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syndromes are also categorized as generalized or partial, 
depending on the extent of subcutaneous fat loss. The 
four main clinical forms of lipodystrophy include: con-
genital generalized lipodystrophy (CGL), acquired gener-
alized lipodystrophy (AGL), familial partial lipodystrophy 
(FPLD) and acquired partial lipodystrophy (APL). Over 
time, the classification of lipodystrophy syndromes has 
become increasingly complex, as new phenotypes and dis-
ease subtypes have been identified [1]. These disorders are 
associated with various insulin resistance-related metabolic 
abnormalities, including atypical diabetes, severe hypertri-
glyceridemia, and liver fat accumulation that may progress 
to metabolic dysfunction-associated steatotic liver disease 
(MASLD) and, in some cases, cirrhosis [2, 3]. Individuals 
with lipodystrophy face an increased risk of complications 
such as recurrent acute pancreatitis, proteinuria, renal insuf-
ficiency, and cardiovascular disease [4, 5]. Given the pro-
gressive nature of these complications, young patients may 
initially show no metabolic disturbances [6–9].

The specific genetic cause of lipodystrophy can influ-
ence clinical signs and symptoms, thereby providing clues 
for forming a diagnostic suspicion and aiding healthcare 

Introduction

Lipodystrophy syndromes represent a heterogeneous group 
of very rare disorders characterized by variable loss of 
subcutaneous adipose tissue (SAT). Lipodystrophies are 
classified as either congenital or acquired based on their eti-
ology. Congenital forms are genetically determined and can 
exhibit either autosomal recessive or autosomal dominant 
inheritance patterns. Acquired forms are thought to result 
from autoimmune mechanisms or may be secondary to cer-
tain medications, such as highly active antiretroviral therapy 
(HAART) used in HIV-positive patients. Lipodystrophy 
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practitioners in selecting appropriate genetic tests and facili-
tating timely diagnoses [10]. Advances in our understanding 
of adipocyte biology, improved techniques for examining 
adipocyte function, and progress in genetic sequencing have 
helped to elucidate the etiology of genetic lipodystrophy 
syndromes [11], identifying key genes involved in adipo-
cyte differentiation, lipid metabolism, and insulin signaling 
[12]. Notably, the discovery of nuclear envelope proteins, 
such as Lamin A and C, as causative factors in lipodystro-
phy underscores the complexity of these conditions [13–
15]. The precise mechanism by which anomalies in these 
proteins result in selective, time- and location-specific fat 
loss, along with other pathological changes, remain largely 
unclear. Additionally, our understanding of the crucial inter-
actions between the immune system and adipocytes, vital 
for maintaining adipose tissue (AT) function, integrity, and 
adaptability, is still evolving [16, 17]. As these interconnec-
tions become better understood, we anticipate significant 
breakthroughs in lipodystrophy treatment. This review aims 
to present the known and proposed disease mechanisms and 
highlight common themes.

Generalized Lipodystrophy

Generalized lipodystrophy syndromes (GL) are character-
ized by a significant reduction or near-total absence of SAT 
throughout most of the body [18]. In females, the limited 
presence of SAT emphasizes the appearance of muscular 
hypertrophy, facilitating earlier diagnosis [2, 19, 20]. In 
contrast, muscle hypertrophy in males may not be imme-
diately recognized as a symptom of an underlying disorder, 
often leading to delays in diagnosis [19, 20]. As a result, GL 
remains frequently underrecognized and underdiagnosed. 
GL encompass both congenital and acquired forms, which 
are described individually in the following sections.

Congenital Generalized Lipodystrophy

Congenital generalized lipodystrophy, or Berardinelli-Seip 
Syndrome (OMIM #608594, ORPHA:528), is a severe 
autosomal recessive disorder, characterized by the near-total 
absence of SAT, typically evident at birth or within the first 
year of life (Fig. 1a). First described by Waldemar Berar-
dinelli in 1954, and further detailed by Seip [21, 22], CGL 
has an estimated prevalence of 1 in 10 million live births, 
with higher incidence rates in certain regions [23]. While 
there is no gender predominance, females are diagnosed 
more frequently, likely due to their greater tendency to seek 
medical attention for pronounced muscular hypertrophy [1] 
as well as earlier and more severe metabolic abnormalities. 
CGL is associated with premature death, reducing patients’ 
lifespan by 30 years or more, primarily due to liver disease 

and infections, although the mechanisms underlying sus-
ceptibility to infections remain unclear [19]. There are four 
main subtypes of CGL (types 1 to 4) caused by pathogenic 
variants (PVs) in genes such as AGPAT2, BSCL2, CAV1, 
and PTRF, respectively. Two additional types are associ-
ated with biallelic variants in the PPARG and LMNA genes. 
Types 1 and 2 are the most common CGL, accounting for 
approximately 95% of cases with a known genetic cause 
(Table 1).

