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Lipodystrophies are characterised by adipose
tissue loss:
A group of rare, complex, heterogeneous, potentially life-threatening
metabolic diseases
●

Lipodystrophies* are a heterogeneous group of rare disorders characterised by partial or complete
absence of adipose tissue1

●

Patients may have highly variable subcutaneous adipose tissue loss, depending on the
lipodystrophy subtype.1 The resultant tissue loss leads to reductions in energy storage capacity
and leptin secretion which may cause neuro-endocrine metabolic dysfunction2,3

●

Leptin deficiency causes the early-onset of metabolic diseases seen in patients, such as diabetes,
hypertriglyceridaemia, insulin resistance and insatiable hunger (hyperphagia), generally leading
to increased patient morbidity and premature mortality1,4,5

●

The disease can be either inherited or acquired1 and affects about 1.0 person (generalised)
or 3.0 people (partial) per million6

*HIV-associated lipodystrophy is not covered here due to its different aetiology

There are four main subtypes,1 some with defined genetic markers
and causes
Overview of lipodystrophy subtypes 2,7,8

LIPODYSTROPHIES
Congenital generalised
lipodystrophy (CGL)
CGL1 AGPAT2~

(Berardinelli-Seip Type 1)

CGL2 BSCL2 Seipin~

Acquired generalised
lipodystrophy (AGL)

Acquired partial
lipodystrophy (APL)

Familial partial
lipodystrophy (FPL)

Panniculitis

Unknown

(Koebberling Type)

FPL1 unknown

FPL2 LMNA†

(Berardinelli-Seip Type 2)

Autoimmunity

(Dunnigan Type)

CGL3 CAV1~

Idiopathic

FPL3 PPARG†

CGL4 PTRF~

FPL4 PLIN1†
FPL5 CIDEC~
FPL6 LIPE~

†
~

autosomal dominant
autosomal recessive

ADRA2A†

Leptin-deficient lipodystrophy includes generalised lipodystrophy and some forms of partial lipodystrophy 1,9

Lipodystrophies are characterised by a partial or complete absence of
adipose tissue which can lead to leptin deficiency 1,8
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Adipose tissue loss and resulting leptin deficiency
can have serious consequences
●

Adipose tissue:
●

●

●

Is the body’s single most important energy storage site, with excess lipids being mainly stored
in the form of triglycerides2,10
Plays a leading role in energy metabolism and insulin sensitivity through the control of lipid
metabolism and the secretion of numerous adipokines particularly leptin11
Can store 120,000 kcal whereas the liver and muscles have much smaller storage capacities
(liver: 850 kcal; muscle: 5,500 kcal)10

●

With adipose tissue loss, storage capacities for triglycerides are easily exceeded, leading to ectopic
fat accumulation in non-adipose tissue2

●

This may lead to impaired glucose metabolism, insulin resistance and early-onset diabetes1,2

●

Excess triglycerides accumulate ectopically in non-adipose tissue, such as liver, heart,
cardiovascular system, kidney, pancreas and skeletal muscle, and may lead to direct lipotoxicity
and patient morbidity at a young age1,5,11

●

The metabolic consequences of a loss of adipose tissue are driven by the loss of leptin secretion
which may adversely affect appetite control, glucose homeostasis, and fat metabolism12

Loss of adipose tissue leads to leptin deficiency and its consequences1,3,13
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In a healthy individual, adipose tissue has the highest energy storage
capacity.10 Loss of adipose tissue combined with resulting leptin deficiency
leads to increased fat accumulation in liver and muscles which leads to
major metabolic and endocrine issues 3,11
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Leptin: an essential metabolic hormone
Leptin is a 167 amino-acid protein and exerts its effects
by binding to receptors located in adipose tissue, skeletal
muscle, pancreas, liver and hypothalamus.14

●

Leptin is a key adipokine in energy homeostasis, endocrinology, and metabolism.12,14

Role of leptin in normal physiology 8,14,15,16,17,18

Adipocytes
• Facilitate lipid uptake

Skeletal muscle

Cytokines

• Increase glucose
uptake

• Modulate immune
response

LEPTIN

Bone

Non-adipose tissue
such as the liver

• Regulate bone
remodelling

Hypothalamus and
pituitary gland

• Prevent lipotoxicity by
increasing lipid uptake
in adipose tissue

• Regulate food intake
• Regulate gonadotropin

In normal individuals the role of leptin is to:
●

Regulate food intake through a complex neural circuit in the hypothalamus19

●

Help regulate fatty acid metabolism and decrease glucose synthesis and increase glucose uptake
in skeletal muscle8

