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Introduction

Recent reports suggest an increased rate of coro-
nary heart disease (CHD) among HIV-infected pa-
tients1, becoming an important cause of morbidity and 
mortality2. This represents an emerging problem due 
to the antiretroviral therapy success: in fact, HIV-pos-
itive patients live longer with an increased estimated 
life quite comparable to an HIV-negative control. In-
creased CHD rates in the HIV population, as in the 
noninfected population, may be related to traditional 
risk factors, including advancing age, higher smoking 
rates, dyslipidemia, insulin resistance, and impaired 
glucose tolerance. Anyway, we must consider also 

some nontraditional factors due to the direct effects 
of the virus on the vasculature, as well as to direct 
effects of specific antiretroviral drugs, including in-
flammation, endothelial dysfunction, metabolic disorders, 
prothrombotic state, and changes in body composition 
with loss of subcutaneous fat and/or accumulation of 
visceral fat3.

Cardiovascular disease and HIV-related disease, as 
well as its specific therapy, are overlapping and the 
published studies often reach contradictory conclu-
sions. Data actually seem to be evidencing an in-
creased cardiovascular risk in the HIV-positive popu-
lation, but is this due to HIV infection or to its treatment? 
Or may it be the result of predisposing traditional risk 
factors, independently of HIV infection? The aims of our 
paper are:

−	 to review traditional and emerging cardiovascular 
risk factors;

−	 to consider their possible interactions in HIV-infected 
patients;

−	 to evaluate the points in favor or not of the role of 
HIV and antiretroviral therapy as hypothetical new 
links in the chain of cardiovascular pathophysio
logical events.
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Traditional cardiovascular risk factors

Before analyzing the cardiovascular risk factors, we 
think it is really important to define the meaning of 
“risk factor” and the role in the pathophysiological 
process. A risk factor is a variable associated with an 
increased risk of disease or infection. Risk factors are 
correlated and not necessarily causal, because cor-
relation does not imply causation.

On the basis of the previous definition, different 
models, based on genetic susceptibility and pheno-
typic expression, try to explain the pathophysiology of 
cardiovascular disease (CVD). These models emerge 
from an “entwining” of knowledge arisen from several 
clinical trials. In 1991, a special report published by a 
panel of experts generated a hypothesis that portrayed 
CVD as a chain of events, initiated by a myriad of re-
lated and unrelated risk factors, and progressing 
through numerous physiological pathways and pro-
cesses to the development of end-stage heart dis-
ease4. In the same paper, the authors hypothesized 
that intervention anywhere along the chain of events 
leading to CVD could disrupt the pathophysiological 
process and confer cardio-protection. Our under-
standing of the pathophysiology of CVD expanded 
considerably in the following years, so in 2006 a new 
special report was published. That paper, through a 
critical analysis of new pathophysiological mecha-
nisms, new therapeutic agents, and the fulfillment of 
new landmark clinical trials, has confirmed the con-
cept of a CVD continuum and reinforced the notion 
that intervention at any point along this chain can 
modify CVD progression. Well-established risk factors 
for CVD include lack of exercise, obesity, smoking, 
diabetes, hypertension, advanced age, dyslipidemia 
(high levels of total cholesterol and low-density lipopro-
tein [LDL] cholesterol and low levels of high-density 
lipoprotein [HDL] cholesterol), and insulin resistance5,6. 
There is synergy among cardiovascular risk factors, so 
the co-occurrence of two or more risk factors (e.g. 
hypertension and dyslipidemia) may have greater than 
additive effects on overall cardiovascular risk7. Cardio-
vascular risk factors rarely occur in isolation, but rath-
er tend to cluster, which confers high risk in individual 
persons. A well-known example of this phenomenon is 
the metabolic syndrome, which is characterized by a 
group of risk factors including central obesity, dyslipi-
demia, hypertension, and impaired glucose/insulin ho-
meostasis. To better understand the cardiovascular 
continuum, in our paper we analyze the major risk fac-
tors involved in this chain of events.

Non-modifiable risk factors

Non-modifiable risk factors include age, sex, and 
family history of CVD. The risk for CVD increases with 
older age. At any given level of LDL cholesterol, risk 
for coronary artery disease (CAD) is higher in older 
than in younger people8. Age is a reflection of the 
progression of structural and hemodynamic changes 
in the cardiovascular system, of oxidative stress, and 
endothelial dysfunction, with the contribution of the 
cumulative exposure to atherogenic risk factors. On 
average, older people have more coronary atheroscle-
rosis than do younger people.

The rise in absolute risk with aging becomes most 
clinically significant in men in their mid-forties and in 
women about the time of the menopause. The reasons 
for a gender difference in CVD risk are not fully under-
stood. Part of the difference can be explained by the 
earlier onset of risk factors in men, e.g. elevations of 
LDL cholesterol and blood pressure, and lower HDL 
cholesterol; great importance has been given to hor-
monal protective effects in premenopausal women. 
However, the Framingham Heart Study has shown that 
the differences in absolute risk between the sexes can-
not be explained entirely by standard risk factors.

A positive family history of CVD counts as a risk factor 
in both genders. Several prospective studies indicate 
that a family history of CHD is an independent risk fac-
tor even when other risk factors are taken into account. 
Relative risk for CHD in first-degree relatives has been 
reported to range from two- to as high as 12-times that 
of the general population9,10. The clustering of CHD risk 
in families most closely resembles diseases of poly-
genic origin and does not follow a Mendelian recessive 
or dominant pattern that suggests a single gene locus11. 
Among primary relatives, it appears that brothers and sis-
ters have the highest relative risk, probably due to shared 
socio-cultural environment, exposures, and genetics. Many 
risk factors are under genetic control (e.g. blood pres-
sure, lipids and lipoproteins, Lp[a], and obesity), but they 
account for only a portion of the aggregation of CHD 
seen in families12,13. While family history is indisputable, 
a large number of modifiable risk factors are found in 
people with a history of CHD in a first-degree relative.

Modifiable risk factors

Dyslipidemia

Several studies showed a strict correlation be-
tween increased levels of plasmatic cholesterol and 
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cardiovascular event rates. Lowering of LDL choles-
terol significantly reduces all-cause mortality and 
CHD morbidity and mortality. Oxidized LDL inacti-
vates nitric oxide (NO), which results in increased 
oxidative stress and enhanced expression of cellular 
adhesion molecules14. Higher oxidized LDL content in 
the lipid core of atherosclerotic plaques may also pro-
mote plaque instability15. Small, dense LDL particles 
are highly atherogenic and are associated with in-
creased triglyceride levels. The structure of small, 
dense LDL particles contributes to their atherogenicity, 
with increased susceptibility to oxidation, easier pen-
etration into the arterial wall, and altered interactions 
with the LDL receptor. On the other hand, HDL choles-
terol promotes cholesterol efflux from lipid-filled mac-
rophages and it possesses several anti-inflammatory 
and antithrombotic properties that may protect against 
injury to endothelial surfaces16. In fact, HDL protects 
LDL from oxidation and decreases expression of adhe-
sion molecules on endothelial cells (including E-selec-
tin and soluble intercellular adhesion molecule-1)6,38; 
it improves endothelial function through stimulation of 
nitric oxide synthase activity, enhances endothelium-
dependent vasodilation, increases prostacyclin pro-
duction by endothelial cells, and inhibits endothelial 
tissue factor expression, so downregulating thrombotic 
pathways16,17.