CGL Type 1 is caused by PVs in the AGPAT2 gene on 
chromosome 9q34, which encodes an enzyme crucial for 
triglyceride synthesis and fat storage in adipocytes. How-
ever, patients can clearly synthesize triglycerides as they 
display hypertriglyceridemia. The pathway for triacyl-
glycerol and phospholipid synthesis converge. These PVs 
may disrupt this complex pathway with an accumulation of 
either toxic or proinflammatory metabolites, altering intra-
cellular signaling and ultimately causing adipocyte death. 
A recent study showed that acute targeting of AGPAT2 
with anti-sense oligonucleotides resulted in accumulation 
of lysophosphatidic acid, which was sufficient to induce 
inflammation in both adipocytes and liver [24].

In addition to the generalized absence of SAT, patients 
may exhibit accelerated growth, acromegaloid features, 
phlebomegaly, and pronounced musculature. Umbilical her-
nias or protrusions are also characteristic [1, 19]. Common 
complications include insulin resistance leading to diabetes 
mellitus (DM), hypertriglyceridemia-induced pancreati-
tis, and hepatic steatosis, resulting in hepatomegaly. Other 
prevalent features include cardiovascular diseases, particu-
larly hypertrophic cardiomyopathy [25], hyperandrogenism, 
and cysts in long bones. In rare cases, intellectual disability 
has also been described [26]. Patients typically present with 
hypoadiponectinemia, very low leptin levels, and experi-
ence hyperphagia in early childhood, often appearing as 
fussy infants [26].

CGL Type 2 is caused by PVs in the BSCL2 gene on 
chromosome 11q13, which is essential for triglyceride syn-
thesis, lipid droplet fusion, and adipocyte differentiation. 
This subtype often manifests with more severe multi-system 
symptoms compared to other forms of CGL, including cog-
nitive deficits, hypospermia, and hypogonadism in males. 
Metabolic complications also tend to be more severe and 
appear earlier, despite higher circulating leptin levels [2, 
27]. Although triglyceride synthesis in adipocytes is com-
promised in these patients, serum triglyceride levels are 
markedly elevated. This paradox is explained by the signifi-
cant loss of adipose tissue, which results in ectopic fat depo-
sition and increased circulating free fatty acids. The liver, in 
turn, metabolizes these excess fatty acids into very low-den-
sity lipoproteins (VLDL), leading to a substantial increase 
in serum triglyceride concentrations [26]. Additionally, the 
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bidirectional nature of lipid metabolic pathways, along with 
the diversion of lipids into phospholipid synthesis, particu-
larly phosphatidylethanolamine, may contribute to adipo-
cyte loss by inducing lipotoxic stress in precursor cells [28]. 
Within CGL Type 2, a specific condition known as Celia’s 
encephalopathy, or Progressive Encephalopathy with or 
without Lipodystrophy (PELD), is associated with a PV in 
exon 7 of the BSCL2 gene, which leads to an aberrant splic-
ing site, resulting in the skipping of exon 7 [29]. In addition 
to the typical features of CGL2, patients with this PELD 
experience delays in developmental milestones following 

birth. Over time, they may develop gait disturbances, along 
with a loss of speech and comprehension. As the disease 
progresses, epileptic symptoms and severe encephalopathy 
can occur. Premature death often results from respiratory 
sepsis associated with bronchial aspiration or from status 
epilepticus. Notably, post-mortem studies of two affected 
patients have revealed significant atrophy of the caudate 
nuclei [29, 30].

CGL Type 3 is the rarest subtype of congenital general-
ized lipodystrophy, with only four cases reported to date. It 
is caused by PVs in the CAV1 gene on chromosome 7q31. 

Fig. 1  Four broad categories of Lipodystrophy Syndromes (a) Con-
genital Generalized Lipodystrophy (also known as Seip Berardinelli 
Syndrome). Note generalized fat loss and pseudo-acremegaloid fea-
tures. (b) Acquired Generalized Lipodystrophy (also known as Law-
rence syndrome). Even though classically known as a disease of 
childhood, can present in late adulthood as in the patient presented. 

(c) Familial Partial Lipodystrophy (also known as Köbberling-Dun-
nigan Syndrome). Note preservation of fat around face and neck. (d) 
Acquired Partial Lipodystrophy (one subtype known as Barraquer-
Simons syndrome or cephalocaudal syndrome is presented here). Note 
preservation of fat below inguinal line
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[44], immune thrombocytopenia [45] and coexisting CD28 
and CTLA4 haploinsufficiency [46]. Interestingly, there is 
growing evidence that AGL can be triggered by immune 
checkpoint inhibitors such as anti-programmed cell death 
protein 1 (PD-1) therapies, including pembrolizumab and 
nivolumab, used to treat metastatic melanoma and renal cell 
carcinoma [47–51]. These observations not only reinforce 
the autoimmune nature of the disease but also implicate 
broader immune dysregulation as a potential driver of adi-
pose tissue loss.

Historically, AGL was classified into three subtypes: 
panniculitis-related (Type 1), autoimmune disease-related 
(Type 2), and idiopathic (Type 3), each characterized by 
distinct patterns of SAT loss [38]. Despite this classifica-
tion, the overlap between these categories is common [38, 
52]. A notable association exists between AGL and juvenile 
dermatomyositis, with approximately 10% of JDM cases 
developing generalized fat loss [53]. For example, some 
AGL patients who have been classified in this category con-
currently exhibit progeroid features due to a specific patho-
genic variant in the LMNA gene (p.T10I) [54]. Intriguingly, 
one such patient also had biopsy-confirmed JDM, suggest-
ing a potential molecular link between these disorders [55]. 
Nevertheless, it is important to emphasize that LMNA muta-
tions have been identified in a minority of AGL cases; the 
majority do not have a defined genetic cause, underscoring 
the acquired, rather than inherited, nature of most forms of 
the disease. As research advances in the molecular mecha-
nisms of inflammatory and immune-related diseases, it is 
expected that the AGL phenotype will be redefined and 
reclassified [46, 56].

