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Abstract

Background—Due to effective antiretroviral therapy HIV patients are living longer, and their
risk of cardiovascular disease (CVD) is a growing concern. It is unknown whether co-infection
with hepatitis C (HCV) changes an HIV person’s CVD risk, and how the risks compare to the
general population. The objective of this study was to compare the Framingham Risk Score (FRS)
and vascular age differences in persons with HIV, HCV or HIV/HCV disease to the general
population.

Methods—HIV, HCV and HIV/HCYV patients with clinic visits between 2004-2009 were
sampled from medical clinics in Rochester, NY. Uninfected persons were randomly selected from
the National Health and Nutrition Examination Survey (NHANES) and individually matched on
sex, race, and age. We stratified by infection group and conducted separate multivariable linear
regression between each infection group and the sex, race, and age matched participants from
NHANES.

Results—Rochester patients (HIV=239, HCV=167, HIV/HCV=182) were compared 3:1 to the
NHANES participants. After controlling for weight, marital status, current pharmacotherapies, and
the matching variables of sex, race and age, HIV/HCV patients had a 2% higher general FRS
compared to the general population (p=0.03) and vascular age differences that were 4.1 years
greater (p=.01). HCV patients had a 2.4% higher general FRS than the general population (g<.
001), and vascular age differences that were 4.4 years greater (p<.001). CVD risk was elevated,
but not significantly different between HIV patients and the general population.
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Conclusion—CVD risk is elevated among HIV/HCV and HCV infected persons compared to
the general population.
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INTRODUCTION

With the availability of HAART (Highly Active Antiretroviral Therapy), non-AlDS related
causes of death in people with HIV have increased from 7% in the pre-HAART era to 32—
42% [1, 2] and HIV infection is associated with an increased risk of CVD surrogate markers
(such as carotid intima-media thickness, arterial stiffness, endothelial dysfunction), and
cardiovascular events [3-6]. Despite the documented increased risk of CVD among HIV
mono-infected patients, limited research [7, 8] has been conducted to assess the risk of CVD
among the approximately 2—4 million persons co-infected with HI\VV/Hepatitis C (HCV), or
the 150 million mono-infected with HCV [9, 10]. Risk algorithms such as the Framingham
Risk Score (FRS), or vascular age are oftentimes used to predict CVD in the general
population [11, 12]. The FRS has been shown to reasonably predict CVD surrogate markers
among persons mono-infected with HIV [13, 14]. Thus, the objective of this cross-sectional
study was to compare the FRS and vascular ages among persons mono-infected with HIV,
co-infected with HIV/HCV and mono-infected with HCV to a population-based comparison
sample of sex-, race- and age-matched, uninfected US residents.

MATERIALS AND METHODS

Definitions of outcome variables

Participants

The primary outcomes of interest were the general CVD FRS and vascular age for patients
with HIV, HCV and co-infected with HIV/HCV compared to a sex-, race- and age-matched
uninfected group [11]. The general CVD FRS and vascular age algorithms were developed
from the Framingham Heart Study cohort, and have been well described and validated
elsewhere [11]. The general CVD FRS predicts the 10-year absolute risk of CVD events
(defined as: coronary death, myocardial infarction, coronary insufficiency, angina, ischemic
stroke, hemorrhagic stroke, transient ischemic attack, peripheral artery disease and heart
failure) by incorporating into an algorithm a person’s age, sex, total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), smoking status,
presence of diabetes, and current pharmacotherapy for hypertension. Based on the 10-year
general CVD FRSs, Framingham investigators also developed an algorithm to estimate the
age of the person based on their heart’s fitness, referred to as their “vascular age”. For
instance, regardless of chronologic age, a person with a vascular age of 50 would have the
heart disease risk of a 50 year old with normal levels of all general CVD FRS risk factors
[11]. For the purposes of this manuscript, this estimate of premature aging (subtracting the
chronologic age from the vascular age) will be referred to as the “vascular age difference”
and the general CVD FRS will be referred to as general FRS.

