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High hepatitis C viral load and genotype 2 are
strong predictors of chronic kidney disease
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Associations between chronic hepatitis C virus (HCV)
infection and chronic kidney disease (CKD) remain
controversial. Here we aimed to clarify the association
between HCV viral load, genotype, and CKD in 13,805
participants aged 30-65 years enrolled in the REVEAL-HCV
Study, a community-based prospective study conducted in
1991-1992. CKD was defined by consecutive proteinuria
or an estimated glomerular filtration rate (eGFR) under 60
mL/min/1.73 m2. Chronic HCV infection was defined by
detectable HCV viral load. Logistic regression models were
used to estimate prevalence odds ratio of CKD for chronic
HCV infection after adjusting for other risk factors.
Compared to non-chronically HCV-infected participants,
the adjusted prevalence odds ratio (95% confidence
interval) for CKD was significantly increased to 1.91
(1.27–2.88) for chronically HCV-infected participants.
Compared to non-chronically HCV-infected participants,
the adjusted prevalence odds ratio of CKD was 1.21
(0.54-2.70), 1.40 (0.66-3.00) and 3.44 (1.92-6.14) for
chronically HCV-infected participants with low to high
tertiles of serum HCV RNA, respectively. The adjusted
prevalence odds ratios of CKD were 0.54 (0.17-1.75) for
participants with low HCV RNA and genotype 1, 1.80 (0.84-
3.87) for those with low HCV RNA and genotype 2, 2.62
(1.11-6.17) for those with high HCV RNA and genotype 1
and 4.99 (2.25-11.06) for those with high HCV RNA and
genotype 2, compared with non-chronically HCV-infected
participants. Thus, chronic HCV infection is associated with
an increased risk of CKD. High HCV viral load and HCV
genotype 2 are strong CKD predictors.
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C hronic kidney disease (CKD) with subsequent end-
stage renal disease (ESRD) is a global health challenge
with high medical costs and poor treatment outcomes.1

Conventional risk factors for developing chronic renal disease
include increasing age, male gender, a history of smoking,
diabetes, and hypertension; however, these risk factors cannot
fully account for the occurrence of the disease, and new risk
factors and markers have been identified.2 The role of chronic
infectious disease, which is 1 of the new risk factors for
CKD, may be underestimated. Previous research has docu-
mented the association between hepatitis C virus (HCV)
infection and glomerulonephritis.3 However, the causal rela-
tionship between chronic HCV infection and CKD remains
controversial.

More than 170 million people worldwide are chronically
infected with HCV, and 3 to 4 million people are newly
infected with HCV annually.4 Chronic liver disease is com-
mon in HCV patients, but 40% to 74% of patients develop at
least 1 extrahepatic manifestation, including glomerulone-
phropathy.5 In observational studies, the prevalence of HCV
infection is much higher in patients undergoing or new to
dialysis than in healthy volunteers.6,7 Cross-sectional and
retrospective studies have explored the relationship between
hepatitis C infection, proteinuria, and low glomerular filtra-
tion rate (GFR).8–14 A meta-analysis of 9 clinical studies
showed that HCV is independently associated with protein-
uria but not with reduced GFR, although a substantial
heterogeneity cannot be ignored among these studies.15 The
discrepancy may stem from the definition of HCV infection.
Most previous studies lacked HCV RNA data and used
anti-HCV serostatus to define HCV infection. However, it is
the HCV viral load that determines active infection, not anti-
HCV serostatus. Moreover, HCV genotypes influence the
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treatment response and the prognosis of HCV-related liver
diseases. The impact of HCV genotype on HCV-related renal
outcome has been lacking.

Taiwan is known to be an HCV-endemic area and also
shares the highest prevalence of ESRD worldwide.16 Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer (REVEAL)-HCV, a large prospective
community-based cohort study in Taiwan, provides an
excellent opportunity to investigate the effect of chronic
hepatitis C and other associated chronic diseases.17 This study
aims to assess the risk of CKD prevalence of HCV viral load
and genotypes. Accordingly, we conducted a large-scale
community-based cohort study to demonstrate whether
chronic HCV infection is an independent risk factor for CKD.