Partial Lipodystrophy

Partial Lipodystrophy (PLD) encompasses various meta-
bolic disorders with significant clinical heterogeneity [57, 
58]. Even among individuals with identical gene variants, 
this variability poses challenges for clinical suspicion and 
accurate diagnosis [18, 58]. A thorough physical examina-
tion is vital in the diagnostic process. A hallmark of PLD 
is the scarcity of SAT, particularly in the extremities, with 
pronounced loss in the lower limbs and the gluteo-femoral 
region. However, fat deposition can vary across other body 
regions, including the face, neck, upper back, intra-abdomi-
nal, axillary, and pubic regions.

Familial Partial Lipodystrophy

Familial partial lipodystrophy is characterized by the loss 
of SAT from the upper and lower extremities, with vary-
ing degrees of fat loss from the trunk (Fig. 1c). While the 
genetic inheritance pattern of FPLD type 1 remains unclear 

Achalasia has been reported in two of the described cases, 
leading to dysphagia and progressive megaesophagus, 
features that may help distinguish this subtype from other 
forms of CGL [31, 32].

CGL Type 4, documented in just over 40 cases, is caused 
by PVs in PTRF gene. It encodes for a cytoplasmatic pro-
tein called caveolae-associated protein 1 (Cavin-1), which, 
together with caveolin 1, is crucial for the biogenesis of 
caveolae and regulates the expandability of AT [33]. Cavin-1 
is expressed in various tissues, including muscle, leading to 
specific clinical features in affected individuals. They typi-
cally exhibit a near-complete absence of AT accompanied 
by muscular dystrophy, characterized by elevated creatine 
phosphokinase (CPK) levels and muscle weakness. Further-
more, patients often present with cardiac arrhythmias, skel-
etal abnormalities, and gastrointestinal dysmotility, which 
are highly indicative of this syndrome [34–36].

Acquired Generalized Lipodystrophy

Acquired generalized lipodystrophy, also known as Law-
rence Syndrome (ORPHA:79086), is characterized by fat 
loss that can be gradual or associated with panniculitis, 
typically occurring during childhood or adolescence, with 
a female predominance [37] (Fig. 1b). Initially, the loss of 
SAT may be localized to specific areas; however, as the 
disease progresses, over weeks, months, or, in some cases, 
years, total body fat can diminish to levels comparable to 
those seen in CGL. Notably, bone marrow, retro-orbital, and 
intra-abdominal fat may be spared. Common comorbidities 
include insulin-resistant DM, hypertriglyceridemia leading 
to pancreatitis, and hepatic steatosis [37, 38]. Although the 
exact pathogenesis of AGL remains incompletely under-
stood, an autoimmune etiology is strongly supported by 
its frequent association with other autoimmune conditions, 
such as juvenile dermatomyositis (JDM), autoimmune 
thyroid disease, and systemic lupus erythematosus, point-
ing toward a mechanism of immune-mediated adipocyte 
destruction [39]. Furthermore, some AGL patients exhibit 
activation of the classical complement pathway reflected 
by low complement C4\ levels [40]. Recent studies have 
identified autoantibodies targeting the lipid droplet protein 
perilipin 1 (PLIN1) [41, 42], with their titer significantly 
correlating with the extent of fat loss, metabolic control 
impairment, and severity of liver injury [43]. Other specific 
target antigens, however, have yet to be identified. While 
autoimmunity is a hallmark in many AGL cases, there may 
be rare forms of the disease where a clear autoimmune cause 
is not evident, and further mechanistic studies are needed 
to explore this. Beyond classical autoimmune associations, 
AGL has also been linked to various immune system dis-
orders, including common variable immunodeficiency 
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phenotype is highly variable but typically involves reduced 
AT in the glutes and lower limbs, coupled with abdomi-
nal fat accumulation. In some cases, fat loss extends to 
the upper limbs, with a characteristic fat distribution that 
follows a proximal-to-distal gradient, resembling an exag-
gerated “apple-shaped” body type. Due to its clinical het-
erogeneity, the prevalence of FPLD1 may vary depending 
on how the phenotype is defined, and it is likely underdi-
agnosed. A genome-wide association study identified five 
distinct clusters of type 2 DM (T2DM) loci and traits, one of 
which showed a “lipodystrophy-like” fat distribution. This 
finding has significant implications for the pathogenesis of 
T2DM, a condition that affects approximately 537 million 
people worldwide, as reported by the International Diabe-
tes Federation (IDF) in 2021. Notably, about 90% of these 
cases are classified as T2DM. In a more recent and larger 
dataset analysis, some of the same authors identified two 
clusters out of a total of 12 within the broader Type 2 dia-
betes population, encompassing a more diverse multi-ethnic 
cohort. These two clusters exhibit features resembling some 
form of lipodystrophy, where altered fat distribution appears 
to be linked to the development and presentation of Type 
2 diabetes through specific mechanisms [63] Given these 
observations, it is possible that some T2DM cases, particu-
larly those resembling FPLD1, may represent undiagnosed 
cases of familial partial lipodystrophy [64].

