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Abstract

Objective: For adolescents, DSM-5 differentiates anorexia nervosa (AN) and atypical

AN with the 5th BMI-centile-for-age. We hypothesized that the diagnostic weight

cut-off yields (i) lower weight loss in atypical AN and (ii) discrepant premorbid BMI

distributions between the two disorders. Prior studies demonstrate that premorbid

BMI predicts admission BMI and weight loss in patients with AN. We explore these

relationships in atypical AN.

Method: Based on admission BMI-centile < or ≥5th, participants included 411 female

adolescent inpatients with AN and 49 with atypical AN from our registry study.

Regression analysis and t-tests statistically addressed our hypotheses and explor-

atory correlation analyses compared interrelationships between weight loss, admis-

sion BMI, and premorbid BMI in both disorders.

Results: Weight loss in atypical AN was 5.6 kg lower than in AN upon adjustment for

admission age, admission height, premorbid weight and duration of illness. Premorbid

BMI-standard deviation scores differed by almost one between both disorders.

Premorbid BMI and weight loss were strongly correlated in both AN and atypical AN.
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Discussion: Whereas the weight cut-off induces discrepancies in premorbid weight

and adjusted weight loss, AN and atypical AN overall share strong weight-specific

interrelationships that merit etiological consideration. Epidemiological and genetic

associations between AN and low body weight may reflect a skewed premorbid BMI

distribution. In combination with prior findings for similar psychological and medical

characteristics in AN and atypical AN, our findings support a homogenous illness con-

ceptualization. We propose that diagnostic subcategorization based on premorbid

BMI, rather than admission BMI, may improve clinical validity.

Public significance: Because body weights of patients with AN must drop below the

5th BMI-centile per DSM-5, they will inherently require greater weight loss than their

counterparts with atypical AN of the same sex, age, height and premorbid weight.

Indeed, patients with atypical AN had a 5.6 kg lower weight loss after controlling for

these variables. In comparison to the reference population, we found a lower and

higher mean premorbid weight in patients with AN and atypical AN, respectively.

Considering previous psychological and medical comparisons showing little differ-

ences between AN and atypical AN, we view a single disorder as the most parsimoni-

ous explanation. Etiological models need to particularly account for the strong

relationship between weight loss and premorbid body weight.

K E YWORD S

5th BMI-for-age centile, admission weight, diagnostic classification, premorbid weight,
starvation, weight criterion, weight loss

1 | INTRODUCTION

A core feature of anorexia nervosa (AN) is a significantly low body

weight, commonly defined by a body mass index (BMI) < 18.5 kg/m2

in adults or a BMI-centile-for-age <5 in children and adolescents

(American Psychiatric Association, 2013). If a non-underweight

patient (i.e., BMI ≥ 18.5 kg/m2 or BMI-centile ≥ 5), who has experi-

enced ‘significant weight loss,’ fulfills the DSM-5 (B) (fear of gaining

weight or persistent behavior interfering with weight gain) and

(C) (disturbance in the way body weight and shape are experienced,

undue influence of body weight or shape on self-evaluation or lack of

recognition of the seriousness of the low body weight) criteria for AN,

the appropriate diagnosis is atypical AN within the diagnostic cate-

gory Other Specified Feeding or Eating Disorder (OSFED).

The heterogeneous model of AN and atypical AN has notable

shortcomings, including an extant research base illustrating gener-

ally similar psychological and medical characteristics in both ill-

nesses (Brennan et al., 2023; Johnson-Munguia et al., 2023; Walsh

et al., 2023). Thus, differentiating diagnoses with a ‘significantly
low body weight’ has not been externally validated. ‘Significant
weight loss,’ a unique criterion of atypical AN, also lacks empirical

quantification. Rather, differences in eating pathology and distress

have not been demonstrated when patients with atypical AN were

differentiated by a “significant weight loss” of 5%, 10%, or 15% of

their highest lifetime weight (Forney et al., 2017). Further, in a sys-

tematic review and meta-analysis by Walsh et al. (2023), only three

of 24 studies required ‘significant weight loss’ to diagnose

atypical AN.

Whereas AN and atypical AN are distinguished by a patient's

admission BMI, differences in premorbid BMI are also evident despite

repeated findings for commensurate mean weight loss in both disor-

ders (Garber et al., 2019; Matthews et al., in press; Peebles

et al., 2010; Whitelaw et al., 2014). Compared to patients with atypi-

cal AN, there is a lower prevalence of premorbid overweight/obesity

and lower maximal BMI in patients with AN (Walsh et al., 2023). Fur-

ther, epidemiological studies have demonstrated associations

between low childhood BMI and increased AN risk (Leth-Moller

et al., 2023; Stice et al., 2017, 2022; Yilmaz et al., 2019) and genome

wide association studies (Duncan et al., 2017; Watson et al., 2019)

have identified genetic correlations between AN, low BMI, and associ-

ated traits. For example, in the Avon Longitudinal Study of Parents

and Children (Abdulkadir et al., 2022), female participants with a high

polygenic score for AN and a low polygenic score for BMI constituted

a high-risk group for AN. Epidemiological and genetic data for atypical

AN are lacking.

Notably, significant interrelationships between premorbid

BMI and weight-specific variables have been demonstrated in AN.

In hospitalized adolescents, a high premorbid BMI-centile (or

BMI-standard deviation score (BMI-SDS)) predicts a high admission

BMI (or BMI-SDS) (Coners et al., 1999; Föcker et al., 2015; Peters,

Kolar, et al., 2021). A positive correlation between weight loss in

kg/m2 and premorbid BMI-centile was demonstrated in a single study
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(Coners et al., 1999). In our group's recent registry-based study

(Peters, Kolar, et al., 2021), a high premorbid BMI-SDS again predicted

a high admission BMI-SDS in 360 hospitalized adolescents with

AN. In a prior study, we assessed the effect of age on BMI/BMI-SDS

at admission: BMI was positively and BMI-SDS was negatively

correlated with admission age (Engelhardt et al., 2020). We pro-

posed that this inverse correlation reflects the increment in percent

body fat during female adolescence (Engelhardt et al., 2020). Com-

pared to young adolescents with AN who have not yet experienced

an increase in percent body fat of similar magnitude, older adoles-

cents with AN can achieve a lower weight in relationship to the

BMI distribution of the reference population adjusted for age

(BMI-SDS). Interestingly, illness duration, defined as the difference

between admission age and age at initial weight loss, showed no

influence on admission BMI-SDS (Coners et al., 1999; Peters, Kolar,

et al., 2021). In adult AN samples, similar relationships between

premorbid and admission BMI have been reported, with maximum

adult BMI (Kaufmann et al., 2021) and weight suppression (i.e., the

difference between a patient's admission weight and highest

historical adult weight positively correlated with admission BMI

(Lowe et al., 2018)). In summary, the prediction of admission weight

in AN has been a major research focus; in contrast, the explanation

of weight loss particularly in atypical AN has received only limited

attention.

Accordingly, our current study extends our previous registry

based studies (Engelhardt et al., 2020; Peters, Kolar, et al., 2021) by

aiming to assess whether differentiating AN and atypical AN with the

5th BMI-centile (at admission) induces discrepancies in (i) weight loss

adjusted for age and premorbid weight, (ii) premorbid weight, and

(iii) interrelationships between weight-specific variables. In our

registry-based sample of 460 hospitalized female adolescents with

AN (n = 411) and atypical AN (n = 49), with diagnoses differentiated

TABLE 1 Descriptive data (mean, SD, range) of 411 female inpatients with anorexia nervosa (admission BMI < 5th centile) and 49 female
patients with atypical anorexia nervosa (admission BMI ≥5th centile).

All patients

(n = 460)

Anorexia

nervosa (n = 411)

Atypical anorexia

nervosa (n = 49) p-valuea Test-statisticsb

Age at initial weight loss 14.2 (1.5)

[9.8;18.6]

14.3 (1.50)

[9.8;18.6]

13.5 (1.23)

[10.9;16.7]

1 � 10�4 t(df adj. = 66.4) = 4.15

Admission age 15.2 (1.61)

[10.8;19.0]

15.3 (1.61)

[10.8;18.9]

14.4 (1.31)

[14.7;20.7]

9 � 10�6 t(df adj. = 66.6) = 4.82

Admission weight (kg) 41.2 (5.69)

[21.7;57]

40.7 (5.46)

[21.7;54.7]

46.0 (5.47)

[33.6;57.0]

n.a.

Premorbid weight (kg) 53.6 (8.98)

[28.0;83.0]

53.0 (8.87)

[28.0;83.0]

58.6 (8.39)

[45.0;80.0]

3 � 10�5 t(df = 458) = �4.21

Admission BMI (kg/m2) 15.3 (1.43)

[10.9;20.7]

15.0 (1.24)

[10.9;17.9]

17.3 (1.17)

[14.7;20.5]

n.a.

Premorbid BMI (kg/m2) 19.8 (2.65)

[12.9;30.1]

19.5 (2.55)

[12.9;30.1]

22.1 (2.42)

[16.9;27.6]

9 � 10�11 t(df = 458) = �6.64

Admission BMI-SDS �3.0 (1.18)

[�7.7;�.1]

�3.2 (1.07)

[�7.7;�1.7]

�1.3 (.37)

[�1.6;�.1]

n.a.

Premorbid BMI-SDS �0.3 (.86)

[�4.0;1.9]

�0.4 (.8)

[�4.0;1.9]

0.5 (.64)

[�1.2;1.6]

2 � 10�13 t(df = 458) = �7.61

Admission BMI-for-age centile 1.9 (4.66)

[.0;47.1]

0.69 (2.08)

[0;4.8]

11.74 (9.22)

[5.3;47.1]

n.a.

