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Summary

There are few long-term nationally representative studies of all-cause mortality among those
infected with hepatitis C virus (HCV). When an additional 5 years of data were made publicly
available in 2015, the Third National Health and Nutrition Examination Survey Linked Mortality
File became the longest nationally representative study in the United States. Our objective was to
update the estimated HCV-associated all-cause mortality in the general US population and
determine any differences by sex, age and race/ethnicity. HCV status was assessed in 9117
nationally representative adults aged 18-59 years from 1988 to 1994, and mortality follow-up of
the same individuals was completed through 2011 and made publicly available in 2015. There
were 930 deaths over a median follow-up of 19.8 years. After adjusting for all covariate risk
factors, chronic HCV had 2.63 times (95% CI: 1.59-4.37; £=.0002) higher all-cause mortality rate
ratio (MRR) compared with being HCV negative. All-cause MRR was stratified by sex, age and
race/ethnicity. Only race/ethnicity was a significant effect modifier of MRR (/<.0001) as the
highest MRR of chronic HCV compared to HCV negative was 7.48 (95% ClI: 2.15-26.10, P=.001)
among Mexican Americans, 2.67 (95% CI: 2.67-5.56, P=.009) among non-Hispanic Whites and
2.02 (95% ClI: 1.20-3.40, £=.007) among non-Hispanic Blacks. Racial disparity was seen in the
all-cause mortality as Mexican Americans with chronic HCV had approximately seven times
higher mortality rate than HCV-negative individuals. This suggests that these at-risk individuals
should be targeted for HCV screening and treatment, given the availability of new highly effective
HCV therapies.
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1| INTRODUCTION

Hepatitis C virus (HCV) is a blood-borne infection with a worldwide prevalence of 130-170
million individuals (2%—-3% of the world population). 1 The prevalence of chronic HCV is
estimated 2.7 million among United States (US) noninstitutionalized civilian population and
3.9 million in the entire US population.23 The natural history of untreated chronic HCV is
well characterized, with a gradual progression to liver fibrosis and cirrhosis, liver failure and
death.# It is the leading cause of chronic liver disease, hepatocellular carcinoma (HCC) and
liver transplantation in the USA.6.7 By 2007, deaths in the USA due to HCV surpassed
HIV.8 By the end of 2014, oral direct-acting antiviral (DAA) drugs become available, which
can completely cure HCV infection in patients by achieving sustained virologic response
(SVR).? The new DAA drugs have improved tolerability, decreased therapy duration,
increased SVR and simplified therapy compared to the first-generation therapy based on
alpha interferon injections.® DAA therapy is expected to reduce future all-cause and liver-
related morbidity and mortality.10.11 Yet challenges still remain in the USA as the HCV care
continuum is failing as only 50% of HCV-infected persons have been tested, only 16%
treated and 9% cured.1213

Based on the National Health and Nutrition Examination Survey (NHANES) in the USA,
the number of individuals positive for HCV antibodies (anti-HCV positive) was 3.9 million
in 1988-1994 and increased to 4.1 million in 1999-2002.14.15 The number of chronic HCV-
infected individuals (anti-HCV positive and HCV RNA positive) in the US population also
increased from 2.7 to 3.2 million.141> The mortality follow-up of the Third NHANES
(NHANES I1) participants through 2006 showed that persons with chronic HCV had 2.4
times higher all-cause, 26.5 times higher liver-related and 1.8 times higher nonliver
mortality rate ratios compared to HCV-negative individuals.1® The rates confirm that
individuals with chronic HCV are at higher risk of mortality and show the opportunity for
HCV treatment to reduce both long-term morbidity 10 and mortality.17:18

