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Abstract

Background: Hepatitis C virus (HCV) infection has been associated 
with cardiovascular disease, but its relationship with coronary artery 
disease (CAD) remains uncertain.

Methods: This systematic review included observational studies 
reporting adjusted effect estimates for CAD outcomes among HCV-
infected and HCV-uninfected adults. Adjusted hazard ratios, risk ra-
tios, and odds ratios were combined on the logarithmic scale using 
a random-effects model and are presented as a summary relative as-
sociation estimate with 95% confidence intervals (CIs). Prespecified 
subgroup analyses were performed by study design, human immuno-
deficiency virus (HIV) co-infection status, and CAD outcome type; 
meta-regression evaluated follow-up duration, mean age, and the pro-
portion of male participants.

Results: Twenty-one studies were included, representing diverse 
populations including veterans, people living with HIV, dialysis 
patients, and community-based cohorts. Fifteen studies contributed 
adjusted estimates to the quantitative synthesis. HCV infection was 
associated with a modest increase in the pooled relative estimate for 
CAD (summary estimate 1.21; 95% CI, 1.05–1.40; P = 0.007), with 
substantial heterogeneity (I2 = 72.1%). The association was statisti-
cally significant in cohort studies and in both HIV-specific and non-
HIV-specific subgroups, although the HIV-specific subgroup was 
based on four studies. The myocardial infarction (MI)-specific sub-
group was not statistically significant, whereas studies using broader 
CAD outcomes showed a significant association.

Conclusions: Chronic HCV infection was associated with a modest 
increase in the pooled relative estimate for CAD. However, substan-
tial heterogeneity, differences in endpoint definitions and popula-
tions, residual confounding, and the combination of different effect 
measures limit causal interpretation and make the clinical importance 

uncertain. The nonsignificant MI-specific analysis further supports a 
cautious interpretation. These findings do not establish a cardiovascu-
lar benefit of antiviral therapy; prospective studies with standardized 
CAD endpoints and detailed data on renal disease, antiviral exposure, 
and lipid-lowering therapy are needed.

Keywords: Cardiovascular disease; Coronary artery disease; Meta-
analysis; Systematic review; HIV co-infection; Direct-acting antivi-
rals; Hepatitis C virus

Introduction

Hepatitis C virus (HCV) infection is a significant global bur-
den of public health, with approximately 58 million people 
infected worldwide at the start of 2020, and the chronic form 
of this infection causes progressive hepatic fibrosis, cirrhosis, 
and hepatocellular carcinoma in a significant percentage of 
patients [1, 2]. In addition to its long-known hepatic effects, 
HCV is now being acknowledged as a systemic illness with 
significant extrahepatic effects including metabolic, renal, he-
matological, and cardiovascular sequelae [3, 4]. Specifically, 
chronic HCV infection and coronary artery disease (CAD) 
have received significant scientific interest due to the high 
incidence of cardiovascular diseases in the world and how 
HCV-mediated pathobiological effects may accelerate the ath-
erosclerosis process [5].

There are several biologically plausible mechanisms 
through which HCV could be associated with accelerated athero-
genesis. Chronic HCV infection promotes a pro-inflammatory 
state characterized by activation of innate immune pathways, 
upregulation of pro-inflammatory cytokines, and endothelial 
dysfunction [6, 7]. HCV-associated hepatic steatosis and insulin 
resistance may also increase cardiometabolic risk [8]. HCV RNA 
has been detected in carotid atherosclerotic plaques, suggesting 
a possible direct viral contribution to arterial-wall pathology 
[9]. In contrast, chronic HCV infection is often accompanied by 
lower total and low-density lipoprotein (LDL) cholesterol con-
centrations, a lipid pattern that would ordinarily be expected to 
reduce atherosclerotic risk; lipid concentrations may rise after 
successful viral clearance [10]. Thus, the apparently favorable 
lipid profile of active HCV infection coexists with inflamma-
tory, endothelial, and metabolic abnormalities that may increase 
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vascular risk. This biological tension may partly explain the in-
consistent epidemiological findings.

