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other than via an effect on traditional risk factors (eg, through
effects on inflammation or endothelial function). Importantly,
there is substantial evidence to suggest that all 3 mechanisms
are in operation and affect the risk of CVD in patients
infected with HIV. All 3 factors should be considered in
epidemiological studies assessing the relationship between
CVD and HIV disease.
The objectives of this section are to assess the state of the
science with respect to (1) the epidemiological evidence
linking coronary heart disease (CHD) and HIV; (2) the
specific risk factors for CHD in HIV populations, including
ART use; and (3) the effects of ART interruption on CVD
risk associated with ART use. Finally, gaps in our knowledge
and priorities for future research will be highlighted.

n the mid-1990s, case reports of myocardial infarction
(MI) in young patients infected with human immunodeficiency virus (HIV) sparked interest in the relationship between HIV infection and cardiovascular disease (CVD).1,2
Although the initial focus was primarily on the relationship
between dyslipidemia associated with antiretroviral therapy
(ART) and cardiovascular risk, a broader appreciation of the
complex interplay between traditional risk factors for CVD
and HIV infection has emerged more recently. Several groups
of investigators have designed studies to examine various
aspects of the relationship between HIV infection, traditional
cardiovascular risk factors, ART, and short- and longer-term
cardiovascular risk3–11 (see also Working Group 1). Studies
have included both clinical end points (MI, hospitalization for
MI or angina, and revascularization) and surrogate markers of
atherosclerosis (endothelial function or carotid intima-media
thickness). Successive studies have generally improved in
quality, with inclusion of data on traditional risk factors,
longer follow-up, and more diverse patient populations.
HIV and ART can contribute to an altered risk of CVD in
3 principal ways: (1) HIV may serve as a marker to identify
a subgroup of the general population with an altered prevalence of traditional cardiovascular risk factors, unrelated to
HIV or ART (eg, HIV-infected patients may have higher
smoking rates); (2) HIV or ART may affect the risk of
developing a traditional cardiovascular risk factor (eg, HIV or
ART may worsen dyslipidemia); and (3) HIV or ART may
affect the pathogenetic process that leads to CVD in ways

Methodological Considerations
Data on CVD in HIV-infected adult populations are derived
from 4 main types of studies: retrospective cohort studies,
administrative and clinical databases, prospective HIV cohort
studies, and randomized clinical trials of ART. Often, data
sources developed for other purposes (administrative databases from healthcare organizations or randomized clinical
trials) have been used to add to our understanding of the
association between HIV and CVD. These studies vary in the
types of end points used, methods of end-point collection and
validation, degree to which data on traditional risk factors
(eg, presence and magnitude of smoking or hypertension,
family history, and diabetes mellitus) were captured, and the
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Rates of MI Across Cohort and Database Studies
No. of Patients/
No. of Events:
HIV Group

Event Rate per
1000-Patient
HIV⫹ Group

Event Rate per
1000 HIV⫺
Subjects

DAD I

23 468/126

3.5

NA

DAD II

23 437/345

3.6

NA

36 766/1207

8.1

NA

Kaiser 2002

4159/47

4.3

2.9

Kaiser 2007

5000/162

3.7

2.2

3851/189

11.13

6.98

28 512/294

4.12

3.32

First
Author/Cohort
Friis-Møller4,5

Bozzette8
VA
Klein11

Triant6
MGH
3

Currier

MediCal
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NA indicates not assessed; VA, Veterans Affairs; MGH, Massachusetts
General Hospital; and MediCal, Medicaid recipients in California.

amount of information available about the type and duration
of ART exposure. When HIV-uninfected control groups have
been included, they are often not matched on important,
traditional risk factors that may be more prevalent in HIV
groups, such as smoking. It is important that data from studies
including HIV and non–HIV-infected control subjects contain complete information on traditional risk factors, including smoking, to assess the relative contribution of these risk
factors to CVD rates and to determine whether HIV per se is
a marker for a subgroup of patients with increased traditional
CVD risk markers. Despite methodological limitations inherent in the use of preexisting or administrative databases, some
consistent themes have emerged from the existing research in
this area, namely, that traditional CVD risk factors and
relative CVD disease rates are increased in HIV-infected
patients, although absolute rates remain low in the HIV
population.

