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Abstract

Objective: An extensive number of predictors has been examined across the

literature to improve knowledge of relapse in anorexia nervosa (AN). These studies

provide various recovery and relapse definitions, follow-up durations and relapse

rates. The current study summarizes these values and predictors of relapse in AN in a

review and meta-analysis.

Method: The study was executed according to PRISMA guidelines. Different data-

bases were searched and studies in which participants did not receive an official clini-

cal diagnosis were excluded. A quality analysis was performed using the National

Institute of Health's Study Quality Assessment Tool. Random-effects meta-analyses

were conducted to summarize data.

Results: Definitions of relapse and recovery were diverse. During an average follow-

up period of 31 months an average relapse rate of 37% was found. Predictive vari-

ables from 28 studies were grouped in six categories: age and sex, symptoms and

behaviors, AN subtype and duration, weight or weight change, comorbidity, and per-

sonality. The studies were characterized by non-significant and contradictory results.

Meta-analyses were performed for the predictors age, AN duration, pre-treatment

BMI, post-treatment BMI and depression. These yielded significant effects for post-

treatment BMI and depression: higher pre-treatment depression (SMD = .40 CI

[.21–.59] and lower post-treatment BMI (SMD = �.35 CI [�.63 to �.07]) increased

relapse chances in AN.

Discussion: Our results emphasized a lack of sufficiently powered studies, consistent

results, and robust findings. Solely post-treatment BMI and pre-treatment depression

predicted relapse. Future research should use uniform definitions, larger samples and

better designs, to improve our understanding of relapse in AN.

Public significance: Knowledge about predictors is important to understand high

relapse rates. Our study performed a review and meta-analysis of relapse predictors

in AN. Related to the heterogeneity in studies examining predictors, an overview of

relapse and recovery definitions, follow-up durations and relapse rates for AN was

provided. Significant effects were found for post-treatment BMI and pre-treatment

Received: 11 May 2023 Revised: 29 August 2023 Accepted: 30 August 2023

DOI: 10.1002/eat.24059

Int J Eat Disord. 2024;57:3–26. wileyonlinelibrary.com/journal/eat © 2023 Wiley Periodicals LLC. 3

https://orcid.org/0000-0003-4312-142X
https://orcid.org/0000-0001-9550-2940
https://orcid.org/0000-0003-1335-1937
https://orcid.org/0000-0002-1131-0886
https://orcid.org/0000-0001-6135-2163
mailto:e.derijk@rivierduinen.nl
http://wileyonlinelibrary.com/journal/eat
http://crossmark.crossref.org/dialog/?doi=10.1002%2Feat.24059&domain=pdf&date_stamp=2023-10-19


depression. More studies with uniform definitions are needed to improve clinical

implications.

Resumen

Objetivo: En la literatura se ha examinado un amplio número de predictores para

mejorar el conocimiento de la recaída en la anorexia nerviosa (AN). Estos estudios

proporcionan diversas definiciones de recuperaci�on y recaída, duraciones del segui-

miento y tasas de recaída. El presente estudio resume estos valores y predictores de

recaída en AN en una revisi�on y metaanálisis.

Método: El estudio se realiz�o siguiendo las directrices PRISMA. Se realizaron

búsquedas en diferentes bases de datos y se excluyeron los estudios en los que los

participantes no recibieron un diagn�ostico clínico oficial. Se realiz�o un análisis de cali-

dad mediante la herramienta de evaluaci�on de la calidad de los estudios del Instituto

Nacional de Salud. Se realizaron metaanálisis de efectos aleatorios para resumir los

datos.

Resultados: Las definiciones de recaída y recuperaci�on fueron diversas. Durante un

período de seguimiento promedio de 31 meses se encontr�o una tasa media de

recaída del 37%. Las variables predictivas de 28 estudios se agruparon en seis cate-

gorías: edad y sexo, síntomas y conductas, subtipo y duraci�on de la AN, peso o cam-

bio de peso, comorbilidad y personalidad. Los estudios se caracterizaron por

resultados no significativos y contradictorios. Se realizaron metaanálisis para los pre-

dictores edad, duraci�on de la AN, IMC pretratamiento, IMC postratamiento y

depresi�on. �Estos arrojaron efectos significativos para el IMC postratamiento y la

depresi�on: una mayor depresi�on pretratamiento (DME = �,40; IC: [21 a, 59] y un

menor IMC postratamiento (DME = �,35; IC: [�,63 a �,07]) aumentaron las prob-

abilidades de recaída en la AN.

Discusi�on: Nuestros resultados enfatizaron la falta de estudios con suficiente poten-

cia, resultados consistentes y hallazgos robustos. S�olo el IMC postratamiento y la

depresi�on pretratamiento predijeron la recaída. Las investigaciones futuras deberían

utilizar definiciones uniformes, muestras más grandes y mejores diseños, para mejorar

nuestra comprensi�on de la recaída en la AN.

K E YWORD S

anorexia nervosa, BMI, depression, predictors, recovery, relapse

1 | INTRODUCTION

Anorexia Nervosa (AN) is associated with serious problems includ-

ing the presence of comorbidity, high levels of psychological dis-

tress, a reduced quality of life, and increased mortality (Ágh

et al., 2016; Jagielska & Kacperska, 2017; van Eeden et al., 2021)

Although an extensive amount of research focusses on treatment

for AN, outcome is often not satisfactory (Khalsa et al., 2017) and a

substantial proportion of patients relapse. Estimates of AN relapse

rates range between 30% and 50% (Berends et al., 2016; Khalsa

et al., 2017; Steinglass et al., 2011), making relapse a significant

concern.

