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Abstract

Background China has one of the highest numbers of liver disease cases in the world, including 6.4 million cir-
rhosis associated with alcohol-related liver disease (ALD) cases. However, there is still a lack of urgent awareness
about the growth of alcohol consumption and the increased burden of ALD in China. Therefore, we aimed to project
the potential impact of changes in alcohol consumption on the burden of ALD in China up to 2040 under different
scenarios.

Methods We developed a Markov model to simulate the natural history of ALD until 2040 in China. We estimated
the incidence and mortality of alcohol-related cirrhosis and hepatocellular carcinoma between 2022 and 2040

under four projected scenarios: status quo scenario and scenarios with a 2%, 4%, and 8% annual decrease in excessive
alcohol consumption, respectively.

Results Under the status quo scenario, the cumulative new cases of cirrhosis from 2022 to 2040 was projected to be
3.61 million (95% Ul 3.03-4.44 million), resulting in a cumulative 1.96 million (1.66-2.32 million) deaths from alcohol-
related cirrhosis and hepatocellular carcinoma. However, a 2% annual reduction in excessive alcohol consumption
was expected to avert 0.3 million deaths associated with ALD, and a 4% annual reduction was projected to prevent
about 1.36 million new cases of cirrhosis and prevent 0.5 million ALD-related deaths. Moreover, an 8% annual reduc-
tion would prevent about 2 million new cases of cirrhosis and 0.82 million deaths.

Conclusions Without any substantial change in alcohol attitudes and policies to regulate excessive drinking,
the disease burden of ALD in China will increase enormously. Strengthening the implementation of alcohol restriction
interventions is critical and urgent to reduce the impact of ALD on the Chinese population.
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Background
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26.1 million people and caused 332,268 deaths world-
wide, with prevalence and mortality rates of 318.1 and
4.1 per 100,000 population, respectively [8]. The preva-
lence of alcohol-related cirrhosis in China was estimated
at 328.4 per 100,000 population, which was lower than
that in Russia (709.7 per 100,000 population) but higher
than that in Japan (313.1 per 100,000 population) and
Singapore (267 per 100,000 population). However, due
to China’s large total population, the number of alco-
hol-related cirrhosis cases was as high as 6.4 million [8].
According to the World Health Organization (WHO),
the alcohol per capita consumption (APC) (liters of pure
alcohol, 15+ vyears of age) in Europe declined from 12.3
1 in 2005 to 9.8 1 in 2016. In contrast, China experienced
rapidly growing APC, which rose from 4.1 to 7.2 1 in the
same period, a 75% increase [9]. Although alcohol con-
sumption in China is lower than in many high- and mid-
dle-income countries, there is a growing concern about
its rapid increase due to the country’s economic growth
and lifestyle changes. This alarming trend has the poten-
tial to further exacerbate the disease burden of ALD [10].
Despite this alarming trend, healthcare providers and the
general population in China lack awareness about the
growth of alcohol consumption and its association with
ALD [11]. Policymakers in China appear to prioritize
tobacco control over alcohol restriction. For example, the
Healthy China 2030 strategy aims to reduce the smoking
rate of people over 15 years old to 20% by 2030 and iden-
tifies tobacco control as a priority, but it lacks specific
goals and measures for alcohol restriction [12, 13].

There are several studies on the impact of reduced alco-
hol consumption on liver outcomes [14—-16]. However,
there is a lack of evidence on the population-level impact
of reducing excessive alcohol consumption on the disease
burden of ALD in China, where there is a large drinking
population and alcohol consumption is rapidly increas-
ing. Projections of ALD and mortality based on various
alcohol restriction scenarios can quantify the effective-
ness of alcohol restriction policies and aid in setting
goals for such policies. Moreover, these projections can
provide valuable insights into the effects of changes in
drinking behavior in the country. Therefore, the purpose
of this study is to project the trends of alcohol-related
cirrhosis and mortality in China up to 2040 under four
different potential alcohol consumption levels, which
provide policymakers with evidence-based guidance for
implementing effective alcohol restriction policies.

