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Objective: Early-onset anorexia nervosa (EO-AN) is characterized by restricted food intake leading to low
body weight, emerging before 14 years old. Most patients reaching a target body mass index (BMI)
around the 25th percentile at hospitalization discharge display an incomplete prospective height catch-
up. A better understanding of height prognosis determinants is required.
Methods: In 74 children with an EO-AN, we collected height and weight premorbidly, at hospitalization,
and at discharge, 6 months, 12 months, and at longer-term follow-up of 36 months. We defined a height
prognosis parameter (HPP) as the difference between the height percentile at follow-up times and the
premorbid height percentile. We explored the relationship between weight parameters and height
catch-up at follow-up with linear regression analyses.
Results: A higher weight suppression (WS) - i.e., difference between premorbid and current BMI - at
admission and discharge was associated with lower HPP - i.e., a greater loss of height - at 12 months and
36 months follow-up. Similarly, a higher premorbid BMI percentile was associated with a lower HPP at 12
and 36 months.
Conclusion: Target discharge weight for EO-AN patients should be tailored and based on premorbid BMI
trajectory to improve height prognosis.
© 2023 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Background onset AN (EO-AN) raises specific prognosis issues related to its
Anorexia nervosa (AN) is characterized by an intense fear of
gaining weight or becoming fat and persistent restriction of energy
intake relative to requirements, leading to significantly low body
weight in the context of age, sex, and developmental trajectory [1].
Recent studies have reported an increasing prevalence of AN at an
early stage of development (i.e., before 14 years of age) [2]. Early-
ychiatry Department, Robert
Paris, France.
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onset at a critical period of physical growth and development.
Significantly low body weight during childhood can lead to
persistent growth retardation [3], cortical and subcortical brain
atrophy [4], and abnormal mineralization associated with an over-
risk of bone fractures [5,6]. Even after weight recovery before
adolescence [7,8], EO-AN can impact upon height growth and result
in a shorter stature at adult age than that predicted by theoretical
height [9e11]. Most EO-AN patients display an incomplete growth
catch-up, even when they accelerate their height growth following
nutritional recovery [3,12].

The long-term effect of EO-AN on height growth raises the
question of what should be the adequate weight restoration target
or Clinical Nutrition and Metabolism. This is an open access article under the CC BY-
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Abbreviations

AN Anorexia nervosa
BMI Body mass index
EO-AN Early-onset anorexia nervosa
GH Growth hormone
HPP Height prognosis parameter
IGF-1 Insulin-like growth factor 1
WS Weight suppression
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in children, especially for the most severe circumstance where
illness has necessitated inpatient admission. Restoring weight is
an essential objective during inpatient treatment for AN [13e16]
but the definition of target discharge weight remains unclear [17]
and there are no consensual criteria to determine a threshold for
weight restoration in terms of BMI or BMI percentile. In a previous
study [18] on an EO-AN cohort hospitalized between 1998 and
2002 at our site, we reported on finding a persistent height deficit
into adulthood for more than a third of patients with EO-AN,
despite weight restoration and attainment of menarche after
hospitalization discharge. This result combined with a publication
by Golden et al. [19], led our team to redefine target discharge
weight. In adolescents with AN, a mean body mass index (BMI kg/
m2) percentile of 27 (range from 14 to 39 percentile) was sug-
gested as treatment goal weight [19]. Based on this study, our
clinical team defined the target discharge weight in EO-AN pa-
tients according to a theoretical BMI around the 25th percentile
for the patient's chronological age. Since 2010, all consecutively
admitted EO-AN patients had this proposed as their target
discharge weight.
Patients hospitalized at the Child and Adoles
Department, Robert Debré University Hospita

from May 2010 to May 2018 with an eati
N = 193

Patients with anorexia nervosa
N = 136

Analyzed patients = early-onset anorex
N = 74

Fig. 1. Flowchart of the par
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The impact of target discharge weight in EO-AN is an important
question, and has not been thoroughly investigated to date. This
research aims to study the impact of a standardized target
discharge weight at the 25th percentile of BMI on height prognosis
in EO-AN. We will investigate height prognosis at 6, 12, and 36
months after discharge and determine the premorbid, hospitali-
zation, and follow-up parameters associated with height prognosis.

