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Lay summary
We estimated the rates of chronic comor-
bidities other than liver disease between
those who were cured and those who
failed treatment for hepatitis C virus
(HCV) infection. Our findings showed that
the rates of these non-liver diseases were
largely reduced for those who were cured
with interferon-based treatments. Early
HCV treatments could provide many ben-
efits in the prevention of various HCV
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Background & Aims: HCV infection is associated with several
extrahepatic manifestations (EHMs). We evaluated the impact
of sustained virological response (SVR) on the risk of 7 EHMs
that contribute to the burden of extrahepatic disease: type 2
diabetes mellitus, chronic kidney disease or end-stage renal dis-
ease, stroke, ischemic heart disease, major adverse cardiac
events, mood and anxiety disorders, and rheumatoid arthritis.
Methods: A longitudinal cohort study was conducted using data
from the British Columbia Hepatitis Testers Cohort, which
included ~1.3 million individuals screened for HCV. We identi-

fied all HCV-infected individuals who were treated with
interferon-based therapies between 1999 and 2014. SVR was

defined as a negative HCV RNA test ≥24 weeks post-treatment
or after end-of-treatment, if unavailable. We computed adjusted
subdistribution hazard ratios (asHR) for the effect of SVR on
each EHM using competing risk proportional hazard models.
Subgroup analyses by birth cohort, sex, injection drug exposure
and genotype were also performed.
Results: Overall, 10,264 HCV-infected individuals were treated
with interferon, of whom 6,023 (59%) achieved SVR. Compared
to those that failed treatment, EHM risk was significantly
reduced among patients with SVR for type 2 diabetes mellitus
(asHR 0.65; 95% CI 0.55–0.77), chronic kidney disease or end-
stage renal disease (asHR 0.53; 95% CI 0.43–0.65), ischemic or
hemorrhagic stroke (asHR 0.73; 95% CI 0.49–1.09), and mood
and anxiety disorders (asHR 0.82; 95% CI 0.71–0.95), but not
for ischemic heart disease (asHR 1.23; 95% CI 1.03–1.47), major
adverse cardiac events (asHR 0.93; 95% CI 0.79–1.11) or
rheumatoid arthritis (asHR 1.09; 95% CI 0.73–1.64).
Conclusions: SVR was associated with a reduction in the risk of
several EHMs. Increased uptake of antiviral therapy may reduce
the growing burden of EHMs in this population.
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Lay summary:We estimated the rates of chronic comorbidities
other than liver disease between those who were cured and
those who failed treatment for hepatitis C virus (HCV) infection.
Our findings showed that the rates of these non-liver diseases
were largely reduced for those who were cured with
interferon-based treatments. Early HCV treatments could pro-
vide many benefits in the prevention of various HCV complica-
tions beyond liver disease.
� 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Chronic HCV infection, which affects more than 71 million peo-
ple worldwide, is an important source of morbidity and mortal-
ity.1 Although liver-related sequelae have been well
characterized, extrahepatic manifestations (EHM) associated
with HCV have received considerably less attention.2–4 These
EHMs include metabolic,5 cardiovascular,6 renal,7 autoim-
mune,8 lymphoproliferative,9 and neurologic conditions which
are estimated to be present in as many as 31% of HCV-
infected individuals.3,10,11 Direct medical costs associated with
EHMs are substantial and range between $72 million and
$443 million US dollars per year.3 Increasing rates of healthcare
resource utilization associated with EHMs have also been
reported12,13 and, with a largely aging HCV-infected population,
there is a greater need to assess the broader HCV-related disease
burden and interventions to reduce future morbidity and
mortality.

A sustained virological response (SVR) to HCV treatment has
been associated with marked reductions in all-cause and liver-
related mortality;14 however, there are limited data regarding
the effect of SVR on the risk of developing EHMs.15 Initial stud-
ies from Asia during the interferon era reported reduced rates of
type 2 diabetes mellitus (T2DM),16 hemorrhagic and ischemic
stroke,17,18 chronic kidney disease (CKD) or end-stage renal dis-
ease (ESRD),18,19 and acute coronary syndrome18 associated
with SVR; however, these studies were limited by the small
number of clinical events and incomplete linkages to assess
HCV cure. Furthermore, this evidence may not be generalizable
019 vol. 71 j 1116–1125
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to HCV-infected populations in North America, who are both
younger and more likely to have pre-existing chronic condi-
tions.20 More recently, a large study from the United States
Veterans Affairs clinical cohort has reported a protective associ-
ation between SVR and subclinical disease, but not for chronic
conditions, such as coronary heart disease or stroke, though
another study on the same population recently reported a pro-
tective effect for cardiovascular diseases compared to untreated
individuals.21–25 As >95% of veterans are male and may experi-
ence different risk profiles, these findings may not be generaliz-
able. Additional studies in European patients with specific
comorbid conditions, such as HIV coinfection26 and advanced
liver disease,8,27 have reported reduced rates of certain EHMs
among those who achieved SVR. Given the limitations of the
existing literature, there is a need for comprehensive assess-
ment of the effect of SVR on various EHMs among the general
population.
As fibrosis restrictions for publicly funded treatment are
lifted and direct-acting antiviral (DAA) therapies become more

widely available, assessments of the broader population-level
impact of curative treatment on the development and health
system-related costs of EHMs are required.28 Given EHMs
often develop over many years and there is limited data to
assess EHM incidence with DAAs, the objective of this study
was to measure the association between SVR and the incidence
of several clinically important chronic EHMs using long-term
follow-up from an administrative-linked, population-based
cohort study in British Columbia, Canada, during the interferon
era.

Materials and methods
Study population
We used data from the British Columbia Hepatitis Testers
Cohort (BC-HTC), which includes all individuals (~1.7 million)
tested for HCV or HIV at the British Columbia Centre for Disease

Control Public Health Laboratory, or reported to public health as
a confirmed case of HCV, HBV, HIV, or tuberculosis, since 1990.
These data were linked with information on medical visits, hos-
pitalization records, chronic disease registry, prescription drug
dispensations, cancer incidence, and mortality (Table S1). Fur-
ther information about the BC-HTC, including methodology
and data linkages has previously been published.29

This analysis included all HCV-positive individuals who ini-
tiated treatment, identified through pharmacy dispensations,
with an interferon-based therapy between April 1st, 1999
and July 1st, 2014, with or without ribavirin or a first-
generation DAA. We excluded individuals who died. Individuals
who failed their first treatment and were re-treated with inter-
feron were censored at re-treatment in the primary analysis.
However, people who were re-treated were included in the
sensitivity analysis, where effect of SVR after last treatment
was assessed. The linkages between physician visits and hospi-
talizations were available until December 31st, 2015. To allow
sufficient follow-up time for observation of EHMs, only individ-
uals who initiated interferon prior to July 1st, 2014 were
included.

