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Abstract 
Introduction 
The advent of Antiretroviral Therapy 
(HAART) as a treatment for Acquired 
Immune Deficiency Syndrome, in the 
90’s, showed increased survival rates 
and improved quality of life of HIV 
infected patients, making HIV 
infection a chronic disease. This 
critical review aims to discuss the 
mechanisms underlying lipodystrophy 
and their effects, focusing on adipose 
tissue as an endocrine and immune 
organ. 
Discussion 
The aetiopathology of lipodystrophy 
syndrome is complex, it involves an 
interaction of several factors. The use 
of HAART in patients plays a 
fundamental role in the 
aetiopathology of lipodystrophy 
syndrome, a complex pattern of 
insults in the adipose tissue occurs, 
and as a result, the adipocyte 
differentiation is impaired and 
metabolic changes take place through 
different mechanisms. 
Conclusion 
The HIV infected patients in chronic 
use of the Antiretroviral Therapy, 
commonly, develop the lipodystrophy 
syndrome as a result, mainly, of 
insults in the adipose tissue, although 
its genesis has not been clarified yet. 
Therefore, taking into consideration 
the many manifestations of the 
syndrome, such patients hold high 
risk endocrine-metabolic profile for 
cardiovascular events. 

  

Introduction 
The advent of Highly Active 
Antiretroviral Therapy (HAART) as a 
treatment for Acquired Immune 
Deficiency Syndrome (AIDS), in the 
90’s, showed increased survival rates 
and improved quality of life of Human 
Immunodeficiency Virus (HIV) 
infected patients, making HIV 
infection a chronic disease, which lead 
to an increased prevalence of other 
pathologies, such as, HIV-associated 
lipodystrophy syndrome (HIVLS), a 
clinical picture which consists of 
changes in body fat distribution and 
endocrine-metabolic changes1. 
   In HIVLS, there can be central 
lipohypertrophy, in which 
accumulation of fat in torso and/or 
abdomen, breasts and posterior 
cervical region can occur; peripheral 
lipoatrophy, in which thinning of 
adipose tissue may occur in the face, 
anterior and lateral cervical, lower 
and/or upper limbs or buttocks; or 
mixed lipodystrophy, in which both 
alterations can occur. These changes 
can take place under different 
intensities2.  
   This syndrome can present, 
associated with changes in body fat 
distribution, other metabolic features, 
such as dyslipidemia and insulin 
resistance1. This critical review aims 
to discuss the mechanisms underlying 
lipodystrophy and their effects, 
focusing on adipose tissue as an 
endocrine and immune organ. 
  

Discussion 
The authors have referenced some of 
their own studies in this review. These 
referenced studies have been 
conducted in accordance with the 
Declaration of Helsinki (1964) and the 
protocols of these studies have been 
approved by the relevant ethics 

committees related to the institution in 
which they were performed. All human 
subjects, in these referenced studies, 
gave informed consent to participate in 
these studies. 
  
Physiopathology of HIVLS – 
lipoatrophy and lipohypertrophy 
Several risk factors can be associated to 
lipodystrophy. The risk factors 
associated to greater risk of 
lipohypertrophy are: the use of 
antiretroviral therapy, duration of 
antiretroviral therapy3, the use of 
protease inhibitors, female gender, 
greater amount of body fat before 
antiretroviral therapy4 and 
undetectable viral load.  
   As to lipoatrophy, the risk factors are: 
age (patients over 40 years old), low 
body fat prior to antiretroviral therapy, 
lower levels of CD4+ T cells5, the use of 
stavudine, duration of antiretroviral 
therapy treatment6 and HIV infection 
time7.  
   Studies indicated the use of HAART, 
age, dyslipidaemia, pre-infection8, and 
CD4+ T cells values4, as risk factors 
regardless of the clinical form. 
   There are distinct physiopathological 
mechanisms of lipodystrophy, which is 
the reason why there is greater 
knowledge regarding lipoatrophy.  
   Among the physiopathological 
mechanisms, mitochondrial toxicity is 
one of the most important. In addition 
to the impaired expression of genes 
associated with adipogenesis, the 
adipose tissue in patients with HIVLS, 
especially those who receive nucleoside 
analogues (NRTIs) show a reduction in 
the expression of mitochondrial DNA 
(mtDNA)9. It was suggested that 
suggests that depletion of mtDNA 
mediated by NRTI, plays a role in 
lipodystrophy's pathogenesis10. In spite 
of that, a simple explanation to NRTIs 
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action based on the reduction of 
oxidative burst is not enough to 
adipocyte differentiation and 
increased lipolysis may be involved11, 