RESULTS
Baseline characteristics of the 13,805 study participants ac-
cording to chronic HCV infection status are shown in Table 1.
The mean age was 47.5 years. The prevalence of chronic HCV
infection was 0.3%. Participants with chronic HCV infection
tended to be older, male, and more likely to have a history of
diabetes and hypertension. The overall prevalence of low GFR
and CKD was 2.3% and 3.3%, respectively. Compared with
anti-HCV-seronegative participants, the prevalence odds ra-
tios (PORadj) of CKD were 1.32 (0.68–2.56, P ¼ 0.41) and
1.74 (1.08–2.82, P ¼ 0.02) for anti-HCV-seropositive par-
ticipants with undetectable and detectable HCV RNA levels,
respectively, after adjusting for demographic factors. Patients
with undetectable HCV viral load had a risk similar to those
who were anti-HCV seronegative; therefore, we defined these
2 groups as nonchronic HCV infection, while chronic HCV
infection was defined by detectable HCV viral load.
Table 1 | Baseline characteristics of study participants by chroni

Characteristic
All

(n [ 13,805)
No chr

(

Age (yr) 47.5 � 10.0
Sex (M) 6,601 (47.8)
Education (literate) 5,258 (38.1)
Cigarette smoking 3,582 (26.0)
Alcohol intake 1,241 (9.0)
History of diabetes 335 (2.4)
History of hypertension 821 (6.0)
History of cardiovascular disease 237 (1.7)
HBsAg 2,318 (16.8)
Creatinine (mg/dl) 1.0 � 0.8
GFR (CKD-EPI) (ml/min/1.73 m2) 79.6 � 17.7
AST (U/l) 15.8 � 13.4
ALT (U/l) 13.4 � 17.1
Urine protein (dipstick) 1072 (7.8)
Triglyceride (mg/dl) 133.7 � 109.0 1
Cholesterol (mg/dl) 185.2 � 43.2 1
Uric acid (mg/dl) 5.2 � 1.8

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CKD-EPI, Chronic Kidn
mellitus; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; M, male.
Continuous variables are expressed as mean � SD; tests for statistical significance employ
tests for statistical significance employed the chi-square test.
Urine protein positive: defined by urine dipstick test value of at least 1þ.
aChronic HCV infection was defined by detectable serum HCV RNA level.
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HCV viremia was present in 65.4% (431 of 660) of anti-
HCV-seropositive participants. The detectable HCV RNA
ranged from 26 to 8,450,000 IU/ml, and the cutoff values of
tertiles of HCV RNA level were 9,000 IU/ml and 107,000
IU/ml. Taking nonchronically HCV-infected participants as a
reference group, the PORadj of CKD was 1.91 (1.27–2.88) for
chronically HCV-infected participants (P ¼ 0.002, Table 2).
Compared with nonchronically HCV-infected participants,
the PORadj values were 1.21 (0.54-2.70), 1.40 (0.66–3.00), and
3.44 (1.92–6.14) for chronically HCV-infected participants
with low to high tertiles of serum HCV RNA levels (P for this
trend < 0.001). The dose-dependent trend of HCV RNA
levels was also significant for increased risk of CKD compo-
nents, either low GFR or proteinuria (Table 3).

Among 393 HCV-viremic participants with available
genotyping, 215 had HCV genotype 1 and 178 had geno-
type 2. For those with subtype analysis, the distributions
were genotype 1a: 18 (4.6%), 1b: 174 (44.3%), 2a: 87
(22.1%), and 2b: 38 (9.7%). We further used the second
tertile of serum HCV RNA (107,000 IU/ml) as a cutoff to
define low and high serum HCV RNA. Compared with
nonchronically HCV-infected participants, the PORadj

values of CKD were 0.54 (0.17–1.75) for participants with
low HCV RNA and genotype 1, 1.80 (0.84–3.87) for par-
ticipants with low HCV RNA and genotype 2, 2.62 (1.11–
6.17) for participants with high HCV RNA and genotype 1,
and 4.99 (2.25–11.06) for participants with high HCV RNA
and genotype 2 (Table 4). In a subanalysis that included
only participants with detectable serum HCV RNA levels,
the PORadj for participants with genotype 2 was 2.98 (1.77–
5.03) with P < 0.001 in comparison with participants with
genotype 1.
c HCV infection status

onic HCV infection
n [ 13,374)

Chronic HCV infectiona

(n [ 431) P value

47.4 � 10.0 51.1 � 9.0 <0.001
6365 (47.6) 236 (54.8) 0.003
5158 (38.6) 100 (23.2) <0.001
3442 (25.8) 140 (32.5) 0.002
1199 (9.0) 42 (9.8) 0.56
314 (2.4) 21 (4.9) <0.001
787 (5.9) 34 (7.9) 0.08
231 (1.7) 6 (1.4) 0.60

