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Clinical Infectious Diseases

M A J O R A R T I C L E

HIV/AIDS

HIV Infection and Carotid Artery Intima-media
Thickness: Pooled Analyses Across 5 Cohorts of the
NHLBI HIV-CVD Collaborative
David B. Hanna,1 Mengye Guo,2 Petra Bůžková,2 Tracie L. Miller,4 Wendy S. Post,5 James H. Stein,6 Judith S. Currier,7 Richard A. Kronmal,2

Matthew S. Freiberg,9 Siiri N. Bennett,2 Cecilia M. Shikuma,10 Kathryn Anastos,1 Yanjie Li,8 Russell P. Tracy,11 Howard N. Hodis,8 Joseph A. Delaney,3

and Robert C. Kaplan1

1Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, New York; Departments of 2Biostatistics, and 3Department of Epidemiology, University of Washington,
Seattle; 4Department of Pediatrics, University of Miami, Florida; 5Department of Medicine, Johns Hopkins University, Baltimore, Maryland; 6Department of Medicine, University of Wisconsin at
Madison; 7Department of Medicine, University of California, and 8Department of Medicine, University of Southern California, Los Angeles; 9Department of Medicine, Vanderbilt University, Nashville,
Tennessee; 10Department of Medicine, University of Hawaii, Honolulu; and 11Department of Pathology, University of Vermont, Colchester

Background. Age and human immunodeficiency virus (HIV) treatment may affect the association of HIV infection with
atherosclerosis.

Methods. We used identical carotid artery B-mode ultrasonographic methods in 5 cohorts participating in the National Heart,
Lung, and Blood Institute HIV-CVD Collaborative to measure intima-media thickness of the right far wall of the common carotid
artery (CCA-IMT) and carotid artery bifurcation (BIF-IMT) between 2010 and 2013. Participants aged 6–75 years were either HIV
infected or uninfected. Linear regression assessed associations of CCA-IMT and BIF-IMT with HIV infection and cardiovascular
disease risk factors, within age and HIV treatment groups. Adjustment variables included sex, race/ethnicity, smoking, height,
weight, and use of antihypertensive and lipid-lowering drugs.

Results. We studied 867 HIV-infected and 338 HIV-uninfected male and 696 HIV-infected and 246 HIV-uninfected female par-
ticipants. Among both middle-aged (30–49 years) and older adults (50–75 years), HIV-infected participants had CCA-IMT and BIF-
IMT values that were similar to or lower than those in HIV-uninfected participants. In contrast, among those aged 6–29 years, HIV
infection was associated with higher CCA-IMT and BIF-IMT values. Among HIV-infected participants, associations of higher systolic
blood pressure and lower high-density lipoprotein cholesterol with Carotid artery intima-media thickness strengthened with age.

Conclusions. The effects of HIV on carotid artery structure may differ across the lifespan, with traditional determinants of cardio-
vascular disease burden playing a larger role and HIV playing a lesser role in older adults than in young adults and children.

Keywords. HIV infection; carotid artery intima-media thickness; aging; cardiovascular disease risk factors; biomarker.

Individuals with human immunodeficiency virus (HIV) infec-
tion may have an increased risk of cardiovascular disease
(CVD), even with universal initiation of antiretroviral therapy
(ART). Factors potentially contributing to this increased risk in-
clude a preponderance of traditional risk factors, such as smok-
ing [1], potential adverse effects of ART [2], and immune
activation and inflammation [3, 4]. Identifying the leading mod-
ifiable CVD risk factors has become increasingly important
with the growing number of older persons living with HIV [5].

Carotid artery intima-media thickness (cIMT) is a measure
of subclinical atherosclerosis that predicts future CVD events
in the general population [6]. Numerous studies have examined

the association between HIV infection and cIMT, with inconsis-
tent findings. Some studies have reported higher cIMT values in
HIV-infected persons [7–9], whereas others have found associ-
ations only among certain subgroups, such as those taking pro-
tease inhibitors [10]. Reasons for inconsistencies may include
limited sample size, varying approaches to assess cIMT, and
the degree to which studies have been able to control for con-
founders. Importantly, although the prevalence and risk factors
for atherosclerosis are strongly age-dependent, studies seldom
enroll HIV-infected and uninfected participants across a wide
age range. Findings from individual studies may therefore not
be generalizable across all ages nor allow for comparisons across
age groups, because CVD risk factors, such as blood pressure
and lipid levels, tend to have different associations with future
CVD risk as people age [11, 12]. Furthermore, over many years
with HIV infection, the nature of risk factor-CVD associations
may change owing to the cumulative effects of HIV-related
immunologic and inflammatory processes and medication ex-
posures [13]. Selective survival of HIV-infected patients diag-
nosed and/or treated earlier in the course of infection is an
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additional consideration that may influence study findings
among older individuals.

