Practical Guidelines for
the Diagnosis and Treatment

of Infrequent Lipodystrophies

David Araujo-Vilar

Sofia Sdnchez-lglesias
Cristina Guillin-Amarelle
Antia Ferndndez-Pombo



Practical Guidelines
for the Diagnosis and Treatment
of Infrequent Lipodystrophies



Title: Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies.

Authors: David Aratjo-Vilar, Sofia Sanchez-Iglesias, Cristina Guillin-Amarelle, Antia
Fernandez-Pombo.

Publishers: AELIP © 2020, 2nd edition.

Editors: Naca Eulalia Pérez de Tudela Canovas, Juan Carribn Tudela, David Araljo-
Vilar, José Jerez Ruiz.

Design and layout: Luis Silvestre.
ISBN: 978-84-09-25567-2.
Legal deposit: MU-1004-2020.

Printed in Totana by Gréficas Hermanos Romero.



To Celia

In memoriam






Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

David Araujo-Vilar is a professor of Medicine at the University of Santiago de
Compostela and a consultant physician in Endocrinology and Nutrition at the
University Hospital Complex of Santiago de Compostela (CHUS). Since 2003,
his clinical and research activity has been focused on infrequent lipodystrophic
syndromes and he is currently one of the most internationally distinguished ex-
perts in these diseases.

He is the director of the UETeM-Molecular Pathology Group at the Center for
Research in Molecular Medicine and Chronic Diseases (CiMUS) of the Universi-
ty of Santiago de Compostela and is the director of the Lipodystrophy Unit of the
Endocrinology Division of the CHUS.

Dr Araujo-Vilar is a member of the Board of scientific advisors of AELIP, the
President of the Governing Board of the European Consortium of Lipodystro-
phies and a member of the Governing Board of the European Lipodystrophy
Registry. He is also the President and Founder of the Spanish Society for Lipo-
dystrophies.

Dr Araujo-Vilar has published more than 40 scientific articles in this field.

Sofia Sanchez-lglesias is a Doctor in Biochemistry from the University of Santi-
ago de Compostela and a researcher in the UETeM-Molecular Pathology Group
at the Center for Research in Molecular Medicine and Chronic Diseases (Ci-
MUS) of the University of Santiago de Compostela.

Cristina Guillin-Amarelle is a Doctor of Medicine from the University of San-
tiago de Compostela, specialist doctor in Endocrinology and Nutrition and re-
searcher in the UETeM-Molecular Pathology Group at the Center for Research
in Molecular Medicine and Chronic Diseases (CiMUS) of the University of San-
tiago de Compostela.

Antia Fernandez-Pombo is a specialist doctor in Endocrinology and Nutrition
at the University Hospital Complex of Santiago de Compostela and a pre-doc-
toral researcher in the UETeM-Molecular Pathology Group at the Center for Re-
search in Molecular Medicine and Chronic Diseases (CiMUS) of the University
of Santiago de Compostela.

(s)
N



(o)
_/




Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

INDEX
[ 0] [0 o [ 1= T PP PP PPPPPTPP 9
B R 101 o T [T 4o o SRS 17
P2 I = {71 (o] o P UPRERRPR 18
3. ClaSSIfICALION .....eeiiiiiee e naee e 18
I = o (o =T ¢ 1] To] (oo 1Y PP PR TP PP 21
LT B 1= (o g (o ]I PP PPPPPPPPR 21
6. Evaluation of the generalised lipodyStrophi€s ..........ccuevieeiiiiiiiciciiiiieeee s 24
7. Congenital generalised lipodyStrophy..........ccccoiiiiiiiiiiiie e 24
8. Acquired generalised lIpOdyStrOPNY.......c..eeiiiiiiiiii e 29
9. Evaluation of the partial li[podyStrophi€s ..........ccueviiiiiiiiii e 31
10. Familial partial lipodyStrophy ... 31
11. Acquired partial lipodyStrophi€s...........uuuiiiiiiieeee e 38
11.1. Barraquer-Simons SYNAIOME ........ccoiiiiiiiiiiiiiie e 38
11.2. Lipodystrophy associated to hematopoietic stem cell transplantation ........ 39
12, COMPIEX SYNAIOMES ...ceuieiiiiiie et et ettt ettt et e et e bt e e sbre e s sateesnneeeesnneeens 41
13. Premature ageing SYNAIOMES ........ccuuriiiiiiiiiee e 41
13.1. Progerias associated to generalised lipoatrophy............cccooveeeeveiiiiiiniiinns 42
13.2. Progerias associated to partial lipoatrophy ..........cccccveiiiiiiiiiiiiieieee, 50
14. Autoinflammatory SYNArOMES ........ocuuiiiiiiiiiiee e 53
15. Localised lipodySIrOPNIES .........eiiiiiiiiiieee i 54
16. Management and monitoring of patients with lipodystrophy.............cccevieiiniieens 56
17, TrEAIMENT ... e e ee e 61
S T =) (=1 0T Lo YRR 72




(o)
N




Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

PERELIP

Asociacion Internacional de Familiares y Afectados de Lipodistrofias
www.aelip.org

Itis an honor for me to be able to participate in this prologue with all that it means
to have a guide of this significance. | write as the representative of patients and
their family members who suffer from one of the infrequent lipodystrophies. |
am the mother of Celia, a girl, my girl, who, during the 8 short years of her life,
fought against the most severe and disabling rare pathology which lay, without
our knowing, under the diagnosis of a lipodystrophy.

Since April 2012, as the President of AELIP, the International Association of
Families and People Affected by Lipodystrophy, | have worked in collaboration
with healthcare professionals, especially primary care doctors and paediatricians
and, more specifically, the specialists responsible for dealing with the problems
which attack the vital organs of those who suffer from one of the different types
of infrequent lipodystrophies which can be found in this guide.

This guide will make it possible to promptly diagnose those affected and thereby
reduce the anguish of uncertainty for whole families who, after long periods of
waiting between medical tests, disoriented and without knowing what to do or
who to consult, wait anxiously to receive what will possibly be the news which
will mark their lives and, probably, those of their descendants.

| have always believed that there should be a protocol for doctors who have to
give the diagnosis to families, aware of how difficult this part of such an intense
and dedicated profession must be.

I will always remember the effect of that appointment on our lives, how, in a
small grey room in the darkest corner of a hospital, | heard what was, and will
probably always be, the worst news of my life.

Receiving the long-awaited and longed-for diagnosis in order to possess a weap-
on against the unknown is the news that will accompany each one of the days of
the lives of those affected and of their families, who | have had the opportunity
to met in different regions and countries around the world.
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As a direct, and affected, relative, | am also a carrier of the mutation which, along with
my husband, | transmitted to our little princess, leaving her the worst of inheritances,
a rare disease known as congenital lipodystrophy, Berardinelli-Seip syndrome.

| had never heard of this disease in my life, not in our desperate search which
occupied every minute, nor even in all the information we found on the Internet.

Thus, | understand the dismay of the professionals who dealt with us in our med-
ical practice and in the hospital in search of a solution (if possible, an immediate
one) for our baby

Until that moment, going to the doctor with a baby meant coming home with a
name and a treatment and a solution to the problem. That was what | knew as
the procedure.

In those difficult times of conflicts with ourselves, as parents, we asked ourselves
how we could explain to others something which had not yet been explained to
us during the first two years of our baby’s life. We did not even know the name
of what our baby had, let alone a treatment. All we had was total uncertainty
day after day, and always the same questions: How was the pregnhancy? What
happened in the first days of her life? How did you realise that something was
wrong with her liver?

With each call we received from our immediate family, Celia’s grandparents, her
uncles and aunts, not having an answer gave us a sense of failure with our new
family. What were we doing wrong? We needed an explanation for what was
happening in order to look for the necessary means and to find our way out of
that bitter episode. We hoped to receive an immediate cure (like any illness we
had known until then) and to carry on enjoying life with our little one.

For this reason, | am writing to you and putting myself in your shoes, without
tools or procedures to follow, questioning the humanity of the professional.

Therefore, it is a comfort to be able to have at our disposal this first practical
guide for the diagnosis of lipodystrophies.

What follows in this guide has been learnt through suffering transformed into
a professional tool for the relief of those affected. The alternative is a lack of
knowledge leading us into the unknown, full of insecurity and with a negative
outlook for any family plans.

For all the FAMILIES fighting to defend themselves against the adversities en-
countered living with an infrequent lipodystrophy anywhere in the world, for
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those waiting to receive a diagnosis, this guide is of the greatest importance and
necessity for all of them and for those to come.

What would be of the hopes of the human mind without the dedication to RE-
SEARCH, one of the most invisible professions, only for the brave, who face a
lack of means and investment.

These brave people employ today’s most valuable resource, time. Time which
they invest taking away from their family time and their free time, in the quest to
meet a challenge, which sometimes, only sometimes, can be achieved.

There is only achievement and value for a few who dedicate their lives to re-
search, who will remain forever in the history of humanity.

After all the suffering, there is a light at the end of the tunnel, an opportunity to
look to the future, a hope without hope in my case and for so many others.

In our search, we encountered a professional who was already carrying out
research in the field of lipodystrophies, my dear friend Dr David Aradjo Vilar, a
Galician par excellence, endocrinologist and professor of the University of San-
tiago de Compostela and a tireless defender of disciplined and rigorous team-
work.

| am eternally grateful to Dr Araljo and to those who give the best of them-
selves, investing their knowledge and efforts in collaborative teamwork in order
to achieve goals such as these guidelines for the diagnosis of infrequent lipo-
dystrophies.

My most sincere thanks to each and every one of the people who took part.

| particularly congratulate you, our mentor in research and world-renowned ex-
pert, David Araujo Vilar, for this great and long-awaited work.

My desire is that all who read these guidelines do so responsibly and to the
benefit of all those involved, and | ask them to share them with their colleagues.

From the legacy which Celia left several of the proponents of these guidelines, |
address with emotion all those who are willing to promote this guide.

Yours, Celia’s mum

Naca Eulalia Pérez de Tudela Canovas
President of AELIP
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FEDERACION ESPANOLA DE ENFERMEDADES RARAS

Dear Friends,

It is a pleasure for me personally and for all the FEDER (Spanish Federation of
Rare Disease) family to congratulate all the professionals involved in these prac-
tical guidelines for the diagnosis and treatment of infrequent lipodystrophies.

As you know, the common characteristics of rare diseases make them difficult
to diagnose and, consequently, to treat effectively. Without going any further,
practically half of the people who live with one of these pathologies in Spain
have suffered delays in diagnosis, of which almost 20% have had to wait more
than a decade.

The consequences which arise between the appearance of the first symptoms
until a name is obtained for the disease are serious, both for the individual and
for their family and social context. Therefore, the delay in obtaining a diagnosis
deprives the patient of the necessary therapeutic intervention for the manage-
ment of the disease. This brings, as a consequence, the worsening of the symp-
toms and physical, and sometimes intellectual and psychological effects, which
could have been avoided with an early diagnosis.

A further problem in the case of genetic diseases like some of the lipodystro-
phies is that the lack of a diagnosis leads to tensions in the family, having to deal
with an uncertainty which is not exempt from risk, as new cases may arise in
children with the pathology.

To all of this can be added the fact that there is no treatment for 47% of us, or,
if there is, it is not sufficient, a situation which is greatly affected by the moment
at which the diagnosis is obtained. Indeed, the usefulness of an early diagnosis
lies in being able to guarantee a management of the disease which ensures its
appropriate prognosis.
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Throughout this process, families are obliged to go on a pilgrimage around the
health system in search of answers, thereby generating an impact on the family
economy. This situation is exacerbated by the impossibility of gaining access
to welfare benefits, the right to which depends on the existence of a diagnosis.
The resulting physical, intellectual and psychological effects are, sometimes,
irreversible both for the patient and for the family as a whole.

We are aware of the current situation and the difficulties caused by the delay in di-
agnosis, but what are the causes? One of the main causes is a lack of knowledge.

The difficulties in accessing information and the lack of coordination between
departments and professionals in primary healthcare and hospitals have a great
influence on the possibilities of putting a name to a disease.

Therefore, it is essential to put into effect guidelines such as these for training
and information specific to infrequent diseases like lipodystrophies and to create
systems of shared information to collect diagnostic activity and to bring together
the experience of professionals, patients and even administrations in a clear
example of networking.

AELIP, the International Association of Families and People Affected by Lipodys-
trophy, has managed to serve as a reference point for families and to promote
training initiatives such as the International Lipodystrophy Symposium which in-
volves all actors in this field. Furthermore, it supports different lines of research
applied to the diagnosis and treatment of these pathologies.

Since its foundation in 2012, AELIP has worked with experienced centres such
as the Endocrinology and Nutrition Department of the University Hospital Com-
plex of Santiago de Compostela, where a Lipodystrophy Unit has been set up,
led by Dr David Araujo-Vilar, who is also the force behind these guidelines.

Together with Dr Sofia Sanchez-lglesias, Dr Cristina Guillin-Amarelle, and Dr
Antia Fernandez-Pombo, he has created this essential work for families, but,
above all, for healthcare professionals who, like them, may be confronted with
a lipodystrophy.

| would like to congratulate and thank each one of them not only for their effort and
work on these guidelines but also for their daily dedication. In the area of rare dis-
eases, families need people like them, for their specialisation, for prioritising the
patients and for their commitment to increasing awareness of infrequent diseases.

In short, these Practical Guidelines for the Diagnosis and Treatment of Infre-
quent Lipodystrophies is a transversal work explaining the origin, management,
and necessities of this group of pathologies.
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On behalf of the three million people living with an infrequent disease in Spain,
those waiting to receive a diagnosis and all the associations of reference and the
collective as a whole, thank you!

It is when we join forces and work in coordination, when we bring together our
experience and knowledge that we can achieve the true transformation that our
community needs and promotes.

Thank you for making it possible.

Juan Carrion
President of FEDER and its Foundation
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1. INTRODUCTION

Etymologically, the word lipodystrophy comes from the Greek Lipo (Auro-),
which means fat, -dys (dvg-), which means bad and -troph (tpogog), meaning
nutrition; in other words, it is literally “bad nutrition of fat”. More appropriately,
it could be said that lipodystrophy refers to those disorders in which adipose
tissue, fat, is defective or altered in its structure and/or function.