2250 (16.8) 68 (15.8) 0.57
1.0 � 0.8 1.1 � 0.7 0.07

79.7 � 17.7 75.8 � 17.2 <0.001
15.2 � 11.9 33.4 � 32.1 <0.001
12.8 � 15.9 30.3 � 35.1 <0.001
1017 (7.6) 55 (12.8) <0.001
34.4 � 110.0 110.8 � 66.2 <0.001
85.5 � 43.2 176.2 � 41.3 <0.001
5.2 � 1.8 5.4 � 1.6 0.004

ey Disease Epidemiology Collaboration; CVD, cardiovascular disease; DM, diabetes

ed the Student t-test. Categorical variables are expressed as number and percentage;
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Table 2 | Odds ratio of risk factors for chronic kidney disease in age- and sex-adjusted models and multivariable-adjusted
models

Baseline risk factors
Age- and sex-adjusted

OR (95% CI) P value
Multivariable-adjusted

OR (95% CI) P value

Chronic HCV infection versus none 1.73 (1.17–2.58) 0.007 1.91 (1.27–2.88) 0.002
Age at recruitment, 10-year increment 2.38 (2.14–2.65) <0.001 2.10 (1.88–2.35) <0.001
Male versus female 1.57 (1.29–1.91) <0.001 1.40 (1.14–1.72) 0.001
Literate versus illiterate 0.85 (0.67–1.08) 0.19 –

Cigarette smoking versus none 1.03 (0.81–1.31) 0.82 –

Alcohol consumption versus none 1.01 (0.75–1.38) 0.93 –

History of diabetes versus none 2.50 (1.75–3.57) <0.001 1.86 (1.28–2.70) 0.001
History of hypertension versus none 2.94 (2.30–3.76) <0.001 2.28 (1.76–2.95) <0.001
History of heart disease versus none 2.08 (1.27–3.39) 0.004 1.37 (0.82–2.30) 0.23
Serum cholesterol level $ 200 mg/dl versus < 200 mg/dl 1.56 (1.29–1.89) <0.001 1.27 (1.04–1.56) 0.02
Serum triglyceride level $ 150 mg/dl versus < 150 mg/dl 2.13 (1.76–2.57) <0.001 1.63 (1.32–2.00) <0.001
Serum uric acid level $ 8 mg/dl versus < 8 mg/dl 3.89 (3.01–5.03) <0.001 2.92 (2.23–3.82) <0.001
HBsAg seropositive versus seronegative 0.95 (0.72–1.24) 0.69 –

CI, confidence interval; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; OR, odds ratio.

T-S Lai et al.: Hepatitis C viral load, genotype, and chronic kidney disease c l i n i ca l i nves t iga t ion
Subgroup analyses in accordance with age, gender,
educational status, lipid status, diabetes, hypertension, and
hepatitis B virus carrier state were performed, and HCV
infection showed increased risk of CKD in almost all sub-
groups. A sensitivity analysis in which GFR was estimated
with the Modification of Diet in Renal Disease Study
(MDRD) equation instead of the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation showed
similar results.

DISCUSSION
Hepatitis C is well known for extrahepatic manifestations that
cause multiple organ damage and lead to morbidity and
mortality beyond chronic liver disease or liver cancer.18,19 Our
study focused on kidney damage and demonstrated a signif-
icant association between HCV infection and CKD. Partici-
pants who were chronically HCV-infected had a 91% increase
risk of CKD compared with participants who were not
chronically HCV-infected. The association with increased
CKD risk was more significant when HCV viral load
increased in a dose-dependent manner. Patients with HCV
Table 3 | Multivariable-adjusted odds ratio of chronic kidney dis

OR (95% CI)
HCV RNA-negative

(n [ 13,374)
1st tertilea

(n [ 143)

CKDd 1 (ref) 1.21 (0.54–2.70)
Components of CKD
Proteinuriae 1 (ref) 1.57 (0.48–5.11)
Low eGFRf 1 (ref) 1.11 (0.43–2.87)

CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtrati
a26–9000 IU/ml.
b9001–107,000 IU/ml.
c>107,000 IU/ml.
dMultivariable regression, adjusted for age (10-year increment), gender, diabetes mellitu
uric acid level.
eMultivariable regression, adjusted for age (10-year increment), gender, alcohol drinking
fMultivariable regression, adjusted for age (10-year increment), gender, diabetes mellitus
uric acid level.

