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ABSTRACT

Background: Many studies have estimated the prevalence of anti-hepatitis C virus (HCV) antibody among
hemodialysis (HD) patients; however, the prevalence of HCV core antigen—which indicates the presence of chronic
HCV infection—is not known.
Methods: Standardized prevalence ratios (SPRs) for anti-HCV antibody and HCV core antigen among HD
patients (n = 1214) were calculated on the basis of data from the general population (n = 22 472) living in the
same area.
Results: The prevalences of anti-HCV antibody and HCV core antigen were 12.5% and 7.8%, respectively, in male
hemodialysis patients, and 8.5% and 4.1% in female hemodialysis patients. The SPRs (95% confidence interval) for
anti-HCV antibody and HCV core antigen were 8.39 (6.72–10.1) and 12.9 (9.66–16.1), respectively, in males, and
5.42 (3.67–7.17) and 8.77 (4.72–12.8) in females.
Conclusions: The prevalences of chronic HCV infection among male and female HD patients were 13-fold and
9-fold, respectively, those of the population-based controls. Further studies should therefore be conducted to
determine the extent of chronic HCV infection among HD patients in other populations and to determine whether
chronic HCV infection contributes to increased mortality in HD patients.
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INTRODUCTION

The prevalence of hepatitis C virus (HCV) infection in
hemodialysis patients is very high.1–15 Because hemodialysis
patients are vulnerable to HCV infection due to the risk
of HCV exposure associated with the dialysis procedure
and blood transfusion,16–18 infection control measures have
been established to reduce the risks of HCV infection. Tests
for detecting antibodies to HCV were first licensed by
the Food and Drug Administration (FDA) in 199019 and
are now used worldwide. The risk of HCV infection due to
dialysis and blood transfusion has therefore dramatically
decreased.

The estimated prevalence of HCV infection in hemodialysis
patients, although lower than in the past, remains high in
developed countries in Europe, despite measures to prevent
transmission of HCV.13,20,21 It has been suggested that
HCV infection independently contributes to increased
mortality among hemodialysis patients.14,22–26 In order to
reduce mortality associated with HCV infection among
hemodialysis patients, the prevalence of HCV infection and
the factors that predispose hemodialysis patients to HCV
infection require immediate investigation.
The prevalence of anti-HCV antibody among hemodialysis

patients has been estimated in many studies, but the
prevalence of chronic HCV infection is not known. In
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general, patients who are anti-HCV antibody-positive include
those who are chronically infected and those who have
recovered from infection. However, all patients who
are HCV core antigen-positive are considered chronically
infected. Therefore, it is necessary to test for both anti-HCV
antibody and HCV core antigen to accurately assess the extent
of chronic HCV infection in hemodialysis patients.

We investigated the prevalences of anti-HCV antibody
and HCV core antigen in hemodialysis patients. We then
compared these prevalences with those of the general
population and examined associations between the
prevalences and hemodialysis vintage.

SUBJECTS AND METHODS

Subjects
We have conducted the “Kaleidoscopic Approaches to
patients with end-stage RENal disease Study” (the KAREN
Study) since 2003 in northern Japan (Figure 1). The KAREN
Study is a population-based prospective study designed
to determine the effects of risk factors on cardiovascular
morbidity and mortality in end-stage renal disease (ESRD)
patients.27 A total of 1214 adult hemodialysis patients (80.6%
of the total number of hemodialysis patients in the study area;
age 22 to 95 years; 779 males and 435 females) are included
in the KAREN Study. Figure 2 shows a flow chart of the
procedure for selecting subjects participating in the KAREN
Study.

Control subjects were recruited from the general population
living in the same area, and comprised 22 474 participants

(7650 men and 14 824 women) who underwent annual health
check-ups in Iwate Prefecture and HCV screening tests in
2005.
This study was approved by the Medical Ethics Committee

of Iwate Medical University and was conducted in accordance
with the guidelines of the Declaration of Helsinki.

