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Hepatitis C Virus and Death Risk in Hemodialysis Patients

Kamyar Kalantar-Zadeh,*" Ryan D. Kilpa’crick,"i Charles J. McAllister,® Loren G. Miller,!
Eric S. Daar,™ David W. Gjertson,’ Joel D. Kopple™* and Sander Greenland*

*Harold Simmons Center for Kidney Disease Research and Epidemiology, and Divisions of "Nephrology and
Hypertension, lInfectious Disease, and THIV Disease, Los Angeles Biomedical Institute at Harbor-UCLA Medical
Center, and David Geffen School of Medicine at UCLA, Torrance, Departments of *Epidemiology, SBiostatistics, and
**Community Health, School of Public Health, University of California Los Angeles, Los Angeles, and (8) DaVita, Inc.,
El Segundo, California

In maintenance hemodialysis (MHD) patients, hepatitis C virus (HCV) infection is common and may be associated with poor
clinical outcomes. It was hypothesized that HCV infection would be associated with high all-cause and cardiovascular
mortality in these patients after controlling for demographic and clinical characteristics, including surrogates of malnutrition-
inflammation complex syndrome. A national database of 13,664 MHD patients who underwent HCV antibody serology testing
at least once during a 3-yr interval (July 2001 through June 2004) was analyzed. Measurements included third-generation HCV
enzyme immunoassay and routine laboratory measurements. The HCV enzyme immunoassay was reported positive in 1590
(12%) patients. In logistic regression models that included case mix and available surrogates of malnutrition-inflammation
complex syndrome, HCV infection was associated with younger age, male gender, black race, Hispanic ethnicity, Medicaid
insurance, longer dialysis vintage (duration), unmarried status, HIV infection, and smoking history. In proportional-hazards
regressions, the mortality hazard ratio that was associated with HCV infection was 1.25 (95% confidence interval 1.12 to 1.39;
P < 0.001). Mortality hazards were higher among incident (dialysis duration <6 mo) than prevalent HD patients. Subgroup
analyses indicated that HCV was associated with higher all-cause and cardiovascular mortality across almost all clinical,
demographic, and laboratory groups of patients. Hence, in MHD patients, HCV infection exhibits distinct demographic,
clinical, and laboratory patterns, including associations with higher dialysis treatment vintage, and is associated with higher

mortality. More diligent efforts to prevent and treat HCV infection may improve outcomes in MHD patients.
J Am Soc Nephrol 18: 1584-1593, 2007. doi: 10.1681/ASN.2006070736

epatitis C virus (HCV) infection is the most common
cause of chronic liver disease in the world (1). Cer-

H

sis (MHD) patients, have a significantly higher prevalence of

tain populations, including maintenance hemodialy-

HCV infection, ranging from 5 to 25% or even higher, according
to the recent literature (2-5). This population may serve as an
exceptional model to study the impact of HCV infection on
outcomes, especially because the short-term death risk is ex-
tremely high in MHD patients in the United States, at least 20%
annually (6). Several investigations have suggested that HCV
infection is associated with higher mortality in this population
(7-12), but these studies have been limited in size and selectiv-
ity, the largest comprising only 367 HCV-infected patients (11).
Given that HCV-associated liver disease typically takes decades
to become clinically manifest, a period of time much longer
than the lifespan of most dialysis patients with a 5-yr survival
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of 60 to 70% (6), the liver disease-related complications seem
the unlikely link to the high death risk.

Approximately half of all deaths in MHD patients are attrib-
uted to cardiovascular disease (13). To date, associations be-
tween traditional cardiovascular risk factors and death have
not been observed in MHD patients (14,15), but a strong asso-
ciation between elements of the malnutrition-inflammation
complex (or cachexia) syndrome (MICS) and poor clinical out-
come has been observed (16). Because HCV infection is associ-
ated with increases in inflammatory markers and alterations in
nutritional status in both the general population (17-19) and
dialysis patients (20) and is related to poor survival in MHD
patients, examining associations between HCV infection and
death risk after adjustment for markers of MICS may better
reveal the mechanisms that lead to mortality that is associated
with HCV infection. Moreover, a larger study population al-
lows more detailed examination of diverse subgroups and po-
tential interactions.

We studied a large national database of MHD patients in the
United States to examine the hypothesis that HCV antibody—
positive MHD patients have a higher risk for all-cause and
cardiovascular mortality. We also examined whether HCV-
infected MHD patients have distinct demographic, clinical, and
laboratory characteristics that can be used to screen for HCV
infection.

