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Heavy alcohol consumption
The consumption of >40 g of
pure alcohol per day over a
sustained period of time.

Current alcohol drinkers
Individuals who have consumed
alcoholic beverages in the
previous 12-month period.

Age-standardized death
rate

(ASDR). A weighted average

of the age-specific death

rates, where the weights are

the proportions of a standard
population in the corresponding
age groups.

Alcohol-associated

A disease state that is
attributed to heavy
consumption of alcohol.
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M) Check for updates

Global epidemiology of alcohol-
associated cirrhosis and HCC:
trends, projections and risk factors

Daniel Q. Huang® %3, Philippe Mathurin*°, Helena Cortez-Pinto® and
Rohit Loomba@®" 7%

Abstract | Heavy alcohol consumption is a major cause of morbidity and mortality. Globally,
alcohol per-capita consumption rose from 5.5 litres in 2005 to 6.4 litres in 2016 and is projected
to increase further to 7.6 litres in 2030.1n 2019, an estimated 25% of global cirrhosis deaths
were associated with alcohol. The global estimated age-standardized death rate (ASDR) of
alcohol-associated cirrhosis was 4.5 per 100,000 population, with the highest and lowest ASDR
in Africa and the Western Pacific, respectively. The annualincidence of hepatocellular carcinoma
(HCC) among patients with alcohol-associated cirrhosis ranged from 0.9% to 5.6%. Alcohol was
associated with approximately one-fifth of global HCC-related deaths in 2019. Between 2012
and 2017, the global estimated ASDR for alcohol-associated cirrhosis declined, but the ASDR
for alcohol-associated liver cancer increased. Measures are required to curb heavy alcohol
consumption to reduce the burden of alcohol-associated cirrhosis and HCC. Degree of alcohol

intake, sex, older age, obesity, type 2 diabetes mellitus, gut microbial dysbiosis and genetic
variants are key factors in the development of alcohol-associated cirrhosis and HCC. In this
Review, we discuss the global epidemiology, projections and risk factors for alcohol-associated

cirrhosis and HCC.

Heavy alcohol consumption, which is defined in this
Review as the consumption of >40 g of pure alcohol per
day over a sustained period, is a major cause of mor-
tality and morbidity"”. The World Health Organization
(WHO) Global Status Report on Alcohol and Health esti-
mated that 2.3 billion people are current alcohol drinkers,
who consume an average of 32.8 g of pure alcohol per
day’. Global per-capita alcohol consumption increased
from 1990 to 2017 and is projected to increase further
by 2030".

Alcohol use was associated with 3 million deaths
and 132.6 million disability-adjusted life years (DALY)
in 2016 alone’. Of those aged 15-49 years, 12% of male
deaths and 4% of female deaths were associated with
alcohol-related diseases and injuries in 2016 worldwide”’.
Alcohol was the seventh-leading cause for both deaths
and DALY in 2016, leading to 7% and 2% of male and
female age-standardized deaths, respectively’. Among
alcohol-attributable deaths, the highest percentage was
secondary to digestive diseases (21%) and >90% of these
were secondary to liver cirrhosis’.

Alcohol is one of the most common causes of liver
diseases worldwide and causes a wide spectrum of direct
liver injury ranging from steatosis, alcoholic hepatitis,

cirrhosis and hepatocellular carcinoma (HCC)>¢'!.
One-quarter of the global deaths due to cirrhosis in
2019 were associated with alcohol'. Liver cancer is now
the third-leading cause of cancer death worldwide". In
2019, alcohol was associated with an estimated 19% of
deaths from liver cancer globally, although this varied
markedly by region'>"". The age-standardized death rate
(ASDR) for alcohol-associated cirrhosis declined between
2012 and 2017, whereas the ASDR for alcohol-associated
liver cancer increased"”.

Given the projected increase in global alcohol expo-
sure, the burden of alcohol-associated liver disease
(ALD), cirrhosis and HCC might increase in parallel®.
In this Review, we highlight the global trends for alco-
hol consumption by country/region. We discuss epi-
demiology, trends, risk factors and projections for
alcohol-associated cirrhosis and HCC.

Overview of global alcohol consumption

The WHO Global Status Report on Alcohol and
Health, Global Burden of Disease Study and the Global
Information System on Alcohol and Health provide com-
prehensive data on alcohol exposure and have facilitated
modelling studies and projections up until 2030°>".
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Key points

¢ Global alcohol consumption per capita rose from 5.5 litres in 2005 to 6.4 litres in 2016
and is projected to increase further to 7.6 litres in 2030.

e Currently, Europe has the highest levels of alcohol consumption; however, it is
projected to be surpassed by countries/regions in the Western Pacific region by 2030.

* Alcohol was estimated to be associated with one-quarter of global cirrhosis deaths
and one-fifth of liver cancer deaths in 2019.

* Alcohol was the second-fastest-growing cause of liver-cancer deaths from 2010
t02019.

* Patients with alcohol-associated hepatocellular carcinoma (HCC) tend to present
with advanced tumours, which relates at least in part to late diagnosis and limited
access to HCC screening in comparison to other aetiologies of liver disease.

* The risk factors for the development of cirrhosis and HCC include the amount of
alcohol consumed, age, obesity, diabetes, smoking and PNPLA3 variants.

Trends in alcohol per capita consumption. Alcohol per
capita consumption (APC) is defined as alcohol con-
sumption within a calendar year in litres of pure alcohol
in people aged 15 years or older. The global APC rose
from 5.5litres in 2005 to 6.4 litres in 2016°. Between
2005 and 2016, APC rose steadily in the Western Pacific
region (4.6litres in 2005 to 7.3litres in 2016) and the
Southeast Asia region (2.1litres in 2005 to 4.5 litres in
2016)’, largely owing to increased APC in China and
India, respectively. Europe had the highest total APC in
the world in 2016, although its APC had declined over
time (12.3litres in 2005 to 9.8 litres in 2016)°. The rise in
APC in the Western Pacific and Southeast Asia might
in part be related to rising economic wealth and per
capita income, whereas measures such as the enforce-
ment of a minimum price for alcohol and increased
alcohol taxation might contribute to the decline in APC
in Europe'”'®.

