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Abstract
Objective—Cardiovascular disease risk among persons with HIV is likely multifactorial, thus
testing a variety of available noninvasive vascular ultrasound and other surrogate tests may yield
differing results. To address this issue, we assessed multiple metabolic and clinical predictors of
endothelial function and carotid intima–media thickness in HIV-infected subjects and compared
results with HIV-negative controls.

Design—Prospective, cross-sectional study of 50 HIV-infected, healthy adults on stable highly
active antiretroviral therapy matched to 50 HIV-negative controls by age, sex, race, and body mass
index.

Methods—Flow-mediated vasodilation of the brachial artery, carotid intima–media thickness,
dual energy X-ray absorptiometry (HIV-infected subjects), and fasting insulin, lipids, and oral
glucose tolerance tests were performed. Results were compared between HIV-infected and control
groups.

Results—Fifty percent of subjects were African–American with 34% women. Among HIV-
infected, mean CD4 cell count was 547 cells/ µl; 90% had HIV RNA less than 50 copies/ml. There
were no significant differences between HIV-infected and control subjects with regard to brachial
artery flow-mediated vasodilation or carotid intima–media thickness. In multivariate analyses of
the HIV cohort, independent predictors of endothelial dysfunction (lower flow-mediated
vasodilation) were increasing insulin resistance, greater alcohol consumption, and higher baseline
brachial artery diameter (P < 0.05); predictors of increased carotid intima–media thickness were
hypertension, higher trunk/limb fat ratio, and insulin resistance (P < 0.05).

Conclusion—In this HIV cohort on modern highly active antiretroviral therapy with well
controlled HIV, there were no significant differences with regard to preclinical markers of
cardiovascular disease. Insulin resistance was a strong predictor of impaired brachial artery flow-
mediated vasodilation and increased carotid intima–media thickness, and may be an important
cardiovascular disease risk factor in the HIV population.
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Introduction
The use of combination highly active antiretroviral therapy (HAART) has been associated
with metabolic complications that may increase long-term risk of cardiovascular disease
[1,2]. Some antiretroviral therapies have been associated with insulin resistance, increased
visceral fat deposition, and increases in atherogenic dyslipidemia, all components of the
metabolic syndrome [3–5]. Recent evidence indicates that cumulative exposure to protease
inhibitors over time is an independent risk factor for myocardial infarction (MI) in a large,
ongoing observational study [2]. Other data appear to implicate HIV infection itself rather
than HAART as a potential contributor to elevated cardiovascular risk [6].

Surrogate markers of cardiovascular disease such as carotid intima–media thickness (CIMT)
and brachial artery flow-mediated vasodilation (FMD) have been used in recent trials to
assess incident risk. Increased CIMT is a marker of underlying atherosclerosis and correlates
well with traditional risk factors; however, endothelial dysfunction as measured by brachial
artery FMD may occur earlier in the development of atherosclerosis, independent of other
cardiac risk factors [7–9]. Several small studies [10–13] have assessed endothelial
dysfunction in HIV-infected persons with varying results, including association with
metabolic abnormalities, protease inhibitor use, behavioral factors, or uncontrolled HIV
infection. Another study [14] that used CIMT as a surrogate for cardiovascular disease risk
in HIV-infected patients on HAART found no significant difference compared with a
matched seronegative cohort. Given the likelihood that cardiovascular disease risk among
persons with HIV is multifactorial, testing a variety of available noninvasive vascular
ultrasound and other surrogate tests may yield differing results. To address this issue,
brachial artery FMD, CIMT, body fat and lean mass, insulin resistance, and other metabolic
and clinical parameters were obtained in otherwise healthy HIV-infected persons on stable
HAART to determine the metabolic predictors of endothelial dysfunction and CIMT,
examine the association between exposure to specific antiretrovirals and endothelial
dysfunction, and compare results with an HIV-negative cohort matched by age, sex, race,
and body mass index (BMI). We hypothesized that HIV-infected persons would have greater
impairment in brachial artery FMD and increased CIMT compared with matched controls,
and that endothelial dysfunction would be associated with evidence of insulin resistance.