In the Rochester community, approximately 85% of all patients with known HIV obtain
their care at one of three clinic sites (University of Rochester Medical Center’s Infectious
Disease Clinic, AIDS Community Health Center, and Unity Health Infectious Diseases
Clinic), and 70% of patients with known HCV obtain their care at the University of
Rochester Medical Center’s Gastrointestinal Clinic. Subjects with HIV, HCV, or HIV/HCV
infection with a clinic visit at one of the four sites between 2004-2009 were entered into a
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database and random samples were selected using SAS 9.2 (SAS Institute, Cary, North
Carolina) and assessed for study eligibility. Data were abstracted through paper and
electronic medical record review and included information on demographic characteristics,
blood pressure, anthropometric measurements, metabolic and lipid profiles, disease specific
lab measurements (CD4 cell counts, HIV and HCV viral load, degree of fibrosis), history of
drug use, and smoking status. Comparison groups for each infection group were randomly
selected from the 2003-2006 National Health and Nutrition Examination Surveys
(NHANES) and were individually matched 3:1 on sex, race, and age using stratified random
sampling.

Eligibility criteria and definitions

FRSs were developed in populations without CVD at baseline among subjects between the
ages of 30 and 74, thus subjects outside of this age range, or reporting a history of CVD
were excluded from our study. Subjects missing data on any of the components of the FRSs
were also excluded. Due to reported variation in lipids during HCV treatment, and
differences in lipids between acute and chronic HCV infections [15, 16], only patients with
chronic HCV infection (detectable HCV viral load and positive HCV antibodies with normal
bilirubin and transaminases less than 5x ULN) were eligible, and virally infected patients
currently receiving HCV treatment were excluded. NHANES participants that tested
positive for either HIV or HCV were excluded (<1%).

The fasting status of the Rochester subjects was not always known. Thus, diabetes was
conservatively defined as blood sugar = 200 mg/dL, or self-report of current or former
diagnosis of diabetes or pharmacotherapy. Hypertension was defined as a single
measurement of SBP = 140 mmHg, diastolic blood pressure = 90 mmHg, self-report of
current or former diagnosis of hypertension, or pharmacotherapy for hypertension. Non-
HDL cholesterol was defined as TC — HDL-C.

Statistical Analyses

RESULTS

All analyses were stratified by infection group. Chi-square and t-tests were used for
descriptive analyses involving categorical and continuous variables, respectively.
Multivariable linear regression analyses tested for significant differences in general FRS and
vascular age differences between each infection group and their sex-, race-, and age-
matched NHANES counterparts after adjusting for weight status (overweight or obese
compared to normal- or under-weight), marital status, and current use of lipid-lowering
medications. For analyses specific to The HIV and HIV/HCV groups, adjustment for use of
HIV medications was built into the models. We did not statistically adjust for the lifestyle
behaviors that are part of the general FRS (such as smoking, lipids and blood pressure) in
order to avoid over-adjustment, and to most accurately estimate general CVD risk based on
the true prevalence of these risk factors in our clinic sample. All analyses were conducted
with SAS 9.2. The study was approved by the Institutional Review Board at the University
of Rochester, AIDS Community Health Center, and Unity Health Infectious Diseases Clinic.

A total of 1,399 charts (HIV: 338, HIV/HCV: 356, HCV: 705) were reviewed. After
excluding ineligible participants, our sample included 588 infected subjects (HIV: n=239,
HIV/HCV: n=182, HCV: n=167) and 1,764 uninfected subjects from NHANES (Figure 1).
To assess the generalizability of our HIV and HIVV/HCV subjects, we compared the age, sex,
and ethnicity of our study sample with the full clinic sample, as well as those subjects
screened and deemed ineligible for our study. These data were available for all HIV and
HIV/HCYV patients with a clinic visit at the University of Rochester Medical Center during
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our study period. The demographic characteristics of our HIV study sample did not
significantly differ (p>0.05) from the excluded HIV participants, or the entire HIV clinic
sample in age (45.0 vs 47.6 and 45.8, respectively), sex (69% male vs 75% and 66%,
respectively), or ethnicity (36% Black vs 52% and 42%, respectively). The HIV/HCV study
participants did not significantly differ from the excluded HIV/HCV participants or the
entire HIV/HCV study sample in age (50.1 vs 50.2 and 50.0, respectively), sex (64% male
Vs 61% male and 66%, respectively) or ethnicity (52% Black vs 48% and 54%,
respectively). These basic demographic data were unavailable for the HCV clinic sample;
however, the demographic characteristics of our HCV subjects are similar to the New York
State HCV virally infected population [17]. Because there was no evidence for demographic
heterogeneity across Rochester clinics, we did not control for clinic.