Premorbid BMI-for-age centile 40.9 (25.35)

[0;96.8]

37.8 (23.97)

[0;96.8]

67.6 (20.59)

[11.8;94.7]

8 � 10�16 t(df = 458) = �8.35

Body height at admission 164 (7.5)

[137;183]

164 (7.6)

[137;183]

163 (7.2)

[150;181]

.159 t(df = 458) = 1.41

Illness duration (weeks)c 52.9 (46.24)

[5.3;270.9]

54.0 (47.14)

[5.3;270.9]

44.3 (37.21)

[5.9;149.0]

.042 t(df = 458) = 2.04

Weight loss (BMI) 4.6 (2.25)

[0.1;16.8]

4.5 (2.23)

[0.2;16.8]

4.8 (2.40)

[0.1;9.6]

.497 t(df = 458) = �.68

Weight loss (kg) 12.3 (6.19)

[0.3;45.8]

12.3 (6.17)

[0.4; 45.8]

12.6 (6.4)

[0.3;26.7]

.757 t(df = 458) = �.31

Weight loss in % of

premorbid weight in kg

22.2 (8.45)

[0.6;55.9]

22.4 (8.34)

[1.4; 55.9]

20.8 (9.21)

[0.6;36.1]

.208 t(df = 458) = 1.26

First inpatient treatment (n, %) 330 (71.7) 289 (70.3) 41 (83.7) .034 χ2(df = 1) = 4.45

at-test or χ2-test for difference between patients with anorexia nervosa vs. atypical anorexia nervosa.
bIf Levene test for variance homogeneity resulted in p < .05, adjusted degree of freedom (df adj.) is reported.
cFor t-test illness duration transformed to ln-logarithm.
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by an admission BMI-centile <5 or BMI-centile ≥5, respectively, we

specifically delineated two hypotheses: (i) Consider two female ado-

lescents of equal age, height, and premorbid weight, who both fulfill

the (B) and (C) criteria for AN following weight loss. One patient,

whose admission BMI-centile <5, is diagnosed with AN, whereas the

other patient, whose admission weight remains above the BMI cutoff,

is diagnosed with atypical AN. We hypothesize that as a direct conse-

quence of the diagnostic BMI-centile cutoff, patients with atypical AN

lose less weight than their AN counterparts upon controlling for age,

height, illness duration, and premorbid weight. (ii) Because prior stud-

ies demonstrate a similar mean weight loss in kg (unadjusted for the

aforementioned variables) in samples of patients with atypical AN and

AN (Garber et al., 2019; Matthews et al., in press; Peebles et al., 2010;

Whitelaw et al., 2014), the diagnostic weight cutoff should result in

patients with a high premorbid BMI being less likely diagnosed with

AN. In contrast, weight loss in patients with a low premorbid BMI

would more likely result in their being below the weight cutoff result-

ing in a diagnosis of AN. Thus, we hypothesize an overrepresentation

of high premorbid BMIs in atypical AN and an overrepresentation of

low premorbid BMIs in AN. We additionally aimed to replicate prior

findings demonstrating significant relationships between premorbid

BMI and admission BMI (Coners et al., 1999; Föcker et al., 2015;

Peters, Kolar, et al., 2021), and weight loss (Coners et al., 1999) in

adolescents with AN and to analyze these relationships in adolescents

with atypical AN.

2 | METHOD

The current study was based on the German Registry of Children and

Adolescents with AN aged <19 years (Bühren et al., 2017; Herpertz-

Dahlmann & Hebebrand, 2017; Kolar et al., 2018) with 16 participating

child and adolescent psychiatric hospitals. The treating clinicians were

responsible for diagnostic assessment and enrollment. DSM-5 criteria

for AN were provided verbatim in the data entry sheets to increase

diagnostic reliability; all patients fulfilled the B and C criteria for

AN. Upon analysis, the registry included data of 769 patients enrolled

between August 2014 and May 2020. As data of only 22 males were

available, we included females only. Complete data sets were available

for 460 females, with 71.7% (n = 330) representing data from the

patient's first inpatient hospitalization for AN/atypical AN. Both legal

guardians and patients provided written consent. Ethics committees

TABLE 2 Results of regression models with weight loss in kg as dependent variable based on the total sample of n = 460 patients (n = 411
with typical and n = 49 with atypical anorexia nervosa).

b BCa 95% CI [lower;upper] p-value Standardized beta

Model 1 including premorbid weight and admission height as independent variables

Intercept 50.40 [43.91;56.75] <.001

Admission age �0.59 [�0.79;�0.39] <.001 �0.15

Premorbid weight 0.83 [0.78;0.88] <.001 1.21

Admission body height �0.42 [�0.47;�0.36] <.001 �0.51

Illness duration (ln) 0.19 [�0.18;0.60] .336 0.03

Diagnosis AN vs. atypical AN �5.58 [�6.40;�4.73] <.001 �0.28

R2 = .80

Model 2 including premorbid BMI as independent variable

Intercept �19.20 [�22.84;�15.96] <.001

Admission age �0.43 [�0.62;�0.20] <.001 �0.11

Premorbid BMI 2.22 [2.07;2.36] <.001 0.95

Illness duration (ln) 0.12 [�0.29;0.47] .543 0.02

Diagnosis AN vs. atypical AN �5.76 [�6.79;�4.66] <.001 �0.29

R2 = .78

Model 3 including premorbid BMI-SDS as independent variable

Intercept 8.54 [5.05;11.92] <.001

Admission age 0.96 [0.73;1.20] <.001 0.25

Premorbid BMI-SDS 6.19 [5.57;6.93] <.001 0.86

Illness duration (ln) �0.97 [�1.51;�0.44] <.001 �0.13

Diagnosis AN vs. atypical AN �4.78 [�5.89;�3.57] <.001 �0.24

R2 = .68

Note: The three models include three different measurements for premorbid weight as independent variable in addition to diagnosis AN vs. atypical AN,

admission age and illness duration (ln). Diagnosis for AN is coded as 0, diagnosis for atypical AN is coded as 1. p-value with BCa 95% CI.

Abbreviations: b, non-standardized beta estimator; BCa 95% CI, 95% confidence intervals calculated with the bias-corrected and accelerated (BCa)

bootstrap method.
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of participating universities (n = 14) and local research centers (n = 2)

approved the registry study.

For the purpose of the current study and in contrast to the use of

the 10th BMI-centile in our previous registry-based studies

(Engelhardt et al., 2020), patients were strictly subdivided according

to the DSM-5 weight criterion of the 5th BMI-centile. A diagnosis of

AN (BMI-centile <5) was fulfilled by 411 patients; 49 patients were

diagnosed with atypical AN (BMI-centile ≥5); the DSM-5 requirement

of ‘significant weight loss’ was waived. The majority of patients

with atypical AN presented with admission BMI-centile ≥5 but

<10 (n = 34) and the remaining 15 patients had an admission BMI-

centile ≥10.

Admission BMI was calculated by dividing measured body weight

by the square of measured height (kg/m2). Premorbid BMI was esti-

mated based on body weight prior to initial weight loss as recalled by

patients and/or parents and measured admission height (Coners

et al., 1999; Föcker et al., 2015). On the basis of German reference

data for girls (Rosario et al., 2010), individual BMI-values and heights

were transformed into BMI-SDS, BMI-centiles, or height-SDS using

the method of Cole and Green (1992). Recalled age at initial weight

loss and premorbid BMI allowed the estimation of premorbid

BMI-centiles/BMI-SDS.

We estimated weight loss in kg and in percent of premorbid

weight based on recalled premorbid weight and measured admission

TABLE 3 Premorbid BMI-decile-for-age distributions of 411 and 49 female patients with anorexia nervosa (AN; admission BMI < 5th centile)
and atypical AN (admission BMI ≥5th centile), respectively (first row: absolute frequency; second row: percentage of total in bold, rounded to the
first decimal).

Premorbid BMI-decile-for-age

Total n<10 10–19 20–29 30–39 40–49 50–59 60–69 70–79 80–89 ≥90

AN 57

13.9
62

15.1
51

12.4
65

15.8
53

12.9
41

10.0
33

8.0
25

6.1
15

3.6
9

2.2
411

Atypical AN 0

0
3

6.1
1

2.0
0

0
4

8.2
7

14.3
7

14.3
12

24.5
9

18.4
6

12.2
49

F IGURE 1 Distributions of weight loss in kg and in percent of premorbid weight (in kg) in patients with typical (a and c; n = 411; admission
BMI < 5th centile) and atypical anorexia nervosa (b and d; n = 49; admission BMI ≥5th centile).
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weight and height (see Peters, Kolar, et al., 2021). Illness duration (log-

transformed (ln) because of right-skewed distribution) was defined as

the elapsed time between recalled age at initial weight loss and admis-

sion age (Coners et al., 1999; Peters, Kolar, et al., 2021). We refer to

premorbid weight (BMI), illness duration, and weight loss despite their

being based on recalled data. Systematic effects of study center or

year of ascertainment on admission BMI and age had not been

detected (Engelhardt et al., 2020).

2.1 | Statistical analyses

For our first hypothesis, we used a regression model with weight loss

(kg) as dependent variable and age, body height at admission, premor-

bid weight in kg, illness duration (ln), and diagnosis (AN vs. atypical AN)

as independent variables (principal model; model 1). Given the identi-

fied positive correlation between admission age and BMI and the nega-

tive correlation between admission age and BMI-SDS in adolescents

with AN (Engelhardt et al., 2020), we calculated two additional models

upon use of premorbid BMI (model 2) and BMI-SDS (model 3) as inde-

pendent variables. Thus, models addressed weight adjusted for height

(model 1), weight standardized for height (kg/m2; model 2) and BMI

standardized to a sex- and age-related reference population (model 3).

For age as independent variable, we sequentially tested admission age

and age at initial weight loss in all three models and compared the

respective results to assess if the two age variables can be used inter-

changeably. We also tested all three models upon additional inclusion

of the independent variable ‘first versus re-hospitalization’.
For the second hypothesis, we calculated a t-statistic to test pre-

morbid BMI-SDS against a test value = 0 for each patient group,

thereby assessing the deviance in premorbid BMI from the population

based BMI distribution for each diagnosis. On a descriptive basis, we

categorized premorbid BMI of patients into BMI-centiles and cross-

tabulated in relation to diagnosis.