Recent findings suggest that intensive LDL choles-
terol-lowering regimens are significantly more effective 
than moderate treatments in reducing coronary events 
and atherosclerotic progression18-20. As a result, con-
sensus treatment panels have urged consideration of 
lower LDL cholesterol targets in patients at very high 
risk (LDL cholesterol < 70 mg/dl), including individuals 
with acute coronary syndrome and diabetes21. Much 
of the treatment of hyperlipidemia for primary and sec-
ondary prevention of CHD is based on reduction of 
elevated plasma total cholesterol and LDL cholesterol 
levels because of the established association between 
CHD and this lipoprotein22. Anyway, other vascular risk 
factors need to be considered, including elevated trigly
cerides and triglyceride-rich lipoproteins. The relation 
between elevated triglycerides and CHD has been less 
clear, and thus the role of elevated triglycerides as an 
independent CHD risk factor continues to be debated. 
In the Prospective Cardiovascular Münster (PROCAM) 
study, elevated triglycerides emerged as a significant 
(p = 0.001) and independent risk factor for major cor-
onary events even after adjustment for LDL and HDL 
cholesterol levels, age, systolic blood pressure, cigarette 
smoking, diabetes mellitus, family history of myocardial 

infarction, and angina pectoris23. Different data sug-
gest that the combination of high triglyceride and low 
HDL cholesterol levels is a powerful risk factor for car-
diac events or CHD death, even when LDL cholesterol 
levels are normal. It is not known if the observed rela-
tion between triglycerides and CHD is primarily direct 
or indirect. This failure results from the large number of 
inter-correlated variables associated with elevated tri
glycerides. Lipoprotein metabolism is integrally linked, 
and elevations of serum triglycerides can be confounded 
by significant correlations with total, LDL, and HDL 
cholesterol levels. Non-lipid risk factors of obesity, 
hypertension, diabetes, and cigarette smoking are also 
interrelated with triglycerides24,25 as are several 
emerging risk factors (insulin resistance, glucose in-
tolerance, and prothrombotic state). Thus, many people 
with elevated triglycerides are at increased risk for 
CHD, even when this greater risk cannot be indepen-
dently explained by triglycerides. Hypertriglyceridemia 
may contribute to the etiology of CHD through a direct 
atherogenic effect of triglyceride-rich lipoproteins 
(particularly, very low-density lipoprotein [VLDL])26. 
Alternatively, hypertriglyceridemia may be associated 
with other atherogenic lipoprotein profiles such as low 
HDL cholesterol or the presence of small, dense LDL 
particles, or of large apolipoprotein-E-enriched VLDL par-
ticles. In addition, hypertriglyceridemia may enhance 
thrombogenesis through abnormal alterations in co-
agulation and fibrinolytic mechanisms27. The triad of 
elevated triglycerides, low HDL cholesterol, and a pre-
ponderance of small, dense LDL particles is termed 
mixed or atherogenic dyslipidemia. However, it is not 
entirely clear whether increased cardiovascular risk 
associated with elevated triglycerides is due to in-
creased levels of triglyceride-rich lipoproteins, such as 
β-VLDL and remnant particles, or to secondary chang-
es in lipoprotein profiles, including decreases in HDL 
cholesterol and/or increases in small, dense LDL particles, 
which more readily penetrate the wall of the endothelium 
and are more readily oxidized28.

Hypertension

Hypertension is a risk factor for CHD, heart failure, 
cerebrovascular disease, renal failure, and peri
pheral vascular disease. Data obtained from the 
Framingham Heart Study indicated that blood pressure 
in the 130-139/85-89 mmHg range is associated with 
a > 2-fold increase in relative risk from CVD compared 
with those with blood pressure levels < 120/80 mmHg. 
Elevated blood pressure promotes the development of 
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atherosclerotic plaques and increases the risk of CVD 
complications. Endothelial dysfunction in chronic hyper-
tension is associated with decreased endothelium-de-
pendent relaxation. In hypertensive vessels, increased 
expression of matrix proteins, matrix proteinases, and 
growth factors leads to structural changes such as 
decreased lumen diameter, increased extracellular 
matrix, and thickened media27. In addition, hypertension 
is associated with increased production of free radicals 
and oxidative stress that may promote an inflammatory 
state and enhance the atherosclerotic process28. Blood 
pressure severity and its treatment are established 
based on the level of blood pressure and the con-
comitant presence of risk factors, coexisting CVD, or 
evidence of target-organ damage.

Diabetes

Diabetes mellitus is considered a “cardiovascular 
risk equivalent” that confers on diabetic persons a risk 
of future CVD events equivalent to that of persons who 
have survived a prior myocardial infarction. Approxi-
mately 50-75% of all deaths among patients with 
diabetes mellitus are CVD-related, and type 2 diabe-
tes mellitus increases the risk of death from CHD by 
2- to 4-fold29. In patients with diabetes, other cardio-
vascular risk factors coexist beyond hyperglycemia, 
including hypertension and dyslipidemia.

Owing to the high risk associated with diabetes, the 
aggressive control of all risk factors is especially impor-
tant and includes both lifestyle changes and pharma-
cological intervention. Clinical trials in diabetes mellitus 
have examined cardiovascular risk reduction in patients 
with existing disease and the prevention of new-onset 
diabetes mellitus in patients with no evidence of diabetes 
at baseline20-31.

Metabolic syndrome

Metabolic syndrome is associated with increased 
CVD risk. The metabolic syndrome comprises a group 
of lipid and non-lipid risk factors such as insulin resis-
tance and its associated hyperinsulinemia, atherogen-
ic dyslipidemia, central obesity, and hypertension32. 
Clinical studies have noted a high correlation between 
abdominal obesity and the characteristic risk factors of 
the metabolic syndrome. For example, closely associ-
ated with abdominal obesity is an elevation of serum 
triglycerides. A higher triglyceride level is usually ac-
companied by lower HDL cholesterol concentrations33,34. 
The excess adipose tissue characteristic of the metabolic 

syndrome secretes prothrombotic factors and proin-
flammatory cytokines, which may contribute to vascular 
disease. Insulin resistance and subsequent hyperinsu-
linemia contribute to endothelial dysfunction and impaired 
NO responses. Furthermore, the chronic exposure of 
vascular smooth muscle to hyperinsulinemia may pro-
mote intimal hyperplasia35,36.

Smoking

Cigarette smoking has been established as a powerful 
contributor to risk for coronary artery disease and oth-
er forms of CVD. The relationship between smoking 
and CVD risk is dose dependent and observed both 
in men and women. Consequences of smoking on the 
cardiovascular system are due to the effects on plate-
lets, function of endothelial progenitor cells, vascular 
endothelial function, and heart rate variability. These 
effects both increase the likelihood of an acute event 
as well as contribute to long-term development of CAD. 
Observational data suggest that smoking cessation 
reduces the risk for CVD events and that the decline 
in risk begins within months after quitting. The risk 
of myocardial infarction falls by half within a year of 
cessation37.

Emerging risk factors

Different biomarkers have been identifying as emerg-
ing risk factors that could improve global risk assess-
ment. The clinical usefulness of an individual biomarker 
depends on its ability to satisfy many criteria, including 
whether the marker identifies or predicts patients at 
risk, how easily and accurately it can be measured in 
the clinical setting, and whether therapeutic modifica-
tion of the marker has a beneficial impact on cardio-
vascular risk.

