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Alcoholic cirrhosis (AC) is a major cause of liver-related morbidity and mortality in the United States. Rising rates of
alcohol use disorders in the United States will likely result in more alcoholic liver disease. Our aim was to determine the
prevalence, health care use, and costs of AC among privately insured persons in the United States. We collected data from
persons aged 18-64 with AC (identified by codes from the International Classification of Diseases, Ninth and Tenth Revi-
sions) enrolled in the Truven MarketScan Commercial Claims and Encounters database (2009-2015). We determined
yearly prevalence, weighted to the national employer-sponsored, privately insured population. Using competing risk analy-
sis, we estimated event rates for portal hypertensive complications and estimated the association between AC and costs as
well as admissions and readmissions. In 2015, 294,215 people had cirrhosis and 105,871 (36%) had AC. Mean age at AC
diagnosis was 53.5 years, and 32% were women. Over the 7 years queried, estimated national cirrhosis prevalence rose
from 0.19% to 0.27% (P < 0.001) and for AC from 0.07% to 0.10% (P < 0.001). Compared to non-AC, AC enrollees
were significantly more likely to have portal hypertensive complications at diagnosis and higher yearly cirrhosis and
alcohol-related admissions (25 excess cirrhosis admissions and 6.3 excess alcohol-related admissions per 100 enrollees) as
well as all-cause readmissions. Per-person costs in the first year after diagnosis nearly doubled for AC versus non-AC per-
sons (US$ 44,835 versus 23,319). Conclusion: In a nationally representative cohort of privately insured persons, AC enroll-
ees were disproportionately sicker at presentation, were admitted and readmitted more often, and incurred nearly double

the per-person health care costs compared to those with non-AC. (HEPATOLOGY 2018;68:872-882).

lcoholic liver disease (ALD) resulting from

chronic heavy alcohol consumption is a large

and growing problem in the United States,
making it the second leading indication for liver trans-
plantation.”® Worldwide, ALD is thought to be
responsible for nearly half of the liver-related mortal-
ity.“*) ALD is a spectrum of liver disease, ranging from
mild fatty liver to more severe forms, such as alcoholic
cirrhosis (AC) and alcoholic hepatitis. Chronic heavy
alcohol consumption results in AC and portal hyperten-
sion, causing high rates of variceal bleeding, ascites,

hepatic encephalopathy, and death.® Alcohol absti-
nence frequently improves liver function, portal hyper-
tensive complications, and mortality, even in advanced
stages of AC or alcoholic hepatitis.*?

Unfortunately, alcohol consumption is increasing in
the United States. From 2001 to 2012, the prevalence
of alcohol use disorder (AUD) increased by 50% in the
US general population (from 8.5% to 13%), affecting
nearly 1 in 6 Americans.™" This increase dispropor-
tionately affected women, older adults, and persons of
lower socioeconomic status.*? The annual rates of
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specialty addiction care use in the United States are
approximately 8% and are subject to variable degrees of
coverage by insurance payors."? The impact of these
trends is compounded by the increasing rates of
cirrhosis-related death already affecting several segments
of the US population.”® Given these increased rates of
AUD, the overall incidence of AC will likely increase,
magnifying the importance of accurate data on AC
prevalence, costs, hospitalizations, and complications.

Prior large US data set analyses have focused on
noncirrhotic ALD, with estimated prevalence ranging
from 2% to 2.5%.7 Another analysis from a large
national data set, inclusive of all insurance types,
assessed the prevalence of all-cause cirrhosis to be
0.27%.9> In the Department of Veterans Affairs (VA)
system, the prevalence of all-cause cirrhosis is high at
1.0%, but these data cannot be generalized to the US
population owing to low female representation and dif-
ferences in socioeconomic status and comorbidities.®
These studies, however, did not provide direct esti-
mates of AC in the privately insured US population.
While many European databases include comprehen-
sive population data from birth to death, US health
insurance data are fragmented between private insur-
ance, Medicare and Medicaid, the VA, and the unin-
sured, making national estimates of AC burden more
challenging.

A correct assessment of AC’s health care burden is
essential to create sensible policy initiatives, design
effective treatment protocols, and appropriately allocate
resources. Because half of Americans are privately
insured (employer-based insurance being by far the
most common), large databases representative of this
population are useful in efforts to estimate AC’s
broader impact and burden in the United States. Our
aim was to query a large, nationally representative
cohort of employer-sponsored insurance claims to
determine the impact of AC on the privately insured
US population.
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Materials and Methods
DATABASE

This study was reviewed by the institutional review
board of the University of Michigan and was exempted
from institutional review board review. We queried the
2009-2015 MarketScan Commercial Claims and En-
counters database, a large administrative claims database
maintained by Truven Analytics. The database’s struc-
ture permits a researcher to follow a single enrollee
through multiple years of enrollment across inpatient
and outpatient settings. MarketScan is one of the largest
and most comprehensive private insurance administra-
tive data sets that is widely used in health care delivery,
epidemiology, and economic burden research.?” "
Drawing on all regions of the United States, it contains
private, employer-based insurance claims from more
than 100 insurers; catalogs nearly 500 million claims
from over 100 million enrollees and their dependents;
and calculates population-level weights so that research
findings can be generalized to the approximately 150
million privately insured US adults. MarketScan nearly
approximates the entire population with employer-
sponsored insurance (ESI), which, in 2012, numbered

115,510,639 persons between the ages of 18 and 64.