Non-parametric Spearman's correlation coefficients were used to

compare admission and premorbid weight and BMI (or BMI-SDS), age

at initial weight loss or admission age, weight loss in kg or %, height

(or height-SDS), and illness duration in both disorders. We labeled the

strength of an association in accordance to recommendations of

British Medical Journal (https://www.bmj.com/about-bmj/resources-

readers/publications/statistics-square-one/11-correlation-and-regression;

absolute values of r .0–.19 very weak; .2–.39 weak; .40–.59 moderate;

.6–.79 strong, .8–.1 very strong). We additionally calculated descrip-

tive statistics for the subgroup of patients hospitalized for the first

time and compared these with patients who were re-hospitalized. We

calculated a t-statistic to compare descriptive data; a χ2-test was

F IGURE 2 Scatterplots of the relationships between premorbid BMI/BMI-SDS and weight loss in kg and percentage of premorbid weight in
patients with typical (n = 411) and atypical anorexia nervosa (n = 49). Blue dots: Patients with anorexia nervosa (AN); red dots: patients with
atypical AN; blue line: regression line for patients with AN; red line: regression line for patients with atypical AN. (a) Relationship between
premorbid BMI and weight loss in kg; (b) premorbid BMI and weight loss in % of premorbid weight; (c) premorbid BMI-SDS and weight loss in kg;
(d) premorbid BMI-SDS and weight loss in % of premorbid weight in kg.
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performed to compare categorical measurements between AN and

atypical AN. Exact two-sided significances were calculated with

alpha = .05. We did not correct for multiple testing. Analyses were

performed using IBM® SPSS® Statistics 29.0.0 for Windows.

3 | RESULTS

Descriptive data for the total sample, AN only, and atypical AN only

are shown in Table 1. The lower means for weight related admission

parameters (body weight, BMI, BMI-SDS, BMI-centile) in AN are

explained by use of the 5th BMI-centile as weight-cutoff. Means of all

premorbid weight parameters were also lower in patients with

AN. Means of weight loss parameters in kg, kg/m2,and % were similar

between both patient groups with all patients losing an average of

approximately 12.5 kg and 20% of their premorbid weight. Mean

admission age and mean age at onset of initial weight loss differed by

almost 12 months, with patients with atypical AN being younger.

Mean illness duration was approximately 10 weeks longer in patients

with AN. Slightly over 70% of all patients were hospitalized for the

first time, the frequency being 13.4% higher in patients with atypical

AN. Illness duration and admission age were significantly longer and

higher, respectively, in re-hospitalized patients, whereas admission

BMI-SDS was lower in this subgroup (Table S1).

3.1 | Substantiation of first hypothesis

The regression model with the dependent variable weight loss

(kg) and the independent variables admission age, admission height,

premorbid weight, illness duration (ln), and eating disorder diagnosis

(AN vs. atypical AN) revealed a 5.58 kg higher weight loss for patients

with AN vs. atypical AN (standardized beta = �0.28, p < .001,

R2 = .80 for model; Table 2). The estimation of the effect of AN

versus atypical AN on weight loss using premorbid BMI (model 2) as

co-variable (instead of premorbid weight and height) revealed a similar

result (b = �5.76 kg, beta = �0.29, p < .001; R2 = .78 for model).

Upon use of premorbid BMI-SDS (model 3), the difference in weight

loss between AN and atypical AN decreased (b = �4.78 kg,

beta = �0.24, p < .001). The variance explained by this model was

also lower (R2 = .68; Table 2). Illness duration (ln) was a significant

predictor in model 3 only.

The additional inclusion of the independent variable ‘first vs. re-
hospitalization’ had a negligible effect in all three models; the variable

itself was not a significant predictor (data not shown). Replacing the

independent variable admission age with age at initial weight loss

yielded similar results in terms of R2 (model 1: R2 = .80, model 2:

R2 = .78, model 3: R2 = .69) and the respective regression coefficients

for independent variables and their significance estimators (data not

shown). Because admission age was a significant predictor in all three

models, we visualized the relationships between weight loss in kg and

premorbid BMI and admission BMI, respectively, and categorized

admission age in patients with AN (Figures S1 and S2). The youngest

age category (admission age ≤ 15 years) accounted for most of the

patients with low premorbid (see BMI < 16 kg/m2) and admission BMI

(BMI < 13 kg/m2).

3.2 | Substantiation of second hypothesis

Mean premorbid BMI-SDS of patients with both AN (�0.41) and atyp-

ical AN (+0.52) deviated significantly from the expected value of 0 for

a normal distribution (AN: t(df = 410) = �10.1; p = 2 � 10�21; atypi-

cal AN: t(df = 48) = 5.7; p = 7 � 10�7) and by 0.93 from one another.

Patients with atypical AN and AN were overrepresented in the upper

and lower BMI deciles, respectively (Table 3). Only 123 (30%) patients

with AN had a premorbid BMI-decile ≥50, only 8 (16%) patients with

atypical AN had a premorbid BMI-decile <50.

F IGURE 3 Scatterplot of the
relationship between premorbid
and admission BMI of adolescent
inpatients with typical (n = 411;
BMI < 5th age centile) and atypical
anorexia nervosa (AN; n = 49;
BMI ≥ 5th age centile). Blue and red
dots indicate patients with typical
and atypical AN, respectively; blue
and red lines mark regression lines
for patients with typical and
atypical AN, respectively.
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3.3 | Exploratory analyses

Weight loss in kg (%) ranged from 0.4 (1.4%) to 45.8 kg (55.9%)

in patients with AN and from 0.3 (0.6%) to 26.7 kg (36.1%) in

patients with atypical AN (Table 1). Irrespective of the diagnosis, all

patients with a weight loss <5% had low premorbid BMI (<16.5 and

<19 kg/m2) for patients with AN and atypical AN (Figure 2). In con-

trast, high weight loss exceeding 38% of premorbid body weight

occurred only in patients with AN (n = 9; 2%), who all had a premor-

bid BMI-centile ≥75 (Figures 1 and 2). If a relative weight loss ≥10%

quantitatively suffices to meet the DSM-5 criterion of ‘significant
weight loss’ in atypical AN, 43 out of the 49 patients fulfilled this

criterion (Figures 1 and 2).

In both eating disorders, the correlations between weight loss in

kg or % with premorbid BMI (or BMI-SDS) were all strong to very

strong (range: rho = .73 to .92; Table 4; for an extended correlation

matrix see Table S2). Scatterplots (Figure 2) depicting weight loss in

kg (or %) in relationship to premorbid BMI (or BMI-SDS) graphically

illustrate the prediction of high weight loss in kg (or %) by a high pre-

morbid BMI (or BMI-SDS); in accordance with hypothesis 1, the fig-

ures also illustrate the clustering of patients with atypical AN in the

lower weight loss range.

In contrast, correlations between weight loss in kg or % and

admission BMI (or BMI-SDS) ranged from approximately zero to weak

and negative (range: rho = .02 to �.33). Premorbid and admission

BMI (or BMI-SDS) were moderately or weakly correlated only in AN

(Table 4; Figure 3). Body height was weakly correlated with both

admission age and age at initial weight loss in both AN and atypical

AN; height was very weakly correlated with both premorbid and

admission BMI in AN only (Table S2).

4 | DISCUSSION

Findings from our study substantiate our hypothesis that differentiat-

ing AN and atypical AN with the 5th BMI-centile induces dispropor-

tionate weight characteristics in AN and atypical AN. First, our

principal regression model (model 1) demonstrated a 5.6 kg lower

mean weight loss in patients with atypical AN compared to patients

with AN upon controlling for age, height, illness duration, and premor-

bid weight. Further, for any given premorbid BMI, mean weight loss in

atypical AN clustered below the mean weight loss in AN. Second, pre-

morbid BMI distributions in AN versus atypical AN were dispropor-

tionate, with an overrepresentation of high and low premorbid BMIs

in atypical AN and AN, respectively. Our second hypothesis was con-

ditional on the similar mean weight loss (unadjusted) in samples of

patients with AN and atypical AN (Garber et al., 2019; Matthews

et al., in press; Peebles et al., 2010; Whitelaw et al., 2014), which we,

too, confirmed (Table 1). Because patients with atypical AN have an

admission BMI ≥5th centile, high premorbid BMIs are overrepre-

sented, when similar weight loss is demonstrated in both disorders.

Our findings suggest that the preponderance of premorbid over-

weight/obesity and higher premorbid BMI in patients with atypical

AN (Walsh et al., 2023) is related to the diagnostic weight cutoff. Con-

versely, the epidemiological associations (Leth-Moller et al., 2023;

Stice et al., 2017, 2022; Yilmaz et al., 2019) and genetic correlations

(Watson et al., 2019) between a low premorbid BMI and AN may par-

tially, if not completely, result from the diagnostic requirement of a

‘significantly low body weight’ in AN (Leth-Moller et al., 2023). In the

second part of our study, exploratory analyses compared AN and

atypical AN in terms of weight loss, anthropometric variables, age,

and illness duration. Herein, considering these findings, we discuss the

clinical validity of the DSM-5 diagnostic weight cut-off to differenti-

ate AN and atypical AN.

4.1 | Weight loss

Among all patients in our sample, those who lost less than 5% of their

premorbid weight had the lowest premorbid BMIs. Further, patients

with atypical AN were a mean of 0.8 years younger than patients with

AN and in AN, being under age 15 was associated with a lower pre-

morbid BMI (Figure S1). These findings suggest that, being younger

and having a lower premorbid BMI are associated with a low magni-

tude of weight loss in both AN and atypical AN. A weight loss of only

5% has previously been shown to be associated with eating disorder

pathology and distress in atypical AN (Forney et al., 2017). Thus, we

propose that necessitating ‘significant weight loss’ in atypical AN

yields unjustified diagnostic fragmentation, resulting in two subgroups

of similar patients with admission BMI ≥5th centile with and without

“significant’ weight loss. Given our small sample size of patients with

atypical AN (10.7% of our sample), coupled with a low prevalence of

patients with atypical AN and a presenting BMI-centile ≥10 (3%

of our sample), further research is warranted to assess the distribution

of premorbid overweight/obesity in AN versus atypical AN.

4.2 | Admission age

Surprisingly, mean admission age differed between AN and atypical

AN. In combination with the inherently lower mean weight loss (upon

adjustment for age, height, illness duration and premorbid weight), the

shorter illness duration and the higher rate of first hospitalizations, we

believe that a subset of patients with atypical AN will lose further

weight in the future, ultimately converting to an AN diagnosis upon

dropping below the 5th BMI-centile. This is especially likely in patients

with admission BMIs slightly above the 5th BMI-centile (Figure 2).

