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Hospital-based studies suggest that hepatitis C virus (HCV) infection causes frequent cirrhosis, hepatocellular
carcinoma, and mortality, but epidemiologic studies have shown less morbidity and mortality. The authors performed a retrospective cohort study of 10,259 recombinant immunoblot assay-conﬁrmed, HCV antibody-positive
(HCVþ), allogeneic blood donors from 1991 to 2002 and 10,259 HCV antibody-negative (HCV–) donors matched
for year of donation, age, gender, and Zone Improvement Plan Code (ZIP Code). Vital status through 2003 was
obtained from the US National Death Index, and hazard ratios with 95% conﬁdence intervals were calculated by
survival analysis. After a mean follow-up of 7.7 years, there were 601 (2.92%) deaths: 453 HCVþ and 148 HCV
(hazard ratio (HR) ¼ 3.13, 95% conﬁdence interval (CI): 2.60, 3.76). Excess mortality in the HCVþ group was
greatest in liver-related (HR ¼ 45.99, 95% CI: 11.32, 186.74), drug- or alcohol-related (HR ¼ 10.81, 95% CI: 4.68,
24.96), and trauma/suicide (HR ¼ 2.99, 95% CI: 2.05, 4.36) causes. There was also an unexpected increase in
cardiovascular mortality among the HCVþ donors (HR ¼ 2.21, 95% CI: 1.41, 3.46). HCV infection is associated
with a signiﬁcant, threefold increase in overall mortality among former blood donors, including signiﬁcantly increased mortality from liver and cardiovascular causes. High rates of mortality from drug/alcohol and trauma/
suicide causes are likely due to lifestyle factors and may be at least partially preventable.
atherosclerosis; blood donors; Hepacivirus; liver diseases; mortality

Abbreviations: CI, conﬁdence interval; HCV, hepatitis C virus; HCV–, HCV antibody negative; HCVþ, HCV antibody positive;
HR, hazard ratio; RIBA, recombinant immunoblot assay; ZIP Code, Zone Improvement Plan Code.

Hepatitis C virus (HCV) infects an estimated 4.1 million
Americans and more than 170 million people worldwide (1).
It is transmitted by blood transfusion (before US screening
since 1991), injection drug use, and other parenteral exposures; there is little evidence for sexual transmission (2). At
least 75 percent of infections are chronic as indicated by
persistent detection of HCV RNA (3). Commonly cited sta-

tistics from clinic- and hospital-based natural history studies
indicate that about 20 percent of infected persons will go on
to develop cirrhosis or hepatocellular carcinoma over their
lifetimes, suggesting a substantially increased mortality due
to HCV infection (1, 3–5). However, these studies may have
overestimated HCV-related mortality by enrolling patients
who acquired the infection from transfusion, who may have
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MATERIALS AND METHODS
Study design and subjects

We used a retrospective cohort study design utilizing
records of blood donor infectious disease test results and
demographic data collected by 17 blood centers in the Blood
Systems, Inc., network of blood banks in the western
and southern United States, with annual blood collections
comprising about 10 percent of the national total. Over the
entire study period, persons with a lifetime history of injection drug use or clinical hepatitis were excluded from
blood donation; those with a history of receiving a blood
transfusion were not. First, we identified prevalent HCV
antibody-positive (HCVþ) whole blood donors with an index donation between 1991, when HCV screening of blood
donors with second generation antibody assays was introduced, and December 31, 2002. HCVþ status was defined
as repeatedly reactive HCV enzyme immunoassay and positive HCV recombinant immunoblot assay (RIBA) results
on the index blood donation. We excluded about 1,000 enzyme immunoassay-positive donors with unavailable RIBA
data from 1994 and 1995 due to testing at an outside laboratory from which historical data were unavailable. We also
excluded donors with missing data on sex, year of birth, and
home Zone Improvement Plan Code (ZIP Code), those with
index donations other than whole blood (platelet apheresis,
plasmapheresis, and autologous), and those who were coinfected with human immunodeficiency virus.
We formed a comparison group of HCV antibody-negative
(HCV–) donors who were group-matched to the HCVþ
donors in strata defined by year of donation, sex, year of
birth, and five-digit ZIP Code of residence. We used ZIP