●

Facilitate lipid uptake in adipocytes preventing the accumulation of lipids in non-adipose tissues
such as the liver and muscles18

●

Protect peripheral tissues from lipotoxicity by stimulating the breakdown of fatty acids8

●

Regulate secretion of gonadotropins and gonadal steroids which influence puberty and fertility12,16

●

Assist the body in fighting infections by modulating immune responses17,20

Leptin plays a pivotal role in energy homeostasis, neuro-endocrinology,
and metabolism12
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Leptin deficiency causes multiple metabolic and
endocrine issues
●

Patients with leptin-deficient lipodystrophies can have potentially life-threatening metabolic
consequences at young ages due to reduced leptin levels5,12

The metabolic impact of leptin deficiency1,8,12,16,17
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Leptin deficiency will impact insulin sensitivity, bone turnover, energy homeostasis, fertility, the
immune system, and the thyroid gland12,14,19
●

●

●

●

Insulin resistance leads to increased plasma glucose12
Impaired lipid storage, energy homeostasis and fatty acid metabolism cause triglyceride levels in
the blood to increase leading to fat accumulation in liver, muscles and other organs11
Hyperphagia may lead to an increased caloric intake1 that, in turn, worsens ectopic fat
accumulation21
Impaired immune response increases the susceptibility for infections17,20

Leptin deficiency can have multiple metabolic consequences impacting
insulin responsiveness, glucose homeostasis, appetite and satiety, and fatty
acid metabolism8
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The metabolic issues caused by leptin deficiency
may lead to severe clinical consequences
●

Leptin deficiency can cause early-onset, life-threatening morbidity5,12

Clinical consequences associated with leptin-deficient lipodystrophy1,8,12,14,16,18,20,22,23,24,25,26
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Not all patients exhibit all symptoms; frequency and severity may vary by subtype1,2
●

Insulin resistance leads to difficult-to-treat diabetes, hypertriglyceridaemia, polycystic ovary
syndrome, hirsutism, acanthosis nigricans, and non-alcoholic fatty liver disease1,27,28

●

Early-onset diabetes prevalence in children varies from 48% to 70% depending on subtype5

●

Hepatic steatosis results in increased insulin resistance, hepatomegaly and may progress to
steatohepatitis, cirrhosis, liver failure and hepatocellular carcinoma28,29

●

Cardiomyopathy is seen in 55% of patients with generalised lipodystrophy30

●

Reduced leptin levels compromise immune functions, increasing the rates of infection13,20

●

Quality of life is reduced due to physical appearance and metabolic complications31

Leptin-deficient lipodystrophy may be associated with profound clinical
consequences developing at an early age, including: cardiovascular disease
and heart failure, difficult-to-treat diabetes, liver failure, acute pancreatitis,
kidney disease and renal failure, and a compromised immune system1,5,20,27,30
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Leptin deficiency in congenital generalised
lipodystrophy (CGL): clinical impact for patients
Prevalence of comorbidities in Turkish patients with CGL32,33,34
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Turkish patients with CGL (n=27)

Turkish population

*No data are available for hepatic steatosis, hypertriglyceridaemia, neuropathy, retinopathy and
pancreatitis for the Turkish population. The prevalence of hypertriglyceridaemia (defined as >150 mg/dL)
in adults in developed countries ranges from 25.0% to 33.1%.35,36,37,38 For the Turkish patients with CGL
mean triglyceride levels were 478 mg/dL.32
●

Patients with lipodystrophy may die prematurely (at least 15.5% before the age of 35)39
●

Major causes include: heart disease (cardiomyopathy, heart failure, myocardial infarction,
arrhythmia)5,40,41 liver disease (liver failure, gastrointestinal haemorrhage, hepatocellular
carcinoma),42 kidney failure,42 acute pancreatitis,43 and sepsis1

Causes of mortality in lipodystrophy patient deaths5
Number

Mean age
at death

Congenital
generalised
lipodystrophy

15

12.5 years

Acute liver failure (1), Peritonitis (1),
Respiratory infection (6), Renal failure (1),
Cardiac failure (3), Multi-organ failure (1), Epilepsy (2)