Methods
Study design

The study population consisted of a prospective, cross-sectional cohort of randomly selected
healthy HIV-infected adults on a stable HAART regimen for at least 6 months prior to the
enrollment. HAART was defined as the use of at least two nucleosides with either a protease
inhibitor or a nonnucleoside reverse transcriptase inhibitor (NNRTI). Patients were excluded
if they had a current CD4 cell count of less than 100 cells/ µl, recent opportunistic infection,
or use of chemotherapy or other immunomodulatory therapy within 60 days prior to
enrollment, diagnosis of diabetes or known coronary artery disease, or pregnancy. Patients
with other diagnoses that were felt to significantly affect endothelial function (i.e.,
uncontrolled hypertension, peripheral vascular disease) and patients actively using
intravenous drugs, cocaine, or methamphetamines were also excluded. HIV-negative
controls were healthy adults (nondiabetic, no signs/symptoms of vascular or renal disease,
and low risk of HIV) randomly selected from subjects enrolled in clinical and observational
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studies at the Cardiovascular Imaging and Clinical Research Core Laboratory, Washington
University School of Medicine. HIV-infected patients were matched to seronegative controls
according to age, sex, race, and BMI. The study was reviewed and approved by the
Washington University Human Research Protections Office.

Laboratory and metabolic testing
After a 10-h overnight fast, HIV-infected subjects were examined at the Washington
University General Clinical Research Center. A 75-g, 2-h oral glucose tolerance test
(OGTT) was performed: venous blood samples were obtained at baseline and at 30-min
intervals to obtain fasting and area-under-the-curve (AUC) measures for glucose and insulin
levels. Samples were iced, centrifuged, and stored at −70°C until time of batched assay.
Insulin testing was performed by double-antibody radioimmunoassay and C-peptide
concentrations determined by radioimmunoassay (Diabetes Research and Training Center
Radioimmunoassay Core Laboratory, Washington University School of Medicine) for all
subjects. Insulin resistance was calculated using the homeostatic model assessment (HOMA-
IR) [15] and the Belfiore OGTT index, which utilizes both insulin and glucose AUC [16].
Fasting lipid/lipoprotein levels were measured by enzymatic methods (Roche Diagnostics,
Indianapolis, Indiana, USA). Highly sensitive C-reactive protein (hsCRP) was quantified by
nephelometry (Dade-Behring BN-II System, Ramsey, Minnesota, USA) in HIV-infected
subjects. hsCRP in control subjects was quantified by enzyme-linked immunosorbent assay
(ELISA) (Life Diagnostics, Inc., West Chester, Pennsylvania, USA); the intraclass
correlation coefficient between the two assays was 0.99. CD4 cell count and HIV RNA were
performed by commercial assay (with lower limit of detection for HIV RNA 40 copies/ml).
A Hologic Discovery W enhanced-array whole-body dual energy X-ray absorptiometry
(DEXA) scanner and software (version 12.3:7; Hologic, Waltham, Massachusetts, USA)
were used to measure whole body, trunk, and limb lean and fat tissue mass in HIV-infected
subjects. Each scan was acquired and processed by a Hologic-certified radiology
technologist. Vital signs, waist circumference, complete medication history,
sociodemographics, and risk factors for cardiovascular disease were also obtained for all
subjects. National Cholesterol Education Program criteria were used to identify the presence
of the metabolic syndrome [17].