Kidney International (2017) -, -–-
genotype 2 had higher increased risk of CKD than patients
with HCV genotype 1 compared with non–HCV-infected
patients. The effect of HCV genotypes on CKD was inde-
pendent of HCV viral load.

Previous studies have examined the association between
anti-HCV seropositivity and CKD but showed conflicting
results.9–14 Tsui et al. analyzed data from the Third National
Health and Nutrition Examination Survey (NHANES III) and
showed that hepatitis C is independently associated with
albuminuria above the age of 40, but not with CKD.8 A meta-
analysis showed that HCV seropositivity increased risk of
proteinuria with a pooled relative risk (RR) of 1.47 (95%
confidence interval [CI]: 1.12–1.94, P ¼ 0.006), but did not
reduce GFR, with a pooled RR of 1.12 (0.91–1.38,
P ¼ 0.28).15 High heterogeneity across these studies was
noted, and may have contributed to large variations in age,
sex, ethnicity, prevalence of HCV infection, co-infection with
HIV, and proportion of i.v. drug users. Thus, a causal rela-
tionship cannot be stated conclusively. Unlike other cohorts,
the REVEAL-HCV cohort enrolled participants living in the
community in Taiwan, an HCV-endemic area. The major
ease and its components by serum hepatitis C virus RNA level

HCV RNA-positive
(n [ 431)

P value for trend
2nd tertileb

(n [ 141)
3rd tertilec

(n [ 147)

1.40 (0.66–3.00) 3.44 (1.92–6.14) <0.001

2.27 (0.80–6.47) 3.19 (1.27–7.99) 0.003
1.33 (0.55–3.20) 4.43 (2.35–8.35) <0.001

on rate; HCV, hepatitis C virus; OR, odds ratio.

s, hypertension, history of cardiovascular disease, serum cholesterol, triglyceride, and

, diabetes mellitus, hypertension, serum cholesterol, triglyceride, and uric acid level.
, hypertension, history of cardiovascular disease, serum cholesterol, triglyceride, and
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Table 4 | Multivariable-adjusted odds ratio of chronic kidney disease by serum hepatitis C virus (HCV) RNA level and HCV
genotype

HCV RNA status HCV genotypea No. of participants No. of CKDb Multivariable-adjusted OR (95% CI)

No chronic HCV infection 13,374 424 1.00 (ref)
Low HCV RNAc 1 131 3 0.54 (0.17–1.75)
Low HCV RNAc 2 120 8 1.80 (0.84–3.87)
High HCV RNAc 1 84 6 2.62 (1.11–6.17)
High HCV RNAc 2 58 8 4.99 (2.25–11.06)

CI, confidence interval; CKD, chronic kidney disease; OR, odds ratio.
aGenotype testing was not performed in 38 participants with detectable HCV RNA levels.
bMultivariable regression, adjusted for age (10-year increment), gender, diabetes mellitus, hypertension, history of cardiovascular disease, serum cholesterol, triglyceride, and
uric acid level.
cLow and high HCV RNA cutoff was based on 2nd tertile (107,000 IU/ml).
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routes of HCV transmission were iatrogenic factors.20,21 The
results were reliable, given that the association between active
HCV infection and CKD was adjusted for multiple potential
confounders. We also used a strict definition of CKD based
on consecutive GFR or urine protein according to Kidney
Disease Outcomes Quality Initiative (K-DOQI) guideline.
The robust relationship between HCV infection and CKD
made us reasonably infer that the controversy surrounding
previous results may owe to the various degrees of HCV
viremia within and between studies, which masked true
associations.

The effect of serum HCV RNA further proved our hy-
pothesis. The serum HCV RNA level is a marker for active
replication of HCV. In our study, around 60% of serum
samples seropositive for anti-HCV were found to have
detectable serum levels of HCV RNA, which is consistent with
the findings of previous studies.22–24 The present study was
among the first to investigate the association between HCV
RNA, genotype, and CKD in a community-based cohort. Our
results showed that serum HCV RNA level was associated
with CKD in a dose-response relationship. Participants with
undetectable HCV RNA levels shared a similar risk of CKD as
participants who were seronegative for anti-HCV without
statistical significance, suggesting that HCV viral load does
matter to the HCV-related renal outcome. Two HIV studies
have demonstrated that HCV viremia is associated with a
higher incidence of CKD compared with that in HCV-
seronegative HIV-infected patients.25,26 However, there were
controversies about the risk to develop CKD for participants
with HCV aviremia compared with HCV seronegativity. In a
related study, Butt et al. examined US adult veterans with
detectable and undetectable HCV RNA within an HCV-
infected group and found no association between HCV and
incidence of CKD.14 It should be noted that the study pop-
ulation was mostly male, and the prevalence of diabetes and
hypertension was extraordinarily high. Our results provide
strong evidence that HCV viral replication activity influences
renal outcomes.

