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Epidemiological data from a number of

cohorts suggest increased cardiovascular

disease rates among human immuno-

deficiency virus (HIV)–infected, com-

pared with non-HIV-infected, patients

[1, 2]. Consistent with these ob-

servations, recent data from carefully

conducted studies suggest increased

atherosclerotic indices, including in-

creased carotid intima-media thickness

(IMT) [3] and coronary atherosclerotic

plaque burden in HIV-infected patients

[4]. Elevated rates of traditional cardio-

vascular disease (CVD) risk factors

contribute to increased risk, and in-

dividual antiretroviral medications are

likely to play a role [5]. In addition,

emerging evidence suggests that HIV-

related inflammatory and immunologic

factors also contribute substantially to

cardiovascular disease among HIV-

infected patients.

Interest in inflammatory and

immune-mediated mechanisms for

HIV-related CVD was fueled, in part, by

an unanticipated result from the

SMART study, which randomized pa-

tients to a viral suppression or a drug

conservation group, with treatment in-

terruption occurring at prespecified

CD41 cell counts [6]. The hypothesis of

SMART was that drug conservation

would minimize the toxicity of anti-

retroviral therapy (ART) and reduce

cardiovascular and other secondary

events. In contrast to the hypothesized

result, the study showed increased CVD

rates in the drug conservation group

compared with the viral suppression

group [6, 7]. These data suggest the in-

triguing possibility that more consistent

and prolonged ART is associated with

less cardiovascular disease, suggesting

a benefit of treatment that outweighs

cumulative toxicity. Subsequent analyses

demonstrated elevated rates of several

inflammatory markers in the drug con-

servation/treatment interruption group

[8], and further investigations have re-

vealed associations between elevated in-

flammatory markers and all-cause

mortality in patients with HIV infection

[8, 9]. More recently, several cohort

studies have shown a lower CD41 cell

count to be associated with increased

rates of surrogate markers of athero-

sclerosis or of CVD event rates [10–13],

adjusting for traditional CVD risk

factors. Of note, recent studies have also

suggested that CVD risk remains ele-

vated for virologically suppressed HIV-

infected patients. A study evaluating

carotid IMT (cIMT) found that HIV

controllers—patients with plasma HIV

RNA levels of ,75 copies/mL in the

absence of ART—had higher cIMT,

a marker of preclinical atherosclerosis,

compared with HIV-negative patients.

These findings suggest that factors in-

trinsic to controlled HIV infection or its

accompanying low-level viremia may

confer increased CVD risk [14].

Kaplan et al [15] offer further insight

into factors that might drive this in-

creased CVD risk in this issue of the

Journal. Using data from the Women’s

Interagency HIV Study (WIHS), the

study investigates whether CD41 and

CD81 T cell activation (defined by co-

expression of CD38 and HLA-DR) and

senescence (defined by absence of CD28

and presence of CD57) are associated

with subclinical carotid artery disease

among HIV-infected patients. As antic-

ipated, HIV-infected women exhibited

a significantly higher frequency of acti-

vated CD41 and CD81 T cells and of

immunosenescent CD81 T cells, com-

pared with HIV-negative women; there

was also a trend toward increased levels

of immunosenescent CD41 T cells. Of

note, levels of immune activation and

senescence were higher comparing trea-

ted and virologically suppressed
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HIV-infected patients to HIV-negative

controls.

Among the HIV-infected group, in-

creased levels of T cell activation (both

CD41 and CD81) and of CD81 T cell

senescence were associated with an in-

creased prevalence of carotid artery le-

sions, defined as focal lesions .1.5 mm

in thickness in any segment. These ef-

fects persisted after adjustment for age,

antiretroviral medication class, HIV

RNA levels, and traditional CVD risk

factors. The association between carotid

lesions and activated and senescent

CD81 T cells persisted after further ad-

justment for CD41 cell count or CD41/

CD81 cell ratio, but the association with

CD41 T cell activation became non-

significant with this adjustment. In

contrast, cIMT, a more global measure

of thickness measured at the common

carotid artery, was not associated with T

cell activation or senescence.

The findings of this study support the

emerging hypothesis that links immune

dysregulation with cardiovascular out-

comes among HIV-infected patients.

Studies have shown low CD41 cell count

to be associated with carotid artery le-

sions [11] and low nadir CD41 cell

count to be independently associated

with increased arterial stiffness [10].

Recent studies have assessed the re-

lationship between CD41 cell count and

cardiovascular events, demonstrating

CD41 cell counts of ,200 cells/lL to be

independently associated with myocar-

dial infarction rates [13] and CD41 cell

counts of ,500 cells/lL to be associated

with higher odds of a combined car-

diovascular endpoint [12]. The study by

Kaplan et al [15] further explores the

relationship of immune dysregulation

and cardiovascular disease, assessing

specific effects of T cell activation and

senescence in relation to a surrogate

index of atherosclerotic disease. Al-

though advanced immunodeficiency in

HIV infection and AIDS is increasingly

recognized to be a risk factor for adverse

cardiovascular outcomes, the persis-

tently increased risk even in patients

who are virologically suppressed in the

periphery by standard assays and who

are immune reconstituted while re-

ceiving ART (or in the absence of ART,

in the case of HIV controllers) has not

been fully explained. Persistent immune

activation and progressive immune sen-

escence—the immunologic hallmark of

aging—may provide an explanation.