Measurements
The initial investigations in the KAREN Study were
conducted from June 2003 through March 2004. These
consisted of a questionnaire, review of medical records,
measurements of blood pressure and anthropometric data,
and blood tests. Anthropometrical examinations and blood
pressure measurements were performed in a consistent
manner. Self-administered questionnaires were used
to collect individual information on demographic
characteristics, history of cardiovascular disease, use of
medication, alcohol consumption, and smoking status.27

Two medical doctors and 8 nurses visited 25 medical
facilities and reviewed patients’ medical records and
treatment regimens. They recorded patient characteristics,
such as age, sex, past history, family history, date when
hemodialysis was initiated, length of hemodialysis sessions,
number of hemodialysis sessions per week, prescribed dry
weight, interdialysis weight gain at the beginning of the week,
cause of ESRD, diabetes status, comorbid conditions, current
medications, and history of other hemodialysis treatment.27

In the present study, information on anti-HCV antibody
serology testing was collected by reviewing medical charts.
All anti-HCV antibody serology tests at the 25 medical
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Figure 1. Maps of the KAREN Study area.
The maps show the location of Morioka (the capital of Iwate Prefecture), in northeastern Honshu island. The
KAREN Study area (shaded area) covers approximately two-thirds of Iwate Prefecture, and includes 26
hemodialysis facilities; only 1 facility (in which 7 patients were treated) was not included in the study. Closed
circles indicate the sites of the hemodialysis facilities.
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facilities were performed by using a second- or third-
generation assay.

Predialysis blood sampling was performed by dialysis
nursing staff immediately before beginning hemodialysis
sessions. Blood samples were drawn from arteriovenous
fistulae or grafts through hemodialysis cannulae into vacuum
tubes. The blood samples were transported to a laboratory
(Mitsubishi Kagaku Bio-Clinical Laboratories, Inc., Morioka
branch office), and biochemical measurements and combined
blood counts were performed on the same day. Residual sera
of each sample were collected and stored at −80 °C in our
laboratory.

Results of anti-HCV antibody tests could not be obtained
from 50 patients upon reviewing their medical charts.
Frozen serum samples from those patients were unfrozen
and anti-HCV antibody tests were performed using a second-
generation assay (Architect HCV, Abbott, Japan). Frozen
samples from patients who were positive for anti-HCV
antibody (as confirmed by chart review or by HCV
antibody determination using frozen samples) were
unfrozen and HCV core antigen tests were performed using
the Chemiluminescent Enzyme Immunoassay (CLEIA).
Quantitative determination of HCV-RNA by reverse
transcription polymerase chain reaction (RT-PCR) was not
performed in hemodialysis patients who were positive for
anti-HCV antibody and negative for HCV core antigen
(Figure 3).

The HCV screening survey of the general population was
conducted in Iwate Prefecture in 2005. All samples were
transported to a laboratory (Iwate Health Service Association),
and HCV antibody serology tests were performed by using an

enzyme immunoassay (AxSYM HCV Dynapack II, Abbott
Japan). Additional HCV core antigen tests were also
performed using CLEIA in subjects who were positive for
HCV antibody. A total of 236 samples from participants who
were positive for anti-HCV antibody and negative for HCV
core antigen were then used for qualitative determination of
HCV-RNA by RT-PCR (AMPLICOR TM HCV test, Roche,
Figure 4).

Statistical analysis
Hemodialysis patients and population-based control subjects
were divided into sex- and age-specific groups (20–39,
40–49, 50–59, 60–69, and ≥70 years). Sex- and age-
specific prevalences of anti-HCV antibody and HCV core
antigen were determined both in hemodialysis patients and
controls.
Among hemodialysis patients, the expected number

of patients positive for anti-HCV antibody (or HCV core
antigen) in each sex- and age-specific group was calculated
by using the prevalence of each sex- and age-specific group
from the population-based controls. The total number of
expected patients positive for anti-HCV antibody (or HCV
core antigen) among hemodialysis patients was calculated
by summing the numbers of positive individuals expected in
all age-specific groups. The ratio of the observed number
of hemodialysis patients with anti-HCV antibody (or HCV
core antigen) to the expected number was defined as the
standardized prevalence ratio (SPR). We assumed that the
data would have a Poisson distribution; therefore, the
confidence intervals for the SPRs were estimated using
standard errors.28

38 municipalities with a total population of 
939448 in the KAREN study area

Total of 26 hemodialysis facilities. 
There were 1506 hemodialysis patients

(prevalence: 1596 per one million).
25 facilities (1499 patients) participated.

1447 patients (96.5%) were
contacted.

52 patients were excluded
due to severity of disease.

