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HIV Infection and Cardiovascular Disease — 
Is There Really a Link?
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Soon after the introduction of protease inhibitors
and nonnucleoside reverse-transcriptase inhibi-
tors for the management of human immunodefi-
ciency virus (HIV) infection, clinicians observed
unexpected cardiovascular events among patients
receiving these new, combination, “highly active”
antiretroviral regimens. Angina, myocardial infarc-
tion, and stroke were seen in patients who were rel-
atively young. Providers became suspicious that
these events were related either to chronic HIV in-
fection, since patients were surviving for longer
periods than they had in the past, or to the new anti-
HIV regimens, which are associated with substan-
tial metabolic abnormalities.

Between 1998 and 2003, several reports appeared
to validate clinicians’ concerns. The French Hospital
Database on HIV, which included data from nearly
20,000 men who had been exposed to a protease in-
hibitor (54 of whom had had a myocardial infarc-
tion), found that patients who had been treated with
a protease inhibitor for more than 18 months had
twice the risk of myocardial infarction that was seen
among patients with less drug exposure.
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 The HIV
Outpatient Study, which used a data base with more
than 5700 outpatients, identified 21 myocardial in-
farctions and concluded that there was a trend to-
ward an increased frequency of myocardial infarc-
tion since the widespread use of protease inhibitors
beginning in 1996.
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 A review of claims for more
than 28,000 HIV-infected Medicaid patients in Cal-
ifornia showed that younger patients (18 to 33 years
of age) who were exposed to antiretroviral agents
had twice the risk of coronary heart disease seen
among age-matched, untreated persons.
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 The Kai-
ser Permanente Medical Care Program of North-
ern California compared rates of hospitalization

for coronary artery disease and reported that the
rate of such hospitalizations among HIV-infected
patients, regardless of whether they used antiretro-
viral agents, was 1.5 times that among their unin-
fected counterparts.
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 Thus, an emerging body of evi-
dence suggested that as HIV-infected patients were
living longer as a result of antiretroviral therapy,
cardiovascular disease was developing at unexpect-
ed rates.

Earlier this year, an article in the 

 

Journal

 

 appeared
to refute these observations. Bozzette and colleagues
conducted a retrospective analysis of hospitaliza-
tions and deaths due to cardiovascular and cerebro-
vascular disease among approximately 36,000 pa-
tients with HIV infection in the Veterans Affairs (VA)
Medical System.
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 The main outcomes were deter-
mined from hospital administrative data bases; data
on mortality were obtained from the National Death
Index. Between 1995 and 2001, the rate of admis-
sion for cardiovascular and cerebrovascular disease
actually decreased, from 1.7 to 0.9 per 100 patient-
years; the rate of death decreased from 21.3 to 5.0
deaths per 100 patient-years, a decrease of roughly
75 percent. Use of any class of antiretroviral therapy,
alone or in combination, was associated with a de-
creased hazard of death from any cause. Thus, this
large and carefully constructed study was reassur-
ing in that cardiovascular disease, while present,
was not becoming a substantial complication of
HIV disease and its therapy.

In this issue of the 

 

Journal,

 

 Friis-Møller and col-
laborators present data from the prospective, mul-
tinational Data Collection on Adverse Events of Anti-
HIV Drugs (DAD) Study.
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 This study collected data
on more than 23,000 patients enrolled in 11 pre-
viously established cohorts in Europe, the United
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States, and Australia. Atherosclerotic events were
prospectively identified and independently vali-
dated. Over a median follow-up time of 1.6 years
through February 2002, 126 patients had a myocar-
dial infarction. Including in their analysis the cumu-
lative duration of drug exposure, the authors de-
termined that during the first four to six years of
combination therapy, there was a 26 percent rela-
tive increase in the rate of myocardial infarction per
year of exposure to antiretroviral drugs. The study
did not have sufficient power to permit comparisons
among patients receiving different types of antiret-
roviral regimens.

Why did these studies reach contradictory con-
clusions? They both assessed large patient cohorts,
yet in neither investigation was the HIV-infected
study group compared with an uninfected control
group. In addition, the follow-up periods (3.3 years
in the VA study and 1.6 years in the DAD Study) were
limited in comparison with the 16-year follow-up
driving many of the risk estimates derived from the
Framingham Study.
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 In the DAD Study, outcomes
were prospectively and independently verified, al-
though not all events were classified as “definite.”
In the VA study, which relied on retrospective code
abstraction, the accuracy of coded information could
not be verified, and it was not certain that criteria
for hospitalization were constant over this period
of time. The absolute magnitude of the increase
in risk observed in the DAD Study was small and
could easily have been missed in the VA study. Sub-
sequent, longer-term analyses of these cohorts will
provide much-needed data.