C-reactive protein (CRP) appears to be the most 
reliable inflammatory marker available at present. Nu-
merous studies have demonstrated that elevated 
CRP levels independently add predictive risk infor-
mation above and beyond traditional approaches. 
Obesity and the metabolic syndrome are commonly 
accompanied by increases in CRP, suggesting a close 
link between metabolic abnormalities and inflammation38. 
However, some gaps in the evidence remain. Interven-
tions that reduce CRP (weight loss, exercise, smoking 
cessation, statins, and fibrates) are already known to 
reduce the risk for coronary events. A primary preven-
tion trial of rosuvastatin 20 mg versus placebo in 
17,802 patients with a CRP level > 2 mg/l and a LDL 
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cholesterol level < 3.36 mmol/l (< 130 mg/dl) was ter-
minated early because of “overwhelming benefit”. The 
investigators did not provide the number of partici-
pants who could be classified as low- or intermediate-
risk on the basis of their Framingham risk score, so the 
applicability of this trial to intermediate-risk persons is 
not clear39. Debate continues on the importance of 
CRP’s contribution to atherosclerosis: is CRP a marker 
of inflammation that predicts the atherosclerotic pro-
cess or is it a consequence of this? A recent study40 
defined CRP as a useful biomarker, but not causally 
associated with CAD.

The link between homocysteine and CHD is not well 
understood, although elevations of serum homocysteine 
are positively correlated with risk for CHD. In any case, 
the strength of association between homocysteine and 
CHD is not as great as that for the major risk factors. 
Moreover, an elevation of homocysteine is not so com-
mon. Some investigators maintain that it could be a 
direct target of therapy. The available intervention for 
elevated homocysteine is dietary folic acid, perhaps 
combined with other B vitamins (B6 and B12)

41,42. 
Several clinical trials are underway to test whether ho-
mocysteine lowering will reduce CHD risk21. A recent 
study43 showed that active treatment does not signifi-
cantly decrease the risk of death from cardiovascular 
causes, myocardial infarction, and stroke.

Beyond biomarkers, a number of surrogate markers 
of target-organ damage have been investigated to deter-
mine their usefulness in risk stratification. Structural sur-
rogate markers reflect abnormalities in the arteries or the 
heart that result from the CVD process. Some examples 
include left ventricular hypertrophy, carotid intima-
media thickness (IMT), and ankle-brachial index.

Several studies suggest that reversal of left ventricu-
lar hypertrophy as measured by electrocardiography 
or echocardiography may be useful as a surrogate 
endpoint for treatment of hypertension. A high baseline 
left ventricular mass value in initially normotensive pa-
tients predicts subsequent increases in blood pressure 
and the development of hypertension, independent of 
other risk factors. Moreover, elevated left ventricular 
mass is a strong predictor of CVD morbidity and 
mortality, regardless of blood pressure values or the 
presence of other CVD risk factors44-47.

In different randomized trials, carotid IMT, as mea-
sured by carotid ultrasonography, has been used 
widely as a measure of the progression of atheroscle-
rotic disease. The extent of carotid atherosclerosis cor-
relates positively with the severity of coronary athero-
sclerosis. Furthermore, different studies showed that 

severity of IMT independently correlates with risk of 
major coronary events48. Anyway, differences in mea-
surement of carotid IMT, extensive overlap with other 
risk factors for coronary events, inadequate measure-
ment and adjustment of these risk factors, and different 
definitions of endpoints contributed to the wide vari-
ation in risk ratios49. So its usefulness in cardiac risk 
assessment needs to be validated in prospective, 
population-based cohort studies, using appropriate 
measurement methods to determine whether inter-
ventions that affect IMT translate in a reduction of 
clinical events.

The ankle-brachial index is an indicator of periph-
eral atherosclerotic disease that involves the large ar-
teries of the lower extremity. The ankle-brachial index 
is determined by measuring systolic blood pressure at 
the ankle, based on palpation or ultrasonographic 
measurement of the dorsalis pedis pulse, and dividing 
this by the systolic blood pressure measured in the 
arm. An ankle-brachial index < 0.9 is the cutoff point 
commonly used to indicate possible significant com-
promise of lower-extremity arterial blood flow. In the 
Framingham cohort, the principal risk factors for CHD 
events (hyperlipidemia, hypertension, and smoking) 
were found to be equally good as predictors of incident 
peripheral artery disease. Peripheral arterial disease is 
classified as a coronary equivalent and the Adult Treat-
ment Panel III recommends patient management simi-
larly to the ones at high risk according to the Framing-
ham system. However, the evidence is still insufficient 
to establish the value of ankle-brachial index for car-
diac risk assessment in asymptomatic intermediate-
risk persons21,50.

Cardiovascular risk factors in HIV patients

The prevalence rates of these factors in HIV patients 
are high and may predate acquisition of HIV infection. 
For example, smoking prevalence in the HIV popula-
tion is higher than in controls in several studies. 
HIV-infected patients have diets high in saturated fat 
compared with community control groups. Analysis of 
data from two large patient cohorts showed that patients 
with HIV infection have a higher total:HDL cholesterol  
and LDL cholesterol:HDL cholesterol ratios and serum 
triglyceride levels than uninfected subjects, thus 
placing these HIV-infected patients at even greater risk 
for CVD51-58.

The relative contribution of each cardiovascular risk 
factor is similar in HIV-infected and uninfected popula-
tions, which suggests that these factors contribute to 
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cardiovascular risk in a comparable way irrespective 
of HIV status. That being so, analyses that compare 
the observed incidence of CHD in HIV-infected popula-
tions with that predicted in the general population have 
reported reasonably similar outcomes59. In addition, 
the accumulated evidence indicates that the events 
leading to disease progression overlap and intertwine 
and do not always occur as a sequence of discrete, 
tandem incidents.

Effects of HIV infection

The increased incidence of cardiovascular events 
during interruption of antiretroviral treatment sug-
gests that HIV infection itself may increase cardiovas-
cular risk.

Uncontrolled HIV replication has been demonstrated 
to be a significant independent risk factor for lipid 
changes, including hypercholesterolemia, elevated 
levels of VLDL cholesterol and triglycerides, and low-
ered HDL cholesterol levels. High-density lipoprotein 
cholesterol levels decrease early in HIV infection, 
with predominant small, dense LDL particles. Subse-
quently, triglycerides and VLDL cholesterol increase, 
often at the time when signs and symptoms of AIDS 
occur and especially during therapy with protease 
inhibitors60,61. So the increased atherogenic profile of 
these patients before and during antiretroviral therapy 
(ART) consists of greater circulating amounts of 
small, dense lipoprotein particles, greater LDL trig-
lyceride content, and smaller mean LDL particle size62. 
The pathogenesis of lipid abnormalities caused by HIV 
infection is not well understood. Possible mechanisms 
may include increased hepatic lipogenesis, impaired 
clearance of lipids from the blood, and effects of im-
munologic status63. Lower levels of HDL cholesterol 
may be a consequence of HIV infection and/or throm-
botic activity, a mediator of endothelial injury and 
thrombogenesis, or both. In HIV populations, lower 
levels of HDL cholesterol are inversely correlated with 
markers of endothelial activation and thrombotic activ-
ity, and HIV seroconversion leads to decreases in HDL 
cholesterol levels that do not completely revert with 
ART initiation17,64.

HIV may interfere with adipose tissue homeostasis 
regardless of antiretroviral drug-induced lipodystro-
phy. These lipid changes have been found to be sta-
tistically associated with lower CD4+ T-cell counts and 
higher viral RNA levels65. In addition, a higher viral 
load is correlated with endothelial dysfunction, which 
is also related to an increased risk of cardiovascular 

events66. The mechanism of HIV-related endothelial 
dysfunction is not clear, but may include lipid disor-
ders associated with HIV infection, viral protein-related 
endothelial activation, effects of systemic inflamma-
tory cytokine or chemokine dysregulation, or direct 
HIV infection of the endothelium67 and vascular smooth 
muscle cells.

