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ABSTRACT 

Lipodystrophies are a heterogeneous group of rare conditions characterised by the loss of 

adipose tissue. The most common forms are familial partial lipodystrophy (FPLD) 

syndromes, which include a set of disorders, usually autosomal dominant, due to different 

pathogenetic mechanisms leading to improper fat distribution (loss of fat in the limbs and 

gluteal region and variable regional fat accumulation). Affected patients are prone to 

suffer serious morbidity via developing metabolic complications associated to insulin 

resistance and an inability to properly store lipids. Although no well-defined diagnostic 

criteria have been established for lipodystrophy, there are certain clues related to medical 

history, physical examination and body composition evaluation that may suggest FPLD 

prior to confirmatory genetic analysis. Its treatment must be fundamentally oriented 

towards the control of the metabolic abnormalities. In this sense, metreleptin therapy, the 

newer classes of hypoglycaemic agents and other investigational drugs are showing 

promising results. This review aims to summarise the current knowledge in FPLD 

syndromes while describing their clinical and molecular picture, diagnostic approaches 

and recent treatment modalities. 
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INTRODUCTION 

Lipodystrophy syndromes are a heterogeneous group of rare diseases characterised by the 

selective loss of adipose tissue, which can be diagnosed once other causes associated to 

wasting or weight loss have been ruled out [1,2]. 

It has been estimated that their global prevalence is 1.3-4.7 cases per million inhabitants 

worldwide (1.7-2.8 cases per million for partial lipodystrophy) [3]. Thus, to date, the most 

common forms, excluding HIV-related lipodystrophies, are familial partial lipodystrophy 

(FPLD) syndromes, which are usually autosomal dominant Mendelian disorders, due to 

variants in genes related to adipogenesis and lipogenesis. 

FPLD syndromes include a set of disorders which share subcutaneous fat loss from the 

limbs and gluteal region, as well as variable regional accumulation of excess fat [4-6]. To 

date, six subtypes and another four unclassified variants of FPLD have been described. 

In addition, several progeroid and autoinflammatory syndromes associated with partial 

lipodystrophy have also been defined. However, they are out of the focus of this review. 

Patients with FPLD are characterised by a predisposition to develop metabolic 

complications related to insulin resistance [7] and an inability to properly store lipids, 

such as diabetes, hypertriglyceridemia, hepatic steatosis and cardiovascular 

complications [8-10]. Although there is currently no cure for these disorders and there is 

no treatment for regenerating adipose tissue, recent treatment approaches have shown 

promising results in mitigating the burden of the disease. 

This review aims to gather the most relevant scientific evidence regarding FPLD 

syndromes, while describing their clinical and molecular picture, diagnosis and treatment 

strategies. 
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CLASSIFICATION AND ETIOPATHOGENESIS 

Lipodystrophy syndromes may be generalised if the loss of adipose tissue affects the 

whole body, or partial if only part of the body is affected. In addition, depending on their 

aetiology, they can also be genetic or acquired [1]. Thus, four main lipodystrophy 

subtypes can be established: congenital generalised lipodystrophy (CGL), FPLD, 

generalised acquired lipodystrophy (AGL) and partial acquired lipodystrophy (APL) 

[11]. However, this classification has become more complex over the years as new 

phenotypes have been discovered. In addition, FPLD syndromes also include several 

variants with different aetiologies and pathogenic mechanisms which translate into 

different clinical characteristics. Table 1 shows an updated classification and molecular 

basis for FPLD syndromes. 

Most FPLDs are mendelian disorders, which act as informative models of inadequate 

adipose storage capacity. Identification of the causative genes has provided unique 

insights into the biological function and roles of the genes/proteins involved in the 

regulation of adipogenesis, insulin signalling, lipid storage and synthesis (Figure 1).  

Genes involved in adipogenesis and insulin signalling 

The genes associated to FPLD whose variants are considered to cause defects in 

adipogenesis, adipocyte apoptosis and insulin signalling are LMNA, PPARG, AKT2, 

PIK3R1 and PCYT1A. 

LMNA, which is altered in FPLD type 2 and in other laminopathies related to premature 

ageing, codifies for lamin A/C, which is an intermediate filament protein present in the 

nuclear lamina that is an important determinant of nuclear and cellular architecture. 

Heterozygous variants in this gene are the most common cause of monogenic partial 

lipodystrophy [12-15] and their most fascinating traits are their complex genotype-
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phenotype associations and clinical heterogeneity. However, the precise mechanisms 

linking nuclear envelope abnormalities to partial lipodystrophy remain unknown. The 

pathogenicity of variants in the LMNA gene has been explained through different theories 

over the years [13,16-26]: structural theory (those cells subjected to mechanical load, 

such as skeletal muscle or cardiomyocytes, would be especially affected); gene 

expression theory (due to alterations in transcription factors such as SREBP1C); the 

theory of the alteration in cell proliferation/differentiation (lamin organisation is 

important in the differentiation of mesenchymal stem cells, mediating sequestration of 

the retinoblastoma protein); the theory of prelamin A toxicity (the accumulation of 

farnesyl-prelamin A alters the nuclear envelope and chromatin organisation, generating a 

premature aging phenotype). Nevertheless, in recent years, new pathogenetic 

mechanisms leading to improper fat distribution in lamin A-linked lipodystrophies have 

been proposed. Thus, subcutaneous adipose tissue loss and fat accumulation in FPLD 

type 2 has been related to impaired white adipocyte turnover and failure of adipose tissue 

browning due to early activation of autophagy in laminopathic adipocyte precursors 

followed by autophagic flux impairment [27]. In addition, it has also been proposed a 

model of how lamin A may modulate adipogenic differentiation, with p.(R482W) variant 

presenting a dominant-negative effect on chromatin organisation and epigenetic states 

regulating expression of the anti-adipogenic microRNA miR-335 in adipocyte 

progenitors [28]. 

PPARG is considered to be the master regulator of adipogenesis. It is essential for 

adipocyte differentiation, leading to the formation of small adipocytes and the control of 

the expression of genes crucial for lipid storage capacity [29-32]. In addition, PPARG is 

also involved in insulin sensitivity independently of its effect on adipogenesis [33]. While 

heterozygous dominant-negative variants in this gene are associated with FPLD type 3 
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[34-38], other heterozygous missense variants are benign, which suggests that gene-

environment interactions are important [39,40].  

