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Background: Cardiovascular and cerebrovascular (CVD) events/diseases are a common cause of non–acquired
immunodeficiency syndrome (AIDS)-related mortality in the aging human immunodeficiency virus (HIV)-
infected population. The incidence rate and clinical correlates of CVD in people living with HIV/AIDS compared
to the general population warrants further investigation.
Hypothesis: HIV/AIDS is associated with increased risk CVD compared to general population.
Methods: CVD events in a matched cohort of HIV-infected and non–HIV-infected adults, ≥18 years old, served
through the South Carolina Medicaid program during 1994 to 2011 were examined using time-dependent
proportional hazards regression and marginal structural modeling.
Results: A retrospective cohort of 13 632 adults was followed longitudinally for an average of 51 months. The
adjusted hazard ratio (aHR) of incident CVD events was higher among HIV-infected individuals exposed to
combination antiretroviral therapy (cART) (aHR = 1.15) compared to the non–HIV-infected group, but did not
differ from the subgroup of cART-na ı̈ ve HIV-infected adults. A higher aHR of incident CVD was associated with
comorbid hypertension (aHR = 2.18), diabetes (aHR = 1.38), obesity (aHR = 1.30), tobacco use (aHR = 1.47),
and hepatitis C coinfection (aHR = 1.32), and older age (aHR = 1.26), but with a lower risk among females (aHR
= 0.86). A higher risk of incident CVD events was also apparent in HIV-infected individuals with exposure to
both protease inhibitors (adjusted risk ratio [aRR] = 1.99) and non-nucleoside reverse transcriptase inhibitors
(aRR = 2.19) compared to those with no exposure. Sustained viral load suppression was associated with a
lower risk of incident CVD events (aRR = 0.74).
Conclusions: After adjusting for traditional risk factors and sociodemographic differences, there is higher
risk of incident cardiovascular events among HIV-infected individuals exposed to combined antiretroviral
medications compared to the general population.

Introduction
Cardiovascular and cerebrovascular events/diseases (CVD)
are the second most common causes of non–acquired
immunodeficiency syndrome (AIDS)-related mortality and
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morbidity in an aging human immunodeficiency virus
(HIV) population.1,2 A complex interplay of proinflammatory
immune responses secondary to HIV viremia and the
metabolic adverse effects of antiretroviral medications
are thought to promote atherosclerosis, which then
increases the risk of CVD.3 Recent studies and reviews
of individual investigations have consistently demonstrated
that HIV-infected persons are at increased risk of
CVD, although few studies calculated the CVD risk
rates after adjusting for traditional cardiovascular risk
factors.4–7
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Moreover, despite some recent investigations suggest-
ing an increased relative risk (RR) of CVD with exposure
to combined antiretroviral therapies (cART), other large
longitudinal cohort studies and meta-analyses of individual
clinical trials have failed to confirm this association.5,7–10

Among the different classes of cART, protease inhibitors
(PIs) have been most closely associated with CVD adverse
events, whereas comparative results for non-nucleoside
reverse transcriptase inhibitors (NNRTIs) and nucleo-
side/nucleotide reverse transcriptase inhibitors (NRTIs)
have been conflicting.7–10 Although older antiretroviral
therapy regimens (ARTs) were associated with drug-specific
risks for CVD, newer ARTs may not carry the same CVD
risks.10,11 In clinical practice, HIV-infected patients may
typically require several changes in cART regimens to
achieve targeted viro-immunological control, and may also
develop cardio-metabolic comorbidities (eg, diabetes, dys-
lipidemia, and hypertension), which predispose them to
CVD events. Few studies have systematically accounted for
such time-dependent changes in clinical status and thera-
peutic factors.5,7–10,12

The purpose of this investigation was to further elucidate
this important clinical issue by determining the incidence
rates and adjusted RR of incident CVD events in a
large, population-based cohort of HIV-infected individuals
compared to a non–HIV-infected control cohort over time,
controlling for traditional risk factors, and within the cohort
of HIV-infected individuals by comparing the adjusted RR of
CVD events associated with exposure to PIs and NNRTIs,
controlling for changes in viro-immunological status.