Through a National Heart, Lung, and Blood Institute–funded
research consortium called the HIV-CVD Collaborative, we an-
alyzed cIMTmeasurements between 2010 and 2013 from >2000
HIV-infected and uninfected individuals. We assessed differ-
ences by HIV serostatus in cIMT at 2 carotid artery sites (com-
mon carotid artery and carotid artery bifurcation), both overall
and in different age groups, to understand whether differences
vary by age. We also examined cIMT differences by ART use,
traditional CVD risk factors, including dyslipidemia and high
blood pressure, and biomarkers of inflammation and coagula-
tion previously associated with HIV infection and CVD.

METHODS

Study Cohorts and Participants
Participants included enrollees in 5 member cohort studies of
the HIV-CVD Collaborative. A data coordinating center (Uni-
versity of Washington) facilitated protocol harmonization and
data pooling. The 5 cohorts included a pediatric HIV study
based at the University of Miami [14]; AIDS Clinical Trial
Group (ACTG) substudy A5260s [15], in which all individuals
included were HIV infected and naive to highly active ART
(HAART); the Hawaii Aging with HIV-1 Cohort (HAHC)
[16]; and 2 multisite cohorts: the Multicenter AIDS Cohort
Study (MACS) [17, 18], and the Women’s Interagency HIV
Study (WIHS) [19, 20]. Eligibility for this analysis included
confirmed HIV infection serostatus and cIMT measurements
obtained between 2010 and 2013, to emphasize more recent
standards of HIV care. A single scan per participant was exam-
ined. For A5260s, HAHC, and Miami, the scan examined in this
analysis was the first of several performed; for MACS and
WIHS, the scan examined was the most recent of a series over
many years. Informed consent was obtained, and the original
studies were institutional review board approved.

Measurements and Variables
A standard protocol for cIMT assessment was developed by the
designated imaging center (University of Southern California).
High-resolution B-mode carotid artery ultrasonographic (US)
images were obtained at multiple locations in the right carotid
artery. Primary outcomes were mean common carotid artery far
wall intima-media thickness (CCA-IMT) and carotid artery bi-
furcation far wall intima-media thickness (BIF-IMT) as mea-
sured by automated computerized edge detection [21]. cIMT
measurement in both artery segments occurred within regions
that were plaque free [22]. Similar sonographer training, quality
control, and acquisition procedures were used at all sites. Vascu-
lar risk factors, demographics, and HIV-related clinical variables
were collected by each cohort at the time of US (Supplementary
Material). Among a subset, serum biomarkers of inflammation
and hemostasis were measured, including high-sensitivity

C-reactive protein (hsCRP) (n = 1453), interleukin-6 (IL-6)
(n = 1320), D-dimer (n = 1407), and fibrinogen (n = 1171).
WIHS participants were excluded from all biomarker analy-
ses, and A5260s participants were excluded from fibrinogen
analyses, because measurements were not available at the
time of US.

Statistical Methods
We compared crude and adjusted mean CCA-IMT and BIF-
IMT between HIV-infected and HIV-uninfected individuals,
both overall and in sex-specific analyses, and examined effect
modification by age (6–29, 30–49, or 50–75 years), because
this was a prespecified hypothesis. We also conducted analyses
stratified by current HAART use and, alternatively, by HIV
RNA suppression (defined as <80 copies/mL). Further analyses
among the HIV-infected group examined additional risk factors
for increased cIMT, including HIV-related variables, total
cholesterol, high-density lipoprotein (HDL) cholesterol, systolic
blood pressure (SBP), current smoking, hsCRP, IL-6, D-dimer,
and fibrinogen. We examined effect modification by age in these
associations. Statistical methods included robust linear regres-
sion models with Huber weights, with cIMT defined as a con-
tinuous outcome. Multivariable adjustment was performed
throughout for age, race/ethnicity, smoking status, height,
weight, and use of antihypertensive and lipid-lowering medica-
tions. Additional details are in the Supplementary Material.

