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Abstract 
Lipodystrophy constitutes a spectrum of diseases characterized by a generalized or partial absence of adipose tissue. Underscoring the role of 
healthy fat in maintenance of metabolic homeostasis, fat deficiency in lipodystrophy typically leads to profound metabolic disturbances including 
insulin resistance, hypertriglyceridemia, and ectopic fat accumulation. While rare, recent genetic studies indicate that lipodystrophy is more 
prevalent than has been previously thought, suggesting considerable underdiagnosis in clinical practice. In this article, we provide an overview 
of the etiology and management of generalized and partial lipodystrophy disorders. We bring together the latest scientific evidence and clin-
ical guidelines and expose key gaps in knowledge. Through improved recognition of the lipodystrophy disorders, patients (and their affected 
family members) can be appropriately screened for cardiometabolic, noncardiometabolic, and syndromic abnormalities and undergo treatment 
with targeted interventions. Notably, insights gained through the study of this rare and extreme phenotype can inform our knowledge of more 
common disorders of adipose tissue overload, including generalized obesity.
Key Words:  lipodystrophy, Dunnigan variety lipodystrophy, HIV-associated lipodystrophy, metreleptin, tesamorelin
Abbreviations:  AGL, acquired generalized lipodystrophy; APL, acquired partial lipodystrophy; AZT, zidovudine; BMI, body mass index; CGL, congenital general-
ized lipodystrophy; D4T, stavudine; FPLD, familial partial lipodystrophy; FPLD1, Köbberling-type lipodystrophy; FPLD2, Dunnigan variety lipodystrophy; GH, growth 
hormone; HbA1c, glycated hemoglobin A1c; IGF-1, insulin-like growth factor 1; LMNA, lamin A/C; NAFLD, nonalcoholic fatty liver disease; PCOS, polycystic ovary 
syndrome; PPARG, peroxisome proliferator-activated receptor γ; RYGB, Roux-en-Y gastric bypass; TZD, thiazolidinedione.

Case Presentations
Case 1
The patient is a 35-year-old woman who first noted changes 
in fat distribution at puberty characterized by loss of fat in 
her extremities and buttocks along with expansion of the 
submandibular and dorsocervical fat pads. She also observed 
areas of hyperpigmentation involving her antecubital and 
popliteal fossa. Despite having a normal body mass index 
(BMI), she was diagnosed with type 2 diabetes mellitus at age 
18 years requiring exogenous insulin administration in add-
ition to metformin. Her insulin requirements rapidly escal-
ated to more than 200 U per day yet her glycated hemoglobin 
A1c (HbA1c) remained persistently elevated above 8% with 
resultant diabetic neuropathy. She also developed hyperten-
sion treated with lisinopril, hypertriglyceridemia treated with 
fenofibrate and pravastatin, and hepatic steatosis. Owing to 
discontent with her fat distribution, the patient underwent 
several liposuction surgeries as a young adult involving re-
moval of submandibular, dorsocervical, and mons pubis fat. 
On transferring her diabetes care to a new endocrinologist, 
she was immediately suspected to have lipodystrophy based 
on her appearance and was referred to our clinic for further 
evaluation.

The patient reported diffuse muscle aches, low energy, and in-
satiable hunger. On examination, she was found to have blood 
pressure of 110/70 mm Hg and BMI of 22.3. She had scant 
subcutaneous fat except for the face and mons pubis region. 
Muscles in her upper and lower extremities appeared hypertro-
phied though the patient denied prolonged exercise or use of 

performance-enhancing drugs (Fig. 1). Laboratory evaluation 
demonstrated dysglycemia and hypertriglyceridemia despite 
intensive medical management. She also was found to have a 
fasting leptin level of 2.6 ng/mL (normal, 3.3-18.3 ng/mL) and 
adiponectin 2 mcg/mL (normal, 5-37 mcg/mL) (Table 1). The 
patient indicated that her father and paternal grandfather both 
had a similar fat distribution as well as type 2 diabetes mellitus 
diagnosed in young adulthood.

Case 2
The patient is a 54-year-old man who has a long-standing 
history of HIV infection diagnosed in 1999. He was started 
on antiretroviral therapy at the time of initial diagnosis with 
regimens that have included zidovudine (AZT), stavudine 
(D4T), and nelfinavir. Over the years, he experienced loss 
of fat in his arms, legs, and buttocks. He also has developed 
substantial fat accumulation in his abdomen and breasts. 
Other comorbidities included hypertension, dyslipidemia, 
prediabetes, hepatic steatosis, and bipolar disorder. His cur-
rent medication regimen consisted of elvitegravir, cobicistat, 
emtricitabine, tenofovir, amlodipine, lithium, and bupropion. 
He referred himself to our clinic based on concerns regarding 
his central fat distribution.

On physical exam, the patient was found to have blood 
pressure of 135/86 mm Hg and BMI of 26.1. He had mild 
lipoatrophy of the face and limbs and considerable central 
adiposity disproportionate to his BMI with a waist circum-
ference of 108.2 cm and a waist-hip ratio of 1.1 (see Fig. 1).  
Laboratory evaluation demonstrated mild dysglycemia and 
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hypertriglyceridemia. Leptin level was normal with a low-
normal adiponectin (see Table 1).

Background
Lipodystrophy (Greek derivative: “lipo” = fat and “dys-
trophy” = derangement) refers to a heterogeneous group of 
disorders characterized by a selective deficiency of adipose 
tissue in the absence of nutritional deprivation or a catabolic 
state. Specific lipodystrophy syndromes may be categorized 
into 4 broad groups according to extent of fat loss (general-
ized vs partial) and etiology (genetic vs acquired). Lack of adi-
pose tissue predisposes to systemic insulin resistance, ectopic 
fat deposition, and hormonal derangements (eg, leptin defi-
ciency). In turn, people with lipodystrophy are predisposed to 
a high burden of metabolic and cardiovascular comorbidities 
including type 2 diabetes mellitus, nonalcoholic fatty liver 
disease (NAFLD), polycystic ovary syndrome (PCOS), 
dyslipidemia, and atherosclerosis. Major causes of mortality 
in this population include heart disease, liver disease, kidney 
failure, acute pancreatitis, and sepsis (1).

Apart from HIV-associated lipodystrophy, lipodystrophy 
syndromes have been historically regarded as rare disorders 
with prevalence estimates ranging from 1 in 1 million for fa-
milial partial lipodystrophy to 1 in 10 million for congenital 
generalized lipodystrophy (2, 3). However, recent studies of 
large clinical care cohorts suggest that lipodystrophy may 
be more common than previously recognized with a genetic 
prevalence of disease as high as 1 in 7000 (3). As these findings 
indicate that lipodystrophy is often underdiagnosed, it is im-
perative for clinicians to become familiar with the signs, symp-
toms, and workup of this group of disorders so that affected 
patients and their relatives can be appropriately triaged and 
managed.