Data linkage to establish the BC-HTC was performed under
the auspices of the British Columbia Centre for Disease Control’s
public health mandate. This study was reviewed and approved
by the Behavioral Research Ethics Board at the University of
British Columbia (H14-01649).
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Case definitions
The primary exposure was SVR, which was assessed at the first
HCV RNA measurement ≥24 weeks post-treatment. If this was
unavailable, we examined the last measurement between end-
of-treatment and 24 weeks post-treatment to assess SVR.
Patients were considered to have achieved SVR if HCV RNA
was undetectable. Patients with no post-treatment HCV RNA
measurements were considered to have failed treatment, and
as shown previously,30 included individuals who had a positive
RNA test on treatment who did not return for SVR assessment.
HCV RNA testing were performed in accordance with central-
ized laboratory standards.

We selected 7 chronic EHMs previously identified as major
contributors to the HCV-related extrahepatic disease burden
in terms of resource utilization and costs.3,11 These were i)
T2DM; ii) CKD or ESRD; iii) cerebrovascular disease (i.e.
ischemic or hemorrhagic stroke or transient ischemic attack);
iv) ischemic heart disease (IHD); v) major adverse cardiac
events (MACE), which included acute myocardial infarction,
unstable angina, congestive heart failure, peripheral vascular
disease, percutaneous transluminal coronary angioplasty, coro-
nary artery bypass grafting, and stroke; (vi) mood and anxiety
disorders; (vii) rheumatoid arthritis (RA). EHMs were assessed
using a combination of international classification of diseases
diagnostic or procedure codes, or fee item codes from medical
visits, hospital admissions, or the prescription database, as
applicable, based on the British Columbia Chronic Disease Reg-
istry definitions (Table S2).

We assessed the following confounders, identified a priori
(Table S3): age, sex, history of injection drug use, problematic
alcohol consumption, major mental health illness, quintiles of
social and material deprivation, hypertension, statin use,
T2DM, HBV and HIV coinfection, last observed HCV genotype,
liver cirrhosis, year of HCV diagnosis (1990–1995, 1996–1999,
2000–2003, 2004–2014), and year of HCV treatment initiation
(1999–2004, 2005–2009, 2010–2014). Covariates were mea-

sured at SVR assessment and were considered time-invariant.
T2DM and major mental health illness were not included as
covariates in analyses for incident diabetes and mood and anx-
iety disorders, respectively.

Statistical analyses
We compared baseline characteristics between those who
achieved SVR with interferon-based therapy and those who
did not. Each of the 7 study EHMs of interest were then ana-
lyzed separately. For each EHM, patients were followed from
the date of SVR assessment for both those who achieved or
did not achieve SVR (index date) until the earliest of i) date of
the incident EHM outcome of interest, ii) HCV re-infection, iii)
re-treatment for HCV, iv) death, or v) December 31st, 2015,
the last date follow-up data was available. Patients with preva-
lent diagnoses of EHMs using the same incident definitions
were excluded from the analysis of that specific EHM. As a
result, each of the 7 EHM analyses contained a different number
of patients. Prevalent EHMs were assessed prior to the index
date. We calculated EHM incidence rates among those who
achieved SVR and those who did not by dividing the number
of events by at risk person-years of follow-up (PYFU). Cumula-
tive incidence curves were constructed to estimate the 10-
year risk of each EHM among those who achieved SVR and those
who did not. Cumulative incidence curves were compared using
Gray’s K-sample test.31 We constructed 2 sets of proportional
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hazards models accounting for competing mortality risk; a
cause-specific model and proportional subdistribution hazards
model (Fine-Gray model) to assess the impact of SVR on each
EHM. Results from proportional subdistribution hazards model
(Fine-Gray model) were presented as primary results. To com-
pare how the hazard ratio (HR) changed with inclusion of vari-
ous confounders, we included covariates sequentially in
separate models. Proportional hazards assumption was assessed
and satisfied for all models.32 We performed stratified analyses
to assess whether observed associations differed by birth cohort
(1920–1944, 1945–1964, 1965–2000), sex, injection drug use
history, HCV genotype and cirrhosis status. In a sensitivity anal-
ysis, we restricted our study to only those patients with an
available HCV RNA measurement ≥24 weeks post-treatment to
assess SVR. In a separate analysis, we also excluded events
occurring within 6 months after SVR. All analyses were per-
formed using SAS 9.4 (Cary, North Carolina).

Results
Between April 1st, 1999 and July 1st, 2014, 10,264 HCV-infected
individuals had initiated treatment with interferon-based ther-
apies and were alive and not re-treated within 24 weeks after
the end of the first interferon-based course of therapy (Fig. 1).
HCV RNA measurements ≥24 weeks post-treatment were avail-
able for 9,013 individuals (88%) and 505 (5%) were tested
between end-of-treatment and 24 weeks post-treatment. The
remainder were not tested post-treatment. A total of 6,023
patients achieved SVR (59%). Of 505 tested between end-of-
treatment and 24 weeks post-treatment, 353 (69.9%) had a neg-
ative RNA test. Among those testing negative, 224 (63%) had an
RNA test >12 weeks after treatment.

Most interferon-treated individuals were male (68%) and
were born between 1945 and 1964 (72%; median age 51 years;
interquartile range, 44–56). History of injection drug use was
reported in 21% of patients. Patients who were significantly

more likely to have failed treatment were: males, individuals
born between 1945–1964, those with problematic alcohol con-
sumption, hypertension, diabetes, HIV/HBV coinfection, HCV
genotype 1 or liver cirrhosis, as well as those treated between
1999–2004, diagnosed before 1995, and treated without
pegylated-interferon (Table 1).

The prevalence of EHMs prior to the index date ranged from
0.7% for hemorrhagic or ischemic stroke to 61% for mood and
anxiety disorders. Final sample sizes for each of the incident
EHM-specific analyses are shown in Fig. 1. In order of increasing
incidence, we observed the following overall EHM incidence
rates (per 1,000 PYFU): 1.7 for stroke and RA, 6.6 for CKD or
ESRD, 9.3 for IHD, 9.6 for T2DM, 9.8 for MACE and 35.7 for mood
and anxiety disorders. With the exception of RA, all EHM inci-
dence rates were higher among patients who failed to achieve
SVR (Table S4). Depending on the outcome, the median
follow-up time ranged from 6.0 years to 7.0 years among those
who achieved SVR and ranged from 4.6 years to 5.9 years among
those failed to achieve SVR.