12. It was reported that thymidine 
analogues, stavudine and zidovudine, 
caused a decrease in lipid content, 
mitochondrial activity and survival of 
adipocytes in vitro11.  
   Protease inhibitors can also cause 
lipoatrophy by inhibiting lipogenesis 
and adipocyte differentiation, 
stimulating lipolysis and preventing 
the nuclear localization of sterol 
regulatory enhancer–binding protein 
1 (SREBP1)13. 
   Although the consequences of 
mtDNA depletion are not completely 
comprehended, it is known that 
damages to mitochondrial oxidative 
metabolism can lead to disturbs in 
gene expressions (adiponectin, for 
example) through retrograde 
signalling and oxidative damages in 
lipids management, favouring the 
accumulation of fat and mitochondrial 
lipotoxicity9. Thereby, impaired 
mitochondrial function appears as an 
additional characteristic to changes in 
lipoatrophic subcutaneous fat14.  
   Through subcutaneous adipose 
tissue biopsy of HIV-1 infected 
patients with lipoatrophy, high levels 
of expression of inflammatory 
markers as tumor necrosis factor 
(TNF-α) were observed, IL-6, IL-8 and 
IL-18. The expression of the first two 
is positively correlated with apoptosis 
and negatively with the expression of 
adipogenic markers, considering the 
proinflammatory role of cytokines in 
adipocyte differentiation and viability.    
   Certain similar alterations in 
inflammatory markers were observed, 
such as induced TNF-α, while it differs 
from other subcutaneous adipose 
tissue markers, such as the deficiency 
in the induction of monocyte 
chemoattractant protein-1 (MCP-1)15. 
Still regarding immunohistochemistry, 
the expression of tumour growth 
factor beta (TGF- β), TNF-α and 
caspase 3 was analysed in the adipose 
tissue of patients with lipodystrophy 
and found an enhanced expression of 
caspase 3 and TNF-α, which has a 
correlation with the expression of 
TGF-β, suggesting a negative feedback 

between an inflammatory response 
and an anti-inflammatory response. 
The inflammatory response was more 
important in male patients16. The 
continued use of HAART, specially of 
protease inhibitors, leads to 
alterations of Peroxisome Proliferator 
-Activated Receptor-gamma (PPARγ) 
of macrophages stimulating their 
transformation to M1 or inflammatory 
or classical activated macrophage 
which can induce apoptosis, increase 
secretion of inflammatory cytokines, 
such as TNF-α and IL-6, and 
contribute to mechanisms of 
lipodystrophy’s clinical expression17.  
   The lipohypertrophy-associated 
mechanisms have not been 
established yet, however, lipolysis is 
more intense in the subcutaneous 
adipose tissue by inflammatory 
cytokines’ activity, such as TNF-α e a 
IL-6, nervertheless, these effects were 
not the same as observed in the 
visceral adipose tissue18. Increased 
visceral adiposity is presented as a 
protective mechanism of the 
organism, due to acquired generalised 
lipodystrophy (AGL), in the attempt of 

minimize lipotoxic damage to other 
tissues19, 20. Table 1 summarizes the 
main mechanisms associated lipo-
dystrophy. 
  
HIV-associated lypodystrophy 
syndrome and endocrine and 
metabolic alterations 
The HAART consists of a specific 
treatment developed to improve the 
health status of HIV-1-infected patients. 
It consists in a combination of a NRTI, 
non-nucleoside analogue of the viral 
reverse transcriptase (NNRTI), 
associated with protease inhibitor (PI). 
Almost half of HIV-1-infected patients 
under HAART (40%–50%) present 
changes in adipose tissue distribution 
(known as lipodystrophy) in addiction 
to systemic metabolic complications1. 
   Lipodystrophy is classified into three 
clinical categories: lipohypertrophy, 
lipoatrophy, and mixed syndrome. This 
classification considers the 
redistribution of body fat in individuals 
living with HIV. Lipohypertrophy is 
characterized by accumulation of fat in 
the abdominal area, visceral fat 
accumulation, dorsal-cervical area 

