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Abstract
Objective
To describe liver disease related mortality in the
United States during 1999-2016 by age group, sex,
race, cause of liver disease, and geographic region.
Design
Observational cohort study.
Setting
Death certificate data from the Vital Statistics
Cooperative, and population data from the US Census
Bureau compiled by the Center for Disease Control
and Prevention’s Wide-ranging Online Data for
Epidemiologic Research (1999-2016).
Participants
US residents.
Main outcome measure
Deaths from cirrhosis and hepatocellular carcinoma,
with trends evaluated using joinpoint regression.
Results
From 1999 to 2016 in the US annual deaths from
cirrhosis increased by 65%, to 34 174, while annual
deaths from hepatocellular carcinoma doubled to
11 073. Only one subgroup—Asians and Pacific
Islanders—experienced an improvement in mortality
from hepatocellular carcinoma: the death rate
decreased by 2.7% (95% confidence interval 2.2% to
3.3%, P<0.001) per year. Annual increases in cirrhosis
related mortality were most pronounced for Native
Americans (designated as “American Indians” in the
census database) (4.0%, 2.2% to 5.7%, P=0.002).
The age adjusted death rate due to hepatocellular
carcinoma increased annually by 2.1% (1.9% to 2.3%,
P<0.001); deaths due to cirrhosis began increasing in
2009 through 2016 by 3.4% (3.1% to 3.8%, P<0.001).
During 2009-16 people aged 25-34 years experienced
the highest average annual increase in cirrhosis
related mortality (10.5%, 8.9% to 12.2%, P<0.001),
driven entirely by alcohol related liver disease. During
this period, mortality due to peritonitis and sepsis in
the setting of cirrhosis increased substantially, with

What is already known on this topic
Cirrhosis is a morbid condition that is increasing in prevalence
Although hepatitis C viral infection is being eradicated, the burden of alcoholic
liver disease and non-alcoholic fatty liver disease is increasing

What this study adds
Mortality due to cirrhosis has been increasing in the USA since 2009
People aged 25-34 have experienced the greatest relative increase in mortality,
driven by deaths due to alcoholic cirrhosis
During 2009-16 white Americans, Native Americans, and Hispanic Americans
experienced the greatest increase in deaths from cirrhosis; such mortality is
improving in Maryland but worst in Kentucky, New Mexico, and Arkansas
the bmj | BMJ 2018;362:k2817 | doi: 10.1136/bmj.k2817

respective annual increases of 6.1% (3.9% to 8.2%)
and 7.1% (6.1% to 8.4%). Only one state, Maryland,
showed improvements in mortality (−1.2%, −1.7%
to −0.7% per year), while many, concentrated in the
south and west, observed disproportionate annual
increases: Kentucky 6.8% (5.1% to 8.5%), New
Mexico 6.0% (4.1% to 7.9%), Arkansas 5.7% (3.9%
to 7.6%), Indiana 5.0% (3.8% to 6.1%), and Alabama
5.0% (3.2% to 6.8%). No state showed improvements
in hepatocellular carcinoma related mortality, while
Arizona (5.1%, 3.7% to 6.5%) and Kansas (4.3%,
2.8% to 5.8%) experienced the most severe annual
increases.
Conclusions
Mortality due to cirrhosis has been increasing in the US
since 2009. Driven by deaths due to alcoholic cirrhosis,
people aged 25-34 have experienced the greatest
relative increase in mortality. White Americans, Native
Americans, and Hispanic Americans experienced the
greatest increase in deaths from cirrhosis. Mortality
due to cirrhosis is improving in Maryland but worst
in Kentucky, New Mexico, and Arkansas. The rapid
increase in death rates among young people due to
alcohol highlight new challenges for optimal care of
patients with preventable liver disease.

Introduction
Cirrhosis, the end result for most chronic liver
diseases,1 is characterized by fatal, resource intensive
complications.
These
include
hepatocellular
carcinoma, hepatic encephalopathy, gastrointestinal
hemorrhage, infections, and renal failure. Cirrhosis
and hepatocellular carcinoma carry personal, social,
and financial burdens for patients, their families, and
society.2-4In the past decade in the USA this problem
has been compounded by a doubling in the prevalence
of cirrhosis.5 6 Although hepatitis C virus, a major
cause of cirrhosis, could be eradicated given the recent
advent of widely available and highly effective antiviral
therapy, this trend is likely to continue.7 Deaths due
to cirrhosis are expected to triple by 2030.8 Projected
increases in the burden of cirrhosis are thought to
be driven primarily by the increasing prevalence of
alcoholic liver disease and non-alcoholic fatty liver
disease.9-11 The incidence and impact of cirrhosis
related complications is uneven across the USA, with
substantial geographic and demographic variability.12
Prevention and early management of cirrhosis is
cost effective.13-15 However, nationally representative
data to guide the optimal allocation of resources and
preventive efforts are limited, particularly regarding
differential mortality by demographic subgroups or
US regions.16 Understanding the trends in cirrhosis
related mortality in specific subgroups may clarify
the differential impact and targets for improvement
1
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of cirrhosis related outcomes. Herein, we describe
the temporal trends in liver disease related deaths
in US adults using the Center for Disease Control
and Prevention’s Wide-ranging Online Data for
Epidemiologic Research (CDC WONDER) platform.