1260 gave informed 
consent (87.1%).

187 patients did not give informed consent.

1214 patients completed interview 
and baseline examination (80.6%).

•21 patients withdrew because 
of deterioration in their
general condition.
•Blood samples were not taken from 
25 patients.

Figure 2. Flow chart for selecting subjects participating in the KAREN Study.
A total of 1506 adult patients were undergoing hemodialysis in 26 institutes in the study area. We were able to
contact 1447 patients (96.5%); an additional 52 patients were excluded because of the severity of their
condition. A total of 1260 patients (87.1%) gave written informed consent for participation in the study. Of these,
1214 (80.6%) completed the baseline examination.
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Hemodialysis patients were also divided into 6 groups
according to dialysis “vintage” (length of time on dialysis):
<6 months, 6 to 23 months, 2 to 4 years, 5 to 9 years, 10 to 14
years, or 15 years or longer. Prevalences of anti-HCVantibody

and HCV core antigen in each group were estimated.
Differences in prevalences by sex or dialysis vintage
(vintage ≥10 years vs <10 years) were tested using the
chi-square test. To examine whether each risk factor was

non-infection 
(n = 22120: 98.4%)

past infection 
(n = 236: 1.1%) 

HCV antibody and HCV antigen screening tests
in the general population (Iwate Prefectural HCV Survey in 2005) 

HCV-Ab screening: AXSYM (n=22474)

HCV persistent infection (n=118 : 0.5%)

High in 73

(0.32%)

Middle or low in 281 (1.25%) Negative in
22120 (98.4%)

HCV core Ag determination

Positive in 45 (0.20 %) Negative in 236 (1.05 %)

HCV RNA determination (RT-PCR)

Positive in 0 (0 %) Negative in 236 (1.05 %)

1 2 3 54

≥ 1.00 < 0.15

Figure 4. Flow chart of HCV antibody and HCV core antigen screening in population-based controls (Iwate Prefectural
HCV survey in 2005).
There were 22474 participants who underwent annual health check-ups and HCV screening. A total of 354
subjects were positive for HCV antibody (1.57%). HCV core antigen tests were performed in subjects with low-
or middle-range positivity for HCV antibody. A total of 45 were positive for HCV core antigen. HCV-RNA
determination using the RT-PCR method was performed in 236 subjects, but none were positive. Ultimately, 118
subjects were classified with persistent HCV infection (0.53%).

HCV antibody confirmation in hemodialysis patients (n=1214):
by reviewing medical charts (n=1164)

by HCV Ab test (AXYSM, n=50) 

79 (6.5%)
persistent infection

positive in 134 (11.0%)
negative

in 1080 (89.0%)

HCV core Ag determination

negative in 55 (4.53%) 

< 20 fmol/L≥ 20 fmol/L

positive in 79 (6.51%) 

1080 (89.0%)
non-infection

55 (4.5%)
past infection

Figure 3. Flow chart of HCV antibody and HCV core antigen screening in hemodialysis patients in the KAREN Study.
Information on HCV serology tests was not collected from 50 subjects in the KAREN Study. For those 50
subjects, we defrosted frozen serum samples and performed HCV antibody tests using Architect HCV (Abbott,
Japan). A total of 134 subjects (11.0%) were positive for HCV antibody. HCV core antigen tests were then
performed for those subjects. A total of 79 were positive for HCV core antigen and were classified with persistent
HCV infection (6.0%).
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independently associated with chronic HCV infection or past
HCV infection, logistic regression analysis was performed
using presence of chronic HCV infection or history of HCV
infection as the dependent variable and age, sex, and dialysis
vintage as explanatory variables. A P value less than 0.05 was
considered statistically significant. All statistical analyses
were performed using the SPSS software package (SPSS,
Japan Inc., Version 14.0).

RESULTS

Table 1 shows sex- and age-specific prevalences of anti-HCV
antibody in hemodialysis patients and population-based
controls. Among population-based controls, the prevalence
of anti-HCVantibody increased with advancing age; however,
no such association was observed among hemodialysis
patients. A sex difference in the prevalence of anti-HCV
antibody was not found in the population-based controls;
however, among the hemodialysis patients, the prevalence of
anti-HCV antibody was higher in men than in women (12.5%
vs 8.5%, P < 0.05).

