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Abstract

Background & Aims: Data have demonstrated county- and state-wide variability in mortality
rates from liver disease, but data are lacking at the ‘local’ (e.g., county) level to identify factors
associated with variability in liver disease-related mortality and hotspots of liver disease mortality.

Methods: We used CDC Wonder data from 2009-2018 to calculate county-level age-adjusted
liver disease-related death rates. We fit multivariable linear regression models to adjust for
county-level covariates related to demographics (i.e., race and ethnicity), medical co-morbidities
(e.g., obesity), access-to-care (e.g., uninsured rate), and geographic (e.g., distance to closest liver
transplant center) variables. We used optimized hotspot analysis to identify clusters of liver disease
mortality hotspots based on the final multivariable models.

Results: In multivariable models, 61% of the variability in among-county mortality was
explained by county-level race/ethnicity, poverty, uninsured rates, distance to the closest transplant
center, and local rates of obesity, diabetes, and alcohol use. Despite adjustment, there was
significant within-state variability in county-level mortality rates. Of counties with the “top” 5t
percentile (i.e., highest mortality) of fully adjusted mortality, 60% were located in three states:
Oklahoma, Texas, and New Mexico. Adjusted mortality rates were highly spatially correlated,
representing five clusters: 1) South Florida; 2) Appalachia and the eastern part of the Midwest; 3)
Texas and Oklahoma; 4) New Mexico, Arizona, California, and southern Oregon; and 5) parts of
Washington and Montana.
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Conclusions: Our data demonstrate significant intra-state differences in liver disease-related
mortality, with more than 60% of the variability being explained by patient demographics, clinical
risk factors for liver disease, and access to specialty liver care.

Lay Summary:

Our data demonstrate significant county-level differences in liver disease-related mortality, even
in the same state. More than 60% of the variability was explained by patient demographics (e.g.,
race), clinical risk factors for liver disease (e.g., alcohol use), and access to specialty liver care
(i.e., distance needed to travel).
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liver mortality; chronic liver disease; hepatocellular carcinoma; cirrhosis

Introduction

Liver disease represents a worsening concern for American patients and clinicians. The
number of annual deaths from cirrhosis in the US increased by 65% between 1999 and
2016, while deaths from hepatocellular carcinoma (HCC) doubled during this same period.
Deaths rates from liver-related disease (cirrhosis and HCC) increased in 49/50 states, with
disproportionate increases in five states (Alabama, Arkansas, Indiana, Kentucky, and New
Mexico).? The most notable trends in liver-related mortality were increased rates among
younger people (ages 25-34), Whites, Native Americans, and Hispanics, and patients with
alcohol-related liver disease.l However, these data were only evaluated at the state level,
even though variations in socioeconomic conditions and healthcare infrastructure within a
given state may be associated with more local mortality differences. A 2016 study in JAMA
demonstrated county-level differences in mortality from cirrhosis and chronic liver disease,
however, the range in county-level mortality from liver disease was the smallest of the 10
diseases that were studied.? In contrast to the Tapper study, this study did not include HCC
deaths in the cirrhosis and chronic liver disease category, even though >90% of cases of
HCC occur in the setting of cirrhosis/advanced fibrosis, and did not account for data in

the era of direct acting antiviral therapy for hepatitis C virus.1"® Additionally, neither of
these studies explored the impact of socio-demographic and measures of access to care (e.g.,
insurance, proximity to a liver transplant center) on geographic variability in liver-related
mortality.

Clinicians seeking to develop interventions to address modifiable factors leading to
geographic disparities in liver-related mortality require data on a more “local’ level in

order to identify ‘hotspots’ of liver disease. At the same time, policymakers can leverage
data on ‘local’ differences in liver-related mortality, and the impact of measures of
access-to-care (e.g., proximity to a transplant center) in order to develop policies to help
remediate disparities in liver-related mortality across the US (e.g., opening new transplant
centers, enhancing provision of telehealth coverage).19:11 In this analysis, we sought to
quantify county-level differences in liver-related mortality, and to assess the determinants of
variability in mortality using national liver mortality.
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Methods

