disorders. The most recent of these guidelines are the Dutch [37] and the revised British guidelines [38],
both published in 2017. The British guideline [38], published by the National Institute for Health
and Care Excellence (NICE), addresses all age groups (children, adolescents and adults), and all
eating disorder categories (AN, BN, BED and Other Specified Feeding or Eating Disorders (OSFED)).
Several lay members of the community were involved in the development of this guideline. The Dutch
guideline addresses AN, BN and BED [39]. This guideline, designed to be used by both specialists
and population members, is only available in Dutch [39]. Healthcare professionals collaborated with
patients and relatives, as well as health insurance representatives, during the developmental stages of
the guideline [39].

The next most recent guideline, published in 2016, is the Danish guideline [40]. This ‘quick guide’,
provides a brief overview, designed solely for the treatment of AN. The guideline is available in
English, and it addresses all age groups. The full-length version of this guideline is only available in
Danish. The Australian and New Zealand guideline [41] was published in 2014 by the Royal Australian
and New Zealand College of Psychiatrists. Community members and stakeholders collaborated with
healthcare professionals and academics in the development of the guideline. This guideline contains
two sections separately addressing AN in children and adolescents, and in adults. BN and BED, as
well as avoidant/restrictive food intake disorder, are also addressed.

In 2012, the American Psychiatric Association (APA) released a guideline watch [42],
reviewing new evidence published since the last APA guideline in 2006, but gives no explicit
recommendations [43]. This guideline addresses AN, BN and BED, and also makes reference to
EDNOS. The guideline is designed primarily for the treatment of adults, but also briefly addresses
the treatment of children and adolescents. The French guideline [44], published in 2010, is written
specifically for AN. It addresses all age groups and is available in English. In 2009, the Spanish
guideline [45] for eating disorders was published. This guideline, which concerns eating disorder
patients over 8 years of age, is written not only for healthcare specialists, but also for the population
and educational professionals. It addresses AN, BN, BED and EDNOS.

In addition to these national guidelines, several more specific evidence-based guidelines also
exist. A guideline, developed specifically for the Canadian province of British Columbia, was released
in 2010 [46]. This guideline addresses AN, BN and EDNOS (except BED), and advisesthe on treatment
of all age groups. In 2011, the World Federation of Societies of Biological Psychiatry (WFSBP)
released a guideline specifically addressing the pharmacological treatment of eating disorders [47].
This guideline, written in English, addresses the pharmacological treatment of AN, BN and BED.
In 2014, the Management of Really Sick Patients with Anorexia Nervosa (MARSIPAN and Junior
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MARSIPAN) guideline [48] was published, a guideline which specifically addresses the treatment of
children, adolescents and adult patients with ‘severe’ AN.

In line with an evidence-based approach, most of the guidelines explicitly state that the
development of the guideline involved a systematic literature review, a rating of the identified
literature, and a complex consensus process, involving collaboration and review by numerous
experts [14,38,41,43–48]. Only the MARSIPAN [48] and WFSBP guidelines [47] do not explicitly refer
to a complex consensus process, and the British Columbia guideline [46] does not mention a rating
system. The Danish ‘quick guide’ [40] has a complete absence of information on the methodological
process. However, the inclusion of evidence levels in the guide implies that the developmental process
was rigorous. A detailed review of the evidence upon which the recommendations are based is only
available in the British guideline and the Danish full-length guideline. A more detailed comparison
of the methods employed in developing the guidelines goes beyond the scope of this review article.
All of the guidelines are available online. The Australian and New Zealand, MARSIPAN, WFSBP
and APA guidelines are published in online scientific journals and partly in print versions, and the
remainder of the guidelines are available on the relevant publishing society’s website.

3.2. Commonalities and Differences

3.2.1. Treatment Setting

For adults: Similar to the German guideline [14], all remaining guidelines (excluding the
Danish [40] and WFSBP guidelines [47]) recommend outpatient treatment as a first treatment option,
suggesting day patient or inpatient treatment as a more intensive treatment option if outpatient
treatment proves ineffective [38,39,41,43,44,46,48]. The German guideline states, however, that in some
cases this ‘stepped-care’ approach may not be appropriate.

Inpatient treatment is recommended in cases with a BMI <15 kg/m2, rapid or continuing weight
loss (>20% over 6 months), high physical risk, severe co-morbid conditions or denial of illness. If these
criteria are met, an inpatient setting may be necessary for initial treatment. Likewise, all remaining
guidelines (excluding the Danish and WFSBP guidelines) also suggest more intense treatment settings
from the outset in cases of severe medical instability. All of these guidelines provide information
regarding hospital admission criteria with varying degrees of detail, but agree on the necessity to
judge the need for hospitalisation on an individual and multifactorial basis. Further, they state that
compulsory treatment is possible in the case of extreme medical complications. The Danish and WFSBP
guidelines do not make reference to treatment setting. For an overview of indicators of high medical
risk and the handling of medical complications see the review of Zipfel and colleagues [4].

