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Objectives: HIV disease is associated with increased arterial stiffness, which may be related to inflam-
mation provoked by HIV-related immune perturbation. We assessed the association of T cell markers of
immune activation and immunosenescence with carotid artery stiffness among HIV-infected women.
Methods: Among 114 HIV-infected and 43 HIV-uninfected women, we measured CD4+ and CD8+ T cell
populations expressing activation (CD38+HLA-DR+) and senescence (CD28-CD57+) markers. We then
related these measures of immune status with parameters of carotid artery stiffness, including decreased
distensibility, and increased Young's elastic modulus, as assessed by B-mode ultrasound.

Results: HIV infection was associated with increased CD4+ T cell activation, CD8+ T cell activation and
CD8+T cell senescence. Among HIV-infected women, adjusted for age, HIV medications, and vascular risk
factors, higher CD4+CD38+HLA-DR+ T cell frequency was associated with decreased carotid artery disten-
sibility (8=—-2.00, 95% confidence interval [Cl]=-3.86, —0.14, P=0.04) and increased Young's modulus
(B=1.00, 95% CI=0.03, 1.97, P=0.04). These associations were affected little by further adjustment for
CD4+ T cell count and viral load. Among HIV-infected women, higher frequencies of immunosenescent
T cells, including CD4+CD28-CD57+ and CD8+CD28-CD57+ T cells, were also associated with decreased
arterial distensibility. Among HIV-uninfected women, frequencies of activated or senescent T cells were
not significantly associated with measures of carotid stiffness.

Discussion: T cell activation and senescence are associated with arterial stiffness, suggesting that pro-
inflammatory populations of T cells may produce functional or structural vascular changes in HIV-infected
women.
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Arterial stiffness is often increased in the presence of established
cardiovascular risk factors including aging, diabetes, hypertension
and chronic kidney disease [1]. HIV infection, particularly when
associated with severe immunodeficiency, has recently been added
to the list of conditions known to be associated with vascular stiff-
ening in adults [2-5]. This effect of HIV infection is evident even
in HIV-infected children, who have decreased carotid artery dis-
tensibility without concomitant increases in carotid artery wall
thickness [6].

Many of the diseases that produce premature arterial stiffness,
including HIV infection and Kawasaki disease [7], are inflammatory
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conditions. Markers of inflammation have been correlated with
the degree of vascular stiffness in various populations including
stroke survivors [8], patients with renal disease [9] and obstruc-
tive sleep apnea [10], and apparently healthy adults [11,12]. We
hypothesized that increased arterial stiffness in patients infected
with HIV may be associated with pro-inflammatory T cell subsets,
including T cells expressing markers of activation and senescence.
In the setting of HIV infection, activated T cells are abundant and are
thought to be an important source of inflammation. Activated CD4+
T cells are known to localize to arterial tissues in regions affected by
vascular disease [13] and may in turn produce inflammatory medi-
ators which activate matrix-degrading enzymes such as matrix
metalloproteinase-1 (MMP-1), MMP-3, and MMP-9 [14-16]. In
HIV-infected persons, senescence markers are found on a large
frequency of CD8+ T cells, and to a lesser extent on CD4+ T cells.
Senescent T cells are apoptosis-resistant and, like activated T cells,
may secrete pro-inflammatory mediators. We recently showed that
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among HIV-infected patients, higher frequencies of T cells express-
ing markers of activation (CD38, HLA-DR) and senescence (presence
of CD57, absence of CD28) were associated with greater arterial
wall thickness [17]. In the present study, we examined whether
increased carotid artery stiffness, which we assessed from mea-
surements of arterial diameters obtained by B-mode ultrasound,
was also related to T cell activation and senescence.

