Endocrinology

ROUNDS

www.endocrinologyrounds.ca

HAART-Associated Lipodystrophy:
A Practical Approach

By CATHERINE YU, MD

Since its emergence in 1981, human immunodeficiency virus (HIV) infection has
become a global pandemic.! With HIV came the devastating consequences of severe
immunodeficiency, including Preumocystis jiroveci (carinii) pneumonia, progressive multi-
focal leukoencephalopathy, and disseminated Mycobacteria avium complex (MAC) infec-
tion.2 The advent of highly-active antiretroviral therapy (HAART) has significantly reduced
both HIV-related morbidity and mortality3 but, as life expectancy increased, so did the inci-
dence of chronic disease.* This shift in the pattern of morbidity has highlighted the impor-
tance of understanding the effects of HIV and HAART on the cardiovascular (CV) system
and metabolism. This issue of Endocrinology Rounds presents a practical approach to HIV
lipodystrophy and its related conditions — insulin resistance and dyslipidemia — including
its definition, epidemiology, pathogenesis, and management.

HIV, HAART, and CV risk

The association between HIV, HAART, and CV risk has been documented, although
inconsistently,> since 1998.” It remains unclear whether the association is secondary to HIV
infection itself, to HAART, or to both. Two recent studies attempted to shed light on this
question. A healthcare system-based cohort study® compared the rate of acute myocardial
infarction (MI) between HIV and non-HIV-infected patients and found that those with HIV
had a significant adjusted relative risk of 1.75 (although not adjusted for smoking). However,
because of database constraints, there were no data regarding the risk associated with
HAART. To assess the effect of HAART on CV risk, the Data Collection on Adverse Events
of Anti-HIV Drugs (DAD) Study Group® performed a large, multicentre, prospective, obser-
vational study. It found that, during the first 4 to 6 years of use, the incidence of MI increased
by 26% with each year of exposure to HAART. The study was insufficiently powered to
assess risk with individual agents or classes. However, whether or not the observed asso-
ciation reflects a causal relation can only be answered with a randomized trial.

Case definition
Difficulties with case definitions

Rigorous study of HIV-associated lipodystrophy has been limited by the absence of a
universally-applicable and objective case definition which, in turn, has been limited by the
marked heterogeneity of the condition, populations, and treatment regimens."’ Although
several groups have attempted to remedy this," ' the proposed definitions suffer from lack of
generalizability, objective criteria, and external validity. This lack of a universally-applicable
definition has resulted in a substantial variation in reports of prevalence, incidence, severity,
risk factors, and responses to interventions, and has also limited the evidence base for
recommendations regarding screening and management.

The HIV Lipodystrophy Case Definition Study Group

In response, the HIV Lipodystrophy Case Definition Study Group'® developed a model
incorporating demographic, clinical, metabolic, and body composition factors (Table 1).
Models for lipoatrophy and lipodeposition could not be developed, since pure phenotypes
occurred in <10% of patients. Although validated in a prospective study (Table 2), its use is
limited by its 80% accuracy rate and, thus, has yet to be adopted into practice.
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Table 1: Lipodystrophy Case Definition Study Group -

Table 2: Test characteristics

Case definition Sensitivity | Specificity
Category Criteria Definition Score Variables included:
Demographic  Age <40 years 0 Demographic, clinical, metabolic, 79% 80%
>40 years 22 and body composition
Sex Male 0 Only demographic, clinical, 73% 71%
Female 7 and metabolic
Duration of =4 years 0 Only demographic and clinical 75% 60%
HIV infection >4 years 11 =
core:
HIV disease stage CDC A 0
& beB 3 - 13 95% 49%
CDC C 7 =-8 90% 58%
Clinical Waist-to-hip ratio Multiply x 29 =0 79% 80%
Metabolic Anion gap Multiply x 1 =8 60% 90%
Serum HDL cholesterol Multiply x-14 > 14 49% 95%
Body Trunk-to-peripheral fat ratio Multiply x 5
composition*  Percentage leg fat >21.4% -16 resistance, and dyslipidemia — is variable, with estimates
14.521.4 14 . ’ Yo . ’ .
88145 8 ranging from 10%-80%. This is due to the heterogeneity
<8.8 0 of the populations studied and the inconsistency in case
b donmal <0.4 definitions.”” For example, in a cross-sectional study of
tra-abdominal to  <0.45 0 ple, y
extra-abdominal  0.45-0.83 2 1,035 patients with HIV, both treated and untreated,
fat ratio ofi’ésg 133 50% had at least one manifestation, 36% had lipoatrophy,
: 33% had increased WC, 6% had a dorsocervical fat pad,