Pathophysiology
Though modern medicine has been primarily focused on the 
detriments of excess adiposity, the lipodystrophy syndromes 
underscore the role of healthy fat depots in the mainten-
ance of normal metabolic homeostasis. In this regard, under 
physiologic conditions, adipose tissue is the primary site for 
storage of excess calories and serves to buffer postprandial 
fluxes in circulating lipids (4). Adipose tissue also synthesizes 
and secretes hormones and adipokines, particularly leptin 
and adiponectin, to regulate critical processes including en-
ergy intake and insulin sensitivity (5).

In patients with lipodystrophy, genetic or acquired defects 
in adipocyte differentiation, survival, and/or function render 
adipose tissue unable to perform its critical roles (6). An in-
ability to trap and store nonesterified fatty acids postprandially 
promotes systemic insulin resistance (7). Moreover, lipids 
“overflow” to other organs including the liver, muscle, and 
pancreas, which results in local end-organ damage (8). Lastly, 
low leptin contributes to hyperphagia, reduced energy ex-
penditure, and insulin resistance, perpetuating lipotoxicity 
and related metabolic sequelae (9). In general, the severity of 
metabolic dysfunction in lipodystrophy is proportionate to 
the extent of fat loss (Fig. 2) (10).

Though lipodystrophy and obesity represent extremes of adi-
pose tissue deficiency and excess, respectively, both states are 
characterized by insulin resistance, ectopic fat accumulation, 
and cardiometabolic complications (10). Despite this apparent 
paradox, it has been posited that cardiometabolic sequelae 
in both conditions result when the capacity of adipocytes to 
accommodate additional energy stores is exceeded. While 
interindividual factors that govern the limits of adipose tissue 
expansion are not well known, the extremely low threshold 
at which the storage capacity of adipocytes is exceeded in 
lipodystrophy results in a severe phenotype. Accordingly, 

Figure 1.  Clinical cases. A, Case 1: The patient has lipoatrophy of the limbs and torso with sparing of the face and mons pubis. She also has increased 
muscularity of her upper and lower extremities, which is most evident on the lateral view. B, Case 2: The patient has mild lipoatrophy of the lower 
extremities and buttocks with profound abdominal lipohypertrophy. Cross-sectional magnetic resonance imaging at L4 revealed significant visceral 
adiposity and a high visceral to subcutaneous fat ratio. Both patients provided written consent for their photographs to be published.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/6/1714/6524739 by IN
SER

M
 user on 30 M

ay 2022



1716 The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 6

lipodystrophy serves as a paradigm to understand the patho-
genesis of adipose tissue overload in diverse patient popula-
tions and may yield critical insights into far more common fat 
disorders, including generalized obesity (10-12).

Clinical Assessment
Lipodystrophy is a clinical diagnosis that should be suspected 
in patients with regional or generalized lack of subcutaneous 

adipose tissue or with severe insulin resistance dispropor-
tionate to BMI. Clinical assessment should include a detailed 
medical history including a family history. Patients should be 
queried about time course of altered fat distribution including 
onset and duration, cardiometabolic comorbidities, presence 
of hyperphagia, and a history of an autoimmune disease or 
HIV to differentiate between lipodystrophy subtypes and to 
stratify the severity of disease (Table 2). A  detailed repro-
ductive history should be obtained, including timing of pu-
berty and menstrual cycle regularity.

In addition to history, physical examination is essen-
tial to assess body fat distribution. In this regard, areas of 
lipoatrophy may be characterized by scant subcutaneous fat, 
enhanced muscular definition, and prominence of veins. Areas 
of lipohypertrophy may also be observed in cases of partial 
lipodystrophy involving sites such as the abdomen, neck and 
chin, lower extremities, and mons pubis. Physical examination 
should also an include an assessment of blood pressure as 
well as stigmata of insulin resistance (eg, acanthosis nigricans, 
hirsutism, acromegaloid features) and hypertriglyceridemia 
(eg, eruptive xanthoma). Dual-energy x-ray absorptiometry 
may be used to further ascertain and quantify body compos-
ition. In one study, dual-energy x-ray absorptiometry images 
that highlighted an individual’s 2-dimensional fat distribution 
(“fat shadow”) allowed trained readers to distinguish pa-
tients with lipodystrophy from control individuals with 85% 
sensitivity and 96% specificity (13).

Laboratory testing should be obtained to characterize the 
severity of metabolic dysfunction in patients suspected of 
lipodystrophy. Assays to be performed include fasting blood 
glucose and insulin, HbA1c, lipids, and liver function tests. 

Table 1.  Patient laboratory results

Case No. 1 2 

BMI 22.3 26.1

Waist circumference, cm 79.1 108.2

Hip circumference, cm 87.0 101.1

Waist-hip ratio 0.9 1.1

HbA1c, % 9.8 6.1

Total cholesterol, mg/dL 236 185

HDL-C, mg/dL 36 53

Triglycerides, mg/dL 634 347

LDL-C, mg/dLa 123 63

Leptin, ng/mL 2.6 12.2

Adiponectin, mcg/mL 2 5

All laboratory values were obtained from fasting patients.
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin 
A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol.
aLDL-C was measured directly in case 1 (triglycerides > 500 mg/dL) and 
calculated in case 2.

Figure 2.  Pathophysiology of cardiometabolic dysfunction in lipodystrophy. Lipodystrophy is broadly defined by a generalized or partial absence of adipose 
tissue, except in some patients with HIV-associated lipodystrophy, who may present with lipohypertrophy alone. In general, lack of fat may stem from 
impaired adipocyte differentiation or augmented adipocyte death secondary to genetic or acquired factors. Deficient adipose tissue may lead to a complex 
cascade of altered adipokines, metabolites, and energy flux, which collectively promotes insulin resistance and resultant cardiometabolic dysfunction. 
AGPAT2, 1-acylglycerol-3-phosphate O-acyltransferase 2; BSCL2, Berardinelli-Seip congenital lipodystrophy 2 protein; CIDEC, cell death–inducing DFFA-like 
effector C; LMNA, lamin A/C; NEFAs, nonesterified fatty acids; PPARG, peroxisome proliferator-activated receptor γ. Figure was created with BioRender.com.
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In select cases, an oral glucose tolerance test may be used 
to diagnose more subtle insulin resistance or dysglycemia. 
Liver ultrasound with elastography may be used to evaluate 
for hepatic steatosis and fibrosis. A  24-hour urine collec-
tion or spot urine for protein-to-creatinine ratio should 
also be performed because proteinuric kidney disease is 
common. Gonadal steroids, gonadotropins, and pelvic ultra-
sound should be obtained as clinically indicated, including 
in the context of PCOS-like symptoms. Electrocardiogram 
and echocardiogram should also be ascertained in individ-
uals with suspected congenital generalized lipodystrophy, 
progeroid disorders, or familial partial lipodystrophy be-
cause of a heightened prevalence of cardiomyopathy, or as 
clinically indicated. Fasting leptin levels may support a diag-
nosis of lipodystrophy if low, though this finding is neither 
sensitive nor specific. Notably, since leptin levels are pro-
portionate to total body fat, levels may be normal in partial 