The lipodystrophies are nosological entities which are, with the exception of that
associated to the human immunodeficiency virus (HIV) infection, extremely in-
frequent, but which, in general, have serious consequences for those who suffer
from them. These diseases may significantly reduce their life expectancy, are
often associated with complications in different organs and systems and always
lead to alterations in the individual’s physical appearance. Indeed, these disor-
ders can be associated to a severe form of metabolic syndrome caused by the
abnormal depot of fat which cannot be stored in the appropriate subcutaneous
tissue [Diker-Cohen 2015]. The loss of adipose tissue often results in a reduction
in leptin levels [Haque 2002], which interferes with hunger-fullness signals and
often leads to hyperphagia [Garg 2004]. The excess of calories is stored as fat in
the liver and muscular tissue, leading to insulin resistance, hypertriglyceridemia,
and fatty liver disease.

The extreme rarity of these disorders means that they are not well-known, not
only by the general public but also by doctors, including the specialists such as
endocrinologists and paediatricians, who, for obvious reasons, should be more
aware of them. All of this means that their diagnosis is often difficult and fre-
quently incorrect and late, and that curative care has not been developed. This
last aspect is closely linked to the fact that there are few research groups dedi-
cated to these diseases around the world, which is a common factor in the case
of rare diseases.

All of this is added to the fact that the clinical characterisation of lipodystrophies
is often deficient, that there is a great degree of phenotypical variability between
the different subtypes of lipodystrophy and that the aetiology is diverse (and
sometimes unknown) as are the pathogenetic mechanisms which lead to the

alteration of adipose tissue.
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Therefore, the aim of these Guidelines is to offer professionals a practical tool
for a trustworthy diagnostic approach to the more than 40 subtypes of lipodystro-
phies described to date, based on the scientific knowledge currently available,
while remaining aware that certain lipodystrophic conditions will continue to exist
in a diagnostic limbo. Furthermore, we aim to provide a therapeutic approach to
the complications associated with these disorders, bearing in mind that, to the
present time, there is no cure for lipodystrophies. Lipodystrophy associated to
HIV infection is out of the scope from these guidelines.

2. DEFINITION

In spite of the etymology of the word “lipodystrophy”, a consensus exists in
the scientific community that lipodystrophies are a heterogeneous set of dis-
orders characterised by a loss, or the disappearance, of adipose tissue once
other causes associated to wasting or weight loss have been ruled out, such
as cancer cachexia, badly-controlled diabetes, malnutrition, anorexia nervosa,
thyrotoxicosis and chronic infections [Brown 2016, Araljo-Vilar 2018]. In some
subtypes, the loss of adipose tissue in certain areas of the body is associated
with an abnormal accumulation in others. As a general rule, with rare exceptions
[Patni 2015], the loss of fat is not recovered.

3. CLASSIFICATION

Lipodystrophies may be classified according to the extension of the loss of fat
into generalised, partial and localised; and, according to their aetiology, into con-
genital and acquired. Initially, four subtypes of infrequent lipodystrophies were
established; congenital generalised lipodystrophy (CGL) or Berardinelli-Seip
syndrome, generalised acquired lipodystrophy (GAL) or Lawrence syndrome,
familial partial lipodystrophy and partial acquired lipodystrophy or Barraquer-Si-
mons syndrome [Garg 2004, Brown 2016]. Over recent years, this classification
has become more and more complex as new phenotypes have been discovered
in which the loss of adipose tissue is just one more feature of these diseases
[Araujo-Vilar 2018]. Each subtype, on the other hand, includes variants with par-
ticular clinical characteristics, different aetilogies and pathogenetic mechanisms.
An updated classification of lipodystrophies is shown in Table 1.
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Table 1. Classification of the Lipodystrophies

Congenital Type of inheritance

Generalised (Berardinelli-Seip syndrome)
Type 1 (AGPAT2) AR
Type 2 (BSCL2) AR
Type 3 (CAV1) AR
Type 4 (PTRF) AR
Associated to PPARG AR

Familial Partial
Type 1 or Kébberling syndrome AD/Polygenic
Type 2 or Dunnigan disease (LMNA) AD
Type 3 (PPARG) AD
Type 4 (PLIN1) AD
Type 5 (CIDEC) AR
Type 6 (LIPE) AR
Associated to AKT2 AD
Associated to PCYT1A AR
Associated to ADRA2A AD
Associated to MFN2 AD

Complex syndromes
Premature ageing syndromes

Associated to generalised lipoatrophy

Hutchison-Gilford syndrome (LMNA) AD (de novo)
Mandibuloacral dysplasia type B (ZMPSTE24) AR
Néstor-Guillermo syndrome (BANF1) AR
Atypcial progeroid syndrome* (LMNA) AD (de novo)
MDPL (POLD1) AD (de novo)
Marfan syndrome with neonatal progeroid

syndrome-like lipodystrophy (FBN1) AD (de novo)
Cockayne syndrome (ERCC6, ERCCS8) AR
Keppen-Lubinsky syndrome (KCNJ6) AD (de novo)
Ruijs-Aalfs syndrome (SPRTN) AR

*Atypical progeroid syndrome can also be associated to partial lipodystrophy or may not present with

lipodystrophy.
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Associated to partial lipoatrophy

Mandibuloacral dysplasia type A (LMNA) AR
Werner syndrome (RECQL2/WRN) AR
SHORT (PIK3R1) AD
Bloom syndrome (BLM) AR
Fontaine Progeroid Syndrome (SLC25A24) AD
Neonatal Progeroid syndrome (Wiedemann-
Rautenstrauch syndrome)(POLR3A, CAV1) AR
Autoinflammatory syndromes
Nakajo-Nishimura syndromes (PSMB8) AR
JMP (PSMBS8) AR
CANDLE syndrome (PSMB8) AR
Acquired
Generalised

Acquired generalised lipodystrophy or Lawrence syndrome
Autoimmune variant
Variant associated to panniculitis
Idiopathic variant
Partial
Associated to HIV infection
Partial acquired lipodystrophy, cephalocaudal or Barraquer-Simons
Syndrome associated to transplantation of hematopoietic stem cells
Localised
Associated to drugs (insulin, corticoids,pegvisomant)
Semicircular lipoatrophy
Lipodystrophy centrifugalis abdominal infantilis
Associated to panniculitis
Idiopathic

In brackets the gene responsible for each subtype of congenital lipodystrophy.

AD: Autosomal dominant; AR: Autosomal recessive; MDPL: mandibular hypoplasia, deafness, pro-
geroid features, and lipodystrophy syndrome; SHORT: acronym of S = stature; H = hyperextensi-
bility of joints or hernia (inguinal) or both; O = ocular depression; R = Rieger anomaly; T = teething
delay; JMP: joint contractures, muscle atrophy, microcytic anaemia, and panniculitis-induced lipo-
dystrophy; CANDLE, chronic neutrophilic dermatosis with lipodystrophy and elevated temperature.

(=)
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4. EPIDEMIOLOGY

As these diseases are extremely infrequent, it is difficult to establish their real
prevalence. However, it has been estimated, based on searches of large elec-
tronic medical databases that, excluding the lipodystrophy related with HIV in-
fection, the worldwide prevalence of lipodystrophy is 3.07 cases per million in-
habitants (0.23 cases per million for generalised lipodystrophy [GL] and 2.84
cases per million for partial lipodystrophy [PL]). Through bibliographic research,
it had been estimated that the prevalence of GL and PL was 0.96 and 1.67 cases
per million inhabitants, respectively [Chiquette 2017].

5. DIAGNOSIS

The diagnosis of a lipodystrophy is based on the patient’s medical history, phys-
ical examination and the evaluation of body composition, with certain laboratory
results proving useful in some cases. Despite the fact that no diagnostic criteria
have been established for lipodystrophy based on the measurement of skin folds
(Table 2) or on imaging techniques such as dual-energy X-ray absorptiometry
(DXA) (Table 3) and magnetic nuclear resonance, these tests may prove to be of
assistance in the diagnosis [Garg 1992, Agarwal 2003, Misra 2003, Misra 2004,
Guillin-Amarelle 2016]. Although the serum levels of leptin in patients with lipo-
dystrophy tend to be low (either in absolute levels or in relation to the body mass
index), it is not possible to use a defined threshold of leptin serum concentration
to discard the diagnosis of lipodystrophy [Brown 2016].

Table 2. Skin folds [Brown 2016]. Thickness values of the skin fold below the 10"
percentile may increase the suspicion of lipodystrophy, although they are not diagnostic.

Location Adult males (1) | Adult females (2) Boys (3) Girls (4)
Thorax (mm) 5 6.5 3 4
Axilla (mm) 6 6.5 3 4
Subscapular (mm) 8 7.5 4 5
Suprailiac (mm) 6 6 4 7
Abdomen (mm) 9 12.2 5 6.5
Triceps (mm) 6 11 6 7.5
Thigh (mm) 8 19.5 9 13
Calf (mm) ND 6 8

(20)
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The values for adult males are for men from 18 to 61 years of age (1); the values
for adult females are for women from 18 to 55 years of age; the values for boys
are for prepubescent boys from 4 to 10 years of age and the values for girls are
for prepubescent girls from 4 to 10 years of age (3 and 4).

Table 3. Percentage of body fat in slim healthy adults quantified via DXA.

Location Men Women
Total 12 23
Trunk 10 18
Upper limbs 12 23
Lower limbs 12 26

Values corresponding to the 1stdecile obtained from 17 healthy males of between 20 and
40 years of age, with BMI between 18.7 and 24.9 kg/m? and from 23 healthy females of
between 23 and 42 years of age, with BMI between 18 and 24.6 kg/m?2.

As will be seen below, the generalised lipodystrophies normally present an easily
recognisable phenotype, whereas the presentation of the partial lipodystrophies
may be more subtle, being recognised, in part, by a characteristic pattern of fat
loss [Garg 2004, Misra 2004, Vantyghem 2012]. Patients with lipodystrophy may
present with the illness in childhood or in adulthood and the onset can be sudden
or insidious. With few exceptions [Patni 2015], one of the main characteristics of
lipodystrophies is that the fat loss is never recovered.

Lipodystrophy must be suspected when a patient presents a congenital
deficiency of subcutaneous adipose tissue (SAT), a progressive loss of SAT
associated with autoimmune diseases, a loss of SAT in the limbs associated
with the accumulation of fat in other areas of the body or the deficiency of
SAT associated with other somatic anomalies [Garg 2011]. Additional physical
characteristics may include growth delay (in children), prominent muscles
and veins, acanthosis nigricans, eruptive xanthomatosis and Cushingoid and
acromegaloid appearance [Brown 2016]. The diagnosis can be reinforced if the
patient also presents diabetes mellitus associated to severe insulin resistance,
severe hypertriglyceridemia, non-alcoholic fatty liver disease or polycystic ovary
syndrome (PCOS) [Garg 2011].

The differential diagnosis in the case of the generalised lipodystrophies
includes a range of diverse conditions of severe weight loss [Garg 2011,
Araujo-Vilar 2018, Guillin-Amarelle 2018], such as the following: anorexia
nervosa, starvation, malnutrition, uncontrolled diabetes, thyrotoxicosis, adrenal
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insufficiency, cancer cachexia and severe chronic infection. In the case of certain
subtypes, such as Berardinelli-Seip syndrome, and, to a lesser extent, Lawrence
syndrome, the associated hyperinsulinemia may bring about the appearance
of acromegaloid features beginning in puberty/adolescence, which may be
confused with acromegaly.

The partial lipodystrophies, particularly familial partial lipodystrophy, may be
confused with Cushing syndrome due to the accumulation of fat in the face
and neck. However, Cushing syndrome does not present with lipoatrophy in
the limbs, but rather with an abnormal distribution of body fat [Rockall 2003].
Neither does it present with muscular hypertrophy, well-defined musculature or
flebomegaly. In any case, with both the suspicion of chronic hypercortisolism
and of acromegaly, the corresponding biochemical exams enable them to be
discarded with certainty.

Severe acanthosis nigricans is usually a cutaneous stigma present in many
lipodystrophies, particularly in Berardinelli-Seip syndrome and Lawrence
syndrome. Other conditions which present with severe acanthosis nigricans
are the syndromes of severe insulin resistance, particularly Donohue syndrome
(or leprechaunism) and Rabson-Mendenhall syndrome, both of which are
caused by biallelic variants in the gene which encodes the insulin receptor
(INSR). Although Donohue syndrome can be associated to a certain degree of
lipodystrophy in the limbs, it presents a particular phenotype which is difficult
to confuse with Berardinelli-Seip syndrome. These children have craniofacial
anomalies which include elfin face, large low-set ears, growth delay, reduced
muscle mass, hypertrichosis, pachydermia, virilisation and insulin resistance with
paradoxical hypoglycaemia. Death often occurs in early childhood. On the other
hand, children with Rabson-Mendenhall syndrome have much longer survival
rates (15-20 years) and have rugged faces with prognathism, dental crowding,
short stature, thin but not lipoatrophic bodies, extremely severe acanthosis
nigricans, phallic enlargement or clitoromegaly, paradoxical hypoglycaemia,
hyperinsulinemia and diabetic ketoacidosis [West 1975].

(=)
N



Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

6. EVALUATION OF THE GENERALISED LIPODYSTROPHIES

The generalised lipodystrophies include congenital generalised lipodystrophy
(CGL or Berardinelli-Seip syndrome), acquired generalised lipodystrophy (AGL
or Lawrence syndrome) and certain premature ageing disorders (progeroid
syndromes). One key, but not pathognomonic, characteristic for establishing the
presence of CGL is the age at which weight loss begins, usually at birth or during
the first year of life. However, in some subtypes of CGL (Lawrence syndrome
and some progeroid syndromes), the lipodystrophy appears during childhood.

