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Physical Appearance Classification  
Lipodystrophic syndromes 
→heterogeneous group of: 

1. Congenital   

2. Acquired disorders  

Characterized by lack of 
adipose tissue (lipoatrophy): 

1. Complete  

2. Partial  

In some accumulation of fat 
in other regions of body 

 









 







 











Extent of fat loss correlates with 
severity of metabolic abnormalities 

 

• Clinically, severe lipodystrophy have: 

Severe insulin resistance  

Severe hyperlipidemia 

Progressive liver disease 

Increased metabolic rate 









Acquired and congenital lipodystrophies may also be associated with: 
 

Proteinuric kidney diseases 

Renal biopsy in nephrotic range proteinuria 
has revealed : 

1. Focal segmental glomerulosclerosis or  

2. Membranoproliferative glomerulonephritis  

 



Etiology 

• There is increasing understanding of 
molecular basis for these disorders, but it is 
likely that multiple molecular defects are 
responsible 

 

 



Differentiation of adipocytes, demonstrating gene activation and signaling pathways, in 
relation to acquired lipodystrophies: lipodystrophy genes and their associated protein 
products are bolded.  

Mesenchymal stem cells have pluripotent ability to differentiate into osteocytes, 
myocytes, chondrocytes, stromal cells, or adipocytes.  

Wnt signal transduction pathways and other transcription factors lead to development of 
a committed pre-adipocyte.  

Subsequently, adipogenic stimuli, such as insulin, glucocorticoids, IGF-1, and 
prostaglandins, initiate cell changes to differentiate into adipocyte.  

Current data suggests that BSCL-2 gene, coding for seipin, and AKT-2 play a role in 
adipocyte differentiation, and their mutations are involved in congenital generalized 
lipodystrophy (CGL) 2 and familial partial lipodystrophy (FPLD) 4, respectively.  

CCAAT-enhancer-binding proteins (C-EBP) b/d transcription factors stimulate factors 
PPARg, C-EBPa, and sterol regulatory element-binding protein (SREBP)1c, which are 
upregulated in this process;  

PPARg mutations are associated with FPLD3.  

Intracellular lipid accumulation in an adipocyte is dependent on substrate availability.  

In response to a variety of lipogenic signals, an adipocyte matures as size of lipid droplets 
are increased. Fatty acid synthase (FAS), acetyl coenzyme A carboxylase, and 
diacylglycerol acyltransferase (DGAT) expression is upregulated, necessary for  
biosynthesis of phospholipids and triglycerides.  

AGPAT2 is responsible for acylating phosphatidic acid to synthesize triglycerides and 
phospholipids, and its mutation is involved in CGL1.  

PTRF regulates caveolae intracellularly and its functional loss results in CGL4. 

 Apoptosis of adipocytes is influenced by LMNA, encoding for nuclear lamina proteins, 
and ZMPSTE24 required for post-translational lamina processing. 

 Mutations in these genes lead to mandibuloacral dysplasia via premature nucleus 
disruption. 





 







 
Other disorders that need to be 

 differentiated from lipodystrophies 
  



Current most prevalent form of lipodystrophy is: 

                             HIV infection 

• Is likely related to antiretroviral therapy  

 



GENERALIZED LIPODYSTROPHY  

1-Congenital 

 (Seip-Berardinelli syndrome)  

2-Acquired 

 (Lawrence syndrome)  

  

Their prevalence →< 1case 
per 1 million people 

• Generalized lack of subcutaneous fat (6A), eruptive 
xanthomata (6B), and lipemia retinalis (6C) secondary to 
severe hypertriglyceridemia in a patient with heterozygous 
LMNA p.T10I pathogenic variant. 



Congenital generalized 
lipodystrophy  



Congenital generalized lipodystrophy  

• CGL →AR 

 

• At least four 
molecularly 
distinct forms  

 

• Mutations of 
AGPAT2 and 
BSCL2 in 95 % of 
CGLs 

 



Clinical features CGL 

Other 
abnormalities:  

 AN 

 Protuberant 
abdomen 

 due to 
hepatomegaly 
from fatty 
infiltration of 
liver can lead 
to cirrhosis 

 

In first two years of 
life, often at or soon 
after birth  

-Adipose tissue is 
almost completely 
absent from 
abdomen, thorax, and 
bone marrow,  

-But normal in  

orbits, mouth and 
tongue, palms and 
soles, scalp, 
perineum, and 
periarticular regions  