Code as a surrogate for race/ethnicity, socioeconomic status,
and other potential confounders because these data were
available from only one of the blood banks in the network.
First, we identified all potentially eligible HCV–, allogeneic
donors who gave blood between the years of 1991 and 2002
and who had valid data on year of donation, sex, year of
birth, and home five-digit ZIP Code. Then, we randomly
allocated negative donors into strata, as defined above, in
a 1:1 ratio to HCVþ donors in each stratum. In strata that
remained unfilled, we extended the ZIP Code matching to
include the five-digit ZIP Code (within the same three-digit
ZIP Code group) that most closely resembled the US census
racial distribution of the positive subjects’ home ZIP Code.
HCVþ subjects remaining in unfilled strata after this process were excluded. The study protocol was approved by
the University of California San Francisco Committee on
Human Research.
Mortality outcomes

To determine the number and causes of death in each
group, we submitted the list of positive subjects and
matched negative subjects (90 percent had Social Security
numbers) to the US Public Health Service National Death
Index in mid-2005. Our National Death Index search
covered deaths occurring from January 1, 1991, through
December 31, 2003, the last available death data at the time
of our 2005 data submission. We used the National Death
Index-recommended cutoff score for category 2 matches
(those including Social Security numbers) to classify death
index matches as true deaths (13, 14). For category 4
matches (those based upon name and other data but not
Social Security number), we examined match data for all
probabilistic scores above the National Death Index cutoff,
eliminating deaths with implausible place or date of death in
respect to their blood donation. Underlying causes of death
were grouped into nine categories according to the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), and Tenth Revision, Clinical
Modification (ICD-10-CM), codes provided by the National
Death Index (refer to Web appendix table 1). (This supplementary appendix table is posted on the Journal’s website
(http://aje/oupjournals.org/).)
Statistical analysis

The primary study endpoint was all-cause mortality, and
secondary endpoints included death due to causes grouped
into categories. The Kaplan-Meier method was used to generate survival curves, and the log-rank test was used to test
for associations with HCV status. Survival of living subjects
was censored at the end of follow-up, December 31, 2003.
The Cox proportional hazards model was used to examine
univariate and multivariate associations among survival,
HCV status, and other selected variables on the basis of their
univariate associations with death. Results were expressed
as hazard ratios with 95 percent confidence intervals. Standardized mortality ratios were calculated separately for
the HCVþ and HCV– groups utilizing age- and sex-specific
year 2000 US population mortality rates (15). Analyses were
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died prematurely from preexisting conditions that necessitated transfusion (6, 7). Others followed patients in tertiary
care centers where referral bias may inflate the rates of
clinically apparent liver disease (8, 9).
In contrast, a more modest impact of HCV infection on
health outcomes has been reported by other investigators. In
one study by Seeff et al. (10), involving a 45-year follow-up
of a cohort of military recruits who had serum drawn and
stored between 1948 and 1955, the mortality rate among 17
confirmed HCV-infected subjects was 41 percent, not significantly different from the 26 percent observed among
those who were HCV negative. Only two of seven deaths
were due to liver disease. Kenny-Walsh and the Irish Hepatology Research Group (11) studied 376 living women who
had positive tests for serum HCV RNA 17 years after injection with HCV-contaminated anti-D immune globulin
(RhoGAM; Ortho-Clinical Diagnostics, Inc., Raritan, New
Jersey). Results from this study showed only 2 percent of
subjects with probable or definite cirrhosis and no cases of
liver cancer.
Resolution of these conflicting findings is important for
clinicians who must decide whether to observe or treat
chronic HCV infection (12) and for those who guide public
health policy. We therefore performed a retrospective cohort
study of otherwise healthy blood donors screened for HCV
antibodies at the time of blood donation.
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performed with SAS, version 9.1, statistical software (SAS
Institute, Inc., Cary, North Carolina) and STATA, version
9.2SE, statistical software (StataCorp LP, College Station,
Texas).