Methods
A final cohort of 6816 HIV-infected individuals ≥18 years old
served through the South Carolina (SC) Medicaid program
from January 1, 1994 through December 31, 2011, and
who did not meet the exclusion criteria for this study (ie,
death within 6 months of selection into the cohort [washout
period], <30 days between the first and last visit in the
cohort, or evidence of cocaine use) was selected. A 1:1
propensity score matching was used to randomly select
non–HIV-infected persons matched on age and year at
entry into the Medicaid system, race/ethnicity, gender,
and total months of enrollment in Medicaid, yielding a
total study cohort of 13 632 persons.13 Medical claims were
used to identify all service encounters (inpatient, outpatient,
or emergency), date of service, and the International
Classification of Diseases, 9th Revision (ICD-9), Clinical
Modification diagnosis codes related to that visit, and any
pharmacy fills/refills during the enrollment time period for
each person in the total cohort. Medicaid data were then
linked with the enhanced HIV/AIDS Reporting System
surveillance database maintained by the SC Department of
Health and Environmental Control to perform the analyses
presented herein.14 This study was approved by the SC
Health and Human Services Research Committee and
the SC Department of Health and Environmental Control
Internal Review Board.

HIV-infected individuals were categorized as cART-
treated if they received antiretroviral drugs cumulatively
for at least 30 days, whereas those who did not receive

any antiretroviral treatment or received it for <30
days were categorized as cART-na ı̈ve. The incidence of
CVD events was defined as an inpatient, emergency,
or outpatient medical encounter, not within 6 months
of the first date of selection into the cohort (washout
period), associated with ICD-9 and/or procedural codes for
acute myocardial infarction, angina pectoris, percutaneous
coronary intervention, and nonhemorrhagic stroke. At
least 2 visits, 30 days apart, or the prescription of
related medications for at least 30 days were required
to ascertain relevant comorbidities including diabetes,
essential hypertension, obesity/overweight, dyslipidemia,
hepatitis B coinfection, and hepatitis C coinfection. Tobacco
use was ascertained if there was at least 1 visit associated
with ICD-9 codes related to tobacco abuse or any
prescription for smoking cessation agents.

Descriptive analyses were performed to assess the
univariate association of covariates with incident CVD
events. A time-dependent, proportional hazards analysis
was then used to estimate the harzard ratio (HR) of new-
onset CVD among the 3 exposure groups (ie, cART na ı̈ve,
HIV-infected; cART-treated, HIV-infected; and non–HIV-
infected groups). In this analysis, preexisting conditions (ie,
essential hypertension, diabetes, dyslipidemia, and obesity
that developed prior to a CVD event), hepatitis B coinfection,
and hepatitis C coinfection were used as time-dependent
covariates, and onset status (ie, incident development
of each comorbid condition) was updated during each
person-month of observation prior to any documented CVD
events. Gender, race/ethnicity, age at enrollment, year of
enrollment in Medicaid, and tobacco use variables were
included in the analyses as fixed covariates.

To explore the association of cART or viro-immunological
control per month with the development of CVD, a subgroup
analysis was conducted within the HIV-infected cohort.
Because NRTI medications are common components of
both PI- and NNRTI-based treatment regimens, exposure to
NRTI medications was not included as a separate covariate
to avoid collinearity, as confirmed with sensitivity analysis.
However, time-dependent exposure to PIs and NNRTIs, and
viro-immunological status per person month were included
in the analyses as predictor variables, which allowed us
to account for those treated with both types of regimens
during the study period. Furthermore, to estimate more
precisely the effect of exposure to PI and NNRTI drugs with
development of CVD, we used marginal structural models
(MSM) with the inverse probability of treatment weighted
(IPTW) estimators as performed by Hernán et al.15

To obtain a final parsimonious model, each multivariable
model was reduced by backward elimination using a cutoff P
value of 0.08 and ensuring that removal of a variable did not
result in more than a 10% change in the dependent variable.
For each multivariable Cox proportional hazards model,
interaction terms with the time variable were included.
All statistical analyses were performed in SAS version 9.2
software (SAS Institute, Cary, NC).

