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Abstract
Background: Lipodystrophy includes a wide group of dis-
eases characterized by reduction, absence, or altered distri-
bution of adipose tissue. Lipodystrophies are classified into
generalized or partial, according to the fat distribution, and
congenital or acquired, considering the etiology. Summary:
Impaired glucose and lipid metabolism are typically present,
thus severe insulin resistance, diabetes mellitus, dyslipid-
emia, and hepatic steatosis are frequent complications. Be-
cause of the rarity and the diversification of lipodystrophies,
diagnosis might be challenging, typically for partial forms
that cannot be easily recognized, leading to progression of
the several metabolic abnormalities associated. First man-
agement of lipodystrophy is diet and lifestyle changes, fol-
lowed by the treatment of metabolic complications. Re-
placement therapy with metreleptin, currently available in
the USA and Europe, has shown improvement of metabolic
profile in a great number of patients with lipodystrophy. Key
Messages: The purpose of this review was to describe the
phenotypic characteristics of all the known lipodystrophic
types and to present specific steps for obtaining an early di-
agnosis and assessing the best treatment of lipodystrophy.
© 2022 S. Karger AG, Basel

Introduction

Lipodystrophies are a heterogenous group of infre-
quent conditions characterized by the constant feature of
alack or dysfunction of white adipose tissue associated or
not to perturbation in its mass or distribution. Consider-
ing the etymology, lipodystrophy derives from Latin; in
particular, lipo means “fat” and dystrophy stands for “de-
generative condition.” Thus, lipodystrophy represents an
impaired lipid metabolism [1]. They can be genetic or
acquired syndromes, according to their origin. According
to the distribution, lipodystrophies are classified as gen-
eralized, partial, or localized in small areas [2].

A large number of cases are related to metabolic condi-
tions, such as insulin resistance, nonalcoholic fatty liver
disease, dyslipidemia, predisposition to atherosclerosis
and cardiovascular diseases, polycystic ovarian syndrome,
acanthosis nigricans, and their sequelae, as it results in an
increased risk of obesity [3]. Thus, both lipodystrophic
and obese patients, who have opposite body weight char-
acteristics, may present the same metabolic complica-
tions. Most patients with lipodystrophy are lean or non-
obese. The greater the fat loss, the more frequent the met-
abolic complications [4]. Furthermore, recent evidence
highlights the presence of similar mechanisms leading to
insulin resistance in lipodystrophies and obesity, suggest-
ing a similarity in the treatment for these two conditions
as well, such as bariatric surgery [5-7]. Even though lipo-
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dystrophies are very rare, they are useful for a more com-
plete understanding of adipose tissue metabolism and of
the pathophysiology of metabolic syndrome [8].

Lipodystrophy syndromes are due to different molec-
ular causes, which reflect both clinical heterogeneity and
similar pathophysiological relationships of these diseases.
Besides the diversity of clinical forms, all these syndromes
share adipose tissue dysfunction as the common patho-
physiological feature, with gene pathogenic variants prin-
cipally affecting adipocyte development, differentiation,
and/or functions [9].

The prevalence of lipodystrophies, according to cur-
rent data [10], corresponds to 1.3-4.7 cases per million in
the general population, excluding HIV-infected patients
with highly active antiretroviral therapy-induced lipo-
dystrophy, even fewer for genetic lipodystrophies [11].
The most prevalent types of inherited lipodystrophies are

Table 1. Clinical manifestations arising the suspicion of lipodystro-
phy

Patients with regional or generalized lack of adipose tissue outside
of the normal range

Familial and clinical history of lipodystrophy

Failure to thrive

Cushingoid/acromegaloid/progeroid appearance

Prominent muscle and veins (phlebomegaly)

Eruptive xanthomata

Metabolic complications (diabetes mellitus with high insulin
requirements, severe hypertriglyceridemia and consequent
acute pancreatitis, nonalcoholic steatohepatitis in lean
patients, early-onset cardiomyopathy, polycystic ovary
syndrome)

« Hyperphagia

congenital generalized lipodystrophy (CGL) and familial
partial lipodystrophy (FPLD), numbers being about 300-
500 patients each. Among the acquired syndromes, the
most prevalent are acquired generalized lipodystrophy
(AGL) and acquired partial lipodystrophy (APL) [10]. In
contrast with these data, other subtypes of lipodystro-
phies are very rare as are present in just 30 patients at the
most: mandibuloacral dysplasia (MAD), progeroid syn-
dromes associated lipodystrophy, autoinflammatory li-
podystrophy, SHORT syndrome associated lipodystro-
phy, and Keppen-Lubinsky syndrome associated lipodys-
trophy belong to this group [12].

This review aims to raise awareness and broaden
knowledge of lipodystrophies and especially clinical
manifestations which should raise suspicion of lipodys-
trophy syndromes and would lead subsequently to fur-
ther testing (Table 1). Although these conditions are un-
common, it is important to fully define their suggestive
clinical and laboratorial findings in order to help pediatri-
cians to make a correct diagnosis.

Genetic Lipodystrophies

Genetic lipodystrophies can be divided into general-
ized or partial (Tables 2-4). This panel of syndromes is
commonly linked to severe insulin resistance. There are
four CGL syndromes identified so far, all with an autoso-
mal recessive pattern of transmission. By contrast, six
FPL forms are described, each with a precise inheritance
pattern [13]. The typical distribution of adipose tissue
loss in the main lipodystrophy syndromes is shown in
Figure 1.