RESULTS
Study population

We identified 11,304 HCV-confirmed seropositive subjects who donated between 1991 and 2002 and could be
linked to identifying information in historical donation data
sets. The number of HCVþ subjects per year declined over
the study period, consistent with culling of positives from
the donor population. We had fewer HCVþ subjects in 1994
and 1995 due to unavailable RIBA data. Of these donors,
1,045 were excluded from the final data set (619 autologous/
duplicate donors or invalid ZIP codes, seven dually infected
with human immunodeficiency virus and HCV, and 419 unable to be matched to appropriate controls). We successfully
matched 10,259 HCV-seropositive subjects with 10,259
HCV-seronegative subjects, 78 percent with exact five-digit
and 22 percent with nearby matches within the same threedigit ZIP Code. Consistent with the catchment areas of the
participating blood centers, HCV-seropositive subjects and
their corresponding seronegative subjects were drawn from
a wide geographic area, representing 26 different states and
2,298 ZIP codes, primarily in the southern and western
United States (figure 1). Demographic characteristics of
the subjects are presented in table 1. Two thirds of subjects
were male, and three quarters of subjects were between the
ages of 30 and 49 years on the date of their donation. Among
the 2,728 subjects at one blood center where reliable race/
Am J Epidemiol 2008;167:743–750

ethnicity data were available, there were small differences in
race/ethnicity distribution between the HCVþ and HCV–
groups, indicating that ZIP Code matching was an imperfect
proxy for race/ethnicity. In this subgroup, Whites represented 35 percent of cases and 38 percent of controls, while
non-White subjects represented 15 percent of cases and 12
percent of controls. We used year 2000 US Census Bureau
data to derive median income and distributions of educational attainment for the subjects’ home ZIP codes. Attributed median incomes were about $35,000 for both groups.
Attributed educational attainment indicated that three quarters of subjects had completed high school and one fifth had
at least a bachelor’s degree. Slight differences in income and
education between groups were due to nearby rather than
exact five-digit ZIP Code matches.
Mortality outcomes

With a mean follow-up of 7.7 years since blood donation,
we identified a total of 601 matches between our study
population and deaths in the National Death Index. These
included 550 ‘‘class 2’’ matches and, after eliminating 11
matches with death dates before donation dates (10
matches) and wrong birth date and phonetic match of last
name (one match), 51 ‘‘class 4’’ matches. Of the 601 deaths
(2.92 percent of enrolled subjects), 453 (4.41 percent) were
among the 10,259 HCVþ, and 148 (1.44 percent) were
among the 10,259 HCV–. Overall mortality was significantly
increased in the HCVþ group (log-rank p < 0.00001; figure 2). Univariate survival analysis yielded an unadjusted
hazard ratio ¼ 3.13 (95 percent confidence interval (CI):
2.60, 3.76). The average age of death was 50 years among
the HCVþ and 48 years among the HCV groups.
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FIGURE 1. Hepatitis C virus-seropositive blood donors included in the cohort, by state of residence, United States, 19912003. Each dot
represents one donor but does not reﬂect his/her location within the state. Two-letter abbreviations represent US Postal Service ofﬁcial state
abbreviations.
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TABLE 1. Demographic characteristics of the study population, by hepatitis C virus
status, United States, 19912003

All subjects

All subjects

HCVþ*
(no.)

HCV–*
(no.)

No.