 

 

 

 

-Prominent 
musculature  

-Precocious 
puberty 
may occur 

-some 
ntellectual 
impairment 

 

 

 

During 
childhood 
have : 
 Voracious 

appetite 
 Accelerate 

linear 
growth 

 metabolic 
rate↑ 

 Advanced 
BA 

Final height 
is usually 
normal 

 



woman and man with CGL types 1 and 2 

Type 1 →mutation in AGPAT2 
gene 
Type 2 →mutation in seipin 
gene 
 Both types are characterized 
by : 
 Generalized lack of fat  
 Extreme muscularity  
 AN in groin and axillae  
 Acromegaloid features 
CGL2 → higher prevalence of 
intellectual impairment and 
cardiomyopathy 

 



Type 1 CGL (CGL1) → 
AGPAT2 gene mutations 
on chromosomes 9q34. 
It encodes  enzyme 
acyltransferase 1-
acylglycerol-3-
phosphate O-
acyltransferase 2 
(AGPAT2), which 
catalyzes acylation of 
lysophosphatidic acid 
to form phosphatidic 
acid, a key intermediate 
in biosynthesis of TG 
and 
glycerophospholipids 
AGPAT2 mutations are 
found predominantly in 
patients of African 
ancestry. 
 
 
 
 
 

Type 2 CGL (CGL2) 
→BSCL2 gene 
mutations on 11q13 
and encodes 398-
amino-acid protein 
called seipin.  

cells lacking BSCL2 
failed to induce 
expression of key 
lipogenic transcription 
factors, including 
peroxisome-
proliferator activated 
receptor gamma 
(PPARG), 
CCAAT/enhancer 
binging protein-alpha 
(C/EBP-alpha), as well 
as enzymes 
AGPAT2,DGAT2,and 
lipin1 

 

 

 

 

Type 4 CGL (CGL4) 
→mutations in PTRF 
gene . PTRF, also known 
as cavin, is a polymerase 
I and transcript release 
factor involved in 
biogenesis of caveolae, 
regulating caveolin 1 
and 3 expression. To 
date, 21 patients with 
PTRF mutations have 
been reported in the 
literature . 

 Of note, there are 
several patients with 
CGL who do not have 
any of  four known gene 
mutations, possibly 
leading to future 
identification of novel 
CGL genes. 

 

 

 

 

Type 3 CGL (CGL3) 
→homozygous nonsense 
mutation of CAV1, probably 
as a result of a 
consanguineous union. CAV1 
is located on 7q31. Its end 
product, caveolin-1, is a 
highly conserved 22-KDa pr 
and a major fatty acid binder 
on plasma membranes as 
well as a crucial component 
of plasma membrane 
microdomains known as 
caveolae. These plasma 
membrane domains have 
important roles in regulating 
signaling pathways and 
processes such as cell 
migration, polarization, and 
proliferation.  

Mutated function of CAV1 
may lead to lipodystrophy by 
interfering with lipid 
handling, lipid droplet 
formation, and adipocyte 
differentiation. 



 

 

 

Type 3 CGL 
(CGL3) →  

-clinical 
features 
intermediate 
between 
these two  

-normal 
intelligence 

 -their 
mechanical fat 
is preserved 

 

 

 

 

Type 1 CGL 
(CGL1) → 
-Normal 
intelligence 

-Mechanical 
fat preserve 
(orbital, 
palms, soles, 
and joints).  

 

 

 

Type 4 CGL (CGL4) 
→moderate 
lipodystrophy  

- Congenital 
myopathy 

 -Esophageal 
dysfunction  

-Pyloric stenosis 

- Atlantoaxial 
instability  

-QT interval 
prolongation  

- exercise-induced 
VT 

- sudden death 

 

 

 

Type 2 CGL (CGL2) → 

-More severe than CGL1 

-Higher incidence of 
premature death 

-More pronounced 
absence of body fat 

 

- Loss of metabolically 
active fat (SC, 
intermuscular, bone 
marrow, intraabdominal 
and intrathoracic regions) 

-Lack of mechanical fat 

 

-Higher prevalence of 
intellectual impairment 
and cardiomyopathy than 
CGL1 

 

 