Table 2. CGLs

Syndrome and Inheritance ~ Mechanism classification Clinical features

gene involved

CGL1 (AGPAT2) Autosomal Malfunction of triglyceride synthesis  Nearly total lack of adipose tissue from birth, severe IR,
recessive hypertriglyceridemia, NAFLD

CGL2 (BSCL2) Autosomal Lipid droplet dysfunction and/or Phenotype as CGL1, plus cardiomyopathy and intellectual
recessive compromised adipogenesis disability

CGL3 (CAV1) Autosomal Disturbed caveolar function Neonatal absence of adipose tissue, severe IR, dyslipidemia,
recessive pulmonary hypertension, short stature

CGL4 (PTRF) Autosomal Disturbed caveolar function Loss of adipose tissue, hypertrophic cardiomyopathy, skeletal
recessive myopathy, less severe IR

NAFLD, nonalcoholic fatty liver disease.
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M Loss of fat
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d
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Fig. 1. Distribution of adipose tissue loss in lipodystrophy syndromes. a CGL. b FPL. ¢ AGL. d APL.

Congenital Generalized Lipodystrophy

CGL is a disorder that presents early, at birth, or just
after, characterized by a near-complete lack of adipose
tissue and a paradoxical muscularity. The prevalence in
the general population is about 1 in 10 million [14]. There
are several cases reported in consanguineous people, in
particular in families from Brazil, Lebanon, Scandinavia,
and African ancestry, probably because of the high rate of
founder mutations and endogamy in these ethnic groups
[15].

CGL diagnostic criteria were proposed a couple of de-
cades ago, on the basis of the scientific literature, suggest-
ing conventional anthropometry, including measure-
ments of skinfold thickness by calipers and a whole-body
magnetic resonance imaging to confirm the characteristic
adipose tissue distribution [16]. Since then, with im-
proved knowledge and updates, a molecular diagnosis
based on genotyping has been added as a confirmatory
step [17]. CGL patients have peculiar clinical features
(Table 5) [18-20].

Insulin resistance is one of the major findings of lipo-
dystrophies, together with associated metabolic condi-
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tions. Hyperinsulinemia is nearly always present and 45%
of these patients develop diabetes mellitus during puber-
ty. Diabetes mellitus is ketosis resistant, probably due to
the endogenous hyperinsulinemia, and needs high insu-
lin doses to reach a good glycemic control (up to 3,000
units a day) [21]. In those subjects with impaired diabet-
ic control, hypertriglyceridemia develops in more than
70% of CGL patients and might lead to eruptive xantho-
mas and pancreatitis. Lipidic profile is also affected,
showing low levels of HDL cholesterol and mild to severe
hypertriglyceridemia, a typical condition of late child-
hood [22]. Some patients may have focal segmental glo-
merulosclerosis, mental retardation, and/or cardiovascu-
lar diseases, in particular cardiomyopathy [23].

An increased risk of pathological fractures is usually
present after puberty in the long bones, such as humerus,
femur, radius, ulna, carpal, tarsal, or phalangeal bones,
with lytic lesions. Focal lytic bone lesions may be ex-
plained since there are problems in making normal bone
marrow fat to replace hematopoietic marrow in children
and can be confused with polyostotic fibrous dysplasia
[24]. Advanced bone age might be associated with these
clinical conditions [25].

Mainieri/Chiarelli



Table 5. Clinical features of CGL

Lipodystrophy  Clinical features
syndrome
CGL Acromegaloid features (enlarged mandibles)

Accelerated growth

umbilical hernia

Muscular appearance in both hands and feet
Prominent superficial subcutaneous veins

A voracious appetite, usually caused by severe hypoleptinemia
Hepatomegaly and/or splenomegaly, probably inducing the prominence of umbilicus or

o Liver enlargement due to the hepatic steatosis, progressing to the worse state of
steatohepatitis, then fibrosis and cirrhosis and finally end-stage liver disease and

transplantation

o Acanthosis nigricans mostly affecting the neck, axillae, and groin regions, with onset
during early childhood or after puberty
o Women with CGL may develop hirsutism, clitoromegaly, amenorrhea (primary or

secondary)

CGL Subtypes

There are four specific genes reported to be part of
CGL (Table 2). Berardinelli-Seip syndrome takes its name
from the authors who first discovered it, respectively Be-
rardinelli [26] in Brazil in 1954 and then Seip [27] in
Scandinavia in 1959. It is a very rare autosomal recessive
disorder, often affecting subjects belonging to consan-
guineous families. Two forms of the syndrome have been
described (CGL1 and CGL2), each involving different ge-
netic patterns.

Type 1 CGL

The type 1 CGL (CGL1) syndrome is caused by a bial-
lelic disease-causing mutations in AGPAT2, a gene lo-
cated on chromosome 9934 which encodes for 1-acylg-
lycerol-3-phosphate acyltransferase 2. This enzyme is a
key component of the phospholipids and triglycerides
synthesis [28]. Together with the CGL2, it is the most
common subtype, reported in about 200-250 patients.
Among the several isoforms, AGPAT?2 is most expressed
in adipose tissue; hence, a deficiency can cause lipodys-
trophy [29].

Different types of AGPAT2 mutations have been reg-
istered; however, no correlation between genotype and
both severity of fat loss and the phenotype has been doc-
umented. Affected patients with CGL1 present mechani-
cal adipose tissue in the palms of the hands and soles of
the feet, orbit, under the scalp, vulva, perineum, periar-
ticular, and pericalyceal regions of the kidneys. In con-
trast, the lack of metabolically active adipose tissue has
been documented in most subcutaneous areas, such as

Lipodystrophies in Children

intra-abdominal and intrathoracic regions and bone
marrow [30]. Available data have shown a compensatory
increased expression of the other AGPAT isoforms which
explain the remaining of the small part of fat document-
ed. These patients present acromegaloid features involv-
ing mandibles, hands, and feet. AGPAT2 metabolic path-
way seems to have a role in adipocytes differentiation
[31]. A more recent study has shown that AGPAT?2 is in-
volved in the regulation of the early steps of adipogenesis,
due to the modulation of lipoma [32]. Furthermore, a de-
crease in phosphatidylinositol synthesis has been docu-
mented, thus affecting the metabolic actions of insulin,
such as glucose transport, in the liver, skeletal muscle, but
especially in the adipose tissue [33].

