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Abstract
Differences on measures of metabolic syndrome X and coronary heart

disease (CHD) risk, as well as potential pathophysiological mediators, inflam-
mation, and oxidative stress, were examined as a function of HIV serostatus
and highly active antiretroviral therapy (HAART) regimen with and without
protease inhibitors (PIs). Data from 164 men and women, aged 18 to 55 yr,
were used to compare 82 HIV+ subjects who were free of hepatitis C virus and
were on a stable HAART regimen for �6 mo, with 82 seronegative subjects
matched on age, sex, body mass index, and ethnicity. For the HIV+ subjects,
after controlling for diabetes status and HIV disease progression, PI exposure
was associated with greater oxidative stress, triglyceridemia, and lipidemia
than it was for non-PI-exposed HIV+ subjects, and the risk of a future myocar-
dial infarction was up to 56% greater in PI-exposed than in non-PI-exposed
subjects and 129% greater than in controls. Although it is likely that the greatest
proportion of CHD risk in the HIV+ subjects may be accounted for by patho-
logical conditions linked to HIV infection in interaction with mediating pro-
cesses such as inflammation, central obesity, and dyslipidemia, which was
greater than in controls, it appears that PI medications may exacerbate oxi-
dative stress and hypertriglyceridemia to enhance this risk.
Key Words: HIV/AIDS; HAART; coronary heart disease risk; metabolic syn-
drome X; inflammation; oxidative stress.
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Introduction

Studies of HIV-seropositive (HIV+) persons have
linked highly active antiretroviral therapy (HAART)
regimens including protease inhibitors (PIs) with
lipodystrophy and elevated circulating levels of trig-
lycerides, cholesterol, insulin, and fasting glucose
(1–3). These findings have stimulated interest in the
role of specific anti-HIV medications and the mecha-
nisms by which HAART may induce these cardio-
vascular complications. The metabolic syndrome X
(MSX) comprises a constellation of comorbid alter-
ations affecting central fat deposition, glucose tol-
erance, cardiac structure and function, and vascular
endothelial function, and includes dyslipidemia, hyper-
triglyceridemia, and insulin resistance; the syndrome
confers greater atherosclerotic risk than each factor
does independently (4,5). The combined influences
of resistance to insulin-mediated glucose uptake
(i.e., diminished insulin sensitivity), hyperinsuline-
mia, and sympathetic activation have been posited
to operate in a positive feedback loop to promote
atherosclerosis (5). Features of MSX have been esti-
mated to appear in up to 60% of the HIV+ patients
treated with HAART (6,7).

One recent study has shown that the degree of
insulin resistance in HIV+ persons is associated with
the levels of tumor necrosis factor (TNF-�), a pro-
inflammatory cytokine, suggesting that inflamma-
tory and metabolic mechanisms are linked patho-
physiological processes (8). It is now widely accepted
that atherosclerosis is the result of a prolonged and
excessive inflammatory process in the vascular wall
(9). Proinflammatory immune cytokines (i.e., inter-
leukin [IL]-1, IL-6, TNF-�) are released by injured or
jeopardized tissue, by macrophage, and in response to
invading pathogens, but are released in greatest quan-
tity by adipose tissues (10,11). These cytokines also
stimulate the production of reactive oxygen species
(12). The excessive formation of free radicals when
in imbalance with antioxidant capacity is termed oxi-
dative stress. Free radicals, the consequence of oxi-
dative metabolism, are highly reactive because these
molecules contain an unpaired electron. As a result,
these molecules can damage essential biological mole-
cules, such as fats, proteins, and DNA (13). In addi-
tion to inflammation, the oxidative modification of
low-density lipoprotein-cholesterol (LDL-C) by liper-

oxide products leads to enhanced uptake by macro-
phage and increased cellular accumulation of choles-
terol-loaded foam cells and the generation of fatty
streaks, an early step in the formation of plaque in the
vessel walls (13). The proinflammatory cytokines
also promote the infiltration of phagocytes and in-
flammatory leukocytes into the liver and heart (14).
In addition, they stimulate hepatic synthesis of C-
reactive protein (CRP), which has been used as an
index of the extent of inflammatory activity (15).
After correcting for traditional risk factors, CRP is a
strong independent predictor of future cardiovascu-
lar events in healthy men, postmenopausal women,
and the middle-aged and elderly, as well as in those
with preexisting angina (16,17).

Although in the last few years the literature has
begun to assess whether certain HAART regimens
with or without PIs differentially influence cardio-
vascular disease risk, the evidence has not consis-
tently demonstrated the extent to which PI exposure
is associated with the features of MSX in HIV spec-
trum disease (see review in ref. 18). The literature
assessing HAART impact on cardiovascular disease
risk suffers from numerous design problems (e.g.,
small sample sizes, nonobjective and nonvalidated
case definitions) and inconsistently addresses pos-
sible confounds (e.g., heterogeneity of HIV popula-
tions, cardiovascular disease risk profile, concomitant
treatments for diagnosed cardiovascular conditions
or medications with cardiovascular effects, illicit
drug use, immune status, anti-HIV treatment dura-
tion, time to immune stabilization following initia-
tion of anti-HIV medication regimen) or lacks
comparison of HIV+ participants with appropriately
matched seronegative persons. Findings of HAART-
related cardiovascular complications in longitudi-
nal studies of anti-HIV medication-naive patients are
difficult to evaluate because of heterogeneous sam-
ple selection based on recency of diagnosis and dis-
ease history. Moreover, infection with hepatitis C
virus (HCV) is another potential confounding influ-
ence to which the literature has paid scant attention;
HCV infection independent of HIV infection con-
fers increased MSX risk (19) and HCV coinfection
in HIV+ persons is highly prevalent (20).