Figure 1: Illustrative images of lipoatrophic charateristics of HIV- associated 
lipodystrophy. 1 Patient with lipoatrophy in face, emphasizing facial lines, by loss of 
subcutaneous fat. 2. Patient with lipoatrophy in lower limbs, emphasizing 
appearence of blood vessels. Font: Ambulatory of lipodystrophy patients from 
University Hospital João de Barros Barreto (HUJBB), Belém-PA, Brazil. Photos: Prof. 
Dr. Rosana Libonati. 

Figure 2: Illustrative images of lipohypertrophic characteristics of HIV-associated 
lipodystrophy. 1 Patient with abdominal lipohypertrophy. 2. Patient with dorsal 
cervical lipohypertrophy (buffalo hump). 3. Patient with lipohypertrophy in 
subscapular area. Font: Ambulatory of lipodystrophy patients from University 
Hospital João de Barros Barreto (HUJBB), Belém-PA, Brazil. Photos: Prof. Dr. Rosana 
Libonati. 
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(known as buffalo hump) and breasts. 
Lipoatrophy occurs when the patient 
has lost subcutaneous fat in the face, 
buttocks, and upper and lower limbs, 
making its blood vessels prominent. 
The mixed form refers to a 
combination of both lipohypertrophy 
and lipoatrophy21,22 (Figure 1 and 
Figure 2). 
   It is necessary to remember that 
these alterations can reach patients 
differently. Besides, this group of 
patients are more susceptible to some 
metabolic alterations such as 
dyslipidaemia, insulin resistance and 
enhanced risk of cardiovascular 
disease.  
   A frequency of 21.1 % of diabetes 
mellitus, 48.7% of mixed 
dyslipidaemia, 32.9% of 
hypertriglyceridemia and 10.5% of 
low HDL was reported22, however, in 
another study higher frequencies 
were observed, such as, 61.6 % of 
hypertriglyceridaemia and 75.8 % of 
low HDL3, which suggests that these 
findings depend on the study of each 
individual case.  
   The association between the clinical 
signs of lipodystrophy with a specific 
drug of HAART is not well established 
yet. It is suggested that NRTIs favour 
lipoatrophy and PIs tend to promote 
visceral lipohypertrophy and systemic 
metabolic disturbances. Nevertheless, 
recent studies suggest they act in 
synergism to generate the 
characteristic signs of the 
redistribution of body fat and thus 
contribute to associated metabolic 
alterations23. 
   The adipose tissue as a secretory 
organ releases hormones, such as 
leptin and adiponectin and cytokines 
such as TNF-α, IL-1 e IL-6 that present 
important immune function in 
inflammatory response, which will 
reflect in metabolic alterations in 
lipodystrophy syndrome24. Table 2 
synthesizes the main factors secreted 
by the adipose tissue related to 
endocrine and immune response and 
the consequences of lipodystrophy in 
them.  
   In lipoatrophy, a decrease in the 
expression of PPARγ occurs25, leading 
to alterations in the lipid metabolism, 
causing a reduction of lipoprotein 

lipase, which is the enzyme 
responsible for the absorption of fatty 
acids by the adipose tissue and fat 
replacement, that acts by hydrolysis of 
circulating triglycerides, which can 
also justify the hypertriglyceridaemia 
observed in lipodystrophy. The 
expression of the insulin-sensitive 
glucose transporter GLUT4, is also 
reduced, leading to impaired glucose 
uptake and consequent reduction in 
triglyceride synthesis25.  
   Another major alteration that is 
probably related to the impairment of 
the PPARγ activity is the reduced 
expression of adiponectin. The known 
role of adiponectin in the 
improvement of glucose uptake 
mediated by insulin in peripheral 
tissues and liver to sensitize insulin-
dependent suppression of glucose 
production causes such reduction to 
be considered a major contributor to 
insulin resistance26.  
   In a study with 112 HIV infected 
patients treated with HAART, 
observed higher levels of adiponectin 
in patients without lipodystrophy, 
compared to individuals that showed 
body fat redistribution. This study 
suggests that adiponectin would be 
inversely correlated with visceral fat 
mass, triglycerides, insulin resistance 
and directly associated to HDL 
cholesterol and peripheral fat in HIV 

