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Abstract
Objective: Inpatient treatment effectively increases body weight and de-
creases eating disorder symptoms in adolescents with anorexia nervosa (AN).
However, there is a high risk of relapse within the first year after discharge,
which calls for investigating long‐term treatment success and its moderators.
Method: Female adolescent inpatients with AN (N ¼ 142) were assessed, of
which 85% participated at 1‐year follow‐up. Dependent variables were body
mass index percentiles, eating disorder symptoms, depressive symptoms,
compulsive exercise and life satisfaction.
Results: On average, body weight increased and eating disorder symptoms and
depressive symptoms decreased from admission to discharge and remained
stable at follow‐up.Compulsive exercisedecreasedand life satisfaction increased
from admission to discharge and even improved further at follow‐up. Age,
duration of illness, previous inpatient treatments, length of stay and readmission
after discharge moderated changes in several outcome variables.
Conclusions: This study confirms the high effectiveness of inpatient treat-
ment for adolescents with AN and demonstrates that treatment effects remain
stable or even improve further within the first year after discharge. However,
subgroups of patients (e.g., those with an older age, longer duration of illness,
and previous inpatient treatments) require special attention during inpatient
treatment and aftercare to prevent relapse.
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1 | INTRODUCTION AND AIMS

Anorexia nervosa (AN) is an eating disorder marked by
restriction of energy intake—which leads to a significantly

low body weight—intense fear of gaining weight and body
image disturbance (American Psychiatric Association,
2013). Although AN can occur at any age, the highest
incidence rates can be found in adolescence (Zipfel, Giel,

Abbreviations: AN, anorexia nervosa; BDI–II, Beck Depression Inventory (revised version); BMI, body mass index; CES, Commitment to
Exercise Scale; EDE–Q, Eating Disorder Examination–Questionnaire; SWLS, Satisfaction With Life Scale.
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Bulik, Hay, & Schmidt, 2015). Inpatient treatment is an
effective therapeutic approach for AN, that is, body weight
significantly increases and eating disorder symptoms
significantly decrease in the majority of both adolescent
and adult patients from admission to discharge (e.g., Dalle
Grave, Calugi, El Ghoch, Conti, & Fairburn, 2014; Her-
pertz‐Dahlmann et al., 2014; Hiney‐Saunders, Ousley,
Caw, Cassinelli, & Waller, in press; Isserlin, Spettigue,
Norris, & Couturier, 2020; Jaite et al., 2019; Schlegl,
Quadflieg, Löwe, Cuntz, & Voderholzer, 2014; Schlegl
et al., 2016). After inpatient treatment, however, there is a
high risk of relapse—particularly between 4 and 12
months after discharge—with relapse rates tending to be
lower in adolescents than in adults (Berends, Boonstra, &
van Elburg, 2018; Carter, Blackmore, Sutandar‐Pinnock, &
Woodside, 2004, Carter et al., 2012). Thus, there is a need
to study not only effects of inpatient treatment from
admission to discharge but also its effects at later follow‐up
measurements, particularly within the first year post‐
treatment.

Previous studies that examined effects of inpatient
treatment in adolescents with AN 1 year after discharge
reported encouraging findings: improvements in body
weight and eating disorder symptoms were largely
maintained from discharge to follow‐up (e.g., Dalle Grave
et al., 2014; Herpertz‐Dahlmann et al., 2014; Madden
et al., 2015). However, several moderators of treatment
outcomes have been reported, indicating that there are
individual differences in short‐ and long‐term treatment
response (Berends et al., 2018). For example, it has been
found that younger age, shorter duration of illness, no
previous inpatient treatments and other variables were
predictive of a better treatment outcome in adolescents
with AN (e.g., Agras et al., 2014; Schlegl et al., 2016). Yet,
it appears that these findings have not been consistent
(Berends et al., 2018; Bulik, Berkman, Brownley, Sedway,
& Lohr, 2007; Vall & Wade, 2015). A recent review even
came to the conclusion that ‘it is not possible to draw
firm conclusions about moderators or mediators of
treatment’ for AN in adolescents (Hamadi & Holliday,
2020, p. 17). Thus, there is an urgent need for further
examination of potential moderators of treatment out-
comes in adolescents with AN.

Therefore, the aims of the current study were to
report treatment outcomes from admission to discharge
and at 1‐year follow‐up in adolescent inpatients with AN
and to examine potential moderating variables. As
outcome measures, we examined changes in body weight,
eating disorder symptoms, depressive symptoms,
compulsive exercise and life satisfaction. As moderators
of treatment effects, we tested age, duration of illness,
previous inpatient treatments, length of stay and read-
mission after discharge.

