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The introduction of effective antiretro-
viral therapy (ART) has dramatically
improved the morbidity and mortality
associated with HIV disease and accom-
panying opportunistic diseases. Where
HIV-positive individuals are able to
access antiretroviral therapy HIV is now
considered a chronic disease. Currently
available ARTs are listed in Table 1.

In 2006 there were an estimated 73,000
persons of all ages living with HIV in the
UK; approximately 21,600 (range
17,000–27,800) were unaware of their

infection. Over 52,000 HIV-infected per-
sons accessed care in the UK during
2006, a number that has more than dou-
bled since 1997. Almost 4,000 people
with HIV were aged 55 years or over in
2006, accounting for over one in every
13 persons accessing HIV-related care.1

As patients are living longer, chronic
prevalent diseases of ageing including
cardiovascular disease (CVD) are likely
to contribute more substantially to mor-
bidity and mortality in persons with HIV
infection. This article will consider
whether HIV or ART is an independent
risk factor for CVD or whether any asso-
ciation with CVD is mediated exclusively
through traditional risk factors. It
remains unclear if standard risk evalua-
tion algorithms such as the Framingham
calculator are sufficiently accurate for
decision making for HIV-positive
patients. 

A number of primary or traditional
risk factors for CVD are well established,
including age, smoking, hypertension,
elevated total cholesterol (TC) and low-
density lipoprotein (LDL) cholesterol
levels, diabetes mellitus, obesity and

physical inactivity. Significant differ-
ences in established (especially smoking)
and not traditional (such as inflam-
matory and clotting markers, cocaine
and amphetamine use, specific coinfec-
tions) risk factors for CVD may exist
between HIV-negative and HIV-positive
populations.

Furthermore, changes in ART over
time and the lag time between the onset
of risk factors and CVD events pose chal-
lenges to determine whether HIV, ART
or particular drug classes are associated
with an increased CVD risk. A large
prospective study with specific CVD
end-points in HIV has not been under-
taken and represents a considerable
challenge to design and execute.

Impact of HIV on cardiovascular
risk

HIV infection per se is associated with
lipid abnormalities, typically raised
triglycerides, reduced TC, high density
lipoprotein (HDL) cholesterol and LDL
cholesterol. Untreated HIV infection
may also reduce peripheral glucose dis-
posal. Commencing ART typically
results in rises in TC, LDL and triglyc-
erides and a more modest favourable
impact on HDL.2–4

Compelling evidence that HIV is itself
an important contributor to cardio-
vascular pathology emerged from the
Strategies for Management of Anti-
retroviral Therapy Study Group. They
investigated whether stopping and
restarting ART above and below CD4
thresholds, respectively (drug conserva-
tion (DC) arm), could be used as a
strategy for managing HIV, with the
hope of minimising treatment related
adverse events and medication costs.

Patients with CD4 counts above
350 cells/mm3 and with optimum viral
suppression (VS) were randomised to the
DC arm or continuous ART, VS arm. ART
was stopped in the DC arm until CD4
count dropped below 250 cells/mm3

and continued until it reached over
350 cells/mm3. The hazard ratio for death
from any cause and the development of
opportunistic infections was 2.6 (95%
confidence interval 1.9–3.7, p<0.001) for
the DC arm versus the VS arm.
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Interestingly, not only was there an
increase in opportunistic infections but
also a significant increase in major CVD,
renal or hepatic disease, with a hazard
ratio of 1.6 for fatal or non-fatal CVD in
the DC arm.5 More recent data demon-
strate significant increases in interleukin-6
and D-dimer following ART interrup-
tion.6

Impact of antiretroviral therapy
on cardiovascular risk

Metabolic complications including dys-
lipidaemia, insulin resistance, lipodys-
trophy (peripheral fat loss and relative
visceral fat accumulation) are well
described in HIV patients receiving
ART.3,4,7

Differences in the impact on lipids
levels between ARTs within each drug
class have been observed in clinical
trials.8 Although statistical significance
has been shown, the practical signifi-
cance is less clear. Studies of several pro-
tease inhibitors (PI) and stavudine in
HIV-negative volunteers have suggested

some PIs and stavudine may trigger
insulin resistance.9,10

Sterne et al used a prognostic model
specifically designed to incorporate car-
diovascular risk factors that may be
influenced by ART to gauge the impact
of commencing treatment on the risk of
coronary heart disease (CHD) in men.
They found increases in the risk factors
TC, glucose, body mass index (BMI) and
triglycerides in patients after starting
ART, more dramatic in the first three
months of treatment and more pro-
nounced in patients receiving PIs.
Although these changes occurred in
most patients commencing ART they
appear to be relatively modest.11