RESULTS

Demographics and Risk Factors
Participants included 1205 male (867 HIV-infected and 338
HIV-uninfected) and 942 female (696 HIV-infected and 246
HIV-uninfected) participants from 5 cohorts (Supplementary
Table 1). Within individual cohorts, numbers of male partici-
pants ranged from 85 (Miami) to 842 (MACS), and numbers
of female participants ranged from 34 (A5260s and HAHC)
to 777 (WIHS). Ages ranged from 6 to 75 years. Among
HIV-infected participants, both male and female, the mean
age was 44 years. Non-Hispanic whites were the largest race/
ethnicity group among HIV-infected male participants, and
non-Hispanic blacks were the largest among HIV-infected fe-
male participants. Two-thirds of participants were using ART,
and more than half had suppressed HIV RNA levels at the time
of the carotid artery scan.

Table 1 shows demographic characteristics and risk factor
distributions further stratified by age (6–29, 30–49, or 50–75
years). Older participants had more CVD risk factors, including
higher mean SBP and total cholesterol, and greater use of anti-
hypertensive and lipid-lowering medications.

Pooled cIMT Estimates by HIV Serostatus and Sex
Compared with uninfected controls, HIV-infected participants
had lower mean CCA-IMT (732 vs 756 µm) and lower mean
BIF-IMT (825 vs 868 µm) in unadjusted analyses (Table 2).
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In multivariable-adjusted analyses, HIV-infected participants
had a trend suggesting lower adjusted CCA-IMT (−8 µm;
95% confidence interval [CI], −17 to .75 µm) and significantly

lower adjusted BIF-IMT (−16 µm; 95% CI, −27 to −4 µm) than
uninfected controls. When we analyzed cIMT separately by sex,
the HIV-infected group had lower cIMT values than the

Table 1. Characteristics of Human Immunodeficiency Virus (HIV)-Infected and HIV-Uninfected Participants in the National Heart, Lung, and Blood Institute
HIV-Cardiovascular Disease Collaborative, by Age Group

Characteristic

Age 6–29 y Age 30–49 y Age 50–75 y

HIV Uninfected
(n = 58)

HIV Infected
(n = 221)

HIV Uninfected
(n = 221)

HIV Infected
(n = 738)

HIV Uninfected
(n = 386)

HIV Infected
(n = 730)

Female sex, No. (%) 24 (41) 78 (35) 138 (62) 371 (50) 84 (22) 247 (34)

Black race, No. (%) 42 (72) 137 (62) 108 (49) 316 (43) 114 (30) 272 (37)

Hispanic ethnicity, No. (%) 14 (24) 42 (19) 55 (25) 208 (28) 26 (7) 99 (14)

Height, mean (SD), cm 156 (17) 167 (14) 168 (10) 168 (10) 174 (10) 172 (10)

Weight, mean (SD), kg 59 (29) 68 (20) 89 (24) 80 (20) 85 (17) 80 (17)

SBP, mean (SD), mm Hg 105 (12) 111 (12) 122 (17) 118 (15) 129 (16) 125 (16)

Total cholesterol, mean (SD), mg/dL 165 (35) 151 (33) 184 (40) 174 (37) 187 (37) 182 (41)

HDL, mean (SD), mg/dL 57 (16) 44 (15) 56 (17) 47 (16) 55 (17) 50 (17)

Current use of hypertension medication, No. (%) 0 (0) 1 (<1) 50 (23) 139 (19) 141 (37) 314 (43)

Current use of lipid-lowering medication, No. (%) 0 (0) 1 (<1) 22 (10) 87 (12) 122 (32) 268 (37)

Current smoker, No. (%) 0 (0) 44 (20) 81 (37) 270 (37) 96 (25) 202 (28)

HCV infection, No. (%) 0 (0) 1 (<1) 17 (8) 78 (11) 43 (11) 182 (25)

Current use of HAART, No. (%) 107 (48) 413 (56) 573 (78)

Suppressed HIV RNA level, No. (%)a 23 (10) 377 (51) 557 (76)

Current CD4+ T-cell count, mean (SD), cells/µL 485 (364) 499 (292) 579 (292)

History of AIDS, No. (%) 149 (67) 227 (31) 228 (31)

CCA-IMT, mean (SD), µm 597 (70) 607 (75) 725 (96) 709 (115) 803 (133) 801 (145)

BIF-IMT, mean (SD), µm 654 (104) 671 (83) 825 (141) 802 (143) 928 (165) 900 (161)

Abbreviations: BIF-IMT, carotid artery bifurcation intima-media thickness; CCA-IMT, common carotid artery intima-media thickness; HAART, highly active antiretroviral therapy; HCV, hepatitis C
virus; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; SBP, systolic blood pressure; SD, standard deviation.
a Defined as <80 copies/mL.