Results
Due to the matching procedure, there were no significant
differences in demographic characteristics and baseline
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Table 1. Comparison of Demographic Characteristics and Baseline
Medical Conditions Between HIV-Infected and the Matched Non–HIV-
Infected Study Cohorts

Variable

HIV
Infected, Case,

n = 6816

Non–HIV
Infected, Control,

n = 6816

Gender, N (%)

Female 2953 (21.7) 2940 (21.6)

Male 3863 (28.3) 3876 (28.4)

Race, N (%)

Black 4856 (35.6) 4786 (35.1)

Others 560 (4.1) 587 (4.3)

White 1400 (10.3) 1443 (10.6)

Age categories, N (%)

18–29 years 186 (1.4) 187 (1.4)

30–44 years 4705 (34.5) 4638 (34.0)

45–64 years 1857 (13.6) 1905 (14.0)

≥65 years 68 (0.5) 86 (0.6)

Median age at study entry, y (IQR) 38 (31–46 ) 38 (30–46)

Median months enrolled (IQR) 53 (22–106) 50 (23–103)

Baseline hypertension, yes, N (%) 921 (6.8) 973 (7.1)

Baseline diabetes, yes, N (%) 387 (2.8) 377 (2.8)

Baseline dyslipidemia, yes, N (%) 192 (1.4) 208 (1.5)

Obesity, yes, N (%) 666 (9.8) 674 (9.9)

Comorbid hepatitis B, yes, N (%) 431 (3.2) 46 (0.3)a

Comorbid hepatitis C, yes, N (%) 927 (6.8) 187 (1.4)a

Documented tobacco use, yes, N (%) 1994 (14.6) 2100 (15.4)b

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile
range.
aSignificant at P ≤ 0.001. bSignificant at P ≤ 0.05.

comorbid conditions between the HIV-infected group and
the matched non–HIV-infected group (Table 1). Overall, the
median age of the study cohort was 39 years (interquartile
range [IQR], 31–46 years), and the majority were males
(57%) and African American (71%). The median number
of months of follow-up was 51 (IQR, 23–105 months). In
our study cohort, 20.6% had comorbid hypertension, 19%
had dyslipidemia, 14.5% had diabetes, 10% had documented
obesity, 8.2% had hepatitis C virus coinfection, 3.5% had
hepatitis B virus coinfection, and 30% had documented
tobacco use/disorder (Table 1).

In the HIV-infected group, 80% were treated with at least
1 ART medication during the study period. Of those treated,
66% and 46% were treated with PIs and NNRTIs, respectively.
Furthermore, 35% were treated with both PIs and NNRTIs.
Rates of usage for individual medications within the 3 classes
of antiretroviral medications (ie, NRTIs, PIs, and NNRTIs)

during 1994 to 2003 and 2004 to 2011 were analyzed,
along with overall rates during the study period. These
data suggest that among NRTIs, emtricitabine and tenofovir
were used more in the 2004 to 2011 period compared to
didanosine, stavudine, and zidovudine. For PIs, atazanavir
and ritonavir were used more in the 2004 to 2011 period
compared to other agents such as amprenavir, indinavir,
nelfinavir, and saquinavir. Among NNRTIs, efavirenz was
used more in the 2004 to 2011 period compared to
nevirapine. (A detailed table is available from the first
author.)

Unadjusted incidence rates per 1000 person-years (PY)
suggest a higher incidence rate of CVD events in the
HIV-infected group as compared to the matched non–HIV-
infected group (22 vs 20 per 1000 PY). (The stratified
incidence rates are available from the first author.) The
proportion of incident CVDs by type of event did differ
across the cohort subgroups. Within the total cohort,
incident acute myocardial infarction was identified in 4.2%
(566 individuals), angina in 9.8% (1331 individuals), and
stroke/transient ischemic attacks in 5.3% (718 individuals).
The distribution of these incident events/disorders across
the HIV-infected vs noninfected control groups was very
similar: acute myocardial infarction (4.5% vs 4.2%), angina
(10.5% vs 9.7%), and stroke/transient ischemic attacks (6.3%
vs 4.7%). However, the proportion of individuals in the HIV-
infected cART-na ı̈ve group demonstrating each of these
incident events/disorders was significantly lower (2.8%,
6.9%, and 4.0%, respectively).