In 2015, the publicly available NHANES Il mortality follow-up data through the end of
2011 became available providing an additional 5 years of follow-up on mortality. This
provides the opportunity to provide a longer follow-up time compared to the previous
mortality study and is the last set of all-cause mortality data before the advent of DAA
therapy in 2014. In addition, during these additional 5 years of follow-up, the US recession
(2006-2011) could have exacerbated the effects of HCV on mortality on already vulnerable
individuals due to job and health insurance losses, particularly that HCV testing and linkage
to care is already suboptimal among racial/ethnic minorities.19 In this study, we evaluated
the association of HCV status with all-cause mortality and determined any differences by
sex, age and race/ethnicity in a prospective cohort of NHANES participants that is
representative of the noninstitutionalized population of US adults. We aimed to identify
individuals at highest risk of mortality for a curable disease and that should help prioritize
HCV treatment.
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2| METHODS
2.1 | Study participants

Participants included in the analysis were from NHANES 111 survey aged =18 years at initial
enrolment and with vital status follow-up data till the end of 2011. Conducted in 1988-1994
by the National Center for Health Statistics, NHANES 111 is a multistage probability survey
designed to represent noninstitutionalized American civilians, which oversampled non-
Hispanic Blacks, Mexican Americans and older adults.2%-21 Our initial analysis included all
participants >18 years with eligibility status for mortality follow-up and HCV antibody test
(n=16 140). These participants were subsequently narrowed to only 9117 participants aged
18-59 years for whom HCV covariate risk factor information was available so that
additional covariate-adjusted analyses could be performed.

2.2 | Study variables

Third National Health and Nutrition Examination Survey includes an interview and physical
examination with a blood draw.2? The procedures for the survey and data collection,?! and
laboratory procedure 22 have been previously described. Testing for antibody to HCV (anti-
HCV) was performed using second-generation enzyme immunoassay (EIA) and
supplemental test (EIA 2.0 and HCV MATRIX, Abbott Laboratories North Chicago, IL).
Testing for HCV RNA was performed on the anti-HCV- positive samples using reverse-
transcriptase polymerase chain reaction amplification of the 5 noncoding region
(Boehringer Mannheim, Boehringer Mannheim Diagnostics, Indianapolis, IN).22 The study
independent variable was HCV status with three groups: anti-HCV negative, anti-HCV
positive and chronic HCV (anti-HCV positive and HCV RNA positive).

Demographic variables included self-reported age, sex, race/ethnicity (non-Hispanic White,
non-Hispanic Black, Mexican American [anyone who describe themselves of Mexican
origin], and other [includes other Hispanics, Asians and Native Americans]), marital status,
education, smoking status, lifetime number of sex partners, lifetime marijuana and cocaine
use, and physical diagnosis of cancer and diabetes. Body mass index (BMI, kg/m?) was
calculated using measured height and weight. Self-reported numbers of alcoholic drinks over
the previous 30 days were reclassified to drinks/day. Poverty income ratio was calculated
using total family income divided by poverty threshold on the year of the interview, as
defined by US Census Bureau.

The mortality analysis used the 2015 Public-use Linked Mortality Files, which provides
mortality follow-up from the date of the NHANES |11 survey through 31 December 2011.23
The linkage was done by probabilistic matching to the National Death Index records using
12 identifying variables. The underlying cause of death was recoded to the ten leading
causes derived from the International Classification of Disease, 9th edition (ICD-9) for all
deaths prior to 1999 and ICD-10 for all deaths after 1998.23 Our primary outcome for this
analysis was all-cause mortality. The underlying cause of death available in the Public-use
Linked Mortality Files was the leading ten causes of death: disease of the heart, malignant
neoplasms, chronic lower respiratory diseases, accidents, cerebrovascular disease,
Alzheimer’s disease, diabetes mellitus, influenza and pneumonia, nephritis and nephrotic
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syndrome, and all other causes of death. This secondary analysis was performed using a de-
identified data set.