Study outcome

The primary outcome was county-level age-adjusted liver disease-related mortality among
adults aged 25-74 years from using diagnosis codes for chronic liver disease (including
HCC) from Center for Disease Control and Prevention’s Wide-ranging Online Data for
Epidemiologic Research (CDC WONDER) platform. Because there are data that suggest
that relying only on diagnosis codes for alcoholic liver disease (K70), chronic hepatitis
(K73), and fibrosis and cirrhosis (K74) can lead to an underestimation of liver disease-
related mortality,12 we sought to balance our inclusionary ICD-10 codes to capture

as many liver-related deaths as possible, without including too many “garbage codes”
(Supplementary Table 1).13 We feel this maximized the most accurate capture of liver-
related mortality, and was more expansive than the only other study evaluating county-level
differences in mortality from liver disease that did not include HCC in the grouping of
liver disease-related mortality, even though >90% of deaths occur in the setting of advanced
and/or chronic liver disease.1.2:14

Study period

We focused on liver disease-related deaths between 2009-2018. We included aggregated
survival data from 2009-2018 because CDC WONDER does not provide age-adjusted data
on counties with fewer than 20 deaths as these age-adjusted rates are considered ‘unreliable.’
Therefore, we sought to maximize the number of counties we were able to evaluate in
multivariable models. Secondarily, we divided the cohort into pre-DAA (2009-2013) and
post-DAA (2014-2018) eras to evaluate temporal trends in county-level liver disease-related
mortality.

County-level covariates

We considered potential covariates that may be associated with liver disease-related
mortality for a given individual (e.g., diabetes), or for everyone residing in a county (e.g.,
distance to a specialized center).15-20 However, all of these measures were assessed at the
county-level because data were not available at the patient-level: 1) rural/urban status based
on classification from the United States Census Bureau?; 2) poverty defined as percentage
of adult population living below the federal poverty level in 2013 based on the Small Area
Income and Poverty Estimates Program?2; 3) race and ethnicity using population estimates
from the US Census Bureau in CDC WONDER;23:24 4) uninsured rate defined as the

mean annual percentage from 2009-2018 without health insurance based on the Small Area
Health Insurance Estimates Program?®; 5) distance from geographic centroid to closest liver
transplant center; 6) number of board-certified gastroenterologists per adult population in
2015 using data from the Area Health Resources Files;2 7) local transplant waitlisting rates
from 2009-2018 (calculated as the number of waitlistings per county per 100 liver disease
deaths);1° 8) percentage of adults with “heavy” drinking (consumption, on average, of more
than one drink per day for women or two drinks per day for men in the past 30 days) from
2009-20121%; 9) percentage of adults with diabetes from 2009-201227; and 10) percentage of
adults classified as obese in 2011.28
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Ascertainment of age-adjusted mortality: Age-adjusted liver disease mortality
rates (primary outcome) were obtained from CDC Wonder, using methodology
described in detail at https://wonder.cdc.gov/wonder/help/ucd.html.24 In short,
age-adjusted death rates are calculated using the “direct method” using the year
"2000 U.S. standard" as the default population.24 CDC Wonder provided age-
adjusted rates by county aggregated over 2009-2018 for the primary analysis,
and for 2009-2013 and 2014-2018 for the secondary analysis.

Mapping of mortality data: We mapped county-level mortality data using the
spmap function in STATA 16.0.

Linear regression models: We fit linear regression models to identify county-
level factors associated with age-adjusted liver-related mortality. We evaluated
each of the covariates in univariable models, and used a backwards selection
process to include covariates with a p<0.05 in the final model and/or covariates
that increased the R2 of the final model.

Calculation of fully adjusted mortality rates: After fitting the final multivariable
linear regression models, we calculated fully adjusted county-level liver disease-
related mortality rates using the predict command in STATA 16.0

Geospatial hotspot analysis: The age-adjusted as well as the fully adjusted
mortality rates were used as input for cluster analysis with optimized hotspot
analysis (ArcGIS); the distance band used for analysis was identified based on
incremental spatial autocorrelation.22:30 We considered clusters (not individual
counties) statistically significant at a p-value of < 0.05 and a Z score of 1.96
(95% confidence level). An important note about clustering is that it is “high-
high” clustering. Counties that are a part of a hotspot might not have the highest
mortality but are both: 1) higher than “expected” (statistically) and 2) surrounded
by other counties that are higher than expected. As a result, an individual county
can be considered part of a hotspot based on its surrounding counties, even if it is
not in the top 5% mortality wise.29:30

The study was considered exempt by the Institutional Review Board at the University of
Miami because it only included de-identified population-level data. All authors had access to
the study data and reviewed and approved the final manuscript.