Type 2 CGL

The second form is type 2 CGL which is related to mu-
tations in BSCL2 gene on chromosome 11q13, which en-
codes seipin, a 398 amino acid transmembrane protein.
Seipin has a key role in the lipid droplets assembly and
adipocytes differentiation [34]. Specifically, seipin is an
oligomeric integral membrane protein, within the endo-
plasmic reticulum, that concentrates at junctions with cy-
toplasmic lipid droplets [35]. Lipid homeostasis is guar-
anteed thanks to seipin by reducing lipogenesis and lipid
droplet accumulation in nonadipocytes, whereas pro-
moting adipogenesis in periods of excess energy storage.
Thus, adipocyte maturation is rigorously blocked in case
of seipin dysfunction [36]. Seipin can interact with AG-
PAT2 through the binding of phosphatidic acid phospha-
tase LPIN1 (also known as lipin1) and this could explain
the involvement of seipin in the synthesis of phospholip-
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ids and triglyceride as well [37]. Null and missense muta-
tions are reported, but there are no apparent phenotypic
differences between these two genetic alterations.

Patients with CGL2 have a deficiency of not only met-
abolically relevant adipose tissue, similarly to CGL1, but
also mechanically important adipose tissue (for instance,
on the palms and soles). Therefore, CGL2 is the most se-
vere form of CGL [38]. Cardiomyopathy, mild mental re-
tardation, lower median serum levels of leptin and adipo-
nectin than general populations are reported as possible
findings in CGL2 [39]. Teratozoospermia has been iden-
tified in a single patient with CGL2. Neurological impair-
ment can be manifested by spastic gait related to upper
motor lesion reported in 3 patients of a Pakistani family,
fatal neurodegenerative syndrome, or distal hereditary
motor neuropathy [40].

Type 3 CGL

Type 3 CGL is linked to mutations in CAV1, which is
located on chromosome 7q31 and encodes caveolin 1
[41]. Caveolin 1 is a key essential component for the func-
tion of the caveolae and is a particular microdomain of
the lipid rafts of the plasma membrane. Caveolae are in-
vaginations of the plasma membrane involved in endocy-
tosis, signal transmission, formation of fat droplets, bind-
ing, transport, and/or storage of fatty acids and choles-
terol, increase insulin signaling [42]. CAV1 is mostly
expressed in adipocytes, fibroblast, and endothelial cells,
even if is ubiquitously found [43]. The function of CAV1
is central to obtain a high number of caveolae, to let a
great amount of large lipid droplets to be contained in
adipocytes, and to regulate intracellular cholesterol fluxes
between cellular compartments [44]. This kind of gener-
alized lipodystrophy has been reported in a homozygous
nonsense mutation in a young woman from Brazil. The
phenotype was characterized by short stature, functional
megaesophagus, and hypocalcemia (probably secondary
to vitamin D resistance). In addition, acanthosis nigri-
cans, hypertriglyceridemia, primary amenorrhea, chron-
ic diarrhea, hepatic steatosis, and splenomegaly, diabetes
mellitus were also reported. Metabolic adipose tissue was
absent, but mechanical adipose tissue, as well as the fat
present in the bone marrow, were normal [42].

Type 4 CGL

Mutations in polymerase I and transcript release factor
(PTREF), which is located in chromosome 17q21.2, are re-
sponsible for type 4 CGL. PTRF encodes PTRF or also
called cavin-1. Cavin-1 is a necessary factor in the biogen-
esis of caveolae and co-localizes with caveolin 1 in the
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adipocytes [45]. Caveolae are stabilized in their own
structures due to the interaction between cavin-1 and the
cell’s cytoskeleton. Cavin-1 provides for the differentia-
tion of adipocytes and adipose tissue expandability [46].
About 30 patients with this CGL subtype have been re-
ported. Clinical features are osteopenia and distal me-
taphyseal deformation with joint stiffness, pyloric steno-
sis, atlantoaxial instability, percussion induced. The skel-
etal, and cardiac muscles are also affected, therefore,
patients might have congenital myopathy with high cre-
atine kinase serum levels, local protracted muscle con-
tractions (also known as “mounding”), and severe ar-
rhythmias (such as long QT syndrome, catecholaminer-
gic polymorphic ventricular tachycardia) with sudden
cardiac death [47]. The progression of adipose tissue loss
during infancy is also typical. In a lower number of cases,
nephrosis, transient immunoglobulin A deficiency, and
presence of mechanical and bone marrow fat have been
reported [48]. Patients have hepatomegaly and metabolic
abnormalities such as hypertriglyceridemia, hepatic ste-
atosis, hyperinsulinemia, and insulin resistance, although
clear evidence of diabetes has not been described [49].

Familial Partial Lipodystrophy

FPLD was first described in the 1970s, although its
comprehension has only been improved recently, due to
new knowledge on genetic and biology of adipose tissue
and the discovery of the leptin gene [50]. Up to this point,
six subtypes of FPLD have been identified, but there are
other unclassified forms of partial lipodystrophy linked
to rare genetic syndromes, each with a different pheno-
type [51]. FPLD is typically autosomal dominant disor-
ders characterized by a late development of lack of adi-
pose tissue (late childhood or puberty) in the extremities,
upper and lower, and the trunk. The partial loss of adi-
pose tissue is typically more pronounced over time. As a
matter of fact, FPLD might be underestimated in child-
hood since most patients start to lose adipose tissue after
puberty [52].