AKT2 mediates hormonal regulation of energy homeostasis in insulin-responsive tissues, 

such as adipose tissue. The loss of this AKT isoform has been associated to FPLD [41].  

Finally, PCYT1A participates in the regulation of phosphatidylcholine biosynthesis, 

which plays an essential role in the normal functioning of white adipose tissue and insulin 

action. Loss-of-function variants in this gene have also been associated to atypical FPLD 

[42]. 

Genes involved in lipid storage and synthesis  

PLIN1, CIDEC, LIPE and ADRA2A are the main genes associated to FPLD whose 

alterations are responsible for lipid droplet dysfunction and perturbed lipolysis. 

PLIN1, altered in FPLD type 4, encodes perilipin-1, a structural lipid droplet protein that 

regulates lipolysis. Thus, pathogenic variants in this gene disrupt the ability of perilipin-

1 to inhibit triglyceride basal lipolysis [43,44]. In keeping with LMNA and PPARG-

related lipodystrophies, only variants with specific molecular mechanisms are likely to 

cause pathogenicity [45,46].  

CIDEC, which is altered in FPLD type 5, is required for the formation of unilocular lipid 

droplets, mediating their fusion and limiting lipolysis in mature adipocytes [47,48].  

The LIPE gene, which was found to be altered in FPLD type 6, encodes hormone-

sensitive lipase, capable of hydrolysing a variety of esters and mobilising triglyceride 

deposits from lipid droplets [49-51].  

Activation of ADRA2A inhibits cAMP production and reduces lipolysis in adipocytes. 

Thus, the ADRA2A variant reported in the literature causes a rare atypical FPLD by 

inducing excessive lipolysis in some adipose tissue depots [52].  
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Genes involved in other well-defined mechanisms associated to partial 

lipodystrophy 

Mitochondrial activity also plays an important role in adipocyte differentiation and 

function. MFN2 encodes mitofusin 2, a bound mediator of mitochondrial membrane 

fusion and inter-organelle communication. Specific variants in this gene produce tissue-

selective mitochondrial dysfunction and are associated with FPLD and upper body 

adipose overgrowth [53].  

 

CLINICAL MANIFESTATIONS AND COMORBIDITIES 

The main differential clinical features and comorbidities of these disorders are 

summarised in Table 2. 

FPLD type 1 or Köbberling syndrome is characterised by the loss of adipose tissue 

restricted to the limbs and buttocks and an abnormal accumulation of fat in the abdominal 

region (Figure 2A), which usually begins in childhood or puberty. Affected subjects 

frequently develop severe insulin resistance, diabetes and hypertriglyceridaemia 

[5,54,55]. Although Köbberling syndrome normally follows an autosomal dominant 

pattern of inheritance, no responsible gene has yet been found [54]. However, a polygenic 

pattern has been suggested [54,56,57]. Thus, the diagnosis of this syndrome is 

challenging, and this particularly android phenotype makes it difficult to identify affected 

males.  

FPLD type 2 or Dunnigan disease is characterised by the loss of adipose tissue in the 

limbs, trunk and gluteal region and its accumulation in the face, neck, axillae, 

interscapular area, labia majora and abdominal viscera (Figure 2B). It occurs around 

puberty in women and later in men [2,4,7,11,58,59]. In fact, affected men are generally 
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diagnosed based on their female relatives. There is also a tendency towards the formation 

of subcutaneous lipomas (Figure 3A), which can guide the diagnosis in a subject with an 

FPLD phenotype. Phlebomegaly (Figure 3C) and muscular hypertrophy (Figure 3D) in 

the upper and lower limbs are, likewise, common features in these patients [1,60]. 

Affected subjects present early insulin resistance [7], with hyperinsulinemia, which can 

be associated to acanthosis nigricans (Figure 3B) and acrochordons, increasing the risk 

of developing diabetes mellitus in adulthood [8,9]. Hypertriglyceridemia with resultant 

pancreatitis, low HDL cholesterol levels and hepatic steatosis are common [8,9,58,61-

65]. Polycystic ovary syndrome, androgenisation stigmata, fertility problems and a higher 

rate of miscarriages and stillbirths may also be present [58,61-64,66]. An anticipation 

phenomenon with the occurrence of metabolic complications, such as diabetes and 

hypertriglyceridemia, at an earlier age across generations, has been described [67,68]. 

Furthermore, the cardiovascular spectrum is broad, with complications such as premature 

atherosclerosis, rhythm disturbances, hypertrophic cardiomyopathy and valvular heart 

disease [8,69-72]. In addition, patients with non-R482 variants present more frequently 

with arrhythmias than R482 carriers [9].  

Most patients with the classic phenotype are those who harbour heterozygous missense 

variants affecting the arginine residue at 482 position in exon 8 of the LMNA gene 

[15,73,74]. However, other LMNA pathogenic variants in other exons have also been 

described [70,75-77], and are considered to produce “atypical” FPLD [64,78]. In 

addition, some phenotypic and metabolic differences even in subjects with different 

variants within the same exon, confirm the heterogeneity and variable expressivity of this 

disorder [79]. Other laminopathies, including Emery Dreifuss muscular dystrophy, Limb-

Girdle muscular dystrophy and familial dilated cardiomyopathy, can also be associated 

with FPLD type 2 or may even be present in other members of the family [80,81].  
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FPLD type 3 is characterised by less severe loss of adipose tissue in the limbs and 

buttocks during adolescence or in early adulthood. Ectopic fat accumulation in the face 

and neck may or may not be present. Other differentiating phenotypic characteristics 

include the presence of some subcutaneous fat in the upper arms, without phlebomegaly 

and less prominent musculature in the forearms and calves (Figure 2C). However, clinical 

manifestations and comorbidities are more severe than in Dunnigan disease, with marked 

resistance to insulin, earlier appearance of diabetes and severe and poorly-controlled 

hypertension. There may also be pre-eclampsia or eclampsia during pregnancy [34-38].  