Cumulative incidence
The cumulative incidences of the 7 EHMs are shown in Fig. 2.
The 10-year cumulative incidences of T2DM (Fig. 2A), CKD or
ESRD (Fig. 2B), ischemic or hemorrhagic stroke (Fig. 2C), MACE
(Fig. 2E), and mood anxiety disorders (Fig. 2F) were all signifi-
cantly lower among those who achieved SVR than those who
failed treatment: 6.8% (95% CI 6.0%–7.7%) vs. 11.8% (95% CI
10.6%–13.2%) for T2DM (p <0.0001), 3.8% (95% CI 3.2%–4.5%)
vs. 9.6% (95% CI 8.4%–10.8%) for CKD or ESRD (p <0.0001), 1.2%
(95% CI 0.8%–1.6%) vs. 2.2% (95% CI 1.6%–2.8%) for ischemic or
hemorrhagic stroke (p = 0.003), 8.3% (95% CI 7.3%–9.2%) vs.
10.5% (95% CI 9.3%–11.8% for MACE (p = 0.0002), and 25.3%
(95% CI 23.2%–27.4%) vs. 30.0% (95% CI 27.3%–32.8%) for mood
and anxiety disorders (p = 0.004), respectively. Conversely,
there were no differences in the cumulative incidences of IHD
(Fig. 2D) or RA (Fig. 2G) between the SVR and non-SVR groups:

ec

10,823 Interferon-based treatment initiators between 1999/04/01 & 2014/07/01

143 died prior to assessment of SVR status 

416 retreated prior to SVR assessment

xtr

10,264 included in analytic cohort:
9,013 HCV RNA tested ≥24 weeks after treatment
505 HCV RNA tested <24 weeks after treatment
746 HCV RNA not tested after treatment
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8.6% (95% CI 7.6%–9.6%) vs. 8.9% (95% CI 7.8%–10.1%) for IHD
(p = 0.78) and 1.4% (95% CI 1.0%–1.8%) vs. 1.3% (95% CI 0.9%–
1.7%) for RA (p = 0.44), respectively.

Multivariable analyses
In competing risk subdistribution proportional hazards model,
after adjusting for confounders, the association between achiev-
ing SVR and the reduced risk of T2DM, CKD or ESRD, ischemic or

0.71–0.95) for mood and anxiety disorders, respectively. In con-
trast, SVR was not associated with a reduction in the risk of IHD
(asHR 1.23; 95% CI 1.03–1.47), MACE (asHR 0.88; 95% CI
0.74–1.05) or RA (asHR 1.09; 95% CI 0.73–1.64). Results from
the multivariable analyses were largely consistent with the
cause-specific model (Table S7), when we restricted our study
to those with HCV RNA ≥24 weeks post-treatment to assess
SVR (Table S5), excluded events occurring <180 days after SVR

Table 1. Baseline characteristics of participants with and without SVR between 1999 and 2014.

Overall
(n = 10,264)

SVR
(n = 6,023)

Failed to achieve SVR
(n = 4,241)

p valuey

Median age at SVR assessment (IQR), years 51 (44–56) 50 (43–56) 51 (45–57) <0.0001
Birth cohort <0.0001
1920–1944 654 (6%) 324 (5%) 330 (8%)
1945–1964 7,388 (72%) 4,127 (69%) 3,261 (77%)
1965–2000 2,222 (22%) 1,572 (26%) 650 (15%)

Male sex 6,932 (68%) 3,973 (66%) 2,953 (70%) 0.0001
Injection drug use 2,158 (21%) 1,261 (21%) 897 (21%) 0.79
Problematic alcohol use 1,994 (19%) 1,123 (19%) 871 (21%) 0.02
Major mental illness 2,584 (25%) 1,488 (25%) 1,096 (26%) 0.19
Hypertension 1,970 (19%) 1,103 (18%) 867 (20%) 0.007
Diabetes 447 (4%) 192 (3%) 255 (6%) <0.0001
Statin use 577 (6%) 369 (6%) 208 (5%) 0.008
HBV coinfection 504 (5%) 257 (4%) 247 (6%) 0.0003
HIV coinfection 479 (5%) 255 (4%) 224 (5%) 0.01
Liver cirrhosis 593 (6%) 204 (3%) 389 (9%) <0.0001
Last observed HCV genotype <0.0001
GT1 5,059 (49%) 2,468 (41%) 2,591 (61%)
GT2 1,469 (14%) 1,125 (19%) 344 (8%)
GT3 2,592 (25%) 1,741 (29%) 851 (20%)
Other/Mixed 165 (2%) 106 (2%) 59 (1%)
Unknown 979 (10%) 583 (10%) 396 (9%)

Year of HCV diagnosis <0.0001
1990–1995 1,304 (13%) 689 (11%) 615 (15%)
1996–1999 2,980 (29%) 1,620 (27%) 1,360 (32%)
2000–2003 2,636 (26%) 1,477 (25%) 1,159 (27%)
2004–2014 3,344 (32%) 2,237 (37%) 1,107 (26%)

Material deprivation quintiles 0.68
1 (most privileged) 1,428 (14%) 820 (14%) 608 (14%)
2 1,678 (16%) 980 (16%) 698 (16%)
3 1,946 (19%) 1,134 (19%) 812 (19%)
4 2,235 (22%) 1,325 (22%) 910 (21%)
5 (most deprived) 2,713 (26%) 1,616 (27%) 1,097 (26%)
Missing 264 (3%) 148 (2%) 116 (3%)

Social deprivation quintiles 0.05
1 (most privileged) 1,335 (13%) 818 (14%) 517 (12%)
2 1,514 (15%) 898 (15%) 616 (15%)
3 1,805 (18%) 1,048 (17%) 757 (18%)
4 2,161 (21%) 1,297 (22%) 864 (20%)
5 (most deprived) 3,185 (31%) 1,814 (30%) 1,371 (32%)
Missing 264 (3%) 148 (2%) 116 (3%)

Year of HCV treatment initiation <0.0001
1999–2004 3,672 (36%) 1,817 (30%) 1,855 (44%)
2005–2009 3,802 (37%) 2,323 (39%) 1,479 (35%)
2010–2014 2,790 (27%) 1,883 (31%) 907 (21%)

Treatment category <0.0001
Interferon monotherapy 756 (7%) 365 (6%) 391 (9%)
Interferon–ribavirin 1,353 (13%) 571 (9%) 782 (18%)
Pegylated interferon–ribavirin 7,325 (71%) 4,489 (75%) 2,836 (67%)
Pegylated interferon–ribavirin–protease inhibitor 830 (8%) 598 (10%) 232 (5%)