2 | METHOD

2.1 | Participants

Female, adolescent, consecutively admitted inpatients
with AN (N ¼ 142) who received treatment at the Schoen
Clinic Roseneck (Prien am Chiemsee, Germany) between
2016 and 2018 participated in this study. Five of these
patients (3.5%) were diagnosed with atypical AN (ICD–10
code: F50.1; all others: F50.0). Mean age was 15.4 years
(SD ¼ 1.37, range: 12–18). Almost all participants indi-
cated that they had received any treatment (outpatient,
daycare, inpatient) before (95.1%, n ¼ 135, data missing
for one participant). Thirty‐nine patients (27.7%) reported
no previous inpatient treatment, 53 patients (37.6%) re-
ported one previous inpatient treatment and 49 patients
(34.8%) reported at least two previous inpatient treat-
ments. Sixteen patients (11.3%) reported no previous
outpatient treatment, 84 patients (59.6%) reported one
previous outpatient treatment and 41 patients (29.1%)
reported at least two previous outpatient treatments.
One‐hundred and thirty‐two patients (93.6%) reported no
previous daycare treatment and nine patients (6.4%)
reported one previous daycare treatment.

Mean self‐reported duration of illness was 29.8
months (SD ¼ 22.8, range: 4–144). Mean length of stay at
the hospital was 115 days (SD ¼ 41.4, range: 23–254).
Fifty‐one patients (35.9%) received psychopharmacologi-
cal medication during their stay (antidepressants: 17.6%,
n ¼ 25; antipsychotics: 21.8%, n ¼ 31; other: 1.4%, n ¼ 2).
Comorbid mental disorders included depressive episode
(F32; 45.8%, n ¼ 65), phobic anxiety disorders (F40,
12.0%, n ¼ 17), obsessive‐compulsive disorder (F42, 9.2%,
n ¼ 13), recurrent depressive disorder (F33, 6.3%, n ¼ 9),

Highlights

� Inpatient treatment of anorexia nervosa in
adolescents is highly effective

� On average, improvements in body weight and
eating disorder symptoms remain stable in the
first year after discharge, although this may be
due to outpatient psychotherapy after
discharge

� Several variables moderate these treatment ef-
fects, indicating that there are substantial in-
dividual differences in treatment response with
subgroups of patients showing further im-
provements or worsening of symptoms after
discharge
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reaction to severe stress, and adjustment disorders
(F43, 3.5%, n ¼ 5), habit and impulse disorders (F63,
3.5%, n ¼ 5), somatoform disorders (F45, 2.8%, n ¼ 4),
other anxiety disorders (F41, 1.4%, n ¼ 2), specific per-
sonality disorders (F60, 0.7%, n ¼ 1), and hyperkinetic
disorders (F90, 0.7%, n ¼ 1).

2.2 | Measures

2.2.1 | Body weight

Sex‐ and age‐specific body mass index (BMI) percentiles
at admission, discharge and follow‐up were calculated
based on German reference values (Kromeyer‐Hauschild
et al., 2001) using an established online tool (www.labor-
limbach.de/laborrechner/labor-rechner/bmi-perzentile-
und-sds).

2.2.2 | Eating disorder symptoms

Eating disorder symptoms were measured with the
German version (Hilbert & Tuschen‐Caffier, 2016) of the
Eating Disorder Examination–Questionnaire (EDE–Q;
Fairburn & Beglin, 1994). The EDE–Q has 28 items, six of
which assess the frequency of binge and purge behav-
iours in the past 28 days and are not included in the total
score. The other 22 items are answered on a seven‐point
scale (0–6) with different response labels. For these 22
items, a four‐factor structure has been proposed repre-
senting eating restraint, eating concern, weight concern
and shape concern. However, this factor structure could
not be replicated in the literature (Heiss, Boswell, &
Hormes, 2018; Rand‐Giovannetti, Cicero, Mond, & Lat-
ner, 2020). Therefore, we only used the total score in the
current analyses. Higher scores indicate higher eating
disorder psychopathology. Internal reliability was excel-
lent (McDonald's ω ¼ 0.954 at admission, 0.963 at
discharge and 0.962 at follow‐up).

2.2.3 | Depressive symptoms

Depressive symptoms were measured with the German
version (Hautzinger, Keller, & Kühner, 2009) of the
revised Beck Depression Inventory (BDI–II; Beck, Steer,
& Brown, 1996). The BDI–II has 21 items that are
answered on a four‐point scale (0–3) with different
response labels. Higher scores indicate higher depressive
symptomatology. Internal reliability was excellent
(McDonald's ω ¼ 0.926 at admission, 0.942 at discharge,
and 0.954 at follow‐up).

2.2.4 | Compulsive exercise

Compulsive exercise was measured with the German
version (Zeeck et al., 2017) of the Commitment to Exer-
cise Scale (CES; Davis, Brewer, & Ratusny, 1993). The
CES has eight items and, in the original version, these
were answered on a visual analogue scale with different
anchors. In the current study, we applied a four‐point
scale (e.g., 1 ¼ never to 4 ¼ always) response format, in
line with other studies (Dittmer et al., 2018, 2020; Thome
& Espelage, 2007). Higher scores indicate stronger
compulsive exercise tendencies. Internal reliability was
excellent (McDonald's ω ¼ 0.930 at admission, 0.908 at
discharge, and 0.910 at follow‐up).