* assessed by dual energy x-ray absorptiometry (DEXA) and computed
tomography (CT)

Utility of NCEP ATP-III and IDF definitions

of metabolic syndrome

The metabolic syndrome features many of the same
metabolic derangements as HIV lipodystrophy, including
hypertriglyceridemia, low high-density lipoprotein choles-
terol (HDL-C) levels, and dysglycemia. Although contro-
versial,”® identifying the metabolic syndrome can be used
in CV risk prediction. The prevalence of metabolic syn-
drome, by the criteria of the International Diabetes Fed-
eration (IDF) and the National Cholesterol Education
Program Adult Treatment Panel (NCEP ATP)-III, was
determined in the above case definition population and
found to be 14% and 18%, respectively.”” However,
because waist circumference (WC) is the IDF entry point
for metabolic syndrome and with the body fat parti-
tioning disturbances in this population (ie, reduced sub-
cutaneous abdominal fat in combination with excess
visceral abdominal fat) result in a “normal” WC, this defi-
nition may underestimate the prevalence of metabolic
syndrome. Furthermore, in those patients without meta-
bolic syndrome, but with lipodystrophy, their metabolic
disturbances (ie, total cholesterol, elevated triglycerides
(TG), insulin resistance, blood glucose, C-reactive protein,
and HDL-C) were similar to those seen in patients with
metabolic syndrome. This suggests that lipodystrophy may
be a surrogate marker for the metabolic syndrome in this
population. However, the value of either construct, be it
metabolic syndrome or lipodystrophy, in predicting CV
risk in this population has yet to be determined.

Epidemiology

The prevalence of HAART-associated lipodystrophy
- comprising lipoatrophy, lipodeposition, insulin

10% had hypertriglyceridemia, and 12% had elevated
total cholesterol.” Risk factors for the development of
these comorbidities are detailed in the following section
and summarized in Tables 3 and 4.

Lipoatrophy refers to the loss of subcutaneous fat that
typically affects the face (with a loss of Bichat's fat pads)
and the limbs (with the appearance of prominent veins).
Risk factors for its development include higher viral load,
older age, lower CD4 counts, co-infection with hepatitis C,
and the use of nucleoside reverse transcriptase inhibitors
(NRTIs), particularly thymidine analogs (eg, stavudine)
and, especially, in combination with protease inhibitors
(PIS).Z],ZZ

Lipodeposition refers to the accumulation of visceral fat,
typically distributed in the abdomen, breast, and dorso-
cervical spine. Although difficult to differentiate from the
current epidemic of obesity, its prevalence ranges from
35%-40%.”** Risk factors include older age, female sex,
increased duration of HAART, and a low-fibre diet.””
Insulin resistance: Dysglycemia occurs in approximately
25%-42% of patients on PIs, with impaired glucose toler-
ance (IGT) occurring in 16%-35% and type 2 diabetes
mellitus occurring in 7%.** Risk factors for the develop-
ment of dysglycemia include not only traditional risk
factors — increased WC, hypertriglyceridemia, increased
age, and family history — but also NRTI and PI use.”
Dyslipidemia: Although total cholesterol, low-density
lipoprotein cholesterol (LDL-C), and HDL-C decrease
early in HIV infection, levels of total cholesterol, LDL-C,
and TG increase and HDL-C remains low on initiation of
HAART.” For example, the DAD Study Group found
that 22% of the cohort (on and off HAART) had total
cholesterol =6.2 mmol/L, 26% had HDL-C =0.9, and
34% had TG =2.3 mmol/L* Risk factors for elevated total
cholesterol include older age, lipodystrophy, higher CD4
counts, lower viral load, as well as NRTI and PI use and