Methods
Data were obtained from the CDC WONDER platform
(see supplemental material for more details).17 Our
primary aim was to describe temporal trends in death
rates attributable to cirrhosis (ICD-10 (international
classification of diseases, 10th revision) codes K70.3,
K74.5, and K74.6) and hepatocellular carcinoma (C22.0)
as the primary or underlying cause of death for adults in
the USA. We adjusted rates for age—that is, age specific
mortality was weighted according to the age distribution
in a standard year (2000).18 We also sought to describe
how these trends differed based on demographic
subgroups; age, sex, race (Asian or Pacific Islander,
Native American (designated as “American Indian” in
the census database) or Alaska Native, black or African
American, and white American), Hispanic ethnicity,
and geographic area of residence. We also aimed to
describe trends in causes of death related to specific
complications associated with cirrhosis. Specifically,
we examined death due to gastrointestinal hemorrhage
(ICD-10 K25-K28, K92.0-K92.2, I85.0), peritonitis
(K65), sepsis (A41), hepatorenal syndrome (K76.7), and
traumas (V01-Y89). Given the association between nonalcoholic fatty liver disease and complications of the
metabolic syndrome such as cerebrovascular disease
and ischemic heart disease (I20-I25, I60-I69),19 we
evaluated trends in mortality due to cirrhosis comorbid
with these conditions. We also compared trends in
deaths due to alcohol use disorder (F10).
To test for unmeasured secular trends, we compared
all findings with death rates due to causes other than
cirrhosis. Specifically, we examined the trends in
deaths due to infections (ICD-10 A00-B99), neoplasia
(C00-C48, not including hepatocellular carcinoma,
C22), cardiovascular disease (I00-I99), and respiratory
disease (J00-J98). Finally, we assessed overall trends
in several US states that were observed to have the
greatest increase or highest death rates due to cirrhosis
and hepatocellular carcinoma (eg, Arizona, New
Mexico, and Wyoming).
We performed several sensitivity analyses. First
we evaluated trends when the cause of death was
labeled as any liver disease with or without cirrhosis
(ICD-10 K70-K76). Next we evaluated trends when the
death certificate included any mention of cirrhosis as
a primary or contributory cause; a death certificate
can have a primary or underlying cause and up to
20 contributing causes. Finally, we repeated the
trend analysis that included age adjusted death rate
estimates by standardizing rates to different years
(2000, 2009, and 2010) and sex (men or women).
Data analysis
We then evaluated trends in death rates using the
National Cancer Institute’s Joinpoint program (version
2

4.6.0; http://surveillance.cancer.gov/joinpoint). This
enabled us to identify if there were years in the study
period where the rate of change in mortality was
statistically significantly different. The program uses
a piecewise linear regression approach to determine
whether rates over time are best described by a straight
line (0 joinpoints) or by multiple linear segments (≥1
joinpoints).20 21 The software detects the joinpoints in
the trends using a grid search method to observe the
joinpoints at any point in the time trend,22 fitting a
linear regression between consecutive joinpoints using
the least squares approach. To simplify the model, we
specified modeling procedures to keep a maximum of
three joinpoints (changes in slope) with a minimum of
three years for each segment. Using validated methods,
we obtained the annual percentage change in death rates
over each linear segment as well as the average annual
percentage change with 95% confidence intervals during
1999-2016 for each model.23 24 The annual percentage
change was obtained using a Monte-Carlo permutation
analysis. Given the uncertainty of each year’s mortality
(represented by the confidence intervals), this analytic
approach fits a line through 4500 different samples
of each year’s rate in order to estimate the annual
percentage change. The permutation test provides a P
value reflecting the probability that the original sample
based on the calculated mortality estimates was due to
chance. The software selects a final model based on the
minimum number of joinpoints (within the set limits)
to explain the mortality trends. We adjusted P values
through a Bonferroni correction for multiple testing
given the use of numerous analyses used to select the
number of joinpoints. The average annual percentage
change is a weighted average of the segmented annual
percentage change over a specified interval, providing a
valid summary statistic to compare rate changes across
groups. We found one Joinpoint in the trends of cirrhosis
mortality at 2009. To further understand demographic
trends, we analyzed our data during 2009-16.
When comparing the trends in mortality due
to cirrhosis with those of control conditions, we
evaluated the differences using a test for parallelism.25
This test evaluates whether curves of differing absolute
values are parallel over multiple (in this case 4500)
permutations of each model.