Table 2. Association Between Human Immunodeficiency Virus (HIV) Serostatus, Current Highly Active Antiretroviral Therapy Use, HIV RNA Level, and
Carotid Artery Intima-Media, Overall and by Sexa

Outcome and Group

Male and Female
Participants Combined Male Participants Only Female Participants Only

cIMT, Mean
(SD), µm β (95% CI), µm

cIMT, Mean
(SD), µm β (95% CI), µm

cIMT, Mean
(SD), µm β (95% CI), µm

CCA-IMT

HIV uninfected 756 (132) Reference 767 (137) Reference 741 (123) Reference

HIV infected, stratified by HAART use 732 (140) −8 (−17 to 1) 734 (150) −6 (−19 to 7) 729 (126) −8 (−20 to 4)

Receiving HAART 753 (142) 2 (−7 to 11) 777 (153) 8 (−6 to 21) 726 (123) −3 (−16 to 10)

Not receiving HAART 696 (129) −26 (−37 to −15) 670 (121) −33 (−50 to −17) 734 (132) −18 (−33 to −3)
HIV infected, stratified by HIV RNA level

Nonviremic (HIV RNA <80 copies/mL) 764 (141) −4 (−13 to 6) 785 (151) 4 (−10 to 18) 739 (123) −9 (−23 to 4)

Viremic (HIV RNA ≥80 copies/mL) 693 (128) −16 (−27 to −5) 674 (125) −23 (−40 to −6) 717 (129) −9 (−23 to 5)

BIF-IMT

HIV uninfected 868 (174) Reference 897 (175) Reference 818 (160) Reference

HIV infected, stratified by HAART use 825 (164) −16 (−27 to −4) 840 (171) −19 (−35 to −3) 815 (361) −3 (−20 to 15)

Receiving HAART 846 (162) −7 (−19 to 6) 879 (163) −11 (−27 to −6) 779 (148) 3 (−15 to 21)

Not receiving HAART 785 (160) −33 (−47 to −18) 772 (162) −40 (−61 to −19) 807 (153) −13 (−34 to −8)
HIV infected, stratified by HIV RNA level

Nonviremic (HIV RNA <80 copies/mL) 861 (163) −13 (−26 to −.4) 890 (164) −14 (−32 to 3) 817 (151) −3 (−23 to 16)

Viremic (HIV RNA ≥80 copies/mL) 778 (152) −21 (−36 to −6) 775 (157) −29 (−50 to −8) 783 (146) −5 (−25 to 15)

Abbreviations: BIF-IMT, carotid artery bifurcation intima-media thickness; CCA-IMT, common carotid artery intima-media thickness; CI, confidence interval; cIMT, carotid artery intima-media
thickness; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; SD, standard deviation.
a Mean cIMT values are unadjusted. β represents difference in cIMT, adjusted for age, race/ethnicity, smoking, antihypertensive medication use, lipid medication use, height, and weight.
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HIV-infected group among both men and women, although
differences were significant only for BIF-IMT among men.

We repeated analyses after stratifying HIV-infected individu-
als based on current HAART use. HIV-infected individuals not
using HAART were more likely to have lower CD4+ T-cell
counts (median, 351 and 433 cells/µL for men and women,
respectively) than those using HAART (median, 580 and 544
cells/µL, respectively). Compared with HAART users, nonusers
were much less likely to have suppressed HIV RNA levels (87%
vs 7% for men and 68% vs 37% for women). Stratified analyses
suggested that the lower cIMT values observed in HIV-infected
participants was driven primarily by lower values in those not
using HAART (Table 2). After adjustment for cardiometabolic
risk factors, CCA-IMT in HIV-infected individuals not using
HAART was 26 µm lower than in HIV-uninfected individuals
(95% CI, −37 to −15 µm). In contrast, CCA-IMT in HIV-
infected individuals using HAART did not differ significantly
from that in uninfected individuals (adjusted difference, 2 µm;
95% CI, −7 to 11 µm). Similar associations were observed for
BIF-IMT. These findings persisted in separate analyses of
male and female participants.