The median log10 viral load (VL) over the study period
was 3.37 (IQR, 2.36–4.42) and median CD4+ T-cell count
over the study period was 208 cells/mm3 (IQR, 78–426
cells/mm3). Median log10 VL for cART-na ı̈ve and cART-
treated HIV-infected persons over the observation period
was 3.71 (IQR, 2.57–4.76) and 3.30 (IQR, 2.32–4.34),
respectively. Similarly, median CD4+ T-cell count for cART-
na ı̈ve vs cART-treated HIV-infected persons over the study
observation period was 185 (IQR, 38–454) and 213 (IQR,
88–420) cells/mm3.

Results from the time-dependent proportional hazards
analysis suggested that after accounting for individual char-
acteristics, preexisting conditions, and tobacco use, the RR
of incident CVD events was 15% higher in the cART-treated
HIV-infected group as compared to the non–HIV-infected
group (adjusted hazard ratio [aHR] = 1.15) (Table 2). The
Figure 1 presents the adjusted time to event (propor-
tional hazards) curves for incident CVD comparing the
HIV cART exposed and na ı̈ve cohort with the non–HIV-
infected cohort. However, the RR was not significantly
different in cART-na ı̈ve HIV-infected individuals as com-
pared to the non–HIV-infected group. Furthermore, these
results suggest a significantly higher risk associated
with other risk factors, including preexisting hypertension
(aHR = 2.18), preexisting diabetes (aHR = 1.38), preexist-
ing obesity (aHR = 1.30), any tobacco use (aHR = 1.47), and
hepatitis C coinfection (aHR = 1.32). The RR of incident
CVD events was also significantly higher among older indi-
viduals (aHR = 1.26) but lower among females (aHR = 0.86)
compared to males (Table 2).

A significant association between incident CVD events
and length of exposure to PIs (adjusted RR [aRR] = 1.99)
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Table 2. Adjusted Hazard Ratios for Incident Cardiovascular and
Cerebrovascular Events Associated With HIV-Infection Status and
Medications, Comorbid Conditions, and Individual Risk Factors

Parameter

Adjusted

Hazard Ratio

95% Confidence

Interval

Sex (female)c 0.86a 0.78-0.95

Ethnicity (African American)d 0.92 0.82-1.04

Ethnicity (other nonwhite)d 1.18 0.98-1.42

Age at study entry 1.26b 1.23-1.28

HIV infected taking cART 1.15a 1.04-1.27

HIV infected cART naive 1.18 0.98-1.41

Preexisting diabetes 1.38b 1.19-1.61

Preexisting obesity 1.30b 1.11-1.52

Comorbid hepatitis C 1.32b 1.08-1.61

Tobacco used 1.47b 1.33-1.62

Abbreviations: cART, combination antiretroviral therapy; HIV, human
immunodeficiency virus.
aSignificant at P ≤ 0.01. bSignificant at P ≤ 0.001. cCompared to males.
dCompared to White.

and to NNRTIs (aRR = 2.21) was found in the MSM anal-
yses (Table 3). Furthermore, after accounting for other
confounding factors, including exposure to cART medica-
tions, increasing age (aRR = 1.04), preexisting hypertension
(aRR = 2.30), and preexisting diabetes (aRR = 1.81) were
significantly associated with a higher risk for incident CVDs,
whereas mean VL (sustained, suppressed) (aRR = 0.74) and

Table 3. Adjusted Risk Ratios for Incident Cardiovascular and Cerebrovas-
cular Events Associated With cART Medication Classes, HIV-Infection
Status, Comorbid Conditions, and Individual Risk Factors

Parameter

Adjusted

Risk Ratio

95% Confidence

Interval

Ethnicity (African American)c 0.54a 0.41-0.71

Age at study entry 1.04a 1.03-1.06

Months treated PIs 1.99a 1.53-2.60

Months treated NNRTIs 2.48a 1.91-3.23

Preexisting hypertension 2.30a 1.68-3.14

Preexisting dyslipidemia 0.06a 0.03-0.12

Preexisting diabetes 1.81b 1.13-2.91

Comorbid hepatitis C 0.55b 0.31-0.97

Log viral load 0.74a 0.67-0.83

Abbreviations: cART, combination antiretroviral therapy; HIV, human
immunodeficiency virus; NNRTIs, nucleoside/nucleotide reverse tran-
scriptase inhibitors; PIs, protease inhibitors.
aSignificant at P ≤0.001. bSignificant at P ≤ 0.01. cCompared to White.

the presence of comorbid hepatitis C (aRR = 0.55) were
significantly associated with a lower risk of CVD events in
the HIV-infected cohort.