Early systematic reviews reported inconsistent findings 
and highlighted substantial clinical and methodological het-
erogeneity [11]. Subsequent meta-analyses found positive 
associations across broader cardiovascular outcomes. Am-
brosino et al reported an increased pooled estimate for CAD 
and cerebrovascular disease but included both adjusted and 
unadjusted effect sizes and did not stratify by human immu-
nodeficiency virus (HIV) status [12]. Petta et al synthesized 
22 studies and separately evaluated cardiovascular mortality, 
carotid atherosclerosis, and cerebrocardiovascular events [13]. 
Lee et al included 36 longitudinal studies, reported a pooled 
risk ratio of 1.28 (95% confidence intervals (CI), 1.18–1.39), 
and presented separate analyses for composite cardiovascular 
events, myocardial infarction (MI), and stroke [14].

Accordingly, the present review should be viewed as an 
updated, CAD-focused synthesis rather than the first out-
come-stratified meta-analysis. Its principal additional focus is 
the comparison of HIV-specific and non-HIV-specific popula-
tions, together with meta-regression of study-level follow-up 
duration, mean age, and sex composition. Nevertheless, varia-
tion in CAD definitions, treatment eras, comorbidity profiles, 
and effect measures remains an important methodological 
challenge.

The objective of this systematic review and meta-analysis 
was to update the evidence on the association between chronic 
HCV infection and CAD, with subgroup analyses by study 
design, HIV co-infection status, and CAD outcome type, and 
meta-regression of continuous study-level moderators. Given 
the observational design and anticipated heterogeneity, the 
analysis was intended to estimate association rather than cau-
sality or treatment effects.

Materials and Methods

This systematic review and meta-analysis was conducted and 
reported in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
statement [15].

Search and selection

An electronic database search was performed on four databases 
(PubMed, Scopus, Web of Science and Cochrane Library). The 
complete search strategy for each database is provided here 
(Supplementary Material 1, cr.elmerpub.com). There were no 
language or date constraints. Included studies and relevant re-
views were screened and used to generate reference lists of 
other eligible studies.

Eligibility criteria

Studies were eligible if they: (1) used an observational cohort, 
case-control, or cross-sectional design; (2) included adults 

aged 18 years or older with chronic HCV infection identified 
by serology, serum HCV RNA, or diagnostic codes; (3) re-
ported a coronary outcome, including MI, acute coronary syn-
drome (ACS), incident CAD/coronary heart disease (CHD), 
or cardiovascular mortality; and (4) reported an adjusted odds 
ratio (OR), risk ratio (RR), or hazard ratio (HR), or provided 
data suitable for qualitative synthesis. Cardiovascular mortal-
ity was retained as an eligible outcome in the original review 
framework, although it is not clinically equivalent to incident 
CAD or MI; this distinction is addressed in the interpretation 
and limitations.

Studies were excluded if they were limited to prevalent 
CAD at baseline; were reviews, case reports, editorials, or 
conference abstracts with no full-text information; or reported 
non-coronary cardiovascular outcomes only (e.g., stroke, pe-
ripheral vascular disease) without a discrete CAD outcome.

Screening and data extraction

Selection and screening were conducted by two independent 
reviewers, who screened titles and abstracts; full-text screen-
ing of potentially eligible articles was then performed and re-
solved by consensus. Two independent researchers extracted 
the data using a standardized form, which recorded: first au-
thor, year, country, study design, time frame, study population, 
sample size, HCV diagnosis method, CAD outcome definition 
and adjusted effect estimate with 95% CI and primary study 
conclusion (Table 1) [16–36]. When they were reported, base-
line demographic and clinical data of HCV-infected and un-
infected groups were extracted separately (Table 2) [16–36].

Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the 
methodological quality of cohort and case-control studies 
based on the domains of selection, comparability, and outcome 
ascertainment with a maximum score of nine stars; those with 
a score of 6 or higher were considered to be of good quality, 
and those with a score of 4–5 to be of fair quality. The un-
paired cross-sectional research was evaluated by an adapted 
NOS tool. The results of risk of bias are presented here (Sup-
plementary Materials 2, 3, cr.elmerpub.com).

Statistical analysis

Adjusted HRs, RRs, and ORs were entered on the logarithmic 
scale using their reported standard errors and pooled with a 
DerSimonian–Laird random-effects generic inverse-variance 
model. The exponentiated pooled value is labelled as an OR in 
the existing figures for consistency with the original analysis; 
throughout the revised text it is described as a summary rela-
tive association estimate because HRs, RRs, and ORs are not 
mathematically interchangeable. Studies without a separately 
extractable adjusted estimate for the prespecified HCV com-
parison and CAD outcome were included only in the qualita-
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tive synthesis. Statistical heterogeneity was assessed using I2 
and Cochran’s Q. Small-study effects were evaluated by visual 
inspection of the funnel plot and Egger’s regression test, rec-
ognizing that both approaches have limited reliability with a 
modest number of heterogeneous studies.

Prespecified subgroup analyses were performed by: (1) 
study design (cohort vs case-control); (2) HIV co-infection 
status of the study population (HIV-specific vs non-HIV-spe-
cific); and (3) CAD outcome (MI as the primary endpoint vs 
broader CAD outcomes). Between-subgroup heterogeneity 
was assessed using a chi-squared interaction test. The HIV-
specific quantitative subgroup contained four studies (Bedimo 
et al (2010) [28], Campbell et al (2012) [21], the D:A:D Study 
(2010) [30], and Williams-Nguyen et al (2020) [35]); the study 
of Enger et al (2014) [16] was classified as non-HIV-specific. 
Three additional HIV-focused reports (Freiberg et al 2011 [17], 
Freiberg et al (2013) [25], and Lang et al (2022) [32]) were re-
tained in the qualitative review but were not represented in the 
original quantitative subgroup; the resulting narrow evidence 
base is acknowledged in the limitations. Meta-regression ex-
amined mean follow-up duration, mean age in the HCV-infect-
ed group, and the proportion of male participants. Leave-one-
out sensitivity analysis assessed the influence of each study. 
Analyses and figures were generated using Stata.

Institutional Review Board approval

Not applicable. This systematic review and meta-analysis used 
previously published data and did not involve direct enroll-
ment of human participants or access to identifiable individ-
ual-level data.

Ethical compliance with human/animal study

Not applicable. No new human or animal participants were 
enrolled or directly studied in this systematic review and meta-
analysis.

Results

Study selection

The systematic search across the four electronic databases 
yielded 3,421 records. The subsequent articles were evaluated 
concerning eligibility after the deduplication and title/abstract 
screening. After the full-text review and exclusion of articles 
that did not meet the prespecified inclusion criteria, 21 articles 
were included (Fig. 1).

Study characteristics

The 21 included studies were published in 2004–2023 and 
included different study designs, including cohort (n = 16), 
case-control (n = 4), and a single cross-sectional study [16–

36]. A combination of serological antibody tests, International 
Classification of Diseases, Ninth Revision (ICD-9) diagnos-
tic code, and/or HCV RNA quantification was used to diag-
nose HCV. CAD outcomes were a heterogeneous mix of MI, 
ACS, incident CAD, CHD, and cardiovascular mortality, all of 
which were mostly defined by ICD-9 coding or angiograph-
ic reports. Some studies examined specific outcomes among 
HIV-coinfected populations [17, 21, 25, 28, 30, 32, 35]; others 
conducted them on general veterans, diabetic patients, mainte-
nance hemodialysis patients, or community health participants 
(Table 1) [16–36].

Mean participant age in HCV-positive groups varied be-
tween around 37 years and 66 years [30, 31]. Male partici-
pants were typically high, as is the case with the composition 
of the veteran-based cohorts. Other comorbidities, including 
hypertension, diabetes mellitus, and dyslipidemia, were often 
reported, with a large range of prevalence in the studies; de-
tailed baseline characteristics of each study are presented in 
Table 2 [16–36].

