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The use of highly active antiretroviral therapy (HAART) in HIV-1 infection confers immunological and
survival advantages, at the cost of induction of significant metabolic disturbances. These include
insulin resistance, disturbances in lipid metabolism, glucose homeostasis, adipocyte physiology and
body fat partitioning with peripheral lipoatrophy and visceral obesity. These metabolic disturbances
produce clinical manifestations which impact on the future health of the HIV-infected patient, including
hyperlipidaemia, lipodystrophy, metabolic syndrome, cardiovascular disease and type 2 diabetes.
These conditions are evident in the relative short term as HAART (and possibly HIV infection) appears
to accelerate their pathogenesis. The current understanding of the mechanisms and time courses for
developing metabolic complications on HAART is reviewed in this paper. The efficacy of therapeutic
interventions for insulin resistance, hyperlipidaemia, body fat partitioning disorders and metabolic
syndrome is summarized.
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Introduction

The treatment of HIV infection with highly active antiretroviral
therapy (HAART) confers significant morbidity and survival
benefits. The advent of effective drugs, which restore immune
system function and suppress viral replication, has transformed a
once-fatal disease to significantly improved life expectancy. The
cost of improved immune function and longevity may include
metabolic complications however, which have become apparent
with increasingly widespread and longer term use of HAART.
These include hyperlipidaemia, insulin resistance, diabetes mel-
litus and disturbances in body fat partitioning. This leading
article will describe the metabolic complications of HAART,
specifically disturbances in glucose metabolism, lipids and body
fat partitioning, with reference to emerging evidence of adverse
long-term sequelae, specifically premature cardiovascular
disease and type 2 diabetes, and review the current knowledge
of efficacy of therapeutic interventions.

HAART can currently be divided into five drug classes: pro-
tease inhibitors (indinavir, ritonavir, nelfinavir, fosamprenavir,
saquinavir, atazanavir, tipranavir and darunavir), nucleoside
reverse transcriptase inhibitors (NTRIs) (stavudine, zidovudine,
lamivudine, abacavir, didanosine, tenofovir and emtricitabine),
non-nucleoside reverse transcriptase inhibitors (NNTRIs) (efa-
viranz and nevirapine) and the newer classes, entry inhibitors
(fusion inhibitors: enfuvirtide; and CCR5 inhibitors: maraviroc)
and integrase inhibitors (raltegravir). At the time of writing, no

metabolic data have been reported from Phase 3 clinical trials:
(enfuvirtide, TORO; maraviroc, MOTIVATE 1 and MOTIVATE
2; and raltegravir, BENCHMRK-1 and BENCHMRK-2).

Defining the metabolic complications

Insulin resistance

Insulin resistance refers to the reduced action of circulating
insulin to induce uptake of glucose into cells, where glucose
then serves as a major substrate for cellular function. Insulin
stimulates its cell surface receptor, which sets up a phosphoryla-
tion cascade, firstly of insulin receptor substrate-1 which in turn
initiates a number of further phosphorylation reactions. These
eventually result in translocation of one form of glucose trans-
porters, glucose transporter 4 (GLUT4), from the cytosol to the
cell surface where it facilitates glucose entry into the cell. There
are many points in this complex pathway where reduced insulin
action may be induced. For example, it is known that high circu-
lating fatty acids, through a mechanism termed lipotoxicity,
interfere with post-insulin receptor signalling pathways.1 This is
one of the mechanisms postulated to occur in the common form
of obesity-induced insulin resistance and type 2 diabetes.

Insulin resistance underlies many metabolic conditions. It is
a core feature of type 2 diabetes and accompanies abdominal
obesity. It is present in atherothrombotic cardiovascular disease.
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It underlies the dyslipidaemia characterized by hypertriglyceri-
daemia and low HDL cholesterol. Insulin resistance is also
recognized as the core component of the metabolic syndrome
(discussed below), having been described by Reaven2 as the
‘common soil’ from which all metabolic diseases develop.
Insulin resistance is considered to be the link between the clus-
tering of metabolic disturbances within ‘metabolic syndrome’,
including abdominal obesity, diabetes, heart disease, hyperten-
sion and dyslipidaemia.

Insulin resistance is a pathophysiological state, which can be
inferred from historical, clinical and laboratory data. Historically
these include family history of type 2 diabetes or cardiovascular
disease; clinically, abdominal obesity and hypertension; and bio-
chemically, the presence of disturbed glucose metabolism and
dyslipidaemia. Insulin resistance is, however, difficult to quan-
tify and there are no valid measures available for clinical prac-
tice.3,4 The gold standard measure is the hyperinsulinaemic
euglycaemic clamp, an invasive technique that is resource and
time intensive, and suitable for research alone. Surrogate esti-
mates such as fasting insulin and the homeostasis model assess-
ment5 are again only suitable for research and epidemiological
settings.

Prior to the advent of HAART, studies of insulin resistance in
HIV infection showed normal insulin action.6,7 Protease inhibi-
tors, among HAART drug classes, have been shown specifically
to induce insulin resistance in humans and in vitro. Early
descriptions of insulin resistance in HIV-infected HAART reci-
pients were in the context of drug-induced lipodystrophy,8 – 10

a known insulin resistant state. In studies using hyperinsulinae-
mic euglycaemic clamp, HIV-infected subjects with lipodystro-
phy using protease inhibitors had insulin action half that of age-,
BMI- and waist-matched HIV-infected controls who had never
used protease inhibitors.10 Insulin resistance develops rapidly
after a single dose of the protease inhibitor indinavir, in healthy,
HIV-negative subjects, with a reduction in insulin sensitivity (by
hyperinsulinaemic euglycaemic clamp) of �30%.11 In vitro
studies have shown indinavir acutely reduced insulin-stimulated
glucose uptake in an adipocyte cell line.12 At a cellular level,
mechanisms of protease inhibitor-induced insulin resistance have
been found to be independent of early steps in post-insulin recep-
tor signalling and with intact insulin-induced GLUT4 transloca-
tion.11 Importantly, numerous protease inhibitors reduced
glucose uptake, with indinavir being most potent.11 In a different
cell line in culture, protease inhibitors reduced GLUT4 transloca-
tion by some 50%, independently of insulin signalling path-
ways.11 More recently, non-competitive, reversible binding of
protease inhibitors to GLUT4 has been demonstrated.13 In
addition to these selective effects on glucose transporter mol-
ecules, indinavir in cell culture has also been shown to reduce
phosphorylation of a key step in post-receptor insulin signalling
and that of mitogen-activated protein kinase activation.14