COHORT SELECTION

Study enrollees from MarketScan data (2009-2015)
were between the ages of 18 and 64 and had at least
one diagnosis code for cirrhosis (571.2 or 571.5) with
at least 1 year of continuous enrollment, inclusive of
the index cirrhosis diagnosis®® (see Supporting Table
S1). All study data were restricted to the continuous
enrollment period containing the cirrhosis diagnosis.
Cirrhosis diagnosis was determined by Infernational
Classification of Diseases, Ninth Revision (ICD-9) or
Tenth Revision (ICD-10), cirrhosis codes identified
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during the study period. Because cirrhosis complica-
tions, such as variceal bleeding or ascites, could be
coded prior to a code for cirrhosis, the index cirrhosis
diagnosis date was defined as the earliest date on which
a diagnosis code for a portal hypertensive complication
(portal hypertension, ascites, spontaneous bacterial
peritonitis, hepatorenal syndrome, varices with or
without bleeding, hepatic encephalopathy) or cirrhosis
was observed (see Supporting Table S1). Single ICD-
9 codes for cirrhosis and its complications have been
validated in administrative data with positive predictive
values of 80% or greater.?2>%)

Using published criteria, ™ an AC diagnosis was
defined in our study as a discrete AC diagnosis code or
a general, non-alcohol-related cirrhosis code plus
either an alcohol use code or a code for an alcohol-
related comorbidity (see Supporting Table S1 for list
of codes used). Enrollees who met criteria for comor-
bid AC and hepatitis C virus (HCV) or other liver dis-
ease were included in the AC cohort. Non-AC was
defined as the presence of a non-alcohol-related cir-
rthosis code, regardless of etiology, without any
alcohol-related comorbidity diagnoses. Comorbidities
were ascertained using ICD-9 and ICD-10 codes (see
Supporting Table S1), and Elixhauser scores were cal-
culated excluding the liver and alcohol categories.®*
Decompensated cirrhosis was defined by a cirrhosis
code and a portal hypertensive complication (ascites,
hepatic encephalopathy, or variceal bleeding).

PREVALENCE

Yearly prevalence was defined as the number of eli-
gible ESI-covered persons with cirrhosis in a given
year who were covered throughout that year and whose
index cirrhosis diagnosis date fell between January 1,
2009, and the last day of the year of interest (for exam-
ple, prevalence for 2010 would include all cirrhosis
diagnoses for 2009 as well as those occurring on or
before December 31, 2010). Prevalence of cirrhosis in
the ESI US population by year was estimated by pro-
jecting the estimated number of MarketScan enrollees
with cirrhosis to the national ESI population using
weights derived from the Medical Expenditure Panel
Survey (MEPS).®> MarketScan provides weights
based on five factors: age (<45 or >45), sex, census
region, employee status, and metropolitan statistical
area, a standard unit of geographic analysis. However,
in 2015, Truven Analytics changed the weighting cri-
teria, removing metropolitan statistical area. In order
to derive uniform weights across all years, we calculated
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weights for each year (2009-2015) using the four
remaining MEPS factors: age (<45 or >45), sex, cen-
sus region, and employee status (policyholder versus
covered dependent). The ESI population was then
stratified into 32 strata based on these factors, and for
each year from 2009 to 2015 the ESI population size
for each stratum was calculated using data from
MEPS. For each stratum, we determined the propor-
tion of MarketScan subjects with a cirrhosis or AC
code in a given year and then multiplied these values
by the corresponding ESI stratum size to obtain pre-
liminary totals. Please see Supporting Information
Appendix B for further details.

Two issues with limited time windows in adminis-
trative data sets can result in an overestimate of preva-
lence trends. First, because patients with cirrhosis
enrolled over several years may go a year or longer
between cirrhosis codes, prevalence estimates calcu-
lated by simply counting the number of cases of cirrho-
sis based on encounters in a given year would be falsely
low. For example, an enrollee with continuous enroll-
ment over several years may receive a diagnosis of cir-
rhosis without any other complications in 2009, not
interact with the health care system in 2010, and reap-
pear in the data set in 2011 after receiving some type
of health care. Because cirrhosis does not go away, we
would want to count this individual in our prevalence
estimates for 2010. Second, given that patients may be
diagnosed with cirrhosis in the years before our data
window (for example, 2007 or 2008), the early years of
the data may be falsely low in prevalence, thus overesti-
mating the slope of the overall trend. To account for
these downward biases which underestimate yearly
prevalence in the early years of the data set and overes-
timate the time trend, we used standard methods for
undercount adjustment in which we first estimated
prevalence by determining the number of people with
cirrhosis-related encounters in each year, then adjusted
these numbers by a stratum-specific estimate of the
undercounting due to missing people who had cirrho-
sis but had no claim in the given year. For detailed sta-
tistical methods, please see Supporting Information,

Appendix B.

EVENT RATES ANALYSIS

The primary event rates analysis used competing
risks methodology to assess the time from diagnosis to
the onset of various cirrhosis complications, treating
death as a competing event to complications and cen-
soring at loss of coverage.?® Because portal
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hypertensive complications can co-occur and be pre-
sent at the same time (as when a patient has both
hepatic encephalopathy and a variceal bleed), the com-
plications do not compete with each other and we esti-
mate their rates separately. Competing risks is used for
analysis of deaths because each complication competes
with death. Determining the burden of portal hyper-
tensive events after the index cirrhosis diagnosis
requires adjusting for enrollees lost from the data set
due to loss of insurance coverage, change in employ-
ment, or transition to disability due to progressive ill-
ness. Competing risk analysis alone is sufficient when
time to loss of coverage is independent of time to each
event (“independent censoring”). To accommodate any
bias due to nonindependent censoring, we performed
an additional sensitivity analysis in which we fit a pro-
portional hazards regression model using loss of cover-
age as the outcome with age and Elixhauser
comorbidity scores as predictors.”? Event rates were
then estimated using stratified competing risks meth-
odology, with strata defined by individual risk for cov-
erage oss.?® We performed an additional sensitivity
analysis of event rates among enrollees with AC but
without hepatitis C, using the same methodology.