Acquired
generalised
lipodystrophy

6

32.2 years

Acute liver failure (2), Respiratory infection (1),
Hepatocellular carcinoma (1),
Gastrointestinal haemorrhage (1), Brain tumour (1)

Familial partial
lipodystrophy

4

27.8 years

Renal failure (1), Cardiac failure (1), Aspiration (1),
Sepsis (1)

Acquired partial
lipodystrophy

3

22.7 years

Renal failure (1), Cardiac failure (2)

Subtype

Cause of death and frequency

Lipodystrophy is associated with significant morbidity and increased
premature mortality 5,32,43
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Characteristics and classification
Overview of lipodystrophy subtypes
●

Lipodystrophies are categorised according to:
●

●

Aetiology (congenital or acquired) and
Pattern of fat loss either generalised (affecting the whole body) or partial (affecting specific body
regions)1

Generalized
Generalized

GENERALISED LIPODYSTROPHY

Classification and clinical features of generalised lipodystrophy2,5,28,43,44,45

Congenital
Congenital
GLGL

Congenital generalised lipodystrophy
(Berardinelli-Seip syndrome)

Acquired
Acquired
GLGL

Lack
loss
Lack
or or
loss
of of
fatfat

Generalized
Congenital GL

Visual

Variable
Variable
fatfat
accumulation
accumulation

Acquired GL

Familial PL

Lack or loss
of fat

Variable fat
accumulation

Variable fat
accumulation
Infancy through

Childhood through

0.3 years (range 0.0-12.0 years)

Gender distribution
(male:female)

1:1-2

1:3

●

●

Childhood
through
Childhood
through
adulthood
adulthood
Progression of fat
loss
takes weeks or years

●

Hyperphagia

Infancy
through
Infancy
through
early
childhood
early
childhood
Muscular appearance
with
prominent
veins
and umbilical prominence

●
●

Typical presenting
appearance
●

●

Signs and symptoms

Hyperphagia, accelerated linear growth,
advanced bone age or acromegaloid
features

●

●

Precocious puberty and rarely, premature
pubarche and menarche
More common in ethnic groups with
instances of parental consanguinity

●

Hepato- and splenomegaly

●

Diabetes mellitus and acanthosis nigricans

●

Hepato- and splenomegaly

Irregular menstrual periods, hirsutism,
hyperandrogenism, polycystic ovaries, and/
or infertility in females

●

Diabetes mellitus

●

●

●

●

Infancy
Childhood
throughthrough Ch
early childhood
adulthood

Enlarged liver

Comorbidities are common and severe

CGL1: AGPAT2 mutations- Patients lack
metabolically active fat

●

●

●

Presence of autoimmune diseases or
panniculitis

Hirsutism, hypogonadism and acanthosis
nigricans
Cause of lipodystrophy not fully known

CGL2: BSCL2 mutations - Most severe form,
patients lack mechanical and metabolically
active fat; they may also suffer from mental
retardation
CGL3: Caveolin 1 (CAV1) mutations Associated with short stature and vitamin D
resistance, only few patients known
CGL4: Polymerase I and transcript release
factor (PTRF) mutations - Extreme lack of
body fat, associated with pyloric stenosis
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Generalized

Congenital
Acquired
GL PL

Hyperkeratosis, and generalised or localised
pigmentation

●

●

Subtypes seen
(Causes and effects)

Enlarged liver

5 early
years
(range 0.0-15.0
years)
childhood
adulthood

Childhood through
Age of onset
adulthood

Mean age of onset

Age
onset
Age
of of
onset

8

Partial

Lack or loss
of fat

Age of onset

F

Acquired generalised lipodystrophy
(Lawrence syndrome)
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PARTIAL LIPODYSTROPHY
Classification and clinical features of partial lipodystrophy 1,2,5,7,9,28,43,46,47

Acquired
AcquiredGLGL

Familial
FamilialPLPL

Familial partial lipodystrophy
(Dunnigan type or Koebberling type)

Acquired
AcquiredPLPL

Acquired partial lipodystrophy
(Barraquer-Simons Syndrome)

Generalized
Congenital GL

Visual

Mean age of onset

9.9 years (range 0.0-16.0 years)

