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Abstract

Background: Liver cirrhosis is a major burden on the health care sys-
tem. Alcohol is one of the most common etiologies of cirrhosis. The
aim of our article is to examine the trends of alcoholic liver cirrhosis
(ALC) hospitalizations over the past two decades.

Methods: This was a retrospective longitudinal study. Using the In-
ternational Classification of Diseases, Ninth Revision, Clinical Modi-
fication/Procedure Coding System (ICD-9-CM/PCS) and the ICD-
10-CM/PCS, the Nationwide Inpatient Sample (NIS) database was
analyzed. We included 1998, 2003, 2008, 2013, and 2018 NIS data-
bases. Using multivariate regression analysis, we examined trends of
ALC hospitalizations including inpatient mortality, mean length of
stay (LOS), and mean total hospital charges (THCs).

Results: We included 261,420 hospitalizations with ALC as the pri-
mary diagnosis for admission. There was a trend toward increasing
hospitalizations over that period; they increased from 46,186 in 1998
to 69,970 in 2018 (P < 0.001). Moreover, there was a 2.1-fold in-
crease in the mean THC in 2018 compared to 1998 (P < 0.001). On
the other hand, inpatient mortality decreased from 12.8% in 1998 to
4.7% in 2018 (P < 0.001), and a trend of decreasing mean LOS was
observed. The mean LOS decreased from 7.0 days in 1998 to 5.9
days in 2018 (P < 0.001).

Conclusions: Over the last two decades, there was a trend of increas-
ing hospitalizations and THC. However, we noticed a trend toward
decreasing inpatient mortality and LOS over that period, which might
reflect in part an improvement in the medical care provided for these
patients.
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Introduction

Alcohol use is influenced by numerous factors including re-
ligious beliefs, cultural norms, socioeconomic status, gender,
ethnicity, and age [1]. Unfortunately, alcohol consumption has
increased over the past 60 years [2]. In addition, there was a
noticeable increase in high-risk drinking and alcohol use disor-
der in the last decade [3]. In the period 2006 - 2014, both acute
and chronic alcohol-related emergency visits increased by
51.5% and 75.7%, respectively [4]. Alcohol is the third most
common modifiable cause of death in the USA after tobacco
and poor diet/physical inactivity [5]. Globally, it was respon-
sible for nearly 3 million deaths in 1 year [1]. As expected,
this resulted in tremendous hospital charges. The costs for all
alcohol-related hospitalizations in 2014 in the USA were $3.4
billion [6].

There has been a dramatic increase in the number of new-
ly diagnosed cirrhosis patients recently [7]. In addition to in-
creased risk for hepatocellular carcinoma (HCC), cirrhosis is
associated with multiple complications including variceal gas-
trointestinal bleeding, encephalopathy, ascites, peritonitis, and
increased infections. Alcoholic liver cirrhosis (ALC) is a major
health problem worldwide and it is responsible for a large por-
tion of the healthcare burden caused by cirrhosis. Nearly half
of all discharges related to cirrhosis are linked to the diagnosis
of ALC [2]. In addition, cirrhosis-related mortality is the high-
est in patients with ALC; as it is responsible for nearly half the
deaths in cirrhotic patients [2, 8, 9]. A recent study showed that
in alcohol misusers, there was a 27-fold increase in mortality
from ALC [10]. The proportion of alcohol-related liver disease
is likely to increase in the future given the change in the pat-
terns of alcohol consumption. In the regions of the Americas,
per capita consumption of alcohol is expected to increase from
8.0 to 8.4 L before 2025 [1].

The burden of ALC is high and entirely preventable. It
is crucial to understand the factors that are associated with
worse outcomes. In this article, we studied ALC hospitaliza-
tions including demographics of patients, specific variables
related to treating hospitals, and hospitalization outcomes. In

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | www.gastrores.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 91
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/gr1517&domain=pdf&date_stamp=2022-04-18

Alcoholic Liver Cirrhosis Trends

Gastroenterol Res. 2022;15(2):91-99

addition, we examined trends of inpatient mortality, length of
stay (LOS), and total hospital charges (THCs) over the last
two decades.