GT, genotype; IQR, interquartile range; SVR, sustained virological response.
y Continuous variables were compared using the non-parametric Wilcoxon rank-sum test. Categorical variables were compared using the chi-square test.
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hemorrhagic stroke, and mood and anxiety disorders remained
significant (Table 2). Successful treatment was associated with
an adjusted subdistribution hazard ratio (asHR) of 0.65 (95%
CI 0.55–0.77) for T2DM, 0.53 (95% CI 0.43–0.65) for CKD or
ESRD, 0.73 (95% CI 0.49–1.09) for stroke, and 0.82 (95% CI
Journal of Hepatology 20
to reduce the possibility of lead time bias (Table S8), and used
last treatment instead of first treatment (Table S6). Notable
differences include significant reductions in MACE risk using
all treated individuals with SVR from last treatment and the
cause-specific model.
19 vol. 71 j 1116–1125 1119



Stratified analyses
The association between SVR and the reduction of T2DM, CKD
or ESRD, stroke, and mood and anxiety disorders were, overall,
consistent across strata defined by birth cohort, gender, injec-
tion drug use history, and HCV genotype (Fig. 3). Notably, how-

ever, SVR was associated with greater reduction in risk for
diabetes, CKD/ESRD, stroke, MACE and mood and anxiety disor-
ders among those without cirrhosis compared to those with cir-
rhosis. SVR was also associated with larger protective effect for
CKD or ESRD in females (asHR 0.39; 95% CI 0.28–0.56; Fig. 3B)

Table 2. Effect of SVR on incident extrahepatic manifestations using proportional hazards model accounting for competing mortality risk, according to
covariate adjustment.y

Adjusted subdistribution hazard ratios (95% CI)

Model 1 Model 2 Model 3 Model 4 Model 5

Diabetes 0.60 (0.51–0.70) 0.60 (0.51–0.70) 0.58 (0.50–0.68) 0.66 (0.56–0.78) 0.65 (0.55–0.77)
Chronic kidney disease or end-stage renal disease 0.46 (0.38–0.56) 0.46 (0.38–0.56) 0.48 (0.39–0.58) 0.50 (0.41–0.62) 0.53 (0.43–0.65)
Ischemic or hemorrhagic stroke 0.64 (0.45–0.92) 0.64 (0.44–0.93) 0.68 (0.47–0.98) 0.71 (0.48–1.04) 0.73 (0.49–1.09)
Ischemic heart disease 1.08 (0.92–1.28) 1.10 (0.93–1.30) 1.08 (0.92–1.28) 1.20 (1.01–1.43) 1.23 (1.03–1.47)
Major adverse cardiac events 0.83 (0.71–0.98) 0.85 (0.72–0.99) 0.85 (0.73–1.0) 0.90 (0.76–1.06) 0.93 (0.79–1.11)
Mood and anxiety disorders 0.78 (0.68–0.89) 0.81 (0.71–0.93) 0.78 (0.68–0.90) 0.80 (0.69–0.92) 0.82 (0.71–0.95)
Rheumatoid arthritis 1.11 (0.74–1.66) 1.11 (0.74–1.66) 1.07 (0.71–1.59) 1.14 (0.76–1.71) 1.09 (0.73–1.64)

SVR, sustained virological response.
y Model 1 was adjusted for age (linear term) and sex. Model 2 was adjusted for age, sex, injection drug use, problematic alcohol consumption, mental health [except for
mood and anxiety disorders outcome] and social and material deprivation quintiles. Model 3 was adjusted for age, sex, HBV and HIV coinfection, statin use, hypertension,
and diabetes (except for diabetes outcome). Model 4 was adjusted for age, sex, HCV genotype, year of HCV treatment initiation, year of HCV diagnosis and liver cirrhosis.
Model 5 was adjusted for all covariates included in Models 2 through 4.
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Fig. 2. Cumulative Incidence of extrahepatic manifestations between SVR and non-SVR patients. (A) Diabetes mellitus. (B) Chronic kidney or end-stage
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compared to males (asHR 0.63; 95% CI 0.48–0.82), among those
with no history of IDU (asHR 0.48; 95% CI 0.38–61) compared to
those with a history of IDU (asHR 0.77; 95% CI 0.49–1.22). SVR
was also associated with a higher reduction in risk of MACE in
females (asHR 0.68; 95% CI 0.48–0.95) compared to males (asHR
1.02; 95% CI 0.84–1.25). In addition, achieving SVR was also
associated with a larger reduction in the risk of stroke among
those born between 1945 and 1964 (asHR 0.50; 95% CI 0.31–
0.80; Fig. 3C), and risk of diabetes among people born between
1965–2000 (asHR 0.41; 95% CI 0.21–0.80; Fig. 3A). SVR was not
associated with a reduction of IHD or RA incidence in any of the
stratified analyses. SVR was associated with a greater reduction
in CKD/ESRD risk among those without diabetes (asHR 0.51;
95% CI 0.41–0.63) compared to those with diabetes (asHR
0.82; 95% CI 0.45–1.49).

Discussion
In this large, population-based cohort of 10,264 HCV-infected
patients who initiated treatment with interferon-based thera-
pies, we observed a reduction in the incidence of several EHMs.
The cumulative incidence of T2DM, CKD or ESRD, ischemic or
hemorrhagic stroke, and mood and anxiety disorders were all
significantly lower in patients who achieved SVR, compared to
those who failed interferon therapy. After accounting for poten-
tial confounding factors, these associations remained significant.
The relative reduction in EHM incidence for these outcomes was
large and ranged from 18% formood and anxiety disorders to 47%
for CKD or ESRD. The effect of MACE reduction was more pro-
nounced among women. Overall, these findings support the
extrahepatic benefit of achieving SVR and extend previous find-
ings that have demonstrated reduced subclinical illness andmor-
tality associated with HCV viral eradication.15,33,34

Previous studies reported associations between chronic HCV
infection and metabolic manifestations, including insulin resis-
tance and T2DM.5,35,36 Consistent with earlier work from
Japan,16 cohorts from the United States,21,24,25 and the Spanish
HCV-HIV coinfection cohort,26 our results support these find-
ings, as we have demonstrated that HCV cure with antiviral
therapy results in a reduction in the incidence of T2DM in our
population. Recent debate regarding the mechanism underlying
HCV-induced T2DM may impact clinical care for patients trea-
ted for chronic HCV.37,38 Although HCV can directly activate
inhibitors of insulin signaling pathways, recent evidence sug-
gests HCV or fatty liver-induced inflammation, which may also
interfere with transduction pathways, could be responsible for
this observed association.37 As a result, viral eradication alone
may not reduce the excess T2DM risk associated with HCV
and further monitoring of liver enzymes and assessment of fatty
liver disease risk factors may be warranted.

