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ABSTRACT
Background and aim Chronic HCV infection is 
associated with several extrahepatic manifestations 
(EHMs). Data on the effect of sustained virological 
response (SVR) on the risk of EHMs are limited.
Methods We conducted a retrospective cohort study 
using data of patients from the US Veterans Affairs HCV 
Clinical Case Registry who had a positive HCV RNA test 
(10/1999-08/2009). Patients receiving interferon-based 
antiviral therapy (AVT) were identified. SVR was defined 
as negative HCV RNA at least 12 weeks after end of 
AVT. Risks of eight incident EHMs were evaluated in Cox 
regression models.
Results Of the 160 875 HCV-infected veterans, 
31 143 (19.4%) received AVT, of whom 10 575 (33.9%) 
experienced SVR. EHM risk was reduced in the SVR 
group compared with untreated patients for mixed 
cryoglobulinaemia (adjusted HR (aHR)=0.61; 95% CI 
0.39 to 0.94), glomerulonephritis (aHR=0.62; 95% CI 
0.48 to 0.79), porphyria cutanea tarda (PCT) (aHR=0.41; 
95% CI 0.20 to 0.83), non-Hodgkin's lymphoma (NHL) 
(aHR=0.64; 95% CI 0.43 to 0.95), diabetes (aHR=0.82; 
95% CI 0.76 to 0.88) and stroke (aHR=0.84; 95% CI 
0.74 to 0.94), but not for lichen planus (aHR=1.11; 
95% CI 0.78 to 1.56) or coronary heart disease 
(aHR=1.12; 95% CI 0.81 to 1.56). Risk reductions 
were also observed when patients with SVR were 
compared with treated patients without SVR for mixed 
cryoglobulinaemia, glomerulonephritis, PCT and diabetes. 
Significant reductions in the magnitude of aHRs towards 
the null with increasing time to initiation of AVT after 
HCV diagnosis were observed for glomerulonephritis, 
NHL and stroke.
Conclusions Risks of several EHMs of HCV infection 
are reduced after AVT with SVR. However, early 
initiation of AVT may be required to reduce the risk of 
glomerulonephritis, NHL and stroke.

InTRoduCTIon
HCV infection is a global public health issue and 
approximately 185 million individuals around 
the world are estimated to be infected with the 
virus.1 HCV infection leads to chronic hepatitis, 
cirrhosis and hepatocellular carcinoma, and is 
the leading reason for liver transplantation in the 
USA.2 Chronic HCV infection is also associated 
with several extrahepatic manifestations (EHMs), 
including essential mixed cryoglobulinaemia, 

some subtypes of B cell non-Hodgkin's lymphoma 
(NHL), membranoproliferative glomerulo-
nephritis, porphyria cutanea tarda (PCT) and 
lichen planus.3–5 Furthermore, there is consistent 
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Significance of this study

What is already known on this subject?
 ► Chronic HCV infection is associated with 

several extrahepatic manifestations that affect 
various systems of the human body.

 ► Antiviral therapy with attainment of 
sustained virological response (SVR), which is 
considered to be virological cure, has several 
hepatic benefits such as normalisation of 
liver enzymes, halting the progression of 
liver disease and reduction in the risk of 
hepatocellular carcinoma.

 ► However, data on the effect of attaining SVR 
on the risk of extrahepatic manifestations of 
HCV infection are limited.

What are the new findings?
 ► Compared with HCV-infected individuals who 

did not receive treatment, SVR attainment 
was associated with a reduced risk of mixed 
cryoglobulinaemia, glomerulonephritis, 
porphyria cutanea tarda, non-Hodgkin's 
lymphoma, diabetes mellitus and stroke, but 
not lichen planus or coronary heart disease.

 ► Risk reductions were also observed when 
patients with SVR were compared with 
treated patients without SVR for mixed 
cryoglobulinaemia, glomerulonephritis, 
porphyria cutanea tarda and diabetes.

How might it impact on clinical practice in the 
foreseeable future?

 ► With the introduction and increased use of 
direct-acting antivirals that have much better 
efficacy than interferon-containing regimens, 
we expect a reduction in the risk of some 
extrahepatic manifestations of chronic HCV 
infection.

 ► Extrahepatic benefits of SVR attainment 
should be included in the cost-benefit analyses 
of new antiviral drugs for HCV infection.

