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Coronary Heart Disease Risk, Dyslipidemia, and

Management in HIV-Infected Persons

Carl J. Fichtenbaum, MD

Division of Infectious Diseases, Department of Internal Medicine, University of Cincinnati College of Medicine,

Cincinnati, Ohio, USA

Dyslipidemia and coronary heart disease (CHD) are of increasing concern in persons
with human immunodeficiency virus (HIV) infection who are living longer because of
the benefits of highly active antiretroviral therapy (HAART). All classes of drugs used
in HAART have been associated with atherogenic changes in lipid profiles. The
management of HIV-infected persons with dyslipidemia and/or CHD currently
emphasizes the importance of monitoring and optimizing lipid levels through
lifestyle changes, switching antiretrovirals (ARVs), and lipid-lowering treatments
utilizing guidelines developed for persons without HIV infection. In HIV-infected
persons, the use of lipid-lowering drugs may result in pharmacokinetic interactions
with ARVs, complicating the management of patients. Recent advances in our
understanding of the differential effects of specific ARVs on lipids is beginning to
alter the clinical approach to management. In the absence of randomized clinical
trials, clinicians should aggressively treat atherogenic dyslipidemia by primarily
utilizing or switching to ARVs with the lowest potential to induce CHD or, when this
is not possible or is ineffective, secondarily by the addition of lipid-lowering therapy.
The current optimal management of HIV infection requires careful selection of ARVs
with consideration given to the potential development of CHD and an understanding
of how to manage dyslipidemia. Key words: coronary heart disease, CHD

management, HAART, HIV

(HAART) has substantially reduced the

mortality associated with human immuno-
deficiency virus (HIV) infection and the incidence
of many associated opportunistic diseases.'” As a
result of this achievement, many HIV-infected
persons are living longer and enjoying
significantly improved quality of life. With the
advent of HAART, and the corresponding decline
in acquired immune deficiency syndrome (AIDS)-
related mortality, it is now possible to better focus
on other HIV- or HAART-related clinical events
that can result in increased mortality.! Several
recent reports strongly suggest that antiretroviral
therapy (ART) increases the risk of developing
symptomatic coronary heart disease (CHD).** As a
result, there is growing concern that the number of
myocardial infarctions and strokes will increase
over time in this population. Therefore, it is
important for clinicians to become familiar with the
effects of antiretroviral therapy and the manage-
ment of dyslipidemia and CHD.

The use of highly active antiretroviral therapy

416

The issue of increased CHD risk in HIV-infected
persons is a complex one. Several CHD risk factors
that are not related to HIV infection, such as age,
family history of CHD, and lifestyle, can confound
analysis of overall CHD risk. HIV infection itself
can induce unfavorable inflammatory states and
atherogenic lipid changes.”® Dyslipidemia may
also result from both an underlying familial disor-
der and from HAART-induced changes. HIV-in-
fected patients typically must maintain ART for
prolonged periods of time to control viral replica-
tion and sustain the benefits of reduced morbidity
and mortality from AIDS. However, not all pa-
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tients develop dyslipidemia when exposed to spe-
cific antiretrovirals (ARVs). Further, there may be
differential effects of various classes of ARVs with
resulting increase in CHD risk occurring for mul-
tiple reasons.

Shortly after the introduction of protease inhibi-
tors (PIs), cases of ART-associated atherogenic
lipid changes were reported.” Several cases of CHD
associated with dyslipidemia, characterized by in-
creases in total cholesterol (TC) and triglycerides
(TG) and low-density lipoprotein cholesterol
(LDL-C), were reported.*' Mounting evidence
suggests that HAART-related metabolic changes
are associated with increased CHD risk. Elevated
levels of LDL-C and TG, reduced levels of high-
density lipoprotein cholesterol (HDL-C), and re-
duced sensitivity to insulin, all of which have been
reported in persons taking HAART, are associated
with increased risk for coronary disease in the gen-
eral population.’*

Several current guidelines are available for CHD
risk prevention in HIV-infected patients and for
managing issues such as dyslipidemia, atheroscle-
rosis, and insulin resistance. These include the
combined HIV Medicine Association of the Infec-
tious Disease Society of America and the Adult
AIDS Clinical Trials Group, the International AIDS
Society-USA (IAS-USA), and the Department of
Health and Human Services (DHHS) Panel on
Clinical Practices for Treatment of HIV Infection
from the USA."" These guidelines align closely
with recommendations for CHD risk and manage-
ment for non-HIV-infected patients' and provide
a basis for monitoring and managing CHD-associ-
ated factors in HIV-infected patients. These guide-
lines highlight the fact that the management of HIV
is becoming increasingly complex because of sev-
eral juxtaposed problems: the need to continue
ART to maintain viral suppression despite the
presence of metabolic disturbances; the unique and
poorly understood mechanisms of ARV-induced
dyslipidemia and the incomplete response to lipid-
lowering therapy; the complex drug interactions
between lipid-lowering agents and ARVs; and the
uncertainty of the long-term consequences of ARV-
associated metabolic derangements. Thus, there is
a need to increase the awareness of clinicians of
these problems and to encourage them to treat pa-
tients with ARVs that have a less profound affect
on lipids, particularly those persons at higher risk
for CHD prior to the initiation of HAART. This
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article will discuss CHD risk factors in HIV-in-
fected patients and the issues that need to be ad-
dressed when ARV regimens that can minimize
these risks are being selected.

RISK FACTORS ASSOCIATED WITH CHD: LIPID
MANAGEMENT GUIDELINES

The majority of guidelines for the management
of CHD risk in persons with HIV infection are
derived from the extensive published literature in
the HIV seronegative population. Chief among
these risk factors are the plasma lipid profile (in-
cluding TC, TG, LDL-C, and HDL-C). Since the
first publication of the National Cholesterol Educa-
tion Project (NCEP) guidelines in 1988, it has been
recognized that CHD risk is associated with
changes in subgroups of plasma lipid levels.” In
2001, the third update of the NCEP guidelines
(ATP III) was released; it defined the levels of vari-
ous categories of lipids associated with marked
increases in CHD risk and provided guidelines for
further lowering risk and managing patients
(Table 1).* The Framingham CHD risk-scoring sys-
tem, another tool commonly used to predict risk in
individuals with more than one risk factor, is based
on age, gender, smoking habits, blood pressure,
and hypertension.” It provides an indication of the
10-year risk for myocardial infarction (MI) and
death due to coronary events. What remains un-
clear in the HIV-infected population is whether
atherogenic dyslipidemia due to HIV and ARVs
has the same long-term impact on the development
of clinically significant atherosclerosis.