The Data Collection on Adverse Events
of Anti-HIV Drugs (DAD) Study Group
conducted a prospective, observational
study to examine the risk of myocardial
infarction (MI) in HIV-infected patients
receiving highly active antiviral therapy
(HAART).3 Data were collected on more
than 23,000 patients (median age 39
years) who were enrolled in 11 previously
established cohorts in Europe, the USA

and Australia. The patient population had
a high baseline prevalence of traditional
cardiovascular risk factors, including dys-
lipidaemia (42%), current smoker (47%),
former smoker (16%), hypertension
(5.6%), BMI above 30 kg/m2 (4.7%) and
diabetes mellitus (3.5%). Follow-up to
February 2004 showed that 277 patients
experienced an MI. The authors observed
an increased incidence of MI with longer
exposure to ART during the first seven
years of use. After adjusting for potential
confounding factors, there was a 17% rel-
ative increase in the rate of MI per year of
exposure to ART. In addition to ART
exposure, other independent predictors of
MI included older age, current or former
smoker, male gender and previous CVD.
Elevated TC and triglyceride levels and
diabetes mellitus at baseline were also
associated with increased MI risk.

More recently, analyses of the effect of
different classes of antiretrovirals on the
rate of MI demonstrated an association
between increased exposure to PIs and
increased rate of MI (relative rate of MI
per year of PI exposure 1.16). This was
only partly explained by dyslipidaemia.
No association was found between non-
nucleoside reverse transcriptase inhibitors
(NNRTIs) and MI risk.4

Monitoring cardiovascular risk

Numerous tools are available to estimate
cardiovascular risk among different pop-
ulations, but they have not been evalu-
ated in HIV-positive populations. The
Framingham equation has been used to
estimate cardiovascular risk in HIV-
infected patients in a study comparing
the predicted number of MI with the
number of events observed in the DAD
study. The results suggest that use of this
equation for HIV-infected individuals
overestimates absolute cardiovascular
risk in those not on ART but underesti-
mates the risk of MI in those on ART.12

Following this, the D:A:D CHD risk
equation was developed to include the
duration of PI exposure in addition to
conventional risk factors of age, sex,
family history of CHD, systolic blood
pressure, smoking status, TC/HDL ratio,
diabetes, weight and exercise. It accurately
predicted CHD outcomes in the study
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Nucleoside/tide reverse transcriptase inhibitors

Fixed dose combinations

Abacavir Combivir (zidovudine and lamivudine)

Didanosine Kivexa (abacavir and lamivudine)

Emtricitabine Trizivir (zidovudine, abacavir and lamivudine)

Lamivudine Truvada (tenofovir and emtricitabine)

Tenofovir disoproxil

Stavudine (thymidine analogue)

Zidovudine (thymidine analogue)

Non-nucleoside reverse transcriptase inhibitors

Fixed dose combination

Efavirenz (sustiva) Atripla (efavirenz, tenofovir and emtricitabine)

Nevirapine (viramune)

Etravirine

Protease inhibitors Entry/chemokine inhibitors

Atazanavir (reyataz) Enfurvitide (T-20)

Darunavir Maraviroc (CCR5 inhibitor)

Fosamprenavir

Indinavir Integrase inhibitor

Kaletra

Ritonavir Raltegravir

Saquinavir

Tipranavir

Table 1. Currently available antiretroviral therapy.
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cohort but requires independent valida-
tion using other data sets prior to intro-
duction into routine clinical practice.13

Management

It is clear that CVD risk reduction needs
to be actively addressed in persons with
HIV infection. The impact of any CVD
intervention has a lag time because ben-
efits accrue over several years. The earlier
that CVD risk can be identified and
interventions introduced, the sooner the
risk can be managed. Risk reduction is
relative rather than absolute. Thus, inter-
ventions implemented now in the HIV
population will serve only to slow the
trajectory of a potential CVD ‘epidemic’
among an ageing population of HIV-
infected people and the benefits for any
individual cannot be clearly measured. 