 Gut Online First, published on June 20, 2017 as 10.1136/gutjnl-2017-313983

Copyright Article author (or their employer) 2017. Produced by BMJ Publishing Group Ltd (& BSG) under licence. 

http://www.collemergencymed.ac.uk/
http://emj.bmj.com/
http://crossmark.crossref.org


2 Mahale P, et al. Gut 2017;0:1–7. doi:10.1136/gutjnl-2017-313983

Hepatology

epidemiological evidence supporting the association of chronic 
HCV infection with type 2 diabetes mellitus, atherosclerosis 
and stroke.6–14

Antiviral therapy (AVT) for HCV infection along with attain-
ment of sustained virological response (SVR)—defined as unde-
tectable viral load at least 12 weeks after treatment comple-
tion15—normalises liver enzymes, halts the progression of liver 
disease and reduces the risk of liver failure and hepatocellular 
carcinoma.16–19 SVR with interferon-based AVT leads to signif-
icant reduction in the all-cause and liver-related mortality in 
infected individuals.18 20 However, data on the effect of SVR 
on the risk of EHMs are limited. Studies conducted in Japan 
and Taiwan demonstrated that SVR reduces the risk of type 2 
diabetes, stroke, renal disease and acute coronary syndrome in 
HCV-infected individuals.21–24 People with active HCV infection 
may also have a higher risk of malignant lymphoma compared 
with those who achieved SVR.25 Symptoms of mixed cryo-
globulinaemia improve and some indolent NHLs regress after 
AVT.26–29 There have been no population-based studies that eval-
uated the risk of EHMs after SVR in HCV-infected people in 
the USA. As some EHMs such as mixed cryoglobulinaemia, PCT 
and lichen planus are rare, the role of SVR in reducing the risk 
of these EHMs has not been evaluated.

For nearly two decades, interferon-containing AVT has 
formed the basis for anti-HCV treatment. The recent intro-
duction of all oral direct-acting antivirals (DAAs) has substan-
tially increased the possibility of achieving SVR and preventing 
hepatic outcomes.15 As some extrahepatic outcomes of chronic 
HCV infection are rare and data on extrahepatic benefits of 
SVR for DAAs are still sparse, we studied the effect of SVR after 
interferon-based AVT on the risk of EHMs in a large cohort of 
HCV-infected US military veterans.

PATIenTS And MeTHodS
data source
The Department of Veterans Affairs (VA) HCV Clinical Case 
Registry (HCV-CCR) contains health information on all known 
HCV-infected veterans who obtained care at any of the 128 
VA medical facilities in the USA.30 The HCV-CCR automati-
cally identifies individuals with positive HCV antibody tests, 
as well as any HCV-related ICD-9 (International Classification 
of Diseases, version 9) diagnosis codes from the VA electronic 
medical records. HCV-CCR includes data on demographics, 
laboratory test results and VA pharmacy data from 1 October 
1995 through 1 January 2010. This study was approved by 
Baylor College of Medicine’s Institutional Review Board.

Study design and study population
We conducted a retrospective cohort study using data from the 
HCV-CCR. We included individuals who: (1) had at least one 
positive test for HCV RNA in plasma by qualitative or quanti-
tative assays between 1 October 1999 and 31 August 2009; (2) 
were aged 20–85 years at the earliest positive HCV RNA date 
(henceforth, known as the ‘HCV index date’); and (3) had at 
least 1 year of follow-up after the index date to allow a reason-
able amount of time to ascertain baseline characteristics. We 
excluded treated subjects who had an HCV treatment start date 
(defined below) before the HCV index date.

Ascertainment of exposure, outcomes and other 
characteristics
Our main exposure variable was receipt of AVT and its result 
(SVR or non-SVR). As defined previously,31 veterans were 

considered to be treated for HCV infection if they had at least 
one filled prescription of any interferon with or without riba-
virin any time after the HCV index date. The date of the first 
such interferon prescription at any VA pharmacy was consid-
ered as the start date of HCV treatment. Any further treatment 
occurring after a gap of >65 days was ignored, and only the first 
course with interferon after the HCV index date was considered. 
The AVT end date was defined as the last date covered by the 
final interferon prescription after the AVT start date. Subjects 
were classified as untreated for HCV infection if they did not 
have a VA prescription for interferon.

Subjects were considered to have attained SVR when all subse-
quent HCV RNA measurements after the AVT end date were 
undetectable, with at least one negative HCV RNA test at least 
12 weeks after that date.31 We used 12 weeks instead of the 
clinically standard 24-week period post-AVT in the interferon 
era, since 98% of relapses occur within 12 weeks after treat-
ment completion, and there is a high concordance between being 
free of the virus at 12 and 24 weeks.32 33 Subjects with detect-
able HCV RNA after AVT end date were classified as non-SVR 
whereas subjects who did not have any HCV RNA measure-
ments after the AVT start date were censored as untreated at the 
AVT start date.