1. Methods
1.1. Study population

The Women'’s Interagency HIV Study (WIHS) is a prospective
multicenter study of 3766 HIV-infected and HIV-uninfected
women at six urban US field centers. HIV-infected and HIV-
uninfected WIHS participants were initially recruited in
1994-1995, and additional women were added to the cohort
in 2001-2002. All WIHS participants are invited to complete study
visits every six months for collection of biological specimens,
questionnaire data and clinical measurements. In April 2004, all
WIHS participants were invited to participate in a carotid artery
ultrasound substudy, which was completed by ~75% of both
HIV-infected and HIV-uninfected women. Institutional Review
Board approval and informed consent were obtained.

1.2. Carotid artery ultrasound

High resolution B-mode carotid artery ultrasound was used to
image the far wall of the right common carotid artery. Standardized
carotid artery ultrasound images were centrally measured by auto-
mated computerized edge detection software (Prowin, Patents,
2005, 2006) [17-20]. We obtained measurements of right com-
mon carotid artery diameters at systole (Ds) and diastole (Dp).
Right distal common carotid artery intima-media thickness (cIMT)
was assessed [17,20]. Blood pressure was measured in the brachial
artery at the same time as carotid ultrasound (average of five mea-
surements) in order to measure systolic and diastolic pressures and
pulse pressure (PP). We calculated two indices of arterial stiffness,
including distensibility and Young’s elastic modulus. We calculated
carotid artery distensibility as:

2(Ds — Dp)/Dp 108

Distensibility = PP X 1333

in units of (1078 xN-'m?2)[2,19,21]. We estimated Young’s
elastic modulus [19], in units of (10°xNm™2), as:
PP/DD x 0.5 x Dp/cIMTp, where PP is the pulse pressure, DD
is the percent arterial dilation over the cardiac cycle, Dp is the
arterial diameter at diastole, and cIMTp is the common carotid
artery intima-media thickness at diastole. From a repeated-
measures study we estimated the coefficient of variation as
1.8% for cIMT (intraclass correlation coefficient [ICC]=0.98), 2.2%
for carotid diameters (ICC=0.96), and 8.8% for blood pressures
(ICC=0.65-0.73).

1.3. Laboratory assays

Plasma HIV RNA levels were quantified using nucleic acid
sequence based amplification commercial assays, and total periph-
eral CD4+ T cell counts were measured with standard flow
cytometric methods. C-reactive protein levels were measured using
nephelometry (Dade Behring, Deerfield, IL). Laboratory values
included glucose, total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-c), triglyceride, and low-density lipoprotein
cholesterol (LDL-c) levels, which were measured centrally. T cell
activation (CD38+, HLA-DR+) and senescence (CD28-, CD57+)

markers were measured by immunophenotyping performed at
the UCSF Core Immunology Laboratory, as previously described
[17], for a random sample of 114 HIV-infected women and 43
HIV-uninfected women. HIV-infected and HIV-uninfected groups
were matched by age and race/ethnicity, and represented a
sample of participants 40 years and older who were enrolled
in the WIHS cohort, were free of clinical vascular disease,
had sufficient peripheral blood mononuclear cells (PBMCs) for
flow cytometry measurements, and had available carotid ultra-
sound measurements within several months of collection of
PBMCs.

1.4. Clinical variables

Key cardiovascular and HIV-related covariates were obtained
by self-report and direct measurements. Seated blood pressure
was measured using a standardized protocol. Hypertension was
defined as either systolic blood pressure >140 mm Hg, diastolic
blood pressure >90 mm Hg, or self-reported physician’s diagno-
sis of hypertension. Diabetes was defined as either fasting glucose
levels >126 mg/dL, or self-reported physician’s diagnosis of dia-
betes. Body mass index was calculated as weight in kilograms
divided by the square of height in meters. We defined use of major
drug categories, including protease inhibitors (PIs), non-nucleoside
reverse transcriptase inhibitors (NNRTIs) and nucleoside reverse
transcriptase inhibitors (NRTIs), using medication questionnaire
data.