Current guidelines for CHD risk management
emphasize the treatment of elevated LDL-C modi-
fied by specific risk factors including cigarette
smoking, blood pressure, HDL-C levels, family his-
tory of CHD, and older age.”® Within each risk
category defined by the NCEP guidelines, thera-
peutic lifestyle changes are recommended for all
individuals whose LDL-C levels exceed ATP III
goals. Recommended lifestyle changes include
diet, increasing soluble fiber, reducing the intake of
saturated fats and cholesterol, reducing weight,
and increasing physical activity. Lipid-lowering
therapy is recommended when the above mea-
sures fail to reach the NCEP targets (Table 1).

While LDL-C is still the main target for manag-
ing risk associated with lipid levels, other epide-
miologic studies have highlighted the potential
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Table 1. LDL-C goals for drug therapy according to risk category
LDL-C goal LDL-C level indicative of drug therapy

Risk category (mg/dL)? (mg/dL)
CHD or CHD risk equivalent <100 >130
(10-year risk >20%)
>2 Risk factors (10-year risk <20%) <130 10-year risk:

<10%: 2160

10%-20%: 2130
<1 Risk factor <160 2190

Note: LDL-C = low-density lipoprotein cholesterol; CHD = coronary heart disease.

alnitiate therapeutic lifestyle changes if at or above this level. LDL-lowering drug optional if below this level.

Adapted, with permission, from Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
Executive Summary of the 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 Ill). JAMA. 2001;285:2486-2497.

limitations of using LDL-C alone to estimate CHD
risk.? In particular, low HDL-C levels and high TG
levels have been shown to be CHD risk factors that
are independent of LDL-C."* Analysis of 10-year
follow-up data from the Prospective Cardiovascu-
lar Miinster (PROCAM) study indicated that even
though the rates of MI were associated with LDL-
C, the rates also rose independently according to
increasing TG levels.” Similarly, data from the
Framingham Study indicated that for any given
level of LDL-C, the risk of developing CHD in-
creases with decrements of HDL-C level.?" These
and other data have influenced the current ATP III
guidelines, with non-HDL cholesterol now being a
secondary target for intervention. This is of par-
ticular importance because hypertriglyceridemia
with lowered HDL-C levels is a common problem
in persons with HIV infection who are taking
HAART.

Non-HDL-C levels, determined by measuring
HDL-C, TC:HDL-C or LDL-C:HDL-C ratios, may
provide refined risk assessments by simulta-
neously taking into account both atherogenic and
cardioprotective lipid fractions. These measures
may be particularly useful in resource-poor set-
tings, where expensive and more labor-intensive
measures of LDL-C may not be widely available.
This is particularly germane to the discussion of
persons with HIV infection because >95% of those
with this disease reside in resource-poor settings.
Other potential markers of CHD risk assessment
are apolipoprotein levels, particularly apolipopro-

tein B-100, the sole apolipoprotein in LDL, and
apolipoprotein A-I, the major constituent protein
in HDL, which may add additional predictive
power.* Thus, the CHD risk, lipid ratios, and novel
CHD risk markers are particularly important con-
siderations for individuals with HIV infection, be-
cause unfavorable lipid and glucose metabolism
alterations resulting from HIV disease and ART
can affect these factors and presumably increase
overall risk.

IMPACT OF HIV INFECTION ON CHD RISK
FACTORS

Lipid Abnormalities Associated with HIV
Infection

Early studies of patients with advanced un-
treated HIV infection typically demonstrated re-
duced TC and LDL-C levels and moderately el-
evated TG levels, mainly in the form of very
low-density lipoprotein (VLDL).»? Similarly, a re-
cently published comparison of preseroconversion
and post-HIV infection lipid values in 50 patients
showed a substantial decrease in TC, HDL-C, and
LDL-C.# These studies provide us with a general
baseline from which to determine the effects of
ARV regimens on CHD independent of the effects
of HIV infection.®?* Unfortunately, currently there
are no adequate in vitro or in vivo models of HIV
infection to study the independent effects of HIV
and ARV on lipid metabolism and CHD risk. Thus,



CoRroNARY HEART DISEASE Risk AND HIV @

it is sometimes difficult to tease out effects of ARVs
from those of HIV infection itself.

Physical Cardiac Abnormalities Associated with
HIV Infection

There is a paucity of data regarding the direct
effects of HIV infection on physical cardiac abnor-
malities. Several studies of cardiovascular abnor-
malities in persons with HIV infection suggest that
coronary lesions, coronary calcium levels, cardio-
vascular intima media thickness, and markers of
cardiovascular inflammation such as C-reactive
protein are important in the progression of clini-
cally significant atherosclerosis.*** Histologically,
cardiac lesions in HIV patients were found to be
similar to the lesions in the non-HIV population.*
In pilot studies on the presence of coronary cal-
cium, an indicator of atherosclerotic burden, HIV-
infected patients showed a trend toward higher
coronary artery calcium scores than those in
matched uninfected controls.®® One early study of
coronary artery lesions in HIV-infected persons
undergoing autopsy suggested that endothelial
proliferation may be associated with HIV disease.*
Most studies of CHD risk and physical lesions are
confounded by the use of ARVs in the presence of
HIV infection. Thus, there is currently insufficient
data on whether atherosclerotic plaques, endothe-
lial disease, or other physical abnormalities are as-
sociated with presence of HIV infection.