Therefore, this study assessed the influence of
HAART treatment with and without PIs to determine
(1) the extent to which HIV serostatus, independent
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of HCV coinfection, exacerbates MSX and risk of a
future acute coronary event; and (2) whether differ-
ences in measures of proinflammatory and oxidative
stress processes may be playing an essential media-
tional role in exacerbating cardiovascular disease
pathophysiology. This study controlled for potential
confounding influences by comparing HIV-seropos-
itive persons with HIV-seronegative persons matched
on age, sex, body mass index (BMI), and ethnicity.

Materials and Methods

Subjects

The HIV+ subjects were participants in the Miami
Selenium and Heart Health clinical trial. This trial
was designed to determine whether supplementa-
tion with selenium, an antioxidant mineral, would
influence cardiovascular and immune functioning
in HIV+ men and women, with and without a history
of cocaine use. Subjects were recruited through out-
patient services within the University of Miami–
Miami Veterans Administration Medical Center com-
plex and through local HIV support service agencies,
private physician referrals, and newspaper adver-
tisements. Subjects were included if they (1) pro-
vided informed consent; (2) presented documented
evidence of their HIV-1 infection; (3) were 18–55 yr
of age; (4) were not being treated pharmacologically
for a diagnosed cardiovascular condition (e.g., beta-
blockers, calcium antagonists, angiotensin-convert-
ing enzyme inhibitors), for carbohydrate conditions
(e.g., hypoglycemics, insulin sensitizers), for psych-
iatric conditions (e.g., antipsychotics), and for endo-
crine conditions (e.g., estrogen hormonal replace-
ment); (5) had no history of hypertension or other
cardiorespiratory disorder diagnosis; (6) were HCV
seropositive and not treated for this infection within
6 mo prior to study entry; (7) were not being treated
with HAART medication, or had been treated with
one stable and well-tolerated HAART medication
regimen for �6 mo; (8) were not pregnant; (9) pre-
sented no evidence of myocardial infarction or atrio-
ventricular (AV) conduction arrhythmias on electro-
cardiogram (ECG) examination; and (10) did not
have chronic illness associated with immune alter-
ations or a recent (<3 mo) acute infection or surgery.

One hundred and fifty HIV+ men and women en-
rolled and completed the procedures. This sample

comprised individuals spanning several exposure
categories (e.g., homosexual/bisexual, heterosexual,
intravenous drug use [IVDU] history) and manifest-
ing various HIV infection stages (HIV asymptom-
atic, HIV symptomatic, AIDS). Of these individuals,
82 subjects had been treated for �6 mo on one stable
and well-tolerated HAART medication regimen that
included some combination of PI, nucleoside reverse
transcriptase inhibitor (NRTI), nucleotide reverse
transcriptase inhibitor (NtRTI), and nonnucleoside
reverse transcriptase inhibitor (NNRTI). The re-
mainder of the subjects were not treated with anti-
HIV medications (n = 23), were treated for <6 mo on
HAART (n = 4), or were positive for HCV coinfec-
tion on ELISA and confirmed with RNA PCR assay
(n = 41) and hence were excluded from the study
analyses. According to the 1993 Centers for Disease
Control classification system (using self-reported his-
torical low CD4 count), of these 82 subjects, 18 were
asymptomatic, 6 were symptomatic but not AIDS
defined, and 58 were AIDS defined (21). Other demo-
graphic and related characteristics of this HIV-sero-
positive sample are presented in Table 1. As can be seen
from Table 1, 50% or 41 of the HIV+ subjects were on
HAART regimens including PIs, and the remaining
50% or 41 of these subjects were on HAART regi-
mens without PIs. The ethnicity and sex composi-
tion of the sample was similar to that present in South
Florida (22) and in our previous samples (23).

The 82 HIV+ subjects were matched one by one
with 82 HIV-seronegative (HIV�) subjects on the
basis of age, sex, BMI, and ethnicity. Respective mean
± SD difference between HIV groups for age and BMI
was 0.25 ± 2.9 yr and 0.37 ± 2.6 kg/m2. No difference
on sex or ethnicity composition was present. The
HIV� subjects were selected from 329 persons who
participated in the Markers Assessing Risk for Car-
diovascular Health study, designed to assess preclin-
ical cardiovascular disease risk in relation to MSX
indices. All of these subjects were aged 18 to 55 yr
and healthy based on physical examination by phy-
sician, medical history, fasting blood chemistry anal-
ysis, and 12-lead ECG. They had no history of car-
diovascular disease or other systemic disorder and
were taking no prescribed medication. The proce-
dures used to collect these data were almost identi-
cal to the presently used procedures except that the
immune measures were not performed.
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Table 1
Characteristics of the HAART Groups and the HIV-Seronegative Group

Measurea,b HIV+PI+ (n = 41) HIV+PI� (n = 41) HIV� Control (n = 82) Group differences