Endothelial function measurements
After a 10-h overnight fast, all subjects (HIV-infected subjects and seronegative controls)
were examined at the Washington University Cardiovascular Imaging and Clinical Research
Core Laboratory for assessment of endothelium-dependent brachial FMD. FMD values were
presented as the percentage change in brachial artery diameter after reactive hyperemia, by
vascular ultrasound according to a previously published protocol designed to control for as
much variability as possible [18]. Prior to testing, all subjects were instructed to refrain from
caffeine, alcohol, antioxidants, antacids, and nonsteroidal medications for 12 h before the
FMD examination and to refrain from smoking on the morning of the study. The
examination was conducted after a 15-min rest period in a quiet, temperature-controlled
room with the subject in a supine position. A 14-MHz linear array transducer (Siemens
Acuson Sequoia 256 Ultrasound System, Oceanside, California, USA) was used to visualize
the brachial artery in the right arm1 cm above the antecubital fossa. The vessel diameter was
determined in longitudinal views prior to placement of an occlusion cuff just proximal to the
transducer location. The cuff was inflated to 200 mmHg for 5 min and then rapidly deflated.
Images of the brachial artery diameter were acquired immediately, 1, 2, and 3 min following
cuff deflation. For each time point, the diameter represents the mean of five equidistant
measurements on the B-mode ultrasound image. Images of the brachial artery were stored
on a magnetic optical disk for off-line analysis using Prosolv software (Problem Solving
Concepts, Indianapolis, Indiana, USA). All measurements were performed by the same

Mondy et al. Page 3

AIDS. Author manuscript; available in PMC 2011 September 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



vascular sonographer. The intraobserver, intraclass correlation coefficient for FMD at our
laboratory is greater than 0.98, which is similar to previously published studies [19].

Carotid intima–media thickness measurement
Carotid ultrasound was performed using the ultrasound system described above; B-mode
images of both carotid arteries were acquired along the longitudinal axis. A 1-cm region of
the common carotid artery just proximal to the bifurcation was identified and magnified for
maximal resolution prior to export for off-line digital analysis with Prosolv software. CIMT
measures were expressed as the average of four sites: the near-wall and far-wall intima–
media thicknesses from both right and left common carotid arteries. Each site represented
the average of three separate measurements, and all images were acquired by the same
vascular sonographer. The intraobserver, intraclass correlation coefficient for CIMT at our
laboratory is 0.89.

Statistical analysis
Data were analyzed using χ2 or Fisher’s exact tests for categorical variables. Continuous
variables were compared using the Student’s t-test or Mann–Whitney U-test for normally
and nonnormally distributed variables, respectively. Bivariate correlation testing was used to
test the strength of association between FMD, CIMT, and other clinical variables.
Significant variables were then entered stepwise into a linear regression model to determine
the best multivariable model. Variables were assessed for collinearity and adjusted
appropriately. HIV RNA levels, insulin resistance by HOMA-IR and Belfiore OGTT index,
trunk/limb fat ratio, and triglycerides were log-transformed for analysis. Spearman
correlation was performed between FMD, CIMT, and Framingham risk score. Correlation
was also performed between HOMA-IR and Belfiore OGTT index. All P-values were two-
tailed. Data were analyzed with use of the SPSS software package version 14.0 (SPSS Inc.,
Chicago, Illinois, USA).

Results
Population characteristics

The study population included 50 HIV-infected subjects; 50% were African–American and
34% were women. The mean current CD4 cell count was 547 cells/ µl and 45 (90%) had
HIV RNA less than 50 copies/ml. A group of 50 seronegative controls were matched by age,
race, sex, and BMI to the 50 HIV-infected subjects. Additional characteristics of the HIV-
infected and control subjects are shown in Tables 1 and 2.

Compared to controls, HIV-infected subjects had significantly lower high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol and higher triglycerides
and fasting glucose levels (P < 0.01 for all). On average, however, these values were within
normal limits for both groups. There was no significant difference between groups with
regard to other traditional cardiac risk factors; the mean Framingham 10-year risk scores
were low (≤3%) in both groups. The brachial artery FMD and CIMT measurements were
similar in HIV-infected subjects compared with control subjects (12 vs. 13% and 0.68 vs.
0.68 mm, respectively, P = NS; Figs 1 and 2).