FPLD 2 (Dunnigan Syndrome) is the most prevalent and 
well-characterized monogenic form of FPLD. This variant 
was first described by Dunnigan in 1974 and later corrobo-
rated by Köbberling in 1975. Individuals affected by FPLD2 
are born with a normal fat distribution but gradually develop 
a progressive loss of AT in the extremities, trunk, and glu-
teal region. Simultaneously, abnormal fat accumulation 
occurs in the neck, face, and intra-abdominal region, lead-
ing to a cushingoid appearance. The precise onset of body 
fat changes and metabolic complications during childhood 
remains unclear. Marked phenotypic heterogeneity has been 
reported in children affected by FPLD2, particularly among 
girls, some of whom exhibit FPLD2 symptoms and meta-
bolic complications, such as hypertriglyceridemia, even 
before puberty [65]. These observations suggest that the 
adipose phenotype may develop before the onset of puberty. 
They also raise interesting questions regarding sex-specific 
differences in disease presentation and severity. Studies 
indicate that men tend to have a less severe metabolic pro-
file compared to women, who show a higher prevalence of 
complications such as DM, atherosclerotic cardiovascular 
disease, hypertriglyceridemia, and low high-density lipo-
protein cholesterol (HDL-C) levels [66, 67].

The FPLD2 is more readily recognized in women 
than men due to the unusual muscular appearance of the 
extremities, the higher prevalence of hirsutism, menstrual 

and may be polygenic [59], the other subtypes are mono-
genic and are generally referred to by subtype number. 
FPLD2 is associated with pathogenic variants in LMNA 
(lamin A/C), FPLD3 in PPARG (peroxisome proliferator-
activated receptor gamma), FPLD4 in PLIN1 (perilipin 1), 
FPLD5 in CIDEC (DFFA-induced cell death effector C), 
FPLD6 in LIPE (hormone-sensitive lipase), and FPLD7 in 
CAV1 (caveolin 1). The field is currently working toward 
a harmonized gene-based nomenclature to clarify concep-
tual relationships, moving away from purely numerical 
classifications. This effort is ongoing, and the manuscript 
can be updated accordingly once a consensus is reached. 
These genes play fundamental roles in adipogenesis, con-
tributing to the understanding of the complexity of these 
disorders [7, 60]. Some FPLD subtypes can present with 
fat accumulation in the face and supraclavicular region, 
leading to a Cushingoid appearance with features such as 
a “buffalo” or “dorsocervical” hump and double chin. For 
an accurate differential diagnosis, it is essential to recog-
nize that while PLD presents with reduced SAT and nor-
mal or hypertrophic muscle, Cushing’s syndrome involves 
preserved SAT and reduced muscle mass. Although these 
phenotypic similarities exist, the underlying pathogenic 
mechanisms differ between FPLD and Cushing’s syndrome. 
In hypercortisolemia, excess cortisol induces fat redistri-
bution by directly binding to glucocorticoid receptors on 
adipocytes, which promotes the accumulation of visceral 
fat and preferential fat deposition in areas such as the face, 
trunk, and dorsocervical region. Simultaneously, cortisol 
stimulates lipolysis in subcutaneous adipose tissue, result-
ing in an increased release of free fatty acids (FFAs) into 
the bloodstream. These changes are further compounded 
by muscle wasting, as cortisol exerts catabolic effects on 
protein metabolism, leading to reduced muscle mass [61]. 
Conversely, in FPLD, genetic mutations impair adipocyte 
function and survival, causing selective loss of SAT in limbs 
and gluteal regions, with relative preservation or hypertro-
phy of fat depots in areas like the face and neck [61]. This 
redistribution mimics the Cushingoid phenotype but occurs 
independently of cortisol excess. The age of onset for the 
FPLD phenotype usually varies by subtype: FPLD1 typi-
cally manifests in the third or fourth decade, FPLD2 during 
or even before puberty, FPLD3 and FPLD6 in early adult-
hood, while FPLD4 and FPLD5 may present in childhood 
[18, 57].

The genetic and clinical diversity of FPLD presents a 
fascinating and multifaceted challenge, offering valuable 
insights into the molecular mechanisms underlying meta-
bolic diseases and paving the way for the development of 
more precise, targeted therapeutic interventions [62].