Findings of fat tissue in several ectopic regions of the
body, such as liver, muscle, pancreas, blood vessels, and a
distorted secretion of adipokine lead to the onset of insu-
lin resistance and abnormalities in both lipid and glucose
metabolism [53]. The explanation is that in lipodystrophy
the adipocytes can host the development of oxidative
stress, macrophage infiltration, lipotoxicity, and mito-
chondrial dysfunction since they are malfunctioning and
adipose tissue lacks its congenital capacity to expand [54].

Mainieri/Chiarelli



The levels of leptin and adiponectin, which are typically
low in lipodystrophy, are in part related to the metabolic
and reproductive changes, particularly in those patients
with nearly absent adipose tissue. New evidence suggests
that leptin has a primary central action on human repro-
ductive function, but an indirect health effect on genital
tissues, such as ovaries and prostate glands, even though
some leptin receptors are reported at this level [55] In
general, the more extended the lipoatrophy, the more rel-
evant the metabolic imbalance. Diabetes and cardiovas-
cular disease are more closely connected to insulin resis-
tance due to low levels of adiponectin, while hyperphagia
is a consequence of low leptin levels [56]. A tissue-specif-
ic effect in the insulin action has been recently reported,
due to promoter effect in the increased gluconeogenesis
and lipogenesis and to a reduction of peripheral glucose
uptake. These effects result in the inhibition of insulin
signaling in liver and muscle and are the cause of the de-
velopment of the representative metabolic complications
found in lipodystrophy [57]. However, insulin continues
to induce hyperandrogenemia and acromegaloid features
thanks to its still present mitogenic effect on ovarian the-
ca cells and its anabolic action, respectively [58]. In view
of these novel findings, the genetically determined altera-
tion of these pathophysiological mechanisms is similar in
metabolic syndrome and lipodystrophy syndrome [51].

FPLD Subtypes

Scientific research on genetic patterns of FPLD has
been intensified recently (Table 3). However, there are
still subjects with a clear phenotype of lipodystrophy who
do not express the known mutations. This suggests that
new genes have yet to be identified [59]. The inheritance
is typically autosomal dominant, but there are very rare
patients who present autosomal recessive inheritance.

FPLD type 2

Dunnigan syndrome is the most common type of
FPLD and the genetic basis is related to chromosome
1q21-22 [60]. It is due to molecular changes in the lamin
A/C (LMNA) gene. Lamins A and C are intermediate fil-
ament proteins that form hetero- and homodimeric
structures of the nuclear lamina and polymeric structures
between chromatin and the nuclear envelope. These
structures represent an important step in the mainte-
nance of nuclear function and stability. The resulting al-
tered interaction oflamina and chromatin can explain the
reduced number of fat cells and can also provoke an in-

Lipodystrophies in Children

creased premature apoptosis [61]. About 75% of patients
have the “typical” Dunnigan syndrome with a missense
mutation affecting the arginine residue at 482 positions,
characterized by a severe phenotype, instead patients
with milder features belong to the “atypical” form with
mutations in other positions [62]. The onset is gradual, so
the main characteristics are documented only during pu-
berty, when high rates of hormones tend to expand the fat
depots [2]. Furthermore, women are more frequently hit
by severe insulin resistance compared to men, leading to
hepatic steatosis, hypertriglyceridemia, and acanthosis
nigricans [63]. Thesignaling pathways affected by FPLD2-
associated LMNA mutations contribute to the onset of
metabolic dysfunction and cardiovascular disease [64]. In
particular, LMNA gene mutations may be linked to other
diseases, such as dilated cardiomyopathy, different forms
of muscular dystrophy, and proteinuric nephropathy
[65-67].

FPLD type 3

Variants of type FPLD3 are associated with heterozy-
gous mutations in the peroxisome proliferator-activated
receptor Y (PPARY) gene, an important transcription fac-
tor in adipocyte differentiation. This gene is a major reg-
ulator of adipogenesis, by creating more and smaller adi-
pocytes, and adipose tissue maintenance [68]. Agarwal
and Garg [69] were the first to report the association be-
tween peroxisome PPARy mutation and FPLD pheno-
type. Comparing to FPLD2, these patients have a lower
rate of lipodystrophy, therefore have milder metabolic
complications and paucity of cardiovascular disease as
well [70]. On the other hand, there is no statistically sig-
nificant difference in the prevalence of hypertension and
diabetes mellitus in males and females with FPLD3 [71].

FPLD type 1

FPLD type 1, also known as Kébberling-Type lipodys-
trophy, is characterized by lipodystrophy along the ex-
tremities and increased amount of facial, neck, and vis-
ceral fat tissue [72]. The genetic origin of this syndrome
has not completely been identified, thus a polygenic path-
way has been suggested [73]. According to the clinical
features, it seems quite similar to Dunnigan syndrome
(FPLD2) and/or FPLD3, so diagnosis is based on clinical
signs and exclusion of the other lipodystrophic types [74].