Projections in alcohol per capita consumption. The global
APC is projected to increase to 7.6litres in 2030, fuelled
by increased consumption in low to middle-income
countries/regions™*. The greatest increases are antic-
ipated in the Southeast Asia region (6.9 litres in 2030)
and the Western Pacific region (9.9 litres in 2030), driven
by increasing economic wealth in highly populated
countries/regions such as India and China>*'"**'. By con-
trast, the APC in Europe is expected to fall to 9.3 litres in
2030. For each country/region, the models accounted for
economic wealth and the proportion of the population
that identified as Muslim, but not alcohol-related policies.
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In addition, the uncertainty of forecasts increases with
the length of the forecasting interval. The projected APCs
require cautious interpretation as the models used in the
projections relied on several assumptions, utilized sur-
veys for estimates of unrecorded alcohol consumption,
and did not account for potential alcohol-related policy
changes. BOX 1 provides a discussion of the limitations of
the models used to generate these estimates.

Trends in patterns of alcohol consumption. The per-
centage of current drinkers (defined by any alcohol
consumption within the previous 12 months) increased
from 45% in 1990 to 47% in 2017 globally*. Heavy epi-
sodic drinking is defined as the consumption of 60 g or
more of pure alcohol on at least one occasion at least
once per month?, whereas binge drinking has been
defined in the USA as the consumption of 70 g of pure
alcohol for men or 56 g of pure alcohol for women within
a 2-hour period, although definitions vary by region™. In
this Review, we report the degree of alcohol consumption
by grams of pure alcohol, given that the ‘standard unit’ of
alcohol differs by country/region, ranging from 8g in the
UK, to 14 g in the US and 20 g in Japan®". Binge drinking
or heavy drinking is associated with an increased risk
of developing alcohol-induced liver damage”. Across
all WHO regions, heavy episoFignifdic drinking was
most prevalent among people aged 20-24 years in 2016
(REFY), and the percentage of heavy episodic drinking in
men and women in the general population in 2017 was
29% and 11%, respectively".

Epidemiology of alcohol-associated cirrhosis

The Global Burden of Disease Study provides an over-
view of the estimated frequency of incident cases and
deaths due to alcohol-associated cirrhosis and other
chronic liver diseases (collectively referred to as cir-
rhosis in the Global Burden of Disease Study) and liver
cancer'>*®. Although the Global Burden of Disease
Study provides the only peer-reviewed estimates of
cause-specific mortality for each country/region, the
quality of data is dependent on the quality of each
country/region’s vital registration system'’. In coun-
tries/regions with missing data, the estimates rely on
modelling studies and past trends. In addition, cirrhosis
and liver cancer might have been underdiagnosed in
countries/regions with inadequate access to care and
diagnostic tools. Therefore, the estimates of cirrhosis
and liver cancer mortality might be underestimated in
countries/territories with a lower standard of healthcare
and require cautious interpretation. Globally, 25% of cir-
rhosis deaths in 2019 were estimated to be associated
with alcohol'” The highest percentage of cirrhosis deaths
for each region that were associated with alcohol was
in Europe (42%), and the lowest percentage was in the
Eastern Mediterranean region (8%)'* (TABLE 1).

Age-standardized death rates for alcohol-associated cir-
rhosis. The global estimated ASDR for alcohol-associated
cirrhosis in 2019 was 4.5 deaths per 100,000 popu-
lation (95% confidence interval (CI) 3.8-5.3)'2. The
estimated ASDRs for alcohol-associated cirrhosis in
2019 by country/territory are summarized in FIG. 1.
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Effect of COVID-19 on ALD. COVID-19 has caused
a severe burden to healthcare systems worldwide,
adversely affecting the care of patients with liver
disease’~*. National sales of alcohol increased in the
USA, resulting in an increase of 14% in the frequency
of alcohol consumption® (BOX 2). A cross-sectional
telephone survey of individuals from the UK who were
current drinkers prior to lockdown revealed that 21%
had been drinking more frequently since lockdown,
and 15% had been drinking more per session®. In the
USA, there was an increase of 107% in the rate of add-
ing patients with acute alcohol-associated hepatitis to
the liver transplant waiting list, and a 210% increase
in the rate of receipt of liver transplantation between
March 2020 and February 2021 compared with March
2018 through February 2020 (REF.*). An international
registry study of 745 patients with chronic liver disease
and SARS-CoV-2 infection reported that among vari-

Box 1 | Limitations of the predictive modelling studies used to project alcohol
per capita consumption and burden of alcohol-associated liver disease

* The models that projected global and country-level alcohol per capita consumption
(APC) to 2030 relied partially on economic projections, which are uncertain,
especially for low-income and middle-income countries/regions™'*.

* The effect of alcohol-related policies, such as taxation or a minimum price for alcohol,
were not considered in the models used to project APC to 2030 (REF.").

* The estimates of unrecorded alcohol consumption utilized in the models for
projecting alcohol-associated liver disease (ALD) burden in the USA relied on surveys
and might have been subject to underreporting bias*.

 The burden of ALD is disproportionately higher among those of lower socioeconomic
status than among those of higher socioeconomic status; however, the projections
for ALD in the USA were not stratified according to socioeconomic status’. These
projections might have underestimated the future burden of ALD among people
of lower socioeconomic status.

* The models used to develop projections for the burden of ALD in the USA did not
account for the underreporting of deaths due to ALD, which possibly resulted in an
underestimate of mortality projections”.

The estimated ASDRs in 2019 by country/territory
ranged from 0.5 deaths (95% CI 0.4-0.7) per 100,000
population in Singapore, to 29.3 deaths (95% CI
21.6-38.9) per 100,000 population in Mongolia'.
Between 2012 and 2017, there was a reduction in the
global estimated ASDR for alcohol-associated cirrho-
sis (annual percentage change —0.44% (95% CI -0.78
to —0.10)"". In our opinion, the ASDRs might be an
underestimate owing to underreporting of deaths due
to alcohol-associated cirrhosis.

Projections for mortality and morbidity due to ALD. In
the USA, alcohol has resulted in rising rates of mortal-
ity from cirrhosis, especially among individuals aged
25-34 (REF”). A modelling study utilized data from
the National Epidemiologic Survey on Alcohol and
Related Conditions, the National Institute on Alcohol
Abuse and Alcoholism, National Death Index, National
Vital Statistics System and other published data to fore-
cast outcomes from alcohol-associated liver disease
in the USA up to 2040 (REF.*). The ASDRs related to
alcohol-associated liver disease are projected to increase
from 8.2 deaths per 100,000 patient-years in 2019 to
15.2 per 100,000 patient-years by 2040, if current trends
in alcohol consumption are left unchecked. Similarly,
the age-standardized incidence of decompensated
alcohol-associated cirrhosis in the USA is projected to
increase by 77% from 9.9 cases per 100,000 patient-years
in 2019 to 17.5 cases per 100,000 patient-years in
2040%. However, the researchers used data from multi-
ple sources, and made assumptions regarding the past
rates of heavy alcohol consumption in the birth cohorts
from 1995 to 2017 owing to a lack of data; therefore,
the results of this modelling study should be interpreted
cautiously. The projected burden of ALD in the USA
might be underestimated in this study, as the models
relied partially on self-reported survey data of alcohol
consumption and did not account for underreporting
of alcohol-related deaths. The limitations of the models
used in this study are further discussed in BOX 1. There
are limited data for projected mortality and morbidity
due to ALD outside the USA.

ous causes of liver disease, ALD was the only statistically
significant independent predictor of death (adjusted OR
1.8; 95% CI 1.0-3.1, P = 0.04)*". The global burden of
ALD could increase over the next few years owing to
increased alcohol consumption during the pandemic”,
especially if the COVID-19 pandemic persists.