Multiple studies have focused on predictors of relapse in AN,

including physical, cognitive, and socio-emotional factors (Berends

et al., 2018; Frostad et al., 2022). Reviewing these predictors could

provide insight into what factors contribute to relapse in AN and

might assist in the formation of more effective treatments and

(relapse) prevention programs (Berends et al., 2018; Bodell &

Mayer, 2011; Carter et al., 2012). However, high variability exists

across studies examining predictors, including differences in designs

(Berends et al., 2018; Glashouwer et al., 2018; Khalsa et al., 2017), as

well as the use of different relapse and recovery definitions (Khalsa

et al., 2017; Sala et al., 2023). Some studies defined relapse according

to levels of BMI, while others provided a more extensive definition
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including the presence of compensatory, binging and/or purging

behaviors (Khalsa et al., 2017). This high variability in study

designs and definitions, has resulted in different interpretations

of predictive effects, complicating overall knowledge of factors

preceding relapse in AN.

To the best of our knowledge, only two studies attempted to

summarize predictors of relapse in AN. First, a systematic review con-

ducted by Berends et al. (2018) showed that the factors: weight and

shape concerns, comorbidity, compulsions, longer illness duration and

intensity of treatment were predictive of relapse. In addition, their

meta-analysis revealed a relapse rate of 31% among individuals with

AN. A second meta-analysis examined predictors of relapse across all

eating disorder (ED) types: AN, Bulimia Nervosa, Binge Eating Disor-

der and Other Specified Feeding or Eating Disorder (Sala et al., 2023).

This meta-analysis quantified and compared predictors of relapse and

examined moderators of these relationships. Significant predictors of

relapse were found: psychiatric comorbidity, ED psychopathology,

leptin levels, motivation, BMI, response to treatment, and ED subtype.

Given the severe nature of AN (Jagielska & Kacperska, 2017; van

Eeden et al., 2021), the conceivably higher relapse rate in comparison

to the other EDs (Sala et al., 2023), and the predominant focus on AN

in previous ED relapse studies, conducting an updated combined sys-

tematic review and meta-analysis that specifically focuses on predic-

tors of relapse in AN emerges as a crucial next step to further

understand the relapse risk in this disorder.

Therefore, the main goal of the current study was to perform a

systematic review and meta-analysis examining predictors of relapse in

AN. Predictors of relapse assessed in at least two independent studies

were summarized in the systematic review. To improve the interpreta-

tion of effects and in comparison to the study of Sala et al. (2023), meta-

analyses were solely performed for predictors that were evaluated in a

minimum of five independent studies (Jackson & Turner, 2017). This

approach improved methodological consistency and strengthened the

validity of the synthesized findings of the meta-analysis. Furthermore, to

acknowledge the large diversity in relapse studies performed so far, an

overview of the different recovery and relapse definitions, relapse rates,

follow-up durations and quality of included studies was provided.

2 | METHODS

2.1 | Search strategy

This systematic review and meta-analysis was conducted in accordance

with the Preferred Reporting Items for Systematic Review and Meta-

Analyses (PRISMA) checklist (Moher et al., 2009). The protocol was regis-

tered in PROSPERO (January 17, 2021) and may be accessed under the

registration number CRD42021230170 or on the PROSPERO website:

https://www.crd.york.ac.uk/prospero/display_record.php?ID=

CRD42021230170. Using the Problem, Intervention, Control, Outcome

(PICO; Huang et al., 2006) format, the research question was defined as:

“What are predictors of relapse in people who have been previously diag-

nosed with an ED?”. Although the primary goal of the study was to

examine this for all EDs, the article changed its scope to AN after the arti-

cle of Sala et al. (2023) was published. While not mentioned as a separate

goal in PROSPERO, meta-analyses were conducted if predictors were

examined in a significant number of studies. Relevant studies focusing on

keywords of the research question were identified by searching the fol-

lowing electronic databases: PubMed, MEDLINE, Embase, PsycINFO,

PsycArticles, Psychology and Behavioral Sciences Collection, Web of

Science, COCHRANE Library, Emcare, and Academic Search Premier. The

following key terms were included in the search (for exact literature

search used see Appendix S1): (eating disorder* OR bulimi* OR anorexi*

OR binge* OR other specified eating disorder*) AND (recur* OR relaps*

OR rehospitalization OR setback) AND (predictor* OR risk factor* OR

prognostic factor*). No limitations were included for age, follow-up dura-

tion, treatment, design and definitions of relapse or recovery. Studies that

only examined ED symptoms or in which participants did not receive an

official clinical diagnosis were excluded from the analysis. The titles and

abstracts of identified studies were screened by a random combination of

two researchers (LR, MSOL, DA, ER) in the program Covidence (Veritas

Health Innovation, 2021). A moderate level of inter rater agreement

(Cohen's kappa = .43; McHugh, 2012) was found, and disagreements

were addressed through discussions involving all four researchers.

Subsequently, the full texts of all included abstracts were also screened

by two researchers to determine eligibility for the review. A high inter

rater agreement was found for included studies (Cohen's kappa = .82)

and disagreements were resolved by means of discussion.

2.2 | Data extraction and synthesis

Studies exploring predictors of relapse in AN that dated from the ear-

liest article until the search date (July 3, 2023) were included in the

current study. One of three authors (LR, MSOL, and ER) extracted

the following data from included studies: author, year, number of par-

ticipants, in or outpatient treatment, treatment, age, sex (assigned at

birth) or gender (MacDonald et al., 2022), ethnicity, test type, defini-

tion of recovery and relapse, results of predictors, relapse rate and

time of follow up. To control extraction, one of the remaining authors

(LR, MSOL, and ER) checked definitions, key numbers and statistics,

any disagreements were discussed.

Given the expected levels of variability, the measurement of a pre-

dictor needed to be present in a minimum of five articles to achieve

enough power to conduct a random-effects meta-analysis (Jackson &

Turner, 2017). Data could only be included if a variable was assessed

by the same instrument at the same time point (pre or post-treatment),

and means and standard deviations were present for a group of

relapsed and non-relapsed people. These values were extracted to cal-

culate the standardized mean difference (SMD), resembling the differ-

ence between means of the relapsed and the non-relapsed group

divided by the pooled standard deviation (Brown et al., 2017). Further-

more, Cohen's d was used to interpret effects, a value of >.2 was per-

ceived as a small effect, >.5 as moderate and .8 as big (Cohen (1988)).