Because all three regression models revealed an effect of age on

weight loss (even upon use of the independent variable premorbid

BMI-SDS), the detected age difference between patients with AN and

atypical AN may also reflect complex, developmental associations

between premorbid weight, weight loss, and admission BMI. The joint

occurrence of low admission BMI and low weight loss was predomi-

nantly demonstrated in our registry's youngest patients with AN

(Figure S2). Similarly, premorbid BMI ≤16 kg/m2 only occurred in our

registry's youngest patients with AN, aged ≤15 years, with three
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exceptions (Figure S1). The association between younger age and

lower premorbid BMI is explained by the BMI increments common to

boys and girls during childhood and adolescence (see, e.g. Rosario

et al., 2010). As delineated in the introduction, mean percent body fat

is lower in pre- versus post-pubertal girls (Engelhardt et al., 2020),

which may potentially limit the amount of weight loss, in particular

among those with the premorbid lowest percent body fat.

Assessing admission BMI in adolescent patients with AN is

additionally complex, given the positive correlation between age

and admission BMI and the negative correlation between age and

admission BMI-SDS (Engelhardt et al., 2020). In our much smaller

sample of patients with atypical AN, a large difference in the cor-

relations between age and BMI and BMI-SDS, respectively, was

evident. Accordingly, the larger difference in rho-values applied to

both eating disorders. Overall, our data highlight the importance

of accounting for age in adolescents with an AN-like phenotype.

Our finding of a younger mean age in atypical AN requires

confirmation.

4.3 | Premorbid BMI, but not illness duration,
predicts weight loss

Patients with a low weight loss clustered in the low premorbid

BMI range, and vice versa, patients with a high weight loss clus-

tered in the high premorbid BMI range irrespective of diagnosis

(Figure 2). Weight loss in kg was very strongly correlated with pre-

morbid BMI in both AN and atypical AN; the respective correla-

tions were higher than those based on weight loss in % or

premorbid-BMI-SDS. Our three regression models explained a sub-

stantial proportion (68%–80%) of the variance in weight loss in kg,

mainly due to the strong effect of premorbid weight. Because

models 1 and 2 resulted in a somewhat higher proportion of

explained variance than model 3, we suggest that the major deter-

minant of weight loss is absolute premorbid body weight adjusted

or standardized for body height.

The positive correlation between premorbid BMI and weight

loss in kg in AN would seem to intuitively reflect the weight cut-off

(Coners et al., 1999): patients with a high premorbid BMI must lose

more weight to surpass the weight cut-off than patients with a

lower premorbid BMI. However, the consistent strong correlation

between premorbid BMI and weight loss in atypical AN cannot be

similarly explained. Based on these strong correlations in both disor-

ders, we postulate an underlying regulatory mechanism that

accounts for the substantial prediction of weight loss by premorbid

BMI (see below).

Similar to previous results with respect to admission BMI (Coners

et al., 1999; Föcker et al., 2015; Peters, Kolar, et al., 2021), illness

duration was an overall negligible variable in explaining weight loss.

Since maximal and minimal weight loss ranged between 10 and 15 kg

for any given premorbid BMI - patients with AN and atypical AN being

at the upper and lower ends of this range (see Figure 2)—illness dura-

tion may vary considerably for patients with the same premorbid BMI.

Notably, our simplistic definition of illness duration implying that the

illness directly and consistently begins with initial weight loss, repre-

sents an oversimplification of the complex onset of AN or

atypical AN.

4.4 | Diagnostic separation of AN and atypical AN

Overall, our exploratory correlation matrix for weight-related variables

revealed no major differences between AN and atypical AN (see simi-

lar rho-values in Tables 4 and S2). Patients with atypical AN represent

those who develop the eating disorder following less weight loss upon

adjustment for age, height, illness duration, and premorbid weight. In

combination with the lack of empirical support for clinically relevant

differences in psychological and medical characteristics between diag-

noses (Billman Miller et al., 2023; Brennan et al., 2023; Johnson-

Munguia et al., 2023; Walsh et al., 2023), we interpret our findings as

further support for a homogenous illness model. We believe this inter-

pretation represents the most parsimonious explanation for currently

available data.

4.5 | Usefulness of premorbid weight for
weight-based diagnostic categorization

Prior studies have recommended a higher admission BMI-centile to

diagnose AN, allowing inclusion of a larger proportion of patients with

an underlying AN-like phenotype (Hebebrand & Bulik, 2011). How-

ever, empirical support for any admission weight-related diagnostic

threshold is lacking. Any cutoff will inherently create a weight-based

diagnostic ‘split,’ with one disorder associated with lower and the

other associated with higher weight loss in patients matched for age,

sex, height, and premorbid weight. The weak prediction of weight

prognosis by admission BMI (Hebebrand et al., 1997) may in part

reflect the low to moderate correlation between premorbid and

admission BMI; weight suppression clearly predicts short and long-

term body weight in both healthy subjects and patients with eating

disorders (Lowe et al., 2018). Studies in both adolescents and adults

with AN indicate that premorbid weight status and weight suppres-

sion can be used to clinically predict other relevant psychological and

medical variables (Whitelaw et al., 2018). In conclusion, given that

premorbid, but not admission BMI strongly predicts weight loss, shift-

ing to use of premorbid BMI and/or weight loss, instead of admission

BMI, for clinically relevant subcategorization of patients with an

underlying AN-like phenotype appears promising.

4.6 | Mechanisms underlying prediction of weight
loss by premorbid BMI

We, in accordance with Guisinger (2003) argue that weight loss, in

itself, induces the development of an AN-like phenotype or

“entrapment,” characterized as the persistent difficulty to overcome

10 HEBEBRAND ET AL.
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preoccupation with food and body weight, fear of eating high calorie

foods, weight phobia, and/or the inability to gain weight, despite the

occurrence of psychological and somatic consequences of starvation.

Entrapment is evidently ‘triggered’ by less weight loss (when adjusted

for premorbid BMI) in atypical AN than in AN. ‘Significant weight loss’
is not a necessary requirement; only patients with premorbid over-

weight or obesity must consistently lose significant weight in order to

trigger entrapment.

An etiological concept for the development of an AN-like pheno-

type would need to explain why (i) entrapment sets in with less weight

loss in patients with premorbid leanness versus premorbid over-

weight/obesity, (ii) the amount of weight loss entailing entrapment

shows a rather large range for any given premorbid BMI (10–15 kg

according to our data; see Figure 2), (iii) the amount of weight loss for

inducing entrapment is below 5% in a subgroup of (mostly young)

patients with a low premorbid BMI, (iv) illness duration (defined as the

time span between age at initial weight loss and admission age) plays

a negligible role in entrapment and (v) age (to a slight extent) co-

determines both weight loss and admission BMI. The mean age of

onset in restrictive eating disorders—between late childhood and early

adulthood—and the greater prevalence among females also require

explanation.

The attainment of an absolute or relative deficiency of the circu-

lating level of the adipokine leptin has been hypothesized to trigger

entrapment (Hebebrand et al., 2024). In brief, only the free leptin

index is relevant for its biological action; a proportion of circulating

leptin is bound to the soluble leptin receptor (Hebebrand

et al., 2024). Circulating leptin levels are positively correlated with

BMI and more so with percent fat mass (Considine et al., 1996).

Inter-individual variation of serum leptin levels adjusted for percent

body fat increases substantially with percent body fat (Considine

et al., 1996). Patients may also differ in the ratio of fat mass to fat

free mass lost per kg of body weight. As for sex dependent and

developmental aspects, mean percent body fat increases substan-

tially during puberty and adolescence in females only (Loomba-

Albrecht & Styne, 2009). Circulating leptin, too, increases throughout

all Tanner stages in females only, resulting in two to three time

higher serum leptin levels in comparison to adult males (e.g., Ahmed

et al., 1999; Blum et al., 1997).

Together, these factors could explain why some patients become

entrapped early on during weight loss, whereas in others ‘significant
weight loss’ is indeed required. Upon mere consideration of inter-

individual variation in percent body fat and circulating leptin level

adjusted for fat mass, the greatest degree of weight loss (and concom-

itant loss of fat mass) would be required in patients with a high pre-

morbid percent body fat and high circulating leptin levels adjusted for

percent body weight for their levels to drop into the subnormal range,

explaining why ‘significant weight loss’ is indeed a prerequisite for

development of entrapment in patients with premorbid overweight/

obesity. In contrast, already a minor loss of fat mass would suffice to

induce entrapment in those lean patients with both a low premorbid

fat mass and a low leptin level adjusted for fat mass. Because BMI is a

poor predictor of fat mass in lean females (Goulding et al., 1996),

particularly percent body fat may explain variance in the amount of

weight loss required for the development of hypoleptinemia in this

subgroup. Young female patients, in particular, would be predisposed

to low weight loss induced entrapment because of their lower mean

premorbid percent body fat and their developmentally low leptin

levels. The hypothesis that leptin plays a substantial role in entrap-

ment has been supported by a Mendelian randomization study linking

a low leptin level to an increased risk for development of AN (Peters,

Antel, et al., 2021). Further, recent case reports of off-label treatment

with recombinant human leptin (metreleptin) have entailed clinical

improvements and the lessening of entrapment in patients with both

AN (Antel et al., 2021; Gradl-Dietsch et al., 2023; Hebebrand, Antel,

von Piechowski, et al., 2023; Milos et al., 2020) and atypical AN

(Hebebrand, Antel, & Peters, 2023).

4.7 | Limitations

We refrained from correcting the p-values for multiple testing. All

tests would clearly remain significant upon a correction for five tests

(three regression models for the first hypothesis and two t-tests for

the second hypothesis (Bonferroni-corrected α = .01)). We used

registry-based data and acknowledge inherent limitations including

missing or unavailable data and no assessment of reliability data

entry and of diagnoses (Thygesen & Ersboll, 2014). Roughly 30% of

our patients had received previous inpatient treatment. Not expect-

edly, re-hospitalized patients differed from those hospitalized for the

first time in mean age, illness duration and admission BMI-SDS

(Table S1). Importantly, the independent variable ‘first versus re-hos-
pitalization’ in our regression models did not contribute to explaining

weight loss. Whereas we consider our registry based AN sample as

largely representative of adolescent German inpatients with an

admission BMI-centile <5, this is not the case for our much smaller

sample of patients with atypical AN. Matthews and coworkers con-

firmed our results in females and (preliminarily) in males based on

clinically ascertained adolescent inpatients with both AN and atypi-

cal AN upon first admission (Matthews et al., in press). Research is

warranted to see if results generalize to adolescent outpatients and

adults, too.