2.2.5 | Life satisfaction

Life satisfaction was measured with the German version
(Glaesmer, Grande, Braehler, & Roth, 2011) of the
Satisfaction With Life Scale (SWLS; Diener, Emmons,
Larsen, & Griffin, 1985). The SWLS has five items that are
answered on a seven‐point scale (1 ¼ strongly disagree to
7 ¼ strongly agree). Higher scores indicate higher life
satisfaction. Internal reliability was good (McDonald's ω
¼ 0.874 at admission, 0.886 at discharge, and 0.896 at
follow‐up).

2.3 | Procedure

The study was approved by the review board of the LMU
Munich. Measurement of body weight and height and
completion of the questionnaires were part of the routine
diagnostic assessment at the hospital at admission and
discharge. The inpatient treatment offered at the hospital
adheres to the German S3‐guidelines for the treatment
of AN (Herpertz et al., 2018; Resmark, Herpertz, Herpertz‐
Dahlmann, & Zeeck, 2019) in terms of admission
criteria, treatment elements, and therapy goals (c.f.Sup-
plementary Material S1). Thus, patients received a cogni-
tive‐behavioural therapy‐oriented, multimodal AN
treatment that included several treatment elements (per-
centage of patients who reported to have participated in
each treatment element in brackets): individual psycho-
therapy sessions (100%), general cognitive‐behavioural
group therapy (100%), eating disorder‐specific cognitive‐
behavioural group therapy (98%), supervised meals (98%),
social skills group therapy (97%), family therapy (94%),
relaxation‐ and mindfulness‐focused exercise therapy
(93%), body image‐focused exercise therapy (92%), meal
preparation classes (89%), exercise therapy (76%), mirror‐
based body image exposure (47%), nutrition counselling
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(46%), video‐based body image exposure (38%), food
intake protocols (35%), progressive muscle relaxation
(35%), healthy exercise behaviour group therapy (32%),
depression group therapy (24%), and social phobia group
therapy (14%). At discharge, patients were approached on
whether they would like to take part in the study. If they
agreed, they were contacted 1 year after discharge, self‐
reported their current height and weight, and completed
the questionnaires again.

2.4 | Data analyses

Data were analysed with growth curve analyses (Mirman,
2014) using the R‐package lme4 (Bates, Mächler, Bolker, &
Walker, 2015). This analytic strategy has multiple advan-
tages as compared to, for example, analysis of variance. For
instance, it can handle missing data better (i.e., cases with
missing data are not excluded), both categorical and
continuous predictor variables can be used, random effects
can be specified and both linear and non‐linear trajectories
can be modelled. To examine overall changes in body
weight, eating disorder symptoms, depressive symptoms,
compulsive exercise and life satisfaction, separate models
were runwith second‐order orthogonal polynomials of the
time term (i.e., the three measurements) as predictors of
BMI percentiles, EDE–Q total scores, BDI–II total scores,
CES total scores and SWLS total scores. The models also
included random effects of patients on all time terms. The
second‐order polynomial of the time term was added
individually to the linear time term and its effects onmodel
fit was evaluatedwithmodel comparisons (likelihood ratio
test). Parameter‐specific p‐values were calculated with the
R‐package lmerTest (Kuznetsova, Brockhoff, & Chris-
tensen, 2017). For all models, Pseudo‐R2s were calculated
using the r.squaredGLMM function of the R‐package
MuMIn (https://www.rdocumentation.org/packages/
MuMIn). This function computes two types ofR2s based on
Nakagawa and Schielzeth (2013), Johnson (2014) and
Nakagawa, Johnson, and Schielzeth (2017): marginal R2

represents the variance explained by the fixed effects and
conditional R2 represents the variance explained by the
entire model, including both fixed and random effects. To
examine possible moderators of changes in body weight,
eating disorder symptoms, depressive symptoms,
compulsive exercise and life satisfaction, separate models
were calculated in which fixed effects of either age (in
years), duration of illness (in months), previous inpatient
treatment (0 ¼ no previous inpatient treatment, 1 ¼ one
previous inpatient treatment, 2 ¼ at least two previous
inpatient treatments), length of stay (in days) or read-
mission (0 ¼ no readmission after discharge, 1 ¼ read-
mission after discharge) on all time terms were added. All

other statistical analyses reported in this manuscript were
performed with JASP version 0.12.2 (www.jasp-stats.org).
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