7. CONGENITAL GENERALISED LIPODYSTROPHY

(Berardinelli-Seip syndrome)

Berardinelli-Seip syndrome is an autosomal disorder associated with an almost
total absence of adipose tissue (Fig. 1) [Brown 2016, Agarwal 2003]. The loss
of adipose tissue becomes evident at birth or during the first year of life in
subtypes 1 [MIM: #608594) and 2 (MIM: #269700), whereas usually it appears
during childhood in subtypes 3 and 4 [Brown 2016]. Patients have a well-defined
musculature, phlebomegaly in both upper and lower limbs (Fig. 2), and acanthosis
nigricans with acrochordons (Fig. 3), which commonly extend beyond the axillae
and the neck and affect the groin, the elbow bend and the abdomen [Brown
2016, Hussain 2016]. Patients may exhibit acromegaloid features (Fig. 4), which
normally become more evident from adolescence. Abdominal distension (Fig.
5), due to an enlarged liver, is generally observed from early childhood: Hernias
or umbilical protrusion are common (Fig. 6) [Garg 2011, Brown 2016]. In some
cases, hypertrichosis is characteristic (Fig. 7) [Garg 2011]. A voracious appetite
is common in early childhood [Garg 2004]. Generally, these patients present
accelerated growth during the early years of life, although their final height
corresponds to the height of their parents.

From the first months with the disease, patients with CGL may present with hy-
pertriglyceridemia, which, if severe, can lead to acute pancreatitis [Garg 2011].
Plasma levels of insulin are high and nonketotic diabetes, which generally ap-
pears during the second decade of life, is often extremely difficult to control,
even with high doses of insulin [Garg 2011]. Without treatment, the prognosis for
patients with CGL is poor (death before the age of 50) due to liver cirrhosis, the
cardiovascular complications of diabetes, pancreatitis, sepsis or terminal kidney
disease [Garg 2011].
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Figure 1. Berardinelli-Seip syndrome type 2

Figure 2. Phlebomegaly in a patient with Berardinelli-Seip syndrome type 2.
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Figure 3. Acanthosis nigricans and acrochordons in a patient with Berardinelli-Seip
syndrome type 2.

Figure 4. Acromegaloid features in two patients with Berardinelli-Seip syndrome type 2.
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Figure 5. Abdominal distension due
to hepatomegaly and hypertrichosis
in a patient with Berardinelli-Seip
syndrome type 2.

The average leptin level in CGL patients is
1 ng/ml and is low independently of sex and
age [Lima 2016].

In some cases, the family history and, almost
always, the phenotypical features of the pa-
tients will help in the diagnosis of Berardinel-
li-Seip syndrome. The presence of consan-
guinity must be taken into account, as the
existence of blood connections in the parents
of the propositus would be suggestive of Be-
rardinelli-Seip syndrome, and the presence
of an affected sibling would almost confirm
the diagnosis, as long as certain phenotypi-
cal features are associated.

Certain clinical characteristics may be as-
sociated with the gene responsible for each
subtype of Berardinelli-Seip syndrome
[Brown 2016, Garg 2011] (Table 1), although
genetic tests are required in order to confirm
the subtype of CGL [Brown 2016]. Subtypes
1 (associated to the AGPAT2 gene) and 2
(associated to the BSCL2 gene) of CGL are
the most common, with subtype 2 having the
most severe metabolic complications and an

Figure 6. Umbilical protrusion in two patients with Berardinelli-Seip syndrome type 2.

(=)
N



Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

association with a slight-medium degree of intellectual disability [Garg 2011,
Agarwal 2003]. In particular, some variants in BSCL2 are associated with a le-
thal encephalopathy in early childhood [Guillén-Navarro 2013]. Patients with
variants in BSCL2 have lower levels of leptin and an earlier onset of diabetes
than in the other subtypes [Agarwal 2003]. Hypertrophic cardiomyopathy has
been described, as has accelerated growth in subtypes 1 and 2 and, in women,
clitoromegaly and precocious puberty [Garg 2011, Van Maldergem 2002]. On
the other hand, mechanical fat (for example on the palms and soles of the feet)
is sometimes reduced in subtype 2, while it is conserved in other subtypes [Garg
2011, Simha 2003].

Additional clinical characteristics, such as contraction response to muscle per-
cussion, muscular weakness, atlantoaxial instability, sometimes malign cardiac
arrhythmias, osteopenia, distal metaphyseal deformation with joint stiffness, hy-
pertrophic pyloric stenosis and oesophageal dysmotility can be very sugges-
tive of Berardinelli-Seip syndrome type 4 (MIM: #613327) [Hayashi 2009, Rajab
2010], associated to variants in the PTRF gene. Recently, Sorkina et al. [2020]
have reported a case of type 4 CGL in whom lipodystrophy appeared since
the first months of life, with particular associated co-morbidities as vitamin D
deficiency, hypocalcemia, bilateral cataracts and hyperuricemia Certain biallelic
variants in the PPARG gene have been associated to congenital generalised li-
podystrophy, which presents with refractory diabetes, hypertriglyceridemia, pan-
creatitis, irregular menstruations and kidney failure [Dyment 2014].

-

Figure 7. Hypertrichosis in a patient with Berardinelli-Seip syndrome type 2.

()
N



Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

Celia’s encephalopathy or progressive encephalopathy with/without lipodystro-
phy (PELD, MIM: #615924) is an extremely rare subtype of Berardinelli-Seip
syndrome type 2 due to the variant c.985C>T in the BSCL2 gene [Guillén-Na-
varro 2013]. This disease is characterised by an extremely severe epileptic en-
cephalopathy which appears at 2 years of age as a psychomotor retardation and
which, from 3-4 years of age, manifests with a neurological regression particular-
ly affecting language and, later, cognitive and motricity capacities. At around 4-5
years of age, myoclonic epilepsy normally appears, which is extremely difficult to
control pharmacologically. Death occurs between 7 and 9 years of age as a con-
sequence of the neurological disorder. In homozygous patients, lipoatrophy is
not so apparent as in compound heterozygous patients. However, the metabolic
and hepatic alterations of Berardinelli-Seip syndrome (hypertriglyceridemia, low
HDL cholesterol, insulin resistance, fatty liver disease) are present from the first
months after birth. Other variants in BSCL2 have been reported related with
PELD [Sanchez-Iglesias 2019, Pedicelli 2020].

8. ACQUIRED GENERALISED LIPODYSTROPHY

(Lawrence syndrome)

Compared with CGL, AGL has a much later onset (childhood or adolescence)
and is more common in women than in men (proportion 3:1) (Fig. 8) [Misra 2003,
Araujo-Vilar 2018]. The loss of adipose tissue during childhood or adolescence,
affecting almost the entire body, preceded or followed by autoimmune manifes-
tations in other organs, is extremely suggestive of AGL [Brown 2016]. Initially,
subcutaneous fat loss may occur in limited areas of the body but tends to gen-
eralise with the progression of the disease over the course of weeks, months or
years. On occasions, the loss of facial fat is not initially present, although it gen-
erally occurs with time. In some cases, AGL is a phenocopy of Berardinell-Seip
syndrome.

Insulin-resistant diabetes, severe hypertriglyceridemia, fatty liver disease and the
stigmas of insulin resistance are common comorbidities of Lawrence syndrome.
Hyperinsulinemia and low leptin levels in plasma are typically present. The loss
of fat in the palms and soles of the feet has been reported in approximately a
third and half of patients, respectively [Misra 2003]. In some patients, renal tubu-
lar lipidosis and focal glomerulosclerosis have been reported [Giralt 2017]. As it
is an acquired disease, there is no family history of lipodystrophy in these cases,
although the presence of other autoimmune diseases in relatives may help in the
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Figure 8. Patient with Lawrence syndrome

diagnosis. The activation of the clas-
sical complement pathway and low
levels of complement C4 have been
associated with low levels of leptin
and adiponectin and with the destruc-
tion of adipocytes and lipodystrophy
in these patients [Savage 2009].

Three subtypes of AGL (associated
to panniculitis, autoimmune and idio-
pathic) have been proposed [Misra
2003]. The onset of the lipodystro-
phy has been associated with the
appearance of panniculitis in ~ 25%
of cases and with the presence of
other autoimmune diseases in ano-
ther 25%, whereas no specific cau-
ses have been able to be identified
in the majority of cases (idiopathic
subtype). Patients who develop AGL
in association with an autoimmune
disease tend to be older than those
with other subtypes [Misra 2003]. In
particular, juvenile autoimmune der-
matomyositis has been associated
with AGL [Huemer 2001]. The disco-

very of the first autoantibody (anti-perilipin 1) related with the aetiology of certain
cases of Lawrence syndrome has recently been published [Corvillo 2018]. In
accordance with an analysis of a series of cases, the disease associated to
panniculitis can progress more slowly than autoimmune or idiopathic AGL, with
a lower prevalence of diabetes and hypertriglyceridemia [Misra 2003].

Recently, it has been reported some cases of acquired generalised lipodystro-
phy after treatment with anti-programmed cell death-1 (anti-PD-1) antibodies
(nivolumab, pembrolizumab) for metastatic melanoma or other types of cancer.
These patients presented with a rapidly progressive generalized loss of subcu-
taneous adipose tissue, diabetes associated with severe insulin resistance and
undetectable plasma leptin [Falcao 2019, Jehl 2019, Gnanendran 2020].
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9. EVALUATION OF THE PARTIAL LIPODYSTROPHIES

The distribution of fat loss, the age of onset, certain phenotypical features and
family history are determining factors in the diagnosis of the subtypes of partial
lipodystrophy, which include congenital and acquired disorders (Table 1).

10. FAMILIAL PARTIAL LIPODYSTROPHY

Familial Partial Lipodystrophy (FPLD) includes a set of disorders which share
a Cushingoid appearance and a variable association with an excess of body
weight. A loss of subcutaneous fat in the limbs and the gluteal region, which
usually appears during childhood or puberty in women and later in men, associ-
ated with the accumulation of fat in the face, neck and intra-abdominal region, is
extremely suggestive of FPLD [Garg A 2011b].

Up to 10 subtypes of FPLD have been reported depending on the responsible
gene (Table 1).

FPLD type 1 (Kdbberling syndrome, MIM: %608600) is a hereditary variety with
an early onset (childhood/adolescence), although it may begin in early adulthood.
To date, no specific genes responsible for this disorder have been identified,
with the suggestion of a dominant or polygenic inheritance pattern [Kobberling
1986, Guillin-Amarelle 2016, Lotta 2017]. The diagnosis of FPLD type 1 is chal-
lenging as it can easily be confused with android obesity in women associated
to metabolic syndrome. Patients with FPLD type 1 are generally obese, present
with diabetes and hypertriglyceridemia, and have a significant accumulation of
abdominal fat with more evident lipoatrophy in the buttocks, hips and lower limbs
(Fig. 9) [Guillin-Amarelle 2016]. Although it is not always the case, acanthosis
nigricans may be present. The disease can be part of a spectrum which includes
essential central obesity and specific cut-off points have been proposed for the
thickness and distribution of subcutaneous fat (K6B index), which may be useful
when distinguishing between Kbdbberling syndrome and androgenic obesity in
women [Guillin-Amarelle 2016]. Due to the characteristic distribution of fat in
obese men (predominantly central) and the absence of a specific responsible
gene, it is not possible to diagnose this disorder in men.

FPLD type 2 or Dunnigan disease (MIM: #151660) [Guillin-Amarelle 2018] fol-
lows an autosomal dominant inheritance pattern. The classical phenotype of
Dunnigan disease is associated to variants in exon 8 of the LMNA gene (Fig.
10), although many other variants in other exons have been reported. In its clas-
sical form, fat loss begins around puberty in women, affecting the limbs, trunk,
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Figure 9. Patient with Kdbberling syndrome

hips and buttocks. Strikingly, these patients have an accumulation of fat in the
face, neck, axillae, interscapular region, the visceral abdominal area and the
labia majora [Bidault 2011]. In men, this pattern of fat loss appears much later
and is less evident [Araujo-Vilar 2003]. Indeed, affected men are generally diag-
nosed based on their female relatives.

Their musculature is well-defined, and muscular hypertrophy in the calves may
even be present (Fig. 11). This well-defined and augmented musculature, along
with the particular distribution of fat, confer an android appearance upon these
women [Brown 2016, Ji 2013]. Phlebomegaly is common in the upper and lower
limbs (Fig. 12) and their hands are normally broad and with short fingers.

These patients present metabolic, cardiovascular, hepatic and pancreatic co-
morbidities.

Patients with FPLD type 2, in particular women, commonly present precocious
insulin resistance [AraUjo-Vilar 2003], which can occasionally be associated to
acanthosis nigricans and acrochordons (Fig. 13), and which may lead to nonke-
totic diabetes in adulthood. Hypertriglyceridemia is frequent and may be severe,
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leading occasionally to episodes of acute pancreatitis. However, in our experi-
ence, lifestyle, particularly diet, has a big influence on the appearance of these
complications. Furthermore, HDL cholesterol is normally low. Fatty liver disease
is common and is generally associated with high plasma levels of aminotrans-
ferases, with infrequent liver cirrhosis [Ludtke 2005]. Affected women present
gynaecological disorders such as PCOS, gestational diabetes, miscarriages, and
foetal death [Vantyghem 2008] and a higher risk of cardiovascular disease [Hege-
le 2001], as well as muscular pain [Bidault 2011]. The presence of subcutaneous
lipomas, albeit not in all patients, could lead the clinician to suspect Dunnigan
disease in the context of an FPLD phenotype (Figure 14) [AraUjo-Vilar 2012].

The cardiovascular spectrum of this lipodystrophy is broad, including early ath-
erosclerotic cardiovascular disease, alterations in the heart rate, valvulopathies
and hypertrophic cardiomyopathy [Hegele 2001, Vantyghem 2004, AraGjo-Vilar
2008, Bidault 2013, Andre 2015]. Alterations in the heart rate are more frequent
in these cases due to variants in LMNA other than codon Arg482 [Kwapich 2018].

; 3
e A

S ; Figure 11. Hypertrophy of the calves
Figure 10. Patient with Dunnigan disease in a patient with Dunnigan disease
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The prevalence of metabolic alterations and atherosclerotic vascular disease is
conspicuously more common in women than in men [Garg 2000]. On the other
hand, there has been a recent report of an anticipation phenomenon in relation
to the metabolic complications of Dunnigan disease [Jeru 2017].