For children and adolescents: Corresponding to the treatment recommendations for adults,
outpatient treatment is proposed as the first line treatment for children and young people by the
German [14] and most other guidelines [38,41,43,44] if the patient is in a stable medical state. If more
intensive care is needed, several guidelines suggest a graduated procedure from inpatient to partial
and finally to outpatient treatment programs [40,44,45]. Only the German guideline [14] gives a special
recommendation for a referral to day patient treatment. Interestingly, the British and accordingly the
Spanish guidelines advise admitting children and young people to a setting with age-appropriate facilities,
which are near to their home and have the capacity to provide appropriate educational activities [38,45].

Regarding medical risk and necessity for inpatient treatment, the Australian and New Zealand,
British Columbia, British, APA and French guidelines [38,41,44,46,49] provide exact criteria, such as a
BMI below the 3rd percentile or an expected body weight (EBW) below 75%, an abnormally low heart
rate or blood pressure, electrolyte disturbances, etc. However, the exact values vary between countries.
As for adults, these guidelines also indicate psychiatric risk factors, such as suicidality or severe
self-injurious behaviour. The German and Spanish guidelines [14,45] are more unspecific to indicate
hospitalisation (see above). The German and French guidelines [14,44] also refer to psychosocial risks,
such as social isolation and family crisis, to consider inpatient treatment.
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3.2.2. Psychotherapy

For adults: All guidelines except for the Danish [40] and WFSBP [47] address the efficacy
of specific psychological interventions. No guideline recommends one single superior treatment
option. The German [14], British [38] and Dutch guidelines [39] conclude that cognitive-behavioural
therapy (CBT or CBT-E respectively), MANTRA, and SSCM are equally effective treatment options,
and so, all treatments are recommended as first-line options. Additionally, the German guideline
recommends FPT as another first-line treatment option. The remaining guidelines all review evidence
for CBT, as well as a variety of other treatments including SSCM [41], psychodynamic therapy [43–46],
interpersonal therapy [43,45,46], behaviour therapy [45] and ‘systematic and strategic therapies’ [44].
These guidelines all conclude that psychological interventions are effective, however, state that there
is insufficient evidence to identify which is the most efficacious. The French [44], Dutch [39] and
APA guidelines [43] also suggest that psychological interventions may not be as effective in severely
malnourished patients.

The Danish guideline [40] also recommends the use of psychotherapeutic treatments, however,
does not make any recommendations regarding specific interventions. This guideline provides a
‘weak recommendation’ that both group and individual psychotherapeutic treatment be considered as
first-line treatment options, based on ‘very low evidence’ which suggests the approaches are equally
effective. Recommendations for the inclusion of alternative elements, such as meal support and
supervised physical activity, during the treatment phase are mentioned. Other guidelines make specific
recommendations against alternative treatments; for example, the German [14] and the Australian and
New Zealand guidelines [41] state that nutritional counselling alone should not be used as the sole
treatment, and the British guideline [38] recommends against the use of alternative physical therapies,
such as yoga, warming therapy, transcranial magnetic stimulation and acupuncture. The Spanish
guideline [45] also advises against the use of excessively rigid behavioural programs for inpatients.

Some guidelines make recommendations regarding the required duration of treatment.
The Australian and New Zealand guideline [41] states that a longer-term follow-up is necessary
as relapse is common, and the Spanish guideline [45] states that duration of treatment should span
at least six months for outpatients and twelve months for inpatients. The APA guideline [43] states
that due to the enduring nature of the illness, psychotherapeutic treatment is usually required for
at least one year, and the British guideline [38] makes specific recommendations regarding the time
span of treatments, for example suggesting that CBT treatment for eating disorders should consist
of 40 sessions over 40 weeks. The French guideline [44] recommends that treatment should last at
least one year after significant clinical improvement, and the German guideline [14] states that after
outpatient treatment, patients should regularly meet with their general practitioner (GP), or other
care coordinator, for at least one year. The German guideline also recommends that the last phase of
inpatient treatment before transfer to an outpatient setting should include a stabilisation period where
patients demonstrate that they can maintain the achieved weight gain for a specified amount of time.

Some treatment guidelines make additional specific recommendations. The German [14],
French [44], MARSIPAN [48] and Australian and New Zealand guidelines [41] all emphasise the
importance of adopting a multi-disciplinary, collaborative approach to treatment. In a similar vein,
the German [14], British Columbia [46] and APA guidelines [43] highlight the importance of effective
communication between all involved health workers, and recommend identifying someone to act as
the primary care coordinator, such as the patient’s GP.

The MARSIPAN guideline [48] is specifically written regarding the treatment of patients who
have a severe or enduring form of AN. The Australian and New Zealand [41] and British Columbia
guidelines [46] also include comprehensive sections which address the treatment of such patients
and suggest taking an alternative approach, focused on enhancing quality of life. The French [44],
German [14] and APA guidelines [43] also briefly mention the treatment of patients with enduring AN.
Other guidelines provide information regarding other additional elements related to AN. For example,
both the Spanish [45] and French guidelines provide information regarding the care required for
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pregnant patients. Additionally, the APA and British Columbia guidelines include recommendations
for therapists and specialists regarding communicating with patients (for example addressing the
therapeutic relationship, boundaries). The German guideline does not entail any recommendations,
but devotes a separate chapter to this topic.