10,259

10,259

20,518

%

Sex
Male

6,627

6,627

13,254

65

Female

3,632

3,632

7,264

35

<30

1,435

1,435

2,870

14

30–39

4,051

4,051

8,102

39

40–49

3,548

3,548

7,096

35

50–59

860

860

1,720

8

>59

365

365

730

4

White

960

1,029

1,989

73y

Black

137

78

215

8y

Hispanic

10y

Age group (years)

Downloaded from https://academic.oup.com/aje/article-abstract/167/6/743/154821 by guest on 10 December 2018

Race/ethnicityy

166

109

275

Asian

51

113

164

6y

Other/not available

48

33

81

3y

HCVþ
Median
($)

Income in home ZIP Code*,z

HCV–
Mean
(%)

35,699

Median
($)

All subjects
Mean
(%)

36,301

Median
($)

Mean
(%)

35,917

Educational attainment in
home ZIP Codez
High school or higher

76.70

77.23

76.96

Bachelor’s degree or higher

20.40

21.12

20.76

* HCVþ, hepatitis C virus antibody positive; HCV–, hepatitis C virus antibody negative; ZIP
Code, Zone Improvement Plan Code.
y Race/ethnicity data were available from only 1,362 HCVþ and 1,362 HCV subjects at one
blood center. They are included only to indicate the degree of race/ethnicity imbalance in the two
groups that remained after ZIP Code matching.
z Differences between the two groups were attributable to three-digit instead of ﬁve-digit ZIP
Code matches in a minority of subjects.

1.00

Survival probability

Causes of death by category and HCV status, with unadjusted hazard ratios, are shown in table 2. Excess mortality in the HCVþ group was concentrated in deaths from
liver-, drug/alcohol-, trauma/suicide-, and infection-related
causes. Among the HCVþ subjects, there were 47 (0.5 percent of all HCV subjects) cases of ‘‘liver disease’’ (cirrhosis,
variceal disease, and so on) and 16 cases (0.2 percent of all
HCV subjects) of primary liver carcinoma. Based upon the
observed deaths among 10,259 HCVþ subjects over 7.7
years, our data estimated the annual risk of death due to
liver disease (including liver cancer) to be about 1 per
1,000 or, cumulatively, about 2 percent over 20 years of life
following infection. Liver cancer accounted for about one
fifth of these deaths, for a 0.4 percent cumulative risk over
20 years.
As seen in table 2 and figure 3, HCV was strongly associated with liver-related deaths (hazard ratio (HR) ¼ 45.99,
95 percent CI: 11.32, 186.74), drug/alcohol-related deaths
(HR ¼ 10.81, 95 percent CI: 4.68, 24.96), and infectious

0.75

0.50

0.25
HCV negative
HCV positive

0.00
0

20

40

60

80

100

Age (years)
FIGURE 2. Age-speciﬁc survival by hepatitis C virus (HCV) status,
all causes of death, United States, 19912003. Log-rank p < 0.0001
for lower survival in the hepatitis C virus-positive group.
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TABLE 2. Cause of death by HCV* status, with hazard ratios
and 95% conﬁdence intervals for the association between
mortality and HCV status, United States, 19912003
HCVþ*
(no.)

Cause of death

All liver deaths

HCV*
(no.)

90

2

HCV

14

0

Other viral hepatitis

13

0

N

Liver disease

47

1

50.92

45.99 11.33, 186.74
N
7.03, 368.61

16

1

16.64

Cancer (excluding liver)

56

53

1.09

0.75, 1.58

Cardiovascular

60

28

2.21

1.41, 3.46

8

7

1.18

0.43, 3.26

Pulmonary
Trauma/suicide

2.21, 125.48

106

36

2.99

2.05, 4.36

Drugs/alcohol

64

6

10.81

4.68, 24.96

Stroke

13

6

2.20

0.84, 5.79

Infection

23

2

11.73

2.77, 49.77

33

8

4.23

1.95, 9.15

453

148

3.13

2.60, 3.76

Other/unknown
All deaths

* HCV, hepatitis C virus; HCVþ, hepatitis C virus antibody positive;
HCV–, hepatitis C virus antibody negative.

