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Abstract

Background—Current US hepatitis B mortality rates remain three times higher than the national
target. Mortality reduction will depend on addressing hepatitis B disparities influenced by social
determinants of health.

Objectives—This study aims to describe characteristics of hepatitis B—listed decedents, which
included US birthplace status and county social vulnerability attributes and quantify premature
mortality.

Methods—We conducted a cross-sectional analysis of 17,483 hepatitis B-listed decedents

using the 2010-2019 US Multiple-Cause-of-Death data merged with the county-level Social
Vulnerability Index (SVI). Outcomes included the distribution of decedents according to US
birthplace status and residence in higher versus lower death burden counties by sociodemographic
characteristics, years of potential life lost (YPLL), and SVI quartiles.

Results—Most hepatitis B-listed decedents were US-born, male, and born during 1945-1965.
Median YPLL was 17.2; 90.0% died prematurely. US-born decedents were more frequently
White, non-college graduates, unmarried, and had resided in a county with < 500,000 people;
non-US-born decedents were more frequently Asian/Pacific Islander, college graduates, married,
and had resided in a county with = 1 million people. Higher death burden (= 20) counties were
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principally located in coastal states. US-born decedents more frequently resided in counties in
the highest SVI quartile for “Household Characteristics” and “Uninsured,” whereas non-US-born
decedents more frequently resided in counties in the highest SVI quartile for “Racial/Ethnic
Minority Status” and “Housing Type/Transportation.”

Conclusion—This analysis found substantial premature hepatitis B mortality and residence
in counties ranked high in social vulnerability. Successful interventions should be tailored to
disproportionately affected populations and the social vulnerability features of their geographic
areas.

Keywords

Hepatitis B; Racial and ethnic disparities; Social vulnerability; Premature mortality; Social
determinants of health

Introduction

One of the eight core indicators in the US Department of Health and Human Services Viral
Hepatitis National Strategic Plan for 2021-2025 is to reduce the rate of hepatitis B deaths

to 0.16/100,000 persons by 2030 [1]. The US hepatitis B mortality rate in 2020, however,
was approximately three times higher (0.45 deaths/100,000 persons) [2]. In an analysis of
hepatitis B deaths during 2010-2019, rates differed substantially across US states and were
highest in coastal and Appalachian states [3, 4]. In states bordering the Pacific and Atlantic
coasts, hepatitis B decedents were disproportionately non-US-born, whereas decedents in
Appalachian and southern states along the Gulf of Mexico were disproportionately US-born.
Compared with non-US-born decedents, US-born decedents had a significantly younger
median age at death [3].

Reductions in mortality can be achieved via interventions along the hepatitis B care
continuum. These include improved identification of persons with hepatitis B through
universal screening, vaccination of susceptible persons, linkage of infected persons to
hepatitis B—directed clinical care, use of antiviral therapy for treatment-eligible persons,
and clinical surveillance for hepatocellular carcinoma (HCC) [5-8]. In US-based cohorts,
persons with chronic hepatitis B (CHB) engaged in care and receiving antiviral therapy
according to treatment guidelines tend to do favorably, with low frequencies of severe
clinical outcomes [7, 9, 10]. However, studies have also demonstrated disparities in
diagnosis and access to CHB care among certain minority and medically underserved groups
[11], and that such disparities may be influenced by social determinants of health (SDOH)
[12].

SDOH (e.g., socioeconomic and health insurance status, racial/ethnic inequities, limited
English proficiency, housing and transportation availability) affect access to health care

and treatment, as well as mortality, for a variety of conditions [12, 13]. Using Social
Vulnerability Index (SVI) data, investigators have examined the adverse effects of SDOH on
common chronic conditions such as cardiovascular disease and cancer, and acute conditions
such as COVID-19 [14-18]. The SVI was created by the US Centers for Disease Control
and Prevention (CDC)’s Agency for Toxic Substances and Disease Registry (ATSDR) as a
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standardized metric that incorporates US Census tract- and county-level SDOH to identify
and compare levels of vulnerability across several themes (e.g., Socioeconomic Status) [13].

Given the paucity of national and jurisdictional prevalence data, examination of hepatitis B
mortality data could inform public health interventions intended to optimize diagnosis of
and access to care for persons living with CHB. Moreover, the use of SVI data together
with Multiple Cause of Death (MCOD) highlights the characteristics of hepatitis B-listed
decedents in the context of the geographic location and social vulnerability features of the
US counties in which they lived. The objectives of this analysis were to (1) describe the
characteristics of hepatitis B-listed decedents, including their resident county attributes and
social vulnerability profiles, and (2) quantify the magnitude and distribution of premature
hepatitis B—listed mortality.