FPLD type 4 is a rare entity with only ten families harbouring pathogenic variants in the 

PLIN1 gene reported worldwide [43,44,46,82]. Lipoatrophy appears in childhood or in 

adulthood and mainly affects the limbs and femorogluteal region, although a reduction in 

subcutaneous adipose tissue in the trunk has also been observed. In some cases, facial fat 

accumulation may be present, with cushingoid appearance. These patients also show 

muscular hypertrophy, ovarian dysfunction, with chronic oligomenorrhea and hirsutism. 

Metabolic complications, such as hyperinsulinemia or insulin-resistant diabetes, 

accompanied by acanthosis nigricans, hypertriglyceridaemia and liver steatosis, are also 

present [43,46].  

Regarding FPLD type 5, only one case has been reported in the literature (in 2009). The 

patient developed the lipodystrophic phenotype in early childhood, with loss of fat in the 

femorogluteal region and lower limbs and preservation of visceral, neck and axillae fat. 

Hypermuscular lower limbs were also observed. She presented hypertriglyceridaemia 

with resultant pancreatitis, diabetes mellitus prone to ketosis, microalbuminuria, 

hypertension, hepatomegaly and hepatic steatosis [47].  

FPLD type 6 appears in adulthood. It is associated with lipoatrophy in the buttocks, hips 

and lower limbs and with multiple lipomatoses as well as the abnormal accumulation of 
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fat in the neck, supraclavicular area, axillae, the area below the triceps, back, abdomen 

and labia majora. The presence of muscular dystrophy and elevated creatine kinase levels 

has also been described. Hypertriglyceridaemia, diabetes mellitus, hypertension and 

hepatic steatosis are not uncommon [50,83,84]. Ophthalmological investigations have 

revealed numerous auto-fluorescent drusen-like retinal deposits in these subjects [85].  

AKT2-related FPLD was observed in four cases from the same family in 2004, who 

presented severe insulin resistance, diabetes and hypertension, along with partial 

lipodystrophy [86].  

PCYT1A-related FPLD has only been reported in two unrelated patients, both in 2014. 

Lipoatrophy appeared in childhood and affected the upper and lower limbs and buttocks, 

with preservation of adipose tissue in the trunk, dorsocervical and submandibular regions, 

mons pubis and labia majora. Unlike other subtypes of FPLD, this subtype presents with 

short stature and muscular atrophy. Diabetes secondary to insulin resistance appears in 

the second decade of life. These patients also present hypertriglyceridaemia, low HDL 

cholesterol levels, severe insulin resistance and severe hepatic steatosis [42].  

Regarding ADRA2A-related FPLD, three cases belonging to the same pedigree were 

reported in the literature in 2016. The phenotypic characteristics appear during 

adolescence, with loss of fat in the limbs and trunk and its accumulation in the neck, 

posterior cervicothoracic and intra-abdominal regions, as well as a unique loss of fat from 

the scalp and orbits. The patients also presented increased muscularity of the limbs. 

Metabolic complications, including diabetes, hypertension and dyslipidaemia, appeared 

later in adulthood [52].  

MFN2-related FPLD is characterised by the appearance of both upper body lipomatous 

masses and lipoatrophy in the gluteofemoral region, lower limbs and forearms. There is 

a great heterogeneity in the chronology of the onset of manifestations of the disease and 
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clinical signs may occur during childhood, adolescence or adulthood. It is also frequently 

associated to peripheral axonal neuropathy, Charcot-Marie-Tooth-like, with pes cavus. 

Regarding metabolic comorbidities, affected subjects may present hypertriglyceridaemia, 

low HDL cholesterol, insulin resistance and/or diabetes [57,87,88]. Strikingly, plasma 

leptin levels are undetectable [88]. 

 

DIAGNOSIS 

No well-defined diagnostic criteria have been established for lipodystrophy. Thus, its 

diagnosis is based on medical history, physical examination, body composition and the 

evaluation of metabolic complications [1].  

FPLD should be suspected in subjects with regional loss of adipose tissue, mainly in the 

limbs, associated with the accumulation of fat in other areas [10]. However, this 

presentation may sometimes be subtle, which makes the diagnosis of the disease 

particularly challenging, especially in men. It should also be taken into account that FPLD 

may be confused with Cushing syndrome due to the accumulation of fat in the face and 

neck [6,11]. In that case, biochemical examinations must be carried out to discard this 

syndrome. In the case of FPLD type 3, there is a less severe fat loss and affected patients 

may not have accumulation of adipose tissue in the face and neck. However, they usually 

present marked insulin resistance with early-onset diabetes and severe hypertension 

[34,36-38]. On the other hand, the presence of subcutaneous lipomas suggests FPLD type 

2 (Figure 3A), type 6, or MFN2-related FPLD [76,84,87,88]. Subjects with Dunnigan 

disease may also manifest cardiomyopathy, valvular heart disease, arrhythmias and 

muscular dystrophy [8, 69, 70-72]. In addition, myopathy can be seen in FPLD types 2 

and 6 [83, 84], and ketosis in FPLD type 5 [47]. The age of onset of the symptoms also 

helps to identify the subtype of FPLD (onset in adulthood in the case of FPLD types 3 
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and 6). However, the loss of adipose tissue may be gradual, which can delay the diagnosis. 

Pedigree analysis will suggest the presence of familial lipodystrophy. In this sense, FPLD 

types 2, 3, 4, AKT2 and ADRA2A-related FPLD, are autosomal dominant. The remaining 

subtypes follow an autosomal recessive inheritance (Table 1). 

Anthropometry data, such as skinfold thickness, are also used to support the diagnosis. In 

fact, specific cut-off points have been proposed for the thickness and distribution of 

subcutaneous fat. Thus, regarding mid-thigh skinfolds, a cut-off of 11 mm in adult men 

and less than 22 mm in adult women is considered to be useful for supporting the 

diagnosis [1]. KöB index (subscapular/calf skinfold ratio, with a cut-off value of 3.477) 

has also proven to be helpful when distinguishing FPLD type 1 from androgenic obesity 

in women [54]. Dual Energy X-Ray Absorptiometry (DXA) and magnetic resonance 

imaging are likewise useful in the assessment of body composition and in the diagnosis 

of patients with lipodystrophy, providing not only quantitative but also qualitative 

information (“fat shadows”) [89]. Identification of the “Dunnigan sign” (hypertrophy of 

mons pubis fat surrounded by subcutaneous lipoatrophy) is helpful in recognising 

subjects with FLPD type 2. It has also recently been determined that lower-limb fat below 

the 1st percentile according to DXA might direct the diagnosis of Dunnigan disease in 

women, especially if there are concomitant metabolic complications, and, therefore, 

genetic testing should be carried out in these cases [90]. 