A) 1.00

B)

Survival probability

Survival probability

deaths (HR ¼ 11.73, 95 percent CI: 2.77, 49.77) and less
strongly with trauma/suicide-related deaths (HR ¼ 2.99, 95
percent CI: 2.05, 4.36) and cardiovascular deaths (HR ¼
2.21, 95 percent CI: 1.41, 3.46). There was no significant

association with cancer deaths excluding liver cancer (figure
3, part D). Multivariate analyses did not significantly change
the association between HCV and all-cause mortality. In
a proportional hazards model including HCV status, age,
sex, and median income of home ZIP Code, HCV (HR ¼
3.13), younger age (HR ¼ 4.60 for ages 16–29 years and
HR ¼ 3.87 for ages 30–39 years, both vs. age over 60 years),
sex (HR ¼ 2.07 for males), and low-income ZIP Code
(HR ¼ 1.28 vs. high-income ZIP Code) were significantly
associated with all-cause mortality. We found no evidence
for interaction between age and gender. Because of concern
regarding confounding by race/ethnicity, we constructed
a separate multivariate model for the subset of 2,724 subjects from the San Francisco blood center with available
race/ethnicity data. In this subset of the cohort, the effect
of HCV status (HR ¼ 2.00) was smaller than in the complete
data set, but none of the other demographic variables including race/ethnicity was a significant predictor itself,
nor did its addition change the HCV estimate.
Because of the finding of associations between HCV status and trauma/suicide and drug/alcohol causes of death, we
examined deaths according to age at blood donation and age
at death. Although these causes of death were seen predominantly in younger subjects, there was no apparent difference in the interval between donation and death according to
HCV status. We also examined deaths due to liver-related
causes, and we saw no evidence that such deaths increased
with a longer interval between blood donation and death.
Finally, we calculated standardized mortality ratios to compare mortality rates in our HCVþ and HCV– groups with

0.75
0.50
0.25
HCV negative
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0
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80
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FIGURE 3. Age-speciﬁc survival by hepatitis C virus (HCV) status and cause-speciﬁc mortality: liver disease (including liver cancer) (A),
cardiovascular causes (B), trauma and suicide (C), and cancer (excluding liver cancer) (D), United States, 19912003.
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those of the US population. The standardized mortality ratio
for the HCVþ group relative to the year 2000 US population
mortality was 2.13 (95 percent CI: 1.81, 2.50), and the standardized mortality ratio for the HCV– group compared with
the US population was 0.71 (95 percent CI: 0.58, 0.88).

DISCUSSION
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Overall, our results indicate that HCVþ is associated with
a significant, moderately increased risk of death in a prevalent cohort of blood donors who were presumably unaware
of their HCV infection and in good apparent health at the
time of their blood donation. Plausibly, the association between HCV and mortality was strongest for liver-related
causes, but the absolute risk of liver death was still lower
than that reported in hospital-based studies. However,
deaths due to drug and alcohol abuse and trauma/suicide
were also significantly associated with HCVþ and, together,
accounted for more excess mortality than liver-related
causes. We also noted an unexpected association between
HCV and cardiovascular deaths, an intriguing finding in
light of recent literature suggesting links between HCV
and coronary or carotid artery atherosclerosis (16–19).
We were somewhat surprised to find an approximately
threefold hazard ratio estimate for all-cause mortality. On
the basis of the two studies described previously and several
other prospective studies of HCV mortality in the literature,
we had originally favored the null hypothesis that HCV
would not be associated with mortality in an initially healthy
blood donor population. Two other studies of transfusion
recipients followed for 15–20 years failed to demonstrate
any increased mortality in HCV-infected patients, including
one with 924 HCVþ patients in the United Kingdom with
a hazard ratio ¼ 1.17 (95 percent CI: 0.92, 1.49) (20) and
another with 222 HCVþ patients from several US cohorts
(21). Studies of predominantly injection drug user populations have yielded consistent estimates of increased mortality ranging from 1.4 to 1.7, which failed to reach statistical
significance (22, 23). A clinic-based study of 838 German
patients with HCV infection, including 271 transfusion recipients and 134 injection drug users, was the one study to
find a significant, albeit moderately increased all-cause mortality after more than 4 years of follow-up (standardized
mortality ratio ¼ 1.6, 95 percent CI: 1.3, 2.0) (24).
One possible explanation for our higher HCV hazard ratio
than those of other epidemiologic studies is suggested by
our calculation of standardized mortality ratios relative to
the US population. Our comparison group of HCV– blood
donors had only 70 percent of the population mortality after
standardizing for age and sex, no doubt because of exclusion
of unhealthy persons from blood donation. Our HCVþ subjects had a standardized mortality ratio of 2.13, indicating
twofold increased mortality relative to the general population, instead of the threefold hazard ratio relative to our
blood donor comparison group. In other words, it is possible
that a ‘‘healthy blood donor’’ effect may have slightly inflated our mortality estimate. On the other hand, because our
HCVþ subjects did pass blood donor medical selection criteria albeit with likely underreporting of HCV risk factors