For children and adolescents: All guidelines strongly recommend the involvement of parents
or near caregivers in all treatment settings. The Australian and New Zealand, Spanish, APA and
German guidelines explicitly mention family-based treatment or therapy (FBT) [14,41,43,45]. However,
the Australian and British guidelines also propose alternatives if FBT is not appropriate, such as other
forms of family therapy [41], as well as individual treatment, such as adolescent-focused therapy
(AFT) or CBT, in older adolescents [38,41]. No guideline gives an explicit advice whether conjoint or
separate FBT should be conducted. The French guideline does not refer to FBT, but to family therapy
in general [44]. The British guideline also does not specifically use the term FBT, but has its own
terminology instead (anorexia nervosa-focused family therapy, FT-AN) [38]. Although many key
features of this treatment resemble FBT, FT-AN also includes other approaches, such as multi-family
therapy, conjoint or separate family therapy and exclusion or inclusion of a family meal, which is a
core feature of FBT. The British guideline also requests therapists and staff to be aware of or address
carers’ needs [38].

A summary of guidelines’ essential key recommendations regarding psychotherapy for AN is
shown in Table 2.
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3.2.3. Nutritional Management

For adults: The WFSBP guideline [47] suggests that nasogastric feeding is effective for
malnourished patients, however, does not address risks associated with refeeding, or provide any
specific nutritional or weight gain recommendations. All remaining guidelines, (excluding the
Danish guideline [40]), recommend nasogastric feeding for severely malnourished patients, when
oral feeding is not an option [14,38,39,41,43,44,46,48]. These guidelines address the risk of refeeding
syndrome, recommending that treatment is administered by experienced staff. The APA guideline [43]
recommends nasogastric feeding over parenteral feeding, and the British guideline [38] explicitly
recommends against parenteral nutrition. The German guideline also discusses the use of percutaneous
endoscopic gastronomy feeding as a potential alternative, when patients will not tolerate nasogastric
feeding [14]. The Danish guideline does not provide any recommendations regarding refeeding,
nutritional intake or weight restoration.

In the original German guideline [15], an initial food intake of approximately 30 to 40 kcal/kg
per day was recommended for highly underweight patients (see Table 1), which, upon revision, was
considered too strict. The revised German guideline [14], as well as the Danish [40], French [44]
and WFSBP guidelines [47], do not give specific recommendations regarding energy intake during
refeeding. Both the British [38] and MARSIPAN guidelines [48] recommend commencing refeeding at
5 to 10 kcal/kg/day for severely underweight patients, and gradually increasing to 20 kcal/kg/day
within 2 days. The British Columbia guideline [46] also recommends beginning refeeding at 5
to 10 kcal/kg/day if severity factors (e.g., nasogastric feeding) are involved. In the absence of
severity factors, intake of 20 to 25 kcal/kg/day is recommended, and intake should not exceed 70
to 80 kcal/kg/day. The Spanish guideline [45] recommends a slightly higher caloric intake of 25 to
30 kcal/kg/day for severely malnourished patients, and they also provide a recommended upper limit
of 1000 kcal/day. The APA guideline [43] recommends initiating refeeding at 30 to 40 kcal/kg/day, and
also suggests that males may require a significantly higher energy intake to gain weight. The Dutch
guideline has an even higher recommended refeeding starting point of 40 to 60 kcal/kg/day for
severely underweight patients [39]. The Australian and New Zealand guideline [41] does not provide
a recommended nutritional intake based on weight, but instead recommends a specific starting intake
of 1433 kcal/day, with increases of 478kcal every 2 to 3 days.

Several guidelines also provide recommendations regarding appropriate weekly weight gain
goals in inpatient and outpatient settings. Five guidelines recommend a minimum weight gain
of 0.5 kg/week in an inpatient setting; the German [14], French [44] and Spanish guidelines [45]
recommend weight gain ranging between 0.5 and 1 kg/week, the Australian and New Zealand
guideline [41] recommends weight gain between 0.5 and 1.4 kg/week, and the Dutch guideline
suggests weight gain ranging between 0.5 and 1.5 kg/week [39]. In contrast, the British Columbia
guideline [46] suggests a higher minimum weight gain ranging from 0.8 to 1.4 kg/week, and the APA
guideline [43] suggests a minimum weight gain ranging from 0.9 to 1.4 kg/week. The remaining
guidelines [38,40,47,48] do not provide specific weight gain recommendations. Only four of the
guidelines provide recommendations regarding weight gain per week in an outpatient setting.
The French guideline recommends a weight gain of 0.25 kg/week, while the German, APA guidelines
and Dutch recommend a weekly gain of between 0.2 to 0.5 kg [39].