The prevalence of anti-HCV antibody was considerably
higher in hemodialysis patients than in controls. The SPR
(95% CI) for anti-HCV antibody was 8.39 (6.72–10.1) in
male hemodialysis patients and 5.42 (3.67–7.17) in female
hemodialysis patients.

Table 2 shows sex- and age-specific prevalences of HCV
core antigen in hemodialysis patients and population-based
controls. A positive association between the prevalence of
HCV core antigen and age was found in controls but not in
hemodialysis patients. The prevalence of HCV core antigen
was also higher in male hemodialysis patients than in female
hemodialysis patients (7.8% vs 4.1%, P < 0.05). The SPR

(95% CI) for HCV core antigen was 12.9 (9.66–16.1) in
male hemodialysis patients and 8.77 (4.72–12.8) in female
hemodialysis patients.
Table 3 shows prevalences of anti-HCV antibody and HCV

core antigen by dialysis vintage. Male and female patients
with longer hemodialysis vintages (10–14 years or ≥15 years)
had high prevalences of anti-HCV antibody than did male and
female patients with a dialysis vintage less than 10 years
(P < 0.05). Male and female patients with a dialysis vintage of
15 years or more had extremely high prevalences of anti-HCV
antibody. However, among the dialysis vintage subgroups,

Table 1. Sex- and age-specific prevalences of anti-HCV
antibody in hemodialysis patients and a general
population

Age group

General population HD patients

Total
No.

HCV Ab-positive
(%)

Total
No.

HCV Ab-positive
(%)

Men
20–39 36 0 (0.0%) 52 4 (7.7%)
40–49 890 16 (1.8%) 96 13 (13.5%)
50–59 1564 14 (0.9%) 191 38 (19.9%)
60–69 3001 43 (1.4%) 233 27 (11.6%)
≥70 2159 50 (2.3%) 207 15 (7.2%)
total 7650 123 (1.6%) 779 97 (12.5%)

Women
20–39 62 0 (0.0%) 22 0 (0.0%)
40–49 2662 22 (0.8%) 55 5 (9.1%)
50–59 3980 40 (1.0%) 121 5 (4.1%)
60–69 4927 87 (1.8%) 116 1 (0.9%)
≥70 3193 82 (2.6%) 121 11 (9.1%)
total 14824 231 (1.6%) 435 37 (8.5%)

Abbreviations: HCV, hepatitis C virus; HD, hemodialysis; No., number;
Ab, antibody.

Table 2. Sex- and age-specific prevalences of HCV core
antigen in hemodialysis patients and normal
controls

Age group

General population HD patients

Total
No.

HCV core
Ag-positive (%)

Total
No.

HCV core
Ag-positive (%)

Men
20–39 36 0 (0.0%) 52 3 (5.8%)
40–49 890 8 (0.9%) 96 8 (8.3%)
50–59 1564 5 (0.3%) 191 32 (16.8%)
60–69 3001 16 (0.5%) 233 12 (5.2%)
≥70 2159 21 (1.0%) 207 6 (2.9%)
total 7650 50 (0.7%) 779 61 (7.8%)

Women
20–39 62 0 (0.0%) 22 0 (0.0%)
40–49 2662 5 (0.2%) 55 2 (3.6%)
50–59 3980 5 (0.1%) 121 5 (4.1%)
60–69 4927 28 (0.6%) 116 4 (3.4%)
≥70 3193 30 (0.9%) 121 7 (5.8%)
total 14824 68 (0.5%) 435 18 (4.1%)

Abbreviations: HCV, hepatitis C virus; HD, hemodialysis; No., number;
Ag, antigen.

Table 3. Prevalences of anti-HCV antibody and HCV core
antigen among hemodialysis patients, stratified by
hemodialysis vintage

HD vintage No.
HCV

Ab-positive (%)
HCV core

Ag-positive (%)

Men
<6 months 44 4 (9.1%) 3 (6.8%)
6–23 months 158 14 (8.9%) 8 (5.1%)
2–4 yrs 218 18 (8.3%) 10 (4.6%)
5–9 yrs 176 15 (8.5%) 7 (4.0%)
10–14yrs 75 10 (13.3%) 8 (10.7%)
≥15 yrs 108 36 (33.3%) 25 (23.1%)
total 779 97 (12.5%) 61 (4.6%)