Although in vitro studies have suggested that most protease
inhibitors will reduce insulin action in studies of drug incubation
in cell lines,11 prospective human studies indicate that there may
be differences between protease inhibitors. For example, a study
of the protease inhibitor amprenavir (in triple therapy HAART)
found no change in surrogate measures of insulin resistance at
24 weeks.15 By 48 weeks there was a trend towards insulin
resistance; however, increased truncal fat and hyperlipidaemia
had also developed and may have explained alterations in
insulin resistance.15 Further, in vivo studies of non-infected

volunteers showed that atazanavir (with boosting doses of ritona-
vir) did not alter glucose excursions following an oral glucose
tolerance test.16 Thus, human in vivo studies indicate drug-
specific differential effects on glucose metabolism within the
protease inhibitor class.

Protease inhibitors may exert specific effects on insulin resist-
ance through pathways independent of those defined for insulin-
mediated glucose uptake. The protease inhibitor indinavir has
been shown to reduce adipocyte differentiation, by reducing
levels of the potent adipogenic proteins sterol regulatory
element-binding protein-1 (SREBP-1) and peroxisome
proliferator-activated receptor-g (PPAR-g).14 The process of adi-
pogenesis appears to be critical to normal insulin sensitivity,
since it is increasingly understood that normal adipocyte func-
tion and adipocyte-derived cytokines (such as adiponectin) con-
tribute to insulin sensitivity, though mechanisms are yet to be
fully elucidated.

Disturbances of glucose metabolism and risk

for type 2 diabetes

Prior to the availability of HAART, type 2 diabetes was rela-
tively uncommon in HIV infection. Early reports indicating an
increased prevalence of disorders of glucose metabolism were
derived in cohorts of patients with lipodystrophy. In the first of
these studies, the prevalence of diabetes was 2% among protease
inhibitor recipients with lipodystrophy,8 rising to 7% over 14
months of observation.9 The overall prevalence of disorders of
glucose metabolism (diabetes mellitus, impaired fasting glucose
and impaired glucose tolerance) was 25%.9 Other early studies
also report higher rates of type 2 diabetes in HIV-associated
lipodystrophy: 7% compared with 0.5% of otherwise healthy
controls; impaired glucose tolerance was present in more than
35% of HIV-infected patients as compared with 5% of con-
trols.17 These and other early studies18 require consideration
within the historical context of drugs commonly used in
HAART. Specifically, in the early HAART era, certain protease
inhibitors, such as indinavir and ritonavir, were commonly used
in drug regimens. These particular drugs have potent effects on
insulin resistance described above and are used less frequently
currently as major components of HAART regimens.

More recently, prospective studies report 10% of HIV
patients treated with HAART developed diabetes during 4 years
of follow-up, compared with 3% in HIV-seronegative men.19

After adjusting for age and BMI, this difference represented a
.4-fold increase in relative risk of developing diabetes.19

Human studies have shown a 25% to 50% reduction in measures
of insulin secretion and b-cell function after 12 weeks of pro-
tease inhibitor added to pre-existing NRTI or commenced in
addition to NRTI.20

Apart from direct protease inhibitor-induced effects on
insulin resistance described above, discrete and independent
insults to glucose metabolism may arise from HAART-induced
dyslipidaemia and lipotoxicity, and effects on adipokine metab-
olism and lipodystrophy. These are discussed in turn below.
Further insults to glucoregulation are the effects of HAART
subtypes on pancreatic b-cell insulin production. Protease
inhibitors have been shown to reduce insulin secretion in vivo.20

In vitro work in the insulin-secreting cell line INS-1 have shown
a gradation of impairment of insulin with different protease
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inhibitors.21 Cell culture studies of rodent islets and the MIN6
b-cell line have also shown protease inhibitors impair glucose
sensing and inhibit insulin release.22 Although mechanisms for
these effects are not clear, GLUT-2 is a candidate since it is
considered to be involved in glucose sensing which is necessary
for initiation of the insulin secretion cascade.

NRTIs may have distinct effects on diabetogenesis: NRTIs
induce mitochondrial dysfunction, with well-documented effects
on adipose tissue and hepatic and neurological toxicities. NRTIs
inhibit mitochondrial DNA polymerase-g, impairing synthesis of
mitochondrial enzymes generating ATP. Recent studies have
highlighted that NRTI-induced mitochondrial toxicity may
extend to diabetogenesis: in HIV-infected women, NRTI
exposure increased the relative risk of development of diabetes
by 80% for NRTI exposure ,3 years and more than doubled
risk for exposure exceeding 3 years.23 The potential role of
NRTI-induced mitochondrial toxicity in the development of dia-
betes is relatively unexplored, but may be critical.