Predictors of flow-mediated vasodilation and carotid intima–media thickness
In the univariate analyses of HIV-infected subjects, a lower FMD was significantly
associated with higher insulin resistance (by both HOMA-IR and Belfiore OGTT index),
greater consumption of alcohol (≥1 drink/day), and higher baseline brachial artery diameter
(P < 0.05 for all). In HIV seronegatives, higher insulin resistance, brachial artery diameter,
and lower systolic blood pressure were predictive of lower FMD (P < 0.05 for all). Among
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HIV-infected and seronegative subjects, there was a significant correlation between CIMT
and traditional cardiac risk factors including male sex, older age, history of hypertension,
lower HDL cholesterol, higher glucose, higher insulin resistance, higher trunk/limb fat ratio
(HIV-infected subjects with DEXA data), and the presence of an increasing number of
metabolic syndrome criteria (P < 0.05 for all). In multivariate analyses (Table 3) among
HIV-infected subjects, higher insulin resistance, greater consumption of alcohol, and higher
resting brachial artery diameter remained significant independent predictors of FMD (adj. r2

= 0.40, P < 0.001 for model). History of hypertension, higher trunk/limb fat ratio, and
insulin resistance remained significant predictors of CIMT (adj. r2 = 0.46, P < 0.001 for
model). There was a strong correlation between the HOMA-IR and Belfiore OGTT indices
(r = −0.82, P ≤ 0.001).

To further explore a potential confounding effect between ritonavir and insulin resistance,
the relationship between current protease inhibitor use and brachial FMD or CIMT was also
examined. All subjects on a protease-inhibitor-based regimen were on a ritonavir-boosted
regimen (76% were on atazanavir/ritonavir). There was no significant association between
either brachial FMD or CIMT and current use of a ritonavir-boosted protease inhibitor.
Additionally, the cumulative exposure to HAART, as well as the cumulative exposure to
individual drug classes (nucleosides, NNRTIs, protease inhibitors) revealed no significant
association with either brachial FMD or CIMT. Studies have also found an association
between thymidine analogue use and insulin resistance [20–22], but in the present study
there was no significant correlation between cumulative exposure/use ever of zidovudine or
stavudine and HOMA-IR/Belfiore index, brachial FMD, or CIMT. There have also been
conflicting data with regard to effects of body fat changes (lipoatrophy) on FMD [13,23],
but in our study we found no significant association between appendicular fat, trunk fat, or
trunk/limb fat ratio and FMD. Finally, there was no significant correlation between HIV
disease activity indicators (i.e., current/nadir CD4 cell count, HIV RNA, duration of HIV)
and CIMT or brachial FMD. Overall, there were modest, significant correlations between
FMD and CIMT (r = −0.40, P < 0.01) and between CIMT and 10-year Framingham score (r
= 0.50, P < 0.01). There were no significant correlations between FMD and Framingham
score, between FMD and hsCRP, and between CIMT and hsCRP. Traditional risk factors
utilized in the Framingham risk score (age, smoking, HDL and total cholesterol, blood
pressure) were more predictive of CIMT (r = 0.55, P = 0.01) than brachial FMD (r = 0.25, P
= NS).

Discussion
The results of this study of HIV-infected subjects on modern HAART regimens and with
well controlled viremia demonstrate no significant differences in either brachial FMD or
CIMT compared with seronegative controls. Higher insulin resistance was a significant
predictor of lower brachial FMD and higher CIMT.

A recent study examined endothelial function in HIV-infected subjects vs. controls, and
found that HIV-infected subjects had significantly impaired brachial FMD, and that current
intravenous drug use was significantly associated with FMD [10]. Although insulin
resistance was not reported in that study, 63% of HIV-infected subjects had co-infection
with hepatitis C, which has been associated with increased risk of insulin resistance in some
[24,25] but not all studies [26]. Injection drug users were excluded from the present study.