Patient and public involvement
No patients were involved in setting the research
question or the outcome measures, nor were they
involved in developing plans for the design of the study.
No patients were asked to advise on interpretation or
writing up of results. There are no plans to disseminate
the results of the research to study participants or the
relevant patient community.
Results
Burden of mortality due to liver disease
During the study period, a total of 460 760 deaths were
attributed to cirrhosis (20 661 in 1999 and 34 174
in 2016) and 136 442 to hepatocellular carcinoma
(5112 in 1999 and 11 073 in 2016) (table 1). Men
doi: 10.1136/bmj.k2817 | BMJ 2018;362:k2817 | the bmj
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had a higher burden of age adjusted mortality due to
cirrhosis compared with women by a 2:1 ratio and
a higher burden of mortality due to hepatocellular
carcinoma by a nearly 4:1 ratio. The highest burden
of age adjusted mortality due to cirrhosis was seen in
Native Americans (25.8/100 000), followed by white
Americans (12.7/100 000). Age adjusted mortality
due to hepatocellular carcinoma was highest in Asians
and Pacific Islanders. Compared with non-Hispanic
Americans, those of Hispanic ethnicity had relatively
high age adjusted mortality from both cirrhosis (19.3
v 11.5/100 000) and hepatocellular carcinoma (5.7 v
3.4/100 000). Of the regions, the south and west had
the highest age adjusted mortality from cirrhosis (13.5
and 13.3/100 000, respectively) and the west had the
highest age adjusted mortality from hepatocellular
carcinoma (4.2/100 000). In supplementary tables 1a
and 1b we provide death rates due to all liver disease
codes and deaths where cirrhosis was noted in any of
the up to 20 positions on the death certificate. While
these sensitivity tests accounted for more deaths
(742 800 and 800 344, respectively), the trends were
the same, with statistically parallel annual trends
for each subgroup. In supplementary table 1c, we
provide death rates for people with both cirrhosis
and hepatocellular carcinoma recorded on the death
certificate. Although the number of deaths are lower,
the relative burden by subgroup is similar to that of
hepatocellular carcinoma overall with the exception
that Native Americans have a higher burden of
hepatocellular carcinoma and cirrhosis.

Demographic trends in mortality due to cirrhosis
and hepatocellular carcinoma
Cirrhosis—We evaluated trends in mortality from
cirrhosis in demographic subgroups with several
important findings (table 2). Firstly, there was an
inflection point at 2009 where cirrhosis related
mortality increased statistically significantly through

to 2016. Several subgroups had statistically significant
declines in cirrhosis related mortality from 1999 to
2008; however, these trends reversed in nearly every
demographic subgroup, beginning in 2009. Secondly,
although more men are dying from (or with) cirrhosis
and hepatocellular carcinoma, both sexes experienced
similar rates of increased mortality over time. Thirdly,
white Americans and Native Americans had rapid
increases in mortality from cirrhosis after 2009, with
an average annual percentage change of 3.3% (95%
confidence interval 8.0% to 3.7%) and 4.0% (2.2%
to 5.7%) compared with African Americans. Fourthly,
non-Hispanic Americans experienced a slower increase
in cirrhosis related mortality than Hispanic Americans.
Fifthly, in recent years, the north east USA had the
slowest increase (1.6%, 1.1% to 2.1%), whereas the
south had the fastest (3.5%, 2.8% to 4.2%).
Hepatocellular
carcinoma—The
demographic
trends in mortality from hepatocellular carcinoma
are markedly different from those of cirrhosis. Firstly,
overall, there was a 2.1% (95% confidence interval
1.9% to 2.3%) increase in mortality from hepatocellular
carcinoma nationally over the study period. Secondly,
women experienced a consistent increase in
mortality from hepatocellular carcinoma, while for
men hepatocellular carcinoma death rates slowed,
beginning in 2011. Thirdly, Asian and Pacific Islanders
were the only subgroup with an improvement in
mortality from hepatocellular carcinoma, experiencing
a consistent decrease of 2.7% (95% confidence interval
2.2% to 3.3%) per year. Thirdly, all US regions except
for the north east experienced statistically significant
increases in mortality from hepatocellular carcinoma
over the study period.