lipodystrophy (14). Genetic testing should be pursued in 
cases that appear to be familial.

The differential diagnosis for lipodystrophy varies by 
whether generalized vs partial lipodystrophy is suspected. For 
generalized lipodystrophy, alternative diagnoses to consider 
include causes of generalized fat loss such as starvation, an-
orexia nervosa, uncontrolled diabetes mellitus, cancer cach-
exia, thyrotoxicosis, adrenal insufficiency, AIDS wasting, 
chronic infections, and diencephalic syndrome (children). 
For partial lipodystrophy, other diagnoses to rule out include 
truncal obesity, Cushing syndrome, and multiple symmetric 
lipomatosis. Genetic or autoimmune insulin receptoropathies 
are another potential etiology of severe insulin resistance 
disproportionate to BMI that should be considered in the 
differential diagnosis of lipodystrophy. However, unlike 
lipodystrophy, which leads to partial (postreceptor) insulin 
resistance characterized by hypertriglyceridemia and hepatic 
steatosis in the context of increased hepatic de  novo lipo-
genesis, patients with insulin receptoropathies are strikingly 
spared of these complications because of a near-total blockade 
of hepatic insulin signaling with consequent blunting of hep-
atic de novo lipogenesis (15).

Lipodystrophy Subtypes
Once generalized or partial lipodystrophy is suspected, the 
specific lipodystrophy subtype should be elucidated based on 
clinical history and laboratory testing, as detailed next (Fig. 3).  
This knowledge has implications for the individual’s risk of 
cardiometabolic and nonmetabolic comorbidities, prognosis, 
and treatment. For patients with familial diagnoses, evalu-
ation and genetic testing of at-risk family members should 
also be considered (1). Importantly, studying unsolved cases 
will allow us to continue to unravel the biology of adipose 
tissue with key relevance for other fat disorders, including 
generalized obesity. The lipodystrophy subtypes described 
here are intended to provide a conceptual overview. More de-
tailed descriptions are provided elsewhere (1, 12, 16).

Generalized Lipodystrophy
Congenital generalized lipodystrophy (Berardinelli-Seip 
congenital lipodystrophy)
Congenital generalized lipodystrophy (CGL) is an autosomal 
recessive disorder characterized by near-complete absence of 
fat starting at birth or infancy (17). Other presenting features 
include hepatomegaly, umbilical protuberance, prominent 
musculature, voracious appetite, and acromegaloid features 
(17). Hypertrophic cardiomyopathy has been reported in 
CGL as a substantial cause of morbidity and mortality (18). 
Bone abnormalities have also been described, including focal 
osteolysis, cyst formation, and absence of marrow fat (19). 
Furthermore, intellectual impairment and/or psychomotor re-
tardation have been observed (17).

Autosomal recessive mutations in 2 key genes are re-
sponsible for most cases of CGL. CGL1 is caused by a de-
fect in 1-acylglycerol-3-phosphate-O-acyltransferase 2 
(AGPAT2), which plays a critical role in biosynthesis of 
glycerophospholipids and triacylglycerols. CGL2 has been 
attributed to a mutation in Berardinelli-Seip congenital 
lipodystrophy 2 protein or seipin (BSCL2), which is pre-
sumed to contribute to lipid droplet formation and adipocyte 
differentiation (16). Patients with CGL2 have a more severe 

Table 2.  Common clinical features of lipodystrophy

Essential feature 

   Generalized or regional absence of adipose tissue

Comorbidities

   Type 2 diabetes mellitus 

   Hypertension

   Dyslipidemia

   Nonalcoholic fatty liver disease

   Polycystic ovary syndrome

   Infertility

   Renal dysfunction (proteinuria, MPGN, FSGS, diabetic 
nephropathy)

   Heart disease (cardiomyopathy, coronary artery disease)

Additional historical clues

   Hyperphagia

   Pancreatitis, secondary to hypertriglyceridemia

   Family history (familial)

   Autoimmune disease (acquired)

   HIV (acquired)

Physical findings

   Prominent veins

   Muscle hypertrophy

   Acanthosis nigricans

   Eruptive xanthoma

   Hirsutism

   Cushingoid appearance

   Acromegaloid appearance

   Progeroid appearance

Laboratory findings

   �Severe insulin resistance (fasting insulin > 22 mU/L, exogenous 
insulin ≥ 2 U/kg/d)

   Hyperglycemia

   Hypertriglyceridemia and low HDL

   Elevated transaminases

   Proteinuria

   Low fasting leptin (if adipose deficiency is severe)

Abbreviations: FSGS, focal segmental glomerulosclerosis; HDL, high-
density lipoprotein; MPGN, membranoproliferative glomerulonephritis.
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lack of adipose tissue encompassing both mechanical (eg, 
orbits, palms, and soles) as well as metabolic depots. In con-
trast, adipose deficiency in CGL1 typically spares mechanical 
fat (2). Besides AGPAT2 and BSCL2, other genes that have 
rarely been implicated in CGL include caveolin-1 (CAV1) and 
cavin-1 (CAVIN1) (16).

Acquired generalized lipodystrophy (Lawrence syndrome)
Acquired generalized lipodystrophy (AGL) is a rare disorder 
with a female predominance characterized by generalized fat 
loss that occurs after birth and usually before adolescence (20). 
Onset may be insidious over months to years or may be more 
rapid in some patients. Fat loss often involves the palms and 
soles, whereas retro-orbital fat tends to be preserved (20). In 
about one-quarter of cases, loss of subcutaneous fat is pre-
ceded by the appearance of diffuse subcutaneous inflammatory 
nodules that are histologically consistent with panniculitis. 
These lesions gradually resolve, leaving behind depressed areas 
of lipoatrophy that ultimately progress to generalized loss of fat 
(21). AGL is hypothesized to be caused by an autoimmune de-
struction of adipocytes and has been linked to autoimmune dis-
orders including juvenile dermatomyositis, Sjögren syndrome, 
and rheumatoid arthritis. However, roughly one-half of pa-
tients with AGL have no concurrent autoimmune disease (20). 
Several cases have also been reported as a rare complication of 
immune checkpoint inhibitor therapy (22).

