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CAD is a well-established comorbidity associated with HIV infection. This association is in large
part due to ongoing inflammation propagated by viremia and dysregulation of the immune
system. Despite this knowledge, evidence to guide clinical management and screening for CAD
among HIV-infected patients is lacking. The following editorial discusses recent evidence that
HIV-infected patients with abnormal cardiovascular stress testing are more likely to undergo
subsequent percutaneous coronary intervention. Importantly, the cardiovascular consequences
of HIV infection and potential clinical implications are discussed.
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As a result of robust basic and translational science,

vascular inflammation is accepted as a hallmark of

cardiovascular diseases including coronary artery dis-

ease (CAD).1 Despite these achievements, integration of

this knowledge to clinical practice continues to lag

behind. Aside from clinical associations between C-re-

active protein (CRP) concentration and CAD,2,3 few

therapeutic targets or consequential biomarkers have

been discovered. Perhaps even more disappointing is the

scarcity of evidence to guide clinical management of

patients with known inflammatory conditions. This

delayed clinical translation has never been more evident

than in populations of human immunodeficiency virus

(HIV)-infected patients at risk for CAD.

With the introduction of antiretroviral therapies

(ART), HIV infection has been transformed from a

uniformly fatal disease to a manageable chronic illness,

like type 2 diabetes.4 This dynamic shift in disease

epidemiology has led to a growing older population of

persons living with HIV and has increased awareness of

disease comorbidities not historically associated with

HIV infection. Of these comorbidities, the management

of CAD has been a point of emphasis. Infection with

HIV leads to dysregulation of the immune system

resulting in immune hyperactivation5,6 and a systemic

‘‘cytokine storm.’’7 Furthermore, coronary atheroscle-

rotic lesions in HIV-infected patients are often

unstable and more prone to rupture, resulting in a 1.5-

twofold higher incidence of acute coronary syndrome

and myocardial infarction.8–11 Expectedly, these patho-

logic changes leave HIV-infected patients at risk for

vascular injury, accelerated atherosclerosis,12 and ulti-

mately disproportionate cardiovascular mortality.13

Finally, despite widespread use of ART, we are just now

appreciating the burden of inflammation and resulting

cardiovascular damage which threatens patient

survival.14
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In light of these issues, Feinstein and colleagues

provide new evidence further highlighting differences in

CAD management based on HIV status. Focusing

entirely within a high-risk patient cohort, the investi-

gators hypothesized HIV infection was associated with

increased CAD severity and subsequent ischemia.

Specifically, the authors examined differences in HIV-

infected and -uninfected individuals who had prior

abnormal cardiovascular stress tests and underwent

subsequent coronary angiography. While CAD severity

assessed by visual estimates of coronary angiograms

only showed non-significant trends, HIV infection was

associated with an almost twofold greater likelihood for

percutaneous coronary intervention (PCI). This obser-

vation persisted after adjustments for traditional CAD

risk factors, with the notable exception of smoking data

which were not reported.

Given the heightened inflammatory state associated

with HIV infection, an association between HIV

serostatus and rates of PCI seems intuitive. However,

these observational results must be interpreted with

caution. Some covariates are lacking from the data

including hepatitis c virus status, tobacco, and substance

use. The lack of reliable smoking history and pre-test

clinical symptom burden limits the ability to fully adjust

for both established CAD risk factors and clinical indi-

cations for PCI. Notably, HIV-infected patients are 2-3

times more likely to smoke15 compared to uninfected

individuals. Furthermore, HIV-infected patients that

smoke are disproportionately burdened with complica-

tions as the population-attributable risk of death from

smoking is doubled compared to seronegative groups.16

Variances in ART and ongoing viremia further

complicate these clinical observations. Specifically,

initiation of ART and reduction in circulating viremia

has been associated with improved endothelial function

and reduced risk for CAD.17 Among HIV-infected par-

ticipants of the current study, 27% were not currently

taking ART and presumptively had ongoing viral

replication, an important risk factor for accelerated

atherosclerosis.18 These differences introduce some

uncertainty regarding the homogeneity within the HIV-

infected cohort that could have influenced the observed

trends toward PCI.