Epidemiology of alcohol-associated HCC

The Global Burden of Disease Study provides a compre-
hensive overview of the various aetiologies of liver cancer,
stratified by country and region'>'>*. Although this study
encompassed various histologies of liver cancer includ-
ing HCC, cholangiocarcinoma and mixed tumours,
HCC is by far the most common form of liver cancer®.
In 2019, 91,000 deaths from liver cancer were estimated
to be associated with alcohol'>'*. However, the frequen-
cies of liver cancer deaths are likely to be an underes-
timate owing to under-reporting of liver cancer during
death certification, lack of disease awareness, or lack of
diagnostic capacity in regions of low sociodemographic
index**.

Incidence of alcohol-associated HCC. The annual
incidence of alcohol-associated HCC ranges from
0.86% to 5.6% across studies*>*’ (TABLE 2). In our opin-
ion, this wide range in the reported incidence rate of
alcohol-associated HCC might be due to inter-study
differences in the prevalence of diabetes, obesity, and
severity of hepatic decompensation. Hence, the variance
in the reported incidence rate of HCC should be inter-
preted with caution and might not be generalizable to all
patients with alcohol-associated cirrhosis. A systematic
review and meta-analysis of reconstructed individual
patient data of 18 studies (148,333 patients) determined
that the cumulative incidence of HCC in patients
with alcohol-associated cirrhosis at 1-, 5- and 10-year
follow-ups was 1%, 3% and 9%, respectively*’.

A retrospective Swedish nationwide population-
based study of 2,042 patients with biopsy-proved
alcohol-associated cirrhosis evaluated patients between
1969 and 2016 and reported an average annual HCC
incidence of only 0.86% (8.6 per 1,000 patient-years)*.
HCC awareness and diagnosis rates in the earlier
years of this study were likely to be suboptimal and
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might have contributed to a lower than expected HCC
incidence. Another nationwide, population-based
study from Denmark evaluated 8,482 patients with
alcohol-associated cirrhosis®”. This retrospective cohort
study was conducted among individuals with a hospi-
tal diagnosis of alcohol-associated cirrhosis between
1993 and 2005 and also reported a low HCC incidence
of 4.0 per 1,000 patient-years. Neither the studies from
Sweden or Denmark reported data on the proportion
of patients with hepatic decompensation. It is diffi-
cult to interpret the estimates of HCC incidence in the
Swedish and Danish studies owing to the long study
period, because treatment of cirrhosis has substantially
improved over time, resulting in a reduction of cirrhosis
mortality rates but increased HCC incidence rates.

In a retrospective study of 16,175 patients with
alcohol-associated cirrhosis from the Veteran Affairs
healthcare system in the USA, the annual incidence of
HCC was 1.4%. In this study, 36.5% of patients had
decompensation (ascites, encephalopathy or variceal
bleeding). A study from Europe evaluated 652 patients
with biopsy-proven alcohol-associated cirrhosis from
22 centres in France and Belgium and found a higher
annual HCC incidence, of 2.9 per 100 patient-years". This
study had a higher percentage of patients with a history
of hepatic decompensation (65.3%), which contributes to

Table 1| Estimated deaths from alcohol-associated cirrhosis and liver cancer
in 2019

Location Number of deaths Deaths* in 2019 associated
(95% Ul) with alcohol (%)

Alcohol-associated cirrhosis

Global 371,964 (314,703-438,425) 25

Africa 39,395 (29,541-50,507) 21

Eastern Mediterranean 11,248 (7,535-15.904) 8

93,721 (80,475-106,890) 42
75,335 (65.332-87,631) 35
97,453 (78,828-119,475) 22

Europe
Americas

Southeast Asia

Western Pacific 53,918 (42,678-66,286) 21
Alcohol-associated liver cancer

Global 90,741 (73,349-109,402) 19
Africa 4,237 (3,193-5,456) 20
Eastern Mediterranean 2,814 (1,939-4,087) 10
Europe 22,215 (18,146-26,413) 35
Americas 15,019(12,424-17,533) 33
Southeast Asia 18,581 (14,371-23,435) 27
Western Pacific 27,623 (21,296-34,686) 11

*Refers to the percentage of overall deaths (cirrhosis or liver cancer) in each location

that were associated with alcohol. Ul, uncertainty interval. Data for the global and regional
frequency of deaths estimated by the Global Burden of Disease study 2019'* were obtained
from the GBD Results Tool, which is maintained by the Institute for Health Metrics and Evaluation.
The Global Burden of Disease study 2019 estimated the frequency of deaths using a multistep
algorithm that utilized International Classification of Disease diagnosis coding, a systematic
literature review to develop inputs of disease epidemiology, and a Bayesian meta-regression
modelling methodology. Where data for certain countries/regions were not available, the
Global Burden of Disease study 2019 results depended on modelling and past trends, potentially
resulting in discrepancies in the accuracy of the data. The estimated proportion of cirrhosis
and liver cancer deaths associated with alcohol were calculated by dividing the frequency of
cirrhosis or liver cancer deaths associated with alcohol by the frequency of cirrhosis and liver
cancer deaths, respectively, from all causes of liver disease.

higher incidence of HCC. Similarly, a study from Taiwan
evaluated 202 patients with alcohol-associated cirrhosis
(46% were Child-Pugh class B or C) from two tertiary
hospitals and found an annual HCC incidence of 2.1%*.
Patients with decompensated alcohol-associated cirrho-
sis should be monitored carefully for the development
of HCC where clinically appropriate.

Projected incidence of alcohol-associated HCC. The
above-mentioned modelling study from the USA pro-
vided projections for the incidence of alcohol-associated
HCC. The incidence is estimated to increase from
1.1 per 100,000 person-years in 2019 to 2.0 per 100,000
person-years in 2040, if current trends continue?®.
Data for projected HCC incidence outside the USA are
scarce. In our opinion, the estimates used in the mod-
els for alcohol-associated HCC might have underesti-
mated the projected incidence of alcohol-associated
HCC owing to underreporting of deaths secondary to
alcohol-associated HCC*»".