Methods
Overview
We developed a Markov model to simulate the natural
history (i.e., the progression of a disease process in an
individual over time without treatment or alcohol policy
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intervention [17]) of ALD caused by excessive drinking in
China based on previously published studies [1, 16, 18].
In this modeling study, the simulated population consists
of people living in China between 2000 and 2040, involv-
ing males and females born during 1915-2000. We cali-
brated the probability of drinking for each age group to fit
the age- and sex-specific prevalence of excessive alcohol
consumption from China National Nutrition and Health
Survey (CNNHS) for 2002 and 2012 [19, 20]. To validate
our natural history model, we compared the results pre-
dicted by the model with the annual mortality of liver
cancer due to alcohol use and annual mortality of cirrho-
sis and other chronic liver diseases due to alcohol use in
China, as reported by the Global Burden of Disease Pro-
ject (GBD) for the years 2010-2019, respectively [21]. We
then used the natural history model to explore the impact
of different levels of alcohol restrictions on the tempo-
ral trends of alcohol-related cirrhosis and hepatocellular
carcinoma from 2022 to 2040. The model was developed
using R software (R version 4.0.5; http://www.r-project.
org), with a yearly time-step.

Natural history of alcohol-related liver disease

In this model, each cohort was followed from birth to
death, and the progression of ALD was simulated. At any
given time, the virtual patients could remain in their cur-
rent state or transition to another state on the basis of
transition probabilities. We postulated that it is only peo-
ple aged 18 years and over who are likely to drink exces-
sively and to move from abstinence to excessive drinking.
Excessive drinkers could progress from no fibrosis (F0)
to varying degrees of fibrosis and cirrhosis (F1: mild
fibrosis; F2: moderate fibrosis; F3: advanced fibrosis; F4:
compensated cirrhosis) (Fig. 1). Subsequently, patients
could develop different types of complications (ascites,
variceal bleeding, ascites with variceal bleeding, and
encephalopathy) and may be diagnosed as decompen-
sated cirrhosis. Hepatocellular carcinoma could develop
from compensated cirrhosis or decompensated cirrhosis.
Patients could die from background death at any time
(death from causes other than liver disease). Further-
more, patients at an advanced stage of the disease would
experience an additional death risk due to liver-related
mortality, and the risk increases as the liver disease
progressed.

Data collection

The parameters used in our model were mainly obtained
from published literature and online databases. We
obtained demographic data, such as age and gender dis-
tribution, from the National Bureau of Statistics of China
[22] (Table S1 in Additional file 1). The demographic
changes between 2022 and 2040 were obtained from the
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Fig. 1 Model structure of alcohol-related liver disease progression. The model tracked the virtual populations until death, which could occur in all

health states at any time

medium scenario of the United Nations World Popula-
tion Prospects 2022, which assumes medium fertility,
medium mortality, and medium international migra-
tion [23]. Data on the progression and mortality of ALD
were obtained from the published literature [24—27]. We
extracted the age- and sex-specific background mortal-
ity from the China Statistical Yearbook 2021 [22]. We
assumed the background mortality is consistent across all
projection scenarios and unchanged during the forecast-
ing period (Table S2 in Additional file 1).

To capture the changing prevalence of excessive drink-
ing and distribution of drinkers by age and gender, we
calibrated the probability of drinking using published
data based on CNNHS [19, 20]. CNNHS is a nationally
representative major program that is carried out regularly
in China. The CNNHS-2002 surveyed 53,073 Chinese
adults in 2002, and the CNNHS-2012 collected 135,824
Chinese adults from 2010 to 2013. These two surveys’
data enable us to estimate the distribution of excessive
drinking (defined as the average daily alcohol consump-
tion of more than 25 g for men and more than 15 g for
women [28]) by age and gender (Table S1 in Additional
file 1).

Projection scenarios
We constructed four projection scenarios based on
potential changes in excessive drinking rates.