Age (yr) 40.6 ± 0.9 39.5 ± 1.0 39.9 ± 0.7 —
BMI (kg/m2) 27.6 ± 0.9 27.0 ± 1.0 26.8 ± 0.6 —
Sex (%)

Men 70.7 61.0 65.9 —
Ethnicity (%) —

Black 53.7 46.3 39.0
Hispanic white 26.8 29.3 39.0
Non-Hispanic white 12.2 12.2 13.4
Other 7.3 12.2 8.5

Family annual income ($K) 12.6 ± 2.1 11.5 ± 2.0 19.6 ± 1.7 cHIV+ < HIV�

Education (# grades) 14.8 ± 1.9 14.4 ± 1.9 13.8 ± 0.3 —
Substance use prevalence in preceding 3 mo (%)

Alcohol 53.7 43.9 41.5 —
Cannabis 19.5 9.8 4.9 dHIV+ > HIV�

Cigarette smoking 48.8 46.3 17.1 eHIV+ > HIV�

Cocaine 7.3 9.8 8.5 —
Sedatives/hypnotics 12.2 0.0 6.1 —
Hallucinogens 9.8 0.0 3.7 —
Opioids 2.4 0.0 3.7 —

Family history of MI (%) 24.4 29.3 20.7 —
Diabetes mellitus (%) 19.5 4.9 0.0 fPI+ > PI�

aValues are mean ± SE unless otherwise indicated;
bHIV+PI+, HIV-infected protease-inhibitor-exposed group; HIV+PI�, HIV-infected protease inhibitor nonexposed group; HIV�

control, HIV-seronegative control group; BMI, body mass index; MI, myocardial infarction.
ct(135) = 3.4, p < 0.002.
d�2(1) = 4.4, p < 0.04.
e�2(1) = 17.4, p < 0.001.
f�2(1) = 4.1, p < 0.05.

Experimental Protocol, Procedures,

and Physiological Measures

The protocol consisted of two testing sessions on
different days. Subjects who met the inclusion crite-
ria following a telephone screening interview were
invited to come to the Behavioral Medicine Research
Center (BMRC) for session 1. Subjects were instructed
in the preassessment consumption requirements to
fast from midnight the night before and to abstain
from illicit recreational substances, caffeinated or
decaffeinated coffee and tea, other caffeine-contain-
ing substances, aspirin and other medications, alco-
hol, and strenuous exercise. In this study a high rate
of compliance (95%) with these preassessment in-
structions was achieved. Noncompliance resulted in
rescheduling the appointment within 2 d.

Session 1

On arrival at the BMRC between 0700 and 0800,
informed consent was obtained. Compliance with
presession restrictions was determined from self-
report and urinary toxicology screens performed
for illicit drugs and alcohol. Procedures to confirm
that the subject met the inclusion criteria were then
undertaken. Information regarding current medical
conditions and any pre-existing medical history was
obtained by physician. Casual sphygmomanometric
blood pressure, 12-lead ECG, height, and weight
assessments were performed and BMI was calcu-
lated. The circumference of the waist at the level of
the umbilicus and the circumference of the hips at
the level of the greater trochanters was obtained to
calculate waist-to-hip ratio (WHR). Urine was tested
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with a toxicology screen (i.e., alcohol, barbiturates,
benzodiazepines, cannabinoids, LSD, PCP, THC, mor-
phine, and amphetamines), and for women, a urine
pregnancy screen was performed. Blood samples
were collected for standard blood chemistries, for
enumerative immune measures (i.e., CD4, CD8,
CD19, and CD56 cells), for HIV viral load, and for
determination of HCV serostatus. Substance use/
abuse history was assessed by the Structured Clini-
cal Interview for the DSM-IV (SCID-1 Version 2.0).
Subjects were then instructed in the requirements for
session 2, which were the same as for session 1.

Session 2

On arrival between 0700 and 0800, subjects were
urine toxicology screened. Following confirmation
of compliance with the presession instructions and
insertion of one iv catheter in each forearm, subjects
underwent a euglycemic hyperinsulinemia clamp
procedure to derive insulin sensitivity. Pharmaco-
logic hyperinsulinemia was achieved by infusion of
insulin, wherein the dosage was based on body sur-
face area. The insulin infusate was prepared in 250
mL 0.9% NaCl to which was added 10 mL of the sub-
ject’s blood (2 mL/50 mL infusate) to prevent absorp-
tion of the regular recombinant human insulin (Humu-
lin-R, Eli Lilly, Indianapolis, IN) to glass or plastic
surfaces. A 10-min priming infusion was followed by
a constant infusion at 40 µU/m2/min for approx 150
min, using a calibrated IMed Gemini PC-2TX infu-
sion pump (Alaris Medical Systems, San Diego, CA).
Glucose infusion was begun 4 min after the initiation
of insulin infusion and was empirically set at 2.0 mg/
kg/min and then increased at 10 min to 2.5–3 mg/kg/
min. Blood glucose was clamped to maintain euglyc-
emia within 5% of the fasting value by feedback-
controlled infusion of 20% dextrose. To monitor
blood glucose concentration and adjust the dextrose
infusion, we measured whole blood glucose every 5
min by an enzymatic glucose oxidase method using
an YSI 2300 STAT Plus glucose analyzer (Yellow
Springs Instruments, Yellow Springs, OH). During this
steady-state phase, the rate of glucose infusion is equal
to the rate of total body glucose uptake and therefore
was a measure of tissue insulin sensitivity, labeled “M.”
Specifically, M was defined as the mean exogenous
glucose disposal rate in mg/kg/min by calculating the

steady-state glucose infusion rate over consecutive 20-
min periods and applying a space correction factor (24).