Data Sources

Variables

This analysis used 2010-2019 restricted-use US MCOD data acquired through an approved
project determination to the CDC National Center for Health Statistics (NCHS) to obtain
information on state/county of residence and birth [19]. We limited these analyses through
the year 2019 to prevent any effect that COVID-19-related deaths would have had as a
competing cause of death (COD) on reporting hepatitis B as a COD.

The CDC/ATSDR SVI data use the 2016—-2020 American Community Survey to provide
estimates on 16 SVI domains categorized into four themes: (1) Socioecomonic Status, (2)
Household Characteristics, (3) Racial and Ethnic Minority Status, and (4) Housing and
Transportation [13]. A percentile was assigned to each US county, ranging from zero to

one, based on the ranked order of the estimates relative to all counties [13]. We grouped
percentiles into quartile categories (0-0.2500, 0.2501-0.5000, 0.5001-0.7500, and 0.7501—
1.0) to describe Least, Less, More, and Most Vulnerable counties, respectively. As an
example, an SVI percentile of 0.75 means that 75% of counties in the US are less vulnerable
than the county of interest and that 25% of counties are more vulnerable.

County SVI percentiles and population estimates from the SV dataset were merged into the
US MCOD dataset using residential state and county Federal Information Processing System
codes.

Hepatitis B-listed deaths included decedents who resided in the 50 US states and DC.

We defined hepatitis B—listed deaths through International Classification of Diseases, Tenth
Revision (ICD-10) COD codes if = 1 code indicative of hepatitis B (B16, B17.0, B18.0,

and B18.1) was listed as the underlying cause of death (UCOD) or a contributing cause of
death (CCOD) in the record axis fields [20]. The UCOD is the one condition or injury that
initiated the chain of events leading directly to death [21]. CCOD included the immediate
cause of death, conditions leading to the immediate cause of death, and any other significant
conditions that unfavorably influenced the course of the morbid process and thus contributed
to the death [21].
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We calculated the median years of potential life lost (YPLL), adjusted by sex, among
persons with a hepatitis B-listed death to determine the magnitude of premature mortality.
Deriving this measure involved first calculating the difference between the sex-specific life
expectancies (average, 76.3 years for males and 81.2 years for females), as published by
CDC NCHS [22-31], and age at death during 2010-2019 [32]. For each characteristic, the
median was the mid-point of YPLL values.

Decedent characteristics included US birthplace status, sex, age at death, year of birth,
YPLL, race and ethnicity, education, and marital status. Comorbidities examined included
15 broad categories, as described in a previous publication [3], listed as the UCOD among
decedents for whom hepatitis B was listed as a CCOD. County characteristics in the
merged SVI dataset included county population size and the overall and theme-specific
SVI quartiles. Because uninsurance directly impacts the ability to access health care, we
separately examined the Uninsured domain, under the Socioeconomic Status theme in the
SVI dataset.

Statistical Analyses

Results

We compared decedent characteristics (including US birthplace status), county SVI quartiles
according to themes, YPLL, and aggregate age-adjusted mortality rates of decedents who
had resided in counties with = 20 (higher burden) versus 1-19 (lower burden) hepatitis
B-listed deaths. To examine the geographic distribution of hepatitis B—listed decedents in
all 3143 US counties, we mapped the county of residence of all hepatitis B-listed decedents
according to death burden.

The Kruskal-Wallis test was used to assess statistically significant differences between
median numeric measures and Pearson chi-square test for proportions. We considered P
values less than 0.05 as statistically significant. Statistical analyses were performed using
SAS software, version 9.4 (SAS Institute, Cary, NC); the map was produced using RStudio,
version 1.4.1717 (RStudio Team, Boston, MA). This analysis did not require institutional
review board review per HHS Code of Federal Regulations Title 45 Part 46 2018 because
de-identified data were obtained for decedents from secondary sources. We followed NCHS
standards on CDC WONDER for assurance of confidentiality and statistical reliability of
proportions and rates [33].

Characteristics of Hepatitis B-Listed Decedents

During 2010-2019, 17,483 decedents had a hepatitis B-listed death. Most decedents were
US-born (63.3%), male (73.1%), born during 1945-1965 (62.1%), and had completed high
school or some college (59.2%); relative majorities for race and ethnicity and marital status
were observed among non-Hispanic White (46.5%) and married (43.3%) decedents (Table
1). Compared to non-US-born decedents, US-born decedents more frequently were born
during 1945-1965, non-Hispanic White or Black, not college educated, single or divorced,
and had resided in a US county with < 500,000 persons. In contrast, non-US-born decedents
more frequently were aged = 65 years, born before 1945, Asian/Pacific Islander or Hispanic,
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college graduates, married, and had resided in a county with = 1 million persons. Among
non-US-born decedents, 68.0% were Asian/Pacific Islander, 12.0% were Hispanic, 10.8%
were White, and 9.1% were Black.