Materials and Methods

Design and data source

This was a retrospective longitudinal trends study involving
hospitalizations with ALC in the USA from 1998 to 2018. We
sourced data from the Nationwide Inpatient Sample (NIS) for
the studied years. The NIS is developed by the Healthcare Cost
and Utilization Project (HCUP), a Federal-State-Industry part-
nership sponsored by the Agency for Healthcare Research and
Quality (AHRQ). The NIS is a database of inpatient stays de-
rived from billing data submitted by hospitals to statewide data
organizations across the USA, covering more than 97% of the
US population [11]. The provided dataset approximates a 20%
stratified sample of discharges from US community hospitals,
excluding rehabilitation and long-term acute care hospitals. This
dataset is weighted to obtain US national estimates [12]. Data-
bases before 2016 were coded using the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification/Pro-
cedure Coding System (ICD-9-CM/PCS). Databases from 2016
were coded using the ICD-10-CM/PCS. In the NIS, diagnoses
are divided into two separate categories: principal diagnosis and
secondary diagnoses. A principal diagnosis was the ICD code
attributed to the reason for hospitalization. Secondary diagnoses
were any ICD discharge codes other than the principal diagnosis.

Study population and variables

The study included NIS databases 1998, 2003, 2008, 2013, and
2018 selected by simple sampling. We searched the databases
for hospitalizations with a principal discharge diagnosis of
ALC using ICD codes (571.2 and K70.3). We excluded pa-
tients less than 18 years and elective hospitalizations. The NIS
includes variables on patient demographics, including age,
sex, race, median household income (income quartiles referred
to patients as 1: low income, 2: middle income, 3: upper mid-
dle income, 4: high income), and primary payer. It also con-
tains hospital-specific variables including bed size, teaching
status, and location. We assessed the comorbidity burden using
Sundararajan’s adaptation of the modified Deyo’s Charlson
comorbidity index (CCI). This modification groups CCI into
four groups in increasing risk for mortality. It has been adapted
to population-based research. A score of > 3 has about a 25%
10-year mortality, while a score of 1 or 2 has a 4% and 10%
10-year mortality, respectively. This cutoff point was chosen
as a mean of assessment of the increased risk of mortality [13].

Outcome measures

We highlighted the biodemographic trends over time for ALC
hospitalizations. The number of all-hospitalizations per year

92 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

was obtained from HCUP-US database to calculate the rate
of ALC hospitalizations per 100,000 [14]. We analyzed trends
of in-hospital mortality rate, mean LOS, and mean THC us-
ing multivariate logistic trend analysis. We also obtained mean
THC using the HCUP cost-to-charge ratio files and adjusted
for inflation using the Medical Expenditure Panel Survey in-
dex for hospital care, with 2018 as the reference point [15, 16].

Statistical analysis

Stata® Version 16 software (StataCorp, TX, USA) was used for
data analysis. We analyzed and reported the weighted sample
following HCUP regulations for using the NIS database. We
used multivariate regression analysis to calculate the odds of
trend in mortality, LOS, and THC following adjustment for
age, sex, race, grouped CCI, insurance type, mean housechold
income, and hospital characteristics. All P values were two-
sided, with 0.05 set as the threshold for statistical significance.

Ethical considerations

The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well
as with the Helsinki Declaration. The NIS database lacks pa-
tient and hospital level identifiers. This study, therefore, did
not require Cook County Health Institutional Review Board
approval or informed consents.