Results

Overall results

From 2009-2018, there were 3,125 US counties identified by CDC WONDER.24 Among
these, only a minority (n=314, 10.0%) had both population and liver-disease deaths
sufficient to allow computation of annual county age-adjusted mortality rates, hence the
aggregation of data from 2009-2018. There were 1,527 (48.9%) and 1,717 (54.9%) counties
with available data in the pre- and post-DAA eras, respectively, but 2,124 (68.0%) in the
overall aggregated cohort of 2009-2018, representing 97.6% of all liver-related deaths in the
US among the population ages 25-74 during this period.
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Individual county-level

At the individual county level, the median age-adjusted liver disease death rate

from 2009-2018 was 18.6 deaths per 100,000 population (interquartile range [IQR]:
15.1-23.0).The counties with the top 5% of mortality rates (n=103 counties) were found

in 22 different states, however more than 40% of the counties with the highest mortality
rates were located in either Texas (n=33, 32.1%) or New Mexico (n=12, 11.7%; Figure 1a).
The counties with the lowest death rates (bottom 5™ percentile) were spread across 28 states,
and were more evenly distributed, with 13 (12.3% of total) in Pennsylvania,, with no other
state contributing more than 6% of the total. Only 1 (0.9%) of these counties were in Texas,
and none were in New Mexico.

Within-state variability in county-level mortality

There were marked differences in the within-state among-county liver-related mortality
(limited to states with at least 10 counties with available data; Figure 1b). Three states (MA,
ME, NH) had a less than two-fold difference in mortality among counties with the highest
and lowest mortality, while three states (NE, ND, SD) had a more than ten-fold difference
(Figure 1b). There were 8 states (CO, KS, NE, SD, TN, TX, UT) that had at least one county
in the top and bottom 5t percentile of age-adjusted liver-related mortality from 2009-2018.

Multivariable models

In univariable linear regression models, all of the covariates were associated with the
outcome of county-level age-adjusted liver disease mortality rate (p<0.1; Supplementary
Table 2). However, in multivariable linear regression models, county rural/urban
classification, number of board-certified gastroenterologists, and percentage of the county
population classified as obese were no longer significant (p>0.1). Several county-level
variables were significantly associated with county-specific age-adjusted liver related
mortality rates (Table 1). Those with a positive beta coefficient were associated with
increased adjusted county-level liver disease-related mortality (e.g., counties with an
increased percentage of American Indians or counties located farther from a liver transplant
center had higher liver disease-related mortality rates), while those with a negative beta
coefficient had lower rates of liver disease-related mortality (e.g., counties with an increased
percentage of Black non-Hispanics had lower mortality). Together, these variables accounted
for 62% of the observed proportion of variance in county-level mortality rates (Table 1,
R2=0.617). County-level liver transplant waitlisting rates were significantly associated with
age-adjusted mortality rates in multivariable models and increased the R2.

Fully adjusted county-level mortality rates

Despite adjustment for the county-level variables associated with age-adjusted liver
mortality rates, there was continued variability in county-level mortality rates, although
this was somewhat attenuated (Figure 2a). The counties with fully adjusted mortality rates
in the ‘bottom’ 5t percentile (i.e., lowest mortality) were distributed across 26 states, led
by Maryland (n=13, 12.9% of total), New York (n=10, 9.9%), and Georgia (7.9%). In
contrast, the counties with the ‘top’ 51 percentile (i.e., highest mortality) of fully adjusted
mortality encompassed 27 states, with more than 50% of them located in Texas (h=29,
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23.6%), Oklahoma (n=25, 20.3%), and New Mexico (n=13, 10.6%). Notably, 13 (50.0%)
of counties in New Mexico were in the top 5 percentile for highest fully adjusted liver
disease mortality. Although there continued to be within-state among-county differences in
liver-related mortality after adjusting for all of the covariates in the multivariable model, the
within-state variability was attenuated. Twelve states had a less than two-fold difference in
mortality among the counties with the highest and lowest mortality in the respective state,
while only two (SD, WI) had a more than ten-fold difference, and five others with a more
than five-fold difference (AR, NE, ND, TX, and UT; Figure 2b).