The family history (dominant vs. recessive) and certain phenotypical features
and associated disorders (valvulopathies, myocardial hypertrophy and/or disor-
ders of the cardiac conduction system) can guide the molecular diagnosis. Other
laminopathies (Emery-Dreifuss muscular dystrophy, limb-girdle muscular dystro-
phy and familial dilated cardiomyopathy) can also be associated with FPLD type
2 or may even be present in other members of the family [Subramanyam 2010,
Guillin-Amarelle 2018b]. Therefore, a thorough cardiac and muscular evaluation
is recommended, even of family members with no evident phenotype. Variants
in exons other than 8 in LMNA may lead to atypical forms of FPLD type 2, in
which the lipodystrophy is less evident, or can even be confused with Kébberling
syndrome.

Leptin serum levels tend to be low in the familial partial lipodystrophies, although
no specific threshold has been defined as a diagnostic criterion [Brown 2016].

Figure 12. Flebomegaly in a female patient with Dunnigan disease
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Figure 13. Acanthosis nigricans in a
patient with Dunnigan disease

Figure 14. Lipomas in a patient with
Dunnigan disease
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FPLD type 3 (MIM: #604367) [Barroso 1999, Agarwal 2002] follows an autoso-
mal dominant inheritance pattern. The lipoatrophy appears during adolescence
or in early adulthood, affecting the limbs, buttocks and hips. Although it is not
always the case, there may be an accumulation of fat in the face, neck and su-
prascapular region, as well as in the abdominal region. Muscular hypertrophy
has also been described, particularly in the forearms and calves, along with
amenorrhea, hirsutism and acanthosis nigricans. Severe and badly-controlled
hypertension may also occur and eclampsia in pregnancy, [Al-Shali 2004, Hege-
le 2006, Francis 2006, Auclair 2013]. Cardiometabolic complications are nor-
mally severe [Semple 2006]. However, differentiating characteristics include the
presence of some subcutaneous fat in the upper arms, without phlebectasia and
a less prominent musculature in the arms and calves.

FPLD type 4 (MIM: #613877), associated to variants in the PLIN1 gene, follows
an autosomal dominant pattern of inheritance. Lipoatrophy appears in childhood
or in adulthood with the possible accumulation of facial fat. These patients also
present insulin-resistant diabetes, acanthosis nigricans, severe hypertriglycer-
idemia, hypertension and fatty liver disease [Gandotra 2011]. The lipoatrophy
predominantly affects the gluteal region and the lower limbs, although a reduc-
tion in subcutaneous adipose tissue in the trunk and upper limbs has also been
observed. These patients also present muscular hypertrophy, which is more
notable in the lower limbs. Their facio-cervical adipose tissue may be normal,
although 2 patients have had a Cushingoid appearance. Two patients have pre-
sented ovarian dysfunction, with chronic oligomenorrhea and hyperandrogenae-
mia, respectively.

FPLD types 5 and 6 are recessive disorders with only a few cases having been
notified. FPLD type 5 (MIM: #615238) appears in early childhood, while type 6
does so in adulthood.

To date, only one case of FPLD type 5, due to a variant in the CIDEC gene, has
been published [Rubio-Cabezas 2009]. In this patient, the absence of fat depos-
its in the buttocks, hips and lower limbs and the preservation of visceral, neck
and axillae fat and muscular lower limbs were observed by way of magnetic nu-
clear resonance. The patient presented acanthosis nigricans and diabetes mel-
litus prone to ketosis, along with severe dyslipidaemia with hypertriglyceridemia
and secondary pancreatitis and hepatomegaly in relation to fatty liver disease.

FPLD type 6 (MIM: #615980) [Farhan 2014, Carboni 2014, Zolotov 2017] is a
late-onset (2"-3 decade) partial lipodystrophy due to biallelic variants in the
LIPE gene which is associated with multiple lipomatosis and with abnormal ac-
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cumulations of fat in the neck, supraclavicular area, axillae, the area below the
triceps, back, abdomen and labia majora. The lipoatrophy mainly affects the but-
tocks, hips and lower limbs. Strikingly, these patients may present progressive
muscular dystrophy which manifests itself as proximal weakness in the lower
limbs, although it can also affect the shoulder girdle and lead to an increase
in creatine kinase and dystrophic changes in the muscular biopsy. As in the
rest of the FPLDs, diabetes mellitus, hypertriglyceridemia and fatty liver disease
appearing in adulthood are not uncommon. Ophthalmological investigations
revealed numerous auto-fluorescent drusen-like retinal deposits in all patients
[Sollier 2020].

FPLD associated to PCYT1A follows an autosomal recessive inheritance pat-
tern [Payne 2014] and only 2 cases have been described to date. The onset of
the phenotype is precocious, during childhood, with lipoatrophy affecting the
arms, legs and buttocks, and the preservation of fat in the trunk, dorsocervi-
cal and submandibular regions and in the mons pubis and labia majora. Unlike
other subtypes of FPLD, this subtype presents with short stature and muscular
atrophy. Diabetes secondary to insulin resistance appears in the second decade
of life. These patients present hypertriglyceridemia, low concentrations of HDL
cholesterol, hypertransaminasemia and severe fatty liver disease.

FPLD associated to ADRA2A follows an autosomal dominant inheritance pat-
tern [Garg 2016] and, to date, 3 patients have been identified as belonging to
the same pedigree. The disorder appears in adolescence and is characterised
by a marked loss of subcutaneous fat in the upper and lower limbs (including the
soles of the feet), in the anterior region of the trunk and hips, as well as in the
cranium and the orbits. Furthermore, these patients present an increase of fat
in the face and neck, both in the anterior and posterior regions, in the posterior
cervicothoracic region and the intra-abdominal region, whereas perirenal and
posterior intraperitoneal fat is preserved. They also present muscle hypertrophy
in the limbs and acanthosis nigricans. Metabolic complications (diabetes and
dyslipidaemia) and arterial hypertension appear in the 39-4"" decade of life. The
oldest patient studied also presented hirsutism, oligomenorrhea and precocious
cardiovascular disease.

FPLD associated to MFN2 [Sawyer 2015, Rocha 2017, Capel 2018] is an au-
tosomal recessive disorder beginning in childhood or adolescence associated to
the variant p.Arg707Trp in the mitofusin-2 protein in homozygosis or compound
heterozygosis. It is characterised by the presence of lipomatous masses in the
upper part of the body, which may be large in size and can compromise the re-
spiratory tract, associated to a loss of adipose tissue in the gluteofemoral region,
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forearms and lower limbs. It is also frequently associated to early-onset periph-
eral axonal neuropathy and secondary contractures in the feet.

Women may present primary amenorrhea in relation with hypogonadotropic hy-
pogonadism, delayed bone age, delay in the development of secondary sexual
characteristics and small uterus.

Other clinical characteristics which may be present include greater muscula-
ture in the limbs, phlebomegaly, extremely increased appetite, male-pattern hair
growth, acanthosis nigricans, and cramps in the legs after exercise and burning
and tingling sensations in the hands and feet. Metabolically, they present insulin
resistance with hyperinsulinemia and hypertriglyceridemia with low HDL choles-
terol. In spite of the fact that these patients are of normal weight or are obese,
leptin and adiponectin plasma levels are extremely low.

11. ACQUIRED PARTIAL LIPODYSTROPHIES
11.1 Acquired Partial Lipodystrophy (APL) or Barraquer-Simons syndrome

Barraquer-Simons syndrome is an extremely rare disorder of unknown (possibly
autoimmune) aetiology, characterised by a cephalocaudal loss of SAT. It is more
common in women than in men (relation 4:1) (Fig. 15), and the fat loss generally
begins in childhood or adolescence, sometimes following a viral infection. The
fat loss initially affects the head, giving children an aged appearance, advancing
towards the scapular girdle, the upper limbs and trunk [Brown 2016] in a process
which may last weeks, months or years. When an affected woman gains weight,
she accumulates fat in the hips and lower limbs, presenting a unique APL phe-
notype. Fat deposits in the breasts and different areas of the body have also
been described. The fat in the gluteal region, bone marrow, orbits and mediasti-
nal region is not affected. Intermuscular, intraperitoneal and perirenal fat is also
normal. The arms have well-defined musculature and apparent phlebomegaly.
Acanthosis nigricans is generally absent [Misra 2004]. Although the aetiology of
APL is unknown, the presence of other autoimmune diseases may be of help in
confirming the diagnosis, particularly membranoproliferative glomerulonephritis
(MPGN), which may cause kidney failure [Brown 2016].

Although it has historically been considered that metabolic complications are not
particularly relevant in this subtype of lipodystrophy [Misra 2004], a recent study
suggests that these complications have been underestimated [Akinci 2015]. Pa-
tients tend to have low serum levels of complement C3 and leptin and the C3
nepbhritic factor is detectable [Misra 2004].
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Figure 15. Patient with Baraquer-Simons syndrome

As mentioned above, a characteristic feature of this condition is its association
with MPGN, which affects approximately a third of patients (Misra, 2004). In
general, these patients do not present clinical evidence of kidney disease or
anomalies in kidney function until 10 years after the beginning of the loss of
adipose tissue. Autoimmune diseases and antinuclear and anti-DNA antibodies
have been detected in several patients. Morbidity and mortality in this disorder
is fundamentally related with kidney impairment and the autoimmune diseases
with which it is often associated.

11.2. Partial lipodystrophy associated to hematopoietic stem cell trans-
plantation in childhood

Several reports have described a pattern of abnormal subcutaneous and viscer-
al fat among patients subjected to whole body radiotherapy, including survivors
of childhood cancer (leukaemia, retinoblastoma) and those who have received
hematopoietic stem cell transplantation [Adachi 2013, Wei 2015, Adachi 2017].
This lipodystrophy is added to the high risk of developing endocrinopathies and
metabolic disorders such as delayed complications following hematopoietic stem
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Figure 16. Patient with partial lipo-
dystrophy associated with hemato-
poietic stem cell transplantation

Treatment of Infrequent Lipodystrophies

cell transplantation. Due to the low lean mass
of the patients, this syndrome is known as “li-
podystrophic and sarcopenic” [Adachi 2013].
In these patients, lipoatrophy is notable in the
gluteal regions and in the limbs, whereas fat is
preserved in the cheeks, neck and abdomen.
This is associated with a greater deposition
of visceral fat, insulin resistance and hypertri-
glyceridemia. These characteristics are similar
to those of FPLD (Fig. 16).
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12. COMPLEX SYNDROMES

Complex lipodystrophic syndromes are those in which the lipoatrophy is just one
more component (not necessarily the most relevant one) of a constellation of
signs and symptoms reflecting alterations in different tissues, organs and sys-
tems and which commonly present dysmorphic characteristics. They include the
premature ageing syndromes and certain autoinflammatory syndromes.

13. PREMATURE AGEING SYNDROMES (Progerias)

The progeroid syndromes are characterised by the presence of general prema-
ture ageing stigmas, such as alopecia, greying, osteoporosis, joint contracture,
a variable degree of lipodystrophy, loss of muscle mass and senile changes in
the skin, among others [Conneely 2012, Lessel 2015 Carrero 2016] (Table 4).

Table 4. Signs suggestive of premature ageing conditions

Delayed development
Short stature

Alopecia

Premature greying

Bulging eyes

Cataracts

Micrognathia

Sensorineural hearing loss
Dental crowding
Sharp/bulbous nose
High-pitched, nasal voice
Taut skin, dry, with wrinkles
Sclerodermiform lesions
Leukomelanodermic macules
Ungueal dysplasia

Sloping shoulders
Acroosteolysis
Osteopenia-osteoporosis
Joint contractures

Low muscle mass
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Certain characteristics, such as short stature, alopecia, grey hair, sclerodermi-
form changes in the skin, cutaneous atrophy, ungueal dystrophy, osteoporosis,
acro-osteolysis, joint contractures, small jaw, dental crowding, low muscle mass
and mottled pigmentation of the skin, among others, are highly suggestive of
premature ageing syndromes [Hennekam 2006].

13.1. Progerias associated to generalised lipoatrophy
Hutchison-Gilford syndrome

The phenotypical characteristics of Hutchinson-Gilford
progeria (HGPS) (MIM: #176670) are similar inde-
pendently of sex and ethnicity. This disease is due to
de novo heterozygous variants in LMNA gene, being
one of the most frequent a single-base substitution, a
C-to-T transition resulting in a silent gly-to-gly change
at codon 608 within exon 11 (p.(G608G)). Patients are
normal at birth, with the particular physical appear-
ance beginning to become evident at 18-24 months
and including a wide range of signs and symptoms
[Hennekam 2006, Mazereeuw-Hautier 2007, Merideth
2008]: delayed growth, short stature, low body weight,
incomplete (prepubertal) sexual development, a dis-
proportionately large head with and high-arched pal-
ate, sharp nose, micrognathia, nasal or high-pitched
voice, circumoral cyanosis, osteolysis of the mandi-
ble and dental crowding, generalised lipodystrophy
which preserves intra-abdominal fat, acroosteolysis,
osteopenia and osteoporosis, reduced muscle mass
and joint stiffness with restricted mobility (Fig. 17).
The skin becomes thinner and sclerotic, with many
leukomelanodermic macules (Fig. 18) and prominent
vasculature. Additional clinical characteristics are sen-
sorineural conductive or high frequency hearing loss,
premature alopecia with the absence of eyebrows and
eyelashes, prominent veins in the scalp and ungueal
dystrophy (Fig. 19). Malign neoplasms are not typical
in HGPS.

Figure 17. Patient with Hutchinson-Gilford Progeria
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Biochemical exams may show prolonged prothrombin time, high platelet counts
and high levels of serum phosphorous. Fasting insulin values may be high and,
at times, associated to nonketotic diabetes and hypertriglyceridemia [Merideth
2008].

There is evidence of the thickening of the arterial adventitia in patients with
HGPS, along with low vascular “compliance”. These patients suffer arterial hy-
pertension, which leads to biventricular hypertrophy and biatrial enlargement
[Merideth 2008]. Cardiovascular disease (stroke, myocardial infarction) is a
cause of premature death, with an average life expectancy of 13.4 years (7-
27.5) [Hennekam 2006, Merideth 2008].