Percentage of liver cancer deaths attributed to alcohol.
Globally, an estimated 19% of all liver cancer deaths
in 2019 were associated with alcohol, which was lower
than for liver cancer deaths associated with hepatitis B
virus infection (40%) and hepatitis C virus infection
(29%)"*. There was marked regional variation in the
percentage of liver cancer deaths related to alcohol, with
the highest percentage found in Europe (35%) and the
lowest percentage in the eastern Mediterranean region
(10%)'* (TABLE 1). As adherence to surveillance among
patients with alcohol-associated cirrhosis is lower com-
pared with patients with cirrhosis from other causes of
liver disease, and patients with alcohol-associated cir-
rhosis often have competing medical co-morbidities that
might result in death before HCC diagnosis, the per-
centage of liver cancer deaths associated with alcohol are
likely to be an underestimate'".

Age-standardized death rates for alcohol-associated
liver cancer. The global estimated ASDR for alcohol-
associated liver cancer in 2019 was 1.1 deaths (95%
CI 0.9-1.3) per 100,000 population'>'*. The global
estimated ASDR for alcohol-associated liver cancer
increased between 2010 and 2019 (annual percentage
change 0.23%, 95% CI 0.09-0.37), and alcohol was the
second-fastest-growing cause of liver cancer deaths,
after nonalcoholic steatohepatitis'’. Estimated ASDRs
for alcohol-associated liver cancer in 2019 by country/
territory are summarized in FIG. 2. The ASDR by
country/region ranged from 0.1 deaths per 100,000
population (95% CI 0.1-0.2) in Niger to 34.2 deaths per
100,000 population (95% CI 23.1-47.8) in Mongolia.
In our opinion, these ASDRs might be underestimated
in countries/regions with a lower socioeconomic status
owing in part to alack of access to care and the diagnostic
services required for diagnosis of liver cancer.

Gaps in the care of patients with alcohol-associated HCC.
Several studies from Europe have shown that patients with
alcohol-associated liver disease present with advanced
tumours, which relates at least in part to late referrals and
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Estimated age-standardized
death rates per 100,000
people for alcohol-
associated cirrhosis
in 2019

0.0-2.4

2.5-4.9

5.0-7.4

7.5-9.9

10.0-12.4
W 12.5-14.9
B 15.0-17.4
M 20.0 and above

No data available

Fig. 1| Estimated age-standardized death rates (ASDRs) for alcohol-associated cirrhosis per 100,000 population in
2019, by country/territory. Data for the age-standardized death rate in 2019 were estimated by the Global Burden of
Disease study 2019 for each country/territory*’. These data were obtained from the GBD Results Tool, which is maintained
by the Institute for Health Metrics and Evaluation'”. Where data for certain countries or regions were unavailable, the
Global Burden of Disease Study 2019 results depended on modelling and past trends, potentially resulting in discrepancies

in the accuracy of the data.

limited access to HCC screening in comparison to other
aetiologies™ . The rate of access to screening is noticea-
bly lower than for patients with other aetiologies because
a high proportion of patients with alcohol-associated
liver disease has not been diagnosed and consequently
these patients are not in a screening programme’">>*,
In addition, patients with alcohol-associated HCC are
more likely to be diagnosed at a more advanced stage
than patients with other aetiologies™. There are multi-
ple potential reasons for a lower HCC surveillance rate
among patients with alcohol-associated cirrhosis, includ-
ing lack of disease awareness, clinic time constraints
due to other active medical issues, and provider beliefs
regarding the likelihood of adherence™. These factors
lead to lower access to curative therapies and reduction
in overall survival of alcohol-associated HCC compared
with viral-related HCC"".

A study of the USA Scientific Registry of Transplant
Recipients from 2002 to 2016 estimated the trends in the
prevalence of HCC among liver transplant candidates®. Of
the 24,431 patients with a listing diagnosis that provided
information on the aetiology of their HCC, 10.3% were
secondary to alcohol and 7.9% were secondary to a combi-
nation of alcohol and hepatitis C virus infection. Between
2002 and 2016, the prevalence of alcohol-associated HCC
among liver transplant candidates increased by 3.1-fold,
and the combination of hepatitis C virus infection and
alcohol as a cause of HCC increased by 6.4-fold. In addi-
tion, these patients have poor disease awareness and social
circumstances that further limit their access to care, which
contribute to the large discrepancy between the number

of deaths and the number of transplantations related to
alcohol-associated HCC'>”.

The combination of the anti-programmed cell death
ligand 1 (PDL1) antibody atezolizumab and the vascular
endothelial growth factor (VEGF)-neutralizing antibody
bevacizumab has been established as the current standard
of care for advanced HCC®*'. A meta-analysis of three
randomized controlled phase III trials of immunotherapy
in patients with advanced HCC determined that immuno-
therapy improved survival in the overall analysis and in
subgroup analysis for patients with viral-associated HCC,
but not in subgroup analysis for patients with non-viral
HCC (including HCC related to nonalcoholic fatty liver
disease (NAFLD) and ALD)%. However, it is unclear
whether patients with alcohol-associated HCC have
poorer response to immunotherapy, as the research-
ers of this study grouped NAFLD-related HCC and
alcohol-associated HCC together in their analysis. By
contrast, a multicentre European study (comprising of
patients from Austria, Germany, Italy and Switzerland)
of 292 patients with HCC treated with PDL1-based
immunotherapy found that aetiology of liver disease (viral
versus non-viral) was not a predictor of survival®. Further
data are required to determine whether patients with
alcohol-associated HCC derive the same degree of benefit
from immunotherapy as those with viral-associated HCC.

Risk factors

Alcohol-associated liver disease encompasses a spectrum
of diseases ranging from alcohol-associated fatty liver,
steatohepatitis and, finally, cirrhosis. Alcohol-associated
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Box 2 | Effect of the COVID-19 pandemic on alcohol-associated liver disease

 During the COVID-19 pandemic, alcohol consumption increased in the USA, UK,
Canada, Poland and Belgium****'****! owing to isolation and social distancing.

¢ In a survey in Belgium, 6% of people who were previously non-drinkers before the
pandemic started to consume alcohol during COVID-19-induced lockdowns, and
14% of participants in a Polish survey, who regarded themselves as not addicted to
alcohol, increased their intake of alcohol during quarantine****'.

