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Abstract

We compared the Framingham risk score (FRS) for 10-year coronary heart disease (CHD) risk in age- and
race-matched hepatitis C virus (HCV)-infected and HCV-uninfected persons: 114,073 HCV-infected (111,436
HCV-monoinfected and 2,637 HIV/HCV-coinfected) and 122,996 HCV-uninfected (121,380 HIV and HCV-
uninfected and 1,616 HIV-monoinfected) males without cardiovascular disease, diabetes, or hepatitis B. In
unadjusted analyses, FRS was similar between the HCV-infected and HCV-uninfected groups [median (in-
terquartile range, IQR) risk points 13 (10–14) vs. 13 (10–14), p = 0.192]. Cholesterol levels were lower and
current smoking more prevalent in the HCV groups (both HCV and HIV/HCV) compared with the uninfected
groups ( p < 0.001 for both). Prevalence of non-FRS CHD risk factors, such as substance abuse and chronic
kidney disease, in the cohort was high, and differed by HCV and HIV status. Adjusting for age, race/ethnicity,
body mass index, chronic kidney disease, drug and alcohol use, and HIV status, HCV infection was associated
with minimally lower FRS (b = - 0.095 risk points, p < 0.001), suggesting a small but significant difference in
10-year CHD risk estimation in HCV-infected as compared to HCV-uninfected persons when measuring risk by
FRS. Given the complex relationship between HCV, HIV, and CHD risk factors, some of which are not
captured by the FRS, the FRS may underestimate CHD risk in HCV-monoinfected and HIV/HCV-coinfected
persons. HCV- and HIV/HCV-specific risk scores may be needed to optimize CHD risk stratification.

As persons with HIV infection are living longer due to
advances in antiretroviral therapy (ART), cardiovascu-

lar disease (CVD) has emerged as a major cause of morbidity
and mortality in HIV-infected persons.1,2 In the United
States, about 30% of persons with HIV infection are coin-
fected with hepatitis C virus (HCV)3 and at risk for increased
mortality—not only liver-associated mortality, but also non-
liver-associated mortality, of which CVD is a leading eti-
ology.4,5 Data from observational studies suggest that chronic
HCV infection is independently associated with increased
CVD risk6–10 and thus HCV coinfection may exacerbate
CVD risk in HIV-infected persons.11,12

The Framingham risk score (FRS) is a widely used global
risk score for 10-year coronary heart disease (CHD) risk,
validated for use in the general, non-HIV-infected popula-
tion.13,14 In HIV-infected persons, it has been increasingly
recognized that modified risk prediction tools may be needed
for optimal CVD risk assessment.15 Similarly, HCV infection

may modify CVD risk and new tools may be needed to op-
timize CVD risk assessment in this population. Two of the
FRS components, blood pressure and total cholesterol, are
decreased in the setting of HCV infection,7 suggesting a
protective effect for CHD if interpreted traditionally, and in
contrast to the apparent increased risk noted in an increasing
number of observational studies. We hypothesized that FRS
is lower in HCV-infected persons compared with HCV-
uninfected persons, and thus may underestimate the risk of
CHD events.

We conducted a retrospective cohort study utilizing the
national Electronically Retrieved Cohort of HCV Infected
Veterans (ERCHIVES), 2001–2009. The creation of ERC-
HIVES has previously been described.7,16–18 Inpatient and
outpatient data were derived from the Veteran Affairs (VA)
National Patient Care Database, the VA Pharmacy Benefits
Management database, and the Decisions Support System
database in VA fiscal years 2001–2009. Discharge diagnoses
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and diagnoses from outpatient records are coded according to
the International Classification of Diseases, 9th Revision
(ICD-9). The validity of the administrative, pharmacy, and
laboratory data has previously been reported,17,19,20 as has
the validity of the ICD-9 codes for select comorbid condi-
tions, including myocardial infarction (MI).19

HCV infection was defined by the presence of HCV anti-
body or a positive result of qualitative or quantitative testing for
HCV RNA. Controls are matched by age (in 5-year incre-
ments), sex, race, and year of HCV diagnosis in the VA health
care system. Subjects with baseline diabetes, cardiovascular
disease [defined as peripheral vascular disease, MI, congestive
heart failure, and history of coronary artery bypass grafting

(CABG), or percutaneous transluminal coronary angioplasty
(PTCA), or stroke], and chronic hepatitis B were excluded.
Men ages 20–79 years were included; only men were included
as 97% of the ERCHIVES participants are male. Primary
comparison was of baseline FRS between HCV-infected and
uninfected persons, including HIV, with additional comparison
between four mutually exclusive groups: uninfected, HCV-
monoinfected, HIV-monoinfected, and HIV/HCV-coinfected.
The FRS defines 10-year CHD risk from 0 to ‡ 30%. FRS were
categorized into low ( < 10%), medium (10–20%), and high
( > 20%) predicted risk.