For children and adolescents: The British guideline for the management of severely ill young
people with AN (Junior MARSIPAN) [48,50] advocates to commence refeeding at about 40 kcal/kg/day
and increase the meal plan by 200 kcal/day, while the others do not explicitly give calorie specifications
for children and adolescents. Almost all guidelines recommend nasogastric tube feeding, if a meal
plan and supplement drink tops are not managed [14,41,43,45,50].

The French, Danish and German guidelines emphasise the necessity of achieving a target weight
at which menstruation can reoccur [14,40,44]. While the French guideline does not give any threshold
criteria, the German guideline defines the 25th age-adapted BMI-percentile (with the 10th percentile
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as a minimum) in contrast to the Danish guideline with the 50th weight-for height percentile as
target weight.

Supplementary nutritional counselling is advised by the British, Spanish and German guidelines
for children and adolescents and their carers to help young people meet their dietary needs for pubertal
development and growth [14,38,45]. According to these guidelines, growth and pubertal development
should be regularly monitored in this age group.

3.2.4. Psychopharmacology

For adults: Use of pharmacotherapy is addressed in all treatment guidelines excluding the Danish
guideline [40]. All of these guidelines emphasise the lack of evidence surrounding medication use
for AN, and most guidelines emphasise that caution must be taken when administering medication,
due to the physical complications associated with AN (e.g., cardiac problems). The Spanish [45],
APA [43] and British guidelines [38] explicitly state that medication should not be used as the sole
treatment. The British guideline also states that there is no proven benefit of combined treatment
over psychotherapy alone in treating patients without comorbidities. All guidelines excluding
the MARSIPAN [48], Danish and British guidelines give cautious recommendations for the use of
antipsychotic medications. The French guideline [44] provides a cautionary recommendation, without
addressing specific medications or effects. The remaining guidelines all make specific reference
to the antipsychotic olanzapine; the German [14], WFSBP [47], Dutch [39], Australian and New
Zealand [41], and APA guidelines recommended it to assist with anxious and obsessional thoughts,
the WFSBP and Spanish guidelines suggest that it may be useful for improving general psychological
symptoms, and the British Columbian [46], Spanish and APA guideline cautiously recommended it
for improvements in weight gain. In contrast, the German guideline recommends against the use
of antipsychotics for weight gain. The German guideline states there is no conclusive evidence to
recommend the use of antidepressants for the core symptoms of AN, and the Dutch guideline also
explicitly recommends against the use of selective serotonin reuptake inhibitors (SSRIs) [39]. In contrast,
antidepressants are cautiously recommended by the French, WFSBP and APA guidelines, to assist with
co-occurring symptoms of depression, obsessive–compulsive or anxiety disorder. Specifically, the APA
guideline discusses the advantages of using selective serotonin reuptake inhibitors in combination
with psychotherapy to address persistent depressive or anxiety symptoms, but recommends against
the use of monoamine oxidase inhibitors and bupropion, due to adverse reactions and health risks.
The APA guideline cautiously recommends the use of pro-motility agents for use against bloating, and
use of antianxiety agents before eating for some patients. Similarly, the MARSIPAN guideline [48]
discusses the use of benzodiazepines for particularly anxious patients. The WFSBP and APA guidelines
discuss potential weight gain benefits of taking zinc supplements, while the German guideline suggests
restricting zinc supplementation to cases with proven zinc deficiency.

For children and adolescents: With the exception of hormone replacement therapy the German
and most other international guidelines do not give any specific recommendations for this age
group. The Junior MARSIPAN guideline concludes that it ‘may be necessary to prescribe regular
sedative antipsychotic medication, such as olanzapine’, if the patients are extremely agitated and resist
refeeding [48]. It also gives clear recommendations for ECG monitoring if antipsychotics are applied.
Hormone replacement therapy: In several guidelines including the German guideline the prescription
of an oral contraceptive is not recommended [38,41,43]. The British guideline suggests considering a
bone mineral density scan after one year of underweight in children and adolescents. Moreover—in
correspondence to the German guideline—the British guideline suggests to consider transdermal
estrogen replacement in combination with cyclic progesterone application in girls with a bone age
over 15 years and long-term underweight as well as incremental physiological doses of estrogen in
those below 15 years [14,38]. Similar indications are mentioned in the APA and the Australian and
New Zealand guidelines [41,43].
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4. Discussion

This review provides an overview of the newly revised and published German S3-guideline
for eating disorders [14]. In particular, it highlights the changes in recommendations regarding the
treatment of AN since the publication of the original guideline in 2011 [15]. In summary, family-based
therapy approaches are recommended for adolescents, whereas individual approaches are suggested
for adults. There is no evidence indicating the superiority of one specialised approach over another.
In more intensive settings, as well as in adolescents, higher weight gains can be expected. To date,
there is no convincing evidence for the positive effect of pharmacotherapy regarding the core symptoms
of AN.

The revised German guideline is currently the most recent eating disorder treatment guideline
internationally. Recommendations are, therefore, based on the most up to date research findings
and evidence available. The development of this guideline involved a rigorous process, including a
comprehensive literature review and analysis, and consultation and contribution by many experts in
the eating disorder field. The findings of the literature review and network analysis are also available
in English [18].