Other than sex, race, and age on which matching was conducted, the NHANES subjects
differed (p <0.05) from the virally infected patients in nearly all demographic and health
characteristics of interest (Table 1). The Rochester participants had more favorable non-
HDL-C and TC lipid profiles than their uninfected NHANES counterparts, but also had
lower HDL-C, and higher proportions were smokers and hypertensive. Individuals with
HCV were more likely to be diabetic at their clinic visit, or were more likely to be treated
with pharmacotherapy for either hypertension or diabetes than their uninfected counterparts.

Approximately half of the HCV and HIVV/HCV patients never had a liver biopsy performed,
and of those who did, six percent had cirrhosis (Table 2). Excluding those with known
cirrhosis did not affect our general CVD risk or vascular age differences (data not shown).
Although this study was not a comparison of CVD risk between infection groups, it is
important to note that the HIV patients had a significantly higher CD4 cell count than the
HIV/HCV patients (518 cells/uL and 410 cells/uL, respectively, p<.05), and a higher
proportion had HIV viral loads < 50 copies/mL (63% and 50%, respectively, p<.05). None
of the HAART exposure variables (duration of HAART, components of current HAART, or
current adherence to HAART) differed by infection group (©>0.05), although a higher
proportion of HIV patients were on antiretrovirals (79% vs 69%, p<0.05).

After controlling for covariates participants with HIV and HCV had a 10-year risk of
general CVD that was 2% higher (Table 3) compared to their NHANES counterparts
(0=0.03). HCV patients had a general FRSs that was 2.4% higher compared to their
NHANES counterparts in adjusted analyses (p<.0001). Although HIV subjects had an
absolute 10-year risk of general CVD events that was 0.88% higher than the risk in their
NHANES counterpart, it was not statistically significant (p=0.24). The use of HIV therapy
was not associated with the general FRS.

Subjects with HIV/HCV had vascular age differences that were 4.1 years greater (Table 4)
than the vascular age differences in the general population in adjusted analyses (p=0.01).
HCV participants had vascular ages that were 4.4 years greater than the vascular age
difference in the general population (p<.001). Among subjects with HIV, the vascular age
difference was 2.4 years greater than the vascular age difference in NHANES participants,
but was not significantly different (p=0.10) in adjusted analyses.

DISCUSSION

Patients with HIV/HCV or HCV had the highest general FRS (approximately 2—3%) and
vascular age differences of all groups; significantly higher than the risks in their sex-, race-,
and age-matched NHANES counterparts. Although the higher general FRS (2%) is a small
difference on an individual level, this difference on a population level is potentially
clinically significant. In addition, the larger vascular age differences in our infected groups
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may translate to even larger long term disparities between virally infected individuals
compared to the general, uninfected population. These elevated risks were noted despite
more favorable total and non-HDL cholesterol levels.