ISSN: 1046-6673/1805-1584
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Materials and Methods
Patients

Data from all individuals who had ESRD and underwent MHD
treatment from July 2001 to June 2004 in one of the 580 outpatient
dialysis facilities of a large dialysis organization (DaVita, Inc.) in the
United States were extracted and examined. The study was approved
by the institutional review committees of both Los Angeles Biomedical
Research Institute at Harbor-UCLA and DaVita Clinical Research, and
the requirement for written consent form for individually identifiable
data was waived on he basis of the Standards for Privacy of Individ-
ually Identifiable Health Information (21).

Clinical and Demographic Measures

For minimization of measurement variability, all repeated measures
for each patient during any given calendar quarter (i.e., during a 13-wk
interval) were averaged, and the summary estimate was used in all
models. Hence, average values were obtained for up to 12 calendar
quarters (q1 through q12) for each laboratory and clinical measure for
each patient during the 3-yr cohort period. MHD status was defined as
HD treatment during at least 45 consecutive days. Dialysis vintage was
defined as the duration of time between the first day of dialysis treat-
ment and the first day that the patient entered the cohort. For preex-
isting (prevalent) MHD patients (i.e., dialysis vintage =6 mo), data from
the first calendar quarter (July through September 2001) were used. For
new (incident) patients (i.e., dialysis vintage <6 mo), the baseline
values originated from the calendar quarter in which the patient had
undergone MHD for at least 45 d at the start of the given calendar
quarter.

Thirteen-week averaged postdialysis weight and baseline height
were used to calculate the body mass index (BMI; weight [kg]/height
squared [m?]). The dosage of administered recombinant human eryth-
ropoietin (rHuEPO; EPOGEN; Amgen, Thousand Oaks, CA) was also
calculated for each calendar quarter (22-24). Causes of death, reflecting
the reported information in the Cause of Death form (Form 2746 for
reporting to the US Renal Data System [USRDS]), were obtained. Car-
diovascular death was defined as death as a result of myocardial
infarction, cardiac arrest, heart failure, cerebrovascular accident, and
other cardiac causes. Infectious death was defined as death attributed
to an infectious disease as the primary cause of death.

In addition to the presence or absence of diabetes, which was avail-
able a priori in the database, histories of tobacco smoking and preexist-
ing comorbid conditions were obtained by linking the DaVita database
to the Medical Evidence Form 2728 of the USRDS (25) and categorized
into 10 comorbid conditions: (1) Ischemic heart disease, (2) congestive
heart failure, (3) status post cardiac arrest, (4) status post myocardial
infarction, (5) pericarditis, (6) cardiac dysrhythmia, (7) cerebrovascular
events, (8) peripheral vascular disease, (9) chronic obstructive pulmo-
nary disease, and (10) cancer.

Laboratory Measures

Blood samples were drawn using uniform techniques in all of the
DaVita dialysis clinics and were transported to the DaVita Laboratory
in Deland, FL, typically within 24 h. All laboratory values were mea-
sured by automated and standardized methods in the DaVita Labora-
tory. Most laboratory values, including complete blood cell counts and
hemoglobin and serum levels of urea nitrogen, creatinine, albumin,
calcium, phosphorus, bicarbonate, and total iron-binding capacity
(TIBC), were measured monthly. Serum ferritin was measured quar-
terly. Hemoglobin was measured weekly to biweekly in most patients.
Kt/V was used to estimate dialysis dosage, and normalized protein
equivalent of total nitrogen appearance, also known as normalized
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protein catabolic rate, an estimation of daily protein intake, was mea-
sured monthly as a measure of protein intake. Most blood samples
were collected before dialysis with the exception of the postdialysis
serum urea nitrogen, which was obtained to calculate urea kinetics. The
HCV antibody status was examined using the third generation of the
HCV enzyme immunoassay (EIA version 2.0; Abbott Laboratories,
Abbott Park, IL).

Statistical Analyses

In addition to standard descriptive statistics, multiple logistic regres-
sion models were fitted to estimate odds ratios of HCV infection
controlling for potentially confounding covariates. Survival analyses
included Kaplan-Meier and log-rank tests and time-dependent Cox
proportional hazard regressions, using repeated measures of all labo-
ratory values, rHUEPO dosage, and BMI as covariates. We examined
whether the 3-yr survival rates were associated with HCV infection,
which was assumed to be present both retrospectively and prospec-
tively when at least one HCV EIA test was positive. For each analysis,
three models were examined on the basis of the level of multivariate
adjustment:

1. An unadjusted model that included mortality data, HCV antibody
result (positive versus negative), and entry calendar quarter (ql
through q12).

