Symposium Report
Behind Insulin Resistance
– Debugging the Endocrine
System
How to Tackle Leptin Deficiency in
Lipodystrophy Syndromes
Proceedings of a Satellite Symposium
sponsored by Aegerion Pharmaceuticals, held
during the European Association for the Study
of Diabetes (EASD), 3 October 2018, Berlin,
Germany
Julia von Schnurbein and Elif Arioglu Oral

European
Endocrinology
SUPPLEMENT

www.touchENDOCRINOLOGY.com

Symposium Report Diabetes

Behind Insulin Resistance – Debugging
the Endocrine System
How to Tackle Leptin Deficiency in Lipodystrophy Syndromes
Proceedings of a Satellite Symposium sponsored by Aegerion Pharmaceuticals, held during the
European Association for the Study of Diabetes (EASD), 3 October 2018, Berlin, Germany
Julia von Schnurbein1 and Elif Arioglu Oral2
1. Paediatric Endocrinology, Diabetes and Obesity unit, University Medical Centre, Ulm, Germany; 2. Division of Metabolism, Endocrinology
and Diabetes, Brehm Center for Diabetes, Department of Internal Medicine, University of Michigan, Ann Arbor, Michigan, USA.

L

eptin was discovered over 20 years ago and has since been shown to be essential for the regulation of body weight and energy
homeostasis. Genetic and acquired lipodystrophy syndromes are rare conditions in which leptin deficiency plays a key role, and are
associated with insulin resistance and hypertriglyceridaemia, which can lead to the development of life-limiting comorbidities. Patient
registries have been established in the USA and Europe to better understand lipodystrophy syndromes and to improve the clinical outcomes
for these patients. Traditional therapies are aimed at addressing the hypertriglyceridaemia and hyperglycaemia. More recently, metreleptin,
an analogue of human leptin, has been investigated in association with diet as a treatment for these patients and has demonstrated
significant and sustained metabolic benefits.
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The discovery of leptin has significantly advanced our understanding
of lipodystrophy and the associated severe metabolic, endocrine and
immunological consequences.1 Over 20 years ago leptin and its receptor
were shown to be key players in the regulation of body weight and
energy homeostasis,2 which was subsequently shown to be due to
leptin binding to its receptor on neurons in the hypothalamus.3 Leptin is
produced mainly in adipocytes, and blood levels are strongly correlated
with the overall levels of body fat.4,5
Inherited or acquired lipodystrophy syndromes are rare disorders
characterised by a generalised or partial loss of adipose tissue in
association with severe metabolic disturbances.6 The loss of adipose
tissue results in low levels of leptin; deposition of fat in ectopic
locations (such as liver and muscle); and metabolic abnormalities such
as insulin resistance, hypertriglyceridaemia and diabetes, which can
result in life-threatening comorbidities.6 It has been hypothesised that
replacement of leptin in lipodystrophy syndromes could be beneficial
by improving the metabolic variables that can result in life-threatening
comorbidities.6 In this report we examine the pathophysiology of
leptin deficiency,and the role of leptin replacement in patients with genetic or
acquired lipodystrophy.

What is leptin deficiency?
Adipose tissue plays an important role in the process of generating
energy (adenosine triphosphate) from dietary nutrients, as well as
regulating insulin sensitivity through the control of lipid metabolism.7 It
is responsible for the secretion of adipokines, which have both pro- and
anti-inflammatory properties.8 The most extensively investigated of the
anti-inflammatory adipokines is adiponectin, which plays an important
role in insulin sensitivity.7,8 There are also a number of pro-inflammatory
adipokines, whose expression has been correlated with insulin
resistance.7,8 Leptin is an important adipokine with a role in the regulation
of blood glucose levels through critical pathways within the central
nervous system (CNS) and CNS-mediated effects on the periphery. Leptin
receptors are expressed on some peripheral tissues but direct effects