Risk of bias assessment

Among the 20 reviewed cohort and case-control studies (Sup-
plementary Material 2, cr.elmerpub.com), most of them were 
rated as being of good quality (n = 14) [16, 17, 19, 20, 22, 25, 
26, 28, 30, 33, 36]; other studies were rated as fair quality [21, 
24, 27, 29, 31, 32, 35]. This single cross-sectional study was 
rated as good (Supplementary Material 3, cr.elmerpub.com) 
[18]. The main sources of bias were related to incomplete con-
trol of confounding variables and the lack of long-term follow-
up information.

Association between HCV and CAD

Fifteen studies contributed adjusted estimates to the random-
effects model. HCV infection was associated with a modest 
increase in the summary relative association estimate for CAD 
(1.21; 95% CI, 1.05–1.40; P = 0.007), with substantial hetero-
geneity (I2 = 72.1%; P < 0.001) (Fig. 2). Visual inspection of 
the funnel plot suggested asymmetry, although Egger’s regres-
sion test was not statistically significant (P = 0.9687) (Fig. 3). 
Given the limited number of studies and substantial heteroge-
neity, the nonsignificant Egger test should not be interpreted as 
evidence that publication bias or small-study effects are absent. 
Leave-one-out estimates remained statistically significant, but 
heterogeneity fell to 42.8% when the study of Kalantar-Zadeh 
et al [29] was omitted (Supplementary Material 4, cr.elmerpub.
com), indicating that this hemodialysis cardiovascular-mortal-
ity study materially influenced heterogeneity.

By study design, cohort studies showed a modest statisti-
cally significant association (summary estimate 1.15; 95% CI, 
1.00–1.31; P = 0.04; I2 = 73.9%), whereas case-control studies 
did not (2.14; 95% CI, 0.84–5.47; P = 0.11; I2 = 76.5%) (Fig. 
4). The between-subgroup difference was not statistically sig-
nificant (P = 0.15).

The HIV-stratified analysis yielded the same point esti-

https://cr.elmerpub.com
https://cr.elmerpub.com
https://cr.elmerpub.com
https://cr.elmerpub.com
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mate in the non-HIV-specific subgroup (1.23; 95% CI, 1.01–
1.49; P = 0.04) and the HIV-specific subgroup (1.23; 95% CI, 
1.05–1.43; P = 0.010) (Fig. 5). The non-HIV-specific subgroup 
had substantial heterogeneity (I2 = 78.9%; P < 0.001), whereas 
no heterogeneity was detected in the four-study HIV-specific 
subgroup (I2 = 0%; P = 0.41). The between-subgroup differ-
ence was not statistically significant (P > 0.99). Because the 
HIV-specific analysis was based on only four studies, these 
findings should be interpreted as exploratory rather than as 
evidence of equivalence across HIV strata.

Results differed by CAD endpoint (Fig. 6). In studies us-

ing MI as the primary endpoint, the pooled estimate was not 
statistically significant (1.12; 95% CI, 0.99–1.27; P = 0.08; I2 
= 0%; P for heterogeneity = 0.68). In studies using broader 
or non-specified CAD endpoints, the pooled estimate was sig-
nificant (1.44; 95% CI, 1.07–1.93; P = 0.02) with substantial 
heterogeneity (I2 = 81.9%; P < 0.001). The between-subgroup 
difference was not statistically significant (P = 0.12).

Meta-regression did not identify statistically significant 
associations with mean follow-up duration (P = 0.15), mean 
age (P = 0.342), or the proportion of male participants (P = 
0.92) (Fig. 7; Supplementary Materials 5, 6, cr.elmerpub.com). 