FPLD1 (Köbberling Syndrome) represents the most 
common subtype with a seemingly polygenic etiology. Its 
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sensitivity, while in the liver it suppresses gluconeogenesis 
[74]. Pathogenic variants impairing the PPARG function 
result in reduced receptor activity, leading to a lipoatrophic 
phenotype [75]. Interestingly, there is an in vitro study 
that classifies all possible missense mutations in PPARG 
gene through a functional assay that can add in the likeli-
hood of attribution of pathogenicity if a missense variant is 
observed [76]. Compared to individuals with FPLD2, those 
with FPLD3 exhibit milder fat loss, affecting predominantly 
the distal extremities, especially the calves and forearms. In 
contrast, fat in the thighs and upper arms is relatively pre-
served. Despite this, FPLD3 patients often experience more 
severe metabolic complications, suggesting that the remain-
ing AT may be dysfunctional or that individuals with milder 
metabolic disease may be underdiagnosed [77]. Approxi-
mately 30 cases of FPLD3 have been thoroughly described 
in the literature, highlighting its rarity and clinical complex-
ity and the need for deeper understanding to ensure accurate 
diagnosis and management [1, 18, 76].

FPLD4 is caused by PVs in the PLIN1 gene, located on 
chromosome 15 (15q26). This gene encodes perilipin 1, the 
most abundant protein coating adipocyte lipid droplets. Per-
ilipin 1 plays a crucial role in the formation and matura-
tion of these droplets, regulating triglyceride storage and the 
release of free fatty acids [78]. Defects in perilipin 1 lead to 
constitutive activation of triglyceride lipase in AT, causing 
elevated basal lipolysis. This dysfunction also reduces adi-
pocyte size, induces AT fibrosis, and increases macrophage 
infiltration, creating an inflammatory profile that exacer-
bates metabolic issues [78, 79]. Only six cases of FPLD4, 
documented in three families, have been described in the lit-
erature. Affected patients presented with hyperinsulinemia, 
hypertriglyceridemia, and hepatic steatosis, along with more 
pronounced lipodystrophy in the lower limbs and gluteo-
femoral regions [18, 57]. Recent studies suggest that PLIN1 
haploinsufficiency may not always cause lipodystrophy and 
could even confer a favorable metabolic profile, potentially 
protecting against cardiovascular disease [80, 81]. This 
challenges the earlier belief that PLIN1 haploinsufficiency 
is pathogenic. Instead, it appears that only specific frame-
shift variants, which extend the translated protein, lead to 
severe lipodystrophy, likely through a dominant-negative 
mechanism [80]. These data highlight that the pathogenic-
ity of PLIN1 mutations is complex and may depend on the 
precise nature of the mutation rather than a simple loss of 
function [80].

FPLD5 and FPLD6 are caused by recessive mutations 
in cell death-inducing DFFA-like effector C (CIDEC) and 
Hormone-Sensitive Lipase (LIPE) genes, respectively [82]. 
A nonsense variant in the CIDEC gene has been associ-
ated with severe insulin resistance and acanthosis nigricans 
beginning in childhood [83]. In contrast, FPLD6 typically 

irregularities, polycystic ovary syndrome (PCOS), and ear-
lier, more severe metabolic manifestations. Fat accumula-
tion in the genital region is commonly observed in female 
patients, and our clinical findings suggest that men may 
also exhibit fat deposition in this area, although it has been 
less frequently reported in the literature. However, this has 
been less frequently noted. Additionally, some patients may 
experience myopathy, cardiomyopathy, and cardiac electri-
cal conduction disorders, supporting the concept of a “mul-
tisystem dystrophic syndrome” [68–70].

The genetic basis of FPLD2 is well established and 
linked to PVs in LMNA gene (1q21-22). The lamins A 
and C, encoded by LMNA, are crucial components of the 
nuclear lamina, located between the inner nuclear mem-
brane and chromatin. They are involved in nuclear organiza-
tion, chromatin assembly, nuclear membrane integrity, and 
telomere stability, with a marked presence in the cytosol, 
cytoskeleton, and cell nucleus [71]. Mutations in LMNA 
likely impair nuclear function, leading to delipidation and 
early adipocyte apoptosis or death. Approximately 75% of 
FPLD2 cases present a pathogenic variant in exon 8, where 
arginine at position 482 is replaced by a neutral amino acid 
such as glutamine, leucine, or tryptophan. Other variants in 
exon 9 and 11 have also been identified. The R482W vari-
ant is most strongly associated with muscular and cardiac 
abnormalities, including muscular atrophy, cardiac hyper-
trophy and development of atrial fibrillation, and advanced 
atherosclerosis. In rare cases, PVs in exon 1 cause cardio-
myopathy, early-onset congestive heart failure, and cardiac 
arrhythmias, sometimes necessitating heart transplantation. 
However, further research is needed to fully understand the 
phenotypic differences associated with each specific variant 
causing FPLD2 [72]. FPLD2 is now part of a broader group 
of genetic conditions known as laminopathies, which are 
caused by changes in the nuclear lamina. Other laminopa-
thies include Hutchinson-Gilford progeria, mandibuloac-
ral dysplasia, Emery-Dreyfuss muscular dystrophy, pelvic 
and scapular girdle muscular dystrophy type 1B, type 1 A 
dilated cardiomyopathy, and Charcot-Marie-Tooth disease, 
among others [73].