Discussion
Despite the growing concern about cardiometabolic
conditions in HIV infection, the absolute or unadjusted/raw
incidence rates of CVD events in our cohort were not

Figure 1. Adjusted time to event (proportional hazards) curves for incident cardiovascular and cerebrovascular events/diseases (CVD) comparing the
human immunodeficiency virus (HIV) combination antiretroviral therapy (cART) exposed and na ı̈ ve cohort with the non–HIV-infected cohort. Abbreviations:
HAART, highly active antiretroviral therapy.
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substantially higher among people with HIV as compared
to a sociodemographically similar general population group
until the influence of comorbid metabolic conditions and
other traditional risk factors were accounted for. Our
multivariable analyses suggested that cART-exposed, HIV-
infected individuals had a significantly higher risk of
CVD events (15%) as compared to the non–HIV-infected
control group, but not when compared to the cART-
na ı̈ve HIV-infected group. Published risk ratio estimates
between HIV-infected and noninfected adults yielded a
52% higher risk for HIV-infected, ART-na ı̈ve patients,
and a 100% higher risk for HIV-infected patients taking
ART.7 Other investigators have reported significantly
higher absolute/raw CVD incidence rates in HIV-infected
populations compared to the non–HIV-infected population,
but did not employ a control group, did not use
matching procedures, or did not adjust their estimates
with traditional risk factors or worsening clinical status,
which may be partially responsible for our observed
differences.4,5,7,9,16,17

The development of metabolic conditions that increase
the risk of CVD was also confirmed in our cohort. Preex-
isting obesity contributed a 30% increase, and preexisting
diabetes contributed a 38% increase in CVD risk in the
comparison of HIV-infected vs noninfected controls. Within
the HIV-infected cohort, preexisting hypertension was asso-
ciated with a 130% CVD risk increase, whereas preexisting
diabetes was associated with an 81% CVD risk increase.
These results comport with other studies, which have
shown an increased RR of CVD events and the development
of cardiometabolic conditions, such as diabetes and dyslipi-
demia, among cART-exposed, HIV-infected individuals as
compared to cART-na ı̈ve individuals.4,8,9,15–17

Our results also suggest that within the HIV-infected
cohort, after accounting for traditional risk factors, along
with viro-immunological control and coprescription of
different classes of antiretrovirals, length of exposure to
both PIs and NNRTIs was associated with a higher risk
of incident CVD. However, because an NRTI backbone is
commonly prescribed along with PI or NNRTI regimens,
it is possible that the measure of association estimated by
the MSM analyses is partly shared or inflated.9,18,19 The RR
of CVD (defined broadly and comparable to our definition)
among classes of ARTs estimated in a recent meta-analysis
were significantly greater for PIs (RR = 1.11) and NRTIs
(RR = 0.05), but not for NNRTIs (RR = 1.04).7 However,
their estimated RRs were not adjusted for traditional risk
factors or worsening clinical status. Nevertheless, our
finding not only extends the current literature regarding
different classes of ART, but also underscores that MSM,
which simulates randomized trial methods in observational
data, is useful in mitigating some underlying bias in
estimating RRs due to time-dependent confounders in
longitudinal data analysis.11

Based on previous clinical studies and practice reports,
NNRTIs are thought to have the safest cardiometabolic
profiles, but a few studies have shown higher metabolic
dysfunction associated with efavirenz as compared to other
NNRTIs, such as nevirapine.20 In our cohort, the NNRTI
efavirenz was used more in the 2004 to 2011 period than
nevirapine. Therefore, the strong association of NNRTIs

with the development of incident CVD events demonstrated
in these analyses may indicate that among practitioners
there is inadequate use of NNRTI regimens with less toxic
cardiometabolic profiles. Therefore, this finding warrants
not only a reassessment of clinical practice quality and
outcomes, but also further investigation into the relative
side effects of newer drugs within the NNRTI class in
clinical practice settings.