Methods

Participants

We included participants under 14 years old consecutively
hospitalized at the Child and Adolescent Psychiatry Department,
Robert Debr�e University Hospital (Paris, France) from May 2010 to
May 2018 with EO-AN (n ¼ 74). All participants included had a
formal diagnosis of AN based on the DSM IV-R criteria [20]:
restrictive food intake, significantly low body weight in the context
of age, sex, developmental trajectory, and physical health; and
presence of abnormal weight cognitions, and were either prepu-
bertal (Tanner stage 1) or at the early mid-pubertal stages (Tanner
stage 2 or 3) at the time of hospitalization. All participants were
hospitalized at inclusion since they presented with a BMI below the
3rd percentile, or lost two kilograms per week during the past
month, or presented with a refusal to swallow [19]. Disease onset
was defined retrospectively as the age of the first break in the
growth curve [11]. Participants were excluded if they had a chronic
medical disorder that may interfere with weight or height prog-
nosis (such as Crohn’s disease or type I diabetes [20,21]), but none
were excluded on this basis (Fig. 1). Inpatient care was based on a
multidisciplinary approach with biological management, nutri-
tional rehabilitation, and behavioral treatment. Diet was adjusted
including tube-feeding if necessary. Initial caloric intake was
cent Psychiatry
l (Paris, France) 
ng disorder

Patients with an eating disorder 
diagnosis other than anorexia nervosa

N = 57

Patients aged over 14 years old 
and/or puberty stage over Tanner 

stage 3
N = 62

ia nervosa

ticipants in the study.
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comparable to that before hospital admission and was at least
250 kcal/day, then increased by 250 kcal/day until 1000 kcal/day
and then gradually increased in 200 kcal steps to achieve a weight
gain ranging from 500 to 1000 g per week according to French
guidelines [22]. Discharge weight was set to a 25th percentile BMI
for age and sex according to the literature before 2010 [19]. An
outpatient follow-up with a psychiatrist who specialized in AN was
conducted after discharge, associated with a follow-up by their
general pediatrician. We retrospectively collected socio-
demographic and clinical data from hospitalization reports
including age at onset, disease duration before admission, age and
Tanner stage at admission, length of hospitalization, bone age,
insulin-like growth factor 1 (IGF-1), family history of AN and the
occurrence of menstruation during follow-up.
Table 1
Clinical and demographic characteristics of consecutively hospitalized EO-AN pa-
tients enrolled in the study (n ¼ 74).

Variables Participants enrolled in the
study

Male/female ratio % (n) 14 (n ¼ 10)/86 (n ¼ 64)
Age at admission, years 11.40 (1.16)
Study measures

For all participants included in the study, we retrospectively
collected premorbid weight and height from their “carnet de
sant�e” (a health care record that all children have in France since
their birth, including their growth curves). We also retrospectively
collectedweight and heightmeasurements thatwhere collected at
hospitalization admission, discharge and follow-up in patients’
records. During hospitalization and follow-up, trained nurses or
psychiatrists specialized in AN measured height and weight in
underwear patients through the same digital scale for weight and
stadiometer for height. Height was expressed as age- and sex-
conditional percentile, referring to the World Health Organiza-
tion growth charts for children [23]. We calculated the percentile
BMI for each participant according to age and sex. In France, pe-
diatricians and general practitioners regularly report height and
weight measurements in a personal health care record in the
context of the child's routinemedical follow-up.We calculated the
premorbid percentiles of BMI and height as the mean of the last
three premorbid height/weight measurements prior to disease
onset, defined as the point of first break in the growth curve, from
longitudinal data reported in this personal health care record. We
also calculatedweight suppression (WS) as the difference between
premorbid BMI percentile and BMI percentile at the time consid-
ered (e.g., at admission, discharge, or follow-up) (see supplemen-
tary for a worked example) [24]. Higher values of WS reflect
incomplete weight restoration with reference to premorbid BMI.
Similarly, we determined a height prognosis parameter (HPP) as
the difference between the height percentile at follow-up times
(e.g., at admission, discharge, or follow-up) and premorbid height
percentile. Negative values of HPP reflect loss in height prognosis
with reference to premorbid height.
Age at onset of AN, years 9.69 (1.50)
Bone age at admission, years 11.32 (1.34)
IGF-1 z score at admission �2.09 (1.13)
Tanner stage, % (n)
1 30 (n ¼ 22)
2 22 (n ¼ 16)
3 16 (n ¼ 12)
Missing data 32 (n ¼ 24)

