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SYNOPSIS

Objectives. Hepatitis C, an important cause of premature mortality, is the 
most common chronic bloodborne infection in the United States. The severity 
of disease is strongly affected by a number of other medical conditions and 
health behaviors. We sought to estimate the association of several exposures 
with hepatitis C on death certificates.

Methods. We enrolled 63,189 hepatitis C deaths as cases in a case-control 
study using multiple-cause-of-death data for the U.S. from 1999 to 2004. Three 
control groups were assembled from all remaining deaths with no mention of 
hepatitis C, including a random sample of all deaths, digestive disease deaths, 
and circulatory disease deaths. 

Results. Hepatitis B, human immunodeficiency virus (HIV), hemochromatosis, 
and alcohol use were all strongly associated with hepatitis C, even after con-
trolling for confounding variables. The simultaneous presence of many of these 
exposures had a synergistic association with hepatitis C being listed as a cause 
of death. Hepatitis B, HIV, and alcohol use were recorded among 6.4%, 10.5%, 
and 18.2% of case deaths, respectively. 

Conclusions. The strong association of alcohol use, HIV, and hepatitis B with 
hepatitis C, as well as the frequent occurrence of these conditions, indicates 
that targeted interventions for mitigating the potential effect of these expo-
sures may present an efficient means of limiting progression of hepatitis 
C-related liver disease and reducing the population burden of hepatitis C 
mortality.
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Hepatitis C virus infection is the most common chronic 

bloodborne infection in the United States, with an 

estimated prevalence of 1.3% in the general U.S. 

population.1 About 10% to 20% of chronically infected 

people will develop liver cirrhosis and 1% to 5% will 

develop hepatocellular carcinoma within 20 to 30 years 

of infection.2 As a result, chronic hepatitis C infection 

is now the leading indication for liver transplantation3

and has the potential to result in a substantial amount 

of premature mortality,4 especially as the number of 

people chronically infected for more than 20 years 

increases.5

The clinical course of hepatitis C can vary sub-

stantially according to a number of factors, including 

gender, age at infection, viral genotype, and treatment 

with ribavirin and interferon.6–8 In addition to these 

factors, a number of other behaviors and medical 

conditions have been observed to be associated with 

progression of chronic liver disease among hepatitis 

C-infected individuals. People infected with human 

immunodeficiency virus (HIV) are known to have more 

rapid progression of hepatitis C-related liver disease 

than people without HIV infection.9–12 Similarly, alcohol 

consumption appears to accelerate the development of 

more severe hepatitis C-related liver disease.6,13,14 Hepa-

titis C-infected individuals with high iron levels also 

appear to have more severe liver disease and are less 

likely to benefit from treatment with interferon.15,16 It 

has been postulated that treatment of tuberculosis (TB) 

with hepatotoxic drugs may exacerbate chronic hepa-

titis C infection, and this theory has been explored in 

a number of small studies.17–19 Hepatitis B is frequently 

observed among people infected with hepatitis C, and 

while the presence of the hepatitis B virus may inhibit 

replication of hepatitis C virus, it also appears to be 

associated with more severe liver disease.20–22

As leading causes of death (CODs) have transitioned 

from acute infections to chronic diseases over the 

last century in the U.S., the usefulness of examining 

mortality based on single CODs has been called into 

question.23 Multiple-cause-of-death (MCOD) data rep-

resent a large, population-based data source that has 

been underutilized for exploring associations among 

causes of death. Given the growing number of people 

with longstanding chronic hepatitis C infections in the 

U.S., identification and confirmation of conditions that 

worsen the prognosis of hepatitis C infection will be 

important for effective clinical management of these 

patients as well as limiting the population burden of 

hepatitis C disease. To assess the potential impact of 

such comorbid conditions on hepatitis C mortality, we 

conducted a case-control analysis using U.S. MCOD 

data.

METHODS

We obtained MCOD data from the National Center for 

Health Statistics for all deaths from 1999 to 2004 occur-

ring in the U.S. to evaluate the association between 

hepatitis C and other CODs. At the time of analysis, 

2004 was the most recent data year available. Data were 

used from 1999 because International Classification of 

Diseases, 10th Revision (ICD-10) coding of death data 

began in that year.