We evaluated the following eight EHMs of HCV infection: 
mixed cryoglobulinaemia, glomerulonephritis, PCT, lichen 
planus, NHL, diabetes mellitus, coronary heart disease (CHD) 
and stroke, starting 12 months after the HCV index date. Inci-
dent cases were identified by the presence of at least one inpa-
tient or outpatient ICD-9 diagnosis and/or procedure codes for 
the corresponding outcomes (see online supplementary table 1 
for definitions). For each outcome, we excluded the prevalent 
cases from the study; that is, if the outcome was present any time 
before, or within 12 months after the HCV index date.

We assessed potential confounders, including age at the HCV 
index date, gender, race/ethnicity, period of military service 
(pre-Vietnam, Vietnam, post-Vietnam eras), HCV genotype, 
body mass index (BMI; kg/m2), smoking, alcohol intake, hyper-
tension and infections with HBV and HIV. Liver fibrosis was 
ascertained using the aspartate aminotransferase to platelet ratio 
index (APRI) with a score ≥2 considered to represent advanced 
liver fibrosis. HBV infection was defined as a positive HBV 
surface antigen test, and HIV infection was defined as positive 
HIV antibody or HIV RNA test in serum. ICD-9 codes were used 
to define smoking, alcohol use and hypertension (online supple-
mentary table 1). All the characteristics were ascertained at base-
line, that is, any time before, or within 12 months after HCV 
index date.

Statistical analyses
We compared the characteristics of veterans who ever 
received AVT to those who were never treated using χ2 tests. 
We calculated the incidence rate of each EHM beginning 12 
months after the HCV index date for three groups: untreated, 
treated with SVR and treated without SVR. The untreated 
group included individuals who were never treated, and the 
follow-up time before the AVT start date in those who ever 
received treatment (they transitioned to the treated group 
at the start of AVT). EHMs that occurred during AVT were 
ignored, since changing HCV RNA levels during the AVT may 
make it difficult to classify the exposure. Thus, we evaluated 
treated individuals beginning at the date of SVR documenta-
tion, or for those without SVR, beginning 12 weeks after the 
end of AVT. For each outcome, follow-up ended at the time 
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of an event, death or last follow-up visit at any VA facility, 
whichever occurred earlier.

To determine the association between AVT and risk of EHMs, 
separate multivariable Cox proportional hazards (PH) regres-
sion models were constructed for each outcome. Using time-de-
pendent treatment variables, risks of EHMs were compared 
between those who had AVT with SVR versus no AVT, and those 
who did not have SVR versus no AVT. The covariates included 
in the main models were selected based on a priori knowledge 
of important factors that affect the risk of EHMs and comprised 
age at HCV index date, gender, sex, race/ethnicity, period of 
service, BMI, smoking, and alcohol abuse for all outcomes, and 
additional adjustment for diabetes and hypertension (at baseline) 
for glomerulonephritis, CHD and stroke. Missing information 
was treated as a separate category for each variable in the anal-
yses. We further compared risks for treated patients with SVR 
versus without SVR using multivariable Cox PH regression 
models as described above. Adjustment of p values for multiple 
comparisons was conducted by using the Benjamini and Hoch-
berg method with a false discovery rate of 10%.34

The PH assumption was tested by including interaction terms 
for the effect of treatment response (AVT with/without SVR) with 
follow-up time and evaluating the significance of that interaction 
term. When the PH assumption was not satisfied, we introduced 
terms for the interaction of treatment response with ‘time from 
the HCV index date to initiation of AVT,’ since the effect of 
AVT may depend on when it is started after HCV diagnosis. For 
the models with the interaction, the PH assumption was then 
tested again as done previously and found to be met. Results 
are presented for main effects of treatment response (when the 
PH assumption was satisfied) or with interaction effects centred 
at the median time to initiation of AVT (when the PH assump-
tion was not satisfied). Plots for adjusted HRs (aHRs) with their 
corresponding 95% CIs were constructed for the models with 
interaction terms when AVT was initiated at 1, 2, 3, 4 and 5 
years after the HCV index date.

We also conducted some sensitivity and exploratory subgroup 
analyses. First, we excluded all people with HBV or HIV infec-
tion since these infections are associated with some outcomes 
such as NHL. Second, we used a stricter definition of the EHMs 
by requiring at least one inpatient or two outpatient diagnosis 
codes at least 30 days apart to improve the specificity of the 
outcome definitions. Finally, we analysed the risk of EHMs in 
various subgroups formed by the presence or absence of advanced 
liver disease at baseline (APRI scores ≥2 and <2, respectively), 
and the three main HCV genotypes (genotypes 1, 2 and 3) to 
determine whether the results differ by the liver disease status or 
HCV genotypes.

