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ARTICLE INFO ABSTRACT

Keywords: Anorexia nervosa (AN) entails many uncertainties regarding the clinical outcome, due to large heterogeneity in
Anorexia nervosa the disease course. AN is associated with global decrease in brain volumes and altered brain functioning during
Neuroimaging o acute illness. However, it is unclear whether structural and functional brain alterations can predict clinical
PMriﬁ?cet?snresmance imaging outcome. We aimed to systematically review the predictive value of volumetric and functional brain outcome
Prognosis measures of structural and functional brain magnetic resonance imaging (MRI) on the disease course of AN. Four

databases (Embase, Medline, Psycinfo, and Cochrane Central Register) were systematically searched. A total of
15 studies (structural MRIL: n = 6, functional MRI: n = 9) were reviewed. In total 464 unique AN patients, and
328 controls were included. Follow-up time ranged between 1 and 43 months. Structural neuroimaging studies
showed that lower brain volumes of the cerebellum, subcortical grey matter, and cortical white matter at
admission predicted a worse clinical outcome. A smaller increase of the anterior cingulate cortex volume in the
early phase of the disease predicted a worse clinical outcome. Lower overall gyrification, and a higher clustering
coefficient predicted a worse clinical outcome. Functional MRI studies showed that frontal, parietal and temporal
activity during task-based algorithms predicted follow-up body mass index, although results were bidirectional
possibly due to the large heterogeneity in methodological approaches. Neuroimaging measures may predict the
clinical outcome of AN. However, there is a lack of replication studies. Future studies are needed to validate the
prognostic utility of neuroimaging measures in AN patients, and should harmonize demographic, clinical and
neuroimaging features in order to enhance comparability.

Disease course

1. Introduction

Anorexia nervosa (AN) is a severe psychiatric disorder characterized
by an extremely low body weight, excessive fear to gain weight, and a
disturbed body image (AP, 2013). AN is associated with high rates of
morbidity and has the highest mortality rate of all psychiatric disorders
(Arcelus et al., 2011; Papadopoulos et al., 2009). The onset of the dis-
order is often during adolescence and has a lifetime prevalence of 1-4%
in females, and 0.2-0.3% in males (Bulik et al., 2006; Galmiche et al.,
2019). The course of the disease is heterogeneous, whereas a subset of
patients have a short and milder disease course, e.g. recovery within a
year and others have a prolonged illness with multiple relapses (Berk-
man et al., 2007; Steinhausen, 2002). The mean illness duration lasts

approximately four years (Ruijter and Schoemaker, 2003). Although
biological underpinnings of AN are widely recognized, the underlying
disease mechanisms are not yet fully elucidated, which makes it difficult
to treat and predict the disease course of AN during the acute phase of
the disease (i.e. in a very early treatment phase focusing on weight re-
covery) (Kaye et al., 2013; Moskowitz and Weiselberg, 2017; Walton
et al., 2022). Since AN is a serious mental disorder with a high disease
burden and health-threatening consequences due to starvation, it is
important to identify predictors of the clinical outcome in order to tailor
interventions and improve clinical care for individual patients. In recent
years, there has been an increasing interest in neuroimaging of the brain,
not only as a method to unravel the neural underpinnings of AN, but also
with the goal to predict prognosis.
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Previous studies investigating predictors of other psychiatric disor-
ders, i.e. major depressive disorder (MacQueen, 2009; McGrath et al.,
2013; Siegle et al., 2012) or post-traumatic stress disorder (Bryant et al.,
2008), suggested neuroimaging outcome measures as possible bio-
markers for treatment response. The translation of volumetric and
functional brain outcome measures as possible predictors for the disease
course for patients with AN may be promising. It is already known that
AN patients show alterations in brain structure and function during the
acute phase of the disease (Castro-Fornieles et al., 2009; Collantoni
et al., 2021; Fladung et al., 2013; Fuglset et al., 2016; Fujisawa et al.,
2015; Garcia-Garcia et al., 2013; Horndasch et al., 2018; Kappou et al.,
2021; Van den Eynde et al.,, 2012; Zhu et al.,, 2012). A recent
meta-analysis reported that reductions in cortical volume and thickness
are related to the clinical stage of the disease. The largest brain volume
reductions were observed during the acute phase of the disease; whereas
brain volume reductions were less severe in partially weight-restored
patients (Walton et al., 2022). Structural brain volume reductions
likely reflect malnutrition, rather than pointing to the underlying eti-
ology of AN, which makes it challenging to assess brain structure
separate from the effects of malnutrition. Another meta-analysis re-
ported a reduction of grey matter volume of 4.6% and white matter
volume of 2.7% in patients with acute AN compared to healthy controls
(Van den Eynde et al., 2012). In AN patients, local grey matter volume
reductions were found in the prefrontal and insular cortex, temporal and
parietal lobes (Castro-Fornieles et al., 2009; Fujisawa et al., 2015;
Kappou et al., 2021). Furthermore, patients with AN had lower overall
gyrification (i.e. the degree of cortical folding) (Dubois et al., 2008;
White et al., 2010), with in particular lower gyrification in the frontal
lobe, sensorimotor region, and parieto-temporal regions compared to
healthy controls (Collantoni et al., 2021).

Studies investigating functional magnetic resonance imaging (fMRI)
of the brain have primarily utilized specific stimuli, such as food-, body-,
and reward-related tasks related to the core clinical symptoms of AN
(Garcia-Garcia et al., 2013; Zhu et al., 2012). In acutely ill AN patients,
increased brain activity was found in multiple brain regions, including
the prefrontal and cingulate cortex, insula and striatum, compared to
healthy controls (Fladung et al., 2013; Fuglset et al., 2016; Horndasch
et al., 2018). Most previous studies were cross-sectional, therefore it is
still unclear whether these structural and functional brain alterations
during the acute phase of the disease can predict the disease course.
Longitudinal studies are critical to identify predictors of the disease
course. Currently, neuroimaging outcome measures have no clinical use
in the treatment of AN. Potentially, volumetric and functional brain
outcome measures may help health care professionals identifying pa-
tients at high risk of a poor clinical course who need tailored therapeutic
interventions.

To our knowledge, there are no studies that have systematically
reviewed the predictive value of structural and functional MRI brain
measures on the course of AN. Therefore, the present study aimed to
conduct a systematic literature review of published studies to identify
predictors of disease outcome of AN using MRI.

