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Abstract

Sections

Cirrhosisis animportant cause of morbidity and mortality in people with
chronicliver disease worldwide. In 2019, cirrhosis was associated
with 2.4% of global deaths. Owing to the rising prevalence of obesity and
increased alcohol consumption on the one hand, and improvements
inthe management of hepatitis B virus and hepatitis C virus infections
onthe other, the epidemiology and burden of cirrhosis are changing.

In this Review, we highlight global trends in the epidemiology of
cirrhosis, discuss the contributions of various aetiologies of liver
disease, examine projections for the burden of cirrhosis, and suggest
future directions to tackle this condition. Although viral hepatitis
remains the leading cause of cirrhosis worldwide, the prevalence

of non-alcoholic fatty liver disease (NAFLD) and alcohol-associated
cirrhosis arerisingin several regions of the world. The global number
of deaths from cirrhosis increased between 2012 and 2017, but age-
standardized death rates (ASDRs) declined. However, the ASDR for
NAFLD-associated cirrhosis increased over this period, whereas ASDRs
for other aetiologies of cirrhosis declined. The number of deaths from
cirrhosisis projected toincrease in the next decade. For these reasons,
greater efforts are required to facilitate primary prevention, early
detection and treatment of liver disease, and to improve access to care.
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Key points

o Hepatitis C virus (HCV) infection remains the leading cause of global
deaths related to cirrhosis, followed by alcohol-associated liver disease.

e The global burden of cirrhosis associated with non-alcoholic fatty
liver disease (NAFLD) has increased substantially in the past decade.

¢ In the Americas, the dominant cause of cirrhosis is shifting from viral
hepatitis to NAFLD and alcohol-associated liver disease.

e The COVID-19 pandemic has set back progress in the elimination of
HCV and hepatitis B virus, and most countries are not on track to meet
the WHO viral hepatitis elimination targets.

e The focus of care should be shifted upstream towards primary
prevention and early detection of liver disease to reduce the global
burden of cirrhosis.

Introduction

Cirrhosis is an important cause of morbidity and mortality among
patients with chronic liver disease’. Cirrhosis can lead to hepatocellu-
lar carcinoma (HCC) and hepatic decompensation, including ascites,
hepatic encephalopathy and variceal bleeding'”, and isaleading cause
of death worldwide — it was associated with 2.4% of global deaths in
2019 (ref. 8). The major aetiologies of cirrhosis are hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection, alcohol-associated liver
disease and non-alcoholic fatty liver disease (NAFLD)"'°, However,
the past decade has seen major changes in the aetiology and burden
of liver disease™ .

Increasing HBV vaccination coverage and improved availability
of effective antivirals against HBV have contributed to a reductionin
the global age-standardized death rates (ASDRs) for HBV-associated
cirrhosis'>7%°, Similarly, since 2015, safe and effective directly acting
antivirals (DAAs) have revolutionized treatment of HCV infection,
althoughthe fullimpact of DAAs on the global burden of HCV-associated
cirrhosisis unclear'>* >, Despite the rising consumption of alcohol**?,
ASDRs for alcohol-associated cirrhosis have decreased, although
under-reporting and under-diagnosis are a concern?®. By contrast,
the obesity and diabetes epidemic has led to a rapid rise in the prev-
alence of NAFLD, and ASDRs for NAFLD-associated cirrhosis have
increased®.

Estimates of the global burden of cirrhosis and of the contributions
made by various causes of liver disease areimportant for practitioners,
researchers and health-care policymakers to inform clinical practice,
provide directions for research and guide the use of resources, respec-
tively. In this Review, we highlight global trends in the epidemiology
of cirrhosis, discuss the contributions of various aetiologies of liver
disease, examine projections for the burden of cirrhosis, and suggest
future directions for reducing the burden of cirrhosis.

Prevalence of cirrhosis

The Global Burden of Disease (GBD) Study provides a comprehen-
sive overview of the estimated global burden of cirrhosis and chronic
liver diseases (which are collectively referred to as cirrhosis inthe GBD
Study)”?®.Inthe GBD Study 2017, the estimated number of people with
compensated cirrhosis was 112 million worldwide, corresponding to

an age-standardized global prevalence of compensated cirrhosis of
1,395 cases per 100,000 population'.

The data used in the GBD Study depended on the quality of each
country’sregistry”, and where data were not available, modelling was
used to extrapolate from previous trends. Such extrapolation could
have introduced bias, whichwould have reduced the accuracy of these
prevalence estimates. In regions with lower standards of health care,
cirrhosisislikely tobe under-reported owing to alack of disease aware-
ness and access to care. Inlight of these limitations, interpretation of
data from the GBD Study requires caution, but the study remains an
important source of information about the burden of cirrhosis.