OVERALL DIRECT HEALTH
CARE COSTS

Direct health care costs result from tangible, billable
services such as clinic visits, medications, and hospital-
izations. Indirect costs represent missed days of work
or impaired quality of life as examples. Cumulative
direct costs for each person from index diagnosis date
up to 12 months from cirrhosis diagnosis were calcu-
lated by summing the net payments to a provider
across all claims. Copayments, coinsurance, and coor-
dination of benefits fees were excluded. Enrollees had
to have coverage and be alive for at least 1 month post-
diagnosis to be included in the cost analysis. Per-
person costs were capped at 1 million US$ in the first
year after diagnosis to exclude outliers resulting from
inaccurate data entry. Values were log-transformed and
regressed against a variety of risk factors (portal hyper-
tensive complications, Elixhauser, age, gender, census
region, year of diagnosis, as well as interactions among
these variables). Fitted costs were calculated at 1 year
postdiagnosis for enrollees who did not die within 1
year and at the date of death otherwise. The resulting
fitted costs were then projected to the 2012 ESI popu-
lation with national weights in the same method as
described above. In determining which specific factors
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contributed to rising costs, we distinguished costs
attributed to AC directly as well as costs associated
with specific portal hypertensive complications using
multivariable regression analysis, which allowed us to
disaggregate the influences on costs of multiple
cirrhosis-related complications, even when these com-
plications co-occurred in a given enrollee.

OVERALL ADMISSIONS

Admissions were analyzed using similar statistical
methods as discussed above for costs except that nega-
tive binomial regression was used as appropriate for
count data. Admissions were subdivided into three
main types based on primary diagnosis at admission:
all-cause, cirrhosis-related, and alcohol-related. Cirrho-
sis-related admissions were defined as hospitalizations
in which the primary diagnosis was for either cirrhosis
or a portal hypertensive complication and, for alcohol-
related admissions, an alcohol-related diagnosis code
(see Supporting Table S1). The cumulative number of
admissions from time of cirrhosis diagnosis through the
first year after diagnosis was calculated for each enrollee.
Associations between risk factors of interest and admis-
sions/readmissions were estimated using identical meth-
ods as above for costs. Results are reported as
differences in the number of admissions per 100 enroll-
ees per year, contrasting two groups of interest (for
example, comparing the number of admissions in the
first year after diagnosis for 100 persons with AC to 100
persons with non-AC). The 30-day readmission rates
following any admission type were calculated in a similar
manner as for admissions.

Results

PREVALENCE OF CIRRHOSIS
AND AC IN THE PRIVATELY
INSURED (NATIONALLY
ADJUSTED ESI) US POPULATION

Prevalence of all-cause cirrhosis in the privately insured
US population based on the projected national ESI pop-
ulation increased by 42%, from 0.19% (236,349) in 2009
to 0.27% (294,215) (P < 0.001) by 2015 (Fig. 1). During
the same period, prevalence of AC increased by 43%,
from 0.07% to 0.10% (P < 0.001). In a sensitivity analy-
sis, the prevalence of AC without HCV increased by
44% (0.05% to 0.072%). Persons aged <45 had a more
pronounced 300% increase from 0.01% to 0.03% (P <
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FIG. 1. Prevalence trends for all-cause and alcoholic cirrhosis,

2009-2015.

0.001) compared to a 46% increase in those >45 years
old (0.13% to 0.19%). Women had a greater increase in
prevalence of AC of 50% (0.04% to 0.06%) over 2009 to
2015, while men had a less pronounced increase of 30%
(0.10% to 0.13%) (Fig. 2).

CHARACTERISTICS OF
MARKETSCAN ENROLLEES WITH
AC AND NON-AC AT DIAGNOSIS

At some time during the period 2009-2015, 169,531
MarketScan enrollees had a cirrhosis diagnosis; of these,
66,053 (39%) had AC (see Table 1). The median age at

AC diagnosis was 53.5 years versus 53.0 years for non-
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FIG. 2. Prevalence trends for alcoholic cirrhosis by gender,
2009-2015.
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AC. Notably, approximately one third (32%) of those
with AC and 49% of those with non-AC were women.
At diagnosis, 19% of AC enrollees and 28% of non-AC
enrollees had an HCV diagnosis. A higher proportion
of enrollees with AC were decompensated compared to
those with non-AC (28% versus 10%, P < 0.001)
(Table 1). The proportion with hepatocellular carci-
noma (HCC) between the two groups was similar at
baseline (2% versus 2%). AC enrollees had more comor-
bidities at diagnosis (2.63 versus 2.30, P < 0.001) com-
pared to those with non-AC.

EVENTS IN MARKETSCAN
ENROLLEES WITH AC
AND THOSE WITH NON-AC

The median duration of coverage was 688 days for
enrollees with AC and 655 days for those with non-
AC (P < 0.001). The proportion with HCV diagnosis
code increased in both groups, from 19% to 29% in
those with AC and from 28% to 35% in those with
non-AC at 2 years after index diagnosis of cirrhosis
(Table 1). At 2 years postdiagnosis, a significantly
higher proportion of AC enrollees had portal hyper-
tensive complications than those with non-AC,
though the rates of increase in the two groups were
similar. For example, ascites was diagnosed in 45% of
AC enrollees and in 18% of those with non-AC (P <
0.001) by 2 years post—cirrhosis diagnosis, but the
fold-increases were 2.0 and 2.4, respectively (Table 1).
Results were similar for sensitivity analyses accounting
for dependent censoring (data not shown). In an analy-
sis comparing men with AC versus women with AC,
women had slightly higher rates of decompensation at
baseline (23% versus 21%), while men had higher rates
of comorbid HCV (21% versus 14%) and HCC (2%
versus <1%) at baseline (see Supporting Table S2).