In contrast to the existing literature [18, 19], the results from this study suggest the risk of
CVD based on the general FRS among persons mono-infected with HIV was elevated, but
was not significantly greater than the general population. Previous studies assessed the risk
of coronary heart disease in HIV infected European populations, whereas we assessed the
risk of general cardiovascular disease in ethnically diverse HIV, HCV and HIV/HCV US
populations, thus our results may not be directly comparable. In light of the increased CVD
incidence in the HIV population as noted in the literature, it is possible that Rochester HIV
clinicians may have been aggressively screening for CVD and proactively treating risk
factors in our HIV mono-infected population. As we excluded subjects with documented
CVD, perhaps aggressive screening and medical treatment in our HIV mono-infected
population resulted in only the healthiest HIV subjects being eligible for our study. This is
further suggested by the fact that our HIVV mono-infected subjects had the highest rate of
being on lipid lowering medications, despite being approximately 10 years younger than our
HCV and HIV/HCV infected groups. The FRS has previously been reported to
underestimate CVD risk among younger individuals with HIV infection, thus our HIV
estimates of CVD risk may be an underestimation [20]. The FRS has not been validated in
HCV populations. In addition, recently published articles noting elevated risk among
subjects on drug holidays suggest that inflammation as a result of immune activation, and
not the previously believed lipid changes during HAART is the major mediator of increased
risk of CVD [21]. Thus it is possible elevated risk among persons mono-infected with HIV
is not due solely based on lipid changes, and thus would not be apparent in the general FRS.
Our findings suggest that inflammatory markers ought to be further investigated as part of a
CVD prediction tool for use in the HIV population.

The higher general FRS and vascular age differences in our virally infected groups are likely
due to their higher prevalence of hypertension and smoking use. These CVD risk factors are
similar to those of the HIV, HIV/HCV and HCV infected populations in the US [22] and
reflect the reality of the differences of the virally infected individuals compared to their
same age, race, and sex uninfected peers. The elevated CVD risk in individuals with HCV or
HIV/HCV is in agreement with the literature which reported an increased prevalence of
CVD markers and events in persons with HIV/HCV [23, 24] in comparison to uninfected
controls, and is consistent with a theory that multiple factors may increase CVD risk among
persons with viral infections. Other studies report HCV mono-infected patients have
increased aortic stiffness, higher proinflammatory cytokine levels, and increased presence of
carotid plaques in comparison to HIV mono-infected patients, or uninfected controls,
providing additional evidence of an association between hepatitis infection and
cardiovascular disease [25-27].

The results from this study should be interpreted in the context of the following limitations.
Our study was cross-sectional with a limited sample size thus we were unable to examine
longitudinal effects, or the roles of specific antiretroviral medications on cardiovascular risk.
Although the fasting status of our Rochester subjects was not always known, TC and HDL-
C are not significantly affected by non-fasting states in comparison to TG or LDL-C [28].
Smoking status and drug use, history of co-morbidities, and adherence to HIV medication
were all self-reported. In addition, a distinction cannot be made between participants that
were poorly managed by their medical providers for their co-morbidities, and the
participants that were not adherent. A number of covariates such as cocaine, alcohol
consumption and renal function were not able to be assessed consistently or adequately
controlled in this analysis. Data on family history of CVD or diabetes were not available for
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our Rochester subjects, although research suggests the inclusion of family history minimally
affects the FRS [29]. Lastly, because a substantial proportion of our virally infected patients
never had a liver biopsy conducted, we are unable to fully control for hepatic disease.
However, biopsies are not routinely performed in clinics for a number of reasons and our
study exemplifies a reality of the HCV clinical setting [30].

Due to the expected low number of cardiovascular events, this study was not able to
examine specific cardiovascular outcomes or events. However, the general FRS has been
reported to have an area under the receiver operating characteristics curve of 0.78 to predict
carotid intima-media thickness among persons with HIV infection [14], and performed
better than the more commonly used coronary heart disease FRS, or metabolic syndrome
definitions [31, 32]. In addition, despite the fact that the general FRS has not been validated
in HCV and HIV/HCV populations, the ordering of a person’s risk relative to others has
been shown to be consistent in the general and HIV population regardless of which equation
is used to quantify CVD risk [33]. Thus future studies should prospectively assess if
infection groups continue to experience an estimated higher risk of CVD compared to the
general population.