Disturbances of lipid metabolism and risk

for cardiovascular disease

Numerous studies have reported increased risk for CVD in
HIV-infected HAART-recipients.24 – 30 Most recently the DAD:
study reported a 32% increase in the relative risk of CVD over
the 5 years following initiation of HAART; this risk appeared
greater with protease inhibitor exposure.27 This study found
increases in traditional cardiovascular risk factors occurred in
parallel to the increased incidence of CVD events reported.27

Importantly, in non-infected patients, lipid abnormalities are
observed perhaps for decades prior to the clinical manifestation
of CVD; in contradistinction, CVD appears to develop early
after the onset of relatively mild LDL changes. A retrospective
cohort study recently reported higher rates of acute myocardial
infarction in HIV-infected patients compared with non-infected
patients; rates of hypertension and diabetes were higher in
HIV-infected patients.28 The relative risk of acute myocardial
infarction was almost doubled after adjustment for age, gender,
race, diabetes, dyslipidaemia and hypertension; however, gender
stratification analyses indicated a greater susceptibility for
women than men.28 Not all studies have shown increased cardio-
vascular risk.29 Many of the published studies in this area are
limited by factors such as retrospective study design, incomplete
case ascertainment, event definitions, relatively low event rates
and incomplete HAART exposure data. The observation of poss-
ibly increased cardiovascular risk is not explained by the current
state of knowledge of mechanisms for accelerated atherogenesis
in this patient group.

HIV infection per se is associated with disturbances in lipids
including low total-, HDL- and LDL-cholesterol and hypertri-
glyceridaemia.31 The virus (or fluctuations in its activity) itself
may increase cardiovascular risk. The SMART study found a
60% increase in the relative risk of fatal or non-fatal cardiovas-
cular disease in patients who had interrupted HAART (drug con-
servation) compared with continuous viral suppression.30

Whether these findings are explained by discrete effects of the
virus on atherogenesis or effects of the host-response to the
virus in promoting atherogenesis is unclear.

Several cross-sectional studies of HAART recipients have
shown increased carotid intima-medial thickness (IMT).32 – 35

The largest prospective study to date has shown no differences
in rate of progression of IMT over 3 years between HIV-infected
subjects receiving protease inhibitors, on non-protease inhibitor
HAART and uninfected controls, matched for age, gender, ethni-
city, smoking status and blood pressure.32 Cross-sectional
studies have also shown no difference in IMT in non-smoking
HIV-infected HAART recipients, irrespective of total-cholesterol
levels.33 In contrast, a large case–control study found site-
specific differences in IMT: IMT values were 24% greater at the
carotid bifurcation in HIV-infected HAART recipients compared
with age- and gender-matched controls and nearly 6% greater in
the common carotid artery.34 Vascular risk was increased by 4%
to 14%.34 Lipodystrophy appears to have an additional impact
on IMT: the risk of carotid IMT is increased 3-fold in
HIV-infected HAART recipients with lipodystrophy.
Interestingly, IMT was related to circulating levels of monocyte
chemoattractant protein-1, which were higher in those subjects
with lipodystrophy.35 Studies in HIV-infected subjects at low
cardiovascular risk (non-smokers and normal lipids) have
demonstrated endothelial dysfunction using brachial artery ultra-
sound.36 Other studies have also demonstrated worse endothelial
dysfunction in HIV infection in subjects with higher HIV viral
load,37,38 suggesting HIV itself and/or host responses are
involved in the pathogenesis of atherosclerotic arterial disease.

Protease inhibitor therapy increases fasting total- and
HDL-cholesterol and triglycerides with variations within the
drug class; ritonavir induces greater dyslipidaemia, and atazana-
vir exerts the mildest effects.39 Lipid effects occur early; studies
in HIV-negative subjects show increases after 2 weeks of ritona-
vir.40 The NRTI and NNRTI HAART classes also induce lipid
disturbances41 and, in combination, the lipid disturbances are
more pronounced.42 Combined therapy induces more severe
lipid disturbances than single therapy and those patients with
higher triglycerides at HAART initiation show the greatest
deterioration in LDL-cholesterol and triglycerides.43

Body fat partitioning disorders: lipodystrophy

Lipodystrophy refers to changes in body fat partitioning.
Lipoatrophy refers to diminution of fat tissue which, in
HIV-infected HAART recipients, occurs specifically in the sub-
cutaneous tissues of the limbs. There can be body fat redistribu-
tion, with increased fat deposition in the central region,
predominantly in the visceral fat depot, but also in the upper
chest, breasts and dorsocervical hump. Lipodystrophy has not
been observed in patients with long-term, non-progressive HIV
infection and thus is not considered to be due to HIV per se.
This form of wasting is to be distinguished from the wasting
syndromes that characterized untreated HIV infection early in
the history of the disease, which was due to loss of lean muscle
mass.

In the era of HAART, body fat partitioning changes appear
early after HAART initiation and is progressive.8,9,44 Factors
associated with lipoatrophy include HAART duration and CD4
count at HAART initiation.45 Numerous studies have now estab-
lished that NRTI use is the major contributor to peripheral lipoa-
trophy,44,46 – 48 particularly stavudine. NRTIs affect DNA
polymerase-g and deplete mitochondrial DNA, shown in the adi-
pocytes of HIV-negative volunteers following 6 weeks of either
zidovudine/lamivudine or stavudine/lamivudine49 and more
recently in adipocytes of HIV-infected stavudine recipients,
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where mitochondrial DNA depletion was predicted by duration
of stavudine therapy.50 Lactic acidosis, a biochemical index of
mitochondrial dysfunction, is associated with worse
lipoatrophy.51

The diagnosis of lipodystrophy is made clinically, often
aided by the patient’s own perception of fat attrition. Apart from
loss of subcutaneous fat, prominence of musculature of the
limbs and veins is other sign. Anthropometry can document
redistribution of fat to the abdominal region, with a simple waist
measure useful in detection and metabolic risk evaluation. Dual
energy X-ray absorptiometry can also document limb and
abdominal fat, though is resource intensive. Measures such as
CT and MRI visceral fat are useful tools in research, though
costly; the clinical utility of CT is limited by potential risks
from cumulative radiation exposure.