Geospatial hotspot analysis

Adjusted mortality rates were highly spatially correlated, representing five distinct clusters
across the United States (Figures 3a and 3b). The age-adjusted hotspot analysis identified
statistically significant clusters of counties with high age-adjusted mortality rates from

liver disease (figure 3a), while the fully adjusted hotspot analysis identified statistically
significant clusters of counties with high mortality rates from liver disease that are

not explained by variation in the county population characteristics accounted for in our
multivariable models (Figure 3b). Statistically significant hotspots were identified that
encompassed: 1) South Florida; 2) Appalachia and the eastern part of the Midwest (fully
adjusted hotspot analysis extended through all of Michigan and far eastern Wisconsin);

3) Texas and Oklahoma; 4) New Mexico, Arizona, California, and southern Oregon; and

5) parts of Washington and Montana. Notably, these areas had significantly higher than
expected mortality from liver disease even after adjusting for factors that might traditionally
explain this relationship, such as population composition and socioeconomic status, in the
multivariable linear regression model, even if individual counties in the cluster did not have
the highest mortality (e.g., Broward County in South Florida was at the 54t percentile for
mortality).

Temporal trends

There were 1,337 counties (42.8% of all counties and 62.9% of the counties in the
2011-2018 analysis) with sufficient data in both the 2009-2013 and 2014-2018 periods.
Among those 1,337 counties, 984 (73.6%) had a higher age-adjusted mortality rate in
2014-2018 compared to 2009-2013, of which 773 counties had a relative increase in the
age-adjusted mortality rate of =10%, and 426 with a relative increase in the age-adjusted
mortality rate of >25% (Figure 4). Conversely, there were 158 counties with a relative
decrease in the age-adjusted mortality rate of 210%, and 42 counties with a relative

decrease of =25% (Figure 4). Of the 42 counties (across 22 states) with the greatest relative
decrease in age-adjusted liver disease-related mortality, only 20 were in a state that expanded
Medicaid under the Affordable Care Act in 2014, while 22 were in states that did not expand
during the study period (TX: 6; GA: 3; NC: 3; VA: 3; FL, ID, KS, MS, OK, SC, and WI: 1
each).

Discussion

Using ten years of county-level mortality data, we demonstrate that there is substantial
local variability in liver disease-related mortality rates, with five geographic clusters of
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mortality in the US. Although prior studies have shown state-level differences in mortality
from cirrhosis and HCC and county-level differences from cirrhosis and chronic liver
disease-related mortality (excluding HCC), these studies did not evaluate differences in
mortality from all liver disease (cirrhosis + HCC) at the local level, did not examine the
population-level sociodemographic and geographic variables that are contributing to the
local variability in liver-related mortality, and did not perform formal hotspot analyses.12
Our data highlight that county-level racial composition and socioeconomic conditions (e.g.,
poverty, insurance) and remoteness from specialty care together account for nearly 60%

of the variance in county-level mortality. These data have important public health and
policy implications that help to identify hotspots of liver disease-related mortality that is
not explained by the socio-demographic characteristics of the population and require further
study and interventions to help mitigate these disparities.