Blood Assays

Serum cholesterol and triglycerides were mea-
sured enzymatically by autoanalyzer (Cobas-Mira
Plus, Roche Diagnostics, Branchburg, NJ) using pro-
cedures as described (25,26). High-density lipopro-
tein-cholesterol (HDL-C) was measured after precip-
itation of apoB-containing lipoproteins with dextran
sulfate (27), and LDL cholesterol calculated by the
Friedewald method (28). Respectively, intra- and
interassay coefficients of variation (CVs) for choleste-
rol are <2.5 and <3.5%, and for triglycerides are <3.9%
and <1.1%. Helper/inducer (CD3+CD4+) T-cell, sup-
pressor/cytotoxic (CD3+CD8+) T-cell, B-cell (CD19+),
and natural killer cell (CD3-CD56+) counts were
determined using three-color direct immunofluores-
cence flow cytometry as previously described (29).
Intra- and interassay CVs for flow cytometric mea-
sures are <5%. HIV viral load was determined using
the ultrasensitive Amplicor RT/PCR assay (Roche
Diagnostics). For HCV, samples were tested for the
presence of HCV antibodies using ELISA (Ortho-Diag-
nostics, Raritan, NJ). Upon testing positive for the
presence of antibodies to HCV, a confirmatory RNA
PCR analysis was performed using the COBAS Ampli-
cor HCV MONITOR test v2.0 (Roche Diagnostics,
Branchburg, NJ). The index of inflammation, CRP,
was measured using a high-sensitivity assay. Diluted
serum was incubated with polystyrene particles coated
with monoclonal antibodies to CRP to produce agglu-
tination and light scattering in proportion to the con-
centration of antigen. The serum standard was diluted
to produce a standard curve from 0.08 to 6 mg/L. The
intra- and interassay CVs for CRP are <4.4% and
<5.7%, respectively. Oxidative stress was indexed
by measuring plasma 8-epi-prostaglandin-F2� (8-
isoprostane) using ELISA methods (Cayman Chemi-
cals, Ann Arbor, MI).a The intra- and inter-assay CVs
for 8-isoprostane are 11.3% and 10.4%, respectively.

aAlthough there is no generally accepted oxidative stress index, the
literature has used indirect parameters, such as thiobarbituric acid
reactive compounds (TBARS) (30). More recently, the formation of
isoprostanes, such as 8-epi-prostaglandin-F2� (8-isoprostane), is sen-
si-tive to heightened levels of oxidative stress in various clinical car-
diovascular conditions (31–33). Moreover, 8-isoprostane is more
applicable to biological samples and is a more specific and sensitive
indicator of oxidative stress than other indices, such as TBARS (34).
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Coronary Heart Disease Risk

Risk assessment tools based on equations from
large epidemiological studies were used to estimate
coronary heart disease (CHD) risk. Specifically, the
predictive model score and the accompanying prob-
ability of sustaining an acute coronary event within
10 yr were calculated using the Framingham (35)

and PROCAM (36) study risk functions. Informa-
tion regarding age, smoking habit, diabetes status,
and systolic blood pressure were used in these meth-
ods. Although both methods use HDL-C and LDL-
C measures, the PROCAM equation is distinguished
by its additional inclusion of family history of myo-
cardial infarction and triglycerides. In addition, the
definition of an acute coronary event differs between
these risk models. Whereas both the Framingham
and PROCAM functions predict fatal and nonfatal
myocardial infarction, the Framingham model also
predicts incident angina and coronary insufficiency.b

Statistical Analysis

The study was a cross-sectional design with non-
random assignment to groups. The groups of HIV+

and HIV� participants were matched as previously
described. The HIV+ participants were further classi-
fied on the basis of their HAART regimen (HIV+PI+

vs HIV+PI�). Hence, planned contrasts within the
context of analysis of variance (ANOVA) were per-
formed with the HIV serostatus (HIV+ vs HIV�) com-
parison as one contrast and the HAART regimen
comparison as a second contrast on the measures of
MSX, inflammation, oxidative stress, and risk of a
future coronary event.

The comparison of the HIV serostatus and HAART
PI exposure groups revealed no significant differences
for most potential control variables (e.g., age, BMI,
sex, ethnicity, substance use, education, duration of
HAART regimen). When differences on control
variables were observed, covariate analyses assess-

ing their potential impact were performed. Values
for HIV viral load were normalized using log trans-
formation before analyses. Data were analyzed using
SPSS statistical software (SPSS Inc., Chicago, IL).

Results

Group Characteristics

The design yielded three groups: two groups of
HIV+, subjects, with and without PI exposure (HIV+PI+,
HIV+PI�) and their corresponding HIV- matched group
(HIV- Control). Table 1 displays the group charac-
teristics. As can be seen in this table, the matching
procedures resulted in highly comparable groups,
with few differences observed among age, BMI, sex
and ethnicity composition, substance use, education,
income, and family history of cardiovascular dis-
ease. The overall frequency of one or both parents
having disease (i.e., myocardial infarction, angina
pectoris, hypertension, or stroke) was 45.4%. Signif-
icant differences between the groups were observed
only in total family income level, cannabis use, and
prevalence of smoking. Analyses examining differ-
ences between the two HAART-treated groups (HIV+

PI+ vs HIV+PI�) revealed no differences on any of the
measures, except that more persons with diagnosed
diabetes mellitus were observed in the PI-exposed
group.