Several country-specific, population-based studies conductedin
Europe have examined the prevalence of cirrhosis on the basis of non-
invasive tests. Estimates of prevalence in these studies have ranged
from 0.3% to 0.8%*. However, such data on the global prevalence of
cirrhosis are limited.

Aetiologies of liver disease

The prevalence of HBV and HCV infection among individuals with cir-
rhosis was estimated in a large systematic review and meta-analysis
of 520 studies (including 1,376,503 individuals from 86 countries or
territories) published between 1993 and 2021 (ref. 30). Although the
primary aim of this study was to evaluate the prevalence of HBV and HCV
infection, data on heavy alcohol consumption and NAFLD were also
reported where available. The analysis included only studies of unse-
lected patients with cirrhosis, who were assumed to berepresentative
of the population at each centre.

Globally, among individuals with cirrhosis, 42% had HBV infection
and21%had HCVinfection. By WHO region, the prevalence of HBV infec-
tion among patients with cirrhosis was highest in the Western Pacific
region (59%) and lowest in the Americas (5%), whereas the highest preva-
lence of HCVinfection among patients with cirrhosis wasin the Eastern
Mediterraneanregion (70%) and the lowest wasin Africaand the Western
Pacific (both 13%). The proportion of patients with cirrhosis and heavy
alcoholusewas highin Europe (16-78%) and the Americas (17-52%) and
was generally lower in Asia (0-41%). Data on the prevalence of NAFLD
among patients with cirrhosis in this study were more limited, but esti-
matesranged from 2% in South Koreaand Brazil to 18% in Canada (when
considering estimates based on at least three studies). The dominant
reported cause of cirrhosis varied by country (Fig.1).

Interpretation of the datafromthis large meta-analysis requires cau-
tion. The primary aim of the meta-analysis was to evaluate the prevalence
of viral hepatitis, rather than heavy alcohol use or NAFLD, in cirrhosis,
sostudiesrelevant to alcoholuse and NAFLD might have been omitted.
In addition, many of the included studies did not account for multiple
aetiologies of cirrhosis. We speculate that cirrhosis has more than one
cause in a substantial proportion of patients, particularly considering
the growing prevalence of obesity andincreasing alcohol consumption.

Inaddition, the concept of metabolic-associated fatty liver disease
(MAFLD) is likely to alter the apparent aetiology of cirrhosis. MAFLD
is defined — on the basis of recently proposed criteria®~? — as hepatic
steatosis with obesity, type 2 diabetes mellitus or other factors associ-
ated withmetabolic dysfunctionwithout the need to exclude alternative
causes of chronic liver disease, such as viral hepatitis or alcohol con-
sumption®. Data on the global burden of MAFLD-associated cirrhosis
are limited, but we speculate that the burden of MAFLD-associated
cirrhosis will increase over time owing to an increasing proportion of
individuals withmore than one cause of liver disease, such as concomi-
tantalcohol consumptionand NAFLD, or concomitant NAFLD and viral
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Fig.1|Dominant reported aetiology of cirrhosis from 1993 to 2021. Data were obtained from a systematic review of cirrhosis thatincluded studies published during

the period 1993-2021 (ref. 30).

hepatitis. Finally, as the studies included in this meta-analysis spanned
nearly 30 years, the datamight notreflect the trends in the past decade.

Trends in the aetiology of cirrhosis
Studies fromacross the world provide insights into trends in the aetiol-
ogy of cirrhosis (Supplementary Table 1); these trends are discussed
by WHO region in the sections that follow. Many of the larger studies
conducted in North America, Europe and the Western Pacific were
based on data from administrative disease registries and relied on
International Classification of Diseases (ICD) codes (Box 1) to identify
cases of cirrhosis; this approachis susceptible to biasrelated toincom-
pleterecords orincorrect coding. By contrast, studies in whichclinical
criteriaand chart review were used toidentify cases of cirrhosis are less
susceptible to bias, but many such studies included modest sample
sizes and, consequently, might not fully reflect trends in aetiology.
Similarly, the definitions of NAFLD-associated cirrhosis varied
across studies, so interpretation of data based on these definitions
requires caution. Criteria for NAFLD as a cause of cirrhosis have been
proposed to enable consistent enrolment into clinical trials®. These
criteriaenable categorization of the likelihood that NAFLD is the cause
of cirrhosis (definite, probable or possible) on the basis of histological
evidence and metabolicrisk factors®. However, these criteria have not
been uniformly adopted and might require further validation.