Successful HCV treatment has been associated with improve-
ments in symptoms related to type II mixed cryoglobulinemia
vasculitis39 and membranoproliferative glomerulonephritis.40

Typically, these studies examined markers of kidney disease,
which include serum cryoglobulins, urinary proteinuria, and
kidney function. However, there is limited data on the impact
of viral clearance on the incidence of CKD or ESRD.2,15 Analysis
of administrative data from national claims databases in Tai-
wan18,41 and the United States7 showed that interferon therapy
was associated with a large reduction in the incidence of ESRD
and CKD, respectively, however, these studies lacked laboratory
data to assess SVR and were limited to comparisons between
1122 Journal of Hepatology 20
treated and untreated HCV-infected patients. This may have
introduced indication bias in these analyses, as patients with
HCV and comorbid conditions that may be associated with
ESRD, for example, may not have been eligible to receive inter-
feron. Thus, the effect of treatment may have been overesti-
mated. This may explain the 85% reduction in the rate of ESRD
associated with interferon therapy in Taiwan.18 In our analyses,
we observed a 47% reduction in incident CKD or ESRD associ-
ated with SVR, which was comparable to other studies that have
reported reductions between 25% and 63% when comparing SVR
and non-SVR patients in the interferon era.19,25,26 These studies
have included both largely cirrhotic patients and those coin-
fected with HIV, and thus it is reassuring to observe an extra-
hepatic benefit of SVR in populations that traditionally
experience poorer clinical outcomes.

HCV has been associated with increased cerebrovascular
disease-related mortality, particularly among patients with dia-
betes or hypertension.6,42 Studies of vascular abnormalities
identified increased intima-media thickness and a greater risk
of developing atherosclerosis in HCV-infected individuals, com-
pared to HCV seronegative individuals,43,44 which may result in
carotid stenosis and an overall increased risk of cerebrovascular
disease. A recent analysis reported an improvement in intima-
media thickness and carotid thickening in both cirrhotic and
non-cirrhotic patients cured with DAAs 1-year post-
treatment.45 Our results support these findings, demonstrating
a long-term extrahepatic benefit in terms of both ischemic
and hemorrhagic stroke. However, the overall incidence rate
of stroke in our analysis (1.7 per 1,000 PYFU) was smaller than
the rate reported in an analysis of United States’ veterans (10
per 1,000 PYFU). These differences in rates are largely reflective
of the additional comorbidities experienced by veterans, who
had a high prevalence of obesity, smoking, hypertension and
advanced fibrosis.25 In contrast, the 27% observed reduction in
the risk of stroke associated with SVR was slightly lower than
studies from Asia which reported reductions ranging from 38%
to 69%.17,18,46 The association of SVR with other cardiac events
including IHD and MACE is not consistent. Many studies from
the interferon-era did not find a significant reduction in the risk
of cardiac events with SVR, while others including those from
the DAA era did.8,22,25 We did not observe a significant reduc-
tion in the risk of MACE with SVR in the overall study popula-
tion of treatment naïve individuals, after adjusting for
confounders. However, there was a significant reduction in the
risk of MACE among females. In addition, there was a significant
reduction in MACE risk using all treated individuals, as well as
using the cause-specific model. Risk reduction was higher
among those without cirrhosis. In a study by Butt et al., DAA
treatment was associated with a reduction in the risk of overall
cardiac events, but SVR was not associated with a reduction in
the risk of specific cardiac events.22 Similarly, a significant
reduction in MACE risk was reported in people with cirrhosis
in a study from France.8 Differences in results could be related
to studymethodology (many studies did not account for compet-
ingmortality risk), study population, or treatment type and com-
parison group.22,25 Use of an untreated group as a comparison is
parability of index date for follow-up. Further studies are needed,
using rigorous methodology to account for confounding by indi-
cation, competing risk, and comparable follow-up start time.

One important finding of this study was the high incidence
rate of mood and anxiety disorders (36 per 1,000 PYFU) among
19 vol. 71 j 1116–1125
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HCV-infected individuals in our population. An emerging body
of knowledge considers HCV as part of a larger syndemic that
includes broader social and structural determinants of health
that increase the risk of viral acquisition and promote poorer

long-term clinical outcomes.47–49 Although we observed a 18%

reduction in the relative risk of mood and anxiety disorders
associated with viral clearance, it is not surprising to still
observe elevated rates of mental health-related diagnoses
among individuals who achieved SVR. The same structural fac-
tors that increase the likelihood of becoming infected, such as
neighborhood-level social capital, stigma, and access to health
services, are also related to homelessness, food insecurity, risk

behaviors, substance use and mental health disorders.50 In light
of this syndemic model, HCV treatment should be incorporated

into larger, integrative models of care that include not only
medical care but improved access to services in demand by
the community, including harm reduction, food banks, subsi-
dized housing, and employment/placement agencies. Our study
adds to the existing body of knowledge demonstrating an
impact of SVR from both interferon and DAA-based therapies
on reducing fatigue and improving health-related quality of life
and neurocognitive function.51,52 However, as far as we can tell,
this is the first study to report a reduction in the incidence of
diagnosed mood and anxiety disorders, including depression,
associated with successful HCV treatment. However, since
mood and anxiety disorders may be affected by ascertainment
issues, caution is needed when interpreting these findings. Fur-
ther studies are needed to confirm our findings.

Our overall findings have important clinical and population
health-level implications. With the availability of highly effec-

tive DAAs (>95% SVR), which are well-tolerated, have few con-
traindications and produce minimal side effects, there is little

reason to restrict access for these medications to only those
with advanced fibrosis or cirrhosis. We, along with others,25

have demonstrated that SVR produces important benefits that
extend beyond the liver and reduce extrahepatic morbidity

and mortality in the chronic HCV-infected population, indepen-
dent of liver disease severity. Successful HCV treatment may not

only reduce the incidence of EHMs, but also reduce healthcare
resource utilization associated with these long-term chronic
conditions. Several studies estimated large direct medical costs
associated with EHMs3,10,11 and that these costs have been

increasing among patients with longer durations of infection.

As a result, expansion of DAA therapy to all chronic HCV-
infected patients may be a valuable intervention to reduce the
medical costs of EHMs. Previous economic evaluations of these
new DAAs have not incorporated direct and indirect costs
related to EHMs in assessing whether these treatments are
cost-effective and thus have likely underestimated the societal
benefit of these medications.28

This study has several strengths. First, our population-based
cohort incorporated data from both the provincial medical pre-
scriptions database, covering all dispensed medications, and
centralized laboratory testing for HCV RNA to assess HCV treat-
ment response. This is important as the former ensures that our
HCV-infected study population is representative of those being
treated in the province, removing the possibility of selection
bias, while the latter means that we are comparing SVR and
non-SVR patients, rather than treated and untreated patients,
which may otherwise introduce cofounding by indication. Sec-
ond, our study follow-up was sufficiently large to provide power
to estimate precise measures of associations for clinically rare
Journal of Hepatology 20
outcomes, such as CKD or ESRD and ischemic or hemorrhagic
stroke. Third, we only included treatment initiators and cen-
sored person-time of follow-up if an SVR patient was re-
infected or if a patient who initially failed treatment was re-
treated. This allowed us to estimate more accurate measures
of associations with treatment-induced clearance that may not
have been biased by misclassified exposure or incorrect assign-
ment of person-time at risk.

