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1  |  INTRODUC TION

Alcohol- related liver disease (ALD) represents a spectrum of disease 
ranging from fatty liver to advanced cirrhosis. ALD is now the most 
common indication for liver transplant in the United States (US) 
and represents an important public health problem.1 It is increas-
ingly well recognized that ALD disproportionately affects women 
because of increased physiological vulnerability to alcohol's toxic 
effects as well as to disproportionate increases in rates of heavy al-
cohol use among women.2– 4 Despite well- documented rising rates 
of ALD mortality among US women,5 fewer studies have evaluated 
the intersection between sex, race and age on ALD epidemiology 
and inpatient burden. Our goal was to specifically characterize the 

burden of ALD hospitalizations and mortality among women in the 
US as well as to define trends in ALD discharges and mortality for 
intersections of sex, age and race.

2  |  METHODS

This study evaluated data from the National Inpatient Sample 
(NIS), the largest all- payer inpatient care database in the US. Using 
NIS 'core' and 'severity' data files for years 2003 through 2017, 
we defined three discharge subpopulations based on ICD- 9 and 
ICD- 10 code algorithms for AC, alcoholic hepatitis (AH) and non- 
alcohol- related cirrhosis, as previously published.6 For our primary 

Received: 6 December 2021  | Revised: 23 March 2022  | Accepted: 8 April 2022

DOI: 10.1111/liv.15277  

O R I G I N A L  A R T I C L E

Trends in the inpatient burden of alcohol- related liver disease 
among women hospitalized in the United States

Madeline Bertha1  |   Kerby Shedden2 |   Jessica Mellinger3

© 2022 John Wiley & Sons A/S . Published by John Wiley & Sons Ltd.

Abbreviations: AC, alcohol- related cirrhosis; AH, alcoholic hepatitis; ALD, alcohol- 
related liver disease; AUD, alcohol use disorder; NIS, National Inpatient Sample.

1Department of Internal Medicine, 
Northwestern University Feinberg School 
of Medicine, Chicago, Illinois, USA
2Department of Statistics, University of 
Michigan, Ann Arbor, Michigan, USA
3Department of Internal Medicine, 
Michigan Medicine, Ann Arbor, Michigan, 
USA

Correspondence
Madeline Bertha, 1340 N Astor Street Apt 
2501, Chicago, IL 60610, USA.
Email: madeline.bertha@gmail.com

Funding information
NIAA K23 Career Development Award, 
Grant/Award Number: AA026333

Handling Editor: Luca Valenti 

Abstract
Alcohol- related liver disease (ALD) is the leading indication for liver transplantation in 
the United States, but disparities for women with ALD exist. We sought to character-
ize trends in ALD hospitalizations and mortality among women. Using the National 
Inpatient Sample, we evaluated ALD and non- ALD discharges from 2003 to 2017. 
Multivariable logistic regression was used to evaluate mortality. ALD increased more 
rapidly among women, with alcohol hepatitis (AH) rising the most. When stratified by 
age and sex, changes in alcohol- related cirrhosis (AC) and AH were greater in women 
in nearly all age groups. Similar increases were present when stratified by race, no-
tably for Native American and Asian women. AH mortality increased in women in al-
most all age groups. While ALD remains predominantly male, discharges and mortality 
have disproportionately increased among women, particularly in young women and 
Native Americans. These findings shed light on populations in need of intensive public 
health interventions.
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analysis, we defined total ALD discharges as a combination of AC 
and AH discharges. We then analysed subpopulations of AC alone 
and AH alone. Weighted and unweighted counts and marginal rates 
of discharges and in- hospital deaths were calculated for each dis-
ease subpopulation and year and reported per 100 000 discharges 
or deaths per year. Weighted trends in discharges and mortality 
were calculated for each disease group of interest against year and 
also reported as discharges or deaths per 100 000 discharges or 
deaths per year. Logistic regression, controlling for age, insurance 
status, income, race/ethnicity, year and chronic liver disease com-
plications were used to identify associations with mortality dur-
ing hospital discharges for each population. We also calculated the 
marginal odds ratios between each explanatory factor in the logis-
tic regression models and in- hospital mortality. Statistical analysis 
was performed using R and Python. IRB approval was waived for 
this study.