Regarding biochemical assessment, there are no standardised cut-offs defined for leptin 

levels to confirm or exclude the diagnosis of FPLD. In addition, although leptin 

concentrations tend to be low in these patients (in fact, their levels are characteristically 

very decreased in patients with MFN2 pathogenic variants [88]), they may overlap with 

the general population. Thus, they are not currently recommended as a diagnostic tool. 

On the other hand, the presence of elevated creatine kinase levels can be seen in FPLD 
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type 6 [84]. Furthermore, all patients should have a complete metabolic panel to detect 

diabetes, dyslipidaemia, non-alcoholic fatty liver disease, as well as cardiovascular and 

reproductive dysfunction [1]. 

Confirmatory genetic analysis, including a limited number of candidate genes, a panel of 

genes or the whole sequencing of the exome/genome, is required to determine the 

diagnosis of FPLD and to carry out genetic counselling and screening of family members. 

In fact, molecular screening is particularly important in families with specific LMNA 

variants related to cardiomyopathy and rhythm disturbances. However, it has to be taken 

into account that negative results cannot exclude a genetic lipodystrophy [1]. 

Recently, a mobile application (LipoDDx®) has been developed by our group, which can 

enable the identification of different subtypes of lipodystrophies and assist in their 

diagnosis, with 80% effectiveness [91]. 

 

TREATMENT 

There is currently no cure for lipodystrophy. However, the morbidity and mortality of 

these conditions improve with early intervention and, therefore, their treatment must be 

fundamentally oriented towards the control of the metabolic comorbidities.  

Diet and physical exercise 

In this regard, diet, along with physical exercise, is an integral part of the treatment plan. 

Thus, most subjects should follow a diet with a balanced distribution of macronutrients 

(50% carbohydrates, 30% fats, 20% proteins), taking into account that this may vary 

depending on the metabolic complications of the patient. Low-calorie diets can achieve a 

reduction in the peripheral accumulation of fat and may help to improve metabolic 

anomalies [92]. Physical exercise, when there are no contraindications, can also help to 
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ameliorate metabolic parameters. Individuals with FPLD who are prone to developing 

cardiac arrythmias or to presenting cardiomyopathy (particularly those with specific 

pathogenic variants in the LMNA gene) must be subjected to a cardiological assessment 

before beginning any physical activity and should also avoid vigorous exercise [1,93].  

Treatment of comorbidities 

Regarding the hypoglycaemic agents available for the treatment of diabetes, metformin 

continues to be the therapy of choice. Thiazolidinediones, which selectively activate 

PPARG, improve insulin sensitivity primarily by increasing subcutaneous fat mass [94]. 

Thus, in patients with FPLD, thiazolidinediones have been shown to improve glycated 

haemoglobin (HbA1c), dyslipidaemia, transaminases and hyperandrogenism [95,96]. 

However, cardiomyopathy precludes prolonged use of this drug [97] and attention should 

be paid to the increase of regional fat [1,97]. Glucagon-like peptide-1 receptor agonists 

may also be a useful component of glucose-lowering therapy in individuals with FPLD 

and diabetes mellitus [98], taking into account the increase in dipeptidyl peptidase-4 

levels exhibited in these patients [99]. Nevertheless, their use in patients at increased risk 

of pancreatitis should be taken with precaution. Sodium–glucose cotransporter 2 

inhibitors may offer an additional option as they have been proved to decrease insulin 

resistance and have led to regression of fatty liver in several cases with FPLD syndrome 

[100,101]. Insulin might also be needed and, in patients with high requirements, 

concentrated preparations should be considered [102].  

As far as dyslipidaemia is concerned, it is recommended to be managed in accordance 

with current guidelines for the general population, with statins being the therapy of 

choice. In the case of severe hypertriglyceridaemia (> 500 mg/dL), fibrates and long-

chain omega-3 fatty acids should be added (1-Brown2016). In patients with FPLD 

syndrome accompanied with myopathy or muscular dystrophy, these drugs must be used 
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with caution [103]. In addition, the efficacy and safety of volanesorsen, an antisense 

inhibitor of apolipoprotein C-III, has been evaluated in the BROADEN study, a 52-week 

phase 2/3 study which randomised 1:1 to weekly administration of volanesorsen (300 mg) 

or placebo, showing an 88% reduction in serum triglycerides as well as a significant 

reduction in hepatic fat fraction in 40 subjects with FPLD [104]. Other agents working 

on hepatic lipid metabolism in FPLD are evinacumab, an inhibitor of ANGPTL3, and 

gemcabene, a monocalcium salt of a dialkyl ether dicarboxylic acid. The results of the 

clinical studies focused on these novel molecules will be seen in the coming years [105].  

Metreleptin therapy 

Metreleptin, a human recombinant leptin, has been approved by the European Medicines 

Agency (EMA), not only for generalised forms of lipodystrophy but also for FPLD 

patients > 12 years of age who have not responded to standard treatments 

(https://www.ema.europa.eu/en/medicines/human/EPAR/myalepta). It has also been 

approved for the treatment of diabetes and/or hypertriglyceridaemia in FPLD patients in 

Japan (http://www.shionogi.co.jp/en/company/news/2013/pmrltj0000000ufd-

att/e_130325.pdf). Although its response in partial lipodystrophy is considered to be less 

robust than in generalised types, it has been shown to improve hypertriglyceridaemia, 

HbA1c, insulin sensitivity and liver volume in FPLD patients [106-112]. In addition, 

similar metabolic improvements were found when comparing subjects with LMNA and 

PPARG pathogenic variants [113]. On the other hand, in a recent study, significant 

reductions in albuminuria and proteinuria were observed in patients with CGL, but not in 

those with FPLD. However, it has to be taken into account that subjects with CGL also 

showed greater proteinuria at baseline than those with FPLD [114]. The development of 

neutralising antibodies has been reported [115], which, unlike in generalised forms, is of 

particular concern in subjects with partial lipodystrophy who produce significant amounts 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



of endogenous leptin, taking into account that antibodies may block both endogenous 

leptin and exogenous metreleptin. The use of setmelanotide, a selective melanocortin-4 

receptor agonist targeting specific neurons downstream from the leptin receptor 

activation, was not effective in restoring metabolic control in a patient with atypical 

partial lipodystrophy and neutralising antibodies to metreleptin [116].  

