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Abstract
With this case report we support our medical hypothesis that metreleptin treatment ameliorates starvation related emotional, 
cognitive and behavioral symptomatology of anorexia nervosa (AN) and show for the first time strong effects in a male 
patient with AN. A 15.9 year old adolescent with severe AN of eight-month duration was treated off-label with metreleptin. 
Hyperactivity was assessed with accelerometry. Visual analogue scales (VAS), validated self- and clinician rating scales and 
lab results tracked changes from baseline to end of the 24-day dosing period and a five-month follow-up. Substantial improve-
ments of mood and eating disorder related cognitions and hyperactivity set in after two days of treatment. During dosing, 
sub-physiological testosterone and TT3 levels normalized; clinically libido reemerged. Weight did not increase substantially 
during the dosing period. During follow-up target weight was attained; mood did not deteriorate; hyperactivity ceased. The 
results substantiate the strong effects seen in female cases and underscore the need for a double-blind placebo-controlled 
trial to confirm the observed strong, multiple and rapid onset beneficial effects of metreleptin in AN.
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Introduction

The rationale for metreleptin treatment of patients with AN 
includes (1) observation of hypoleptinemia as a biological 
marker of AN [1–4], (2) hypoleptinemia dependent endo-
crine adaptations to starvation [5], of which particularly the 
effects on the hypothalamus–pituitary–gonadal axis have 
been investigated in both female and male patients with AN 
[6–9], (3) pronounced effects of realimentation on psychopa-
thology in patients with AN, (4) evidence that the gain in fat 
mass induced increase in leptin secretion underlies several of 
the mental and behavioral changes [10], and (5) animal mod-
els indicative of strong effects of leptin on starvation related 
running wheel activity and behaviors assessed in depression 
models [10, 11]. Leptin reaches all regions of the brain, so 
that a wide range of central effects appears possible [12, 13].

In our recent case series [14] three female patients with 
acute AN were treated with metreleptin for six to 14 days. 
Two of the patients showed a pronounced and beneficial 
clinical response; the third patient with the lowest body mass 
index (12.5 kg/m2; BMI) responded, too, albeit to a reduced 
extent. The main findings included: (a) antidepressant effect 
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within two days of metreleptin treatment readily apparent to 
patients, relatives and therapeutic team, (b) reduced drive for 
activity, (c) reduced inner restlessness, (d) reduced fear of 
weight gain, (e) reduced preoccupation with food, (f) self-
reported improvements of concentration, and (g) increments 
in social interaction. Particularly, the antidepressant effect 
was pronounced and may underlie or contribute to some 
of the other improvements. Whereas an effect on mental 
symptoms occurring in the state of starvation had a priori 
been hypothesized [10], the patients’ decreased perception 
of fear of gaining weight was unexpected as were their feel-
ings of being less subjugated by their eating disorder. Hypo-
thetically, metreleptin treatment may open the cage [15] by 
alleviating an addictive-like state related to the metabolic 
adaptation to starvation and its effects on the central nervous 
system in thus predisposed patients [10].

Case report

Fifteen year old F initially presented with a BMI of 14.1 
kg/m2 (< 1st BMI sex- and age-matched percentile) after 
a rapid weight loss of 12 kg within 2.5 months (premorbid 
BMI 18.1 kg/m2) fulfilling DSM-5 diagnostic criteria for 
the restricting type of AN; F skipped meals and replaced 
regular ‘unhealthy’ food with fruits and vegetables. Mood 
and liveliness had deteriorated over the last six months. F 
had been active in team sports but had increasingly resorted 
to daily endurance training. F’s weight as a child had been 
above average (annual documentation of measured height 
and weight between ages 0 to 5; BMI percentiles between 61 
and 81; photos during later childhood suggest overweight). 
His protruding belly had been of concern to him from the 
age of seven years on; upon referral he perceived himself as 
chubby. During his first inpatient treatment of two months 
duration F gained nine kg to be discharged at 52.2 kg (17.0 
kg/m2). Due to instable mood, persistent inner tension, 
restrictive eating and renewed weight loss (50.5 kg) he was 
readmitted after only two weeks. After seven weeks F dis-
charged himself (57 kg); a pronounced body image distur-
bance persisted.