Initial hypotheses regarding the pathogenesis of lipodystro-
phy suggested a major role for protease inhibitors: the homology
of protease inhibitors to retinoic acid binding protein resulted in
interference with key steps in adipocyte differentiation, thereby
inducing apoptosis.52 Numerous studies have now tested this
hypothesis by using thiazolidinediones in HAART-associated
lipodystrophy with the aim of increasing signalling down this
pathway of adipocyte differentiation; however, no longer term
increase in adipose mass has been found.53 – 55 Subsequent
studies indicate complex protease inhibitor effects on adipocytes.
Effects upstream of PPAR-g have been suggested to play a cau-
sative role in lipoatrophy, with evidence of inhibition of the
SREBP-1 activation of the RXR-PPAR-g heterodimer14 in adi-
pocytes derived from HIV-infected subjects; however, multiple
other effects have been shown in vitro. Studies of both protease
inhibitors and NRTIs suggest diverse effects in differentiating
and differentiated adipocyte cell lines, with marked alteration in
the expression and secretion of the adipokines IL-6, TNFa,
IL-1b and adiponectin in differentiating adipocyte cell lines and
little or less marked effect in differentiated cell lines.56

Peripheral adipocytes derived from lipoatrophic subjects show
lower concentrations of adipogenic factors critical to adipocyte
differentiation pathways, compared with uninfected controls.57

In vivo studies of the NRTIs in seronegative humans show
effects on the functionality of adipocyte mitochondria, with
decreased transcription of mitochondrial RNA.49 This study also
reported down-regulation of PPAR-g and, concomitantly, peroxi-
some proliferator-activated receptor-g coactivator-1, which is
perhaps central to adipocyte nuclear responses to mitochondrial
dysfunction.49

Metabolic syndrome

Metabolic syndrome describes the clustering of abdominal
obesity, disorders of lipid and glucose metabolism and hyperten-
sion, phenotypes closely associated with visceral obesity, meta-
bolic dysregulation, and risk for type 2 diabetes and
cardiovascular disease. Although controversy and debate exist
around its relative importance compared with individual risk
factors and its definition, two definitions have been promulgated
internationally by pre-eminent scientific bodies, notably the
American Heart Association58 and the International Diabetes
Federation.59

Numerous studies have now estimated the prevalence of
metabolic syndrome in HIV-positive HAART recipients. The
prevalence of metabolic syndrome has been reported as 14% to

25%.60 – 63 Metabolic syndrome prevalence was either similar
to62,63 or greater61 than that of control groups. Metabolic syn-
drome in HIV-infected HAART recipients was associated with
greater insulin resistance and lipid disturbances, and a
pro-inflammatory milieu with higher C-reactive protein levels
and lower adiponectin levels.60 Metabolic syndrome presence
was associated with higher BMI, higher viral load, and use of
ritonavir-boosted lopinavir and didanosine.62 Interestingly, two
studies suggest specific anthropometric limitations to the meta-
bolic syndrome definitions promulgated when applied to
HIV-infected HAART recipients. Waist circumferences were
lower in HIV-infected HAART recipients compared with the
uninfected population despite similar prevalence rates for meta-
bolic syndrome,62 and 50% of HIV-infected HAART recipients
met non-anthropometric criteria for metabolic syndrome, but this
reduced to 17% when waist-based anthropometric cutoffs were
applied.60 As such, metabolic syndrome definitions may not be
sufficiently sensitive for HIV-infected HAART recipients.

Two studies have reported the incidence of metabolic syn-
drome after HAART initiation. One study found the prevalence
of metabolic syndrome increased from 16% to 25% over 48
weeks, with an incidence rate of 14/100 patient years.64 A recent
3 year study following HAART initiation in treatment-naive
patients reported a baseline prevalence of metabolic syndrome of
9% and an incidence of 12/100 patient years.65 The relative risk
of developing diabetes was increased 4-fold in those with meta-
bolic syndrome prior to HAART commencement.65 In those
developing metabolic syndrome on HAART, the risk of diabetes
was increased 4- to 5-fold and cardiovascular disease 3-fold.65

In HIV-infected HAART recipients, intermediary measures
of atherosclerosis, such as carotid artery IMT were greater in
those with metabolic syndrome than without.66 Carotid IMT
was similar between HIV-infected BMI- and age-matched
HIV-negative women.67 Carotid IMT was greater, however, in a
subgroup receiving protease inhibitor compared with other
HIV-infected subjects and HIV-negative controls.67 In a 3 year
prospective controlled study, carotid IMT progression was not
linked to HIV-HAART or subtype, but to LDL-cholesterol and
homocysteine levels.68 Carotid IMT has been found to relate to
epicardial fat thickness and visceral adipose tissue measures in
HIV-infected HAART recipients; those with metabolic syn-
drome had significantly higher IMT and epicardial fat
thickness.69

Metabolic syndrome in HIV-infected HAART recipients rep-
resents the sum of drug toxicities on glucose and lipids,
impaired adipose tissue function, underlying genetic predisposi-
tion to metabolic disease, and environmental pressures of poor
diet, sedentariness and socioeconomic status. Further studies on
whether there is unique susceptibility of HIV-infected HAART
recipients are awaited.

Therapeutic approaches in managing the metabolic
complications of HAART

The primary aim of treatment in HIV infection is to suppress
viral replication and reduce viral load. Longer term management
of HAART recipients requires screening for the physical and
metabolic complications described above. Readers are also
referred to a recent review of this topic.45
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Disorders of glucose metabolism: insulin resistance,

impaired glucose tolerance and type 2 diabetes mellitus

Disorders of glucose metabolism such as impaired glucose tole-
rance and type 2 diabetes will respond to lifestyle modification,
including regular physical activity, caloric restriction and modest
weight (waist) reduction. Some of the most convincing data
arise from the Diabetes Prevention Programme, which found
modest weight reduction and increased physical activity reduced
the conversion of impaired glucose tolerance to frank diabetes
by nearly 60%.70 Thus, all patients should be engaged in life-
style strategies promoting weight maintenance in those of
healthy weight (and waist). Patients who are overweight or
obese may be considered at high risk for disorders of glucose
metabolism, since the added lipotoxic burden of obesity may
accelerate the metabolic complications of HAART. Where
resources are available, these patients should be targeted for
active lifestyle improvement and weight reduction.