Partial Lipodystrophy
Familial partial lipodystrophy
Familial partial lipodystrophy (FPLD) is a group of inherited 
disorders characterized by regional loss of adipose tissue 
that typically occurs in childhood or adolescence. Fat may 
accumulate in other adipose depots, including the head and 
neck. Though we would expect men and women to carry 
pathogenic mutations equally as often, as with other forms 
of lipodystrophy, most individuals diagnosed with FPLD are 
women. In this regard, lipodystrophy is more likely to go 
unnoticed in men and to be mistaken for a muscular phys-
ique. Furthermore, women with FPLD are at greater risk of 
metabolic dysfunction, which may relate to the finding that 
women have significantly more fat stores than men under 
normal physiologic circumstances (10, 23).

FPLD1 (Köbberling-type lipodystrophy) is characterized by 
fat loss exclusively confined to the extremities, typically noted 
in childhood, with normal or increased distribution of fat in 
the face, neck, and trunk (24). Truncal obesity with an in-
creased waist to hip ratio is common (24, 25). In some cases, 
a palpable “ledge” involving the upper extremity and gluteal 
regions that delineates the boundary between normal (prox-
imal) and lipoatrophic (distal) fat areas has been observed 
(25). While the pathogenesis of FPLD1 remains poorly under-
stood, the condition appears to be polygenic. In one study, 
patients with FPLD1 had a heightened burden of common 

Figure 3.  Conceptual approach to lipodystrophy diagnosis. Lipodystrophy is categorized into 4 broad groups according to extent of fat loss (generalized 
vs partial) and etiology (genetic vs acquired). This flowchart provides a conceptual approach to the patient with suspected lipodystrophy, paying particular 
attention to classic presentations of the most common lipodystrophy subtypes. Not all lipodystrophy subtypes and clinical presentations are shown. 
Progeroid features in the presence of partial lipodystrophy should lead to consideration of familial etiologies as indicated by the flow diagram, but it 
should be noted that progeria may also be seen in association with generalized forms of disease. BMT, bone marrow transplantation; C3, complement 
3; CGL, congenital generalized lipodystrophy; FPLD, familial partial lipodystrophy; MPGN, membranoproliferative glomerulonephritis. Figure was created 
with BioRender.com.
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alleles shown to be associated with insulin resistance in the 
general population, suggesting shared biologic mechan-
isms between FPLD1 and more common forms of metabolic 
syndrome (26). Individuals with suspected FPLD1 should be 
ruled out for a heterozygous pathogenic mutation in peroxi-
some proliferator-activated receptor γ (PPARG) that defines 
FPLD3 as this lipodystrophy subtype may present with a 
similar distribution of fat (27, 28).

FPLD2 (Dunnigan variety lipodystrophy) is an autosomal 
dominant condition characterized by gradual subcutaneous 
fat loss from the extremities and trunk with fat accumula-
tion in the neck and chin. Patients with this lipodystrophy 
subtype may be mistaken for having Cushing syndrome 
(2). Furthermore, affected individuals may have a muscular 
physique that corresponds to true hypertrophy of type 1 
and 2 muscle fibers on biopsy along with downregulation of 
myostatin (29). Despite this increase in muscle mass, in de-
tailed exercise studies, patients were found to experience in-
creased muscle fatigability due to mitochondrial dysfunction 
(30). In contrast to FPLD1, which begins in childhood, the 
onset of FPLD2 is typically around puberty (25). Moreover, 
whereas FPLD1 is characterized by central adiposity, fat loss 
in FPLD2 typically includes the trunk (25).

Patients with FPLD2 have pathogenic mutations in lamin 
A/C (LMNA), encoding a nuclear protein that interacts with 
chromatin to mediate key biologic functions. LMNA muta-
tions may lead to premature adipocyte death, which in turn 
reduces adipose tissue storage capacity over time (2). Given 
the ubiquitous nature of this gene, mutations have been impli-
cated in other dystrophic disorders including Emery-Dreifuss 
muscular dystrophy, limb-girdle muscular dystrophy, dilated 
cardiomyopathy, Charcot-Marie Tooth neuropathy type 2B, 
and Hutchinson-Gilford progeria syndrome (31). Given its 
association with cardiac disease, screening for cardiomyop-
athy and conduction system abnormalities is prudent in pa-
tients with FPLD2 at the time of diagnosis.

Other less common genes that have been ascribed to FPLD 
include PPARG (FPLD3), perilipin 1 (PLIN1; FPLD4), and 
cell death inducing DFFA-like effector C (CIDEC; FPLD5). 
Complex genetic syndromes that include partial lipodystrophy 
have also been reported, some of which are associated with 
progeroid features (2).

Non–HIV-associated acquired partial lipodystrophy 
(Barraquer-Simons syndrome)
Owing to the relatively high prevalence of HIV infection, 
HIV-associated acquired partial lipodystrophy (APL) repre-
sents the most common form of lipodystrophy. In the absence 
of HIV, APL is often characterized by gradual loss of fat in 
the upper extremities, thorax, and upper abdomen. Fat loss 
typically proceeds in a cephalocaudal sequence during child-
hood or adolescence (32). The lower extremities are spared, 
and excess fat often accumulates in the lower abdomen, glu-
teal region, hips, thighs, and calves (32). Analogous to AGL, 
females are more commonly affected (32). Patients with 
APL tend to have less severe metabolic dysfunction, likely 
due to preservation of the insulin sensitive gluteofemoral fat 
depot (10). However, in one recent study, a subset of patients 
with APL were shown to develop significant multisystemic 
comorbidities over time, suggesting the need for continued 
monitoring (33). As with AGL, APL has been associated 
with autoimmune diseases, in particular systemic lupus 

erythematosus and dermatomyositis, and may also be trig-
gered by infections. Unique to APL, most affected individuals 
have been reported to have low complement 3 levels and the 
presence of the polyclonal immunoglobulin complement  3 
nephritic factor. Moreover, one-quarter of patients were 
found to develop membranoproliferative glomerulonephritis 
over the course of their disease, which is a key determinant of 
their overall prognosis (32).