FPLD3 is caused by PVs in the PPARG gene located on 
chromosome 3 (3p25). This gene encodes the PPARγ recep-
tor (peroxisome proliferator-activated receptor gamma), a 
nuclear transcription factor that belongs to the nuclear recep-
tor family. PPARγ is primarily expressed in AT and plays a 
pivotal role in adipocyte differentiation. The receptor forms 
a heterodimer with the retinoic-acid X-receptor (RXR) and, 
when activated by ligands, it triggers a cascade of events 
that lead to systemic insulin sensitization. In AT, this leads 
to increased lipid uptake and storage, expansion in the adi-
pocyte number, and recruitment of activated macrophages. 
In skeletal muscle, PPARγ activation enhances insulin 
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and contribute to AT dysfunction [92]. In individuals with 
HIV, APL is characterized by a redistribution of body fat, 
with notable fat loss in the upper and lower limbs, the fem-
oral-gluteal region, and the face [93]. Conversely, fat accu-
mulation occurs primarily in the visceral abdominal area, 
mammary tissue in women (less frequently in men), and 
occasionally in the dorsocervical area [94]. These altera-
tions, collectively termed HIV-associated lipodystrophy or 
HIV metabolic syndrome, often present alongside an ath-
erogenic profile, increasing the risk of cardiovascular dis-
eases [95, 96] and seem to be correlated to age, gender, and 
HIV infection duration [97]. In such patients, serum leptin 
levels are typically normal or elevated, whereas adiponectin 
levels are reduced [98].

The best-known form of APL not HIV-related is Barra-
quer-Simons Syndrome (or cephalocaudal lipodystrophy, 
OMIM #608709, ORPHA:79087). It is characterized by a 
progressive loss of SAT in the upper body, with a symmet-
rical and cephalocaudal progression (Fig. 1d). It predomi-
nantly affects females and generally begins in childhood 
or adolescence, impacting the face, neck, shoulders, arms, 
and trunk while sparing the abdomen and lower limbs. As 
a result, there is often an excessive accumulation of AT in 
the lower body [1, 99]. Although metabolic complications 
are uncommon, likely due to the preserved lower body fat 
[100], some patients with more extensive fat loss and longer 
disease course have reported severe metabolic manifesta-
tions. In such cases, increased inflammation and fibrosis in 
the lower-body fat may contribute to these metabolic dis-
turbances, highlighting the need for close monitoring to 
address any emerging metabolic alterations [8, 9].

To date, approximately 250 cases of Barraquer-Simons 
Syndrome have been reported, predominantly among indi-
viduals of European descent without a family history of 
lipodystrophy. Unlike other forms of lipodystrophy, this 
syndrome does not demonstrate hereditary patterns and is 
not linked to pathogenic variants in genes typically associ-
ated with lipodystrophy. However, some cases have iden-
tified variants in the LMNB2 gene, although the potential 
genetic contributions to this condition remain unclear [101]. 
Nonetheless, these findings may suggest a complex trait 
with an underlying genetic susceptibility.

Several autoimmune diseases, including systemic lupus 
erythematosus and dermatomyositis, have been reported 
in conjunction with this condition, with many patients 
testing positive for at least one of the autoantibodies com-
monly screened for autoimmune conditions like ANA (anti-
nuclear antibody) and ENA (extractable nuclear antigen) 
panel tests [100, 102, 103]. Following lipodystrophy onset, 
about 20–40% of patients develop membranoproliferative 
glomerulonephritis, and up to 80% exhibit low serum C3 
complement levels [104]. The serum concentrations of the 

presents in adulthood and is characterized by progressive 
symmetric myopathy. This condition can also lead to fat 
accumulation in the neck, back, and supraclavicular areas, 
which may resemble the dorsocervical fat accumulation 
seen in Cushing syndrome [84].

FPLD7 is due to variants in the CAV1. Patients with this 
syndrome presented neonatal onset lipodystrophy, with 
loss of fat in the face and upper body, as well as certain 
progeroid features, the presence of cataracts and dyslipid-
emia [85, 86].

Recently, a novel subtype of FPLD caused by gain-of-
function missense variants in the negative regulatory region 
of the NOTCH3 gene has been described [87]. In addition 
to these subtypes, there are patients with a phenotype and 
family history suggestive of FPLD who lack known gene 
variants, suggesting the existence of other genetic loci that 
have not yet been investigated. Table 1 provides a detailed 
summary of all FPLD subtypes and linked genetic defects.

Acquired Partial Lipodystrophy

Historically, acquired partial lipodystrophy primarily 
referred to Barraquer-Simons syndrome, a rare condition 
usually presenting in childhood or adolescence, marked by 
a characteristic, region-specific loss of fat. However, other 
APL forms have been identified and added to the classifica-
tion, including those related to HIV infection. Below is an 
overview of the main subtypes.