Women
<6 months 18 1 (5.6%) 1 (5.6%)
6–23 months 74 4 (5.4%) 3 (4.1%)
2–4 yrs 129 8 (6.2%) 4 (3.1%)
5–9 yrs 109 8 (7.3%) 4 (3.7%)
10–14yrs 49 3 (6.1%) 3 (6.1%)
≥15 yrs 56 13 (23.2%) 3 (5.4%)
total 435 37 (8.5%) 18 (4.1%)

Abbreviations: HCV, hepatitis C virus; HD, hemodialysis; No., number;
Ab, antibody; Ag, antigen.
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male patients with a dialysis vintage of 15 years or more had
the highest prevalence of HCV core antigen.

Both male and female patients in the 4 groups with
the shortest dialysis vintage (ie, <10 years) had similar
prevalences of HCV antibody, regardless of dialysis vintage
(approximately 9% in male hemodialysis patients and 5% in
female hemodialysis patients in each of the 4 groups).

Table 4 shows the odds ratios attributable to each factor for
having chronic HCV infection or past HCV infection. Male
sex and dialysis vintage were independently associated with a
higher prevalence of chronic HCV infection. The prevalence
of chronic HCV infection among male hemodialysis patients
was double that of female patients. However, only
hemodialysis vintage was independently associated with an
increased prevalence of past HCV infection.

DISCUSSION

In this study, we analyzed the prevalences of HCV antibody
and HCV core antigen in adult hemodialysis patients. We
estimated SPRs for both anti-HCV antibody and HCV core
antigen among hemodialysis patients, and compared these
estimates to those of the general population living in the same
area.

Patients who are positive for HCV core antigen all have
chronic HCV infection, whereas patients with anti-HCV
antibody include those who have recovered from HCV
infection, as well as those with chronic HCV infection.
In a general population, patients who have recovered
from HCV infection never develop liver cirrhosis or
hepatocellular carcinoma (HCC) due to HCV, whereas
patients with chronic HCV infection will develop liver
cirrhosis or HCC 20 to 30 years after initial infection.29

Therefore, in a general population, information regarding
chronic HCV infection is more important than information
on anti-HCV antibody.
In their study of Tunisian hemodialysis patients,

Bouzgarrou et al reported that an HCV core antigen assay
based on the HCV-RNA test had high sensitivity and high
specificity; however, they were unable to provide an accurate
estimate of the prevalence of chronic HCV infection and past
HCV infection because of the large number of missing
cases.30

Table 5 shows prevalences of anti-HCV antibody and
chronic HCV infection (positivity for HCV core antigen or
HCV RNA) in several studies with large sample sizes.6,8–15,24

Hmaied reported the prevalences of both anti-HCV antibody
and HCV-RNA.11 The proportion of patients with HCV-RNA

Table 4. Odds ratios for each risk factor for past or chronic HCV infection

Risk factor
Chronic HCV infection Past HCV infection

OR 95%CI P OR 95%CI P

Age (per 1 year increase) 0.99 (0.97–1.01) 0.484 1.02 (0.99–1.05) 0.107
Male sex 1.99 (1.14–3.44) 0.014 1.06 (0.60–1.89) 0.843
Dialysis vintage (per 1 year increase) 1.09 (1.06–1.12) <0.001 1.09 (1.06–1.13) 0.006

Odds ratios and their 95% confidence intervals were estimated by logistic regression analysis.
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 5. Prevalences of anti-HCV antibody and HCV core antigen (or RNA) among hemodialysis patients from various countries

Country
Author or

name of study
Sample size

HCV
Ab-positive (%)

Positive for HCV
Ag or RNA (%)

Years tested

Japan Washio15 540 24.3 — 1990
Nakayama24 1470 18.8 — 1993
DOPPS8 not obtained 19.9 — 1997–2001
Kumagai6 1882 — 12.9a 1999–2003
KAREN 1214 11.0 6.5b 2003–2004

United States DOPPS8 not obtained 14.4 — 1997–2001
Da Vita14 13 664 11.6 — 2001–2004

Belgium Jadoul13 629 6.8 — 2000
France DOPPS8 not obtained 14.7 — 1997–2001
Germany Hinrichsen9 2796 7.0 — 1996–1997
United Kingdom DOPPS8 not obtained 2.7 — 1997–2001
Italy DOPPS8 not obtained 22.2 — 1997–2001
Iran Shamshirsaz10 593 — 8.6a 2004c