Ten-year CHD risk was calculated using the male-specific
Framingham equation, using age, systolic blood pressure

Table 1. Characteristics and Framingham Risk Score of the Cohort

Characteristica
Uninfected
N = 121,380

HCV-monoinfected
N = 111,436

HIV-monoinfected
N = 1616

HIV/HCV-coinfected
N = 2637 p-valueb

Age (years) 52.4 (8.8) 52.7 (8.7) 49.1 (7.5) 50.0 (7.2) < 0.001
Race/ethnicity

White 66,699 (55.0) 62,659 (56.2) 601 (37.2) 759 (28.8) < 0.001
Black 33,723 (27.8) 30,039 (27.0) 830 (51.4) 1,555 (59.0)
Hispanic 7376 (6.1) 6365 (5.7) 94 (5.8) 187 (7.1)
Other/unknown 13,582 (11.2) 12,373 (11.1) 91 (5.6) 136 (5.2)

CD4 T cell countc NA NA 345 (136–546) 327 (135–527) 0.46
HIV RNA (copies/ml)d

Undetectable (< 500) NA NA 158/767 (20.6) 296/1,449 (20.4) 0.92
Median (IQR) 10,300 (923–61,107) 10,300 (777–71,258) 0.87

On antiretroviral therapy 1,095 (67.8) 1,644 (62.3) < 0.001
PI 682 (42.2) 1,034 (39.2) 0.054
NRTI NA NA 1,118 (69.2) 1,692 (64.2) < 0.001
NNRTI 688 (42.6) 945 (35.8) < 0.001

BMIe 28.9 (5.6) 27.6 (5.3) 25.5 (4.5) 24.8 (4.3) < 0.001
Systolic blood pressure

(mmHg)
133 (15.2) 134 (15.9) 128 (14.2) 129 (15.8) < 0.001

On antihypertensive
medication

73,669 (60.7) 62,718 (56.3) 857 (53.0) 1,332 (50.5) < 0.001

ALT (U/liter)f 29 (21–42) 42 (26–72) 29 (20–43) 41 (26–66) < 0.001
Chronic kidney disease < 0.001

Stage 0–2 110,124 (90.7) 101,005 (90.6) 1,379 (85.3) 2,233 (84.7)
Stage 3–5 11,256 (9.3) 10,431 (9.4) 237 (14.7) 404 (15.3)

History of drug abuse 14,677 (12.1) 27,532 (24.7) 297 (18.4) 1,011 (38.3) < 0.001
History of alcohol abuse 20,231 (16.7) 28,257 (25.4) 249 (15.4) 720 (27.3) < 0.001
Total cholesterol (mg/dl) 195 (170–224) 177 (153–205) 183 (156–215) 163 (138–191) < 0.001
HDL-C (mg/dl) 43 (36–53) 43 (35–53) 39 (33–50) 39 (31–50) < 0.001
LDL-C (mg/dl)f 119 (95–144) 105 (83–130) 106 (84–133) 91 (68–115) < 0.001
Triglycerides (mg/dl)e 130 (88–199) 112 (78–166) 145 (99–232) 131 (92–199) < 0.001
On lipid-lowering

medication
36,796 (30.3) 17,908 (16.1) 379 (23.5) 277 (10.5) < 0.001

Smoking status
Current 60,364 (49.7) 73,537 (67.0) 887 (54.9) 1,792 (68.0) < 0.001
Former or never 61,016 (50.3) 37,899 (34.0) 729 (45.1) 845 (32.0)