The status quo scenario assumed that interventions
remained unchanged during the projection period. In
this scenario, we projected that the age- and sex-specific
excessive drinking rates would continue to increase at the
same trend as reported by CNNHS from 2002 to 2012.

The conservative scenario assumed a 2% decrease in
the excessive drinking rate per year from 2022 to 2040 in

the model. This scenario was based on The Healthy China
2030 strategy, which set a target of reducing the smoking
rate from 27.7% in 2015 to 20% by 2030 for China’s poli-
cymakers [12, 13].

The strong scenario assumed a 4% decrease in the
excessive drinking rate per year from 2022 to 2040. This
assumption was based on the success of strict alcohol
policies in Russia, which led to a 43% drop in the average
per capita alcohol consumption in 14 years, according to
the WHO. It is hoped that this success achieved in Russia
will inspire other countries to implement effective alco-
hol policies [9].

The ambitious scenario which builds upon the strong
scenario assumed that greater benefits could be achieved
with stronger interventions and that more restrictive
alcohol policies would decrease the excessive drinking
rate by 8% per year from 2022.

Model outcomes and uncertainty analysis
We used the model to project the incidence and deaths
of alcohol-related cirrhosis and hepatocellular carcinoma
for 2022-2040 under four different alcohol restriction
scenarios. All age-standardized rates were calculated
using Segi world standard population [29]. We also esti-
mated the years of life lost (YLLs) due to ALD, which was
calculated by multiplying the number of deaths per age
by the remaining life expectancy at that age and sum-
ming across the year [30]. We chose the life expectancy
(i-e., an estimate of the average lifespan that a person of a
given age can expect to live) at 80.5 years for women and
74.7 years for man [31].

We performed a probabilistic sensitivity analysis (PSA)
by sampling values from the probability distribution of
input parameters to capture the joint characterize of the
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combined uncertainty of model parameters, in particu-
lar the prevalence of excessive drinking and transition
probabilities. We then calculated the 95% uncertainty
intervals (Uls) of the model results for each projection
scenario based on 1000 model outputs from PSA.

Results

Validation

We validated this model externally by comparing the
model results with the deaths of liver cancer due to alco-
hol use and deaths of cirrhosis and other chronic liver
diseases due to alcohol use reported by GBD from 2010
to 2019, respectively. The results of these validations
show that the predicted values of the model are consist-
ent with the published data, as presented in Additional
file 1 Fig S1.

Incidence

Under the status quo scenario (current excessive drink-
ing rates), the age-standardized incidence of alcohol-
related cirrhosis is projected to increase from 10.66
(95% UI 10.45-13.12) per 100,000 person-years in 2022
to 26.27 (95% UI 21.67-35.14) per 100,000 person-years
in 2040, representing an increase by 146.50% over 2022
[men: from 12.67 (95% UI 12.22-15.90) to 34.95 (95% UL
25.37-49.12) per 100,000 person-years; women: from
8.37 (95% UI 8.33-10.92) per 100,000 person-years to
16.38 (95% UI 12.52-22.67) per 100,000 person-years].
The cumulative incidence of alcohol-related cirrhosis
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from 2022 to 2040 is projected to be 3,610,931 (95% Ul
3,025,219-4,437,429) cases [men: 2,448,603 (95% UI
1,875,188-3,185,085) cases; women: 1,162,328 (95% UI
886,373-1,419,741) cases]. The trend of alcohol-related
cirrhosis incidence over time under different scenarios is
shown in Fig. 2.

Under the conservative scenario (the excessive drink-
ing rate decreased by 2% per year), the age-standardized
incidence of cirrhosis is projected to increase to 15.53
(95% UI 12.18-20.29) per 100,000 population in 2040,
a decrease of 40.89% compared with the status quo sce-
nario. A total of 2,775,662 (95% UI 2,254,728-3,359,430)
individuals are projected to develop alcohol-related cir-
rhosis between 2022 and 2040 in the conservative sce-
nario, and 835,269 cases of alcohol-related cirrhosis
could be avoided (a decrease of 23.13%) compared with
the status quo scenario.