The comparison of the two HAART groups on
immune status, HIV symptom classification, preva-
lence of HAART medication combinations, and
duration on HAART regimen is displayed in Table 2.
Measures of immune cell counts were similar between
PI-exposed and non-PI-exposed groups, except that
the PI-exposed subjects had significantly fewer CD4
cells and a trend toward greater HIV-1 viral load,
suggesting that this group was generally at a more
progressed point in HIV disease.c In addition, PI-
exposed subjects were predominantly administered
the PI medication in combination with NRTI/NtRTIs,
whereas the non-PI exposed were mostly taking the
NNRTIs in combination with the NRTI/NtRTIs.

MSX, Inflammation, and Oxidative Stress

Table 3 depicts the mean ±SE values for the mea-
sures of MSX, inflammation, and oxidative stress

bAs per NCEP ATP III guidelines (37), the separate Framingham
equations for men and for women were used in this study. However,
because the PROCAM function was derived solely from data collected
on men, there was only one equation that could be used and as such
was applied to both men and women in this study. Therefore, the
PROCAM measures of CHD risk derived for the women may be
underestimated. A recent comparison of both methods in high-risk
men observed that the methods were highly correlated (r = 0.82), but
the PROCAM method tended to yield greater CHD risk values than
the Framingham method when subjects were at higher risk (38).
Advantages and limitations of these methods have been previously
described (37–40).

cThe results of the subsequent analyses did not differ when historical
CD4 count nadir was used instead of CD4 count as a covariate in the
ANOVAs.

Hurwitz (04-140).p65 8/30/2004, 4:05 PM308



HAART and Metabolic Syndrome X 309

Cardiovascular Toxicology         Humana Press Volume 4, 2004

Table 2
Measures of Immune Status, HIV Symptom Classification Prevalence, and HAART

Regimen Prevalence and Duration for the HIV+ Groups With and Without Protease Inhibitor Exposure

Measurea,b HIV+PI+ HIV+PI� p value

CD4 (cells/µL) 362.0 ± 42.3 585.5 ± 43.8 cPI+ < PI�

Historical CD4 nadir (cells/µL) 142.0 ± 21.6 290.1 ± 38.5 dPI+ < PI�

CD8 (cells/µL) 992.7 ± 75.1 942.4 ± 60.8 —
B (cells/µL) 279.0 ± 27.1 280.5 ± 22.1 —
NK (cells/µL) 101.1 ± 12.4 95.7 ± 12.0 —
HIV-1 viral load (log) 2.8 ± 0.2 2.3 ± 0.1 ePI+ > PI�

HIV classification prevalence (%)
HIV asymptomatic 17.1 26.8 —
HIV symptomatic 4.9 9.8 —
AIDS 78.1 63.4 —

HAART treatment duration (mo) 35.7 ± 3.5 34.5 ± 3.1 —
HAART regimen prevalence (%)

NNRTI 0.0 2.4 —
NRTI/NtRTI 80.5 39.0 fPI+ > PI�

NNRTI + NRTI/NtRTI 19.5 58.5 gPI+ < PI�

aValues are mean ± SE unless otherwise indicated.
bHIV+PI+, HIV-infected protease-inhibitor-exposure group; HIV+PI�, HIV-infected protease inhibitor nonexposure group; CD4,

helper T cell; CD8, cytotoxic/suppressor T cell; B, B cell; NK, natural killer cell; HIV, human immunodeficiency virus; AIDS,
acquired immune deficiency syndrome; HAART, highly active antiretroviral therapy; NNRTI, nonnucleoside reverse transcriptase
inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NtRTI, nucleotide reverse transcriptase inhibitor.

cF(1, 80) = 13.5, p < 0.001.
dF(1, 70) = 11.6, p < 0.002.
eF(1, 80) = 3.3, p < 0.08.
f Z = 2.43, p < 0.03.
gZ = 2.83, p < 0.008.

for the three groups. No significant group differences
were observed for systolic blood pressure, HDL-C,
or M. However, there were significant differences
between HIV+ and HIV� groups for total cholesterol
(TC), TC/HDL-C ratio, LDL, WHR, triglycerides,
CRP, and 8-isoprostane. All of these results remained
significant when total family income, smoking prev-
alence, and cannabis prevalence were controlled; in
addition, HIV group differences on diastolic blood
pressure became significant following covariate anal-
ysis. Analyses examining differences between the
HIV+PI+ and HIV+PI� groups revealed no significant
differences, except for triglyceride levels, which
remained significant when controlling for diabetes
status, CD4 count, and HIV viral load. Notably, post

hoc analyses of triglyceride and 8-isoprostane values
comparing the HIV+PI� and HIV� groups revealed no
significant difference, indicating that the HIV sero-
status differences on these measures were a result of
greater values in the HIV+PI+ group than in the other
groups.

