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Abstract

Background—~Untreated HIV infection may increase risk for cardiovascular disease, and arterial
elasticity is a marker of cardiovascular risk and early disease.

Methods—HIV-infected participants not taking antiretroviral therapy (n = 32) were compared with
HIV-negative controls (n = 30). Large and small artery elasticity (LAE and SAE) were estimated via
analysis of radial pulse waveforms. Differences in LAE and SAE by HIV status were compared using
analysis of covariance, with and without adjustment for Framingham risk (model 1); covariates that
differed between groups [smoking, injection drug use, hepatitis C, and high-density lipoprotein
cholesterol (HDLc); model 2]; or age, sex, race/ethnicity, smoking, injection drug use, hepatitis C,
HDLc, and non-HDLc (model 3).

Results—HIV infection was associated with impaired LAE (—=2.55 mL/mm Hg x 10; P = 0.02) and
SAE (—1.50 mL/mm Hg x 100; P = 0.02). Associations with traditional risk factors were often
stronger for SAE than LAE, including with Framingham score (per 1% higher; SAE —0.18, P =0.01;
LAE —0.19, P = 0.13). Fasting lipid levels were not significantly associated with LAE and SAE.
After adjustment, differences between HIV-infected and HIV-uninfected participants were similar
in model 1 (—2.36 for LAE, P = 0.04; —1.31 for SAE, P = 0.04), model 2 (—2.67 for LAE, P = 0.02;
—1.13 for SAE, P =0.07) and model 3 (=2.91 for LAE, P = 0.02; —1.34 for SAE, P = 0.03). CD4
count and HIV RNA level were not associated with LAE and SAE among HIV-infected participants.

Conclusions—Untreated HIV infection is associated with impaired arterial elasticity, of both the
large and small vasculature, after controlling for additional risk factors. Pulse waveform analysis is
anoninvasive technique to assess cardiovascular disease risk that should be evaluated in larger studies
of HIV-infected persons.
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INTRODUCTION

Premature atherosclerotic cardiovascular disease (CVD) is an important cause of morbidity
and mortality in patients with HIV infection.!»2 CVD risk is influenced by traditional risk
factors [ie, blood pressure (BP), blood lipids, and smoking] and antiretroviral therapy (ART)-
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related mechanisms including metabolic changes (lipid levels and insulin resistance).3>* In
addition, HIV infection itself may promote atherogenesis, in part, via a decrease in high-density
lipoprotein cholesterol (HDLc) and increase in triglyceride (TG) levels, immune activation and
inflammation, increase in thrombosis and fibrinolysis, and endothelial dysfunction.s_8
Characterizing CVD risk attributed specifically to untreated HIV infection is important and
has implications when assessing the risks and benefits of ART use.

Noninvasive markers of early CVD are important tools in understanding the pathogenesis and
progression of premature CVD and the impact of therapy. To date, research among HIV-
infected patients using carotid intima-media thickness and brachial artery flow-mediated
dilation (FMD) has been inconsistent and has primarily focused on the influences of ART use
and traditional CVD risk factors.”-~22 However, a recent report of 82 treatment-naive patients
showed improved FMD measures within 4 weeks of initial ART use, and FMD improvement
at 24 weeks was associated with declines in HIV RNA.19 Thus, studies are needed using
reproducible markers of CVD that distinguish the influence of traditional risk factors, HIV
infection, and ART on disease risk.23

In the general population, arterial stiffness is a CVD marker associated with atherosclerotic
disease and traditional CVD risk factors in cross-sectional studies, as well as risk for CVD
events in longitudinal studies.2*~26 There are several techniques to estimate arterial stiffness
or elasticity (conceptually the inverse of stiffness). Analysis of the diastolic radial pulse
waveform provides an assessment of artery elasticity at the level of the aorta and conduit
arteries [large artery elasticity (LAE)] and the peripheral branches and microvascular
components [small artery elasticity (SAE)] that contains information about structural and
functional vascular changes, including endothelial dysfunction.?’=2° This is the first study to
examine SAE specifically, in addition to a large artery assessment, within healthy HIV-
negative and HIV-infected participants not receiving ART.