Partial
Acquired GL

Familial PL

Lack or loss
of fat

Lack or loss
of fat

Variable fat
accumulation

Variable fat
accumulation

Age of onset

Infancy through

Childhood through

8.2
(range 0.5-16.0
years)
earlyyears
childhood
adulthood

Generalized

Congenital
Acquired
GL PL

Childhood through Infancy
Childhood
throughthrough Ch
Age of onset
adulthood
early childhood
adulthood

Gender distribution

Childhood
Childhood
through
through 1:1-2
Childhood
Childhoodthrough
through1:4
Childhood
Childhoodthrough
through
(male:female)
adulthood
adulthood
adulthood
adulthood
adulthood
Appearance may be
Cushingoid
or
Fat loss occurs inadulthood
cephalocaudal
fashion
●

Typical presenting
appearance

●

●
●

Signs and symptoms

Metabolic abnormalities develop during
adulthood

●

Hirsutism and hyperandrogenism in females

●

Hepatomegaly

●

●
●

●

●

FPL1: Unknown cause - Loss of gluteal and
limb fat, but leptin levels often unaffected

Progression of fat loss may take months or
years

●

Fat accumulation around the hips or legs

●

Metabolic complications are less common

Hyperphagia

Diabetes and acanthosis nigricans

●

Code: C-LD/UK/0006
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●

Fat accumulation around the neck in some
subtypes

●

●

Subtypes seen
(Causes and effects
if described)

●

resembling obesity

●

●

Main cause of morbidity is renal disease due
to autoimmunity which may lead to kidney
failure

Causes of lipodystrophy not fully known
(autoimmune or genetic)

FPL2: Lamin A/C mutations – Fat
accumulation around neck and reduced
leptin levels
FPL3: Peroxisome proliferator activated
receptor gamma (PPARG) mutations
FPL4: Perilipin 1 (PLIN1) mutations
FPL5: Cell-death-inducing DNA,
fragmentation factor a-like effector c
(CIDEC) mutations
FPL6: Adrenoceptor alpha 2A (ADRA2A)
mutations - Fat accumulation around neck
FPL7: Hormone-sensitive lipase (LIPE)
mutations
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Important considerations for diagnoses
●

Lipodystrophy can be undiagnosed or misdiagnosed if fat loss and/or redistribution is
unrecognised,28 but early-onset and hard-to-control metabolic consequences can serve as
indicators28

●

It is important to differentiate lipodystrophy from other conditions presenting with abnormal
distribution of adipose tissue such as eating disorders1,43

Clinical findings help distinguish the different types of lipodystrophy28
CGL

AGL

★
★
★
★
★

★
★
★
★

FPL

APL

✚

★
★
★

FAT LOSS LOCATIONS
Face and neck
Chest/trunk
Upper extremities
Lower extremities
Intra-abdominal

★
★

✚

FAT ACCUMULATION/SPARING
Face and neck

✚

Hips and buttocks

✚

Lower extremities

✚

Intra-abdominal

✚

✚

✚

OTHER FINDINGS
Accelerated linear growth

✚

Acromegaloid features

✚

Umbilical prominence

✚

Panniculitis

✚

Hepatomegaly

✚

✚

Splenomegaly

✚

✚

Acanthosis nigricans

✚

✚

✚

Hirsutism

✚

✚

✚

Hyperphagia

✚

✚

✚

Hypogonadism

✚

✚

Hyperandrogenism in females

✚

✚

✚

★: Essential finding, ✚: Supportive finding
●

The features of CGL present earlier than other forms of lipodystrophy and are present at birth or
shortly afterwards.1 Several AGL patients present with panniculitis or juvenile dermatomyositis prior
to fat loss45

●

Serum leptin levels are typically low in patients with generalised lipodystrophy;1 however, for
patients with partial lipodystrophy testing is important to understand whether leptin deficiency may
be a cause of comorbidity48

●

Diagnosis can be facilitated by genetic testing1

Patients with generalised lipodystrophy are readily identifiable due to the
lack of body fat. Diagnosing partial lipodystrophy is not straightforward due
to variable fat loss. In these patients, leptin testing may help to choose the
correct management approach1

10
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Lipodystrophy: key clinical steps to aid diagnosis
Clinical characteristics that increase the suspicion of lipodystrophy1,28

CORE CLINICAL CHARACTERISTIC
Loss or absence of subcutaneous body fat in a generalised or partial
fashion