Despite these limitations, the investigators have

potentially uncovered a ‘‘hidden’’ ischemic burden

associated with HIV infection. The almost twofold

increase in rates of PCI suggests HIV-infected partici-

pants may have had larger territories of ischemia or

higher risk coronary anatomy. While all participants had

abnormal (non-equivocal) cardiovascular stress tests, an

interesting correlation would have been to assess the

ischemic burden between HIV-infected and -uninfected

individuals. Nonetheless, taking efforts to quantify

disease burden within a high-risk group of HIV-infected

patients is a novel approach to better understand the

operative characteristics of stress tests (i.e., positive

predictive values) and clinical pathology of HIV-asso-

ciated CAD. As discussed in the study, the addition of

more advanced invasive measures of coronary physiol-

ogy (i.e., fractional flow reserve, coronary flow reserve,

or index microvascular resistance) and atherosclerotic

severity (i.e., intravascular ultrasound and optical

coherence tomography) may further illuminate differ-

ences in CAD burden.

While these findings may underscore the need for

screening of symptomatic HIV-infected individuals, we

must consider how non-invasive CAD screening per-

forms in asymptomatic HIV-infected populations. In a

cohort study of African American adults who underwent

coronary CT angiography (CCTA), Lai et al. recently

published findings suggesting subclinical CAD was

more common in HIV-infected patients on long-term

ART.19 Furthermore, previous investigations also

employing CCTA demonstrated an age-associated high

rate of coronary stenosis ([50% luminal area) in

asymptomatic HIV-infected subjects.20,21 Interestingly,

these patients often had low cardiovascular risk (Fram-

ingham Risk Score B 10) and negative

echocardiographic and ECG stress testing prior to ana-

tomic evaluation with CCTA. Hence, in an era of

symptom-driven ischemic evaluations, HIV-infected

patients may be at high risk regardless of presenting

symptom burden or functional non-invasive screening

results. Therefore, continued investigations with other

imaging modalities as well as optimizing cardiovascular

risk calculators are needed to understand the optimal

approach for CAD screening within HIV-infected pop-

ulations. More importantly, there is a critical need for

prospective research to evaluate cardiovascular events

and clinical outcomes among patients with imaging

abnormalities.

The more difficult decision confronting both cardi-

ologists and infectious disease specialists is how to

manage HIV-infected patients with abnormal cardio-

vascular stress tests. While the decision to proceed with

PCI during acute coronary syndrome may be straight-

forward, can physicians safely extrapolate results from

the COURAGE22,23 or ongoing ISCHEMIA Trials to

HIV-infected patients with stable CAD? Additionally,

the perceived benefits of optimal medical therapy may

not fully extend to HIV-infected patients, which may

account for continued health outcome disparities.

Results from Feinstein et al. suggest that indeed signif-

icant differences may exist within HIV-infected

communities, and that a ‘‘one-size-fits-all’’ approach to

non-invasive stress testing may be inappropriate. While

efforts to address these issues are ongoing, including the
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Randomized Trial to Prevent Vascular Events in HIV

(REPRIEVE) Trial (NCT02344290), future studies are

needed to determine the best practice for screening HIV-

infected patients.

Increased utilization of non-invasive multimodality

imaging technologies may be a novel approach to help

correct these disparities. In particular, the ability to

simultaneously assess coronary anatomy and physiology

may add incremental value to risk assessments for HIV-

infected patients. The combination of Rubidium-82

positron emission tomography (PET) and coronary

computed tomography (CT) has recently been demon-

strated to detect differences in myocardial blood flow

between HIV-infected and -uninfected patients,24 sug-

gesting the potential to identify patients with underlying

endothelial dysfunction and risk for disease progression.

In addition, with continued refinement of molecular

imaging, the day may come when we can visualize

coronary inflammation and identify HIV-infected

patients at highest risk for complications.25

Work from Feinstein and colleagues highlights the

need to refine CAD risk assessments and non-invasive

screening of HIV-infected patients. More importantly,

these findings validate our continued focus on HIV-as-

sociated complications and other ‘‘hidden’’

inflammatory risk factors for CAD. While new tech-

nologies may remain limited, future multimodality

approaches within HIV-infected populations may help

mitigate continued disparities in cardiovascular disease

outcomes.
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