3 | RESULTS

One‐hundred and twenty‐one patients (85.2%) partici-
pated at 1‐year follow‐up. Those who participated at
follow‐up did not differ from those who did not participate
at follow up in age (t(140) ¼ 1.36, p ¼ 0.175, d ¼ 0.322),
duration of illness (t(139) ¼ 0.43, p ¼ 0.670, d ¼ 0.101),
length of stay at the hospital (t(140) ¼ 0.59, p ¼ 0.557,
d ¼ 0.139), BMI percentile at admission (t(140) ¼ 0.28,
p ¼ 0.783, d ¼ 0.065) and discharge (t(140) ¼ 0.354,
p ¼ 0.724, d ¼ 0.084), and whether they received
psychopharmacological medication (χ2(1) ¼ 0.52,
p ¼ 0.473, ϕ ¼ –0.060) or had a comorbid mental disorder
(χ2(1) ¼ 2.52, p ¼ 0.112, ϕ ¼ –0.133). Of the 121 patients
who participated at follow‐up, almost all indicated that
they received outpatient psychotherapy after discharge
(94.2%, n ¼ 114). Twenty‐nine patients (24.0%) indicated
that they were readmitted to inpatient treatment after
discharge.

3.1 | Overall changes

3.1.1 | Body weight

Adding the quadratic time term to the linear time term
significantly improved model fit (χ2(4) ¼ 320, p < 0.001).
Similarly, the quadratic time term was a significant
predictor of BMI percentiles (estimate ¼ –6.35, SE ¼ 0.96,
p < 0.001), indicating that body weight changed non‐
linearly from admission to follow‐up. For the final model,
R2s were 0.264 (marginal) and 0.984 (conditional). As can
be seen in Figure 1a and Table 1, BMI percentiles
increased from admission to discharge and remained sta-
ble from discharge to follow‐up. When examining cut‐off
scores for severe underweight (3rd percentile) and un-
derweight (10th percentile; Kromeyer‐Hauschild et al.,
2001), 85.9% had a BMI percentile≥ 3 and 69.0% had a BMI
percentile ≥ 10 at discharge. At follow‐up, 78.5% had a
BMI percentile ≥3 and 56.2% had a BMI percentile ≥10.

3.1.2 | Eating disorder symptoms

Adding the quadratic time term to the linear time term
significantly improved model fit (χ2(4) ¼ 44.5, p < 0.001).
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F I GURE 1 Mean body mass index percentiles (a) and mean total scores of the Eating Disorder Examination–Questionnaire (b), Beck
Depression Inventory–II (c), Commitment to Exercise Scale (d), and Satisfaction With Life Scale (e) at admission, discharge, and 1‐year
follow up. Error bars represent the standard error of the mean. Panels (a)–(c) depict second‐order polynomial fit lines. Panels (d) and
(e) depict linear fit lines as adding a second‐order polynomial did not improve model fit
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Similarly, the quadratic time term was a significant
predictor of EDE–Q scores (estimate ¼ 0.57, SE ¼ 0.08,
p < 0.001), indicating that eating disorder symptoms
changed non‐linearly from admission to follow up. For
the final model, R2s were 0.237 (marginal) and 0.762
(conditional). As can be seen in Figure 1b and Table 1,
EDE–Q scores decreased from admission to discharge
and remained stable from discharge to follow up.

3.1.3 | Depressive symptoms

Adding the quadratic time term to the linear time
significantly improved model fit (χ2(4) ¼ 49.4, p < 0.001).
Similarly, the quadratic time term was a significant
predictor of BDI–II scores (estimate ¼ 5.09, SE ¼ 0.66,
p < 0.001), indicating that depressive symptoms changed
non‐linearly from admission to follow up. For the final
model, R2s were 0.128 (marginal) and 0.738 (conditional).
As can be seen in Figure 1c and Table 1, BDI–II scores
decreased from admission to discharge and remained
stable from discharge to follow up.

3.1.4 | Compulsive exercise

Adding the quadratic time term to the linear time term did
not improve model fit (χ2(4) ¼ 3.99, p ¼ 0.407). Thus, only
the linear time term was retained in the model and was a
significant predictor of CES scores (estimate¼ –0.31, SE¼
0.06, p < 0.001), indicating that compulsive exercise
changed linearly from admission to follow up. For the final
model, R2s were 0.054 (marginal) and 0.684 (conditional).
As can be seen in Figure 1d and Table 1, CES scores
decreased from admission to discharge and further
decreased from discharge to follow‐up.

3.1.5 | Life satisfaction

Adding the quadratic time term to the linear time term
did not improve model fit (χ2(4) ¼ 4.22, p ¼ 0.378). Thus,
only the linear time term was retained in the model and
was a significant predictor of SWLS scores (estimate ¼
3.31, SE ¼ 0.53, p < 0.001), indicating that life satisfaction
changed linearly from admission to follow up. For the
final model, R2s were 0.071 (marginal) and 0.640 (con-
ditional). As can be seen in Figure 1e and Table 1, SWLS
scores increased from admission to discharge and further
increased from discharge to follow up.