Tunisia Hmaied11 395 20 14a 2001–2003
Thailand Luengrojanakul12 221 — 19.9a 1994

Abbreviations are the same as those used in Tables 1, 2, and 3. Italics indicate the present study.
Superscript numbers correspond to the reference used in the present study.
a, determined by HCV-RNA test by the PCR method; b, determined by HCV core antigen test.
c, Not clearly described when blood sampling was performed (published in 2004).
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among patients with anti-HCV antibody was 70% in their
study, and this proportion is similar to that of patients with
HCV core antigen among patients with anti-HCV antibody in
our study; it is also similar to the proportion of patients with
chronic infection among all patients with HCV infection in the
general population.31

We determined the prevalences of anti-HCV antibody and
HCV core antigen in hemodialysis patients who were divided
into 6 groups according to hemodialysis vintage. Patients with
a hemodialysis vintage of 10 years or more had significantly
higher prevalences of anti-HCV antibody and HCV core
antigen than did patients with shorter hemodialysis vintages.
Furthermore, patients with a hemodialysis vintage of 15 years
or more had significantly higher prevalences of anti-HCV
antibody than did other groups.

Since 1981, the Japanese Red Cross Blood Transfusion
Service has excluded blood samples from donors with
high serum ALT levels (≥36KU/mL) in order to prevent
transfusion of blood with non-A non-B hepatitis virus.
Erythropoietin has been used clinically for treatment of
anemia since 1986. In 1989, the Japanese Red Cross Blood
Transfusion Service began using a first generation assay to
screen blood donors for anti-HCV antibody.32 The timing of
the introduction of these programs explains the relatively low
prevalence of HCV infection among patients with a dialysis
vintage less than 10 years and the extremely high prevalence
of HCV infection among patients with a dialysis vintage of 15
years or more.

Choo and Kuo first developed a specific assay for HCV in
1989,33,34 and a second-generation ELISA, which was more
sensitive than the first-generation ELISA, was developed in
1992 and became widely used as a clinical diagnostic tool and
for epidemiological and other investigative purposes. As a
result, the risk of nosocomial HCV infection has dramatically
decreased among hemodialysis patients who started
hemodialysis treatment after 1992. Our results showing a
high prevalence of HCV infection among patients with a
hemodialysis vintage of 10 years or more are consistent with
the fact that risks for HCV infection have been reduced by the
development and widespread use of HCV assays.

However, as compared to the general population, patients
with a hemodialysis vintage of less than 10 years had a
significantly higher prevalence of HCV infection, even though
they would be expected to be at low risk of HCV infection due
to blood transfusion and dialysis. This cross-sectional analysis
also showed that prevalences were similar among the groups
of patients with a dialysis vintage less than 10 years (ie, <6
months, 6–23 months, 2–4 years, 5–9 years), which suggests
that most hemodialysis patients with HCV infection became
infected before initiation of hemodialysis treatment, and
that only a few patients with HCV infection developed the
infection after initiation of hemodialysis treatment.

The incidence rate of HCV infection among hemodialysis
patients is reported to be lower than 0.5 percent per year,6,35

indicating that the very high prevalence of HCV infection
among hemodialysis patients is not entirely due to the elevated
risk of nosocomial infection associated with dialysis therapy.
There are several possible pathways for HCV transmission
before initiation of hemodialysis. Patients with renal failure
may have a high prevalence of HCV infection, regardless of
the severity of renal failure, or, alternatively, patients with
HCV infection may have a high prevalence of renal failure. It
has been shown that HCV is associated with an increased
prevalence of renal insufficiency.36 Renal diseases associated
with HCV infection may also contribute to the high prevalence
of HCV infection among patients with kidney disease.37

Another possible explanation is that patients with mild-to-
moderate renal failure (ie, patients with chronic kidney
disease) tend to develop ESRD after HCV infection, which
may contribute to the high prevalence of HCV among patients
with ESRD. Two studies have shown that HCV infection
contributed to an increased risk of developing ESRD.38,39