Furthermore, our results suggest an independent
association between hepatitis C coinfection both in
the HIV-infected and non–HIV-infected cohorts, as well
as an association between sustained suppression of
HIV viremia and the development of CVD events in
the HIV-infected cohort. A lower mean VL (sustained,
suppressed) and the presence of comorbid hepatitis C were
significantly associated with a lower risk of CVD events
in the HIV-infected cohort. Few other studies suggest
similar results (eg, Bedimo et al recently reported that
hepatitis C coinfection was associated with a significantly
higher risk of cerebrovascular disorders but not with
myocardial infarction).9,21 Moreover, although sustained
viral suppression is generally accepted to be related to
fewer CVD events, fewer investigations have systematically
incorporated VL or CD4+ T-cell counts as covariates in
determining risk for CVD.6,7,22

Finally, in developed countries, cART availability has
changed the pattern of cardiac diseases associated with
HIV infection from cardiomyopathy, pericardial effusion,
and pulmonary hypertension to premature coronary artery
disease and other manifestations of atherosclerosis, which
are partly attributable to medication-induced metabolic
problems such as insulin resistance and dyslipidemia. Cou-
pled with the extent of comorbid metabolic disorders, the
higher frequency of CVD events identified in this study
(ie, myocardial infarction, angina, and stroke/transient
ischemic attacks) in the HIV-infected population constitute
important findings for clinical cardiologists collaborating
with infectious disease specialists in the management of
aging HIV patients. It has been suggested that any HIV-
positive patient who is at high risk of developing or who
demonstrates any potential clinical manifestation of cardio-
vascular disease should have a baseline echocardiogram
performed with serial echocardiography performed biannu-
ally thereafter.23 Based on our results, these assessments
should be a high priority among HIV-infected individu-
als with increased risk of cardiac involvement (ie, previous
exposure to relatively more cardiotoxic ARTs); development
of cardiometabolic disorders such as diabetes, dyslipi-
demia, obesity, and hypertension; worsening clinical status
(increasing VL and lower CD4+ T-cell count); and advanc-
ing age.

Several study limitations need to be considered, however,
in interpreting these results. Information bias is of concern
because the data were collected for administrative and
billing purposes, and neither the recruitment of patients
nor the data collection were under the control of the
investigators. Identification of all medical conditions was
based on spontaneous reporting to or observation by
a physician, and their designation of each diagnosis in
the Medicaid billing system. No structured research and
clinical interviews were employed to confirm any of the
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assigned clinical diagnoses. Nevertheless, conservative
criteria were employed for defining both the dependent and
predictor variables to mitigate the risk of dependent variable
misclassification (ie, both ICD-9 codes and prescribed
medications were used to identify cases), a relatively long
washout period of 6 months was used to reduce the risk
of misclassifying a prevalent disorder as incident, and a
matched control group of non–HIV-infected patients was
employed. Reliable information about diet, physical activity,
and family history of metabolic conditions, which are also
significant predictors of incident CVD events, was lacking
in this dataset. Patients who dropped out of treatment
or who were periodically ineligible for Medicaid are not
represented in this dataset. These results report associations
and, as a result, directions of causality cannot be inferred.
Furthermore, although many significant covariates have
been controlled for, other unmeasured differences in these
patients may explain the findings. Finally, studies that utilize
Medicaid data may not be generalizable to non-Medicaid
populations. However, the findings of this study may still be
beneficial in facilitating public health interventions aimed
at lowering the risk of CVD events and disorders in other
HIV-infected populations.24

Conclusion
Taken together, these findings may indicate that HIV
infection per se appears to increase the risk of incident
CVD events, but less so in the earlier stages of the disease,
especially in younger adults. However, the risk of incident
CVD events increases substantially as the HIV disease
progresses, comorbid metabolic conditions develop, and
as patients age and have longer periods of exposure to
cART. Healthcare providers (cardiologists and infectious
disease specialists) should remain aware and vigilant of the
higher risk for development of CVD events among HIV-
infected patients whose status is worsening over time, who
have been exposed to more cardiotoxic ART regimens, or
who have been treated with cART over longer periods of
time. HIV-infected patients should be screened periodically,
modifiable individual and clinical risk factors should be
continually addressed, and alternate cART therapies with
safer cardiometabolic profiles should be prescribed, where
possible, to mitigate the long-term risk of potentially fatal
CVD events.
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