* Lockdown was a risk factor for relapse among abstinent patients with a history of
alcohol-use disorder’*’.

e Clinic visits, liver cancer surveillance imaging and hospitalizations for liver disease

in general declined dramatically in the initial phase of the pandemic in the USA;
however, there was increased severity of liver disease among hospitalized

patients”*'*.

* In the USA, there was a 107% and 210% increase in new listings and transplants,
respectively, for cases of alcohol-associated hepatitis between March 2020 to
February 2021 compared with March 2018 through February 2020 (REF.**). The
number of deaths in the USA with an underlying cause of alcohol-associated liver
diseases increased by 22% between 2019 and 2020 (REF."*%).

* An international registry study of 745 patients with chronic liver disease and
SARS-CoV-2 infection reported that alcohol-associated liver disease was an
independent predictor of death®.

* Patients with alcohol-associated cirrhosis have elevated levels of endotoxins, tumour
necrosis factor (TNF) and increased gut permeability, potentially predisposing them
to higher risks of mortality in the setting of SARS-CoV-2 infection'*.

fatty liver develops in more than 90% of individuals who
drink more than 60 g of pure alcohol per day, even in the
absence of obesity®. Up to 35% of hospitalized patients
with ALD have alcohol-associated steatohepatitis®.
In a study of 330 consecutive patients from Denmark
who consumed more than 50 g of pure alcohol per day
for more than one year and underwent a liver biopsy,
18% of patients either had histology consistent with
cirrhosis, or suspicious for cirrhosis®. Although most
people who regularly consume heavy amounts of
alcohol develop alcohol-associated fatty liver disease,
only a small proportion go on to develop cirrhosis
or cancer, which suggests that genetics and environ-
mental factors have an important role in determining
susceptibility to advanced liver disease”. The pathogen-
esis of alcohol-associated cirrhosis and HCC has been
reviewed elsewhere and is summarized in® FIC. 3. The
risk factors for alcohol-associated cirrhosis and HCC
include age, sex, obesity, amount, pattern and duration
of alcohol consumption, genetics and gut microbial
dysbiosis™*"" (FIC. 4).

Sex. Women are more susceptible than men to
alcohol-induced liver injury, although the exact mech-
anisms are still unclear®®"'. In a prospective study
(n=13,285) conducted in Denmark, an increased risk of
developing alcohol-associated liver disease and cirrho-
sis was observed when alcohol consumption exceeded
168 g of alcohol per week for men and 84 g per week
for women™. In the prospective Million Women Study
conducted in the UK among 401,806 women, consum-
ing approximately 100 g of alcohol per week or more
was associated with an increased risk for cirrhosis in
women, compared with consuming only 12 g of alcohol
a week”. Despite the greater susceptibility of women to
alcohol-induced liver injury, the global prevalence of

alcohol-associated cirrhosis is lower in women, com-
pared with men, owing to their substantially lower levels
of alcohol consumption™*.

Among patients with alcohol-associated cirrhosis, the
incidence of HCC is higher among men. In the previously
mentioned study of patients with alcohol-associated
cirrhosis in Denmark, the HCC incidence (per 1,000
patient-years) was 5.8 and 0.7 in men and women,
respectively*. Similarly, a study from France analysed
652 patients with alcohol-associated cirrhosis and found
that male sex was an independent predictor for HCC
development (adjusted HR 2.66; 95% CI 1.12-6.32)"".
A prospective study of 55,917 individuals from the
Danish Diet, Cancer and Health study demonstrated
that compared with non-drinkers, the hazard ratio for
cirrhosis increased disproportionately in women versus
men as the volume of alcohol consumed increased’.
These studies collectively emphasize that women are
more susceptible to alcohol-induced liver injury than
men. However, as alcohol consumption is substantially
higher in men, ASDRs of alcohol-associated liver cancer
are higher in men compared with women, globally”.

Obesity. A prospective study of 9,559 men from Scotland
found that obesity was an independent predictor of liver
disease mortality in men who consumed at least 120 g of
alcohol per week (adjusted relative risk 18.9; 95% CI 6.84
to 52.4)°. In this study, alcohol and obesity interacted
in a synergistic manner (synergy index 2.89). Similarly,
a population-based study (n=2,364 participants) in
California found that consuming more than 30g of
pure alcohol per day, and the presence of obesity, were
both independently associated with elevation of serum
alanine aminotransferase levels”. In this study from
California, the combination of both factors (consuming
more than 30g of pure alcohol per day and the presence
of obesity) appeared to have a multiplicative effect on
increasing alanine aminotransferase levels. In addition,
a population-based study of 13,580 individuals in the
USA determined that the consumption of 14 g of alcohol
per day was associated with a substantial risk of elevation
in serum alanine transaminase levels in individuals with
obesity’. In a French cohort of 268 patients with heavy
alcohol consumption, BMI was an independent risk fac-
tor for liver fibrosis (r=0.11+0.04; P<0.002)”°. These
studies provide clear evidence that obesity potentiates
the toxic effects of alcohol and hastens progression to
cirrhosis.

Besides being a strong risk factor for cirrhosis, obe-
sity is also an independent risk factor for HCC develop-
ment. A prospective, population-based study of 23,712
Taiwanese residents determined that the presence of
alcohol drinking (defined in this study as the consump-
tion of alcohol for at least 4 days per week for at least
1 year) and obesity resulted in an increased risk of inci-
dent HCC (adjusted HR 3.82; 95% CI 1.94-7.52), with a
multiplicative interaction between alcohol and obesity®.
In a study of 2,260 Taiwanese men with chronic hepatitis
B virus infection, alcohol use (defined in this study as
the consumption of alcohol for at least 4 days per week
for at least 1 year) and obesity had synergistic effects to
increase the risk of incident HCC, with an increased risk

42| JANUARY 2023 | VOLUME 20

www.nature.com/nrgastro



for each unit increase in BMI*'. A study of 622 patients
with HCC from the USA that compared past weight and
height (self-reported) of HCC cases against healthy con-
trol individuals determined that early-adult obesity was
associated with an increased risk of developing HCC at
a younger age, with each unit increase in BMI at early
adulthood associated with a 3.9-month decrease in age

at HCC diagnosis*. An analysis of the United Network
for Organ Sharing database showed that obesity was
an independent risk factor for HCC in patients with

REVIEWS

alcohol-associated cirrhosis (adjusted HR 3.2; 95%
CI 1.5-6.6)%. A study from France followed up 478
patients with biopsy-proved alcohol-associated cirrho-
sis and found 108 incident HCCs; the researchers also