Overall Risk of CVD in HIV Patients
A number of studies have shown that there may be increased
risk of CVD in HIV-infected versus uninfected populations.
Table 1 includes the event rates for CVD end points in
selected published studies3-6,8,11 of MI and clinical CVD
events. Variations have been observed, which possibly reflect
differences in end-point definitions and ascertainment or
differences in underlying cardiovascular risk in the various
populations studied. Using a large clinical/administrative
database in their health maintenance organization setting,
researchers at Kaiser Permanente provided one of the first
reports comparing rates of hospitalization for CVD in HIVinfected adults with those of uninfected control subjects.11
With annual updating, these authors have consistently demonstrated that HIV patients have a higher risk of hospitalizations for CVD and specifically for acute MI relative to
HIV-uninfected controls. Using claims data among California
Medicaid recipients, Currier et al3 demonstrated an increased
incidence of CVD in younger HIV-infected men and women
compared with HIV-uninfected recipients. Two more recent

studies also reported an excess relative risk of CVD among
HIV-infected adults compared with HIV-uninfected control
subjects.6,10 Triant et al6 compared MI rates (based on
hospital claims data) among HIV-infected adults receiving
longitudinal care at 2 large hospitals in Boston, Mass, and
demonstrated higher rates of acute MIs in HIV-infected
individuals than in HIV-uninfected adults. These authors also
noted a higher prevalence of conventional risk factors for
CVD, such as hypertension, diabetes mellitus, and dyslipidemia, in the HIV-positive group, factors that separately and
especially in combination could explain, at least in part, the
excessive risk of CVD in the HIV-infected group. An
important limitation of this study and others in which claims
data are used is the lack of systematically collected data on
smoking. In addition, very few studies have attempted to
quantify smoking when data are available. Using data from
the Danish HIV cohort study, Obel et al10 also reported that
in the HAART era, the risk of CVD was higher in HIVinfected patients than in control subjects. To date, there does
not appear to have been a major increase in absolute CVD
rates over time, perhaps as a result of greater attention to
conventional risk factor reduction for HIV-positive
individuals.5,10

Assessment of Traditional Risk Factors
It is critical to understand whether increased CVD rates are
causally related to HIV-related factors or merely reflect
differences in the prevalence of underlying traditional risk
factors. Importantly, the studies that have controlled for these
factors have consistently demonstrated a significant effect of
traditional risk factors on CVD events in HIV-infected
patients. Age, smoking, hypertension, and diabetes mellitus
are all strong predictors of CVD risk in HIV-infected patients.5,6 Additionally, the background prevalence rates of
these factors in many HIV cohorts are high and may, for
some, predate acquisition of HIV infection. In particular,
rates of smoking in HIV populations are consistently high and
exceed those for age-matched controls in several studies.12–15
The limited data available on dietary intake suggest that
HIV-infected patients may have diets high in saturated fat
compared with community control groups.16 Finally, the
prevalence of dyslipidemia, whether genetically determined
or influenced by ART (elevated triglycerides, total cholesterol, and low-density lipoprotein cholesterol) or HIV infection
(low high-density lipoprotein [HDL] cholesterol), is consistently higher in HIV groups. Unfortunately, few studies have
pre-HIV lipid values or pretreatment values available to assist
in the determination of the role of treatment- or diseaserelated lipid changes and CVD risk in HIV patients.17
Table 2 summarizes the association between traditional
cardiovascular risk factors and MI in HIV-infected adults
compared with studies conducted in the general population.18 –24 Of note, the relative contribution of each of the
cardiovascular risk factors depicted is similar in HIV-infected
and uninfected populations, which suggests that these factors
contribute to cardiovascular risk in a comparable way irrespective of HIV status. Consistent with this, analyses that
compare the observed incidence of CHD in HIV-infected
populations with that predicted from risk equations developed