The distribution of HCV genotype in our cohort was
consistent with a previous study in Taiwan.27 There are few
studies examining the relationship between HCV genotype
and CKD. Previously, one HIV study demonstrated that there
4

was no association between the incidence of CKD and
HCV genotype (incidence rate ratio [IRR]: 1.06, 95% CI:
0.68–1.65, P ¼ 0.81) in a comparison of HCV genotype 1
with HCV genotypes 2 to 4.25 In our study, HCV genotypes
proved to be associated with the prevalence of CKD inde-
pendent of HCV viral load. To our knowledge, our study is
the first to demonstrate that HCV genotype 2 is a strong
predictor of the presence of CKD. The role of HCV genotype
in the prediction of hepatocellular carcinoma was explored in
our previous study,17 which demonstrated that HCV geno-
type 1 was an independent predictor of hepatocellular car-
cinoma. Further study is warranted to examine whether HCV
genotypes are determinants of different clinical outcomes
(i.e., hepatic progression or extrahepatic manifestations),
especially when new direct-acting antiviral agents are
developed.

There are several mechanisms of HCV-induced kidney
injury. The most documented HCV related glomerulopathy
was type I membranoproliferative glomerulonephritis
associated with type II mixed cryoglobulinemia.3 However,
only selected cryoglobulinemic patients developed
glomerular damage, while the majority had nonspecific
clinical manifestations.5 The epidemiologic evidence for
the association between HCV, cryoglobulinemia, and CKD
is still lacking. Evidence of HCV RNA and related proteins
in mesangial, endothelial, and tubular cells of the kidney
suggest a direct cytopathic effect.28 HCV also can enter cells
and replicate in B lymphocytes.29 Furthermore, hybridi-
zation signals of HCV RNA in renal biopsies were detected
in tubular and capillary endothelial cells.30 This evidence
suggests that HCV may cause glomerular as well as
tubulointerstitial damage via cryoglobulins, the HCV-
antibody immune complex, or a cytopathic effect.
Therefore, HCV infection, especially in active viral
reaction, may result in renal injury and deterioration of
renal function. In addition, HCV-infected patients may
have an increased risk of insulin resistance, which develops
during the inflammation process and exacerbates renal
damage.31,32

Our study has several limitations. First, we used a cross-
sectional design to examine the association between HCV
infection and CKD even though a causal relationship
Kidney International (2017) -, -–-
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cannot be verified. Second, we did not provide plasma
cryoglobulin data. Third, baseline serum creatinine data
were missing for a relatively high number of participants
(16.9%), although this group was excluded from the data
analyses. Fourth, a history of diabetes and hypertension was
self-reported, and their prevalence may have been under-
estimated. Fifth, we did not consider the effect of antiviral
therapy in this cohort. In Taiwan, patients with chronic
hepatitis C could hardly afford antiviral treatment until
2004, when patients fulfilling certain criteria could be
reimbursed for treatment by National Health Insurance.
Our study provided an excellent opportunity to examine
serologic markers and kidney disease during the natural
course of HCV infection.

In conclusion, this cross-sectional study demonstrated that
chronic HCV infection was associated with the prevalence of
CKD. The association was more significant when chronically
HCV-infected patients had high HCV viral load and HCV
genotype 2. A prospective study is warranted to determine
whether HCV viral load and genotype are associated with
increased risk of developing CKD and ESRD.
METHODS
Study cohort enrollment
Enrollment and follow-up methods for participants in this
community-based prospective study have been described previ-
ously.33 From 1991 to 1992, a total of 23,820 adults aged 30 to 65
years living in 7 townships in Taiwan agreed to participate in the
REVEAL-HCV study and agreed to provide informed consent to be
interviewed and undergo a health examination that included blood
23,820 subjects enrolled in this stud
11,973 men
11,847 women