infected patients treated with HAART27. 
   As to leptin, it is reduced in patients 
with lipoatrophy, low levels of leptin 
were independently associated with 
insulin resistance in patients with 
lipoatrophy, posteriorly to peripheral 
and total body fat adjustment. This has 
to do, probably, to reduction of total 
body fat and consequent reduction in 
leptin production by adipocytes. 
Individuals with lipohypertrophy 
showed the highest serum leptin levels, 
probably due to a state of leptin 
resistance or excessive production of 
leptin by adipose tissue28. 
   Free fatty acids from lipolysis in 
visceral fat, in patients with 
lipohypertrophy, released in great 
quantities in portal circulation play an 
important role in the genesis of tissue 
resistance to insulin action, both 
hepatic and peripheral levels. The 
increase in waist-hip ratio, central 
adiposity, triglycerides and LDL and 
decrease in HDL were noticed in 
women with HIV-associated lipo-
dystrophy, which is similar to metabolic 
syndrome. In addition to the 
cardiovascular risk factors, C-reactive 
protein and IL-6 were elevated and 
adiponectin was reduced29.  
   It is interesting, as observed that pro-
inflammatory cytokine, such as TNF-α, 
is elevated in patients with HIV-
associated lipodystrophy, and it is an 
important factor in insulin resistance30. 

Table 1: Physiopathogenical mechanisms of lipodystrophy related to HIV. 

Source (first 
author, 

reference) 

Lipodystrophy 
analyzed 

Mechanism 
analyzed 

Physiopathology 

Villaroya
9 Lipoatrophy Mitochondrial 

toxicity 
Reduced gene 
expression of mtDNA 

Caron
11

; 

Hadigan
12 

Lipoatrophy Increased 
lipolysis 

Decreased Adipocyte 
differentiation 

Caron
13 Lipoatrophy Inhibition of 

lipogenesis 
Impair nuclear 
localization of 
SREBP1  

Oliveira
16 Lipoatrophy Citokines activity Increased expression. 

of TNF-α &  caspase 3  

Sattler
17 Lipoatrophy Citokines activity Increased expression. 

of TNF-α and IL-6 

Maraldi
19

; Gan
20 Lipohypertrophy Increased 

visceral 
adiposity 

Organic protection 
against elevated 
concentrations AGL 
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   Therefore, both lipoatrophy and 
lipohypertrophy are alterations of the 
adipose tissue that can lead to insulin 
resistance and dyslipidaemia, with 
major underlying inflammatory 
response. 
  

Conclusion 
HIV infected patients, in chronic use of 
HAART, commonly develop the 
lypodystrophy syndrome and have in 
the aggression towards the adipose 
tissue, its main form of attack, even 
though its genesis remains not 
completely clarified. Among them, we 
mention mytochondrial toxicity, with 
a highlight on the alterations of the 
adipose tissue, not only when it comes 
to endocrine functions (eg. 
adiponectin and leptin) and immune 
functions (interleukins), but also 
when it involves body distribution, 
resulting in clinical evidence of 
seemingly peripheral lipoatrophy 
and/or central lipohypertrophy. The 
HIV lypodystrophy syndrome enables 
endocrine-metabolic changes, such as 
insulin resistance and alterations in 
glucose tolerance profile, with a 
tendency to evolving into diabetes, 
and in some specific cases, the 
syndrome also enables non-alcoholic 
hepatic steatosis.  
   Dyslipidaemic alterations are 
present in the majority of patients, 
which makes it easier for the 
prevalence of the metabolic 
syndrome. Therefore, taking into 
consideration the manifestations of 
the syndrome, these patients hold a 
high risk endocrine-metabolic profile 
for cardiovascular events. Due to this 
fact, it becomes necessary the 

investment in strategies that aim for 
prevention and control of possible 
comorbidities in order to enhance the 
patients quality of life. 
  