METHODS
Study Population

The protocol was preapproved by the Hennepin County Medical Center (HCMC) Human
Subjects Research Committee, and informed consent was signed before participant enrollment.
HIV-infected participants had not taken ART in the previous year. Exclusion criteria included
pregnancy, current/active bacterial infection, recent hospitalization, systemic vasculitis,
valvular disease (including heart valve replacement), atrial fibrillation, and presence of an
upper extremity arterial-venous fistula. Participants with clinical atherosclerotic disease
(previous myocardial infarction or chronic angina or claudication by history) were also
excluded as the focus of this study was to examine early subclinical CVD risk. Participants
were recruited through informational flyers and referrals from patients and providers, at an
urban HIV clinic (HCMC, Minneapolis, MN). The HIV-negative group was recruited in the
same way, and efforts were made to enroll participants so that the control group did not differ
from the HIV-infected group with regard to age, sex, race/ethnicity, smoking status, and the
presence of diabetes mellitus (DM).

Study Procedures

Study participants presented for a single visit at HCMC, where a medical history, peripheral
blood draw, and arterial elasticity measurements were performed. A medical history was taken
(including a review of the medical record) that included duration of HIV infection, prior AIDS-
defining event, prior ART use, history of injection drug use (IDU), smoking status (defined as
current), a diagnosis of DM, a list of current medications, and a blood CD4 count within the
past 3 months (when available). Study participants were instructed to fast and avoid
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antihistamines and nonsteroidal anti-inflammatory drugs during the 8-hour period before the
visit and avoid alcohol and illicit drugs for at least 24 hours prior, as these substances may
affect arterial elasticity estimates. Blood samples were tested for the following: HIV antibody
(for HIV-negative participants), HIV RNA level (for HIV-infected participants), serologies for
hepatitis B (infection defined as HBsAb negative and hepatitis B surface antigen positive) and
hepatitis C (infection defined as hepatitis C virus antibody positive), serum creatinine, total
serum cholesterol (TC), low-density lipoprotein cholesterol (LDLc), HDLc, and TG. Non-
HDLc levels were calculated as TC minus HDLc and provided a single estimate of all
potentially proatherogenic lipid particles, including LDLc particles, TGs, and very low density
lipoprotein remnants.3%3! Framingham 10-year CVD risk was estimated from a National
Heart, Lung, and Blood Institute calculator (http://hp2010.nhlbihin.net/atpiii/calculator.asp),
after entering age, sex, smoking status, TC, HDLc, systolic blood pressure (SBP), and use of
BP-lowering medication.

Arterial elasticity was assessed via pulse waveform analysis of the diastolic decay curve, and
values of LAE and SAE were calculated using a modified Windkessel model of the circulation
(model HDI/PulseWave CR-2000, Eagan, MN).27’29 A tonometer was placed at the dominant
wrist overlying the radial artery of resting participants. A stable 30-second measure of the radial
pulse waveform was achieved, excluding the dicrotic notch, and was digitized at 200 samples
per second. Before and during the waveform assessment, an automated oscillatory BP
measurement is taken on the contralateral arm. A typical waveform will have 2 maxima present
within the diastolic decay curve. The first occurs at the beginning of diastole and represents
the capacitance of the proximal aorta and major branches after cardiac ejection. The second
maximum results from a reflective, or oscillatory, wave, corresponding to elasticity in the
smaller arteries. Representative pulse waveforms are shown for an HIV-negative and HIV-
infected participant in Figure 1. These methods have been previously described in detail and

are consistent with established protocols using this technique in large cohort studies.27-2%-32;
33

A single investigator performed the pulse waveform assessments in triplicate, and the mean
(average of 3 values for each participant) LAE and SAE indices were used in statistical
analyses. The average SD among the 3 readings for each participant was 1.6 mL/mm Hg x 10
for LAE and 0.5 mL/mm Hg x 100 for SAE. A group of 12 participants (6 were not part of the
cross-sectional comparison) were studied at 2 visits approximately 1-4 months apart to assess
repeatability of measurements over time. The mean (+SD) difference between the 2 time points
was 1.0 (#2.9) mL/mm Hg x 10 for LAE and —0.2 (¥1.2) mL/mm Hg x 100 for SAE. The
within-person variability between visits was 8.2 for LAE and 1.4 for SAE, and the values
exhibited a very high correlation between visits (LAE R = 0.84; SAE R = 0.94).