Different HIV components may have a direct action 
in the modulation of inflammation regardless of CD4 
cell counts. HIV may directly induce monocyte/mac-
rophage, endothelial, and adipocyte activation. These 
cells may upregulate the secretion of inflammatory 
molecules and downregulate anti-inflammatory fac-
tors. This altered status may further contribute to en-
dothelial activation and atherosclerosis development. 
Injured endothelial cells release the adhesion molecule, 
soluble vascular cell adhesion molecule 1 (sVCAM-1), 
in the vessel lumen, which should be considered as 
a marker of endothelial activation68. Virus proteins, 
such as Tat and Nef, may influence monocyte actions 
(i.e. cytokine and chemokine production)69,70. So, HIV 
replication may lead to a dysregulated interaction 
among leukocytes, endothelial cells, and adipose 
tissue, modifying the serum levels of cardiovascular 
endothelial and inflammatory markers and favoring 
atherosclerosis.

A post hoc analysis of the STACCATO trial, compris-
ing a subgroup of participants who had no prior ART 
exposure, investigated plasma levels of soluble media-
tors associated with cardiovascular risk. The biomark-
ers analyzed are involved in endothelial activation 
(sVCAM-1 and P-selectin), systemic inflammation 
(chemokine ligand CCL2, CCL3, GM-CSF, CRP, IL-6 
and IL-10), platelet (P-selectin) and coagulation cascade 
(D-dimer), adipose tissue activation (adiponectin and 
leptin). These markers were measured before initiation 
of combined ART, during combined ART when plas-
ma HIV RNA was undetectable, and then in the 
randomized phase of the trial when patients either 
continued or suspended combined ART. The aim was 
to test whether and how the values of the different 
cardiovascular markers correlated with HIV replication. 
In this study, HIV RNA replication was showed to be 
associated with increased levels of sVCAM-1 and 
CCL2 and decreased levels of adiponectin and IL-10. 
This association persisted after adjustment for known 
cardiovascular risk factors. There was no significant 
correlation for the other biomarkers between patients 
treated and those who stopped combined ART at 
week 12 of the trial. These soluble markers (sVCAM-1, 
CCL2, adiponectin, and IL-10) may have an active 
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role in the increased cardiovascular risk provoked by 
HIV infection71.

Effects of antiretroviral therapy  
on cardiovascular risk

Treatment with potent ART has transformed HIV infec-
tion from a rapidly fatal disease into a chronic illness. 
However, shortly after ART was introduced there were 
several reports of acute myocardial infarction and pre-
mature atherosclerotic vascular disease among young 
patients receiving such treatment72,74. Several studies 
demonstrated that the type, duration, and current use 
or nonuse of antiretroviral therapy is strongly associated 
with the severity of metabolic disorders, including hyper-
lipidemia, insulin resistance, and lipodystrophy73,76-78.

In the ongoing Data Collection on Adverse Events of 
Anti-HIV Drugs (D:A:D) study, the relative risk of myo-
cardial infarction associated with the use of protease 
inhibitors (PI), adjusted for exposure to the other drug 
class and established cardiovascular risk factors 
(e.g. hypertension and diabetes), was 1.16 per year 
of exposure (95% CI: 1.10-1.23), whereas treatment 
with a nonnucleoside reverse transcriptase inhibitor 
(NNRTI) did not increase the risk of myocardial infarc-
tion appreciably (relative risk, 1.05/year of exposure; 
95% CI: 0.98-1.13)93.

Although the D:A:D Study Group found that the rela-
tive risk of CVD increased as the duration of ART in-
creased, the absolute risk of cardiovascular disease 
will remain low for most patients, except those with 
multiple other cardiovascular risk factors80.

The realization that HIV infection, particularly uncon-
trolled viremia, and the presence of risk factors shared 
with the general population, are important causes of 
CVD among patients with HIV infection has significant 
implications for therapeutic intervention in patients with 
both conditions75,79.

Most importantly, it suggests that stopping or inter-
rupting ART may be of relatively little benefit in de-
creasing cardiovascular risk. Results from a cardiovas-
cular substudy of The Strategies for Management of 
AntiRetroviral Therapy (SMART) trial indicated that pa-
tients in the CD4-guided intermittent treatment group 
were at increased risk for evidence of myocardial dam-
age compared with patients who received treatment 
aimed at early and continuous viral suppression.

The SMART trial demonstrated a 60% increased 
relative risk for CVD events with a strategy of CD4+ cell 
count-guided interruption of ART, and adverse changes 
in HDL cholesterol after stopping ART may explain 

some of the excess CVD risk81. Further analyses of 
SMART demonstrated markers of inflammation (IL-6) 
and thrombotic activity (D-dimer) at baseline were 
strongly associated with CVD and mortality risk. Fur-
thermore, IL-6 and D-dimer levels increased after dis-
continuation of ART, and this increase was associated 
with increases in HIV RNA levels82.

There is still confusion about the relationship be-
tween ART and cardiovascular risk. However, a growing 
body of evidence suggests that HIV-positive patients, 
regardless of HAART regimen, generally have tradi-
tional risk factors for CVD that may complicate deter-
mination of risk associated with specific antiretroviral 
agents. Recent data suggest that ART may improve 
factors (e.g. endothelial dysfunction) associated with 
increased cardiovascular risk83-87.

Risk assessment

Several screening strategies are available to assess 
global cardiovascular risk. The prevalence rate of tra-
ditional cardiovascular risk factors in HIV patients is 
high and their relative contribution is similar to that of 
the uninfected population. So, with existing insuffi-
cient evidence about a different screening approach 
in HIV patients, the recommended screening strate-
gies are the same as for the non-HIV population. Sev-
eral multivariate models are available for calculating 
global CHD risk97. The most commonly used model to 
define the 10-year CHD risk is the Framingham Risk 
Score, which incorporates age, sex, blood pressure, LDL 
cholesterol, HDL cholesterol, diabetes, and smoking. 
Low, intermediate, and high risks are defined as 10-year 
risk of CHD of 10, 10-20, and 20%, respectively. How-
ever, according to different data the Framingham mod-
el appears to underestimate CHD events in HIV pa-
tients who also smoke98.

Several emerging risk factors and surrogate markers 
for atherosclerosis have been demonstrated to monitor 
the inflammatory process and lipid metabolism. On the 
basis of the available evidence, the CDC/AHA sug-
gests that measurement of CRP, an acute-phase protein, 
is indicated in patients with moderate risk (10-20% risk 
of CVD over 10 years). C-reactive protein is elevated 
in HIV-infected patients and associated with more rap-
id disease progression to AIDS. However, for patients 
with HIV, the role of CRP in clinical practice is less 
clear because results could be confounded by comor-
bid conditions. Other inflammatory biomarkers include 
proinflammatory cytokines, chemokines, products of 
hepatic circulation, homocysteine, and immunoglobulin 
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molecules. Higher intrahepatic levels of the proin-
flammatory cytokines, tumor necrosis factor-α (TNF-α) 
and interferon gamma, are found in treatment-naive 
patients with HIV/HCV coinfection, and elevated serum 
levels of TNF-α receptor in patients with HIV-associ-
ated lipodystrophy are correlated with severe insulin 
resistance88-94.

Lipid biomarkers include the traditional lipid profile, 
adiponectin, other lipoproteins, LDL fractions, and HDL 
subfractions. Carotid IMT, flow-mediated vasodilation 
of the brachial artery, and coronary calcium score rep-
resent new surrogate markers that predict cardiovas-
cular outcomes, but there are few data that suggest 
their clinical utility in the evaluation of cardiovascular 
risk among HIV-infected patients95-98. An increased 
carotid IMT has been correlated to endothelial dys-
function, increased plasma levels of thrombophilia 
factor VIII activity and VLDL cholesterol, and decreased 
clearance of apolipoprotein particles. In patients with 
HIV infection, carotid IMT is also associated with in-
creased CD4+ and CD8+ T-cell activation and CD4+ 
count ≤ 200 cells/mm3 at nadir99-102. However, the cor-
relation of these pro-atherogenic surrogate markers 
with increased cardiovascular risk and long-term out-
comes in HIV-infected patients remains to be validated 
in larger studies. Identifying the presence of predis-
posing risk factors, we seek to define the pretest likeli-
hood of disease.