2. Methods
2.1. Search strategy

The following databases were searched up to February 10th’ 2023:
Excerpta Medica dataBASE (Embase), Medline (OvidSP), Web of Sci-
ence, PsychINFO ovid, Cochrane Central Register, and Google Scholar
using appropriate keywords (adjusted for the specific database, see
supplementary material Appendix A): (I) “anorexia nervosa”, (II)
“Magnetic Resonance Imaging (MRI)”, (III) “Clinical course” and (IV)
“Prediction”. Papers were categorized in (1) “structural MRI studies”
and “functional MRI studies”. Subsequently, selected articles were sub-
divided into two categories based on the outcome: “predictors of clinical
outcome” (i.e. body mass index (BMI), eating disorder symptoms) and
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“predictors of correlates of eating disorders” (i.e. treatment response,
task performance, cognitive abilities, comorbid psychiatric
symptomatology).

2.2. Eligibility criteria

To be included in this review, studies had to fulfill the following
criteria: (I) the study sample consists of patients diagnosed with AN
according to Diagnostic and Statistical Manual of Mental Disorders-III
(DSM-III), DSM-IV, DSM-V or the International Classification of Dis-
eases 10th Revision (ICD-10) criteria; (II) structural MRI outcome
measures, (III) functional MRI outcome measures with either task-based
neural activity or brain resting state connectivity, (IV) longitudinal
study-design, (V) original research published in a peer-reviewed,
indexed scientific journal, and (VI) article in English. All studies iden-
tified through database searching before February 10th’ 2023 were
considered. Studies were excluded when they described case series and
case reports.

2.3. Quality assessment and retrieval process

The current systematic review was written in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (Moher et al., 2009). The systematic literature
review was preregistered in the international prospective register of
systematic reviews, PROSPERO, registration number
CRD42021285402. The search strategy was developed together with a
biomedical information specialist, specialized in conducting search
strategies for systematic reviews. Eligibility was assessed by screening
titles and abstracts by two independent investigators (KFMB, physician
and PhD-student and MAA, psychologist and PhD-student). Through our
systematic search we screened 529 articles, of which 494 were excluded
on basis of title and abstract. We retrieved 35 full-text articles of which
15 were ultimately included in our systematic review. Disagreements (n
= 3) were resolved through consensus by discussing the discrepancies
and reevaluating the articles based on the eligibility criteria. See Fig. 1
for a PRISMA flow-chart of the study selection.

Quality assessment was performed using the Joanna Briggs Institute
critical appraisal tool for case-control studies, which is an approved
method of an international evidence-based research institution to assess
the methodological quality taking into account the possibility of bias in
the study design and analysis (Moola S et al., 2020). This tool consisted
of 10 questions with Yes, No, Unclear or Not applicable. For our literature
review only 7 questions were applicable, since we did not have an
exposure. We adapted the tool in order to add relevant questions for the
data of interest. Since it was not required to have a control group, we
calculated an adjusted score as appropriate to the items. An overview of
the quality/risk of bias assessment is displayed in Appendix B. The total
adjusted score was 1.00 point. We considered a score >0.80 as good,
0.60-0.80 as fair and <0.60 as poor quality. The mean quality adjusted
score was 0.89 (range 0.61-1.00), which is considered good quality. 13
studies were of good quality (Bodell et al., 2014; Boehm et al., 2021;
Collantoni et al., 2019; DeGuzman et al., 2017; Dunlop et al., 2015;
Favaro et al., 2015; Garrett et al., 2014; McCormick et al., 2008; Milos
et al., 2021; Schulte-Ruther et al., 2012; Seidel et al., 2018; Seitz et al.,
2015; Young et al., 2020). Two studies were of fair quality (Steward
etal., 2022; Xu et al., 2017). In order to increase comparability between
studies, effect sizes of the reviewed studies were converted to Cohen’s
d if applicable. Effect sizes of 0.2 were considered as small effect sizes,
0.5 as moderate effect sizes and 0.8 as large effect sizes (Cohen, 2013).

2.4. Data extraction
The study design, sample size, age at inclusion, sex, classification

system (DSM-III, DSM-IV, DSM-V, ICD-10), follow-up time, duration of
illness, type of measurement (functional or structural MRI) and outcome
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Fig. 1. PRISMA Flow-chart of study selection.

measures were extracted. Furthermore, the country and institution
where the study was conducted was extracted. Searches were limited to
studies published in English and were further assigned to either studies
that investigate predictors of the clinical outcome or studies that
investigate predictors of correlates of eating disorders.

3. Results

In this systematic review 15 articles were included. In total, 464
unique patients diagnosed with AN according to the DSM-criteria, and
328 controls were included. We retrieved six papers that focused on
structural MRI and nine papers that examined functional MRI. Of these,
11 papers focused on predictors of clinical outcome. Four papers
assessed the predictive value of correlates of eating disorders. Charac-
teristics of the included articles are presented in Table 1.

3.1. Structural MRI studies

Six structural neuroimaging studies reported data on the predictive
value of volumetric measures and the gyrification pattern on the course
of AN (Table 2). Five papers focused on adults and one paper focused on
adolescents. These studies were subdivided into studies focusing on
clinical outcome (n = 5) and studies focusing on correlates of eating

disorders (n = 1). Overall, the studies included 204 patients with AN and
126 controls. Mean duration of illness was 5.2 years (range 1.0-6.6) and
mean follow-up time was 22.2 months (range 6-42). Results of the
included articles are presented in Fig. 2.