The results from this study should be interpreted cautiously
in light of several limitations. Given that we largely relied on
administrative data to assess study covariates and EHM out-
comes, it is possible we may have misclassified some exposures
or underestimated the incidence of particular EHMs. For exam-
ple, patients with substance use disorders without a record of
contact with the healthcare system may not be correctly classi-
fied; however, this misclassification is likely non-differential
with respect to treatment response and would bias the results
towards the null. Similarly, mood and anxiety disorders and
arthritis may not be formally diagnosed and thus our algorithm
may only capture more severe cases requiring clinical care.
Unmeasured confounding, such as smoking and family history,
as well as diet and lifestyle factors may be differentially dis-
tributed between SVR and non-SVR groups, in addition to being
associated with several EHMs, which may explain some of our
observed associations. However, given the large protective
effect observed for EHMs, such as T2DM, and CKD or ESRD,
one or more potential unmeasured confounders would need
to be both strongly skewed and associated with the outcome
to account for all of the observed effect, which is improbable.
We used SVR from first treatment in primary analysis, which
may affect the generalizability of findings, however, we per-
formed additional analysis with SVR from last available treat-
ment, including previous treatment failures, and the results
were similar. Although DAAs are the standard of care for HCV
treatment, the BC-HTC and other cohorts have not yet accrued
enough follow-up time to assess the impact of DAAs on EHMs
since they were introduced in 2013. It remains to be seen if viral
eradication from interferon-based therapies, compared to all-
oral DAAs, has a different effect on the incidence of long-term
clinical outcomes, independent from the fact that patients with
pre-existing comorbid conditions are now eligible to receive
treatment. Finally, given the low incidence rates of most of
our EHMs, stratified analyses were largely underpowered to
detect small to medium-sized differences in adjusted HRs
between subgroups defined by age group, gender, injection drug
use, genotype and cirrhosis status.

In conclusion, achieving SVR through interferon-based ther-
apies was associated with a marked reduction in the incidence
of several clinically important EHMs, including T2DM, CKD or
ESRD, mood and anxiety disorders, and ischemic and hemor-
rhagic stroke. These findings suggest that expanded access to
HCV treatments may reduce the growing burden and healthcare
resource utilization associated with chronic extrahepatic dis-
ease observed in this population. Additional studies will be
needed to assess the broader impact of DAAs on EHMs when
longer follow-up becomes available.

Financial support
This work was supported by British Columbia Centre for Disease
Control and the Canadian Institutes of Health Research [Grant #
NHC – 142832 and PHE-141773]. Carmine Rossi is supported by
19 vol. 71 j 1116–1125 1123



Research Article Viral Hepatitis
a Canadian Institutes of Health Research (CIHR), British Colum-
bia Michael Smith Foundation for Health Research (MSFHR) and
Canadian Network on Hepatitis C (CanHepC) Postdoctoral Fel-
lowship Award.

Conflict of interest
MK has received grant funding via his institution from Roche
Molecular Systems, Boehringer Ingelheim, Merck, Siemens
Healthcare Diagnostics and Hologic Inc.

Please refer to the accompanying ICMJE disclosure forms for
further details.

Authors’ contributions
NJ, SW, AY, MA, MK participated in the data acquisition. CR and
NJ conceived the analysis presented in this paper. CR and NJ
designed the study. CR, SW and DJ performed analyses guided
by NJ. CR wrote the first draft of the paper. NJ and DJ incorpo-
rated revisions. All authors contributed in the interpretation of
results, manuscript preparation and revisions. All authors read
and approved the final manuscript.

Acknowledgements
We acknowledge the assistance of BCCDC, PHSA Performance
Measurement and Reporting, Information Analysts, Ministry of
Health Data Access, Research and Stewardship, MSP, DAD, Med-
ical Beneficiary and Pharmaceutical Services program areas, BC
Ministry of Health, BC Cancer Agency and their staff involved in
data access, procurement and data management.
Disclaimer
All inferences, opinions, and conclusions drawn in this manu-
script are those of the authors, and do not reflect the opinions
or policies of the Data Steward(s).

Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhep.2019.07.021.

References
Author names in bold designated shared co-first authorship

[1] Polaris Observatory HCV Collaborators. Global prevalence and genotype
distribution of hepatitis C virus infection in 2015: a modelling study.
LancetGastroenterol Hepatol 2017;2:161–176.

[2] Negro F, Forton D, Craxi A, Sulkowski MS, Feld JJ, Manns MP. Extrahepatic
morbidity and mortality of chronic hepatitis C. Gastroenterology
2015;149:1345–1360.

[3] Younossi Z, Park H, Henry L, Adeyemi A, Stepanova M. Extrahepatic
manifestations of hepatitis C: A meta-analysis of prevalence, quality of
life, and economic burden. Gastroenterology 2016;150:1599–1608.

[4] Cacoub P, Comarmond C, Domont F, Savey L, Desbois AC, Saadoun D.
Extrahepatic manifestations of chronic hepatitis C virus infection. Ther
Adv Infect Dis 2016;3:3–14.

[5] Younossi ZM, Stepanova M, Nader F, Younossi Z, Elsheikh E. Associations
of chronic hepatitis C with metabolic and cardiac outcomes. Aliment
Pharmacol Ther 2013;37:647–652.

[6] Petta S, Maida M, Macaluso FS, Barbara M, Licata A, Craxi A, et al.
Hepatitis C virus infection is associated with increased cardiovascular
mortality: a meta-analysis of observational studies. Gastroenterology
2016;150, 145–155 e144; quiz e115-146.

1124 Journal of Hepatology 20
[7] Park H, Chen C, Wang W, Henry L, Cook RL, Nelson DR. Chronic hepatitis
C virus (HCV) increases the risk of chronic kidney disease (CKD) while
effective HCV treatment decreases the incidence of CKD. Hepatology
2018;67:492–504.

[8] Cacoub P, Nahon P, Layese R, Blaise L, Desbois AC, Bourcier V, et al.
Prognostic value of viral eradication for major adverse cardiovascular
events in hepatitis C cirrhotic patients. Am Heart J 2018;198:4–17.

[9] Pol S, Vallet-Pichard A, Hermine O. Extrahepatic cancers and chronic
HCV infection. Nat Rev Gastroenterol Hepatol 2018;15:283–290.