Cardiac Inflammation Associated with HIV
Infection

Other physical changes in the cardiac endothe-
lium due to inflammation from HIV infection and
interaction with the immune system also may con-
tribute to CHD risk. In a study of symptomatic and
asymptomatic HIV-infected persons, the extent of
HDL-C decrease and TG increase was greater in
patients with more profound immunosuppression
(lower CD4 counts).”” A similar association of low
CD4 counts and high TG levels has been reported
by two other groups.®®* With new data linking
atherosclerosis and inflammation, markers such as
elevated C-reactive protein levels are being consid-
ered for improved CHD risk monitoring in combi-
nation with traditional plasma lipid levels.* Henry
and colleagues* have demonstrated that elevated
C-reactive protein in persons with HIV infection is
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associated with other risk factors for CHD. Overall,
there remains insufficient data on the relationship
between atherosclerosis, HIV, and cardiac inflam-
matory markers of disease.

CHD Associated with HIV Infection

Due to the high rate of AIDS-related mortality in
the pre-HAART era, it was difficult to determine
relative rates of CHD in this population. As a re-
sult, many studies that examined CHD risk in HIV-
infected persons involved patients who were re-
ceiving some type of HIV therapy at the time of
assessment, even if it was suboptimal
monotherapy. However, data on CHD in HIV-in-
fected persons suggest that there may be an inde-
pendent association between CHD and HIV infec-
tion.”? In the pre-PI era, eight cases of coronary
artery disease were reported in persons with ad-
vanced HIV infection who died suddenly. At au-
topsy, these individuals had typical eccentric coro-
nary artery lesions.* Several reports suggest that
ischemic CHD in HIV-infected persons appears to
be most closely associated with traditional risk fac-
tors such as hypertension and hypercholester-
olemia.*” However, Hsue and colleagues® suggest
that the clinical features of acute coronary syn-
dromes may differ in that HIV-infected persons are
generally younger, have lower thrombolysis in
myocardial infarction (TIMI) scores, and have a
higher rate of restenosis. Similarly, Varriale and
colleagues* reported that 17 of 22 persons younger
than 55 years of age presenting with an acute myo-
cardial infarction and HIV infection had no more
than one coronary risk factor. Thus, HIV infection
and/or its treatment may alter the development
and presentation of CHD. With our understanding
limited by the inability to study this issue easily, it
remains to be confirmed if known coronary risk
factors are associated with CHD risk in HIV-in-
fected persons.

IMPACT OF ART ON CHD RISK FACTORS

The benefits of ART in advanced HIV infection
are clear and outweigh the increase in CHD risk
that might result from therapy. The current rela-
tively small incidence of CHD leading to mortality
should not cause physicians or patients to consider
discontinuing ART or not initiating it at all for fear
of developing CHD. Nevertheless, substantial evi-
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Table 2. The DAD study: relationship between
exposure to HAART and the incidence and
relative risk (RR) of myocardial infarction'®

HAART exposure Incidence/1000

(years) person years Adjusted RR
None 0.8 0.32

<1 2.2 1

1to<2 3.3 1.52

21to<3 3.6 1.64

3to<4 4.4 2.01

4to <5 5.4 2.45

5to <6 5.5 2.51

6 6.4 2.93

Note: HAART = highly active antiretroviral therapy.

dence obtained via large cohort studies has shown
that ART may increase CHD risk factors that have
been identified in the general population.*"** In-
deed, the complications of ART, including
dyslipidemia and CHD, are currently driving rec-
ommendations to hold off on initiating HAART
until persons develop more advanced immuno-
logic suppression due to HIV infection (i.e.,a CD4+
lymphocyte count <350 cells/mm?).

The Data Collection on Adverse Events of Anti-
HIV Drugs (DAD) study is a large, prospective
observational cohort designed to examine whether
ART was associated with an increase in MI over 2
years. This study showed that the relative risk of
Ml increased with exposure to HAART (Table 2).*
By multivariate analyses, significant associations
were found between ART and increased CHD risk.
Out of 23,490 patients, 129 developed MI during
36,479 person-years of follow-up.* In addition, an
independent association was found between older
age, previous CHD history, male gender, and other
factors such as cigarette smoking, hypertension,
and diabetes.

Further analysis of DAD data by conventional
risk equations showed that the 3-year risk for MI
was more than 3-fold higher in patients receiving
ARV when compared with ARV-naive patients
and 1.07% for patients receiving ARVs from all
three classes, whereas the risk of AIDS or death
was significantly lower with ARV use and higher if
ARVs were discontinued.* This rate of MI was
similar or somewhat higher than the risk predicted
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by the Framingham Study and was likely due to
ART-related changes in the conventional CHD risk
factors.” In a second study, which examined the
incidence of CHD risk factors and ART use, analy-
sis of 28,513 HIV-infected individuals from Califor-
nia Medicaid concluded that the incidence of CHD
was higher in HIV-infected persons than in non-
HIV-infected individuals and was significantly
higher in younger men up to age 34 years and in
women up to age 44 years. The relative risk for
CHD development in patients on ART versus those
not taking ART was 2.06-fold (p < .001)."*

Data from the HIV Outpatient Study (1993 to
2001), a period of increasing use of HAART,
showed a statistically significant association be-
tween PI therapy and MI (odds ratio [OR] = 7.1,
95% CI 1.6-44.3) when compared with patients not
taking PIs.* Similarly, in the Frankfurt cohort
study, the incidence of MI in the pre-PI interval
(1983-1986) was significantly lower than in the
post-PI period (1995-1998) (0.86 vs. 3.41, p = .002).*¢
In a separate report of the French Hospital Data-
base on HIV (19,795 men exposed to Pls), MI was
diagnosed in 49 patients with 39,023 person-years
of PI use, and MI events increased with increasing
duration of PI use (<18 months to >30 months).*
Finally, in a report from HIV-Insight database of
7,542 HIV-infected persons, the authors concluded
that PI regimens increased CHD risk.”