3.1.1. Predictors of clinical outcome

McCormick et al. (McCormick et al., 2008) performed a study in
adult AN patients admitted to the hospital and they investigated the
association between anterior cingulate cortex (ACC) volume change
between admission and weight recovery (varying from 56 to 196 days
after admission), and clinical outcome after one year of follow-up. They
selected the ACC, because previous studies (Naruo et al., 2001; Takano
etal., 2001) found altered brain activity in the ACC in patients with AN.
McCormick et al. (2008) showed that at follow-up, the volume change of
the right dorsal ACC between admission and weight restoration was
predictive of the clinical outcome, i.e. a greater increase in ACC volume
shortly after weight recovery predicted sustained remission of weight at
follow-up. In addition, a smaller increase in the volume of the right
dorsal ACC between admission and weight restoration predicted a
higher rate of relapse (defined as a BMI <18 kg/m?) at follow-up. These
results remained significant even after controlling for total grey matter
volume change. The ACC volume change between admission and weight
recovery did not predict BMI at follow-up (McCormick et al., 2008).
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Table 1
Characteristics of included studies.
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Author (year) Study design  Country Participants Age AN Classification Female Mean BMI AN Follow-up time  Duration of
N) Group system (%) group (Kg/mz) (Months) Illness (Years)
(Years)
Structural MRI studies
Bodell etal. (2014)  Longitudinal ~ USA AN-R: 4 25.6 (5.8) DSM-IV 100 15.8 (2.3) - 5.9
Case-control AN-BP: 17
HC: 20
McCormick et al. Longitudinal USA AN: 18 25.2(7.3) DSM-III-R 67 13.5(2.1) 12 6.5
(2008) Case-control HC: 18
Seitz et al. (2015) Longitudinal Germany AN: 56 15.5(1.7) DSM-IV 100 15.1 (1.4) 12 1.0
Case-control HC: 50
Collantoni (2019)* Longitudinal Italy AN: 38 26.1(7.2) DSM-1V 100 15.8 (1.8) 42 6.6
Case-control ANwr: 20 26.3(7.1) 19.6 (1.6) 38 3.8
HC: 38
Favaro (2015)* Longitudinal Italy AN:38 26.1(7.2) DSM-1V 100 15.8 (1.8) 42 6.6
Case-control ANwr: 20 26.3 (7.1) 19.6 (1.6) 38 3.8
HC:38
Milos et al. (2021) Longitudinal Switzerland AN-R: 42 22.2 (4.1) ICD-10 - 14.3 (1.0) 6 6.3
AN-BP: 8
Functional MRI studies
Boehm et al. Longitudinal Germany AN:35 16.2 (3.5) DSM-V 100 14.6 (1.5) 12 1.1
(2021) Case-control ANwr: 33 22.2 (3.5) 20.7 (1.7) 4.9
HC: 58
DeGuzman et al. Longitudinal =~ USA AN: 21 15.2 (2.4) DSM-V 100 20.4 (2.4) 1 -
(2017) Case-control HC: 21
Dunlop et al. Longitudinal Canada AN-BP:11 31.1 (9.5) DSM-V 93 19.1 (5.3) 2 14.8
(2015) BN: 17
Garrett et al. Longitudinal USA AN:21 23.4 (5.7) DSM-IV 100 17.4 (1.1) 4 7.1
(2014)
Schulte-Riither Longitudinal ~ Germany AN: 19 15.7 (1.5) DSM-V 100 15.3 (1.5) 12 -
(2012) Case-control HC: 21
Seidel et al. (2018) Longitudinal Germany AN: 35 16.5 (3.7) DSM-V 100 14.7 (1.3) 3 0.9
Case-control HC: 35
Xu et al. (2017) Longitudinal =~ USA AN: 24 16.4 (2.0) DSM-IV 100 19.5(1.9) 21 2.3
Case-control HC: 18
Steward et al. Longitudinal UK AN: 22 22.2 (4.5) DSM-V 100 16.3(1.1) 3 3.9
(2022) Case-control (AN-R/BP:
18/4)
HC: 21
Young et al. (2020) Longitudinal UK AN:16 31.4 (11.2) DSM-IV 100 15.9(1.3) 1 15.4
Case-control HC:21

Characteristics of included studies are reported as means and standard deviations (SD) or frequencies. AN: anorexia nervosa; BN: Bulimia Nervosa; AN-R: anorexia
nervosa restrictive subtype; AN-BP: anorexia nervosa binge-purge subtype; ANwr: weight-restored anorexia patients; ANnr: non-weight restored anorexia patients;
BMI: body mass index; DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD-10: International Classification of Diseases 10th Revision; HC: healthy
controls; UK: United Kingdom; USA: United States of America. * Studies utilized the same patient sample.

The studies of Favaro and Collantoni (Collantoni et al., 2019; Favaro
et al., 2015) used the same patient sample and investigated the pre-
dictive role of the gyrification pattern on clinical outcome after three
years of follow-up. Both studies investigated 38 patients with AN and 38
healthy controls. Favaro et al. (2015) found that AN patients with a poor
outcome after three years of follow-up had a significantly lower baseline
overall gyrification compared to both healthy controls and AN patients
who recovered. The results remained significant even after correction
for other clinical prognostic factors and duration of illness. Recovered
patients were defined as having normal weight, absence of body
dissatisfaction and excessive physical activity, and regular menses for at
least three months. On the other hand, in the AN group a lower degree of
gyrification in the left superior parietal lobe and right postcentral gyrus
were predictive for identifying patients with a worse clinical outcome
(Favaro et al., 2015). The study of Collantoni et al. investigated the
predictive value of both cortical thickness based networks and gyr-
ification based networks using structural covariance analysis. They
performed a structural MRI scan at baseline and assessed clinical
symptoms after three years of follow-up. Analysis of the cortical based
networks revealed that a higher clustering coefficient (i.e. the degree of
connectivity in a node’s neighborhood) (Watts and Strogatz, 1998) of
the cortical thickness of the left inferior frontal gyrus predicted a poor
clinical outcome after three years of follow-up. The degree of connec-
tivity in a node’s neighborhood was determined by the number of

340

connected triangles around one individual node, which can be inter-
preted as a degree of redundancy of an individual node. The higher the
degree of redundancy, the less distinctive information the individual
node added to the network (Costantini and Perugini, 2014). In addition,
both global and local gyrification measures were predictive of clinical
outcome after three years of follow-up. A higher overall clustering co-
efficient in gyrification-based networks predicted a poorer outcome. At
regional level, a higher clustering of the left superior temporal gyrus and
a lower clustering of the insula predicted a poorer outcome after three
years of follow-up. A higher characteristic path length (i.e. the average
shortest path length between all pairs of nodes) (Watts and Strogatz,
1998) of the gyrification was associated with poor outcome, and tended
towards significance. A higher characteristic path length indicated a less
efficient transmission of information (Lee and Mashour, 2018). Global
cortical thickness measures had no predictive value for the clinical
outcome (Collantoni et al., 2019).

In adult inpatients with severe AN, Milos and colleagues (Milos et al.,
2021) used a voxel-based whole-brain approach in order to investigate
the predictive role of local grey matter volume at admission on treat-
ment outcome. All patients followed an intensive treatment program
focusing on weight recovery. A favorable treatment outcome was
defined as a BMI >17.5 kg/m?2. They performed a T1-weighted MRI scan
at admission and divided the patient group in either a group patients
which achieved a BMI>17.5 kg/m? and a group patients which did not
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Table 2a
Structural MRI studies - clinical outcome.

Author (year) Method Data analyses Regions of interest Outcome Predictors of clinical outcome Effect size

(Cohen’s d)
McCormick MRI T1-weighted; 3-D spoiled 8 regions in ACC; 4 subregions =~ BMI A greater increase in ACC volume shortly after 0.65
et al. (2008) 1.5T gradient recall acquisition per hemisphere — rostral, weight recovery predicted sustained remission
sequence subcallosal, subgenual and left of weight after one-year of follow-up. On the
and right dorsal other hand, a smaller increase in the volume of

the right dorsal ACC over time predicted relapse
after one-year of follow-up.