Statistical Analyses

Data were analyzed by use of SAS software (Version 9.1; SAS Institute, Inc, Cary, NC).
Descriptive statistics are reported as means + SDs and medians with interquartile range (IQR).
Student ¢ test for independent groups and the 2 test for categorical variables were used to
compare HIV-infected and HIV-negative groups. Adjusted mean differences between HIV-
infected and HIV-negative groups were obtained using analysis of covariance. To account for
traditional CVD risk factors, Framingham risk score was considered (model 1). Given the small
sample size, a parsimonious model was next considered including covariates that differed
between groups in Table 1: smoking status, IDU, hepatitis C, and HDLc (model 2). Finally, a
fully adjusted model included age, sex, race/ethnicity, smoking status, IDU, hepatitis C
infection, HDLc, and non-HDLc (model 3). SBP, diastolic blood pressure (DBP), and heart
rate are incorporated into LAE and SAE estimates, so these parameters were omitted from
adjusted models. Framingham 10-year CVD risk score includes SBP, but smoking status and
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lipid levels largely explain differences in Framingham risk between groups in this study (Table
1). To explore potential explanations for impaired arterial elasticity among HIV-infected
participants, regression models were performed between LAE and SAE indices and log
transformed HIV RNA levels, CD4 count before and after square root transformation, hepatitis
Cinfection, IDU, and Framingham risk score. The within-participant variability over time, and
the correlation of repeat measures, was estimated using data from the 12 participants presenting
for 2 study visits.

Characteristics of Study Sample

From March 2007 to August 2008, we enrolled 32 HIV-infected and 30 HIV-negative
participants. The demographic and clinical characteristics of the participants are presented in
Table 1. HIV-infected and HIV-negative participants did not differ with respect to age, sex,
race/ethnicity, DM, SBP, DBP, and the use of BP-lowering drugs. One HIV-infected and 2
HIV-negative participants were using statin medications. The HIV-infected group had a higher
mean heart rate, lower HDLc, and serum creatinine levels; were more likely to be infected with
hepatitis C; and reported prior IDU. Although not significant, there were a greater number of
smokers in the HIV-infected vs. control group. Only 1 participant had evidence of chronic
hepatitis B infection (positive hepatitis B surface antigen) and he also had hepatitis C. Most
HIV-infected participants (59%) had CD4 counts above the recommended threshold for
initiation of ART (350 cells/mm?).3* The majority of HIV-infected participants were naive to
ART (84%), and mean and median CD4 counts and HIV RNA levels are shown. No HIV-
infected participants were in the acute/early stage of infection (ie, within 6 months of known
seroconversion), and only 4 participants had a CD4 count <200 cells per cubic millimeter.
Among the 5 participants with prior ART exposure, all had been off therapy for >2 years, at
least 3 had protease inhibitor exposure, and 1 had 10 years of ART exposure (unknown duration
for the other 4), and the median and mean duration of HIV infection (by self-report) was 13
and 14 years, respectively.

The distribution of LAE and SAE measurements for the full cohort, stratified by HIV status,
is presented with box plots (including median and IQR) in Figure 2. The single outlier for LAE
(value was >1.5 x IQR above the third quartile) was an HIV-infected 39-year-old African
American male with an LAE estimate of 29.9mL/mm Hg x 10 and an SAE estimate of 7.6mL/
mm Hg x 100. He was naive to ART, did not smoke; had no history of IDU; was hepatitis C
antibody negative; and had a BP of 136/85, an HDLc of 25 mg/dL, a CD4 count of 184 cells
per cubic millimeter, and an HIV RNA level of 21,570 copies per milliliter.