The Americas

Multiple studies conducted in the Americas indicate a shift in the
dominant cause of cirrhosis over the past 10-20 years. In a population-
based study conductedinIndiana, USA, analysis of the incident cases of

cirrhosis from 2004 to 2014 (n = 9,261)" identified increasesin the pro-
portion of patients with alcohol-associated cirrhosis (0.8% per year) and
NAFLD-associated cirrhosis (0.6% per year), whereas the proportion
withviral hepatitis decreased by 1.4% per year™. In a prospective study in
1,717 people with cirrhosis at five hospitals in Texas, USA, between 2016
and 2019, the major causes of cirrhosis were cured HCV infection (33%),
alcohol consumption (31%) and NAFLD (23%), highlighting the shift
away from active viral hepatitis as the dominant cause of cirrhosis*.
Similarly, inan analysis of population-based administrative health-care
data from 159,549 people with cirrhosis in Ontario, Canada, the most
common causes of incident cirrhosis between 2000 and 2017 were
NAFLD (53%) and alcohol consumption (24%)*. However, this study
differed from other studies conducted in Canada, in which theleading
cause of cirrhosis was HCV infection — some degree of misclassifica-
tion bias might have contributed to the high estimated proportion of
cirrhosis caused by NAFLD**%,

Changes in the aetiology of cirrhosis over time in Mexico were
assessed in a study including 4,584 people who were diagnosed with
incident cirrhosis in six tertiary hospitals between 2000 and 2019
(ref. 38). In this study, diagnostic criteria for MAFLD**?, rather than
NAFLD, were used. MAFLD was identified as the third most common
cause of incident cirrhosis in 2000 (14%) but had become the lead-
ing cause of incident cirrhosis (36%) in2019. By contrast, HCV infection
was the leading cause of cirrhosis in 2000 (45%) but had declined by
2019 (11%). The proportion of cirrhosis cases due to alcohol consump-
tion increased from 28% to 33% during the study period. However,
the way in which patients who fulfilled the criteria for MAFLD and
had concomitant viral hepatitis or high alcohol consumption were
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classified was not clear®®. Finally, a study of the United Network for
Organ Sharing database from 2014 to 2019 determined that NAFLD
and alcohol consumption have become the most common causes of
liver disease among people without HCC waiting for aliver transplant™.

Takentogether, these datasuggest that the aetiology of cirrhosis
inthe Americasis shifting from active HBV and HCV infection towards
resolved or treated viral hepatitis, alcohol consumption and NAFLD.
Thesedataareinlinewithincreasesin obesity and alcohol consumption
inthe Americas***,

Europe

As in the Americas, studies in Europe indicate a change in the domi-
nant aetiology of cirrhosis. Analysis of data from all hospital admis-
sions in Germany from 2005 to 2018 revealed that the prevalence
of NAFLD-associated cirrhosis increased fourfold during the study
period*. Nevertheless, alcohol consumption remained the dominant
cause of cirrhosis in Germany in 2018, accounting for 52% of cirrhosis
cases; NAFLD and NASH accounted for only 3% and 1%, respectively.
In Sweden, in a cohort study in patients with cirrhosis who visited a
tertiary hospital, the proportion of patients with cirrhosis due to viral
hepatitis declined from 43% in the first 5 years (2004-2008) of the
study to 31% in the final 4 years (2014-2017), whereas the proportion
due to NAFLD increased from 6% to 15% in the same period**. Similarly,
inItaly, in a multicentre study in patients with cirrhosis (n = 832) at
16 hospitals®, the proportions of people with cirrhosis due to alcohol
consumption and HCV infection decreased, whereas the proportion
of people with cirrhosis due to NAFLD increased when compared with
a historical cohort (2001)*.

Collectively, these data indicate that the prevalence of NAFLD-
associated cirrhosis is increasing in Europe, whereas the prevalence
of alcohol-associated cirrhosis seems to be decreasing, possibly in
response to public health measures such as the enforcement of amini-
mum price for alcohol and increased alcohol taxation***5, The data
alsosuggest that the prevalence of HCV-associated and HBV-associated
cirrhosis is declining in Europe.

Africa, the Eastern Mediterranean and Southeast Asia

Limited data are available on trends in the aetiology of cirrhosis in
Africa, the Eastern Mediterranean and Southeast Asia, as many stud-
ies conducted in these regions have included modest sample sizes™.
More data are required from these regions to accurately determine
trends in the aetiology of cirrhosis and to identify and address the
gapsinlinkage to care.