In a sensitivity analysis comparing AC enrollees
with and without comorbid HCV, those with cirrhosis
attributed to alcohol alone had slightly higher rates of
decompensation at baseline, but overall decompensa-
tion rates were similar at 2 years postdiagnosis (see
Table 2). HCC, however, occurred with greater fre-
quency at baseline (1.7% versus 0.08%, P < 0.001) and
at 2 years postdiagnosis (8% versus 4%, P < 0.001) in
those with versus those without comorbid HCV. AC
enrollees with comorbid HCV were also more likely to
be transplanted at 2 years postdiagnosis (3% versus 2%,
P < 0.001, data not shown).
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TABLE 1. Demographic Characteristics and Prevalence of Portal Hypertensive Complications

Baseline*
(n = 169,531) 1 year* 2 years*
AC Non-AC
(n = 66,053) (n = 103,478) AC Non-AC AC Non-AC
Characteristic n (%) n (%) (%) (%) (%) (%)
Median age at diagnosis (years) 53.5 53.0
(range 19-64)
Female 21,442 (32%) 50,196 (49%)
Mean coverage duration (days) 688 655
Elixhauser 2.63 2.30
HCV 12,550 (19%) 28,973 (28%) 27% 33% 29% 35%
Ascites 14,531 (22%) 8,278 (8%) 38% 14% 45% 18%
Hepatic encephalopathy 3,963 (6%) 1,035 (1%) 19% 5% 26% 7%
Variceal bleeding 2,642 (4%) 1,035 (1%) 10% 4% 13% 5%
Gl bleeding 10,568 (16%) 8,278 (8%) 29% 14% 35% 18%
HCC 1,321 (2%) 2,069 (2%) 5% 5% 8% 6%
SBP 396 (<1%) 103 (<1%) 4% 1% 5% 1%
HRS 528 (<1%) 103 (<1%) 4% 1% 6% 2%
AKI 5,284 (8%) 4,139 (4%) 19% 9% 26% 12%
Decompensation® 18,495 (28%) 10,348 (10%) 47% 18% 54% 22%
6l outpatient visit" 19,155 (29%) 43,460 (42%) 56% 60% 62% 64%
Liver transplant 13 (<1%) 36 (<1%) 1% 1% 3% 1%

*P < 0.05 for all between-group comparisons (AC versus non-AC).

Gastroenterology outpatient visits were defined as a single code for an outpatient visit with a GI specialist.
*Decompensation defined as at least 1 occurrence of ascites, hepatic encephalopathy, or variceal bleeding.
AKI, acute kidney injury; GI, gastrointestinal; HRS, hepatorenal syndrome; SBP, spontaneous bacterial peritonitis.

ADMISSIONS AND
READMISSIONS IN THE
MARKETSCAN ENROLLEES

The projected annual all-cause admissions for the
MarketScan-enrolled cohort in 2015 for cirrhosis were
216,203, of which 107,501 (50%) were for those with
AC. AC enrollees had higher rates of all-cause, cirrho-
sis-related, as well as alcohol-related admissions com-
pared to those with non-AC. The mean per-person
all-cause admissions in the first year after diagnosis

was 1.1 for AC compared to 0.5 for non-AC. Those
with AC had 58.5 excess all-cause admissions, 25
excess cirrhosis-related admissions, and 6.3 excess
alcohol-related admissions per 100 enrollees per year
compared to non-AC. In regression models control-
ling for all demographic and baseline complications,
AC contributed to 37% higher all-cause admissions (P
< 0.01) and 99% higher cirrhosis-specific admissions
(P < 0.01). The 30-day readmissions were also higher
for AC (30 excess all-cause readmissions per 100
enrollees per year).

TABLE 2. Portal Hypertensive Event Rate Analysis at Index Diagnosis, 1 and 2 Years Postdiagnosis Comparing AC Enrollees
With and Without Comorbid HCV

Baseline
(n = 66,053 AC patients) 1 year 2 year
With HCV Without HCV
(n=18,817) (n = 47,236) With HCV Without HCV With HCV Without HCV
Event n (%) n (%) (%) (%) (%) (%)
Ascites 3,951 (21%) 10,864 (23%) 38% 39% 45% 44%
Hepatic encephalopathy 1,053 (5.6%) 2,928 (6.2%) 19% 19% 26% 25%
Hepatorenal syndrome 188 (1%) 377 (0.08%) 4.3% 4.4% 6.3% 6.0%
Variceal bleed 677 (3.6%) 1,700 (3.6%) 9.8% 9.2% 13% 12%
HCC 319 (1.7%) 377 (0.08%) 5.5% 2.6% 8% 4%
Gl bleeding 2,822 (15%) 8,030 (17%) 29% 29% 35% 35%
Spontaneous bacterial perifonitis 112 (0.06%) 283 (0.06%) 3.6% 3.3% 5.4% 4.7%
Decompensation*® 5,268 (28%) 14,170 (30%) 47% 47% 54% 53%

“Decompensation defined as at least one occurrence of ascites, hepatic encephalopathy, or variceal bleeding.
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DIRECT HEALTH CARE COSTS
FOR AC AND NON-AC IN
NATIONALLY WEIGHTED ESI
POPULATION