However, there are data that do not support the
association between PI use, duration of PI use, and
CHD risk. A retrospective study of 36,766 HIV-
positive patients treated at Veterans Affairs hospi-
tals demonstrated no association between in-
creased ART use and increased cardiovascular or
cerebrovascular events (41.6% of patients were on
PIs; median duration of use, 16 months).*® The rela-
tively short duration of PI use, use of lipid-lower-
ing drugs, age of the population, and retrospective
collection of data may explain the disparate results
of this study compared to others. Similarly, a
smaller study of the Kaiser Permanente Medical
Care Program of Northern California database
showed a greater increase in CHD-related hospital-
ization of HIV-positive patients than of HIV-nega-
tive participants. Pre- and post-PI (mean exposure
2.6 years) MI rates did not differ significantly.”* A
follow-up study indicated that although PI regi-
mens appeared to have higher associated CHD and
MI rates, the authors concluded that a longer fol-
low-up would be needed to make definitive con-
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clusions.” Finally, in a small study of 16 HIV-in-
fected persons diagnosed with CHD, CHD was
associated with common risk factors (e.g., cigarette
smoking, hypertension, etc.), HIV infection, low
CD4+ counts, and previous long exposure to
nucleoside reverse transcriptase inhibitors (NRTIs)
but not duration of PI use.*

SURROGATE MARKERS AND CHD RISK

Carotid intima thickness (IMT) is a proxy mea-
sure for progression of atherosclerosis in the gen-
eral population.” Currier and colleagues™ con-
ducted a prospective matched case-control study
of 135 HIV-infected patients at low risk for CAD.
Each Pl-treated patient was matched with one PI-
naive HIV-infected individual and an HIV-nega-
tive control, with each triad matched by cardiovas-
cular risk factors: age within 5 years, race, gender,
blood pressure status (either normal or hyperten-
sive), smoking status (never, current, or former),
and menopausal status. Patients were excluded if
they had a family history of MI, diabetes mellitus,
prior CAD, or uncontrolled hypertension. There
were no differences in the median carotid IMT lev-
els at baseline among the groups (PI group = 0.693
mm; no-PI group = 0.708 mm; and HIV negatives =
0.687 mm). Factors associated with increased IMT
in multivariate analysis included low HDL-C, el-
evated triglyceride levels (when HDL was low),
older age, and increased body mass index. In con-
trast, Hsue and colleagues™ found higher baseline
mean carotid IMT values (0.9 mm) and found that
progression was 0.1 mm/year with age and dura-
tion of PI use as predictive factors.

Several groups have measured quantitative cal-
cium scores in coronary arteries (coronary artery
calcium [CAC] scores) by electron beam computed
tomography. Meng and colleagues™ reported no
significant differences in CAC scores in Pl-treated
patients compared with Pl-naive patients (11.0 vs.
1.7, p = 43). Talwani®*® and Acevedo® also each
reported no difference in CAC scores in persons
with HIV infection compared with matched se-
ronegative controls.

There are many limitations to the prior endpoint
and surrogate marker studies. Most studies were
retrospective and did not collect all data on known
risk factors for CHD. Many studies did not have
uniform collection of data or definitions of end-
points. Few studies have examined individuals
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prior to the use of ARVs and followed them longi-
tudinally for a sufficient period of time to draw any
conclusions. Regardless of some conflicting results
and limitations in existing data, the preponderance
of evidence suggests that CHD risk and events are
increased in persons taking ART. Given that ath-
erosclerosis is a process that takes decades to mani-
fest clinically, studies that have delineated the risk
of lipid changes due to specific classes of ARVs
should raise concern. These changes have been
strongly associated with increased CHD risk,
strongly suggesting that ART would be associated
with an increased risk of CHD.'3*'#

IMPACT OF ART ON LIPIDS IN ART-NAIVE
PATIENTS

The DAD study showed that in addition to the
increase in CHD associated with treatment, athero-
genic lipid profiles were observed in patients who
were on regimens including PIs and NNRTIs alone
or in combination. An increase in the prevalence of
elevated TG levels was seen in all classes, whereas
NRTI and PI (but not NNRTI) regimens were asso-
ciated with low HDL-C levels, which were also
correlated with low CD4+ counts and high viral
loads.”® This is perhaps the strongest support to
date for the hypothesis of a direct association be-
tween ART and an increased risk of CHD; how-
ever, other studies have produced similar results.”
The effect of age and gender on the outcome of
ARV therapy was evident in the results reported by
Levy etal.,*who concluded that in ARV-naive men
and women (N = 1,781) who started triple ART,
there was an increase in TG in all age groups, with
a maximum increase in men <25 years old, and a
modest increase in TC in all groups.

Protease Inhibitors

Lipid Alterations Associated with Pls

Among the three classes of ARVs, PIs have been
associated most consistently with an atherogenic
effect on lipids. Significant atherogenic lipid
changes that can involve TC, TG, LDL-C, and sur-
rogate marker lipoprotein-a (LP-a) have been ob-
served in HIV-infected persons receiving PIs.*%
Evidence that PIs could cause these significant
changes was reported as early as 1995 with phase
I/11 studies of ritonavir as a single agent in HIV-
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positive patients. Danner et al.* found that over a
32-week study period (N =84), TC increased 30% to
40% and TG increased 200% to 300%. A subsequent
report established that ritonavir caused
dyslipidemia in normal participants, in whom sig-
nificant elevations in VLDL cholesterol and TG
were accompanied by a reduction in HDL-C after 2
weeks of therapy.®

An analysis of mean lipid levels in patients en-
rolled in the Swiss HIV Cohort Study further re-
vealed that all of the PIs then in use (ritonavir,
nelfinavir, and indinavir) caused elevations in TC
and LDL-C, with the largest effect on TG.*! In-
creases in TC and TG were also observed with
lopinavir and low-dose ritonavir and amprenavir-
based triple therapy.®

In a randomized, comparative trial of stavudine
plus lamivudine plus nelfinavir (n = 327) or
lopinavir/ritonavir (1 = 326), elevations in TG >750
mg/dL were more common in the lopinavir/
ritonavir group than in the nelfinavir group (9.3%
vs. 1.3%, p < .05).% This study was limited by a lack
of uniform collection of fasting lipid levels. El-
evated LDL-C levels can also potentiate the athero-
genic effects of elevated LP-a levels.® Koppel et
al.®also observed that very high levels (>700 mg/
L) of LP-a were more common in HAART-treated
patients and correlated with levels of LDL-C. Stein
and colleagues” reported that elevated large
VLDLs, intermediate-density lipoproteins (IDLs),
and small dense LDL-C particles were more com-
mon among persons taking PI-based HAART com-
pared to those on non-Pl-containing ART. A ran-
domized open-label NEFA study that compared
lipid profiles from three regimens concluded that
overall lipid profiles improved when patients were
switched from Pl-based to Pl-sparing therapy.®
Taken together, these studies suggest that some Pls
can induce atherogenic lipid changes independent
of other risk factors such as HIV infection.