SUPPORTIVE CLINICAL CHARACTERISTICS
Presence of diabetes with evidence of severe insulin resistance
●

Diabetes mellitus with requirement for high doses of insulin (e.g. requiring ≥200 U/day,
≥2 U/kg/day, or currently taking U-500 insulin)

Other evidence of severe insulin resistance
●

Acanthosis nigricans

●

Polycystic ovary syndrome or polycystic ovary syndrome-like symptoms (hyperandrogenism,
oligomenorrhea, and/or polycystic ovaries)

Presence of hypertriglyceridaemia
●

Severe hypertriglyceridaemia (≥500 mg/dL: ≥5.56 mmol/L)

●

Triglyceride levels that are nonresponsive to therapy and/or modifications to diet
(≥250 mg/dL: ≥2.78 mmol/L)

●

History of pancreatitis associated with hypertriglyceridaemia

Evidence of hepatic steatosis or steatohepatitis
●

Hepatomegaly and/or elevated transaminases in the absence of a known cause of liver
disease may be consistent with non-alcoholic fatty liver disease

●

Radiographic evidence of hepatic steatosis (e.g. on ultrasound or computed tomography)

Family history of similar physical appearance and/or history of fat loss
Prominent muscularity and phlebomegaly (large veins) in the extremities
Disproportionate hyperphagia (cannot stop eating, waking up to eat,
fighting for food)
Secondary hypogonadism in a male or primary/secondary amenorrhea
in a female patient

Guidelines to help with the diagnosis are available from:
The International Multi-Practice Guideline,1
The American Association of Clinical Endocrinologists,28
The National Organization for Rare Disorders49
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Conclusions
●

Lipodystrophies are rare, complex, and potentially life-threatening clinically heterogeneous
disorders characterised by the widespread or partial lack or loss of subcutaneous adipose tissue28

●

Loss of adipose tissue can result in leptin deficiency, a cause of many metabolic and endocrine
problems3,8,16

●

Accurate diagnosis and effective management of the causes and consequences of lipodystrophy
are required to improve outcomes for patients28

Signs and symptoms1,28
GENERALISED LIPODYSTROPHY

PARTIAL LIPODYSTROPHY

●

Umbilical prominence

●

●

Hyperphagia

●

●

Thin extremities with prominent
muscularity and veins
●

●

●

Hyperglycaemia and
hypertriglyceridaemia that is hard
to treat

●

Insulin resistance or early-onset
type 2 diabetes

●

●

12
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Insulin resistance
Hyperphagia and
hypertriglyceridaemia that is hard
to treat
Excess fat accumulation around
the face and neck (FPLD) or
Excess fat accumulation around
the abdomen or thighs (APL)
When clothed fat accumulation may
be visible, whereas fat loss may not
Thus the physical appearance may
resemble obesity and metabolic
syndrome
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All these patients have lipodystrophy and exhibit some of the signs

Code: C-LD/UK/0006
Date of preparation: February 2021

Improving the Diagnosis of Lipodystrophy

13

References
1.

Brown RJ, Araujo-Vilar D, Cheung PT, et al. The diagnosis and
management of lipodystrophy syndromes: a multi-society practice
guideline. J Clin Endocrinol Metab 2016;101:4500-11.

28. Handelsman Y, Oral EA, Bloomgarden ZT, et al. The clinical approach to
the detection of lipodystrophy – An AACE Consensus Statement. Endocr
Pract 2013;19:107–16.

2.

Nolis T. Exploring the pathophysiology behind the more common genetic
and acquired lipodystrophies. J Hum Genet 2014;5:16-23.

29. Garg A, Misra A. Hepatic steatosis, insulin resistance, and adipose tissue
disorders. J Clin Endocrinol Metab 2002;87:3019-22.

3.

Mantzoros CS, Magkos F, Brinkoetter M, et al. Leptin in human physiology
and pathophysiology. Am J Physiol Endocrinol Metab 2011;301:E567-84.

4.

Paz-Filho G, Mastronardi CA, Licinio J. Leptin treatment: facts and
expectations. Metabolism 2015;64:146-56.

30. Lupsa BC, Sachdev V, Lungu AO, et al. Cardiomyopathy in congenital
and acquired generalized lipodystrophy: a clinical assessment. Medicine
(Baltimore) 2010;89:245–50.