3.2 | Moderation analyses

3.2.1 | Age

When examining body weight, adding the effect of age on
the intercept did not improve model fit (χ2(1) ¼ 0.17, p ¼
0.680), but adding the effect of age on the linear time
term did (χ2(1) ¼ 23.9, p < 0.001). Similarly,
the interaction between the linear time term and age was
a significant predictor of BMI percentiles (estimate ¼ –
4.27, SE ¼ 0.82, p < 0.001), indicating that changes in
body weight differed as a function of age. Adding the
effect of age on the quadratic term did not improve model
fit (χ2(1) ¼ 2.38, p ¼ 0.123) and, thus, this effect was not
included in the final model (marginal R2 ¼ 0.356, con-
ditional R2 ¼ 0.982). As can be seen in Figure 2a, younger
patients showed a steeper, non‐linear increase in body
weight than older patients.

When examining depressive symptoms, adding the
effect of age on the intercept did not improve model fit
(χ2(1) ¼ 2.76, p ¼ 0.097), but adding the effect of age on
the linear time term did (χ2(1) ¼ 4.73, p ¼ 0.030).

TABLE 1 Descriptive statistics of the dependent variables at admission, discharge and follow‐up

Admission Discharge Follow up

n M SD n M SD n M SD

Body mass index (percentiles) 142 1.61 2.76 < 142 19.3 14.2 ¼ 121 21.5 22.3

Eating Disorder Examination–Questionnaire (total scores) 119 3.58 1.54 > 117 2.02 1.33 ¼ 115 1.83 1.35

Beck Depression Inventory–II (total scores) 117 28.5 11.8 > 130 17.9 11.9 ¼ 115 18.5 14.0

Commitment to Exercise Scale (total scores) 117 2.21 0.85 > 114 1.95 0.70 > 115 1.76 0.67

Satisfaction With Life Scale (total scores) 126 14.6 6.55 < 139 17.6 6.50 < 112 19.4 7.28

Note: The equal, smaller‐than, and greater‐than signs refer to paired t‐tests for which “<” and “>” reflect significant differences between measurements with
all ps < 0.043 and all ds > 0.20 and “ ¼ ” reflects no significant differences between measurements with all ps > 0.124 and all ds < 0.11. Note, however, that
this is only displayed here to provide further information for interested readers as the main analyses (growth curve analysis) did not exclude cases with
missing data and should be interpreted in terms of slopes across the three time points instead of comparing the single timepoints. Nonetheless, the single
comparisons presented here are in line with the main analyses that indicated non‐linear changes in body weight, eating disorder symptoms and depressive
symptoms and linear changes in compulsive exercise and life satisfaction.
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Similarly, the interaction between the linear time term
and age was a significant predictor of BDI–II scores (es-
timate ¼ 1.41, SE ¼ 0.64, p ¼ 0.030), indicating that
changes in depressive symptoms differed as a function of
age. Adding the effect of age on the quadratic term did
not improve model fit (χ2(1) ¼ 0.41, p ¼ 0.521) and, thus,
this effect was not included in the final model (marginal
R2 ¼ 0.153, conditional R2 ¼ 0.739). As can be seen in
Figure 2b, younger patients showed a steeper, non‐linear
decrease in depressive symptoms than older patients. Age
did not moderate changes in eating disorder symptoms,
compulsive exercise, or life satisfaction.

3.2.2 | Duration of illness

When examining body weight, adding the effect of
duration of illness on the intercept did not improve
model fit (χ2(1) ¼ 0.13, p ¼ 0.715), but adding the effect
of duration of illness on the linear time term did (χ2(1) ¼
4.46, p ¼ 0.035). Similarly, the interaction between the
linear time term and duration of illness was a signifi-
cant predictor of BMI percentiles (estimate ¼ –0.12, SE
¼ 0.05, p ¼ 0.035), indicating that changes in body
weight differed as a function of duration of illness.
Adding the effect of duration of illness on the quadratic
term did not improve model fit (χ2(1) ¼ 0.11, p ¼ 0.741)
and, thus, this effect was not included in the final model
(marginal R2 ¼ 0.283, conditional R2 ¼ 0.985). As can
be seen in Figure 3, patients with a shorter duration of

illness showed a steeper, non‐linear increase in body
weight than patients with a longer duration of illness.
Duration of illness did not moderate changes in eating
disorder symptoms, depressive symptoms, compulsive
exercise or life satisfaction.

3.2.3 | Previous inpatient treatment

When examining body weight, adding the effect of pre-
vious inpatient treatment on the intercept did not
improve model fit (χ2(2) ¼ 1.19, p ¼ 0.552), but adding the
effect of previous inpatient treatment on the linear time
term did (χ2(2) ¼ 6.40, p ¼ 0.041). The interaction
between the linear time term and the first dummy coded
variable (no vs. one previous inpatient treatment) was not
significant (estimate ¼ –4.50, SE ¼ 3.05, p ¼ 0.143), but
the interaction between the linear time term and
the second dummy coded variable (no vs. at least two
previous inpatient treatments) was significant
(estimate ¼ –8.03, SE ¼ 3.13, p ¼ 0.011), indicating that
changes in body weight differed as a function of previous
inpatient treatment (particularly between no vs. at least
two previous inpatient treatments). Adding the effect of
previous inpatient treatment on the quadratic term did
not improve model fit (χ2(2) ¼ 1.75, p ¼ 0.418) and, thus,
this effect was not included in the final model (marginal
R2 ¼ 0.294, conditional R2 ¼ 0.982). As can be seen in
Figure 4, patients with no previous inpatient treatment
showed a steeper, non‐linear increase in body weight