The most prevalent form of APL affects approximately 
50% of individuals with human immunodeficiency virus 
(HIV) and has been associated with the use of earlier highly 
active antiretrovirals, including first- and second-generation 
protease inhibitors (PIs) [88]. First-generation PIs, such as 
nelfinavir and indinavir, negatively impact AT by inhibiting 
adipocyte differentiation, promoting insulin resistance, and 
increasing the production of pro-inflammatory cytokines 
by adipocytes and macrophages infiltrating the tissue [89]. 
Second-generation PIs, such as ritonavir and lopinavir, fur-
ther damage AT by inducing oxidative stress and altering 
adipokine secretion patterns [89, 90]. Regarding nucleoside 
analog reverse transcriptase inhibitors (NRTIs), first-gener-
ation molecules like stavudine and zidovudine contribute to 
subcutaneous lipoatrophy, while second-generation NRTIs, 
such as tenofovir, do not exhibit these effects [91]. Beyond 
the impact of antiretroviral drugs, HIV infection itself can 
contribute to the development of lipodystrophy. Infection 
of adipocytes and macrophages, which act as reservoirs of 
viral replication, promotes the release of viral proteins that 
disrupt the adipocyte phenotype. Additionally, macrophages 
transition from an anti-inflammatory (M2) to a pro-inflam-
matory (M1) pattern leads to the production of pro-inflam-
matory cytokines, which further aggravate insulin resistance 
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syndromes. Several forms are associated with progeroid 
traits (Table 2).

Special mention should be given to multiple symmetric 
lipomatosis (MSL), also known as Madelung Syndrome or 
Launois-Bensaude disease, first described by Otto Mad-
elung in 1888, without a clearly defined etiology. This rare 
disorder is marked by symmetrical fat deposition in the 
neck and upper body, with lipoatrophy in the distal limbs 
[115]. This abnormal fat accumulation can lead to deformi-
ties, restricted joint mobility, significant pain, and, in severe 
cases, airway compression, causing respiratory failure. It 
is often associated with metabolic alterations, including 
insulin resistance, impaired glucose tolerance, fatty liver 
disease, dyslipidemia, peripheral neuropathy, autonomic 
neuropathy, elevated lactate, and extremely low leptin and 
adiponectin levels [116]. Chronic alcohol abuse is a com-
mon risk factor for sporadic MSL cases [117]. Additionally, 
the m.8344 A > G mutation, which is linked to mitochon-
drial myoclonus epilepsy and ragged red fibers (MERRF) 
[118–120], as well as mitochondrial deletions have been 
identified in some individuals with MSL [121].

The association between mitofusin 2 (MFN2) muta-
tions and MSL was first identified in a family where three 
patients carried compound heterozygous pathogenic vari-
ants of MFN2 (p.G108R and p.R707W) [122]. Further 
case series reported patients with MSL, partial lipodys-
trophy, and distal axonal neuropathy, all carried biallelic 
MFN2 variants (homozygous recessive p.R707W) [116, 
122, 123]. The MFN2 gene is ubiquitously expressed and 
encodes a GTPase protein localized in the mitochondrial 
outer membrane and involved in mitochondrial dynamics 
[124]. Many MFN2 variants, scattered throughout the gene, 
have been identified as the cause of Charcot-Marie-Tooth 
disease type 2 (CMT2A), a hereditary axonal polyneuropa-
thy [125–128]. However, it is noteworthy that all patients 
with MSL resulting from MFN2 mutations carry the same 
pathogenic variant, p.Arg707Trp, either in a homozygous 
or compound heterozygous state. This variant resides in the 
carboxy-terminal domain of MFN2, which is essential for 
mitochondrial membrane fusion and interaction [129, 130]. 
The rare patients carrying biallelic MFN2 pathogenic vari-
ants other than p.Arg707Trp have never been reported to 
display lipomatosis [122, 124, 125, 131–133]; however, 
they typically present with early-onset and often severe 
CMT2A. Individuals carrying a single MFN2 p.Arg707Trp 
mutated allele do not typically develop MSL, though they 
may show mild signs of CMT [131]. Given the rarity and 
complexity of MSL, affected individuals should seek con-
sultation from specialists in rare diseases to ensure accurate 
diagnosis and appropriate treatment planning.

classical complement pathway components (C1q, C2, C4) 
remain within the normal range, suggesting that C3 is acti-
vated via the alternative pathway. C3 nephritic factor auto-
antibody (C3NF), a pool of polyclonal immunoglobulin G, 
has been found in almost 70% of patients, suggesting that it 
mediates the activation of the alternative complement path-
way by stabilizing the C3 convertase enzymatic complex 
[103, 105]. The potential mechanisms linking C3 hypo-
complementemia, alternative complement activation, and 
the site-specific reduction of SAT remain unclear, but these 
findings strongly suggest an autoimmune pathogenesis sim-
ilar to that of AGL. Infections have also been proposed as 
potential environmental triggers for autoimmunity, as it has 
been reported that infections frequently precede the onset 
of Barraquer-Simons Syndrome, particularly measles [100, 
104], varicella, rubella, mumps, and meningitis [106, 107].

In addition to the above, APL may also occur in cancer 
patients undergoing whole-body radiotherapy, cytotoxic 
chemotherapy, or in the context of graft versus host dis-
ease (GVHD) after hematopoietic stem cell transplanta-
tion, particularly when treatment is initiated at a young age 
(typically < 10 years). In these cases, SAT loss occurs in 
the limbs and buttocks, while fat is preserved in the face, 
neck, and abdomen, with more pronounced visceral fat 
deposition. Such fat redistribution is often accompanied by 
metabolic complications like insulin resistance, DM, hyper-
triglyceridemia, and fatty liver disease. While most patients 
experience partial fat loss, the condition may sometimes 
progress to more generalized fat loss over time. It has been 
hypothesized that cytotoxic treatments administered during 
a critical window for adipose stem cell commitment may 
impair adipose tissue expandability and regional adipogen-
esis. In this context, damage to adipose progenitor cells and 
inflammatory cues may alter adipose tissue remodeling and 
contribute to the development of APL [108–111].