Univariate Associations With Arterial Elasticity

Mean (+SD) LAE and SAE were significantly lower for HIV-infected (LAE 16.4 + 4.6 mL/
mm Hg x 10; SAE 6.7 £ 2.5 mL/mm Hg x 100) compared with HIV-negative participants
(LAE 18.9 £4.0 mL/mm Hg x 10; SAE 8.2 + 2.4 mL/mm Hg x 100). Univariate associations
between LAE and SAE and other baseline measurements are presented in Table 2. LAE was
significantly lower with presence of smoking or hepatitis C infection and trended lower with
IDU and a higher Framingham risk score. SAE was significantly lower with increased age,
female sex, IDU, hepatitis C infection, or a higher Framingham risk score and trended lower
with the presence of smoking. LAE and SAE exhibited inverse associations with SBP and DBP
as expected because these are in the denominator of LAE and SAE indices. When comparisons
were limited to ART-naive participants (n =5 with prior ART exposure omitted), HI'V infection
remained associated with lower SAE (—1.50 mL/mm Hg x 100; P = 0.03) but did not reach
significance for LAE (—2.28 mL/mm Hg x 10; P = 0.06).
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Multivariate Associations With Arterial Elasticity

Covariate adjustment did not have a large effect on the differences between HIV-infected and
HIV-negative participants (Table 3). Parsimonious models were fit given the small sample size
that considered Framingham score to adjust for traditional CVD risk factors (model 1) and the
main covariates that differed in Table 1 (model 2). A fully adjusted model then provided similar
estimates (model 3). When HIV-infected participants with prior ART exposure (n = 5) were
excluded, HIV infection remained significantly associated with lower SAE (—1.37 mL/mm Hg
x 100; P =0.02) in model 3 but differences in LAE did not reach significance (—2.35 mL/mm
Hg x 10; P =0.07).

Given differences in smoking status and IDU between groups in Table 1, the effect of HIV
status on LAE and SAE was examined among nonsmokers and non-injection drug users. IDU
was chosen over hepatitis C as most participants with hepatitis C also report IDU (73%). Power
for these comparisons was limited, although differences between HIV-infected and HIV-
negative groups did not differ significantly by smoking status (test for interaction: P = 0.06 for
LAE and P = 0.55 for SAE) or IDU (test for interaction: P = 0.56 for LAE and P = 0.98 for
SAE). Among nonsmokers, differences between HIV-infected and HIV-negative participants
were —3.59 mL/mm Hg x 10 (P = 0.05) for LAE and —1.38 mL/mm Hg x 100 (P = 0.13) for
SAE. The corresponding differences for smokers were —0.41 for LAE (P = 0.73) and —1.31
for SAE (P =0.17). Among non-IDU participants, these differences were —2.05 mL/mm Hg
x 10 (P = 0.15) for LAE and —1.60 mL/mm Hg x 100 (P = 0.03) for SAE. For participants
reporting a history of IDU, differences were —2.51 for LAE (P = 0.15) and —2.80 for SAE (P
=0.92).

Univariate Associations With Arterial Elasticity for HIV-Infected Participants

Finally, factors that may account for lower LAE and SAE measures among HIV-infected
participants were examined. No trends were apparent by CD4 count (P = 0.46 for LAE; P =
0.37 for SAE) and log transformed HIV RNA levels (P = 0.47 for LAE; P = 0.73 for SAE).
After square root transformation of CD4 count, there remained no association (per 1 unit
higher) with LAE (P = 0.39) or SAE (P = 0.35). Arterial elasticity did not differ between
participants with CD4 counts <350 vs. >350 cells per cubic millimeter (P = 0.44 for LAE and
P =0.40 for SAE). Coinfection with hepatitis C was associated with lower SAE (—=3.16 mL/
mm Hg x 100; P < 0.01) but did not reach significance for LAE (—2.58 mL/mm Hg x 10; P =
0.13). IDU was not associated with LAE (P = 0.29) or SAE (P = 0.57) among HIV-infected
participants. Finally, a higher Framingham risk score trended toward association with lower
LAE (-0.32 mL/mm Hg x 10 per 1% higher; P = 0.07) and SAE (—0.14 mL/mm Hg x 100 per
1% higher; P = 0.15) among HIV-infected participants.