Surgical treatment 

Weight loss may be challenging in some cases taking into account the relative leptin 

deficiency and resulting hyperphagia. In this regard, bariatric surgery (Roux-en-Y 

bypass) has proved to be effective in subjects with FPLD types 1 and 2 while improving 

metabolic parameters [117-120]. In addition, patients sometimes relate physical 

discomfort or psychological distress due to their appearance, which is why cosmetic 

surgery may be considered. Thus, excess adipose tissue from the face, neck, and vulvar 

region can be removed by liposuction [6]. In addition, the local injection of deoxycholic 

acid is considered a novel technique which could be used for the treatment of submental 

fat in some subtypes of FPLD [121,122].  

 

CONCLUSION 

FPLD syndromes are a group of rare diseases characterised by the loss of adipose tissue 

mainly from the limbs and gluteal region, as well as variable regional fat accumulation, 

which may confer a cushingoid appearance. Affected patients present a predisposition to 

develop metabolic complications related to insulin resistance and an inability to properly 

store lipids. Although there is currently no cure for lipodystrophy, it is known that the 

morbidity and mortality of these syndromes improve with early intervention and, 

therefore, their treatment must be fundamentally oriented towards the control of the 
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metabolic comorbidities. In this sense, recent treatment modalities have shown promising 

results in FPLD patients. Greater awareness of the disease among clinicians is necessary 

in order to establish an early diagnosis and management. 
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65. Lüdtke A, Genschel J, Brabant G, Bauditz J, Taupitz M, Koch M, et al. Hepatic 

steatosis in Dunnigan-type familial partial lipodystrophy. Am J Gastroenterol. 

2005;100:2218-24. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



66. Vantyghem MC, Vincent-Desplanques D, Defrance-Faivre F, Capeau J, Fermon 

C, Valat AS, et al. Fertility and obstetrical complications in women with LMNA-

related familial partial lipodystrophy. J Clin Endocrinol Metab. 2008;93:2223-9. 

67. Jeru I, Vatier C, Vantyghem MC, Lascols O, Vigouroux C. LMNA-associated 

partial lipodystrophy: anticipation of metabolic complications. J Med Genet. 

2017;54:413-416. 

68. Vigouroux C, Guénantin AC, Vatier C, Capel E, Le Dour C, Afonso P, et al. 

Lipodystrophic syndromes due to LMNA mutations: recent developments on 

biomolecular aspects, pathophysiological hypotheses and therapeutic 

perspectives. Nucleus. 2018;9(1):235-248.  

69. Hegele RA. Premature atherosclerosis associated with monogenic insulin 

resistance. Circulation. 2001;103:2225-9. 

70. Araujo-Vilar D, Lado-Abeal J, Palos-Paz F, Lattanzi G, Bandin MA, Bellido D, 

et al. A novel phenotypic expression associated with a new mutation in LMNA 

gene, characterized by partial lipodystrophy, insulin resistance, aortic stenosis and 

hypertrophic cardiomyopathy. Clin Endocrinol (Oxf). 2008;69:61–8.  

71. Bidault G, Garcia M, Vantyghem MC, Ducluzeau PH, Morichon R, Thiyagarajah 

K, et al. Lipodystrophy-linked LMNA p.R482W mutation induces clinical early 

atherosclerosis and in vitro endothelial dysfunction. Arterioscler Thromb Vasc 

Biol. 2013;33:2162-71. 

72. Andre P, Schneebeli S, Vigouroux C, Lascols O, Schaaf M, Chevalier P. 

Metabolic and cardiac phenotype characterization in 37 atypical Dunnigan 

patients with nonfarnesylated mutated prelamin A. Am Heart J. 2015;169:587-93. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



73. Peters JM, Barnes R, Bennett L, Gitomer WM, Bowcock AM, Garg A. 

Localization of the gene for familial partial lipodystrophy (Dunnigan variety) to 

chromosome 1q21-22. Nat Genet. 1998;18(3):292–295.  

74. Speckman RA, Garg A, Du F, Bennett L, Veile R, Arioglu E, et al. Mutational 

and haplotype analyses of families with familial partial lipodystrophy (Dunnigan 

variety) reveal recurrent missense mutations in the globular C-terminal domain of 

lamin A/C. Am J Hum Genet. 2000;66(4):1192–1198.  

75. Savage DB, Soos MA, Powlson A, O’Rahilly S, McFarlane I, Halsall DJ, et al. 

Familial partial lipodystrophy associated with compound heterozygosity for novel 

mutations in the LMNA gene. Diabetologia. 2004;47(4):753–6.  

76. Araújo-Vilar D, Victoria B, González-Méndez B, Barreiro F, Fernández-

Rodríguez B, Cereijo R, et al. Histological and molecular features of lipomatous 

and nonlipomatous adipose tissue in familial partial lipodystrophy caused by 

LMNA mutations. Clin Endocrinol (Oxf). 2012;76(6):816-24.  

77. Decaudain A, Vantyghem MC, Guerci B, Hécart AC, Auclair M, Reznik Y, et al. 

New metabolic phenotypes in laminopathies: LMNA mutations in patients with 

severe metabolic syndrome. J Clin Endocrinol Metab. 2007;92(12):4835-44.  

78. Prata-Resende A, Silva-Martins C, Bueno AC, Custódio-Moreira A, Foss-Freitas 

MC, de Castro M. Phenotypic diversity and glucocorticoid sensitivity in patients 

with familial partial lipodystrophy type 2. Clin Endocrinol (Oxf). 2019;91(1):94-

103.  