Besides the cephalothoracic variety of APL, subcutaneous 
fat loss has been reported as a rare and late complication of 
allogenic bone marrow transplantation in childhood. This 
form of lipodystrophy is characterized by loss of fat in the 
extremities and gluteal region with preserved or increased fat 
in the cheeks, neck, and abdomen. Total body irradiation and 
intensive chemotherapy were associated with disease in small 
reports (34-36).

HIV-associated acquired partial lipodystrophy
HIV lipodystrophy was first described in 1998 coinciding 
with the introduction of highly effective antiretroviral therapy 
(37). While its incidence is less common today with the use of 
newer agents, its prevalence remains high among long-term 
survivors, and thus clinical recognition continues to be im-
portant (38). Three subtypes of HIV lipodystrophy have 
been described: lipoatrophy, lipohypertrophy, and a mixed 
syndrome (39). Unlike other forms of lipodystrophy, regional 
fat accumulation may occur in the absence of loss of subcuta-
neous fat (40), and thus a deficiency in adipose tissue is not 
required for diagnosis.

In HIV-associated lipodystrophy, lipoatrophy may involve 
the face, limbs, abdomen, or buttocks, whereas lipohypertrophy 
may involve the abdomen, breasts, or dorsocervical region. 
Localized or generalized lipoma (lipomatosis) may be occa-
sionally observed (41). Visceral adiposity is common des-
pite BMI in the normal or overweight range (42). Metabolic 
sequelae including dyslipidemia, glucose intolerance, and 
hepatic steatosis have been reported among both lipoatrophic 
and lipohypertrophic subtypes (43-45).

Risk factors for HIV-associated lipodystrophy are not en-
tirely understood but may relate to the interplay of viral, 
host, and antiretroviral therapy–specific factors (38, 46). 
Notably, prolonged exposure to thymidine nucleotide re-
verse transcriptase inhibitors (eg, D4T, AZT) have been 
consistently linked to subcutaneous fat loss, likely due to 
inhibition of mitochondrial DNA polymerase-γ and subse-
quent mitochondrial dysfunction. Male sex, older age, low 
CD4+ T-cell count, and high plasma HIV viral load have 
also been associated with increased lipoatrophy risk (41). 
Characteristics predisposing to lipohypertrophy are less 
clear, but female sex and older age have been posited in 
some studies (41).

Treatment
There are currently no therapies to reverse the underlying fat 
deficit in lipodystrophy. Instead, treatment is primarily fo-
cused on ameliorating the cardiometabolic and nonmetabolic 
comorbidities that occur with these disorders (1).

Lifestyle Modification
Based on expert consensus, the cornerstone of lipodystrophy 
management is lifestyle changes that limit the energetic load 
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on residual fat stores, which in turn will reduce circulating 
nonesterified fatty acids, insulin resistance, and ectopic fat de-
position (1). In adults, caloric restriction has been shown to 
lower triglycerides and glucose (47), but may be challenging 
to achieve in individuals with hyperphagia. In children, cal-
oric restriction to minimize metabolic complications must be 
balanced against the energy requirements of normal growth. 
In general, a diet with balanced macronutrient composition is 
advised. However, very low-fat diets should be considered for 
patients with hypertriglyceridemia-induced pancreatitis, and 
carbohydrate-restricted diets may be valuable in the context 
of diabetes (1). It should be noted that BMI is not an accurate 
tool to stratify cardiometabolic disease risk in patients with 
lipodystrophy, and caloric restriction should be considered 
even at a normal or low-normal BMI (48).

Beyond dietary changes, patients with lipodystrophy are 
encouraged to limit alcohol intake (risk of hepatic steatosis) 
and tobacco use (risk of cardiovascular disease), and to main-
tain an active lifestyle in the absence of contraindications. In 
the latter regard, individuals with forms of lipodystrophy as-
sociated with cardiomyopathy should undergo cardiac evalu-
ation before initiation of an exercise regimen. Furthermore, 
avoidance of contact sports is important in patients with CGL 
complicated by hepatosplenomegaly or lytic bone lesions (1).

Restoration of Adipose Tissue Distribution or 
Function
Leptin Replacement Therapy
As leptin is a key adipokine made by subcutaneous adipose 
tissue, metreleptin (recombinant human methionyl leptin) 
is a pillar of therapy in non–HIV-associated lipodystrophy. 
Beginning with a landmark study in 2002 (49), metreleptin 
has been shown to ameliorate numerous pathologic processes 
in lipodystrophy, including hyperphagia, insulin resistance, 
and hypertriglyceridemia (Fig. 4). Furthermore, metreleptin 
therapy has been linked to improvements in nonalcoholic 
steatohepatitis severity (50), cardiac hypertrophy (51), pro-
teinuria (52), reproductive function (53), overall quality of 
life (54), and mortality (55). Interestingly, while a reduction in 
hyperphagia undoubtedly contributes to the metabolic bene-
fits of metreleptin, a recent study has found independent ef-
fects of this agent on glucose and lipid metabolism even when 
caloric intake is held constant (56).

Metreleptin is particularly effective among patients with 
generalized lipodystrophy in whom endogenous leptin levels 
tend to be lowest (14). As metreleptin addresses a key mech-
anism of disease pathogenesis in this disease subtype, it is gen-
erally advised that therapy be initiated early on to prevent 
cardiometabolic sequelae (1). In individuals with generalized 
lipodystrophy, marked improvements in glycemic and lipid 
profiles are seen as quickly as the first week (52) with declines 
in HbA1c and serum triglycerides by approximately 25% and 
60%, respectively, over 1  year (14). The use of metreleptin 
to treat partial lipodystrophy is more controversial given a 
greater spectrum of therapeutic efficacy in this subgroup of 
patients (14). Nonetheless, studies have shown that carefully 
selected individuals with more severe metabolic complica-
tions (HbA1c > 8%, triglycerides > 500  mg/dL) and lower 
baseline leptin levels (< 4 ng/mL) may benefit (14, 56).

The use of metreleptin among patients with lipodystrophy 
has been shown to be generally safe and well tolerated. Side 
effects of metreleptin include localized skin reactions and 

discomfort at injection sites, headache, and weight loss (57). 
Importantly, hypoglycemia may occur, particularly in pa-
tients well controlled on antihyperglycemic agents. Thus, 
blood glucose should be closely monitored and prophylactic 
reduction of diabetes medications should be considered fol-
lowing initiation and uptitration of leptin replacement (1). In 
patients with acquired generalized lipodystrophy, rare cases 
of T-cell lymphoma on metreleptin have been described, but 
are thought to relate to the underlying disease process rather 
than the treatment itself (1). Nonetheless, close monitoring 
for hematologic abnormalities in treated patients is advised 
(12). As a complication of metreleptin therapy, a small pro-
portion of individuals have been reported to develop neutral-
izing antileptin antibodies, leading to worsening metabolic 
control and severe infections. Understanding risk factors and 
clinical consequences of neutralizing antibodies remains an 
active area of investigation (58).