F I GURE 2 Mean body mass index percentiles (a) and mean total scores of the Beck Depression Inventory–II (b) with second‐order
polynomial fit lines as a function of age. Error bars represent the standard error of the mean. Younger patients had a steeper increase in
body weight and steeper decrease in depressive symptoms than older patients. Note, however, that age was used as a continuous variable in
all analyses. The differentiation between patients younger than 16 years and patients who were at least 16 years is based on a median split
and only serves the purpose of visualising the interaction effect

MEULE ET AL. - 171



than patients with previous inpatient treatments. Previ-
ous inpatient treatment did not moderate changes in
eating disorder symptoms, depressive symptoms,
compulsive exercise or life satisfaction.

3.2.4 | Length of stay

When examining body weight, adding the effect of length
of stay on the intercept improved model fit (χ2(1) ¼ 11.4,
p < 0.001), but adding the effect of length of stay on the
linear time term did not (χ2(1) ¼ 0.002, p ¼ 0.969).
However, adding the effect of length of stay on the
quadratic term improved model fit (χ2(1) ¼ 5.69,
p ¼ 0.017). Similarly, the interaction between the
quadratic time term and length of stay was a significant
predictor of BMI percentiles (estimate ¼ –0.05, SE ¼ 0.02,
p ¼ 0.017), indicating that changes in body weight
differed as a function of length of stay. For the final
model, R2s were 0.273 (marginal) and 0.980 (conditional).
As can be seen in Figure 5a, patients with a shorter stay
showed a nearly linear increase in body weight while
patients with a longer stay showed a non‐linear change in
body weight (i.e., no further increase from discharge to
follow up).

When examining compulsive exercise, adding the ef-
fect of length of stay on the intercept improved model fit
(χ2(1) ¼ 13.1, p < 0.001) and adding the effect of length of
stay on the linear time term improved model fit (χ2(1) ¼
5.36, p ¼ 0.021). Similarly, the interaction between the
linear time term and length of stay was a significant
predictor of CES scores (estimate ¼ –0.003, SE ¼ 0.001,
p ¼ 0.024), indicating that changes in compulsive exer-
cise differed as a function of length of stay. For the final
model, R2s were 0.146 (marginal) and 0.683 (conditional).
As can be seen in Figure 5b, patients with a longer stay
showed a steeper, linear decrease in compulsive exercise
than patients with a shorter stay. Length of stay did not
moderate changes in eating disorder symptoms, depres-
sive symptoms or life satisfaction.

3.2.5 | Readmission

When examining body weight, adding the effect of
readmission on the intercept did not improve model
fit (χ2(1) ¼ 0.10, p ¼ 0.759), but adding the effect
of readmission on the linear time term did (χ2(1) ¼ 7.38,
p ¼ 0.007). Similarly, the interaction between the linear
time term and readmission was a significant predictor of
BMI percentiles (estimate ¼ –8.02, SE ¼ 2.87, p ¼ 0.006),
indicating that changes in body weight differed as a

F I GURE 3 Mean body mass index percentiles with second‐
order polynomial fit lines as a function of duration of illness.
Error bars represent the standard error of the mean. Patients with
a shorter duration of illness had a steeper increase in body weight
than patients with a longer duration of illness. Note, however,
that duration of illness was used as a continuous variable in all
analyses. The differentiation between patients with a duration of
illness of 2 years or less and patients with a duration of illness
longer than 2 years is based on a median split and only serves the
purpose of visualising the interaction effect

F I GURE 4 Mean body mass index percentiles with second‐
order polynomial fit lines as a function of previous inpatient
treatments. Error bars represent the standard error of the mean.
Patients with no previous inpatient treatments showed a steeper
increase in body weight than patients with previous inpatient
treatments
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function of readmission. Adding the effect of readmission
on the quadratic term did not improve model fit (χ2(1) ¼
2.82, p ¼ 0.093) and, thus, this effect was not included in
the final model (marginal R2 ¼ 0.292, conditional R2 ¼
0.977). As can be seen in Figure 6a, both groups showed a
non‐linear change in body weight, but patients who were
not readmitted to inpatient treatment showed a further
increase in body weight from discharge to follow up
while patients who were readmitted showed a decrease in
body weight from discharge to follow up.