TOUC H ME D ICA L ME D IA

Behind Insulin Resistance – Debugging the Endocrine System

Both generalised and partial lipodystrophy syndromes can be congenital
or acquired.16 Generalised congenital lipodystrophy syndromes are
associated with severe adverse metabolic consequences, including
diabetes, hypertriglyceridaemia and steatohepatitis.16,17 Around 20–30
genes have so far been identified that are known or suspected to
be causal for lipodystrophy syndromes.18 Generalised congenital
lipodystrophy syndromes are autosomal recessive disorders that
typically present in childhood with an almost complete lack of
adipose tissue.12 In addition, there are several forms of familial partial
lipodystrophy, most of which are inherited in an autosomal dominant
fashion.12 These are often recognised around puberty, and manifest with
lack of lower limb and femorogluteal fat and often with hypertrophy
of upper body fat.12 Acquired partial lipodystrophy is not usually
associated with metabolic problems, but can be accompanied by
issues relating to renal dysfunction.12,16 Acquired partial lipodystrophy
may occur secondary to drugs or in association with other autoimmune
disorders.12,16 Similarly, acquired generalised lipodystrophy is often
associated with other autoimmune problems.12,16 Leptin levels and
percentage body fat are significantly lower in generalised lipodystrophy
versus partial lipodystrophy (Figure 1).19
Leptin concentrations in patients with lipodystrophy (especially partial
forms) can overlap with that of a healthy population, and there are no
defined serum leptin levels that establish or rule out the diagnosis of
lipodystrophy.16 Therefore, diagnosis of lipodystrophy should be based on
history, physical examination, body composition and metabolic status.16
Confirmatory genetic testing can also be considered in suspected
congenital lipodystrophy cases.16
Lipodystrophy syndromes require expert management and patients
should be referred to centres of excellence. There are now two patient
registries in the USA and Europe. The LD Lync Study in the USA (ClinicalTrials.
gov identifier: NCT03087253) is a multicentre, collaborative, prospective,
observational, natural history cohort study, which will investigate the
natural history of these rare syndromes, especially genotype-specific
causes of morbidity and mortality, in approximately 500 patients with
genetic lipodystrophy.20 Patients will be assessed on a yearly basis
for approximately 4 years to collect clinical, metabolic, morbidity and
mortality data. Initial results are expected in 2023. The Registry for
Patients With Lipodystrophy (European Consortium of Lipodystrophies
[ECLip] Registry; ClinicalTrials.gov identifier: NCT03553420), based in
Europe, has been established to gather knowledge on lipodystrophy
syndromes, including information on diagnosis, clinical presentation and

E UROPEA N EN DOCRIN O L OG Y

A

20

15
Leptin level (ng/mL)

In obesity, resistance to leptin results in high circulating leptin levels, which is
correlated with pro-inflammatory responses and a chronic sub-inflammatory
state.8,11 In lipodystrophy, there is a loss of subcutaneous adipose tissue,
with redistribution of fat to non-adipose tissues, such as such as the liver,
giving rise to the development of fatty liver disease.7 The reduction in the
circulating levels of leptin to undetectable or very low levels, as a result of
decreased adipose tissue mass, is associated with a number of deleterious
metabolic consequences.7,12–14 Patients present with hypertriglyceridaemia
and insulin resistance with an increased risk of diabetes.15 These
metabolic disturbances can lead to the development of acute pancreatitis,
non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis
(NASH), cirrhosis and cardiovascular disease.15

Figure 1: Leptin levels and percentage body fat in
generalised and partial lipodystrophy19
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on peripheral tissues are less clear.8,9 Leptin levels have been shown
to significantly correlate to total body fat,4,5 and in addition to its role in
regulating glucose levels, leptin appears to regulate fatty acid oxidation
as well as modulate insulin sensitivity.10,11
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A: Baseline leptin levels in patients with GLD compared to patients with PLD. B: Body
fat percentage assessed by dual X-ray arbsorpiometry versus baseline leptin levels
in all patients. Patients with GLD (black squares), patients with PLD (open circles).
GLD = generalised lipodystrophy; PLD = partial lipodystrophy.

comorbidities, the natural course of the disease and family history.21 Data
will be gathered over a 50-year period and it is hoped that this data will
provide new insights into the pathophysiology of lipodystrophy, improve
the therapeutic options for the patients and provide improved information
material for patients, families and relevant professionals. Medical centres
from all over the world where patients with lipodystrophy are treated are
being invited to join the ECLip Registry.

How to treat lipodystrophy
Lipodystrophy syndromes are heterogeneous in nature. Traditionally,
the wide range of metabolic problems in lipodystrophy are tackled with
the available therapies directed to the metabolic manifestations.22,23 The
treatment of lipodystrophy ideally should ameliorate both the metabolic
disturbances and pathological changes in fat distribution, but such
a therapy currently does not exist.22 Treatments designed to directly
address hypertriglyceridaemia and hyperglycaemia are often only
partially effective, with insufficient glycaemic control in most patients with
lipodystrophy, and can be associated with adverse events; for example,
hyperinsulinaemia can result from the use of high-dose insulin.23 As such,
research is ongoing into more effective treatment options.
In a proof-of-principle study, nine female patients (four <18 years of
age, five ≥18 years of age) were enrolled and treated with metreleptin,
a recombinant human leptin analogue, for 4 months (0.03 mg/kg <18
years of age, 0.04 mg/kg ≥18 years of age).24 All of these patients had low
leptin levels as an inclusion criterion for the trial. The first patient treated
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Figure 2: Effect of metreleptin treatment on glycated haemoglobin during a 3-year treatment period6
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Used with permission from American Association of Clinical Endocrinologists ©2018.