Therapeutic lifestyle changes

Managing CVD risk involves assessing all
potential CVD risk factors such as dyslip-
idaemia, insulin resistance, hyperten-
sion, lack of exercise and being
overweight. In the setting of HIV infec-
tion, many of the interventions for
reducing the CVD risk are comparable
with those recommended for the general
population. The basic initial intervention
comprises therapeutic lifestyle changes
such as smoking cessation, adherence to
a ‘Mediterranean diet’ high in omega-3
fats, low in total and saturated fats and
high in fibre, with fresh fruits and veg-
etables and regular exercise. A review of
the available evidence shows that indi-
viduals with CHD who modify their
diets reduce their risk of cardiovascular
and ‘all-cause’ morbidity and mortality.

Pharmacological interventions

Pharmacological interventions with
lipid-lowering drugs may be considered
for patients with dyslipidaemia. More
specifically, statins and newer agents
(eg ezetimibe) that selectively inhibit the
absorption of cholesterol in the small
bowel are the most effective agents for
treating hypercholesterolaemia, while
fibric acid derivatives (fibrates) are more
effective for treating hypertriglyceri-

daemia and raising HDL levels.14 The
National Cholesterol Education Pro-
gramme (NCEP) Adult Treatment Panel
III guidelines provide directions for
managing dyslipidaemia, with targets
adjusted according to risk.15

Patients taking statins should be mon-
itored closely as the potential for drug
interactions, particularly between PIs
and statins, may increase the risk of
toxicity, in particular rhabdomyolysis.16

Statins and fibrates appear to influence
lipid levels similarly in HIV-infected
individuals and in individuals within the
general population. There is insufficient
investigation of other effects of statins
such as vascular tone to assess whether
these effects are similarly preserved.
Treatment with statins and fibrates
rarely achieves NCEP-defined targets, so
combinations of agents may be required. 

Changing antiretroviral therapy.
Although therapeutic lifestyle changes
comprise the preferred initial approach
to CVD risk management for individuals
on established ART, treatment guidelines
and some available clinical trials data
suggest that switching certain antiretro-
viral drugs to agents with better lipid
profiles, when feasible, can either meet
lipid targets without the immediate need
for further interventions or improve the
chance of meeting target levels in con-
junction with another intervention. For
patients with available ART options,
selecting an agent with a lower potential
to induce metabolic abnormalities may
be considered. For highly treatment-
experienced patients with limited thera-
peutic options, the risk of virological or
immunological failure must be weighed
against the benefit of reducing an acute
coronary event in the distant future.

Other drug classes. Most previous studies
of dyslipidaemic individuals receiving a
boosted or unboosted PI have focused on
switching to an alternative drug class,
such as an NNRTI or trizivir (a fixed
dose combination of three nucleoside
analogues). Replacement of a PI with an
NNRTI or abacavir has been shown to
help manage lipid abnormalities. These
switches generally lead to a range of
metabolic benefits, including decline in

TC and LDL cholesterol and triglycerides
and an increase in HDL cholesterol. The
switch to an NNRTI may also improve
the profile of lipid subfractions.

More recently switch studies within the
PI class have indicated that atazanavir,
both boosted and unboosted, as a replace-
ment for another PI or boosted PI leads to
improvements in lipids; this may be most
evident in those with the greatest lipid
abnormalities.17,18 Other boosted PIs with
more favourable reported lipid profiles
may also be useful if a change of drug
regimen is being considered.

Conclusions

It is clear that multiple factors contribute
to cardiovascular risk in HIV-infected
patients. It appears that both HIV itself,
probably as a consequence of its pro-
inflammatory and procoagulatory effects
and unfavourable changes in HDL, and
HAART, through its broad metabolic
impact, increase the risk of CVD.
Cardiovascular risk may vary modestly
between different ART regimens.
However, primary risk factors remain the
key drivers of CVD risk. With the advent
of newer classes of ART drugs with
potentially less metabolic impact treat-
ment paradigms, particularly related to
CVD, will continually be reviewed.

Current prognostic risk algorithms
have not been fully validated in the HIV
setting and need to be used with caution.
It is important to retain perspective:
despite these potential side effects, ART
has vastly improved the prognosis of HIV.
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