Table 2 | Selected studies reporting incidence of hepatocellular carcinoma in alcohol-associated cirrhosis

Study

Hagstrom
etal.”?
(2021)

Jepsen
etal.”
(2012)

Mancebo
etal®’
(2013)

Ganne-
Carrié
etal.”
(2018)

N’Kontchou
etal.®
(2006)

Sharma
etal.'”®
(2017)

loannou
etal.®
(2019)

Toshikuni
etal.'”!
(2009)

Kodama
etal.'”’
(2013)

Linetal.*®
(2013)

Study
period

1969-
2016

1993-
2005

1992-
2010

2010-
2016

1994—
2004

2000-
2009

2012-
2018

1997-
2007

1990-
2010

2000—
2011

Country/ Study population

region

Sweden

Denmark

Spain

France

France

Canada

USA

Japan

Japan

Taiwan

National,
population-based
study of 2,042 patients
with cirrhosis; median
age 59.1;67.9% male

Nationwide,
population-based
cohort study of
8,482 patients with
cirrhosis; median age
at cirrhosis diagnosis
54.4;66.7% male

450 patients with
cirrhosis on follow up
at a tertiary centre;
mean age 53.9;

82% male

652 patients with
cirrhosis from 22
French and Belgian
centres; median age
58.4;67.5% male

478 patients with
cirrhosis from a tertiary
hospital; mean age
49.7; 70% male

228 patients with
cirrhosis seen at a
tertiary hospital; mean
age 55.3; 77% male

16,175 patients with
cirrhosis identified
from the Veteran
Affairs healthcare
system; mean age 62.9;
97.9% male

75 patients with
cirrhosis from a tertiary
hospital; median age
59; 89.3% male

85 patients with
cirrhosis from a tertiary
hospital; mean age
55.0; 88% male

202 patients from
two tertiary hospitals;
median age 49.3;
82% male

Definition of
cirrhosis

Histology

ICD codes

Histology or
presence of
varices

Histology

Histology

Combination of
APRI/FIB-4 and
chart review

ICD codes

Histology, clinical
orimaging findings

Histology

Imaging, histol-
ogy, varices, or
thrombocyto-
paenia

Number of Presence of risk

incident

HCC
111

169

62

43

108

20

871

21

factors

21.4% of patients
had T2DM

Not specified

26.4% of patients
had T2DM; mean
BMI 28.7 kg/m?;
74.7% with previous
decompensation

22.5% of patients
had T2DM; 75.8%
active or past
smokers; 68% with
BMI>25kg/m?;
65.3% with previous
decompensation

31% patients with
T2DM; mean BMI
25.6kg/m?

Not specified

35.5% of patients
had T2DM; mean
BMI 28.5kg/

m?; 36.5% with
decompensation

38.7% of patients
had T2DM; no
decompensated
patients

35.0% of patients
had T2DM; 67.1%
smokers; 33%
Child-Pugh B or C;
17.6% of patients
had obesity

46% Child-Pugh
BorC

Follow-up HCC

(years)

4.5

4.1

3.5

2.4

4.2

4.7

3.7

3.5

5.2

incidence

8.6 per 1,000
patient years;

4.0 per 1,000
patient years;

Annual
incidence
2.6%;

2.9 per 100
patient years

5.6 per 100
person-years

18.4 per 1,000
patient years

Annual
incidence
1.44%

Annual
incidence
0.6%

12.3% after
5years

Annual
incidence
2.1%;

ICD, International Classification of Diseases; BMI, body mass index. Studies were selected to show data from a variety of geographical locations. The WHO defines
a‘normal range’ of BMI as 18.5-24.9 kg/m? and 18.5-22.9 kg/m? for non-Asian populations and Asian populations, respectively'”’.
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Estimated age-standardized
death rates per 100,000
people for alcohol-
associated liver cancer
in 2019

0.0-0.9

1.0-1.9

2.0-2.9

3.0-3.9
M 4.0 and above

No data available

& 3

Fig. 2 | Estimated age-standardized death rates (ASDRs) for alcohol-associated liver cancer per 100,000 population
in 2019, by country/territory. Data for the age-standardized death rate in 2019 were estimated by the Global Burden of
Disease Study 2019 for each country/territory'”. These data were obtained from the GBD Results Tool maintained by the
Institute for Health Metrics Evaluation'"?. Where data for certain countries or regions were unavailable, the Global Burden
of Disease Study 2019 results depended on modelling, potentially resulting in discrepancies in the accuracy of the data.
These ASDRs may be an underestimate owing to underreporting, especially in countries/regions with a lack of access to
the diagnostic services required for the diagnosis of liver cancer.

concluded that high BMI was an independent predictor
for HCC occurrence®. Likewise, a USA Veteran Affairs
healthcare system study analysed data from 16,175
patients with alcohol-associated cirrhosis and found that
BMI>25.2kg/m? was an independent predictor for HCC
development®. These studies collectively demonstrate
that the presence of obesity is a strong and independent
predictor of HCC development in alcohol-associated
cirrhosis.

Diabetes mellitus. Type 2 diabetes mellitus (T2DM) is a
risk factor for the development of cirrhosis owing to the
pro-fibrogenic effect of glucose on hepatic stellate cells
and subsequent induction of chronic inflammation®-*.
A study of 268 patients with alcohol use disorder who
underwent liver biopsy determined that fasting glu-
cose independently correlated with liver fibrosis score
(r=0.115+0.045, P<0.011)”. In the previously men-
tioned French study of patients with alcohol-associated
cirrhosis, the presence of T2DM (adjusted HR 1.6; 95%
CI 1.1-2.3; P=0.029) was an independent predictor for
HCC®. Similarly, the USA study conducted within the
Veteran Affairs healthcare system found that T2DM was
an independent predictor for HCC development (adjusted
HR 1.46; P<0.001)*. Taken together, these findings indi-
cate that the presence of T2DM increases the risk of HCC
by approximately 50% in patients with alcohol-associated
cirrhosis. Efforts should be undertaken to screen indi-
viduals with heavy alcohol consumption for diabetes to
identify patients at higher risk of cirrhosis and HCC.

