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The core symptomatology of anorexia nervosa can be
conceptualized as the intertwining of the primary behaviors
with the psychological and physical consequences of star-
vation [1, 2]. The onset of this eating disorder is seemingly
unspectacular: similar to many other females of the
respective age group most patients strive to lose weight by
dieting, some additionally increase their physical activity; a
not well specified percentage of patients starts off with
weight loss unrelated to the desire to lose weight, such as a
depressed mood or obsessive—compulsive behaviors related
to food and its intake. While AN patients as a group have
elevated rates of premorbid psychopathology, an individual
patient may present without a history of mental problems.
Indeed, patients are frequently characterized as well (or
even overly) adjusted prior to initial weight loss.

After weight loss sets in, patients are rewarded internally
by for instance a positive experience of control over their
eating behavior and their body weight and potentially
externally by positive remarks of peers and family mem-
bers. At the same time the physiological response to a
reduced energy intake sets in, which in its continuation
entails the well-known symptoms of starvation encountered
in acutely ill patients. This intertwining of the primary
behaviors leading to initial and prolonged weight loss and
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the ongoing adaptation to starvation in total result in the
characteristic clinical phenotype upon presentation of a
patient, which includes somatic, cognitive and behavioral
symptoms. A patient at this stage will potentially state that
the initial desire to lose weight was replaced by an urge or
compulsion to continue to do so ultimately leading to a
sense of loss of control over energy intake and body weight.

The therapeutic armamentarium available for AN
patients must be considered as meager. Weight reconstitu-
tion is considered as paramount; inpatient treatment by an
experienced team is required if underweight and starvation
symptoms have resulted in a critical condition (http:/
www.nice.org.uk/nicemedia/live/10932/29220/29220.pdf).
Both psychotherapeutic and psychopharmacological trials
have been hampered by the high drop-out rates character-
istic of AN patients. A recent study that compared specialist
supportive clinical management, cognitive behavior therapy
and interpersonal psychotherapy revealed no significant
differences on any pre-selected primary, secondary or ter-
tiary outcome measures among the three psychotherapies
after a mean follow-up of 6.7 years [3]; specialist sup-
portive clinical management led to a more rapid response
than interpersonal psychotherapy. Antidepressants and in
particular selective serotonin reuptake inhibitors have not
proven beneficial for treating the disorder itself or the fre-
quent comorbid depression. There is evidence that olanza-
pine is helpful during the acute phase of AN [4]. The
treatment costs for AN are high; in Germany it was esti-
mated that the total direct treatment costs amounted to 195
million euros in 1999 which implied mean annual costs per
patient of approximately 5,300 euros [5].

In light of these meager and costly therapeutic options it
is our obligation to be on the lookout for novel treatments.
We and others have proposed treating acutely ill AN
patients with leptin for more than a decade; nevertheless,
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not a single patient has as yet been treated with this hor-
mone. This is all the more surprising as recombinant leptin
is available. Furthermore, the risk of adverse side effects
appears manageable if initially low dosages are used within
an inpatient setting that allows a close clinical monitoring.

In 1994 Jeff Friedman and coworkers [6] at Rockefeller
University cloned the obese gene leading to the discovery
of the hormone leptin (named after the Greek word leptos
for thin). The discovery of leptin was paramount for our
current understanding of body weight regulation: the hor-
mone, which is mainly synthesized in adipocytes, signals
the fat mass (and thus the energy content of the fat depot)
of the body to the brain; via specific receptors in the
hypothalamus this signal entails the release of anorexigenic
(pro-opiomelanocortin, cocaine and amphetamine regu-
lated transcript) and impedes the release of orexigenic
(neuropeptide Y, agouti-related peptide) peptides, which in
turn initiate a signaling cascade which functions to regulate
energy intake and expenditure. Leptin and other hormones
such as ghrelin are responsible for the more or less tight
regulation of human body weight [7, 8].

The obese mouse originally served to localize the
respective gene; the phenotype of this natural autosomal
recessive mutant encompasses hyperphagia and extreme
obesity; nevertheless, starvation symptoms such as hypo-
thalamic infertility figure prominently in the respective
phenotype. Subsequent animal studies have led to the
concept that the major function of leptin is to adapt an
organism to a reduced caloric intake and conditions of
starvation [9]. If calorie intake is restricted over prolonged
periods of time, fat mass is reduced leading to a lowered
leptin synthesis in adipocytes and reduced serum levels.
Once the leptin level drops below critical thresholds, the
hypothalamus—pituitary—gonadal, —thyroid, —adrenal and —
growth hormone axes are down- or up-regulated. These
neuroendocrine alterations subsequently entail the devel-
opment of starvation symptoms including amenorrhea in
females. Because high circulating leptin levels in subjects
with obesity do not lead to a (sufficient) curtailment of
energy intake, the concept of leptin resistance has been
invoked.