If HCV infection does indeed contribute greatly to the
development of ESRD, better prevention and treatment
strategies for HCV infection should not only decrease liver
disease-related mortality, they should also decrease the
development of ESRD and its related mortality in patients
with CKD and in the general population.
Although there was no sex-based difference in the

prevalence of HCV infection in the general population, the
prevalences of anti-HCV antibody and HCV core antigen
were higher in male hemodialysis patients than in female
hemodialysis patients. This suggests that male hemodialysis
patients are at greater risk for HCV infection, perhaps due to
the presence of predisposing factors for HCV infection.
Male hemodialysis patients with a long hemodialysis

vintage (≥10 years) had a high rate of chronic HCV
infection (70%: the percentage of patients who were positive
for HCV core antigen among those were positive for anti-
HCV antibody); however, female patients with a similarly
long hemodialysis vintage had a lower rate of chronic HCV
infection (37.5%). Male sex was independently associated
with a high prevalence of HCV core antigen in logistic
regression analysis. These data suggest that male hemodialysis
patients have a greater risk of HCV infection, and a greater
risk of persistent HCV infection, than do female hemodialysis
patients.
Thomas et al reported that the spontaneous clearance rate of

HCV among female patients was 1.58 times that of male
subjects; however, the finding was of only marginal statistical
significance.40 Women are less likely to be regular alcohol
drinkers.27,31 In addition, they have higher levels of serum
HDL cholesterol27,41 and perhaps other unknown protective
factors. This may attenuate their risks of initial and chronic
HCV infection, and may explain the observed sex-based
differences.
Another possible explanation is that women who had

recovered from HCV were selectively registered in the study
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because of a very high mortality rate for women with chronic
HCV infection. However, to our knowledge, no studies have
shown that female patients with chronic HCV infection have a
higher mortality rate than that of patients who have recovered
from HCV infection.

One major feature of this study is the long dialysis vintage
of the participants. Mean dialysis vintage of the study
participants exceeded 7 years; mean dialysis vintage was
only approximately 3 years in reports from the United States
and Europe.42 The generous medical insurance reimbursement
system for Japanese dialysis patients and the high quality of
hemodialysis treatment, which includes legal controls that
strictly restrict re-use of a dialyzer, may have contributed
to the longevity of hemodialysis patients. More than 20%
of patients in the present study had long dialysis vintage
(≥10 years), and long dialysis vintage was associated with
a high prevalence of HCV infection in our study.

Since hemodialysis patients have a short life expectancy,
there are few cases in which liver cirrhosis or HCC develops
long after initiation of hemodialysis. Nakayama and Fabrizi
found that hemodialysis patients who were anti-HCV
antibody-positive had higher rates of liver disease-related
deaths.24,26 However, the authors did not reveal whether an
elevated mortality rate among hemodialysis patients with anti-
HCV antibody was totally attributable to the increase in liver
disease-related deaths. It is necessary to determine which
cause of death contributes to the increase in mortality among
hemodialysis patients with HCV infection.

This study was based on data from a population-based
study and the sample size was sufficient to satisfy our
objectives. Indeed, the large sample size of population-based
controls living in the same area is one of the strengths of the
study. However, several limitations to our study should be
noted. The cross-sectional design of the present study cannot
prove causal relationships. In addition, the lack of HCV-RNA
data on the hemodialysis subjects who were positive for HCV
antibody and negative for HCV core antigen is a major
limitation in our study. It is possible that hemodialysis
patients who are negative for HCV core antigen nevertheless
have very low levels of HCV-RNA; however, the possibility
of missing such cases in the present study is very low
because, among the population-based controls, none were
simultaneously positive for both HCV-RNA and HCV
antibody and negative for HCV core antigen (Figure 4).
Therefore, we believe that the results of the study were not
distorted by lack of data regarding HCV-RNA. A history of
blood transfusion is a strong predisposing factor for HCV
infection. Thus, lack of information about past history of
blood transfusion is also a major limitation. In addition,
people who did not participate in the annual health check-ups
may have been in poor health and might have had liver
disease. This would have resulted in an underestimation of
HCV infection in the general population and overestimation of
the SPR for HCV among hemodialysis patients.

In conclusion, the prevalences of chronic HCV infection in
male and female hemodialysis patients are 13 times and 9
times those of men and women in the general population.
Further studies should therefore be carried out to determine
the extent of chronic HCV infection in hemodialysis patients
in other populations and to determine whether chronic HCV
infection contributes to increased mortality in hemodialysis
patients.
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