2.3 | Statistical analysis

All-cause mortality rate and 95% confidence intervals (CI) were calculated by HCV status
groups (anti-HCV negative, anti-HCV positive and chronic HCV), and further by sex and
age group for all eligible participates aged =18 years. Individuals who were anti-HCV
positive, but HCV RNA negative were categorized into the anti-HCV- positive group and not
the chronic HCV group. Due to small numbers, our primary analysis did not include a
separate subgroup of anti-HCV- positive and HCV RNA-negative participants; however, we
did calculate the mortality rate in this subgroup to determine which of the HCV status
groups this separate subgroup closely resembled. Separate analyses were performed in the
subgroup of participants aged 18-59 years (n=9117) comparing baseline demographic
characteristics using Wald XZ or ttest and all-cause mortality using weighted Kaplan-Meier
survival curves and weighted Cox proportional hazards models with the HCV antibody
negative group serving as the reference group. The association between HCV status and all-
cause mortality was assessed in three different models measured as a mortality rate ratio
(MRR). The first model adjusted for age and sex. The second partially adjusted model
additionally included demographics (race/ethnicity, marital status, education and poverty
income ratio), lifestyle behaviours (alcohol consumption, smoking, lifetime cocaine and
marijuana use, lifetime number of sexual partners), BMI, and comorbidities and viruses
(cancer, diabetes, hepatitis A antibody, hepatitis E antibody). The final fully adjusted model
additionally adjusted for liver function biomarkers of alanine aminotransferase (ALT) and
total bilirubin. The models were stratified by demographic factors: sex, age group (18-40
and 41-59 years) and race/ethnicity (non-Hispanic Whites, non-Hispanic Blacks and
Mexican Americans). The stratum-specific findings were then subjected to formal tests
(Wald test in the regression model) using interaction terms of HCV status by sex, age group
and race/ethnicity, respectively, to determine whether these demographic categories were
significant effect modifiers (variable that differentially modifies the observed effect of a risk
[HCV status] on disease status [all-cause mortality]). Data management and linkage were
performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC) and the statistical analysis was
conducted in the R software version 3.2.5 to accommodate the complex survey design of
NHANES I111.24 All P-values were two-sided and A<.05 was considered statistically
significant. No adjustments were included to account for the multiple comparisons.

3| RESULTS

Among 16 140 NHANES 111 participants aged =18 years, 4947 deaths occurred over a
median follow-up of 18.9 years (interquartile range 15.9-20.8 years). There were 4811
deaths among the 15 788 participants who were anti-HCV negative. The top three causes of
deaths are as follows: all nonleading causes (28%), a disease of the heart (25%) and
malignant neoplasms (22%). Among the 352 participants who were anti-HCV positive, the
top three causes of the 136 deaths are as follows: all nonleading causes (44%), malignant
neoplasms (16%) and disease of the heart (13%). Lastly, among the 279 participants who
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were chronic HCV, the top three causes of the 111 deaths are as follows: all nonleading
causes (50%), malignant neoplasm (15%) and malignant neoplasms (12%).

Table 1 shows the all-cause mortality rates by HCV status for those aged =18 years and
stratified by sex and age group. There were 12.6 (95% CI: 11.6-13.7), 17.0 (95% CI: 12.2—
23.6) and 19.1 (95% CI: 13.5-27.0) deaths per 1000 person-years for anti-HCV- negative,
anti-HCV- positive and chronic HCV individuals, respectively. Among the 73 anti-HCV-
positive and HCV RNA-negative patients, the overall mortality rate was 11.3 (95% CI: 5.3—
24.1), men only was 10.5 (95% CI: 3.1-35.4), and women only was 12.2 (95% CI: 5.9-25.1)
per 1000 person-years. The mortality rate was highest for all chronic HCV individuals
compared to anti-HCV- negative and anti-HCV- positive individuals, except among women
aged 18-29 years. Anti-HCV- negative men had higher mortality rate than anti-HCV-
negative women. However, this pattern was not observed for anti-HCV- positive or chronic
HCV individuals as women had higher mortality rates than men (Table 1).

Among participants aged 18-59 years (n=9117), those who were anti-HCV positive or
chronic HCV were more likely to be men, non-Hispanic White, nonmarried and current
smokers (£<.05) than those who were anti-HCV negative (Table 2). Those who were anti-
HCV negative had higher incomes, fewer sexual partners, less cocaine, marijuana and
alcohol use, and lower ALT levels (P<.001).