such as injection drug use, the general population may not
be the appropriate comparison, so the ‘‘true’’ effect size may
be between two and three.
On the other hand, our study found lower rates of liverrelated mortality than did previous hospital- and clinicbased studies that may have been subject to selection bias
(6–9). The annual incidence of liver-related death was only
about 1/1,000, or 2 percent over 20 years, in the HCVþ
group, with liver cancer accounting for one fifth of these
deaths. At least 10–15 years of HCV infection may precede
serious disease and death, but we do not expect a substantial
increase in liver mortality with follow-up of the cohort beyond 7.7 years post donation. From our earlier studies of
blood donors, we found that most were infected during the
epidemic of injection drug use in the 1960s and 1970s (2,
25), so our subjects had probably been infected for 20–30
years at the time of their index blood donation. Also, our
cohort included a broad range of ages at enrollment, and we
saw no trend toward increasing liver deaths with a longer
interval between donation and death.
How did our HCVþ blood donors compare with their
counterparts in the general population? We suspect that
about half of our HCVþ blood donors were probably exposed during past injection drug use and that the remainder
were exposed via blood transfusion or other parenteral exposures (2, 26, 27). A survey of risky behavior among randomly selected blood donors found 0.5 percent lifetime
injection drug use but only 0.04 percent injection drug use
within the past 3 months (28). That we still saw large excesses of deaths due to drug and alcohol abuse in a cohort
with more remote injection drug use speaks to the chronic
and recurrent nature of these addictions. Our finding of
a threefold higher mortality due to trauma and suicide
among HCVþ subjects could also be related to current or
past substance abuse, which is known to be associated with
trauma and psychiatric disease (5, 29–31). These premature
deaths probably accounted for the association of younger
age at donation with mortality in our multivariate model.
After controlling for age at donation, we saw no evidence
that suicide deaths clustered around the time of donation,
suggesting that notification of HCV infection was not responsible for this excess. Without person-specific data on
treatment for HCV infection, we could not test the hypothesis that interferon treatment for HCV may have contributed
to the excess in suicide deaths, although another study found
this to be unlikely (23). Whatever the reason for the HCV
association with deaths due to substance abuse, trauma, and
suicide, some of these deaths may be preventable if primary
care physicians address these issues in the counseling and
treatment of HCVþ patients.
Our unanticipated finding of an association between HCV
seropositivity and cardiovascular mortality may have at
least two explanations and deserves additional research.
First, there may have been potential confounding by unmeasured or inadequately controlled variables. We had incomplete racial data and did not have individual data for
socioeconomic status, smoking, cholesterol, diet, or other
risk factors among study subjects, which could have confounded our cardiovascular death association. Chronic cocaine injection has been linked to an increased risk of
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licate our findings, particularly the cardiovascular mortality
association.
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