Framingham risk score
Points 13 (10–15) 13 (10–14) 11 (9–14) 11 (9–13) < 0.001
Risk % 12 (6–20) 12 (6–16) 8 (5–16) 8 (5–12) < 0.001

aData presented as n (%) or mean (SD) or median (IQR).
bContinuous variables compared by Kruskal–Wallis rank test and categorical variables by Chi-squared test.
cMissing values in 27–29%.
dMissing values in 45–53%.
eMissing values in 0.9–2%.
fMissing values in 5–9%.
HCV, hepatitis C virus; PI, protease inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside reverse

transcriptase inhibitor; BMI, body mass index; ALT, alanine aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol.
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(SBP), antihypertensive treatment status, smoking status,
high-density lipoprotein cholesterol (HDL-C), and total
cholesterol level.21 Subjects for whom any of the variables
required to calculate FRS were missing were excluded.
Baseline variables abstracted included race/ethnicity, diabe-
tes, height, weight, alanine aminotransferase (ALT) level,
renal function categorized as chronic kidney disease (CKD)
stages 0–2 or 3–5 [stages 0–2 defined as glomerular filtration
rate (GFR) ‡ 60 ml/min/1.73 m2, stages 3–5 as GFR < 60 or
on dialysis], alcohol- and drug-related diagnoses, HCV viral
load, HIV viral load, CD4 T cell count, and antiretroviral and
lipid-lowering therapy. Smoking status was defined as cur-
rent, former, or never, documented within a 5-year window of
study entry.

Descriptive statistics (mean, standard deviation, median,
interquartile range, and frequency distribution) were gener-
ated for baseline demographic and clinical information
among the four groups to characterize the study population.
Continuous variables were compared by Wilcoxon rank-sum
and Kruskal–Wallis tests and categorical variables were
compared by the Chi-squared test. Regression analyses were
conducted to examine differences in FRS adjusting for age,
race/ethnicity, body mass index (BMI) (dichotomized as

< 30 or ‡ 30), CKD stage, drug and alcohol abuse, and HIV
and HCV status.

The study was determined by the University of California
Los Angeles Institutional Review Board (IRB) to be exempt
from IRB review. ERCHIVES is approved by the IRB at VA
Pittsburgh Healthcare System.

Of 316,514 eligible subjects, 79,445 (25.1%) were ex-
cluded as FRS could not be calculated, leaving a cohort of
237,069 persons: 121,380 HIV/HCV uninfected, 111,436
HCV monoinfected, 1,616 HIV monoinfected, and 2,637
HIV/HCV coinfected. The primary reason for missing FRS
calculation was missing cholesterol levels and similar
between groups: missing total cholesterol in 14,475 (9.2%)
uninfected, 20,549 (13.4%) HCV, 224 (10.7%) HIV, and 428
(12%) HIV/HCV; missing HDL-C in 26,173 (16.6%) unin-
fected, 33,730 (22.0%) HCV, 333 (15.9%) HIV, and 728
(20.3%) HIV/HCV; missing SBP in 850 (0.5%) uninfected,
990 (0.7%) HCV, 2 (0.1%) HIV, and 7 (0.2%) HIV/HCV; and
missing smoking status in 12,142 (7.7%) uninfected, 11,308
(7.4%) HCV, 144 (6.9%) HIV, and 266 (7.4%) HIV/HCV.
Baseline characteristics and FRS for the four groups are
compared in Table 1.

There were significant differences in demographic, be-
havioral, and clinical characteristics by HCV and HIV status.
The HCV groups more often had a history of drug- and
alcohol-related diagnoses, were current smokers, and had
lower total cholesterol, low-density lipoprotein cholesterol
(LDL-C), and triglyceride levels compared to the respective
uninfected and HIV-infected groups. The HCV group was
less often on lipid-lowering treatment and had higher ALT
levels. The HIV groups were slightly younger than the un-
infected and HCV-monoinfected groups and had a higher
proportion with black race and stage 3–5 CKD, lower BMI,
and lower HDL. Systolic blood pressure was similar between
the HCV-monoinfected and HCV-uninfected groups, and
lowest in the HIV groups; antihypertensive treatment was
slightly more common in the uninfected group than the HCV-
monoinfected group, and least common in the HIV groups.