[10] Younossi ZM, Tanaka A, Eguchi Y, Lim YS, Yu ML, Kawada N, et al. The
impact of hepatitis C virus outside the liver: evidence from Asia. Liver Int
2017;37:159–172.

[11] Cacoub P, Buggisch P, Carrion JA, Cooke GS, Zignego AL, Beckerman R,
et al. Direct medical costs associated with the extrahepatic manifesta-
tions of hepatitis C infection in Europe. J Viral Hepat 2018;25:811–817.

[12] Tong X, Spradling PR. Increase in nonhepatic diagnoses among persons
with hepatitis C hospitalized for any cause, United States, 2004–2011. J
Viral Hepat 2015;22:906–913.

[13] Katrak S, Park LP, Woods C, Muir A, Hicks C, Naggie S. Patterns of
healthcare utilization among veterans infected with hepatitis C virus (HCV)
and human immunodeficiency virus (HIV) and coinfected with HIV/HCV:
unique burdens of disease. Open Forum Infect Dis 2016;3:ofw173.

[14] Simmons B, Saleem J, Heath K, Cooke GS, Hill A. Long-term treatment
outcomes of patients infected with hepatitis C virus: a systematic review
and meta-analysis of the survival benefit of achieving a sustained
virological response. Clinical Infect Dis 2015;61:730–740.

[15] Cacoub P, Desbois AC, Comarmond C, Saadoun D. Impact of sustained
virological response on the extrahepatic manifestations of chronic
hepatitis C: a meta-analysis. Gut 2018;67:2025–2034.

[16] Arase Y, Suzuki F, Suzuki Y, Akuta N, Kobayashi M, Kawamura Y, et al.
Sustained virological response reduces incidence of onset of type 2
diabetes in chronic hepatitis C. Hepatology 2009;49:739–744.

[17] Arase Y, Kobayashi M, Kawamura Y, Suzuki F, Suzuki Y, Akuta N, et al.
Impact of virus clearance for the development of hemorrhagic stroke in
chronic hepatitis C. J Med Virol 2014;86:169–175.

[18] Hsu YC, Ho HJ, Huang YT, Wang HH, Wu MS, Lin JT, et al. Association
between antiviral treatment and extrahepatic outcomes in patients with
hepatitis C virus infection. Gut 2015;64:495–503.

[19] Arase Y, Suzuki F, Kawamura Y, Suzuki Y, Kobayashi M, Matsumoto N,

et al. Development rate of chronic kidney disease in hepatitis C virus
patients with advanced fibrosis after interferon therapy. Hepatol Res
2011;41:946–954.

[20] Thrift AP, El-Serag HB, Kanwal F. Global epidemiology and burden of HCV
infection and HCV-related disease. Nat Rev Gastroenterol Hepatol
2017;14:122–132.

[21] Butt AA, Yan P, Aslam S, Shaikh OS, Abou-Samra AB. Hepatitis C virus
treatment with directly acting agents reduces the risk of incident
diabetes – results from ERCHIVES. Clin Infect Dis 2019.

[22] Butt AA, Yan P, Shuaib A, Abou-Samra AB, Shaikh OS, Freiberg MS. Direct-
acting antiviral therapy for HCV infection is associated with a reduced risk of
cardiovascular disease events. Gastroenterology 2019;156, 987–996 e988.

[23] El-Serag HB, Christie IC, Puenpatom A, Castillo D, Kanwal F, Kramer JR.
The effects of sustained virological response to direct-acting anti-viral
therapy on the risk of extrahepatic manifestations of hepatitis C
infection. Aliment Pharmacol Ther 2019;49:1442–1447.

[24] Li J, Zhang T, Gordon SC, Rupp LB, Trudeau S, Holmberg SD, et al. Impact
of sustained virologic response on risk of type 2 diabetes among
hepatitis C patients in the United States. J Viral Hepat 2018;25:952–958.

[25] Mahale P, Engels EA, Li R, Torres HA, Hwang LY, Brown EL, et al. The
effect of sustained virological response on the risk of extrahepatic
manifestations of hepatitis C virus infection. Gut 2018;67:553–561.

[26] Berenguer J, Rodriguez-Castellano E, Carrero A, Von Wichmann MA,
Montero M, Galindo MJ, et al. Eradication of hepatitis C virus and non-
liver-related non-acquired immune deficiency syndrome-related events
in human immunodeficiency virus/hepatitis C virus coinfection. Hepa-
tology 2017;66:344–356.

[27] Nahon P, Bourcier V, Layese R, Audureau E, Cagnot C, Marcellin P, et al.
Eradication of hepatitis C virus infection in patients with cirrhosis
reduces risk of liver and non-liver complications. Gastroenterology
2017;152(142–156) e142.

[28] Negro F. Expanded benefits of curing the extrahepatic manifestations of
HCV infection. Gut 2018;67:1917–1919.

[29] Janjua NZ, Kuo M, Chong M, Yu A, Alvarez M, Cook D, et al. Assessing
hepatitis C burden and treatment effectiveness through the british
columbia hepatitis testers cohort (BC-HTC): design and characteristics of
linked and unlinked participants. PloS One 2016;11 e0150176.

19 vol. 71 j 1116–1125

https://doi.org/10.1016/j.jhep.2019.07.021
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0005
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0005
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0005
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0010
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0010
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0010
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0015
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0015
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0015
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0020
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0020
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0020
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0025
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0025
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0025
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0030
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0030
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0030
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0030
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0035
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0035
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0035
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0035
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0040
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0040
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0040
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0045
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0045
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0050
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0050
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0050
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0055
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0055
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0055
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0060
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0060
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0060
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0065
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0065
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0065
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0065
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0070
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0070
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0070
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0070
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0075
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0075
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0075
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0080
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0080
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0080
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0085
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0085
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0085
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0090
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0090
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0090
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0095
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0095
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0095
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0095
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0100
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0100
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0100
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0105
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0105
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0105
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0110
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0110
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0110
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0115
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0115
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0115
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0115
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0120
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0120
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0120
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0125
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0125
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0125
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0130
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0130
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0130
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0130
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0130
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0135
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0135
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0135
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0135
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0140
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0140
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0145
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0145
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0145
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0145


[30] Janjua N, Chong M, Kuo M, Woods R, Wong J, Yoshida EM, et al. Long-
term effect of sustained virological response on hepatocellular carci-
noma in patients with hepatitis C in Canada. J Hepatol
2017;66:504–513.

[31] Gray RJ. A class of K-sample tests for comparing the cumulative
incidence of a competing risk. Ann Stat 1988;16:1141–1154.