ReSulTS
Study population
We included 160 875 veterans (figure 1) who had a median 
follow-up of 5.1 years (IQR, 2.9–7.2 years). Most veterans 
were 50–59 years of age (52.1%), male (97.1%) and had served 
in the Vietnam War era (69.2%) (table 1). A large proportion 
of subjects were non-Hispanic white (44.9%), overweight 
(BMI 25 to <30 kg/m2, 38.5%) or obese (BMI ≥30 kg/m2, 

27.3%), smokers (59.2%) or alcohol abusers (58.3%), and had 
APRI score ≥2 (24.8%). The most common HCV genotype 
was genotype 1 (54.7%), although many individuals were not 
tested for genotype (31.4%). HBV and HIV coinfections were 
present in 1.3% and 3.2% of HCV-infected veterans, respec-
tively.

Approximately 19% of veterans (n=31 143) received AVT 
during the follow-up, of whom 34% (n=10 575) achieved 
SVR. The median duration of AVT was 24.2 weeks (IQR, 
10.9–46 weeks). As shown in table 1, compared with never-
treated veterans, treated veterans were more likely to be 
younger (median age, 50.8 vs 52.3 years), non-Hispanic white 
(54.8% vs 42.5%), have higher BMI (median, 27.9 vs 26.7 kg/
m2) and had APRI score ≥2 (26.4% vs 24.5%); less likely to 
have coinfections with HBV (1.0% vs 1.3%) or HIV (2.4% vs 
3.4%), or hypertension (46.2% vs 52.7%); and less likely to 
be smokers (54.5% vs 60.3%) or alcohol abusers (48.5% vs 
60.6%).

Risk of eHMs by treatment status
Most EHMs were rare (incidence rates <1 per 1000 person-
years), except for glomerulonephritis, diabetes and stroke 
(table 2). In general, EHM incidence was lower in the treated 
groups when compared with untreated veterans (except for 
lichen planus). The lowest incidence rates were observed in 
individuals who received AVT with attainment of SVR, for all 
outcomes except for CHD and stroke.

After adjusting for potential confounders and multiple compar-
isons, individuals who received AVT with attainment of SVR had 
significantly lower risk of mixed cryoglobulinaemia (aHR=0.61; 
95% CI 0.39 to 0.94), glomerulonephritis (aHR=0.62; 95% CI 
0.48 to 0.79), PCT (aHR=0.41; 95% CI 0.20 to 0.83), NHL 
(aHR=0.64; 95% CI 0.43 to 0.95), diabetes (aHR=0.82; 95% 
CI 0.76 to 0.88) and stroke (aHR=0.84; 95% CI 0.74 to 0.94) 
compared with untreated veterans (table 3). EHM risk was not 
lowered in those who did not achieve SVR, except for glomer-
ulonephritis (aHR=0.82; 95% CI 0.69 to 0.96) and stroke 
(aHR=0.82; 95% CI 0.75 to 0.90), and was increased for 
lichen planus (aHR=1.56; 95% CI 1.22 to 1.99) and diabetes 
(aHR=1.14; 95% CI 1.08 to 1.20).

When the analysis was restricted to treated patients, 
veterans with SVR had lower risk for mixed cryoglobuli-
naemia (aHR=0.55, 95% CI 0.33 to 0.90), glomerulonephritis 
(aHR=0.75, 95% CI 0.57 to 0.99), PCT (aHR=0.31, 95% CI 
0.14 to 0.65) and diabetes (aHR=0.72, 95% CI 0.65 to 0.78) 
compared with those without SVR (table 3).

In comparing individuals with SVR to those who did not 
receive AVT, the PH assumption was satisfied for the main 
models for mixed cryoglobulinaemia, diabetes and CHD, and 
for models containing the interaction terms with ‘time from the 
HCV index date to initiation of AVT’ for glomerulonephritis, 
PCT, lichen planus, NHL and stroke. We observed gradual 
reductions in the magnitude of protective aHRs towards the null 
with increasing time to initiation of AVT for glomerulonephritis, 
NHL and stroke (figure 2). The aHRs were significantly protec-
tive only when AVT was initiated at 1 or 2 years after the HCV 
index date for glomerulonephritis and stroke, and 1 year for 
NHL. For PCT, the aHRs became more protective with longer 
time between the HCV index date and AVT, although the aHRs 
were significant only when AVT was initiated at 1 or 2 years. 
The aHRs for lichen planus were not significant and changed 
minimally over time.

no_FIGuRe_FoundFigure 1 Flow chart to determine 
the selection of patients in the study cohort. HCV-CCR, HCV Clinical 
Case Registry; VA, Department of Veterans Affairs.
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Sensitivity and subgroup analyses
Associations were similar to those in the primary analyses 
when individuals with HBV or HIV coinfections were excluded 
(online supplementary table 2). When we used a stricter defini-
tion for the outcomes, significance of the association was no longer 
maintained for PCT and NHL when patients with SVR were 
compared with untreated patients (online supplementary table 3). 