In Africa, research on liver diseases is a major unmet need. Esti-
mates from the GBD Study determined that most cases of cirrhosisin
Africa were related to HBV infection, alcohol consumption and HCV
infection, but no other up-to-date population-based data exist for the
aetiologies of cirrhosis>***°, Data from larger studies of HCC in Africa
can provide some indication of the relative contributions that each
aetiology of liver disease makes to the prevalence of cirrhosis, although
some people with HCC do not have cirrhosis, so cautionis required in
interpreting the data. In one study, analysis of 1,251 people with HCC
(allof whom had cirrhosis) from Egypt determined that the dominant
aetiology was HCV infection (84%), followed by other or unknown
causes (12%), HBV-HCV co-infection (2%) and HBV infection (1%)>".
In the same study, analysis of 1,315 people with HCC (66% of whom
had cirrhosis) from other African countries (Nigeria, Ghana, the lvory
Coast, Cameroon, Sudan, Ethiopia, Tanzania and Uganda) determined
that the most common aetiology was HBV infection (55%), followed by

other or unknown causes (22%), alcohol consumption (13%) and HCV
infection (6%)°'.

In the Eastern Mediterranean region, single-centre studies sug-
gest that viral hepatitis remains the dominant cause of cirrhosis. For
example, in one study of 953 Jewish and 95 Arab Bedouin individuals
with cirrhosis at a tertiary hospital in Israel determined that the most
common cause of cirrhosis was HCV infection (39%) among Jewish
individuals and NAFLD (21%) among Bedouin individuals®. In Qatar,
study of 109 individuals with cirrhosis who were admitted to aninten-
sive care unit showed that the most common aetiology of cirrhosis
was HCV infection (34%), followed by alcohol consumption (26%),
cryptogenic liver disease (24%) and HBV infection (21%)*. However,
population-based data from this region are lacking and are needed to
getamore accurate understanding of aetiology.

Data from the Southeast Asia region are similarly limited. In one
study conducted in India, the most common aetiology among 4,413
patients with cirrhosis from 11 hospitals was alcohol consumption (34%),
followed by other causes (29%), HBV infection (18%), HCV infection
(17%) and NAFLD (2%)**. However, among 192 people with cirrhosis who
underwent endoscopic band ligationinahospital in Pakistan, cirrhosis
was attributed to HCV infection in 63% and to HBV infection in 19%™.

The Western Pacific

Studies in the Western Pacific region have shown that NAFLD-associated
andalcohol-associated cirrhosis are increasing in this region, but viral
hepatitis remains the dominant cause of cirrhosis®’. These trends were
demonstratedinalarge studyin 48,621individuals with cirrhosisidenti-
fied on the basis of clinical criteria at 79 hospitals in Japan*®. Comparison
of aetiology in 2007 with thatin 2014-2016 demonstrated anincrease in
NAFLD-associated cirrhosis (2% to 9%) and alcohol-associated cirrhosis

Box 1

International Classification of
Diseases codes for cirrhosis

Multiple studies have been conducted in North America, Europe
and Australia to examined the use of International Classification

of Diseases 9 (ICD-9) and ICD-10 codes to identify cirrhosis®*"*"%,
These studies showed that ICD codes used to identify cirrhosis
generally have a relatively high positive predictive value but, when
used in isolation, they have only modest sensitivity for identifying
cirrhosis®*"'31,

Algorithms that use a combination of ICD codes, or a
combination of ICD codes and laboratory results, could improve
diagnostic accuracy>®""*">?2_ One systematic review has identified
nine ICD-10 codes that have been used to identify cirrhosis most
frequently in the literature®. When validated in Europe and North
America, this set of nine ICD-10 codes had greater sensitivity than
the code set most frequently used in the literature', and maintained
a high positive predictive value (83-89%). This consensus code set
could, therefore, be a useful tool for identification of cirrhosis in
large databases and health records, and should be further validated
in regions outside North America and Europe™™.
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Table 1| Deaths associated with cirrhosis in 2019 by location
and aetiology of liver disease

Category Number of deaths® ASDR per 100,000
(95% UI) population (95% Cl)

Location

Global 1,472,000 18.0 (16.8-19.3)
(1,375,000-1,579,000)

Africa 188,000 35.2(30.3-41.2)
(159,000-225,000)

Eastern Mediterranean 146,000 36.2(29.3-43.4)
(118,000-176,000)

Europe 223,000 16.0 (14.9-17.0)
(208,000-237,000)

Americas 216,000 17.4 (16.3-18.6)
(202,000-231,000)

Southeast Asia 443,000 25.0 (22.4-28.3)
(397,000-502,000)

Western Pacific 253,000 9.6 (8.6-10.8)
(225,000-284,000)

Aetiology

Hepatitis C 395,000 4.8 (41-5.6)
(336,000-459,000)

Hepatitis B 331,000 4.0 (3.4-4.8)
(279,000-392,000)

Alcohol 372,000 4.5(3.8-5.3)
(315,000-438,000)

NASH 134,000 1.7 (1.2-2.2)
(96,000-177,000)

Other 240,000 3.0(2.4-3.8)

(188,000-303,000)

2Data for the global and regional number of deaths estimated in the Global Burden of Disease
Study 2019 were obtained from the GBD Results Tool”. In the Global Burden of Disease Study
2019, the number of deaths was estimated using a multistep algorithm based on 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 or 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. ASDR, age-standardized death rate; Cl, confidence interval;
NASH, non-alcoholic steatohepatitis; Ul, uncertainty interval.