Under the strong scenario (the excessive drinking rate
decreased by 4% per year), the age-standardized inci-
dence of cirrhosis is projected to peak at 11.05 (95%
UI 9.87-14.57) per 100,000 person-years in 2032, and
decreased to 10.34 (95% UI 8.64-13.64) per 100,000
person-years in 2040, resulting in a decrease of 60.64%
compared to the status quo scenario. A total of 2,251,880
(95% UI 1,908,370-2,715,670) individuals are projected
to develop alcohol-related cirrhosis between 2022 and
2040 under the strong scenario, and 1,359,051 cases of
cirrhosis could be prevented, representing a decrease of
37.64% compared to status quo scenario.

500 -
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450 4 ) Conservative scenario
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400 4
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Fig. 2 Model projected incidence and cumulative number of alcohol-related cirrhosis in China during 2022-2040. A Age-standard incidence rate
of cirrhosis, shaded area represents 95% uncertainty interval. B The cumulative number of new cases of liver cirrhosis, error bars represent 95%

uncertainty interval
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Under the ambitious scenario (excessive drinking rate
decreased by 8% per year), the age-standardized inci-
dence of alcohol-related cirrhosis is expected to decrease
continuously, falling to 4.45 (95% UI 3.72-5.93) per
100,000 person-years by 2040, which represents a 58.2%
reduction compared to 2022 levels. The cumulative new
cases of alcohol-related cirrhosis are projected to be
1,529,743 (95% UI 1,306,183-1,827,531) under the ambi-
tious scenario, which is 722,137 less than strong scenario
(a decrease of 32.07%) and 2,081,188 less than status quo
scenario (a decrease of 57.64%).

In all scenarios, alcohol-related cirrhosis is primarily
observed in the age group 40-69 years (69.27%), espe-
cially in the age group 50-59 years (32%). The cumula-
tive incidence of alcohol-related cirrhosis between the
age of 40 years and 69 years is projected to decrease
from 2,501,183 (95% UI 2,101,244-3,062,174) cases in
the status quo scenario to 1,561,296 (95% UI 1,325,108—
1,878,289 cases in strong scenario (a decrease of 37.58%),
and to 1,060,185 (95% UI 907,273-1,262,864 cases in
ambitious scenario (a decrease of 57.62%) (Fig. 3A).

Mortality

ALD-related deaths projected by this model included
alcohol-related cirrhosis and hepatocellular carcinoma.
Under the status quo scenario, the age-standardized
deaths of alcohol-related cirrhosis increased from 4.92
(95% Ul 4.67-5.41) per 100,000 person-years in 2022 to
11.34 (95% UI 8.79-13.96) per 100,000 person-years in
2040 (an increase of 130.52%), and the age-standardized
deaths of hepatocellular carcinoma increased from 2.47
(95% UI 2.30-2.66) per 100,000 person-years in 2022
to 5.48 (95% UI 4.19-6.48) per 100,000 person-years in
2040 (an increase of 122.04%). The cumulative number of
ALD-related deaths is projected to be 1,962,795 (95% UI
1,658,405-2,322,781) from 2020 to 2040, with 1,347,602
(95% UI 1,141,751-1,616,023) deaths from cirrhosis and
615,192 (95% UI 516,654—706,759) deaths from hepato-
cellular carcinoma. Deaths among men are projected to
be 1,296,694 (i.e., 66.06% of the total deaths), about 1.94
times that among women (Fig. 4).

Under the conservative scenario, the alcohol-related
cirrhosis mortality rate is projected to increase to 7.66
(95% UI 5.69-9.13) per 100,000 and the hepatocel-
lular carcinoma mortality rate to 4.10 (95% UI 3.02—
4.78) per 100,000 by 2040. Cumulatively, 1,662,100
(95% UI 1,383,230-1,928,573) people would die from
alcohol-related liver disease between 2022 and 2040,
300,695 fewer than in the status quo scenario (a 15.32%
reduction).