Figure 18. Leukomelanodermic macules in a patient with Hutchinson-Gilford Progeria

Figure 19. Ungueal Dystrophy in a patient with Hutchinson-Gilford Progeria
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Néstor-Guillermo Progeria

This progeria (MIM: #614008) owes its name to Néstor and Guillermo, two pa-
tients aged 31 and 24 years of age, from two unrelated Spanish families. The
disorder is defined as a secondary laminopathy. It originates from a homozy-
gous missense variant in the BANF1 gene, the gene which codes the Barrier to
Autointegration Factor (BAF), a protein which mediates the interactions between
the nuclear lamins and chromatin throughout the cell cycle [Cabanillas 2011].

The affected patients presented normal development until the age of two. Sub-
sequently, they demonstrated a development failure with a peculiar appearance
including characteristics of ageing: micrognathia, convex nasal crest, proptosis,
atrophic skin with senile spots, generalised lipoatrophy with flebomegaly. They
suffered from osteoporosis, evident scoliosis from the age of 18 and severe os-
teolysis of the lower jaw, upper jaw, clavicles, ribs and distal phalanges. Unlike
patients with HGPS, both of these patients were taller (145 cm) and preserved
the hair on their eyebrows, eyelashes and scalp, at least until the age of 12.
However, the two defining factors between these disorders are a much longer
life expectancy and the absence of atherosclerosis and metabolic syndrome. In-
deed, some experts call it “chronic progeria” due to its slow progression and lon-
ger life expectancy. However, the patients presented secondary pulmonary hy-
pertension and a severe restrictive spirometry pattern with biatrial enlargement.
Analytical studies only revealed a lack of vitamin D2 and severe hypoleptinemia.
Unlike HGPS and MAD, these patients did not present metabolic alterations,
fatty liver disease or atherosclerosis [Cabanillas 2011, Puente 2011].

Mandibuloacral dysplasia type B

Mandibuloacral dysplasia (MAD) is an extremely rare autosomal recessive dis-
order which appears in early childhood (2-4 years) and is characterised by mul-
tiple musculoskeletal anomalies and progeroid characteristics. There are two
types of MAD: A (partial loss of fat in the limbs with the preservation of fat in the
neck and trunk) and B (generalised). MAD can be attributed to variants in the
LMNA gene (type A) [Novelli 2002] (see below) or in the ZMPSTE24 gene (type
B) [Agarwal 2003b, Ben Yaou 2011]. Some 30 patients have been reported with
MADA, whereas the number of those with MADB does not reach a dozen [Garg,
2011, Vantyghem 2012, Worman 2009].

The phenotype of MADB (MIM: #608612) appears at birth with postnatal growth
retardation and difficulties in feeding, being premature birth not infrequent.
These children have a small chin, sharp nose, small mouth, dental crowding
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and retrognathia. In addition, they present contractures due to their taut skin.
Other typical features include pigmented cutaneous marks, delayed closure of
the fontanelles, the persistence of Wormian bones [Bertrand 2011], small hy-
poplastic clavicles, progressive distal osteolysis of the phalanges and clavicles
and other ageing stigmas such as sensorineural hearing loss and hair loss. One
differential factor of this progeroid syndrome is the presence of sclerotic calci-
fied subcutaneous nodules, the absence of acanthosis nigricans, kidney disease
(glomerulopathy) and a generalised pattern of lipodystrophy [Schrander-Stum-
pel 1992, Simha 2002, Ben Yaou 2011]. Glucose tolerance is normal, although
there is postprandial and fasting hyperinsulinemia, hypertriglyceridemia and low
levels of HDL cholesterol [Simha 2003b].

Atypical progeroid syndromes

Some heterozygous missense and, generally, de novo variants, in the LMNA
gene give rise to other subtypes of premature ageing which are different to clas-
sical HGPS. Lipodystrophy is present in all cases, albeit to differing degrees,
ranging from generalised to partial forms affecting only the distal extremes of
the limbs. The clinical characteristics of these disorders coincide in some cases
with other disorders related with LMNA variants, such as HGPS, FPLD2, MAD,
Emery-Dreifuss muscular dystrophy and familial dilated cardiomyopathy, which
would suggest that these independent clinical conditions are, in reality, different
forms of presentation of the same disorder, modulated by unknown (endoge-
nous and/or exogenous) factors. Furthermore, the same variant may cause dif-
ferent clinical features.

Therefore, the atypical progeroid syndromes (APS) constitute a small set of dis-
orders which are due to heterozygous missense variants in the LMNA gene, with
a slightly delayed onset of clinical manifestations when compared with HGPS
and MAD (Fig. 20) [Garg 2009, Guillin-Amarelle 2015]. Likewise, the patients
appear to live longer, even more than 50 years [Motegi 2014].
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Figure 20. Patient with atypical progeroid syndrome

Clinically, these disorders are clearly heterogeneous, but they share several
common characteristics with the other premature ageing syndromes, such as
greying hair, sensorineural hearing loss in some cases, sclerotic skin (Fig. 21)
with leukomelanodermic lesions (Fig. 22), joint stiffness, alopecia (sometimes
slight or absent), small jaw, abnormal implantation of the teeth with crowding,
high-arched palate and sharp nose [Csoka 2004, Doubaj 2012]. However, unlike
MAD and HGPS, in APS acroosteolysis is absent or slight, affecting only the
distal phalanges, the same occurs with clavicular hypoplasia [Garg 2009]. Curi-
ously, although menstrual cycles are normal, hypoplastic breasts are common
in women with APS. Premature ovarian failure has only been reported in a few
cases [Garg 2009] or proteinuric nephropathy [Magno 2020].

On a cardiovascular level, severe anomalies are common in the heart valves,
including mitral, aortic and, sometimes, tricuspid insufficiency, as well as aortic
stenosis; but also dilated cardiomyopathy and rhythm disorders [Magno 2020].
Patients may have to undergo a heart transplant due to dilated cardiomyopathy
[Hussain 2018]. As far as the type of lipodystrophy in APS is concerned, it can
be generalised (with or without an excess of visceral fat) or partial, and can be
associated to diabetes, hypertriglyceridemia and fatty liver disease with hep-
atomegaly. In general, the metabolic alterations are worse than those observed
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Figure 21. Sclerodermiform lesions in a
patient with atypical progeroid syndrome

Figure 22. Leukomelanodermic macules
in a patient with atypical progeroid syn-
drome
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in HGPS and MAD and, strikingly, ac-
anthosis nigricans uses to be absent
[Csoka 2004, Mory 2008].

Recently, a premature ageing syn-
drome has been reported associated
to variants in codon 55 (exon 1) in the
LMNA gene [Soria-Valles 2016]. The
clinical presentation of this atypical
neonatal progeria associated to LMNA,
reported in three children, recapitu-
lates that of patients with HGPS and
MAD. However, the symptoms appear
early in life, the lipodystrophy can be
generalised or partial and the progno-
sis is poor in relation to the obstructive
apnoea associated with retrognathia
and stroke.

Finally, dilated cardiomyopathy with
hypergonadotropic hypogonadism is
an atypical form of late-onset HGPS
due to missense variants in the LMNA
gene (p.(A57P) and p.(L59R)) (MIM:
#212112) [McPherson 2009]. It is char-
acterised by the presence of dilated
cardiomyopathy, early ovarian failure,
generalised lipodystrophy associated
with insulin resistance and progressive
facial and skeletal changes (clavicu-
lar hypoplasia, low bone density). Un-
like the classical form, patients do not
suffer distal acroosteolysis, alopecia,
severe growth failure or marked ath-
erosclerosis. In this case, intellectual
disability may be present (9-25%).
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MDPL Syndrome

MDPL (mandibular hypoplasia, deafness, progeroid features, and lipodystrophy
syndrome) (MIM: #615381) is an autosomal dominant disorder caused by de
novo variants in the POLD1 gene and is characterised by mandibular hypopla-
sia, deafness, progeroid features, general lipodystrophy and, in males, hypogo-
nadism [Weedon 2013]. The iliness usually appears in early childhood with poor
growth and thin limbs caused by the loss of subcutaneous adipose tissue. Sen-
sorineural deafness usually appears when the child is between 6 and 18 years
of age. Facial characteristics of the disorder include an aquiline nose, prominent
eyes, dental crowding and a small mouth. Some patients have presented a more
generalised loss of subcutaneous fat, even in the face and neck, which tends to
increase with age. The marked decrease in subcutaneous fat contrasts with a
significant increase of visceral adipose tissue. All of the affected individuals have
shown clinical and biochemical evidence of insulin resistance despite having a
low BMI. More variable characteristics include an enlarged liver, telangiectasia,
scleroderma, skin atrophy and cataracts, as well as ligament contractures, os-
teoporosis, kyphosis/scoliosis, a decrease in muscle mass in the limbs and, in
males, hypogonadism and undescended testicles. Many of the characteristics
are reminiscent of mandibuloacral dysplasia, although acroosteolysis, clavicular
hypoplasia and thinning hair are not observed in these patients [Shastry 2010].

Marfan syndrome with lipodystrophy similar to neonatal progeroid syn-
drome

This is an autosomal dominant disorder (MIM: #616914) caused by de novo vari-
ants in the FBN1 gene [O’Neill 2007, Graul-Neumann 2010, Takenouchi 2013,
Passarge 20186].

The lipoatrophy is generalised and is already apparent at birth. This generalised
loss of subcutaneous fat is similar to CGL, although, in some patients, the pat-
tern presented a decrease in subcutaneous fat in the paravertebral region, the
lateral gluteal region, the face and the distal parts of the hands and feet, with
a marked decrease in the amount of intra-abdominal and intramuscular fat. As
opposed to CGL, which is associated with muscular hypertrophy, patients with
this disorder also have a concomitant loss of muscle mass which can contribute
to their extremely thin appearance. In addition, these patients present prominent
veins, possibly due to dermal hypoplasia.

These patients have a progeroid appearance from the moment of their birth, with
a prominent forehead, scaphocephaly with an open anterior fontanelle, sharp
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nose, high narrow palate and retrognathia, low-set ears, long arms and legs,
arachnodactyly and arthrogryposis, particularly in the lower limbs. In addition,
they may exhibit proptosis, pectus excavatum and acute bilateral myopia. Their
posture may be slightly kyphotic without scoliosis but with winged scapulae.
They may also have slight hypermobility of the finger joints.

No significant metabolic abnormalities have been detected in these patients,
apart from slight to moderate hypertriglyceridemia which is usually transitory,
hyperinsulinemia with standard fasting plasma glucose and normal levels of Alc
haemoglobin. These patients did not exhibit signs of fatty liver disease, spleno-
megaly, atherosclerosis or polycystic ovarian syndrome. Their mental and motor
development are within normal limits.

The clinical signs associated with Marfan syndrome vary. While joint hypermo-
bility, arachnodactyly and acute myopia are common, other signs such as ecto-
pia lentis, dilation of the aortic arch, mitral valve prolapse, and lumbosacral dural
ectasia are only present in some patients.

Cockayne syndrome

Cockayne syndrome (MIM: #216400, #133540) is a multisystem developmental
disorder, with a non-uniform clinical phenotype [Nance 1992] and is considered
to be a progeria. Many of the clinical characteristics, including early-onset neu-
rodegeneration, leading to intellectual disability, and the appearance of the skin,
are similar to those of accelerated ageing. This autosomal recessive disorder
is due to biallelic variants in the ERCC6 or ERCC8 genes [Licht 2003, Henning
1995]. This diagnosis should be suspected in any child with postnatal growth
failure, microcephaly and any two of the following characteristics: persistently
cold hands and feet, bilateral deafness, increased sensitivity to sunlight, joint
contractures, a progressive loss of body fat, cataracts and characteristic facial
features. The average age of death for patients with this syndrome is 8.4 years
old, with the death usually being caused by progressive neurodegeneration.

These patients may exhibit progressive retinopathy, atrophy of the optic disc,
miotic pupils or decreased tearing, dental caries, a characteristic physical ap-
pearance (“cachectic dwarfism”), with ambulatory patients having a character-
istic posture.

Less common symptoms include hypertension, renal dysfunction, an enlarged
liver and/or an increase in serum transaminases, undescended testicles and
anhidrosis.
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Keppen-Lubinsky syndrome

This syndrome is an autosomal recessive disorder caused by biallelic variants in
the KCNJ6 gene [Masotti 2015] associated with generalised lipodystrophy (MIM:
#614098).

These patients present severe developmental delays, intellectual disability,
hypertension, hyperreflexia, growth below the 5" percentile at the age of 6-9
months, microcephaly, large protruding eyes, a narrow nasal bridge, a tented
upper lip, high-arched palate, open mouth, tightly adherent skin and an aged
appearance.

Ruijs-Aalfs syndrome

Ruijs-Aalfs syndrome (MIM: #616200) is an autosomal recessive disorder
caused by biallelic variants in the SPRTN gene [Lessel 2014].

Patients with this disorder have delayed growth, a short stature, lipodystrophy,
muscular atrophy and signs of premature ageing. Death often occurs before
the age of 20 as a result of hepatocellular carcinoma. Key clinical signs of the
disorder include cataracts, premature greying of the hair, small eyes, a bulbous
nose with a high nasal bridge, small upper lip and skeletal abnormalities such
as micrognathia, a small frontotemporal diameter, sloping shoulders, kyphosco-
liosis, slight pectus excavatum, moderate bilateral elbow contractures, bilateral
clinodactyly and flat feet.

13.2. Progerias associated with partial lipodystrophy
Mandibuloacral dysplasia type A

Mandibuloacral dysplasia type A (MADA, MIM: #248370) is an extremely rare
autosomal recessive disorder (homozygous or compound heterozygous) caused
by variants in the LMNA gene.

MADA can be diagnosed in patients between childhood and puberty (at the age
of 5 on average) due to their short stature and particular phenotypic characteris-
tics, which include a pointed nose, high-arched palate, sparse hair, craniofacial
anomalies such as mandibular hypoplasia and dental crowding, sloping shoul-
ders, osteoporosis, progressive osteolysis of distal bones, persistently widened
cranial sutures, multiple Wormian bones, abnormal skin pigmentation and joint
stiffness. Curiously, over time the osteolysis can extend to other parts of the
skeleton, such as the elbows [Young 1971, Novelli 2002, Kosho 2007, Guglielmi
2010].
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The lipodystrophy pattern is partial and is associated with extreme insulin resis-
tance and marked hypermetabolism [Freidenberg 1992]. Patients show a nor-
mal tolerance to glucose but may experience postprandial and fasting hyperin-
sulinemia and hypertriglyceridemia with low levels of HDL. In addition, in some
cases, premature adrenal cortical dysfunction, which is typical of normal ageing,
has been observed [Ng 2000].