To the best of our knowledge, ours is the first study to simultaneously compare the general
FRS and vascular ages in the general population to individuals with HIV, HCV, or HIV/
HCV. Although the coronary FRS is the more commonly used predictor of CVD, the
general FRS has significant public health importance and may be particularly informative
for translating heart disease risk to patients. As these populations age, the risk of CVD
becomes an increasingly important area of research. Results from this study suggest the risk
of CVD is increased in persons co-infected with HIV/HCV, and mono-infected with HCV
compared to the general population. In particular, the previously reported “protective’ effect
[34] of lower lipid profiles in HCV mono-infected and HIV/HCV co-infected patients did
not reduce their general FRSs or vascular age in our study. Lower lipid profiles in persons
mono-infected with HCV or co-infected with HIV/HCV may incorrectly influence clinicians
and patients into believing there is little risk of CVD. This incorrect assumption may
translate into paying less attention to other CVD risk factors such as hypertension, diabetes
or smoking. Further research should be conducted in elucidating the risk of CVD in these
populations, and in validating risk measures in order to lower morbidity and mortality for
infected individuals. Notably, the elevated vascular age differences in all groups are a
cautionary reminder that CVD risk surveillance is needed for all populations.
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What's known

With effective antiretrovirals, HIV patients are living longer and are at an increased risk
for cardiovascular disease. The Framingham Risk Score is often used to predict
cardiovascular disease in the general population but data on Framingham Risk Scores in
HIV and Hepatitis C patients is limited. A comparison between the risk scores between
HIV, Hepatitis C, and HIV/Hepatitis C patients with the general population has yet to be
carried out.

What’s new

Our HIV, Hepatitis C, and HIV//Hepatitis C populations (n=588) were age, sex, and race
matched 3:1 to uninfected participants from the National Health and Nutrition
Examination Survey (NHANES). Although the Hepatitis C and HIV/Hepatitis C patients
had more favorable lipid profiles, their Framingham Risk Scores were elevated in
comparison to the general uninfected population. This study highlights the need to further
investigate potential cardiovascular disease in these virally infected populations.
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Table 2

Disease characteristics of the virally infected sample

Page 13

Disease char acteristics

HCV disease characteristics
Degree of fibrosis (liver biopsy)
None
Low (score of 1 or 2)
Mild (score of 3 or 4)
Cirrhosis (score of 5 or 6)

No biopsy performed
HCV genotype 11

HCV viral load?
HCV treatment

HIV disease characteristics

HIV risk behavior?

Heterosexual contact

MSM

IDU

MSM and IDU

Other
Duration of HIV (mean years)
CD4 count (cells/pL) (mean)
Nadir CD4 count (cells/pL) (mean)
HIV viral load, mean
HIV viral load < 50 copies/mL
HIV antiretroviral characteristics
Currently on antiretrovirals
Cumulative HAART exposure in years (SD)
Current HAART includes a PI
Current HAART includes a NRTI
Current HAART includes an NNRTI
HIV viral load < 400 copies/mL

At least 95% treatment adherence to HAART#

HIV only
(n=239)

114 (48%)
103 (43%)
8 (3%)
3 (1%)
11 (5%)
8.11 (6.4)
518 (330)
224 (211)
424(47)
150 (64%)

189 (79%)
4.36 (3.6)
99 (52%)
152 (80%)
95 (50%)
163 (86%)
143 (93%)

HCVonly HIV/HCV

(n=167)

11 (6%)
65 (34%)
35 (18%)

10 (5%)
60 (33%)
133 (81%)
6.62 (6.9)
83 (46%)

(n=182)

15 (8%)
23 (12%)
20 (10%)

11 (6%)
127 (65%)
133 (69%)
6.84 (7.2)

42 (21%)

69 (40%)
6 (3%)
74 (43%)
10 (6%)
11 (6%)
11.66 (6.4)
410 (311)
194 (196)
441 (4.9)
89 (49%)

125 (69%)
3.86 (3.5)
68 (54%)
111 (89%)
61 (49%)
98 (78%)
87 (90%)

0.008

<.0001

<.0001
0.001
0.13
0.25
0.003

0.01
0.15
0.72
0.05
0.80
0.07
0.28

IN=163 (HCV), =125 (HIVIHCV);
2N=165 (HCV), n=142 (HIVIHCV);
Zh=170 (HIVIHCV);

N=153 (HIV), n=97 (HIV/HCV).
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