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Abstract

The use of highly active antiretroviral therapy (HAART) has ex-
tremely enhanced the clinical outcome of HIV disease with a de-
crease in mortality and morbidity. However, the inclusion of pro-
tease inhibitors (PIs) and nucleoside reverse transcriptase inhibitors
(tNRTIs) has strongly been linked to the development of metabolic
abnormalities and lipodystrophy. Lipodystrophy is defined by the
loss of peripheral subcutaneous fat and central adiposity, mainly in
the abdomen, breast and dorsocervical region. These disorders are
reported to be cosmetically distressing and socially stigmatizing to
many patients leading to decreased adherence to antiretroviral thera-
py. Metabolic syndrome precedes lipodystrophy leading to increased
risk of diabetes and cardiovascular diseases. With a shifted trajectory
of HIV/AIDS morbidity from immunodeficiency and opportunistic
infections to metabolic complications, clinical management of these
patients has therefore become more complex. Currently there are no
evidence-based standard guidelines for the management of HIV-as-
sociated lipodystrophy. Several pharmacological interventions such
as using anti-diabetic, anti-dyslipidemic drugs or hormone replace-
ment therapy have been tried to effectively improve metabolic syn-
drome and lipodystrophy but have been hampered by low efficacy,
drug interactions, or unwanted side-effects. Non-pharmacological
interventions including surgical manipulations, dietary and lifestyle
modifications have also been tried with limited success. This review
focuses on the proposed mechanisms involved in the development
of metabolic syndrome and lipodystrophy, and highlights suggested
potential therapeutic interventions to prevent lipodystrophy associ-
ated with HAART.
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Introduction

Highly active antiretroviral therapy (HAART) has led to a
decline in HIV/AIDS-related illnesses associated morbidity
and mortality [1, 2]. In HAART, two nucleoside reverse tran-
scriptase inhibitors (NRTIs) together with one non-nucleoside
reverse transcriptase inhibitor (NNRTI) or a protease inhibi-
tor (PI) (ritonavir-boosted) or more recently, raltegravir, (an
integrase inhibitor) are used as first-line treatment [3]. The en-
hanced efficacy, reduced viral load, and increased CD4* counts
have reduced the risk of contracting opportunistic infections in
patients on HAART [4]. However, despite significant benefits
of HAART in transforming HIV infections from terminal to
chronic illness, reports have emerged of associated metabolic
complications such as metabolic syndrome and lipodystrophy
which are known risk factors for type 2 diabetes mellitus and
cardiovascular diseases [5-7].

Lipodystrophy is defined by the loss of peripheral subcu-
taneous fat (lipoatrophy) and central fat accumulation (lipohy-
pertrophy), which may occur separately or co-exist in the same
patient [8, 9]. Lipoatrophy is associated with the loss of subcu-
taneous fat mainly in the face, arms, buttocks and lower limbs
whereas lipohypertrophy is characterised by fat accumulation
in the adipose tissues at the back of the neck “buffalo hump” or
dorsocervical region, abdominal adiposity and mammary hy-
pertrophy/gynecomastia [8-10]. The etiology of lipodystrophy
syndrome is poorly understood but the incidence is estimated
at 2-60% and 30% in adults and children on HAART, respec-
tively [9, 11-13].

PIs have previously been linked to the development of
lipodystrophy but it has now emerged that concurrent use with
NRTIs has synergistic contribution to lipodystrophy and meta-
bolic syndrome [14, 15]. Mynarcik et al investigated a large
group of HIV-positive patients who were on either Pls, NR-
TIs or both for 12 months and reported that 54% of PI-treated
patients developed lipodystrophy compared to 13% of NRTI-
treated patients and that NRTI-treated patients had a slower
progression of fat loss which was accelerated when a PI was
added [16]. Similarly, Carr et al reported that 64% of HIV indi-
viduals who were receiving PIs developed lipodystrophy with-
in 10 months of treatment compared to 3% of treatment-naive
patients [17]. Risk factors currently associated with HAART-
related lipodystrophy include duration of therapy, female
gender (lipohypertrophy), increased age, race (common in
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Caucasians), low CD4" counts, use of PIs and NRTIs (mainly
thymidine analogues) in addition to HI'V pathogenesis, genetic
and environment factors [11, 18, 19].

Metabolic complications associated with lipodystrophy
following HAART include glucose intolerance and insulin re-
sistance, increased plasma total cholesterol (TC) and triglyc-
erides (TG), decreased plasma concentrations of high-density
lipoprotein cholesterol (HDL-C), and increased low-density li-
poprotein cholesterol (LDL-C) [3, 19-21]. Several therapeutic
interventions have been tried such as lifestyle modifications,
cosmetic surgery, hormone replacement or nutritional thera-
pies, switching antiretroviral components of individual drugs
or development of newer and safer drugs to be incorporated
into HAART with minimum successes. Anti-diabetic and anti-
dyslipidemic agents have additionally been used as adjunct
therapy but increased pill burden, enhanced drug toxicity,
and potentially increased life-threatening drug interactions
have limited their efficacy. This review therefore focuses on
the molecular and pathophysiological mechanisms underlying
HAART-associated lipodystrophy and proposes possible inter-
ventions that may be appropriate to mitigate the development
of these conditions in vulnerable patients.