After only ten days he sought renewed admission (53.7 
kg) due to suicidal ideation and excessive hyperactivity. The 
clinical situation nevertheless deteriorated substantially and 
was characterized by stagnation of weight gain (oscillating 
around 52 kg; Suppl. Table 1), severe hyperactivity, depres-
sion and AN specific cognitions and manipulative behavior. 
Repeated episodes of hyperactivity lasted 2–4 days in form 
of brisk walking during the entire day (up to 70,000 steps/d; 
see “Methods” section) within a secured inner courtyard in 
addition to compulsive exercise conducted in his room and 
bathroom (self-reported 2000 jumping jacks and 200 push-
ups daily). Such episodes were followed by two days of total 

exhaustion and severe depression, during which he remained 
in bed. On two occasions he threatened to commit suicide by 
jumping from a bridge entailing large scaled police searches; 
upon the second time he also conveyed extortion demands to 
be met by parents and treatment team to circumvent weight 
gain and therapeutic restrictions. In light of the severe clini-
cal symptomatology both patient and parents agreed to an 
off-label treatment with metreleptin and provided written 
informed consent in accordance with the latest version of the 
Declaration of Helsinki [16].

Methods

Metreleptin dosages of 3–9 mg/d (3 mg: d1–d2, d4, d8, 
d13–d20, d22, d24; 6 mg: d3, d5–d7, d11–d12; 9 mg: d9–d10) 
were applied subcutaneously once daily at 9:30 am. The dos-
age was tapered prior to discontinuation (no dosing on d21 and 
d23). Concurrent medication to reduce hyperactivity included 
diazepam up to 2.25 mg between baseline and d4 and again 
from d9 to d17. Olanzapine (3 mg/d) was discontinued after 
d3. Nasogastric feeding was pursued throughout the dosing 
period with F sometimes additionally eating food orally (Sup-
plementary Table 1).

We used visual analog scales (VAS; [14] to obtain twice 
daily (morning and evening; presented as means) self-ratings 
for eating disorder related cognitions, emotions and behav-
iors. Clinician- and self-ratings of depression were obtained 
with Childhood Depression Rating Scale-Revised [17, 18] 
and Beck Depression Inventory-II [19, 20]. Self-rated eating 
disorder related cognitions and behaviors were assessed with 
Eating Disorder Inventory-2 [21]. Assessments were com-
menced nine days prior to treatment and continued until post-
dosage day 47. Accelerometry  (ActiGraph®; ActiGraph GT3X 
(Pensacola, Florida, USA); software version 6.13.3, firmware 
v1.9.2) was used to count steps. Routine and endocrine (free 
and total triiodothyronine (fT3, TT3), free and total thyroxine 
(fT4, TT4), thyroid stimulating hormone (TSH), (bioavailable) 
testosterone, follicle stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin, insulin, C-peptide, and leptin, for 
which composite (leptin and metreleptin) diurnal profiles were 
obtained two times following application of 3 mg (d22) and 6 
mg (d11) of metreleptin, respectively) were measured repeat-
edly. Glucose levels were monitored continuously from −d1 
to d8 (Freestyle Libre  2®).

Body composition was determined with Dual Energy X-ray 
Absorptiometry (DXA) and air displacement plethysmography 
(Bod  Pod®; see [22]).
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Results

Ratings of several VAS items (‘depressed mood’, ‘repeti-
tive thoughts of food’, ‘fear of weight gain’, ‘inner tension’) 
dropped within the first days of dosing (Fig. 1). Particularly, 
mood improved, already rated as better in the evening of the 
first day of dosing. At 9 mg/d (d9,d10), F’s mood appeared 
overly buoyant, so that dosing was subsequently maintained 
at 3 mg/d. Whereas ‘fear of weight gain’ was intermittently 
ranked as absent (d5 and d9), ‘feeling fat’ was continuously 
ranked as maximal. F for the first time reported the strong 
negative effects weight teasing had had on his self-percep-
tion during childhood. Throughout dosing his perception of 
his “fat belly” appeared delusional.