(14% to 25%). The proportion of cirrhosis cases due to HCV and HBV
infection declined (from 59%to 40% and from 14%to 9%, respectively),
although these remained the largest contributors. In another study
in 15,716 patients with cirrhosis at five university hospitals in South
Korea between 2000 and 2014, the proportion of cirrhosis cases due
to NAFLD, alcohol consumptionand HCV infectionincreased over the
study period*’. However, the study periods of both of these studies were
before the widespread availability of DAA therapy for HCV infection,
whichis likely to reduce the proportion of cirrhosis cases that are due
to HCVinfection over time.

Also in the Western Pacific region, analysis of data from 1,582
individuals with a new diagnosis of cirrhosis at a hospital in China
determined that the proportion of NAFLD-associated cirrhosis cases
was higher (3%) in the last 2 years of the study (2012-2013) than the aver-
age (2%) over the entire study period (2003-2013)*®. In Taiwan, analysis
of datafrom 18,423 individuals with HCC who were diagnosed between
1981 and 2001 showed that the percentage of HBV-associated HCC

decreased from 82% to 66% among men and from 67% to 41% among
women over the study period owing to anincrease in HCV-associated
HCC®. Despite the continued dominance of viral hepatitis as a cause of
cirrhosis in the Western Pacific region, tracking changes in the aetiol-
ogy of cirrhosis over time remains important, as the rates of obesity
and alcohol consumption continue to rise in parallel with increasing
economic wealth?*#¢0¢3,

Decompensated cirrhosis

Hepatic decompensation is potentially preventable with antiviral
therapy (in HBV-associated and HCV-associated cirrhosis) and life-
style changes (inalcohol-associated and NAFLD-associated cirrhosis),
but epidemiological data suggest that decompensated cirrhosis is
increasingin prevalence.In prior studiesin patients with compensated
cirrhosis, transition from a compensated state to a decompensated
state (including ascites, hepatic encephalopathy and variceal bleed-
ing) occurred atarate of 5-12% per year®*°, Data from the GBD Study
2017 indicate that the global number of prevalent cases of decompen-
sated cirrhosis increased from 5.2 million in 1990 to 10.6 million in
2017, corresponding to anincreasein the estimated age-standardized
prevalence of decompensated cirrhosis from110.6 per 100,000 popula-
tionin 1990 to 132.5 per 100,000 population in 2017 (ref. 12). In 2017,
the proportion of decompensated cirrhosis associated with HBV and
HCV infection, alcohol consumption, NAFLD and other causes was
28%,25%,23%,9% and 16%, respectively™.

Acute-on-chronic liver failure (ACLF) is characterized by acute
decompensation of chronicliver disease thatis associated with organ
failure and carries a high risk of mortality®”*®. Several definitions
exist for ACLF, including criteria from the Asia Pacific Association
for the Study of the Liver®’, the European Association for the Study of
the Liver-Chronic Liver Failure (EASL-CLIF)”°, and the North American
Consortium for the Study of End-Stage Liver”. ACLF has been reviewed
in detail elsewhere®’2. A meta-analysis of 30 studies determined that
the global prevalence of ACLF (defined by the EASL-CLIF criteria)
among patients admitted with decompensated cirrhosis was 35%”>.
Alcohol consumption was the underlying cause of chronic liver dis-
ease in 45% of people with ACLF globally; regional pooled estimates
ranged from 24% in North America to 55% in Europe”. The global 90-day
mortality associated with ACLF was 58% and ranged from 41% in North
America to 68% in Southeast Asia”.

Incombination, these data highlight the need for increased efforts
toidentify liver disease atan earlier stage. Earlier identification would
enable the use of preventive measures, thereby reducing the burden
of decompensation™.