Pathogenesis of HAART-Associated Metabolic
Syndrome and Lipodystrophy

PIs and lipid metabolism

PIs have been shown to suppress adipocyte differentiation
[9, 22-24]. The catalytic site of HIV-protease, to which Pls
bind shares approximately 63% of 12-amino acid sequence
homology with a region incorporating a lipid binding domain
in the low-density lipoprotein receptor-related protein (LRP)
and 58% with a C-terminal region of the cytoplasmic retinoic
acid binding protein type 1 (CRABP-1) [15, 17], respectively.
Under normal circumstances, CRABP-1 binds to intracellular
retinoic acid (RA) and accelerates its conversion to 9-cis-RA,
a major ligand of the retinoic X receptor (RXR) [15, 17, 25,
26]. Then, the heterodimerization of RXR with peroxisome
proliferator-activated receptor-gamma (PPAR-y) significantly
enhances the binding affinity of 9-cis-RA to RXR [15, 17,
25]. The complex 9-cis-RA-RXR-PPAR-y thus enhances tran-
scription of genes that prevent adipocytes from apoptosis and
increases adipocyte differentiation. This is sabotaged by Pls
which increase apoptosis and reduce differentiation of periph-
eral adipocytes [15, 17, 25]. PIs have further been reported to
inhibit cytochrome P450 3A, which is required for the conver-
sion of RA to cis-9-RA hence contributing to the impairment
of peripheral adipocytes functions [17, 26, 27] and also reduc-
es the expression of PPAR-y, leading to less differentiation of
pre-adipocytes [25].

PIs are known to suppress the expression of sterol regula-
tory element binding proteins (SREBPs) which are transcrip-
tional regulators of lipid synthesis genes leading to increased
plasma concentrations of cholesterol and synthesis of fatty ac-
ids, and decreased storage of TG. These are typical congeners
of lipodystrophy, dyslipidemia and insulin resistance [23, 28].
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PIs also appear to inhibit proteasome-mediated breakdown of
apolipoprotein B (apo B), resulting in overproduction of TG-
rich lipoproteins [10, 23, 28]. Recent data from cross-sectional
studies have shown that HAART-treated patients had increased
secretion and reduced clearance of very low-density lipopro-
tein (VLDL) particles, increased synthesis and reduced catabo-
lism of apo B, elevated levels of pro-atherogenic residue lipo-
proteins and reduced activity of lipoproteins lipase compared
to healthy individuals [28].

PI-induced glucose intolerance and insulin resistance

PIs contribute to the development of insulin resistance and hy-
perglycemia by blocking glucose disposal in skeletal muscles
and adipose tissues [22, 23]. It has been suggested that PIs di-
rectly block glucose uptake though suppressing glucose trans-
porter protein isoform 4 (GLUT4, SLC2A4) activity leading
to reduced glucose uptake and hyperglycemia [10, 22, 23, 29].
These effects appear to be caused by suppression of GLUT4
transport function and not translocation or interference with
insulin signalling cascade [30].

Furthermore, PIs have been reported to impair insulin se-
cretion in the pancreatic § cells [24, 29] and also contribute to
insulin resistance by inhibiting LDL-receptor activity leading
to elevated plasma TG [10]. Pl-induced insulin resistance is
also potentiated by reduced conversion of pro-insulin to in-
sulin, decreased secretion of adiponectin (which leads to in-
creased hepatic gluconeogenesis and reduced glucose uptake
by adipose tissue and skeletal muscles) and also down-reg-
ulates the expression of SREBP-1, a transcriptional regulator
involved in lipid homeostasis [22, 24, 28].

Effect of PIs on adipokines and proinflammatory cytokines

Altered secretion of adipokines such as adiponectin, leptin
and resistin, has been observed in lipodystrophic tissues in
HIV patients [2, 24]. Reduced circulating adiponectin is as-
sociated with insulin resistance, visceral fat accumulation, in-
creased waist-to-hip ratio and body mass index (BMI) due to
downregulation of its transcription factors SREB-1/PPAR-y
by PIs [11, 24, 29-31]. Adiponectin has been shown to have
anti-oxidant, anti-atherosclerotic, hypolipidemic and anti-in-
flammatory properties; hence, hypoadiponectinemia is associ-
ated with increased risk of cardiovascular diseases [11, 32-35].
Plasma adiponectin levels and tissue sensitivity appear to be
suppressed by both antiretroviral therapy and lipodystrophy
itself [24].

Leptin on the other hand is involved in energy homeo-
stasis, glycemic control and lipid metabolism but PIs appear
to have no effects on serum leptin expressions [24, 36, 37].
However, it has been suggested that the effects of leptin on
HAART-treated individual depend on body stability between
fat loss and increased gene expression, since in lipoatrophic
patients, serum leptin levels were found to be reduced while in
lipohypertrophic they were elevated [38-40]. Leptin deficiency
has strongly been linked to impaired insulin sensitivity in nor-
mal individuals [24].
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Unlike in rodents, human studies have suggested that re-
sistin is not associated with the development of diabetes and
metabolic syndrome although there is experimental evidence
that resistin could act synergistically with antiretrovirals to in-
hibit adipocyte differentiation and promote peripheral fat loss
[41-45]. Other adipokines that were found to be reduced in
lipodystrophic subjects include retinol binding protein-4, vis-
fatin, acylation-stimulating protein, omentin and vaspin [24].