Age related trends in mortality from cirrhosis and
hepatocellular carcinoma
We performed several analyses to better delineate the
populations affected by worsening trends in mortality

Table 1 | Crude and age adjusted death rates by key demographic factors, 1999-2016, USA
Cirrhosis

Hepatocellular carcinoma

Demographic factors

No of deaths

Crude rate/100 000
(95% CI)

Age adjusted/100 000
(95% CI)

No of deaths

Crude rate/100 000
(95% CI)

Age adjusted/100 000
(95% CI)

Overall

460 760

12.87 (12.83 to 12.91)

12.18 (12.14 to 12.21)

136 442

3.81 (3.79 to 3.83)

3.55 (3.53 to 3.56)

Women

162 599

8.75 (8.71 to 8.79)

8.02 (7.98 to 8.06)

31 694

1.70 (1.68 to 1.71)

1.50 (1.48 to 1.51)

Men

298 161

17.31 (17.25 to 17.37)

16.82 (16.76 to 16.88)

105 248

6.1 (6.06 to 6.14)

5.97 (5.93 to 6.01)

Native American

9145

23.7 (23.21 to 24.18)

25.81 (25.26 to 26.37)

1386

3.6 (3.41 to 3.79)

4.72 (4.46 to 4.99)

Asian and Pacific Islander

6687

3.59 (3.51 to 3.68)

4.45 (4.34 to 4.56)

11 241

6.02 (5.91 to 6.13)

7.43 (7.29 to 7.57)

Sex:

Race:

African American

40 598

9.43 (9.33 to 9.52)

9.71 (9.61 to 9.81)

21 303

4.94 (4.87 to 5.00)

5.20 (5.13 to 5.27)

White

404 330

13.82 (13.78 to 13.86)

12.71 (12.67 to 12.75)

103 012

3.51 (3.49 to 3.53)

3.15 (3.13 to 3.17)

Hispanic

64 001

14.18 (14.07 to 14.29)

19.27 (19.11 to 19.42)

17 288

3.82 (3.76 to 3.88)

5.74 (5.65 to 5.83)

Non-Hispanic

395 128

12.63 (12.59 to 12.67)

11.51 (11.47 to 11.54)

119 250

3.80 (3.78 to 3.82)

3.37 (3.35 to 3.39)

North east

71 388

10.65 (10.58 to 10.73)

9.81 (9.74 to 9.89)

23 996

3.85 (3.8 to 3.90)

3.48 (3.43 to 3.52)

Midwest

90 958

11.60 (11.52 to 11.67)

10.78 (10.71 to 10.85)

24 172

3.34 (3.30 to 3.38)

3.06 (3.02 to 3.10)

South

187 949

14.32 (14.25 to 14.38)

13.53 (13.47 to 13.6)

45 105

3.75 (3.72 to 3.79)

3.49 (3.46 to 3.52)

West

110 465

13.58 (13.5 to 13.66)

13.33 (13.25 to 13.41)

32 596

4.34 (4.29 to 4.38)

4.23 (4.19 to 4.28)

Geographic region:

Totals and rates are cumulative and reflect the entire period 1999-2016.
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Table 2 | Trends in annual percentage change in death rates due to cirrhosis and hepatocellular carcinoma, 1999-2016,
USA
Years of similar trend (joinpoints) by variables
Cirrhosis

Annual percentage change (95% CI)

P value

1999-2008

−0.5 (−0.9 to −0.1)

0.02

2008-16

3.4 (3.1 to 3.8)

<0.001

  1999-2008

−0.3 (−0.8 to 0.2)

0.2

  2008-16

3.6 (3.1 to 4.2)

<0.001

  1999-2009

−0.7 (−1.1 to −0.3)

0.003

  2009-16

2.6 (2.1 to 3.0)

<0.001

  1999-2010

−0.3 (−1.2 to 0.5)

0.4

  2010-16

4.0 (2.2 to 5.7)

0.002

Overall:

Sex:
Women

Men

Race:
Native American

Asian and Pacific Islander
  1999-2016

0.2
0.3 (−0.2 to 0.7)

African American
  1999-2008

−3.6 (−4.3 to −3.9)

<0.001

  2008-16

1.7 (0.9 to 2.4)

0.003

  1999-2008

−0.1 (−0.5 to 0.3)

0.7

  2009-16

3.3 (2.8 to 3.7)

<0.001

  1999-2007

−1.7 (−2.3 to −1.0)