FPLD types 4, 5, 6, 7

All these types of FPLD have in common the involve-
ment of genes that play a role in droplet formation and
lipolysis. FPLD4 represents variants caused by the perili-
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pin 1 (PLIN1), a structural protein of adipocyte that coats
lipid droplets and regulates lipolysis by monitoring intra-
cellular lipases [75]. Therefore, PLIN1 is involved in the
stabilization of lipids in a chemically inert form for the
cell [76]. Autosomal dominant frameshift mutations
causing the loss of function of PLIN1 have been connect-
ed to FPLD4. These variants are characterized by lipoat-
rophy especially of gluteofemoral and subcutaneous fat of
the lower limbs, facial acromegaloid features, and muscu-
lar hypertrophy [77]. Insulin resistance, hyperinsu-
linemia, nonalcoholic fatty liver disease, hypertriglyceri-
demia, and hypertension can be found in these patients.
The predisposition to developing metabolic syndrome
seems linked to the rising lipotoxicity due to increased
unregulated release of lipid into the cell [78]. Null vari-
ants of PLIN1 have been found in diabetic/hyperinsulin-
emic patients with no presentation of lipodystrophy, sug-
gesting the lack of a real pathogenetic role [79].

FPLD5 is due to mutations of the protein cell death-
inducing DNA fragmentation factor C which induces the
formation of unilocular fat droplets by transferring lipids
from the smaller to the larger droplets [80]. Up to now,
one single patient with partial lipodystrophy secondary
to nonsense cell death-inducing DNA fragmentation
factor C mutations has been identified and presented
lack of subcutaneous fat from the extremities and femo-
ro-gluteal region. In contrast, fat is present in visceral
and neck areas [57]. Similarities between FPLD5 and
FPLD4 have been established relatively to phenotypic
manifestations [81].

LIPE is the gene that encodes hormone-sensitive li-
pase, the enzyme responsible for hydrolyzing esters to
free fatty acids. This enzyme is extremely expressed in
adipose tissue and its mutations are the cause of FPLD6
[82]. In addition to metabolic manifestations, vitiligo has
been reported [83]. FPLD?7 is related to mutations in the
caveolin gene (CAV1). Akt2-coupled lipodystrophy, very
rare, is linked to an autosomal dominant mutation in
AKT2, a protein intermediate in insulin signaling [84].

FPLD in Rare Diseases (Table 4)

MAD is a rare systemic disorder. Growth retardation,
skeletal abnormality with progressive osteolysis of the
distal phalanges and collarbones, craniofacial anomalies
with mandibular hypoplasia, a “bird’s face” with protrud-
ing eyes, and a curved nose, lipodystrophy, and mottled
skin are described [85]. Some of these patients might
present progeroid characteristics. Two types have been
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described: MAD type A, in which patients have partial
loss of subcutaneous fat from the extremities, and MAD
type B, in which the loss is more generalized, involving
face, trunk, and extremities too [86]. A homozygous mis-
sense mutation in the C-terminal domain of lamins A/C
is the most common defect found in MAD type A. In con-
trast, heterozygous compounds mutations in the zinc me-
talloproteinase (ZMPSTE24) gene cause MAD type B.
This protease processes lamin A from pre-lamin A, so if
it is malfunctioning, pre-lamin A tends to accumulate,
leading to toxicity and cellular senescence. There are
MAD patients who do not present the mutations de-
scribed, thus postulating the contribution of new genes
[87].

Hutchinson-Gilford progeria syndrome is probably
the best known progeroid syndrome, caused by a single
nucleotide polymorphism (C1826T) in the lamin A/C
gene. The mutation determines the accumulation of
progerin, which is the mutated pre-lamin A. The syn-
drome is characterized by short stature, low weight, loss
of hair, scleroderma, decreased joint mobility, aged facial
appearance, and lipodystrophy [88]. It develops in early
childhood and is associated with premature death due to
cardiovascular complications. As reported, MAD type A
and Hutchinson-Gilford progeria syndrome share muta-
tions in the same gene; therefore, they are usually consid-
ered two sides of the same syndrome, differentiating by
the severity of the manifestations [89].

SHORT is a rare syndrome, whose name is the acro-
nym of the characteristics present in this disease, namely
short stature, hyperextensibility of joints and/or inguinal
hernia, ocular depression, Rieger anomaly (iris and tooth
abnormalities), and teething delay [90]. The mutation is
in the subunit of p85 phosphatidylinositol 3-kinase (PI-
K3R1), an enzyme that provides cellular signaling of in-
sulin [91]. Some patients can present insulin resistance
and diabetes [92].

Progeroid appearance is the typical characteristic in
Wiedemann-Rautenstrauch syndrome and Marfanoid-
Progeroid-Lipodystrophy  syndrome. Wiedemann-
Rautenstrauch is a neonatal progeria syndrome, caused
by mutation on POLR3A gene. Patients present a trian-
gular and old-looking face, large anterior fontanelle, and
generalized lipodystrophy, with specific preservation of
fat in the sacral and gluteal areas [93]. Marfanoid-
Progeroid-Lipodystrophy is a novel marfanoid entity in-
volving congenital lipodystrophy, a neonatal progeroid
appearance, a particular growth pattern, due to mutations
in the penultimate exon of FBN1 [94].
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Fig. 2. AGL: progression of fat loss over
time at the age of 4.5 months (a), 6 months
(b), 8 months (c), and 10 months (d). Im-
age reprinted from reference [95] (Misra A,
Garg A. Clinical features and metabolic de-
rangements in acquired generalized lipo-
dystrophy case reports and review of the
literature. Medicine. 2003). Copyright
2003, with permission from Lippincott
Williams and Wilkins.