Results
Biodemographic analysis

The study analyzed 261,420 hospitalizations with ALC as the
primary diagnosis for admission. There was a trend toward
increasing hospitalizations over that period (Fig. 1 and Table
1); the annual volume increased from 46,186 hospitalizations
in 1998 (136 per 100,000 hospitalizations) to 69,970 hospi-
talizations in 2018 (197 per 100,000 hospitalizations). This
trend was statistically significant (P < 0.001). An increase in
the mean age of patients was observed over that period; the
mean age ranged between 52.8 and 54.4. This trend was also
statistically significant (P < 0.001). The percentage of hospi-
talizations having a CCI score of 3 or more has increased over
the study period and ranged between 68.7% and 78.5%. Male
sex and White race were predominant across the study period.
Patients were more likely to be hospitalized in urban teaching
hospitals with large bed size.

Mortality analysis

Over the two decades, there was a statistically significant trend
of decreasing inpatient mortality (Fig. 1 and Table 2); mortal-
ity decreased from 12.8% in 1998 to 4.7% in 2018 (P < 0.001).
On multivariate analysis, variables that were associated with
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Figure 1. Trends of alcoholic liver cirrhosis hospitalizations (P trend < 0.001) and inpatient mortality (P trend < 0.001).

decreased inpatient mortality were Hispanic race (odds ratio
(OR): 0.82, confidence interval (CI): 0.73 - 0.91; P < 0.001),
median household income in the third quartile (OR: 0.88, CI:
0.80-0.97; P=10.012), median household income in the fourth
quartile (OR: 0.87, CI: 0.78 - 0.97; P = 0.014), and Midwest
hospital region (OR: 0.80, CI: 0.71 - 0.91; P < 0.001). Con-
trastingly, variables that were associated with increased inpa-
tient mortality were Black race (OR: 1.15, CI: 1.01 - 1.29; P =
0.024), age (OR: 1.01, CI: 1.01 - 1.02; P < 0.001), CCI score
of 3 or more (OR: 2.16, CI: 1.93 - 2.41; P < 0.001), urban
teaching hospitals (OR: 1.17, CI: 1.02 - 1.34; P =0.022), large
hospital bed size (OR: 1.12, CI: 1.00 - 1.26; P = 0.045), private
insurance (OR: 1.29, CI: 1.17 - 1.43; P < 0.001), and lack of
insurance (OR: 1.41, CI: 1.24 - 1.60; P <0.001). There was no
statistically significant difference in mortality between males
and females (P =0.411).

LOS analysis

There was a trend of decreasing LOS over the study period
(Fig. 2 and Table 2). The mean LOS decreased from 7.0 days
in 1998 to 5.9 days in 2018. This trend was statistically sig-
nificant (P < 0.001). On multivariate analysis, variables that
were associated with decreased LOS were Hispanic race, hos-
pital region other than Northeast, and lack of insurance. On
the other hand, variables that were associated with increased
LOS were age, female gender, median household income in
the second or fourth quartile, CCI score of 3 or more, treatment
in an urban hospital, and treatment in a hospital with medium
or large bed size.

THC analysis

The THC increased over the study period (Fig. 2 and Table 2);
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the mean THC reached the peak in 2018 at $72,062, represent-
ing a 2.1-fold increase from 1998. This trend was statistically
significant (P <0.001). On multivariate analysis, variables that
were associated with decreased THC were age, Midwest hos-
pital region, Medicaid insurance, and lack of insurance. On the
other hand, median household income in the second or fourth
quartile, CCI score of 3 or more, private insurance, treatment
in an urban hospital, and treatment in a hospital with medium
or large bed size were associated with increased THC. There
was no statistically significant difference in THC between
males and females (P = 0.172).