Increased circulation of inflammatory cytokines such as
tumour necrosis factor-alpha (TNF-a) [18], plasminogen acti-
vator inhibitor 1 (PAI-1) [31] and interleukin (IL)-6 was also
observed in adipose tissue from lipodystrophic individuals
on HAART [32, 46, 47]. Mynarcik et al demonstrated high
levels of soluble type 2 tumor necrosis factor-o receptor-2
(sTNFR-2) in lipodystrophic patients, which was accompanied
by loss of subcutaneous fat [16]. TNF-a is a well-known insu-
lin resistance inducer by decreasing insulin receptor kinase ac-
tivity, prompting apoptosis and lipolysis and also suppressing
the expression of insulin receptor kinase substrate (IRS)-1 and
GLUTH4 [11, 22, 29, 48]. These alterations cause diminished
insulin signalling, reduced anti-lipolytic effects of insulin, sup-
press inhibitory G protein-coupled receptors, reduced activity
of lipoprotein lipase and suppression of lipin (a lipid droplet-
associated protein which plays a role in protecting adipocytes
from hydrolytic action of lipase) [11, 48-50]. IL-6 on the other
hand has been shown to alter insulin signalling in adipose tis-
sues, which contributes to insulin resistance [11].

NRTIs and mitochondrial toxicity

Frequently used tNRTIs (thymidine analogues) have been
linked to the pathogenesis of lipoatrophy through mitochon-
drial toxicity by inhibiting DNA polymerase-y, the enzyme
that catalyzes mitochondrial DNA (mtDNA) synthesis [8, 11,
51, 52]. In vitro studies have shown that thymidine analogues
cause mitochondrial dysfunction by increasing reactive oxy-
gen species (ROS) and reducing copies of both mtDNA and
mtRNA [51, 53]. This disrupts oxidative phosphorylation (OX-
PHOS) leading to leakage of electrons into the mitochondrial
matrix, with concomitant reduction in ATP production [52-54].
Increased ROS in turn binds to cellular macromolecules such
as DNA, proteins and lipids and induces adipocyte apoptosis
and lipolysis leading to decreased adipocyte density and the
lipoatrophic phenotype [18, 53, 54]. It is suggested that cel-
lular and adipose tissue dysfunctions occur mainly when mtD-
NA copies fall below critical levels required by mitochondria
to generate intracellular ATP [18]. This may be accompanied
by increased insulin resistance in the skeletal muscles and adi-
pose tissues as well as hyperlactatemia [18, 51].

NNRTIs and metabolic complications

NNRTIs appear not to induce lipodystrophy or exert any major
effects on metabolism [3, 18]. However, efavirenz has been re-
ported to induce some dyslipidemia in HIV patients by acting
synergistically with PIs to decrease lipid storage and down-
regulate the expression of SREBP-Ic¢, but its contribution to
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lipodystrophy is not yet fully understood [3, 23, 40].

Consequences of HAART-Induced Lipodystro-
phy

Patients with HAART-induced lipodystrophy present with loss
of subcutaneous fat from buccal, periorbital, temporal regions
and extremities [18, 55, 56]. Breast enlargement, visceral fat
accumulation (in the abdomen) and dorsocervical fat pads
(“buffalo hump”) have been observed [18, 23, 56]. These mor-
phological changes are irreversible and non-progressive upon
withdrawal of treatment but contribute significantly to social
stigma [13, 21]. Some patients with dorsocervical fat pads
have restricted neck mobility, women with breast enlargement
may experience chronic back pain, while men with gyneco-
mastia feel socially prejudiced [9]. This may lead to poor ad-
herence to ART, low self-esteem and reduced quality of life in
the affected patients [9, 13, 21]. These conditions if not care-
fully managed may ultimately predispose a significant number
of patients to increased risks of metabolic syndrome, diabetes
and cardiovascular diseases.

Pharmacological Interventions

Antiretroviral drug switching

Ideal treatment regimen should meet therapeutic goals with
minimum side-effects and reduced pill burden. More potent
and less toxic drugs with simpler dosing schedules and long-
er half-lives, improved treatment responses and adherence
to therapy would be ideal. Fortunately, thymidine analogues
though included in HAART as a backbone have long been
linked to the development of metabolic complications in the
decreasing magnitude in the order of stavudine, zidovudine,
didanosine, lamivudine, abacavir and emtricitabine [27, 56].
This has given the clinicians flexibility in making the best
combination choices. Consequently, patients who have expe-
rienced treatment failures with increases in viral loads, and
those who have shown intolerance or presented with metabolic
complications, are routinely switched to alternative regiments.
In one comparative randomized trial, switching from stavudine
to tenofovir other than abacavir showed a significantly greater
improvement in TC and LDL-C [57]. Consequently, despite
the fact that stavudine has good viral load suppression effica-
cy, WHO recommended its substitution with tenofovir due to
increased propensity to causing peripheral neuropathy, lactic
acidosis and lipodystrophy in a significant number of patients
[58]. Subsequently, in South African for example, tenofovir is
indicated for new patients starting on antiretroviral therapy as
well as those who become intolerant to stavudine or zidovu-
dine but those who are not are retained on the same [59].
NNRTIs are generally associated with fewer side-effects and
are included in HAART as a base and not used as single agents
due to quick emergence of resistance [56]. Currently available
NNRTIs include nevirapine, efavirenz, etravirine, and delavir-
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dine with rash as the most commonly shared adverse-effect.
Although both nevirapine and efavirenz have significant effects
on plasma lipids and effectively suppress viral loads, efavirenz
appears to be less associated with common adverse-effects save
for central nervous system (CNS) disturbances [3, 60].