‘Drive for activity’ was continuously ranked as low; dos-
ing had commenced after F had remained in bed throughout 
a weekend, prior to which he had intermittently walked up 
to 70,000 steps/d (Supplementary Fig. 1). This self-ranking 
contrasted with continued pacing and exercise, albeit to a 
reduced extent. Thus, the step count declined and thereaf-
ter remained at about 40,000 steps daily; efforts to further 

decrease hyperactivity by increments in dosing up to 9 mg or 
re-initiation of medication with diazepam had no additional 
effect. While F was not able to relent activity prior to dosing, 
he was able to sit down for up to 30 min upon request dur-
ing dosing. F explained his high activity level by his fear of 
becoming lazy entailing further fattening of his belly. During 
dosing, reduction of creatinine kinase seemingly mirrored 
the overall reduced hyperactivity (Supplementary Table 5).

Both clinician and self-rated depression decreased sub-
stantially (Table 1). The transition from severe to mild and 
minimal depression (BDI-II) occurred within 14 and 19 
days, respectively. The raw score of the EDI-II dropped from 
430 (d1) to a low of 239 (d14; Table 1). Reductions in sub-
scale scores were pronounced for Bulimia, Ineffectiveness, 
Perfectionism, Asceticism, Maturity fears, Interpersonal dis-
trust, and Impulse control (Supplementary Table 2).

The treatment team unsuccessfully exerted extensive 
efforts including nasogastric feeding to induce weight gain 
during dosing (Supplementary Table 1); AN related manip-
ulative behavior persisted. VAS-rankings of ‘hunger’ and 
‘appetite’ increased over a ten-day period after initiation of 
dosing, ‘feeling full’ and ‘nausea’ decreased (Fig. 2); the 
pressure of the treatment team to gain weight and incre-
ments in prescribed total daily energy intake per nasogastric 
feeding confound the assessment of hunger/appetite (Sup-
plementary Table 1).

At d4 F reported being able to concentrate enough to 
read again; he also stated being able to remember the con-
tents until the next day. Social interactions with therapeutic 
team and parents improved substantially (Supplementary 
Table 3). F became much more amenable to psychotherapy; 
his introspective awareness increased. During the initial dos-
ing period, F was frequently tired and slept longer in the 
morning. After a week, tiredness was no longer observed, 
but the self-reported VAS item ‘feeling tired’ oscillated con-
tinuously during the dosing period (Fig. 2).

F proudly talked about three female patients who wished 
him to contact them at d13. F explained that an interest in 
sex had returned (Supplementary Table 3) and voiced con-
cerns that it would again disappear after end of dosing. In 
line with the reemergence of libido, he no longer scored 
in the BDI-II item ‘loss of interest in sex’ (drop from 3 to 

Fig. 1  Means of six key cognitions and emotions assessed twice daily 
with visual analogue scales (range 1–10) prior, during and after the 
24-day dosing period

Table 1  Clinician (Children’s Depression Rating Scale-Revised 
(CDRS-R)) and self-rated (Beck Depression Inventory-II (BDI-II) 
total score, Eating Disorder Inventory-2 (EDI-2) total score; data dis-

played as raw scores/percentile ranks) data of patient F prior to, dur-
ing and after the 24-day dosing period

Day d−2 d−1 d1 d4 d5 d8 d14 d15 d19 d + 2 d + 18 d + 31 d + 32 d + 45 d + 47

CDRS-R raw score/
percentile rank

80/100 30/77 29/75 31/80 30/77

BDI-II 58 47 17 12 10 18 9
EDI-2 raw score 430 399 288 239 240 260 253 268
EDI-2 percentile rank  ≥ 95  ≥ 95  ≥ 95 85 85–90 90–95 90–95  ≥ 95
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0 between d8 and d15). At baseline, the patient presented 
with hypogonadotropic hypogonadism with marked testos-
terone deficiency. During treatment, testosterone levels rap-
idly normalized (Fig. 3). Concomitant to dose reduction to 
3 mg/d as of d13 testosterone concentration fell to baseline 
levels. Changes of the pituitary–thyroid-axis also occurred 
(Fig. 4). Initially, the patient showed the typical constellation 
of non-thyroidal illness with low levels of fT3/TT3 and TT4 
with inadequately normal TSH. Transient normalization of 
thyroid hormones occurred during dosing. Prolactin levels 
dropped after onset of metreleptin treatment (Supplementary 
Table 5).