The 2003 U.S. Standard Death Certificate, upon 

which each state’s death certificate is based, has 

two sections for COD information.24 Part I includes 

information on the underlying COD as well as other 

conditions involved in the causal chain of events lead-

ing to death.25 Part II includes information on other 

“significant conditions contributing to death but not 

resulting in the underlying cause given in Part I.” For 

the purposes of this analysis, we considered a condi-

tion mentioned anywhere in Parts I or II of the death 

certificate to be present for that decedent. 

Use of a case-control design for analysis of study 

populations comprised solely of deaths has been sug-

gested to mitigate many of the limitations associated 

with proportional mortality studies.26 For this study, 

case deaths were classified as any death with mention 

of hepatitis C (ICD-10 codes B17.1 and B18.2). One 

method suggested for selecting controls in a study 

using only deaths is to select the control group based 

on other CODs thought to have no association, posi-

tive or negative, with the exposure of interest.26 Given 

the difficulty in selecting an appropriate control group 

from deaths, we chose to conduct the analysis using 

three distinct control groups. The first control group 

was a random sample of deaths (n 1,000,000) taken 

from all deaths with no mention of hepatitis C. The 

second control group consisted of all non-hepatitis 

C deaths with mention of certain digestive diseases 

(n 487,947: diseases of esophagus, stomach and duo-

denum; diseases of appendix; hernia; non-infective 

enteritis and colitis; other diseases of intestines; and 

diseases of peritoneum). The third control group 

consisted of all non-hepatitis C deaths with mention of 

certain circulatory diseases (n 5,075,790: hypertensive 

diseases, ischemic heart diseases, pulmonary heart dis-

ease, and diseases of pulmonary circulation). Both the 

second and third control groups were selected based 

on conditions lacking a strong association with most, 

if not all, of the exposures related to hepatitis C, and 

each group was likely subjected to different sets of 

medical screenings.

We evaluated several exposure conditions in this 

analysis including TB (ICD-10 codes A15–A19.9), HIV 

disease (ICD-10 codes B20–B24.9), evidence of alcohol 
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use (ICD-10 codes K70–K70.9 and F10–F10.9), hepatitis 

B (ICD-10 codes B16–B16.9, B17.0, and B18.0–B18.1), 

and hemochromatosis (ICD-10 code E83.1). Other 

variables considered as possible confounders and/or 

effect-measure modifiers in the analysis included age, 

race/ethnicity, and gender. We also included HIV 

disease, alcohol use, and injection drug use in several 

models as potential confounders or effect-measure 

modifiers. We estimated the association of each of the 

exposures with hepatitis C using unconditional logistic 

regression in SAS® version 9.1.27

We built separate models, each with hepatitis C as 

the dependent variable, for the five exposures exam-

ined. We included confounding variables in models 

based on biologic plausibility of confounding, reduc-

tion in the model deviance, and approximately 10% 

or greater change in the coefficient for the primary 

exposure variable. We evaluated the inclusion of pos-

sible effect-measure modifiers based upon biologic 

plausibility and reduction in model deviance as well as 

the magnitude of modification observed (an interac-

tion coefficient approximately greater than 0.4 or less 

than 0.4). Given the extremely large sample sizes, 

p-values, especially those based on Chi-squared statistics, 

were not informative and are not presented in this 

article. We assessed model fit based on visual examina-

tion of the partition for the Hosmer and Lemeshow 

goodness-of-fit test. Differences between observed and 

expected numbers of hepatitis C deaths and controls 

within categories of the estimated logistic probability 

were proportionally small for all models. We identified 

influential observations by examining delta beta values 

for the primary exposure coefficient, and less than 1% 

of observations were found to have large values (greater 

than 1 or less than 1) in each model. 

Institutional Review Board approval was not required 

for this analysis, as human subjects review is only appli-

cable to living people. 

RESULTS

During the study period, we identified 63,189 deaths 

with mention of hepatitis C, of which 68.6% were male, 

56.8% were aged 35 to 54 years, 14.2% were Hispanic, 

and 19.9% were black, non-Hispanic. About 10.5% of 

hepatitis C deaths mentioned HIV disease, and 18.2% 

reported alcohol use. All three control groups were 

more likely to be female, older, and white compared 

with the hepatitis C cases; the control groups also 

mentioned HIV disease, alcohol use, and injection 

drug use less frequently. The digestive disease and 

circulatory disease control groups were older than the 

randomly selected control group, and the digestive 

disease control group was more likely to be female 

than the circulatory disease or randomly selected 

control groups. The mean number of CODs recorded 

was higher among hepatitis C cases and the digestive 

disease control group than among the random and 

circulatory disease control groups (Table 1).