Seitz et al. MRI 3T T1-weighted; magnetization-  Cortical white and grey BMI-SDS A lower
(2015) prepared rapid acquisition matter; subcortical white and 1. Subcortical grey matter 1.63
with gradient echo grey matter; cerebellar grey 2. Cortical white matter (located above the 1.59
(MPRAGE) and white matter brain stem), and
3. Cerebellar white matter predicted a lower 1.49
BMI-SDS after one year follow-up.
Collantoni MRI T1-weighted gradient-echo Cortical thickness and Eating 1.A higher clustering coefficient of -
et al. 1.5T sequence gyrification pattern disorder 1.1 Cortical thickness of the left inferior frontal
(2019)A symptoms gyrus

1.2 Overall gyrification, especially in the left
superior temporal gyrus

2. A lower level of connected edges in the
gyrification of the insula predicted a poor
outcome after three years of follow-up

Favaro MRI T1-weighted gradient-echo Gyrification pattern Eating Significantly lower gyrification at baseline in the
(2015)A 1.5T sequence disorder 1. Left hemisphere 0.91
symptoms 2. Right hemisphere 0.74
3. Left superior parietal cluster 0.80
4. Right postcentral cluster 0.68

predicted a poor clinical outcome after three
years of follow-up, after correction for age (of
onset), BMI and illness duration
Milos et al. MRI 3T T1-weighted 3D Turbo-Field-  Grey matter volume BMI-SDS A lower volume of the right cerebellum (crus I) -
(2021) Echo sequence predicted a worse clinical outcome, i.e. less
weight gain during therapy.

ACC: anterior cingulate cortex; BMI-SDS: body mass index-standard deviation score; MRI: magnetic resonance imaging;. * Studies utilized the same patient sample.

Table 2b
Structural MRI studies — correlates of eating disorder.
Author Method  Data analyses Regions of interest Outcome Effect size
(year) (Cohen’s d)
Bodell MRI 3T  T1- and T2-weighted magnetization- Total cerebral cortex grey Decision OFC volume at baseline did not -
etal. prepared rapid acquisition with gradient  matter volume; left and right making skills  predict decision-making skills
(2014) echo (MPRAGE) medial and lateral OFC assessed by the IGT at follow-up.

IGT: Iowa Gambling Task; MRI: magnetic resonance imaging; OFC: orbitofrontal cortex.

1 clustering coefiicient 1| overall Gyrification

JLAnterior Cingulate Cortex
volume change

ﬂv Right cerebellar volume

Worse clinical outcome (Crus I)

Cortical & Cerebellar

J], Subcortical grey
white matter volume

matter volume

Fig. 2. Summary of main results of structural MRI papers. This figure depicts the main conclusions of the reviewed articles (n = 5) concerning the predictive role of
structural MRI on the clinical outcome of patients with anorexia nervosa.

341



K.F.M. Bracké et al.

achieve weight recovery. The follow-up period was equal to treatment
duration. For weight recovered patients the mean treatment duration
was six months; the mean treatment duration for non-weight recovered
patients was 2.5 months. They found that a smaller grey matter cluster
volume in crus I (anterior part of the cerebral peduncle) located in the
right cerebellum at admission predicted a less favorable clinical
outcome, i.e. less weight gain during treatment. Ventricular cerebro-
spinal fluid, local grey, and white matter volume at admission did not
predict treatment outcome (Milos et al., 2021).

In adolescent inpatients with AN, only one study using structural
brain MRI was performed. Seitz and colleagues (Seitz et al., 2015)
assessed the clinical relevance of brain volume reductions at admission
in adolescents with AN on the clinical outcome after one-year of
follow-up. They demonstrated that lower subcortical grey matter, and
cortical - and cerebellar white matter volumes predicted a poorer clin-
ical outcome, defined as low BMI-standard deviation score (BMI-SDS).
These results were consistent with the study of Milos et al. (2021), who
found that a lower grey matter volume in the cerebellum at admission
predicted a poor treatment outcome in adult inpatients with AN. In
adolescents, cortical - and cerebellar grey matter volume at baseline did
not predict the clinical outcome (Seitz et al., 2015).

3.1.2. Predictors of correlates of eating disorder

The study of Bodell et al. (Bodell et al.,, 2014) examined
decision-making skills using the Iowa Gambling Task (IGT) in 22 pa-
tients with AN during the acute phase of the disease and after weight
recovery. The IGT was designed to stimulate decision-making under
specific conditions, including reward, punishment and uncertainty.
They discovered that the left medial orbitofrontal cortex (OFC) volume
was positively correlated with IGT scores at baseline after correction for
BMI. However, OFC volume at baseline did not predict decision-making
skills after weight recovery (Bodell et al., 2014).

3.2. Functional MRI studies

Nine studies reported data concerning the predictive value of func-
tional brain outcome measures on the course of AN. Overall, the studies
included 260 patients with AN and 202 controls. Mean duration of
illness was 6.8 years (range 0.9-15.4) and mean follow-up time was 6.6
months (range 1-21). Four papers focused on adults, four on adoles-
cents, and one paper included both adults and adolescents. Six articles
focused on predictors of clinical outcome and three studies focused on
predictors of correlates of eating disorders. Results of the included ar-
ticles are presented in Table 3 and Fig. 3.

3.2.1. Predictors of clinical outcome

Steward and colleagues (Steward et al., 2022) performed an emotion
regulation task during brain scanning, in both young patients with AN
receiving day-hospital treatment versus healthy controls. They showed
that a higher activity in the dorsolateral prefrontal cortex (DLPFC)
during the emotion regulation task in AN patients predicted a more
favorable clinical outcome, in terms of a larger increase in BMI and body
fat mass percentage after 12 weeks of treatment. DLPFC-amygdala
connectivity did not predict BMI and body fat percentage after 12
weeks of follow-up (Steward et al., 2022).

Seidel and colleagues (Seidel et al., 2018) performed an emotion
regulation task during fMRI after an overnight fast in AN patients during
acute illness and in healthy controls. Data concerning both physical
health and psychometrics were collected at baseline, and after 30, 60
and 90 days after admission. They showed that lower ventral striatum
(VS) activity in AN patients during an emotion regulation paradigm at
baseline predicted a worse clinical outcome at follow-up after 60 and 90
days follow-up. A worse clinical outcome was defined as a lower
BMI-SDS at follow-up corrected for BMI-SDS and eating disorder
severity at baseline (Seidel et al., 2018).