Continuous glucose monitoring (nine days) detected 
two episodes of short, mild hypoglycemia defined as glu-
cose levels below 70 mg/dl at baseline. Neither mild nor 
severe hypoglycemia were observed during the treatment 
period. (Supplementary Fig. 2). Prior to treatment levels of 

C-peptide and insulin were increased, then dropped after 
onset of metreleptin dosing (Supplementary Table 5).

Prior to dosing serum leptin levels were < 0.1 µg/l. Morn-
ing (pre-dosage) levels ranged between 1.0 (d3; 3 mg applied 
on d2) and 4.0 µg/l (d11; 9 mg applied on d10). Peak con-
centrations were measured two (45.7 µg/l; d22; morning 
dose 3 mg) to four hours (57.5 µg/l; d11; morning dose 6 
mg) after application. After application of 3 and 6 mg of 
metreleptin the levels dropped over time to levels of 0.1 and 
3.2 µg/l in the subsequent mornings prior to renewed dosing 
(Supplementary Table 4).

Percent body fat (%BF; Bod  Pod®) had been at 6.9% 
at initial referral; during dosing (d12) it was 17.5%. DXA 
measured at d12, too, revealed a slightly lower total fat mass 
and 15.6%BF.

Follow-up: F successfully began to overcome his eating 
disorder ten weeks after discharge by continuously pursuing 
realistic goals. His current weight is 58.2 kg (BMI: 18.6 kg/
m2) seven months post-dosing. He is receiving outpatient 
psychotherapy; inpatient treatment was not required again. 
Depression and severe hyperactivity have not recurred. F 
returned to full-time schooling prior to recent Covid-19 
related school closures in Germany.

Discussion

This case report provides novel endocrine data and extends 
our initial report of multiple beneficial effects of metreleptin 
on AN specific emotions, cognitions and behaviour to the 
first male patient. Overall, the effects were pronounced and 
readily evident to patient, parents and treatment staff, includ-
ing members who had no knowledge of the novel treatment.

Fig. 2  Means of four self-ranked safety/physiological parameters 
assessed twice daily with visual analogue scales (range 1–10) prior, 
during and after the 24-day dosing period

Fig. 3  Hormone levels of the pituitary–gonadal axis prior to, during 
and after the 24-day dosing period (normal ranges: testosterone: 5.0–
29.2 nmol/l; LH: 1.0–7.IU/l; FSH: 1.4–7.5 IU/l)

Fig. 4  Hormone levels of the pituitary–thyroid axis prior to, dur-
ing and after the 24-day dosing period (normal ranges: ft3: 4.2–7.47 
pmol/l; ft4: 10.57–22.62 pmol/l; TT3:1.31–2.9 pmol/l; TSH: 0.48–
4.17 mU/l)
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It again deserves mentioning that both clinician and self-
rated mood (BDI-II score dropped from 58 at –d2 to 10 at 
d19) improved substantially within days, which contrasts 
with the slower improvement in mainly only clinician rated 
depression in randomized controlled trials for antidepres-
sants [23]. Solid evidence for an antidepressant effect of 
fluoxetine in underweight patients with AN is lacking [24]. 
Metreleptin may well prove to be the first drug with a strong 
and rapid onset antidepressant effect in AN related depres-
sion. Mood was again judged as intermittently overly buoy-
ant (compare with patient A in Milos et al. [14]). In different 
animal models, leptin has a substantial antidepressant effect 
[11].