Univariate logistic analysis showed nearly all vari-

ables to be positively associated with hepatitis C using 

each of the three control groups. The odds of hepatitis 

C being listed on the death certificate were two to three 

times higher for males than females and were between 

two and four times higher for decedents who were not 

white, non-Hispanic. Age was also strongly associated 

with hepatitis C, with the odds of decedents aged 

35–54 years listing hepatitis C being significantly higher 

than for those aged 0–34 years, especially when using 

random and digestive disease control groups. Each of 

the medical conditions examined was a consistently 

positive predictor of hepatitis C being recorded on 

the death certificate across the three control groups 

employed (Table 2).

After adjusting for age, race/ethnicity, gender, injec-

tion drug use, HIV disease, and alcohol use, hepatitis 

B was the strongest positive predictor of hepatitis C 

being listed on the death certificate in multivariate 

analysis, with odds ratios (ORs) of 49.2 (95% confi-

dence interval [CI] 44.5, 54.3) for the random control 

group, 30.7 (95% CI 27.2, 34.5) for the digestive dis-

ease control group, and 123.1 (95% CI 113.1, 134.0) 

for the circulatory disease control group. HIV disease, 

hemochromatosis, and alcohol use also were positively 

associated with hepatitis C being recorded as a COD, 

with adjusted ORs for the three control groups rang-

ing from 6.2 to 27.8 for HIV disease, 4.2 to 9.8 for 

hemochromatosis, and 3.5 to 10.0 for alcohol use. TB 

exhibited a relatively weak but consistently positive 

association with hepatitis C (Table 3). Only alcohol use, 

hepatitis B, and HIV disease were observed in more 

than 1% of hepatitis C deaths (Table 1).

Substantial effect-measure modification was observed 

infrequently in this analysis. The simultaneous presence 

of hepatitis B and HIV disease was a stronger predic-

tor of hepatitis C than hepatitis B alone. Similarly, the 

simultaneous presence of hepatitis B and alcohol use 

was a stronger predictor of hepatitis C than alcohol use 

and hepatitis B individually. The statistical interactions 

observed for hepatitis B and both HIV disease and 

alcohol use were consistent across the three control 

groups, although the magnitude of the associations did 

vary. The association of hemochromatosis with hepatitis 

C also appeared to vary according to alcohol use status 

when using random and circulatory disease controls. 

When using digestive disease controls, however, the 
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simultaneous presence of hemochromatosis and alco-

hol use was a weaker predictor (OR 2.1) of hepatitis 

C than hemochromatosis alone (OR 5.6) (Table 4).

DISCUSSION

These findings indicate that hepatitis B, HIV disease, 

hemochromatosis, and alcohol use are strongly asso-

ciated with hepatitis C and may be important in con-

tributing to increased mortality in hepatitis C-infected 

individuals, consistent with previous research on the 

influence of these diseases on the clinical course of 

hepatitis C. Hepatitis B, HIV disease, and alcohol use 

were common among hepatitis C deaths, indicating 

that interventions targeting these conditions may be 

an efficient means for attempting to limit death and 

severe disease from hepatitis C. This analysis further 

demonstrates a synergistic influence of multiple expo-

sures on hepatitis C being listed as a COD.

Hepatitis B was the condition most strongly associ-

ated with hepatitis C, consistent with previous studies 

on hepatitis B exacerbating hepatitis C-related liver 

disease. These studies have shown that the two viruses 

act synergistically in the development of chronic liver 

disease.20–22 The strong association between these two 

conditions is consistent with the synergistic effects 

described in these other studies. However, given the 

high likelihood of residual confounding due to poor 

measurement of injection drug use, as well as con-

founding due to unmeasured common risk factors for 

both infections (such as blood transfusions), much of 

this association is probably driven by shared modes of 

transmission. Detection bias may also have influenced 

these results, with hepatitis C deaths more likely to 

be screened for other viral hepatitis infections than 

control deaths. Nevertheless, an association of this 

magnitude is unlikely to be accounted for by bias and 

uncontrolled confounding alone.

The association of hepatitis B with hepatitis C 

differed according to alcohol use and HIV disease. 