2. Case mix—adjusted models that included all in 1 plus age, gender,
race, and ethnicity (African American and other self-categorized
black, non-Hispanic white, Asian, Hispanic, and other), diabetes and
10 preexisting comorbid states, history of tobacco smoking, catego-
ries of dialysis vintage (<6 mo, 6 mo to 2 yr, 2 to 5 yr, and =5 yr),
primary insurance (Medicare, Medicaid, private, and other), marital
status (married, single, divorced, widowed, and other or unknown),
the standardized mortality ratio of the dialysis clinic during entry
quarter, dialysis dosage as indicated by Kt/V (single pool), presence
or absence of a dialysis catheter, and residual renal function during
the entry quarter (i.e., urinary urea clearance).

3. MICS-adjusted models, which included all of the covariates in the
case-mix model as well as 13 surrogates of nutritional status and
inflammation, including BMI, the average dosage of rHUEPO, and
11 laboratory variables as surrogates of the nutritional state or
inflammation, together also known as MICS, with known associa-
tion with clinical outcomes in MHD patients (26-28): (1) Normalized
protein equivalent of total nitrogen appearance as an indicator of
daily protein intake, (2) serum albumin, (3) serum TIBC, (4) serum
ferritin, (5) serum creatinine, (6) serum phosphorus, (7) serum cal-
cium, (8) serum bicarbonate, (9) peripheral white blood cell count,
(10) lymphocyte percentage, and (11) hemoglobin.

Missing covariate data (<2% for most laboratory and demographic
variables and <18% for the 10 comorbid conditions) were imputed by
the mean or median of the existing values as appropriate. All descrip-
tive and multivariate statistics were carried out with SAS (version 9.1;
SAS Institute, Cary, NC) and Stata (version 9.0; Stata Corp., College
Station, TX).

Results

Because hepatitis serology tests are usually performed before
a patient is accepted to an outpatient dialysis clinic for main-
tenance dialysis treatment, many patients with a previously
documented HCV EIA result in outside facilities did not un-
dergo repeat HCV EIA test in DaVita dialysis clinics. In this
study, we examined only HCV EIA tests that were performed
in the DaVita Laboratory after a patient was admitted for MHD
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and only patients who remained under MHD treatment for at
least 45 d. The original 3-yr (July 2001 through June 2004)
national database of all DaVita patients included 82,933 indi-
viduals (source population) who had undergone MHD treat-
ment for at least 45 d including 37,049 (45%) patients from the
first calendar quarter and the rest from the subsequent 11
quarters. During each of the 12 calendar quarters, the presence
of HCV antibody was examined in 4 to 9% of all MHD patients
of the given calendar quarter using the EIA test in the DaVita
Laboratory. Cumulatively, in 13,664 MHD patients, or 16% of
all DaVita MHD patients, including 5828 (42%) from the first
cohort quarter, at least one HCV EIA test was performed.
Among these HCV-tested patients, 1590 (12%) MHD patients
had at least one positive HCV EIA test, including 48 patients
with discordant results (i.e., at least one positive and one neg-
ative results). The remaining 12,074 MHD patients had concor-
dant HCV antibody—negative results. Between 2001 and 2004,
the annual prevalence of HCV EIA positivity among MHD
patients whose HCV test was performed in DaVita Laboratory
showed only small variations: 12.2% in 2001, 11.4% in 2002,
11.5% in 2003, and 11.1% in 2004.

Table 1 shows baseline demographic, clinical, and laboratory
characteristics of the studied MHD patients during the baseline
calendar quarter of the cohort. HCV-positive patients were on
average 7 yr younger and more likely to be men than either the
HCV-negative or the entire cohort population. Black patients
composed 53% of all HCV-positive patients while constituting
only slightly less than one third of HCV-negative patients. The
prevalence of Medicaid insurance status among HCV-positive
patients was 70% higher than in other groups. Diabetes and
cardiovascular diseases were less prevalent in HCV-infected
patients, but death as a result of cardiovascular disease was
only slightly less so. History of smoking and of HIV disease
was at least twice as common in HCV-infected patients com-
pared with other patients. Among laboratory parameters, se-
rum albumin was slightly lower but TIBC and creatinine were
higher in HCV-positive patients compared with HCV-negative
patients. Serum levels of three routinely measured liver en-
zymes (aspartate aminotransferase [AST], lactate dehydroge-
nase, and alkaline phosphatase) were higher in HCV-infected
patients, with AST almost twice as high in HCV-positive pa-
tients as in HCV-negative patients. Nevertheless the mean
value in HCV-positive patients was 29 IU/L, which is still
within the “normal” range of most commercial assays.