In the United States, metreleptin is approved as an ad-
junct to diet for the treatment of generalized but not partial 
lipodystrophy. In contrast, in Europe and Japan, metreleptin 
is approved in both forms of lipodystrophy, and specifically 
in cases of partial lipodystrophy that have not achieved ad-
equate metabolic control with other agents. A  randomized, 
placebo-controlled trial of metreleptin is currently underway 
to further elaborate on the efficacy and safety of metreleptin 
and to inform the risk-benefit analysis in the context of partial 
lipodystrophy (ClinicalTrials.gov identifier: NCT05164341).

Tesamorelin
In HIV-associated lipodystrophy, patients have blunted 
growth hormone (GH) secretion in proportion to the extent 
of abdominal fat accumulation. Specifically, detailed physio-
logic studies have shown reduced GH secretion per pulse with 
normal pulse frequency (59). Since GH increases lipolysis and 
suppresses de novo lipogenesis, low GH secretion has been 
posited to potentiate abdominal fat accumulation and hepatic 
steatosis in this patient population (60). In this context, the 
novel GH-releasing hormone analogue tesamorelin was de-
veloped as a strategy to restore physiologic GH pulsatility in 
patients with HIV-associated lipodystrophy (61). In 2  large, 
phase 3 clinical trials, tesamorelin was shown to statistically 
significantly reduce visceral fat by nearly 20% without modu-
lating subcutaneous fat in patients with HIV and abdominal 
adiposity (62). Smaller but nonetheless statistically significant 
reductions were also seen in waist circumference, likely due to 
preservation of subcutaneous fat. Tesamorelin was also noted 
to decrease triglycerides by roughly 15% and to improve 
quality of life (62). These benefits were achieved with insulin-
like growth factor 1 (IGF-1) levels that remained within the 
physiologic range (Fig. 5) (63). Furthermore, tesamorelin 
responders (defined as individuals with visceral fat reduc-
tion ≥ 8%) had concurrent improvements in HbA

1c, hepatic 
transaminases, and adiponectin, which is consistent with 
the known role of visceral fat in the pathogenesis of meta-
bolic complications (64, 65). Subsequent clinical trials have 
additionally shown that tesamorelin reduced liver fat and 
prevented hepatic fibrosis progression among patients with 
HIV-associated NAFLD in concert with favorable changes in 
hepatic gene expression (66, 67).

Tesamorelin is well tolerated, with side effects that include 
injection site reactions, arthralgias, myalgias, and peripheral 
edema in a minority of patients (62). Though GH is known to 
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increase insulin resistance, meticulous physiology studies have 
shown no worsening of glycemic control with tesamorelin 
(61). Nonetheless, in a small number of patients, glucose 
levels may increase, and thus optimization of glycemic control 
before initiation of therapy and periodic blood glucose moni-
toring while on treatment may be useful. Patients receiving 
tesamorelin should undergo routine assessment of IGF-1; a 
dose reduction may rarely be needed to maintain levels within 
the normal range. In addition, patients on tesamorelin should 
undergo age-appropriate cancer screening before and while 
on therapy given theoretical concerns that GH may potentiate 
cancer growth, though tesamorelin specifically has not been 
shown to increase cancer risk. Tesamorelin is the only medi-
cation approved in the United States to treat abdominal fat 
accumulation in HIV. Tesamorelin has not been studied in 
the context of other lipodystrophy syndromes characterized 
by increased visceral adiposity and is not currently approved 
outside the context of HIV.

Pharmacologic Management of Cardiovascular 
Risk Factors
Treatment of cardiometabolic complications is a key tenet of 
lipodystrophy management to minimize lifelong risk of ad-
verse cardiovascular events.

Insulin Resistance
Despite limited evidence in lipodystrophy, metformin is gen-
erally considered the first-line agent for the management of 
insulin resistance and diabetes in this context given its efficacy 
and side effect profile (1). In a large, randomized clinical trial 
of prediabetes among the general population, metformin re-
duced progression to diabetes as compared to placebo, though 
to a lesser degree than an intensive lifestyle intervention (68). 
Furthermore, in patients with HIV-associated lipodystrophy 
and baseline dysglycemia, metformin improved insulin resist-
ance, weight, and blood pressure (69-71). The most common 
side effect of metformin is gastrointestinal discomfort, which 
can be mitigated by gradual dose uptitration.

Beyond metformin, thiazolidinediones (TZDs) have been 
the most well-studied class of antihyperglycemics in patients 
with lipodystrophy (1, 72). Interest in these agents stems 
from their mechanism of action as PPARγ analogues, which 
in theory may promote adipogenesis and lipid storage, and 

thereby attenuate the underlying deficit in subcutaneous fat 
that is present in this patient population. Indeed, numerous 
small studies have shown that TZDs improve insulin resist-
ance, glucose intolerance, and hypertriglyceridemia among 
individuals with lipodystrophy, particularly in those with 
partial subtypes (73-80). Statistically significant improve-
ments in hepatic steatosis (76, 79) and PCOS (77) have also 
been reported, consistent with findings in the general popu-
lation that pioglitazone may ameliorate NAFLD in the con-
text of prediabetes and type 2 diabetes mellitus (81). Despite 
these benefits, enthusiasm for TZDs has been somewhat 
tempered by inconsistent effects to expand lipoatrophic fat 
stores, with some reports further demonstrating exacerba-
tion of fat accumulation in lipohypertrophic areas (1, 74, 
78). Moreover, potential side effects of this drug class in-
clude weight gain, bone loss, and bladder cancer. Lastly, 
some experts have cautioned that the benefits of TZDs 
in lipodystrophy may be relatively short-lived (12). Thus, 
while TZDs may be efficacious in select patients with 
lipodystrophy, they should be used with careful monitoring 
and continual risk-benefit assessment.

In patients that remain hyperglycemic despite noninsulin 
antihyperglycemic agents, insulin may be needed to achieve 
adequate glycemic control. Concentrated insulins (eg, 
U-500) should be considered in patients with high insulin 
requirements due to severe insulin resistance (1). Key side 
effects include weight gain, hypoglycemia, and injection site 
reactions.