Although alcohol use, HIV disease, and hepatitis B have 

each been identified as potentially exacerbating the 

progression of hepatitis C disease,6,9–12,20–22 the extent to 

which these factors interact with one another has not 

Table 1. Comparison of characteristics of hepatitis C cases and three control groups, 
U.S. Multiple-Cause-of-Death Data Study, 1999–2004

Risk factor

Hepatitis C cases
(n 63,189)
N (percent)

Random controls
(n 1,000,000)

N (percent)

Digestive controls
(n 487,947)
N (percent)

Circulatory controls
(n 5,075,790)

N (percent)

Mean number of causes of death listed 4.3 2.8 4.3 3.5

Gender
Female 19,844 (31.4) 509,621 (51.0) 286,592 (58.7) 2,595,822 (51.1)
Male 43,345 (68.6) 490,379 (49.0) 201,355 (41.3) 2,479,968 (48.9)

Age (in years)a

0–34 1,098 (1.7) 47,473 (4.8) 11,250 (2.3) 27,981 (0.6)
35–54 35,913 (56.8) 104,830 (10.5) 36,730 (7.5) 355,364 (7.0)
55–74 19,424 (30.7) 280,158 (28.0) 129,979 (26.6) 1,402,449 (27.6)

75 6,750 (10.7) 567,375 (56.8) 309,968 (63.5) 3,289,675 (64.8)
Missing 4 164 20 321

Race/ethnicitya

White, non-Hispanic 39,642 (63.4) 813,728 (81.8) 407,518 (83.9) 4,160,075 (82.3)
Hispanic 8,884 (14.2) 47,581 (4.8) 21,426 (4.4) 218,199 (4.3)
Black, non-Hispanic 12,412 (19.9) 118,211 (11.9) 49,639 (10.2) 599,637 (11.9)
Asian/Pacific Islander, non-Hispanic 1,577 (2.5) 15,554 (1.6) 7,022 (1.5) 78,623 (1.6)
Other/missing 674 4,926 2,342 19,256

Medical conditions/health behaviorsb

Hepatitis B 4,066 (6.4) 565 (0.1) 385 (0.1) 1,020 (0.0)
HIV disease 6,651 (10.5) 5,954 (0.6) 1,700 (0.4) 5,247 (0.1)
Hemochromatosis 123 (0.2) 193 (0.0) 114 (0.0) 659 (0.0)
Alcohol use 11,484 (18.2) 14,779 (1.5) 9,108 (1.9) 39,686 (0.8)
Tuberculosis 178 (0.3) 672 (0.1) 372 (0.1) 1,966 (0.0)
Injection drug use 980 (1.6) 6,687 (0.7) 496 (0.1) 14,516 (0.3)

aPercentage based on number of available responses (does not include “missing” or “other/missing”)
bCategories of medical conditions are not mutually exclusive.

HIV  human immunodeficiency virus
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been well studied. The results of this analysis suggest 

that co-occurrence of hepatitis B and alcohol use or 

hepatitis B and HIV disease may act synergistically in 

advancing the progression of hepatitis C disease. This 

should be interpreted cautiously because of possible 

detection bias, in which people with HIV disease and 

hepatitis B or those with hepatitis B and alcohol use are 

more likely to be screened for hepatitis C than people 

with only one of those conditions present.

HIV disease was strongly associated with hepatitis C 

Table 2. Univariate logistic regression ORs and 95% CIs for the association between 
hepatitis C and demographic, confounder, and risk factor variables using three control groups, 
U.S. Multiple-Cause-of-Death Data Study, 1999–2004

Risk factor

Random controls
(n 1,000,000)
OR (95% CI)

Digestive controls
(n 487,947)
OR (95% CI)

Circulatory controls
(n 5,075,790)
OR (95% CI)

Gender
Female 1 (referent) 1 (referent) 1 (referent)
Male 2.3 (2.2, 2.3) 3.1 (3.1, 3.2) 2.3 (2.2, 2.3)

Age (in years)
0–34 1 (referent) 1 (referent) 1 (referent)
35–54 14.8 (13.9, 15.7) 10.0 (9.4, 10.7) 2.6 (2.4, 2.7)
55–74 3.0 (2.8, 3.2) 1.5 (1.4, 1.6) 0.35 (0.33, 0.38)

75 0.51 (0.48, 0.55) 0.22 (0.21, 0.24) 0.05 (0.05, 0.06)