Four articles reported data on the predictive value of functional brain

342

Journal of Psychiatric Research 163 (2023) 337-349

outcome measures performed in adolescents with AN. Two studies used
a comparable task paradigm involving social evaluations. One study
investigated AN patients which were admitted to the hospital during the
acute phase of the illness. They utilized a social attribution task, which
was designed to test the subjects’ capability to understand the mental
states of other individuals. This task was performed shortly after
admission to the hospital and after weight restoration at discharge. One
year after admission, the clinical outcome of patients was assessed using
the Morgan-Russel Average Outcome Score (MRAOS). This assessment
investigated psychometrics subdivided into five subscales, including:
mental state, nutritional state, menstrual function, socioeconomic status
and sexual adjustment. Lower brain activity in a part of the right medial
PFC during the social attribution task at baseline predicted a poor
clinical outcome at one-year of follow-up according the MRAOS
(Schulte-Ruther et al., 2012). Xu and colleagues (Xu et al., 2017) per-
formed a similar task in both acute ill and recovered AN patients. During
the task, patients had to reflect on their own thoughts, their friends’
thoughts, and reflect on their own thoughts from another perspective.
They found that a higher neural activity in the posterior cingulate cortex
and precuneus for friend evaluations, rather than for self-evaluations in
adolescents, predicted recovery. AN patients were considered as
recovered when they were weight-recovered, had adequate control of
their eating disorder symptoms, maintained school/work since the last
MRI-visit, and received no treatment, including outpatient treatment,
one year after finishing the study. In addition, a trend was observed
towards a higher activation in either the cluster in the medial prefrontal
cortex (mPFC) and the dorsal anterior cingulate cortex (dAACC) and the
mPFC-Cingulate cluster among recovered patients at follow-up,
compared to those that remained ill. There was no relationship be-
tween clinical outcome and differences in neural activity during the
tasks for self-reflection and reflecting on their own thoughts from
another perspective (Xu et al., 2017).

A third study investigated the association between neural represen-
tations/responses during a reward-related task and treatment outcome
assessed with MRAOS in acutely ill AN patients, recovered AN patients,
and healthy controls. They identified neural patterns measured via
multivariate-pattern analyses, which is a method that discovers patterns
of neural activation in the brain. Via this method, different categories of
stimuli could be decoded via neural activations. During brain MRI par-
ticipants passively viewed social-, food- and neutral stimuli. They found
that a higher accuracy of the classification of food-stimuli vs. neutral
stimuli in the fusiform gyrus in acute ill AN patients predicted a more
favorable clinical outcome, in terms of a higher score on the MRAOS,
one year after follow-up (Boehm et al., 2021).

DeGuzman et al. (DeGuzman et al., 2017) utilized a reward task in
female adolescents with AN during fMRI at two timepoints: before and
after treatment. They used a computational model to predict reward
response (receipt and omission). The response was based on dopamine
response in the brain during the task. A positive prediction error
implicated a phasic burst of neural activity in dopamine neurons after an
unexpected reward. On the other hand, a negative prediction error
response implicated a dip in dopamine response after an unexpected
reward. They found that a higher activation of the middle orbitofrontal
cortex during the monetary reward expectation task before treatment
predicted a lower BMI increase at follow-up. Higher caudate prediction
error values before treatment predicted a lower BMI at discharge.
Furthermore, they found that a higher prediction error response in the
substantia nigra was related to a longer duration of treatment. In addi-
tion, lower levels of prediction error response in the head of the caudate
predicted a higher rate of weight gain. BMI change during treatment was
not predicted by the level of prediction-error at baseline (DeGuzman
et al., 2017).

3.2.2. Predictors of correlates of eating disorder
Garrett et al. (Garrett et al., 2014) used both a set-shifting and a
central coherence task during fMRI. It was shown that patients with AN
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Table 3a

Functional MRI studies - clinical outcome.

Journal of Psychiatric Research 163 (2023) 337-349

Author Task- Task description Method  Data analyses Regions of Interest Outcome Predictors of clinical Effect size
paradigm outcome (Cohen’s
d)
Boehm et al. Reward During fMRI, multiple MRI 3T  Predefined Fusiform gyrus, cuneus, Eating Higher accuracy of the 0.04
(2021) related task food-, social- and neutral regions of parahippocampal gyrus disorder classification of food-
stimuli were presented to interest symptoms stimuli vs. neutral
participants either stimuli in the fusiform
supraliminally or gyrus predicted a
subliminally favorable clinical
outcome after one year
of follow-up
DeGuzman etal.  Rewardtask  During fMRI, three MRI 3T  Predefined OFC, ventral and dorsal BMI/ Higher activation of 1.77
(2017) monetary unconditioned regions of anterior insula, posterior ~ Treatment the middle OFC during
stimuli were presented: interest insula, caudate body and ~ duration the reward task
win, no-win, or neutral. head, substantia nigra, predicted a lower BMI
Participants acquired ventral caudate/nucleus increase at follow-up.
skills in differentiating accumbens Higher caudate 0.97
single visual conditioned prediction error values
stimuli with the before treatment
unconditioned stimuli predicted a lower BMI
at follow-up.
A higher prediction 1.53
error response in the
substantia nigra
predicted a longer
treatment duration.
Lower levels of 2.12
prediction error
response in the caudate
head predicted an
increased rate of
weight gain
Schulte-Riither Social During fMRI, three white ~ MRI 3T  Predefined Superior and middle Eating Lower activity in the -
et al. (2012) attribution figures (circle, triangle, regions of temporal gyrus and the disorder medial PFC during a
task and diamond) were interest and temporal pole symptoms theory-of-mind task
presented while moving whole-brain predicted a worse
on a black background. analyses clinical outcome at
Participants had to one-year follow-up.
decide whether the
shapes were “friends” or
not.
Xu et al. (2017) Social During fMRI, participants MRI 3T Predefined Left and Right Inferior BMI/Eating A higher neural 1.58
evaluation were asked to read and regions of Frontal Gyrus, medial disorder activity in the posterior
task respond to statements interest PFC-dorsal ACC, medial symptoms cingulate cortex and
regarding thinking about PFC-Cingulate precuneus for friend
oneself, one’s friend, or evaluations, relative to
what one’s friend thinks self-evaluations
of her. predicted recovery.
Steward et al. Emotion The fMRI-task consisted MRI 3T Whole-brain Frontal -, temporal -, BMI/Body A higher activity in the
(2022) regulation of three conditions: analyses occipital -, and parietal composition DLPFC during an
task ‘LookNeutral’, lobe, amygdala, emotion regulation
‘LookNegative’ and thalamus, insula, task predicted
‘Regulate’. Based on the caudate, cerebellum 1. a higher body mass 1.07
condition, participants index 1.54
were asked to react in a
specific way and apply 2. a higher body fat
their acquired mass percentage
reappraisal skills. after 12 weeks of
treatment.
Seidel et al. Emotion During fMRI, participants ~MRI 3T  Predefined Bilateral ventral BMI-SDS A lower ventral
(2018) regulation were instructed to either regions of striatum striatum activity
task passively view positive, interest during an emotion
negative and neutral regulation paradigm at
stimuli or to actively baseline was predictive
downregulate their for a worse clinical
emotions when viewing outcome after
positive or negative respectively
pictures. 1. 60 days follow-up -0.77
and
2. 90 days follow-up -1.07

ACC: anterior cingulate cortex; BMI: body mass index; dmPFC: dorsomedial prefrontal cortex; DLPFC: dorsolateral prefrontal cortex; fMRI: functional magnetic
resonance imaging. OFC: orbitofrontal cortex; PFC: prefrontal cortex; rTMS: repetitive Transcranial Magnetic Stimulation; VLPFC: ventrolateral prefrontal cortex.
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Table 3b
Functional MRI studies — correlates of eating disorder.