Discussion

Over the studied period, there was a noticeable increase in
ALC hospitalizations. According to the global status report on
alcohol and health [1], the European region and the region of
the Americas have the highest per capita consumption of al-
cohol. Globally, alcohol consumers decreased from 47.6% to
43.0% in the period 2000 - 2016. However, given the increase
in the world’s population, this did not translate into fewer ac-
tive drinkers. In addition, the total alcohol consumption per
capita has been increasing globally and nationally [1, 17].
Globally, the per capita consumption increased from 5.5 L in
2005 to 6.4 Lin 2016 [1]. Moreover, between 2001 - 2002 and
2012 - 2013, high-risk alcohol drinking and alcohol use disor-
der increased by 29.9% and 49.4%, respectively [3]. Given the
dose-dependent association between alcohol consumption and
the risk of alcoholic cirrhosis [18, 19], the recent changes in
the patterns of alcohol consumption might in part account for
our observation. Given the fact that NIS reports information on
hospitalizations rather than individual patients, we calculated
the rates of ALC hospitalizations per 100,000 to provide an-
other way to look at the trends and the burden of ALC.
Women are more vulnerable to the acute and chronic com-
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Table 1. Biodemographic Characteristics of Alcoholic Liver Cirrhosis Hospitalizations

Variables 1998 2003 2008 2013 2018
ALC hospitalizations 46,186 49,144 49,254 46,864 69,970
ALC hospitalizations per 100,000? 136 133 129 132 197
Mean age (years) + SE 53.3+0.2 52.8+0.2 533+£0.2 53.6+0.1 544+0.1
Males (%) 72.9 74.9 74.7 72.8 70.5
Females (%) 27.1 25.1 253 27.2 29.5
Race (%)
White 55.0 49.5 56.8 63.7 64.1
Black 8.6 8.4 6.9 8.2 8.4
Hispanic 12.1 17.9 14.2 18.4 18.7
Others 243 24.2 22.2 9.7 8.8
Charlson comorbidity index score
0 0.0 0.0 0.0 0.0 0.0
1 23.1 22.1 18.8 153 154
2 7.8 9.2 7.1 6.2 6.9
>3 69.1 68.7 74.1 78.5 77.7
Median household income quartiles for patient’s zip code (%)
1 11.6 335 32.1 335 323
2 34.9 27.9 28.8 26.5 27.5
3 29.4 23.7 21.5 23.6 22.9
4 242 14.9 17.7 16.5 17.3
Insurance (%)
Medicare 31.0 27.6 27.6 27.8 28.1
Medicaid 27.5 309 28.9 31.8 36.9
Private 29.2 27.8 29.0 23.0 24.0
Self-pay 12.3 13.8 14.5 17.5 10.9
Bed size of the hospital (%)
Small 13.1 9.8 8.6 11.2 17.8
Medium 25.5 27.0 233 27.2 28.6
Large 61.4 63.3 68.1 61.6 53.6
Location/Teaching status of the hospital (%)
Rural 11.2 11.9 8.1 7.2 4.9
Urban non-teaching 38.8 40.2 41.0 37.2 20.2
Urban teaching 50.0 47.9 50.9 55.6 74.9
Region of the hospital (%)
Northeast 17.9 19.3 17.4 17.4 17.4
Midwest 19.7 16.5 18.4 18.4 20.0
South 38.2 394 41.4 40.8 40.0
West 24.4 24.8 22.8 234 22.6

aPer 100,000 hospitalizations; derived from HCUP-US database. SE: standard error.

plications of alcohol including liver cirrhosis [20-22]. In ad-
dition, women die of alcoholic liver disease about 2 - 3 years
earlier than men [23]. This might be in part the result of higher
alcohol levels in women as they are known to have decreased

gastric oxidation of ethanol [24]. Most of the hospitalizations
in the studied years were for males. The higher male to female
ratio in our analysis might stem from the fact that women are
more likely to be lifetime abstainers or former drinkers than
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Table 2. Outcomes for Alcoholic Liver Cirrhosis Hospitalizations

1998 2003 2008 2013 2018 P value
Inpatient mortality (%) 12.8 11.0 5.6 4.7 <0.001
LOS (days) 7.0 6.7 5.7 5.9 <0.001
THC ($) 33,940 52,589 59,853 57,864 72,062 <0.001

LOS: length of stay; THC: total hospital charge.

men. About 54.6% of the world’s female population are life-
time abstainers, compared to only 34.5% for men. In addition,
when females drink alcohol, they drink less on average and
engage less often in heavy episodic drinking [1]. Recently, this
gender gap in alcohol use and alcohol-related harms has been
closing. There was a significant decrease in the male to fe-
male ratio for alcohol use and related harms by the end of the
20th century [25]. Our analysis showed the female gender was
associated with increased LOS; a finding consistent with the
available evidence of worse outcomes in females as discussed
above.