Length of hospitalization, days 96.58 (44.82)
Premorbid BMI percentile 49 (23)
Premorbid height percentile 61 (28)
Weight suppression at admission 45 (25)
Weight suppression at discharge 21 (24)
Occurrence of menarche during follow-up, %

(n)
56.25 (n ¼ 36)

Family history of AN in first-degree relatives, %
(n)

20 (n ¼ 15)

Note: For continuous variables. values are mean (SD); AN ¼ Anorexia Nervosa;
BMI ¼ Body Mass Index; IGF-1 ¼ insulin-like growth factor 1; Weight suppression:
defined as the difference between premorbid BMI percentile and BMI percentile at
the time considered.
Statistical analysis

Descriptive data for the sample including demographic and
clinical characteristics were calculated. We investigated the rela-
tionship between the participants' premorbid, admission,
discharge, and follow-up parameters and height prognosis at the
three follow-up occasions. We included concepts identified in prior
literature as being associated with height prognosis in adults and
adolescents with AN, including premorbid BMI and height per-
centiles, age at admission, length of disease [25,26], hospitalization
WS [24], and the occurrence of menstruation [8,25]. We examined
variables in separate linear regression models. We reported nom-
inal p-values corrected for multiple comparisons with the false
discovery rate procedure [27]. At our sample size, we had 100% and
90% power in the separate regressions to detect large (f2¼ 0.35) and
medium (f2 ¼ 0.15) effect sizes, respectively, at an alpha of 0.05.
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We also performed a quartile subgroup analysis to study BMI
and height percentile trajectories over the follow-up period ac-
cording to the quartiles of premorbid BMI. We thus compared the
number of patients in each subgroup with the expected normal
distribution. We evaluated the assumption of normality using the
Shapiro-Wilk test. For BMI and height, we defined the baseline for
each quartile subgroup as the mean of participants' premorbid
percentile in each subgroup and calculated the mean difference
from baseline at each timemeasurement (i.e., 6 months, 12 months,
and the last visit at follow-up).

Referring to height and weight measurement, we observed
approximately 10% missing values in premorbid, 30% missing
values at 6 and 12 months follow-up, and 20% missing values at
longer-term follow-up. We performed multiple imputations using
the Multivariate Imputation by Chained Equations (MICE) method
to create five imputed data sets, and we combined the results using
Rubin's method [28]. We performed statistical analysis with RStu-
dio version 1.1.456.

Ethics statement

This study was carried out under the recommendations of the
local ethics committee (Comit�e de l’Evaluation de l’Ethique des
Projets de Recherche de Robert Debr�e, number 2021-538bis).

Results

Clinical characteristics

The sample was predominantly females (86%), with a mean age
of 11.40 (SD ¼ 1.16) years at admission. Table 1 presents the de-
mographic and clinical characteristics, including the distributions
of height and weight throughout the study. The mean length of the
6-month and 12-month follow-up visits were 6 months and 4 days
(SD ¼ 1 month and 4 days) and 12 months and 3 days (SD ¼ 1
month and 5 days) after discharge, respectively. The longer-term
follow-up mean length was 36 months since discharge (SD ¼ 18)
(min: 13 months, max: 78 months, with normal distribution).



Table 2
Body mass index and height percentile of the EO-AN sample over time (n ¼ 74).

Premorbid At admission At discharge 6 months follow-up 12 months follow-up Longer-term follow-up

BMI (percentile) 49.35 4.28 28.96 25.03 26.22 27.54
±23.01 ±10.44 ±12.78 ±19.37 ±18.07 ±21.40

Height (percentile) 60.56 42.72 38.37 34.74 36.84 42.32
±28.48 ±32.49 ±31.37 ±30.04 ±29.70 ±30.82

Note: For continuous variables. values are mean ± SD; BMI ¼ Body Mass Index.