Journal of Psychiatric Research 163 (2023) 337-349

Author Task- Task description Method Data analyses Regions of Interest Outcome Predictors of correlates of Effect size
paradigm eating disorder (Cohen’s
d)
Dunlop Resting state Patients were asked to MRI 3T Seed-based Dorsomedial PFC and Treatment Lower functional
et al. functional have their eyes closed dorsal ACC response to connectivity in respectively
(2015) MRI during the MRI scan. rTMS 1. dmPFC-insula —-0.93
2. dmPFC-OFC —1.04
3. dACC-insula —0.82
before treatment was an
indicator for good response
(binge/purge improvement)
on rTMS.
Garrett Set-shifting The set shifting task was  MRI3T  Voxel-based DLPFC, VLPFC, fysiform Set-shifting A combination of
et al. and central based on the Wisconsin whole-brain gyrus, insula, caudate, and central
(2014) coherence Card Sort Task (Lie analyses anterior middle frontal, coherence
task et al., 2006) and occipital, - temporal and  abilities
adjusted for fMRI. - parietal cortex,
The central coherence fusiform, cerebellum, 1. higher anterior middle 2.00
task was based on an precuneus frontal activation
embedded figures task ( 2. and lower VLPFC/insula 2.92
Lee et al., 2007). activation during the set-
shifting task predicted
improvement of set-
shifting abilities after 16
weeks of follow-up.
Young Food-related During fMRI, food- MRI Predefined Amygdala, insula, Food-anxiety A higher neural activity in -
et al. task stimuli and non-food 1.5T regions of DLPFC, medial OFC and the insula prior to treatment
(2020) stimuli were presented interest and ACC predicted lower self-

whole-brain
analyses

in random order. After a
set of images
participants were asked
how anxious they feel.

reported food-anxiety in
patients with anorexia
nervosa after treatment.

ACC: anterior cingulate cortex; BMI: body mass index; dmPFC: dorsomedial prefrontal cortex; DLPFC: dorsolateral prefrontal cortex; fMRI: functional magnetic
resonance imaging; OFC: orbitofrontal cortex; PFC: prefrontal cortex; rTMS: repetitive Transcranial Magnetic Stimulation; VLPFC: ventrolateral prefrontal cortex.

Reward task

mOFC activity

levels of caudate & substantia
nigra prediction error response

classification accuracy in fusiform
gyrus

Emotion Regulation task

Il DLPFC activity

IL VS activity

Worse clinical
outcome

Social Evaluation task

Posterior cingulate cortex &
precuneus activity

1

Social Attribution task

lL mPFC activity

Fig. 3. Summary of main results of functional MRI papers. This figure depicts the main conclusions of the reviewed articles (n = 6) concerning the predictive role of
fMRI on the clinical outcome of patients with anorexia nervosa. mOFC: medial orbitofrontal cortex; DLPFC: dorsolateral prefrontal cortex; VS: ventral striatum;

mPFC: medial prefrontal cortex.

had deficits in central coherence and set-shifting abilities during the
acute phase of the disease. The goal of this study was to analyze the
predictive value of set-shifting and central coherence tasks after 16
weeks of treatment among patients with AN. They found that a combi-
nation of higher anterior middle frontal activation and lower ventro-
lateral prefrontal cortex (VLPFC) activation during the set-shifting task
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at baseline predicted improvement of set-shifting abilities at follow-up.
During the central coherence task a significant change in brain activa-
tion was found in the left superior frontal gyrus, superior parietal lobe,
and bilateral posterior occipital lobe. However, these local changes in
brain activation did not correlate with changes in task performance,
physical or neuropsychological outcome. Therefore the central
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coherence task had no predictive value for the clinical course (Garrett
et al., 2014).

Young et al. (Young et al., 2020) investigated the association be-
tween neural activity and self-reported food anxiety in a small sample of
patients with AN following multiple sessions of food-exposure therapy.
A food-related task was assessed during the MRI scan before and after
food-exposure therapy. Before treatment, AN patients had a lower ac-
tivity in the ACC compared to the control group. A higher neural activity
in the insula prior to treatment predicted lower self-reported foo-
d-anxiety in subjects with AN. Neural activity in the ACC did not predict
changes in eating disorder symptomatology.

Dunlop et al. (Dunlop et al., 2015) focused on the predictive value of
resting state functional connectivity on treatment response to repetitive
transcranial magnetic stimulation (rTMS) in AN patients. The applica-
tion of rTMS is a novel and alternative approach in the treatment of
eating disorders (Duriez et al., 2020). rTMS has been widely used and
showed promising results in several other psychiatric disorders,
including major depressive disorder (Somani and Kar, 2019),
obsessive-compulsive disorder (Liang et al., 2021) and substance use
disorder (Zhang et al., 2019). rTMS is a non-invasive technique that
induces changes in brain activity using electromagnetic pulses through
the scalp (Klomjai et al., 2015). Previous fMRI-studies showed that AN
patients have altered resting state connectivity in multiple brain cir-
cuitries (e.g. default mode network, executive control network), which
may be linked to the core AN symptoms (Gaudio et al., 2016). Therefore,
several studies explored the application of rTMS in AN patients (Dalton
et al., 2021; McClelland et al., 2016). In the study of Dunlop et al. both
patients with bulimia nervosa and the binge-purge AN subtype were
investigated and underwent two MRI sessions; one session prior to rTMS
and one after rTMS. No separate analyses were performed for both
subtypes. Nor was there any blinding or randomization either. Good
responders to rTMS were defined as having a decrease of more than 50
percent in binge and purge episodes after four weeks rTMS treatment.
From the dorsomedial PFC (dmPFC) seed, both a lower connectivity
between the and dmPFC-OFC, and dmPFC-insula at baseline were pre-
dictors of good response on rTMS. A lower connectivity between
dACC-insula at baseline was also a predictor of good response (Dunlop
et al., 2015).