Metabolic abnormalities  

• ↓Serum leptin due to near total absence of body fat  
• Insulin resistance noted at an early age 
• Diabetes mellitus usually: 
1. In early teens 
2. ketosis is rare 
3. usually refractory to insulin therapy. 
• Hypertriglyceridemia with: 
1. ↑ both VLDL and chylomicrons is common 
2. May acute pancreatitis 
3. Fatty liver 



 





Acquired generalized 
lipodystrophy  



 
 Superficial veins and musculature are prominent 
 Hepatomegaly 
 Mild hirsutism 
 Acanthosis nigricans 
 Muscle hypertrophy, Cirrhosis  



Acquired generalized lipodystrophy  

• Characteristics of AGL similar to congenital  

• Except in previously healthy child or adult over a period 
of days to weeks  



Pathogenesis 
• A previous infection linked to this syndrome with panniculitis in histologic 

analysis of SC tissue  
• Antibodies against adipocyte-membrane antigens detected in a few 

patients (PLIN1= perilipin 1 pr) 
• May coexist with other autoimmune diseases(Hashimoto's thyroiditis, 

rheumatoid arthritis, hemolytic anemia, chronic active hepatitis) 



• “Panniculitis” term for inflammation in layer of fat beneath 
skin 

• Painful lumps (nodules) form 

• Look like small bruises  

• Most common on lower legs  



Metabolic abnormalities  

• Patients have : 
Severe insulin resistance 
Hyperinsulinemia 
Diabetes 
HyperTG 
Low HDL 
Often high metabolic rate  
High serum free fatty acid, and excessive lipolysis  
• Most patients do not become ketotic, but DKA 

has been reported 



CONGENITAL PARTIAL 
LIPODYSTROPHY  



CONGENITAL PARTIAL LIPODYSTROPHY  

 

• Several syndromes of regional lipoatrophy  

• Simultaneous hypertrophy of adipose tissue in 
nonatrophic areas 



Familial partial lipodystrophy  

 

• FPLD syndromes are rare  

 

• Variable loss of adipose tissue during 
childhood, puberty, or young adulthood  



 



FPLD type 1 (Kobberling lipodystrophy)  

 Loss of adipose tissue in 
extremities  

 Normal adipose tissue 
elsewhere 

 May excessive amounts of SC 
truncal fat 

• Age of onset, mode of 
inheritance, and Genetic defect 
are not well defined, due to 
small number of cases described  

 



• FPLD 2 (Dunnigan 
lipodystrophy)  

  Fat loss from  
extremities, abdomen, 
and thorax  

  Excess SC fat in chin 
and supraclavicular 
area  

a. Usually onset of 
puberty 

b. Excess supraclavicular 
fat and round facies 

• Increased muscularity 

• X-linked dominant,  

• AD in some family   



 





FPLD type 2  

Missense mutation 
LMNA gene that 
encodes lamins A and C 



FPLD type 3  

FPLD 3 with heterozygous PPARG gene mutations  

Similar to Dunnigan's variety, exception fat 
accumulation in head and neck may be spared  

FPLD3 have more severe metabolic abnormalities 
than FPLD2 



 



FPLD type 4  

• Mutation PLIN1 gene coding for perilipin 1, 
required component of lipid droplet 
membranes and essential for lipolysis and lipid 
storage  

• Phenotypically by loss of SC fat from 
extremities 



FPLD type 5  

• AR mutation in CIDEC gene→ encodes CIDEC pr 
→expressed in lipid droplets→leading to lack of ability of 
lipid droplets to store fat 

 Partial lipodystrophy 
 Severe insulin resistance 
 Fatty liver 
 AN 
 Diabetes 
 Muscular hypertrophy but no accumulation of adipose 

tissue 
 Ketotic diabetes  
 Albuminuria  



FPLD type 6  

• Mutation in LIPE (lipase E) gene  
• Abnormal SC fat distribution 
• May have: 
 ↑↑visceral fat 
 Impaired lipolysis 
 Dyslipidemia 
 Hepatic steatosis 
 Insulin resistance, and diabetes 
 Some patients manifest muscular dystrophy and 

elevated CPK 
 Cushing  fasion 

 



 
FPLD can due to mutation of AKT2 

 
• AKT2 mutations : 

1. Reduced adipocyte differentiation and 

2. Dysfunctional post-receptor insulin signaling 

PL 

Marked hyperinsulinism 

Diabetes around 30 yrs 

 



PLD due to CAV1 mutation  

• A mutation in CAV1 →rare cause of PL  

• Two cases been reported: 