Table 3
Univariate regression analyses predicting height prognosis parameter (HPP) at 6
months, 12 months and longer-term follow-up.

Variables HPP at 6
months

HPP at 12
months

HPP at longer-term
follow-up

Premorbid
BMI percentile 0.17 ± 0.12 �0.31 ± 0.09** �0.22 ± 0.07**
Height percentile 0.08 ± 0.09 �0.15 ± 0.08 �0.07 ± 0.06
Admission
Age 1.67 ± 2.49 �2.18 ± 1.986 �2.45 ± 1.51
Length of disease �4.38 ± 2.24 �0.19 ± 1.73 �3.33 ± 1.47
Weight suppression 0.14 ± 0.13 �0.35 ± 0.09** �0.24 ± 0.08**
Discharge
Weight suppression 0.12 ± 0.12 �0.23 ± 0.09* �0.24 ± 0.07**
Follow-up
Occurrence of menarche 21.66 ± 7.61** 7.7 ± 6.57 7.58 ± 3.43*

HPP: Height prognosis parameter defined as the difference between height
percentile at 6, 12, and 36 ± 18 months and premorbid height percentile. Negative
raw values of HPP reflect loss in height prognosis with reference to premorbid
height. BMI: Body Mass Index. Weight suppression: defined as the difference be-
tween premorbid BMI percentile and BMI percentile at the time considered.Values
are unstandardized beta coefficient ±standard error, *p < .05; **p < .01; ***p < .001
corrected for multiple comparison with the false discovery rate procedure.
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Height prognosis

Themeanheight percentile at admission (43; SD¼ 32)was lower
than the premorbidmean height percentile (61; SD¼ 28), reflecting
a decreased or arrested growth velocity at admission (Table 2). The
Fig. 2. Linear regression slope with data points depicting the association between height
admission weight suppression (delta premorbid BMI - BMI at admission) (a) and hospitaliza
EO-AN patients. Heights and BMI were expressed in percentiles. In Fig. 2a. one patient (
pathological weight trajectory with a period of weight gain preceding EO-AN development.
to the Web version of this article.)
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height percentile remained low at discharge (38; SD ¼ 31), high-
lighting the decoupling betweenweight and height regains, as well
as the relative increase in height loss with the patient’s increased
age during the hospitalization. At follow-up, themean loss in height
relative to premorbid height percentile decreased from �25
(SD ¼ 23) at 6 months, to �22 (SD ¼ 19) at 12 months, and to �16
(SD ¼ 19) at longer-term follow-up, reflecting increased growth
velocity after hospitalization discharge with incomplete catch-up.
Predictors of height prognosis in EO-AN

Univariate linear regression analyses tested the associations
between premorbid, hospitalization, and follow-up parameters and
HPP at 6 months, 12 months, and longer-term follow-up after
discharge (Table 3). Premorbid BMI was negatively associated with
HPP at 12 months and longer-term follow-up (respectively
b¼�0.31, p¼ .003 and b¼�0.22, p¼ .007), suggesting that higher
premorbid BMI predicted the worst height prognosis at follow-up.
WS at admission and discharge were also negatively associated
with HPP at 12 months and at the longer-term follow-up (respec-
tively b ¼ �0.35, p ¼ .001 and b ¼ �0.23, p ¼ .02 at 12 months, and
(b ¼�0.24, p ¼ .007 and b¼�0.24, p¼ .007 at longer-term follow-
up) (Fig. 2), suggesting that higher WS at admission and discharge
predicted a worse height prognosis at follow-up. We also observed
that the occurrence of menarche during follow-up was positively
correlated with HPP at 6 months and longer-term follow-up
(respectively b ¼ 21.66, p¼ .034 and b ¼ 7.58, p ¼ .045)), indicating
prognosis parameter (delta height follow-up e height prognosis) and hospitalization
tion discharge weight suppression (delta premorbid BMI - BMI at discharge) (b) among
red square) was reported with BMI at admission higher than premorbid BMI due to
(For interpretation of the references to color in this figure legend, the reader is referred



Fig. 3. Mean BMI percentile evolution (a.) and mean height percentile evolution (b.) across premorbid, admission, discharge, 6 months, 12 months, and longer-term follow-ups in
subgroups classified by premorbid BMI percentile quartile.
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that the onset of menarche during follow-up was associated with a
better height prognosis. We did not find any significant relationship
between duration of disease before admission, or age at hospitali-
zation and HPP.