4. Discussion

Since to our knowledge there have been no prior systematic reviews
exploring the predictive role of volumetric and functional brain outcome
measures on clinical outcomes in AN (i.e. BMI, eating disorder symp-
tomatology) and the correlates of AN (i.e. treatment response, task
performance, cognitive abilities, comorbid psychiatric symptom-
atology), it was our goal to provide a current comprehensive review of
the literature related to this topic. There was a large heterogeneity be-
tween studies, which made it difficult to pool the results. Overall, there
was little overlap in the identified brain outcome measures that were
predictive for the disease course between structural and functional
neuroimaging studies. Structural neuroimaging studies identified pri-
marily global brain outcome measures that were predictive for the dis-
ease course, whereas functional neuroimaging studies identified
primarily local brain outcome measures, related to the specific task-
paradigm. Structural neuroimaging studies showed that lower brain
volumes of the cerebellum, subcortical grey matter, and cortical white
matter at admission predicted a worse clinical outcome (Milos et al.,
2021; Seitz et al., 2015). In addition one study demonstrated that
decreased ACC volume shortly after admission predicted a less favorable
clinical outcome (McCormick et al., 2008). Furthermore, lower overall
gyrification and a higher clustering coefficient in structural brain MRI
scans were predictive for a poorer outcome. A lower degree of
connectedness in measures of gyrification in the insula specifically
predicted a worse clinical outcome (Collantoni et al., 2021; Favaro et al.,
2015). During the task-paradigms lower brain activity in the DLPFC,
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mPFC, posterior cingulate cortex, VS and precuneus predicted an unfa-
vorable clinical outcome (Schulte-Ruther et al., 2012; Steward et al.,
2022; Xu et al., 2017). Higher brain activity in the mOFC predicted a
worse outcome (Schulte-Ruther et al., 2012; Seidel et al., 2018). In
addition, one study used a computational model to predict reward
response based on dopamine activity in the brain, and they showed that
higher levels of caudate, and substantia nigra prediction error dopamine
response predicted a less favorable outcome (DeGuzman et al., 2017).
Another study identified neural patterns associated with clinical
outcome and found that a lower classification accuracy in the fusiform
gyrus predicted a less favorable clinical outcome (Boehm et al., 2021).
Effect sizes of the studies were moderate to large (0.65-1.63), which are
quite high for fMRI studies. This raises questions regarding the possi-
bility of false positives. Thus, replication studies will be crucial to sup-
port the moderate to large effect estimates in these studies.

Studies evaluating the predictors of correlates of eating disorders
found that lower brain activity in PFC-insula, OFC-PFC and ACC-insula
predicted a favorable treatment (rTMS) response (Dunlop et al., 2015).
Furthermore, a higher anterior middle frontal activation and a lower
VLPFC/insula activation predicted an improvement in set-shifting abil-
ities (Garrett et al., 2014). A higher brain activity in the insula predicted
lower levels of food-anxiety at follow-up (Young et al., 2020).

4.1. Structural MRI studies

Two studies (Milos et al., 2021; Seitz et al., 2015) showed that a
lower cerebellar volume (grey and white matter) at admission predicted
a lower BMI-SDS at follow-up (range follow-up time: 2.5-12 months). A
lower cortical white matter, and subcortical grey matter volume also
predicted a lower BMI-SDS after one year of follow-up (Seitz et al.,
2015). Previous studies showed that brain changes are dependent of the
stage of the disease and often fully resolve with re-nutrition (Katzman
et al.,, 1997; Roberto et al., 2011; Walton et al., 2022). These findings
seems to support that an increase in ACC volume shortly after weight
recovery predicted sustained weight recovery after one-year of
follow-up (McCormick et al., 2008). Previous cross-sectional studies
found lower ACC volumes in patients with acute AN which were linked
to the key features of AN (Gaudio et al., 2015; Geisler et al., 2017; Lee
et al., 2014).

The ACC has been implicated in several cognitive functions, e.g.
emotion regulation, working memory, planning and organizing, and
effective coping styles (Etkin et al., 2011; Gu et al., 2010; Mulert et al.,
2008; Stevens et al., 2011). It is known that effective coping mechanisms
play an important role in daily life, e.g. dealing with stressful events.
Effective emotional self-regulation in patients with AN is beneficial in
accomplishing treatments goals, and therefore enhances clinical
outcome (Hernando et al., 2019). Due to alterations in the ACC AN
patients may be less able to learn from their own experiences, which
hinders the efficacy of the treatment. Thus, a focus on different elements
of the ACC in patients with AN will be important to parse the role of this
region in the clinical characteristics of AN.

Two studies performed in adult AN patients reported that a lower
degree of gyrification at baseline predicted a worse clinical outcome
after three-years of follow-up (Collantoni et al., 2019; Favaro et al.,
2015). Abnormalities in the gyrification pattern have been found in
multiple psychiatric diseases, such as major depressive disorder,
schizophrenia, bipolar disorder, and autism spectrum disorder (Ale-
many et al., 2021; Ansorge et al., 2007; Blanken et al., 2015; Durkut
et al., 2022; Fornito et al., 2007; Koolschijn and Geurts, 2016; Wein-
berger, 1987; White et al., 2003; White and Gottesman, 2012).
Abnormal gyrification patterns are thought to reflect neuro-
developmental pathology, since the cortical folding occurs during the
gestational phase. Early studies on postmortem brains suggested that the
gyrification pattern remained fairly stable through development, which
would make the gyrification a more static marker of neurodevelopment
(Armstrong et al., 1995). However, recent studies have shown changes
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in MRI-based measures of gyrification during development (White et al.,
2010). In twin studies gyrification has been shown to be more influenced
by environmental factors, and relied less on heritability compared to
cortical thickness (Thambisetty et al., 2010; White et al., 2002). Brain
imaging studies found an association between abnormal gyrification
patterns and certain genotypes implying a genetic predisposition (Pal-
aniyappan et al., 2019; Takahashi et al., 2015). Another study found that
a higher clustering coefficient, and a lower degree of connected edges in
the gyrification of the insula predicted a worse outcome after three-years
of follow-up (Collantoni et al., 2019). Hence, these findings strengthen
previous literature which stated that insula dysfunction may play an
important role in the pathophysiology of AN due to the main function of
the insula to process all information from the external environment
concerning body perception and emotion experience, which influences
self-awareness and decision making (Kerr et al., 2016; Nunn et al.,
2011).

4.2. Functional MRI studies

Task-based functional neuroimaging studies used emotion regula-
tion, social attribution, social evaluation, and reward tasks. These
studies showed that brain activity in the frontal, parietal and temporal
lobes at admission were predictive for the clinical outcome of AN.
However, due to large methodological differences between studies, it is
difficult to harmonize the results. Larger replication studies will be
important to assess the role of social and reward related brain patterns of
activity and connectivity in patients with AN.