In the strong scenario, the age-standardized deaths
of cirrhosis and hepatocellular carcinoma in 2040 are
projected to be 5.57 (95% Ul 4.44-6.84) per 100,000
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person-years and 3.19 (95% UI 2.46-3.76) per 100,000
person-years, respectively. These rates are 50.88% and
41.78% lower than those in the status quo scenario. Com-
pared to the status quo scenario, reducing the exces-
sive drinking rate by 4% annually between 2022 and
2040 would prevent 385,041 deaths due to cirrhosis and
126,359 deaths due to hepatocellular carcinoma resulting
from excessive alcohol consumption. Of these prevented
deaths, 67.66% are projected to be men.

Under the ambitious scenario, it is projected that
1,141,830 (95% UI 990,292-1,309,442) individuals would
die from ALD between 2022 and 2040, of which 736,093
(94% UI 640,666—852,429) would die from cirrhosis and
405,737 (95% UI 349,626—457,013) would die from hepa-
tocellular carcinoma. These figures represent 309,565
fewer deaths than those projected under the strong sce-
nario (a decrease of 21.33%) and 820,965 fewer deaths
than the status quo scenario (a decrease of 41.83%).

In all scenarios, the 50-69 age group is projected to
have the highest proportion of deaths, accounting for
49.85% of all cases. However, the cumulative number
of ALD-related deaths in this age group is expected to
decline from 978,481 (95% UI 845,086—1,141,776) in the
status quo scenario to 729,000 (95% UI 638,658—-833,766)
in the strong scenario (a decrease of 25.50%) and to
576,084 (95% UI 511,892-649,985) in the ambitious sce-
nario (a decrease of 41.12%) (Fig. 3B).

YLLs

It is estimated that 1,118,927 (95% UI 1,042,213—
1,171,701) YLLs would be attributed to ALD in 2022
and would increase to 3,000,472 (95% UI 2,444,927
3,811,120) YLLs in 2040 in the status quo scenario,
resulting in a cumulative 36.87 million (95% UI 31.29-
43.44) YLLs between 2022 and 2040. The conservative
scenario is expected to result in 31.11 million (95% UI
26.24-35.94) YLLs over the next 19 years. The accumu-
lated YLLs in the strong scenario for the same period
are projected to be 9.72 million fewer than status quo
scenario (a decrease of 26.36%), resulting in 27.15 mil-
lion (95% UI 23.63—-31.41) YLLs attributable to ALD. The
ambitious scenario is projected to result in 21.29 million
(95% UI 18.73-24.33) YLLs, which is 15.58 million fewer
than the status quo scenario (a 42.26% decrease) (Fig. 5).

Discussion

The negative impact of the rising rate of excessive
drinking on public health is increasing in China. Main-
taining the current drinking trends, the results of the
present study showed that from 2022 to 2040, more
than 3.6 million individuals would develop alcoholic
cirrhosis, and there would be nearly 2 million ALD-
related deaths. However, we found that a 2% annual
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Fig. 3 Cumulative incidence of cirrhosis and cumulative deaths of alcohol-related liver disease by age group during 2022-2040. A Cumulative
incidence of cirrhosis by age group. B Cumulative deaths of alcohol-related liver disease by age group. The error bars represent 95% uncertainty

interval

reduction in excessive drinking rates could avert 0.3
million deaths associated with ALD. Moreover, 1.36
million new cases of alcoholic cirrhosis and 0.5 mil-
lion ALD-related deaths would be prevented if the rate
of excessive drinking decreased by 4% annually. The
burden of ALD was further alleviated when the rate