Abbreviations list 
AIDS: Acquired immunodeficiency 
syndrome; HIV: Human 
Immunodeficiency Virus; HAART: 
Highly Active Antiretroviral Therapy; 
PI: Protease Inhibitor; NNRTI: 
Nonnucleoside Reverse Transcriptase 
Inhibitor; NRTI: Nucleoside Reverse 
Transcriptase Inhibitor; HIVLS: HIV-
associated lipodystrophy syndrome; 
PPAR-gamma: Peroxisome 
Proliferator-Activated Receptor-
gamma; mtDNA: mitochondrial DNA; 
TNF-α: Tumour necrosis factor alpha; 
TGF-β: Tumour growth factor beta; 
MCP-1: Monocyte chemoattractant 
protein-1; SREBP-1: Sterol regulatory 
enhancer–binding protein 1; AGL: 
Acquired generalized lipodystrophy. 

 
References 
1. Grinspoon S, Carr A. Cardiovascular 
risk and body-fat abnormalities in 
HIV-infected patients. N Engl J Med. 
2005, 351: 48-62. 
2. Hadigan C, Meigs JB, Corcoran C, 
Rietsche P, Piecuch S, Basgoz N, Davis 
B, Sax P, Stanley T, Wilson PWF, 
D'Agostino RB, Grinspoon S. Metabolic 
abnormalities and cardiovascular 
disease risk factors in adults with 
Human Immunodeficiency Virus 
infection and lipodystrophy. Clin 
Infect Dis. 2001, 32:130-9. 
3. Diehl LA, Dias JR, Paes ACS, 
Thomazini MC, Garcia LR, Cinagawa E, 
Wiechmann SL, Carrilho AJF. 
Prevalência da Lipodistrofia Associada 

ao HIV em Pacientes Ambulatoriais 
Brasileiros: Relação com Síndrome 
Metabólica e Fatores de Risco 
Cardiovascular. Arq. Bras. Endocrinol. 
Metab. 2008, 52 (4): 658-667. 
4. Robles DT, Olson JM, Colven RM. 
Lipodystrophy in HIV. Medscape 
Reference – Drugs Diseases & 
Procedures. 2010. 
5. Zapanti E, Terzidis K, Chrousos G. 
Dysfunction of the Hypothalamic-
Pituitary-Adrenal axis in HIV infection 
and disease. Hormones (Athens). 2008, 
3 (7): .205-216. 
6. Capeau J, Caron M, Vigouroux C, 
Cervera P, Kim M, Maachi M, Lagathu C, 
Bastard JP. Les lipodystrophies 
secondaires aux traitements 
antirétroviraux de l’infection par le VIH. 
Medecine-Sciences. 2006, 22 (5): 531-
536. 
7. Ross AC, Armentrout R, O’Riordan 
MA, Storer N, Rizk N, Harrill D, Bejjani 
DE, McComsey GA. Endothelial 
Activation Markers Are Linked to HIV 
Status and Are Independent of 
Antiretroviral Therapy and 
Lipoatrophy. J. Acquir. Immune. Defic. 
Syndr. 2008, 5(49): 499-506. 
8. Andrew Carr. HIV lipodystrophy: risk 
factors, pathogenesis, diagnosis and 
management. AIDS. 2003, 17 (suppl 
1):141–148. 
9. Villarroya F, Domingo P, Giralta M. 
Drug-induced lipotoxicity: 
Lipodystrophy associated with HIV-1 
infection and antiretroviral treatment. 
Biochimica et Biophysica Acta. 2009, 
1801: 392–399. 
10. Morse CG, Voss JG, Rakocevic G, 
McLaughlin M, Vinton CL, Huber C, Hu 
X, Yang J, Huang DW, Logun C, Danner 
RL, Range ZG, Munson PJ, Orenstein JM, 
Rushing EJ, Lempicki RA, Dalakas MC, 

Table 2: Adipose tissue and main altered adipokines in lipodystrophy related to HIV. 