In total, 24 authors were contacted because data were not available:

5 of these responded that they were unable to retrieve data, 12 did
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not respond and 7 authors sent the missing data. The meta-analyses

were performed in STATA using the commands ‘meta set’ and ‘meta

summarize’. Heterogeneity was evaluated using the Higgins I2 statistic,

which describes the percentage of variation caused by heterogeneity

instead of chance (Higgins et al., 2003). A Higgins I2 value > 25% was

perceived as a low level of heterogeneity, > 50% as moderate, and

>75% as high (Huedo-Medina et al., 2006). Due to the expected het-

erogeneity in the data, including diversity in definitions of relapse and

recovery as well as follow-up durations, random-effects models were

used (Hedges & Vevea, 1998). Potential publication bias was examined

by Egger's test (Egger et al., 1997), which corrects for small sample

sizes. The output of the meta-analyses included: SMD, 95% confidence

intervals, and heterogeneity statistics.

2.3 | Quality assessment

To assess risk of bias of included studies, the National Institute of

Health's Study Quality Assessment Tool (National Heart, Lung, and Blood

Institute (NHLBI), 2014) was used. This tool provides the possibility to

examine diverse study types, and has shown relevancy for assessing pre-

dictive studies in the ED field (Glashouwer et al., 2019; Khalsa

et al., 2017). The NHLBI tool does not generate a total score but guides

researchers in the assessment of topics that contribute to study rele-

vancy. It was decided to exclude irrelevant questions from the tool

(Glashouwer et al., 2019). Two reviewers (MSOL and ER) rated each

study independently by answering the tools questions and disagree-

ments were discussed. Besides completing the tool, we assessed the

number of examined predictors in every study, whether people showed

recovery according to the study's definition before experiencing relapse,

and how recovery and relapse were defined in every study. A combina-

tion of the NHLBI tool and the additional items was used to determine

overall study quality. Quality was deemed good if the definitions were

clear, the study assessed whether people showed recovery before

relapse, and a combination of the tool and the number of predictors did

not result in more than two negative values. Studies were rated as fair if

the definitions or the experience of recovery before relapse were posi-

tive and the combination of the tool and predictors did not reach above

three negative values. Quality was deemed poor when the definitions

and recovery before relapse were negative and the combination had four

or more negative values.

3 | RESULTS

3.1 | Study characteristics

The PRISMA flowchart summarizes the stages of the current review

in Figure 1. The first database search identified 20.206 studies, after

duplicate removal 6145 studies were left of which 125 were excluded

F IGURE 1 PRISMA flow diagram.

6 de RIJK ET AL.
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because they were not English (see Appendix S2). Titles and abstracts

were screened, resulting in 125 studies eligible for full text review.

Another 84 studies were excluded: for 43 studies the study design

disabled the identification of predictors, 16 did not measure relapse,

nine studies did not focus on predictors, seven did not focus on

relapse as outcome, six studies did not show an improvement in AN

symptoms before relapse, one was a review, one article did not study

EDs, and for one study we were not able to find an abstract or full

text. Additionally, 13 studies that did not focus on AN were excluded,

resulting in 26 unique studies and two meeting abstracts that met

inclusion criteria (we refer to this as 28 studies).

Table 1 summarizes the contents of the 28 included studies

that were conducted between the years 1988 and 2023. The mean

sample size was N = 91 (range between N = 20 and N = 234) and

participants' age ranged between 9 and 45 years old. In total, 21 stud-

ies focused completely on AN, four studies examined AN in combina-

tion with Bulimia Nervosa and three studies examined AN in

combination with Bulimia Nervosa, Eating Disorder Not Otherwise

Specified, and/or Binge Eating Disorder. The overall study quality was

determined by the NHLBI tool and additional questions, showing an

inter rater agreement of Cohen's kappa = .84. The outcomes for the

quality assessment were poor for nine studies (32%), fair for 16 studies

(57%), and good for three studies (11%). The absence of a clear recov-

ery and/or relapse definition, the inclusion of too many predictors in

relation to the sample size, and the absence of a power analysis most

often contributed to the low quality of included studies.

3.2 | Definitions of relapse and recovery

As can be seen in Table 1, studies used different relapse and recovery

definitions for AN. Relapse was frequently defined according to the

Morgan–Russell (Morgan & Russell, 1975) category “poor” (Bodell &

Mayer, 2011; Deter & Hertog, 1994; El Ghoch et al., 2016; Fichter

et al., 2006), as rehospitalization/readmission (Avnon et al., 2018;

Castro et al., 2004; Garber et al., 2015; Gualandi et al., 2017; Hetman

et al., 2017; Kahn et al., 2020; Marzola et al., 2021; McCabe, 2008;

McCormick et al., 2009; Pruccoli et al., 2023; Sebastian et al., 2019;

Shachar-Lavie et al., 2022; Vall & Wade, 2017), according to DSM

criteria (Berends et al., 2016; Castellini et al., 2011; MacDonald

et al., 2022; Richard et al., 2005) or by psychiatric status rating (Herzog

et al., 1999; Keel et al., 2005). Although most definitions were weight

based, some also focused on the occurrence of binging and/or purging

behaviors (Carter et al., 2004, 2012; Edwin et al., 1988).

To define recovery in AN, the majority of studies focused on BMI

(Avnon et al., 2018; Berends et al., 2016; Bodell & Mayer, 2011;

Carter et al., 2004, 2012; Castro et al., 2004; Edwin et al., 1988; El

Ghoch et al., 2016; Hetman et al., 2017; Kahn et al., 2020; Kim

et al., 2021; McCormick et al., 2009; Shachar-Lavie et al., 2022). Three

studies determined recovery as the absence of symptoms according

to DSM criteria (Castellini et al., 2011; MacDonald et al., 2022;

Richard et al., 2005), two used the Morgan-Russell criteria “good”
(Deter & Hertog, 1994; Fichter et al., 2006) and two used scores on

psychiatric status rating (Herzog et al., 1999; Keel et al., 2005). The

current study acknowledged the high variability in relapse and recov-

ery definitions. Besides this diversity, no value was added to the

definitions and all studies were taken into account.