There are no specific data about the sensitivity and 
specificity of diagnostic tests for CAD in the HIV popu-
lation, so recommendations do not differ from the un-
infected population. According to the US Preventive 
Services Task Force103, patients with a low pretest prob-
ability and a low global CHD risk score (e.g. < 10%) 
should not be referred for further testing, whereas those 
with a high pretest probability (> 20%) have a high 
false-positive rate on noninvasive tests, such as exer-
cise ECG, and should be considered for invasive arte-
riography. Patients at intermediate risk are most suit-
able for noninvasive testing. The use of graded levels 
of stress is most commonly employed to detect myo-
cardial ischemia. Stress may be physiological (e.g. ex-
ercise) or pharmacological (e.g. dipyridamole) and 
may be assessed with ECG, echocardiography, or nu-
clear imaging. If stress tests are not significant and 
doubts remain, a more sophisticated imaging tech-
nique, like coronary computed tomography, is indi-
cated. Important questions and priorities for future re-
search were identified, including the need to determine 
the optimal screening strategy and risk stratification 
algorithm, to define the sensitivity and specificity of 

diagnostic tests for CHD, and to determine the clinical 
utility of inflammatory and surrogate markers of CHD 
in HIV-infected patients.

Conclusion

HIV infection could be seen as a new link in the chain 
of events leading to CAD in this peculiar population. 
But how could this “new” link interact with CVD con-
tinuum? HIV and ART can contribute to increase CVD 
risk in three main ways: (i) HIV may be a marker to 
identify a subgroup of the general population with a 
higher prevalence of traditional cardiovascular risk fac-
tors, regardless of HIV or ART (e.g. HIV-infected pa-
tients are often smokers and have an unhealthy diet); 
(ii) HIV or ART may influence the risk of developing 
traditional cardiovascular risk factors (e.g. HIV or ART 
may worsen dyslipidemia); and (iii) HIV or ART may 
contribute to the pathogenesis of CVD (e.g. through 
effects on inflammation or endothelial function). Differ-
ent evidences suggest that all three mechanisms can 
be involved in the development of CVD in HIV pa-
tients104.

Cardiovascular risk factors play an important role 
and are known to be necessary but not sufficient in the 
pathophysiological continuum. A lot of uncertainties, on 
the contrary, exist about the effective role of inflamma-
tion in the pathogenesis of CAD. HIV increases lipid 
disorders and provokes an inflammatory burden, favor-
ing an atherogenic milieu. Antiretroviral therapy, 
through the control of HIV replication, reduces sys-
temic inflammation but it is associated to metabolic 
disorders, including hyperlipidemia, insulin resistance, 
and lipodystrophy. Finally, what is the net effect ob-
tained by the correlation of all these factors? (Fig. 1). 
We may distinguish two categories of patients. First, 
patients with traditional cardiovascular risk factors and 
concomitant atherosclerosis who contract HIV infec-
tion: the atherogenic milieu by itself is a source of in-
flammation and the overlapping HIV may contribute to 
increase the inflammatory burden and endothelial dys-
function. On the other hand, we may have patients 
without any traditional cardiovascular risk factors in 
which HIV is the primum movens of the inflammatory 
cascade and continuously sustains it; moreover, the 
virus, and then the antiretroviral therapy, favor meta-
bolic disorders that contribute to developing an athero-
genic milieu. Because of the different pathogenetic 
mechanism, we could hazard a guess: is the athero-
genic plaque composition different in these two groups 
of patients?
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To get an answer we need the design of adequate 
prospective studies, with a long-term follow-up and 
based on the collaboration between cardiologist and 
infectologist, that follow and compare the evolution of 
CVD in well-defined categories of patients:

−	 uninfected patients with traditional cardiovascular 
risk factors;

−	 naive HIV-infected patients without cardiovascular 
risk factors and organ damage;

−	 HIV-infected patients, without cardiovascular risk 
factors and organ damage, treated with different 
combinations of ART.

In this way it will be possible to outline the contribu-
tion of each factor and their overlapping in acceleration 
of the atherogenic process. What to do in the mean-
time? Collectively, the data linking viremia, endothelial 
dysfunction and inflammation, the increased risk of 
cardiovascular events with treatment interruption, and 
the association between CVD and CD4 cell deple-
tion, suggest that early control of HIV replication with 
ART can be used as a strategy to reduce CVD risk105. 
The initial choice of ART regimen and subsequent ART 
modifications may be considered in planning CVD pre-
vention strategies, because the risks of inadequately 
treated HIV infection outweigh any increase in CVD risk 
that may be associated with ART106. Efforts to prevent 
CVD in patients with HIV should focus also on improv-
ing modifiable risk factors such as cigarette smoking, 
hypertension, dyslipidemia, and disordered glucose 
metabolism. They should be treated in a manner similar 

to the general population: through lifestyle modifications 
and specific drugs, including statins, fibrates, antihy-
pertensive therapies, etc. However, the application of 
the famous risk charts to the HIV-infected population 
could underestimate the global cardiovascular risk in 
these specific patients. A better detection of cardio-
vascular risk and organ damage in HIV-infected 
people is needed, through more sophisticated methods 
and identifying specific biomarkers as surrogate 
endpoints for CVD. In the absence of HIV-specific 
long-term studies, recommendations for both the 
screening and diagnosis of coronary artery disease 
in HIV-infected patients do not differ generally from 
the strategies that have been proven effective in 
uninfected populations.

References

	 1.	 Friis-Møller N, Sabin C, Weber R, et al. Data Collection on Adverse Events 
of Anti-HIV Drugs (DAD) Study Group. Combination antiretroviral therapy 
and the risk of myocardial infarction. N Engl J Med. 2003;349:1993-2003.

	 2.	 Lohse N, Hansen A, Pedersen G, et al. Survival of persons with and 
without HIV infection in Denmark, 1995-2005. Ann Intern Med. 
2007;146:87-95.

	 3.	 Stevn K, Grinspoon, Carl Grunfeld, et al. State of the Science Conference 
Initiative to decrease cardiovascular risk and increase quality of care for 
patients living with HIV/AIDS Executive Summary. Circulation. 
2008;118:198-210.

	 4.	 Dzau V, Braunwald E. Resolved and unresolved issues in the prevention 
and treatment of coronary artery disease: a workshop consensus state-
ment. Am Heart J. 1991;121:1244-62.

	 5.	 Dzau V, Antman E, Black H, et al. The cardiovascular disease con-
tinuum validated: clinical evidence of improved patient outcomes: Part 
I: Pathophysiology and clinical trial evidence (risk factors through stable 
coronary artery disease). Circulation. 2006;114:2850-70.

	 6.	 Executive Summary of the Third Report of the National Cholesterol Edu-
cation Program (NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment Panel III). 
JAMA. 2001;285:2486-97.

	 7.	 Reusch J. Current concepts in insulin resistance, type 2 diabetes mel-
litus, and the metabolic syndrome. Am J Cardiol. 2002;90:19-26G.

	 8.	 Wilson P, D’Agostino R, Levy D, Belanger A, Silbershatz H, Kannel W. 
Prediction of coronary heart disease using risk factor categories. Circu-
lation. 1998;97:1837-47.

	 9.	 Li R, Bensen J, Hutchinson R, et al. Family risk score of coronary heart 
disease (CHD) as a predictor of CHD: the Atherosclerosis Risk in Com-
munities (ARIC) Study and the NHLBI Family Heart Study. Genet Epide-
miol. 2000;18:236-50.