When HCV-infected veterans who achieved SVR were compared 
with those who were never treated, the risk of mixed cryoglob-
ulinaemia was reduced in those with advanced liver disease, the 
risk of glomerulonephritis and PCT was reduced in those without 
advanced liver disease, and the risk of diabetes and stroke was 
reduced irrespective of the baseline APRI score (online supplemen-
tary table 4). However, the CIs for the risk estimates were wide and 

Table 1 Characteristics of HCV-infected veterans and comparison between those who received antiviral therapy versus never received antiviral 
therapy.

Characteristics

All veterans
(n=160 875)

never treated
(n=129 732)

ever treated
(n=31 143) p Value

n % n % n %

Age at HCV index date (years)

  20–39 4417 2.8 3310 2.6 1107 3.6 <0.0001

  40–49 54 748 34.0 42 055 32.4 12 693 40.8

  50–59 83 834 52.1 68 116 52.5 15 718 50.5

  60–69 12 611 7.8 11 118 8.6 1493 4.8

  70+ 5265 3.3 5133 4.0 132 0.4

Gender <0.0001

  Male 156 253 97.1 126 273 97.3 29 980 96.3

  Female 4622 2.9 3459 2.7 1163 3.7

Race/ethnicity <0.0001

  Non-Hispanic whites 72 197 44.9 55 122 42.5 17 075 54.8

  Non-Hispanic blacks 48 950 30.4 42 011 32.4 6939 22.3

  Hispanics 7005 4.4 5388 4.2 1617 5.2

  Others 2160 1.3 1688 1.3 472 1.5

  Unknown 30 563 19.0 25 523 19.7 5040 16.2

Period of service <0.0001

  Pre-Vietnam war 10 353 6.4 9631 7.4 722 2.3

  Vietnam war 111 360 69.2 89 797 69.2 21 563 69.2

  Post-Vietnam war/others 39 162 24.3 30 304 23.4 8858 28.4

Average annual number of outpatient 
visits

  0–7 42 715 26.5 36 650 28.2 6065 19.5 <0.0001

  >7 to 13 39 543 24.6 30 455 23.5 9088 29.2

  >13 to 25 38 947 24.2 29 815 23.0 9132 29.3

  >25 39 670 24.7 32 812 25.3 6858 22.0

Body mass index (kg/m2)

  <25.0 54 029 33.6 46 007 35.5 8022 25.8 <0.0001

  25.0 to <30.0 61 920 38.5 49 150 37.9 12 770 41.0

  ≥30.0 43 931 27.3 33 646 25.9 10 285 33.0

  Unknown 995 0.6 929 0.7 66 0.2

HCV genotype <0.0001

  Genotype 1 87 979 54.7 66 481 51.2 21 498 69.0

  Genotype 2 13 016 8.1 8396 6.5 4620 14.8

  Genotype 3 8292 5.1 5400 4.2 2892 9.3

  Other genotypes 1107 0.7 853 0.7 254 0.8

  Unknown 50 481 31.4 49 457 38.1 1879 6.0

HBV infection*† 2037 1.3 1716 1.3 321 1.0 <0.0001

HIV infection*† 5086 3.2 4350 3.4 736 2.4 <0.0001

APRI score ≥2*‡ 37 842 24.8 29 992 24.5 7850 26.4 <0.0001

Smoking* 95 154 59.2 78 195 60.3 16 959 54.5 <0.0001

Alcohol abuse* 93 713 58.3 78 605 60.6 15 108 48.5 <0.0001

Diabetes* 33 315 20.7 27 879 21.5 5436 17.5 <0.0001

Hypertension* 82 801 51.5 68 404 52.7 14 397 46.2 <0.0001

*Conditions were diagnosed any time before, or within 1 year after the HCV index date.
†HBV infection was defined as positive hepatitis B surface antigen in serum; HIV infection was defined as positive HIV antibody or HIV RNA in serum.
‡APRI score was tested at baseline in 94.69% of veterans (data not available for 8537 veterans).
APRI, aspartate aminotransferase to platelet ratio index. 
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overlapped each other due to small number of outcomes in the two 
subgroups. Similarly, overlapping wide CIs for the risk estimates 
were obtained when we evaluated the risk of EHMs according to 
different genotypes (online supplementary table 5).

dISCuSSIon
In this large cohort study of HCV-infected US veterans, we found 
that SVR reduces the risk of some HCV-associated EHMs, such 
as mixed cryoglobulinaemia, glomerulonephritis, PCT, NHL, 
diabetes and stroke. These findings further strengthen the epide-
miological evidence for their association with HCV infection. 
Furthermore, HCV-related EHMs carry a significant economic 
burden due to direct medical costs and indirect costs due to loss 
of productivity.35 The results of our study emphasise the extra-
hepatic benefits of SVR.