With the use of logistic regressions, the association between
demographic, clinical, and laboratory characteristics and HCV
positivity was examined among all 13,664 MHD patients who
had documented HCV EIA test results (Table 2). Younger age
(<65 yr), single marital status, black race, history of HIV dis-
ease, and tobacco smoking each were associated with at least
two times higher odds of HCV positivity. Among laboratory
measures, serum AST was the strongest predictor of HCV
infection.

Because the longer dialysis vintage could be associated with
HCYV infection, additional analysis of vintage were conducted.
The relative prevalence for the logarithm of vintage (in dialysis
months) was 1.36 (95% confidence interval 1.28 to 1.43; P <
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0.001). Upon further categorization of the dialysis vintage into
seven groups (<3 mo, >10 yr, and five groups in between) and
using the 3- to 6-mo group as the reference, higher vintage
groups >6 mo were incrementally associated with higher prev-
alence of HCV infection across increasing vintage categories
(Figure 1).

Among 13,664 HCV-tested patients, 5659 (41%) survived un-
til the end of the cohort (June 30, 2004) or up to 1095 d; 3584
(26%) died; 934 (7%) underwent renal transplantation; and 3487
(26%) were censored as a result of transfer to a non-DaVita
facility, relocation, discontinuation of MHD, and other losses to
follow-up. The HCV-tested cohort included 23,390 patient-
years, including 2814 patient-years for HCV-positive and
20,576 patient-years for HCV-negative patients with median
cohort time of 638 and 619 d, respectively; 3130 (25.9%) HCV-
negative and 454 (28.6%) HCV-positive patients died during
the 3-yr cohort. Table 3 shows the unadjusted (crude) death
rates among incident and prevalent HCV-positive and HCV-
negative patients during the first 1000 d of the MHD cohort.
The unadjusted mortality ratio among incident patients was
incrementally increased from 1.15 to 1.84 over time. Table 4
shows the all-cause mortality hazard ratios associated with
HCYV infection from three multivariate adjustment levels using
Cox proportional hazards regression. HCV infection was more
strongly associated with death in incident patients (vintage <6
mo) than in prevalent patients (vintage =6 mo). Figure 2 com-
pares cumulative proportion of surviving incident and preva-
lent patients according to HCV status during the 3-yr cohort,
adjusted for age, gender, race, and diabetes. A stronger associ-
ation between HCV infection and mortality was observed in
incident patients compared with prevalent patients. Figure 3
shows hazard ratios of all-cause and cardiovascular death in
various subgroups of MHD patients. All-cause and cardiovas-
cular death hazards are similar, although confidence intervals
are wider for cardiovascular hazards as a result of smaller
death numbers.

Discussion

In 13,664 MHD patients who underwent the HCV EIA test
and whose outcomes were observed over 3 yr, 12% showed a
positive HCV antibody at least once. In logistic regressions that
adjusted for demographic and clinical characteristics and avail-
able surrogates of malnutrition and inflammation, predictors of
HCYV included younger age, male gender, black race, Hispanic
ethnicity, Medicaid insurance, unmarried status, HIV positiv-
ity, and smoking history. The longer an MHD patient under-
went HD since the start of dialysis treatment, the higher was
the prevalence of HCV infection. HCV infection was associated
with both all-cause and cardiovascular mortality among MHD
patients. This association was stronger in incident than in prev-
alent MHD patients, which may underscore the effect of sur-
vival bias in the prevalent MHD patient cohort, many members
of which had died before the start of the study. The association
between HCV infection and mortality seemed consistent
among various subgroups of MHD patients and independent of
cause of death.

HCV infection is much more common among MHD patients
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Table 1. Demographic, clinical, and laboratory characteristics in 82,958 MHD patients, including 69,294 patients
without any HCV testing in the central laboratory and 13,664 MHD patients who were tested for the presence of