Another prior study [12] in HIV-infected subjects suggested that protease inhibitor use is
associated with endothelial dysfunction. Nevertheless, the predominant protease inhibitor
used was indinavir, which has been associated with multiple metabolic complications
including insulin resistance and lipodystrophy [27,28], and when given to HIV-seronegative
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controls, indinavir reduced endothelial function [29]. The Data Collection on Adverse
Events of Anti-HIV Drugs (DAD) study reported that cumulative protease inhibitor
exposure is an independent risk factor for MI [2], but the risk of specific protease inhibitors
on MI incidence or surrogate measures of cardiovascular disease risk has not been well
characterized. Although the HIV-infected subjects in the present study had considerable
cumulative length of time on HAART, the brachial FMD was higher than in other cross-
sectional studies of HIV-infected persons [10–13] and similar to that of normal controls;
CIMT was also similar in both groups. These findings may be due, in part, to the long-term
use of modern, metabolically ‘friendly’ antiretroviral regimens [30]. Furthermore, subjects
in the current study had well controlled HIV, and the study protocol was designed to
minimize confounders of endothelial function (as described in Methods).

Recent studies of HIV-infected, therapy-naive, and uninfected persons exposed to modern
drugs such as lopinavir/ritonavir or efavirenz have shown improvements in endothelial
function within a short period [13,31]. In one study, endothelial function was improved 6
months after HAART initiation, although still below normal values, and was independently
predicted by the decline in HIV RNA [13]. Also, in-vitro studies of endothelial function
have implicated HIV as potentially having direct and indirect effects on the endothelium,
including direct infection and/or activation of endothelial cells by HIV, vascular injury as a
result of chronic inflammation and immune activation, or dysregulation of the nitric oxide
synthase system [32–35]. Both tat and gp120 proteins of the HIV virion may activate
endothelial cells, resulting in increased expression of specific adhesion molecules (i.e.,
ICAM-1, E-selectin) that may contribute to endothelial dysfunction or a prothrombotic state
[33–35]. Thus, it is possible that subjects in the current study had overall low cardiovascular
risk due to good control of HIV viremia and adequate restoration of immunity. As only five
subjects had detectable, low-level HIV viremia, we did not have statistical power to detect
significant differences in CIMT/FMD due to differences in HIV viral load.

An important finding is the association of insulin resistance with both endothelial
dysfunction (i.e., lower FMD) and higher CIMT in HIV-infected subjects (Table 3).
Although we did not find a significant association between current protease inhibitor or
thymidine analogue use and insulin resistance, brachial FMD, or CIMT, the use of specific
antiretrovirals has been strongly associated with insulin resistance in other studies [3,4,20–
22,27,28]. The development of insulin resistance in some patients on HAART may have
important long-term implications in determining cardiovascular disease risk. The traditional
Framingham risk score calculator does not adequately account for insulin resistance (it only
accounts for established diabetes) and in this study we did not find a significant correlation
between brachial FMD and Framingham risk score. The Framingham score has not been
validated in HIV and thus determination of insulin resistance or use of endothelial function
testing could be a useful adjunct in assessing long-term cardiovascular disease risk in this
population. Unfortunately larger, longitudinal cohort studies rarely incorporate the use of
sensitive metabolic testing such as oral glucose tolerance testing or insulin profile. We found
that a simple index of insulin resistance (HOMA-IR) was a stronger predictor of brachial
FMD and CIMT than more indirect assessments, such as the diagnosis of metabolic
syndrome. HOMA-IR was also strongly correlated with the sensitive Belfiore OGTT index,
which requires repeated measures of insulin and glucose levels during a 2-h OGTT.

There were minor limitations. This study was cross-sectional and the number of subjects
was low, but still higher compared with several other endothelial function studies in HIV
[11–13,36]. In addition, several HIV-infected subjects were on statin therapy, which may
have a positive effect on brachial FMD and CIMT. Nevertheless, two recent studies of statin
therapy in HIV found no more than a 0.7–1.2% improvement in brachial artery FMD with
statin therapy [37,38], and the inclusion of statin-treated, HIV-infected subjects in the
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present study was felt to best reflect current standard of care for persons with HIV [39].
When further controlling for use of lipid-lowering medication, there were still no significant
differences in FMD or CIMT between HIV-infected and control groups.