Table 6. AGL (Lawrence syndrome) and APLs

Syndrome Inheritance

Mechanism classification Clinical features

Lawrence syndrome Acquired

Presumed autoimmune Lipoatrophy in different stages with sparing of visceral
adipose, IR, steatohepatitis, dyslipidemia

Barraquer-Simons syndrome Acquired

Presumed autoimmune Symmetrical loss of adipose in a cephalocaudal pattern;
an increased gluteofemoral adipose is possible; no IR

HAART-induced Acquired Unclear Distal and facial lipoatrophy creating an emaciated
appearance, with increased truncal and visceral adipose,
mild IR, hypertriglyceridemia

Bone marrow transplant- Acquired Total body irradiation, Similar to those found in FPLD

associated lipodystrophy

chemotherapy, allogenic
bone marrow transplant

Acquired Generalized Lipodystrophy

cence, three times more common in women than men
[95]. It is usually linked to autoimmune manifestations

AGL, also known as Lawrence syndrome, is a rare dis-  that can occur before or after the onset of the lipodystro-
order that arises later in life (Table 6). AGL is character- phy. Although there is no familial inheritance, the pres-
ized by a loss of adipose tissue in childhood or adoles- ence of autoimmune diseases in the family members
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might help in the diagnosis. As shown in Figure 2, the loss
of fat tissue is quite variable and often gradual, beginning
with the involvement of a few body locations and then
progressing to generalized [96]. Children may present an
increased appetite due to low leptin plasma levels and lin-
ear growth, rarely acromegaloid features. More often pa-
tients present insulin resistance, diabetes, hypertriglyc-
eridemia, hepatic steatosis, and fibrosis, which cause hep-
atomegaly and can eventually lead to steatohepatitis and
cirrhosis. In about one-third of patients, acanthosis nigri-
cans and loss of fat in the palms and soles are document-
ed. Some fat accumulations can appear in the face, neck,
or axillae. Activation of the classical complement path-
way and low C4 complement levels have been connected
to the dysfunction of adipocytes and presence of lipodys-
trophy, suggesting the involvement of this pathway in the
pathogenesis of fat loss in AGL [97]. Furthermore, ac-
quired lipodystrophies have also been found as a para-
neoplastic manifestation of brain tumors in infants and
young children [98].

AGL Subtypes

In consideration of the main phenotypic features, this
syndrome has been further classified into AGL type 1
known as the panniculitis form, AGL type 2 that is the
autoimmune disease, and AGL type 3 representing the
idiopathic form. The presences of panniculitis and auto-
immune pathologies are determined in about 25% of cas-
es, while it has not yet been possible to identify the real
causes [99] in the remaining cases with idiopathic variety.

In AGL type 1, localized atrophy may be the result of
the healing of inflammatory subcutaneous nodules and
then progress gradually to generalized lipodystrophy.
Histologically, this type shows the infiltration of lympho-
cytes and histiocytes in the fat tissue, creating a granulo-
matous reaction and giant multinuclear cells. Patients
usually develop lipodystrophy more slowly than the other
subtypes and tend to register a lower prevalence of meta-
bolic manifestations, specifically diabetes, and hypertri-
glyceridemia [100].

The most frequent autoimmune diseases related to
AGL type 2 are Hashimoto’s thyroiditis, Sjogren syn-
drome, chronically active hepatitis, juvenile rheumatoid
arthritis, and in particular juvenile dermatomyositis. The
pathogenetic mechanisms might be the establishment of a
cell- or antibody-mediated autoimmune process that
causes the destruction of adipocytes. Patients with this
type tend to be older than those with the other AGL sub-

Horm Res Paediatr 2022;95:305-320
DOI: 10.1159/000522620

314

types. Diabetes mellitus with severe insulin resistance is
generally present and sometimes develops before the on-
set of lipodystrophy, requesting high doses of insulin [99].

Acquired Partial Lipodystrophy

APL comprises Barraquer-Simons syndrome, HIV-as-
sociated lipodystrophy, and bone marrow transplant-as-
sociated lipodystrophy (Table 6).

Barraquer-Simons Syndrome

Barraquer-Simons syndrome is a very rare disorder of
unknown etiology that usually occurs in childhood and ad-
olescence, typically before 15 years of age, more frequently
in girls than boys (4:1 ratio). The lack of adipose tissue is
typically symmetric, beginning from the upper side, spe-
cifically comprising the face giving children an aged ap-
pearance and then gradually spreading downward [96]. Fat
loss usually affects the upper half of the body, with the arms
showing well-defined musculature and apparent phlebo-
megaly. Fat depots can be found at the level of hips and legs.
The metabolic involvement is not usually found, even
though studies suggest that these complications have been
underestimated [101]. Peculiar is the reduction of serum
complement C3 levels and the presence of polyclonal im-
munoglobulin G or complement 3 nephritic factor present
in about 90% of patients. This could lead to the develop-
ment of membranoproliferative glomerulonephritis in
about 20% of cases, which shows up about 10 years after the
diagnosis and may cause kidney failure [50].

Highly Active Antiretroviral Therapy-Induced

Lipodystrophy in HIV-Infected Patients

Lipodystrophy is also found in HIV patients who un-
derwent highly active antiretroviral therapy (HAART),
including protease inhibitors or nucleoside reverse tran-
scriptase inhibitors for at least 2 years. This syndrome ap-
pears in about 15%-20% of HIV patients within the first
year of HAART and is now considered the most common
form of lipodystrophy [102]. Among 210 HIV-infected
children receiving HAART by clinical assessment, the
prevalence of lipodystrophy was 30% overall [103]. The
loss of adipose tissue gets worse during HAART therapy
and once established, it does not regress, even if therapy is
stopped. The phenotype is characterized by a great loss of
fat from the face, paradoxical musculature of the extremi-
ties and depots in different body regions, such as chin
(double chin), neck (buffalo hump), upper trunk (gyneco-
mastia), and increased waist circumference due to intra-
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Table 7. Main metabolic derangements/
comorbidities in lipodystrophy syndromes

Lipodystrophy syndromes

CGL

Insulin resistance

Hyperinsulinemia

Diabetes mellitus: especially during puberty, ketosis resistant
Hypertriglyceridemia, leading to eruptive xanthomas and pancreatitis