If there is an increase in risk, is it due to HIV in-
fection or to its treatment? It must be recognized that
as HIV-infected patients live longer, their risk of car-
diovascular disease, compounded by their preex-
isting burden of traditional risk factors, inevitably
increases. More than half the patients in the DAD
cohorts were current or former smokers; approxi-
mately 3 percent had diabetes, 7 percent hyperten-
sion, 21 percent an elevated total cholesterol level,
26 percent a low high-density lipoprotein (HDL)
cholesterol level, and 32 percent an elevated level of
triglycerides. Thus, some degree of the cardiovas-
cular risk discussed above may have been the result
of predisposing factors, independently of HIV infec-
tion. Alternatively, some cardiovascular events may
have been a consequence of HIV infection, of anti-
retroviral therapy, or of a synergistic relation among
all these risk factors.

Is it plausible that HIV infection itself could pro-

mote atherosclerosis through a proinflammatory
effect on endothelial cells, much like the mechanism
that has been hypothesized for other infectious
agents such as cytomegalovirus, herpes simplex vi-
rus, or chlamydia? Or could HIV infection promote
cardiovascular disease indirectly, by way of the lip-
id abnormalities it induces? The acquisition of HIV
infection is associated with reductions in the HDL
cholesterol level (by 12 mg per deciliter [0.3 mmol
per liter]), as well as reductions in the total choles-
terol and low-density lipoprotein cholesterol lev-
els (by 30 mg per deciliter [0.8 mmol per liter] and
22 mg per deciliter [0.6 mmol per liter], respective-
ly).
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 Hypertriglyceridemia is associated with dis-
ease progression and HIV viremia.
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Is it plausible that the antiretroviral drugs them-
selves promote atherosclerosis directly or indirectly?
When administered to healthy volunteers for four
weeks, indinavir caused significant endothelial dys-
function (as measured by invasive monitoring of
arterial blood flow in response to vasoactive com-
pounds), independently of drug-induced alterations
in blood pressure or lipid profiles. Endothelial dys-
function detected by this investigative technique is
highly correlated with coronary artery disease and
the development of subsequent clinical events, sug-
gesting a direct mechanism by which the drugs may
promote cardiovascular disease, perhaps by affect-
ing the ability of endothelial cells to produce nitric
oxide.
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Much attention has been paid to the metabolic
disturbances attributed to these drugs, which could
indirectly promote atherosclerosis. Certain antiret-
roviral drugs, most notably the protease inhibitors,
produce marked elevations in cholesterol and tri-
glyceride levels. It is not uncommon for clinicians
to see patients receiving protease-based antiretro-
viral regimens who have cholesterol levels above
250 mg per deciliter (6.5 mmol per liter) and triglyc-
eride levels above 500 mg per deciliter (5.6 mmol
per liter). In addition, certain antiretroviral agents
are associated with insulin resistance. HIV-infect-
ed patients receiving antiretroviral therapy have also
experienced changes in body habitus (lipodystro-
phy) that have themselves been associated with car-
diovascular disease. Thus, treated patients may have
lipodystrophy, diabetes, and atherogenic lipid pro-
files, which could be the routes by which these drugs
cause premature atherosclerosis, perhaps in concert
with direct toxic effects on the endothelium.

Are there studies of variables other than clini-
cal end points that give further credibility to the
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possibility that we are observing a true phenome-
non? When assessed by electron-beam computed
tomography, coronary-artery calcifications have
been shown to be more common in patients with
HIV infection than in uninfected patients. Similarly,
ultrasonographic evidence of carotid intimal thick-
ening has been documented. Both of these findings
are predictive of the occurrence of clinical events
among patients without HIV infection and are thus
causes for concern.

Taken in aggregate, the weight of the evidence
suggests that HIV-infected patients treated with
combination antiretroviral regimens are at increased
risk for the development of premature atheroscle-
rotic complications. To balance efficacy with toxic-
ity in determining the optimal strategy for the use
of antiretroviral therapy, it is imperative to elucidate
the magnitude and causes of the risk of premature
atherosclerosis, the value of noninvasive tests for
predicting cardiovascular and cerebrovascular risk,
and the effectiveness of interventional strategies.
It is logical to recommend changes in lifestyle, such
as cessation of tobacco use, and to treat persons with
atherogenic lipid profiles with dietary and phar-
macologic interventions. While knowledge about
mechanisms advances, it is prudent to consider ther-
apy with hydroxymethylglutaryl–coenzyme A reduc-
tase inhibitors, the “statin” class of agents, which
not only improve lipid profiles but also appear to
improve endothelial function. However, given the
complexity of the medical care of patients with HIV
infection, we need to have unequivocal evidence that
changes in our successful treatment paradigm are
warranted. Antiretroviral therapies have been among
the miracles of recent decades, yet we must work

toward mitigating the toxic effects that have the po-
tential to diminish the quality and duration of pa-
tients’ survival over the long term.

 

From the Division of HIV/AIDS Medicine, Drexel University Col-
lege of Medicine, Philadelphia (P.S.); and the Critical Care Medicine
Department, Warren Grant Magnuson Clinical Center, National In-
stitutes of Health, Bethesda, Md. (H.M.).
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