of excessive drinking decreased by 8% annually, pre-
venting almost 2 million individuals from developing
cirrhosis and 0.8 million patients from ALD-related
death. Therefore, there is an urgent need to formu-
late effective policies to curb the trend of alcohol con-
sumption. While our study aims to present a range of
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Fig. 4 Model projected mortality and cumulative deaths of alcohol-related liver disease in China during 2022-2040. A Age-standardized mortality
in cirrhosis. B The cumulative number of deaths from cirrhosis. C Age-standardized mortality in hepatocellular carcinoma. D The cumulative number
of deaths from hepatocellular carcinoma. The shaded area represents 95% uncertainty interval and the error bars represent 95% uncertainty interval

scenarios with different levels of ambition and assump-
tions to explore the potential outcomes of alcohol poli-
cies, it is important to note that the strong scenario is
an optimistic one, while the ambitious scenario would
be difficult to achieve and may require very restrictive
measures.

Compared to men, women are less tolerant of alco-
hol and fibrosis progresses more rapidly in women with
ALD [24, 32]. However, from the results of this study,
the morbidity and mortality in men far exceed that in
women. This is mainly because men have more social
opportunities to drink than women, due to the cultural
and social norms that shape the drinking occasions
and expectations in China. Drinking is often associated
with business, networking, and entertainment activities

that are dominated by men. Moreover, drinking is seen
as a sign of masculinity and status among men, while
women are expected to drink less or abstain from alco-
hol. These factors result in a higher proportion of men
drinking than women in China [10]. It is worth noting
that in recent years, with the enhancement of female
consciousness, more females devote themselves to
work, so the proportion of female drinkers has risen
sharply. The substantial increase in the number of alco-
hol drinkers may significantly increase the proportion
of women in the disease burden of ALD in the future.
Although men are the main component of excessive
drinkers and deserve more attention in alcohol pol-
icy, health providers still cannot ignore the impact of
potential demographic changes of female drinkers.
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China has a significant impact on the global burden of
liver disease due to its large liver disease population [33].
Without any change in the trend of alcohol consump-
tion, our model projected that the number of patients
with alcohol-related cirrhosis and hepatocellular carci-
noma would increase at an alarming rate in the coming
decades. A study investigating the burden of liver dis-
eases in China revealed that viral hepatitis constitutes a
significant proportion of liver diseases. However, achiev-
ing the goal of reducing China’s global prevalence of liver
disease will be difficult unless there are improvements in
the incidence and progression of ALD and nonalcoholic
fatty liver disease (NAFLD) [33]. Therefore, controlling
the prevalence of hepatitis C and hepatitis B alone may
not be sufficient for China to shed its status as a major
contributor to global liver disease. Due to the limited
treatment options available, and the fact that only a few
drugs have been approved for ALD, abstinence and liver
transplantation are currently the most effective means
of improving survival in end-stage ALD [34, 35]. There-
fore, a combination of clinical interventions and effective
alcohol restriction measures could be a suitable approach
to reverse the trend of ALD. The results showed a high
incidence and mortality of ALD in the 40—69 age group.
As the population ages and life expectancy increases, the
risk of developing and dying from ALD in later life may
also increase in the long term due to a decrease in the
risk of competitive death (background death). Therefore,
early interventions should prioritize this population.
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ALD-related death is a serious consequence of alco-
hol consumption [9]. To the best of our knowledge, this
is the first study on projecting the future disease bur-
den of ALD in China. By projecting its disease burden
in the next 19 years, our study emphasizes the need to
strengthen the implementation of alcohol restriction pol-
icies. However, compared to alcohol, the Chinese public
and policymakers appear to be more concerned about
the harm caused by cigarettes. In recent years, China has
made significant progress in tobacco control by imple-
menting numerous bans and regulations and investing
significant resources to reduce smoking rates [36]. The
disease burden caused by smoking is expected to decline
sharply in the foreseeable future. We believe that similar
resources should also be invested in curbing the rising
trend of ALD. Moreover, restricting alcohol consumption
not only benefits ALD but also helps prevent and control
other major noncommunicable diseases (e.g., cardiovas-
cular diseases and cancer) and prevents alcohol-induced
injuries (e.g., traffic injuries and homicides) [37, 38].