It is not possible to determine to what extent the reduced 
inner tension and the substantially improved sleep duration/
quality observed in F and our female patients [14] con-
tribute to or are dependent on the observed antidepressant 
effect. Similarly, it is not possible to disentangle the effects 
of improved mood from the drop in some eating disorder 
symptoms (see ‘repetitive thoughts of food’ and ‘fear of 
weight gain’; Fig. 1). The wide central distribution of leptin 
receptors suggests multiple potential targets to explain the 
observed effects, including those on appetite and hunger. 
Thus, the initial increase in self-rated appetite (Supplemen-
tary Fig. 3) and hunger (Fig. 2) mirrors previous findings 
(patient C; Milos et al. [14]), suggesting that in prolonged 
starvation both may be down-regulated by chronic hypo-
leptinemia; patient F additionally reported less nausea and 
fullness soon after initiation of dosing (Fig. 2). In normal 
weight subjects [25] and in patients with lipodystrophy [26] 
metreleptin can induce weight loss via a reduced appetite/
hunger.

Whereas F self-rated his ‘drive for activity’ as low prior 
(bed rest during d-2 and d-1) and throughout the dosing 
period, hyperactivity remained a challenging symptom (see 
re-initiation of treatment with diazepam). Nevertheless, 
activity levels stayed well below those observed a few days 
prior to dosing (Supplementary Fig. 1); it was also evident 
that F was much better able to control his hyperactivity upon 
request.

In contrast to ‘fear of weight gain’, ‘feeling fat’ (Fig. 1) 
did not decrease during the dosing period. F reported both 
ego-syntonic obsessions/compulsions related to fear of 
laziness and a delusional body image disturbance. Dur-
ing and after treatment he was, however, much more able 
to speak of his difficulties seemingly due to an increased 
introceptive awareness. F and previously reported patient 
C [14] belong to the most difficult patients with AN treated 
in our inpatient unit. Both patients had resisted efforts to 
induce weight gain for weeks prior to dosing and proved 
very manipulative with respect to AN related behaviors 
(the high prescribed oral energy intake (Supplementary 
Table 1) in F must be interpreted accordingly); both had 

a history of childhood overweight (F)/obesity (C). Due 
to the reported increments in “hunger” and “appetite” we 
assume that the difficulties to gain weight during dos-
ing reflect the severity of the underlying eating disorder 
and not a side effect of metreleptin. Whereas the initial 
follow-up period seemed to predict a relapse, F started 
to set small goals ten weeks post-dosing, thus entailing 
a rapid improvement. Upon last consultation F was no 
longer overly concerned with his body shape; his diet was 
perceived as slightly abnormal by his mother; he had to 
eat breakfast alone. While it is too early to conclude that F 
has indeed overcome his eating disorder, the mere twelve 
months duration of AN despite its intermittent severity 
warrants notice.

In accordance with known effects of leptin on the hypo-
thalamus–pituitary–gonadal and thyroid axes we observed 
endocrine alterations compatible with the notion that met-
releptin reversed the hypoleptinemia induced starvation 
related effects on the respective axes. F went through a 
second puberty within a matter of days; the accompany-
ing increase in sexual interest was readily evident to him 
and provided a boost to his motivation to avoid renewed 
weight loss. In female patients with AN, the functional 
normalization of the reproductive axis is seemingly not 
as rapid. However, both the relatively high percent body 
fat and the in comparison to other male [9] and female 
[8] patients comparably high FSH and LH serum levels at 
baseline suggest that metreleptin may have merely repre-
sented the finishing touch to an already advanced matura-
tion of this axis. A dosage effect also merits consideration, 
because metreleptin was dosed at only 3 mg/d as of d13, 
after which the initial surge in testosterone secretion was 
not upheld. Metreleptin seemingly also induced a tran-
sient normalization of the hypothalamus-pituitary–thyroid 
axis (Fig. 4). The observed reduction in prolactin secre-
tion warrants further study to assess its relationship to 
metreleptin dosing.

In patients with lipodystrophy, hypoglycaemia represents 
a treatment emergent adverse event of metreleptin in patients 
concomitantly treated with antidiabetic medications [27]. 
We for the first time analysed prolonged effects of metrel-
eptin on blood glucose levels via a nine day long continuous 
monitoring. The results suggest that metreleptin may reduce 
the risk of starvation induced hypoglycemia in patients with 
AN. Throughout the 24 day long dosing period adverse 
effects were not observed.