Subgroup analysis

We then performed a subgroup analysis in participants with
complete premorbid BMI data (n ¼ 65) using premorbid BMI
percentile quartiles to study the trajectory of BMI and height over
the follow-up period. The premorbid BMI distribution did not differ
from a normal distribution expected in the general population
(p ¼ .33). We found 15% of patients (n ¼ 10) in the first premorbid
percentile BMI quartile [0e25], 38.5% (n¼ 25) in the second quartile
[25e50], 38.5% (n¼ 25) in the third quartile [50e75] and 8% (n¼ 5)
in the last one [75e100] (including premorbid obese participant
n¼1).We considered themeanof thepremorbid BMIpercentile as a
baseline for each subgroup (Fig. 3a). At longer-term follow-up, the
mean WS of patients belonging to the first quartiles [0e25] did not
differ significantly from 0 (�2 p ¼ .67), similar to the mean HPP,
which also didnot significantlydiffer from0 (�8p¼ .13). In contrast,
at longer-term follow-up, patients belonging to quartiles [25e50],
[50e75] and [75e100] presented with higher WS, significantly
different from 0 (respectively 13, p ¼ 3.9e-7; 31, p ¼ 3.9e-14; 52,
p ¼ 1.5e-3) (Fig. 3a). They also presented with lower HPP signifi-
cantly different from 0, at longer-term follow-up (respectively �10
p ¼ 1.07e-4; �21, p ¼ 2.40e-10; �35, p ¼ .037) (Fig. 3b), reinforcing
evidence that higher premorbid BMI was associated with worse
weight suppression and height prognosis after inpatient treatment.

Discussion

Our study provides important guidance for determining an
adequate target discharge weight for a better height prognosis in
childrenwith EO-AN. A higher premorbid BMI trajectory and higher
WS negatively impacted height prognosis at follow-up. Consistent
with other studies [29], we observed an initial delay in height
catch-up after weight regain. At 6 months after discharge we
observed a loss in height percentile relative to the premorbid
height percentile (�25; SD ¼ 22), since patients increased in age
with no or low catch-up in height. During follow-up, the loss in
height percentile decreased to�22 (SD¼ 19) at 12months and�16
(SD ¼ 19) at longer-term follow-up, reflecting a partial height
catch-up over time. We also found that height prognosis was
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negatively associated with WS at discharge, such that a larger dif-
ference between premorbid and discharge BMI was associated with
worse height catch-up at 12 months and at longer-term follow-up.
EO-AN patients with a higher premorbid BMI, higher WS at
admission and at discharge also displayed poorer height prognosis
at follow-up. Better height prognosis was associated with occur-
rence of menarche during follow-up.

Growth retardation is an early sign of EO-AN [30] and many pa-
tients with EO-AN or AN in adolescence have incomplete height
catch-up even after nutritional recovery [3,11,12], however detailed
data regarding growth rate and change in height percentiles, and
prognostic factors, is lacking. In adolescents and adults with AN,
recent studies report that higherWS at discharge is associatedwith a
poorer prognosis and aworsening of eating disorder symptoms over
time [31]. Higher WS at discharge has been linked to the persistence
of restrictive symptoms among adolescents with AN [24], and the
worsening of purging behaviors over follow-up among adult women
with AN [31]. Experts in the fields of adult and childhood AN have
questioned whether the definition of a weight restoration target
ought to be aligned with the patient's premorbid weight trajectory
rather than a weight standardized for sex, age, and height [32,33].
Our results support defining target discharge weight of EO-AN with
reference to the premorbid weight trajectory to improve height
prognosis. Hormonal adaptations toweight loss [34,35] contribute to
growth retardation and amenorrhea in patients with AN [36,37]. AN
is associated with acquired growth hormone (GH) resistance -
increased GH secretion and decreased systemic IGF-1, as observed at
hospital admission in our population - responsible for impaired
growth and described to be partially reversible with weight gain
[37]. Persistent high WS is associated with persistent hormonal
dysregulation [38]. Reducing WS by targeting premorbid BMI tra-
jectory reversed hormonal disturbance and led to an increased
growth velocity to establish growth catch-up [38].