Nearly forty-three percent (42.8%) of hepatitis B-listed decedents resided in counties in the
highest SVI quartile with respect to Overall Social Vulnerability (Table 1). According to SVI
theme, 36.5%, of hepatitis B-listed decedents resided in counties in the highest quartile for
Socioeconomic Status, 19.8% for Household Characteristics, 64.0% for Racial and Ethnic
Minority Status, 49.7% for Housing Type and Transportation, and 17.5% for Uninsured.

There were no differences in the distribution of US-born and non-US-born hepatitis B—listed
decedents who resided in counties in the highest quartile in Overall Social Vulnerability

and Socioeconomic Status (Table 1). Compared with non-US-born decedents, US-born
decedents more frequently resided in counties in the highest quartile for Household
Characteristics and Uninsured. In contrast, non-US-born decedents more frequently resided
in counties ranked in the highest quartile with respect to Racial and Ethnic Minority Status
and Housing Type and Transportation.

Median YPLL among Hepatitis B—Listed Decedents

The overall median (interquartile range [IQR]) YPLL was 17.2 (8.5-25.0) for hepatitis B—
listed decedents (Table 2). Median and IQR YPLL were higher among US-born compared
with non-US-born decedents overall and for nearly all characteristics.

Median YPLL according to conditions listed as UCOD among hepatitis B-listed decedents
(i.e., when decedents had hepatitis B listed as a CCOD) are shown in Table 3. In general,
median YPLL were consistently higher among US-born compared with non-US-born
decedents for nearly all conditions. Median YPLL were highest among decedents with
UCOD listed as HIV, hepatitis C, alcohol-related liver disease, and injuries or trauma
(including drug overdose, alcohol poisoning, suicide, or homicide), all of which were listed
more frequently among US-born compared with non-US-born decedents.

Decedent Characteristics in Higher versus Lower Death Burden Counties

Of 3143 total US counties, 1850 (58.8%) counties had at least one hepatitis B-listed death
during 2010-2019 (range: 1-908 deaths; median: 2 deaths; mean: 9.5 deaths). Of these 1850
counties, 174 (9.4%) had = 20 hepatitis B-listed deaths. These 174 counties accounted for
11,544 (66.0%) of all 17,483 deaths and, though situated in 39 states and the District of
Columbia, were principally located in coastal states (Fig. 1). Decedents from counties with
= 20 deaths, compared with decedents from counties with < 20 hepatitis B-listed deaths,
were more frequently non-White, non-US-born, and from counties with = 500,000 persons
(Table 4). Decedents from counties with 1-19 compared with > 20 hepatitis B-listed deaths
were more frequently White, US-born, and from counties with < 500,000 persons. The
age-adjusted hepatitis B—listed mortality rate was 0.64 deaths per 100,000 population in
counties with > 20 deaths and 0.37 deaths per 100,000 population in counties with 1-19
deaths.
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The social vulnerability profiles of counties with higher versus lower hepatitis B—listed
mortality burden differed significantly with respect to all SVI themes (Table 4). Higher
compared with lower death burden counties more frequently were in the highest quartile
with respect to Overall Social Vulnerability, Socioeconomic Status, Racial and Ethnic
Minority Status, and Housing Type and Transportation. In contrast, lower death burden
counties were more frequently in the highest SVI quartile with respect to Household
Characteristics and Uninsured.

Discussion

In this cross-sectional analysis of US hepatitis B-listed deaths during 2010-2019, we
observed substantial premature mortality and frequent decedent residence in counties
experiencing high levels of social vulnerability. Hepatitis B-listed decedents in this analysis
comprised a heterogeneous group, which varied according to county location, affiliated SVI
profile, and decedent characteristics (which included co-listed causes of death and YPLL)
principally related to US birthplace status. Overall, most hepatitis B-listed decedents were
US-born and non-Hispanic White whereas in the Hepatitis B Research Network cohort

of North American adults receiving CHB care, most were non-US-born and Asian [34].
These differences demonstrate the importance of improving efforts to promote universal
hepatitis B testing, vaccination, and linkage to care of persons with CHB through tailored
interventions guided by the awareness of disproportionately affected populations and the
social vulnerability features of the geographic areas in which these populations reside [5, 6,
10, 35-37].

Reductions in US hepatitis B mortality, as mentioned, will be achieved through immediate
adoption of universal hepatitis B testing of all adults, vaccination of susceptible persons, and
prompt referral of persons with CHB to clinical providers who can deliver CHB-directed
care. In many respects, a hepatitis B-listed death represents a failure in the continuum

of care, be it a failure to test, vaccinate, link to care, treat, or conduct clinical HCC
surveillance. Jurisdictional health departments should be cognizant of the burden of hepatitis
B-listed deaths within their jurisdictions, the characteristics of these decedents, and the

SVI profiles of the county or counties affected. Health departments may have difficulty
estimating the hepatitis B prevalence of their jurisdictions (as opposed to county-level
hepatitis B mortality) and may have limited information regarding the characteristics of
CHB cases reported to public health surveillance (e.g., often missing race and ethnicity,
country of birth, and comorbid conditions) [2]. Although health departments report newly
identified CHB cases to CDC, most do not have the resources to maintain CHB registries

2.