3.3 | Follow-up period and rate of relapse

The total average follow-up duration was 31 months (range

3–144 months). On average, rate of relapse was 37% for AN, relapse

chances were similar for short (38%, ≤1 year) and long term follow-up

periods (38%, >5 years follow-up), and slightly lower for intermediate

(31%, 1–5 years) follow-up.

3.4 | Predictors of relapse

The 28 included studies investigated more than 150 unique predictors

of relapse in AN, predictors examined in two or more studies are men-

tioned in Table 2. Related to this large number of predictors, only

those predictors which were significantly replicated at least once,

and/or were investigated in a minimum of five different studies

(Jackson & Turner, 2017) will be discussed in the review below. The

predictors were grouped into five different categories: age and sex

(also including age at onset), symptoms and behaviors (severity, exer-

cise), AN subtype and duration (AN duration, treatment duration, prior

hospitalization, AN subtype), weight or weight change (pre-treatment

BMI, post-treatment BMI, percentage of target weight, rate of weight

gain), comorbidity (general comorbidity, obsessive compulsive disor-

ders, anxiety, depression), and personality (self-esteem). For most

investigated predictors no significant effects were found and if

findings were significant they were often contradictory.

3.5 | Age and sex

The majority of the 16 studies that examined the predictive effect of

age on relapse in AN found no effect (see Table 2). Furthermore, the

reported predictive effects of age were contradictory; three studies

found older age to be predictive (Berends et al., 2016; Keel

et al., 2005; Pruccoli et al., 2023), whereas one found that younger

age (Castro et al., 2004) was predictive. All four studies were compa-

rable in sample size and provided treatment. However, Castro et al.

(2004) included young people, while the samples of the other studies

had a higher mean age, which might explain the differences in effects.

As age was often included as predictor, a meta-analysis including nine

studies could be performed (see Figure 2, Figure S1 and Table 3). Age,

at start of treatment, was compared between a non-relapsed

(N = 338) and a relapsed group (N = 512). A moderate level of het-

erogeneity (Higgins I2 = 68.1%) was found and no correction for small

study effects was needed (Egger's test p = .803). This analysis showed

that age was not a significant predictor for relapse (SMD = �.13, 95%

CI [�.40 to .13], p = .323). None of the five studies that examined

de RIJK ET AL. 7
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TABLE 2 Complete overview of relapse predictors in AN, only includes predictors that were examined in two or more studies.

Predictor Amount of studies

in which predictor

was significant

Amount of studies in

which predictor was

non-significant

Significant Non-significant

Age and sex

Age 4 12 Berends et al. (2016): β = 2.34,

p = .04

Castro et al. (2004): β = �.36,

p = .007

Keel et al. (2005): β = .06,

p < .11

Pruccoli et al. (2023): β = .52,

p = .020

Carter et al. (2004), Edwin

et al. (1988), Gualandi et al.

(2017), Herzog et al. (1999),

Hetman et al. (2017), Kim

et al. (2021), Kahn et al.

(2020), Marzola et al. (2021),

McCabe (2008), Richard

et al. (2005), Sebastian et al.

(2019), Vall and Wade

(2017)

Age at onset - 5 - Berends et al. (2016), Carter

et al. (2004), Castellini et al.

(2011), Edwin et al. (1988),

Fichter et al. (2006)

Sex

Not discusseda
1 3 Kahn et al. (2020): χ2 = 3.91,

p = .04 (females higher chance

R)

Castellini et al. (2011), Hetman

et al. (2017), Sebastian et al.

(2019)

Symptoms and behaviors

Binging

Not discussed

1 3 Castellini et al. (2011):

HR = 1.16, 99%

CI [1.06–1.27] (higher for R)

Carter et al. (2004), Herzog

et al. (1999), McFarlane

et al. (2008)

ED severity 4 6 Kahn et al. (2020), Eating

Disorder Examination

Questionnaire (EDEQ):

β = �.86, p = .008 (lower for

N-R)

Richard et al. (2005): Eating

Disorder Inventory (EDI):

β = �1.02, p < .05 (lower for

R)

Castro et al. (2004): Eating

Attitudes Test (EAT) β = .026,

p = .020 (higher for R)

McCabe (2008)

Berends et al. (2016)

EDEQ: Castellini et al. (2011),

Vall and Wade (2017)

EDE: Hetman et al. (2017)

EDI: Fichter et al. (2006),

Gualandi et al. (2017)

Exercise 2 1 Carter et al. (2004): EDE

interview, χ2 = 4.87, p = .027

(higher for R)

Fichter et al. (2006): t = 2.51,

p < .05 (higher

for R)

Vall and Wade (2017)

Vomiting/purging

Not discussed

1 4 Deter and Hertog (1994):

p = .03 (lower for R)

Carter et al. (2004), Fichter

et al. (2006), Herzog et al.

(1999), Vall and Wade

(2017)

ED expression

Duration of ED 4 10 Fichter et al. (2006): t = 3.51,

p < .01 (longer

for R)

Deter and Hertog (1994):

p = .005 (longer for R)

Marzola et al. (2021): p = .042

(shorter for R)

Richard et al. (2005): β = .52,

p < .05

Berends et al. (2016), Carter

et al. (2004), Castro et al.

(2004), Edwin et al. (1988),

Hetman et al. (2017), Kim

et al. (2021), McCabe

(2008), McCormick et al.

(2009), Sebastian et al.

(2019), Vall and Wade

(2017)
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TABLE 2 (Continued)

ED subtype 1 7 Carter et al. (2012): HR = 2.87,

p = .003 (BP subtype of AN at

admission predicted R)

Berends et al. (2016), Carter

et al. (2004), Fichter et al.