Stratifying the HIV-infected population by presence of HIV
viremia rather than by HAART use suggested that the findings
of lower cIMT values relative to the HIV-uninfected group were
limited to viremic individuals (Table 2). We also examined cu-
mulative HAART use, current CD4+ T-cell count and history of
AIDS with respect to CCA-IMT and BIF-IMT, none of which
showed consistent associations (Supplementary Table 2).
Leave-one-out analysis showed that differences between HIV-
infected and HIV-uninfected groups persisted when excluding
the HAHC, MACS, or WIHS cohort (Supplementary Figure 1).
However, excluding either the A5260s cohort (all HAART
naive) or the pediatric Miami cohort resulted in attenuation
of the inverse association between HIV serostatus and cIMT.

Pooled cIMT Estimates by HIV Serostatus and Age
Age was positively correlated with cIMT among both HIV-
infected individuals (r = 0.52 and 0.51 for CCA-IMT and BIF-
IMT, respectively) and HIV-uninfected individuals (r = 0.51
and 0.52). In unadjusted models, we observed that age modified
the association between HIV serostatus and CCA-IMT (interac-
tion P = .03) but not BIF-IMT (interaction P = .57). Neither in-
teraction was statistically significant after multivariable
adjustment (Figure 1).

Multivariable analyses were conducted within age groups.
Among 1116 individuals in the oldest group (50–75 years),
BIF-IMT values were lower in the HIV-infected than in
the HIV-uninfected group (β, −14 µm; 95% CI, −34 to 5 µm;
P = .14) (Figure 1). This difference was not apparent for
CCA-IMT (β, 0.3 µm; 95% CI, −15 to 16 µm). Among 959 in-
dividuals aged 30–49 years, both CCA-IMT and BIF-IMT were
similar in HIV-infected and HIV-uninfected individuals.

In contrast, in the 6–29-year age group (n = 279), adjusted
CCA-IMT and BIF-IMT suggested higher values in the HIV-
infected than in the HIV-uninfected groups, although estimates
had wide CIs. The adjusted β for CCA-IMT associated with
HIV in the 6–29-year group was 16 µm (95% CI, −7 to 39 µm;
P = .18). In sensitivity analyses that limited the youngest age
group to those infected with HIV through perinatal transmission,
the increase in CCA-IMT among the youngest HIV-infected
individuals was strengthened (β, 21 µm; 95% CI, −3 to 46 µm;
P = .08).

Because both HAART use and age modified the associations
between HIV serostatus and cIMT, we cross-classified the study
population by both characteristics simultaneously. Figure 2A
shows age-specific results with the HIV-infected group stratified
by HAART use. In the youngest age group (6–29 years), we
found that HIV-infected participants using HAART had higher
values for both CCA-IMT and BIF-IMT than HIV-uninfected
comparison subjects. In contrast, among the oldest HIV-infected
participants who were not using HAART (aged 50–75), both
CCA-IMT and BIF-IMT were lower than in HIV-uninfected
controls. Aside from these 2 subgroups, other subgroups of
HIV-infected patients defined by HAART use and age did
not have consistently higher or lower cIMT values than con-
trols. In sensitivity analyses, unsuppressed HIV-infected partic-
ipants had associations with CCA-IMT similar to those among
those not receiving HAART (Figure 2B). In addition, a history
of AIDS was associated with higher cIMT values in the 6–29-
year age group but not in older groups (interaction with age,
P < .001 for CCA-IMT and P = .003 for BIF-IMT) (Supplemen-
tary Table 3).