3  |  RESULTS

There were 382.2 discharges per 100 000 total all- cause dis-
charges in 2003 and 358.0 discharges for every 100 000 dis-
charges in 2017. Of all- cause discharges, 225.3 and 201.9/100 000 
were women respectively. Female ALD discharges made up 6.4 
and 12.0/100 000 of the discharges in 2003 and 2017 respectively 
(Table 1). While ALD discharges increased among both sexes, 
they increased to a greater extent in women compared to men, 
(87.5% vs. 57.8%). AH discharges rose most with a relative increase 
of 125.8% (16.2/100 000 in 2003 to 36.5/100 000 in 2017) for 
women compared to 89.4% for men. When stratified by sex and 
age (Figure 1), the relative changes in AC and AH discharges were 
greater in women compared to men across all age groups, except 
for AC discharges among men ≥65. Most notably, women <34 had 
a 205.8% relative increase in total ALD discharges compared to 
104.5% among men. In particular, women <34 had an increase in 
AC discharges of 145.6% (vs. 40.9% among men) and AH discharges 
of 264.6% (vs. 167.2% among men). When stratified by race, ALD 
discharges were greater for women among all race/ethnicities, but 
particularly for Native American women with an increase of 1014% 
(341 in 2013 to 3800 in 2017) and Asian women with an increase 
of 234%, driven primarily by AC discharge increases (323 in 2013 
to 1080 in 2017) (Figure 1).

There were 8.5 deaths for every 100 000 deaths (8.5/100 000) 
in 2003 and 7.0 deaths for every 100 000 deaths in 2017 (4.3 and 
3.3/100 000 deaths among women) (Table 1). Total female and male 
ALD deaths decreased (−1.85% and −15.1%), driven by a decrease in 
AC deaths. AH deaths increased for both women and men (45.6% 
and 39.5% respectively) (Table 1). When stratified by age (Figure 1), 
AH mortality increased among all age groups and sex, except for 
women aged 35– 44. AH mortality increases among women ex-
ceeded men for ages ≥65 (112.1% vs. 8.2%) and 45– 54 (26.9% vs. 
5.9%). In contrast, AC mortality decreased for all women except the 

ages of <34 and 55– 64 (increase of 37.9% and 46.1% respectively). 
When stratified by race/ethnicity, ALD mortality increased nota-
bly among the Native American populations, especially for women 
(594%) compared to men (318%). These rates were similar when cat-
egorized by AH and AC mortality (Figure 1). In multivariate analysis, 
stratified by AC versus AH, there was no significant difference in 
odds of death due to AH between sex (p = .52), but there was an 
8% decrease in odds of death due to AC among women compared 
to men (p < .01).

4  |  DISCUSSION

This study of the US inpatient population showed an increasing 
burden of ALD discharges and mortality for young women of all 
races/ethnicities. While ALD remains a predominantly male dis-
ease, women are catching up, as ALD discharges increased more 
rapidly among women compared to men. Furthermore, despite 
an overall decrease in AC mortality, AH mortality has been in-
creasing in women. Significant increases in alcohol use among 
women may be driving these findings.4 Women are more sus-
ceptible to ALD at lower levels of consumption with more rapid 
development of liver disease complications and death.3 These 
increases in ALD discharges and AH mortality among women, if 
persistent, will result in increased AC deaths, suggestions that 
have been corroborated by projections of future ALD burden.7 
Taken together, all of these findings may explain why the gap 
between death rates due to ALD among women and men con-
tinues to narrow.8

Similar to prior reports,5 we found that AC discharges and 
mortality among women <34 progressed at an unprecedented 
rate. We noted both a marked increase in AC discharges and mor-
tality among young women compared to men, a trend likely fed by 
high rates of alcohol misuse and AUD among high school and col-
lege age women4,9,10 However, despite an overall decrease in ALD 
mortality among older women, AH- specific mortality in women 
>65 had a relative percentage increase of 112%, emphasizing that 
future public health interventions should not be limited to young 
women.