1.5. Data analyses

CD4+ T cell activation was defined as % of CD4+ T cells express-
ing CD38 and HLA-DR, and CD8+ T cell activation as % of CD8+ T
cells expressing CD38 and HLA-DR. CD4+ T cell senescence was
defined as % of CD4+ T cells expressing CD57 and with an absence
of CD28, and CD8+ T cell senescence was defined as % of CD8+ T
cells expressing CD57 and with an absence of CD28. We exam-
ined Pearson correlations between the two different measures of
carotid artery stiffness, and among frequencies of activated T cells
and senescent T cells, C-reactive protein levels, total CD4+ T cell
counts and HIV RNA measurements. Logarithmic transformations
were applied to T cell variables, HIV RNA levels and C-reactive
protein levels, whereas carotid artery stiffness parameters were
untransformed. To examine the association of T cell activation and
senescence with carotid artery distensibility and Young’s modulus,
multivariable linear regression models were used, with vascular
stiffness parameters (distensibility and Young’s elastic modulus) as
the dependent variables and frequencies of activated or senescent
T cells as the main independent variables of interest. Lower levels
of distensibility and higher values of Young’s modulus are indica-
tive of increased vascular stiffness. Multivariable models included
adjustment for age, smoking, body mass index, use of major classes
of antiretroviral medications, and standard cardiovascular risk fac-
tors including HDL-c, LDL-c, and plasma glucose. In a subsequent
model, we adjusted for CD4+ T cell count and HIV RNA. C-reactive
protein level was also examined both as an adjustment variable,
and also as an independent predictor variable in relation to carotid
artery distensibility and Young’s elastic modulus. Finally, we exam-
ined whether carotid artery stiffness was increased in the group
that had both T cell activation and T cell senescence above the
median values.

Among HIV-infected women, comparing individuals above
versus below the median frequency of activated or senescent T cells,
we had 80% power to detect a 0.52 standard deviation difference in
carotid stiffness outcomes, while among HIV-uninfected women
the detectable difference was 0.86 standard deviations. Analyses
were performed using Stata version 11 (StataCorp LP, College Sta-
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Table 1
Characteristics of HIV-infected women and HIV-uninfected women.

HIV-uninfected women (N=43)

HIV-infected women (N=114)

Median IQR Median IQR P

Age (years) 47 42-51 46 43-50 0.92
CD4+CD38+DR+ T cells (%)? 2.5 1.7-3.1 7.7 4.6-14.0 <0.01
CD8+CD38+DR+ T cells (%)? 7.3 4.2-13.1 28.9 17.6-41.2 <0.01
CD4+CD28-CD57+ T cells (%)? 1.8 0.3-4.7 2.5 0.7-6.6 0.07
CD8+CD28-CD57+ T cells (%)? 22.7 12.8-40.0 35.8 25.1-46.8 <0.01
C-reactive protein (pg/mL) 31 1.5-6.4 2.7 1.0-6.3 0.50
Current viral load/mL in thousands n/a 1.3 0.08-16 n/a
Peak viral load/mL in thousands n/a 59 15-290 n/a
Current CD4+ T cell count (cells/mm?) 965 812-1298 384 227-582 <0.01
Nadir CD4+ T cell count (cells/mm?3) 782 676-912 210 109-339 <0.01
LDL-c (mg/dL) 104 80-117 96 79-113 0.23
HDL-c (mg/dL) 56 44-64 45 33-56 <0.01
Total cholesterol (mg/dL) 177 156-201 168 146-196 0.16
Plasma glucose (mg/dL) 91 80-102 86 80-96 0.31
BMI categories

<25 26% 32% 0.05

25-30 26% 39%

>30 48% 29%
No. of PIs used (current) n/a

0 55% n/a

1 27%

2 18%
Any NRTIs use (current) n/a 63% n/a
Any NNRTI use (current) n/a 24% n/a
History of diabetes 33% 22% 0.15
Lipid-lowering drug use 2% 7% 0.26
Hypertension 44% 40% 0.66
Hepatitis C antibody positive 40% 49% 0.28
Current smoking 70% 48% 0.02
Race

White/Other 9% 9% 0.88

Hispanic 23% 27%

African American 68% 64%

IQR, interquartile range; BMI, body mass index; HAART, highly active antiretroviral therapy; PI, protease inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI,

non-nucleoside reverse transcriptase inhibitor.