Associations Between Traditional and Nontraditional CVD Risk Factors
and cIMT by Age Among HIV-infected Participants
Among HIV-infected individuals, higher SBP was significantly
associated with both higher CCA-IMT and higher BIF-IMT

Figure 1. Association between human immunodeficiency virus (HIV) serostatus
and carotid artery intima-media thickness (cIMT) by age group, adjusted for sex,
race/ethnicity, smoking, height, weight, and antihypertensive and lipid medication
use. P values represent interaction between age group and HIV serostatus. Abbrevia-
tions: BIF-IMT, carotid artery bifurcation intima-media thickness; CCA-IMT, common
carotid artery intima-media thickness.
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values (Figure 3A). The effects of SBP on cIMT were limited to
the middle-aged to older adult population and were absent in
the 6–29-year age group (interaction with age, P < .001 for
CCA-IMT and P = .002 for BIF-IMT). Higher total cholesterol
levels were associated with greater CCA-IMT and BIF-IMT,
with no variation by age in the strength of associations (Fig-
ure 3B). Neither HDL cholesterol nor current smoking had an
overall significant association with cIMT, but for both variables
we observed significant effect modification by age. The oldest
HIV-infected individuals had the strongest evidence of a favor-
able effect of high HDL cholesterol (Figure 3C) and an adverse
effect of smoking (Figure 3D) on cIMT.

HIV-infected individuals had higher levels of hsCRP,
D-dimer, IL-6, and fibrinogen than uninfected individuals,
with results for hsCRP and IL-6 achieving statistical significance
(P = .01 and P = .04, respectively, Supplementary Table 4). Sup-
plementary Figure 2A–2D show associations of cIMT with lev-
els of hsCRP, D-dimer, IL-6, and fibrinogen among HIV-
infected participants by current HAART use, both overall and
by age group. Inflammation markers did not have a consistent

predicted association with higher cIMT values in any age or
HAART treatment group (Supplementary Figure 3). Additional
details of associations between inflammation markers and cIMT
are in the Supplementary Material.

DISCUSSION

In our pooled analysis of >2000 HIV-infected and uninfected
individuals studied with an identically standardized arterial
US protocol, the association of HIV with carotid artery wall
thickness was age dependent. HIV-infected children and
young adults, compared with uninfected controls, had greater
carotid artery wall thickness after controlling for demographic
and cardiovascular risk-related variables. Among individuals
aged 30–49 years, HIV infection had no association with
cIMT, and in the oldest age group (50–75 years) HIV infection
seemed to be associated with lower cIMT values than in HIV-
uninfected controls. The effect of traditional CVD risk factors
on cIMT also differed between younger and older HIV-infected
persons. Known correlates of higher cIMT values, including
higher SBP, lower HDL cholesterol, and smoking were strongly

Figure 2. Association between human immunodeficiency virus (HIV) serostatus and carotid artery intima-media thickness (cIMT), within subgroups defined by age and
current use of highly active antiretroviral therapy (HAART) (A) or current virologic suppression (B), adjusted for sex, race/ethnicity, smoking, height, weight, and antihypertensive
and lipid medication use. P values for interaction between age group and HIV serostatus are provided beneath the x-axes. Abbreviations: BIF-IMT, carotid artery bifurcation
intima-media thickness; CCA-IMT, common carotid artery intima-media thickness.
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associated with cIMT in older HIV-infected individuals, but
had weak associations with cIMT among younger individuals.
Collectively, this suggests that whereas HIV infection itself
may play an important role in increased carotid artery thicken-
ing among adolescents and young adults, among middle-aged
and older HIV-infected individuals the cumulative effects of
traditional CVD risk factors may outweigh HIV-specific mech-
anisms of atherosclerotic risk.

Although prior studies have addressed the association of HIV
infection with cIMT, to our knowledge ours has the largest
sample size of HIV-infected individuals who all received a com-
mon, standardized protocol across multiple contributing stud-
ies, with a wide range of ages and confounder control based on
the same covariates. We also obtained measurements of both

the common carotid artery and the carotid artery bifurcation
to provide confirmatory evidence of associations across 2 carot-
id artery segments. The participating cohorts make up a wide
cross-section of the HIV-infected population in the United
States, with substantial diversity in age, distribution of CVD
risk factors, and ART history, allowing for a broader generaliz-
ability of our inferences than what can be inferred from single-
site studies [15]. Finally, all studies were performed within the
last 6 years, providing information on the role of contemporary
HIV treatment in subclinical atherosclerosis.