Furthermore, several autoinflammatory syndromes 
associated with acquired fat loss, such as joint contrac-
tures, muscle atrophy, microcytic anemia, and panniculitis-
induced lipodystrophy (JMP) syndrome [112], Japanese 
autoinflammatory syndrome with lipodystrophy [113] and 
chronic atypical neutrophilic dermatosis with lipodystrophy 
and elevated temperature (CANDLE) syndrome [114] have 
been associated with PVs of the proteasome subunit beta-
type 8 (PSMB8) gene.

Atypical (or Unusual) Lipodystrophy

Other genetic lipodystrophy syndromes have been reported 
but have not been definitively classified. These forms can 
manifest with diverse fat distribution patterns and metabolic 
complications and, in some cases, may overlap with other 
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This international case study is the largest reporting clini-
cal outcomes in congenital generalized lipodystrophy type 
4 (CGL4).

	● Mandel-Brehm C, Vazquez SE, Liverman C, Cheng M, 
Quandt Z, Kung AF, et al. Autoantibodies to Perilipin-1 
Define a Subset of Acquired Generalized Lipodystro-
phy. Diabetes. 2023;72 [1]:59–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​
3​7​​/​d​b​​2​1​-​1​1​7​2.

New insights into the immune response specificity in a 
subset of idiopathic acquired lipodystrophy cases further 
support the growing body of evidence suggesting PLIN1 
autoantibodies as a potential biomarker for this syndrome.

	● Akinci B, von Schnurbein J, Araujo-Vilar D, Wabitsch 
M, Oral EA. Lipodystrophy Prevalence, “Lipodystro-
phy-Like Phenotypes,” and Diagnostic Challenges. Dia-
betes. 2024;73 [7]:1039-42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​3​7​​/​d​b​​i​
2​4​-​0​0​1​8.

Familial partial lipodystrophy syndromes and lipodystro-
phy-like phenotypes share common pathophysiological 
features and represent a spectrum of adipocyte dysfunction, 
which complicates diagnosis. Recognizing lipodystrophy-
like phenotypes, particularly in diabetes patients, is crucial 
for tailored risk management and improved care. However, 
it is vital to distinguish rare lipodystrophy syndromes as dis-
tinct conditions to ensure precise and targeted interventions.

	● Smith K, Deutsch AJ, McGrail C, Kim H, Hsu S, Huer-
ta-Chagoya A, et al. Multi-ancestry polygenic mecha-
nisms of type 2 diabetes. Nat Med. 2024;30 [4]:1065-74. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​1​-​0​2​4​-​0​2​8​6​5​-​3.

In a recent analysis of a larger, multi-ethnic Type 2 diabe-
tes dataset, two of 12 identified clusters showed features 
resembling lipodystrophy. These clusters are characterized 
by altered fat distribution linked to specific mechanisms 
underlying Type 2 diabetes development and presentation.

	● Vasandani C, Li X, Sekizkardes H, Brown RJ, Garg A. 
Phenotypic Differences Among Familial Partial Lipo-
dystrophy Due to LMNA or PPARG Variants. J Endocr 
Soc. 2022;6 [12]:bvac155. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​
s​o​/​b​v​a​c​1​5​5.

Subjects with Familial partial lipodystrophy (FPLD) type 
3 have milder lipodystrophy but experience more severe 
metabolic complications compared to those with FPLD2. 
This may indicate that the remaining adipose tissue in 
FPLD3 is dysfunctional, or that mild metabolic disease is 

Conclusions: Unifying Pathophysiology

Lipodystrophy syndromes are a group of diverse diseases 
sharing the common theme of inadequate fat depots and 
function leading to metabolic diseases. These syndromes 
underscore the critical role of AT expandability and func-
tion in maintaining metabolic homeostasis. Indeed, outside 
of pancreatic beta-cell dysfunction, it is only the absence or 
inadequate function of AT that can drive the development 
of DM in rodents and humans alike. As our understand-
ing of the key processes involved in AT development and 
function improves, we gain deeper insights into defining 
novel lipodystrophy subtypes. While early studies primar-
ily focused on adipocyte differentiation, recent discoveries 
have emphasized the significance of cellular structural ele-
ments and pathways that regulate cell survival in the eti-
ology of lipodystrophy. Furthermore, immune dysfunction 
and regulation seem to crosstalk with adipocyte function 
and/or impact the survival of AT, emerging as important 
causative disease mechanisms of “acquired” lipodystrophy 
syndromes. It should also be noted that loss of adipose tis-
sue can be programmed due to genetic defects but can mani-
fest later in life after continuous environmental pressures or 
the genetic program itself. Regardless of the specific cause, 
the resulting metabolic defects present significant clinical 
challenges. Continued research is essential to uncover the 
precise mechanisms involved, identify novel subtypes, and 
develop more targeted therapies to manage the metabolic 
complications of lipodystrophy syndromes and potentially 
“replace” the function of these cells.

Key References
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