The first study of leptin levels in patients with AN
revealed that some patients had undetectable levels upon
use of the respective ELISA [10]. Subsequent work clearly
underscored that hypoleptinemia is a hallmark of acute
AN; the levels are well below those of age-matched healthy
females [11, 12]. Healthy underweight females have
sufficient leptin levels to prevent the initiation of the
physiological adaptation to starvation; in AN patients sub-
physiological levels are the trigger for this adaptation. A
proof of concept was provided by a study of eight females
with hypothalamic amenorrhea due to strenuous exercise or
low weight (unfortunately the investigators did not report
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on the lifetime occurrence of eating disorders) who were
treated with recombinant leptin over a 3-month period. In
three females an ovulatory cycle occurred; others also
showed evidence for an improved reproductive function
[13]. A subsequent randomized, double-blinded placebo-
controlled trail of 36 weeks demonstrated similar benefi-
cial effects [14].

An important clinical symptom in AN is hyperactivity
which can be so severe as to hamper treatment and weight
gain; in such cases neuroleptic medication is frequently
used to reduce activity levels. In rats, caloric restriction
leads to hyperactivity; running wheel activity increases by
300-400%; if recombinant leptin is applied throughout the
caloric restriction phase the development of hyperactivity
is completely suppressed. In addition, once hyperactivity
has developed leptin can be used to successfully reduce
activity [15, 16]. In AN patients, the relationship between
activity and serum leptin levels has been shown to corre-
spond to an inverted U [17]. If levels are exceedingly low
(e.g., in patients with a body mass index below 13 kg/m?),
activity levels are lower than those of patients who have
somewhat higher leptin levels—in rats motor activity also
declines prior to death.

It has been hypothesized that the hypoleptinemia in AN
patients may also contribute to the frequent comorbid
depression [17]. Clinicians experience that the mood of a
patient improves during weight restoration—potentially as
a consequence of an increased leptin synthesis. Interest-
ingly, leptin-deficient ob/ob mice show more severe
depressive behavior in the forced swim test than normal
mice, and leptin administration substantially ameliorates
this depressive behavior [18].

After the discovery of leptin, Rockefeller University
subsequently licensed the respective patent to Amgen. In
2006 Amylin acquired the exclusive rights to the leptin
molecular franchise and program from Amgen. Amylin’s
license includes exclusive rights to the leptin intellectual
property developed by Amgen as well as intellectual prop-
erty Amgen originally licensed from Rockefeller University
(http://www.wikinvest.com/stock/Amylin_Pharmaceuticals_
(AMLN)/Leptin).

During the last 12 years, ample experience was gathered
with recombinant methionyl human leptin (metreleptin) as
a drug in systematic clinical trials of patients with obesity
or lipodystrophy. Leptin-deficient individuals dramatically
lose weight upon leptin treatment [19]. Leptin mono-
therapy in nonleptin-deficient obese individuals was shown
to reduce body weight only moderately [20, 21]. Most
pharmacological trials using metreleptin in the treatment of
obesity have excluded individuals with metabolic dysreg-
ulation. However, interesting insights into the metabolic
changes that follow metreleptin therapy stem from clinical
trials in lipodystrophy. This rare disorder is characterized
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by full or partial loss of adipose tissue, entailing,
e.g., insulin resistance, hypertriglycinemia, and diabetes
that subsequently lead to severe complications, such as
acute pancreatitis, liver cirrhosis and atherosclerosis.
Despite heterogeneous causes for lipodystrophy (e.g.,
genetic or auto-immune-related mechanisms, idiopathic
forms), the hallmark of all forms of this disorder is a rel-
ative leptin deficiency [22]. Indeed, subcutaneous substi-
tution therapy with metreleptin was shown to significantly
improve the metabolic profile (e.g., HbAlc, triglycerides,
liver enzymes) of lipodystrophic patients in an ongoing
long-term clinical trial [23].

Thus, metreleptin has repeatedly been proven to be
effective and comparatively safe in various study popula-
tions of subjects with obesity and lipodystrophy. Common
adverse effects included nausea and injection side effects
upon subcutaneous application, which were mostly classi-
fied as mild to moderate and which showed a tendency to
decrease over time [24].

Attempts to initiate treatment of an AN patient with
recombinant leptin have not been successful due to the
reluctance of companies to pursue the use of leptin in this
eating disorder. As such, a potentially valuable mode of
treatment is not being examined in our patients, whose
hypoleptinemia a priori make them highly likely candidates
to show improvement upon treatment with recombinant
leptin. Leptin could potentially ameliorate hyperactivity
and depression in acutely ill patients and reproductive
function after weight gain. It also appears fascinating to
speculate on beneficial effects on other starvation-related
psychopathological features of acutely ill patients includ-
ing obsession with food, weight and body shape. Obvi-
ously, side effects need to be considered including a
potential loss of appetite and subsequent weight loss;
however, we deem both of these concerns as negligible in
closely monitored inpatients. Undoubtedly, leptin treat-
ment cannot replace the need to increase body weight. It is
worthwhile speculating that the positive effects on starva-
tion-related psychopathology and behaviors could render
patients more amenable to weight regain and thus shorten
the current lengthy weight regain phase. Leptin may lead to
an increase of the sympathetic tone which might pose
serious problems in emaciated individuals. As a conse-
quence, the initial cases would have to be monitored very
closely as inpatients; low dosages of recombinant leptin
should be applied to assess the initial reaction of a starved
human organism. For ethical considerations a patient
should be >18 years old, she must be able to understand
the potential risks. We need to lobby on behalf of our
patients. If you agree that studies are warranted to assess
the potentially beneficial effects of leptin in AN patients,
please send us a mail.
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