Dyslipidemia
The main goals of treatment for dyslipidemia in lipodystrophy 
are to lower cardiovascular disease risk and to prevent 
hypertriglyceridemia-induced pancreatitis. It is generally advised 
to manage lipids in accordance with general population guide-
lines. However, stricter lipid targets have been espoused in society 
guidelines given the enhanced risk of cardiovascular disease (eg, 
low-density lipoprotein cholesterol [LDL-C] < 100 mg/dL, non–
high-density lipoprotein cholesterol [non-HDL-C] < 130 mg/dL, 
and triglycerides < 200 mg/dL) (1). To manage elevated LDL-C, 
we have a low threshold to initiate statin therapy using a patient-
centered approach. Statin therapy is definitively indicated in pa-
tients with lipodystrophy who have comorbid type 2 diabetes 
mellitus (82, 83).

Figure 4.  Metabolic effects of metreleptin in non–HIV-associated lipodystrophy. Metreleptin leads to sustained improvements in glycemic control, 
hypertriglyceridemia, and hepatic steatosis among individuals with non–HIV-associated lipodystrophy. In the representative data shown, patients with 
generalized or partial lipodystrophy who had metabolic dysfunction and low baseline leptin levels (< 8.0 ng/mL in males; < 12.0 ng/mL in females) 
were treated with open-label metreleptin for up to 3 years. Metreleptin statistically significantly reduced A, HbA1c (–2.1% ± 0.5%); B, triglycerides 
(–35.4% ± 13.7%); and C, ALT (–45 ± 19 U/L). The most rapid decrements occurred in the first 4 months of therapy followed by slower but continued 
improvements throughout the follow-up period (57). Mean and SEM are shown. ALT, alanine transaminase; HbA1c, glycated hemoglobin A1c.
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To manage hypertriglyceridemia, lifestyle modifications 
are the first-line management, which includes reduction in 
excess body weight, avoidance of alcohol, and augmenta-
tion of physical activity. Diets rich in complex carbohydrates, 
monounsaturated fats, and omega-3 polyunsaturated fatty 
acids are recommended, unless triglycerides exceed 1000 mg/
dL, in which case a very-low fat diet is advised. Medications 
should be reviewed to identify potential exacerbating agents 
such as oral estrogens, which should be limited as able. As 
poorly controlled type 2 diabetes mellitus may potentiate 
hypertriglyceridemia, glycemic control should also be opti-
mized as described earlier (83, 84).

For patients with elevated triglycerides despite life-
style interventions, medical therapy is advised. Because 
hypertriglyceridemia is considered a risk-enhancing factor for 
cardiovascular disease, a statin may be used to address car-
diovascular disease risk (83). The omega-3 fatty acid eicosa-
pentaenoic acid (EPA, 4 g/day) may also be added in patients 
with known or high risk of atherosclerotic disease (84). If 
triglycerides are above 500 mg/dL, a fibrate should be added 
for more effective triglyceride-lowering given the elevated risk 
of pancreatitis. Notably, dual use of statins and fenofibrates is 
associated with higher rates of rhabdomyolysis compared to 
statins alone, and gemfibrozil specifically should be avoided 
in the context of combination therapy (83). In patients with 
extreme hypertriglyceridemia, plasmapheresis has been used 
given the diminished efficacy of pharmacologic agents in this 
setting, but may need to be repeated frequently (1).

Hypertension
Hypertension in patients with lipodystrophy should be man-
aged in accordance with standard guidelines. In this regard, 
angiotensin-converting enzyme inhibitors and angiotensin-
receptor blockers are advised as first-line agents in patients 
with diabetes (1).

Surgical Management
Metabolic surgery
In several case reports, Roux-en-Y gastric bypass (RYGB) sur-
gery has been shown to have beneficial metabolic effects in 
partial lipodystrophy syndromes, particularly FPLD1 and 2 
(85-88). As in cases of generalized obesity, favorable changes 
in insulin resistance and glycemic control with RYGB in 
lipodystrophy have been ascribed to reduced caloric intake 
and changes in gut hormone responses (87). Despite this 
promising early evidence, further studies are needed to define 
patients with lipodystrophy in whom surgical management is 
most effective. Metabolic surgery should not be considered in 
patients with generalized lipodystrophy or severe lipoatrophy.

Cosmetic treatment
Altered fat distribution in patients with lipodystrophy may 
cause distress related to body image, particularly in female 
patients (12, 89, 90). To address lipoatrophy, autologous fat 
transfer, dermal fillers, or muscle grafts may be employed (1). 
While areas of lipohypertrophy in partial lipodystrophy may 
also cause discontent, we advise against liposuction, which 

Figure 5.  Metabolic effects of tesamorelin in HIV-associated lipodystrophy. A, In 2 large, phase 3, placebo-controlled trials of patients with HIV and 
increased abdominal adiposity, tesamorelin led to a statistically significant reduction in visceral fat (–15.4%) while preserving subcutaneous fat over 
26 weeks (62). B, Tesamorelin also led to declines in triglycerides (–43 mg/dL; 95% CI, –54 to –21 mg/dL), total cholesterol (–5 mg/dL; 95% CI, –10 to 
–1 mg/dL) and non-HDL cholesterol (–7 mg/dL; 95% CI, –10 to –3 mg/dL) vs placebo (62). C, In patients with HIV and nonalcoholic fatty liver disease, 
tesamorelin-treated individuals experienced a substantial decline in liver fat compared to placebo-treated controls over 1 year (–37%; 95% CI, –67% to 
–7%) (66). D, Insulin-like growth factor 1 (IGF-1) levels among individuals with HIV-associated abdominal fat accumulation have been shown to increase 
relative to placebo, but typically remain within the normal physiologic range (z score < 2.0) (63). Data are mean difference and 95% CI in B and mean 
and SEM in C and D. Asterisks indicate statistical significance as defined by P less than .05. HDL-C, high-density lipoprotein cholesterol; non–HDL-C, 
non–high-density lipoprotein cholesterol.
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removes protective subcutaneous fat stores and in turn may 
contribute to progression of metabolic dysfunction (12, 91, 
92). As an example, in one prior study, healthy normal-weight 
women undergoing abdominal liposuction were found to have 
a statistically significant increase in visceral fat within 6 months 
(91).

Management of Nonmetabolic Comorbidities
In addition to a negative body image, patients with 
lipodystrophy have been reported to have a high prevalence 
of chronic pain (93), fatigue (20, 30), and mood disorders 
including depression and anxiety (93, 94). As such, a holistic 
approach to the patient is essential. Screening for these con-
ditions should be routinely incorporated into their endocrine 
care with subspecialty referral as indicated.