Commonly used PIs include saquinavir, lopinavir, daru-
navir, indinavir, ritonavir, tipranavir, atazanavir, nelfinavir and
fosamprenavir. Except for nelfinavir, these Pls are substrates
of CYP 3A4 which they also inhibit hence ritonavir which
cannot be used at therapeutic doses due to its GI toxicity is
included as “booster” at low doses when co-administered with
the other PIs to reduce their metabolism, increase plasma con-
centrations and also reduce pill burden [60]. Commonly used
boosted combinations include darunavir/ritonavir and atazana-
vir/ritonavir, since these newer generation PIs are less associ-
ated with metabolic complications compared to their conge-
ners [3, 27, 61].

Fixed-dose combination therapy

WHO launched “treatment 2” strategy in 2010 that has since
simplified treatment regimens and improved adherence, re-
duced pill burden, minimized side-effects and the emergence
of drug resistance and also reduced treatment costs [61, 62].
This has led to the formulation of single pill regimens contain-
ing two NRTIs as the “backbone” and an NNRTI as a “base”,
substitutable with a boosted PI. Currently, available once-daily
fixed-dose combination therapies include tenofovir/emtricit-
abine/efavirenz as gold standard or tenofovir/emtricitabine/
rilpivirine (for patients who are intolerant to efavirenz), and
many others under development [62, 63]. The components of
fixed-dose combinations are carefully selected taking into ac-
count pharmacokinetic and therapeutic equivalence profiles of
individual drugs to enhance or maintain efficacy at minimum
toxicity. With the development of new agents such as entry
inhibitors (enfuvirtide and maraviroc), integrase inhibitors
such as raltegravir, newer fixed-dose combinations are being
formulated to alleviate earlier fears of rigidity in component
switching with single pills in vulnerable patients.

However, use of four-drug regimens in treatment naive
patients has not been successful owing to failure to improve
outcomes and additive adverse-effects of the constituent drugs
[64].

New drug developments

Apart from the ongoing research and development of new
drugs with high efficacy and reduced toxicity that could reduce
HIV pathogenesis, attempts have also been made to modify the
existing drugs to reduce incidences of metabolic disturbances
and dyslipidemia associated with their use. Festinavir for ex-
ample has been developed from stavudine, with less toxicity
and used in patients with viral resistance to abacavir and teno-
fovir [65, 66]. Similarly, apricitabine, an analogue of cytidine
that is structurally related to lamivudine and emtricitabine is
currently undergoing clinical trials and has so far been shown
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to suppress viral replication with less toxicity and is well toler-
ated [67]. Tenofovir disoproxil fumarate, a prodrug of tenofo-
vir is currently undergoing evaluation to confirm its effects on
lipidemia and renal function [68].

Second generation NNRTIs such as etravirine have been
developed not only for viral strains that are resistant to nevi-
rapine and efavirenz but also for their efficacy, safety and tol-
erability [69], although it is not devoid of drug interactions
due to its inhibition of CYP 3A4 enzymes [65]. Rilpivirine
has similarly been developed to be used in combination with
emtricitabine and tenofovir instead of efavirenz and has shown
benefits in reducing TC/HDL-C ratio and cardiovascular mor-
bidity [70, 71], and is so far promising against NNRTIs re-
sistant strains of HIV-1 [72], as well as many others in differ-
ent stages of clinical development. Recently, FDA approved
cobicistat which inhibits CYP 3A4 enzymes that metabolize
raltegravir and elvitegravir, hence acting as a booster to in-
crease their plasma concentrations and is now used in the com-
bination of elvitegravir/cobicistat/tenofovir/emtricitabine as a
pharmacokinetic enhancer of elvitegravir [73-76]. It is hoped
that these modified versions of existing drugs or pharmacoki-
netic enhancers will simplify HIV-1 pharmacotherapy and
reduce incidences of metabolic complications and lipodystro-
phy. It should, however, be pointed out that drug switching
only leads to partial reversal of lipoatrophy depending on the
extent and duration of exposure to HAART [23].

Anti-diabetic agents

In an effort to contain metabolic syndrome and lipodystrophy,
attempts have been made to concurrently administer drugs that
are conventionally used as anti-diabetics or anti-dyslipidemics
in patients on HAART with controversial outcomes.