DISCUSSION

In this study, individuals with untreated HIV infection had lower levels of SAE and LAE than
HIV-negative controls. The differences in LAE and SAE remained significant after adjusting
for additional risk factors, including Framingham 10-year CVD risk score. The degree of HIV-
related impairment reported in arterial elasticity is clinically relevant.26-33 This is the first study
using pulse waveform analysis to assess both small and large artery elasticity among HIV-
infected patients. The low within-participant variability in LAE and SAE measures, and
associations with traditional CVD risk factors, suggests that this noninvasive technique will
be a valuable marker to consider in larger studies assessing CVD risk among HIV-infected
patients.

Artery stiffness (the inverse of elasticity) can also be assessed via ultrasound estimates of
arterial distensibility and compliance, measures of aortic pulse wave velocity (PWV), and the
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augmentation index (analysis of systolic wave reflection). A recent study of 77 HIV-infected
and 52 HIV-negative participants showed impaired carotid and femoral arterial stiffness
(distensibility and compliance) with HIV infection.?? In this study, 53 participants were taking
ART and ART use was associated with stiffness of the femoral artery among HIV-infected
persons.%2 In another cross-sectional comparison of 39 untreated HIV-infected persons and 78
HIV-negative controls demonstrated higher PWV or impaired aortic stiffness, among HIV-
infected persons.3> Additional studies using PWV and augmentation index have also reported
impaired arterial stiffness to be associated with HIV infection and ART use, with one study
specifically demonstrating a correlation between PWV and duration of protease inhibitor use.
13.35-37 Our study is consistent with these data and shows that LAE is reduced among persons
with untreated HIV infection.

We also report impaired elasticity specifically at the distal part of the circulation (SAE) as a
result of HIV infection and demonstrate a high degree of reproducibility in SAE measurements
within participants over time. In the general population, SAE is associated with traditional
CVD risk factors and is a marker of endothelial dysfunction and future CVD event risk.26-28:
33,3840 study of 419 individuals (41% with a CVD event), a 2-unit (mL/mm Hg x 100)
decrease in SAE was associated with a 50% increased risk (95% confidence interval: 1.19 to
1.88) for CVD event after adjusting for age.20 Recent findings from 6047 participants in Multi-
Ethnic Study of Atherosclerosis demonstrated that impaired SAE but not LAE was associated
with future risk for CVD events after controlling for other surrogate risk markers including
BP, carotid intima-media thickness, and coronary artery calcium score.3? Although the classic
lesions of atherosclerotic disease (plaques) are described in large conduit arteries, the early
events in this process begin with injury to endothelial surfaces throughout the vasculature,
whether mediated through traditional risk factors, inflammation or oxidative stress, or other
factors.*1:42 Endothelial dysfunction promotes atherogenesis through alterations in vascular
tone, inflammation, and thrombosis, and the microcirculation accounts for most of the vascular
surface area.*!43 When endothelial dysfunction is induced in normal volunteers via an infusion
of anitric oxide (NO) inhibitor, .-NAME (NG-nitro-i-arginine-methyl ester), systemic vascular
resistance increases and SAE measures become impaired, whereas LAE remains unchanged.
28 Qur findings suggest that HIV-mediated vessel damage and dysfunction are present
throughout the arterial vasculature.

Inflammation and immune activation is both a hallmark of HIV infection and an important
factor in the pathogenesis of atherosclerotic CVD.**> A recent randomized study of 100
healthy individuals reported acute worsening of large artery stiffness (PWV and augmentation
index) after administration of Salmonella typhi vaccine, when compared with placebo.4 In
addition, LAE and SAE measures were impaired, and C-reactive protein and soluble vascular
cell adhesion molecule-1 levels were elevated in a study of 53 patients with rheumatoid
arthritis, when compared with non-rheumatoid arthritis controls.*’ Lower LAE measures have
also been associated with higher C-reactive protein levels among asymptomatic individuals.
48 Some of the most convincing evidence that untreated HIV infection increases risk for CVD
comes from SMART (Strategies for Management of Antiretroviral Therapy), which reported
that intermittent ART use, compared with continuous ART use, led to greater CVD and other
end-organ disease events, and this risk then declined when ART was reinitiated.*->0 In
SMART, baseline levels of inflammatory (IL-6) and thrombotic (D-dimer) markers were
predictive of both CVD and non-CVD mortality, leading authors to suggest that upregulation
of tissue factor coagulation pathways on endothelial surfaces was a potential mechanism.3
Additional studies are needed to further examine the relationship between HIV-mediated
inflammation, endothelial dysfunction, thrombogenesis, and clinical events among persons
with HIV infection.
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We show an association between traditional CVD risk factors and lower LAE and SAE
measures. This is important and further validates LAE and SAE as a noninvasive CVD risk
marker among persons with HIV infection. In the general population, both LAE and SAE
showed a greater association with Framingham risk score than with FMD in a study of 122
participants.24 In addition, FMD was not associated with Framingham risk score in a recent
study of 100 HIV-infected and HIV-uninfected participants.!8