Controversies and uncertainties
While the management of lipodystrophy is geared primarily 
toward optimization of cardiovascular disease risk, the true 
prevalence of atherosclerosis and related events in this popula-
tion remains uncertain. In particular, while patients with CGL 
bear a substantial burden of metabolic disease, rates of clin-
ically overt coronary heart disease seem lower than would be 
expected by most reports (eg, 3 of 33 patients in one registry) 
(95). However, individuals in these prior studies were pre-
dominantly young and did not undergo routine assessments 
for subclinical coronary artery disease, which may have led 
to underestimates of the true disease prevalence (96). Unlike 
in CGL, an increased risk atherosclerotic vascular disease in 
patients with FPLD2 has been well described. Specifically, in 
one kindred study, LMNA mutation carriers had statistically 
significantly more coronary heart disease compared to un-
affected family members (34.8% vs 5.9%), which often was 
diagnosed before age 55 years (97). Despite recognition of an 
increased risk of coronary heart disease in this patient popu-
lation, screening tools to identify the patients who are most 
susceptible—and thus require the most aggressive therapeutic 
interventions—have not yet been established.

Beyond uncertainties surrounding cardiovascular disease risk 
assessment, the optimal medical management of cardiometabolic 
risk factors in patients with lipodystrophy also remains contro-
versial. As an example, limited data are available pertaining to 
prevention and treatment of diabetes in this patient population, 
including the utility of newer classes of drugs such as glucagon-
like peptide 1 (GLP1) receptor agonists and sodium-glucose 
cotransporter-2 (SGLT2) inhibitors. While these agents have 
been shown to have emerging cardiovascular benefits among 
people with type 2 diabetes mellitus in the general population 
(98), their efficacy and safety in the context of lipodystrophy 
requires further study. In addition, although aggressive lipid-
lowering may be advisable in this patient population, the role 
of PCSK9 inhibitors as an adjuvant to statin therapy has not yet 
been assessed. Lastly, while metreleptin and tesamorelin have 
been shown to have beneficial metabolic effects in non-HIV and 
HIV patients, respectively, the effects of these agents on athero-
sclerotic end points remains unknown.

Back to the Cases
Case 1
The patient underwent genetic testing, which revealed a het-
erozygous LMNA mutation p.R482Q consistent with a diag-
nosis of FPLD2. Substitutions in p.R482 have been implicated 

in 80% of cases of this lipodystrophy subtype (96, 99). Her 
body fat distribution (lipoatrophy of the extremities and but-
tocks; lipohypertrophy of the face, neck, and mons pubis), 
muscle hypertrophy, timing of onset at puberty, and auto-
somal dominant mode of inheritance are typical of the diag-
nosis. As with many patients with lipodystrophy, her localized 
excess adiposity was a considerable source of distress, and 
as such she underwent multiple liposuction surgeries before 
referral to our clinic. Unfortunately, surgical removal of her 
limited subcutaneous fat depots likely exacerbated her disease 
and shifted her toward a generalized lipodystrophy pheno-
type. Accordingly, we recommended a 1200-kcal diet low in 
carbohydrates and high in monounsaturated and polyunsat-
urated fats. We also prescribed her metreleptin therapy at a 
dose of 5  mg daily subcutaneously. At 6  months following 
the initiation of metreleptin, her HbA1c declined from 9.8% 
to 6.9% with a reduction in insulin from more than 200 units 
daily to approximately 30 units daily. Triglycerides also im-
proved from 634 mg/dL to 216 mg/dL. She noted a substan-
tial reduction in hyperphagia concordant with attenuation of 
metabolic dysfunction. She had no side effects to metreleptin 
though her fatigue and muscle weakness persisted unchanged. 
Importantly, had her lipodystrophy been diagnosed sooner, 
she may have been counseled against liposuction and/or initi-
ated on metreleptin therapy earlier in life, which in turn may 
have greatly reduced her lifetime burden of cardiometabolic 
dysfunction.

Case 2
The patient’s altered fat distribution with marked 
lipohypertrophy of the abdomen and mild lipoatrophy 
of the limbs and buttocks is consistent with a diagnosis of 
HIV-associated lipodystrophy. His long-standing HIV in-
fection with exposure to first-generation nucleoside reverse 
transcriptase inhibitors (eg, AZT, D4T) supports this diag-
nosis. Notably, his central adiposity, disproportionate to his 
BMI in the nonobese range, puts him at heightened risk of 
cardiometabolic disease (100). Furthermore, given that HIV 
infection itself is a risk factor for cardiovascular events, more 
aggressive lipid-lowering therapy may be warranted in this 
patient compared to what standard risk prediction calcu-
lators would suggest (101). Accordingly, we opted to start 
pitavastatin 2 mg daily orally. This moderate-intensity statin 
was selected because it does not interact with his HIV medi-
cation cobicistat, a cytochrome P450 (CYP) 3A4 inhibitor. To 
address his visceral and hepatic fat accumulation, we also ini-
tiated tesamorelin SV 1.4 mg daily subcutaneously after con-
firming that age-appropriate cancer screening was normal. 
After 6 months on tesamorelin, the patient’s IGF-1 increased 
from 78 ng/mL to 150 ng/mL with a reduction in waist cir-
cumference from 110  cm to 105  cm. Triglycerides also de-
clined on therapy from 347 mg/dL to 182 mg/dL with stable 
glycemic control.

Conclusion
The lipodystrophy syndromes are a collection of dis-
orders characterized by a generalized or partial deficiency 
of subcutaneous fat, often leading to insulin resistance and 
cardiometabolic dysfunction. While rare, recent evidence 
suggests these conditions are more common than previously 
thought, underscoring a blind spot in clinical detection. In 
all patients with lipodystrophy, assessment and optimization 
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of traditional cardiovascular risk factors is imperative. 
Leptin replacement is a mainstay of treatment among pa-
tients without HIV, particularly in those with generalized 
disease that is characterized by low leptin levels. For patients 
with HIV-associated lipodystrophy, tesamorelin has been 
shown to selectively reduce visceral adiposity and concurrent 
metabolic dysfunction. Much remains to be learned about 
how we can optimize care for patients with lipodystrophy, 
including the management both of cardiometabolic and 
noncardiometabolic sequelae. By studying the extreme 
phenotype of lipodystrophy, we may further reveal novel in-
sights into fat biology and cardiometabolic disease that have 
key relevance for patients with other adipose tissue disorders, 
including obesity.
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