The proportions of subjects per HIV serostatus
group whose MSX levels exceeded clinical stan-
dards for CHD risk classification were examined
(cf. 37). A significantly greater proportion of HIV+

compared with HIV� control subjects, respectively,
evidenced clinically elevated levels of TC/HDL ratio
(39.0% vs 19.5%; �2(1) = 7.5, p < 0.007) and LDL-
C (42.7% vs 23.2%; �2(1) = 7.1, p < 0.008); no dif-
ference in group proportions for clinically abnormal
levels of total cholesterol (39% vs 31.7%), triglycer-
ides (31.7% vs 20.7%), waist girth (29.3% vs 23.2%),
and insulin resistance (47.6% vs 39%) was observed.
A significantly greater proportion of HIV+PI+ com-
pared with HIV+PI� subjects, respectively, evidenced
elevated levels of TC/HDL ratio (51.2% vs 26.8%;
�2+(1) = 5.1, p < 0.03); no difference in HAART
group proportions for abnormal levels of total cho-
lesterol (41.5% vs 36.6%), LDL-C (46.3% vs 39.0%),
triglycerides (39.0% vs 24.4%), waist girth (24.4%
vs 34.2%), and insulin resistance (53.7% vs 41.5%)
was observed. Therefore, as can be seen from Table 3,
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regardless of HAART treatment, HIV-seropositive
status was associated with increased evidence of
MSX (i.e., central obesity and dyslipidemia) and
inflammation. Of note, however, is that HAART
regimens that included PI medications were asso-
ciated with greater triglyceride level, cholesterol
ratio, and oxidative stress.

CHD Risk

Table 4 displays the estimated risk of an acute
coronary event occurring within 10 yr for the three
groups derived using the PROCAM and Framing-
ham predictive model equations. In addition to the
proportions of subjects per group who are at high
CHD risk are depicted. Analyses of PROCAM and
Framingham scores and risk (%/year) indicated that
HIV+ subjects had significantly greater coronary
event probability than did HIV� subjects. The pro-
portion of the HIV+ group with high risk (�3.0%/yr)
exceeded that of the HIV� group. In addition, post

Table 3
Mean ± SE Values for MSX, Inflammation, Oxidative Stress,

and Other CHD Risk Indices for the HAART Groups, and the HIV� Control Group

Measurea HIV+PI+ HIV+PI� HIV� control Group differences

SBP (mmHg) 113.9 ± 1.5 114.4 ± 2.1 116.1 ± 1.2 —
DBP (mmHg) 79.6 ± 1.4 78.8 ± 1.9 76.7 ± 0.9 bHIV+ > HIV�

M (mg/kg � (min) 5.4 ± 0.7 5.3 ± 0.5 6.2 ± 0.4 —
WHR 0.90 ± 0.01 0.91 ± 0.01 0.87 ± 0.01 cHIV+ > HIV�

TC/HDL-C 5.0 ± 0.2 4.5 ± 0.3 4.0 ± 0.2 dHIV+ > HIV�

TC (mg/dL) 202.5 ± 8.4 194.6 ± 5.0 176.5 ± 4.1 eHIV+ > HIV�

HDL-C (mg/dL) 43.2 ± 2.3 46.5 ± 2.1 46.7 ± 1.4 —
LDL-C (mg/dL) 128.0 ± 6.4 123.0 ± 4.9 108.0 ± 3.6 fHIV+ > HIV�

Triglycerides (mg/dL) 203.2 ± 34.0 130.7 ± 14.7 116.7 ± 11.7 gHIV+ > HIV�; PI+ > PI�; PI+ > HIV�

CRP (mg/L) 7.5 ± 1.9 7.8 ± 2.5 1.8 ± 0.3 hHIV+ > HIV�

8-isoprostane (pg/dL) 17.1 ± 4.1 10.8 ± 2.6 8.1 ± 0.3 iHIV+ > HIV�; PI+ > HIV�

aHIV+PI+, HIV-infected protease-inhibitor-exposure group; HIV+PI�, HIV-infected protease inhibitor nonexposure group; HIV�

control, HIV-seronegative healthy control group; SBP, systolic blood pressure; DBP, diastolic blood pressure; M, insulin sensitivity;
WHR, waist-girth to hip-girth ratio; TC/HDL-C, ratio of total cholesterol to high-density lipoprotein cholesterol; TC, total choles-
terol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; 8-isopro-
stane, 8-epi-prostaglandin F

2�
.

bt(158) = 2.1, p < 0.04, after controlling for covariates.
ct(161) =13.9, p < 0.004.
dt(161) = 3.4, p < 0.002.
et(161) = 3.5, p < 0.003.
f t(161) = 3.2, p < 0.002.
gt(161) = 2.3, p < 0.03; t(161) = 2.3, p < 0.03; t(161) = 3.1, p < 0.003.
ht(161) = 3.8, p < 0.001.
it(161) = 2.4, p < 0.02; t(161) = 2.7, p < 0.009.

hoc contrasts indicated that significantly greater
event probabilities were observed for HIV+PI+ sub-
jects than the HIV� subjects for each measure of risk;
moreover, when using the PROCAM method, the
risk for the HIV+PI+ subjects also exceeded that
observed for the HIV+PI� subjects . Specifically, PI
exposure was associated, respectively, for PROCAM
or Framingham methods with 56% or 27% greater
risk than for those not treated with PIs and with 129%
and 50% greater risk than for HIV� subjects. In sum,
both methods for assessing future myocardial infarc-
tion risk indicated that HIV+ subjects and especially
those persons on HAART regimens containing PIs
are at heightened CHD risk.