Notably, in our study, premorbid body weight status was defined

via a single estimation of premorbid BMI upon initial weight loss. We

nevertheless regard the existent clinical, epidemiological, and genetic

data as indirect support in light of short- and medium-term tracking of

age-adjusted BMI in children and adolescents (e.g., Marshall

et al., 2020). Matthews et al. (in press) report a high correlation between

estimated premorbid BMI based on recalled weight at initial onset of

weight loss and estimated premorbid BMI based on historical growth

data, measured and recorded by providers prior to illness development.

Our use of measured height for calculation of premorbid BMI

inherently entails a too low BMI in all patients who experienced an

increase in height between the onset of weight loss and admission

(see Coners et al., 1999). Because of the younger age of patients with

atypical AN, premorbid BMI for this group could be more strongly
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underestimated; on average, 15-year old German females gain only

2 cm until attainment of adult height (Reinken & van Oost, 1992). On

the other hand, overweight entails a temporary increase in height gain

in childhood, which is compensated by an earlier pubertal maturity

and a subnormal height gain in adolescence (He & Karlberg, 2001).

Another factor to consider is a decreased height trajectory in children

with AN aged <14 years due to the eating disorder itself (Ayrolles

et al., 2023).

We deem it unlikely that both patient groups differ systematically

in terms of recalled weight, recalled age at onset of weight loss, and

estimated premorbid BMI-centile to an extent that would account for

the observed differences. If the correlations reflect underlying regula-

tory mechanisms, we argue that correlations and explained variances

would be higher if measured data were available. We cannot exclude

measurement errors (admission weight and height) and incorrect data

entry. We did not detect any totally implausible patient data; even the

patients with little weight loss fit into the overall pattern (see Figures 2

and 3). Data on race and ethnicity of the patients treated in Germany

were not collected.

We realize that the correlation matrix includes inter-correlated

phenotypes. Because of our limited knowledge of the variables that

best predict clinical parameters, we did not narrow down our choice of

variables. We urge other groups to investigate if premorbid BMI is

indeed a better predictor of weight loss than premorbid BMI-SDS. The

operationalization of premorbid weight status and weight loss requires

further research to come up with both a simple and clinically validated

(or set of) variable(s) in both adolescents and adults. Our results suggest

that premorbid BMI may represent this variable in adolescents.

5 | CONCLUSIONS

Our weight related data do not suggest major differences between

AN and atypical AN, other than those induced by the DSM-5 weight

cutoff. Our findings complement other studies that have not found

major differences in psychological and somatic characteristics in AN

and atypical AN (Billman Miller et al., 2023; Brennan et al., 2023;

Johnson-Munguia et al., 2023; Walsh et al., 2023). The high correla-

tion between premorbid BMI and weight loss suggests a regulatory

mechanism underlying entrapment. Subtyping of AN and atypical AN

according to premorbid BMI (and/or weight loss), rather than admis-

sion BMI, should prove clinically useful.

AUTHOR CONTRIBUTIONS

Johannes Hebebrand: Conceptualization; investigation; methodology;

project administration; resources; supervision; writing – original draft;

writing – review and editing. Jochen Seitz: Investigation; writing –

review and editing. Manuel Föcker: Investigation; writing – review

and editing. Hanna Preuss-van Viersen: Investigation; writing –

review and editing. Michael Huss: Investigation; resources; writing –

review and editing. Katharina Bühren: Investigation; writing – review

and editing. Brigitte Dahmen: Investigation; writing – review and edit-

ing. Katja Becker: Investigation; resources; writing – review and

editing. Linda Weber: Investigation; writing – review and editing.

Christoph Correll: Investigation; methodology; resources; writing –

review and editing. Charlotte Jaite: Investigation; writing – review

and editing. Karin Maria Egberts: Investigation; writing – review and

editing. Marcel Romanos: Investigation; resources; writing – review

and editing. Stefan Ehrlich: Investigation; resources; writing – review

and editing. Maria Seidel: Investigation; writing – review and editing.

Veit Roessner: Investigation; resources; writing – review and editing.

Christian Fleischhaker: Investigation; resources; writing – review and

editing. Eva Möhler: Funding acquisition. Freia Hahn: Investigation;

writing – review and editing. Michael Kaess: Investigation; resources;

writing – review and editing. Tanja Marina Legenbauer: Investiga-

tion; resources; writing – review and editing. Daniela Hagmann:

Writing – review and editing. Tobias Johannes Renner: Investiga-

tion; resources; writing – review and editing. Ulrike ME Schulze:

Investigation; resources; writing – review and editing. Ulf

Thiemann: Resources; writing – review and editing. Ida Wessing:

Investigation; writing – review and editing. Gisela Antony: Data

curation. Beate Herpertz-Dahlmann: Investigation; resources;

writing – review and editing. Abigail Matthews: Writing – review

and editing. Triinu Peters: Conceptualization; data curation;

formal analysis; investigation; methodology; project administration;

software; supervision; visualization; writing – original draft;

writing – review and editing.

AFFILIATIONS
1Department of Child and Adolescent Psychiatry, Psychosomatics and

Psychotherapy, University Hospital Essen (AöR), University of

Duisburg-Essen, Essen, Germany
2Center for Translational Neuro- and Behavioral Sciences, University

Hospital Essen, University of Duisburg-Essen, Essen, Germany
3Department of Child and Adolescent Psychiatry, Psychosomatics and

Psychotherapy, University Hospital, RWTH Aachen, Aachen, Germany
4Department of Child and Adolescent Psychiatry, University Hospital

Münster, Münster, Germany
5LWL University Hospital Hamm for Child and Adolescent Psychiatry,

Psychotherapy and Psychosomatics, Ruhr University-Bochum, Hamm,

Germany
6Department of Child and Adolescent Psychiatry, University Medicine

Mainz, Johannes Gutenberg-University, Mainz, Germany
7kbo-Heckscher Klinikum for Child and Adolescent Psychiatry,

Psychosomatics and Psychotherapy, Academic Teaching Hospital,

Ludwig Maximilian University, Munich, Germany
8Department of Child and Adolescent Psychiatry, Psychosomatics and

Psychotherapy, Faculty of Medicine, Philipps-University and

University Hospital Marburg, Marburg, Germany
9Center for Mind, Brain and Behavior (CMBB), University of Marburg

and Justus Liebig University Giessen, Germany
10Department of Child and Adolescent Psychiatry, Psychosomatics

and Psychotherapy, Charité–Universitätsmedizin Berlin, corporate

member of Freie Universität Berlin, Humboldt-Universität zu Berlin,

and Berlin Institute of Health, Berlin, Germany

12 HEBEBRAND ET AL.

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24189 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [27/03/2024]. 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



11Zucker School of Medicine at Hofstra/Northwell, Department of

Psychiatry and Molecular Medicine, Hempstead, New York, USA
12The Zucker Hillside Hospital, Department of Psychiatry, Northwell

Health, Glen Oaks, New York, USA
13Department of Child and Adolescent Psychiatry, Psychosomatics

and Psychotherapy, Centre for Mental Health, University Hospital

Würzburg, Würzburg, Germany
14Translational Developmental Neuroscience Section, Division of

Psychological and Social Medicine and Developmental Neurosciences,

Faculty of Medicine, TU Dresden, Germany
15Eating Disorder Research and Treatment Center, Department of

Child and Adolescent Psychiatry, Faculty of Medicine, TU Dresden,

Dresden, Germany
16Department of Child and Adolescent Psychiatry and Psychotherapy,

University Freiburg, Germany
17Department of Child and Adolescent Psychiatry, Saarland

University, Homburg, Germany
18Department of Child & Adolescent Psychiatry and Psychotherapy,

LVR-Klinik Viersen, Viersen, Germany
19University Hospital of Child and Adolescent Psychiatry and

Psychotherapy, University of Bern, Bern, Switzerland
20Clinic of Child and Adolescent Psychiatry, Center for Psychosocial

Medicine, University Hospital Heidelberg, Heidelberg, Germany
21Department of Child and Adolescent Psychiatry, Psychosomatics

and Psychotherapy, University of Tübingen, Tübingen, Germany
22Department of Child and Adolescent Psychiatry/Psychotherapy,

University Hospital Ulm, University of Ulm, Germany
23Department of Child and Adolescent Psychiatry, Psychosomatics

and Psychotherapy, LVR Hospital Bonn, Bonn, Germany
24Central Information Office, CIO Marburg GmbH, Fronhausen,

Germany
25Department of Psychiatry and Psychology, Mayo Clinic, Rochester,

Minnesota, USA

ACKNOWLEDGMENTS

We thank patients and their parents for participation in our registry-

based study. We thank three anonymous Reviewers and the handling

Editor Tim Walsh for their patience, diligence, and extremely valuable

comments. Open Access funding enabled and organized by Pro-

jekt DEAL.

FUNDING INFORMATION

The German Registry of Children and Adolescents with AN is funded

by the participating centers.