The German guideline also includes an easily comprehensible guide for sufferers with eating
disorders and their relatives [17], which has been developed with the help of patient representatives.
The German guideline, hereby, stresses the necessity of providing information and support to
significant others, who often bear a high emotional burden, but also play an important role in helping
patients to overcome the eating disorder. The guideline has been published in two different formats—as
a scientific book (only the original version so far) and on the website of the Association of the Scientific
Medical Societies in Germany (AWMF, awmf.org [14]), where it is freely available.

Similar to the Dutch guideline, the original version of the German guideline has been published in
German only, which limits its distribution and implementation to Germany, Austria and Switzerland.
An English translation of the revised version, which is currently in preparation, is, therefore,
an invaluable step towards increasing the utility of this guideline.

The review also explores the similarities and differences between the German guideline and other
existing international guidelines. There is significant homogeneity among the international guidelines
in the recommendations derived from the existing evidence. All agree that there is no superior
treatment for AN, if specialised approaches are compared. There are, however, some inconsistencies
regarding aspects, such as medication and nutritional management. Most guidelines implemented
a thorough methodology. We think there is a need for European research initiatives which aim to
enhance the evidence base and clinical guidance regarding AN across the different participating
countries. Recommendations must, however, take into account the specificities of the national health
care systems.

Overall, evidence for treatment of AN has increased, yet even in the latest German guideline,
many of the recommendations are still based on expert opinion. Guidelines do not only mirror the
current state of research but also point out gaps that need to be bridged. There is still a need for more
research in the field of eating disorders, particularly in AN. In view of the so-called ‘research-practice
gap’, it needs to be mentioned that guidelines are not designed to propagate conformist standard
therapy, or to restrict clinicians’ individual willingness to learn and innovate. They should not be seen
as directives, but as advice.

5. Conclusions

The German S3-guideline is, at present, the most recently revised evidence-based treatment
guideline for AN. Based on newly available evidence, several amendments have been made
regarding treatment recommendations, since the original guideline publication in 2011. Overall,
the recommendations provided in the German guideline are fairly consistent with those provided in
other international evidence-based eating disorder guidelines. Adult and adolescent patients should be
distinguished in terms of treatment response and the most suitable treatment approach. Although the
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existing guidelines provide a sound base of information, which can be used by healthcare professionals
to guide diagnosis and treatment decisions, further research regarding the treatment of AN is still
urgently needed.

Author Contributions: Conceptualisation, G.R. and A.Z.; methodology, A.Z.; investigation, G.R.; writing—original
draft preparation, G.R., S.H., B.H.-D. and A.Z.; writing–review and editing, G.R.

Funding: The S3-guideline was funded by the Christina Barz-Stiftung in the Association of German
Academic Foundations.

Acknowledgments: The support of the publication fund of the University Hospital Tuebingen was greatly
appreciated. We would also like to thank all contributors to the German S3-guideline and the Arbeitsgemeinschaft
der Wissenschaftlichen Medizinischen Fachgesellschaften (AWMF). The authors would like to thank Brigid
Kennedy for her help in preparing this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Teufel, M.; Friederich, H.-C.; Groß, G.; Schauenburg, H.; Herzog, W.; Zipfel, S. Anorexia nervosa – Diagnostik
und Therapie. PPmP 2009, 59, 454–466. [CrossRef] [PubMed]

2. Treasure, J.; Zipfel, S.; Micali, N.; Wade, T.; Stice, E.; Claudino, A.; Schmidt, U.; Frank, G.K.; Bulik, C.M.;
Wentz, E. Anorexia nervosa. Nat. Rev. Dis. Primers 2015, 1, 15074. [CrossRef] [PubMed]

3. Zipfel, S.; Löwe, B.; Reas, D.L.; Deter, H.C.; Herzog, W. Long-term prognosis in anorexia nervosa: Lessons
from a 21-year follow-up study. Lancet 2000, 355, 721–722. [CrossRef]

4. Zipfel, S.; Giel, K.E.; Bulik, C.M.; Hay, P.; Schmidt, U. Anorexia nervosa: Aetiology, assessment, and treatment.
Lancet Psychiat. 2015, 2, 1099–1111. [CrossRef]

5. World Health Organization (WHO) ICD 11 International Classification of Diseases 11th Revision. Available
online: https://icd.who.int/ (accessed on 17 December 2018).

6. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American
Psychiatric Publishing: Washington, DC, USA, 2013.