Pattern and degree of alcohol consumption. A meta-
analysis of 5,505 individuals (from the USA, Italy,
Denmark, the UK and China) with alcohol-associated
cirrhosis demonstrated that the risk of cirrhosis
increased exponentially in women with any degree
of alcohol consumption, whereas for men the risk
increased only beyond consumption of 12 g of alcohol
per day®. A study of 55,917 individuals from Denmark
found that the risk of alcohol-associated cirrhosis in men
was higher for daily drinkers compared with those who
drink 2-4 days a week (HR 3.65; 95% CI 2.39-5.55)"".
The Million Women Study from the UK found that daily
consumption of alcohol was associated with a higher risk
for cirrhosis compared with non-daily consumption
(RR 1.61, 95% CI 1.40-1.85; P<0.0001)”. In addition,
alcohol consumption with meals was associated with
a lower risk for cirrhosis versus alcohol consumption
outside meals (RR 0.69, 95% CI 0.62-0.77; P<0.0001),
after adjusting for the volume of alcohol consumed”.
The researchers speculated that consuming alcohol with
meals might result in delayed gastric emptying and less
rapid absorption in the intestines, leading to lower blood
alcohol concentrations. Additional studies are needed
to validate this hypothesis*’. Individuals who consume
heavy amounts of alcohol daily are at the highest risk
of cirrhosis and subsequent HCC®*. Countries/regions
with a rising burden of alcohol-associated cirrhosis
and HCC should consider policies to reduce heavy
alcohol consumption, such as the enforcement of a
minimum price for alcohol, increased alcohol taxation
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and implementation of alcohol advertising bans'®*.

In addition, resources should be provided to primary
healthcare providers to enable screening for alcohol-use
disorders to aid early detection and treatment of ALD
before the development of cirrhosis and HCC’*.

Smoking. Smoking increases the risk of advanced
liver fibrosis and cirrhosis, potentially by activation of
hepatic stellate cells through nicotinic acetylcholine
receptors”. In addition, smoking results in the devel-
opment of 4-aminobiphenyl-DNA adducts, which
increases the risk of HCC”'. A population-based study
from Denmark involving 18,479 individuals determined
that smoking was associated with an increased risk of
alcohol-associated cirrhosis (adjusted HR 3.9; 95%
CI 1.6-9.4; P=0.001)*. Similarly, a study of 128,934
individuals from California, USA, found that cigarette
smoking was independently associated with three times
the risk (P<0.05) of alcohol-associated cirrhosis in the
general population®.

Smoking is an established risk factor for the devel-
opment of HCC in general. A study of 1,423 patients
with HCC (not specific to alcohol-associated HCC)
from a consortium of 14 prospective USA cohort
studies found that current smokers had an increased
risk for HCC (HR 1.86; 95% CI 1.57-2.20), compared
with those who have never smoked”. In addition, the
researchers reported that previous smokers who had

CD8* T cell
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ceased smoking for more than 30 years had a similar
risk of HCC to those who have never smoked. A system-
atic review involving 81 studies reported that the pooled
odds ratio for HCC development in current smokers
was 1.55 (95% CI 1.46 to 1.65; P<0.00001) compared
with non-smokers”. Studies investigating the interac-
tion between alcohol and smoking have produced con-
flicting results; for example, a study of 693 individuals
in Greece reported a multiplicative effect of drinking
and smoking in the development of HCC®”, whereas
a Korean study of 1,283,112 individuals did not find
any interaction between smoking and drinking on the
risk of HCC development'”. Collectively, these studies
indicate that smoking increases the risk of developing
alcohol-associated cirrhosis and HCC in general; there-
fore, care providers should advise smoking cessation for
patients with heavy alcohol consumption.

Genetics. A growing body of evidence demonstrates
that the susceptibility to developing ALD and alcohol-
associated HCC is influenced by genetic factors.
A genome-wide association study (GWAS) was per-
formed in individuals of European descent and included
712 patients with alcohol-associated cirrhosis and 1,426
individuals who drink heavily without liver disease''.
The researchers showed that rs738409 in the gene encod-
ing patatin-like phospholipase domain-containing 3
(PNPLA3) was a major determinant of susceptibility

Kupffer cell

Immune tumour
surveillance

[ Alcohol _pug

¢ Microbial dysbiosis
* Increased LPS

A%_

° Inﬂammatory
cytokmes

D

IL-6-STAT

TNF-NF-xB

///_
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\

) ( CYP2E1]

‘ Acetaldehyde }—’ ‘ Acetate }—’ m

Hepatic stellate cell

Carcinogenesis
* DNA adducts

¢ DNA mutagenesis

* DNA hypomethylation

Fig. 3| Pathogenesis of alcohol-associated cirrhosis and alcohol-associated hepatocellular carcinoma. Alcohol is
metabolized to acetaldehyde by alcohol dehydrogenase (ADH) and cytochrome P450 2E1 (CYP2E1) within hepatocytes'”,
resulting in the formation of reactive oxygen species (ROS), which activates hepatic stellate cells and leads to fibrosis in
conjunction with acetate. Acetaldehyde triggers inflammation, forms DNA adducts and results in DNA hypomethylation,
which leads to hepatocarcinogenesis'”®. Formation of ROS also leads to the formation of DNA adducts via lipid peroxidation

and subsequent carcinogenesis'*®

. Alcoholinduces microbial dysbiosis and alters gut permeability, enabling translocation

of lipopolysaccharide (LPS) and gut bacteria to the liver'*. This translocation results in the activation of Kupffer cells and
production of pro-inflammatory cytokines and chemokines, which promotes fibrosis and activation of the oncogenic
interleukin-6 (IL-6)-signal transducer and activator of transcription 3 (STAT) and tumour necrosis factor (TNF)-nuclear

127

factor-kB (NF-kB) pathways
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towards developing cirrhosis (OR 2.19, 95% CI 1.97-
2.43; P=1.54x10~*) after heavy alcohol consumption'”.
A meta-analysis of five studies studying patients
with alcohol-associated cirrhosis showed a higher
prevalence of the PNPLA3 rs738409 GG genotype
compared with the CC genotype, compared with
healthy controls (OR 3.37 95% CI 2.49-4.58)'”. This
meta-analysis also demonstrated that the rs738409 GG
genotype had a higher prevalence among patients with
alcohol-associated cirrhosis with HCC (OR 2.81, 95% CI
1.57-5.01) compared with the CC genotype. PNPLA3
has an important role in lipid metabolism'®. Further
studies are required to clarify how it influences the
pathogenesis of alcohol-associated cirrhosis and HCC.
In addition, the GWAS study mentioned earlier'" iden-
tified variants in the membrane-bound O-acyltransferase
domain-containing protein 7 (MBOAT?) (OR 1.35,
95% CI 1.23-1.49) and transmembrane 6 superfam-
ily member 2 (TM6SF2) (OR 1.72, 95% CI 1.44-2.04)
gene loci as additional factors influencing the risk of
alcohol-associated cirrhosis.