5.

Gupta N, Asi N, Farah W, et al. Clinical features and management of nonHIV related lipodystrophy in children: a systematic review. J Clin Endocrinol
Metab 2017;102:363-74.

6.

Chiquette E, Oral EA, Garg A, et al. Estimating the prevalence of
generalized and partial lipodystrophy – findings and challenges. [Article in
press.]

7.

Garg A, Sankella S, Xing C, et al. Whole-exome sequencing identifies
ADRA2A mutation in atypical familial partial lipodystrophy. JCI Insight
2016;1:e86870.

8.

Fiorenza CG, Chou SH, Mantzoros CS. Lipodystrophy: pathophysiology
and advances in treatment. Nat Rev Endocrinol 2011;7:137–50.

9.

Hegele RA, Cao H, Huff MW, et al. LMNA R482Q mutation in partial
lipodystrophy associated with reduced plasma leptin concentration. J Clin
Endocrinol Metab 2000;85:3089-93.

10. Hirsch J, Knittle JL. Cellularity of obese and nonobese human adipose
tissue. Fed Proc 1970;29:1516-21.
11. Capeau J, Magré J, Caron-Debarle M, et al. Human lipodystrophies:
genetic and acquired diseases of adipose tissue. Endocr Dev 2010;19:1-20.
12. Rodriguez AJ, Mastronardi CA, Paz-Filho GJ. New advances in the
treatment of generalized lipodystrophy: role of metreleptin. Ther Clin Risk
Manag 2015;11:1391-400.
13. Fernández-Riejos P, González-Yanes C, Najib S, et al. Role of leptin in the
immune system. Current Immunology Reviews 2008;4:230-34.
14. Ceddia RB. Direct metabolic regulation in skeletal muscle and fat tissue
by leptin: implications for glucose and fatty acids homeostasis. Int J Obes
2005;29:1175–83.
15. Unger RH, Orci L. Lipoapoptosis: its mechanism and its diseases. Biochim
Biophys Acta 2002;1585:202-12.
16. Khan SM, Hamnvik OPR, Brinkoetter M, et al. Leptin as a Modulator of
Neuroendocrine Function in Humans. Yonsei Med J 2012;53:671–79.
17. Faggioni R, Feingold KR, Grunfeld C. Leptin regulation of the
immune response and the immunodeficiency of malnutrition. Faseb J
2001;15:2565-71.
18. Unger RH, Clark GO, Scherer PE, et al. Lipid homeostasis, lipotoxicity and
the metabolic syndrome. Biochim Biophys Acta 2010;1801:209-14.
19. Kelesidis T, Kelesidis I, Chou S, et al. Narrative review: the role of leptin
in human physiology: emerging clinical applications. Ann Intern Med
2010;152:93-100.
20. Farooqi IS, Matarese G, Lord GM, et al. Beneficial effects of leptin on
obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic
dysfunction of human congenital leptin deficiency. J Clin Invest
2002;110:1093–103.
21. Oral EA, Chan JL. Rationale for leptin-replacement therapy for severe
lipodystrophy. Endoc Pract 2010;16:324-33.
22. Weston N, Fernando U, Baskar V. Hypertriglyceridaemia-induced
pancreatitis. BMJ Case Rep 2013;27:2013.