Not all PIs induce changes in lipid profiles. Ini-
tial data on the recently approved PI atazanavir
suggest that it may not be associated with an unfa-
vorable lipid profile, as in the case of older PIs.%”
In a randomized, comparative trial of stavudine
plus lamivudine plus nelfinavir 750 mg thrice daily
or atazanavir 400 mg daily, the change in fasting
LDL-C and TG was -7.1% and 1.5% in the
atazanavir-treated group, whereas increases of
31.1% and 42.2% occurred in the nelfinavir arm.”
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Alterations in Carbohydrate Metabolism
Associated with Pls

In addition to its effects on lipids, some PI use
has been associated with impaired glucose toler-
ance and insulin in HIV-positive patients.””” Both
factors have been independently linked with an
increased risk of CHD in the general population.”
In one study of HIV-seronegative individuals,
treatment with indinavir for 4 weeks caused insu-
lin resistance.” In contrast, lack of early increase in
insulin resistance was reported in antiretroviral-
naive patients on nelfinavir (ACTG 384 study)”
and seronegative participants who received
atazanavir.””””? However, in studies of HIV
seropositives taking amprenavir, insulin resistance
developed relatively late in treatment, with insulin
sensitivity remaining normal at 24 weeks but was
decreased by 48 weeks.*®

NRTIs

It has been suggested that as an ARV class over-
all, nucleoside reverse transcriptase inhibitors
(NRTIs) increase CHD risk by causing mitochon-
drial dysfunction in many cells including cardiac
endothelial cells, smooth muscle cells, and
adipocytes, although this effect appears to have
less of an impact than that seen with Pls, particu-
larly if included in regimens with nonnucleoside
reverse transcriptase inhibitors (NNRTIs), which
appear to be less atherogenic (Table 3).5% This has
been highlighted by the introduction of a nucle-
otide reverse transcriptase inhibitor, tenofovir
disoproxil fumarate, which does not appear to
have the same effects on mitochondrial as other
NRTIs. Among patients treated with either
tenofovir or the NRTI stavudine, both with a back-
bone of efavirenz, there were fewer atherogenic
changes in the tenofovir arm with respect to 96-
week changes in TC, LDL-C, and HDL-C.* There
are also differential effects among other NRTIs. For
example, TC and TG increased more in patients
who were taking a backbone of nelfinavir plus
lamivudine with stavudine than with zidovudine
plus nelfinavir and lamivudine. In addition,
smaller increases in lipids occurred in patients tak-
ing only zidovudine plus lamivudine and abacavir,
indicating that the NRTI contribution, although
different within the class of ARVs, was less than
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that of the PI nelfinavir.* In summary, the major
side effect associated with NRTI-class compounds
is mitochondrial toxicity. Data suggest that in some
patients the NRTIs may be atherogenic, albeit to a
lesser extent than the Pls.

Effect of NNRTIs on Lipids

As a class, NNRTIs have been shown to induce
less atherogenic alterations in lipid profiles com-
pared with PIs in treatment-naive HIV-infected
persons. Data from the DAD study support this
observation (Table 3). In this analysis, naive pa-
tients or those receiving a first-line therapy with
PI-, nevirapine-, or efavirenz-containing regimens
were evaluated for risk of dyslipidemia. This study
concluded that, compared with PIs, patients on
first-line NRTI plus NNRTI therapy had a lower
TC:HDL-C ratio and a reduced likelihood of
dyslipidemia.* A separate study (17,852 patients)
that included 9 out of 11 cohorts of the DAD study
found that HIV-infected persons on NNRTIs had a
lower risk of low HDL than those on PIs.®

The ATLANTIC study, a randomized trial of first-
line combination therapy that compared regimens
of indinavir, lamivudine, and nevirapine on a back-
bone of stavudine and didanosine in naive patients,
supports the findings of the DAD study. There was
an increase in HDL-C of 49% with a reduction in
TC:HDL-C ratio by 14% in those treated with
nevirapine.® This trend continued at 96 weeks, and,
in contrast, significant increases in mean LDL-C and
TG levels were observed in the indinavir group.*”
Nevirapine was associated with the most favorable
lipid profile, with a 40% increase in HDL-C, thereby
reducing the TC:HDL ratio.

The lipid changes induced by efavirenz were
compared with those from nelfinavir and indinavir
(lamivudine and zidovudine backbone) in two
separate studies. After 16 weeks of efavirenz- or
nelfinavir-based HAART, TG rose 38.2% in the
efavirenz arm and 26.5% in the nelfinavir arm;
LDL-C increased 17% and 45%, respectively.® In a
large, randomized study, TC significantly in-
creased in patients receiving zidovudine/
lamivudine/efavirenz (mean change +23 mg/dL,
n=199), zidovudine/lamivudine/indinavir (mean
change +34 mg/dL, n = 218), or efavirenz/
indinavir (mean change +58 mg/dL, n = 218) after
48 weeks.”

Table 3. Association of current antiretroviral therapy (ART) with dyslipidemia at entry into DAD study'®
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Note: HDL-C = high-density lipoprotein cholesterol; NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = non-NRTI; OR = odds ratio

relative to naive patients; TC = total cholesterol; TG = triglycerides.

2Multivariate analysis adjusted for variables associated with increased coronary heart disease risk for that variable: age, gender, smoking, family

history of coronary heart disease, previous coronary heart disease, body mass index, transmission mode, CD4 cell count, HIV RNA, previous AIDS,

cohort.

®Multivariate analysis adjusted for variables associated with increased coronary heart disease risk for that variable: age, gender, smoking, body

mass index, transmission mode, CD4 cell count, HIV RNA, previous AIDS, cohort.
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Table 4. 48-week lipid changes in the 2NN study (mmol/L)®

Nevirapine Nevirapine Nevirapine

once daily twice daily Efavirenz + efavirenz

(n=142) p (n=275) p (n =289) p (n=127) p
TG +0.20 >.05 +0.05 >.1 +0.37 <.05 +0.45 <.05
TC +1.01 <.05 +0.95 <.05 +1.11 <.05 +1.41 <.05
LDL-C +0.56 <.05 +0.54 <.05 +0.70 <.05 +0.80 <.05
HDL-C +0.35 <.05 +0.37 <.05 +0.25 <.05 +0.41 <.05
TC:HDL-C ratio -0.32 <.05 -0.41 <.05 +0.05 >.1 -0.20 >.05

Note: HDL-C = high-density cholesterol lipoprotein; LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; TG =

triglycerides.