Among the subset of 9117 participants aged 18-59 years, there were 930 deaths over a
median follow-up of 19.8 years (interquartile range 18.2-21.2 years). Among the 8866
participants who were anti-HCV negative, there were 861 deaths led by malignant
neoplasms (32%) and all nonleading causes (30%). Among the 251 participants who were
anti-HCV positive, there were 69 deaths, while among the 203 participants who were
chronic HCV deaths, there were 60 deaths, which both were led by nonleading causes of
death (46%).

Table 3 shows the MRR was consistently the highest among participants with chronic HCV
followed by anti-HCV- positive compared to anti-HCV- negative participants, respectively,
for each model adjustment. In the fully adjusted model, being anti-HCV positive was
associated with 2.20 times higher mortality rate (95% CI: 1.32-3.66, £=.002) and chronic
HCV was associated with 2.63 times higher mortality rate (95% CI: 1.59-4.37, £<.001)
compared to anti-HCV- negative participants, respectively.

We stratified the MRR for all-cause mortality by race/ethnicity (Table 4), sex (Table 5) and
age group (Table 6). Only race/ethnicity was significant as an effect modifier (anti-HCV
positive, £<.001; chronic HCV, A£<.001) compared to sex (anti-HCV positive, P=.17; chronic
HCV, P=.13) and age group (anti-HCV positive P=.14; chronic HCV, P=.05). When
stratifying by race/ethnicity in the fully adjusted model, Mexican Americans had the highest
MRR for anti-HCV positive (6.22, 95% CI: 2.10-18.44, P=.001) and chronic HCV (7.48,
95% CI: 2.15-26.10, P=.001), compared to non-Hispanic Blacks and non-Hispanic Whites
(Table 4). Figure 1 shows the overall estimated unadjusted and adjusted mortality cumulative
incidence (covariates set at survey-weighted means) by HCV status. The mortality
cumulative incidence among anti-HCV- positive and chronic HCV-infected participants

J Viral Hepat. Author manuscript; available in PMC 2017 December 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Emmanuel et al.

Page 6

appears to be increasing at a slower rate during the last 5 years of follow-up. Based on the
significant findings for race/ethnicity, Figure 2A-C has the adjusted mortality cumulative
incidence stratified by race/ethnicity. Both non-Hispanic Blacks and Mexican Americans
show a rapid increase in the first 2 years and then gradual increase including the last 5 years
of follow-up.

4 | DISCUSSION

Based on a large representative sample of US adults enrolled in the 1988-1994 NHANES liI
study and the follow-up until 2011, we found an increase in the all-cause mortality rate,
overall and by sex and age, compared to those reported in 2006.16 The mortality rate was
highest in chronic HCV patients. Our study did show effect modification by race/ethnicity
with a statistically significant difference in the relationship between HCV status (both anti-
HCYV positive and chronic HCV) and all-cause mortality, but the relationship did not
significantly differ by age or sex. Mexican Americans had a higher all-cause MRR than non-
Hispanic Whites and non-Hispanic Blacks in all three different (initial, partial, and fully)
models after adjusting for known confounding factors including demographics, lifestyle
behaviours and clinical factors (BMI, comorbidities and other viruses). A potential cause of
the higher all-cause mortality among Mexican Americans is a lack of health insurance,
which would likely have long-term effects on the HCV care continuum for these patients.
Based on the National Health Interview Survey (2008-2010), Hispanics had the highest
percentage without health insurance at 41%, while non-Hispanic Blacks were 26% and non-
Hispanic Whites at 16%.2°

With additional five years of follow-up data, we expected and observed more deaths with an
increase in all-cause mortality rates. We were surprised to find that women had a higher
overall all-cause mortality rate than men for the anti-HCV positive and chronic HCV, but not
among the anti-HCV- negative group, which is contrary to the previous results from the
NHANES 111 mortality data of 2006.16 However, during stratification by sex, there was no
statistically significant effect on the mortality ratio by HCV status to suggest any effect
modification, even when adjusting for age and other covariates such as demographics,
lifestyle and clinical factors