Our findings are consistent with state-level data published in 2018.1 The age-adjusted liver
disease mortality rates differed across the 50 states, and the temporal changes in liver disease
mortality were not uniform across the US. Most notably, mortality rates increased the most
in the South and West of the US.1 Furthermore, this previous work identified differences

in liver disease mortality across specific populations (e.g., American Indians). The range in
mortality across counties seen in our study is similar to that from an analysis of cirrhosis
and chronic liver disease-related mortality published in 2016. That study demonstrated

a difference of 14.0 deaths per 100,000 population between the 90t and 10t percentile
counties (25.5 vs 11.5), while we found a difference of 16.8 deaths per 100,000 population
(29.1 vs 12.3). 2 The difference in results is attributable to our study including HCC in

the grouping of liver disease-related mortality, given that >90% of deaths occur in the
setting of advanced and/or chronic liver disease.1214 That study found that the difference
in age-standardized cirrhosis and chronic liver disease-related mortality in the 90t vs

10t percentile counties in 2014 was the smallest among the 10 disease they studied.? In
contrast to the Tapper study, this study did not include HCC deaths in the cirrhosis and
chronic liver disease category, even though >90% of cases of HCC occur in the setting of
cirrhosis/advanced fibrosis, and did not account for data in the era of direct acting antiviral
therapy for hepatitis C virus. 16 Neither of these studies however explored the determinants
of the variability in liver disease mortality rates. By focusing on county-level data, we
demonstrated significant differences in mortality among counties within the same state, and
specific hotspots of liver disease mortality even after accounting for important county-level
socio-demographic and access-to-care variables.

The within-state variability in mortality that we demonstrate differed across the US, with
some states having little variability, and others having a more than ten-fold difference in
age-adjusted liver disease-related mortality. In addition, beyond demographics, we identified
important measures of access-to-care that help to explain nearly 60% of the variance in
county-level mortality, although other factors (e.g., rates of HCV, access to primary care)
may explain the residual variance. It is also important to note that the covariates in our
model were examined at the county-, rather than patient-level, and therefore must be
interpreted differently than they would be in a typical model using patient-level data. The
data on race must also be interpreted in a similar fashion, although prior studies have shown
lower rates of mortality from cirrhosis in Blacks.! However, other variables that apply to all
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residents of a county, notably distance (or rurality), can be interpreted similarly to a model
with patient-level data as the covariate applies the same to everyone in that geographic area.

Although prior studies have demonstrated that mortality rates for many chronic diseases

are higher for those living in rural areas, including heart disease, cancer, stroke, chronic
respiratory disease, and even HCC, our study found that rurality was not significant, but
rather distance to a transplant center was significantly associated with county-level mortality
rates.1:520.31-41 However, those prior studies focused only on rural/urban status, rather

than proximity to specialty care, which is important in patients with cirrhosis and HCC,
who have significantly lower mortality when they are treated by hepatology specialists,

who almost exclusively practice at a liver transplant center,16-18:31.42-45 The association
between distance to a transplant center and liver disease-related survival on a population
level validates published data from our group that shows that increased distance from a
transplant center, rather than rurality, is associated with increased mortality among Veterans
with end-stage liver disease,® and commercially insured patients with decompensated
cirrhosis and/or HCC.17 However, even after accounting for distance, and other county-level
variables, we identified five geographic hotspots of liver disease-related mortality that
cannot be explained solely by the variables in our model. Mortality may be higher in

these areas due to factors that we could not account for in our model (e.g., prevalence of
HCV, access to primary care, or other socioeconomic, cultural, and/or biological factors

in the population that we could not fully adjust for).46 Nevertheless, there are several

policy and care initiatives that could be considered based on these findings. First, efforts

to enhance telehealth coverage and outreach is needed for geographically isolated patients,
which has been shown to improve care and survival for patients with HCV47-56 and to
improve access to transplantation for patients with end-stage liver disease.>” Second, data on
county-level mortality and distance to a liver transplant center could better inform decisions
when opening new liver transplant center(s), a strategy that has been proposed in other
countries, or at the minimum satellite clinics to provide liver care to those with the highest
mortality rates.10 Third, these county-level data can be used to apply area-need variables to
promote equitable distribution of transplant grafts based on the perspective of mortality of
the broader population with end-stage liver disease.>®

Our analyses demonstrated that counties with a higher percentage of uninsured patients

had higher liver disease-related mortality rates. Differential access to insurance under the
Affordable Care Act, both in terms of lower-cost health insurance through healthcare
exchanges and Medicaid for states that expanded Medicaid may have impacted both county-
and state-level mortality rates. It is possible expanded access to health insurance could help
to remediate disparities in counties with low uninsured rates. However, to fully address this
requires a difference-in-difference analysis that evaluates changes in mortality across states
as a function of Medicaid expansion, which is beyond the scope of this manuscript.