Markers of both of these processes are

altered, even in virologically suppressed

patients, and the current study is one of

the first to show a link between these

specific immunologic processes with

vascular disease.

Although this study provides valuable

insight into HIV-related factors that

might be driving the atherosclerotic

process, certain questions remain. T cell

activation and senescence indices were

associated with carotid lesion frequency.

In contrast, T cell activation and senes-

cence were not associated with global

measures of carotid thickness, measured

as IMT. Further investigation is neces-

sary to determine the clinical and phys-

iological implications of these findings.

Perhaps an association was not detected

with IMT because it was measured at the

right distal common carotid artery only.

Indeed, studies have shown that the

presence of increased IMT—particularly

as related to inflammatory changes—

differs depending on the region of the

carotid artery studied [3]. Furthermore,

progression of IMT was not investigated

longitudinally, and alterations might

become apparent over time with im-

munologic aging. The study was limited

to women, and whether the interactions

between T cell activation, senescence,

and vascular pathology are similar for

men remains unknown. Finally, it would

be interesting and important to relate

the changes in T cell activation and se-

nescence to circulating inflammatory

markers and to the development of

clinical events in a longitudinal cohort.

How do the emerging data linking

immune dysfunction to CVD risk affect

clinical practice? If immune activation

and senescence are linked to markers of

vascular disease, it is plausible that

modifying these immune alterations

may decrease cardiovascular risk. The

most effective and practical intervention

to reduce immune activation and se-

nescence is treating HIV infection

with ART [16]. Although treating HIV

infection is of obvious paramount

importance to suppress viral replica-

tion and reverse immunosuppression,

emerging evidence suggests that this

strategy is also likely to be a critical in-

tervention to prevent chronic compli-

cations not traditionally related to AIDS.

Recent HIV infection treatment guide-

lines have endorsed earlier treatment of

HIV infection [17, 18], and in July 2010,

the International AIDS Society–USA

cited cardiovascular risk as a specific

reason to initiate ART in updated HIV

infection treatment guidelines [19].

However, future studies are critically

needed to define the mechanisms of

immune-mediated cardiovascular pa-

thology, useful markers for immune

dysregulation, and the optimal timing of

and goals for ART treatment with re-

spect to CVD.

Treating with ART, however, does not

reduce levels of immune activation to

those of HIV-negative patients, as sug-

gested by findings of Kaplan et al [15]

and others, and patients maximally

treated with ART may not be free of risk

for cardiovascular disease. If persistent

immune alterations drive this residual

yet significant risk, can these immune

alterations be further modified? Specific

immunomodulatory therapies targeting

microbial translocation, one of the cau-

ses thought to underlie persistent im-

mune activation, are under active

investigation [20]. Included among these

are nutritional supplements that restore

normal gastrointestinal flora as well as

interventions aimed at restoring T-

helper 17 cells, which are thought to play

a role in preventing microbial trans-

location, to the gut-associated lymphoid

tissue [20]. Strategies to control immune

senescence are also being explored and

include immunosuppressive drugs,
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inhibitors of pro-inflammatory cytokines,

and telomere-based therapies [16], but

the effects of such therapies will need to

be balanced against potential negative

immunological effects. Indeed, this bal-

ance may be difficult to achieve.

It is important to recognize that use of

ART, though potentially beneficial to

improve immune- and inflammatory-

related CVD risk, may still carry with it

effects on traditional risk factors, such as

lipids, glucose, and body composition,

that need to be managed. These effects

may, in part, be class-specific, but they

may also relate individually to specific

drugs and combinations. Modifiable

risks such as hypertension, diabetes,

dyslipidemia, and, particularly, smoking

should be universally assessed and ag-

gressively treated among HIV infected

patients. Several studies suggest CVD

risk factors are not being adequately

managed among such patients [21, 22],

and increased provider education and

screening strategies are likely to be ben-

eficial. Traditional risk factors are likely

only a piece of the complex puzzle of

vascular risk in HIV infection, yet they

are factors which must be addressed.

Our understanding of cardiovascular

disease among HIV-infected patients has

become more sophisticated in recent

years, as we begin to understand the

mechanisms by which chronic infection

and ongoing immune activation can

contribute to CVD. Despite rigorous

interventions to minimize CVD risk

factors and reduce viral replication,

there appear to be residual immunologic

effects that confer vascular risk. Studies

investigating the mechanisms of these

immunologic alterations in relation to

cardiovascular events and exploring

therapies to modify T cell activation and

senescence will advance our un-

derstanding of this complex field and

help to optimize the long-term care of

HIV-infected individuals.
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