Deaths associated with cirrhosis
The GBD Study 2019 provides a comprehensive global overview
of the estimated mortality associated with cirrhosis (and chronicliver
diseases)?. Although deaths attributed to liver cancer were excluded
from this analysis, the proportions of liver cancer due to the various
aetiologies of liver disease were used as co-variatesin determining the
proportion of cirrhosis deaths due to the various aetiologies of liver
disease. The analysis provided global and regional estimates for the
number of deaths and ASDRs associated with cirrhosisin2019 (Table1).
The estimated number of deaths associated with cirrhosis world-
widein2019 was 1,472,000 (ref.27). Thisnumber had increased by 10%
from 2010 (ref. 27). The absolute number of deaths associated with
cirrhosis was lowest in the Eastern Mediterranean region (146,000)
and highest in Southeast Asia (443,000). The estimated global ASDR
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for cirrhosis in 2019 was 18 deaths per 100,000 population” (Table1).
By region, the lowest estimated ASDR was in the Western Pacific
(9.6 deaths per 100,000 population) and the highest was inthe Eastern
Mediterranean region (36.2 deaths per 100,000 population). The
disconnect between the number of cirrhosis-related deaths and
the ASDR in the Eastern Mediterranean region results from the rela-
tively small and young populationin that region”. The estimated ASDR
in different countries (Fig. 2) ranged from 3.3 deaths per 100,000
population in Singapore to 126.7 deaths per 100,000 population
inEgypt.

The number of deaths associated with cirrhosis with different
aetiologies (Table 1) ranged from 134,241 deaths for NAFLD-associated
cirrhosis to 395,022 for HCV-associated cirrhosis. The corresponding
estimated ASDRs ranged from 1.7 deaths per 100,000 population for
NAFLD-associated cirrhosis to 4.8 deaths per 100,000 population
for HCV-associated cirrhosis?. However, a substantial proportion of
cases of cirrhosis that were categorized as having ‘other causes’ in
the GBD Study might have been due to NAFLD or occult HBV infec-
tion, which would mean that the figures for NAFLD-associated and
HBV-associated cirrhosis are underestimates.

Data from the GBD Study 2017 has provided insight into tem-
poral trends in deaths associated with cirrhosis. Between 2012 and
2017, the number of deaths associated with cirrhosis increased by
9%, although the global ASDR for cirrhosis declined from 17.1t0 16.5
deaths per100,000 population (ref. 26). The disconnect between the
number of deaths and ASDR is due to population growth and ageing.
The ASDRs for HBV-associated cirrhosis, HCV-associated cirrhosis

Estimated age-standardized
death rates (per 100,000)
<10.0

10.1-20.0

20.1-30.0

301-40.0

40.1-50.0

>50.1

Data not available

Fig.2|Estimated age-standardized death rates due to cirrhosisin2019 by
country. Data for the age-standardized death rate in 2019 were estimated in the
Global Burden of Disease Study 2019 and these data were obtained from the GBD

and alcohol-associated cirrhosis also decreased by 1.4%, 0.5% and
0.4%, respectively, between 2012 and 2017. By contrast, the ASDR for
NAFLD-associated cirrhosisincreased by 0.3% over the same period?.
However, cardiovascular diseases are the leading cause of deathamong
patients with NAFLD, highlighting the need for a multidisciplinary
approach to this condition” 7%,

Predictions

Several modelling studies been done to project the burden of various
aetiologies of cirrhosis over the next decade®**”°~%>, However, these
studiesshould beinterpreted with caution. The input datawere largely
derived from administrative databases, which are susceptible to bias,
including under-reporting and misclassification bias. In addition,
fibrosis can regress after antiviral treatment or lifestyle modification
but few of these modelling studies accounted for the possibility of
suchregression® %, Despite these limitations, the resulting data serve
as animportant reference to guide public health policymakers and
researchers.

HCV-associated cirrhosis

Integration ofaliterature review, a Delphi process and Markov model-
lingto forecast theburden ofincident decompensated HCV-associated
cirrhosis in 2030 led to an estimated increase from 148,000 cases in
2020 to 174,000 in 2030 worldwide®. However, the rate of cases per
100,000 population was projected to remain relatively stable. The
same modelling study also provided an estimate of the prevalence
of viraemic HCV infection, which indicated that the global hepatitis

Results Tool”. Where data for 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.
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Box 2

Impacts of the COVID-19
pandemic on cirrhosis

e Population-based analyses conducted in the USA determined
that mortality due to cirrhosis increased markedly during the
COVID-19 pandemic'®. Evidence from multiple countries has
demonstrated that alcohol consumption increased substantially
during the pandemic®?*"?¢, and the observed increase in
mortality was mainly related to alcohol-associated cirrhosis'*.

e Among patients with COVID-19 and chronic liver disease in
the US National COVID Cohort Collaborative, the presence
of cirrhosis was associated with an increased risk of mortality
(adjusted HR 3.3)'°.