HCV antibody®

Characteristic

MHD Patients
Not HCV Tested

HCV-Antibody Tested

P
(between the

(n = 69,294) " }:IC1\2/,67 " (nH=C¥5+90) HCV Tested)
Age (yr; %) 61+16 61+16 54+13 <0.0001
>65 44 44 21 <0.0001
Gender (% women) 46 47 35 <0.0001
Race and ethnicity (%)
white 40 41 22 <0.0001
black 31 31 53 <0.0001
Asian 3 3 1 <0.0001
Hispanic 14 15 15 <0.0001
Dialysis vintage <6 mo (%) 27 38 32 <0.0001
Primary insurance Medicaid (%) 5 6 10 <0.0001
Causes of death (%)
cardiovascular 51 55 50 <0.0001
infectious (%) 14 13 14 <0.0001
Preexisting comorbidities (%)
diabetes 45 48 38 <0.0001
HIV (including AIDS) 2 1 4 <0.0001
cancer 4 4 2 0.0006
congestive heart failure 21 23 17 0.0005
ischemic heart disease 15 17 8 <0.0001
peripheral vascular disease 9 10 6 <0.0001
History of tobacco use 5 4 8 <0.0001
BMI (kg/m?) 26.4 * 6.1 26.4 + 6.4 252 *5.6 <0.0001
nPCR or nPNA (g/kg per d) 0.99 = 0.25 1.00 = 0.25 0.98 £ 0.25 <0.0001
Serum albumin (g/dl) 3.72 £ 0.44 3.76 = 0.41 3.68 = 0.45 <0.0001
creatinine (mg/dl) 8.7 +£33 88 +3.3 99 + 3.6 <0.0001
ferritin (ng/ml) 581 = 502 541 *+ 462 522 + 448 0.1
TIBC (mg/dl) 203 *+ 44 205 *+ 43 219 + 47 <0.0001
bicarbonate (mEq/L) 219 £29 21.8+29 214+29 <0.0001
calcium (mg/dl) 9.2 +0.7 9.3 +0.7 9.1 £0.8 <0.0001
phosphorus (mg/dl) 57 *15 57*+15 5916 <0.0001
AST (IU/L) 18 £13 18 =15 29 + 26 <0.0001
LDH (IU/L) 188 = 66 189 + 56 196 = 68 <0.0001
alkaline phosphatase (IU/L) 116 = 92 114 = 82 135 + 107 <0.0001
Blood hemoglobin (g/dl) 12.0 = 1.3 121+13 12114 0.5
WBC count (per fl) 74+24 73+23 69 +23 <0.0001
lymphocyte (% of total WBC count) 21 =38 21+8 23 +8 <0.0001

“Data are means = SD for quantitative variables. P value compares hepatitis C virus (HCV) antibody—positive and

-negative patients among those who had a documented HCV enzyme immunoassay (EIA) test. AST, aspartate

aminotransferase; BMI, body mass index; LDH, lactate dehydrogenase; MHD, maintenance hemodialysis; nPCR, normalized
protein catabolic rate; nPNA, normalized protein equivalent of total nitrogen appearance; TIBC, total iron-binding capacity;

WBC, white blood cell.

compared with the general population (2-4). Even though
the prevalence of positive HCV serology is said to be de-
creasing to levels of the predialysis patient population, (8)
this study indicates a prevalence of 12% among those whose
HCV antibody status was screened in one laboratory via the
EIA during the 2001 to 2004 period. Although a selection bias
might exist in choosing MHD patients for the HCV screen-

ing, we believe that most patients who never had any HCV
EIA tests are most likely those who had a negative HCV test
result at baseline performed in a non-DaVita facility or
before the intercept of the 3-yr cohort. Our foregoing asser-
tion is supported by the finding that most demographic,
clinical, and laboratory features, including liver enzymes,
were very similar among the 12,074 HCV antibody-negative
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Table 2. Conditions associated with HCV antibody in 13,664 MHD patients®

Unadjusted Case-Mix Adjusted MICS Adjusted
Variable
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age (10-yr increase) 0.77 (0.74 to 0.80) <0.001 0.89 (0.85 to 0.93) <0.001 0.87 (0.83 to 0.91) <0.001

age >65 yr 0.32 (0.29 to 0.37) <0.001 0.38 (0.31 to 0.46) <0.001 0.39 (0.32 to 0.47) <0.001
Insurance

Medicare 1.00 1.00 1.00

Medicaid 1.80 (1.50 to 2.15) <0.001 1.35 (1.11 to 1.64) <0.001 1.30 (1.06 to 1.60)  0.01

private 0.71 (0.60 to 0.83) <0.001 0.79 (0.66 to 0.93) 0.006 0.79 (0.66 to 0.95) 0.01
Marital status

married 1.00 1.00 1.00

divorced 1.76 (1.38 to 2.23) <0.001 1.45 (1.13 to 1.87) <0.001 1.37 (1.05 to 1.78)  0.02

single 2.42 (2.10 to 2.80) <0.001 1.71 (1.47 to 1.99) <0.001 1.67 (1.42 to 1.96) <0.001
Race and ethnicity

white (non-Hispanic) 1.00 1.00 1.00

black 2.88 (2.56 to 3.24) <0.001 2.48 (2.16 to 2.86) <0.001 2.30 (1.96 to 2.69) <0.001