Race/ethnicity
White, non-Hispanic 1 (referent) 1 (referent) 1 (referent)
Hispanic 3.8 (3.7, 3.9) 4.3 (4.2, 4.4) 4.3 (4.2, 4.4)
Black, non-Hispanic 2.2 (2.1, 2.2) 2.6 (2.5, 2.6) 2.2 (2.1, 2.2)
Asian/Pacific Islander, non-Hispanic 2.1 (2.0, 2.2) 2.3 (2.2, 2.4) 2.1 (2.0, 2.2)

Prognostic factora

Hepatitis B 121.7 (111.4, 132.9) 87.1 (78.4, 96.7) 342.2 (319.3, 366.6)
HIV disease 19.6 (18.9, 20.4) 33.6 (31.9, 35.5) 113.7 (109.5, 118.0)
Hemochromatosis 10.1 (8.1, 12.7) 8.3 (6.5, 10.8) 15.0 (12.4, 18.2)
Alcohol use 14.8 (14.4, 15.2) 11.7 (11.3, 12.0) 28.2 (27.6, 28.8)
Tuberculosis 4.2 (3.6, 5.0) 3.7 (3.1, 4.4) 7.3 (6.3, 8.5)

aFor each prognostic factor, the referent group is composed of decedents with no mention of the factor on the death certificate.

OR  odds ratio

CI  confidence interval

HIV  human immunodeficiency virus

Table 3. Multivariate logistic regression ORs and 95% CIs for the association between 
hepatitis C and selected risk factors using three control groups controlling for gender, 
age, and race/ethnicity, U.S. Multiple-Cause-of-Death Data Study, 1999–2004

Risk factor

Random controls
(n 1,000,000)
OR (95% CI)

Digestive controls
(n 487,947)
OR (95% CI)

Circulatory controls
(n 5,075,790)
OR (95% CI)

Hepatitis Ba–c 49.2 (44.5, 54.3) 30.7 (27.2, 34.5) 123.1 (113.1, 134.0)
HIV diseaseb,c 6.2 (6.0, 6.5) 8.3 (7.9, 8.9) 27.8 (26.6, 28.9)
Hemochromatosisb 7.0 (5.4, 9.2) 4.2 (3.1, 5.8) 9.8 (7.8, 12.3)
Alcohol usea,c 5.8 (5.7, 6.0) 3.5 (3.4, 3.6) 10.0 (9.7, 10.2)
Tuberculosisa 1.6 (1.3, 2.0) 1.3 (1.0, 1.7) 3.0 (2.4, 3.7)

aAlso controlling for HIV
bAlso controlling for alcohol use
cAlso controlling for injection drug use

OR  odds ratio

CI  confidence interval

HIV  human immunodeficiency virus
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and occurred in more than 10% of hepatitis C deaths, 

making it an important contributor to the population 

burden of advanced hepatitis C disease. These results 

are consistent with the large body of literature show-

ing that HIV infection hastens progression of chronic 

liver disease among hepatitis C-infected people.9–12,28

Potential mechanisms for this observation include the 

hepatotoxic properties of highly active antiretroviral 

therapy (HAART), the tendency of HAART drugs 

to cause an increase in hepatitis C viral load, and a 

reduction in hepatitis C antibodies due to HIV-induced 

impairment of B-cell function.11,29 Despite the relatively 

well-described role of HIV in hepatitis C-related disease, 

some of the observed effect is certainly due to residual 

confounding from shared modes of transmission as well 

as detection bias in which people with hepatitis C are 

more likely to be screened for HIV. Nevertheless, given 

both the strong association of HIV disease with hepa-

titis C and its common occurrence among hepatitis C

deaths, people co-infected with these viruses as well as 

with HIV alone may warrant targeted intervention to 

mitigate the effects of chronic hepatitis C or prevent 

hepatitis C infection from occurring.

Alcohol use was strongly associated with hepatitis C

mortality and was reported in nearly one-fifth of all 

hepatitis C deaths, a proportion that is likely an under-

estimate.30 Previous research has shown alcohol use to 

be a strong risk factor for development of severe liver 

disease among hepatitis C-infected individuals.6,31,32 The 

results of this analysis are consistent with that body of 

research, although some of the observed association 

is likely due to residual confounding from injection 

drug use. Hepatitis C deaths also may be more likely 

to have their alcohol use status ascertained and subse-

quently recorded on the death certificate. Given both 

the strength of the association between alcohol use 

and severe hepatitis C disease6,13,33 as well as the high 

occurrence of alcohol use among hepatitis C deaths, 

mitigation of this exposure will be critical in reducing 

the burden of hepatitis C-related liver disease on a 

population level.