Thiazolidinediones

Thiazolidinediones are PPAR-y agonists used to improve in-
sulin sensitivity by increasing glucose transport, peripheral
glucose utilization and adipocyte differentiation [77]. Rosigli-
tazone and pioglitazone are used for the treatment of type 2
diabetes, due to their effectiveness at increasing adipogenesis
which implies that they may reverse subcutanecous fat loss in
lipodystrophic patients [78]. However, a recent report by Okada
et al has suggested that pioglitazone therapy could increase sub-
cutaneous fat mass in non-lipoatrophic but not in lipoatrophic
regions [79] similarly to previous observations that thiazolidin-
ediones do not prevent HAART-associated lipodystrophy [80].
Furthermore, rosiglitazone has recently been linked to the de-
velopment of adverse cardiovascular events in diabetic patients
while pioglitazone is reported to interact with Pls through in-
hibition of CYP 3A4 [8, 77, 81]. These observations therefore
do suggest that thiazolidinediones may not be effective in the
treatment of HAART-associated lipodystrophy after all. Selec-
tive modulators of PPAR-y are currently under different stages
of clinical development to mimic therapeutic effects of thiozo-
lidinediones with improved side-effects profile.
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Metformin

Metformin is an insulin-sensitizing agent, used to reduce he-
patic gluconeogenesis and to increase glucose uptake by the
peripheral tissues [82]. Studies done to monitor the effective-
ness of metformin in HAART-treated patients with insulin re-
sistance and lipohypertrophy showed that metformin-treated
individuals had significantly improved fasting plasma insu-
lin, decreased body weight and diastolic pressure compared
to placebo [10, 83]. Metformin has also been shown to sig-
nificantly reduce plasma TG, insulin resistance and improved
pancreatic B-cell function [84, 85]. These initial hopes have
somehow been dimmed by reports that metformin use could
be associated with significant loses in subcutaneous adipose
tissue (SAT) and viscera adipose tissues (VAT) suggesting del-
eterious effects of metformin in HAART-treated patients with
lipoatrophy [83]. However, metformin impairs oxidative phos-
phorylation by inhibiting NADH dehydrogenase and DNA
pol-y which may hence increase the risk of lactic acidosis
when used with NRTIs in diabetic patients [86]. Even though
abacavir and tenofovir have the lowest incidence of lactic aci-
dosis of all the other NRTIs, the risk is significantly increased
in patients treated concurrently with metformin and tenofovir
or in patients with renal insufficiency [87, 88]. No large-scale
clinical trials have, however, been conducted and since tenofo-
vir is an important component of the “backbone” in HAART,
use of metformin as adjunct therapy to prevent the develop-
ment of lipodystrophy syndrome in this category of patients
therefore appears to be a remote possibility for now especially
in patients with diabetes with or without renal insufficiency.

Anti-dyslipidemic agents

Statins are hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors [47] that reduce plasma cholesterol lev-
els by inhibiting the rate-limiting step of de novo cholesterol
synthesis thus reducing plasma TC and LDL-C concentrations,
leading to decreased risk of coronary artery events and heart
diseases [89-91]. However, the use of simvastatin, pravastatin,
fluvastatin or rosuvastatin has been shown to promote reduction
of dyslipidemia in patients on HAART to a lesser degree than in
seronegative patients [89-91]. Furthermore, most components
of HAART as substrates of CYP 3A4 experience significant
drug-drug interaction with statins [92]. Simvastatin, lovastatin
and atorvastatin are reported to interact with PIs through the
inhibition of cytochrome CYP 3A4 leading to increased plasma
concentrations of statins and consequently hepatotoxicity, my-
algia and rhabdomyolysis [27, 93-97]. Pravastatin, rosuvastatin
and fluvastatin are not metabolized by CYP 3A4 hence are less
prone to interactions with Pls [3, 65] but should be used at the
lowest doses possible especially in patients taking darunavir
[27]. For the treatment of hypercholesterolemia in patients tak-
ing PIs, it has been recommended that pravastatin and/or ro-
suvastatin be used as first-line while fluvastatin due to its low
efficacy reserved as second-line but serum transaminases and
creatine kinase levels should be closely monitored [65]. Among
NNRTIs, efavirenz has been shown to decrease the plasma area
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under the curve (AUC) of atorvastatin and simvastatin by 43%
and 58%, respectively [27, 55]. This suggests that higher doses
of atorvastatin and simvastatin are required to lower LDL-C
efficiently in patients taking efavirenz [27].

Fibrates are also metabolized by CYP450 isoenzymes, but
predominantly through CYP4A pathways, hence the incidence
of interaction with PIs is relatively low [98]. Fibrates appear
to have significant advantages in HAART patients with hy-
pertriglyceridemia and mixed hyperlipidemia but they do not
have same efficacy as statins in preventing cardiovascular dis-
ease [65]. Periodic monitoring of serum creatinine kinase and
transaminases is suggested in patients on fibrates that are co-
treated with statins or fibrates alone due to the increased risk of
myopathy [65]. However, no large-scale clinical studies have
been conducted to investigate whether liberal incorporation of
statins or fibrates into HAART could mitigate the development
of lipodystrophy.