Hispanic 1.67 (1.42 to 1.96) <0.001 1.71 (1.42 to 2.05) <0.001 1.68 (1.39 to 2.03) <0.001
Preexisting comorbidities®

diabetes 0.69 (0.62 to 0.77) <0.001 0.81 (0.72 to 0.91) 0.001 0.87 (0.77 to 0.99)  0.04

HIV disease 5.68 (3.87 to 8.32) <0.001 3.60 (2.22 to 5.82) <0.001 2.30 (1.37 to 3.85) <0.001

ischemic heart disease 0.52 (0.44 to 0.62) <0.001 0.74 (0.6 to 0.90) <<0.001 0.73 (0.59 to 0.90) <0.001

tobacco smoking 2.58 (2.11 to 3.15) <0.001 2.77 (2.23 to 3.45) <0.001 2.35 (1.86 to 2.96) <0.001
Hemodialysis dosage

Kt/V (each 1-U increase) 0.54 (0.46 to 0.65) <0.001 0.74 (0.61 to 0.90) <0.001 0.79 (0.64 to 0.99) 0.04
Liver enzymes

AST (each 10-IU/L increase) 1.49 (1.44 to 1.55) <0.001 1.46 (1.41 to 1.53) <0.001 1.35 (1.30 to 1.41) <0.001

LDH (each 10-IU/L increase) 1.03 (1.02 to 1.04) <0.001 1.02 (1.01 to 1.03) <0.001 1.01 (0.99 to 1.02) 0.1

alkaline phosphatase 1.02 (1.01 to 1.03) <0.001 1.02 (1.01 to 1.03) <0.001 1.01 (1.00 to 1.02) <0.001

(each 10-IU/L increase)

?Odds ratios (OR) and 95% confidence intervals (CI) from multiple logistic regressions on HCV positivity among 13,664
tested patients. MICS, malnutrition-inflammation complex syndrome.

"Compared with no comorbidity.

6.00
O unadjusted
O case-mix
5.00 @ MICS

5.50

&
g

&
2

3.50

3.00

2.50

2.00

1.50

Relative Prevalence of HCV Antibody Presence

1.00

3-6mos  6-12 mos

<3 mos

1-2 yrs 2-5yrs 5-10 yrs =10 yrs

Dialysis Vintage

Figure 1. Association between time on dialysis (vintage) and
hepatitis C virus (HCV) infection prevalence in 13,664 mainte-
nance hemodialysis (MHD) patients during 3 yr (July 2001
through June 2004).

patients and the rest of the 69,294 patient cohort who did not
have a documented HCV EIA test (Table 1).

The striking discrepancy in prevalence of HCV infection
between MHD patients and the general population may not be
necessarily related to the renal disease, because HCV infection
seems more common in MHD patients compared with those
who undergo peritoneal dialysis, a renal replacement therapy
with less blood exposure (2). Other studies have indicated
increasing prevalence of HCV infection with greater duration
of MHD treatment (2,5,12) and continuing incidence of new
HCV infections in MHD patients (29), suggesting that infection
control efforts in dialysis centers may be insufficient. Consistent
with the latter findings, our study also showed that dialysis
treatment vintage was associated with higher HCV infection
prevalence (see Figure 1). Although this may be related to more
cumulative risk of exposure to infectious sources over time, the
possibility of a cohort effect should also be considered (i.e.,
patients whose dialysis treatment started in previous years had
higher risk for HCV infection as a result of less stringent HCV
infection control measures in the past [2,5]).

In our study, HCV infection was more strongly associated
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Table 3. Unadjusted death rates among HCV+ and HCV — patients during the first 1000 d of the MHD cohort®
Cohort Day
Variable
1 200 400 600 800 1000
Incident patients (vintage <6 mo)
all HCV+ patients 513 443 384 223 126 51
dead HCV+ patients (% death)® 0 43 (8.4) 37 (8.4) 39 (10.2) 28 (12.6) 20 (15.9)
all HCV— patients 4616 3947 3458 2369 1344 524
dead HCV— patients (% death)® 0 337 (7.3) 258 (6.5) 245 (7.1) 194 (8.2) 116 (8.6)
Mortality ratio HCV+/HCV— NA 1.15 1.28 1.43 1.53 1.84
Prevalent patients (vintage =6 mo)
all HCV+ patients 1077 903 689 603 503 438
dead HCV+ patients (% death)® 0 66 (6.0) 56 (6.2) 51 (7.4) 47 (7.8) 44 (8.7)
all HCV— patients 7458 6074 4391 3811 3326 2660
dead HCV— patients (% death)® 0 451 (6.1) 364 (6.0) 322(7.3) 284 (7.5) 297 (8.9)
mortality ratio HCV+/HCV— NA 1.01 1.03 1.01 1.05 0.98

“NA, not applicable.