7. Wentz, E.; Gillberg, I.C.; Anckarsäter, H.; Gillberg, C.; Råstam, M. Adolescent-onset anorexia nervosa: 18-year
outcome. Br. J. Psychiatry 2009, 194, 168–174. [CrossRef] [PubMed]

8. Egger, N.; Wild, B.; Zipfel, S.; Junne, F.; Konnopka, A.; Schmidt, U.; de Zwaan, M.; Herpertz, S.; Zeeck, A.;
Löwe, B.; et al. Cost-effectiveness of focal psychodynamic therapy and enhanced cognitive-behavioural
therapy in out-patients with anorexia nervosa. Psychol. Med. 2016, 46, 3291–3301. [CrossRef] [PubMed]

9. Stuhldreher, N.; Konnopka, A.; Wild, B.; Herzog, W.; Zipfel, S.; Löwe, B.; König, H.-H. Cost-of-illness studies
and cost-effectiveness analyses in eating disorders: A systematic review. Int. J. Eat. Disord. 2012, 45, 476–491.
[CrossRef] [PubMed]

10. Jäger, B.; Herpertz, S. S3-Leitlinie Diagnostik und Therapie der Essstörungen. PiD 2013, 14, 16–21. [CrossRef]
11. Giel, K.; Groß, G.; Zipfel, S. Neue S3-Leitlinie zur Behandlung von Essstörungen. Psychother. Psychosom.

Med. Psychol. 2011, 61, 293–294. [CrossRef] [PubMed]
12. Fichter, M.; Schweiger, U.; Krieg, C.; Pirke, K.; Ploog, D.; Remschmidt, H. Behandlungsleitlinie Eßstörungen,

Praxisleitlinien in Psychiatrie und Psychotherapie, 4th ed.; Steinkopff-Verlag: Darmstadt, Germany, 2000.
13. Herpertz-Dahlmann, B.; Hebebrand, J.; Remschmidt, H. Leitlinien zur Diagnostik und Therapie von psychischen

Störungen im Säuglings-, Kindes- und Jugendalter: Hrsg. d. Dtsch. Ges. für Kinder- u. für Kinder-&
Jugendpsychiatrie u. Psycho, 3rd ed.; Deutscher Ärzteverlag: Köln, Germany, 2000.

14. Herpertz, S.; Herpertz-Dahlmann, B.; Fichter, M.; Tuschen-Caffier, B.; Zeek, A. S3-Leitlinie Diagnostik und
Behandlung der Essstörungen (Online). Available online: https://www.awmf.org/leitlinien/detail/ll/051-
026.html (accessed on 29 January 2019).

15. Herpertz, S.; Herpertz-Dahlmann, B.; Fichter, M.; Tuschen-Caffier, B.; Zeeck, A. S3-Leitlinie Diagnostik und
Behandlung der Essstörungen; Springer: Berlin, Germany, 2011.

16. Zeeck, A.; Herpertz, S. Diagnostik und Behandlung von Essstörungen - Ratgeber für Patienten
und Angehörige: Patientenleitlinie der Deutschen Gesellschaft für Essstörungen (Online). Available
online: https://www.dgppn.de/_Resources/Persistent/4c462ba248a0ce039579c678d467c33092a283a0/
Patientenleitlinie%20Essst%C3%B6rungen%202015.pdf (accessed on 29 January 2019).

144



J. Clin. Med. 2019, 8 , 153

17. Zeeck, A.; Herpertz, S. Diagnostik und Behandlung von Essstörungen - Ratgeber für Patienten und Angehörige:
Patientenleitlinie der Deutschen Gesellschaft für Essstörungen; Springer: Berlin, Germany, 2015.

18. Zeeck, A.; Herpertz-Dahlmann, B.; Friederich, H.-C.; Brockmeyer, T.; Resmark, G.; Hagenah, U.; Ehrlich, S.;
Cuntz, U.; Zipfel, S.; Hartmann, A. Psychotherapeutic treatment for anorexia nervosa: A systematic review
and network meta-analysis. Front. Psychiatry 2018, 9. [CrossRef]

19. Svaldi, J.; Schmitz, F.; Baur, J.; Hartmann, A.S.; Legenbauer, T.; Thaler, C.; von Wietersheim, J.; de Zwaan, M.;
Tuschen-Caffier, B. Efficacy of psychotherapies and pharmacotherapies for bulimia nervosa. Psychol. Med.
2018, 1–13. [CrossRef] [PubMed]

20. Hilbert, A.; Petroff, D.; Herpertz, S.; Pietrowsky, R.; Tuschen-Caffier, B.; Vocks, S.; Schmidt, R. Meta-analysis
of the efficacy of psychological and medical treatments for binge-eating disorder. J. Consult. Clin. Psychol.
2019, 87, 91–105. [CrossRef] [PubMed]

21. Agras, W.S.; Lock, J.; Brandt, H.; Bryson, S.W.; Dodge, E.; Halmi, K.A.; Jo, B.; Johnson, C.; Kaye, W.;
Wilfley, D.; et al. Comparison of 2 family therapies for adolescent anorexia nervosa: a randomized parallel
trial. JAMA Psychiatry 2014, 71, 1279–1286. [CrossRef]

22. Eisler, I.; Simic, M.; Hodsoll, J.; Asen, E.; Berelowitz, M.; Connan, F.; Ellis, G.; Hugo, P.; Schmidt, U.;
Treasure, J.; et al. A pragmatic randomised multi-centre trial of multifamily and single family therapy for
adolescent anorexia nervosa. BMC Psychiatry 2016, 16, 422. [CrossRef] [PubMed]