3 Data on CD38+HLA-DR+ and CD28-CD57+ subsets were expressed as percent of T cells expressing these markers.

tion, TX), SAS (version 9.2, SAS Institute, Cary, NC) and GraphPad
Prism version 5.00 (GraphPad Software, San Diego, CA). All statis-
tical tests were two-sided.

2. Results

Among HIV-infected women, 36% were not currently receiv-
ing antiretroviral treatment, 39% were treated and had detectable
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viremia, and 25% were treated and did not have detectable HIV.
As previously described [17], HIV-infected women had higher fre-
quencies of activated CD4+ and CD8+ T cells, and higher frequency
of senescent CD8+ T cells, as compared with HIV-uninfected women
(Table 1). Other HIV-related and cardiovascular variables appear in
Table 1. Pearson correlations between carotid artery distensibility
and Young’s elastic modulus were in the range of r=—0.75 to —0.80
(Fig. 1).
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Fig. 1. Scatterplot of carotid artery distensibility and Young’s elastic modulus. Left panel, HIV-uninfected women. Right panel, HIV-infected women. Pearson correlations
between carotid artery distensibility and Young’s elastic modulus were r=—0.79 (95% confidence interval = —0.88 to —0.65, P<0.0001) among HIV-uninfected women and
r=-0.76 (95% confidence interval = —0.83 to —0.67, P<0.0001) among HIV-infected women.
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Table 2

Correlation of T cell activation, T cell senescence, total peripheral CD4+ T cell count, HIV RNA and C-reactive protein among HIV-infected women.

CD8+ T cell CD4+ T cell CD8+ T cell CD4+ count HIV RNA C-reactive
activation senescence senescence protein
(CD38+HLA-DR+) (CD28-CD57+) (CD28-CD57+)
CD4+ T cell activation (CD38+HLA-DR+) r 0.66 0.29 0.23 -0.72 0.44 -0.01
P <0.0001 0.01 0.01 <0.0001 <0.0001 0.92
CD8+ T cell activation (CD38+HLA-DR+) r 0.09 0.45 -0.32 0.46 0.03
P 0.32 <0.0001 0.01 <0.0001 0.75
CD4+ T cell senescence (CD28-CD57+) r 0.41 -0.14 -0.08 0.01
P <0.0001 0.13 0.41 0.94
CD8+ T cell senescence (CD28-CD57+) r -0.02 0.02 0.07
P 0.84 0.80 0.45
CD4+ count r —0.49 0.15
P <0.0001 0.13
HIV RNA r -0.09
P 0.36

Pearson correlations were obtained, using log-transformed data for T cell activation, T cell senescence, CD4+ T cell count, HIV RNA and C-reactive protein.
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Fig. 2. Among HIV-infected women, correlation of % CD4+CD38+HLA-DR+ with carotid artery distensibility (left panel) and Young’s elastic modulus (right panel). Linear
regression was used to estimate intercepts and slopes as follows: distensibility = 23.0 — 5.9 log(% CD4+CD38+HLA-DR+), with 95% confidence intervals for the slope=—-9.8 to
—2.1. Young's elastic modulus =4.5 + 2.4 x log(% CD4+CD38+HLA-DR+), with 95% confidence intervals for the slope=0.6-4.3.