Our findings also have important clinical implications. With 
the advent of DAAs, substantial improvements in SVR rates 
have been achieved with a shorter duration of AVT and fewer 
side effects than interferon-based AVT.15 As more patients are 
treated with DAAs, we expect greater benefits of SVR including 
reduced risk of EHMs of chronic HCV infection, assuming that 
the clinical benefits of SVR remain similar with interferon-based 
compared with interferon-free treatment regimens. Recent 
reports suggest that the risk of hepatocellular carcinoma may 
not decrease in spite of increased SVR rates with the DAAs,36–38 

which may be due to differences in characteristics of patients 
who received interferon-free versus interferon-based AVT.36 38 
Hence, our results need to be replicated in a cohort of HCV-in-
fected patients who received DAAs.

Chronic HCV infection is associated with lymphoprolifer-
ative conditions such as mixed cryoglobulinaemia and B cell 
NHLs.39 40 AVT for HCV infection is beneficial for patients 
with HCV-associated mixed cryoglobulinaemia or indolent 
NHLs, as they can have complete resolution of symptoms 
of cryoglobulinaemia and lymphoma regression.27–29 41 We 
found that AVT with SVR also significantly reduces the risk 
of mixed cryoglobulinaemia. Similarly, a Japanese study found 
that individuals with SVR had a lower risk of development of 
malignant lymphoma when compared with those with active 
HCV infection.25 We observed that AVT with SVR led to a 
moderate reduction in risk of B cell NHLs when compared 
with untreated patients. Moreover, the benefit persisted after 
excluding individuals who had HIV infection, thus reducing 
the possibility that the protective effect could be attributed to 
antiretroviral therapy for HIV. However, this risk reduction 
was not observed when AVT was started 2 or more years after 
the HCV index date.

Glomerulonephritis, a common renal EHM of chronic HCV 
infection, is characterised by subendothelial deposits of HCV-re-
lated antigen-antibody complexes in the renal glomeruli.42 43 

Table 2 Crude IRs (events per 1000 PYs) of the outcomes according to the antiviral treatment status

outcomes

no treatment* Treatment without SVR Treatment with SVR

events IR/1000 PYs (95% CI) events IR/1000 PYs (95% CI) events IR/1000 PYs (95% CI)

Mixed cryoglobulinaemia 506 0.72 (0.66 to 0.78) 62 0.52 (0.41 to 0.67) 21 0.33 (0.21 to 0.50)

Glomerulonephritis 1957 2.83 (2.71 to 2.96) 190 1.62 (1.41 to 1.87) 70 1.09 (0.87 to 1.38)

Porphyria cutanea tarda 367 0.52 (0.47 to 0.58) 44 0.37 (0.28 to 0.50) 10 0.16 (0.08 to 0.29)

Lichen planus 478 0.68 (0.62 to 0.74) 84 0.71 (0.57 to 0.88) 36 0.56 (0.40 to 0.77)

Non-Hodgkin’s lymphoma 638 0.91 (0.84 to 0.98) 65 0.55 (0.43 to 0.70) 28 0.43 (0.30 to 0.63)

Diabetes mellitus 11 423 21.6 (21.2 to 22.0) 1459 17.0 (16.1 to 17.9) 717 13.9 (12.9 to 15.0)

Coronary heart disease 544 1.01 (0.93 to 1.10) 54 0.58 (0.44 to 0.76) 39 0.75 (0.55 to 1.03)

Stroke 5973 9.14 (8.91 to 9.37) 524 4.64 (4.26 to 5.06) 314 5.10 (4.57 to 5.70)

*‘No treatment’ group includes the period before initiation of antiviral treatment in those who were later treated.
IR, incidence rate; PYs, person-years; SVR, sustained virological response.