	 10.	 Williams R, Hunt S, Heiss G, et al. Usefulness of cardiovascular family 
history data for population-based preventive medicine and medical re-
search (the Health Family Tree Study and the NHLBI Family Heart Study). 
Am J Cardiol. 2001;87:129-35.

	 11.	 Siegmund K, Province M, Higgins M, Williams R, Keller J, Todorov A. Mod-
eling disease incidence rates in families. Epidemiology. 1998;9:557-62.

	 12.	 Snowden C, McNamara P, Garrison R, Feinleib M, Kannel W, Epstein F. 
Predicting coronary heart disease in siblings–a multivariate assessment: 
the Framingham Heart Study. Am J Epidemiol. 1982;115:217-22.

	 13.	 Khaw K-T, Barrett-Connor E. Family history of heart attack: a modifiable 
risk factor? Circulation 1986;74:239-44.

	 14.	 Steinberg D, Witztum J. Is the oxidative modification hypothesis relevant 
to human atherosclerosis? Do the antioxidant trials conducted to date 
refute the hypothesis? Circulation. 2002;105:2107–11.

	 15.	 Ehara S, Ueda M, Naruko T, et al. Elevated levels of oxidized low den-
sity lipoprotein show a positive relationship with the severity of acute 
coronary syndromes. Circulation. 2001;103:1955-60.

	 16.	 Barter P, Nicholls S, Rye K, Anantharamaiah G, Navab M, Fogelman A. 
Antiinflammatory properties of HDL. Circ Res. 2004;95:764-72.

	 17.	 Florentin M, Liberopoulos E, Wierzbicki A, Mikhailidis D. Multiple actions 
of high-density lipoprotein. Curr Opin Cardiol. 2008;23:370-8.

	 18.	 Cannon C, Braunwald E, McCabe C, et al. Intensive versus moderate 
lipid lowering with statins after acute coronary syndromes. N Engl J Med. 
2004;350:1495-504.

CV risk factors

?

?

CAD

HIV +

HIV + ART

Figure 1. Different studies show an overlapping among traditional 
cardiovascular (CV) risk factors, HIV infection and antiretroviral 
therapy (ART) in the pathogenesis of cardiovascular disease. May 
HIV infection by itself or with the contribution of ART lead to coronary 
artery disease (CAD) in patients without traditional cardiovascular 
risk factors?

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11



AIDS Reviews. 2011;13

128

	 19.	 LaRosa J, Grundy S, Waters D, et al. Intensive lipid lowering with ator-
vastatin in patients with stable coronary disease. N Engl J Med. 
2005;352:1425-35.

	 20.	 Nissen S, Tuzcu E, Schoenhagen P, et al. Statin therapy, LDL choles-
terol, C-reactive protein, and coronary artery disease. N Engl J Med. 
2005;352:29-38.

	 21.	 Grundy S, Cleeman J, Merz C, et al. Implications of recent clinical trials 
for the National Cholesterol Education Program Adult Treatment Panel 
III guidelines. Circulation. 2004;110:227-39.

	 22.	 Cullen P. Evidence that triglycerides are an independent coronary heart 
disease risk factor. Am J Cardiol. 2000;86:943-9.

	 23.	 Assmann G, Schulte H, von Eckardstein A. Hypertriglyceridemia and 
elevated levels of lipoprotein (a) are risk factors for major coronary 
events in middle-aged men. Am J Cardiol. 1996;77:1179-84.

	 24.	 Tenkanen L, Manttari M, Manninen V. Some coronary risk factors related 
to the insulin resistance syndrome and treatment with gemfibrozil: expe-
rience from the Helsinki Heart Study. Circulation. 1995;92:1779-85.

	 25.	 Hodis H, Mack W, Azen S, et al. Triglyceride- and cholesterol-rich lipo-
proteins have a differential effect on mild/moderate and severe lesion 
progression as assessed by quantitative coronary angiography in a 
controlled trial of lovastatin. Circulation. 1994;90:42-9.

	 26.	 Grundy S, Vega G. Two different views of the relationship of hypertriglyc-
eridemia to coronary heart disease. Arch Intern Med. 1992;152:28-34.

	 27.	 Hamsten A, Wiman B, de Faire U, Blomback M. Increased plasma level 
of a rapid inhibitor of tissue plasminogen activator in young survivors of 
myocardial infarction. N Engl J Med. 1985;31:1557-63.

	 28.	 Abdel-Maksoud M, Sazonov V, Gutkin S, Hokanson J. Effects of modify-
ing triglycerides and triglyceride-rich lipoproteins on cardiovascular 
outcomes. J Cardiovasc Pharmacol. 2008;51:331-51.

	 29.	 Gibbons G, Dzau V. The emerging concept of vascular remodeling. N 
Engl J Med. 1994;330:1431-8.

	 30.	 Dzau V, Antman E, Black H, et al. The cardiovascular disease continuum 
validated: clinical evidence of improved patient outcomes: Part I: 
Pathophysiology and clinical trial evidence (risk factors through stable 
coronary artery disease) Circulation. 2006;114;2850-70.

	 31.	 Dormandy J, Charbonnel B, Eckland D, et al. PROACTIVE Investigators. 
Secondary prevention of macrovascular events in patients with type 2 
diabetes in the PROACTIVE Study (PROspective pioglitAzone Clinical 
Trial In macroVascular Events): a randomised controlled trial. Lancet. 
2005;366:1279-89.

	 32.	 Lindholm L, Ibsen H, Dahlöf B, et al. LIFE Study Group. Cardiovascular 
morbidity and mortality in patients with diabetes in the Losartan Interven-
tion For Endpoint reduction in hypertension study (LIFE): a randomised 
trial against atenolol. Lancet. 2002;359:1004-10.

	 33.	 Pearson T, Mensah G, Alexander R, et al. Markers of inflammation and 
cardiovascular disease: application to clinical and public health prac-
tice: a statement for healthcare professionals from the Centers for Dis-
ease Control and Prevention and the American Heart Association. Cir-
culation. 2003;107:499-511.

	 34.	 Julien P, Vohl M-C, Gaudet D, et al. Hyperinsulinemia and abdominal 
obesity affect the expression of hypertriglyceridemia in heterozygous 
familial lipoprotein lipase deficiency. Diabetes. 1997;46:2063-8.

	 35.	 Grundy S. Obesity, metabolic syndrome, and coronary atherosclerosis. 
Circulation. 2002;105:2696-8.

	 36.	 Libby P, Ridker P, Maseri A. Inflammation and atherosclerosis. Circula-
tion. 2002;105:1135-43.

	 37.	 Prasad D, Kabir Z, Dash A, Das B. Smoking and cardiovascular health: 
A review of the epidemiology, pathogenesis, prevention and control of 
tobacco. Indian J Med Sci. 2009;63:520-33.

	 38.	 Ridker P. Clinical application of C-reactive protein for cardiovascular 
disease detection and prevention. Circulation. 2003;107:363-9.

	 39.	 Ridker P, Danielson E, Fonseca F, et al. JUPITER Study Group. Rosu-
vastatin to prevent vascular events in men and women with elevated 
C-reactive protein. N Engl J Med. 2008;359:2195-207.

	 40.	 Elliott P, Chambers J, Zhang W, et al. Genetic loci associated with c-
reactive protein levels and risk of coronary heart disease. JAMA. 
2009;302:37-48.

	 41.	 Malinow M, Bostom A, Krauss R. Homocyst(e)ine, diet, and cardiovas-
cular diseases: a statement for healthcare professionals from the 
Nutrition Committee, American Heart Association. Circulation. 1999;99: 
178-82.