(2006), Herzog et al. (1999),

Hetman et al. (2017), Kahn

et al. (2020), McCabe (2008)

Prior hospitalization

Not discussed

1 3 Hetman et al. (2017): χ2 = 5.78,

p < .05 (longer

for R)

Herzog et al. (1999), Keel et al.

(2005), McCabe (2008)

Treatment duration 2 Berends et al. (2016): p = .007

(longer duration of inpatient

predicted R)

Fichter et al. (2006): t = 2.8,

p < .01 (longer duration for R)

-

Body dissatisfaction

Not discussed

1 1 McCabe (2008): body

dissatisfaction, β = .056,

p < .05

Marzola et al. (2021)

Weight change

BMI admission 0 10 - Avnon et al. (2018), Berends

et al. (2018), Carter et al.

(2004), Carter et al. (2012),

Castellini et al. (2011),

Fichter et al. (2006), Hetman

et al. (2017), Kim et al.

(2021), McCormick et al.

(2009), Vall and Wade

(2017)

BMI discharge 1 7 El Ghoch et al. (2016): t = 3.86,

p < .001 (higher for R)

Avnon et al. (2018), Berends

et al. (2016), Carter et al.

(2004), Carter et al. (2012),

Gualandi et al. (2017),

Hetman et al. (2017),

McCabe (2008)

Percentage of

target weight

3 2 Avnon et al. (2018): t = 3.25,

p < .01 (lower for R)

Hetman et al. (2017): t = 2.47,

p < .05 (lower

for R)

Shachar-Lavie et al. (2022):

χ2 = 11.94, p = .001 (lower

for R)

McCabe (2008), Richard et al.

(2005)

Rate of weight gain 2 1 Castro et al. (2004): B = -.008,

p = .009

Sebastian et al. (2019): 1.81

odds, p = .087 (increase in

weight gain for R)

Carter et al. (2012)

Comorbidity

Anxiety disorders 2 2 Fichter et al. (2006): t = 2.93,

p < .01 (higher R)

Gualandi et al. (2017)

Berends et al. (2016), Marzola

et al. (2021)

Depression 3 10 Fichter et al. (2006): t = 2.99,

p < .05 (higher

for R)

Kahn et al. (2020): β = �6.64,

p = .03 (lower

for N-R)

Gualandi et al. (2017)

Berends et al. (2016), Carter

et al. (2004, 2012), Herzog

et al. (1999), Hetman et al.

(2017), Keel et al. (2005),

Marzola et al. (2021),

McCabe (2008), McCormick

et al. (2009), McFarlane

et al. (2008)

(Continues)

de RIJK ET AL. 17

 1098108x, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24059 by U

niversity O
f L

eiden, W
iley O

nline L
ibrary on [24/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



age at onset found it to be a significant predictor (Berends

et al., 2016; Carter et al., 2004; Castellini et al., 2011; Edwin

et al., 1988; Fichter et al., 2006). Overall this indicated that age is not

a good predictor of relapse in AN.

3.6 | Symptoms and behaviors

For AN severity, only four studies found severity to be predictive of

relapse, while most studies did not (see Table 2). Findings showed dis-

crepant results: both higher (Castro et al., 2004; Kahn et al., 2020;

McCabe, 2008) and lower (Richard et al., 2005) levels of severity pre-

dicted relapse. The contradictory results might be explained by the

more stringent recovery definition of Richard et al. (2005) including a

full symptom free status for 12 months, than the definitions used in

the studies of Castro et al. (2004) and Kahn et al. (2020) which deter-

mined recovery by weight status. Another explanation could be

derived from the different severity measurements across these stud-

ies (Eating Disorder Inventory, Eating Disorder Examination Question-

naire, Eating Disorder Examination). As suggested by Richard et al.

(2005) the EDI might not provide enough accurate information about

the severity of illness in terms of outcome, therefore lower symptoms

might have incorrectly predicted relapse.

Two studies found higher levels of exercise predictive of

relapse in AN (Carter et al., 2004; Fichter et al., 2006), whereas one

study did not find an effect (Vall & Wade, 2017). The Vall and

Wade (2017) study had a lower mean age compared to the other

two studies (15 years old vs. 25 years old). Furthermore, the

follow-up duration of this study was short (3 months), in compari-

son to the Fichter et al. (2006) (144 months) and Carter et al.

(2004) (18 months) studies. It might be that exercise only predicts

relapse in the longer term, or is more important among adults. In

relation to severity and exercise we cannot provide solid conclu-

sions about the direction of effects.

TABLE 2 (Continued)

General

comorbidity

2 3 Deter and Hertog (1994): p < .08

(higher for R)

Carter et al. (2012): CI [.95–
2.12], p < .09) (higher scores at

discharge for R)

Berends et al. (2016), Castellini

et al. (2011), Sebastian et al.

(2019)

OCD 3 2 Carter et al. (2004): Higher

washing Compulsions CI [.6–
1.0], p = .038; and Rumination

CI [1.0–1.5], p = .030 for R

Carter et al. (2012): CI [1.02–
1.13], p = .012 (higher levels

for R)

Fichter et al. (2006): t = 3.08;

p = .01

(higher for R)

Berends et al. (2016), Castellini

et al. (2011)

Personality

disorders

Not discussed

- 2 - Berends et al. (2016), Castellini

et al. (2011)

Suicide

Not discussed

1 2 Carter et al. (2004): χ2 = 4.85,

p = .028 (a history of suicide

for R)

Herzog et al. (1999), Hetman

et al. (2017)

Personality

Motivation

Not discussed

1 2 Carter et al. (2012): HR = .91,

p = .010 (reduced motivation

for R)

Richard et al. (2005), Vall and

Wade (2017)

Self-esteem 3 1 Carter et al. (2012): CI [.88–
1.00], p = .044 (lower for R)