Overall direct health care costs in the nationally
weighted ESI population for all cirrhosis was 9.5 bil-
lion US$ in 2015 alone, with 53% of costs accrued by
those with AC (5.04 billion US$), even though these
enrollees only comprised 36% of the total cirrhosis
population (see Fig. 3). Per-person health care costs
for AC were markedly higher than for non-AC, with a
mean of 44,835 US$ per person in the first year after
index diagnosis compared to 23,319 US$ for non-AC.
In a sensitivity analysis of AC without HCV, mean
per-person costs were slightly attenuated at 39,299
US$ for AC without HCV. Mean per-person health
care costs in the first year after index cirrhosis diagnosis
were higher for those with decompensated cirrhosis
(68,982 US$ versus 12,316 US$) compared to those
without decompensation. Decompensating events,
admissions, and readmissions were significantly more
common in persons with AC, contributing to the

higher per-person costs (see Table 3).

Discussion

In this large cohort of private, ESI-covered persons
with cirrhosis, AC patients made up just over one third
of the total cirrhosis burden in the nationally weighted
ESI population in the United States, consumed just over

B All Cirrhosis
Alcoholic Cirrhosis

® Non-alcoholic cirrhosis

Total Direct Costs (Billions US$)
(¥,

2009 2010 2011 2012 2013 2014 2015

FIG. 3. Total direct health care costs for the first year after
index cirrhosis diagnosis, 2009-2015.
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TABLE 3. Mean Estimated Per-Person Costs in US Dollars
Over 1 Year Postdiagnosis in Enrollees With and

Without AC
Condition Present Absent
AC* $44,835 $23,319
AC without comorbid HCV $39,299 $23,319
Ascifes’ §77,545 $13,791
Variceal bleed’ $80,745 $25,271
Hepatic encephalopathy’ $108,838 $19,5634
Hee! $101,718 $25,656
Hepatorenal syndrome or $131,937 $18,127
acute kidney injury’
Spontaneous bacterial perifonitist $177,183 $25,650
Liver transplant’ $436,813 $24,840

*Cost of AC (inclusive of those with comorbid HCV) versus
nonalcoholic cirrhosis regardless of presence or absence of portal
hypertensive complications, HCV, HCC, and liver transplant.
fCost of portal hypertensive complications, HCC, and liver
transplant regardless of etiology of cirrhosis: alcohol versus
nonalcohol.

half the overall direct health care expenditures among
persons with cirrhosis, and had health care costs nearly
double their non-AC counterparts. AC enrollees pre-
sented with more portal hypertensive complications and
had similar rates of disease progression during the follow-
up period. They were also more frequently admitted and
readmitted even after covariate adjustment.

Our overall cirrhosis prevalence of 0.27% is consis-
tent with the findings of the US National Health and
Nutrition Examination Survey,(ls ) but our data high-
light the burden of AC, which was not directly
assessed in that study. We found that AC accounted
for 37% of all cirrhosis cases, giving a national ESI AC
prevalence of 0.10%, or approximately 100 people with
AC per 100,000 people with ESI. Studies in the VA
health care system in 2013 demonstrated a higher cir-
thosis prevalence of 1.03%, with AC making up 30%.
In that study, however, 61% of those with HCV had
comorbid AC, and these patients were coded as HCV
cirrhosis and not AC, resulting in an underestimate of
the attributable burden of AC in the VA popula-
tion.'® A recently published study showed decreasing
prevalence of AC, despite rising rates of liver trans-
plantations done for ALD.™" Similar to the VA study,
this study classified all AC with HCV as HCV cirrho-
sis and not AC. Excluding AC with comorbid HCV
or nonalcoholic fatty liver disease underestimates the
attributable burden of ALD and masks its importance
as a driver of progressive liver disease.?”” To obtain
accurate estimates of ALD burden, future studies
should report overall liver disease burden related to
alcohol use and the contributions of comorbid HCV.
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Our data add to and extend the literature on cirrho-
sis prevalence by focusing specifically on AC preva-
lence, as well as determining cirrhosis and AC
prevalence in the national ESI population drawn from
a well-characterized data set of administrative claims,
the Truven MarketScan database. This large-scale
national database of private ESI-covered US adults has
been widely used to estimate disease prevalence, out-
comes, and costs for a number of disease conditions,
including  gastroenterological ~diseases.*"2?  With
nearly half the US population obtaining insurance
through an employer, the scope of MarketScan enroll-
ment, which includes >100 million individually cov-
ered lives with half a billion claims over multiple years,
allows for such large-scale estimates and greater gener-
alizability to a broader subset of the US population.
Importantly, because AC has been shown to represent
more than half of all US inpatient cirrhosis-related
admissions while only 23% of cirrhosis discharges had
private insurance, our data likely understate the overall
burden of ALD among the entire US population and
represent the best-case scenario for AC in the United
States.*®*? The true prevalence of AC in the United
States may be much higher when accounting for Medi-
care and Medicaid patients, particularly given that
many patients with cirrhosis are 65 or older and were
excluded from our study. Though recently reversed,
the Center for Medicare and Medicaid had previously
eliminated all substance use disorder claims from their
available data sets, thus limiting analysis of substance-
related medical disease like ALD in persons covered
by Medicare or Medicaid.®*” Many AC patients are
Medicaid-insured due to low income and socioeco-
nomic status, and as many as 50% of them will lose eli-
gibility yearly due to income fluctuations, making
large-scale national analyses of this population
over time challenging.®V Even within our well-
characterized cohort, AC prevalence may be underesti-
mated due to failure to recognize an alcohol etiology,
which has been shown to occur in other studies where
mortality from ALD was underestimated by 2-fold
due to patient concealment and stigma.”®) In addition,
alcoholic hepatitis, which is also associated with high
costs, readmissions, and mortality, is poorly ascertained
using diagnostic coding and was excluded from this
analysis except for cases with a cirrhosis code, thus
underestimating the burden of advanced ALD.®?