2.1. Correlation among immune status, C-reactive protein level,
and HIV RNA

Low CD4+ T cell count was associated with increased acti-
vation of CD4+ T cells (r=-0.72, P<0.0001), and to a lesser
extent increased activation of CD8+ T cells (r=-0.32, P<0.01)
(Table 2). HIV RNA was positively correlated with CD4+ and CD8+
T cell activation (r=0.44-0.46, P<0.0001). C-reactive protein lev-
els had no significant correlation with T cell parameters or HIV
RNA.

Table 3

2.2. T cell activation and senescence as predictors of carotid
artery stiffness

Among HIV-infected women, higher frequencies of
CD4+CD38+HLA-DR+ T cells were associated with decreased
carotid artery distensibility and with increased Young’s elastic
modulus (Fig. 2), and these associations were statistically signif-
icant (P=0.04) after adjustment for age and other cardiovascular
risk factors (Table 3). In subsequent models that also included HIV
RNA and CD4+ T cell count as adjustment variables, the point esti-

Association of T cell activation (CD38+HLA-DR+) and senescence (CD28-CD57+) with carotid artery distensibility and Young’s elastic modulus among HIV-infected women.

Change in distensibility per 95% Confidence p Change in Young’s modulus per 95% CI P
unit change of predictor interval unit change of predictor
CD4+CD38+HLA-DR+ T cells —2.00 —3.86, -0.14 0.04 1.00 0.03, 1.97 0.04
CD8+CD38+HLA-DR+ T cells -1.91 —4.42,0.60 0.13 0.85 —0.46, 2.16 0.20
CD4+CD28-CD57+ T cells -0.85 —1.76, 0.05 0.06 0.29 -0.18,0.77 0.23
CD8+CD28-CD57+ T cells —2.22 —5.13,0.69 0.13 0.56 —0.97, 2.09 0.47

Change in stiffness parameter (distensibility or Young’s elastic modulus) associated with log-transformed values of T cell activation and senescence was estimated in linear
regression models, after adjustment for age, body mass index, smoking, use of antiretroviral medications, and circulating levels of high-density lipoprotein cholesterol,

low-density lipoprotein cholesterol, and glucose.

(2011), doi:10.1016/j.atherosclerosis.2011.03.011

Please cite this article in press as: Kaplan RC, et al. T cell activation predicts carotid artery stiffness among HIV-infected women. Atherosclerosis



dx.doi.org/10.1016/j.atherosclerosis.2011.03.011

GModel
ATH-11913; No.of Pages7

R.C. Kaplan et al. / Atherosclerosis xxx (2011) xxX-Xxx 5
Table 4
Association of T cell activation and senescence with measures of carotid artery stiffness among HIV-infected women, after adjustment for total CD4+ T cell count and HIV
RNA.
Change in distensibility per 95% Confidence P Change in Young's modulus per 95% Confidence P
unit change in predictor interval unit change in predictor interval
CD4+CD38+HLA-DR+ T cells -2.12 —4.14, -0.11 0.04 1.00 -0.06, 2.05 0.06
CD8+CD38+HLA-DR+ T cells -1.73 —3.96, 0.49 0.13 0.80 —-0.36, 1.96 0.18
CD4+CD28-CD57+ T cells -0.78 -1.57,0 0.05 0.32 —-0.09,0.73 0.13
CD8+CD28-CD57+ T cells -2.61 -5.15,-0.07 0.04 0.88 —-0.46, 2.21 0.19
CD4+ T cell count (per 100 cells/mL) 0.01 —0.04, 0.06 0.78 0.01 —-0.02,0.03 0.73
HIV RNA (per log10 copies/mL) ~0.65 ~1.94,0.65 032 040 -0.28,1.07 0.24

Adjusted for age, body mass index, smoking, use of antiretroviral medications, CD4+ count, HIV RNA, and T cell activation or senescence.

mates of association were almost completely unchanged, although
confidence intervals and P-values were slightly larger (Table 4).
In the HIV-infected group, women with higher frequencies of
CD4+CD28-CD57+ and CD8+CD28-CD57+ T cells had reduced
carotid artery distensibility after adjustment for cardiovascular
and HIV-related variables (Table 4). However, significant associ-
ations between T cell senescence markers and arterial stiffness
were not seen when Young’s modulus rather than distensibility
was defined as the outcome variable (Tables 3 and 4).