¢ Inthe early phase of the COVID-19 pandemic, cirrhosis referrals,
hospitalizations and clinic visits declined substantially, which
might have contributed to lower quality of care, delayed
presentation and loss of follow-up® 5129131,

e Aglobal study conducted at 44 international centres determined
that consultations, testing and treatment rates for hepatitis
B virus and hepatitis C virus infection decreased substantially
between January 2019 and December 2020, and this decrease
was related to the COVID-19 pandemic®.

e Modelling of a 1-year delay to the hepatitis C elimination
programmes of 110 countries owing to the COVID-19 pandemic
indicated that such a delay would result in 72,300 excess liver-
related deaths (likely to be related to HCV-associated cirrhosis in
the majority of these cases) over the next 10 years relative to the

situation with no delay™.

elimination target for 2030 is unlikely to be attained should current
trends persist®.

Caution must be exercised wheninterpreting the estimates from
this study, as sufficient data for model generation were available for
fewer than half of the countries. In addition, treatment rates were
uncertain, especially for countries in which a substantial propor-
tion of treatments were exported for overseas use. Nevertheless, the
COVID-19 pandemic has set back the progress made in HCV elimina-
tion®** (Box 2), and these data serve asa call to action for anincreased
emphasis on HCV elimination.

HBV-associated cirrhosis

Data on the projected global burden of HBV-associated cirrhosis are
limited. Projections in one study suggest that the incidence of HBV
infection will fallby 2030 but that HBV-related deaths will increase by
39% between 2015 and 2030 (ref. 81). Data from the GBD Study 2019
showed that only four countries had attained the WHO Global Health
Sector Strategy on Viral Hepatitis 2020 interim impact target of a10%
reduction in deaths between 2015 and 2019 (ref. 90). Furthermore,
despite the availability of vaccines and life-saving antiviral therapy,
HBV infection remains severely under-diagnosed, so a minority of
treatment-eligible patients receive antiviral treatment®®?, and the
COVID-19 pandemic has hindered HBV elimination efforts globally®
(Box 2). Together, these observations highlight that HBV is likely to

remain amajor threat to public health inthe next decade, and increased
politicalwilland resources are required to eliminate HBV, which remains
amajor cause of cirrhosis and HCC worldwide.

Alcohol-associated cirrhosis

In astudy in the USA, data from the National Vital Statistics System,
the National Institute on Alcohol Abuse and Alcoholism, the National
Death Index, the National Epidemiologic Survey on Alcohol and
Related Conditions, and other published data were used to predict
outcomes from alcohol-associated liver disease in the USA between
2019 and 2040 (ref. 82). The result was a predicted increase of 77% in
the age-standardized incidence of decompensated alcohol-associated
cirrhosis, from 9.9 cases per 100,000 patient-years in 2019 to 17.5
cases per 100,000 patient-years in 2040, should current trends be
left unchecked™.

In a study conducted in Canada, cirrhosis incidence rates were
calculated fromthe crude rates observedin Ontario between2000 and
2017, and projections of incidence were calculated on the basis of the
estimated population of Ontario from 2018 to 2040 (ref. 35). Theinci-
dence of cirrhosis (of all aetiologies) was projected to increase by 9%
between 2018 and 2040, with asteady increase inthe age-standardized
incidencerate for alcohol-associated cirrhosis.

The projected burden of alcohol-associated cirrhosisin these stud-
ies might be underestimated owing to under-reporting. In addition,
neither study accounted for comorbid diseases, such as concomitant
HCV infection, which could increase the rate of fibrosis progression.
Nevertheless, these dataindicate that the burden of alcohol-associated
cirrhosisin North Americais likely to increase further unless alcohol-
related policies are instituted or specific therapies become available
for alcohol-associated liver disease. Data for the projected burden of
alcohol-associated cirrhosis outside North America are limited.

One additional point to consider is that the COVID-19 pandemic
resulted in an increase in alcohol consumption in many countries
(Box 2).Thisincrease inalcohol consumption could furtherincrease the
globalburden of alcohol-associated cirrhosisin the coming years® %,

NAFLD-associated cirrhosis

Several studies have generated predictions about the burden of NAFLD-
associated cirrhosis by 2030. In one study, the prevalence of NAFLD
in China, France, Germany, Italy, Japan, Spain, the UK and the USA
was predicted on the basis of published data, expert consensus and
country-level prevalence of obesity and type 2 diabetes mellitus®.
Markov modelling was then used to project the burden of NAFLD-
associated cirrhosisin2030 (ref. 80). The smallest projected increase
inthe prevalence of compensated NAFLD-associated cirrhosis cases
was 64%inJapan and the largest projected increase was156% in France.
The smallest projected increase in the prevalence of decompensated
NAFLD-associated cirrhosis cases was 75% in Japan and the largest
projected increase was 187% in France.