Table 3: Risk factors with HAART-associated lipodystrophy

Risk factor Lipo- Lipo- | Insulin
atrophy | deposi. | resist. Dyslipidemia
1 Total, | TG, | HDL-C
1 LDL-C
Patient
Older age Yes Yes Yes Yes
Female sex Yes
Disease
1 Viral load Yes Yes Yes
|, CD4 count Yes (inverse)
HAART
NRTI (esp. Yes Yes Yes Yes Yes
stavudine)
Pl Yes, in combo | Yes Yes Yes Yes (exc.
with NRTI atazanavir)
Duration Yes Yes Yes
Other
HCV Low-fibre| HCV BMI
diet ALT — Trunk/limb
WC fat ratio
— Nevirapine
protective

ALT=alanine aminotransferase; HAART =highly active antiretroviral therapy;
NRTI = nucleoside reverse transcriptase inhibitor; Pl = protease inhibitor;
TG =triglycerides; WC = waist circumference; BMI =body mass index;

HCV = hepatits C virus

duration.” Risk factors for hypertriglyceridemia and low
HDL-C include higher body mass index (BMI), higher
trunk-to-limb fat ratio, higher viral load, as well as NRTI
and PI use.” NRTI use, especially stavudine, is associated
with elevations in TGs, total cholesterol, and LDL-C.***
PI use, with the exception of atazanavir, is strongly associ-
ated with hypertriglyceridemia and low HDL-C; the rel-
ative risk of hypertriglyceridemia with PI use (compared
with non-PI use) is 4, 9, and 20 times for indinavir, nelfi-
navir, and ritonavir, respectively.” Protective factors
include the use of the non-nucleoside reverse transcrip-
tase inhibitor (NNRTI), nevirapine. Compared with
efavirenz, another NNRTI, nevirapine resulted in higher
HDL-C levels and less marked hypertriglyceridemia.™

Pathogenesis

Protease inhibitors: Pls are postulated to exert their
lipodystropic effects via 6 possible mechanisms.”** The
first 2 involve inhibition via binding to cytoplasmic
retinoic acid-binding protein type 1 (CRABP-1) and
cytochrome P450 3a (CYP3a), and of cis-9-retinoic acid

Table 4: Agents with detrimental and beneficial effects

on lipodystrophy

HAART class Effect on lipodystrophy
Detrimental Beneficial
NNRTI Nevirapine
NRTI Stavudine
Pl Ritonavir Atazanavir
Saquinavir
Lopinavir
Fusion inhibitor No reports in literature

HAART = highly active antiretroviral therapy; NNRTI = non-nucleoside
reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase
inhibitor; Pl = protease inhibitor

signaling and peroxisome proliferator-activated receptor
type gamma (PPAR-y) transcription, thus increasing
adipocyte apoptosis and decreasing adipocyte differentia-
tion and proliferation.” A third mechanism, inhibition of
sterol-regulatory element-binding protein-1 (SREBP-1),
required for PPAR-y transcription, also acts on this
pathway.” The fourth mechanism, binding to LDL-
receptor-related protein (LRP), inhibits lipoprotein lipase
activity, consequently impairing cellular uptake of chy-
lomicrons.”® These 4 mechanisms contribute to the
wasting of peripheral fat, increased circulating fat (com-
prising TGs), and an accumulation of central fat which, in
turn, promotes insulin resistance. The fifth mechanism is
via the upregulation of TG synthetic enzymes in the
liver.”’ Finally, certain polymorphisms in apolipoprotein
C-III predispose to Pl-induced hypertriglyceridemia.*
Nucleotide reverse transcriptase inhibitors: The mecha-
nisms by which the NRTIs cause lipodystrophy are less
clear. It is hypothesized that it is via the inhibition of
DNA polymerase-y, the enzyme responsible for repli-
cating mitochondrial DNA.* The subsequent depletion of
mitochondrial DNA results in decreased transcription of
mitochondrial enzymes and, finally, mitochondrial dys-
function. This causes the impairment of fatty acid oxida-
tion and disrupts the balance of energy production and
storage, with resultant lipodystrophy and insulin resist-
ance. Additional mechanisms include inhibition of
adipocyte proliferation and differentiation.*