When examining depressive symptoms, adding the
effect of readmission on the intercept did not improve
model fit (χ2(1) ¼ 1.70, p ¼ 0.193), but adding
the effect of readmission on the linear time term did (χ2(1)
¼ 6.89, p ¼ 0.009). Similarly, the interaction between the
linear time term and readmission was a significant
predictor of BDI–II scores (estimate ¼ 5.74, SE ¼ 2.14,
p ¼ 0.008), indicating that changes in depressive symp-
toms differed as a function of readmission. Adding the
effect of readmission on the quadratic term did not
improve model fit (χ2(1) ¼ 0.12, p ¼ 0.734) and, thus, this
effect was not included in the final model (marginal R2 ¼
0.150, conditional R2 ¼ 0.745). As can be seen in Figure
6b, both groups showed a non‐linear change in depres-
sive symptoms, but patients who were not readmitted to
inpatient treatment showed a steeper decrease in
depressive symptoms than patients who were readmitted.

When examining life satisfaction, adding the effect
of readmission on the intercept improved model fit

(χ2(1) ¼ 5.36, p ¼ 0.021) and adding the effect of
readmission on the linear time term improved model fit
(χ2(1) ¼ 7.04, p ¼ 0.008). Similarly, the interaction be-
tween the linear time term and readmission was a
significant predictor of SWLS scores (estimate ¼ –3.42,
SE ¼ 1.27, p ¼ 0.008), indicating that changes in life
satisfaction differed as a function of readmission. For
the final model, R2s were 0.106 (marginal) and 0.627
(conditional). As can be seen in Figure 6c, patients who
were not readmitted to inpatient treatment showed a
steeper, linear increase in life satisfaction than patients
who were readmitted to inpatient treatment. Read-
mission did not moderate changes in eating disorder
symptoms or compulsive exercise.

4 | DISCUSSION

4.1 | Overall changes

The current study examined treatment effects in 142
adolescent inpatients with AN. Eighty‐five percent of the
sample participated at follow up. Those who did not
participate at follow up did not differ in important study
variables from those who did participate, making dropout
biases unlikely. On average, body weight increased and
eating disorder symptoms and depressive symptoms
decreased from admission to discharge and remained
stable from discharge to follow up. Compulsive exercise

F I GURE 5 Mean body mass index percentiles with second‐order polynomial fit lines (a) and mean total scores of the Commitment to
Exercise Scale with linear fit lines (b) as a function of length of stay. Error bars represent the standard error of the mean. Patients with a
shorter stay had a nearly linear increase in body weight from admission to follow up while patients with a longer stay had a non‐linear
change in body weight. Patients with a longer stay had a steeper, linear decrease in compulsive exercise than patients with a shorter stay.
Note, however, that length of stay was used as a continuous variable in all analyses. The differentiation between patients with length of stay
shorter than 112 days and patients with a length of stay at least 112 days is based on a median split and only serves the purpose of
visualising the interaction effect
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decreased and life satisfaction increased from admission
to discharge and even showed a further decrease and
increase, respectively, from discharge to follow up. Thus,
these findings indicate that inpatient treatment of
adolescent AN not only improves symptoms in the short
term, but also results in long‐term weight stabilisation
after discharge and even contributes to further improve-
ments in other aspects such as general satisfaction with
life. Of note, more than 70% of our sample indicated that
they had previously received inpatient treatment. Thus,
the current sample was primarily comprised of patients
that already had relapsed in the past.

Interpretation of these findings, however, needs to
consider country‐specific healthcare systems. In the cur-
rent study, almost all participants (94%) indicated that
they received outpatient treatment after discharge. It is
likely that inpatient treatment of adolescent AN may not
produce such long‐lasting effects without this outpatient
aftercare. Indeed, most patients in other studies that re-
ported maintenance of weight and eating disorder
symptom improvements after inpatient treatment also
received subsequent outpatient treatment, which prob-
ably influenced long‐term outcome (Dalle Grave et al.,
2014; Herpertz‐Dahlmann et al., 2014; Legenbauer &
Meule, 2015; Madden et al., 2015). Moreover, it has been
noted previously that inpatient treatment for AN in
Germany is longer and more intensive than most of the
structured treatments in many parts of the world,
including the United States (Attia, 2014). For example,
German treatment guidelines (Herpertz et al., 2018)
recommend that treatment of AN is continued until a

normal weight has been reached (ideally the 25th and at
least the 10th age‐ and sex‐specific BMI percentile) and
aftercare is already organised during the inpatient stay.
Thus, long‐term effects of inpatient treatment for AN in
adolescents may be smaller or risk of relapse may be
higher in countries that do not provide this intensive
healthcare.

4.2 | Moderation analyses

Several moderators of treatment effects were identified in
the current study. When examining body weight, a better
outcome (i.e., further increases in body weight from
discharge to follow up) was found in patients with
younger age, shorter duration of illness, no previous
inpatient treatment, shorter stay, and no readmission
after discharge. The moderating role of age, duration of
illness, and previous inpatient treatments is in line with
previous studies, which indicated that there is a subgroup
of patients with a chronic course that is predictive of
poorer outcomes (Agras et al., 2014; Berends et al., 2018;
Bulik et al., 2007; Schlegl et al., 2016; Vall & Wade, 2015).
The current study also found that younger patients
showed a better long‐term outcome in terms of depressive
symptoms. In older patients, depressive symptoms
increased again after discharge (Figure 2b). Future
studies need to determine whether these changes in
depressive symptoms occur before—and, thus, foster—
renewed weight loss or whether renewed weight loss
results in increased depressive symptoms.