The burden of cirrhosis in the United States has not
been given the same priority as other high-cost dis-
eases, such as cancer, because of lower prevalence.
However, burden of disease should be compared on
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the basis of similar mortality risks and resource use.
The prevalence of AC and non-AC is comparable to
or surpasses that of lung and colorectal cancers (0.13%
and 0.33%, respectively).®® One-year mortality rates
for decompensated AC patients are 29%-64%, com-
pared to 11%-12% for colorectal cancer patients and
50% for lung cancer patients aged 18-64.°% The costs
of AC and non-AC also approximate the range of per-
person yearly costs of cancer patients regardless of
treatment  (21,000-90,000 US$ in commercially
insured persons).®* Our estimates of yearly costs of
managing decompensated cirrhosis, hepatorenal syn-
drome, and HCC are similar to published cost esti-
mates, supporting the robustness of our cost
estimates.®> 7 In studies of the global burden of AC,
its disability-adjusted life-year burden exceeded that of
other alcohol-related malignancies.®® The global bur-
den of AC is likewise high, estimated at 12.8% of total
health care costs and 2.5% of total gross domestic
product in high-income countries and 5.6% and 2.1%,
respectively, in middle-income countries.*®

Our study showed an increase in AC prevalence in
all age groups during the study period, 2009-2015,
with a more pronounced increase among enrollees <45
years old as well as a greater rate of increase among
women. Although some of the increase may be related
to diagnostic coding limitations (i.e., the diagnosis
might be present but not entered until after the subject
had been followed for a time), we adjusted prevalence
results to mitigate this bias. Other studies have shown
an increase in noncirrhotic ALD prevalence. One
study showed an increase in prevalence of noncirrhotic
ALD from 1.38% to 2.05% from 1988 to 2008, with
projected AC soon comprising the largest portion of
the cirrhosis and liver transplant burden.*?® Inc-
reases in prevalence and mortality had also been
reported for non-AC patients."*?® The rise in AC
for younger persons has implications for indirect costs
as well, including early mortality and decreased work
productivity, as well as continued higher direct health-
care costs and use in subsequent years should these
young persons survive. The higher rate of increase in
AC among women (50% versus 30% for men over
2009-2015) mirrors the rise in AUDs recently reported
in the US population, where women experienced an
80% increase in rates of AUDs compared to 30% for
men.™ This is particularly concerning given that the
hepatotoxic dose of alcohol for women is lower than
that for men."? These rising rates of AUDs in women
will likely worsen existing rising trends in cirrhosis and
substance abuse-related mortality for middle-aged
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women, rates which are already at historically high lev-
els.*® With these rising rates, increased attention to
early diagnosis of ALD and AC in women will be
needed. In particular, attention to developing AUD
treatment options tailored for women’s preferences and
helping both women and men connect to alcohol use
treatment will be critical in improving outcomes for
this population.

A striking finding of our study was the dispropor-
tional cost burden of AC, comprising just over half of
the total direct health care costs for cirrhosis while rep-
resenting only 36% of all cirrhosis cases. Further, the
per-person costs were nearly double those of non-AC.
Much of this cost burden was attributable to signifi-
cantly higher rates of portal hypertensive complications
as well as admissions and readmissions in AC enroll-
ees, findings which support published data from AC
patients in Europe and the United States, though our
cost findings are unique with respect to E)rivately
insured US AC and non-AC populations.” While
reasons for the higher prevalence of portal hypertensive
complications at diagnosis in AC enrollees are not fully
clear from our data, delayed diagnosis of ALD prior to
cirrhosis, delays by patients with AUDs in seeking
medical care, and ongoing alcohol use despite the pres-
ence of liver disease may be contributory as the higher
prevalence of portal hypertensive complications at
index diagnosis persisted in sensitivity analyses con-
trolling for comorbid HCV. Our data suggest that the
costs of AC will continue to increase unless measures
are implemented to find and treat AC patients earlier
by facilitating alcohol abstinence, the most effective
intervention to halt liver disease progression.” Admis-
sions and readmissions for AC were likewise higher
than for non-AC, contributing to the cost burden.
Our findings confirm data from the Healthcare Utili-
zation Project, a large well-characterized data set of
nationally representative hospital discharges, which
similarly showed that AC patients make up the major-
ity of cirrhosis-related discharges.®?) Higher admission
rates among AC enrollees in our study were driven not
only by liver-related admissions but also by alcohol-
related admissions, highlighting the unique importance
of alcohol use interventions and treatment.

Our study has several limitations. First, the nature
of private insurance administrative claims data means
that patients can be lost from the data set due to
change in or loss of employment. However, our robust
statistical methodology included multiple techniques
to account for complicating factors such as dependent
censoring, unequal duration of prediagnosis and
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postdiagnosis follow-up, and changing representation
of the ESI population in MarketScan data. Second,
the movement toward capitated claims could result in
underestimation of costs as capitated services are
poorly represented in fee-for-service claims data.
Third, MarketScan data do not include race or ethnic-
ity information, precluding an analysis of racial dispar-
ities in AC burden. Fourth, ALD codes have not been
validated in administrative data sets. Our cirrhosis and
portal hypertension codes, however, are well validated,
with positive predictive values >80%; and alcohol use
ascertainment codes in our study have been used in
large-scale estimates of cirrhosis burden.*®*? Several
validation studies for cirrhosis in non-VA administra-
tive data have concluded that to maximize both sensi-
tivity and specificity, codes for both cirrhosis as well as
portal hypertensive complications must be included in
the coding algorithm.?**? Such coding algorithms,
while highly specific for decompensated cirrhosis,
exclude compensated cirrhosis. Furthermore, this cod-
ing strategy would miss enrollees with alcoholic hepati-
tis, who do not have a cirrhosis code. As such, our
coding strategy favored specificity and positive predic-
tive value to ensure that the accuracy of cirrhosis in the
cohort was high. We acknowledge that this strategy
may miss some persons with as yet undiagnosed com-
pensated cirrhosis and some persons with alcoholic
hepatitis and underestimate the overall burden of cir-
rhosis and ALD.