Low HDL levels

Cardiovascular diseases, e.g., cardiomyopathy

Focal segmental glomerulosclerosis

Mental retardation

Pathological fractures in the long bones after puberty

Advanced bone age

Polycystic ovaries and sterility (but successful pregnancies have been reported): all
conditions caused by an excessive androgen production by ovaries and a loss of the
pulsatile secretion of gonadotropins, probably due to insulin resistance and severe
leptin deficiency

o No reproductive problems in men have been reported

FPLD

Diabetes

Insulin resistance
Abnormalities in both lipid and glucose metabolism
Low leptin and adiponectin levels related to hyperphagia and reproductive changes

Cardiovascular diseases
Hyperandrogenemia

AGL

Diabetes

Insulin resistance

Hypertriglyceridemia
Hepatic steatosis and fibrosis, causing hepatomegaly and consequently

steatohepatitis and cirrhosis
o In women, irregular menstrual cycles and polycystic ovaries

abdominal or visceral fat [104]. However, some patients
have only lipohypertrophy or only lipoatrophy. Patients
with an excess of visceral fat often develop insulin resis-
tance, type 2 diabetes mellitus, hyperlipidemia, and accel-
erated atherosclerosis [105]. The metabolic pathogenesis
probably derives from the inhibition of mitochondrial
DNA and the dysfunction of respiratory chain with con-
sequent reduction of the energy products caused by nucle-
oside reverse transcriptase inhibitors. Furthermore, pro-
tease inhibitors interfere with fat storage, increase adipo-
cyte apoptosis and inhibit low-density lipoprotein
receptor-related protein, which causes the accumulation
of chylomicron and directly stops adipogenesis [106].

Bone Marrow Transplant-Associated Lipodystrophy
A large number of patients developed partial lipodystro-
phy following hematopoietic stem cell transplantation, pre-

Lipodystrophies in Children

senting critical metabolic profiles later in adulthood, espe-
cially when they experienced a complicated disease course.
Recent studies have shown that total body irradiation, che-
motherapy, and allogeneic bone marrow transplant can
cause lipodystrophy. The phenotypic characteristics are sim-
ilar to those found in FPLD. This subtype is typically related
to bone marrow transplant for children with leukemia [107].

Diagnosis and Differential Diagnosis

The diagnosis and clinical management of lipodystrophy
are demanding. The main metabolic derangements and ab-
normalities are characteristic of each lipodystrophy syn-
drome (Table 7). Although the peculiar phenotype of lipo-
dystrophy allows the diagnosis already at birth in patients
with CGL, the diagnosis is often more complex, often re-
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questing a multidisciplinary approach. Usually, the diagnosis
is based on clinical assessment, so the patients with suspi-
cious familial and clinical history and physical features de-
serve more specific examinations, such as biochemical stud-
ies, body composition testing, and metabolic status evalua-
tion. The presence of regional or generalized lack of adipose
tissue can be established by anthropometry, dual-energy X-
ray absorptiometry that measures the regional and total body
fat percentage, and whole-body magnetic resonance imaging
that can provide information on the pattern of fat loss [108].
In men, it is quite difficult to recognize the loss of adipose tis-
sue, as they have lower normal body fat than women and
present less severe metabolic complications. Test for glucose
intolerance, serum lipids levels, liver function, and uric acid
should be evaluated in each patient, except those with local-
ized fat depots. Serum complement 3 and 4, complement 3
nephritic factor and urine tests for proteinuria should be
evaluated in patients with APL and AGL. In CGL and MAD
is recommended to detect lytic lesions in bones and skeletal
malformations by performing an X-ray. For patients with
suspicious development of cardiovascular problems (cardio-
myopathy or coronary heart disease), electrocardiography,
Holter monitoring, echocardiography, and stress test should
be performed. Although leptin has been considered as a
marker of lipodystrophy, there are no defined serum leptin
levels that determine or rule out the diagnosis. The reason is
that serum leptin assays are not standardized and leptin con-
centrations, especially in patients with partial forms, overlap
the general population. However, leptin can be useful in the
choice of therapy [96]. Confirmatory genetic testing is help-
ful when there is a high suspicion of familial lipodystrophies.

Lipodystrophies should be considered in differential
diagnosis of patients with early diabetes, severe hypertri-
glyceridemia, hepatic steatosis, hepatosplenomegaly, ac-
anthosis nigricans, and polycystic ovarian syndrome. The
research of the lack of subcutaneous fat in lean patients
with these dismetabolic states should confirm the diagno-
sis of lipodystrophy. Furthermore, several conditions may
cause severe weight loss, such as malnutrition, anorexia
nervosa, cancer cachexia, chronic infections, uncontrolled
diabetes mellitus, thyrotoxicosis, adrenocortical insuffi-
ciency, HIV-associated wasting, all plausible identities of
differential diagnosis. Anyhow, thanks to a deeper inves-
tigation, a correct differentiation might be reached [100].

Patients with generalized lipodystrophy tend to devel-
op acute pancreatitis, cirrhosis, end-stage renal disease,
and blindness, often due to a severe diabetic condition.
The main causes of death in FPL patients are, instead,
coronary heart disease, cardiomyopathy, or arrhythmia
[109]. HIV-affected patients with lipodystrophy are pre-
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disposed to die of coronary heart disease [110]. Renal fail-
ure can present in patients with APL who developed
membranoproliferative glomerulonephritis.