Screening

Since there are no evidence-based recommendations
to guide care, it is reasonable to screen for the lipodys-
trophic and metabolic effects of HAART with serial
clinical examinations and selected investigations, ie, prior
to HAART initiation, 8 weeks after any change in
regimen, then at 6- to 12-month intervals. Although there
are no validated techniques to assess facial lipoatrophy,
serial thigh circumference and dual-energy x-ray absorp-
tiometry (DEXA) measurements can be used. Objective
assessment of lipodeposition, with differentiation of sub-
cutaneous and visceral fat, can be obtained with com-
puted tomography (CT) and magnetic resonance imaging
(MRI)," but these techniques are limited by radiation
exposure and scanning time, respectively and, as a result,
are primarily reserved for use in clinical trials. WC or waist-
to-hip ratio are economical measures and more easily
obtained; although they do not distinguish between sub-
cutaneous or visceral fat. Clinical examination for the
presence or absence of subcutaneous fat will often aid in
making this distinction. Fasting blood glucose is a useful test
to screen for dysglycemia; a subsequent 2-hour oral glucose
tolerance test (OGTT) can be performed in individuals
with traditional risk factors for diabetes. Finally, screening
for dyslipidemia can be done with a fasting lipid profile.

Management

With minimal literature to guide the treatment
approach to HAART-associated lipodystrophy, basic



Table 5: Management options for HAART-associated lipodystrophy

Feature Management options

Comments

Lipoatrophy

Facial lipoatrophy Polylactic acid injection

3-5 injections required

Change in HAART

Lipodeposition Exercise Safety unknown in those with current lipoatrophy
Metformin Caution in renal and liver dysfunction and
hyperlactemia; monitor during therapy
GH, GHRH
Change in HAART Pl — abacavir, (Pl — nevirapine)
Dorsocervical Liposuction May reaccumulate
fat pad Excision
Insulin resistance Metformin Caution in renal and liver dysfunction and hyperlactemia;

monitor during therapy
(PI = nevirapine)

Change in HAART

Dyslipidemia Diet and exercise
1 TG, | HDL-C Fibrate No drug interactions
| HDL-C Change in HAART Pl — abacavir, (Pl — nevirapine)
1 LDL-C HMG-CoA reductase inhibitor No drug interactions with pravastatin, fluvastatin, rosuvastatin

Pl — abacavir, (Pl — nevirapine)

GH = growth hormone; GHRH = growth hormone releasing hormone; HAART = highly active antiretroviral therapy; PI = protease inhibitor;
TG = triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol

principles derived from the management of lipo-
dystrophy in the general population can be applied
to this population. However, special issues have to be
recognized and addressed (eg, drug interactions, toxi-
city, intolerance, adherence, and lack of outcome data).
While a broad approach to CV risk reduction should
be taken, including modification of other cardiac risk
factors (eg, smoking and hypertension), treatment of
specific features of HAART-associated lipodystrophy
are discussed below and summarized in Table 5.
Lipoatrophy: Neither lifestyle, nor pharmacologic
therapies, are effective in reducing lipoatrophy;* in
fact, therapies directed at lipodeposition and metabolic
disturbances, such as exercise, metformin, and growth
hormone (GH), may worsen lipoatrophy. Surgical
interventions, most notably polylactic acid injections,
have been reported to improve cosmetic results.”
Lipodeposition: Exercise and metformin can reduce
abdominal girth in this population. For example,
metformin can result in a reduction in visceral fat
mass of up to 37.5%.* Given NRTI-induced mito-
chondrial dysfunction and the risk of lactic acidosis
with metformin, metformin should be used with
caution and with careful monitoring of lactate, as well
as renal and liver function. Growth hormone replace-
ment therapy has been found to reduce visceral fat
mass;” however, adverse effects include worsening of
insulin resistance.

Insulin resistance: Metformin has been found to
reduce insulin resistance in this population* but, as
noted above, must be used with caution. Thiazo-
lidinediones, although effective in reducing insulin
resistance, have no effect on either lipoatrophy or
lipodystrophy and may have adverse effects on serum
lipids.*” Management of type 2 diabetes in this popu-

lation is similar to that in the general population,
with the above caveats.