There appear to be differences in lipid effects
between the two most commonly used NNRTIs,
efavirenz and nevirapine.”” In a direct comparison,
the 2NN study examined patients treated with
nevirapine once or twice daily, efavirenz once
daily, and efavirenz plus nevirapine on a
lamivudine plus stavudine backbone (Table 4).
These data showed that while virological efficacy
in the nevirapine and efavirenz arms was similar at
48 weeks,” compared with efavirenz, nevirapine
treatment showed a greater increase in HDL-C (p <
.001), a smaller increase in TG (p = .010), and a
greater decrease in TC:HDL ratio (p < .001).”* In a
comparison of lipid and glucose profiles of HIV-
infected patients on PI and NNRTI regimens,
nevirapine was associated with lower levels of TG
and TC than efavirenz® and lower levels of glucose
than PI or efavirenz.”

In summary, lipid profile changes caused by
HIV infection and associated inflammatory pro-
cesses can be further complicated by ARV regi-
mens. Utilizing ARVs with a more favorable effect
on lipid profiles provides a platform for reducing
the risk of CHD and possibly preventing or reduc-
ing the incidence of CHD in HIV-infected persons.
An important unanswered question is whether the
dyslipidemia induced by ARVs will lead to future
coronary disease events at the same rate as those
observed in persons without HIV infection. Long-
term studies using less atherogenic regimens of
ARVs, thereby reducing the CHD risks while main-
taining HIV suppression, are needed.

MANAGING DYSLIPIDEMIA IN HIV-INFECTED
PATIENTS

ART Switch

Dyslipidemia in HIV-infected persons is a com-
plex problem that often requires multiple inter-
ventions. Viral suppression is the first goal of
treatment, and this suppression, along with re-
generation of CD4+ cells, must be maintained.
Quality of life is an important consideration that
influences the choice of ART; factors that should
be considered include pill burden, convenience of
the regimen, and adverse effects of treatment.
Last, complications of ART, like metabolic distur-
bances, motivate initial and subsequent choices of
ARVs.

Individuals with adequate viral suppression
and dyslipidemia or other metabolic disturbances
often consider switching to a regimen that is less
likely to induce these effects. The strategic ap-
proach to switching ARVs relies upon the toler-
ability and potency of a new regimen, absence of
underlying archived resistance to the new ARVs,
and the likelihood of improvement in the meta-
bolic derangements. Switching to a triple NRTI or
NNRTI-based regimen has been shown to im-
prove lipid profiles in patients who have devel-
oped dyslipidemia while on PI-based regimens.
The likelihood of virologic failure has ranged
from 10%-15% in most published trials of switch
studies.” This annual rate of failure is probably
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too high to consider this approach completely
successful, because the morbidity and mortality
from inadequately treated AIDS is substantial.
Metabolic complications occurring in persons not
on PI therapy have prompted trials comparing
switching to non-NRTI-containing regimens ver-
sus standard of care. For example, the National
Institute of Allergy and Infectious Diseases Adult
AIDS Clinical Trials Group (ACTG) study A5116
compares switching from a Pl-based regimen to
an NNRTI-NRTI regimen versus switching to a
non-NRTI-containing regimen (efavirenz/
lopinavir/ritonavir).

Improvements in lipids and glucose metabo-
lism have been reported for patients who
switched from PI therapy to NNRTIs. Significant
improvements or trends in improvements were
observed in five different studies of nevirapine
substitution.” For example, in a controlled trial of
34 patients switched from a PI- to a nevirapine-
based regimen, there were significant reductions
in LDL-C particles and an increase in HDL-C frac-
tion by NMR spectroscopy.” Gil” reported a sig-
nificant decline in TG and TC in 68 patients pro-
spectively changed from a Pl-based regimen to
nevirapine after 3 years when compared with
baseline. In the majority of studies where PI
therapy was switched to an efavirenz-containing
regimen, there were no dramatic improvements
in dyslipidemia.”

There are few published randomized comparative
switch studies for NNRTIs. In the Lip-NEFA study, a
substudy of NEFA at 12 months, 460 Pl-treated pa-
tients were randomized to abacavir, nevirapine, or
efavirenz regimens. Abacavir resulted in the greatest
decrease in TC (p <.001 vs. NNRTI groups) with no
significant decrease in TG in any group.”®”” Whereas
NNRTI regimens, particularly nevirapine, resulted in
improved (higher) HDL-C (p < .05).”7 A 24-month
follow-up showed that switching to NNRTI regimen
resulted in a marked improvement with a decrease in
LDL (17% for nevirapine and 10% for efavirenz) and
an increase in HDL-C (50% for nevirapine and 12%
for efavirenz).®® Analysis of virological efficacy at 18
months in the on-treatment group showed that 93%,
91%, and 80% of patients in the nevirapine, efavirenz,
and abacavir groups, respectively, had viral loads of
<200 copies/ mL.” This indicated that better virologi-
cal suppression was obtained in the NNRTI group,
particularly in patients with a suboptimal response to
past therapy. The overall incidence of adverse events
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at 12 months was significantly lower in the abacavir
arm than in either other arm.*

In summary, switch studies demonstrate some-
what conflicting results. The greatest improve-
ments in lipids have been observed when patients
switch from a Pl-based regimen to abacavir (an
NRTI), some improvements have been observed in
patients switching to nevirapine (an NNRTI), and
few changes in lipid levels have been observed in
patients switching to efavirenz (an NNRTI). In per-
sons at higher risk for CHD, particularly those with
ART-associated dyslipidemia and/or insulin resis-
tance, one of the first considerations should be a
switch to a less atherogenic ART regimen. Clini-
cians must consider the history of ARV use, the
resistance profile of HIV, and other quality-of-life
issues in determining the benefits of switching
therapy. Although no study has compared the
strategy of switching therapy for dyslipidemia ver-
sus treatment with lipid-lowering agents, it seems
generally preferable to switch therapy if possible to
avoid adding to the burden of pills ingested daily,
the added costs of additional therapy, and the po-
tential for adverse drug-drug interactions. If pa-
tients can use NNRTI-based regimens, this is cer-
tainly indicated. Patients who require a Pl-based
regimen may want to use atazanavir preferentially
because of its lesser effects on lipid or glucose me-
tabolism. Studies comparing a switch to an NNRTI
regimen versus atazanavir would be helpful.
Switching from a PI-based regimen to a triple NRTI
regimen or one containing abacavir is limited by
higher rates of virologic failure.