We then examined the association of carotid artery stiffness
with frequencies of activated CD4+ T cells and senescent CD4+ T
cellswhen examined jointly in the same model. Mean carotid artery
distensibility was 16.6 x 10-6 m2/N among HIV-infected women
who were above the median value of both CD4+CD38+HLA-DR+ T
cell frequency and CD4+CD28-CD57+ T cell frequency. In compari-
son, mean distensibility was in the range of 19.1-19.6 x 10-6 m2/N
among the groups that only had CD4+CD38+HLA-DR+ T cell fre-
quency above the median, that only had CD4+CD28-CD57+ T cell
frequency above the median, or that had neither above the median.
Adjusted for age and cardiovascular risk factors, comparing HIV-
infected women with both CD4+ T cell activation and CD4+ T
cell senescence above the median values versus those with both
CD4+ T cell activation and senescence below the median values,
the adjusted difference in distensibility was —2.5 x 10-6 m2/N (95%
confidence interval —6.4 x 1076 to 1.3 x 106, P=0.21).

Adjustment for C-reactive protein had minimal effect on the
associations of T cell activation and senescence markers with
carotid artery stiffness, nor was C-reactive protein level a signif-
icant predictor of carotid artery distensibility or Young’s modulus
(data not shown).

Among HIV-uninfected women, no significant associations of T
cell activation or senescence with carotid distensibility or Young’s
modulus were observed (data not shown).

3. Discussion

Among HIV-infected women, cellular markers of immune acti-
vation (defined by presence of CD38 and HLA-DR on circulating
CD4+ T cells) were associated with increased carotid artery stiff-
ness. Arterial stiffness was defined as low levels of distensibility
and high values of Young's elastic modulus as measured by B-mode
carotid artery ultrasound. The associations between activated CD4+
T cell frequency and vascular stiffness persisted after adjustment
for HIV RNA and total peripheral CD4+ T cell count, suggesting
that for a given CD4+ T cell count and viral load, higher CD4+ T
cell activation was an independent predictor of vascular stiffness.
The association between T cell activation and carotid artery stiff-
ness was also shown to be independent of standard vascular risk
factors, including plasma lipids, which are often abnormal in HIV-
infected individuals. These results agree with prior evidence linking
HIV disease with increased vascular stiffness, particularly among
individuals with relatively severe immune perturbation. Further,
they support the hypothesis that pro-inflammatory populations of

T cells may produce functional and/or structural arterial changes in
HIV-infected patients with relatively severe damage to the immune
system.

HIV infected adults have elevated levels of circulating pro-
inflammatory cytokines and a high frequency of circulating CD4+
and CD8+ T cells that express markers of chronic activation, includ-
ing CD38 and HLA-DR. These T cell abnormalities may be only
partially reversed with effective HIV treatment [22-24]. While
many studies of HIV-infected individuals have shown an associ-
ation between immunological complications of HIV infection and
increased arterial wall thickness [17,25,26], our study supports
prior evidence that other types of pathological vascular changes
beyond intimal-medial thickening may develop as a result of
chronic HIV infection. Vasculitides of various types, which are typ-
ically localized to specific vessels in persons at advanced stages of
immunocompromise, and which are possibly causally related to T
lymphocyte infiltration [27], are a relatively uncommon compli-
cation of HIV infection. More recently, studies have suggested that
chronic HIV infection may produce changes in vascular tissues lead-
ing to loss of normal arterial elasticity and vasoreactivity. Carotid
artery specimens from HIV-infected patients treated surgically for
asymptomatic carotid artery stenosis may have degradation of elas-
tic fibers and inflammatory infiltration of the vascular wall [28]. In
addition, uncontrolled HIV replication is associated with reduced
brachial artery reactivity, which suggests that impaired endothe-
lial function may also contribute to increased vascular stiffness in
HIV-infected persons [29]. In our data, CD4+CD38+HLA-DR+ T cell
frequency was associated with carotid artery distensibility, which
is calculated from changes in arterial diameters across the car-
diac cycle, as well as with Young’s elastic modulus, which is a
different parameter calculated from arterial diameters that also
includes standardization to the arterial intima-media thickness.
This study is further evidence of a link between HIV disease and
vascular pathological changes that may be distinct from atheroscle-
rosis and that occur independently of dyslipidemia and other
cardiometabolic risk factors, which were controlled for as potential
confounders.