Discussion

The main findings of this study were that (1) HIV+

subjects displayed greater inflammation levels than
did HIV� subjects; (2) HIV+ subjects showed greater
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evidence of MSX than did HIV� subjects; and (3)
HIV+ subjects on PIs displayed greater oxidative
stress, triglyceridemia, lipidemia, and risk of an acute
coronary event within 10 yr than did non-PI-exposed
HIV+ subjects and their seronegative counterparts.
These findings support the growing body of litera-
ture that implicates HAART medication as a poten-
tial etiopathological source of the increased preva-
lence of premature CHD in HIV+ persons. However,
the findings also add fuel to the debate concerning
whether the heightened CHD risk is more a conse-
quence of HIV infection itself than the medications
used to treat the disease.

With the extended longevity of HIV+ patients
since the advent of HAART, the effects of compet-
ing morbidity and mortality risks including cardio-
vascular complications have become more apparent
(41) and may be related to factors linked with chronic
HIV infection. The findings of this study indicate
that, regardless of HAART regimen, HIV-seroposi-
tive status was associated with increased evidence
of MSX. Specifically, even though there was no dif-
ference between the groups in body mass, HIV+ sub-
jects compared with their matched-control counter-
parts had greater abdominal girth, albeit still within

Table 4
Mean ± SE Risk of an Acute Coronary Event Occurring Within 10 Yr for PI-Exposure Groups

and HIV� Control Group Derived Using the PROCAM and Framingham Predictive Model Equations

Measurea HIV+PI+ HIV+PI� HIV- control Group differences

PROCAM risk score 28.1 ± 1.9 24.2 ± 1.7 19.3 ± 1.1 bHIV+ > HIV�; PI+ > HIV�

PROCAM risk (%/yr) 3.9 ± 0.8 2.5 ± 0.4 1.7 ± 0.2 cHIV+ > HIV�; PI+ > HIV�;
PI+ > PI�

Framingham risk score 1.7 ± 0.6 0.2 ± 0.7 �1.0 ± 0.5 dHIV+ > HIV�; PI+ > HIV�

Framingham risk (%/yr) 3.3 ± 0.4 2.6 ± 0.3 2.2 ± 0.1 eHIV+ > HIV�; PI+ > HIV�

PROCAM: Proportion (%) 36.6 24.4 13.4 fHIV+ > HIV�

of subjects with risk � 3%/yr
Framingham: Proportion (%)

of subjects with risk � 3%/yr 53.7 39.0 31.7 gHIV+ > HIV�

aHIV+PI+, HIV-infected protease-inhibitor-exposure group; HIV+PI�, HIV-infected protease inhibitor nonexposure group; HIV�

control, HIV-seronegative healthy control group.
bt(161) = 4.1, p < 0.001; t(161) = 4.2, p < 0.001.
ct(161) = 3.3, p < 0.002; t(161) = 3.9, p < 0.001; t(161) = 2.2, p < 0.04.
dt(161) = 2.9, p < 0.005; t(161) = 3.3, p < 0.002.
et(161) = 2.8, p < 0.008; t(161) = 3.3, p < 0.002.
f�2(1) = 7.0, p < 0.009.
g�2(1) = 3.7, p = 0.055.

the normative range; this tendency toward greater
central fat deposition is a major predictor in preclini-
cal and clinical groups of other MSX indices and
hence reflects increased cardiovascular disease risk
(42–45). Compared with controls, the HIV+ subjects
displayed greater dyslipidemia as well. Relative to
clinical standards of high CHD risk classification
(37), the present findings indicated about a twofold
greater proportion of HIV+ subjects than controls
with abnormal levels of TC/HDL ratio and LDL-C.
Thus, HIV seropositivity was associated with differ-
ences in central obesity and with clinically signifi-
cant lipidemia.

Recent studies of HIV+ persons have reported evi-
dence of a metabolic derangement that includes de-
creased insulin sensitivity (46–50). It should be noted
that hepatic hyperlipogenesis, hypertriglyceridemia,
and insulin resistance have been observed in HIV+

children and adults prior to the initiation of HAART
(51–54). Although greater insulin resistance in HIV+

than in HIV� subjects was apparent in this study (see
Table 3), no significant differences were observed.
Only a small fraction of the HIV+ subjects were dia-
betic and although the majority of HIV+ persons were
AIDS classified, most were asymptomatic. The pre-
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vious findings of greater insulin resistance in some
but not other studies of HIV+ persons suggests the
lack of significant difference herein may reflect the
tendency for alterations in insulin metabolism to
occur at more advanced stages of disease progres-
sion. In this study, HIV+ persons with HCV coinfec-
tion were excluded. To date, only one study has exam-
ined the role of HCV coinfection, although HAART
medications were not controlled; greater insulin re-
sistance was observed in HCV-coinfected persons
than in HIV+ persons not coinfected with HCV (55).
Therefore, an alternative explanation for the lack of
insulin resistance group difference in this study is
that greater numbers of HCV-coinfected persons
were present in the studies in which differences were
observed.