The observed increase in the mean age over the study pe-
riod might be reflective of the recent changes in consumption
patterns, manifested by an increase in alcohol consumption
and binge drinking among middle-aged and elderly individu-
als. Breslow et al found that between 1997 and 2014, there was
a 0.7% yearly increase in the prevalence of alcohol drinking in
men over the age of 60 [26]. In addition, a meta-analysis that

studied the trends of alcohol use and binge drinking in the USA
showed a substantial increase in binge drinking in middle-aged
and old adults [27]. As expected, our analysis showed that ad-
vanced age was associated with worse outcomes in terms of in-
creased inpatient mortality and increased LOS. This is consist-
ent with the available data which showed significantly worse
outcomes in elderly patients. It has been found that the 1-year
mortality from ALC in patients over the age of 60 was close to
50% [28, 29].

Studies reached conflicting results for the effect of eth-
nicity on outcomes in cirrhotic patients [9, 30-32]. Studies
that investigated this effect in ALC patients also reached con-
flicting results [23, 33]. Yoon et al found that White patients
had higher mortality than Black non-Hispanics and Hispanics
[23]. Another study that utilized NIS database found higher
mortality in African Americans compared to non-Hispanic
Whites [33]. We found that Hispanic race was associated with
lower inpatient mortality and shorter LOS. This variation in
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Figure 2. Trends of length of stay (P trend < 0.001) and total hospital charges (P trend < 0.001).
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the available data is likely the result of the numerous factors
that come into play. Different races and ethnicities have differ-
ent genetic composition, biology, and a significant variation
in the behavioral, social, environmental, and cultural dimen-
sions. Genes influence the toxic effect of alcohol on the liver.
Mexican and Black drinkers are more likely to have a two-
fold elevation in AST when compared to White Americans
[34]. Age of presentation for ALC is different among different
ethnicities; Hispanics presented 4 to 10 years before Whites
[35] and died younger compared to Whites and Blacks [23].
Furthermore, there are significant differences between ethnic
subgroups. Among Hispanics, it has been found that Mexicans
and Puerto Ricans had the highest alcohol consumption [36].
Death rates from cirrhosis, in general, were highest for Mexi-
cans and Puerto Ricans and lowest for Cubans [9]. Moreover,
drinking patterns and trends are different across ethnicities.
According to the Centers for Disease Control and Prevention
(CDC) National Health Interview Survey, Whites were more
likely to have had five or more drinks in 1 day at least once a
year compared to Hispanics and Black adults [37]. There was
also variation in the trends of consumption; reduction in heavy
drinking was observed among Whites but not among Blacks
and Hispanics in the period 1984 - 1992 [38].

The percentage of patients having a CCI score of 3 or
more has increased over the studied period. Possible explana-
tions for this trend include the observed increase in mean age,
as it has been shown that the number of comorbid diseases
increases with age [39, 40]. In addition, alcohol consumption
is associated with an increased risk for many diseases. Evi-
dence suggests a causal effect for cardiovascular diseases (hy-
pertensive heart disease, ischemic heart disease, conduction
disorders, and stroke), infections (tuberculosis (TB) and pneu-
monia), diabetes, epilepsy, and numerous malignancies [19].
As expected, having a score of 3 or more was associated with
worse outcomes in terms of higher inpatient mortality, higher
THC, and longer LOS.