	 42.	 Giles W, Croft J, Greenlund K, Ford E, Kittner S. Association between 
total homocyst(e)ine and the likelihood for a history of acute myocardial 
infarction by race and ethnicity: results from the Third National Health 
and Nutrition Examination Survey. Am Heart J. 2000;139:446-53.

	 43.	 HOPE2 investigators. Homocysteine lowering with folic acid and B vita-
mins in vascular disease. N Engl J Med. 2006;354:1567-77.

	 44.	 Devereux R, Roman M. Left ventricular hypertrophy in hypertension: 
stimuli, patterns, and consequences. Hypertens Res. 1999;22:1-9.

	 45.	 Victor J. Dzau M, Elliott M, et al. The cardiovascular disease continuum 
validated: clinical evidence of improved patient outcomes Part II: clinical 
trial evidence (acute coronary syndromes through renal disease) and 
future directions. Circulation. 2006;114;2871-91.

	 46.	 Mensah G, Pappas T, Koren M, Ulin R, Laragh J, Devereux R. Com-
parison of classification of the severity of hypertension by blood pressure 
level and by World Health Organization criteria in the prediction of 
concurrent cardiac abnormalities and subsequent complications in es-
sential hypertension. J Hypertens. 1993;11:1429-40.

	 47.	 Mancini G, Dahlöf B, Díez J. Surrogate markers for cardiovascular dis-
ease: structural markers. Circulation. 2004;109(Suppl I):IV22-30.

	 48.	 Ferri N, Paoletti R, Corsini A. Biomarkers for atherosclerosis: pathophys-
iological role and pharmacological modulation. Curr Opin Lipidol. 
2006;17:495-501.

	 49.	 Bots M, Baldassarre D, Simon A, et al. Carotid intima-media thickness 
and coronary atherosclerosis: weak or strong relations? Eur Heart J. 
2007;28:398-406.

	 50.	 National Cholesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III). Third Report of the National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment 
of High Blood Cholesterol in Adults (Adult Treatment Panel III) final re-
port. Circulation. 2002;106:3143-421.

	 51.	 Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk 
factors associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study. Lancet. 2004;364:937-52.

	 52.	 Savès M, Chene G, Ducimetière P, et al. Risk factors for coronary 
heart disease in patients treated for human immunodeficiency virus 
infection compared with the general population. Clin Infect Dis. 2003; 
37:292-8.

	 53.	 Friis-Møller N, Reiss P, Sabin C, et al. DAD Study Group. Class of anti-
retroviral drugs and the risk of myocardial infarction. N Engl J Med. 
2007;356:1723-35.

	 54.	 Triant V, Lee H, Hadigan C, Grinspoon S. Increased acute myocardial 
infarction rates and cardiovascular risk factors among patients with hu-
man immunodeficiency virus disease. J Clin Endocrinol Metab. 
2007;92:2506-12.

	 55.	 Monforte A, Pradier C, Morfeldt L, et al. DAD Study Group. Cardiovas-
cular disease risk factors in HIV patients: association with antiretroviral 
therapy: results from the DAD study. AIDS. 2003;17:1179-93.

	 56.	 Savès M, Chêne G, Ducimetière P, et al. French WHO MONICA Project 
and the APROCO (ANRS EP11) Study Group. Risk factors for coronary 
heart disease in patients treated for human immunodeficiency virus in-
fection compared with the general population. Clin Infect Dis. 2003; 
37:292-8.

	 57.	 Neumann T, Woiwod T, Neumann A, et al. Cardiovascular risk factors 
and probability for cardiovascular events in HIV-infected patients, part 
II: gender differences. Eur J Med Res. 2004;9:55-60.

	 58.	 Kaplan R, Kingsley L, Sharrett A, et al. Ten-year predicted coronary heart 
disease risk in HIV-infected men and women. Clin Infect Dis. 
2007;45:1074-81.

	 59.	 Joy T, Keogh H, Hadigan C, et al. Dietary fat intake and relationship to 
serum lipid levels in HIV-infected patients with metabolic abnormalities 
in the HAART era. AIDS. 2007;21:1591-600.

	 60.	 Law M, Friis-Møller N, El-Sadr W, et al. D:A:D Study Group. The use of 
the Framingham equation to predict myocardial infarctions in HIV-infect-
ed patients: comparison with observed events in the D:A:D Study. HIV 
Med. 2006;7:218-30.

	 61.	 Grunfeld C, Pang M, Doerrler W, Shigenaga J, Jensen P, Feingold K. 
Lipids, lipoproteins, triglyceride clearance, and cytokines in human im-
munodeficiency virus infection and the acquired immunodeficiency syn-
drome. J Clin Endocrinol Metab. 1992;74:1045-52.

	 62.	 Constans J, Pellegrin J, Peuchant E, et al. Plasma lipids in HIV-infected 
patients: a prospective study in 95 patients. Eur J Clin Invest. 
1994;24:416-20.

	 63.	 Ho J, Hsue P. Cardiovascular manifestations of HIV infection. Heart. 
2009;95:1193-202.

	 64.	 Rose H, Hoy J, Woolley I, et al. HIV infection and high density lipoprotein 
metabolism. Atherosclerosis. 2008;199:79-86.

	 65.	 Badiou S, De Boever C, Dupuy A, et al. Decrease in LDL size in HIV-
positive adults before and after lopinavir/ritonavir-containing regimen: an 
index of atherogenicity? Atherosclerosis. 2003;168:107-13.

	 66.	 El-Sadr W, Mullin C, Carr A, et al. Effects of HIV disease on lipid, glucose 
and insulin levels: results from a large antiretroviral-naive cohort. HIV 
Med. 2005;6:114-21.

	 67.	 Gupta S, Johnson R, Saha C, et al. Improvement in HIV-related endothe-
lial dysfunction using the anti-inflammatory agent salsalate: a pilot study. 
AIDS. 2008;22:653-5.

	 68.	 Calmy A, Gayet-Ageron A, Montecucco F, et al. STACCATO Study 
Group. HIV increases markers of cardiovascular risk: results from a 
randomized, treatment interruption trial. AIDS. 2009;23:929-39.

	 69.	 Leghmari K, Bennasser Y, Tkaczuk J, Bahraoui E. HIV-1 Tat protein in-
duces IL-10 production by an alternative TNF-alpha-independent path-
way in monocytes: role of PKC-delta and p38 MAP kinase. Cell Immunol. 
2008;253:45-53.

	 70.	 Lehmann M, Walter S, Ylisastigui L, et al. Extracellular HIV-1 Nef in-
creases migration of monocytes. Exp Cell Res. 2006;312:3659-68.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11



Francesco Fedele, et al.: HIV and Heart Disease

129

	 71.	 Ananworanich J, Gayet-Ageron A, Le Braz M, et al. CD4-guided scheduled 
treatment interruptions compared with continuous therapy for patients 
infected with HIV-1: results of the Staccato randomised trial. Lancet. 
2006;368:459-65.

	 72.	 Conaldi P, Serra C, Dolei A, et al. Productive HIV-1 infection of human 
vascular endothelial cells requires cell proliferation and is stimulated by 
combined treatment with interleukin-1 beta plus tumor necrosis factor-
alpha. J Med Virol. 1995;47:355-63.

	 73.	 Bukrinsky M, Sviridov D. Human immunodeficiency virus infection and 
macrophage cholesterol metabolism. J Leukoc Biol. 2006;80:1044-51.

	 74.	 Maggi P, Lillo A, Perilli F, et al. Colour-Doppler ultrasonography of ca-
rotid vessels in patients treated with antiretroviral therapy: a comparative 
study. AIDS. 2004;18:1023-8. 