Figure 1. PRISMA flow diagram of study identification, screening, eligibility assessment, and inclusion in the systematic review 
and meta-analysis. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

https://cr.elmerpub.com
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Figure 3. Funnel plot with Egger’s regression test for the association between HCV infection and CAD. HCV: hepatitis C virus; 
CAD: coronary artery disease.

Figure 2. Forest plot of the association between HCV infection and CAD. HCV: hepatitis C virus; CAD: coronary artery disease; 
CI: confidence interval.
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These study-level analyses were exploratory and may have 
been underpowered.

Discussion

This meta-analysis found a modest positive association be-
tween chronic HCV infection and CAD (summary estimate 
1.21), but the interpretation is constrained by substantial be-
tween-study heterogeneity and by the combination of clini-
cally distinct outcomes and effect measures. The association 
was present in cohort studies and in both HIV-stratified sub-

groups, whereas the MI-specific subgroup did not reach sta-
tistical significance. Accordingly, the findings support a small 
epidemiological association but do not establish that HCV is 
an independent causal risk factor or that the association has 
clear clinical importance for an individual patient.

Several mechanisms could plausibly contribute to an asso-
ciation, including systemic inflammation, endothelial dysfunc-
tion, oxidative stress, and HCV-related steatosis and insulin re-
sistance [6–9]. At the same time, active HCV infection is often 
associated with lower LDL cholesterol, which would ordinar-
ily be expected to attenuate atherosclerotic risk [10, 11]. These 
countervailing biological features reinforce that mechanistic 

Figure 4. Forest plot of the association between HCV infection and CAD, stratified by study design. HCV: hepatitis C virus; CAD: 
coronary artery disease; CI: confidence interval.
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plausibility alone cannot establish causality and that treatment 
era, comorbidity, and residual confounding must be considered.

The contrast between MI-specific and broader CAD out-
comes may reflect endpoint heterogeneity rather than a true 
mechanistic difference. Adjudicated incident MI, ICD-coded 
ACS/CAD, ischemic electrocardiographic findings, revascu-
larization, and cardiovascular mortality are not clinically in-
terchangeable. This concern is supported by the leave-one-out 
analysis: removing the study of Kalantar-Zadeh et al [29], a 
hemodialysis cohort with cardiovascular mortality rather than 
incident CAD as the endpoint, reduced I2 from 72.1% to 42.8% 
[29]. The primary pooled estimate is therefore best interpreted 
as an average association across heterogeneous cardiovascular 
definitions, not as a precise estimate for incident MI.

The overall direction and magnitude of the association are 
broadly consistent with prior syntheses rather than uniquely nov-
el. Ambrosino et al reported a CAD estimate of 1.43 [12]. Petta 
et al separately evaluated cardiovascular mortality, carotid ath-
erosclerosis, and cerebrocardiovascular events in 22 studies [13]. 
Lee et al included 36 longitudinal studies and reported a pooled 
RR of 1.28 (95% CI, 1.18–1.39), with separate analyses for com-
posite cardiovascular events, MI, and stroke [14]. The present 
review contributes an updated CAD-focused dataset, HIV-strati-
fied exploratory analyses, and study-level meta-regression, but it 
should not be interpreted as the first outcome-stratified synthesis 
or as superseding the larger analysis by Lee et al [14].

The HIV-stratified findings also require caution. Only four 
studies contributed to the HIV-specific quantitative subgroup, 

Figure 5. Forest plot of the association between HCV infection and CAD, stratified by HIV status of the study population. HCV: 
hepatitis C virus; CAD: coronary artery disease; HIV: human immunodeficiency virus; CI: confidence interval.
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although three additional HIV-focused reports (Freiberg et al 
(2011) [17], Freiberg et al (2013) [25], and Lang et al (2022) 
[32]) were included in the qualitative review. The identical 
subgroup point estimates and nonsignificant interaction test 
do not establish equivalence or independence from HIV sta-
tus. The subgroup is better viewed as hypothesis-generating 
pending a prospectively specified analysis with complete, non-
overlapping study-level estimates.