Metformin has been found to improve insulin sensitivity and
reduce abdominal fat in HIV-infected HAART recipients with
lipodystrophy and may be beneficial in the management of abdomi-
nal obesity.71,72 It is generally well tolerated but care should be
exercised in patients at risk of lactic acidosis; heart failure and
renal impairment are also relative contraindications. The thiazolidi-
nediones class of insulin sensitizers has been shown in numerous
studies to reduce insulin resistance in HIV-associated lipodystro-
phy9,71,72 and may be considered in those patients with type 2
diabetes and impaired glucose tolerance. Limitations of this drug
class include fluid retention and possible exacerbation of risk for
cardiac morbidity. Adequate glucose control may require standard
antidiabetic approaches such as sulfonylurea and insulin therapy.

Lipid disorders

Interventions for treating HAART-associated dyslipidaemia
include lifestyle modification such as reduction in dietary fat
intake from saturated sources, increased physical activity and
weight reduction where obesity is present. Where these strategies
are unsuccessful in reducing lipids to the normal range, drug
therapy is indicated. Drug therapy needs to consider the relative
increases in each of LDL-cholesterol and triglycerides. Standard
LDL-lowering therapy with HMGCoA reductase inhibitors is
more complex than usual, since protease inhibitors alter hepatic
cytochrome P450 metabolism of most statins, either potentiating
or attenuating statin levels. Pravastatin appears the least affected.
Few data exist on the efficacy of ezetimibe (which reduces choles-
terol absorption) in HIV-infected HARRT recipients.

Where hypertriglyceridaemia predominates, fibrate therapy
with either gemfibrozil or fenofibrate is appropriate; modest
benefits using fish oil supplementation73 and acipimox74 have
also been reported.

Lipodystrophy

Lipodystrophy remains the most difficult HAART complication
to reverse. Switching NRTIs from the thymidine analogues
stavudine or zidovudine to abacavir has shown modest improve-
ment; an 11% increase in limb fat at 6 months.75 At 2 years, the
increase in limb fat was 35%.76 Benefits of a change in HAART
composition need to be weighed up against the toxicities of other
agents and the risk of hypersensitivity reactions to abacavir.

Thymidine-analogue sparing NRTI regimens in treatment-naive
HIV-infected subjects have shown sparing of limb fat with sig-
nificantly higher arm fat at 3 years.48

Numerous studies have evaluated the effects of thiazolidine-
diones, insulin-sensitizing agents used in type 2 diabetes, which
promote peripheral fat deposition. Numerous placebo-controlled
studies have evaluated the potential effects of these drugs in
lipoatrophy associated with HAART, with variable or no mea-
surable effect on body fat, summarized elsewhere.77 The largest
and longest randomized trial to date did not find any effect on
fat mass, despite improvements in insulin resistance and adipo-
nectin levels.9 Co-existent NRTI use may mitigate against the
potential effects of thiazolidinediones. Lipid-lowering therapy
with pravastatin produces a small increase in limb fat;78 the
mechanism of this effect is unclear.

Strategies to reduce abdominal obesity have shown more
benefit. Metformin has been found to reduce visceral and subcu-
taneous abdominal fat, in addition to insulin resistance.79 These
benefits are augmented by concomitant increases in physical
activity.80 Combination rosiglitazone and metformin therapy did
not reduce visceral obesity in HAART recipients, though insulin
resistance was reduced.81 Growth hormone therapy has been
reported to reduce abdominal fat, in association with improved
lipids.82 Studies with the growth hormone secretagogue, growth
hormone releasing hormone, also reduced abdominal visceral fat
without altering parameters of lipid and glucose metabolism.83

A trial of recombinant methionyl human leptin in lipodystrophy
reduced truncal fat and improved insulin resistance, but did not
increase measures of peripheral fat.84

Metabolic syndrome

Few studies have been published examining interventions to
benefit metabolic syndrome in HAART. An intensive lifestyle
modification programme of HIV-infected subjects with meta-
bolic syndrome reduced waist and blood pressure but not
lipids.85 Further studies are required.

Summary

Metabolic complications associated with HAART in HIV infec-
tion increase the risk for cardiovascular disease and diabetes.
Drug-induced disturbances in lipids, insulin resistance and adi-
pocyte physiology are implicated. Careful evaluation to detect
and active strategies to ameliorate these metabolic complications
are now part of the clinical expertise of physicians involved in
the management of HIV infection.

Transparency declarations

None to declare.

References

1. McGarry JD. Banting Lecture 2001: dysregulation of fatty acid

metabolism in the etiology of type 2 diabetes. Diabetes 2002; 51:

7–18.

2. Reaven GM. Banting Lecture 1988. Role of insulin resistance in

human disease. Diabetes 1988; 37: 1595–607.

Leading article

242



3. Samaras K, McElduff A, Twigg S et al. Insulin resistance:

phantom of the metabolic opera. Med J Aust 2006; 185: 159–61.

4. Samaras K, Campbell LV. Insulin resistance: more important to

identify than quantitate. Nephrology 2005; 10: 597–8.

5. Matthews DR, Hosker JP, Rudenski AS et al. Homeostasis

model assessment: insulin resistance and beta-cell function from

fasting plasma glucose and insulin concentrations in man. Diabetologia

1985; 28: 412–9.

6. Hellerstein MK, Grunfeld C, Wu K et al. Increased de novo

hepatic lipogenesis in human immunodeficiency virus infection. J Clin

Endocrinol Metab 1993; 76: 559–65.

7. Hommes MJ, Romijn JA, Endert E et al. Insulin sensitivity and

insulin clearance in human immunodeficiency virus-infected men.

Metabolism 1991; 40: 651–6.

8. Carr A, Samaras K, Burton S et al. A syndrome of peripheral

lipodystrophy, hyperlipidaemia and insulin resistance due to HIV pro-

tease inhibitors. AIDS 1998; 12: F51–8.