In conclusion, our study shows a high burden of AC
in the private ESI US population, which increased fur-
ther in recent years, with a more pronounced increase
among women. Persons with AC are sicker at presen-
tation, admitted and readmitted more frequently for
liver-related and alcohol-related reasons, and incur
twice the health care costs as their non-AC counter-
parts. Our results highlight the urgent need to more
effectively detect and prevent ALD and, even more
importantly, to aid ALD patients in achieving and
maintaining alcohol abstinence given its key role in

improving morbidity and mortality in ALD.

REFERENCES

1) Goldberg D, Ditah IC, Sacian K, Lalehzari M, Aronsohn A,
Gorospe EC, et al. Changes in the prevalence of hepatitis C virus
infection, nonalcoholic steatohepatitis, and alcoholic liver disease
among patients with cirrhosis or liver failure on the waitlist for liver

transplantation. Gastroenterology 2017;152:1090-1099.



HEPATOLOGY, Vol. 68, No.3, 2018

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Jepsen P, Ott P, Andersen PK, Serensen HT, Vilstrup H. Clini-
cal course of alcoholic liver cirrhosis: a Danish population-based
cohort study. HEpATOLOGY 2010;51:1675-1682.

Williams R, Aspinall R, Bellis M, Camps-Walsh G, Cramp M,
Dhawan A, et al. Addressing liver disease in the UK: a blueprint
for attaining excellence in health care and reducing premature
mortality from lifestyle issues of excess consumption of alcohol,
obesity, and viral hepatitis. Lancet 2014;384:1953-1997.

O’Shea RS, Dasarathy S, McCullough AJ; Practice Guideline
Committee of the American Association for the Study of Liver
Diseases, Practice Parameters Committee of the American Col-
lege of Gastroenterology. Alcoholic liver disease. HEPATOLOGY
2010;51:307-328.

Rehm J, Samokhvalov AV, Shield KD. Global burden of alco-
holic liver diseases. ] Hepatol 2013;59:160-168.

Lucey MR, Connor JT, Boyer TD, Henderson JM, Rikkers LF;
DIVERT Study Group. Alcohol consumption by cirrhotic sub-
jects: patterns of use and effects on liver function. Am J Gastro-
enterol 2008;103:1698-1706.

Mathurin P, Deltenre P. Effect of binge drinking on the liver:
an alarming public health issue? Gut 2009;58:613-617.

Younossi Z, Henry L. Contribution of alcoholic and nonalco-
holic fatty liver disease to the burden of liver-related morbidity
and mortality. Gastroenterology 2016;150:1778-1785.

Potts JR, Goubet S, Heneghan MA, Verma S. Determinants of
long-term outcome in severe alcoholic hepatitis. Aliment Phar-
macol Ther 2013;38:584-595.

Xie Y-D, Feng B, Gao Y, Wei L. Effect of abstinence from
alcohol on survival of patients with alcoholic cirrhosis: a system-
atic review and meta-analysis. Hepatol Res 2014;44:436-449.
Grant BF, Chou SP, Saha TD, Pickering RP, Kerridge BT,
Ruan W], et al. Prevalence of 12-month alcohol use, high-risk
drinking, and DSM-IV alcohol use disorder in the United States,
2001-2002 to 2012-2013: results from the National Epidemio-
logic Survey on Alcohol and Related Conditions. JAMA Psychi-
atry 2017;74:911-923.

Grant BF, Goldstein RB, Saha TD, Chou SP, Jung J, Zhang H,
et al. Epidemiology of DSM-5 alcohol use disorder: results from
the National Epidemiologic Survey on Alcohol and Related Con-
ditions III. JAMA Psychiatry 2015;72:757-766.

Case A, Deaton A. Rising morbidity and mortality in midlife
among white non-Hispanic Americans in the 21st century. Proc
Natl Acad Sci USA 2015;112:15078-15083.

Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y,
Mir H, et al. Changes in the prevalence of the most common
causes of chronic liver diseases in the United States from 1988 to
2008. Clin Gastroenterol Hepatol 2011;9:524-530.

Scaglione S, Kliethermes S, Cao G, Shoham D, Durazo R, Luke
A, et al. The epidemiology of cirrhosis in the United States: a
population-based study. ] Clin Gastroenterol 2015;49:690-696.
Beste LA, Leipertz SL, Green PK, Dominitz JA, Ross D,
Ioannou GN. Trends in burden of cirrhosis and hepatocellular
carcinoma by underlying liver disease in US veterans, 2001-2013.
Gastroenterology 2015;149:1471-1482.

Peery AF, Dellon ES, Lund ], Crockett SD, McGowan CE,
Bulsiewicz W], et al. Burden of gastrointestinal disease in the
United States: 2012 update. Gastroenterology 2012;143:1179-
1187.