This study has several limitations. First, the cross-sectional
nature of the study makes it difficult to establish a cause and effect
relationship. Although the most likely explanation for our observa-
tions is that inflammation in HIV infected women causes vascular
changes, it is conceivable that vascular dysfunction could affect
the immune system in some way. It is also possible that unmea-
sured factors associated with HIV infection may affect both vascular
and T cell functions. Second, although the clinical importance of
reduced carotid distensibility as well as other non-invasive mea-
sures of vascular stiffness has been shown in patient populations
with premature vascular disease [1], the long-term importance
of these vascular parameters in predicting future cardiovascular
events among HIV-infected adults is unknown. Third, the study was
limited to a population which, despite being female and relatively
young, had a high burden of cardiovascular risk factors including
obesity and smoking. Therefore the results may not be general-

(2011), doi:10.1016/j.atherosclerosis.2011.03.011

Please cite this article in press as: Kaplan RC, et al. T cell activation predicts carotid artery stiffness among HIV-infected women. Atherosclerosis



dx.doi.org/10.1016/j.atherosclerosis.2011.03.011

GModel
ATH-11913; No.of Pages7

6 R.C. Kaplan et al. / Atherosclerosis xxx (2011) xxX-Xxx

izable to men or to populations with different constellations of
cardiovascular risk factors. Fourth, we did not have information
on regulatory T cells, so were unable to assess the possibility of
a confounding effect on the observed associations. Finally, these
observations need to be corroborated in larger cohorts. We had rel-
atively limited sample size, so our study only had adequate power
to detect a moderate association between activation or senescence
and carotid artery stiffness, particularly among HIV-uninfected
women.

In summary, our findings suggest that measures of T cell acti-
vation, which are known to predict immunologic HIV disease
progression [30,31], are also associated with increased vascu-
lar stiffness among HIV-infected women. Neither cardiometabolic
risk factors nor exposure to antiretroviral medications explained
the finding between HIV-associated immune perturbation and
vascular stiffness measures. This association was also indepen-
dent of standard clinical measures of HIV disease status including
total peripheral CD4+ T cell count and circulating HIV RNA
levels. Therefore, our data support the hypothesis that pro-
inflammatory populations of T cells may lead to functional or
structural changes in the peripheral vasculature. Because effec-
tive antiretroviral treatment can reduce these markers of immune
perturbation, although not fully reverse them, the findings sup-
port the rationale for treating HIV infection to limit immune
system damage and also potentially to benefit cardiovascular
health.

4. Statement of conclusions

Prior evidence suggests that patients infected with HIV may
have increased risk of clinical cardiovascular events as well as
subclinical structural and functional vascular changes. Among a
cohort of HIV-infected women, we studied the association of
carotid artery stiffness with expression of markers of T cell acti-
vation (CD38+HLA-DR+). Our findings suggest that activation of
CD4+ T cells is associated with increased vascular stiffness among
HIV-infected women. These findings are important because these
immunologic perturbations almost universally affect patients with
advanced HIV disease, and may also be elevated in those on effec-
tive antiretroviral therapy.
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