Two studies investigated brain activity in patients versus controls
during an emotion regulation task showed that a lower activity in the
DLPFC and a higher activity in the ventral striatum predicted a worse
clinical outcome (range follow-up time 2-3 months) (Seidel et al., 2018;
Steward et al., 2022). Effect sizes of the studies evaluating the predictive
value of the emotion regulation task were large. The striatum and DLPFC
are connected and both integrally involved in executive functioning,
including decision-making and reward-perception. A study using
animal-models found a positive relationship between a conditioned
striatal activity and self-starvation (Kim, 2012). A higher striatal activity
is also observed in addictive disorders, implying a starvation depen-
dence in AN. Altered brain activity in the DLPFC and striatum could
explain the impaired executive functioning in AN patients (Jones and
Graff-Radford, 2021; Monchi et al., 2006). Studies evaluating social
tasks (Schulte-Ruther et al., 2012; Xu et al., 2017) found separately that
lower brain activity in the medial PFC, and an higher activity in the
posterior cingulate cortex and precuneus predicted a worse clinical
outcome (range follow-up time: 12-21 months) (36, 43). The cingulate
cortex and precuneus are implicated in visual perception. Furthermore,
the precuneus plays an important role in self-reflection, social aspects
and mind-wandering (Cavanna and Trimble, 2006). Alterations in these
regions may explain the rumination on body-weight and -shape, and
food in AN patients (Lee et al., 2014). Studies using a reward task
showed that a higher activation of the middle OFC predicted a lower
BMI increase at follow-up (DeGuzman et al., 2017). The OFC has been
implicated in decision-making, which is impaired in AN patients, in
particular during the acute phase of the disease (Wallis, 2007). The ef-
fect size of this finding was large. Higher levels of caudate and substantia
nigra error response (large effect sizes 0.97-1.53), and a lower accuracy
of the classification of the fusiform gyrus (small effect size 0.04) pre-
dicted a worse clinical outcome. The substantia nigra and caudate nuclei
are implicated in reward, which may explain the alterations in reward
processing in AN patients. The fusiform gyrus plays a role in visual
perception, e.g. facial recognition (Weiner and Zilles, 2016).

Studies focusing on symptoms and associated features of eating
disorders have shown that a combination of a higher anterior middle
frontal activation and a VLPFC activation during the set-shifting task
predicted improvement of set-shifting abilities after sixteen weeks of
follow-up. Additionally, a higher activity in the insula prior to treatment
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predicted lower self-reported food-anxiety in patients with anorexia
using a food-related task (Garrett et al., 2014). The effect sizes were
large. A higher neural activity in the insula predicted a favorable
treatment response on rTMS (Dunlop et al., 2015). While rTMS has been
widely used and approved by the US Food and Drug Administration
(FDA) for the treatment of major depressive disorder (McClintock et al.,
2018) and obsessive-compulsive disorder (George, 2019), the applica-
tion of rTMS in AN patients is still in an exploratory phase (Dalton et al.,
2021; McClelland et al., 2016).

Hence, the observed alterations in brain activity could be linked to
the main clinical symptoms of AN. Despite a lack of replication and
validation, the results indicate the promising prognostic utility of fMRI
in predicting the course of AN.

4.3. Limitations

Several limitations of consolidating the existing literature must be
considered. First, the varying results may be due to methodological is-
sues, in particular in the fMRI studies, considering the different task
paradigms applied. However, if the task paradigms were able to tap
similar cognitive domains associated with AN, this could also be
considered a strength. The sample sizes of the studies tended to be small
(range 16-56 AN patients) and the effect estimates high, suggesting the
possibility of false positives for some of the findings. Second, another
issue could be a difference between the samples, e.g. age, duration of
illness, and comorbidities. In particular, the stage of illness and the age
of onset could influence clinical outcome. Most reviewed studies were
performed in adults, while the peak onset of AN is during adolescence,
this may bias the measures for predicting clinical outcome. Another
example is the study of Dunlop et al. (Dunlop et al. (2015) which not
only included AN patients, but also patients with bulimia nervosa and
they did not analyze the groups separately. The studies were mainly
conducted in women, which limits the generalizability to men with AN.
Third, in addition to sample heterogeneity, the length of the follow-up
period could be a factor, since the follow-up range varied in the study
between 1-to-43 months. Since the mean illness duration of AN is four
years, the follow-up period of the reviewed studies may be too short to
identify predictors of clinical outcome (Ruijter and Schoemaker, 2003).
Fourth, in one study (Dunlop et al., 2015) AN patients underwent rTMS,
which is not the care as usual, which may have an influence on the
clinical course. Most reviewed studies did not correct for psychiatric
comorbidity, which may bias the results. Fifth, despite the quality of
most of the articles was considered as fair to good, there was a large
heterogeneity in outcome parameters, e.g. physical health, neuro-
cognitive functioning, behavior, which makes it difficult to generalize
outcomes.

Moreover, most studies selected regions of interest based on previous
literature, which may limit the identification of novel regions of interest.
Strikingly, most studies were performed in Europe and the United States
of America, which may be a selection bias. Finally, since most studies
reported large effect sizes, this could also suggest a publication bias.

4.4. Recommendations for future research

We recommend future research to replicate existing studies in order
to validate the prognostic utility of volumetric and functional brain
outcome measures. Future studies should use prediction modelling
considering established predictors and psychiatric comorbidity as
covariates. We also recommend, and this is key, that different research
groups that study patients with AN come together to harmonize at least a
subset of different demographic, clinical, cognitive, and neuroimaging
features that allow for better comparisons between future studies.
Future studies should include larger sample sizes, and also include male
patients, patients from diverse ethnic, geographic, and social economic
backgrounds. Moreover, given the mean duration of illness of AN is four
years, a longer follow-up period should be implemented.
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4.5. Conclusions

Altogether, the results of this systematic review suggests that volu-
metric and functional brain outcome measures may predict the clinical
outcome of AN patients. To date, there are few studies about the pre-
dictive value of neuroimaging measures on the differential course of AN.
Although, the results are promising, since the reviewed articles showed
large effect sizes. It may serve as a potential biomarker for predicting
clinical outcome and will provide more information regarding a more
reliable prognosis at admission, and it may give an indication of a pa-
tients’ disease stage. However, given the lack of replication and vali-
dation there is currently insufficient basis to recommend using MRI in
routine clinical practice to prognosticate the course of AN. Further
research into identifying predictors of the clinical outcome of AN should
be initiated, and should in particular focus on the PFC, ACC and insula.
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