23. Herpertz-Dahlmann, B.; Schwarte, R.; Krei, M.; Egberts, K.; Warnke, A.; Wewetzer, C.; Pfeiffer, E.;
Fleischhaker, C.; Scherag, A.; Holtkamp, K.; et al. Day-patient treatment after short inpatient care versus
continued inpatient treatment in adolescents with anorexia nervosa (ANDI): A multicentre, randomised,
open-label, non-inferiority trial. Lancet 2014, 383, 1222–1229. [CrossRef]

24. Le Grange, D.; Hughes, E.K.; Court, A.; Yeo, M.; Crosby, R.D.; Sawyer, S.M. Randomized clinical trial of
parent-focused treatment and family-based treatment for adolescent anorexia nervosa. J. Am. Acad. Child.
Adolesc. Psychiatry 2016, 55, 683–692. [CrossRef]

25. Schmidt, U.; Magill, N.; Renwick, B.; Keyes, A.; Kenyon, M.; Dejong, H.; Lose, A.; Broadbent, H.; Loomes, R.;
Yasin, H.; et al. The Maudsley outpatient study of treatments for anorexia nervosa and related conditions
(MOSAIC): Comparison of the Maudsley model of anorexia nervosa treatment for adults (MANTRA) with
specialist supportive clinical management (SSCM) in outpatients with broadly defined anorexia nervosa:
A randomized controlled trial. J. Consult. Clin. Psychol. 2015, 83, 796–807.

26. Zipfel, S.; Wild, B.; Groß, G.; Friederich, H.-C.; Teufel, M.; Schellberg, D.; Giel, K.E.; de Zwaan, M.; Dinkel, A.;
Herpertz, S.; et al. Focal psychodynamic therapy, cognitive behaviour therapy, and optimised treatment as
usual in outpatients with anorexia nervosa (ANTOP study): Randomised controlled trial. Lancet 2014, 383,
127–137. [CrossRef]

27. Phillips, B.; Ball, C.; Sackett, D.; Badenoch, D.; Straus, S.; Haynes, B.; Dawes, M. Oxford Centre for
Evidence-based Medicine - Levels of Evidence (March 2009). Available online: https://www.cebm.net/2009/
06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/ (accessed on 19 November 2018).

28. Kopp, I.B.; Selbmann, H.-K.; Koller, M. Consensus development in evidence-based guidelines: From myths
to rational strategies. Z. Arztl. Fortbild. Qualitatssich. 2007, 101, 89–95.

29. Carter, J.C.; Mercer-Lynn, K.B.; Norwood, S.J.; Bewell-Weiss, C.V.; Crosby, R.D.; Woodside, D.B.; Olmsted, M.P.
A prospective study of predictors of relapse in anorexia nervosa: Implications for relapse prevention.
Psychiatry Res. 2012, 200, 518–523. [CrossRef] [PubMed]

30. Eckert, E.D.; Halmi, K.A.; Marchi, P.; Grove, W.; Crosby, R. Ten-year follow-up of anorexia nervosa: Clinical
course and outcome. Psychol. Med. 1995, 25, 143–156. [CrossRef] [PubMed]

31. Strober, M.; Freeman, R.; Morrell, W. The long-term course of severe anorexia nervosa in adolescents:
Survival analysis of recovery, relapse, and outcome predictors over 10-15 years in a prospective study. Int. J.
Eat. Disord. 1997, 22, 339–360. [CrossRef]

32. Friederich, H.-C.; Herzog, W.; Wild, B.; Zipfel, S.; Schauenburg, H. Anorexia Nervosa: Fokale Psychodynamische
Psychotherapie, 1st ed.; Hogrefe Verlag: Göttingen, Germany, 2014.

33. Friederich, H.-C.; Wild, B.; Zipfel, S.; Schauenburg, H.; Herzog, W. Anorexia Nervosa: Focal Psychodynamic
Psychotherapy, 2019th ed.; Hogrefe Publishing: Boston, MA, USA, 2019.

34. Fairburn, C. Cognitive Behavior Therapy and Eating Disorders, 1st ed.; Guilford Press: New York, NY, USA, 2008.
35. Touyz, S.; Le Grange, D.; Lacey, H.; Hay, P.; Smith, R.; Maguire, S.; Bamford, B.; Pike, K.; Crosby, R. Treating

severe and enduring anorexia nervosa: a randomized control trial. Eur. Psychiatry 2015, 30, 357. [CrossRef]

145



J. Clin. Med. 2019, 8 , 153

36. McIntosh, V.V.W.; Jordan, J.; Carter, F.A.; Luty, S.E.; McKenzie, J.M.; Bulik, C.M.; Frampton, C.M.A.; Joyce, P.R.
Three psychotherapies for anorexia nervosa: A randomized, controlled trial. Am. J. Psychiatry 2005, 162,
741–747. [CrossRef] [PubMed]

37. Dutch Foundation for Quality Development in Mental Healthcare. Practice Guideline for the Treatment
of Eating Disorders [Zorgstandard Eetstoornissen]. Available online: https://www.ggzstandaarden.nl/
zorgstandaarden/eetstoornissen (accessed on 8 November 2018).