CONFLICT OF INTEREST STATEMENT

Johannes Hebebrand has received speech honoraria from Novo Nor-

disk and Amryt Pharmaceuticals in the past 3 years. He is listed as an

inventor in three patent applications of the University of Duisburg-

Essen for the use of leptin analogues for treatment of anorexia ner-

vosa and depression. CU Correll has been a consultant and/or advisor

to or has received honoraria from: AbbVie, Acadia, Adock Ingram,

Alkermes, Allergan, Angelini, Aristo, Biogen, Boehringer-Ingelheim,

Cardio Diagnostics, Cerevel, CNX Therapeutics, Compass Pathways,

Darnitsa, Denovo, Gedeon Richter, Hikma, Holmusk, IntraCellular

Therapies, Jamjoom Pharma, Janssen/J&J, Karuna, LB Pharma, Lund-

beck, MedAvante-ProPhase, MedInCell, Merck, Mindpax, Mitsubishi

Tanabe Pharma, Mylan, Neurocrine, Neurelis, Newron, Noven, Novo

Nordisk, Otsuka, Pharmabrain, PPD Biotech, Recordati, Relmada,

Reviva, Rovi, Sage, Seqirus, SK Life Science, Sumitomo Pharma Amer-

ica, Sunovion, Sun Pharma, Supernus, Takeda, Teva, Tolmar, Vertex,

and Viatris. He provided expert testimony for Janssen and Otsuka. He

served on a Data Safety Monitoring Board for Compass Pathways,

Denovo, Lundbeck, Relmada, Reviva, Rovi, Supernus, and Teva. He

has received grant support from Janssen and Takeda. He received

royalties from UpToDate and is also a stock option holder of Cardio

Diagnostics, Kuleon Biosciences, LB Pharma, Mindpax, and Quantic.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The ethics committees of all participating universities (n = 14) and

local research centers (n = 2) approved the registry study. A written

informed assent/consent of both patient and at least one legal guard-

ian was available.

ORCID

Johannes Hebebrand https://orcid.org/0000-0001-5364-6073

Jochen Seitz https://orcid.org/0000-0002-0110-7980

Manuel Föcker https://orcid.org/0000-0002-4783-6265

Hanna Preuss-van Viersen https://orcid.org/0000-0001-9537-706X

Michael Huss https://orcid.org/0000-0002-1113-8537

Katharina Bühren https://orcid.org/0009-0004-5949-4460

Brigitte Dahmen https://orcid.org/0000-0003-3079-7666

Katja Becker https://orcid.org/0000-0003-4858-5127

Linda Weber https://orcid.org/0000-0001-5662-7257

Christoph U. Correll https://orcid.org/0000-0002-7254-5646

Charlotte Jaite https://orcid.org/0000-0003-3086-3897

Karin Egberts https://orcid.org/0000-0002-0270-0954

Marcel Romanos https://orcid.org/0000-0001-7628-8299

Stefan Ehrlich https://orcid.org/0000-0003-2132-4445

Maria Seidel https://orcid.org/0000-0001-8995-6401

Veit Roessner https://orcid.org/0000-0002-1873-7081

Christian Fleischhaker https://orcid.org/0000-0002-4167-0014

Eva Möhler https://orcid.org/0000-0001-5620-1563

Freia Hahn https://orcid.org/0009-0003-5293-8746

Michael Kaess https://orcid.org/0000-0003-0031-7764

Tanja Legenbauer https://orcid.org/0000-0002-1580-9991

Daniela Hagmann https://orcid.org/0000-0003-2389-154X

Tobias J. Renner https://orcid.org/0000-0002-2151-9480

Ulrike M. E. Schulze https://orcid.org/0000-0002-6350-5140

Ulf Thiemann https://orcid.org/0009-0002-0482-4202

Ida Wessing https://orcid.org/0000-0001-8248-6814

HEBEBRAND ET AL. 13

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24189 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [27/03/2024]. 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

https://orcid.org/0000-0001-5364-6073
https://orcid.org/0000-0001-5364-6073
https://orcid.org/0000-0002-0110-7980
https://orcid.org/0000-0002-0110-7980
https://orcid.org/0000-0002-4783-6265
https://orcid.org/0000-0002-4783-6265
https://orcid.org/0000-0001-9537-706X
https://orcid.org/0000-0001-9537-706X
https://orcid.org/0000-0002-1113-8537
https://orcid.org/0000-0002-1113-8537
https://orcid.org/0009-0004-5949-4460
https://orcid.org/0009-0004-5949-4460
https://orcid.org/0000-0003-3079-7666
https://orcid.org/0000-0003-3079-7666
https://orcid.org/0000-0003-4858-5127
https://orcid.org/0000-0003-4858-5127
https://orcid.org/0000-0001-5662-7257
https://orcid.org/0000-0001-5662-7257
https://orcid.org/0000-0002-7254-5646
https://orcid.org/0000-0002-7254-5646
https://orcid.org/0000-0003-3086-3897
https://orcid.org/0000-0003-3086-3897
https://orcid.org/0000-0002-0270-0954
https://orcid.org/0000-0002-0270-0954
https://orcid.org/0000-0001-7628-8299
https://orcid.org/0000-0001-7628-8299
https://orcid.org/0000-0003-2132-4445
https://orcid.org/0000-0003-2132-4445
https://orcid.org/0000-0001-8995-6401
https://orcid.org/0000-0001-8995-6401
https://orcid.org/0000-0002-1873-7081
https://orcid.org/0000-0002-1873-7081
https://orcid.org/0000-0002-4167-0014
https://orcid.org/0000-0002-4167-0014
https://orcid.org/0000-0001-5620-1563
https://orcid.org/0000-0001-5620-1563
https://orcid.org/0009-0003-5293-8746
https://orcid.org/0009-0003-5293-8746
https://orcid.org/0000-0003-0031-7764
https://orcid.org/0000-0003-0031-7764
https://orcid.org/0000-0002-1580-9991
https://orcid.org/0000-0002-1580-9991
https://orcid.org/0000-0003-2389-154X
https://orcid.org/0000-0003-2389-154X
https://orcid.org/0000-0002-2151-9480
https://orcid.org/0000-0002-2151-9480
https://orcid.org/0000-0002-6350-5140
https://orcid.org/0000-0002-6350-5140
https://orcid.org/0009-0002-0482-4202
https://orcid.org/0009-0002-0482-4202
https://orcid.org/0000-0001-8248-6814
https://orcid.org/0000-0001-8248-6814


Gisela Antony https://orcid.org/0000-0002-5367-6069

Beate Herpertz-Dahlmann https://orcid.org/0000-0001-8450-3323

Abigail Matthews https://orcid.org/0000-0002-1548-2589

Triinu Peters https://orcid.org/0000-0002-7341-2802

REFERENCES

Abdulkadir, M., Hubel, C., Herle, M., Loos, R. J. F., Breen, G.,

Bulik, C. M., & Micali, N. (2022). Eating disorder symptoms and their

associations with anthropometric and psychiatric polygenic scores.

European Eating Disorders Review, 30(3), 221–236. https://doi.org/
10.1002/erv.2889

Ahmed, M. L., Ong, K. K., Morrell, D. J., Cox, L., Drayer, N., Perry, L.,

Preece, M. A., & Dunger, D. B. (1999). Longitudinal study of leptin

concentrations during puberty: Sex differences and relationship to

changes in body composition. The Journal of Clinical Endocrinology

and Metabolism, 84(3), 899–905. https://doi.org/10.1210/jcem.84.

3.5559

American Psychiatric Association. (2013). Diagnostic and statistical manual

of mental disorders: DSM-5™, 5th ed. American Psychiatric Publishing,

Inc. https://doi.org/10.1176/appi.books.9780890425596

Antel, J., Tan, S., Grabler, M., Ludwig, C., Lohkemper, D.,

Brandenburg, T., Barth, N., Hinney, A., Libuda, L., Remy, M.,

Milos, G., & Hebebrand, J. (2021). Rapid amelioration of anorexia

nervosa in a male adolescent during metreleptin treatment including

recovery from hypogonadotropic hypogonadism. European Child &

Adolescent Psychiatry, 31, 1573–1579. https://doi.org/10.1007/

s00787-021-01778-7

Ayrolles, A., Clarke, J., Dechaux, M., Lefebvre, A., Cohen, A., Stordeur, C.,

Peyre, H., Bargiacchi, A., Godart, N., Watson, H., & Delorme, R. (2023).

Inpatient target discharge weight for early-onset anorexia nervosa:

Restoring premorbid BMI percentile to improve height prognosis. Clini-

cal Nutrition ESPEN, 54, 150–156. https://doi.org/10.1016/j.clnesp.

2023.01.025

Billman Miller, M. G., Gioia, A. N., Essayli, J. H., & Forrest, L. N. (2023).

Few differences in psychiatric comorbidities and treatment response

among people with anorexia nervosa and atypical anorexia nervosa.

The International Journal of Eating Disorders. https://doi.org/10.1002/

eat.24046

Blum, W. F., Englaro, P., Hanitsch, S., Juul, A., Hertel, N. T., Müller, J.,

Skakkebæk, N. E., Heiman, M. L., Birkett, M., Attanasio, A. M.,

Kiess, W., & Rascher, W. (1997). Plasma leptin levels in healthy chil-

dren and adolescents: Dependence on body mass index, body fat

mass, gender, pubertal stage, and testosterone. Journal of Clinical Endo-

crinology and Metabolism, 82(9), 2904–2910. https://doi.org/10.1210/
jcem.82.9.4251

Brennan, C., Illingworth, S., Cini, E., & Bhakta, D. (2023). Medical instability

in typical and atypical adolescent anorexia nervosa: A systematic

review and meta-analysis. Journal of Eating Disorders, 11(1), 58.

https://doi.org/10.1186/s40337-023-00779-y

Bühren, K., Herpertz-Dahlmann, B., Dempfle, A., Becker, K., Egberts, K. M.,

Ehrlich, S., Fleischhaker, C., von Gontard, A., Hahn, F., Jaite, C.,

Kaess, M., Legenbauer, T., Renner, T. J., Schrötter, E., Schulze, U.,

Sinzig, J., Antony, G., Hebebrand, J., & Föcker, M. (2017). First socio-

demographic, pretreatment and clinical data from a German web-

based registry for child and adolescent anorexia nervosa. Zeitschrift für

Kinder- Und Jugendpsychiatrie Und Psychotherapie, 45(5), 393–400.
https://doi.org/10.1024/1422-4917/a000544

Cole, T. J., & Green, P. J. (1992). Smoothing reference centile curves: The

LMS method and penelized likelihood. Statistics in Medicine, 11, 1305–
1319.

Coners, H., Remschmidt, H., & Hebebrand, J. (1999). The relationship

between premorbid body weight, weight loss, and weight at referral in

adolescent patients with anorexia nervosa. International Journal of

Eating Disorders, 26(2), 171–178. https://doi.org/10.1002/(SICI)1098-
108X(199909)26:2<171::AID-EAT6>3.0.CO;2-P

Considine, R. V., Sinha, M. K., Heiman, M. L., Kriauciunas, A.,

Stephens, T. W., Nyce, M. R., Ohannesian, J. P., Marco, C. C.,

McKee, L. J., Bauer, T. L., & Caro, J. F. (1996). Serum immunoreactive-

leptin concentrations in normal-weight and obese humans. The New

England Journal of Medicine, 334(5), 292–295. https://doi.org/10.