<0.001

  2008-16

1.3 (0.8 to 1.7)

<0.001

  1999-2008

−0.5 (−0.9 to −0.1)

0.02

  2009-16

3.0 (2.5 to 3.4)

<0.001

  1999-2007

−2.2 (−2.8 to −1.6)

<0.001

  2007-16

1.6 (1.1 to 2.1)

<0.001

  1999-2008

−0.4 (−0.7 to −0.1)

0.01

  2008-16

3.1 (2.7 to 3.4)

<0.001

  1999-2009

−0.1 (−0.6 to 0.3)

0.4

  2009-16

3.5 (2.8 to 4.2)

<0.001

−0.1 (−0.7 to 0.6)

0.8

1999-2016

2.1 (1.9 to 2.3)

<0.001

2008-16

3.0 (2.3 to 3.6)

<0.001

1.3 (1.9 to 1.7)

<0.001

  1999-2010

2.6 (2.1 to 3.1)

<0.001

  2010-16

1.3 (0.4 to 2.3)

0.02

2.3 (1.1 to 3.5)

0.007

−2.7 (−3.3 to −2.2)

<0.001

2.2 (1.7 to 2.7)

<0.001

White American

Hispanic American

Non-Hispanic American

Region of residence:
North east

Midwest

South

West
  1999-2008
Hepatocellular carcinoma
Overall:

Sex:
Women
  1999-2016
Men

Race:
Native American
  1999-2016
Asian and Pacific Islander
  1999-2016
African American
  1999-2016
White American

4
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Table 2 | Continued
Years of similar trend (joinpoints) by variables
  1999-2016

Annual percentage change (95% CI)
2.4 (2.2 to 2.8)

P value
<0.001

0.7 (0.02 to 1.2)

0.009

  1999-2006

2.0 (1.3 to 2.7)

<0.001

  2006-10

3.3 (1.1 to 5.6)

0.01

  2010-14

0.5 (−1.5 to 2.6)

0.5

  2014-16

3.7 (−0.2 to 7.7)

0.1

  1999-2010

2.5 (1.6 to 3.4)

0.002

  2010-15

0.7 (−0.2 to 1.6)

0.1

2.5 (2.3 to 2.7)

<0.001

2.3 (1.9 to 2.8)

<0.001

1.8 (1.5 to 2.1)

<0.001

Hispanic American
  1999-2016
Non-Hispanic American

Region of residence:
North east

Midwest
  1999-2015
South
  1999-2015
West
  1999-2015

Years included are chosen based on similarities in the annual rate of change. For example, if the whole study period (1999-2016) was
included, it is because there are no periods of three years or more in which the rate of change was statistically significantly different

from cirrhosis during the period of worsening death
rates (2009-16). Firstly, we examined changing death
rates by age group (fig 1). Those aged 25-34 experienced
the highest average annual percentage change in
mortality from cirrhosis; 3.7% (95% confidence interval
2.4% to 5.1%) over the whole period and 10.5% (8.9%
to 12.2%) during 2009-16 (fig 1). White Americans and
Native Americans experienced the most rapid increase
in this age group. Increased death rates in the 25-34
age group were driven by alcoholic cirrhosis, where the
average annual percentage change from 2009 to 2016
was 10.5% (95% confidence interval 9.2% to 11.8%).
These findings are reinforced by parallel changes in
mortality due to alcohol use disorders and all alcohol
related liver diseases (fig 1). The proportion of all cause
mortality varied by age group and race during 2009-16
(see supplemental tables 2a and 2b). Notably, by 2016,
cirrhosis accounted for 6.3% (up from 4.3% in 2009)
and 7.0% (up from 5.8% in 2009) of deaths for Native
Americans aged 25-34 and 35 or more, respectively.
Cirrhosis accounted for 1.4% (up from 0.9% in 2009)
and 2.3% (up from 1.8% in 2009) of deaths for adults
aged 25-34 and 35 or more, respectively. Hepatocellular
carcinoma related mortality shows an opposite age
relation; it has decreased in younger people (<55 years)
since 2009 and increased among those aged more than
55 from 2009 to 2016 (fig 1). In a sensitivity test, we
evaluated patients with both hepatocellular carcinoma
and cirrhosis recorded on the death certificate. A formal
trend analysis of young people was not possible, as 80%
of deaths due to cirrhosis-hepatocellular carcinoma
occurred in those older than 55 years. Only 58 deaths
were recorded for this combination of causes for people
aged 25-34 years.