Ezetimibe as an inhibitor of intestinal cholesterol absorp-
tion has been shown to reduce LDL-C, TC and TG and also
increase HDL-C in HIV patients on HAART [99-101]. 1t is
highly tolerable and is devoid of significant drug interactions
with HAART [102, 103], hence combination therapy with
ezetimibe appears to be superior to pravastatin monotherapy in
HAART patients with dyslipidemia [104].

Surgical Interventions

A recent study in South African reported that 11.7% of patients
on HAART presented with lipodystrophy and that 5.9% of
these would consider non-compliance on the basis of social
stigma associated with lipodystrophy, suggesting the need to
consider surgical interventions [105]. Surgical techniques used
to treat facial lipoatrophy include fat transplantations, facial
fillers, facial grafting and injections of synthetic compounds
such as poly-lactic acid, polymethyl-methacrylate, silicone,
human and bovine collagen [18, 23]. However, facial fillers
have been shown to require repeated injections and are associ-
ated with granuloma formation [11, 18] while facial grafting
has been reported to lead to fat resorption after 3 months of
surgery [11]. Furthermore, fat transplantation has been shown
to be associated with facial fat hypertrophy after a year of sur-
gery [8, 106]. Using liposuction techniques can be effective in
removing fat accumulated in the dorsocervical region (“buf-
falo hump”) in patients with hyperlipotrophy but three of 10
subjects had recurrence of abdominal lipohypertrophy within
a year [8, 107]. Despite its cosmetic benefits, plastic surgical
interventions are financially beyond the reach of most HIV-
positive patients on HAART from a public health perspective.
More importantly, despite reducing social stigma, cosmetic
surgery does not correct underlying metabolic causes of lipod-
ystrophy in these patients.

Hormone Replacement Therapy

Hormones that play critical roles in metabolism and energy
homeostasis are known to be diminished in patients with
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HAART-associated lipodystrophy. Leptin is a hormone se-
creted by adipocytes and regulates energy metabolism but
the levels are diminished in patients with HAART-associated
lipoatrophy and leptin replacement therapy has been shown
to decrease central fat mass, improve insulin sensitivity and
glucose intolerance [108]. Recombinant human metreleptin
has been approved for lipodystrophy but despite being well
tolerated, side-effects such as leptin resistance leading to renal
impairment and T-cell lymphomas on prolonged use have de-
layed it approval by FDA pending large-scale well-controlled
studies [2, 108, 109]. Androgen deficiency defined by low
testosterone levels and hypogonadism is a common feature in
HIV-positive men including those on HAART therapy [110-
112]. However, testosterone supplementation showed reduc-
tions in total subcutaneous fat but not visceral abdominal fat in
a placebo-controlled random trial suggesting that such effects
could not be attributed to HAART-induced lipoatrophy alone
[113]. These potential benefits may, however, be negated by
the adverse metabolic and endocrine effects, deep-vein throm-
bosis, gynecomastia and hepatotoxicity after long-term testos-
terone administration necessitating long-term follow-up [114].
Clinically, testosterone is so far devoid of significant drug-
interactions with antiretroviral drugs and is formulated for in-
tramuscular, transdermal or buccal administration in patients
on HAART depending on their preferences, tolerability and
adherence [115-118]. Oral synthetic analogues of testosterone
such as oxandrolone and oxymetholone are similarly devoid of
drug-interactions with antiretrovirals and may be preferred to
injectable testosterone [119-122] but their therapeutic effects
appear to be more significant in HIV-wasting than reversing
HAART-associated lipodystrophy.

Growth Factors and Cytokines

Before the advent of HAART, HIV-positive patients present-
ed with a wasting syndrome characterized by loss of skeletal
muscle mass, strength and function due to resistance to growth
hormone anabolic effects and its reduced plasma concentra-
tions [123, 124]. Consequently, administration of high doses
of recombinant human growth hormone (rhGH) at high doses
to HIV-positive patients with wasting syndrome was noted to
increase skeletal muscle and bone masses and also decreased
body fat accumulation, but at the same time caused insulin
resistance, glucose intolerance and tunnel syndrome whereas
dose reductions were associated with only modest efficacy and
reduced side-effects [123, 124]. Unfortunately, these beneficial
effects of rhGH waned with cessation of therapy and the body
composition reverted to baseline [8]. Furthermore, somatro-
pin, an thGH was shown to induce CYP 3A4 and significantly
interact with HAART components besides increased side-ef-
fects such as edema, musculoskeletal pain, gynecomastia, in-
sulin resistance and impaired glucose tolerance which limited
its therapeutic potential [115, 125-129]. Consequently, thGH
releasing hormone analogues such as tesamorelin, which aug-
ment GH pulsatility and preserve negative feedback inhibition
of insulin-like growth factor-1 (IGF-1) have been developed
[8]. Unlike other growth hormone releasing hormones, tesa-
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morelin has been shown to be resistant to dipeptidyl amin-
opeptidase 4 (DPP-4) degradation, increases plasma GH and
IGF-1concentrations, improves lipid profile by reducing trunk
(but not extremity) fat and VAT, TG and TC/HDL-C ratios in
random placebo-controlled clinical trials [8, 130, 131]. How-
ever, despite its significance in reducing VAT in patients with
lipodystrophy, tesamorelin effects appear not to be sustain-
able upon discontinuation of therapy. This suggests a need for
chronic administration which may be associated with increased
risks of diabetes (due to raised IGF-1 levels), persistently acti-
vated GH axis which may be associated with increased risks of
pituitary hyperplasia or adenoma and decreased cardiovascular
disease risks [131, 132]. Additionally patients on tesamorelin
therapy have been noted to develop anti-tesamorelin antibod-
ies although clinical implications of this are currently not fully
understood [132]. In addition to these concerns, GH and its
analogues are expensive and may be not affordable to many
patients.