SC fat loss in face and upper body 

Micrognathia 

Congenital cataracts 

One case with abnormal neurologic findings  

Diabetes, hyperTG, and recurrent pancreatitis 



Autoinflammatory syndromes  



Autoinflammatory syndromes  

• JMP (joint contractures, muscle atrophy, microcytic 
anemia, panniculitis-induced lipodystrophy) Syndrome  

• AR  
• Report 3 case from Japan and 2 family from Mexico and 

Portugal  
 Hepatosplenomegaly  
 Intermittent fever  
 Calcification of basal ganglia 
 Hypergammaglobulinemia 

 
• loss-of-function mutation of (PSMB)-8 
     gene on chromosome 6 

 



 Autoinflammatory syndromes  

• CANDLE (Chronic Atypical Neutrophilic 
Dermatosis with Lipodystrophy and 
Elevated temperature) syndrome 
causing partial lipodystrophy  

• six patients, AR 
 Recurrent fevers 
 Annular violaceous plaques  
 Loss of adipose tissue from upper limbs 

and face 
 Hepatosplenomegaly 
 Anemia 
 Eyelid swelling 
 Calcifications of basal ganglia  
• Molecular mechanism is unknown 

 

 



Other syndromes with a 
component of lipodystrophy  



 
Hutchinson-Gilford progeria syndrome 

(HGPS) 
  

• Progressive and generalized fat loss 

  Restrictive dermopathy 

  Progeria-associated arthropathy  

 

• De novo LMNA mutations 

 



 
 

Werner syndrome 
 

 Short stature 

 Birdlike appearance of 
face 

 Early onset of aging 
processes  

 



Mandibuloacral dysplasia  

• MAD is rare , AR, premature aging (progeroid) syn 

•  ~40 case 

• Two distinctive phenotypes:  

Type A →mutations of LMNA gene and loss of SC fat 
from arms and legs but normal or ↑ fat in face and 
neck  

Type B →more generalized loss of SC fat 

• Compound heterozygous mutations in 

     gene (ZMPSTE24), on 1q34  



Mandibuloacral dysplasia Clinical 
features   

• Lipoatrophy in childhood or early adolescence  
• More in females  
 Postnatal growth retardation 
 Craniofacial and skeletal abnormalities : 
1. Mandibular and clavicular hypoplasia 
2. Delayed closure of cranial sutures 
3. Acro-osteolysis 
4. Joint contractures 
5. Bird-like face 
6. Dental abnormalities 
 Cutaneous changes : 
1. Restrictive dermatopathy 
2. Skin atrophy 
3. Alopecia 
4. Mottled cutaneous)  
5. Progeroid features  
Normal intelligence 



 
Mandibuloacral dysplasia Metabolic 

abnormalities : 
 

• Hyperinsulinemia, insulin resistance, DM 

• Hyperlipidemia reported in some patients  

• Serum leptin can be low or normal  

• Focal segmental glomerulosclerosis 



A) Two years old patient, there is not evidence of Cockayne 's syndrome. B) Actual phenotype of patient. Note cachectic 
habitus, sunken eyes, lack of SC facial fat and others characteristics of the Cockayne's syndrome.  

• Cockayne 
syndrome : 

 Short stature 

 Photosensitivity  

Hearing loss  

 Premature aging 

 

 



 
 Carbohydrate-deficient glycoprotein 

syndrome 
  Cerebellar hypoplasia 

→Nonprogressive ataxia 

Mental retardation  

 Peripheral neuropathy  

 Strabismus 

 LD 

 

 



SHORT syndrome : 
 

S-short stature  

H-hyperextensibility of joints  

   ± inguinal hernia 

O-ocular depression 

R-Rieger anomaly  

T-teething delay  



AREDYLD syndrome 
 

• Acral Renal Ectodermal Dysplasia Lipoatrophic 
Diabetes 

 

• Generalized lipodystrophy  

• Ectodermal dysplasia 

 



ACQUIRED PARTIAL 
LIPODYSTROPHY 



Acquired partial lipodystrophy 
(Barraquer-Simons syndrome) 

• ~ 250 patients report 

 Partial acquired cephalothoracic lipodystrophy 

 

• Loss of adipose tissue from face and upper 
trunk 

• With sparing or↑adiposity in rest of body 



Barraquer-Simons syndrome 
Pathogenesis 

 

• Complement activation  

• Serum immunoglobulin G, called C3 nephritic 
factor  

• Renal disease —20 %MPGN, in average 8 to 10 
yrs after diagnosis. 