9. Carr A, Samaras K, Thorisdottir A et al. Diagnosis, prediction,

and natural course of HIV-1 protease-inhibitor-associated lipodystro-

phy, hyperlipidaemia, and diabetes mellitus: a cohort study. Lancet

1999; 353: 2093–9.

10. Gan SK, Samaras K, Thompson CH et al. Altered myocellular

and abdominal fat partitioning predict disturbance in insulin action in

HIV protease inhibitor-related lipodystrophy. Diabetes 2002; 51:

3163–9.

11. Noor MA, Seneviratne T, Aweeka FT et al. Indinavir acutely inhi-

bits insulin-stimulated glucose disposal in humans: a randomized,

placebo-controlled study. AIDS 2002; 16: F1–8.

12. Murata H, Hruz PW, Mueckler M. The mechanism of insulin

resistance caused by HIV protease inhibitor therapy. J Biol Chem

2000; 275: 20251–4.

13. Hertel J, Struthers H, Horj CB et al. A structural basis for the

acute effects of HIV protease inhibitors on GLUT4 intrinsic activity.

J Biol Chem 2004; 279: 55147–52.

14. Caron M, Auclair M, Vigouroux C et al. The HIV protease inhibi-

tor indinavir impairs sterol regulatory element-binding protein-1 intra-

nuclear localization, inhibits preadipocyte differentiation and induces

insulin resistance. Diabetes 2001; 50: 1378–88.

15. Dube MP, Qian D, Edmondson-Melancon H et al. Prospective,

intensive study of metabolic changes associated with 48 weeks of

amprenavir-based antiretroviral therapy. Clin Infect Dis 2002; 35:

475–81.

16. Noor MA, Flint OP, Maa JF et al. Effects of atazanavir/ritonavir

and lopinavir/ritonavir on glucose uptake and insulin sensitivity:

demonstrable differences in vitro and clinically. AIDS 2006; 20:

1813–21.

17. Hadigan C, Meigs JB, Corcoran C et al. Metabolic abnormalities

and cardiovascular disease risk factors in adults with human immuno-

deficiency virus infection and lipodystrophy. Clin Infect Dis 2001; 32:

130–9.

18. Tsiodras S, Mantzoros C, Hammer S et al. Effects of protease

inhibitors on hyperglycemia, hyperlipidemia, and lipodystrophy: a

5-year cohort study. Arch Intern Med 2000; 160: 2050–6.

19. Brown TT, Cole SR, Li X et al. Antiretroviral therapy and the

prevalence and incidence of diabetes mellitus in the multicenter AIDS

cohort study. Arch Intern Med 2005; 165: 1179–84.

20. Woerle HJ, Mariuz RR, Meyer C et al. Mechanisms for the

deterioration in glucose tolerance associated with HIV protease inhibi-

tor regimens. Diabetes 2003; 52: 918–25.

21. Schutt M, Zhou J, Meier M et al. Long-term effects of HIV-1 pro-

tease inhibitors on insulin secretion and insulin signaling in INS-1 b

cells. J Endocrinol 2004; 183: 445–54.

22. Koster JC, Remedi MS, Qui H et al. HIV protease inhibitors

acutely impair glucose-stimulated insulin release. Diabetes 2003; 52:

1695–700.

23. Tien PC, Schneider MF, Cole SR et al. Antiretroviral therapy

exposure and incidence of diabetes mellitus in the Women’s

Interagency HIV Study. AIDS 2007; 21: 1739–45.

24. Depairon M, Chessex S, Sudre P et al. Premature atherosclero-

sis in HIV-infected individuals—focus on protease inhibitor therapy.

AIDS 2001; 15: 329–34.

25. Friis-Møller N, Weber R, Reiss P et al. Cardiovascular risk

factors in HIV patients: association with antiretroviral therapy. AIDS

2003; 17: 1179–93.

26. Friis-Møller N, Sabin CA, Weber R et al. Combination anti-

retroviral therapy and the risk of myocardial infarction. N Engl J Med

2003; 349: 1993–2003.

27. DAD Study Group, Friis-Moller N, Reiss P, Sabin CA et al. Class

of antiretroviral drugs and the risk of myocardial infarction. N Engl J

Med 2007; 356: 1723–35.

28. Triant VA, Lee H, Hadigan C et al. Increased acute myocardial

infarction rates and cardiovascular risk factors among patients with

human immunodeficiency virus disease. J Clin Endocrinol Metab 2007;

92: 2506–12.

29. Bozzette SA, Ake CF, Tam HK et al. Cardiovascular and cere-

brovascular events in patients treated for human immunodeficiency

virus infection. N Engl J Med 2003; 348: 702–10.

30. Strategies for Management of Antiretroviral Therapy (SMART)

Study Group, El-Sadr WM, Lundgren JD, Neaton JD et al. CD4þ
count-guided interruption of antiretroviral treatment. N Engl J Med

2006; 355: 2283–96.

31. Grunfeld C, Kotler DP, Hamadeh R et al. Hypertriglyceridemia in

the acquired immunodeficiency syndrome. Am J Med 1989; 86: 27–31.

32. Currier JS, Kendall MA, Henry WK et al. Progression of carotid

artery intima-media thickening in HIV-infected and uninfected adults.

AIDS 2007; 21: 1137–45.

33. Lebech AM, Wiinberg N, Kristoffersen US et al. Carotid intima-

media thickness in HIV patients treated with antiretroviral therapy. Clin

Physiol Funct Imaging 2007; 27: 173–9.

34. Lorenz MW, Stephan C, Harmjanz A et al. Both long-term HIV

infection and highly active antiretroviral therapy are independent risk

factors for early carotid atherosclerosis. Atherosclerosis 2007 [Epub

ahead of print].

35. Coll B, Parra S, Alonso-Villaverde C et al. HIV-infected patients

with lipodystrophy have higher rates of carotid atherosclerosis: the role

of monocyte chemoattractant protein-1. Cytokine 2006; 34: 51–5.