Whereas we again cannot exclude expectation effects, the 
consistency of the clinical results and the endocrine effects 
underscore our previous assessment that these are induced 
by metreleptin. The suffering of patients with AN as well as 
their relatives makes it mandatory to aim for a double-blind 
placebo-controlled trial to generate evidence for the efficacy 
of metreleptin for treatment of this eating disorder.
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Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00787- 021- 01778-7.

Funding Open Access funding enabled and organized by Projekt 
DEAL. We thankfully acknowledge the generous support of the Chris-
tina Barz-Stiftung.

Availability of data and material All directly sharable data are supplied 
with the supplementary material.

 Code availability Not applicable.

Declarations 

Conflicts of interest All authors declare no conflicts of interests.

Ethics approval Due to German law not applicable for an off-label 
application of an otherwise approved drug in an individual patient.

Consent to participate Both patient and parents agreed to an off-label 
treatment with metreleptin and provided written informed consent in 
accordance with the latest version of the Declaration of Helsinki.

Consent for publication Both patient and parents reviewed and agreed 
to the publication. Written consent available.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Grinspoon S, Gulick T, Askari H, Landt M, Lee K, Anderson E, Ma 
Z, Vignati L, Bowsher R, Herzog D, Klibanski A (1996) Serum lep-
tin levels in women with anorexia nervosa. J Clin Endocrinol Metab 
81(11):3861–3863. https:// doi. org/ 10. 1210/ jcem. 81. 11. 89238 29

 2. Hebebrand J, van der Heyden J, Devos R, Kopp W, Herpertz S, 
Remschmidt H, Herzog W (1995) Plasma concentrations of obese 
protein in anorexia nervosa. Lancet 346(8990):1624–1625. https:// 
doi. org/ 10. 1016/ s0140- 6736(95) 91955-4

 3. Hebebrand J, Blum WF, Barth N, Coners H, Englaro P, Juul A, 
Ziegler A, Warnke A, Rascher W, Remschmidt H (1997) Leptin lev-
els in patients with anorexia nervosa are reduced in the acute stage 
and elevated upon short-term weight restoration. Mol Psychiatry 
2(4):330–334. https:// doi. org/ 10. 1038/ sj. mp. 40002 82

 4. Hebebrand J, Bulik CM (2011) Critical appraisal of the provisional 
DSM-5 criteria for anorexia nervosa and an alternative proposal. Int 
J Eat Disord 44(8):665–678. https:// doi. org/ 10. 1002/ eat. 20875

 5. Ahima RS, Prabakaran D, Mantzoros C, Qu D, Lowell B, Mara-
tos-Flier E, Flier JS (1996) Role of leptin in the neuroendocrine 
response to fasting. Nature 382(6588):250–252. https:// doi. org/ 10. 
1038/ 38225 0a0

 6. Nakai Y, Hamagaki S, Kato S, Seino Y, Takagi R, Kurimoto 
F (1999) Leptin in women with eating disorders. Metabolism 
48(2):217–220. https:// doi. org/ 10. 1016/ s0026- 0495(99) 90037-9

 7. Holtkamp K, Mika C, Grzella I, Heer M, Pak H, Hebebrand J, Her-
pertz-Dahlmann B (2003) Reproductive function during weight gain 
in anorexia nervosa Leptin represents a metabolic gate to gonado-
tropin secretion. J Neural Transm (Vienna) 110(4):427–435. https:// 
doi. org/ 10. 1007/ s00702- 002- 0800-x

 8. Ballauff A, Ziegler A, Emons G, Sturm G, Blum WF, Remschmidt 
H, Hebebrand J (1999) Serum leptin and gonadotropin levels in 
patients with anorexia nervosa during weight gain. Mol Psychiatry 
4(1):71–75. https:// doi. org/ 10. 1038/ sj. mp. 40004 78