Strengths

Strengths include a comprehensive four-database search without 
date or language restrictions, duplicate screening and extraction, 

use of adjusted estimates, and prespecified subgroup and meta-
regression analyses. Based on reported study totals, the 15 quan-
titatively pooled studies represented approximately 726,784 
participant records, and all 21 included reports represented ap-
proximately 1.27 million participant records. Because several 
reports drew from large administrative or veteran cohorts and 
may contain overlapping source populations, these aggregates 
should not be interpreted as numbers of unique individuals.

Limitations

First, all included studies were observational, so residual con-
founding remains likely. Renal disease is particularly important 

Figure 6. Forest plot of the association between HCV infection and CAD, stratified by CAD outcome type. HCV: hepatitis C virus; 
CAD: coronary artery disease; MI: myocardial infarction; CI: confidence interval.
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because chronic kidney disease and end-stage renal disease 
strongly influence CAD and cardiovascular mortality, yet renal 
function was inconsistently measured or adjusted across studies. 
The influence of the Kalantar-Zadeh et al [29] hemodialysis co-
hort underscores this concern. Other incompletely captured fac-
tors included HCV genotype and viral load, cirrhosis severity, 
smoking and substance use, socioeconomic factors, HIV-related 
characteristics, and baseline cardiovascular risk.

Second, antiviral exposure varied across treatment eras 
and was not sufficiently reported to distinguish untreated in-
fection, interferon-based therapy, and direct-acting antiviral 
regimens or to examine specific agents, treatment duration, 
sustained virologic response, or time since cure. Lipid-low-
ering therapy and other cardioprotective treatments were also 
inconsistently reported between HCV groups and could have 
modified outcomes. Consequently, this review cannot estimate 
the cardiovascular effect of antiviral therapy or lipid-lowering 
treatment.

Third, HRs, RRs, and ORs were pooled as log-relative 
measures despite differences in their mathematical interpreta-
tion, baseline event risks, follow-up duration, and covariate ad-

justment. The rare-outcome assumption could not be verified 
because cumulative incidence and absolute event rates were 
inconsistently reported, which is particularly relevant to car-
diovascular mortality in end-stage renal disease. Adjusted ORs 
are also non-collapsible, and the materially different covari-
ate sets shown in Table 1 [16–36] further limit comparability. 
The aggregate information and original analysis files available 
for this revision were insufficient to perform reliable effect-
measure-specific sensitivity analyses, a new primary analysis 
excluding Kalantar-Zadeh et al [29], or a post hoc expansion of 
the HIV subgroup while resolving non-equivalent comparators 
and potential cohort overlap. These unavailable analyses are 
therefore acknowledged as limitations rather than replaced by 
unverified estimates.

Fourth, outcome definitions and HCV ascertainment 
varied, many outcomes were identified from ICD codes, and 
substantial residual heterogeneity remained unexplained. The 
population was dominated by male US veteran cohorts, limit-
ing generalizability to women and non-Western populations; 
sex-related differences may influence cardiovascular outcomes 
[37–39]. The visually asymmetric funnel plot raises concern 

Figure 7. Meta-regression of follow-up duration for the association between HCV infection and CAD. HCV: hepatitis C virus; 
CAD: coronary artery disease.
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for small-study or publication effects despite a nonsignificant 
Egger test, which has limited power in this setting.

Conclusions

Chronic HCV infection was associated with a modest increase 
in the pooled relative estimate for CAD, but the clinical signif-
icance is uncertain. Substantial heterogeneity, non-equivalent 
endpoints and populations, residual confounding, and effect-
measure limitations prevent causal interpretation. The nonsig-
nificant MI-specific analysis and the sensitivity of heteroge-
neity to a hemodialysis cardiovascular-mortality study further 
support caution. These data do not demonstrate that antiviral 
therapy reduces CAD. Future prospective studies should use 
standardized incident CAD and MI endpoints and report re-
nal function, HCV treatment regimen and virologic response, 
lipid-lowering therapy, and absolute event rates.
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