36. Blanco JJ, Garcia IS, Cerezo JG et al. Endothelial function in

HIV-infected patients with low or mild cardiovascular risk. J Antimicrob

Chemother 2006; 58: 133–9.

37. Solages A, Vita JA, Thornton DJ et al. Endothelial function in

HIV-infected persons. Clin Infect Dis 2006; 42: 1325–32.

38. Blum A, Hadas V, Burke M et al. Viral load of the human immu-

nodeficiency virus could be an independent risk factor for endothelial

dysfunction. Clin Cardiol 2005; 28: 149–53.

39. Sax PE, Kumar P. Tolerability and safety of HIV protease inhibi-

tors in adults. J Acquir Immune Defic Syndr 2004; 37: 1111–24.

40. Purnell JQ, Zambon A, Knopp RH et al. Effect of ritonavir on

lipids and post-heparin lipase activities in normal subjects. AIDS 2000;

14: 51–7.

41. Friis-Moller N, Weber R, Reiss P et al. Cardiovascular disease

risk factors in HIV patients—association with antiretroviral therapy.

Results from the DAD study. AIDS 2003; 17: 1179–93.

42. Fontas E, van Leth F, Sabin CA et al. Lipid profiles in

HIV-infected patients receiving combination antiretroviral therapy: are

Leading article

243



different antiretroviral drugs associated with different lipid profiles? J

Infect Dis 2004; 189: 1056–74.

43. Shlay JC, Bartsch G, Peng G et al. Long-term body composition

and metabolic changes in antiretroviral naive persons randomized to

protease inhibitor-, nonnucleoside reverse transcriptase inhibitor-,

or protease inhibitor plus nonnucleoside reverse transcriptase inhibitor-

based strategy. J Acquir Immune Defic Syndr 2007; 44: 506–17.

44. Mulligan K, Tai VW, Algren H et al. Altered fat distribution in

HIV-positive men on nucleoside analog reverse transcriptase inhibitor

therapy. J Acquir Immune Defic Syndr 2001; 26: 443–8.

45. Wohl DA, McComsey G, Tebas P et al. Current concepts in the

diagnosis and management of metabolic complications of HIV infection

and its therapy. Clin Infect Dis 2006; 43: 645–53.

46. Mallal SA, John M, Moore CB et al. Contribution of nucleoside

analogue reverse transcriptase inhibitors to subcutaneous fat wasting

in patients with HIV infection. AIDS 2000; 14: 1309–16.

47. van der Valk M, Gisolf EH, Reiss P et al. Increased risk of lipo-

dystrophy when nucleoside analogue reverse transcriptase inhibitors

are included with protease inhibitors in the treatment of HIV-1 infection.

AIDS 2001; 15: 847–55.

48. Gallant JE, Staszewski S, Pozniak AL et al. Efficacy and safety

of tenofovir DF vs stavudine in combination therapy in antiretroviral-

naive patients: a 3-year randomized trial. JAMA 2004; 292: 191–201.

49. Mallon PWG, Unemori P, Sedwell R et al. In vivo, nucleoside

reverse transcriptase inhibitors alter expression of both mitochondrial

and lipid metabolism genes in the absence of mitochondrial DNA

depletion. J Infect Dis 2005; 191: 1686–96.

50. Casula M, van der Valk M, Wit FW et al. Mitochondrial DNA

assessment in adipocytes and peripheral blood mononuclear cells of

HIV-infected patients with lipodystrophy according to a validated case

definition. HIV Med 2007; 8: 32–7.

51. Carr A, Miller J, Law M et al. A syndrome of lipoatrophy, lactic

acidaemia and liver dysfunction associated with HIV nucleoside ana-

logue therapy: contribution to protease inhibitor-related lipodystrophy

syndrome. AIDS 2000; 14: F25–32.

52. Carr A, Samaras K, Chisholm DJ et al. Pathogenesis of

protease-inhibitor-associated syndrome of peripheral lipodystrophy,

hyperlipidaemia and insulin resistance. Lancet 1998; 351: 1881–3.

53. Carr A, Workman C, Carey D et al. Rosiglitazone for the

treatment of HIV lipoatrophy: a randomised, double-blind, placebo-

controlled trial. Lancet 2004; 363: 429–38.

54. Sutinen J, Hakkinen AM, Westerbacka J et al. Rosiglitazone

in the treatment of HAART-associated lipodystrophy—a randomized

double-blind placebo-controlled study. Antivir Ther 2003; 8: 199–207.

55. Cavalcanti RB, Raboud J, Shen S et al. A randomized, placebo-

controlled trial of rosiglitazone for HIV-related lipoatrophy. J Infect Dis

2007; 195: 1754–61.

56. Lagathu C, Bastard JP, Auclair M et al. Antiretroviral drugs with

adverse effects on adipocyte lipid metabolism and survival alter the

expression and secretion of proinflammatory cytokines and adiponectin

in vitro. Antivir Ther 2004; 9: 911–20.

57. Bastard JP, Caron M, Vidal H et al. Association between altered

expression of adipogenic factor SREBP1 in lipoatrophic adipose tissue

from HIV-1-infected patients and abnormal adipocyte differentiation

and insulin resistance. Lancet 2002; 359: 1026–31.

58. Grundy SM, Brewer HB, Cleeman JI et al. Definition of meta-

bolic syndrome. Circulation 2004; 109: 433–8.

59. Alberti KGMM, Zimmet P, Shaw J. The IDF consensus worldwide

definition of the metabolic syndrome. Lancet 2005; 366: 1059–62.

60. Samaras K, Wand H, Law M et al. Metabolic syndrome in

HIV-infected patients using IDF and ATPIII criteria: prevalence, discor-

dance and clinical utility. Diabetes Care 2007; 30: 113–9.