For the primary comparison of FRS in HCV-infected and
HCV-uninfected persons, which included HIV-infected per-
sons, the median FRS (in risk points) was not different be-
tween the two groups [13 (interquartile range, IQR 10–14) vs.
13 (10–14), p = 0.192]. Similar results were found when HIV-
infected persons were excluded from the analysis [13(10–14)
vs. 13 (10–15), p = 0.659]. The FRS was lower in the HIV and
HIV/HCV groups compared with the uninfected and HCV-
monoinfected groups (Table 1). Figure 1 demonstrates the
differences in CHD risk class distribution as classified by FRS
(high, medium, and low 10-year predicted risk). Figure 1 also
depicts the differences in contribution of the FRS components
between the four groups, with the biggest difference between
the groups being from age, as well as total cholesterol and
smoking status. After adjusting for age and potential con-
founders of race/ethnicity, BMI, CKD stage, drug and alcohol
abuse, and HIV infection, HCV infection was associated with
lower FRS (in risk points), although the association was very
modest (b = - 0.095, p < 0.001). The association between HIV
and lower FRS persisted, but was attenuated compared to
unadjusted analyses (b = - 0.282, p < 0.001).

In this age- and race-matched cohort, contrary to our ex-
pectations, Framingham risk scores for 10-year CHD risk
were similar between HCV-infected and HCV-uninfected
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FIG. 1. Predicted 10-year coronary heart disease (CHD)
risk by Framingham Risk Score (FRS). (A) Distribution of
CHD risk categories and (B) relative contribution of CHD
risk factors to FRS by HIV and HCV status. HCV, hepatitis
C virus; HDL-C, high-density lipoprotein cholesterol.
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persons. This may be explained in part by systolic blood
pressure not being lower in HCV-infected patients as we
expected, perhaps due to our selection of a relatively low-risk
population (we excluded diabetics and known CVD). The
lower total cholesterol levels in HCV-infected patients did
lead to fewer points contributed to FRS, but this was offset by
higher smoking rates in those HCV-infected. In multiple re-
gression analysis adjusting for potential confounders, HCV
infection was associated with lower FRS, but the effect size
was small and may not significantly change CHD risk esti-
mation; further investigations prospectively testing FRS or
other risk scores are necessary. The very large sample size
likely contributed to our ability to identify such a small ef-
fect size.

Utilizing the FRS for routine clinical assessment of CHD
risk would suggest that CHD risk is unaffected by HCV
status. However, there are a number of known CHD risk
factors not captured by the FRS that were more prevalent in
the HCV-infected groups, including drug and alcohol-related
diagnoses. The phenomenon of lower cholesterol levels in
HCV-infected persons is well established,22–24 but whether
such reduced cholesterol levels are indeed protective or in-
stead are masking cardiovascular risk is unknown. In fact, in
one HCV-monoinfected cohort, treatment and clearance of
HCV led to increased cholesterol levels, some reaching
indication for lipid-lowering therapy,25 and in other chronic
diseases such as heart failure, lower cholesterol is associated
with a worse prognosis.26 In addition to the observation that
HCV infection is associated with an increased risk of car-
diovascular events and coronary disease, HCV infection
is associated with several potential mechanisms for CVD,
including insulin resistance, hepatic steatosis, and chronic
immune activation.27–36

Given the higher prevalence of non-FRS CHD risk factors,
the potential that HCV-associated low cholesterol levels may
in fact not be protective, and the potential independent con-
tribution of HCV infection by the above mechanisms to
CHD, the FRS may underestimate CHD risk in HCV-infected
persons and a low FRS should not be reassuring. Further-
more, despite the known increased risk of CHD with HIV
infection, FRS was lower in the HIV groups, unexplained
fully by younger age or other confounders and suggesting, as
in other studies,37 that the FRS may underestimate the risk of
CHD events in HIV-infected persons. One limitation of our
analysis is that HIV and HCV classification was based on
available laboratories collected in routine clinical practice,
and thus some subjects may have been misclassified. How-
ever, VA recommendations include systematic HIV and
HCV screening; thus, it is unlikely that a significant number
of subjects was misclassified.

Reduced sensitivity of the Framingham risk score may
lead to a gap in optimizing cardiovascular outcomes in the
aging HCV- and HIV-infected populations and opportunities
to reduce CVD mortality may be missed. No studies have
evaluated the predictive value of the Framingham risk score
in HCV-infected populations, despite its widespread use in
the general population and these potential limitations. Fur-
thermore, the newest CVD risk tool endorsed by the Amer-
ican College of Cardiology and American Heart Association
uses similar risk factors as the Framingham risk score for risk
estimation, and may be subject to the same limitations.38

New or modified risk assessment tools may need to be de-

rived, validated, and applied to the clinical care of HCV-
infected persons.
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