38. National Guideline Alliance (UK). Eating Disorders: Recognition and Treatment. Available online:
https://www.nice.org.uk/guidance/ng69/ (accessed on 1 October 2018).

39. Hilbert, A.; Hoek, H.W.; Schmidt, R. Evidence-based clinical guidelines for eating disorders: International
comparison. Curr. Opin. Psychiatry 2017, 30, 423–437. [CrossRef] [PubMed]

40. Danish Health Authority. National Clinical Guideline for the Treatment of Anorexia Nervosa; Quick
Guide. Available online: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=
2ahUKEwi0ws31keDeAhXIzKQKHWGUBAUQFjAAegQICRAC&url=https%3A%2F%2Fwww.sst.dk%
2Fda%2Fudgivelser%2F2016%2F~{}%2Fmedia%2F36D31B378C164922BCD96573749AA206.ashx&usg=
AOvVaw2q2_ZWBhf6MqnHgZp8vfxR (accessed on 1 October 2018).

41. Royal Australian and New Zealand College of Psychiatrists Clinical Practice Guidelines Team for Anorexia
Nervosa. Australian and New Zealand clinical practice guidelines for the treatment of anorexia nervosa.
Aust. N. Z. J. Psychiatry 2004, 38, 659–670. [CrossRef] [PubMed]

42. Yager, J.; Devlin, M.J.; Halmi, K.A.; Herzog, D.B.; Mitchell, J.E.; Powers, P.; Zerbe, K.J. Guideline Watch
(August 2012): Practice guideline for the treatment of patients with eating disorders, 3rd ed. FOCUS 2012,
12, 416–431. [CrossRef]

43. Yager, J.; Devlin, M.J.; Halmi, K.A.; Herzog, D.B.; Mitchell, J.E.; Powers, P.; Yerbe, K.J. Practice
Guideline for the Treatment of Patients with Eating Disorders, 3rd ed. Available online:
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=
2ahUKEwiajvSW0djeAhXNposKHUmuB8QQFjAAegQICBAC&url=https%3A%2F%2Fpsychiatryonline.
org%2Fpb%2Fassets%2Fraw%2Fsitewide%2Fpractice_guidelines%2Fguidelines%2Featingdisorders.pdf&
usg=AOvVaw1mmGEBSYOQgyC9FX4fGjBs (accessed on 1 October 2018).

44. Haute Autorité de Santé. Clinical Practice Guidelines: Anorexia Nervosa: Management. Available
online: https://www.has-sante.fr/portail/upload/docs/application/pdf/2013-05/anorexia_nervosa_
guidelines_2013-05-15_16-34-42_589.pdf (accessed on 1 October 2018).

45. Working Group of the Clinical Practice Guideline for Eating Disorders. Clinical Practice Guideline for
Eating Disorders. Available online: http://www.guiasalud.es/GPC/GPC_440_Eat_Disorders_compl_en.pdf
(accessed on 1 October 2018).

46. Ministry of Health. Clinical Practice Guidelines for the BC Eating Disorders Continuum of Services. Available
online: http://mh.providencehealthcare.org/sites/default/files/BC%20Eating%20Disorders%20Clinical%
20Practice%20Guidelines.pdf (accessed on 1 October 2018).

47. Aigner, M.; Treasure, J.; Kaye, W.; Kasper, S.; The WFSBP task force on eating disorders. World Federation of
Societies of Biological Psychiatry (WFSBP) guidelines for the pharmacological treatment of eating disorders.
World J. Biol. Psychiatry 2011, 12, 400–443. [CrossRef] [PubMed]

48. Robinson, P.; Rhys Jones, W. MARSIPAN: Management of really sick patients with anorexia nervosa.
BJPsych Adv. 2014, 24, 20–32. [CrossRef]

49. Treatment of Patients with Eating Disorders. In APA Practice Guidelines for the Treatment of Psychiatric Disorders:
Comprehensive Guidelines and Guideline Watches, 3rd ed.; American Psychiatric Association: Arlington, VA,
USA, 2006.

50. Robinson, P.H.; Kukucska, R.; Guidetti, G.; Leavey, G. Severe and enduring anorexia nervosa (SEED-AN):
A qualitative study of patients with 20+ years of anorexia nervosa. Eur. Eat. Disord. Rev. 2015, 23, 318–326.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

146



MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

Tel. +41 61 683 77 34
Fax +41 61 302 89 18

www.mdpi.com

Actuators Editorial Office
E-mail: actuators@mdpi.com

www.mdpi.com/journal/actuators





MDPI  
St. Alban-Anlage 66 
4052 Basel 
Switzerland

Tel: +41 61 683 77 34 
Fax: +41 61 302 89 18

www.mdpi.com ISBN 978-3-0365-1185-6 


	Blank Page
	JCM Anorexia Nervosa relayout.pdf
	Blank Page

	JCM Anorexia Nervosa relayout.pdf
	Blank Page