Currier et al
Table 2. Do Traditional Cardiovascular Risk Factors Predict
the Risk of CHD/CVD in HIV-Infected Persons Similarly to
HIV-Uninfected Persons?
% Increase in Risk per Unit for
Each Study
HIV-Positive5,9

Cardiovascular
Risk Factor

Unit

Age

Per 1 year
older

Sex

Male vs
female

Iloeje
et al9

FriisMøller
et al5

9%

6%

NS

HIV-Negative
(No. of Studies)*
6% to 9% (7)

110%

110% to 160% (2)

Diabetes mellitus

Yes vs no

260%

90%

140% to 252% (3)

Smoking

Yes vs no

140%

290%

70% to 290% (3)

Hypertension
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Yes vs no

30%

80%

80% to 90% (3)

Total cholesterol

Per 1-mmol/L
increase†

䡠䡠䡠

26%

25% to 33% (3)

HDL cholesterol

Per 1-mmol/L
increase†

䡠䡠䡠

⫺28%

⫺52% (1)

*Mensah et al (2005),18 Yusuf (2004),19 Rosengren et al (1997),21 Thomsen
(2002),20 Cooper et al (2005),22 Wu et al (2006),23 and Wilson et al (1998).24
†1 mmol/L⫽39 mg/dL.

in the general population have reported reasonably similar
outcomes25 (see Working Group 5 for discussion of prediction algorithms for CVD risk in HIV). Hence, traditional
cardiovascular risk factors contribute in important ways to the
risk of CVD in HIV.
Given the limitations of data from observational studies, in
which treatment decisions might be somehow linked to
unmeasured risk factors for the outcome of interest, a randomized clinical trial might be an optimal method to determine whether HIV infection, ART, or a particular class of
ART drugs is associated with an increase in CVD in HIV
patients. However, ART comprises several different drugs,
each with its own metabolic profile (albeit with some commonalities) that can be combined in multiple ways. As new
drugs are developed, the preferred drugs change, and the risks
and benefits of existing drugs become better understood. A
sufficiently powered randomized trial would require a very
large patient sample size and would take several years to
complete. To date, there has not been sufficient clinical
equipoise and research support available to undertake such a
trial. In the absence of a well-powered randomized trial, the
prospective cohort study remains the next best methodology
for addressing these important questions.
Taken together, the data from available cohort studies
suggest that HIV-infected adults appear to have an increased
relative risk of CVD compared with non-HIV patients. Owing
to the incomplete data on traditional risk factors, it is not
possible to determine whether HIV infection per se, exposure
to ART, or other HIV-specific risk factors are the cause of
this risk or whether HIV-positive status simply serves as a
marker for differences in the prevalence of traditional risk
factors such as smoking.
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Role of ART as a Risk Factor for CVD
Early reports linking treatment of HIV infection to dyslipidemia led to several investigations4,5,7,9,26 –30 into the associations between the introduction of ART and CVD rates (Table
3). Researchers in the Veterans Affairs healthcare system8,31
reported that overall deaths due to HIV dramatically declined
in the early HAART era without any increase in admissions
for cardiovascular or cerebrovascular events. Although limited by the short duration of exposure to combination ART
and by possibly incomplete capture of events that occurred
outside the Veterans Affairs system, this study suggested that
over the short term, the benefits of ART clearly outweighed
the risk for CVD.
Subsequently, several published studies have examined the
contribution of ART to the excess risk of CHD events
observed among HIV-infected patients. A positive association between exposure to ART and risk of CHD has been
observed in one3 of 3 administrative database studies,8,11 9 of
14 cross-sectional carotid IMT studies,32– 41 1 meta-analysis
of randomized clinical trials,24 and 4 prospective observational databases.9,42
The largest prospective study of cardiovascular risk with
ART is the Data Collection on Adverse Events of Anti-HIV
Drugs (DAD) study.4 Of 23 437 participants, 345 (1.5%)
developed a first MI, an incidence of 3.7 per 1000 personyears. Of these, 29% were fatal, representing 10% of all
deaths in the study. Incidence of MI increased directly with
longer exposure to ART (relative risk 1.16, 95% CI 1.09 to
1.23, per year of exposure, P⬍0.0001) for up to 6 to 7 years
of exposure. Information on longer-term associations is
unavailable. Importantly, this relative association between
exposure to ART and increased risk of MI was comparable
irrespective of age or gender. In further analyses evaluating
the impact of individual antiretroviral drug classes, the
relative risk of protease inhibitor therapy was also 1.16 (95%
CI 1.10 to 1.23, P⬍0.001) (Figure), whereas the annual
relative risk for nonnucleoside reverse-transcriptase inhibitor– based therapy was not significant (relative risk 1.05, 95%
CI 0.98 to 1.13). As of early 2007, too few MI events had
occurred to determine the relative risk for individual antiretroviral drugs, although such an analysis is planned.
In contrast to the associations with ART, the DAD study
did not find any relationship between MIs and markers of
HIV disease such as a history of acquired immune deficiency
syndrome (AIDS), lower CD4⫹ lymphocyte counts, or
higher levels of plasma HIV RNA, either currently or
previously. Importantly, traditional cardiovascular risk factors remained significantly associated with incident MIs in
this study. Furthermore, the relative risks for increasing age,
male sex, current smoking, elevated total cholesterol, low
levels of HDL cholesterol, and diabetes mellitus were very
similar to those observed in studies of HIV-uninfected
adults18 –24 (Table 2). Although the risk of MI remained
significant in relation to duration of protease inhibitor– based
ART, this risk was approximately halved in analyses that
controlled for increased total cholesterol levels and lower
HDL cholesterol levels, which suggests that ART-induced
lipid abnormalities contributed to the increased risk observed.5 Thus, a substantial proportion of the risk attributed to
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Does ART (or Its Components) Increase Risk of CV Disease?