One robust finding in this study was that PI expo-
sure, independent of diabetes status and indices of
HIV disease progression (i.e., CD4 count, HIV viral
load), was associated with greater triglyceride levels
than non-PI exposure. Further support that these
differences were not a consequence of spurious influ-
ences was indicated by the fact that a number of demo-
graphic, anthropometric, immune, and traditional
cardiovascular risk factors (i.e., sex, ethnicity, income,
education, body mass, age, HCV serostatus, family
history of cardiovascular disease, smoking, and sub-
stance use) were controlled or evidenced no differ-
ences between groups. These triglyceride differences
are in agreement with other reports; although many
of these studies also report differences in cholesterol
levels as a function of PI therapy (cf. 56). In this study,
an almost twofold greater number of those treated
with PIs compared with non-PI-exposed subjects dis-
played cholesterol ratio levels that were in the high-
risk range according to clinical standards. Of note,
however, is that with a larger sample, significant
differences in TC/HDL-C ratio would be observed
in those subjects in this study with HAART regi-
mens containing PIs.d Nevertheless, the presence of
a potential PI effect on triglyceridemia was more
readily observed, which suggests that PIs may have
a more primary effect on triglyceride metabolism.

Some researchers have suggested that the role of
triglycerides in atherosclerosis has been underesti-
mated (57,58). The mechanisms by which PIs influ-
ence lipid and carbohydrate metabolisms remain to
be confirmed. PIs have been reported to have about
60% homology to regions within two proteins (i.e.,
CRABP-1, LRP) that are involved in lipid metabo-
lism and when bound result in decreased hepatic
triglyceride and lipid clearance (59). It should be
noted that the proportion of medication types within
the two HAART groups in this study differs; the PI-
exposed group included fewer subjects taking NNRTI
medications in their regimen than in the non-PI-ex-
posed group. Therefore, caution should be exerted
when attributing the present differences between
HAART groups as being solely a result of PI expo-
sure. As previously suggested, it is more likely that
a multifactorial pathogenesis of disease-, therapy-,
and patient-related factors rather than a single drug-
related mechanism can account for the complex
pattern of metabolic disturbances observed in HIV
spectrum disease (60).

Previously, there has been no demonstration within
the HIV literature that proinflammatory and oxida-
tive stress mechanisms are associated with CHD risk
measures. In this study, HIV+ subjects compared with
their matched seronegative counterparts evidenced
greater inflammation and oxidative stress levels. Spe-
cifically, 325% and 72% greater inflammation and
oxidative stress levels, respectively, were observed
in the HIV+ than in the control subjects. The possi-
bility in HIV+ subjects that these markedly elevated
levels are facilitating MSX processes consequent to
their interaction with aspects of HIV spectrum dis-
ease or its treatment requires further investigation.
The fact that greater levels of oxidative stress and
not of inflammation were observed as a function of
HAART medication suggests that oxidative stress
may be involved in the underlying mechanisms facil-
itating greater triglyceridemia and lipidemia in the
PI-exposed group.

The literature indicates that chronic immunosup-
pression in HIV+ men and women results in increased
viral replication and diminished infection surveil-
lance of other pathogens, and consequently increased
levels of proinflammatory cytokines (61,62). In HIV
spectrum disease, greater levels of proinflammatory
cytokines also stimulate greater HIV replication (63).
The HIV virion is a powerful polyclonal activator

dANOVA comparison of TC/HDL ratio values between HIV+PI+ and
HIV+PI� groups, with CD4 and HIV viral load controlled, revealed a
nonsignificant difference (t(78) = 1.7, p = 0.10). A power analysis (�
= 0.05, power = 0.80) indicated that this difference would be signif-
icant with 105 subjects per group.
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and, in turn, stimulates high levels of proinflammatory
cytokines. When LDL cholesterol particles become
trapped in an artery, they can undergo progressive
oxygenation and can be internalized by macrophage
(9,13). This process is the normal protective opera-
tion of the macrophage consequent to the inflamma-
tory stimulus. However, in the presence of chronic
proinflammatory conditions and intracellular accu-
mulation of triglycerides, the enhanced formation of
oxygen radical species (in part by hepatic Kupffer
cells) facilitates the collection of cholesterol and
results in the formation of foam cells that become
activated by LDL (64). The proinflammatory condi-
tion becomes enhanced because the oxidized LDL
can injure the vessel cells, which release inflamma-
tory cytokines in response, and also can initiate a
series of intracellular events that result in inflamma-
tory up-regulation (65). In HIV, the T-cell activation
in the presence of multiple chronic infectious sources
may exacerbate these pathophysiological mecha-
nisms (66). Consequently, a vicious circle may exist
in which proinflammatory factors and triglycerides
drive oxygen radical formation that, in turn, induce
vascular injury, increased viral replication, and im-
mune activation, leading to further inflammation that
is maintained in the artery by conditions of exposure
to chronic infectious sources and circulatory factors
(e.g., turbulent blood flow) and by the presence of
lipids (67–70). The methods for estimating risk of a
future acute myocardial infarction indicated that the
HIV+ subjects in this study relative to controls and
especially those seropositive subjects on HAART
regimens containing PIs were at heightened CHD
risk.e The data from this study suggest that an inter-
action between triglycerides and oxidative stress on
the one hand and PI exposure on the other may exac-
erbate MSX and CHD risk in HIV-infected individu-
als. Further research is needed to explore the potential
roles of these factors in the context of chronic infec-
tion burden and inflammation in the cardiovascular
pathophysiology of HIV spectrum disease.
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