79. Araújo-Vilar D, Sánchez-Iglesias S, Castro AI, Cobelo-Gómez S, Hermida-

Ameijeiras Á, Rodríguez-Carnero G, et al. Variable Expressivity in Type 2 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Familial Partial Lipodystrophy Related to R482 and N466 Variants in the LMNA 

Gene. J Clin Med. 2021;10(6):1259.  

80. Subramanyam L, Simha V, Garg A. Overlapping syndrome with familial partial 

lipodystrophy, Dunnigan variety and cardio- myopathy due to amino-terminal 

heterozygous missense lamin A/C mutations. Clin Genet. 2010;78:66–73. 

81. Guillín-Amarelle C, Sánchez-Iglesias S, Mera A, Pintos E, Castro-Pais A, 

Rodríguez- Cañete L, et al. Inflammatory myopathy in the context of an unusual 

overlapping laminopathy. Arch Endocrinol Metab. 2018;62:376-382. 

82. Chen RX, Zhang L, Ye W, Wen YB, Si N, Li H, et al. The renal manifestations 

of type 4 familial partial lipodystrophy: a case report and review of literature. 

BMC Nephrol. 2018;19(1):111. 

83. Carboni N, Brancati F, Cocco E, Solla E, D’Apice MR, Mateddu A, et al. A partial 

lipodystrophy associated with muscular dystrophy of unknown genetic origin. 

Muscle Nerve. 2014;49:928-930. 

84. Zolotov S, Xing C, Mahamid R, Shalata A, Sheikh-Ahmad M, Garg A. 

Homozygous LIPE mutation in siblings with multiple symmetric lipomatosis, 

partial lipodystrophy, and myopathy. Am J Med Genet A. 2017;173:190–194. 

85. Sollier C, Capel E, Aguilhon C, Smirnov V, Auclair M, Douillard C, et al. LIPE-

related lipodystrophic syndrome: clinical features and disease modeling using 

adipose stem cells. Eur J Endocrinol. 2021;184(1):155-168.  

86. George S, Rochford JJ, Wolfrum C, Gray SL, Schinner S, Wilson JC, et al. A 

family with severe insulin resistance and diabetes due to a mutation in AKT2. 

Science. 2004;304(5675):1325-8.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



87. Sawyer SL, Cheuk-Him Ng A, Innes AM, Wagner JD, Dyment DA, Tetreault M, 

et al. Homozygous mutations in MFN2 cause multiple symmetric lipomatosis 

associated with neuropathy. Hum Mol Genet. 2015;24:5109-14. 

88. Capel E, Vatier C, Cervera P, Stojkovic T, Disse E, Cottereau AS, et al. MFN2-

associated lipomatosis: Clinical spectrum and impact on adipose tissue. J Clin 

Lipidol. 2018;12(6):1420-1435.  

89. Meral R, Ryan BJ, Malandrino N, Jalal A, Neidert AH, Muniyappa R, et al. "Fat 

Shadows" From DXA for the Qualitative Assessment of Lipodystrophy: When a 

Picture Is Worth a Thousand Numbers. Diabetes Care. 2018;41(10):2255-2258.  

90. Vasandani C, Li X, Sekizkardes H, Adams-Huet B, Brown RJ, Garg A. 

Diagnostic Value of Anthropometric Measurements for Familial Partial 

Lipodystrophy, Dunnigan Variety. J Clin Endocrinol Metab. 2020;105(7):2132–

41.  

91. Araújo-Vilar D, Fernández-Pombo A, Rodríguez-Carnero G, Martínez-Olmos 

MÁ, Cantón A, Villar-Taibo R, et al. LipoDDx: a mobile application for 

identification of rare lipodystrophy syndromes. Orphanet J Rare Dis. 

2020;15(1):81.  

92. González-Rodríguez M, Fernández-Pombo A, Sánchez-Iglesias S, Araújo-Vilar 

D. Nutritional guide for lipodystrophy. Murcia: AELIP; 2021.  

93. Hussain I, Garg A. Lipodystrophy Syndromes. Endocrinol Metab Clin North Am. 

2016;45(4):783-797.  

94. Yki-Järvinen H. Thiazolidinediones. N Engl J Med. 2004;351(11):1106-18.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



95. Luedtke A, Boschmann M, Colpe C, Engeli S, Adams F, Birkenfeld AL, et al. 

Thiazolidinedione response in familial lipodystrophy patients with LMNA 

mutations: a case series. Horm Metab Res. 2012;44(4):306-11. 

96. Arioglu E, Duncan-Morin J, Sebring N, Rother KI, Gottlieb N, Lieberman J, et al. 

Efficacy and safety of troglitazone in the treatment of lipodystrophy syndromes. 

Ann Intern Med. 2000;133(4):263-74.  

97. Agostini M, Schoenmakers E, Beig J, Fairall L, Szatmari I, Rajanayagam O, et al. 

A Pharmacogenetic Approach to the Treatment of Patients With PPARG 

Mutations. Diabetes. 2018;67(6):1086-1092.  

98. Banning F, Rottenkolber M, Freibothe I, Seissler J, Lechner A. Insulin secretory 

defect in familial partial lipodystrophy Type 2 and successful long-term treatment 

with a glucagon-like peptide 1 receptor agonist. Diabet Med. 2017;34(12):1792-

1794.  

99. Valerio CM, de Almeida JS, Moreira RO, Aguiar LBS, Siciliano PO, Carvalho 

DP, Godoy-Matos AF. Dipeptidyl peptidase-4 levels are increased and partially 

related to body fat distribution in patients with familial partial lipodystrophy type 

2. Diabetol Metab Syndr. 2017;9:26. 

100. Kawana Y, Imai J, Sawada S, Yamada T, Katagiri H. Sodium-Glucose 

Cotransporter 2 Inhibitor Improves Complications of Lipodystrophy: A Case 

Report. Ann Intern Med. 2017;166(6):450-451.  

101. Hamaguchi T, Hirota Y, Takeuchi T, Nakagawa Y, Matsuoka A, 

Matsumoto M, et al. Treatment of a case of severe insulin resistance as a result of 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



a PIK3R1 mutation with a sodium-glucose cotransporter 2 inhibitor. J Diabetes 

Investig. 2018;9(5):1224-1227.  