Our study did have limitations. First, because of the small number of liver disease-related
deaths in many counties in any individual year, we combined ten years of data for the
primary analyses. Although there have been temporal changes in mortality, the results of our
multivariable model are unlikely to have been biased by aggregation of 10 years of data.
Secondly, we evaluated mortality and potential explanatory variables in aggregate at the
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county-level due to a lack of patient-level data for mortality and exposures. Although this
does not allow us to conclude if individual factors are associated with mortality at the patient
level (e.g., obesity), several of the variables are uniform across the county (e.g., distance),
and the goal was to evaluate geographic differences in mortality at a county-level. Third,
we were unable to evaluate local rates of specific diseases (e.g., HCV). Additionally, death
certificate data have substantial missingness related to the underlying cause of liver disease
(e.g., in 2018 <10% of the deaths had a diagnosis of HCV or NASH in the CDC dataset),
and therefore we couldn’t evaluate for temporal changes in the cause of liver disease-related
deaths. Although these factors may have explained the differences in mortality that we
found (e.g., certain counties have higher prevalence of HCV and therefore higher rates

of liver disease-related mortality), they would have been mediators in the causal pathway
rather than confounders to be adjusted for in models. Fourth, certain variables were not
available for the entire study period (e.g., obesity, drinking), although this is unlikely to
have biased our findings substantially. Lastly, we are unable to evaluate local factors that
may explain the striking mortality differences in the same state (e.g., Oklahoma), and

this identifies a research future direction to obtain more granular data to evaluate factors
influencing differences in mortality in the same geographic area. Ultimately, the limitations
of the data do not allow us to conclude whether the higher mortality rates in certain
“hotspots” is due to a higher prevalence of liver disease, more severe/aggressive cases, poor
access-to-care, substandard care, or a combination of these factors. These analyses, which
would be stratified by key variables, requires a different data source that is not constrained
by CDC limitations of reporting data for areas with a small number of deaths (<20) for

a given group of interest. Additionally, county-level data may obscure local, neighborhood-
level disparities that cannot be address using these data, nor can we address the potential
beneficial (or detrimental) effect of movement from one area to another on an individual’s
risk of liver-related mortality. Therefore, further work is needed to explore these issues.

In conclusion, our data clearly demonstrates significant intra-state differences in liver
disease-related mortality, and several socio-demographic and access-to-care variables that
help to explain this variability. These data help to identify hotspots of liver disease while
identifying potentially modifiable factors (e.g., proximity to a liver transplant center) that
could help to remediate observed disparities, including improving access to specialized liver
care. Further studies are needed to examine interplay of these factors, and to identify other
variables that contribute to the substantial county-level differences in liver disease-related
mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know

Background & Context: Data are lacking at the ‘local’ (e.g., county) level to identify
factors associated with variability in liver disease-related mortality and hotspots of liver
disease mortality.

New Findings: In multivariable models, 61% of the variability in among-county
mortality was explained by county-level race/ethnicity, poverty, uninsured rates, distance
to the closest transplant center, and local rates of obesity, diabetes, and alcohol use.
Despite adjustment, there was significant within-state variability in county-level mortality
rates.

Limitations: The analysis relied on county-, rather than individual patient-level data.

Impact: Our study identifies potential modifiable risk factors to mitigate county-level
mortality from liver disease (e.g., increase access to specialty care) and hotspots of liver
disease mortality in the US.