Cause specific mortality trends
Next, we sought to determine whether specific
common causes of death in patients with cirrhosis
the bmj | BMJ 2018;362:k2817 | doi: 10.1136/bmj.k2817

changed over the study period. Supplementary table
3 depicts the time trends in comorbid causes of death
for patients who died from cirrhosis. The average
annual percentage change for cirrhosis related deaths
due to peritonitis and sepsis increased statistically
significantly (1.5%, 95% confidence interval 0.2% to
2.8% and 3.7%, 3.2% to 4.0%, respectively), while no
significant changes were observed for comorbid upper
gastrointestinal hemorrhage, hepatorenal syndrome,
cerebrovascular and ischemic heart disease,
and trauma. Since 2009, however, the mortality
associated with each condition increased, except for
trauma. Notably, from 2009 to 2016 the magnitude
of increased mortality due to peritonitis and sepsis
rose substantially, with respective average annual
percentage changes of 6.1% (3.9% to 8.2%) and 7.1%
(6.1% to 8.4%). Most (60%) of the 47 290 patients
with sepsis or peritonitis were aged 45-64. All age
groups had increasing mortality, but the rate of change
was not statistically parallel. For example, those aged
25-34 and 35-44 experienced sharp increases in sepsis
or peritonitis related mortality, beginning in 2009; the
average annual percentage change (2009-16) for these
groups was 13.5% (95% confidence interval 9.4% to
17.4%) and 7.4% (4.3% to 10.6%). People aged 7584 experienced a later joinpoint with an increase in
mortality due to sepsis or peritonitis during 2013-16
(12.4%, 3.8% to 21.8%), and people aged 85 years or
more showed a linear increase during 1999-2016 of
3.3% (2.0% to 4.6%).

State level variation in mortality
We next examined geographic changes in cirrhosis
and hepatocellular carcinoma related mortality since
2009. The fastest rise in cirrhosis and hepatocellular
carcinoma related mortality occurred in the western
and southern USA. In supplementary tables 4-5, we
detail the state level changes in mortality from 2009
5
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AAPC

15

Liver disease
Cirrhosis
Hepatocellular carcinoma

AAPC

10

20

10

0

5

-5

0

-10

-5
Sex
Men
Women

16

25

15

8

10

4

5
25-34

35-44

45-54

55-64

65-74

75-84

≥85

Age group

Alcohol related disease
Alcohol use disorder
Alcohol related liver disease
Cirrhosis (overall)

20

12

0

Native American
African American
Asian
White American

15

5

20

Race

0

25-34

35-44

45-54

55-64

65-74

75-84

≥85

Age group

Fig 1 | Trends in mortality due to liver disease by age group in the USA, 2009-16. AAPC=average annual percentage
change

to 2016; in a series of heat maps (fig 2) we show how
the death rate due to cirrhosis and hepatocellular
carcinoma has changed over time.
The states with the greatest average annual
percentage change in cirrhosis related mortality
were Kentucky (6.8%, 5.1% to 8.5%), New Mexico
(6.0%, 4.1% to 7.9%), Arkansas (5.7%, 3.9% to
7.6%), Indiana (5.0%, 3.8% to 6.1%), and Alabama
(5.0%, 3.2% to 6.8%) (fig 3). Maryland experienced
a statistically significant annual decrease in cirrhosis
related deaths (−1.2%, −1.7% to −0.7%).
No state experienced a statistically significantly
decreasing mortality due to hepatocellular carcinoma
(fig 3). Many of the same states with worsening
cirrhosis related mortality also experienced worsening
mortality from hepatocellular carcinoma (eg, Oregon,
Iowa). However, some states experienced increased
hepatocellular carcinoma related deaths out-of-sync
with cirrhosis trends: Arizona (5.1%, 3.7% to 6.5%),
Kansas (4.3%, 2.8% to 5.8%), Kentucky (4.0%, 3.1%
to 5.0%), and Washington (3.9%, 3.1% to 4.6%).

State level variation in mortality due to alcohol
related diseases
The average annual percentage change for deaths
due to alcoholic cirrhosis increased most rapidly in
Louisiana (13.1%, 7.7% to 18.9%), California (12.9%,
6.7% to 19.5%), Kentucky (12.8%, 9.8% to 15.8%),
Delaware (9.8%, 5.1% to 14.7%), and New Mexico
(9.3%, 6.3% to 12.4%) (fig 4). Conversely, the District
of Columbia and Maryland had the only improvements
in mortality. None of the state level trends in deaths
due to alcohol use disorder were statistically parallel
with those of alcohol related cirrhosis (fig 4); however,
6

many were qualitatively similar. Supplementary table 6
shows the age adjusted mortality and annual changes
in mortality for alcohol use disorder for each state.