The results of an economic analysis conducted by
WHO showed that implementing the most cost-effec-
tive alcohol restriction actions yields a higher return on
investment than similar investments in tobacco control
[9]. Although additional research is needed to explore
the relative importance and economy of alcohol policy in
China, policies aimed at increasing alcohol prices, regu-
lating alcohol supply, and restricting alcohol marketing
are likely to be of significant importance in effectively
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reducing alcohol consumption [39, 40]. In China, the
low cost of alcohol is one of the factors that contribute to
excessive drinking. Raising the price of alcohol through
taxation has been effective in many countries and should
be explored as a key potential strategy in China [39]. In
addition, Yu et al. have suggested that taxing alcohol
could have a dual benefit by reducing both alcohol and
cigarette consumption [41].

Limiting alcohol supply has been implemented in
many countries and has proven to be effective in reduc-
ing excessive drinking and related harms [40]. Restrict-
ing the availability of alcohol can be a useful strategy for
China to control alcohol consumption, including restrict-
ing the trading time of alcohol, restricting the issuance
of licenses, and establishing the legal minimum age for
the purchase and consumption of alcohol. However, the
efforts of relevant policies in China are currently lagging
behind the innovation of alcohol marketing. Hence, the
government needs to strengthen the establishment and
implementation of alcohol marketing laws and regula-
tions to control alcohol marketing more effectively. For
example, restrictions on alcohol advertising and product
placement could be implemented. In addition, commu-
nity action has proved to be an effective way to reduce
alcohol-related problems [42]. Community supervision
can prevent the illegal sale of alcohol. Through public
education, a sustained understanding and awareness of
the harmful effects of excessive drinking can be estab-
lished among the general population in China.

Limitation

As with all studies that project future disease burden,
our projections are also subject to model assumptions
and uncertainty. Our study has several limitations. First,
the progression probabilities for ALD in our model
were mainly derived from published studies conducted
in other countries, which may not accurately reflect the
progression risk of excessive drinkers in China. However,
we conducted a PSA to evaluate the impact of param-
eter uncertainty, and the results indicated that the over-
all incidence and death trends were robust. Second, our
model did not consider other risk factors, such as hepa-
titis B virus and hepatitis C virus, that could promote
the progression of liver fibrosis and cirrhosis, potentially
leading to an underestimation of the future disease bur-
den. Third, our model did not consider the possibility
of varying mortality rates over time or across different
scenarios, which could further increase the uncertainty
of the results. Fourth, we assumed that the initial age of
excessive drinking was 18 years or older, which may have
omitted the disease burden in the younger group. How-
ever, given that the incidence of alcohol-related cirrhosis
and ALD-related deaths mainly occurred in cohorts over
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40 years old, the omission of younger excessive drinkers
would have minimal impact on our overall results. Fifth,
we assumed that alcohol consumption decreased uni-
formly across age groups in the projection scenario, but
different age groups may respond differently to alcohol
restriction policies, potentially leading to varying effects
on alcohol restriction. Sixth, we used only survey data for
the model. There is a discrepancy between the survey-
based per capita consumption (2.2 1 in 2002 and 4.45 1
in 2012) data and the recorded per capita consumption
data (3.2 1 in 2002 and 5.5 1 in 2012) [9]. While we have
conducted PSA to account for the uncertainty associated
with using only survey data, this discrepancy may still
result in a conservative estimate of the burden of ALD.
Finally, we assumed only one probability for any drinking
above 25 g/15 g per day for men/women. This simplifica-
tion may introduce increased uncertainty into the results,
as the risk of disease progression can vary among differ-
ent levels of alcohol consumption. Future research should
consider incorporating more refined probabilities that
account for varying levels of alcohol consumption.

Conclusions

In conclusion, our mathematical model projects an
increase in the incidence and mortality of alcohol-
related cirrhosis and hepatocellular carcinoma over the
next 19 years. However, reducing alcohol consumption
can effectively alleviate the burden of alcohol-related
diseases, resulting in improved health outcomes and
increased economic productivity.
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