Studying height prognosis requires defining a normative refer-
ence height which is then compared with the patient's height.
Previous studies have reported different approaches for analyzing a
patient's final height percentile by comparing it with: the calcu-
lated target height [(maternal height þ paternal height ± 13 cm)/2]
[3] or the mean height percentile for age and sex in the general
population [36]. These approaches do not take into account indi-
vidual trajectories, and studies reported wide variability in pre-
diction of adult height from the calculated target height [39,40].
One of the strengths of our study is that, similar to WS's definition,
which is defined with reference to premorbid BMI percentile, we
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determined the HPP with reference to premorbid height percentile.
HPP allowed us to evaluate the relative loss in height percentile
after disease onset, with reference to premorbid height percentile.
Although our study included a long follow-up of 36 months post-
discharge, full adult height is not expected in our population at
the time of evaluation. Thus, future research studies involving
longer follow-ups to final height, and with reference to normative
height-for-age trajectories, will be helpful for informing discussions
about appropriate target discharge weight for EO-AN.

The present study has indicated that target discharge weight
should restore the individual’s premorbid BMI trajectory to ach-
ieve a better height prognosis in children with EO-AN, rather than
defining target discharge weight as the 25th percentile of BMI for
age and sex. Yet, restoring weight to premorbid BMI trajectory at
discharge can imply increased duration of inpatient care. Duration
of hospitalization is already long in AN [41], and reducing
disruption to school, social and family life, and financial cost of
treatment are important considerations. Future research is
needed to develop alternative care and to target reduced WS with
limited hospitalization duration. Research comparing longitudinal
weight and height outcomes in EO-AN patients randomized to
continued inpatient treatment versus day-patient treatment
(partial hospitalization) after short inpatient care would be valu-
able. Among adolescents aged 11e18 with AN, day treatment after
short inpatient care was comparable to continued inpatient care
on BMI at discharge and 12 months, but long-term data on height
were unavailable [42].

Our results must be interpreted in light of several limitations.
First, althoughwe used a consecutive hospital population sample to
reduce sample bias by recruiting all inpatients with EO-AN, missing
data in clinical records or from attrition over follow-up was not
negligible. We thus performed multiple imputations using the
standard protocols [28] for approximately 10e30% of the data
depending on the follow-up time point. However, we replicated our
results concerning the regression analysis by including only pa-
tients with complete data with similar results (Suppl Table 2).
Second, as in most previous studies, the patients were not followed
to their final adult height [3,29], yet, a longer follow-up would
allow for better prediction. We cannot rule out the possibility that
patients with a higher premorbid BMI or for whom menarche had
not been observed before the last follow-up might perform their
growth catch-up later. Additionally only one patient with pre-
morbid obesity was reported in our population sample, we cannot
conclude on target discharge weight in premorbid obese patients.
Finally, although our sample (n ¼ 74) is one of the largest to study
height prognosis in EO-AN, it remains limited. Our study may lack
power to identify some of the clinical characteristics associated
with height prognosis in patients with EO-AN.
Conclusion

WS at hospitalization discharge negatively impacts height
prognosis at follow-up. Target discharge weight should be tailored
to fully restore individual premorbid BMI trajectory for a better
height prognosis in children with EO-AN. The difficulties in facili-
tating long-term weight recovery in this population represent a
major challenge, especially in patients with EO-AN. Providing
psychoeducation to patients and families about EO-AN and its
deleterious effects upon growth is encouraged; the best possible
height prognosis can be achieved when weight regain at discharge
restores the patient’s premorbid trajectory. Restoring weight to
premorbid BMI trajectory at discharge can imply increased inpa-
tient care duration, yet day patient care after short inpatient
treatment may prove a viable alternative.
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