A GWAS and meta-analysis involving 1,128 indi-
viduals of European ancestry from Europe, the USA
and Australia reported a novel locus at rs374702773 in
FAS-associated factor 2 (FAF2) (OR 0.61, P=2.56 x 107%)
that was protective against the development of alcohol-
associated cirrhosis'”. FAF2 influences a lipid path-
way and helps to regulate lipid droplet organization®*.
Additional studies are required to define its role in the
development of cirrhosis.

A 2021 case-control GWAS of European patients
compared 775 patients with alcohol-associated HCC
with 1,332 control individuals with ALD without
HCC'. The researchers identified a risk locus on chro-
mosome 1 involving the WNT3A and WNT9A genes
(both of which are involved in the WNT-B-catenin
pathway) and determined that the WNT3A-WNT9A
rs708113[T] minor allele was associated with a

Genetic susceptibility

ttern and degree

consumption
Smoking

Diabetes ———————— Obesity
Older age
Gut microbiome
Gender

Fig. 4| Risk factors for alcohol-associated cirrhosis and alcohol-associated
hepatocellular carcinoma (HCC). Older age, degree and pattern of alcohol
consumption, diabetes, obesity, gut microbial dysbiosis, genetic susceptibility and
smoking are risk factors for the development of alcohol-associated cirrhosis

and alcohol-associated HCC.

lower risk of developing alcohol-associated HCC.
Alcohol-associated HCC is associated with somatic
mutations in ARIDIA, CTNNBI1, SMARCA2 and TERT
in clinical studies, however, genetic data have yet to be
integrated into routine clinical risk assessment mod-
els for patients with alcohol-associated cirrhosis'*'"".
Collectively, these data demonstrate that genetic risk
scores might help to risk stratify patients with ALD and
might help identify patients who are at a higher risk
of developing cirrhosis and HCC. Those identified to
be at a higher risk could benefit from HCC screening
and surveillance. Further research is needed to better
define the role of genetic testing in HCC screening and
surveillance.

The gut microbiota. Alcohol disrupts the intestinal bar-
rier, predisposes individuals to gut dysbiosis, and causes
an influx of endotoxins and inflammatory cytokines
to the liver'”'"°. Among individuals with alcohol-use
disorder, there is a decrease in abundance of the
Ruminococcaceae family and an increase in abundance
of the Lachnospiraceae family, along with increased
intestinal permeability'’’. Transplanting human intes-
tinal microbiota from a patient with severe alcoholic
hepatitis into conventional mice resulted in substantially
greater liver inflammation compared with mice who had
been transplanted with microbiota from a patient with
alcohol-use disorderwithout hepatitis''’. In addition,
chronic alcohol feeding in mice resulted in increased
levels of unconjugated bile acids in the small intestine''”.
One study compared actively drinking patients (with
AUDIT score > 8; REF.'®) with alcohol-associated cir-
rhosis (n=37) against patients with cirrhosis who were
abstinent (n=68), as well as healthy control individu-
als (n=34), and reported a toxic intestinal milieu with
substantially higher markers of intestinal and systemic
inflammation in patients with cirrhosis who were actively
drinking'"". The researchers proposed that dysbiosis
in patients with cirrhosis leads to farnesoid X receptor
activation, which, by increasing circulating bile acids,
further damages the intestinal barrier and results in a
vicious cycle of increased endotoxin and inflamma-
tory cytokine delivery to the liver'®. Further studies
are needed to characterize the intestinal microbiota in
patients with alcohol-associated cirrhosis and to deter-
mine subgroups of patients that might benefit from
therapies targeting the gut microbiota'".

In a study, the gut microbiota was characterized in
150 patients with HCC, 40 patients with cirrhosis and
131 healthy control individuals''®. The investigators
found that microbial diversity was lower in patients with
cirrhosis than in healthy control individuals, but higher
in patients with early-stage HCC compared with cirrho-
sis. Among patients with early-stage HCC, levels of gen-
era belonging to butyrate-producing bacterial families
decreased, whereas Klebsiella and Haemophilus species,
which produce lipopolysaccharide (LPS), increased.
A reduction in bacteria protecting the intestinal barrier
(butyrate-producing bacterial families) and increased
LPS delivery to the liver activates the NF-kB pathway,
increases levels of pro-inflammatory cytokines (tumour
necrosis factor (TNF), IL-6 and IL-1) and triggers
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Box 3 | Future directions

* Many studies on alcohol-associated liver disease (ALD) utilize varying definitions of
a ‘standard’ drink, which makes comparison between studies difficult. Future studies
should standardize reporting of alcohol consumption in terms of grams of alcohol

consumed.

 Data on projections for the burden of alcohol-associated cirrhosis and alcohol-
associated hepatocellular carcinoma (HCC) outside the USA are limited, and more
studies are required. Modelling studies that project the burden of ALD should
consider various scenarios of alcohol-related policies to estimate the potential

effect of each policy.

e It is unclear whether patients with alcohol-associated HCC and patients with viral-
associated HCC have a similar treatment response to immunotherapy, and more

data are required.

e Further research is needed to better define the role of genetic testing in HCC
screening and surveillance in patients with ALD.

e Further study of the genetic landscape and gut microbiota of alcohol-
associated cirrhosis and alcohol-associated HCC might reveal potential

therapeutic targets.

hepatocarcinogenesis''”'**. More data are required spe-
cifically in alcohol-associated HCC to better define the
link between the gut microbiome and HCC to discover
biomarkers and therapeutic targets. BOX 3 summarizes
future directions for research in alcohol-associated
cirrhosis and HCC.
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Conclusion

Globally, the consumption of alcohol has increased in
the past two decades and is projected to increase fur-
ther by 2030. Europe currently has the highest levels of
alcohol consumption; however, this is projected to be
surpassed by countries/regions in the Western Pacific
by 2030. Alcohol is one of the leading causes of cirrhosis
worldwide, accounting for an estimated one-quarter of
cirrhosis deaths and one-fifth of liver cancer deaths. The
burden of ALD is projected to increase in the USA, but
projections for ALD burden outside the USA are lim-
ited. The risk factors for the development of cirrhosis
and HCC include degree of alcohol consumption, sex,
age, obesity, diabetes, PNPLA3 variants and gut micro-
bial dysbiosis. Measures are required to slow the rising
trend of alcohol consumption to reduce the burden of
alcohol-associated cirrhosis and HCC.

Data availability

Data for TABLE 1, FIG. | and FIG. 2, estimated by the Global
Burden of Disease study 2019'?, were obtained from the
GBD Results Tool'"”, which is maintained by the Institute
for Health Metrics and Evaluation. Raw data are available
upon request.
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