 9. Wabitsch M, Ballauff A, Holl R, Blum WF, Heinze E, Remschmidt 
H, Hebebrand J (2001) Serum leptin, gonadotropin, and testosterone 
concentrations in male patients with anorexia nervosa during weight 
gain. J Clin Endocrinol Metab 86(7):2982–2988. https:// doi. org/ 10. 
1210/ jcem. 86.7. 7685

 10. Hebebrand J, Milos G, Wabitsch M, Teufel M, Fuhrer D, Buhlmeier 
J, Libuda L, Ludwig C, Antel J (2019) Clinical trials required to 
assess potential benefits and side effects of treatment of patients 
with anorexia nervosa with recombinant human leptin. Front Psy-
chol 10:769. https:// doi. org/ 10. 3389/ fpsyg. 2019. 00769

 11. Ge T, Fan J, Yang W, Cui R, Li B (2018) Leptin in depression: a 
potential therapeutic target. Cell Death Dis 9(11):1096. https:// doi. 
org/ 10. 1038/ s41419- 018- 1129-1

 12. Banks WA, Kastin AJ, Huang W, Jaspan JB, Maness LM (1996) 
Leptin enters the brain by a saturable system independent of insu-
lin. Peptides 17(2):305–311. https:// doi. org/ 10. 1016/ 0196- 9781(96) 
00025-3

 13. Banks WA, Clever CM, Farrell CL (2000) Partial saturation and 
regional variation in the blood-to-brain transport of leptin in normal 
weight mice. Am J Physiol Endocrinol Metab 278(6):E1158–E1165. 
https:// doi. org/ 10. 1152/ ajpen do. 2000. 278.6. E1158

 14. Milos G, Antel J, Kaufmann LK, Barth N, Koller A, Tan S, Wies-
ing U, Hinney A, Libuda L, Wabitsch M, von Kanel R, Hebebrand 
J (2020) Short-term metreleptin treatment of patients with anorexia 
nervosa: rapid on-set of beneficial cognitive, emotional, and behav-
ioral effects. Transl Psychiatry 10(1):303. https:// doi. org/ 10. 1038/ 
s41398- 020- 00977-1

 15. Bruch H (2001) The golden cage The enigma of anorexia nervosa, 
with a new foreword by Catherine Steiner-Adair Ed. D. Harvard 
University Press, Boston

 16. Parsa-Parsi R, Blackmer J, Ehni HJ, Janbu T, Kloiber O, Wies-
ing U (2013) Reconsidering the Declaration of Helsinki. Lancet 
382(9900):1246–1247. https:// doi. org/ 10. 1016/ S0140- 6736(13) 
62094-2

 17. Keller F, Grieb J, Ernst M, Sprober N, Fegert JM, Kolch M (2011) 
Children’s depression rating scale-revised (CDRS-R): development 
of a German version and psychometric properties in a clinical sam-
ple. Z Kinder Jugendpsychiatr Psychother 39(3):179–185. https:// 
doi. org/ 10. 1024/ 1422- 4917/ a0000 90

 18. Poznanski EO, Freeman LN, Mokros HB (1985) Children’s depres-
sion rating scale revised. Psychopharmacol Bull 21:979–989

 19. Beck AT, Steer RA (1987) Beck depression inventory—manual. The 
Psychological Corporation, San Antonio

 20. Hautzinger M, Keller F, Kühner C (2006) Das Beck Depressionsin-
ventar II. Deutsche Bearbeitung und Handbuch zum BDI II Harcourt 
Test Services, Frankfurt a. M

 21. Thiel A, Jacobi C, Horstmann S, Paul T, Nutzinger DO, Schussler G 
(1997) A German version of the Eating Disorder Inventory EDI-2. 
Psychother Psychosom Med Psychol 47(9–10):365–376