Although relatively strongly associated with hepati-

tis C, hemochromatosis occurred infrequently among 

hepatitis C deaths. Prior studies have shown that 

elevated levels of iron in the liver may promote persis-

tence of chronic viral hepatitis infections, development 

of more severe liver disease in hepatitis C-infected 

people, and less successful interferon treatment.15,16,34

Hemochromatosis also may be a risk factor for acquir-

ing hepatitis C, as therapeutic phlebotomy and injected 

Table 4. Multivariate logistic regression for the joint effect of two exposures on hepatitis C, 
U.S. Multiple-Cause-of-Death Data Study, 1999–2004

Risk factors

Random controls
(n 1,000,000)
OR (95% CI)

Digestive controls
(n 487,947)
OR (95% CI)

Circulatory controls
(n 5,075,790)
OR (95% CI)

Hepatitis B and HIV disease
HBV absent, HIV absenta 1 (referent) 1 (referent) 1 (referent)
HBV absent, HIV presenta 5.8 (5.6, 5.9) 3.5 (3.4, 3.6) 9.9 (9.6, 10.1)
HBV present, HIV absenta 54.0 (48.7, 60.0) 34.6 (30.5, 39.3) 133.0 (121.8, 145.1)
HBV present, HIV presenta 107.4 (81.6, 141.5) 42.2 (31.6, 56.4) 403.4 (308.6, 527.4)

Hepatitis B and alcohol use
HBV absent, alcohol absentb 1 (referent) 1 (referent) 1 (referent)
HBV absent, alcohol presentb 5.9 (5.6, 6.1) 7.9 (7.4, 8.4) 26.1 (25.0, 27.2)
HBV present, alcohol absentb 59.5 (53.4, 66.3) 35.2 (31.1, 39.9) 136.6 (125.3, 149.0)
HBV present, alcohol presentb 68.4 (54.4, 85.9) 47.9 (35.1, 65.3) 354.6 (271.6, 463.1)

Hemochromatosis and alcohol use
Hemochromatosis absent, alcohol absentc 1 (referent) 1 (referent) 1 (referent)
Hemochromatosis absent, alcohol presentc 5.3 (5.1, 5.4) 3.2 (3.1, 3.3) 8.8 (8.6, 9.1)
Hemochromatosis present, alcohol absentc 7.5 (5.7, 9.9) 5.6 (4.0, 7.9) 10.8 (8.5, 13.6)
Hemochromatosis present, alcohol presentc 14.5 (5.7, 36.8) 2.1 (1.0, 4.4) 30.4 (14.3, 64.8)

aControlling for age, race/ethnicity, gender, alcohol use, and injection drug use
bControlling for age, race/ethnicity, gender, HIV, and injection drug use
cControlling for age, race/ethnicity, and gender

OR  odds ratio

CI  confidence interval

HIV  human immunodeficiency virus

HBV  hepatitis B virus
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chelation therapy may increase parenteral exposure. 

However, people with hepatitis C were probably more 

likely than those in the control groups to be screened 

for high iron levels, which would have resulted in 

positive bias of ORs. As hemochromatosis occurred 

infrequently among hepatitis C deaths, clinical inter-

ventions to lower iron levels among individuals with 

hepatitis C would likely only mitigate a small proportion 

of hepatitis C-related disease and mortality, but may 

be useful in individual clinical situations.

The association of hemochromatosis with hepatitis C

appeared to be modulated by alcohol use, although 

results were somewhat inconsistent across control 

groups, likely due to the extremely low frequency of 

hemochromatosis among hepatitis C cases. While both 

high iron levels and alcohol use separately have been 

implicated in exacerbating hepatitis C disease,6,16 little 

research has explored the existence of a synergistic 

effect of these exposures.

The moderate association between hepatitis C and 

TB may be explained by residual confounding due 

to HIV disease, but several of the first-line drugs for 

TB treatment, including isoniazid and rifampin, are 

known to have hepatotoxic effects.17,18 It is possible 

that administration of such drugs, especially given 

the long duration of TB treatment, may hasten the 

progression of hepatitis C-related liver disease. The 

association between TB and hepatitis C must be inter-

preted cautiously, however, as TB was extremely rare 

among hepatitis C deaths. The low frequency of this 

exposure would also make any intervention to assess 

hepatitis C status before initiation of directly observed 

therapy an inefficient means to reduce the burden of 

hepatitis C-related liver disease. 