A similar methodology was used in another study to forecast
the burden of NAFLD-associated cirrhosis in 2030 in Hong Kong,
Singapore, South Korea and Taiwan®. From 2019 to 2030, incident
decompensated NAFLD-associated cirrhosis was projected toincrease
by 65% in Hong Kong, 85% in South Korea and 100% in Singapore and
Taiwan. Inbothstudies, definitions of NAFLD varied between the input
sources, contributing to variationinthe projected prevalence of NAFLD.

In the Canadian study of cirrhosis discussed above®, projections
indicated that NAFLD-associated cirrhosis would account for 75%
of incident cases of cirrhosis in Ontario by 2040. These data require
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cautious interpretation, as the proportion of historical cirrhosis cases
due to NAFLD was much higher than estimatesin other Canadian stud-
ies®*¥, Taken together, however, these data highlight the growing
burden of NAFLD-associated cirrhosis and the need for urgent meas-
ures to control the underlying metabolic risk factors at a global and
regional level.

Future directions

Liver disease is often under-diagnosed, and many individuals present
late with decompensated cirrhosis’*'°°. Disadvantaged and under-
served communities are often disproportionately affected by liver
disease but often lack timely access to appropriate care’"'°'°%, Despite
advances in the diagnosis, treatment and management of cirrhosis,
medical interventions often have limited benefit on long-term sur-
vival, necessitating the use of resource-heavy treatments such asliver
transplantation”>7¢, Therefore, the focus of care should be shifted
upstream, from the management of complications to prevention and
early treatment”™.

As an example, consumption of alcohol per capita (alcohol con-
sumption within one calendar year in litres of pure alcohol in peo-
ple aged =15 years) in Europe has declined over time (12.3 [ in 2005
to0 9.81in 2016), and this decline is related to policies that enforce a
minimum price for alcohol and increased alcohol taxation®*#745,
The strong political will required to implement these policies has
contributed to a reduction in mortality from alcohol-associated
cirrhosis in Europe over the past decade***”*8, By contrast, in the
Americas, Western Pacific and Southeast Asia, ASDRs due to alcohol-
associated cirrhosis increased during the same time period®. A con-
sensus statement published in 2021 highlighted the fact that most
countries in the world lack a national strategy for NAFLD, reflecting
the low priority of this disease in national health agendas'”’. Greater
effortsarerequired at national and regional levels to implement public
health policies that target the metabolicrisk factors for liver diseases,
such as high-sugar foods, lack of physical activity and heavy alcohol
consumption'®,

A case-finding approach could help to detect patients with early
cirrhosis or advanced fibrosis, and thereby facilitate treatment. In a
population-based, prospective cohort study conducted in Germany,
a structured screening programme (a combination of routine serum
testsincluding aspartate aminotransferase, alanine aminotransferase
and platelet levels) of individuals participatingin health check-ups was
associated with 59% higher odds of detecting early cirrhosis compared
withroutine care, after excluding individuals with decompensated cir-
rhosis'”’. The American Gastroenterological Association has proposed
aclinical care pathway to facilitate risk stratification and management
ofindividuals with NAFLD in primary care, endocrinology and obesity
medicine, which could strengthen linkage to tertiary care but requires
prospective validation™.

Outreach efforts to improve screening, treatment and link-
age to care for viral hepatitis are effective but are not widely
adopted®"™. The Polaris Observatory estimated that only 1% of prev-
alent cases of HCV infection worldwide were treated in 2020, and
<10% of treatment-eligible individuals with HBV infection received
antiviral treatment>®', These sobering figures highlight the uphill task
faced by the global hepatology community, and underscore the need
for stronger multidisciplinary collaboration between primary care
physicians, preventive care specialists, nurse practitioners, infectious
disease specialists, hepatologists, patient representatives and policy
makers.

Conclusions

Theaetiology of cirrhosisis changing, and the global burden of NAFLD-
associated cirrhosis is steadily rising in parallel with the epidemic of
obesity and type 2 diabetes mellitus. Global alcohol consumption con-
tinues to rise, and national policies are required to reduce the burden
of alcohol-associated cirrhosis. Despite the availability of effective
antiviral therapies for HCV and HBV infection, most countries are not
ontrack to meet the WHO viral hepatitis elimination targets. The bur-
den of cirrhosis remains substantial owing to under-diagnosis and
under-treatment of chronic liver disease, and the number of deaths
and cases of decompensated cirrhosis are projected torise in the next
decade. More resources should be directed towards primary preven-
tion, early detection of liver disease and linkage to care to reduce the
global burden of cirrhosis.

Published online: 28 March 2023
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