Gastroenterology. Author manuscript; available in PMC 2022 March 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Goldberg et al. Page 15

1la

~

A
(61,190.3]
(361,61)
29.1.36.1]
23201
(1856.23)
15.1,18.6
123151

108,123

88,108)

088)
data

1b

60

50
L]

40
oo

30

20

10

County-level age-adjusted liver disease mortality rates

0

MD NE PA VT NJ MNNY WI MA LA IL OHME IA NHMO IN UT GA KS MS MI ND VA AR AL KY SD NC SC WV ID MT WA FL TN COWY CA TX OK OR AZ NM

Figure 1 (two panels): County-level variability in liver disease-related mortality rates

a. Figure 1a: County-level age-adjusted liver disease-related mortality rates;
2009-2018*

b. Figure 1b: Within-state variability in age-adjusted county-level liver disease-
related mortality rates; 2009-2018*%

i * CDC WONDER age-adjusted mortality rates excludes counties with
fewer than 20 liver disease-related deaths due to “unreliable” age-
adjusted rates

Gastroenterology. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Goldberg et al. Page 16

ii. 1 Legend categories based on 15t 5t 10th 25th 50th 75t goth g5th,
and 99 percentile of mortality

iii. 3} Figure y-axis excludes top 1% of counties, and only states (n=45)
with 10 or more counties with available data were included
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Figure 2 (two panels): County-level variability in liver disease-related mortality rates

a. Figure 2a: County-level fully adjusted liver disease-related mortality rates;
2009-2018*f**

b. Figure 2b: Within-state variability in fully adjusted county-level liver disease-
related mortality rates; 2009-2018*1**

i * CDC WONDER age-adjusted mortality rates excludes counties with
fewer than 20 liver disease-related deaths due to “unreliable” age-
adjusted rates
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ii. 1 Legend categories based on 15t 5t 10th 25th 50th 75t goth g5th,
and 99 percentile of mortality

iii. ¥ Figure y-axis excludes top 1% of counties, and only states (n=46)
with 10 or more counties with available data were included

iv. ** Fully adjusted mortality rates based on post-estimation predictions
of multivariable linear regression models. Legend categories based on
18t 5th 10t 25th 50th 75t goth 95t and 99t percentile of mortality
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Figure 3 (two panels): Geospatial hotspot analysis of liver disease-related mortality from
2009-2018

a. Figure 3a: Geospatial hotspot analysis based on age-adjusted liver disease-related

mortality rates*

b. Figure 3b: Geospatial hotspot analysis based on fully adjusted liver disease-
related mortality rates*¥

i *Hotspot analysis identifies clusters with significantly increased
mortality based on county-level Z-scores and p-values (p<0.05 and
p<0.01)
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ii. T Mortality rates based on fully adjusted liver disease-related mortality
from multivariable linear regression model
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Figure 4: Relative percent change in county-level age-adjusted liver disease-related mortality
from 2009-2013 to 2014-2018

a. Map includes data on 1,472 counties with =20 liver disease-related deaths in both
time periods

Gastroenterology. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Goldberg et al.

Multivariable linear regression model evaluating factors associated with county-level age-adjusted liver

disease-related mortality rates

Table 1:

County-level variable Beta coefficient P-value  Unadjusted R?
Racial/ethnic composition
% White Hispanic 0.20 (0.16, 0.23) <0.001 0.08
% Black non-Hispanic -0.10 (-0.14, -0.07)  <0.001 0.008
% Black Hispanic -0.93 (-1.65, —0.21) 0.01 0.002
% Asian -0.14 (-0.27, -0.02) 0.03 0.01
% American Indian 0.97 (0.91, 1.03) <0.001 0.40
% adults living below poverty level 0.20 (0.11, 0.30) <0.001 0.11
% uninsured 0.10 (0.02, 0.18) 0.01 0.17
Miles to closest liver transplant centerf 0.12(0.07,0.17) <0.001 0.08
% with diabetes 1.01 (0.70, 1.33) <0.001 0.09
% with heavy alcohol use 0.33(0.16, 0.51) <0.001 0.002
Listings per 100 deaths -0.05 (-0.06, -0.04)  <0.001 0.09

Page 22

*
Model did not include county rural/urban classification, the number of board-certified gastroenterologists, and percentage of county residents
classified as obese as they were not associated with county-level age-adjusted liver disease related mortality (p>0.1 for all variables), and did not

change the overall R2 of the multivariable model. Beta coefficients with a positive value associated with increased county-level liver disease-related

mortality. Overall R2 of the multivariable model=0.62.

fPer unit increase of 10 miles
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