A study has suggested that IGF-1 complexed to its major
binding protein-3 (IGFBP-3) to increase its half-life is associ-
ated with improved glucose tolerance and insulin resistance
but not visceral adiposity [133] but this may increase plasma
IGF-1 concentrations and its deleterious effects on glucose tol-
erance hence may not benefit the patients after all.

TNF-a has been associated with lipoatrophy in patients
treated with NRTIs as it promotes adipocyte apoptosis [134].
TNF-a antagonist thalidomide has hence been shown to be
effective in HIV-1 wasting syndrome [135], but the potential
benefits are negated by its known toxicity and may not be a
viable option.

Lifestyle Modifications

Exercise

Lifestyle interventions such as exercise and diet as first-line
interventions may be useful alternatives in the management of
HAART-induced lipodystrophy due to their safety and toler-
ability [11]. HIV-positive individuals who were subjected to
supervised exercise training program showed decreased total
adipose tissue, enhanced skeletal muscle strength and endur-
ance, cardiorespiratory fitness, and reduced waist circumfer-
ence (but with no changes in VAT), increased insulin-mediated
glucose uptake and insulin sensitivity [8, 136]. Exercise there-
fore appears to have beneficial effects on lipid profiles and
central fat accumulation in HAART-associated lipodystrophy
[136] though the outcomes are still controversial [137, 138].

Nutritional therapy

Limited information is currently available on the effects of diet
on HAART-associated lipodystrophy and metabolic abnormal-
ities [11]. Barrios et al have shown that adherence to low-fat
diet for 6 months decreased total cholesterol by 10% and TG
by 23% in HIV-infected adults with hyperlipidemia [139] con-
trary to the findings of a small scale pilot study of Ng et al that
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showed significantly increased plasma concentrations of cho-
lesterol but with no change in TG concentrations after 9 - 12
months in lipodystrophic patients exposed to modified Medi-
terranean diets [140]. It has been suggested that a combination
of moderate-fat, high fiber diet and exercise could decrease
LDL-C, fasting glucose and insulin resistance in male subjects
with lipodystrophy [141] and also that low-fat diet and aerobic
exercise could reduce central adiposity and waist/hip ratio in
HIV patients with lipodystrophy [137].

Nutritional supplements such as L-acetylcarnitine, uri-
dine and niacin have been shown to improve lipid profile in
HAART-treated lipodystrophy patients [11]. Patients who re-
ceived 4 g/d of L-acetylcarnitine for 1 year showed increased
rates of lipid oxidation, decreased mass of intramyocellular
TG and modest effects on insulin sensitivity compared to con-
trols after 8 months [142]. Uridine has been shown to repeal
mitochondrial toxicity in adipocytes and hepatocytes exposed
to stavudine and zidovudine but not didanosine in vitro and
also prevent the effects of zalcitabine on mitochondrial func-
tion in HepG2 cells with respect to lactate synthesis, hepato-
cyte proliferation, intracellular lipids and cyclooxygenase-2
levels [143, 144]. Furthermore, uridine supplementation may
prevent mtDNA damage and adipocyte apoptosis resulting in
increased limb fat mass in lipoatrophic adults who were on
tNRTI therapy without loss of efficacy [144, 145].

Niacin is known to control lipoprotein metabolism and
suppress synthesis of TG and patients treated with low-fat
diet, exercise and niacin had significantly increased plasma
concentrations of HDL-C and TC compared to the controls
after 24 weeks [146, 147]. However, niacin appeared to in-
crease the risk of insulin resistance in HIV patients [146]. A
Brazilian cross-sectional study established that HIV patients
who consumed two servings dairy food each day had signifi-
cantly low BMI, waist circumference and blood pressure than
those who consumed lesser amounts implicating high calcium
intake in these changes though polyunsaturated fat was associ-
ated with insulin resistance [148]. Nevertheless, other studies
have shown no effect on fasting insulin, insulin resistance, to-
tal HDL, TAG and cholesterol or a decrease concentration of
adiponectin in HIV-positive individuals [64] or a relationship
between nutrient intake and visceral adiposity [149].

Diet and exercise are relatively safe and typically well tol-
erated; hence they can be commended as the first-line interven-
tions in the management of lipohypertrophy to mitigate devel-
opment of cardiovascular morbidity [3]. These interventions
are as recommended for HAART patients as for the general
population and the intake of saturated fats should be restricted
to < 7% of total calorie intake and cholesterol intake to < 200
mg/day [65] to delay the need for lipid-lowering therapy. Fish
oils which are rich in omega-3 fatty acids (eicosapentaenoic
and docosahexaenoic acids) are recommended to reduce TG
concentrations and hence the risk of atherogenic cardiovascu-
lar disease [150-153].