61. Bonfanti P, Giannattasio C, Ricci E et al. HIV and metabolic syn-

drome: a comparison with the general population. J Acquir Immune

Defic Syndr 2007; 45: 426–31.

62. Jacobson DL, Tang AM, Spiegelman D et al. Incidence of meta-

bolic syndrome in a cohort of HIV-infected adults and prevalence rela-

tive to the US population (National Health and Nutrition Examination

Survey). J Acquir Immune Defic Syndr 2006; 43: 458–66.

63. Mondy K, Overton ET, Grubb J et al. Metabolic syndrome in

HIV-infected patients from an urban, midwestern US outpatient popu-

lation. Clin Infect Dis 2007; 44: 726–34.

64. Palacios R, Santos J, Gonzalez M et al. Incidence and preva-

lence of the metabolic syndrome in a cohort of naive HIV-infected

patients: prospective analysis at 48 weeks of highly active antiretroviral

therapy. Int J STD AIDS 2007; 18: 184–7.

65. Wand H, Calmy A, Carey DL et al. Metabolic syndrome, cardio-

vascular disease and type 2 diabetes mellitus after initiation of antire-

troviral therapy in HIV-infection. AIDS 2007; 21: 2445–53.

66. Mangili A, Jacobson DL, Gerrior J et al. Metabolic syndrome

and subclinical atherosclerosis in patients infected with HIV. Clin Infect

Dis 2007; 44: 1368–74.

67. Johnsen S, Dolan SE, Fitch KV et al. Carotid intimal medial

thickness in human immunodeficiency virus-infected women: effects of

protease inhibitor use, cardiac risk factors, and the metabolic syn-

drome. J Clin Endocrinol Metab 2006; 91: 4916–24.

68. Currier JS, Kendall MA, Henry WK et al. Progression of carotid

artery intima-media thickening in HIV-infected and uninfected adults.

AIDS 2007; 21: 1137–45.

69. Iacobellis G, Sharma AM, Pellicelli AM et al. Epicardial adipose

tissue is related to carotid intima-media thickness and visceral adiposity

in HIV-infected patients with highly active antiretroviral therapy-

associated metabolic syndrome. Curr HIV Res 2007; 5: 275–9.

70. Knowler WC, Barrett-Connor E, Fowler SE et al. Reduction in

the incidence of type 2 diabetes with lifestyle intervention or metformin.

N Engl J Med 2002; 346: 393–403.

71. van Wijk JP, de Koning EJ, Cabezas MC et al. Comparison of

rosiglitazone and metformin for treating HIV lipodystrophy: a randomi-

zed trial. Ann Intern Med 2005; 143: 337–46.

72. Hadigan C, Yawetz S, Thomas A et al. Metabolic effects of rosi-

glitazone in HIV lipodystrophy: a randomized, controlled trial. Ann

Intern Med 2004; 140: 786–94.

73. Wohl DA, Tien HC, Busby M et al. Randomized study of the

safety and efficacy of fish oil (omega-3 fatty acid) supplementation with

dietary and exercise counseling for the treatment of antiretroviral

therapy-associated hypertriglyceridemia. Clin Infect Dis 2005; 41:

1498–504.

74. Hadigan C, Liebau J, Torriani M et al. Improved triglycerides

and insulin sensitivity with 3 months of acipimox in human immunodefi-

ciency virus-infected patients with hypertriglyceridemia. J Clin

Endocrinol Metab 2006; 91: 4438–44.

75. Carr A, Workman C, Smith DE et al. Abacavir substitution for

nucleoside analogs in patients with HIV lipoatrophy: a randomized trial.

JAMA 2002; 288: 207–15.

76. Martin A, Smith DE, Carr A et al. Reversibility of lipoatrophy in

HIV-infected patients 2 years after switching from a thymidine

analogue to abacavir: the MITOX Extension Study. AIDS 2004; 18:

1029–36.

77. Grinspoon S. Use of thiazolidinediones in HIV-infected patients:

what have we learned? J Infect Dis 2007; 195: 1731–3.

78. Mallon PWG, Miller J, Kovacic J et al. Changes in body compo-

sition and surrogate markers of cardiovascular disease in hypercholes-

terolaemic HIV-infected men treated with pravastatin—a randomised,

placebo-controlled study. AIDS 2006; 20: 1003–10.

Leading article

244



79. Hadigan C, Corcoran C, Basgoz N et al. Metformin in the treat-

ment of HIV lipodystrophy syndrome: a randomized controlled trial.

JAMA 2000; 284: 472–7.

80. Driscoll SD, Meininger GE, Lareau MT et al. Effects of exercise

training and metformin on body composition and cardiovascular indices

in HIV-infected patients. AIDS 2004; 18: 465–73.

81. Mulligan K, Yang Y, Wininger DA et al. Effects of metformin and

rosiglitazone in HIV-infected patients with hyperinsulinemia and eleva-

ted waist/hip ratio. AIDS 2007; 21: 47–57.

82. Grunfeld C, Thompson M, Brown SJ et al. Recombinant human

growth hormone to treat HIV-associated adipose redistribution syn-

drome: 12 week induction and 24-week maintenance therapy. J Acquir

Immune Defic Syndr 2007; 45: 286–97.

83. Koutkia P, Canavan B, Breu J et al. Growth hormone-releasing

hormone in HIV-infected men with lipodystrophy: a randomized con-

trolled trial. JAMA 2004; 292: 210–8.

84. Lee JH, Chan JL, Sourlas E et al. Recombinant methionyl

human leptin therapy in replacement doses improves insulin resistance

and metabolic profile in patients with lipoatrophy and metabolic syn-

drome induced by the highly active antiretroviral therapy. J Clin

Endocrinol Metab 2006; 91: 2605–11.

85. Fitch KV, Anderson EJ, Hubbard JL et al. Effects of a lifestyle

modification program in HIV-infected patients with the metabolic syn-

drome. AIDS 2006; 20: 1843–50.

Leading article

245