The geographic distribution of US counties with higher (= 20) versus lower (1-19) hepatitis
B-listed death counts, combined with the comparative analysis of decedent characteristics
and SVI profiles of these counties, provided insights into the potential use to public health
practitioners at the jurisdictional (i.e., state or county) and national levels. For example,

in counties with higher death burden, racial and ethnic minority decedents predominated.
These counties ranked higher in Overall Social Vulnerability, Socioeconomic Status, Racial
and Ethnic Minority Status, and Housing Type and Transportation. Decedents in lower
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burden counties, in contrast, were predominantly non-Hispanic White. These counties
ranked higher in vulnerability with respect to Household Characteristics and Uninsured.
Many of the lower death burden counties were in states reporting the highest rates of

acute hepatitis B cases and drug overdose deaths during 2019-2020 (e.g., West Virginia,
Maine, Kentucky, Tennessee) [38, 39]. Thus, some counties with low hepatitis B death
burden, suggesting low CHB prevalence, may be in states with high acute hepatitis B
incidence, indicating ongoing transmission. Although most adults with acute infection will
not develop CHB, the minority who do will need linkage to hepatitis B—directed care, and
many persons with acute infection will need referral to harm reduction services. Among
cases of acute hepatitis B, the most reported risk behavior is injection drug use followed
by multiple sexual partners [2]. Jurisdictional health departments could use hepatitis B
surveillance data, mortality data, and SV data to provide a full picture of the local
hepatitis B epidemiology and potential social vulnerability barriers to vaccination, diagnosis,
and access to care. Programs and outreach to promote hepatitis B services may benefit
from partnerships that involve jurisdictional health departments, local medical providers,
and community organizations that can identify and deliver services to disproportionately
impacted and difficult-to-reach local populations [36]. Such efforts should help quantify the
burden of local populations at higher risk of hepatitis B, identifying where transmission
may be ongoing and where vaccination, case finding, and care referral efforts should be
intensified. Though we used county-level SVI data, jurisdictional health departments with
large intra-county heterogeneity can perform analyses at the US Census tract or zip code
level to assess the varying levels of vulnerability within these counties.

These findings should be interpreted in the context of the data’s limitations. First, hepatitis
B is underdiagnosed and underreported as a COD [11, 40-42]. Second, though decedent
characteristics are highly complete on death certificates, this information, obtained via
second-hand sources or direct observation, is subject to misclassification [43]. Third, we
could not disaggregate Asian, Native Hawaiian, and Other Pacific Islander groups during the
full period, which may mask potential differences in disparities experienced among these
groups [44]. Fourth, the SVI dataset provided metrics at the county level; the lower the
number of hepatitis B-listed deaths in a county, the lower the certainty that decedents were
representative of the county’s affiliated SVI profile [45]. Fifth, information such as risk
history, engagement in medical care, and uptake of CHB treatment was not available in the
US MCOD data nor were we able to merge these data with decedent medical records. This
additional information would have allowed for a deeper understanding of the factors and
characteristics contributing to death. Sixth, because these data are cross-sectional, we could
not measure the duration of hepatitis B infection and temporality between the acquisition of
infection and other causes of death or risk factors. Finally, we were unable to assess the role
of hepatitis D because it has been underdiagnosed and underreported as a COD [3]. Despite
these limitations, decedent characteristics in MCOD data were highly complete and linkage
of these data to SVI data highlights the characteristics of hepatitis B-listed decedents in the
context of the social vulnerability features of the US counties in which they resided at the
time of death.

In summary, this analysis of US hepatitis B-listed decedents found substantial premature
mortality and pre-mortem residence in US counties ranked high in social vulnerability.
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There were differences in decedent characteristics, including YPLL, geographic distribution,
and affiliated county-level SVI profiles, that largely reflected US-birthplace status.
Jurisdictional health departments could merge SVI data with hepatitis B surveillance

and mortality data to provide a full picture of the local hepatitis B epidemiology and
potential social vulnerability barriers to vaccination, diagnosis, and access to care. Tailored
interventions to promote universal hepatitis B screening, vaccination, and linkage to care of
persons with CHB informed by the characteristics of disproportionately affected populations
and social vulnerability features of the geographic areas in which these groups reside are
necessary to reduce hepatitis B mortality and premature deaths.
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Fig. 1.
Distribution of county-level burden of hepatitis B-listed deaths, United States, 2010-2019.
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