Werner syndrome

Werner syndrome [Yu 1996] (MIM: #277700) is caused by homozygous or compound
heterozygous variants in the RECQL2 gene, which codes a nuclear exonuclease.

The typical phenotype of Werner syndrome begins progressively in the first or
second decade of life which is why it can be considered as a late onset progeroid
syndrome [Hegele 2007]. These patients have a short stature, a bird-like face
with a beaked nose, high-pitched voice, cataracts, premature greying of the hair,
cutaneous signs of scleroderma and osteoporosis. In addition, these patients
present lipodystrophy affecting the face and limbs and a thick trunk which is as-
sociated with insulin resistance and diabetes, hypogonadism (gonadal atrophy),
muscular atrophy of the limbs, calcification of blood vessels, senile dementia
and premature death (in the 3-4" decade of life) related to cardiovascular dis-
ease or cancer. Malignancy is frequent among patients with this disorder (10%)
[Goto 1996], with non-epithelial cancers (osteosarcoma, soft tissue sarcoma,
melanoma) being more common than in the general population.

SHORT syndrome

SHORT (MIM: #269880) is an acronym for S = stature; H = hyperextensibility
or hernia (inguinal) or both; O = ocular depression; R = Rieger anomaly; T =
teething delay. In this autosomal dominant syndrome, the non-progressive lipo-
dystrophy principally manifests as a lack of subcutaneous fat in the face, chest,
arms (though not the legs), a generally thin stature and, sometimes, a local loss
of fat which causes small pits in the skin on the elbows and buttocks [Koenig
2003]. All patients who have suffered this disorder have typically had a shorter
stature in comparison to the rest of their family. Other physical characteristics
of these patients include a triangular face, prominent forehead, deep-set eyes, ,
hypertelorism, hypoplasia or narrow nasal wings, a small chin and large auricles.
Hypoplasia of the middle third of the face gives the impression that these pa-
tients have apparent prognathism despite the fact that they exhibit micrognath-
ia. They also have delayed bone age and hypotrichosis [Aarskog 1983]. Their
thin and wrinkled skin and visible veins also intensify the impression of progeria
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[Koenig 2003]. Rieger anomaly can appear at birth with congenital glaucoma
and clouding of the cornea or the complete absence of the stroma of the iris. In
spite of delayed speech development in childhood, the patient’s mental state will
appear to be normal or only slightly below normal [Gorlin 1975]. This disorder is
caused by a heterozygous variant in the PIK3R1 gene [Thauvin-Robinet 2013].

Metabolically, these patients may present with nonketotic diabetes mellitus with
insulin resistance [Aarskog 1983, Schwingshandl 1993, Avila 2016].

In 2008, Reardon and Temple described two patients suffering from nephrocal-
cinosis in childhood. These patients also exhibited an increase in serum and
urinary calcium, suggesting that their altered calcium metabolism could be a
characteristic of SHORT syndrome.

In 2016, after examining the clinical characteristics of 32 patients diagnosed with
SHORT, Avila et al. concluded that the principal characteristics of the disorder
included lipoatrophy and insulin resistance, and that the minor characteristics
of SHORT syndrome should include delayed tooth development, wrinkled skin,
delayed speech or language development, sensorineural deafness, joint hyper-
mobility and inguinal hernias.

Bloom syndrome

Bloom syndrome (MIM: #210900) is a paediatric autosomal recessive disor-
der caused by variants in the RECQLS3 gene, which codes RecQ helicase [Ellis
1995]. This syndrome is characterised by impaired growth, telangiectasis, al-
tered skin pigmentation, photosensitivity, hypertrichosis, polydactyly, a predis-
position to malignancy and chromosomal instability. Lipodystrophy affects the
patients’ limbs and abdomen and they may also present diabetes.

Fontaine progeroid syndrome

Fontaine progeroid syndrome [Fontaine 1977] is an autosomal dominant disor-
der caused by variants in the SLC25A24 gene [Ehmke 2017] (MIM: #612289).
This is probably the same disorder as Petty progeroid syndrome.

Patients with this disorder exhibit delayed prenatal and postnatal growth, an aged
appearance characterised by a loss of subcutaneous fat, wrinkled skin and prom-
inent veins, a large anterior fontanelle, an abnormal hair pattern on the scalp,
facial dysmorphisms (such as a triangular face, convex nasal bridge, prominent
or deep-set eyes, low-set ears) and small nails and distal phalanges, particularly
in the sides of the ulna and fibula. Furthermore, two individuals suffered from
craniosynostosis [Writzl 2017]. Most patients with this disorder die prematurely.
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Neonatal progeroid syndrome

This disorder, also known as Wiedemann-Rautenstrauch syndrome, follows
a pattern of autosomal recessive inheritance. Its molecular basis is unknown,
although it has been suggested that the syndrome could be caused by alter-
ations to the functioning of the A subunit of the RNA polymerase 1ll (POLR3A)
[Paolacci 2017]. Children affected by this disorder are characterised by their
delayed intrauterine and postnatal growth, short stature, progeroid appearance
with cranial deformations, hypotonia, variable mental deterioration and death in
infancy [Hegele 2007]. The lipodystrophy is almost generalised and, in some
cases, a paradoxical accumulation of fat around the buttocks, anogenital re-
gion and sides has been reported [Arboleda 1997, O’Neill 2007]. Recently [Garg
2015], two variants in the CAV1 gene were identified in two patients with some
characteristics similar to those of neonatal progeroid syndrome. However, these
patients had surpassed the average age of death for people suffering from this
disorder.

14. AUTOINFLAMMATORY SYNDROMES

The autoinflammatory syndromes which cause lipodystrophy include Naka-
jo-Nishimura syndrome, JMP syndrome (joint contractures, muscular atrophy,
microcytic anaemia and panniculitis-induced lipodystrophy) and CANDLE syn-
drome (chronic atypical neutrophilic, dermatosis with lipodystrophy and elevated
temperature). These disorders begin in childhood and the lipodystrophy can be
generalised or partial, affecting the face and limbs. All of the above are recessive
disorders related to variants in genes coding proteins which are essential for the
maturation and assembly of proteasomic subunits [Agarwal 2010, Arima 2011,
Kluk 2014].

Nakajo-Nishimura syndrome is an inflammatory condition that includes lipo-
muscular atrophy and joint contractures [Arima 2011]. As its name suggests,
JMP syndrome is characterised by joint contractures, muscular atrophy, micro-
cytic anaemia and panniculitis-induced lipodystrophy [Garg 2010]. Other char-
acteristics include intermittent fever, hypergammaglobulinemia, an increase in
sedimentation rate, hepatosplenomegaly and calcification of the basal ganglia.
Patients with CANDLE syndrome present with recurrent fever in childhood and
violaceous annular plaques on the eyelids and lips, evolving during childhood
towards a loss of subcutaneous fat in the face and arms. These patients also
suffer from hepatosplenomegaly, arthralgia, microcytic anaemia, an increase in
sedimentation rate and calcifications in the basal ganglia [Torrelo 2010].

(=)
N



Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

15. LOCALISED LIPODYSTROPHY

These types of lipodystrophy are characterised by a loss of subcutaneous fat in
a small area of the body, as opposed to the generalised or partial (but not local-
ised) forms of lipodystrophy described previously in this guide.

Localised lipodystrophy caused by drugs

Some patients with diabetes have report-
ed abnormal reactions to medication in their
subcutaneous fat, principally when injecting
insulin [Radermecker 2007]. Injected insulin
can cause lipohypertrophy (the lipomatous
development caused by the lipogenic effect of
insulin) or lipoatrophy, which is considered as
an adverse immunological side effect of the
insulin [Peteiro-Gonzalez 2011]. Lipoatrophy
induced by the injection of insulin typically oc-
curs in children and young patients with type
1 diabetes (Fig. 23). Lipoatrophy has become
increasingly uncommon with the availabili-
ty of newer insulin analogues, whilst lipohy-
pertrophy is still prevalent [Hussein 2007]. In
addition, it has been reported that injectable
pegvisomant, a growth hormone receptor an-
tagonist which is used to treat acromegaly,
may cause lipohypertrophy in the abdominal
wall, in the site of the injections, in some pa-
tients [Bonert, 2008]. These localised lipoatro-
phies generally resolve themselves sponta-
Figure 23. Localised lipoatrophy as  neously and are not associated with systemic
a result of insulin injections. disorders. Educating patients about rotating
their injection sites and changing the injection area seems to be the best way of
avoiding localised lipodystrophy as a result of insulin or pegvisomant injections
in affected patients.

Localised subcutaneous lipoatrophy is also a common adverse effect of the re-
peated injection of intramuscular corticosteroids [Hamidou et al., 1991; Avilés-1z-
quierdo et al., 2006] and usually clears up on its own. However, cosmetic treat-
ment with poly-L-lactic acid [Brodell and Marchese Johnson, 2014] or hyaluronic
acid fillers [Di Gregorio, 2016] has been reported.
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Lipoatrophia semicircularis

Lipoatrophia semicircularis is a rare pathology characterised by semi-circular
depressions in the subcutaneous adipose tissue in the anterolateral areas of
the thighs [Hodak 1990]. This condition mainly affects office workers and it is
considered to be an occupational disease. The skin and underlying muscles
remain intact. The origin of this particular form of lipoatrophy is unknown but
it has been suggested that it is caused by repeated mechanical microtraumas
and localised pressure on the affected muscles, even including electromagnetic
fields influence [Linares-Garcia 2015], although the latter does not seem plausi-
ble. Reports published regarding lipoatrophia semicircularis principally concern
women and it has been proposed that the anatomical composition of the adi-
pose tissue in women’s thighs is predisposed to having a persistent mechanical
pressure originating from impaired circulation in perfused tissue, which induces
the development of this type of lipoatrophy [Herane 2007]. Recent studies have
stated that avoiding exposure to mechanical pressure (edges of office desks)
reduces the occurrence of new cases, as well as the recovery of affected people
[Reinoso-Barbero 2013].

Centrifugal lipodystrophy

Centrifugal lipodystrophy (“lipodystrophia centrifugalis abdominalis infantilis”)
is a localised form of lipodystrophy which affects small children. Most patients
reported are Japanese, Korean or Chinese, although some cases of Cauca-
sian patients have been recorded [Imamura, 2012]. Patients generally exhibit
depressed lesions in the groin and axilla, with a loss of subcutaneous adipose
tissue, often surrounded by slight erythema during the first 3-4 years of life. The
depressed lesions gradually expand centrifugally until they affect the patient’s
abdominal or chest wall. In most cases, this expansion usually ceases sponta-
neously after a few years and most patients demonstrate spontaneous improve-
ment after the expansion stops and before reaching adulthood. The aetiopathol-
ogy of this alteration is unknown.

Panniculitis-associated lipodystrophy

This is a rare condition, also known as lipoatrophic panniculitis and annular li-
poatrophic panniculitis of the ankles [Shen 2010, Corredera 2011], in which in-
flammatory panniculitis is associated with localised permanent lipoatrophy in
children [Peters 1980]. Circumferential bands of lipoatrophy have been observed
on the arms and legs of patients, or scattered depressions in the subcutaneous
adipose tissue, preferably located in the extremities (Fig. 24). The causes of this
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disorder are unknown, but it has been associated with autoimmune disorders.
It has been hypothesised that the inflammatory signals arise locally from the
fat cells targeted by the panniculitis, thereby encouraging the lipoatrophy [Levy
20171].

16. MANAGEMENT AND MONITORING OF PATIENTS WITH LI-
PODYSTROPHY

Recently, a free app for diagnosis of rare lipodystrophies (LipoDDx®) has been
developed by investigators from the University of Santiago de Compostela, both
for I0OSs or Android smartphones [Araujo-Vilar 2020].

Distinguishing between congenital and acquired lipodystrophy [Brown 2016]

The analysis of a patient’s genetic history can reveal whether their lipodystrophy
is congenital or acquired. Examination of childhood photographs can help to dis-
tinguish CGL from AGL as babies typically exhibit an absence of fat if they are
suffering from CGL types 1 or 2, whilst they exhibit normal amounts of fat if they
suffer from AGL. However, there have been reports of some cases of AGL with
a loss of fat during the first few months of life [Misra 2003]. Patients with AGL
do not usually have a family history of the disorder but it can be confused with
any other type of congenital lipodystrophy, especially those caused by de novo
genetic variants. The presence of signs suggesting premature aging (Table 4)
should point towards a genetic cause.

The presence of autoimmune disorders (myositis, type 1 diabetes, autoimmune
hepatitis and others) [Garg 2004, Misra 2004, Pope 2006, Savage 2009, Safar
Zadeh 2013] increases the suspicion of acquired lipodystrophy. With APL, low
concentrations of complement C3, the presence of C3NeF, proteinuria or MPGN
proven with a biopsy would support the diagnosis.

Genetic studies

Genotyping can include only a limited number of gene sequences, a panel of
candidate genes or the full sequencing of the exome/genome. In Spain, the
National Health System allows genetic studies to be carried out through the
National Centre for Genome Mapping (CeGen) (www.usc.es/cegen). CeGen is
a technological platform created in 2003 which is currently part of the Online
platform of Biomolecular and Bioinformatic Resources (PRB3) of the Carlos Il
Health Institute (ISCIIl) (CeGen-ISCIII). CeGen-ISCIII consists of two genome
mapping hubs, one located at the University of Santiago de Compostela (www.
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xenomica.eu) and the other at the National Cancer Research Centre (Madrid).
As the result of collaboration between the Lipodystrophy Unit of the Department
of Endocrinology and Nutrition of the University Hospital Complex of Santia-
go de Compostela and the Galician Foundation of Genomic Medicine, an NGS
panel was developed which includes 25 genes involved in the aetiology of the
congenital lipodystrophies (Table 5). Since there is strong evidence of additional
loci for congenital lipodystrophy, negative testing results cannot exclude a con-
genital condition.