1056/NEJM199602013340503

Duncan, L., Yilmaz, Z., Gaspar, H., Walters, R., Goldstein, J., Anttila, V.,

Bulik-Sullivan, B., Ripke, S., Eating Disorders Working Group of the

Psychiatric Genomics Consortium, Thornton, L., Hinney, A., Daly, M.,

Sullivan, P. F., Zeggini, E., Breen, G., & Bulik, C. M. (2017). Significant

locus and metabolic genetic correlations revealed in genome-wide

association study of anorexia nervosa. The American Journal of

Psychiatry, 174(9), 850–858. https://doi.org/10.1176/appi.ajp.2017.
16121402

Engelhardt, C., Föcker, M., Bühren, K., Dahmen, B., Becker, K., Weber, L.,

Correll, C. U., Egberts, K. M., Ehrlich, S., Roessner, V., Fleischhaker, C.,

von Gontar, A., Hahn, F., Jenetzky, E., Kaess, M., Legenbauer, T.,

Renner, T. J., Schulze, U. M. E., Sinzig, J., … Hebebrand, J. (2020). Age

dependency of body mass index distribution in childhood and adoles-

cent inpatients with anorexia nervosa with a focus on DSM-5 and

ICD-11 weight criteria and severity specifiers. European Child & Adoles-

cent Psychiatry., 30, 1081–1094. https://doi.org/10.1007/s00787-

020-01595-4

Föcker, M., Bühren, K., Timmesfeld, N., Dempfle, A., Knoll, S., Schwarte, R.,

Egberts, K. M., Pfeiffer, E., Fleischhaker, C., Wewetzer, C.,

Hebebrand, J., & Herpertz-Dahlmann, B. (2015). The relationship

between premorbid body weight and weight at referral, at discharge and

at 1-year follow-up in anorexia nervosa. European Child & Adolescent Psy-

chiatry, 24(5), 537–544. https://doi.org/10.1007/s00787-014-0605-0

Forney, K. J., Brown, T. A., Holland-Carter, L. A., Kennedy, G. A., &

Keel, P. K. (2017). Defining “significant weight loss” in atypical

anorexia nervosa. The International Journal of Eating Disorders, 50(8),

952–962. https://doi.org/10.1002/eat.22717
Garber, A. K., Cheng, J., Accurso, E. C., Adams, S. H., Buckelew, S. M.,

Kapphahn, C. J., Kreiter, A., Le Grange, D., Machen, V. I.,

Moscicki, A.-B., Saffran, K., Sy, A. F., Wilson, L., & Golden, N. H.

(2019). Weight loss and illness severity in adolescents with atypical

anorexia nervosa. Pediatrics, 144(6), e20192339. https://doi.org/10.

1542/peds.2019-2339

Goulding, A., Gold, E., Cannan, R., Taylor, R. W., Williams, S., & Lewis-

Barned, N. J. (1996). DEXA supports the use of BMI as a measure of

fatness in young girls. International Journal of Obesity and Related Met-

abolic Disorders, 20(11), 1014–1021.
Gradl-Dietsch, G., Milos, G., Wabitsch, M., Bell, R., Tschope, F., Antel, J., &

Hebebrand, J. (2023). Rapid emergence of appetite and hunger result-

ing in weight gain and improvement of eating disorder symptomatol-

ogy during and after short-term off-label Metreleptin treatment of a

patient with anorexia nervosa. Obesity Facts, 16(1), 99–107. https://
doi.org/10.1159/000527386

Guisinger, S. (2003). Adapted to flee famine: Adding an evolutionary per-

spective on anorexia nervosa. Psychological Review, 110(4), 745–761.
https://doi.org/10.1037/0033-295X.110.4.745

He, Q., & Karlberg, J. (2001). BMI in childhood and its association with

height gain, timing of puberty, and final height. Pediatric Research,

49(2), 244–251. https://doi.org/10.1203/00006450-200102000-

200100019

Hebebrand, J., Antel, J., & Peters, T. (2023). Case report: Clinical improve-

ments observed in first off-label metreleptin treatment of a patient

with atypical anorexia nervosa. European Child & Adolescent Psychiatry.

https://doi.org/10.1007/s00787-023-02315-4

Hebebrand, J., Antel, J., von Piechowski, L., Kiewert, C., Stüve, B., &

Gradl-Dietsch, G. (2023). Case report: Rapid improvements of anorexia

14 HEBEBRAND ET AL.

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24189 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [27/03/2024]. 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

https://orcid.org/0000-0002-5367-6069
https://orcid.org/0000-0002-5367-6069
https://orcid.org/0000-0001-8450-3323
https://orcid.org/0000-0001-8450-3323
https://orcid.org/0000-0002-1548-2589
https://orcid.org/0000-0002-1548-2589
https://orcid.org/0000-0002-7341-2802
https://orcid.org/0000-0002-7341-2802
https://doi.org/10.1002/erv.2889
https://doi.org/10.1002/erv.2889
https://doi.org/10.1210/jcem.84.3.5559
https://doi.org/10.1210/jcem.84.3.5559
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1007/s00787-021-01778-7
https://doi.org/10.1007/s00787-021-01778-7
https://doi.org/10.1016/j.clnesp.2023.01.025
https://doi.org/10.1016/j.clnesp.2023.01.025
https://doi.org/10.1002/eat.24046
https://doi.org/10.1002/eat.24046
https://doi.org/10.1210/jcem.82.9.4251
https://doi.org/10.1210/jcem.82.9.4251
https://doi.org/10.1186/s40337-023-00779-y
https://doi.org/10.1024/1422-4917/a000544
https://doi.org/10.1002/(SICI)1098-108X(199909)26:2%3C171::AID-EAT6%3E3.0.CO;2-P
https://doi.org/10.1002/(SICI)1098-108X(199909)26:2%3C171::AID-EAT6%3E3.0.CO;2-P
https://doi.org/10.1056/NEJM199602013340503
https://doi.org/10.1056/NEJM199602013340503
https://doi.org/10.1176/appi.ajp.2017.16121402
https://doi.org/10.1176/appi.ajp.2017.16121402
https://doi.org/10.1007/s00787-020-01595-4
https://doi.org/10.1007/s00787-020-01595-4
https://doi.org/10.1007/s00787-014-0605-0
https://doi.org/10.1002/eat.22717
https://doi.org/10.1542/peds.2019-2339
https://doi.org/10.1542/peds.2019-2339
https://doi.org/10.1159/000527386
https://doi.org/10.1159/000527386
https://doi.org/10.1037/0033-295X.110.4.745
https://doi.org/10.1203/00006450-200102000-200100019
https://doi.org/10.1203/00006450-200102000-200100019
https://doi.org/10.1007/s00787-023-02315-4


nervosa and probable myalgic encephalomyelitis/chronic fatigue syn-

drome upon metreleptin treatment during two dosing episodes. Fron-

tiers in Psychiatry, 14, 1267495. https://doi.org/10.3389/fpsyt.2023.

1267495

Hebebrand, J., & Bulik, C. M. (2011). Critical appraisal of the provisional

DSM-5 criteria for anorexia nervosa and an alternative proposal. Inter-

national Journal of Eating Disorders, 44(8), 665–678. https://doi.org/
10.1002/eat.20875

Hebebrand, J., Himmelmann, G. W., Herzog, W., Herpertz-

Dahlmann, B. M., Amstein, M., Seidel, R., Deter, H. C.,

Remschmidt, H., & Schäfer, H. (1997). Prediction of low body

weight at long-term follow-up in acute anorexia nervosa by low body

weight at referral. American Journal of Psychiatry, 154(4), 566–569.
https://doi.org/10.1176/ajp.154.4.566

Hebebrand, J., Plieger, M., Milos, G., Peters, T., Hinney, A., & Antel, J.

(2024). Does hypoleptinemia trigger entrapment in anorexia nervosa?

Etiological and clinical considerations. European Eating Disorders

Review. https://doi.org/10.1002/erv.3071

Herpertz-Dahlmann, B., & Hebebrand, J. (2017). Das internetbasierte

anorexia-nervosa-register für jugendliche Patienten in Deutschland [the

internet-based anorexia nervosa-register for adolescent patients in

Germany]. Zeitschrift für Kinder- Und Jugendpsychiatrie Und Psychothera-

pie, 45(5), 357–359. https://doi.org/10.1024/1422-4917/a000541
Johnson-Munguia, S., Negi, S., Chen, Y., Thomeczek, M. L., &

Forbush, K. T. (2023). Eating disorder psychopathology, psychiatric

impairment, and symptom frequency of atypical anorexia nervosa ver-

sus anorexia nervosa: A systematic review and meta-analysis. The

International Journal of Eating Disorders. https://doi.org/10.1002/eat.

23989

Kaufmann, L. K., Moergeli, H., & Milos, G. F. (2021). Lifetime weight char-

acteristics of adult inpatients with severe anorexia nervosa: Maximal

lifetime BMI predicts treatment outcome. Frontiers in Psychiatry, 12,

682952. https://doi.org/10.3389/fpsyt.2021.682952

Kolar, D. R., Bühren, K., Herpertz-Dahlmann, B., Becker, K., Egberts, K.,

Ehrlich, S., Fleischhaker, C., von Gontard, A., Hahn, F., Huss, M.,

Jaite, C., Kaess, M., Legenbauer, T., Renner, T. J., Roessner, V.,

Schulze, U., Sinzig, J., Wessing, I., Hebebrand, J., … Jenetzky, E. (2018).

Seasonal variation of BMI at admission in German adolescents with

anorexia nervosa. PLoS One, 13(9), e0203844. https://doi.org/10.

1371/journal.pone.0203844

Leth-Moller, K. B., Hebebrand, J., Strandberg-Larsen, K., Baker, J. L., &

Jensen, B. W. (2023). Childhood body mass index and the subse-

quent risk of anorexia nervosa and bulimia nervosa among women:

A large Danish population-based study. The International Journal of

Eating Disorders, 56, 1614–1622. https://doi.org/10.1002/eat.