There are several limitations to our study. The cross-sectional nature does not allow temporal
relationships to be assessed, although artery elasticity will be assessed in a subset of participants
within the Strategic Timing of Antiretroviral Therapy (START) trial. Given the size of this
pilot study, there is also limited power to identify modest associations or to study the
determinants of LAE and SAE among HIV-infected participants. By design, our study does
not allow an assessment of ART use on differences in LAE and SAE. Finally, we were not
able to specifically adjust for the presence of metabolic syndrome, but BP did not differ between
groups, body mass index trended lower in HIV-infected vs. control group, only 2 participants
from each group had DM, and HDLc was accounted for in adjusted models.

In summary, these data support the use of LAE and SAE measures, obtained via arterial pulse
waveform analysis, as a marker of CVD risk in HIV-infected patients. Future research should
focus on the HIV-related mechanisms of impaired artery elasticity and the influence of ART
use and other treatments on these measures in HIV-infected patients.
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FIGURE 2.

The distribution of LAE (A) and SAE (B) estimates are presented, stratified by HIV status.
Box plots represent the IQR with median values designated by a horizontal line. Error bars
constitute minimum and maximum values. A, One high outlier (value >1.5 x IQR higher than
the third quartile) is designated for LAE within the HIV-infected group. P values represent a
significantly lower mean LAE and SAE for HIV-infected participants compared with HIV-
negative controls.
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TABLE 1
Baseline and Demographic Characteristics
HIV Infected (n = 32) HIV Negative (n = 30)"
Characteristic P
Mean (SD) or Percent (n) Unless Stated
[Age (yrs) 40.0 (9.6) 40.4 (10.6) 0.83
Sex (men) 88% (28) 87% (26) 0.92
Race/ethnicity
White 44% (14) 47% (14)
African American 31% (10) 40% (12) 0.48
Other 25% (8) 13% (4)
Smoker 59% (19) 40% (12) 0.13
IDU 38% (12) 13% (4) 0.03
Hepatitis C 34% (11) 13% (4) 0.05
Diabetes 6% (2) 7% (2) 0.95
Body mass index (kg/mz) 26.0 (5.1) 27.6 (4.5) 0.20
Heart rate (bpm) 71.0 (13.0) 64.2 (8.7) 0.02
SBP (mm Hg) 127.7 (13.9) 126.7 (12.5) 0.77
DBP (mm Hg) 77.0 (11.3) 74.5 (7.8) 0.31
BP medication” 19% (6) 10% (3) 033
Serum creatinine (mg/dL) 0.9 (0.2) 1.0 (0.2) 0.04
Lipids
TC (mg/dL) 167.0 (31.7) 184.5 (43.6) 0.08
HDLe (mg/dL) 37.5(13.1) 49.6 (13.4) <0.01
LDLc (mg/dL) 107.9 (53.4) 111.8 (35.6) 0.74
TG (mg/dL) 151.0 (91.0) 118.8 (56.4) 0.11
Non-HDLe (mg/dL) 129.5 (28.7) 134.9 (41.5) 0.57
TC:HDLc 4.9 (1.7) 3.9(1.3) 0.01
Framingham 10-year CVD risk 4.8% (4.6) 3.6% (4.6) 0.66
Duration of infection (yrs) 6.5 (6.6) — —
Prior AIDS 7% (2) — —
Prior ART use 16% (5) — —

(CD4 count (cells/mm3)

Mean (SD)

391.1 (181.5)

Median (IQR)

382 (255-514)

HIV RNA (log10 copies/mL)

Mean (SD)

4.15(0.73)

Median (IOR)

4.18 (3.58-4.78)

Blood lipid tests are defined in text.