Table 3 Associations of SVR and lack of SVR following antiviral therapy with the risk of extrahepatic outcomes of HCV infection

outcome
Total number 
of patients

number of 
events

Treatment without SVR versus no 
treatment

Treatment with SVR versus no 
treatment

Treatment with SVR versus 
treatment without SVR

aHR (95% CI)* p Value aHR (95% CI)* p Value aHR (95% CI)* p Value

Mixed cryoglobulinaemia 160 455 589 1.11 (0.85 to 1.45) 0.4518 0.61 (0.39 to 0.94) 0.0264 0.55 (0.33 to 0.90) 0.0170

Glomerulonephritis† 158 097 2217 0.82 (0.69 to 0.96) 0.0132 0.62 (0.48 to 0.79) 0.0001 0.75 (0.57 to 0.99) 0.0490

Porphyria cutanea tarda† 159 694 421 1.33 (0.97 to 1.84) 0.0780 0.41 (0.20 to 0.83) 0.0133 0.31 (0.14 to 0.65) 0.0022

Lichen planus† 160 242 598 1.56 (1.22 to 1.99) 0.0004 1.11 (0.78 to 1.56) 0.5627 0.71 (0.48 to 1.05) 0.0895

Non-Hodgkin's 
lymphoma†

159 721 731 0.91 (0.70 to 1.19) 0.4902 0.64 (0.43 to 0.95) 0.0267 0.71 (0.45 to 1.11) 0.1346

Diabetes mellitus 127 560 13 599 1.14 (1.08 to 1.20) <0.0001 0.82 (0.76 to 0.88) <0.0001 0.72 (0.65 to 0.78) <0.0001

Coronary heart disease 125 426 637 0.93 (0.70 to 1.24) 0.6122 1.12 (0.81 to 1.56) 0.4958 1.21 (0.80 to 1.82) 0.3704

Stroke† 151 913 6811 0.82 (0.75 to 0.90) <0.0001 0.84 (0.74 to 0.94) 0.0030 1.02 (0.89 to 1.18) 0.7573

*HRs were adjusted for age categories (20–39, 40–49, 50–59, 60–69 and 70+ years), sex, race, period of service, average annual number of outpatient visits, body mass 
index (<25.0, 25 to <30, 30+ kg/m2), smoking and alcohol abuse. Additional adjustments for baseline diabetes mellitus and hypertension were conducted in models for 
glomerulonephritis, coronary heart disease and stroke. Bold aHRs and 95% CI along with their corresponding p values were significant by Benjamini and Hochberg method for 
multiple comparisons.
†Because of non-proportionality, an interaction with time to initiation of antiviral therapy was included in some models. Thus, the aHRs presented for glomerulonephritis, 
porphyria cutanea tarda, lichen planus, non-Hodgkin's lymphoma and stroke are estimated at median time to initiation of antiviral therapy.
aHR, adjusted HR; SVR, sustained virological response.
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HCV eradication can reduce the risk of proteinuria and nephrotic 
syndrome,42 and end-stage renal disease.24 In our study, we 
found reduced risk of glomerulonephritis after SVR, affirming 
the benefits of AVT in preventing HCV-associated renal disease.

HCV is also associated with dermatological conditions such 
as PCT and lichen planus.44 45 The effect of AVT on PCT or 
lichen planus has been inconsistent, with reports of exacerbation 
of symptoms of lichen planus in those who received interfer-
on-containing regimens.46 47 A similar process may explain the 
increased risk for lichen planus that we observed for patients 
who were treated but did not attain SVR. We found that the risk 
of PCT was reduced after SVR when compared with untreated 
individuals. The magnitude of risk reduction seemed to increase 
with longer time to AVT initiation, but small number of obser-
vations along with wide confidence intervals prevents us from 
making precise conclusions.

We observed a significantly reduced risk of diabetes in treated 
patients with SVR compared with untreated people. Several 
studies have reported an association between chronic HCV infec-
tion and type 2 diabetes mellitus.11 12 14 48 49 AVT with SVR may 
lead to improvements in insulin resistance and pancreatic β cell 
function.21 We found that the risk of diabetes was increased in 
treated veterans who did not achieve SVR, which was also seen 
in another cohort study.22 This increase may be due to the effect 
of interferon and persistent viral replication. Interferon therapy 
has been reported to induce type 1 diabetes50; however, whether 
it can lead to type 2 diabetes is not known.