[32] Grambsch P, Therneau TM. Proportional hazards tests and diagnostics
based on weighted residuals. Biometrika 1994;81:515–526.

[33] Lee MH, Yang HI, Lu SN, Jen CL, You SL, Wang LY, et al. Chronic hepatitis
C virus infection increases mortality from hepatic and extrahepatic
diseases: a community-based long-term prospective study. J Infect Dis
2012;206:469–477.

[34] van der Meer AJ, Berenguer M. Reversion of disease manifestations after
HCV eradication. J Hepatol 2016;65:S95–S108.

[35] White DL, Ratziu V, El-Serag HB. Hepatitis C infection and risk of
diabetes: a systematic review and meta-analysis. J Hepatol
2008;49:831–844.

[36] Lin YJ, Shaw TG, Yang HI, Lu SN, Jen CL, Wang LY, et al. Chronic hepatitis
C virus infection and the risk for diabetes: a community-based
prospective study. Liver Int 2017;37:179–186.

[37] Ruhl CE, Menke A, Cowie CC, Everhart JE. Relationship of hepatitis C virus
infection with diabetes in the U.S. population. Hepatology
2014;60:1139–1149.

[38] Gastaldi G, Goossens N, Clement S, Negro F. Current level of evidence on
causal association between hepatitis C virus and type 2 diabetes: a
review. J Adv Res 2017;8:149–159.

[39] Cacoub P, Si Ahmed SN, Ferfar Y, Pol S, Thabut D, Hezode C, et al. Long-
term efficacy of interferon-free antiviral treatment regimens in patients
with hepatitis C virus-associated cryoglobulinemia vasculitis. Clin
Gastroenterol Hepatol 2019;17:518–526.

[40] Feng B, Eknoyan G, Guo ZS, Jadoul M, Rao HY, Zhang W, et al. Effect of
interferon-alpha-based antiviral therapy on hepatitis C virus-associated
glomerulonephritis: a meta-analysis. Nephrol Dial Transplant
2012;27:640–646.

[41] Hsu YC, Lin JT, Ho HJ, Kao YH, Huang YT, Hsiao NW, et al. Antiviral
treatment for hepatitis C virus infection is associated with improved
renal and cardiovascular outcomes in diabetic patients. Hepatology
2014;59:1293–1302.

[42] Lee MH, Yang HI, Wang CH, Jen CL, Yeh SH, Liu CJ, et al. Hepatitis C virus
infection and increased risk of cerebrovascular disease. Stroke
2010;41:2894–2900.

[43] Petta S, Torres D, Fazio G, Camma C, Cabibi D, Di Marco V, et al. Carotid
atherosclerosis and chronic hepatitis C: a prospective study of risk
associations. Hepatology 2012;55:1317–1323.

[44] Adinolfi LE, Restivo L, Zampino R, Guerrera B, Lonardo A, Ruggiero L, et al.
Chronic HCV infection is a risk of atherosclerosis. Role of HCV and HCV-
related steatosis. Atherosclerosis 2012;221:496–502.

[45] Petta S, Adinolfi LE, Fracanzani AL, Rini F, Caldarella R, Calvaruso V, et al.
Hepatitis C virus eradication by direct-acting antiviral agents improves
carotid atherosclerosis in patients with severe liver fibrosis. J Hepatol
2018;69:18–24.

[46] Hsu CS, Kao JH, Chao YC, Lin HH, Fan YC, Huang CJ, et al. Interferon-based
therapy reduces risk of stroke in chronic hepatitis C patients: a
population-based cohort study in Taiwan. Aliment Pharmacol Ther
2013;38:415–423.

[47] Janjua NZ, Yu A, Kuo M, Alvarez M, Cook D, Wong J, et al. Twin epidemics
of new and prevalent hepatitis C infections in Canada: BC Hepatitis
Testers Cohort. BMC Infect Dis 2016;16:334.

[48] Butt ZA, Shrestha N, Wong S, Kuo M, Gesink D, Gilbert M, et al. A
syndemic approach to assess the effect of substance use and social
disparities on the evolution of HIV/HCV infections in British Columbia.
PLoS One 2017;12 e0183609.

[49] McKee G, Butt ZA, Wong S, Salway T, Gilbert M, Wong J, et al. Syndemic
characterization of HCV, HBV, and HIV co-infections in a large popula-
tion based Cohort study. EClinicalMedicine 2018;4–5:99–108.

[50] Butt ZA, Shrestha N, Gesink D, Murti M, Buxton JA, Gilbert M, et al. Effect
of opioid-substitution therapy and mental health counseling on HIV risk
among hepatitis C-infected individuals. Clin Epidemiol 2018;10:1127–1145.

[51] Kraus MR, Schafer A, Teuber G, Porst H, Sprinzl K, Wollschlager S, et al.
Improvement of neurocognitive function in responders to an antiviral
therapy for chronic hepatitis C. Hepatology 2013;58:497–504.

[52] Younossi ZM, Stepanova M, Feld J, Zeuzem S, Sulkowski M, Foster GR,
et al. Sofosbuvir and velpatasvir combination improves patient-reported
outcomes for patients with HCV infection, without or with compensated
or decompensated cirrhosis. Clin Gastroenterol Hepatol 2017;15, 421–
430 e426.

JOURNAL 
OF HEPATOLOGY

Journal of Hepatology 2019 vol. 71 j 1116–1125 1125

http://refhub.elsevier.com/S0168-8278(19)30462-3/h0150
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0150
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0150
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0150
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0155
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0155
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0160
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0160
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0165
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0165
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0165
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0165
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0170
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0170
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0175
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0175
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0175
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0180
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0180
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0180
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0185
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0185
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0185
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0190
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0190
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0190
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0195
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0195
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0195
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0195
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0200
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0200
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0200
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0200
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0205
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0205
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0205
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0205
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0210
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0210
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0210
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0215
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0215
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0215
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0220
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0220
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0220
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0225
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0225
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0225
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0225
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0230
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0230
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0230
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0230
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0235
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0235
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0235
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0240
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0240
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0240
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0240
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0245
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0245
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0245
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0250
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0250
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0250
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0255
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0255
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0255
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0260
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0260
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0260
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0260
http://refhub.elsevier.com/S0168-8278(19)30462-3/h0260

	Sustained virological response from interferon-based hepatitis �C regimens is associated with reduced risk of �extrahepatic manifestations
	Introduction
	Materials and methods
	Study population
	Case definitions
	Statistical analyses

	Results
	Cumulative incidence
	Multivariable analyses
	Stratified analyses

	Discussion
	Financial support
	Conflict of interest
	Authors’ contributions
	ack15
	Acknowledgements
	Disclaimer
	Supplementary data
	Supplementary data
	References
	Author names in bold designated shared co-first authorship