Fichter et al. (2006), Structured

Interview for Anorexia and

Bulimia (SIAB)): t = 3.81,

p < .01 (lower for R)

McFarlane et al. (2008):

β = .051, p < .05

Carter et al. (2004)

Abbreviation: CI, confidence interval; HR, Hazard ratio; N-R, predicted non-relapse; R, predicted relapse.
aNot discussed: When a factor is followed by the phrase: ‘not discussed’, this means that a predictor is not discussed in the article.
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3.7 | Expression

The majority of studies found no effect for duration of AN (see

Table 2). Contradicting results were found as both longer (Deter &

Hertog, 1994; Fichter et al., 2006; Richard et al., 2005) and shorter

duration (Marzola et al., 2021) predicted relapse. Marzola et al. (2021)

defined relapse as rehospitalization, while in the other three studies

relapse was based on DSM, PSR or Morgan–Russell criteria, which

might have resulted in a different effect. Furthermore, it must be men-

tioned that Marzola et al. (2021) stated that although shorter duration

predicted relapse, results were not maintained when including con-

founding variables. We performed a meta-analysis for duration with

six studies (see Figure 3, Figure S2, and Table 3), with N = 203 partici-

pants in the relapsed group and N = 324 in the non-relapsed group.

Higgins I2 showed high variability across these studies (85.1%). No

correction for small effects had to be conducted (Egger's test

p = .067). Based on the meta-analysis, AN duration had no effect on

relapse (SMD = �.14, 95% CI [�.63 to .35], p = .571).

Besides duration of AN, treatment duration was also examined, with

two studies showing that longer duration predicted relapse (Berends

et al., 2016; Fichter et al., 2006) although with different relapse rates

(40% and 11%, respectively) and mean age (17.9 instead of 25 years). For

the predictor AN subtype, one study showed that people with a diagnosis

of AN binge-purge subtype at admission had an increased chance of

relapse (Carter et al., 2012) while others (Berends et al., 2016; Carter

et al., 2004; Fichter et al., 2006; Herzog et al., 1999; Hetman et al., 2017;

Kahn et al., 2020; McCabe, 2008) did not find significant results for AN

subtype. The occurrence of effects in Carter et al. (2012) might be

explained by the specific focus on the eradication of binge and purging

symptoms into treatment, while the non-significant studies did not men-

tion this. For this category we can conclude that insufficient evidence is

available for AN subtype and duration to predict relapse, while suggestive

effects were found for longer treatment duration to predict AN relapse.

3.8 | Weight or weight change

Both pre-treatment BMI and post-treatment BMI have been exam-

ined. No study found that pre-treatment BMI had a predictive effect

on relapse (see Table 2). Higher post-treatment BMI predicted AN

relapse in one study (El Ghoch et al., 2016) while most studies did

not find an effect (see Table 2). Interestingly, El Ghoch et al. (2016)

F IGURE 2 Pre-treatment age. Forest plot of the effect size of the difference in pre-treatment age between the relapsed and the
non-relapsed group. The condition ‘treatment’ describes the relapsed group and ‘control’ the non-relapsed group.

TABLE 3 Meta-analysis results for

the predictors age, duration, BMI at
admission, BMI at discharge and
depression.

N (relapse, non-relapse) SMD 95% CI Z p

Age 850 (338, 512) �.13 �.40; .13 �.99 .323

ED duration 527 (203, 324) �.14 �.63; .35 �.57 .571

BMI admission 557 (217, 340) �.02 �.20; .16 �.23 .822

BMI discharge 393 (161, 232) �.35 �.63; �.07 �2.47 .013

Depression 490 (172, 318) .55 .21; .59 4.17 <.001
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found a relatively high percentage of relapse (52%) in comparison to

the other studies, which might have increased the chance of finding

an effect. Both pre- and post BMI measurements were examined in

a meta-analysis. Nine studies were entered in a meta-analysis for

pre-treatment BMI, with N = 217 participants in the relapsed group

and N = 340 in the non-relapsed group. Higgins I2 was 2.7% for pre-

treatment BMI and no correction for small studies was needed as

Egger's test was not significant (p = .923). Non-significant effects for

pre-treatment BMI ((SMD = �.02, 95% CI [�.20 to .16], p = .822),

Figure 4, Figure S3, and Table 3) were found. For post-treatment

BMI again nine studies were entered in a meta-analysis, with

N = 161 participants in the relapsed group and N = 232 in the non-

relapsed group. The level of heterogeneity was relatively low for

post-treatment BMI (Higgins I2 = 41%) and Egger's test was not sig-

nificant (p = .371). Post-treatment BMI did predict relapse

(SMD = �.35, 95% CI [�.63 to �.07], p = .013, Figure 5, Figure S4

and Table 3).

In addition to BMI, percentage of target weight has also been

examined. Three studies found lower levels of target weight to predict

relapse (Avnon et al., 2018; Hetman et al., 2017; Shachar-Lavie

F IGURE 4 Pre-treatment BMI. Forest plot of the effect size of the difference in pre-treatment BMI between the relapsed and the
non-relapsed group.

F IGURE 3 AN duration. Forest plot of the effect size of the difference in AN duration (in months) between the relapsed and the
non-relapsed group.
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et al., 2022) and two studies did not find an effect (McCabe, 2008;

Richard et al., 2005). This discrepancy might be explained by a differ-

ence in age of the samples; studies that found a significant effect

focused on adolescents whereas the other studies (McCabe, 2008;

Richard et al., 2005) focused on adults. This indicated that percentage

of target weight might especially be of importance in relapse among

adolescents. For the related predictor rate of weight gain, one study

showed that lower rate of weight gain was predictive of relapse

(Castro et al., 2004), one that higher rate of weight gain was predictive

(Sebastian et al., 2019) and one found no effect (Carter et al., 2012).