Our study has some limitations. First, only cross-sectional
data were available, and therefore causal associations cannot
be established. Future studies examining age should assess lon-
gitudinal data to better distinguish age and time effects. Also,

Figure 3. Association between traditional cardiovascular risk factors and carotid artery intima-media thickness (cIMT) in human immunodeficiency virus–infected partic-
ipants by age group, adjusted for sex, race/ethnicity, height, weight, and antihypertensive and lipid medication use. Risk factors include systolic blood pressure (SBP) (A), total
cholesterol (B), high-density lipoprotein cholesterol (HDL-C) (C), and current smoking (D). P values for interaction between age group and risk factors are provided beneath the x-
axes. Abbreviations: BIF-IMT, carotid artery bifurcation intima-media thickness; CCA-IMT, common carotid artery intima-media thickness.
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the children contributing to this study originated from a single
study site. However, data on children with HIV in the United
States, are rare, and therefore their inclusion here is an impor-
tant contribution. Our use of cIMT as a marker of subclinical
atherosclerosis implies that greater thickness leads to clinical
CVD; although this has been demonstrated in non–HIV-infected
populations [6], it has not been confirmed in the HIV-infected
population. Although we controlled for major known con-
founders to the relationship of age and HIV with atherosclero-
sis, residual confounding may explain some of the remaining
differences. Finally, carotid artery wall thickening describes
only one aspect of arterial injury. Other studies have found
that though cIMT may not differ by HIV status, atherosclerotic
plaque, which may have different underlying mechanisms than
those leading to wall thickening [23], may be increased in indi-
viduals with HIV infection [19].

We identified an HIV-infected group with lower cIMT values
than controls, characterized by being relatively older (>50 years)
and untreated with HAART and having high circulating HIV
RNA levels and low CD4+ T-cell counts. We speculate that
these individuals may represent a survivor cohort that may
have reduced predisposition to atherosclerotic disease because
of favorable health behaviors or other characteristics that have en-
abled their long-term survival with HIV infection. The time of
seroconversion is unknown for most participants, unfortunately,
making it difficult to test this supposition. Another potential ex-
planationmay be related to effects of chronic disease processes on
atherosclerosis that have been known for >50 years. Autopsy
studies have found that patients with cancer have fewer coronary
artery lesions [24, 25]. The etiology of this effect remains un-
known but may be related to cachexia or tumor necrosis factor
α levels [26]. Furthermore, lower cIMT values, despite overall in-
creased risk of atherosclerotic CVD, has been observed among
individuals with rheumatoid arthritis [27], which like HIV infec-
tionmay be associated with decades of exposure to inflammation.
Thus, our finding of lower cIMT values among older, untreated
HIV-infected participants may represent a previously unrecog-
nized scenario whereby long-standing HIV infection may reduce
arterial wall thickness. Although this scenario is not likely to be-
come commonplace with the current standard of universal ART
use, additional studies may be able to shed further light on this
potential mechanism suggested by our preliminary findings.

We explored well-known associations between traditional
CVD risk factors and cIMT to examine whether these associa-
tions are also present across a wide age range of HIV-infected
individuals. Our study confirms known CVD risk factor associ-
ations, most prominently with respect to SBP and total choles-
terol [8, 15, 28, 29]. Moreover, we found that the associations of
SBP and smoking with cIMT increase with age, which has been
suggested in other HIV-infected populations [30]. These find-
ings are pertinent in considering potential interventions to re-
duce CVD in the aging HIV-infected population; [5] important

factors should include the high prevalence of smoking and in-
creasing prevalence of hypertension [1, 31].

Prior research suggests that the association between HIV in-
fection, HAART, and levels of inflammation and hemostasis
biomarkers is complex [32–35]. In our analysis, we found higher
levels of each of the markers we examined among HIV-infected
participants as a whole as compared with HIV-uninfected indi-
viduals, although differences were relatively small and only stat-
istically significant for hsCRP and IL-6. However, we found
little evidence that these biomarkers explained the associations
between HIV serostatus and cIMT. Our biomarker findings
should be interpreted cautiously because we were limited to a
single measure of vascular disease, lacked information on
major health events, and were not able to include other markers
of inflammation or immune activation that have been associat-
ed with CVD among HIV-infected individuals [36–39].

In summary, results from our large pooled study suggest that
the effects of HIV infection on carotid artery thickening may
differ by age. The cumulative effects of traditional determinants
of CVD burden, such as blood pressure, lipids, and smoking,
seem to play a larger role in older adults than in young adults
or children. Longitudinal studies that can examine the influenc-
es of HIV and traditional CVD risk factors across the lifespan
will be important to further elucidate these mechanisms.
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