In conclusion, in this HIV cohort on modern HAART and with well controlled HIV, we
found no significant differences with regard to preclinical markers of cardiovascular disease
risk such as endothelial function testing, CIMT, or Framingham risk score. Insulin resistance
was a stronger predictor of brachial FMD and CIMT than lipid parameters, HAART
regimen, indices of immune function, lifestyle factors, or body and limb adiposity. These
findings suggest that insulin resistance is an important cardiovascular disease risk factor in
the HIV-infected population, and that therapeutic strategies to improve insulin sensitivity
may be warranted. Longitudinal studies of HIV-infected cohorts will be important to
evaluate future changes in cardiovascular risk, especially as new HIV drug classes become
available.
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Fig. 1. Percentage of brachial flow-mediated vasodilation (FMD) according to HIV status and
current highly active antiretroviral therapy (HAART) regimen, P = NS between groups
Data shown are 1st quartile (q1), minimum, median, maximum, and 3rd quartile (q3) values.
NNRTI, nonnucleo-side reverse transcriptase inhibitor; PI, protease inhibitor.
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Fig. 2. Carotid intima–media thickness (CIMT) according to HIV status and current highly
active antiretroviral therapy (HAART) regimen, P = NS between groups
Data shown are 1st quartile (q1), minimum, median, maximum, and 3rd quartile (q3) values.
NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
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Table 1

Comparison between HIV-infected and control groups.

Characteristic
HIV-infected group

(N = 50) No. (%)
HIV-uninfected group

(N = 50) No. (%) P value

Age (mean ± SEM) 42 ± 1.2 42 ± 1.3 0.98

Sex 1.00

    Men 33 (66%) 33 (66%)

    Women 17 (34%) 17 (34%)

Race 1.00

    White 24 (48%) 24 (50%)

    African–American 25 (50%) 25 (50%)

    Other 1 (2%) 1 (2%)

Mean BMI (kg/m2 ± SEM) 28.7 ± 0.9 30.2 ± 0.9 0.23

Current smoker 15 (30%) 9 (18%) 0.16

Diagnosis of hypertension 15 (30%) 14 (28%) 0.83

Family history of cardiovascular disease 16 (32%) 11 (22%) 0.23

Use of lipid-lowering therapy 12 (24%) 3 (6%) 0.03*

Diagnosis of metabolic syndrome 15 (30%) 9 (18%) 0.24

Mean fasting LDL (mg/dl ± SEM) 98 ± 4 114 ± 4 <0.01*

Mean fasting HDL (mg/dl ± SEM) 47 ± 2 56 ± 2 <0.01*

Mean fasting triglycerides (mg/dl ± SEM) 141 ± 11 103 ± 7 <0.01*

Mean fasting glucose (mg/dl ± SEM) 89 ± 1 84 ± 2 <0.01*

Mean fasting insulin (µU/ml) 13.9 ± 1.9 13.0 ± 1.7 0.72

Mean HOMA-IR 3.1 ± 0.5 2.7 ± 0.3 0.50

Mean hsCRP (mg/l) 4.1 ± 0.6 6.0 ± 1.0 0.10

Mean 10-year Framingham risk score 0.3 ± 0.8 −0.8 ± 0.8 0.38

Resting brachial artery diameter (mm) 3.9 ± 0.1 3.8 ± 0.1 0.56

Mean brachial FMD (% ± SEM) 12.0 ± 0.9 13.3 ± 1.0 0.30

Mean CIMT (mm ± SEM) 0.68 ± 0.02 0.68 ± 0.02 0.96

BMI, body mass index; CIMT, carotid intima–media thickness; FMD, flow-mediated vasodilation; HDL, high-density lipoprotein; HOMA-IR,
homeostatic model of insulin resistance; hsCRP, highly-sensitive C-reactive protein; LDL, low-density lipoprotein.

*
P ≤ 0.05.
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Table 2

HIV cohort characteristics according to current HAART.