Factor 
secreted 

Endocrine and immune response Alterations in lipodystrophy 

Adiponectin Induces fatty acid oxidation and glucose uptake; improves peripheral 
insulin sensitivity 

Low levels; insulin resistance; 
hypertriglyceridemia 

Leptin Mediates energy homeostasis; promotes satiety; decreases 
gluconeogenesis in the liver 

Low levels 

IL-6 Negatively correlated with the expression of adipogenic markers Increased expression on lipoatrophy 

TNF-α Negatively correlated with the expression of adipogenic markers Increased expression on lipoatrophy 

  



Page 5 of 5 

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY) 

FOR CITATION PURPOSES: Mouro et al. Adipose tissue as an endocrine-immune organ and endocrine-metabolic 
changes in patients with HIV-associated lipodystrophy syndrome. OA Immunology 2014 Feb 22;2(1)3.  

 

Critical review 
 

 

C
o

m
p

et
in

g
 in

te
re

st
s:

 N
o

n
e 

d
ec

la
re

d
. 

 C
o

n
fl

ic
t 

o
f 

in
te

re
st

s:
  N

o
n

e 
d

ec
la

re
d

.  
A

ll 
a

u
th

o
rs

 c
o

n
tr

ib
u

te
d

 t
o

 c
o

n
ce

p
ti

o
n

 a
n

d
 d

es
ig

n
, 

m
a

n
u

sc
ri

p
t 

p
re

p
a

ra
ti

o
n

, r
ea

d
 a

n
d

 a
p

p
ro

ve
d

 t
h

e 
fi

n
a

l m
a

n
u

sc
ri

p
t.

  
A

ll 
a

u
th

o
rs

 a
b

id
e 

b
y 

th
e 

A
ss

o
ci

a
ti

o
n

 f
o

r 
M

ed
ic

a
l E

th
ic

s 
(A

M
E)

 e
th

ic
a

l r
u

le
s 

o
f 

d
is

cl
o

su
re

. 
 

Kovacs JA. HIV Infection and 
Antiretroviral Therapy Have 
Divergent Effects on Mitochondria in 
Adipose Tissue. JID. 2012: 205. 
11. Caron M, Auclair M, Lagathu C, 
Lombes A, Walker UA, Kornprobst M, 
Capeau J. The HIV-1 nucleoside 
reverse transcriptase inhibitors 
stavudine and zidovudine alter 
adipocyte functions in vitro. AIDS. 
2004, 18: 2127–2136. 
12. Hadigan C, Borgonha S, Rabe J, 
Young V, Grinspoon S. Increased rates 
of lipolysis among human 
immunodeficiency virus-infected men 
receiving Highly Active Antiretroviral 
Therapy. Metabolism. 2002, 51: 1143–
1147. 
13. Caron M, Auclair M, Vigouroux C, 
Glorian M, Forest C, Capeau J. The HIV 
protease inhibitor indinavir impairs 
sterol regulatory element-binding 
protein-1 intranuclear localization, 
inhibits preadipocyte differentiation, 
and induces insulin resistance. 
Diabetes. 2001, 50:1378-88. 
14. Bastard JP, Caron M, Vidal H, Janb 
V, Auclaira M, Vigouroux C, Luboinskie 
J, Laville M, Maachib M, Girard 
PM, Rozenbaum W, Levan P, Capeau J. 
Association between altered 
expression of adipogenic factor 
SREBP1 in lipoatrophic adipose tissue 
from HIV-1-infected patients and 
abnormal adipocyte differentiation 
and insulin resistance. The Lancet. 
2002, 359 (9311): 1026-1031. 
15. Desruisseaux MS, Trujillo ME, 
Tanowitz HB, Scherer PE. Minireview: 
Adipocyte, Adipose Tissue and 
Infectious Disease. Infect. Immun. 
2007, 75(3): 1066. 
16. Oliveira SHS, Aarão TLS, Barbosa 
LS, Lisbôa PGS, Dutra CDT, Sousa LM, 
Quaresma JAS, Libonati RMF. 
Immunohistochemical analysis of the 
expression of TNF-α, TGF-β, and 
caspase-3 in subcutaneous tissue of 
patients with HIV Lipodystrophy 
Syndrome. Microbial Pathogenesis. 
2014, 67-68, 41-47. 
17. Sattler FR. Pathogenesis and 
Treatment of Lipodystrophy: What 
Clinicians Need To Know. Topics in 
HIV Medicine. 2008, 16 (4): 127-133. 
18. Leroyer S, Vatier C, Kadiri S, 
Quette J, Chapron C, Capeau J, Antoine 
B. Glyceroneogenesis is inhibited 