"The dead cases (and death rate percentages in parentheses) refer to deaths that happened during the preceding 200-day

period of the cohort and are not cumulative.

Table 4. Hazard ratio of 3-yr all-cause death related to HCV antibody positivity in 13,664 MHD patients®

Unadjusted Case-Mix Adjusted MICS Adjusted
Variable
OR (95% CI) P OR (95% CI) P OR (95% CI) P

All patients 1.10 (0.99 to 2.23) 0.06 133 (1.20 to 1.49) <0.001 1.25(1.12 to 1.39) <0.001
Race and ethnicity

white (non-Hispanics) 1.14 (0.94 to 1.39) 0.18  1.33 (1.09 to 1.63) 0.006 1.22 (0.99 to 1.42) 0.06

black 1.15 (0.98 to 1.34) 0.08  1.26 (1.07 to 1.48) 0.006 1.15 (0.96 to 1.37) <0.001

Asian 1.59 (0.72 to 3.52) 026 1.24 (0.51 to 2.97) 0.63  1.59 (0.56 to 4.49) 0.38

Hispanic 1.61 (1.24 t0 2.09) <0.001 1.90 (1.44 to 2.51) <0.001 1.66 (1.24 to 2.22) 0.001
Dialysis vintage

incident patients 1.29 (1.10 to 1.59) 0.002 1.57 (1.32 to 1.76) <0.001 1.42 (1.19 to 1.69) <0.001

(vintage <6 mo)
prevalent patients 1.01 (0.89 to 1.15) 0.86  1.22 (1.07 to 1.40) 0.04 1.18 (1.02 to 1.35) 0.02

(vintage =6 mo)

“Hazard ratios and 95% CI are calculated using time-dependent Cox proportional hazard regression modeling.

with mortality in incident MHD patients with a dialysis vintage
<6 mo when compared with prevalent MHD patients (see
Figure 2 and Tables 3 and 4). This finding may be due to a
survival bias among prevalent MHD patients, especially be-
cause the mortality rate is 21% per year (30). Hence, our esti-
mates of HCV-associated mortality may be conservative (i.e.,
the true association between HCV infection and short-term risk
for death in MHD patients may indeed be higher than that
observed in prevalent cohorts). However, a cohort effect may
also have led to these contrasts. Future studies are needed to
examine these hypotheses.

In our investigation, as in others, the EIA was assumed as the
reference standard of the HCV infection, and HCV-positive
status was assumed to hold both prospectively and retrospec-
tively when at least one EIA test was positive. These assump-
tions may not be correct if seroconversion occurred during the

cohort time. Indeed, in 48 (3%) patients of our cohort, discrep-
ant results were noticed, indicating lack of certainty about HCV
infection status. Furthermore, EIA testing may underestimate
HCV prevalence in dialysis patients, some of whom may not
develop anti-HCV antibody at least in early stages of HCV
infection as a result of relative state of immune deficiency (20).
Molecular-based assays that detect HCV RNA, such as PCR
and transcription-mediated amplification, are somewhat more
sensitive diagnostic tests and may pick up additional HCV-
infected patients (20,31). Hence, it is likely that the true preva-
lence of the HCV infection in our population is higher than that
detected by the EIA test; misclassification of a small proportion
of EIA-negative but HCV-infected patients may have intro-
duced some bias in our estimates, most likely toward the null.

Our study indicated that HCV infection is more common
among younger MHD patients, especially those from minority
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Figure 2. Kaplan-Meier cumulative proportion of surviving patients
for all-cause mortality according to HCV antibody positivity in MHD
patients during 3 yr adjusted for age, gender, race, and diabetes.
(Top) All patients (n = 13,664). (Middle) Incident patients with a
dialysis vintage <6 mo (1 = 5129). (Bottom) Prevalent patients with
a dialysis vintage =6 mo (1 = 8535). Adjusted mortalities are lower
than the unadjusted mortalities, and the y axis depicts only the upper
portion of the entire range of survival percentage.

racial and ethnic backgrounds (Tables 1 and 2). More than half
of HCV-infected patients in our study were black. In another