Lifestyle Management

Although there are limited data in the HIV-in-
fected population, the therapeutic lifestyle changes
recommended in the NCEP guidelines should be
initiated for patients at risk of CHD.'®* Based upon
data generated in the HIV seronegative popula-
tion, lifestyle changes have been recommended for
HIV-infected persons at high risk of CHD."” These
include regular monitoring of cholesterol and other
lipid factors, cessation of smoking, appropriate
management of hypertension and diabetes, and
diet and exercise to improve lipid levels. In one
small randomized trial of HIV-infected patients in-
volving dietary counseling, diet alone resulted in a
reduction in TC by 0.34 mmol/L after 24 weeks
with no change in LDL-C, TG, or HDL-C.'®



426 HIV CLinicAL TRIALS

Lipid-Lowering Drugs

Epidemiologic studies demonstrate that lipid-
lowering therapy is being increasingly used in the
HIV-infected population. As reported in a cross-
sectional study of patients on Medicaid in Califor-
nia (MEDI-CAL), the prevalence of lipid-lowering
therapy in HIV-infected patients was greater than
in the general population and increased by 6-fold
between 1996 and 2000."”" Based on multivariate
models, increased use of lipid-lowering therapy (p
< .001) was associated with higher age (OR = 2.3)
and PI use (OR =2.08).

Statins

In HIV-positive patients, the current indications
for intervening to improve lipid profiles and re-
duce the risk of CHD are similar to those for HIV-
negative individuals.’®” The HMG CoA reductase
inhibitors, or statins, are generally the first-choice
therapy for elevated LDL-C.” Improvement in TC
and HDL-C makes this class of drugs useful for the
spectrum of lipid disorders commonly found in
patients receiving PIs.”* However, since most
statins are metabolized by the cytochrome P450
(CYP450) pathway, concomitant treatment with
PIs and statins causes elevations in levels of some
statins. Such unfavorable drug interactions be-
tween ART and lipid-lowering drugs are a concern
in persons with HIV infection.'®

In a pharmacokinetic study of HIV seronegative
persons, a decline of 50% in the estimated area
under the curve (AUC) of pravastatin occurred in
the presence of 400 mg each of saquinavir and
ritonavir twice daily. The AUC of simvastatin in-
creased by 3059% and that of total active
atorvastatin levels by 79%.'” Similar pharmacoki-
netic interactions have also been described for the
AUC of statins in the presence of nelfinavir and
lopinavir/ritonavir.!” Based upon these studies,
simvastatin and lovastatin, which is metabolized
similarly to simvastatin, are not recommended in
patients taking PIs.'! The newer statin,
rosuvastatin, is not primarily metabolized by
CYP450 enzymes similar to pravastatin, but there
are currently no data assessing its potential interac-
tions with ARVs.'®

Due to recognized interactions, most authorities
recommend initiation of atorvastatin and
pravastatin at low doses (atorvastatin, 10 mg daily;
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pravastatin, 20 mg daily) if used in patients taking
PIs, with careful monitoring for adverse events.”1%
If no adverse events have occurred or if lipid levels
have not improved after 6 to 8 weeks, the dose may
be increased.’®*” Pravastatin levels decrease signifi-
cantly in the presence of most Pls, and doses may
need to be increased to improve efficacy. Statin use
in patients taking efavirenz or nevirapine is gener-
ally likely to be safe, although there are limited
data on long-term concomitant use. A recent phar-
macokinetic study demonstrated that simvastatin,
atorvastatin, and pravastatin levels are decreased
in the presence of efavirenz.'”” This study suggests
that the lipid-lowering benefits of statins will be
diminished in the presence of NNRTIs that induce
the metabolism of CYP3A4. One additional con-
cern over the use of statins in HIV-infected persons
was raised by a recent study that showed a de-
crease in T-cell response when Pl-based HAART
and atorvastatin or pravastatin treatment were
used in combination.'™ This observation requires
confirmation in additional studies.

A number of small studies of statins in persons
with HIV have demonstrated similar lipid-lower-
ing properties as observed in the seronegative
population (Table 5).1901112 Aberg and col-
leagues'” have demonstrated limited efficacy of
pravastatin in treating combined hyperlipidemia
in persons with HIV. Combination therapy with
statins and fibrates may be more effective than
either agent alone for the dyslipidemia associated
with HIV infection, although further studies are
needed.

Fibrates

Fibrates, a second class of lipid-lowering drugs,
are useful for the treatment of elevated TG. Fibrates
are less likely to interact with PIs, because they are
not metabolized by the CYP450 system. Theoreti-
cally, they can be combined with statins to have an
additional TG-lowering effect. It appears that they
may be appropriate in patients with
hypertriglyceridemia and can reduce TG levels to
normal (success observed in 64% patients on
PIs).1799110113114 Aperg and colleagues'® have dem-
onstrated that fenofibrate lowers TG by more than
50% and, when used in sequential combination
with pravastatin, can help persons with combined
hyperlipidemia reach NCEP ATP III goals (16% on
combination therapy reached all targets) in a ran-
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Table 5. Lipid-lowering therapy in HIV-infected persons

TC TG HDL LDL
Pravastatin’® (n = 15) -1.23 -0.31 0.06 -1.2
Pravastatin'® (n = 86) —41 mg/dL —27 mg/dL No A -30 mg/dL
Atorvastatin' (n = 10) -19% -21%
Gemfibrozil"'" (n = 25) -32% -57%
Gemfibrozil'® (n = 8) No A -83%
Fibrates' (n = 66) —22% -41%
Statins'2 (n = 37) -25% -35%
Prav+Feno® (n = 130) -16% -38% 16% -10%
Atorv+Gem™" (n = 19) -30% —-60%
Fenofibrate'* (n = 13) -6.6% -45.7%
Fenofibrate'® (n = 88) -15 mg/dL —118 mg/dL 4 mg/dL 13 mg/dL

Note: TC = total cholesterol; TG = triglycerides; HDL = high-density lipoprotein; LDL = low-density lipoprotein; Atorv =
Atorvastatin; Prav = Pravastatin; Feno = Fenofibrate; Gem = Gemfibrozil.

domized controlled trial of 174 patients with HIV
infection. The safety of fibrates in HIV-infected
persons appears generally favorable, although
studies in HIV seronegatives have suggested that a
combination of statins and fibrates can increase the
risk of hepatic and muscle toxicity."”