Study/First Author

No. of Persons/
No. of Events

Type of Event

Main Findings Related to ART

Adjustment for
CV RF?*

NRTI
Effect?†

NNRTI
Effect?†

PI
Effect?†

Randomized, controlled trial
Coplan, 200326

10 986/19

MI

PI vs no PI: 69% (NS)

NA

NA

NA

Yes

Phillips, 200827

2752 (VS)/31

CVD

PI exp: 13% increase per y
(P⫽0.06)

Yes

NA

No

Yes

Holmberg, 200228

5672/21

CVD

PI vs no PI: increase 6.5-fold
(NS)

Yes

NA

NA

Yes

Iloeje, 20059

7542/127

CVD

PI vs no PI: increase 71%
(P⬍0.05)

Yes

NA

NA

Yes

DAD I, 20075

23 437/345

MI

PI exp: 16% increase per year
(P⬍0.001)

Yes

NA

No

Yes

DAD II, 20075

10 002/40

MI

ART: 24% increase per year
(P⬍0.05)

Yes

NA

NA

NA

34 976/66

MI

⬎18 mts exp to PI: increased
risk

Partial

NA

NA

Yes

4993/29

MI

ART exp: increased risk

Partial

NA

NA

NA

5000/162

CAD adm (/1000 PY)

Increase 7.1 (PI) vs 4.9 (no PI)
(P⫽0.02)

Partial

NA

NA

Yes

36 766/1207

CAD adm

No change

Partial

NA

No

No

28 513/1360

CAD adm

Increase, but only in young
persons

Partial

NA

NA

NA

Prospective observational studies

Retrospective observational studies
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Mary-Krause, 20037
Rickerts, 200029
Administrative databases
Klein, 200730
Bozzette, 20038
3