F I GURE 6 Mean body mass index percentiles (a) and mean total scores of the Beck Depression Inventory–II (b) and Satisfaction With
Life Scale (c) as a function of readmission to inpatient treatment after discharge. Error bars represent the standard error of the mean. Panels
(a) and (b) depict second‐order polynomial fit lines. Panel (c) depicts linear fit lines as adding a second‐order polynomial did not improve
model fit. Patients who were not readmitted to inpatient treatment showed a steeper, non‐linear increase in body weight, non‐linear
decrease in depressive symptoms, and linear increase in life satisfaction than patients who were readmitted to inpatient treatment after
discharge
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The moderating role of length of stay is in contrast
to previous findings that reported larger weight gain
with a longer stay from pre‐ to post‐treatment (e.g.,
Hiney‐Saunders et al., in press; Schlegl et al., 2016). Yet,
this may likely be explained by the fact that those with
a lower body weight at admission need to gain more
weight than those with a higher body weight at
admission and, thus, need to stay longer in the hospital
to achieve the target weight. Accordingly, a longer stay
is associated with larger weight gain from admission to
discharge. However, those with a low body weight at
admission—thus, those with a larger weight gain during
treatment and a longer stay—are likely those with a
higher disorder severity and, thus, are more likely to
relapse after discharge. Indeed, previous studies indicate
that patients who need a longer duration of treatment
have a higher risk of relapse after discharge (Berends
et al., 2018). This can explain why a longer stay was
associated with poorer long‐term weight outcome in the
current study. In addition, a longer stay was also asso-
ciated with larger decreases in compulsive exercise due
to elevated levels of compulsive exercise at admission
(Figure 5b), which further suggests that those patients
with a longer stay were those with a higher disorder
severity.

The moderating role of readmission after discharge
further shows that—while the patients maintained their
weight on average after discharge—this effect can
actually be decomposed into a subgroup of patients who
were not readmitted and showed a further increase in
body weight and a subgroup of patients who were
readmitted and showed a decrease in body weight (i.e.,
relapse). In addition to this, patients who were read-
mitted after discharge also showed a renewed increase
in depressive symptoms (Figure 6b) and hardly showed
an increase in life satisfaction overall (Figure 6c). In
contrast, patients who were not readmitted maintained
their decreased levels of depressive symptoms after
discharge (Figure 6b) and showed a linear increase in
life satisfaction from admission to follow up (Figure 6c).
These findings are in line with a recent study in ado-
lescents with AN that found that a lack of early changes
in depressive symptoms during inpatient treatment was
associated with later rehospitalisation (Kahn, Brunstein‐
Klomek, Hadas, Snir, & Fennig, 2020). In sum, the
current results are in line with the finding that patients
have a high risk of relapse within the first year after
discharge (Berends et al., 2018; Carter et al., 2004, 2012)
and suggest that patients who are not readmitted within
the first year after inpatient treatment may have a
favourable long‐term prognosis.

4.3 | Limitations

A limitation of the current study is that body weight at
follow up was based on self‐report, which may be
biased. Yet, women with AN are extremely accurate
when self‐reporting their own weight. For example, self‐
reported weight has been found to be more accurate in
women with AN than in normal‐weight and overweight
women (Engstrom, Paterson, Doherty, Trabulsi, &
Speer, 2003). Although it has been found that they
slightly overestimate their weight, this overestimation is
on average less than 1 kg (Ciarapica, Mauro, Zaccaria,
Cannella, & Polito, 2010; McCabe, McFarlane, Polivy, &
Olmsted, 2001; Meyer, Arcelus, & Wright, 2009). Thus,
it is unlikely that using self‐report of current weight at
follow up substantially affected results of the current
study. Yet, other variables such as compulsive exercise
were also based on self‐report and, thus, biases cannot
be excluded. Therefore, including objective measures of
these variables would be desirable in future studies.
Finally, interpretation of results is restricted to the
current sample of female adolescents with AN in Ger-
many and, thus, may not apply to males or to other
countries (e.g., those with a substantially different
health care system).

4.4 | Conclusion

In conclusion, the current study showed that inpatient
treatment of adolescents with AN not only produces
increases in body weight and decreases in eating dis-
order symptoms from admission to discharge, but also
that these changes are maintained after 1 year and other
aspects such as life satisfaction even show a further
increase. However, several variables moderate these ef-
fects, indicating that a subgroup of patients (e.g., those
with a higher age, longer duration of illness, and pre-
vious inpatient treatments) need to receive special
attention during and after treatment to ensure long‐
lasting weight stabilisation and remission of eating dis-
order symptoms.
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