	 75.	 Passalaris J, Sepkowitz K, Glesby M. Coronary artery disease and HIV 
infection. Clin Infect Dis. 2000;31:787-97.

	 76.	 Stein J. Cardiovascular risks of antiretroviral therapy. N Engl J Med. 
2007:356;17.

	 77.	 Mallon P, Miller J, Cooper D, Carr A. Prospective evaluation of the effects 
of antiretroviral therapy on body composition in HIV-1-infected men 
starting therapy. AIDS. 2003;17:971-9.

	 78.	 Dube M, Zackin R, Tebas P, et al. Prospective study of regional body com-
position in antiretroviral-naive subjects randomized to receive 
zidovudine+lamivudine or didanosine+stavudine combined with nelfinavir, 
efavirenz, or both: A5005s, a study of ACTG 384. Antivir Ther. 2002;7:L18.

	 79.	 Bastard J, Caron M, Vidal H, et al. Association between altered expres-
sion of adipogenic factor SREBP1 in lipoatrophic adipose tissue from 
HIV-1-infected patients and abnormal adipocyte differentiation and in-
sulin resistance. Lancet. 2002;359:1026-31.

	 80.	 Caron M, Auclair M, Vigouroux C, Glorian M, Forest C, Capeau J. The 
HIV protease inhibitor indinavir impairs sterol regulatory element-binding 
protein-1 intranuclear localization, inhibits preadipocyte differentiation, 
and induces insulin resistance. Diabetes. 2001;50:1378-88.

	 81.	 El-Sadr W, Lundgren J, Neaton J, et al. CD4+ count-guided interruption 
of antiretroviral treatment. N Engl J Med. 2006;355:2283-96.

	 82.	 Phillips A, Carr A, Neuhaus J, et al. Interruption of antiretroviral therapy 
and risk of cardiovascular disease in persons with HIV-1 infection: ex-
ploratory analyses from the SMART trial. Antivir Ther. 2008;13:177-87.

	 83.	 Lenhard J, Furfine E, Jain R, et al. HIV protease inhibitors block adipo-
genesis and increase lipolysis in vitro. Antiviral Res. 2000;47:121-9.

	 84.	 Caron M, Auclair M, Sterlingot H, Kornprobst M, Capeau J. Some HIV 
protease inhibitors alter lamin A/C maturation and stability, SREBP-1 nu-
clear localization and adipocyte differentiation. AIDS. 2003;17:2437-44.

	 85.	 Hadigan C, Borgonha S, Rabe J, Young V, Grinspoon S. Increased rates 
of lipolysis among human immunodeficiency virus infected men receiv-
ing highly active antiretroviral therapy. Metabolism. 2002;51:1143-7.

	 86.	 Roche R, Poizot-Martin I, Yazidi C, et al. Effects of antiretroviral drug 
combinations on the differentiation of adipocytes. AIDS. 2002;16:13-20.

	 87.	 Zietz C, Hotz B, Sturzl M, Rauch E, Penning R, Lohrs U. Aortic endothe-
lium in HIV-1 infection: chronic injury, activation, and increased leuko-
cyte adherence. Am J Pathol. 1996;149:1887-98.

	 88.	 Tien P, Benson C, Zolopa A, et al. The study of fat redistribution and 
metabolic change in HIV infection (FRAM): methods, design, and sample 
characteristics. Am J Epidemiol. 2006;163:860-9.

	 89.	 Sitia G, De Bona A, Bagaglio S, et al. Naive HIV/HCV-coinfected patients 
have higher intrahepatic pro-inflammatory cytokines than coinfected 
patients treated with antiretroviral therapy. Antivir Ther. 2006;11:385-9.

	 90.	 Mynarcik D, McNurlan M, Steigbigel R, et al. Association of severe in-
sulin resistance with both loss of limb fat and elevated serum tumor 
necrosis factor receptor levels in HIV lipodystrophy. J Acquir Immune 
Defic Syndr. 2000;25:312-21.

	 91.	 Reiss P, Casula M, de Ronde A, Weverling G, Goudsmit J, Lange J. 
Greater and more rapid depletion of mitochondrial DNA in blood of 
patients treated with dual (zidovudine+didanosine or zidovudine+ zal-
citabine) vs. single (zidovudine) nucleoside reverse transcriptase in-
hibitors. HIV Med. 2004;5:11-4.

	 92.	 Nolan D, Hammond E, Martin A, et al. Mitochondrial DNA depletion and 
morphologic changes in adipocytes associated with nucleoside reverse 
transcriptase inhibitor therapy. AIDS. 2003;17:1329-38.

	 93.	 D:A:D Study Group, Friis-Moller N, Reiss P, et al. Class of antiretroviral 
drugs and the risk of myocardial infarction. N Engl J Med. 2007;356: 
1723-35.

	 94.	 Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities in 
hiv-infected adults. N Engl J Med. 2005;352:1.

	 95.	 Prineas R, Roediger M, Carr A, et al. Effect of alternate treatment proto-
cols on the incidence of electrocardiographic abnormalities among HIV 
infected adults in the SMART trial. Presented at: 4th International AIDS 
Society (IAS) Conference on HIV Pathogenesis, Treatment and Preven-
tion; Sydney, Australia. 2007 [Abstract].

	 96.	 Aberg J. Cardiovascular complications in HIV management: past, pres-
ent, and future. J Acquir Immune Defic Syndr. 2009;50:54-64.

	 97.	 Hsue P, Squires K, Bolger A, et al. Working Group 4. Screening and 
assessment of coronary heart disease in HIV-infected patients. Circula-
tion. 2008;118;e41-7.

	 98.	 Wilson P, D’Agostino R, Levy D, Belanger A, Silbershatz H, Kannel W. 
Prediction of coronary heart disease using risk factor categories. Circu-
lation. 1998;97:1837-47.

	 99.	 Hsue P, Hunt P, Sinclair E, et al. Increased carotid intima-media thick-
ness in HIV patients is associated with increased cytomegalovirus-spe-
cific T-cell responses. AIDS. 2006;20:2275-83.

	100.	 Hsue P, Lo J, Franklin A, et al. Progression of atherosclerosis as as-
sessed by carotid intima-media thickness in patients with HIV infection. 
Circulation. 2004;109:1603-8.

	101.	 Hsue P, Hunt P, Sinclair E, et al. Increased carotid intima-media thick-
ness in HIV patients is associated with increased cytomegalovirus-spe-
cific T-cell responses. AIDS. 2006;20:2275-83.

	102.	 Tien P, Benson C, Zolopa A, et al. The study of fat redistribution and 
metabolic change in HIV infection (FRAM): methods, design, and sample 
characteristics. Am J Epidemiol. 2006;163:860-9.

	103.	 Friis-Møller N, Thiébaut R, Reiss P, et al. D:A:D Study Group. Predicting 
the risk of coronary heart disease (CHD) in HIV-infected patients: the 
D:A:D CHD Risk Equation. Paper presented at: 14th CROI; February, 
2007; Los Angeles, CA.

	104.	 Currier J, Lundgren J, Carr A, et al. Epidemiological evidence for car-
diovascular disease in HIV-infected patients and relationship to highly 
active antiretroviral therapy. Circulation. 2008;118:e29-35.

	105.	 Panel on Antiretroviral Guidelines for Adults and Adolescents. Guide-
lines for the use of antiretroviral agents in HIV-1-infected adults and 
adolescents. Department of Health and Human Services. December 1, 
2009; 1-161. Available at http://www.aidsinfo.nih.gov/ContentFiles/
AdultandAdolescentGL.pdf

	106.	 Stein J, Hadigan C. Prevention strategies for cardiovascular disease in 
HIV-infected patients. Circulation. 2008;118;e54-60.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

11