Currier, 2003

CV RF indicates cardiovascular risk factors; NRTI, nucleoside reverse-transcriptase inhibitor; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI, protease
inhibitor; NS, nonsignificant; NA, not assessed; VS, viral suppression arm of trial; PI exp, protease inhibitor exposure; mts exp to PI, months exposed to protease
inhibitors; and CAD adm, hospital admission for coronary artery disease.
*Was the ART identified after proper adjustment for traditional cardiovascular risk factors?
†In studies in which ART or components thereof were identified as cardiovascular risk factors, was this effect associated with exposure to a specific ART drug class?

protease inhibitors remains unexplained. Although the DAD
study4 demonstrates a relative increase in risk with increased
duration of ART, in part due to the presence of 1 or more
traditional risk factors, the absolute risk of CVD will remain

low for most patients. Because the absolute CVD rates remain
low, the relative increase in these rates may not have clinical
significance; however, this situation may change in the future
as HIV patients live longer with successful ART.

Figure. Relative rate of MI according to protease
inhibitor exposure. The shown dose response
equates to an adjusted* relative rate (RR) per year
of exposure to protease inhibitor (PI) therapy of
1.16 (95% CI 1.10 to 1.23). Reproduced from FriisMøller et al5 with permission of the publisher.
Copyright © 2007 Massachusetts Medical Society.
All rights reserved.
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Collectively, these studies suggest an association, in relative terms, between exposure to ART, specifically therapy
with protease inhibitors, and risk of MI, attributable in part to
proatherogenic effects of protease inhibitors on lipids. However, the design of the studies does not allow for a formal
causal relationship to be established; this can only be established in randomized, controlled trials. As noted above, the
magnitude of the impact of ART on cardiovascular risk, in
absolute terms, will likely be mediated by the underlying
cardiovascular risk, which is determined by both modifiable
and unmodifiable factors.

Table 4. Factors That Potentially Influence Cardiovascular
Risk in HIV Patients

High rates of other
cardiovascular risk factors, in
particular smoking

Current antiretroviral regimens
have more favorable effects on
metabolic parameters and
morphological changes than
earlier regimens

Impact of Discontinuing ART

Prolongation of survival: Older
patients are intrinsically at
greater cardiovascular risk

ART reduces inflammatory markers
and immune activation
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The Strategic Management of Antiretroviral Therapy
(SMART) study was initiated in response to concerns about
the evident toxicities of ART, as well as its incomplete
potency.41 SMART randomly allocated 5472 HIV-infected
participants with CD4⫹ lymphocyte counts ⬎350 cells/mm3
at ⬎330 sites in 33 countries to a strategy of continuous ART
aimed at continuous virological suppression or to a strategy
of intermittent ART that was ceased when CD4 counts were
⬎350 cells/mm3 and initiated when CD4 counts fell to ⬍250
cells/mm3 (this threshold was chosen because the risk of
AIDS begins to increase substantially when the CD4 count is
⬍200 cells/mm3).
It was hypothesized that intermittent ART might be associated with a modestly increased risk of HIV disease progression but that this would be offset by a lower rate of major
toxicities such as CVD, which, until that time, were believed
to be largely associated with ART. The study was stopped
earlier than expected when an interim analysis found that
intermittent ART was associated with more deaths, more
progression to AIDS, and a greater rate of other major
adverse events, including CVD.
Of note, additional studies specifically focusing on a
possible increased risk of CVD and intermittent therapy were
hampered by the low number of events.25 A possible mechanism to explain the association of increased CVD risk with
intermittent therapy is an increase in the ratio of total
cholesterol to HDL cholesterol that results from the interruption of ART, particularly because of an apparent decrease in
HDL cholesterol. Additionally, interruption of ART may lead
to an inflammatory reaction within the arterial wall.

Controversial Issues, Gaps in Knowledge, and
Future Research Priorities
The results of studies summarized in this review highlight
issues that remain unresolved by current data and that should
be the focus of future investigations. It is apparent that among
HIV-infected patients, as in those without HIV, there are
multiple factors that both increase and decrease risk simultaneously that may contribute to overall CVD rates. A summary
of these divergent factors is listed in Table 4. Questions raised
include those addressed below.