 22. Fields DA, Goran MI, McCrory MA (2002) Body-composition 
assessment via air-displacement plethysmography in adults and 
children: a review. Am J Clin Nutr 75(3):453–467. https:// doi. org/ 
10. 1093/ ajcn/ 75.3. 453

https://doi.org/10.1007/s00787-021-01778-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1210/jcem.81.11.8923829
https://doi.org/10.1016/s0140-6736(95)91955-4
https://doi.org/10.1016/s0140-6736(95)91955-4
https://doi.org/10.1038/sj.mp.4000282
https://doi.org/10.1002/eat.20875
https://doi.org/10.1038/382250a0
https://doi.org/10.1038/382250a0
https://doi.org/10.1016/s0026-0495(99)90037-9
https://doi.org/10.1007/s00702-002-0800-x
https://doi.org/10.1007/s00702-002-0800-x
https://doi.org/10.1038/sj.mp.4000478
https://doi.org/10.1210/jcem.86.7.7685
https://doi.org/10.1210/jcem.86.7.7685
https://doi.org/10.3389/fpsyg.2019.00769
https://doi.org/10.1038/s41419-018-1129-1
https://doi.org/10.1038/s41419-018-1129-1
https://doi.org/10.1016/0196-9781(96)00025-3
https://doi.org/10.1016/0196-9781(96)00025-3
https://doi.org/10.1152/ajpendo.2000.278.6.E1158
https://doi.org/10.1038/s41398-020-00977-1
https://doi.org/10.1038/s41398-020-00977-1
https://doi.org/10.1016/S0140-6736(13)62094-2
https://doi.org/10.1016/S0140-6736(13)62094-2
https://doi.org/10.1024/1422-4917/a000090
https://doi.org/10.1024/1422-4917/a000090
https://doi.org/10.1093/ajcn/75.3.453
https://doi.org/10.1093/ajcn/75.3.453


1579European Child & Adolescent Psychiatry (2022) 31:1573–1579 

1 3

 23. Meister R, Abbas M, Antel J, Peters T, Pan Y, Bingel U, Nesto-
riuc Y, Hebebrand J (2018) Placebo response rates and potential 
modifiers in double-blind randomized controlled trials of second and 
newer generation antidepressants for major depressive disorder in 
children and adolescents: a systematic review and meta-regression 
analysis. Eur Child Adolesc Psychiatry. https:// doi. org/ 10. 1007/ 
s00787- 018- 1244-7

 24. Sebaaly JC, Cox S, Hughes CM, Kennedy ML, Garris SS (2013) 
Use of fluoxetine in anorexia nervosa before and after weight res-
toration. Ann Pharmacother 47(9):1201–1205. https:// doi. org/ 10. 
1177/ 10600 28013 503127

 25. Chrysafi P, Perakakis N, Farr OM, Stefanakis K, Peradze N, Sala-
Vila A, Mantzoros CS (2020) Leptin alters energy intake and fat 

mass but not energy expenditure in lean subjects. Nat Commun 
11(1):5145. https:// doi. org/ 10. 1038/ s41467- 020- 18885-9

 26. Rodriguez AJ, Mastronardi CA, Paz-Filho GJ (2015) New advances 
in the treatment of generalized lipodystrophy: role of metreleptin. 
Ther Clin Risk Manag 11:1391–1400. https:// doi. org/ 10. 2147/ 
TCRM. S66521

 27. Oral EA, Gorden P, Cochran E, Araujo-Vilar D, Savage DB, Long 
A, Fine G, Salinardi T, Brown RJ (2019) Long-term effectiveness 
and safety of metreleptin in the treatment of patients with partial 
lipodystrophy. Endocrine 64(3):500–511. https:// doi. org/ 10. 1007/ 
s12020- 019- 01862-8

https://doi.org/10.1007/s00787-018-1244-7
https://doi.org/10.1007/s00787-018-1244-7
https://doi.org/10.1177/1060028013503127
https://doi.org/10.1177/1060028013503127
https://doi.org/10.1038/s41467-020-18885-9
https://doi.org/10.2147/TCRM.S66521
https://doi.org/10.2147/TCRM.S66521
https://doi.org/10.1007/s12020-019-01862-8
https://doi.org/10.1007/s12020-019-01862-8

	Rapid amelioration of anorexia nervosa in a male adolescent during metreleptin treatment including recovery from hypogonadotropic hypogonadism
	Abstract
	Introduction
	Case report
	Methods
	Results
	Discussion
	References