Figure 3: Effect of metreleptin treatment on triglycerides during a 3-year treatment period6
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with leptin therapy had an especially remarkable response within the first
4 months of therapy, allowing discontinuation of plasmapheresis therapy.
In the entire cohort, leptin-replacement therapy led to clinically significant
metabolic benefits, including decreases in glycosylated haemoglobin
and triglyceride levels.24 On the basis of these findings it was proposed
that leptin deficiency might be the chief contributor to the metabolic
abnormalities associated with lipodystrophy.24 Due to the exciting results
seen in the first nine patients, leptin treatment was expanded over time to
include patients with not only generalised but also partial lipodystrophy.25
The dose was modified to address either inadequate metabolic control or
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excessive weight loss, with a maximum daily dose of metreleptin of 0.24
mg/kg.25 The treatment resulted in significant and sustained improvements
in glycaemic control and dyslipidaemia across both generalised and
partial lipodystrophy patients included in this particular study.25 When the
clinical effects were investigated over the long-term (3 years), substantial
reductions in glycaemic variables, triglycerides and liver enzymes (alanine
aminotransferase [ALT] and aspartate aminotransferase [AST] levels) were
observed.6 When the results were analysed according to patient type,
greater benefits were observed in patients with generalised lipodystrophy
than those with partial lipodystrophy.19

EUR OP EAN EN D OCRINOLOG Y

Behind Insulin Resistance – Debugging the Endocrine System

Figure 4: Effect of metreleptin treatment on alanine aminotransferase during a 3-year treatment period6
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Used with permission from American Association of Clinical Endocrinologists ©2018.

NAFLD and NASH are features of lipodystrophy.26 In an open-label
prospective study, treatment with metreleptin (0.06–0.24 mg/kg dose,
adjusted to achieve metabolic control) resulted in a significant decrease
in the number of patients meeting the criteria for NASH versus baseline
(33% at mean 26 months on treatment versus 86% at baseline, p=0.0003)
and resulted in significant improvements in steatosis grade and
NAFLD activity scores (p<0.0001).26 In addition, there was a significant
improvement in metabolic profile, as well as ALT and AST levels. There
was no improvement in fibrosis.26
The most important effects of metreleptin in relation to lipodystrophy
appear to be its ability to decrease hunger and overall food intake.15
Further, metreleptin increases insulin sensitivity, enhancing glucose
disposal in skeletal muscle and resulting in decreased plasma glucose.15
Metreleptin also reduces serum triglycerides and hepatic steatosis.15
Long-term efficacy data from a cohort of 55 patients receiving
metreleptin treatment have demonstrated clinical benefits for glycaemic
variables, triglycerides and liver enzymes in patients with inherited or
acquired forms of generalised and partial lipodystrophy (Figures 2–4).
Long-term safety analysis of this cohort identified T-cell lymphoma in
two patients with acquired lipodystrophy who had immunodeficiency
at baseline.6 There was an additional case of a lymphoma in a 13-yearold child who had no evidence of haematological abnormalities at
baseline. There was no convincing evidence that metreleptin treatment
increased the risk of de novo development of T-cell lymphoma.6
However, the use of metreleptin in patients with acquired lipodystrophy
and haematological or bone marrow abnormalities should be carefully
considered and monitored.6 Other notable adverse events reported in
this patient population were likely attributable to underlying medical
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conditions (e.g. pancreatitis, chronic renal disease and chronic liver
disease), which are often present in patients with lipodystrophy.6
In addition, there were six reports of hypoglycaemia, all in patients
receiving concomitant insulin, suggesting this could have been due to
improved insulin sensitivity in patients receiving high doses of insulin
at the initiation of metreleptin treatment. There were also reports of
weight loss in 5% of patients, which might be expected due to the
mechanism of action of metreleptin.6
The results to date for metreleptin treatment in lipodystrophy suggest
that long-term treatment for generalised lipodystrophy is generally well
tolerated and can produce significant and sustained improvements in
glycaemic control, hypertriglyceridaemia and liver volume.27 In addition,
metreleptin treatment has been shown to significantly decrease
glycated haemoglobin (HbA1c) and triglyceride levels in patients with
partial lipodystrophy.28 Overall, these results support the hypothesis
that treating generalised lipodystrophy as a leptin deficiency syndrome
can improve the metabolic outcomes in affected patients,29 since the
metabolic complications of lipodystrophy are key factors in patient
morbidity and mortality.30 In partial lipodystrophy, not all patients have
very low leptin levels. However, administering metreleptin to patients
with low leptin or more severe metabolic complications has been
shown to reduce HbA1c and triglyceride levels.19
The current recommendations for generalised lipodystrophy include
the use of metreleptin (with diet) as a first-line treatment for metabolic
and endocrine abnormalities.16 In the EU, metreleptin is also indicated
for partial lipodystrophy in adults and children ≥12 years of age,
for whom standard treatments have failed to achieve adequate
metabolic control.28
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