through HIV protease inhibitor-
induced inflammation in human 
subcutaneous but not visceral adipose 
tissue. J. Lipid. Res. 2011, 52 (2): 207-
220. 
19. Maraldi NM, Capanni C, Mattioli E, 
Columbaro M, Squarzoni S, Parnaik 
WK, Wehnert M, Lattanzi G. A 
pathogenic mechanism leading to 
partial lipodistrophy and prospects 
for pharmacological treatment of 
insulin resistance syndrome. Acta. 
Biomed. 2007, 78: 207-215. 
20. Gan SK, Samaras K, Thompson CH, 
Kraegen EW, Carr A, Cooper DA, 
Chisholm DJ. Altered myocellular and 
abdominal fat partitioning predict 
disturbance in insulin action in HIV PI-
related lipodystrophy. Diabetes. 2002, 
51: 3163-3169. 
21. Giralt M, Domingo P, Villarroya F. 
Adipose tissue biology and HIV-
infection. Best Practice & Research 
Clinical Endocrinology & Metabolism. 
2011, 25: 487–499. 
22. Libonati R, Dutra C, Barbosa L, 
Oliveira S, Lisbôa P, Libonati M. 
Dyslipidemia in Lipodystrophy in the 
Use of Antiretroviral Therapy, 
Dyslipidemia – From Prevention to 
Treatment. Prof. Roya Kelishadi. (Ed.). 
2012. 
23. Debarle MC, Lagathu C, Boccara F, 
Vigouroux C, Capeau J. HIV-associated 
lipodystrophy: from fat injury to 
premature aging. Trends in Molecular 
Medicine. 2010, 16: 218–229. 
24. Giralt M, Delfin JD, Escuredo JMG, 
Villarroya J, Domingo P, Villarroya F. 
Lipotoxicity on the Basis of Metabolic 
Syndrome and Lipodystrophy in HIV-
1-Infected Patients Under 
Antiretroviral Treatment. Current 
Pharmaceutical Design. 2010, 16 (30): 
3372-3378. 
25. Giralt M, Domingo P, Guallar JP, 
Concepcion ML, Alegre M, Domingo JC, 
Villarroya F. HIV-1 infection alters 
gene expression in adipose tissue, 
which contributes to HIV-1/HAART-
associated lipodystrophy. Antivir. 
Ther. 2006, 11: 729–740. 
26. Kadowaki T, Yamauchi T, Kubota 
N, Hara K, Ueki K., Tobe K. 
Adiponectin and adiponectin 
receptors in insulin resistance, 
diabetes, and the metabolic syndrome, 
J. Clin. Invest. 2006, 116: 1784–1792. 

27. Addy CL, Gavrila A, Tsiodras S, et al. 
Hypoadiponectinemia is associated 
with insulin resistance, 
hypertriglyceridemia, and fat 
redistribuition in human 
immunodeficiency virus-infected 
patients treated with highly active 
antiretroviral therapy. J Clin Endocrinol 
Metab. 2003; 88(2): 627-36. 
28. Estrada V, Ríos MS, Larrad MTM, 
Villar NGP, López AG, Téllez MJ, 
Fernández C. Leptin and adipose tissue 
maldistribution in HIV-infected male 
patients with predominant fat loss 
treated with antiretroviral therapy. J 
Acquir Immune Defic Syndr. 2002, 29: 
32-40. 
29. Dolan SE, Hadigan C, Killilea KM, 
Sullivan MP, Hemphill L, Lees RS, 
Schoenfeld D, Grinspoon S. Increased 
cardiovascular disease risk indices in 
HIV-infected women. J Acquir Immune 
Defic Syndr. 2005, 39 (1): 44-54. 
30. Mynarcik DC, McNurlan MA, 
Steigbigel RT, Fuhrer J, Gelato MC. 
Association of severe insulin resistance 
with both loss of limb fat and elevated 
serum tumor necrosis factor receptor 
levels in HIV lipodystrophy. J Acquir 
Immune Defic Syndr. 2000, 25 (4): 312-
21. 
  
  
  
  
  
 
 