Other lipid-lowering agents, such as niacin, are
not currently indicated for HIV-infected persons,
because they can increase the risk of insulin resis-
tance, a risk factor for CHD."”'"> Cholesterol-bind-
ing resins such as cholestyramine are generally
contraindicated in HIV because of their tendency
to bind ARVs and reduce their bioavailability.
There are no published data on the use of the cho-
lesterol absorption blocker ezitimibe in persons
with HIV.

Selection of ART

Taking into consideration the multiple factors
that can affect the outcome of CHD in HIV-infected
persons, it is essential to individualize therapy us-
ing general guidelines for CHD risk management.

The initiation of ART should be based upon viro-
logic and immunologic factors. The choice of ARVs
should include viral potency and lower risk of
metabolic disturbances. Treatment guidelines for
initiation of ART recommend either a PI or NNRTI
in combination with two NRTIs. Most authorities
recommend the use of two NRTIs and an NNRTI as
first-line therapy for persons with less severe im-
mune deficiency. NNRTIs appear to have more
favorable effects on lipids than do PIs when used as
initial therapy, with the exception of atazanavir.**
In persons at high risk of CHD, consideration
should be given for utilizing ARVs with less poten-
tial to induce dyslipidemia. Of note, NRTIs are
increasingly being scrutinized for the relationship
with metabolic disturbances. Studies are currently
in progress comparing non—-NRTI-containing regi-
mens versus standard recommended treatments
for initial therapy. One such trial currently under-
way in the ACTG is study A5142 that compares
two NRTIs plus efavirenz or lopinavir/ritonavir
versus efavirenz/lopinavir/ritonavir.

In patients who have failed other ARVs, use of
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Dyslipidemia requiring intervention
based upon NCEP ATP Il guidelines

1

Lifestyle changes Reassess fasting lipids
diet, exercise, no smoking in 4-8 weeks

[Treatment still necessary

l
v v

ARV switch possible ARV switch not possible
less atherogenic regimen available) (e.g., history of extensive viral resistance)

v v 1

[Change ARVS] [ Change ARVs: [ Fibrates to lower triglycerides

[(e-g.,

——

(change PI) 2 NRTIs + NNRTIs Statins to lower cholesterol

|

v v |

Switchto X Use nevirapine + 2 NRTIs m |

2 NRTls + atazanavir with better lipid profilet |

| | -—-—=-
—— - ---

v
{ Inadequate change at 12 weeks ’ [Inadequate change at 12 weeksl

} }

Add statin first to lower TC [ Add statin and or fibrate ‘
Add fibrate first to lower TG

Figure 1. Algorithm for managing dyslipidemia in HIV-infected persons. ARV = antiretrovirals; NCEP ATP Ill =
National Cholesterol Education Project, Adult Treatment Project lll; NRTIs = nucleoside reverse transcriptase
inhibitors; NNRTIs = nonnucleoside reverse transcriptase inhibitors; Pl = protease inhibitor; TC = total cholesterol; TG
= triglycerides. *Atazanavir is a Pl without known effects on lipids. If a Pl is required, this may be a useful choice to
switch. flmprovements in lipids have been observed with a switch from a protease inhibitor-based regimen to a
NNRTI-based regimen. Some NRTIs have a greater tendency to induce dyslipidemia (e.g., d4T or stavudine), and
switch from these may also improve dyslipidemia associated with ARV.

ART that will cause a minimum increase in CHD  ducing effects, although this strategy requires test-

risk should be implemented. The primary goal of
salvage therapy is control of HIV replication. It
may be that strategies of initially controlling HIV
infection for 6-12 months may be followed by
switching to regimens with less dyslipidemia-pro-

ing. A fasting lipid panel (TC, LDL-C, TG, and
HDL-C) should be obtained prior to initiating or
changing ARVs and should be repeated within 3 to
6 months and at least annually thereafter."

In summary, with current advances in the devel-
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opment of ARVs, the options for therapy selection
include administering NNRTIs and newer PIs with
better lipid profiles. Thus, clinicians should gener-
ally utilize an ARV regimen that will control HIV
infection while minimizing the risk for develop-
ment of CHD.

SUMMARY

CHD risk and management in HIV-infected per-
sons is a complex issue and is of great concern to
HIV-infected persons and physicians. Both HIV in-
fection and ART can cause changes in lipid profiles
and can increase the risk of CHD. Within the ARV
drug classes, PIs appear to have the most detrimen-
tal effects on lipids and are implicated in coronary
artery calcification and endothelial dysfunction,
possibly accelerating atherosclerosis and leading to
increased risk of coronary events.

For CHD risk and management in treatment-
naive and experienced HIV-infected persons, the
NCEP recommendations (lifestyle changes and im-
proving the lipid profile by pharmacologic inter-
vention) should be followed. The initiation of ART
should account for the potential risk of CHD dis-
ease. Management of dyslipidemia should gener-
ally follow the recommendations of NCEP ATP III
guidelines. Clinicians should be familiar with po-
tential drug interactions between lipid-lowering
therapy and ART therapy. Control of viral replica-
tion should be the primary focus of ART, with the
selection of agents that minimize toxicity and
dyslipidemia. An algorithm is provided to aid cli-
nicians in thinking through the treatment options
in the absence of randomized trials to prove which
strategy will be safest and most effective (Figure 1).
Long-term studies will be needed to improve our
understanding of the chronic effects of ART on
cardiac events.
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