Despite the similarities in methodology among the three studies,

Castro et al. (2004) and Sebastian et al. (2019) were deemed of low

quality. This was primarily attributed to the inadequate definitions

and lack of clarity concerning full recovery before relapse, potentially

resulting in false positive outcomes. Based on the predictors which

focused on weight, our review showed that a lower percentage of tar-

get weight might predict relapse. Stronger evidence was found for

BMI showing that lower post-treatment BMI predicted relapse in AN.

F IGURE 6 Depression. Forest plot of the effect size of the difference in pre-treatment depression scores between the relapsed and the
non-relapsed group.

F IGURE 5 Post-treatment BMI. Forest plot of the effect size of the difference in post-treatment BMI between the relapsed and the
non-relapsed group.
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3.9 | Comorbidity

Although three studies did not find a predictive effect for general

levels of comorbidity, others found that higher general levels of

comorbidity predicted relapse in AN (Carter et al., 2012; Deter &

Hertog, 1994). These studies differed in the relapse definitions used,

based on either Morgan-Russell criteria (Carter et al., 2012; Deter &

Hertog, 1994) or DSM criteria (Berends et al., 2016; Castellini

et al., 2011), which were more stringent. These findings suggest that

variations in definitions could lead to different predictive effects.

Three studies showed that higher levels of obsessive compulsive

behaviors (Carter et al., 2004, 2012; Fichter et al., 2006) predicted

relapse in AN, while two studies did not find an effect (Berends

et al., 2016; Castellini et al., 2011). In the latter studies the relapse

rates were lower. Furthermore, the Berends et al. (2016) and Castellini

et al. (2011) studies based their definitions on the DSM-5 while the

others focused on Morgan–Russell criteria or weight and

binge-purging behaviors, again indicating that predictive effects are

conditional on the definitions used. Two studies found that an anxiety

disorder diagnosis (Fichter et al., 2006; Gualandi et al., 2017) pre-

dicted relapse while two others could not replicate these findings

(Berends et al., 2016; Marzola et al., 2021). Both Marzola et al. (2021)

and Berends et al. (2016) included a family component into treatment,

suggesting that this might protect against the negative effects of anxi-

ety disorders on relapse.

Lastly, several studies did not find that levels of depression pre-

dicted relapse (see Table 2) while others showed that higher levels

predicted relapse in AN (Fichter et al., 2006; Gualandi et al., 2017;

Kahn et al., 2020). As the volume of studies examining depression was

high, it became increasingly difficult to discern the reasons behind the

significance of some studies while others remained inconclusive. We

conducted a meta-analysis for pre-treatment levels of depression with

six studies (see Figure 6, Figure S5 and Table 3). All these studies

measured depression with the Beck Depression Inventory (Beck

et al., 1988). The relapsed group contained a total of N = 172 partici-

pants and the non-relapsed group N = 318. Higgins I2 showed zero

variability and no correction for small effects had to be conducted

(Egger's test p = .430). Based on the meta-analysis, higher levels of

pre-treatment depression predicted relapse in AN (SMD = .40, 95%

CI [.21 to .59], p < .001). Although there was not enough evidence for

general comorbidity, the significant results overall suggested that

higher levels predicted relapse. We could only provide a solid conclu-

sion for pre-treatment levels of depression being predictive of

relapse in AN.

3.10 | Personality

For the variable self-esteem, one study found no effect on relapse

(Carter et al., 2004) and three found lower self-esteem predictive of

relapse in AN (Carter et al., 2012; Fichter et al., 2006; McFarlane

et al., 2008). While Carter et al. (2004) defined recovery as mainte-

nance of a healthy weight, the other articles included factors like

absence of binge and purging or normal menses. Therefore people

might have reached recovery faster in the Carter et al. (2004) study,

which could have resulted in the absence of effects for self-esteem. In

conclusion, we can state that self-esteem could play an important role

when predicting relapse in AN.

4 | DISCUSSION

This study presented a systematic review and meta-analysis of the

literature on predictors of relapse in AN. Our search identified

28 studies that investigated predictors, with an average follow-up

duration of 31 months and a 37% relapse rate. A number of predictors

were examined, showing contradictory, significant and non-significant

results. The results were mixed and there were few replicated find-

ings. Our systematic review discussed predictors across six different

categories: age and sex, symptoms and behaviors, AN subtype and

duration, weight or weight change, comorbidity, and personality.

Despite the diversity in findings from our systematic review for age,

severity, exercise, AN duration, AN subtype, and rate of weight gain,

our review also showed that lower self-esteem, longer treatment

duration, lower percentage of target weight, and higher levels of

comorbidity might predict increased chances of relapse. Furthermore,

random effects meta-analyses were conducted with the predictors

age, pre-treatment BMI, post-treatment BMI, AN duration and

depression; showing that higher levels of pre-treatment depression

and lower levels of post-treatment BMI predicted increased chances

of relapse in AN.

The results of our systematic review suggesting that higher levels

of comorbidity might predict relapse in AN were in accordance with

the meta-analysis of Sala et al. (2023) and the systematic review of

Berends et al. (2016). There was a 40.7% overlap in the articles

included in our study and those in the work by Sala et al. (2023), and a

33.3% overlap with the study conducted by Berends et al. (2018).

Specifically, the study of Sala et al. (2023) indicated that depression

was the only comorbid disorder which predicted increased relapse

chances across EDs. Our meta-analysis indeed revealed that higher

levels of pre-treatment depression also predicted relapse for AN spe-

cifically. We were unable to conduct a meta-analysis on depression

levels after treatment, preventing us from exploring effects on relapse

following treatment completion. Furthermore, only studies which

examined depression with the Beck Depression Inventory (Beck

et al., 1988) were included in our meta-analysis, complicating compari-

son to research which included people with a formal diagnosis of

depression. Although our results did show that higher depression

levels might predict increased rates of relapse, data were limited and

power was low (Cohen's d = .40), therefore we should be careful

when interpreting this primary conclusion.