23986

Loomba-Albrecht, L. A., & Styne, D. M. (2009). Effect of puberty

on body composition. Current Opinion in Endocrinology, Diabetes

and Obesity, 16(1), 10–15. https://doi.org/10.1097/MED.

0b013e328320d54c

Lowe, M. R., Piers, A. D., & Benson, L. (2018). Weight suppression in

eating disorders: A research and conceptual update. Current Psychi-

atry Reports, 20(10), 80. https://doi.org/10.1007/s11920-018-

0955-2

Marshall, T. A., Curtis, A. M., Cavanaugh, J. E., Warren, J. J., & Levy, S. M.

(2020). Identification of and associations among low, middle, and high

body composition trajectories from age 5- to 17-years. Children (Basel),

7(10), 192. https://doi.org/10.3390/children7100192

Matthews, A., Lin, J., Jhe, G., Peters, T., Sim, L., & Hebebrand, J. (in press).

Differentiating anorexia nervosa and atypical anorexia nervosa with

absolute weight cut-offs results in a skewed distribution for premorbid

weight among medically hospitalized youth. International Journal of

Eating Disorders in revision.

Milos, G., Antel, J., Kaufmann, L. K., Barth, N., Koller, A., Tan, S.,

Wiesing, U., Hinney, A., Libuda, L., Wabitsch, M., von Känel, R., &

Hebebrand, J. (2020). Short-term metreleptin treatment of patients

with anorexia nervosa: Rapid on-set of beneficial cognitive, emotional,

and behavioral effects. Translational Psychiatry, 10(1), 303. https://doi.

org/10.1038/s41398-020-00977-1

Peebles, R., Hardy, K. K., Wilson, J. L., & Lock, J. D. (2010). Are diagnos-

tic criteria for eating disorders markers of medical severity? Pediat-

rics, 125(5), e1193–e1201. https://doi.org/10.1542/peds.2008-

1777

Peters, T., Antel, J., Naaresh, R., Laabs, B. H., Focker, M., Albers, N.,

Bühlmeier, J., Hinney, A., Libuda, L., & Hebebrand, J. (2021). Sug-

gestive evidence for causal effect of leptin levels on risk for

anorexia nervosa: Results of a Mendelian randomization study.

Frontiers in Genetics, 12, 733606. https://doi.org/10.3389/fgene.

2021.733606

Peters, T., Kolar, D., Focker, M., Buhren, K., Dahmen, B., Becker, K.,

Weber, L., Correll, C. U., Jaite, C., Egberts, K. M., Romanos, M.,

Ehrlich, S., Seidel, M., Roessner, V., Fleischhaker, C., von Gontard, A.,

Hahn, F., Huss, M., Kaess, M., … Hebebrand, J. (2021). Reasons for

admission and variance of body weight at referral in female inpatients

with anorexia nervosa in Germany. Child and Adolescent Psychiatry and

Mental Health, 15(1), 78. https://doi.org/10.1186/s13034-021-

00427-w

Reinken, L., & van Oost, G. (1992). Longitudinale Körperentwicklung

gesunder Kinder von 0 bis 18 Jahren. Klinische Pädiatrie, 204(3), 129–
133. https://doi.org/10.1055/s-2007-1025337

Rosario, A. S., Kurth, B. M., Stolzenberg, H., Ellert, U., & Neuhauser, H.

(2010). Body mass index percentiles for children and adolescents in

Germany based on a nationally representative sample (KiGGS

2003-2006). European Journal of Clinical Nutrition, 64(4), 341–349.
https://doi.org/10.1038/ejcn.2010.8

Stice, E., Desjardins, C. D., & Rohde, P. (2022). Young women who develop

anorexia nervosa exhibit a persistently low premorbid body weight on

average: A longitudinal investigation of an important etiologic clue.

Journal of Psychopathology and Clinical Science, 131(5), 479–492.
https://doi.org/10.1037/abn0000762

Stice, E., Gau, J. M., Rohde, P., & Shaw, H. (2017). Risk factors that predict

future onset of each DSM-5 eating disorder: Predictive specificity in

high-risk adolescent females. Journal of Abnormal Psychology, 126(1),

38–51. https://doi.org/10.1037/abn0000219
Thygesen, L. C., & Ersboll, A. K. (2014). When the entire population is the

sample: Strengths and limitations in register-based epidemiology.

European Journal of Epidemiology, 29(8), 551–558. https://doi.org/10.
1007/s10654-013-9873-0

Walsh, B. T., Hagan, K. E., & Lockwood, C. (2023). A systematic review

comparing atypical anorexia nervosa and anorexia nervosa. Interna-

tional Journal of Eating Disorders, 56(4), 798–820. https://doi.org/10.
1002/eat.23856

Watson, H. J., Yilmaz, Z., Thornton, L. M., Hubel, C., Coleman, J. R. I.,

Gaspar, H. A., Bryois, J., Hinney, A., Leppä, V. M., Mattheisen, M.,

Medland, S. E., Ripke, S., Yao, S., Giusti-Rodríguez, P., Anorexia Ner-

vosa Genetics Initiative, Hanscombe, K. B., Purves, K. L., Eating Disor-

ders Working Group of the Psychiatric Genomics Consortium,

Adan, R. A. H., & Bulik, C. M. (2019). Genome-wide association study

identifies eight risk loci and implicates metabo-psychiatric origins for

anorexia nervosa. Nature Genetics, 51(8), 1207–1214. https://doi.org/
10.1038/s41588-019-0439-2

Whitelaw, M., Gilbertson, H., Lee, K. J., & Sawyer, S. M. (2014). Restrictive

eating disorders among adolescent inpatients. Pediatrics, 134(3),

e758–e764. https://doi.org/10.1542/peds.2014-0070
Whitelaw, M., Lee, K. J., Gilbertson, H., & Sawyer, S. M. (2018). Predictors

of complications in anorexia nervosa and atypical anorexia nervosa:

HEBEBRAND ET AL. 15

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24189 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [27/03/2024]. 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

https://doi.org/10.3389/fpsyt.2023.1267495
https://doi.org/10.3389/fpsyt.2023.1267495
https://doi.org/10.1002/eat.20875
https://doi.org/10.1002/eat.20875
https://doi.org/10.1176/ajp.154.4.566
https://doi.org/10.1002/erv.3071
https://doi.org/10.1024/1422-4917/a000541
https://doi.org/10.1002/eat.23989
https://doi.org/10.1002/eat.23989
https://doi.org/10.3389/fpsyt.2021.682952
https://doi.org/10.1371/journal.pone.0203844
https://doi.org/10.1371/journal.pone.0203844
https://doi.org/10.1002/eat.23986
https://doi.org/10.1002/eat.23986
https://doi.org/10.1097/MED.0b013e328320d54c
https://doi.org/10.1097/MED.0b013e328320d54c
https://doi.org/10.1007/s11920-018-0955-2
https://doi.org/10.1007/s11920-018-0955-2
https://doi.org/10.3390/children7100192
https://doi.org/10.1038/s41398-020-00977-1
https://doi.org/10.1038/s41398-020-00977-1
https://doi.org/10.1542/peds.2008-1777
https://doi.org/10.1542/peds.2008-1777
https://doi.org/10.3389/fgene.2021.733606
https://doi.org/10.3389/fgene.2021.733606
https://doi.org/10.1186/s13034-021-00427-w
https://doi.org/10.1186/s13034-021-00427-w
https://doi.org/10.1055/s-2007-1025337
https://doi.org/10.1038/ejcn.2010.8
https://doi.org/10.1037/abn0000762
https://doi.org/10.1037/abn0000219
https://doi.org/10.1007/s10654-013-9873-0
https://doi.org/10.1007/s10654-013-9873-0
https://doi.org/10.1002/eat.23856
https://doi.org/10.1002/eat.23856
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1542/peds.2014-0070


Degree of underweight or extent and recency of weight loss? The

Journal of Adolescent Health, 63(6), 717–723. https://doi.org/10.1016/
j.jadohealth.2018.08.019

Yilmaz, Z., Gottfredson, N. C., Zerwas, S. C., Bulik, C. M., & Micali, N.

(2019). Developmental premorbid body mass index trajectories of ado-

lescents with eating disorders in a longitudinal population cohort. Jour-

nal of the American Academy of Child and Adolescent Psychiatry, 58(2),

191–199. https://doi.org/10.1016/j.jaac.2018.11.008

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Hebebrand, J., Seitz, J., Föcker, M.,

Viersen, H. P., Huss, M., Bühren, K., Dahmen, B., Becker, K.,

Weber, L., Correll, C. U., Jaite, C., Egberts, K., Romanos, M.,

Ehrlich, S., Seidel, M., Roessner, V., Fleischhaker, C., Möhler, E.,

Hahn, F., … Peters, T. (2024). Premorbid body weight predicts

weight loss in both anorexia nervosa and atypical anorexia

nervosa: Further support for a single underlying disorder.

International Journal of Eating Disorders, 1–16. https://doi.org/

10.1002/eat.24189

16 HEBEBRAND ET AL.

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24189 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [27/03/2024]. 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

https://doi.org/10.1016/j.jadohealth.2018.08.019
https://doi.org/10.1016/j.jadohealth.2018.08.019
https://doi.org/10.1016/j.jaac.2018.11.008
https://doi.org/10.1002/eat.24189
https://doi.org/10.1002/eat.24189

	Premorbid body weight predicts weight loss in both anorexia nervosa and atypical anorexia nervosa: Further support for a si...
	1  INTRODUCTION
	2  METHOD
	2.1  Statistical analyses

	3  RESULTS
	3.1  Substantiation of first hypothesis
	3.2  Substantiation of second hypothesis
	3.3  Exploratory analyses

	4  DISCUSSION
	4.1  Weight loss
	4.2  Admission age
	4.3  Premorbid BMI, but not illness duration, predicts weight loss
	4.4  Diagnostic separation of AN and atypical AN
	4.5  Usefulness of premorbid weight for weight-based diagnostic categorization
	4.6  Mechanisms underlying prediction of weight loss by premorbid BMI
	4.7  Limitations

	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE

	REFERENCES