Increasing Cardiovascular Risk

Decreasing Cardiovascular Risk

Dyslipidemia, insulin resistance,
body habitus changes
associated with HIV itself and
certain components of ART

Control of viral replication with ART
improves endothelial function

HIV providers more aggressive
about modification of ART or
initiation of lipid-lowering therapies

●

Assessment of Traditional and Nontraditional
Risk Factors
●

●

●

What is the clinical significance of an increase in relative
CVD risk, even a 2-fold increase in risk, as suggested by

How do drug-induced or HIV-related lipid abnormalities
compare with those that arise naturally in the pathogenesis
of atherosclerosis?
What is the impact of unmeasured confounding factors,
such as intensity of smoking, cocaine use, concomitant
infections, low socioeconomic status, and depression, on
the association between HIV infection and CHD risk?
Are there subgroups of patients who are at greatest risk,
and can they be identified by use of genetic markers?

Role of ART and HIV-Specific Risk Factors
for CVD
●

●

●

●

Determination of Overall MI Rates
●

some studies, among HIV-infected patients if the absolute
risk is low in this population?
What is the optimal control group with which to compare
rates of CVD in young HIV-infected patients in longitudinal studies? How should these studies be designed?

●

Is HIV viral replication itself a risk factor? Can this be
measured through use of established and novel markers of
inflammation and immune activation?
Do the differential lipid effects of different antiretroviral
drugs translate into differences in cardiovascular outcomes? Are these effects clinically relevant?
Is the protease inhibitor effect seen in the DAD study a
class effect, or is it related to the more toxic agents from
this class of drugs used in the early treatment era? Did the
use of earlier nucleoside reverse-transcriptase inhibitors
contribute to this increased risk? How will this affect the
development of CVD in developing countries, where these
earlier regimens (eg, thymidine nucleosides) are, by necessity, still in use?
By contrast, how clinically relevant are the increases in
HDL cholesterol seen with nonnucleoside reversetranscriptase inhibitor– based therapies?
Some nucleoside reverse-transcriptase inhibitors (the thymidine analogues) may result in depletion of subcutaneous
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fat and may induce insulin resistance and overt diabetes
mellitus. Do these adverse effects lead to a net adverse
effect on risk of CVD?
Given that the first agents in the CCR5 antagonist and
integrase inhibitor classes have a relatively neutral effect
on lipids, how will these agents influence CHD risk?

During the past 25 years, the prognosis for people living
with HIV infection who have access to ART has improved
dramatically. The treatment of HIV infection now should
focus on long-term management over decades. Given the
improved survival of patients with HIV that results from the
use of ART, diseases of aging, including CHD, have become
more important. It is therefore evident that CVD should
remain an area of focus for clinical and basic research in this
population.

Note Added in Proof
Downloaded from http://circ.ahajournals.org/ by guest on July 21, 2017

Recently, it was reported that current (but not previous) exposure to
2 antiretroviral drugs (abacavir and didanosine) was associated with
increased risk of myocardial infarction and coronary heart disease.
These findings were surprising and unexpected, because these drugs
were not known to be primarily causes of metabolic dysfunction,
which is the likely driver for why the protease inhibitors are
associated with excess risk of myocardial infarction.5 Further studies
are warranted to confirm this finding.43
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Correction
In the AHA Conference Proceedings Working Group Report by Currier et al, “Epidemiological
Evidence for Cardiovascular Disease in HIV-Infected Patients and Relationship to Highly Active
Antiretroviral Therapy,” which published ahead of print June 19, 2008, and appeared in the July
8, 2008, issue of the journal (Circulation. 2008;118:e29 – e35), the following correction is needed:
In the list of authors, the middle initial for Dr Lundgren should be “D.” It has been updated to
read, “Jens D. Lundgren.”
This correction has been made to the print and current online versions of the article.
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