Secular trends in non-cirrhotic death rates (19992016)
Age adjusted mortality uniformly decreased across
the states, with the exception of Utah, where the
average annual percentage change during 2009-16
was 0.6% (0.3% to 0.8%). Supplementary table 7
shows a sample of states, chosen for their statistically
significant changes in cirrhosis related mortality.
None of the statewide trends for all cause mortality
were statistically parallel with those of cirrhosis
or hepatocellular carcinoma. For example, where
cirrhosis related mortality improved in Maryland,
beginning in 2009, all cause mortality improved in
Maryland until 2010, then plateaued.
Supplementary table 8 shows trends in cirrhosis
related mortality compared with deaths due to
infections, neoplasia, cardiovascular disease, and
respiratory diseases to assess for the presence of
unmeasured secular trends. All other disease categories
were associated with improvements in mortality,
whereas mortality due to cirrhosis worsened. Although
each category showed improvements, the trends
observed for the other causes were not statistically
parallel. Each category was associated with continuous
(linear) improvement except infections, which began
to improve most after 2009.
Discussion
Cirrhosis and hepatocellular carcinoma are fatal
conditions, each with increasing footprints in American
doi: 10.1136/bmj.k2817 | BMJ 2018;362:k2817 | the bmj
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Fig 2 | Age adjusted mortality (per 100 000 Americans) attributable to cirrhosis and hepatocellular carcinoma in each
state for the first (1999), middle (2008), and last (2016) year of study. States in white imply data that are unreliable or
suppressed to protect patient identity

public health. For those with advanced liver disease,
death is but one outcome among many, including
caregiver burden and disability. The increasing mortality
due to cirrhosis and hepatocellular carcinoma speak to
the expanding socioeconomic impact of liver disease.
Adverse trends in liver related mortality are particularly
unfortunate given that in most cases the liver disease is
preventable. Understanding the factors associated with
mortality due to these conditions will inform how best to
allocate resources. In this study, we found that mortality
due to cirrhosis has been increasing in the USA since
2009, particularly for young people, white Americans,
Native Americans, and Hispanic Americans as well as
those living in Kentucky, New Mexico, and Arkansas.
Conversely, hepatocellular carcinoma mortality has
worsened continuously, save for young people and
Asian Americans.
the bmj | BMJ 2018;362:k2817 | doi: 10.1136/bmj.k2817

Worsening cirrhosis and hepatocellular carcinoma
related mortality
Mortality due to cirrhosis has been increasing since
2009. One study, in Olmstead county, found unchanged
age and sex adjusted death rates due to liver disease
from 1979 (25.8/100 000) to 2008 (25.7/100 000).26
We extend these data in our analysis, finding increased
mortality during 2009-2016 in the context of declining
mortality due to other causes such as cardiovascular
disease, neoplasia, respiratory disease, and infectious
diseases.
Mortality trends by demographics
Increases
in
cirrhosis
related
mortality
disproportionately affect young people aged 25-34,
white Americans, Native Americans (designated as
“American Indians” in the census database), and
7
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Fig 3 | US states with statistically significant changes in
death rates attributable to cirrhosis and hepatocellular
carcinoma, 2009-16. AAPC=average annual percentage
change

Hispanic Americans. These changes seem to be driven
by alcohol related liver disease and alcohol use
disorder, which are largely preventable causes of death
in this age group. Estimates of deaths due to alcohol
related diseases before 2010 show that mortality was
concentrated in those aged 65 years or more.27 The
current study extends such data by showing that, in
recent years, the rate of change in mortality is greatest
for young people. The impact of these preventable
deaths is compounded by their economic impact,
measured in decades per person of lost productivity
and outsized healthcare costs (as much as twice that
of non-alcoholic cirrhosis11). Conversely, mortality due
to hepatocellular carcinoma continues to increase in
older Americans while decreasing in younger people
and people of Asian race. These trends also parallel
those observed for the incidences of hepatocellular
carcinoma.12 Potential explanations supported by
these data include increasing early detection of
hepatocellular carcinoma, application of curative
or locoregional therapies, and, because hepatitis B
is the principal cause of hepatocellular carcinoma
worldwide and among Asian Americans, effectiveness
of vaccination programs and the efficacy of antiviral
therapy for hepatitis B in preventing the development
of hepatocellular carcinoma.28-31