16,767 subjects had 2nd follow-up
health examina�on
8279 men
8488 women

13,805 subjects entered final analys
6601 men
7204 women

206 subjects with undetectable
serum HCV RNA

72 men
134 women

13,168 subjects with an�-HCV
seronega�ve
6293 men
6875 women

Figure 1 | The flow of study participants.
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collection. All participants were interviewed in person by trained
public health nurses using a structured questionnaire. Information
was collected on sociodemographic characteristics, cigarette smok-
ing, alcohol consumption, and presence of chronic diseases such as
cirrhosis, diabetes mellitus, hypertension, and cardiovascular disease.
A follow-up visit was encouraged, and 16,767 (70.4%) participants
presented for a second health examination and blood collection. The
median time between the first and second visits was 16 months, with
an interquartile range of 5 months. After excluding 20 samples not
available for anti-HCV testing, 42 subjects with preexisting liver
cirrhosis at baseline, 2,839 subjects with missing serum creatinine
values, and 23 anti-HCV-seropositive subjects without serum HCV
RNA levels, 13,805 participants were recruited for final analyses
(Figure 1). This study was approved by the institutional review board
of the College of Public Health, National Taiwan University in Taipei.
Laboratory examinations
Serum samples were tested for hepatitis C antibody by enzyme
immunoassay using a second-generation commercial kit (Abbott
HCV EIA, version 2.0; Abbott Laboratories, Abbott Park, IL). HCV
RNA was further tested for samples positive for anti-HCV using the
COBAS TaqMan HCV test, version 2.0 (Roche Diagnostics Corpo-
ration, Indianapolis, IN). The detection limit for the COBAS Taq-
Man HCV test was 25 IU/ml. Detectable HCV RNA was further
examined for HCV genotypes by LightCycler (Roche Diagnostics
Corporation, Indianapolis, IN) polymerase chain reaction and
melting curve analysis. Serum levels of triglycerides, total cholesterol,
aspartate transaminase, and alanine transaminase were examined by
autoanalyzer. Proteinuria was performed with test dipstick paper
using Siemens Labstix SG Reagent Strips. Urinary protein concen-
tration was graded as follows: – (0 mg/dl),� (&15 mg/dl), 1þ (15–30
mg/dl), 2þ (30–100 mg/dl), 3þ (100–300 mg/dl), 4þ (S300 mg/dl).
y

20 subjects not available for an�-HCV tes�ng
42 subjects with liver cirrhosis or missing
data
2877 subjects not available for 2 serum
crea�nine level
23 an�-HCV-seroposi�ve subjects not
available for serum HCV RNA levelis

431 subjects with detectable
serum HCV RNA

236 men
195 women
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Participants with chronic HCV infection were identified by detectable
serum HCV RNA level. HCV RNA was categorized by tertiles of all
detectable values for analysis.

Clinical outcome ascertainment
According to guidelines established by the K-DOQI, CKD has been
defined as kidney damage representative of proteinuria or low GFR
for more than 3 months.34 Low GFR was defined as an estimated
eGFR of less than 60 ml/min/1.73 m2 using the CKD-EPI equation.35

Proteinuria was defined as the presence of urine protein at least
grade 1 by the urine dipstick test. In this analysis, patients were
considered to have CKD if 2 consecutive eGFR values were less than
60 ml/min/1.73 m2 or proteinuria was persistent at follow-up. A
sensitivity test was performed if GFR was estimated by the MDRD
equation instead of the CKD-EPI equation.

Statistical analysis
We performed cross-sectional analyses to examine the association
between prevalent HCV seromarkers and prevalence of CKD. Cat-
egorical variables of participants with or without chronic HCV
infection were expressed as numbers and percentages and compared
using a chi-square test. Continuous variables were expressed as means
� SD and compared using an unpaired t-test. Logistic regression
models were used to estimate PORadj with 95% CIs for CKD. Cova-
riates with statistical significance (P < 0.05) in the age- and
sex-adjusted model were included in the multivariable-adjusted model.
The statistical significance of the dose-response relationship between
serum HCV RNA levels and risk of CKD was assessed by the Cochran–
Armitage test for trend. A dummy “trend” variable was set ordinally
by the HCV viral load: nonchronically HCV-infected patients as 0, and
patients with tertiles of serum HCV RNA levels from low to high as 1
to 3. A logistic regression model was built to determine the effect of
trend variables on CKD, and a P value less than 0.05 was statistically
significant. Statistical significance was determined by a 2-tailed
test (P < 0.05). Statistical analyses were performed with SAS software,
version 9.3 (SAS Institute, Cary, NC).
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