Anti-oxidants as nutritional supplements

A negative association has been reported between total and sup-
plemental vitamin E intake and diastolic pressure in HIV-pos-
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itive individuals [154]. Reduced plasma vitamin E concentra-
tions have recently been demonstrated in patients treated with
NRTI compared to NNRTTs or PIs suggesting a link between
oxidative stress and HAART [155]. HIV-1 infection alone or
in combination with HAART has been suggested to induce
oxidative stress by impairing anti-oxidant enzymes functions
[156]. We have recently reported that grapefruit-derived flavo-
noid, naringin, prevents stavudine- or zidovudine-induced oxi-
dative stress, hepatocyte apoptosis and mitochondrial toxicity
in experimental animals [157, 158]. Although these findings
are yet to be corroborated by large-scale clinical trials, clearly
our findings provide evidence for anti-oxidant supplementa-
tion in patients on HAART as alternatives for non-infective
co-morbidities in HIV patients.

Clinical Perspectives

In the advent of HAART, patients diagnosed with HIV are
initiated on treatment as soon CD4 cell counts fall below 500
cells/uL [159], meaning that treatment commences early be-
fore the patient presents with HIV wasting syndrome. Further-
more, with intensive HAART, metabolic complications that
the patients are likely to encounter are treatment-related and
not due to viral pathogenesis which is largely suppressed. Al-
though it is evident that risk factors for the development of
lipodystrophy in patients on HAART include older age, white
race, lower BMI, higher viral loads, lower nadir CD4* T-cell
counts at the initiation of therapy, longer duration of exposure
HAART [160-164], genetics also play apart [165-167]. Treat-
ment of lipodystrophy in patients on HAART should there-
fore be largely tailor-made taking into account the patient’s
presentation and socio-economic status from a public health
perspective. With the development of new drugs and modified
versions of the older ones, prevalence of HAART-associated
lipodystrophy is expected to decline in the not so distant fu-
ture. Flexibility of drug switching for example has led to the
replacement of stavudine with tenofovir in the HAART back-
bone due to lactic acidosis and other metabolic complications
despite its superior viral load suppressing potency [57, 58]. In
the HAART base, efavirenz appears to be safer compared to
nevirapine [3, 60] while boosted (with ritonavir) atazanavir or
darunavir appears to be relatively safer among the PIs [61].
The development of fixed-dose combinations has improved
patient compliance and treatment outcomes. New agents com-
ing into the market such as fusion or integrase inhibitors are
expected to simplify treatment protocol, with less side-effects
and reduced drug-interactions. Adjunct therapy with anti-dia-
betic, anti-dyslipidemic agents should be avoided if possible
due to aforementioned consequences. Surgical interventions,
hormone replacement therapy or treatment with cytokines and
growth factors may not be affordable to many patients and do
not offer permanent solutions to lipodystrophy. Preventative
therapy as suggested in Table 1 should perhaps be considered
if the long-term consequences of lipodystrophy in patients on
HAART are to be avoided. Moderate exercise and dietary ma-
nipulations should be commenced as soon as patients are initi-
ated on HAART. Nutritional supplementation with diets rich in
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Table 1. Conservative Therapeutic Strategies for the Management of HAART-Induced Lipodystrophy

Presentation Features Common causes Suggested interventions
Lipodystrophy
Lipoatrophy Loss of subcutaneous fat NRTIs: Stavudine > 1. Switch from stavudine or zidovudine to tenofovir or
from buccal, periorbital, zidovudine > didanosine abacavir. Consider new generation NRTIs devoid of
temporal regions and > lamivudine in adverse-effects.
extremities decreasing order of 2. Nutritional therapy: increased dietary flavonoids intake
magnitude 3. Moderate exercise but may worsen subcutaneous fat loss
Lipohypertrophy Gynecomastia, dorsocervical Pls: Saquinavir, 1. Switch to NNRTT or ritonavir boosted

Glucose intolerance

fat pads (buffalo hump).
Increased TC, TG and

LDL-C with reduced HDL-C

nelfinavir, indinavir,
ritonavir, atazanavir

Impaired FBG FBG > 6.0 mM PIs: Indinavir,
saquinavir, nelfinavir,
lopinavir
NRTIs: stavudine,
zidovudine, lamivudine

IR Elevated FPI PIs: Indinavir,
saquinavir, nelfinavir

T2D Overt hyperglycemia PIs: Indinavir,

without metabolic saquinavir, nelfinavir
complications

atazanavir or darunavir
2. Nutritional therapy
3. Moderate exercise

. Switch to ritonavir boosted atazanavir or darunavir
. Avoid stavudine, zidovudine, lamivudine

. Nutritional therapy

. Moderate exercise

S S

. Switch to ritonavir boosted atazanavir or darunavir
. Nutritional therapy
. Moderate exercise

. Nutritional therapy

. Moderate exercise

. GLP-1 analogues (avoid metformin) in obese patients
. Oral hypoglycemics

B W~ W~

FBG: fasting blood glucose; IR: insulin resistance; FPI: fasting plasma insulin.
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