 





Lipodystrophy associated with 
HIV therapy  

 

• HIV infection with antiretroviral therapy 
especially HIV-1 protease inhibitors 



Localized lipodystrophies  

• Loss of SC fat from small areas of body but not 
insulin resistance or other metabolic 
abnormalities  

• Drug-induced lipodystrophy at site of injection 

1. Insulin 

2. Glucocorticoids  

3. Antibiotics 

• Repeated pressure against any body part 



Lipodystrophia centrifugalis 
abdominalis infantilis syndrome 

• lipoatrophy  

• Centrifugal loss of adipose 
tissue in abdomen  

• Erythematous and scaly 
changes at periphery  

• Usually occurs before 3 yrs  

• >50% recover spontaneously 

 



(A) Lipodystrophy in HIV who 
antiretroviral therapy containing a 
protease inhibitor for six years. 
 Note  loss of fat from face, arms, 
legs;↑abdominal fat; buffalo hump 

 
(B) Acquired partial lipodystrophy 
in Barraquer-Simons' syndrome.  
loss of SC fat from face, neck, 
arms, thorax, upper abdomen 
began in adolescence. 
 Note excess SC fat in legs 

 
(C) Acquired generalized 
lipodystrophy 
generalized loss of SC adipose 
tissue began in adolescence. 
 Complications→severe insulin 
resistance, hyperinsulinemia, 
hyperTG, and low HDL 



TREATMENT OF LIPODYSTROPHY 



General approach  

• Initial treatment of metabolic disturbances 
(diabetes, hyperTG) same as without lipodystrophy 

•  Lifestyle modification (appropriate diet and 
exercise), metformin, and statins (and/or fibrates)  

• Insulin or other antidiabetics (thiazolidinediones)  

• If metabolic disturbances persist, could administer 
metreleptin in acquired or congenital generalized 
lipodystrophy, as part of a Risk Evaluation and 
Mitigation Strategy (REMS) program 



REMS program  

• Metreleptin is available in United States only 
through an REMS program  

 

1. Pharmacies must also be certified 

2. Patients with information about medication  

3. Health care professionals should consider 
benefits and risks of treatment 



Cosmetic treatment  

• Facial reconstruction 
with free flaps and 
silicone or other 
implants for"replace" 
adipose tissue.  

 

• Liposuction or 
lipectomy for removal 
of excess fat.  

 



-There is no diet that reverses lipoatrophy, but 
low fat diet is recommended 

-When hyperTG prominent, balanced low fat, 
low carbohydrate diet 

-↑physical activity and monitoring carbohydrate 
intake 



Drugs 



Initial treatment  

• Initial treatment of (hyperglycemia, hyperTG) is same as 
other patients  

• Metformin and statins and/or fibrates  

• Thiazolidinediones or other PPARG modulators, which 
increase adiponectin, may beneficial.  

• Insulin, very high doses or concentrated insulins, U-500  

• IGF-1 →improve glycemic control and insulin resistance 

• A fibrate or combination of fibrate and statin for 
hyperTG, ↓risk of pancreatitis 



Persistent metabolic disturbances  

• In 2014, FDA approved 
metreleptin for congenital 
or acquired generalized 
lipodystrophy + persistent 
metabolic disturbances  

• Not approved for : 

HIV-related lipodystrophy   

DM and hyperTG  

 Partial lipodystrophy 

Obesity 



Metreleptin→analog of human leptin made by recombinant DNA technology  
r leptin → SC one or twice daily up to 12 months to significant clinical improvement  
 Studies showed ↓A1C, FBS , TG 
 Improved peripheral glu disposal and ↓ hepatic glu output and hepatic steatosis  
1. Satiation (time to voluntary cessation of eating) and 
2. Satiety (inter-meal interval) also improved  

 



• Most common side effects of metreleptin : 
 Fatigue  
 Headache  
 Abdominal pain 



 



 



 



Volanesorsen bind to ApoC-Ш mRNA, leading to its degradation 
and reduce TG  

 



Vupanorsen, hepatic (Angiopoietin-Like Protein 3 ) Inhibitors. ANGPTL3 
(inhibit lipoprotein lipase (LPL) and endothelial lipase (EL) in tissues) , 
significantly reduced non–HDL-C and triglycerides   

 





 