J Am Soc Nephrol 18: 1584-1593, 2007

observational study of dialysis patients who underwent renal
transplantation, HCV infection was also found to be higher in
black patients (3). These findings may be due to socioeconomic
effects, rather than a direct effect of race, as reflected by higher
prevalence of Medicaid insurance among HCV-positive pa-
tients. The association of HIV with HCV is perhaps not surpris-
ing, given that it shares some mechanisms of transmission with
HCV, whereas the smoking association is of less clear origin.
We observed a paradoxic reduced prevalence of cardiovascular
disease in HCV-infected patients despite their higher mortality,
including as a result of cardiovascular disease; this paradox
may be due to the younger age and lower prevalence of dia-
betes in HCV-infected MHD patients. Additional studies are
needed to confirm and explain these relationships.

A key finding in our study was the higher short-term all-
cause and cardiovascular mortality rate among virtually all
subgroups of HCV-infected MHD patients (see Table 4 and
Figure 3). At least four other dialysis cohorts have exhibited an
association of HCV with mortality (7-10), but all were of rela-
tively limited size, and their findings may have not been ap-
plicable to the larger population of patients. Our original hy-
pothesis that this association could be due to MICS in HCV-
positive patients was only partially confirmed, because serum
albumin, a surrogate of visceral protein, was lower, but TIBC
and creatinine, other nutritional surrogates, were paradoxically
higher in HCV-infected patients compared with HCV-negative
individuals. However, direct markers of inflammation and
MICS, such as proinflammatory cytokines, were not available
in our cohort. After adjustment for 13 available surrogates of
MICS, the association between HCV infection and mortality
was reduced in some subpopulations, which may indicate that
MICS is either a confounder or may be at least partially in the
causal pathway (20,32). Hence, at least among some MHD
patients, HCV may be associated with poor survival and higher
short-term cardiovascular death through yet-to-be-determined
factors such as MICS.

Our study confirms some of the results that we recently
reported from analyzing a limited number of patients of the
same cohort (11). The latter study, however, included only 367
HCV-infected patients, was limited to the baseline calendar
quarter and only 2 yr of follow-up, did not include time-
dependent repeated measures, lacked information on history of
comorbidity and smoking, and did not include subgroup anal-
yses because of small sample size (11). A limitation of this study
is potential misclassification of the cause of death as cardiovas-
cular. Hence, all-cause death may be a more reliable outcome
than cause-specific mortality. Another limitation of our analysis
is that it is based on a 3-yr period of the cohort, rather than
longitudinal follow-ups over many years. Nonetheless, our
results indicate that even short-term all-cause and cause-spe-
cific mortality is high in HCV-infected MHD patients. More
elaborate and sensitive HCV detection tests such as molecular
tests (20) were not used in our study, because such methods are
substantially more costly and usually not used as screening
tests. However, all laboratory measurements are performed in
one single facility, and most data are means of several mea-
sures. Hence, measurement variability is minimized.
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Figure 3. Hazard ratio of death associated with HCV infection in various subgroups of 13,664 dialysis patients during 3 yr. (Left)

All-cause mortality. (Right) Cardiovascular mortality.

Perspective

Despite reported reductions in the prevalence of HCV infec-
tion in dialysis populations in such countries as Spain (8), Italy
(12), and Greece (33), which have had HCV prevalences much
higher than those in the United States, the HCV infection rate
among North American dialysis patients does not seem to have
changed considerably. Regardless of its wide range of preva-
lence variation among various countries (29), the associations
between HCV infection and increased death risk in dialysis
patients seem consistent (7—12). Because dialysis patients have
an exceptionally high short-term mortality, it is less likely that
the HCV-associated death risk is due to such long-term HCV
complications as liver disease. Inflammation associated with
chronic infections (17-19) may contribute to the increased death
risk in these individuals (20,32). The currently conservative
approach to HCV-infected dialysis patients (not treating them
unless they have active liver pathology) may need to be revis-
ited in light of findings that link HCV infection to short-term
death. More diligent efforts to prevent infection in dialysis
clinics may be warranted.

Our results may have implications not only in the manage-
ment of HCV infection in dialysis patients but in many other
individuals without renal failure. More studies are needed to
verify the true prevalence of HCV infection in the 21st century

among dialysis patients in various countries using newer mo-
lecular testing to understand better the natural course of HCV
infection and its link to short-term mortality and to evaluate the
effectiveness of current and future anti-HCV treatment modal-
ities in improving clinical outcome in dialysis patients.
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