Impact of infections on mortality
Peritonitis and sepsis were the causes of death
associated with cirrhosis that had the most consistent
8

and substantial increases over the study period.
Patients with cirrhosis are at increased risk of
infections owing to impaired immunity and propensity
for bacterial translocation from the gut, especially in
the setting of portal hypertension.2 32-34 Infections,
particularly spontaneous bacterial peritonitis, are a
major cause of death in patients with cirrhosis and
are major contributors to the observed increase in
cirrhosis related mortality in the current study. Proton
pump inhibitors, both over-prescribed and associated
with spontaneous bacterial peritonitis, as well as
increased susceptibility to antibiotic resistant bacterial
organisms, might contribute to the observed trends.35

State level variations in mortality
Specific states in the south and west experienced the
worst trends for cirrhosis and hepatocellular carcinoma
related mortality. Only Maryland showed consistent
reductions in mortality due to cirrhosis. Adverse trends
in Kentucky, New Mexico, Arizona, and Oregon in
particular require further study for explanation. Given
that the worsening trends began after 2008, a year
marked by the global financial crisis and a subsequent
economic recession in the USA, a differential economic
impact on specific states may explain some of the
results. Since increases in mortality were greatest for
young men, these data may dovetail with trends in
alcohol misuse, established to predominantly affect
younger men; becoming unemployed is linked with
alcohol misuse in young men but not older people or
women.36
Clinical and health policy implications
Cirrhosis is associated with morbidity and is costly to
treat and therefore efforts to prevent progression of
all liver diseases are cost effective.14 15 37 38 Our data
highlight several modifiable sources of mortality.
Firstly, young people, particularly Native Americans
and white Americans, may benefit from intensified
resources to screen for and treat alcohol use disorders.
Secondly, quality improvement efforts are needed
to optimize the identification and prophylaxis of
spontaneous bacterial peritonitis and to decrease
the overuse of proton pump inhibitors39; additional
data are needed to identify the optimal preventive
strategies for spontaneous bacterial peritonitis in
the era of multidrug resistant organisms. Thirdly,
research and outreach are required to understand
and contextualize the factors associated with the
adverse trends identified in many states. In addition
to resources for alcohol related disease, the role of
state level policy instruments such as increased taxes
on alcohol (which have been linked with decreased
alcohol related disease40 41) deserve attention. In this
regard, forthcoming data from Scotland will prove
instructive.42 Having mandated for alcoholic beverages
a minimum of £0.50 (£066; €0.57) per unit price,
the impact of this program on Scottish public health
should be eagerly awaited by American policy makers.
doi: 10.1136/bmj.k2817 | BMJ 2018;362:k2817 | the bmj
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Fig 4 | US states with statistically significant average annual percentage change (AAPC) in mortality due to alcohol related cirrhosis and alcohol use
disorder, 2009-16. Whiskers represent 95% confidence intervals

Contextual factors
Several things need to be considered in the interpretation
of these results. Firstly, these findings are based on
data abstracted from death certificates, which may be
inaccurate (in up to 15% of cases43), and this study
does not explicitly validate disease coding with chart
review. For this reason we chose the diagnostic codes
most specific to cirrhotic complications. Still, sensitivity
analyses using a variety of coding algorithms for liver
disease confirm consistency of results, and comparisons
of our results with other conditions imply independence
from secular trends. Secondly, though we have detected
worsening mortality since 2009, the precise reasons
for this trend and the geographic heterogeneity in our
analysis require further study. For example, we identify
the states most at risk, but granular data are needed to
determine the root causes, be they trends in healthcare
access and insurance, policy (eg, alcohol tax rates or
laws), employment, education levels, or the differential
changes in the comorbidities (eg, obesity) of a given
state’s population.
Thirdly, it is unclear how these trends are, or will be,
affected by direct active antivirals for hepatitis C virus.
We included three years of data since the approval
of direct active antivirals, and the observed trends
have remained consistent. Screening for hepatitis C
the bmj | BMJ 2018;362:k2817 | doi: 10.1136/bmj.k2817

virus is recommended, given the availability of
highly efficacious therapy; however, 100s of 1000s of
individuals in the USA have undetected hepatitis C virus
or do not have access to antiviral therapy.15 44 At the
same time, eradication of hepatitis C virus will prevent
the development of cirrhosis and its complications,
potentially changing these trends in the next 5-10
years. However, therapy for hepatitis C viral infection
cannot modify the statistically significant trends
observed related to alcohol or the expected increase in
the burden of non-alcoholic fatty liver disease.8

Conclusion
Specific demographic subgroups and states are
disproportionately affected by adverse trends in
deaths from cirrhosis and hepatocellular carcinoma.
Additionally, patients with cirrhosis are more likely
to die from specific secondary causes (ie, infections.)
These data underscore gaps in care and opportunities
for prevention.
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