Our finding of the highest all-cause mortality among Mexican Americans is similar to that
seen in liver cancer epidemiology. Hispanics, including Mexican Americans in the USA,
have a higher age-adjusted mortality rate for liver cancer particularly HCC when compared
to non-Hispanic Whites.26 Specifically, for HCC between 2006 and 2010, Blacks and
Hispanics (aged 50-64 years) had a higher incidence and mortality rate than Asians and
Pacific Islanders.2” A recent study in 2016 reported that Hispanics born in the USA,
particularly males, had a great risk of HCC and death from chronic liver disease than did
foreign-born Hispanics.28 In addition, Hispanics with HCV had a higher risk of developing
cirrhosis and HCC than non-Hispanic Whites and African American in a large US Veteran
Administration cohort. 22 While our study is restricted to all-cause mortality, we hypothesize
for liver-related mortality, Mexican Americans and Hispanics will still have a greater
mortality compared to non-Hispanic Whites and non-Hispanic Blacks.
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Our study had several strengths including using the large representative sample of US adults
selected with no prior knowledge of their HCV status, objectively measured HCV antibody
and HCV RNA, long follow-up period through 2011, covariates known to impact mortality
in these populations to adjust for confounding factors and validation using multiple analysis
techniques. These data precede the marketing of DAAs and therefore provide a general
sense of survival in the premodern HCV treatment era. Our study had some limitations that
should be noted when interpreting the results. First, we only had access to the public-use and
not the restricted-use linked mortality files to allow specific analyses on both liver-related
and non-liver- related causes of death. This limited our ability to compare results with
previous findings in this NHANES |11 cohort and any stratum-specific findings such as race/
ethnicity. Second, NHANES Il is an observational study and there are potential unmeasured
or excluded confounding factors. We cannot rule out the potential for unmeasured
confounders, such as genetic variants and other metabolic-related disorders, as a noncausal
source of association; however, we have attempted to mitigate this limitation by controlling
for multiple known confounders in the analysis with three different models.

In conclusion, this study suggests a racial disparity and an increase in the all-cause mortality
by HCV status in the general US population using NHANES 111 with follow-up through
2011. Our finding indicates effect modification by race/ethnicity as Mexican Americans with
chronic HCV had seven times higher mortality rate than HCV-negative individuals in a fully
adjusted model for confounding factors. These findings suggest a need to consider race in
the HCV care continuum. Future research is needed to examine whether DAA therapy and
changes to health care access to include HCV treatment coverage will translate into
population-level changes in overall mortality and by race/ethnic groups.

Abbreviations

ALT alanine aminotransferase
BMI Body mass index

Cl confidence intervals
DAA direct-acting antiviral
EIA enzyme immunoassay
HCC hepatocellular carcinoma
HCV hepatitis C virus

MRR mortality rate ratio

NHANES National Health and Nutrition Examination Survey

SVR sustained virologic response
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FIGURE 1.

Survival probability by HCV status, overall. Unadjusted survival probabilities from
weighted Kaplan-Meier (panel A) and covariate-adjusted expected survival probabilities
from weighted Cox proportional hazard models (panel B)
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A, Survival probability by HCV status by non-Hispanic Whites. Unadjusted survival
probabilities from weighted Kaplan-Meier (panel a) and covariate-adjusted expected survival
probabilities from weighted Cox proportional hazard models (panel b). B, Survival
probability by HCV status by non-Hispanic Blacks. Unadjusted survival probabilities from
weighted Kaplan-Meier (panel a) and covariate-adjusted expected survival probabilities from
weighted Cox proportional hazard models (panel b). C, Survival probability by HCV status
by Mexican Americans. Unadjusted survival probabilities from weighted Kaplan-Meier
(panel a) and covariate-adjusted expected survival probabilities from weighted Cox
proportional hazard models (panel b)
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