Treatment

Lipodystrophy is a gradual and life-lasting disease that
can sometimes cause death. There is not a curative thera-
py. In fact, today no available treatment can reverse the
state of the pathology. However, current and novel thera-
peutic opportunities might prevent or ameliorate the sev-
eral metabolic comorbidities associated with the disease.
Similar to obesity, the first approach is diet. Particularly,
reduced dietary energy uptake, especially in adults, very
low-fat diets in those cases with acute pancreatitis induced
by chylomicronemia. In addition, specialized dietary
needs for children, taking into consideration the correct
requirements for growth and avoiding overfeeding that
can worsen hepatic steatosis. Exercise is also important:
patients with lipodystrophy have registered positive ef-
fects on their metabolic complications doing regular in-
tense physical activity, in particular in the improvement
of insulin sensitivity. However, strenuous exercise should
be avoided in individuals with cardiac problems, and con-
tact sports should not be practiced by patients with hepa-
tosplenomegaly and lytic bone lesions [96].

Thus, treatment of diabetes is first line and includes
primarily metformin, even though some patients may
need further agents, such as insulin. In case the daily re-
quirements of insulin are very high, ultraconcentrated in-
sulin analogs are useful. GLP1-receptor agonist could be
considered in the context of hyperglycemia and hyper-
phagia due to leptin deficiency, but their use is allowed in
patients without a clinical history of acute pancreatitis nor
major hypertriglyceridemia. However, no studies on the
use of this medication have been conducted so far [111].

Moreover, fibrates are prescribed in presence of hy-
pertriglyceridemia, statins are essential with the aim to
decrease LDL-cholesterol levels, ACE-inhibitors, and an-
giotensin-2 receptor antagonists (sartans) in case of arte-
rial hypertension, since several lipodystrophic patients
have cardiovascular diseases and need serial cardiological
checks. Another important issue is the impact that the
phenotype of this disease has on patients, causing signifi-
cant psychological distress. Thus, injectable fillers, plastic
surgery, and bariatric surgery may help, together with
counseling and a pain management program, taking into
account the elevated degrees of depression and anxiety
reported in these patients [112, 113].
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Since the loss of fat is related to reduce concentrations
of the metabolic regulatory adipokines leptin and adipo-
nectin, the first approach to ameliorate metabolism is the
substitution of leptin with the use of recombinant leptin
(metreleptin) [114]. Metreleptin obtained a European
Marketing Authorization in 2018 and has a key role in
contrasting ectopic fat depots, by determining a decrease
in appetite and reduction of food intake, common traits
in patients with leptin deficiency and by stimulating in-
sulin sensitivity. In particular, metreleptin not only im-
proves insulin sensitivity but is also able to reduce hyper-
triglyceridemia, hyperglycemia, hepatic steatosis, liver
volume, serum aminotransferase levels and to ameliorate
insulin secretion. Essentially, it improves the metabolic
profile in generalized lipodystrophy patients. In fact,
treatment with metreleptin has efficacy even after the re-
duction or discontinuation of anti-diabetes therapy, even
allowing its interruption [115].

The indication for metreleptin is the need to treat the
metabolic complications in the context of leptin deficien-
cy, together with diet, from 2 years of age in congenital
and acquired generalized forms of lipodystrophy and
from 12 years of age in familial and acquired partial forms
of lipodystrophy, when standard therapies are not able to
reach an adequate metabolic control and in case pre-ther-
apeutic serum leptin is less than 4 ng/mL [21]. In partial
forms, metreleptin is linked with normalization of both
serum leptin and triglycerides levels, but with an absent
improvement in glycemic control in case of severe hypo-
leptinemia and Dunnigan syndrome. It has been demon-
strated that the efficacy of metreleptin is higher in cases
of patients with worse metabolic values compared to
those with better conditions after 1 year [116].

The most frequent side effects registered are local reac-
tions at injection sites, headache, hypoglycemia, causing
decrease of insulin dose, weight loss, being part of the
therapeutic effect. None of these effects have required dis-
continuation of therapy. However, antimetreleptin anti-
bodies have been identified in 36 out of 43 patients exam-
ined in a study. In addition, 2 patients had neutralizing
antibodies, condition connected to infections, and meta-
bolic imbalance [117]. The possibility that the neutraliz-
ing antibody may attenuate the effect of endogenous
leptin along with metreleptin has to be considered. Hence,
expected benefits and adverse effects should be carefully
pondered before the onset of metreleptin therapy [118].
Further severe adverse effects may occur, linked not to
metreleptin treatment, but to the underlying lipodystro-
phy syndrome. This is the case of T-cell lymphoma often
registered in patients with AGL, pancreatitis, advanced
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stage liver, and kidney diseases [119, 120]. However, in
these patients, a direct relationship between metreleptin
treatment and development of lymphomas has been reg-
istered. Indeed, the indication for the metreleptin thera-
py, considering its immunomodulatory role, should be
wisely deliberated in patients with hematopoietic abnor-
malities [52].

Conclusion

Lipodystrophies, congenital, or acquired, include a
group of diseases characterized by a reduction or lack of
adipose tissue, related to metabolic consequences, such as
insulin resistance, dyslipidemia, and hepatic steatosis, the
same found in obesity. After all, the metabolism of adi-
pose tissue and the mechanisms of metabolic syndrome
can be further explained by considering the pathophysi-
ology of lipodystrophy syndromes, despite their rarity.
Diagnosis is often challenging since lipodystrophy can be
incorrectly recognized as other conditions. A curative
therapy is not available so far, so treatment is based on
improving the several comorbidities associated with lipo-
dystrophy. Replacement with metreleptin has demon-
strated to be effective in reaching glucose and lipid con-
trol. This way seems to be promising for the management
of the metabolic complications; however, further long-
term studies are needed to explore novel therapeutic op-
portunities in these relevant diseases.
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