31. Dhankhar P, Isupov T, Araujo-Vilar D, et al. Estimating quality of life for
patients with lipodystrophy. ISPOR 20th Annual International Meeting,
Philadelphia, Pennsylvania. 16 May 2015.
32. Akinci B, Onay H, Demir T, et al. Natural history of congenital generalized
lipodystrophy: a nationwide study from Turkey. J Clin Endocrinol Metab
2016;101:2759-67.
33. Süleymanlar G, Utaş C, Arinsoy T, et al. A population-based survey
of Chronic REnal Disease In Turkey—the CREDIT study. Nephrol Dial
Transplant 2011;26:1862–71.
34. Satman I, Omer B, Tutuncu Y, et al. Twelve-year trends in the prevalence
and risk factors of diabetes and prediabetes in Turkish adults. Eur J
Epidemiol 2013;28:169-80.
35. Karpov Y, Khomitskaya Y. PROMETHEUS: an observational, crosssectional, retrospective study of hypertriglyceridaemia in Russia. Cardiovasc
Diabetol 2015;14:115.
36. Ford ES, Li C, Zhao G, et al. Hypertriglyceridaemia and its pharmacologic
treatment among US adults. Arch Intern Med 2009;169:572-8.
37. Dereziński T, Wolf J, Wąsikowska B, et al. Prevalence of hypertension and
metabolic disturbances in a population-based cohort of postmenopausal
women. The Gniewkowo Women Study. Arterial Hypertens 2015;19:88–
94.
38. Nordestgaard BG. Triglyceride-Rich Lipoproteins and Atherosclerotic
Cardiovascular Disease: New Insights From Epidemiology, Genetics, and
Biology. Circ Res 2016;118:547-63.
39. Van Maldergem L, Magre J, Khallouf TE, et al. Genotype-phenotype
relationships in Berardinelli-Seip congenital lipodystrophy. J Med Genet
2002;39:722–33.
40. Bjornstad PG, Semb BK, Trygstad O, et al. Echocardiographic assessment
of cardiac function and morphology in patients with generalised
lipodystrophy. Eur J Pediatr 1985;144:355–59.
41. Jackson SN, Howlett TA, McNally PG, et al. Dunnigan-Kobberling
syndrome: an autosomal dominant form of partial lipodystrophy. QJM
1997;90:27–36.
42. Seip M. Generalized lipodystrophy. In: Frick P vHG, Miller AF, Prader
A, Schoen R, WolfHP(eds), ed. Ergeb InnMedKinderheilkd: Springer
Berlin;1971:59–95.
43. Garg A. Lipodystrophies: genetic and acquired body fat disorders. J Clin
Endocrinol Metab 2011;96:3313-25.
44. Agarwal AK, Simha V, Oral EA, et al. Phenotypic and genetic heterogeneity
in congenital generalized lipodystrophy. J Clin Endocrinol Metab
2003;88:4840-47.
45. Misra A, Garg A. Clinical features and metabolic derangements in
acquired generalized lipodystrophy: case reports and review of the
literature. Medicine 2003;82:129-46.
46. Misra A, Peethambaram A, Garg A. Clinical features and metabolic and
autoimmune derangements in acquired partial lipodystrophy: report of 35
cases and review of the literature. Medicine 2004;83:8318-34.

23. Wende AR, Symons JD, Abel ED. Mechanisms of lipotoxicity in the
cardiovascular system. Curr Hypertens Rep 2012;14:517-31.

47. Herbst KL, Tannock LR, Deeb SS, et al. Köbberling type of familial
partial lipodystrophy: an underrecognized syndrome. Diabetes Care
2003;26:1819-24.

24. Centers for disease control and prevention. Diabetes at a glance. Available
at: www.cdc.gov/ chronicdisease/resources/publications/aag/pdf/2016/
diabetes-aag.pdf [Accessed March 2017.]

48. Akinci B, Koseoglu FD, Onay H, et al. Acquired partial lipodystrophy is
associated with increased risk for developing metabolic abnormalities.
Metabolism 2015;64:1086-95.

25. Sharma RB, Alonso LC. Lipotoxicity in the pancreatic beta cell: Not
just survival and function, but proliferation as well? Curr Diab Rep
2014;14:492.

49. The National Organization for Rare Disorders. The physicians guide to
lipodystrophy disorders. Available at: http://nordphysicianguides.org/wpcontent/uploads/2012/11/NORD_Physician_Guides_ Lipodystrophies.pdf
[Accessed April 2017.]

26. Yuan G, Al-Shali KZ, Hegele RA. Hypertriglyceridaemia: its etiology,
effects and treatment. CMAJ 2007;176:1113–20.
27. Javor ED, Cochran EK, Musso C, et al. Long-term efficacy of leptin
replacement in patients with generalized lipodystrophy. Diabetes
2005;54:1994-2002.

14

Improving the Diagnosis of Lipodystrophy

Code: C-LD/UK/0006
Date of preparation: February 2021

Code: C-LD/UK/0006
Date of preparation: February 2021

Improving the Diagnosis of Lipodystrophy

15

Amryt Pharmaceuticals DAC
45 Mespil Road
Dublin 4
Ireland
Phone: 00 800 4447 4447
Email: medinfo@amrytpharma.com

Code: C-LD/UK/0006
Date of preparation: February 2021
© Amryt Pharma 2021.