Genetic counselling and detection in family members

Genetic counselling must take into account the fact that current understanding
of the natural history of the congenital lipodystrophies is incomplete. For affected
families, preconception counselling with genetic testing to detect the status of
the carrier must be considered.

In Spain, individuals carrying both dominant and recessive variants who wish to
have children must be made aware of the possibility of having a preimplantation
genetic diagnosis. In addition, pregnant women, whether they are carriers or
have a disorder, can find out if they will pass their disorder on to any offspring
and, if this is the case, they must be informed of their right to a voluntary termi-
nation of the pregnancy.

The clinical diagnosis of lipodystrophy in men can be difficult [Garg 2000], with
some genotypes being associated with phenotypes of mild lipodystrophy [Sav-
age 2004, Decaudain 2007]. Genetic detection in members of the family can
help to identify people with subtle phenotypes. This genetic detection can be of
particular importance for families with specific variants in the LMNA gene asso-
ciated with cardiomyopathy and arrhythmia or with some variants in the BSCL2
gene with risk of Celia’s encephalopathy.
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Table 5. List of genes included in the lipodystrophy panel produced by the Galician

Foundation of Genomic Medicine
ADR2A
AGPAT2
AKT2
BANF1
BLM
BSCL2
CAVA1
CIDEC
ERCC6
ERCC8
FBN1
KCNJ6
LIPE
LMNA
MFN2
PCYT1A
PIK3R1
PLIN1
POLD1
PPARG
PSMB8
PTRF
WRN
SPRTN
ZMPSTE24

Study of comorbidities

The levels of scientific evidence are based on the criteria of the American Heart
Association [Gibbons 2003] (Table 6).
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Table 6. System of evaluation of evidence of the American Heart Association

Classification

I: Intervention is useful and effective

Ila: The weight of evidence/opinion is in favour of the usefulness/effectiveness
IIb: Usefulness/effectiveness is less well established for the evidence/opinion
Ill: The intervention is not useful/effective and could be harmful

Level of evidence
A: Sufficient previous evidence from multiple randomised trials
B: Limited evidence from one randomised trial and other non-randomised trials
C: Based on expert opinion, case studies or standards of care

All patients should undergo exams used to detect diabetes, dyslipidaemia,
NASH, and cardiovascular and reproductive dysfunction. As patients with APL
have a lower risk of metabolic complications, clinical judgement must guide the
follow-up. The screening processes for all comorbidities specific to all individual
subtypes of lipodystrophy will not be discussed in detail in this guide.

Diabetes mellitus

1. Tests for the detection of diabetes must be carried out each year (Class lla,
Level C).

The tests for detecting diabetes must follow the guidelines set out by the Ameri-
can Diabetes Association (fasting plasma glucose levels, oral glucose tolerance
test (OGTT) or haemoglobin A1c). Patients with AGL may develop type 1 diabe-
tes mellitus as well as insulin resistance [Park 2008]. The measuring of autoan-
tibodies can clarify the diagnosis.

Dyslipidaemia
1. Triglycerides must be measured at least once a year or more frequently if the
patient experiences abdominal pain or eruptive xanthomata (Class I, Level C)

2. A fasting lipid profile (10-12 hours) (total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides) should be obtained at the moment of diagnosis and
each year after the patient passes the age of 10 (Class lla, Level C)

()
N



Practical Guidelines for the Diagnosis and Treatment of Infrequent Lipodystrophies

Liver disease

1. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
should be measured annually (Class lla, Level C).

2. A liver ultrasound must be carried out at the moment of diagnosis, and at
other times depending on the criteria of the medical team (Class lla, Level C).

3. Aliver biopsy must be carried out in accordance with the criteria of the medi-
cal team. (Class lla, Level C).

In addition to physical examination, ultrasound and liver elastography are useful
for calculating the size of the liver and spleen, the severity of the steatosis and
fibrosis and for detecting the existence of portal hypertension. Patients with CGL
type 2 have a higher risk of developing premature cirrhosis and those with AGL
may develop autoimmune hepatitis in addition to NASH [Safar Zadeh 2013].

Reproductive disorders

1. Gonadal steroids, gonadotrophins and pelvic ultrasounds should be carried
out depending on the criteria of the medical team (Class lla, Level C)

2. Pubertal staging must be carried out each year for children (Class lla, Level C)

Premature adrenarche, premature puberty or central hypogonadism can occur
in children with generalised lipodystrophy. Oligo-amenorrhoea, a decrease in
fertility and PCOS are common in women with lipodystrophy.

Heart disease
Blood pressure must be taken at least once a year (Class |, Level C)

2. An electrocardiogram and echocardiogram must be carried out once a year
for patients with CGL, at the moment of diagnosis for patients with progeroid
syndromes and at other times in accordance with the criteria of the medical
team for patients with FPLD and AGL (Class lla, Level C)

3. Assessment of ischemic cardiopathy and heart rate monitoring should be
considered in patients with progeroid syndromes and in patients with FPLD
type 2 with cardiomyopathy (Class lla, Level C)

Hypertension is common [Brown 2015], even in children. Patients with CGL type
4, atypical progeroid syndromes or FPLD type 2 may exhibit cardiac abnormal-
ities, including ischemic cardiopathy, cardiomyopathy, arrhythmias and sudden
death [Rheuban 1986, Bhayana 2002, Caux 2003, Decaudain 2007, Araujo-Vilar
2008, Khalife 2008, Ben Turkia 2009, Lupsa 2010, Debray 2013, Andre 2015].
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Nephropathy

1. The patient’s proteinuria must be measured annually either as albuminuria in
24-hour urine collection test or as a ratio of albumin to creatinine (Class lla,
Level C)

Proteinuria is common [Javor 2004]. A renal biopsy should be carried out ac-
cording to the criteria of the medical team. The pathology may include diabet-
ic nephropathy, focal and segmental glomerulosclerosis (especially in patients
with CGL) [Javor 2004] or MPGN (especially in patients with APL) [Misra 2004].

Cancer

Lymphomas, particularly peripheral T-Cell ymphoma, may occur in patients with
AGL with a prevalence of 7% [Misra 2003, Brown 2015b]. Although a consensus
regarding a screening process has not been reached, it seems reasonable to
include an annual examination of the skin and lymph nodes. It has been reported
that generalised lipodystrophy has been seen as a paraneoplastic manifestation
of pilocytic astrocytoma in three children who regained their body fat after under-
going therapy for this type of tumour [Patni 2015]. Bearing this in mind, doctors
should consider testing to detect brain tumours in children with idiopathic AGL
and atypical CGL. Certain progeroid syndromes (e.g. Bloom and Werner syn-
drome) are associated with a greater risk of developing cancer.

17. TREATMENT
General considerations

The mainstays of treatments for lipodystrophy have been compiled in The Diag-
nosis and Management of Lipodystrophy Syndromes: A Multi-society Practice
Guideline [Brown 2016] published in the J. Clin. Endocrinol. Metab. in 2016.
The levels of scientific evidence are based on the criteria of the American Heart
Association [Gibbons 2003] (Table 6).

Lipodystrophy syndromes are progressive and potentially fatal conditions. There
is currently no cure for lipodystrophy and there is no treatment for regenerat-
ing adipose tissue. Metabolic comorbidities must be treated in order to manage
the complications of the iliness in the short to long term.

Diet [Brown 2016]

1. The majority of patients should follow diets with a balanced composition of
macronutrients (Class lla, Level C)
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2. Low-calorie diets improve metabolic abnormalities and may be suitable for
adults (Class |, Level C)

3. Patients suffering from acute hyperchylomicronaemia-induced pancreatitis
should follow very low-fat diets (Class I, Level C)

4. An endocrinologist should be consulted if the patient has special dietary re-
quirements, particularly if the patient is a baby or small child. Overfeeding
must be avoided (Class lla, Level C)

5. Medium-chain triglyceride (MCT) oil formulas can provide energy and re-
duce triglycerides in babies (Class lla, Level C)

The cornerstone of treatment for the metabolic complications of lipodys-
trophy is the patient’s diet. There are insufficient studies into specific diets for
lipodystrophy patients and recommendations are based on the scarce literature
that exists and on clinical experience.

Patients with lipodystrophy, especially in its generalised forms, usually suffer
from hyperphagia as a result of leptin deficiency. Energy-restricted diets for ado-
lescents and adults reduce triglycerides and glucose levels [Robbins 1979], but
it is difficult to manage dietary restrictions. The restriction of foodstuffs to control
metabolic complications should be balanced with what children need to eat in
order to grow correctly. Overfeeding to achieve a normal weight can worsen
metabolic complications and fatty liver disease. The assessment of height/
weight and body mass index (BMI) in comparison with the growth reference data
is not appropriate in these cases due to the fact that the body composition of the
patient is atypical. A low weight for the patient’s height or a low BMI would be
acceptable as long as the patient’s growth remains linear.

Patients should follow a diet consisting of 50-60% carbohydrates, 20-30% fats
and 20% proteins. Simple sugars should be restricted and there should be a pref-
erence for complex carbohydrates with a high fibre content, distributed evenly
between meals and snacks and eaten in combination with proteins and/or fats.
Dietary fats should mainly consist of monounsaturated fats and long-chain ome-
ga-3 fatty acids. In severely hypertriglyceridemic children, MCT-based formulas
may be beneficial [Glueck 1977, Wilson 1983]. Patients suffering from acute
pancreatitis should make use of bowel rest followed by an extremely low-fat diet

(20 g).

A more extended dietary recommendations are compiled in Gonzalez-Rodri-
guez et al. [2020].
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Physical exercise [Brown 2016]

1. Patients with lipodystrophy should be encouraged to exercise whenever
there are no specific contraindications (Class lla, Level C)

2. Patients with subtypes of lipodystrophy which make them more prone to car-
diomyopathy must undergo a cardiac evaluation before starting an exercise
regime (Class Ill, Level C)

People with lipodystrophy who do intense exercise have experienced improve-
ments in their metabolic complications. The majority of patients should be en-
couraged to be physically active. However, strenuous exercise must be avoided
by patients with cardiomyopathy. Patients with severe hepatosplenomegaly and
those with CGL with lytic bone lesions should avoid contact sports.

Recombinant human leptin (metreleptin) [Brown 2016]

According to The Diagnosis and Management of Lipodystrophy Syndromes: A
Multi-society Practice Guideline, metreleptin is suitable in the following situa-
tions:

1. For patients with generalised lipodystrophy. Metreleptin (along with diet) is a
first-line treatment for metabolic and endocrine abnormalities (Class |, Level
B), and can be an option for the prevention of these comorbidities in children
(Class lIb, Level C)

2. For hypoleptinemic patients (leptin <4 ng/mL) with partial lipodystrophy and
severe metabolic disorders (HbA1c >8% and/or triglycerides > 500 mg/dL)
metreleptin treatment could be considered. (Class llb, Level B)

Currently, metreleptin (recombinant methionyl human leptin) is the only medi-
cation specifically approved for lipodystrophy. It has been approved in the USA
as a dietary supplement for the treatment of metabolic complications in patients
with generalised lipodystrophy
(www.accessdata.fda.gov/drugsatfda_docs/label/2015/125390s010Ibl.pdf).

In Japan it has been approved for the treatment of both generalised and partial
lipodystrophy
(www.shionogi.co.jp/en/company/news/2013/pmrltj0000000ufd-att/e_130325.
pdf).

In 2018, the European Medicines Agency approved the use of metreleptin in
adults and children over the age of 2 with generalised lipodystrophy (Berardi-
nelli-Seip syndrome and Lawrence syndrome), and in adults and children over
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the age of 12 with partial lipodystrophy (including Barraquer-Simons syndrome)
when standard treatments have failed.
(www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medi-
cines/004218/h uman_med_002251.jsp&mid=WC0b01ac058001d124).

Table 7 shows a dosing algorithm [Meehan 2016]. Adjustments to the dosage
should be made in response to metabolic parameters and to any changes in
weight with a clinical and laboratory assessment being performed every 3-6
months.

Table 7. Recommended dosage of metreleptin

Reference Initial daily dosage Dosage adjustment [ Daily maximum dosage
weight (injection volume) (injection volume) (injection volume)
Women and 0.06 mg/kg 0.02 mg/kg 0.13 mg/kg
men <40 kg (0.012 ml/kg) (0.004 ml/kg) (0.026 ml/kg)

2.5 mg from 1.25 mg (0.25 ml) 10 mg
Men >40 kg (0.5 ml) t0 2.5 mg (0.5 ml) 2 mi)

5mg from 1.25 mg (0.25 ml) 10 mg

Women >40 kg (1 ml) t0 2.5 mg (0.5 ml) @ ml)

Metreleptin in generalised lipodystrophy

Metreleptin decreases hyperphagia [Oral 2002, Moran 2004, McDuffie 2004,
Musso 2005, Ebihara 2007], which frequently leads to weight loss.

The reduced intake of foodstuffs is at least partially responsible for many of the
metabolic improvements. If the patient experiences excessive weight loss, the
dosage of metreleptin should be reduced [Meehan 2016].

Metreleptin has been proved to significantly improve fasting glucose levels from
the first week of use [Ebihara 2007] and to reduce HbA1c levels by 2% after a
year of use [Diker-Cohen 2015]. A significant reduction of A1c has been proved
during more extended periods of time [Brown 2018]. In order to reduce the risk
of hypoglycaemia, the frequent monitoring of glucose levels is recommended.
Doctors should consider reducing the dosage of insulin by 50% at the start of
the treatment with metreleptin for patients with well-controlled diabetes. Many
young patients with CGL may stop using insulin altogether [Diker-Cohen 2015].
Metreleptin reduces triglycerides after a week of use [Ebihara 2007] and can
achieve a reduction of 60% after a year [Diker-Cohen 2015]. Metreleptin also
reduces LDL cholesterol and total cholesterol, although it has no effect on HDL
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cholesterol [Chong 2010, Chan 2011]. It has been reported that some patients
who suddenly stop taking metreleptin or reduce their dosage suffer episodes of
acute pancreatitis due to severe hypertriglyceridemia [Chan 2011].

Metreleptin reduces fatty liver disease, serum transaminases and NASH scores
in the first 6 to 12 months of treatment [Petersen 2002, Simha 2003c, Javor
2005, Ebihara 2007]. In one case, metreleptin reduced the recurrence of severe
fatty liver disease following a liver transplant [Casey 2013].