Although the current systematic review rarely found significant

results for BMI, the meta-analytic findings showed that lower levels of

post-treatment BMI predicted higher relapse chances in AN. These

findings were in accordance with a recent systematic review, which

found comparable results of post-treatment BMI for AN (Frostad
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et al., 2022). Our literature search resulted in the inclusion of six addi-

tional studies (Avnon et al., 2018; Berends et al., 2016; Hetman

et al., 2017; MacDonald et al., 2022; Olmsted et al., 2015; Shachar-

Lavie et al., 2022), and increased evidence of post-treatment BMI as

predictor of relapse. Sala et al. (2023) also showed that lower BMI

increased relapse chances for individuals with AN but not for other ED

types, indicating that this predictor might indeed only predict relapse in

AN. Although more articles measuring post-treatment BMI could be

included in the meta-analysis than for depression, results should still be

interpreted with caution as effects were small (Cohen's d = .35).

Recognizing that our quality analysis revealed that only 11% of

the included studies had good quality is crucial, as this impacted pre-

dictive findings. Multiple factors might have contributed to this low

quality. First, the different operationalizations of relapse and recovery

not only complicated the comparison of predictors, but also contrib-

uted to diverse relapse rates and non-significant results. For example,

the use of more stringent relapse definitions, based on the DSM-5

(Berends et al., 2016; Castellini et al., 2011; Richard et al., 2005), fre-

quently resulted in lower relapse rates than in studies with less strin-

gent criteria. As the relapsed group was smaller and had more severe

symptoms, certain predictors might not have reached significance. Sec-

ond, for more than half of the included studies, the number of exam-

ined predictors in relation to the number of participants included, was

substantially out of balance (VanVoorhis & Morgan, 2007). As a result,

a significant number of studies had a poor study quality and lacked

power to detect an effect. Third, although meta-analyses were

only performed when sufficient data were available (Jackson &

Turner, 2017), the statistical power for every analysis remained low.

Related to this limitation, results should be interpreted with caution

and the clinical implications given should be seen as a possible first step

in the right direction. Fourth, despite considerable diversity in designs

and definitions of the included studies, it is noteworthy that the major-

ity of the study samples primarily consisted of young females and only

a few studies assessed race, ethnicity and socio-economic status. This

homogeneity in the demographics, combined with the limited assess-

ment of the latter factors across most studies, restricted the generaliz-

ability of findings to the whole ED field. In addition to these limitations,

our study possessed several noteworthy strengths. First, this study was

unique in its focus on predictors of AN using both systematic review

and meta-analytic methods; these dual perspectives mitigated the chal-

lenges posed by the significant heterogeneity in study designs and defi-

nitions. Second, meta-analyses were solely performed when predictors

were assessed at the same point in time (admission or discharge) and

were measured with the same instruments.

Research on predictors of relapse in AN would be enhanced with

the recruitment and retention of larger, more diverse samples, consid-

ering the assessment of race, ethnicity and socio-economic status,

and studied over the course of treatment and long-term follow up

(Castellini et al., 2011; Fairburn et al., 2003; McFarlane et al., 2008).

More immediately feasible improvements for predictive research

include performing a-priori power analyses to ensure the predictor–

participant ratio is sufficient for finding reliable predictive effects. In

addition, it is important for future studies focusing on AN to adopt a

uniform definition of recovery and relapse, as the varying definitions

across the literature likely contribute to divergent findings, including

the current article (Khalsa et al., 2017).

To establish these standardized definitions, two crucial and inter-

twined aspects must be considered: the severity of symptoms and the

duration of symptoms (De Young et al., 2020; Frank et al., 1991). A

recent study by Khalsa et al. (2017) provided a framework including

severity and duration criteria for AN which was based on Psychiatric Sta-

tus Rating scores. In accordance with suggestions from the depression

field (Frank et al., 1991) the severity criteria in the framework of Khalsa

et al. (2017) were based on objective measures, including values like

BMI, restricting, binging, and purging behaviors. Additionally, subjective

measures were assessed (fear of gaining weight, a disturbed body image)

as well as standardized ratings on the Eating Disorder Examination.

Duration criteria were used to further distinguish these symptoms,

resulting in different definitions (De Young et al., 2020). In the end, six

definitions were suggested: partial recovery (6 months no symptoms),

full recovery (12 months no symptoms), partial remission (1 month

improved symptoms), full remission (3 months improved symptoms), par-

tial relapse (1 month deterioration of symptoms) and full relapse

(3 months deterioration of symptoms). The use of the proposed stan-

dardized definitions and follow-up periods will enhance comprehension

of the timing of predictors, helps to distinguish the periods during which

people are the most vulnerable to returning symptoms, will aid the com-

parability of predictive effects, and facilitates assessment by clinicians

and researchers (Bardone-Cone et al., 2018; Khalsa et al., 2017).

As the studies focusing on relapse are highly heterogeneous in

operationalizations and predictors of relapse, results from the current

systematic review and meta-analysis should be interpreted with cau-

tion. Our findings indicated that depression assessment in AN should

begin early, not only to address the risks associated with high levels of

severity (e.g., suicide), but also to address the complications depres-

sion may present in sustaining improvement in AN over time. How-

ever, no causal link has been established between baseline depression

and risk of AN relapse. As both the current study, Sala et al. (2023)

and Frostad et al. (2022) have found that BMI was a predictor of

relapse, it may be wise to work on a more extensive relapse preven-

tion plan when BMI remains low after treatment completion.

Our review confirmed the high relapse rate for AN (37%, Sala

et al. (2023)), emphasizing the need for a better understanding of

relapse predictors. Results showed that higher pre-treatment depres-

sion levels and lower levels of post-treatment BMI predicted

increased chances of relapse in AN. Based on the current state of the

field, the most important recommendation for future studies is to use

standardized definitions of recovery and relapse. This is essential to

improve our understanding and interpretation of predictive effects

and enables the discovery of important predictors of deterioration

during remission or recovery. Ultimately, this can contribute to the

development of prevention strategies and maintenance interventions,

thereby increasing focus on the sustainability of recovery in AN.
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