Characteristic
Current PI use

(N = 21) No. (%)
Current NNRTI use

(N = 29) No. (%) P value

Age (mean ± SEM) 42 ± 1.2 43 ± 1.5 0.63

Sex

    Men 15 (71%) 18 (62%) 0.56

    Women 6 (29%) 11 (38%)

Race

    White 9 (43%) 15 (52%) 0.77

    African–American 11 (52%) 14 (48%)

Time since HIV diagnosis (mean years ± SEM) 10.3 ± 1.3 9.9 ± 1.0 0.82

Current smoker 5 (24%) 10 (35%) 0.55

Mean CD4 cell count (cells/ µl ± SEM) 477 ± 53 598 ± 42 0.78

    Mean nadir CD4 cell count 213 ± 74 224 ± 36 0.89

Number with HIV RNA < 50 copies/ml 16 (74%) 29 (100%) 0.01*

Diagnosis of hypertension 6 (29%) 9 (31%) 0.85

Family history of cardiovascular disease 6 (29%) 10 (35%) 0.60

History of illicit drug use 5 (24%) 2 (7%) 0.12

Use of lipid-lowering therapy 3 (14%) 9 (31%) 0.20

Diagnosis of metabolic syndrome 7 (33%) 8 (28%) 0.76

Mean BMI (kg/m2 ± SEM) 29.9 ± 1.6 27.8 ± 1.1 0.27

Mean fasting LDL (mg/dl ± SEM) 93 ± 6 101 ± 5 0.31

Mean fasting HDL (mg/dl ± SEM) 45 ± 2 49 ± 2 0.33

Mean fasting triglycerides (mg/dl ± SEM) 135 ± 14 145 ± 15 0.64

Mean fasting glucose (mg/dl ± SEM) 89 ± 2 89 ± 2 0.98

Mean HOMA-IR 3.3 ± 0.8 3.1 ± 0.5 0.88

Mean hsCRP (mg/l) 3.3 ± 0.7 4.7 ± 0.9 0.26

Trunk/limb fat ratio 1.7 ± 0.2 1.7 ± 0.2 0.82

Time ever on HAART (months ± SEM)

    Total time 214.7 ± 29.2 204.6 ± 21.7 0.78

    NRTI 155.5 ± 23.9 109.3 ± 15.7 0.62

    NNRTI 13.54 ± 4.6 54.2 ± 5.4 <0.01*

    Ritonavir-boosted PI 27.9 ± 5.1 1.4 ± 1.1 <0.01*

Mean 10-year Framingham risk score 0.3 ± 1.1 0.2 ± 1.2 0.98

Mean FMD (% ± SEM) 13.1 ± 1.4 11.2 ± 1.2 0.31

Mean CIMT (mm ± SEM) 0.69 ± 0.03 0.67 ± 0.02 0.69

BMI, body mass index; CIMT, carotid intima–media thickness; FMD, flow-mediated vasodilation; HDL, high-density lipoprotein; HOMA-IR,
homeostatic model of insulin resistance; hsCRP, highly-sensitive C-reactive protein; LDL, low-density lipoprotein; NNRTI, nonnucleoside reverse-
transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

*
P ≤ 0.05.
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Table 3

Multivariate analysis of HIV cohort.

Predictor Coefficient 95% CI P value

Significant predictors of percentage of brachial FMD

    Baseline brachial diameter −47.4 −68.7, −26.2 <0.01

    HOMA-IR −6.4 −10.4, −2.4 <0.01

    ≥ 1 alcoholic drink/day −3.3 −6.4, −0.3 0.03

Significant predictors of CIMT

    Diagnosis of HTN 0.11 0.05, 0.16 <0.01

    Trunk/limb fat ratio 0.27 0.14, 0.39 <0.01

    HOMA-IR 0.08 0.01, 0.16 0.05

CI, confidence interval; CIMT, carotid intima–media thickness; FMD, flow-mediated vasodilation; HOMA-IR, homeostatic model of insulin
resistance; HTN, hypertension.
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