In our subgroup analysis, ALD discharges were greater for 
women among all race/ethnicities (excepting AH for Asian/Pacific 
Islander women). Our study not only supports previously published 
results that identify Hispanics as a population at substantially in-
creased risk of developing ALD compared to non- Hispanic Whites 
and African Americans but sheds light on other at- risk race/ethnici-
ties.8 In particular, we noted a dramatic relative percentage increase 
in both AH-  and AC- related discharges and mortality among Native 
American women, both independently and compared to Native 
American men. While previous studies have highlighted AC and AUD 
as a leading cause of mortality among Native Americans, we are one 
of the first to highlight the increased burden of ALD among Native 
American women.11,12



    |  1559Bertha et al.

Our study has limitations that are inherent to the use of a 
large claim database. Reliance of ICD9/10 codes for the iden-
tification of patients with ALD is subject to both misclassifi-
cation bias and reporting error. Additionally, the NIS reports 
data per hospitalization and not individual, which does not 
allow for patient- level longitudinal analysis but does allow for 
a more detailed analysis of inpatient burden. Our analysis is 
subject to confounding variables that we are unable to account 
for. However, our findings are in agreement with previously 

published epidemiological trends for AUD and ALD. The obser-
vational nature of this data is hypothesis generating and does 
not allow for causal inference.

In conclusion, with ALD and AUD rates climbing rapidly, a public 
health emergency is underway for women in the US. As the num-
ber of women with ALD continues to increase, primary preventive, 
gender- tailored interventions are urgently needed. Our results shed 
new light on subpopulations of women in need of intensive public 
health interventions.

TA B L E  1  Weighted trends in alcohol related liver disease discharges and deaths over time

2003 2017

Absolute change
Relative 
changeTotal % Total %

Discharges

Total 38 220 591 100.00% 35 798 453 −2 422 138 −6.34%

ALD 239 807 0.63% 392 980 1.10% 153 173 63.87%

AC 181 676 0.48% 281 490 0.79% 99 814 54.94%

AH 58 131 0.15% 111 490 0.31% 53 359 91.79%

Non- AC 190 090 0.50% 335 375 0.94% 145 285 76.43%

Gender

Female 22 533 664 100.00% 20 186 250 −2 347 414 −10.42%

ALD 63 973 0.28% 119 950 0.59% 55 977 87.50%

AC 47 796 0.21% 8 3420 0.41% 35 624 74.53%

AH 16 177 0.07% 36 530 0.18% 20 353 125.81%

Non- AC 94 147 0.42% 158 230 0.78% 64 083 68.07%

Male 15 686 927 100.00% 15 612 203 −74 724 −0.48%

ALD 175 834 1.12% 277 530 1.78% 101 696 57.84%

AC 133 880 0.85% 198 070 1.27% 64 190 47.95%

AH 41 954 0.27% 79 460 0.51% 37 506 89.40%

Non- AC 95 943 0.61% 177 145 1.13% 81 202 84.64%

Deaths

Total 849 267 698 690 −150 577 −17.73%

ALD 20 394 2.40% 17 430 2.49% −2 964 −14.53%

AC 18 201 2.14% 14 330 2.05% −3 871 −21.27%

AH 2193 0.26% 3100 0.44% 907 41.36%

Non- AC 15 335 1.81% 12 295 1.76% −3 040 −19.82%

Gender

Female 431 985 331 730 −100 255 −23.21%

ALD 5364 1.24% 5265 1.59% −99 −1.85%

AC 4684 1.08% 4275 1.29% −409 −8.73%

AH 680 0.16% 990 0.30% 310 45.59%

Non- AC 6866 1.59% 5550 1.67% −1 316 −19.17%

Male 417 282 366 960 −50 322 −12.06%

ALD 15 030 3.60% 12 760 3.48% −2 270 −15.10%

AC 13 517 3.24% 10 650 2.90% −2 867 −21.21%

AH 1513 0.36% 2110 0.57% 597 39.46%

Non- AC 8470 2.03% 6745 1.84% −1 725 −20.37%

Abbreviations: AC, alcohol- related cirrhosis; AH, alcoholic hepatitis; ALD, alcohol- related liver disease.

(Continues)
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