Sandhu AT, Heidenreich PA, Bhattacharya J, Bundorf MK.
Cardiovascular testing and clinical outcomes in emergency
department patients with chest pain. JAMA Intern Med 2017;
177:1175-1182.

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

MELLINGER ET AL.

Wernli KJ, Brenner AT, Rutter CM, Inadomi JM. Risks associ-
ated with anesthesia services during colonoscopy. Gastroenterol-
ogy 2016;150:888-894.

Higgins PDR, Skup M, Mulani PM, Lin ], Chao J. Increased
risk of venous thromboembolic events with corticosteroid versus
biologic therapy for inflammatory bowel disease. Clin Gastroen-
terol Hepatol 2015;13:316-321.

Ehlers AP, Oelschlager BK, Pellegrini CA, Wright AS,
Saunders MD, Flum DR, et al. Achalasia treatment, outcomes,
utilization, and costs: a population-based study from the United
States. ] Am Coll Surg 2017;225:380-386.

Nehra MS, Ma Y, Clark C, Amarasingham R, Rockey DC,
Singal AG. Use of administrative claims data for identifying
patients with cirrhosis. ] Clin Gastroenterol 2013;47:¢50-
e54.

Kramer JR, Davila JA, Miller ED, Richardson P, Giordano TP,
El-Serag HB. The validity of viral hepatitis and chronic liver dis-
case diagnoses in Veterans Affairs administrative databases. Ali-
ment Pharmacol Ther 2008;27:274-282.

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity
measures for use with administrative data. Med Care 1998;36:
8-27.

Agency for Healthcare Research and Quality. Medical expendi-
ture panel survey. https://meps.ahrq.gov/mepsweb/. Accessed
November 11, 2017.

Jepsen P, Vilstrup H, Andersen PK. The clinical course of cir-
rhosis: the importance of multistate models and competing risks
analysis. HEPATOLOGY 2015;62:292-302.

Naveau S, Giraud V, Borotto E, Aubert A, Capron F, Chaput
JC. Excess weight risk factor for alcoholic liver disease. HEPATOL-
oGy 1997;25:108-111.

Guirguis J, Chhatwal J, Dasarathy J, Rivas J, McMichael D,
Nagy LE, et al. Clinical impact of alcohol-related cirrhosis in
the next decade: estimates based on current epidemiological
trends in the United States. Alcohol Clin Exp Res 2015;39:
2085-2094.

Mellinger JL, Richardson CR, Mathur AK, Volk ML. Variation
among United States hospitals in inpatient mortality for cirrhosis.
Clin Gastroenterol Hepatol 2015;13:577-584.

Frakt AB, Bagley N. Protection or harm? Suppressing substance-
use data. N Engl ] Med 2015;372:1879-1881.

Swartz K, Short PF, Graefe DR, Uberoi N. Reducing Medicaid
churning: extending eligibility for twelve months or to end of
calendar year is most effective. Health Aff (Millwood) 2015;34:
1180-1187.

Pang JXQ, Ross E, Borman MA, Zimmer S, Kaplan GG,
Heitman §J, et al. Validation of coding algorithms for the identi-
fication of patients hospitalized for alcoholic hepatitis using
administrative data. BMC Gastroenterol 2015;15:116.

National Cancer Institute. Generate custom reports from the
Cancer Statistics Review, 1975-2014. https://seer.cancer.gov/cgi-
bin/cst/1975_2014/search.pl. Accessed December 12, 2017.

Fitch K, Pelizzari P, Pyenson B. Cost Drivers of Cancer Care:
A Retrospective Analysis of Medicare and Commercially
Insured Population Claim Data 2004-2014. New York: Milli-
man; 2016.

Gordon SC, Pockros PJ, Terrault NA, Hoop RS, Buikema A,
Nerenz D, et al. Impact of disease severity on healthcare costs in
patients with chronic hepatitis C (CHC) virus infection. HEPATOL-
0GY 2012;56:1651-1660.

Tapper EB, Catana AM, Sethi N, Mansuri D, Sethi S, Vong A,
et al. Direct costs of care for hepatocellular carcinoma in patients
with hepatitis C cirrhosis. Cancer 2016;122:852-858.

881


https://meps.ahrq.gov/mepsweb/
https://seer.cancer.gov/cgi-bin/csr/1975_2014/search.pl
https://seer.cancer.gov/cgi-bin/csr/1975_2014/search.pl

MELLINGER ET AL.

37)

38)

39)

882

Rice JB, White AG, Galebach P, Korenblat KM, Wagh A,
Lovelace B, et al. The burden of hepatorenal syndrome among
commercially insured and Medicare patients in the United States.
Curr Med Res Opin 2017;33:1473-1480.

Rehm J, Mathers C, Popova S, Thavorncharoensap M,
Teerawattananon Y, Patra J. Global burden of disease and injury
and economic cost attributable to alcohol use and alcohol-use dis-
orders. Lancet 2009;373:2223-2233.

Agency for Healthcare Research and Quality. HCUPnet. Healthcare
cost and utilization project. https://hcupnet.ahrq.gov/. Accessed
December 17, 2017.

HEPATOLOGY, September 2018

40) Goldberg D, Lewis ], Halpern S, Weiner M, Re Lo V. Valida-
tion of three coding algorithms to identify patients with end-
stage liver disease in an administrative database. Pharmacoepide-
miol Drug Saf 2012;21:765-769.

Author names in bold designate shared co-first authorship.

Supporting Information

Additional Supporting Information may be found at
onlinelibrary.wiley.com/doi/10.1002/hep.29887/suppinfo.


https://hcupnet.ahrq.gov/
http://onlinelibrary.wiley.com/doi/10.1002/hep.29887/suppinfo