*
For lipid levels and serum creatinine, 1 HIV-negative participant did not provide blood (n = 29).

ste of beta-blocker, hydrochlorothiazide, calcium channel blocker, or angiotensin-converting enzyme inhibitor.
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TABLE 2
Univariate Associations With LAE and SAE
LAE SAE
[Variables Regression Coefficient (95% P Regression Coefficient (95% P
CI) CD

HIV infected (vs. non infected) —2.55 (-4.73 to —0.36) 0.02 —1.50 (-2.75 to —0.25) 0.02
Age (per 10 yrs older) ~0.55 (~1.68 10 0.59) 034 —1.08 (—1.67 to —0.49) <0.01
[Women (vs. men) —1.05 (—4.44 t0 2.34) 0.54 —2.34 (—4.19 to —0.49) 0.01
Race/ethnicity

African American (vs. white) —0.65 (-3.23 t0 1.92) 0.61 —0.24 (-1.71 to 1.23) 0.75

Other (vs. white) ~0.31 (-3.43 10 2.81) 0.85 —0.41 (-2.19 t0 1.38) 0.65
[Smoker (vs. nonsmoker) —3.13 (-5.26 to —0.99) <0.01-1.07 (-2.35 t0 0.21) 0.10
[DU (vs. never) —2.34 (—4.87 t0 0.20) 0.07 —1.48 (-2.92 to —0.03) 0.05
Hepatitis C (vs. non infected) 278 (-5.34 to —0.21) 0.03 —3.13 (—4.43 to —1.84) <0.01
SBP (per 10 units higher) ~1.08 (-1.91 to —0.25) 0.01 ~0.44 (~0.93 t0 0.05) 0.08
DBP (per 10 units higher) ~1.15 (2.29 to —0.00) 0.05 —0.87 (~1.51 to —0.23) 0.01
TC (per 10 units higher) ~0.13 (~0.43 10 0.17) 039 0.07 (-0.10 to 0.24) 0.40
HDLc (per 10 units higher) —0.08 (~0.89 t0 0.73) 0.84 0.30 (~0.15 t0 0.75) 0.19
LDLc (per 10 units higher) —0.08 (—0.34 t0 0.17) 0.52 0.05 (0.10 to 0.19) 054
TG (per 10 units higher) 0.04 (—0.11 t0 0.19) 0.63 0.02 (—0.07 t0 0.10) 0.71
[Non-HDLc (per 10 units higher) —0.14 (-0.47 t0 0.19) 0.39 0.04 (-0.15t0 0.22) 0.71
TC:HDLc (per 10 units higher) 0.64 (~6.89 to 8.17) 0.87 —1.22 (~5.49 to 3.05) 057
Framingham 10-year CVD risk (per 1% higher)—0.19 (—0.43 to 0.06) 0.13 —0.18 (=0.31 to —0.04) 0.01

CI, confidence interval.
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TABLE 3
Multivariate Associations With LAE and SAE

LAE SAE
Regression Coefficient (95% CI)P  Regression Coefficient (95% CI)P
Model 1 (Framingham score)

HIV infected (vs. non infected) —2.36 (—4.56 to —0.17) 0.04—1.31 (—2.52 to —0.09) 0.04}
Model 2 (smoking, IDU, hepatitis C, and HDLc)

HIV infected (vs. non infected) —2.67 (—4.97 to —0.38) 0.02—-1.13 (=2.35 to —0.09) 0.07
Model 3 (fully adjusted)

HIV infected (vs. non infected) —2.91 (=5.29 to —0.53) 0.02-1.34 (=2.50 to =0.17) 0.03]

Page 15

Regression coefficients represent the adjusted differences in LAE or SAE in HIV-infected participants vs. controls. Model 1 considers Framingham 10-
year CVD risk score as a covariate; model 2 considers smoking status, history of IDU, hepatitis C infection, and HDLc level; and model 3 considers age,

sex, race/ethnicity, smoking status, history of IDU, hepatitis C infection, HDLc, and non-HDLc levels.

CI, confidence interval.
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