Although several studies have shown that HCV infection is 
associated with cardiovascular diseases6–8 13 51 and stroke,9 10 it 
is unclear whether HCV itself leads to these conditions. Studies 
from Taiwan have shown that interferon-based AVT reduces the 
risk of stroke and acute coronary syndrome.23 24 In our study, 
we did not observe a reduced risk of CHD after AVT with SVR. 
Risk factor distributions for CHD vary between USA and Asian 
countries, and the prevalence of other risk factors may affect the 
HCV–CHD association. It was possible that confounding due 

to unmeasured risk factors such as diet may have affected our 
results. However, we did observe a significant reduction in the 
risk of stroke in both SVR and non-SVR groups. Chronic infection 
may trigger immune and inflammatory responses, either locally 
within the blood vessels or via systemic inflammatory media-
tors and favour atherothrombosis.52 HCV infection is associated 
with high levels of circulating cryoglobulins in blood which may 
lead to vasculitis and development of vascular thrombi.53 Hence, 
treating the infection could remove the inflammatory stimuli 
and prevent development of stroke. But since the risk reductions 
were observed in both the SVR and non-SVR groups, our results 
may reflect the effect of interferon therapy rather than SVR and 
need to be verified in HCV-infected patients who were treated 
with interferon-free regimens.

Our study has some limitations. First, due to the nature of 
the veteran population being primarily male and of low socio-
economic status, the results are not generalisable to other 
populations. Second, the study is limited by the use of ICD-9 
codes to ascertain outcomes, since there is a possibility of 
under-reporting or misreporting of codes by the physicians. 
Also, conditions such as mixed cryoglobulinaemia are often 
not detected clinically and may be underdiagnosed. Further-
more, only patient encounters that required a hospitalisation 
and/or multiple outpatient visits to a physician are likely to 
be captured by these definitions. However, we expect the 
resulting bias to be non-differential between the treated and 
untreated individuals and acting towards the null. We also 
used stricter definitions of EHMs to improve the specificity 
of our definitions and confirmed most results in a sensitivity 
analysis. Third, we did not have detailed data on potential 
confounding variables such as duration of smoking, number 
of alcoholic drinks consumed and dietary history. We used 
diagnostic codes to identify smoking and alcohol use, which 
would have likely captured those who were heavy smokers or 
alcohol abusers. Other possible confounders such as duration 
of infection, physical activity and genetic risk factors could 
not be measured and may affect the risk estimates. Moreover, 
our study was population-based and evaluated the risk of eight 
extrahepatic outcomes which have different risk factors and it 
was not possible to ascertain the potential confounders for each 
individual outcome. Fourth, it is possible that some patients 
who had spontaneous resolution of HCV infection may have 
been included in the untreated group. But that would likely 
reduce the risk of outcomes in the untreated patients and the 
resulting bias would be towards the null. Fifth, treated patients 
may have different unmeasured characteristics compared with 
those who were not treated. Hence, we compared the risk of 
EHMs among the treated patients who did and did not achieve 
SVR and confirmed most of our findings. Sixth, differences 
in the receipt of AVT according to the baseline liver disease 
status or HCV genotype were possible. Hence, we conducted 
subgroup analyses to evaluate the risk of EHMs according to 
liver disease status and HCV genotype. However, the small 
number of outcomes in the strata meant that our risk esti-
mates in the subgroup analyses were not precise. Finally, some 
subjects may seek care and get treated outside the VA system, 
leading to misclassification of exposure or outcome status.

A strength of our study is the use of a large cohort of more 
than 150 000 HCV-infected veterans in the USA. The large 
size allowed us to systematically evaluate the effect of AVT 
with SVR on the risk of EHMs, particularly for some rare 
conditions such as mixed cryoglobulinaemia, PCT, lichen 
planus and NHL. The HCV-CCR provides access to data on 
medical diagnoses and allows evaluation of laboratory results 

Figure 2 The risk of extrahepatic manifestations in HCV-infected 
veterans according to time to initiation of AVT. The figure depicts the 
aHRs and the corresponding 95% CIs (Y axes) that represent the risk 
of extrahepatic manifestations in HCV-infected veterans. Comparisons 
were conducted between individuals who received AVT with SVR and 
those who were untreated. The time to initiation of AVT from HCV index 
date is represented on the X axes. A, B, C, D and E represent the aHRs by 
time to initiation of AVT for glomerulonephritis, porphyria cutanea tarda, 
lichen planus, Non-Hodgkin's lymphoma, and stroke, respectively. aHR, 
adjusted HR; AVT, antiviral therapy; SVR, sustained virological response.
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and pharmacy prescriptions. Evaluation of EHMs was also 
facilitated by the long follow-up available. We also conducted 
several sensitivity analyses, which generally confirmed our 
findings, although a few associations lost statistical signifi-
cance when we used a strict definition to define the outcomes.

To summarise, we observed a significant reduction in the 
risk of several EHMs of chronic HCV infection with AVT 
and attainment of SVR. However, early initiation of AVT may 
be required to reduce the risk of glomerulonephritis, NHL 
and stroke. Although future studies will need to evaluate the 
effects of DAAs, the benefits associated with SVR following 
interferon-based AVT suggest great promise in reducing the 
risk of EHMs.
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