102. Lane WS, Cochran EK, Jackson JA, Scism-Bacon JL, Corey IB, Hirsch 

IB, Skyler JS. High-dose insulin therapy: is it time for U-500 insulin? Endocr 

Pract. 2009;15(1):71-9.  

103. Settergren J, Eiermann B, Mannheimer B. Adherence to drug label 

recommendations for avoiding drug interactions causing statin-induced 

myopathy–a nationwide register study. PloS one. 2013;8:e69545. 

104. O’Dea L, Tami J, Alexander V, Watts L, Hurh E, Hubbard B, et al. 

Efficacy and safety of volanesorsen for the treatment of metabolic complications 

in patients with familial partial lipodystrophy: results of the BROADEN study. 

Endocrine Abstracts. 2020;70 OC3.7. 

105. Akinci B, Meral R, Oral EA. Update on Therapeutic Options in 

Lipodystrophy. Curr Diab Rep. 2018;18(12):139.  

106. Oral EA, Gorden P, Cochran E, Araújo-Vilar D, Savage DB, Long A, et 

al. Long-term effectiveness and safety of metreleptin in the treatment of patients 

with partial lipodystrophy. Endocrine. 2019;64(3):500-511.  

107. Diker-Cohen T, Cochran E, Gorden P, Brown RJ. Partial and generalized 

lipodystrophy: comparison of baseline characteristics and response to metreleptin. 

J Clin Endocrinol Metab. 2015;100:1802–1810. 

108. Vatier C, Fetita S, Boudou P, Tchankou C, Deville L, Riveline J, et al. 

One-year metreleptin improves insulin secretion in patients with diabetes linked 

to genetic lipodystrophic syndromes. Diabetes Obes Metab. 2016;18(7):693-7.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



109. Brown RJ, Valencia A, Startzell M, Cochran E, Walter PJ, Garraffo HM, 

et al. Metreleptin-mediated improvements in insulin sensitivity are independent 

of food intake in humans with lipodystrophy. J Clin Invest. 2018;128(8):3504-

3516.  

110. Kinzer AB, Shamburek RD, Lightbourne M, Muniyappa R, Brown RJ. 

Advanced lipoprotein analysis shows atherogenic lipid profile that improves after 

metreleptin in patients with lipodystrophy. J Endocr Soc. 2019;3(8):1503–1517.  

111. Ajluni N, Dar M, Xu J, Neidert AH, Oral EA. Efficacy and safety of 

metreleptin in patients with partial lipodystrophy: lessons from an expanded 

access program. J Diabetes Metab. 2016;7(3). 

112. Simha V, Subramanyam L, Szczepaniak L, Quittner C, Adams-Huet B, 

Snell P, Garg A. Comparison of efficacy and safety of leptin replacement therapy 

in moderately and severely hypoleptinemic patients with familial partial 

lipodystrophy of the Dunnigan variety. J Clin Endocrinol Metab. 2012;97(3):785-

92.  

113. Sekizkardes H, Cochran E, Malandrino N, Garg A, Brown RJ. Efficacy of 

Metreleptin Treatment in Familial Partial Lipodystrophy Due to PPARG vs 

LMNA Pathogenic Variants. J Clin Endocrinol Metab. 2019;104(8):3068-3076.  

114. Lee HL, Waldman MA, Auh S, Balow JE, Cochran EK, Gorden P, Brown 

RJ. Effects of metreleptin on proteinuria in patients with lipodystrophy. J Clin 

Endocrinol Metab. 2019;104(9):4169–77. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



115. Chan JL, Koda J, Heilig JS, Cochran EK, Gorden P, Oral EA, Brown RJ. 

Immunogenicity associated with metreleptin treatment in patients with obesity or 

lipodystrophy. Clin Endocrinol (Oxf). 2016;85(1):137-49.  

116. Akinci B, Meral R, Rus D, Hench R, Neidert AH, DiPaola F, et al. The 

complicated clinical course in a case of atypical lipodystrophy after development 

of neutralizing antibody to metreleptin: treatment with setmelanotide. Endocrinol 

Diabetes Metab Case Rep. 2020;2020:19-0139.  

117. Melvin A, Adams C, Flanagan C, Gaff L, Gratton B, Gribble F, et al. 

Roux-en-Y Gastric Bypass Surgery in the Management of Familial Partial 

Lipodystrophy Type 1. J Clin Endocrinol Metab. 2017;102(10):3616-3620.  

118. Grundfest-Broniatowski S, Yan J, Kroh M, Kilim H, Stephenson A. 

Successful Treatment of an Unusual Case of FPLD2: The Role of Roux-en-Y 

Gastric Bypass-Case Report and Literature Review. J Gastrointest Surg. 

2017;21(4):739-743. 

119. Ciudin A, Baena-Fustegueras JA, Fort JM, Encabo G, Mesa J, Lecube A. 

Successful treatment for the Dunnigan-type familial partial lipodystrophy with 

Roux-en-Y gastric bypass. Clin Endocrinol (Oxf). 2011;75(3):403-4.  

120. Utzschneider KM, Trence DL. Effectiveness of gastric bypass surgery in 

a patient with familial partial lipodystrophy. Diabetes Care. 2006;29(6):1380-2. 

121. Dayan SH, Humphrey S, Jones DH, Lizzul PF, Gross TM, Stauffer K, 

Beddingfield FC 3rd. Overview of ATX-101 (Deoxycholic Acid Injection): A 

Nonsurgical Approach for Reduction of Submental Fat. Dermatol Surg. 2016;42 

Suppl 1:S263-S270.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



122. Foss-Freitas MC, Akinci B, Luo Y, Stratton A, Oral EA. Diagnostic 

strategies and clinical management of lipodystrophy. Expert Rev Endocrinol 

Metab. 2020;15(2):95-114.  

 

Table 1. Classification and molecular basis for familial partial lipodystrophy syndromes. 