Limitations

Our findings must be interpreted with caution for 

several reasons. Limitations of using death certificate 

data can include varying quality and type of information 

collected across states, differences in how physicians 

complete death certificates, and lack of information 

on other important risk factors for hepatitis C, such 

as treatment and duration of infection. 

In addition, despite the careful selection of three 

control groups, selection bias was impossible to avoid 

entirely. Results were qualitatively consistent across the 

three control groups, however, with nearly all observed 

associations being in the same direction and of simi-

lar magnitude. Circulatory disease controls tended to 

result in ORs of greater magnitude (more positive), 

while digestive disease controls tended to have ORs of 

lesser magnitude (less positive). This may be due to the 

fact that circulatory diseases were actually negatively 

associated with many of the exposure conditions. While 

only non-liver-related digestive conditions were used 

to select the digestive disease controls, this group was 

probably more similar to hepatitis C case deaths than 

the other two control groups with respect to certain 

factors. The number of CODs recorded for digestive 

disease controls was similar to that of the hepatitis C 

cases, indicating that these two groups may tend to 

either experience similar rigor in medical screening or 

truly have more conditions present at the time of death. 

Unfortunately, the largely consistent results across 

control groups could be an indicator of appropriate 

control group selection or a common bias operating 

across all control groups.26

Another bias, analogous to Berksonian bias,35

may have affected our results. If hepatitis C and the 

exposure under study both influence the probability 

of death, then conducting a study using only deaths 

amounts to stratification on what is termed a “collider 

variable,” which would induce an association between 

hepatitis C and the exposure under study.36

It is likely that there was substantial measurement 

error in classification of both hepatitis C status and 

the comorbid conditions assessed. A number of pub-

lished studies have indicated that death certificate data 

only capture a modest proportion of all hepatitis C 

deaths.37,38 Furthermore, the hepatitis C case definition 

employed may have been nonspecific, as deaths were 

included that listed hepatitis C as either an underly-

ing or contributing COD. Results of this analysis were 

similar, however, when cases were limited to only those 

listing hepatitis C as an underlying cause. The degree of 

misclassification of hepatitis C as a COD may also vary 

according to exposure status, with some deaths, such 

as those listing hepatitis B, much more likely to have 

their hepatitis C status ascertained. Likewise, exposures 

such as HIV disease, alcohol use, or hemochromatosis 

may be more likely to be ascertained for hepatitis C 

deaths than for other deaths. Simultaneous differential 

misclassification of exposure and disease can lead to 

bias toward or away from the null.39

Ambiguity over the temporal order of exposure 

and outcome was also an issue. It is difficult to accu-

rately determine the temporal occurrence of CODs 

on death certificates, even under circumstances in 

which a physical copy of the death certificate can 

be examined. As such, there is no way of knowing 

whether the comorbid conditions actually preceded 

the occurrence of hepatitis C-related disease.40 Given 

the long, latent nature of chronic hepatitis C infec-

tion, however, it is likely that the vast majority of 

exposures examined were, at a minimum, concurrent 

with hepatitis C infection. 
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CONCLUSIONS

Hepatitis B, for which an effective vaccine is available, 

was strongly associated with hepatitis C being listed 

as a COD, an indicator of its probable importance 

in exacerbating hepatitis C-related liver disease. HIV 

disease, hemochromatosis, and alcohol use were also 

observed to be associated with hepatitis C. The strong 

associations of hepatitis B, HIV, hemochromatosis, 

and alcohol use with hepatitis C are consistent with 

other published studies examining the relationship 

of these conditions. The simultaneous presence of 

hepatitis B and HIV, hepatitis B and alcohol use, and 

hemochromatosis and alcohol use appeared to exhibit 

synergism in their association with hepatitis C, suggest-

ing a possible role for interactions between comorbid 

conditions in the progression of hepatitis C disease. 

Given the frequent occurrence of alcohol use, HIV, and 

hepatitis B among hepatitis C deaths, interventions to 

reduce the population burden of hepatitis C-related 

liver disease and mortality would likely be enhanced 

by incorporating components targeted toward these 

conditions.
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