Dyslipidemia: In general, lipid disorders in patients
on HAART are managed using the same principles as
in the general population. Although controversial,*
CV risk can be estimated with the Framingham risk
calculator, and NCEP guidelines can be adopted in
the absence of evidence for this population. Lifestyle
interventions, namely dietary modification and exer-
cise, remain important. For lipid disturbances that
primarily constitute LDL-C elevations, 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins) continue to be most effective.*
However, most statins are metabolized by CYP450
3A4, which is inhibited by many drugs, including the
PIs, NRTIs, itraconazole, and fluconazole. Inhibition
of this cytochrome results in decreased metabolism
and, thus, potentially toxic levels of statins. For
example, the use of ritonavir or saquinavir will result
in serum levels of atorvastatin and simvastatin that
are 3 and 30 times higher, respectively.” Three statins
that are not metabolized via CYP450 3A4 are fluvas-
tatin, pravastatin, and rosuvastatin (although the
latter has not been studied in this population).
Ezetimibe (not yet studied in this population) is also
effective in lowering LDL-C and is not metabolized
through CYP450 3A4. In lipid disturbances that are
primarily elevations of TG, fibrates are the most
effective.” Because fibrates are not metabolized by
CYP450 3A4, there are no drug interactions with
HAART. For mixed lipid disturbances, combination
therapy with pravastatin and fenofibrate has proven
to be safe and effective.”

Change in HAART: Despite the limited and mostly
discordant literature, there is some evidence that
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changing the HAART regimen may result in
improvements in lipodystrophy. In all of the fol-
lowing changes, there were no adverse effects on
virologic or immunologic control.

PI to nevirapine: Although there have been discrep-
ancies in the results from studies on the effects on
lipid redistribution, insulin resistance, and dyslipi-
demia, improvements in dyslipidemia of up to 27%
reductions in total cholesterol, LDL-C, and triglyc-
erides have been consistently observed.””’

PI to efavirenz: Lipodeposition, insulin resistance,
and hypertriglyceridemia are improved;™ the effect
on total and LDL cholesterol was inconsistent.”**
PI to abacavir: Studies examining this change were
more consistent, with all studies reporting improve-
ments in dyslipidemia;*”**® for example, reports
found TG reductions of up to 39% and total choles-
terol reductions of up to 17%. However, few studies
reported improvement in lipodeposition® or insulin
resistance.”

Summary

Despite the lack of a standard definition of
HAART-associated lipodystrophy and the marked
heterogeneity of the population, there is a clear syn-
drome of lipoatrophy, lipodeposition, insulin resist-
ance, and dyslipidemia associated with HIV and
HAART use. With this clustering of CV and meta-
bolic risk factors, there are concerns about increased
CV risk in this population. This association has been
demonstrated in prospective studies, but their causal
relation has yet to be confirmed in a randomized
setting. Risk factors include patient characteristics
(older age), disease characteristics (CD4 count and
viral load), HAART characteristics (NRTI and PI use
and duration), and other factors (eg, hepatitis C co-
infection). Agents that are particularly detrimental
include stavudine, ritonavir, saquinavir, and lopinavir,
while more favourable agents include nevirapine and
atazanavir.

The pathogenesis of HAART-associated lipodys-
trophy is complex, with Pls impairing the PPAR-y
pathway, and NRTIs impairing mitochondrial func-
tion. The final common pathway for both agents
appears to involve inhibition of adipocyte prolifera-
tion and differentiation, resulting in peripheral fat
wasting, increased circulating fat, and central fat
accumulation with resultant insulin resistance.

Screening should be done at baseline, upon initi-
ation or change in HAART, and every 6 to 12 months
thereafter and consists of anthropometric measure-
ments (WC, waist-to-hip ratio, thigh circumference),
bloodwork (fasting blood glucose + 2-hour OGTT
fasting lipid profile), and selected imaging (DEXA).

Management should not only address each of
these features, but also encompass comprehensive
CV risk factor modification. Polylactic acid injections

remain the only successful therapy for facial lipo-
atrophy. Exercise and growth hormone replacement
therapy have been used with some success for vis-
ceral abdominal fat deposition. Metformin has been
used in this setting, as well as for insulin resistance
and type 2 diabetes. Caution must be exercised given
the risk of lactic acidosis in this population on con-
current NRTI. Diet, exercise, statins, and fibrates
remain the cornerstones of therapy for dyslipidemia,
with care taken to minimize drug-drug interactions.
Finally, although changes in HAART have had mixed
results with respect to lipoatrophy and lipodeposi-
tion, improvements in dyslipidemia were consistently
seen, especially with PI regimens switched to nevi-
rapine or abacavir, and virologic and immunologic
control were maintained.
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