In the majority of patients, metreleptin decreases proteinuria [Javor 2004, Ebi-
hara 2007]. However, four patients experienced a worsening of kidney disease
during treatment with metreleptin. Therefore, the kidney function of patients with
pre-existing nephropathy must be closely monitored [Javor 2004].

In women, metreleptin normalised the secretion of gonadotrophins, which re-
sults in the normal progression of puberty, the normalisation of menstrual peri-
ods [Oral 2002, Musso 2005, Ebihara 2007, Abel 2016] and an improvement in
fertility [Brown 2016]. Metreleptin decreases testosterone levels in women but it
does not alter their ovarian morphology [Oral 2002, Musso 2005, Lungu 2012].
In men, metreleptin increases testosterone levels [Musso 2005].

Leptin replacement therapy has also been associated with a decrease in liver
volume and serum levels of aminotransferases [Oral 2002, Javor 2005, Chan
2011]. Paired biopsy studies have shown that NASH associated with CGL im-
proves with metreleptin treatment [Javor 2005, Safar Zadeh 2013]. During 52
weeks of treatment with metreleptin, improved brain connectivity associated with
the hedonic and homeostatic control of eating behaviour, a decrease in appetite
and an increase in satiety was observed [Schlogl 2016].

A recent study [Brown 2018] assessed the effectiveness and safety of metreleptin in
66 patients with generalised lipodystrophy at 4, 12 and 36 months. The study found
that there were significant reductions in HbA1c levels (-2.2%) and fasting glucose
levels (-54 mg/dL) and an average percentage change in fasting triglyceride levels
of -32.1% from the start of month 12. The reductions over time compared to the ini-
tial value of these parameters were also significant in month 36. In month 4, 34.8%
of patients experienced a reduction of >1% in HbA1c levels and 62.5% experienced
a reduction of >30% in fasting triglycerides. In month 12, 80% of patients experi-
enced a >1% decrease in HbA1c levels or a >30% decrease in triglycerides, and
66% of patients experienced a >2% decrease in HbA1c levels or a >40% decrease
in triglycerides. Of the patients taking medication, 41% stopped taking insulin, 22%
stopped taking oral antidiabetic medication and 24% stopped taking lipid lowering
medication. The average decrease in liver volume in month 12 was 33.8%.
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Metreleptin in patients with partial lipodystrophy

The effects of metreleptin in patients with partial lipodystrophy is less clear than
in patients with generalised lipodystrophy. In one study, metreleptin reduced
hypertriglyceridemia and improved the blood sugar levels of patients with se-
vere hyperleptinemia with partial lipodystrophy and severe metabolic disorders
(HbA1c initial > 8%, triglycerides > 500 mg/dL, leptin <4 ng/ml) [Diker-Cohen
2015]. In a second study, metreleptin improved triglycerides, sensitivity and se-
cretion of insulin indices in FPLD type 2 patients with moderate to severe hy-
poleptinemia [Vatier 2016]. However, in a third study, no improvements were
observed in the blood sugar levels of patients with FPLD type 2 with leptin serum
levels of <7 ng/ml [Simha 2012], although there was a decrease in levels of
triglycerides in plasma. In another study, a small subset of patients with severe
abnormalities (HbA1c > 8.0% or triglycerides > 500 mg/dL) who were treated
with metreleptin for one year seemed to benefit substantially from the treatment
in comparison with the total treated population [Ajluni 2016]. More recently, Oral
et al. [2019] found significant reductions in HbA1c (-0.6%), fasting triglycerides
(-20.8%) and liver volume (-13.4%) in partial lipodystrophy after 12 months of
metreleptin treatment. The improvement in these parameters was maintained
for longer periods (36 months) in those patients who noticed a better response
during the first year. Metreleptin is only available for patients with partial lipodys-
trophy in Europe and Japan.

Effectiveness of metreleptin in children with lipodystrophy

There is some evidence to suggest that metreleptin is effective in paediatric
patients with generalised or partial lipodystrophy. Improvements in glycaemic
levels, triglycerides, liver histology and markers of liver health were achieved
over a year of treatment in 53 patients with generalised or partial lipodystrophy.
These improvements were maintained for a period of five years as monitored by
the USA National Institutes of Health [Brown 2017]. Metreleptin treatment did
not accelerate or trigger puberty and it was associated with the normalisation of
the growth of this group. However, only eight patients in this group had partial
lipodystrophy, seven of whom were over the age of twelve, thereby limiting the
generalisation of this intervention among young children.

Side effects of and tolerance to metreleptin

Approximately 30% of patients experienced side effects [Chan 2011]. The most
clinically relevant are hypoglycaemia (in patients who also take insulin) and re-
actions around the injection site (erythema, urticaria).
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The in vitro neutralising effect of antibodies for leptin has been reported [Bel-
trand 2010, Chan 2016]. The clinical implications remain unclear, but they may
include treatment failure and sepsis [Chan 2016]. Sometimes, patients treated
with metreleptin show very high levels of serum leptin due to cross-reaction with
anti-metreleptin antibodies, though this tend to reducing along time. This pre-
cludes the use of serum leptin as a way to dosage the drug. In our experience,
at least 2 patients receiving metreleptin for more than eight years showed un-
detectable serum leptin levels despite maintaining an optimal metabolic control.
The reason of this finding is unclear.

Additional severe adverse events which occurred during treatment with leptin
are probably related to the subtype of lipodystrophy and not to the drug itself.
These include T-cell lymphoma in patients with AGL [Brown 2015], pancreatitis
and a worsening of liver [Chan 2011] and kidney disease [Javor 2004].

The development of lymphomas has been reported in patients with AGL regard-
less of whether they are being treated with metreleptin or not [Brown 2015]. The
greater risk of malignancy in these individuals may be attributable to the auto-
immune disease itself, although the theory that this drug may play a role in the
development of tumours cannot be discounted [Brown 2015].

Treatment of diabetes mellitus [Brown 2016]

1. Metformin is a first-line agent for diabetes and insulin resistance (Class lla,
Level C)

2. Insulin is effective for hyperglycaemia. In some patients, concentrated and
high-dosage preparations may be required (Class lla, Level C)

3. Thiazolidinediones can improve metabolic complications in patients with par-
tial lipodystrophy (Class llb, Level B)

Of all the oral hypoglycaemic agents, metformin is the one that is most common-
ly used. In Spain, metformin is only authorised for children over the age of 10,
although, in our experience, this drug, which is administered for compassionate
use, is tolerated well by children over the age of five at a dosage of 500-1000 mg
b.i.d.. In patients with partial lipodystrophy, thiazolidinediones improve HbA1c
levels, triglycerides, liver volume and steatosis, but they can also increase local-
ised excesses of fat [Arioglu 2000, Victoria 2010, Luedtke 2012]. Pioglitazone
is not authorised in Spain for use by patients under the age of 18, nevertheless
it can be prescribed for compassionate use with a dosage of 15-30 mg q.d. for
children with generalised lipodystrophy and a severe insulin resistance as there
have been no reported side effects apart from nausea and headaches [Ghaleiha
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2015]. In patients with high insulin requirements, concentrated insulin should
be considered [Lane 2009]. Both insulin glargine and insulin degludec can be
impaired when injecting into lipodystrophic areas as their prolonged action re-
quires subcutaneous fat [Bolli 2000, Karges 2005], therefore, it would be better
for these patients to use NPH insulin or insulin detemir.

Patients with generalised lipodystrophy may need to have intramuscular insulin
injections if they do not have enough subcutaneous fat. Other hypoglycaemic
agents have been used to treat lipodystrophy, but their effectiveness was re-
ferred to only a few cases [Kawana 2017, Oliveira 2017, Yamaguchi 2018].

Treatment of dyslipidemia [Brown 2016]

1. Statins should be used concomitantly with changes to lifestyle (age, repro-
ductive stage and tolerance must all be taken into consideration) (Class 1,
Level C)

2. Fibrates and/or long-chain omega-3 fatty acids should be used for tri-
glycerides >500 mg/dL, and can be considered for triglycerides >200 mg /
dL (Class lIb, Level C)

Lipids should be managed in accordance with the guidelines issued by the USA
and Europe for the general population, with statins used as a first-line treatment
[Catapano 2011, Jellinger 2012, Stone 2014]. Statins and fibrates should be
used with precaution due to the increased risk of myopathy, especially if there is
a known presence of myositis or muscular dystrophy [Settergren 2013]. As the
risk of cardiovascular disease can increase in patients with lipodystrophy syn-
dromes independently of other risk factors, doctors may consider the application
of stricter lipidic objectives (e.g., LDL cholesterol <100 mg/dL, non-HDL choles-
terol <130 mg/dL, triglycerides <200 mg/dL), even in patients without diabetes.
In addition to diet, fibrates and long-chain omega-3 fatty acids are widely used
in clinical practice in order to avoid the serious complications of severe hyper-
triglyceridemia [Diker-Cohen 2015]. However, their use has not been formally
studied. Plasmapheresis has been used in cases of extreme hypertriglycer-
idemia, but it must be repeated frequently [Bolan 2002]. Other lipid lowering
drugs have not been studied in patients with lipodystrophy.

Treatment of hypertension [Brown 2016]

1. Angiotensin-converting-enzyme inhibitors (ACE inhibitors) or angiotensin Il
receptor blockers (ARBSs) are first-line treatments for hypertension in patients
with diabetes. (Class lla, Level C)
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As in other patients with diabetes, ACE inhibitors or ARBs should be used to
treat hypertension [American Diabetes Association].

Treatment of liver disease [Brown 2016]

Cholic acid did not reduce hepatic steatosis in patients with FPLD in a dou-
ble-blind, placebo-controlled crossover study [Ahmad 2013]. For patients with
non-alcoholic steatohepatitis (NASH) not associated with lipodystrophy, diet and
exercise are first-line treatments [Mitchel 2014]. Of the available pharmacolog-
ical treatments, vitamin E (in children and adults) [Sanyal 2010, Lavine 2011]
(73, 74) and pioglitazone (in adults) [Sanyal 2010, Boettcher 2012] have proven
to be the most consistently beneficial for hepatic histopathology. However, these
treatments have not been studied in patients with lipodystrophy.

Treatment of Celia’s encephalopathy

There is no cure for Celia’s encephalopathy. However, it has recently been pub-
lished [Araljo-Vilar 2018b] that combining metreleptin with a diet low in satu-
rated fats, rich in polyunsaturated fats and with a supplement of omega-3 fatty
acids slowed down the neurological regression of one patient. In addition, an im-
provement in the brain’s consumption of glucose was observed in a PET scan.
These results were supported by in vitro studies of neurons treated with leptin
and docosahexaenoic acid in which the expression of the aberrant BSCL2 was
reduced by 30%. However, these results should be treated with extreme caution
as they only reflect one case. Recently, treatment with metreleptin reduced the
frequency of seizures in a patient with PELD [Pedicelli 2020].

Cosmetic treatment [Brown 2016]

1. Patients should be evaluated for distress/anxiety related to their lipodystro-
phy and, if necessary, should be referred to a mental health professional and/
or a plastic surgeon. (Class lla, Level C).

The physical changes caused by lipodystrophy can cause anxiety and physical
discomfort (e. g., due to an absence of fat pads on feet or buttocks). Data relat-
ed to cosmetic surgery are limited. For facial lipoatrophy, autologous fat can be
transferred to the face (in APL [Heidemann 2016]) or dermal fillers can be used
[Graivier 2007, Garg 2011, Vallejo 2018]. Excesses of fat in the face, neck or
vulva can be reduced either through surgery or via liposuction [Garg 2011]. De-
oxycholic acid injection was approved in 2015 for the treatment of mild-to-mod-
erate submental fat accumulation, but it has not be reported in familial partial li-
podystrophy [Shridharani 2019]. Breast implants can be useful for some women
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[Calderoni 2011, Hughes 2011]. Acanthosis nigricans can be improved by the
successful treatment of insulin resistance [Eberting 2005, Aratjo-Vilar 2015].

Contraception [Brown 2016]
1. Oral oestrogens are contraindicated. (Class lla, Level C)

2. If a contraceptive method is required, only progestin or non-hormonal contra-
ceptives should be used. (Class lla, Level C)

3. If oestrogen replacement is required, transdermal oestrogens should be em-
ployed. (Class lla, Level C)

Oral oestrogens are contraindicated in patients with lipodystrophy due to the risk
of severe hypertriglyceridemia and acute pancreatitis. Transdermal oestrogen
may be safer as it reduces the liver's exposure to oestrogen [Walsh 1991]. There
is clinical experience in the safe use of oral progestins and intrauterine devices
which contain progestin.

Pregnancy and breastfeeding [Brown 2016]

1. Pregnant patients should receive prenatal care from an obstetrician with ex-
perience in managing diabetes and a doctor with experience in managing
lipodystrophy. (Class lla, Level C)

2. If a patient becomes pregnant whilst taking metreleptin, her doctors may
consider continuing with the medication if its suspension would pose a risk
to the mother and/or fetus. The mother must also always be made aware and
must understand that the effects of metreleptin on pregnancy are unknown
(FDA category C) and they must confirm that they wish to continue the treat-
ment. (Class llc, Level C)

In lipodystrophy patients with extreme insulin resistance, a worsening of the
resistance during pregnancy can make it difficult to control the diabetes and any
consequent risks to the fetus. In addition, the withdrawal of metreleptin has been
associated with rebound hypertriglyceridemia [Oral 2002], which puts the patient
at risk of pancreatitis, thereby endangering both the mother and fetus.

Lipodystrophy Registry

In the last few years, the European Consortium of Lipodystrophies (www.eclip-
web.org), has launched the ECLip Lipodystrophy Registry (https://epidem02.
medizin.uni-ulm.de:8080/login.xhtml) with the aim of collecting clinical informa-
tion of lipodystrophy patients for a long period of time, in order to study in deep
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all of the issues related with epidemiology, natural history, associated co-mor-
bidities, treatment response, mortality, psycho-social problems and health bur-
den in these patients [von Schnurbein 2020]. At present, 18 groups from 11
countries are actively participating in this project.
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