 

Syndrome Inheritance Gene Function OMIM 

FPLD1 (Köbberling 

syndrome) 

Polygenic Unknown Unknown #608600 

FPLD2 (Dunnigan disease) AD LMNA Nuclear lamina alteration #151660 

FPLD3 AD PPARG Adipogenesis 

dysregulation 

#604367 

FPLD4 AD PLIN1 Lipid droplet impairment #613877 

FPLD5 AR CIDEC Lipid droplet impairment #615238 

FPLD6 AR LIPE Lipolysis dysregulation #615980 

AKT2-related FPLD AD AKT2 Insulin signal 

transduction alteration 

- 

PCYT1A-related FPLD AR PCYT1A Dysregulation of 

phosphatidylcholine 

biosynthesis 

- 

ADRA2A-related FPLD  AD ADRA2A Lipolysis dysregulation - 

MFN2-related FPLD AR MFN2 Mitochondrial 

dysfunction 

- 

 

FPLD: familial partial lipodystrophy; AD: autosomal dominant; AR: autosomal 

recessive. 

 

Table 2. Summary of the main characteristics of the different subtypes of FPLD for their 

differential diagnosis. 

Subtype Onset of 

fat loss 

Abnormal fat 

distribution 

Clinical 

features 

Main comorbidities Ref. 
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FPLD1 Childhood. 

Puberty or 

adulthood 

Loss of fat in the lower 

limbs and buttocks. 

Accumulation of 

abdominal fat. 

KöB index > 

3.477 

Insulin resistance and 

metabolic syndrome, 

PCOS. 

54-

56 

FPLD2 Puberty in 

women, later 

in men 

Loss of fat in the 

limbs, trunk and 

gluteal region. 

Accumulation of fat in 

the face, neck, axillae, 

interscapular area, 

labia majora and 

abdominal viscera. 

Subcutaneous 

lipomas. 

Muscular 

hypertrophy, 

phlebomegaly. 

“Dunnigan 

sign”. 

Diabetes, 

hypertriglyceridaemia, 

hepatic steatosis, 

fertility problems, 

PCOS, cardiovascular 

disease, arrhythmias. 

May associate 

cardiomyopathy, 

muscular dystrophy. 

4, 7-

9, 

12, 

15, 

58-

81 

FPLD3 Adolescence 

or early 

adulthood 

Less severe loss of fat 

in the limbs and 

buttocks. The 

accumulation of fat in 

the face and neck may 

not be present. 

Less prominent 

musculature, no 

phlebomegaly. 

Earlier and more 

severe metabolic 

complications. 

Diabetes, 

hypertension. 

34-

38 

FPLD4 Childhood or 

adulthood 

Loss of fat in the limbs 

and femorogluteal 

region. Facial fat 

accumulation may be 

present. 

Muscular 

hypertrophy. 

Diabetes, 

hypertriglyceridaemia, 

hepatic steatosis, 

ovarian dysfunction, 

43-

46, 

82 

FPLD5 Childhood Loss of fat in the limbs 

and femorogluteal 

region. 

Muscular 

hypertrophy. 

Diabetes, ketosis, 

hypertriglyceridaemia, 

hypertension, hepatic 

steatosis. 

47 

FPLD6 Adulthood Loss of fat in the 

buttocks, hips and 

lower limbs. 

Accumulation of fat in 

the neck, 

supraclavicular area, 

axillae, back, abdomen 

and labia majora. 

Multiple 

lipomatoses. 

Muscular 

dystrophy. 

Diabetes, 

hypertriglyceridaemia, 

hypertension, hepatic 

steatosis. 

Auto-fluorescent 

drusen-like retinal 

deposits. 

Elevated creatine 

kinase levels. 

50, 

83-

85 

AKT2-

related 

FPLD 

Adulthood NA NA Diabetes, 

hypertension. 

41, 

86 
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PCYT1A-

related 

FPLD 

Childhood Loss of fat in the limbs 

and buttocks. 

Short stature, 

muscular 

atrophy. 

Diabetes, 

hypertriglyceridaemia, 

hepatic steatosis. 

42 

ADRA2A-

related 

FPLD  

Adolescence Loss of fat in the limbs 

and trunk. 

Accumulation of fat in 

the neck and intra-

abdominal region. 

Hypermuscular 

limbs. 

Diabetes, 

hypertension, 

dyslipidaemia. 

52 

MFN2-

related 

FPLD 

Childhood, 

adolescence 

or adulthood 

Loss of fat in the 

limbs, forearms and 

femorogluteal region. 

Lipomatous 

masses. 

Peripheral axonal 

neuropathy. Diabetes, 

hypertriglyceridaemia. 

53, 

87, 

88 

 

FPLD: familial partial lipodystrophy; PCOS: polycystic ovary syndrome; NA: not 

available. 

 

FIGURE LEGENDS 

Figure 1. Visual scheme of the molecular pathogenesis of familial partial lipodystrophies. 

Genes marked in green represent those related to adipogenesis, adipocyte differentiation 

and insulin signaling (LMNA codifies for lamin A/C, which influences transcriptional 

regulation; PPARG coordinates the transcription of proteins central to adipogenesis; 

AKT2 is a part of the insulin signal transduction pathway; PCYT1A is involved in 

phosphatidylcholine synthesis). Genes marked in yellow represent those related to lipid 

droplet formation and lipolysis (PLIN1, LIPE and ADRA2A regulate lipolysis from lipid 

droplets; CIDEC promotes lipid droplet formation).  

 

Figure 2. Adipose tissue distribution in the most common subtypes of familial partial 

lipodystrophy.  
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Fig. 2A: patient with Köbberling syndrome, manifesting an abnormal accumulation of fat 

in the abdominal region along with loss of fat in the limbs and buttocks; Fig. 2B: patient 

with Dunnigan disease, presenting loss of fat in the limbs, trunk and gluteal region and 

its accumulation in the face, neck, axillae and interscapular area; Fig 2C: patient with 

FPLD type 3, characterised by less severe loss of fat in the limbs and buttocks. Ectopic 

fat accumulation in the face and neck is not present in this case. 

 

Figure 3. Common clinical features in Dunnigan disease. 

Fig 3A: subcutaneous lipomas; Fig 3B: acanthosis nigricans due to early insulin 

resistance; Fig 3C: phlebomegaly; Fig 3D: muscular hypertrophy. 
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