Studies have shown variable results for mortality trends
in cirrhosis and ALC [9, 30, 41, 42]. Our analysis showed a
remarkable decrease in ALC mortality. In addition, LOS de-
creased from 7.0 days in 1998 to 5.9 days in 2018. Consistent
with our data, available evidence suggests a trend of decreas-
ing LOS for ALC patients [6]. This improvement in outcomes
might be the result of the refinement of inpatient cirrhosis care
and the management of common complications like esopha-
geal varices [43], ascites [44, 45], hepatorenal syndrome [46],
bacterial peritonitis [47], and hepatic encephalopathy [48]. In
addition, timely administration of antibiotics in cirrhotic pa-
tients with upper gastrointestinal bleeding was associated with
a 30% reduction in 30-day mortality. The proportion of pa-
tients receiving timely antibiotics nearly doubled from 2005 to
2013 [49]. However, a recent study showed that the reduction
in inpatient mortality for patients hospitalized with cirrhosis
was associated with a less marked reduction in 1-year mortal-
ity. The authors of this study suggested that some of the mor-
tality has shifted from inpatient to outpatient [50].

Hospital charges for ALC in the USA exceeded charges
for all other cirrhosis etiologies combined [51]. Total aggre-
gate charges for ALC in the USA increased from $1.4 billion
in 2002 to $2.8 billion by 2014. This trend has been attributed
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to higher total volume and higher readmission rates of these
patients rather than a change in charges per admission [51].
However, our study showed that the increase was also at the
level of each hospitalization. Desai et al found that the increase
in the THC was the result of increasing procedures such as me-
chanical ventilation and hemodialysis in addition to increasing
portal and nonportal hypertensive complications [52].

Patients without insurance had higher inpatient mortality.
Contrastingly, being in the higher income quartiles was as-
sociated with lower mortality. Consistent with our finding, a
recent study showed that low socioeconomic status leads to
a two-fold increase in alcohol-related mortality [53]. Desai et
al studied the geographic variability in liver disease mortal-
ity and found that income is lower in states with higher liver
disease mortality [32]. The disparity in access to healthcare is
a major problem in the USA. Patients without insurance were
less likely to have a standard site of care and less likely to
visit a health professional [54]. Interestingly, income and edu-
cational level influence the patterns of alcohol consumption. It
has been shown that the increase in alcohol use and high-risk
drinking in the last two decades was most pronounced in indi-
viduals with lower educational levels and family income [3].
Yoon et al found that having a college degree raises the mean
age of death from alcoholic liver disease [23]. Lack of insur-
ance was associated with low THC and shorter LOS in our
analysis. Further studies are needed to clarify if this observa-
tion is merely the result of higher inpatient mortality.

Hospitalizations in Midwest hospitals were associated
with better outcomes in terms of inpatient mortality, LOS,
and THC in our analysis. This is consistent with the available
data for cirrhotic patients in general. It has been found that
Southern states have the highest liver disease-related mortality
rates, while Northeast and Midwest states have the lowest rates
[32]. Mellinger et al found that cirrhotic patients hospitalized
in Midwest hospitals had the lowest OR for inpatient mortality
[55]. On multilevel modeling, 4% of mortality was attributable
to the hospital level, demonstrating the significant hospital to
hospital variation in cirrhosis outcomes.

Our study has some important limitations. The NIS reports
information on hospitalizations rather than individual patients.
The etiology of decompensation and the severity of ALC could
not be determined from the NIS. In addition, we could not de-
termine what proportion of patients were managed in the in-
tensive care setting, which may impact outcomes. Therapeu-
tic interventions and their impact on outcomes could not be
determined. Finally, the study used ICD codes; therefore, the
database may contain errors related to miscoding.

Our study showed a steady increase in the rates of ALC
hospitalizations over the past two decades that resulted in a
significant healthcare system utilization. It is projected that the
rates will increase even further due to the changes in alcohol
consumption seen over the past years. This will increase the
burden on an already crippled healthcare system. There is an
imminent need to address the causes of the increase in alcohol
use given the detrimental outcomes. The regional variation in
outcomes warrants further research on the practice of care in
different areas of the country to implement the best practice
across the board. Moreover, the disproportionate mortality rate
in specific racial and socio-economic groups might reflect in
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part the disparity in healthcare access, which necessitates the
implementation of policies to prevent that.
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