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Abstract

Issues.—Alcohol use has been shown to impact on various forms of liver disease, not restricted
to alcoholic liver disease.

Approach.—We developed a conceptual framework based on a narrative review of the literature
to identify causal associations between alcohol use and various forms of liver disease including
the complex interactions of alcohol with other major risk factors. Based on this framework, we
estimate the identified relations for 2017 for the USA.

Key Findings.—The following pathways were identified and modelled for the USA for the
year 2017. Alcohol use caused 35 200 (95% uncertainty interval 32 800-37 800) incident cases
of alcoholic liver cirrhosis. There were 1700 (uncertainty interval 1100-2500) acute hepatitis

B and C virus (HBV and HCV) infections attributable to heavy-drinking occasions, and 14

000 (uncertainty interval 5900-19 500) chronic HBV and 1700 (uncertainty interval 700-2400)
chronic HCV infections due to heavy alcohol use interfering with spontaneous clearance. Alcohol
use and its interactions with other risk factors (HBV, HCV, obesity) led to 54 500 (uncertainty
interval 50 900-58 400) new cases of liver cirrhosis. In addition, alcohol use caused 6600
(uncertainty interval 4200-9300) liver cancer deaths and 40 700 (uncertainty interval 36 600-44
600) liver cirrhosis deaths.

Implications.—Alcohol use causes a substantial number of incident cases and deaths from
chronic liver disease, often in interaction with other risk factors.

Conclusion.—This additional disease burden is not reflected in the current alcoholic liver
disease categories. Clinical work and prevention policies need to take this into consideration.

Keywords

alcohol; liver disease; hepatitis C virus; metabolic dysfunction; mortality incidence

Introduction

The causal impact of alcohol use on the formation and progression of liver disease in
general, and for liver cirrhosis in particular, has long been known. As early as the late 18th
century, Benjamin Rush, in his famous An Inquiry into the Effects of Ardent Spirits upon
the Human Bodly and Mind, listed obstruction of the liver as the second ‘usual’ disease
consequence of habitual spirits use and compared its effects on that organ with the preying
on Prometheus’ liver by a vulture [1]. While the causal impact of alcohol use is not disputed,
and liver cirrhosis has been established as the prime somatic disorder resulting from alcohol
use [2,3], to our knowledge there has never been an integrated review of the role of alcohol
use on the different stages of liver disease, including the complex interactions with other
major risk factors. Thus, this contribution:

. establishes a conceptual model to determine the various impacts of alcohol use
on the aetiology and course of different liver diseases;

. summarises the epidemiological findings;
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. gives a first estimate for the magnitude of the effects of alcohol use on different
liver diseases for the USA in 2017.

A conceptual model on the aetiology and course of liver disease

Alcohol use

Figure 1 gives an overview of the aetiology and course of liver disease and its major stages.
It is based on current research on establishing causal relations between alcohol use and
various kinds of liver disease in the tradition of the Global Burden of Disease studies [4]
and the World Health Organization Global Status Reports on Alcohol and Health ([5]; for an
overview on risk relations between level and patterns of alcohol and liver disease: [6]; for
biological pathways: [7]).

Liver disease is usually considered in stages that range from relatively mild and reversible
inflammation, to fibrosis and sclerosis of the liver, to severe and irreversible stages, such

as liver cirrhosis and hepatic failure, and liver cancers, and, finally, to liver death [8].

Most scientific articles on the natural history focus on one type of liver disease based on
aetiology, such as alcoholic liver disease [9], liver disease due to hepatitis B or C virus
(HBV or HCV) infection [10,11], or liver disease due to metabolic dysfunction [12] (for

an early exception, see [13]). However, these limited perspectives are problematic, as there
are marked interactions between disease types and underlying risk factors. For instance, in
a recent study of all hospitalisations in mainland France, more than 70% of decompensated
liver cirrhosis in people with chronic HCV infection was attributable to alcohol [14]. In fact,
alcohol use plays a role in a//types of liver disease, including in metabolic dysfunction [15],
and even in so-called non-alcoholic liver disease [16,17].

Consequently, we have included all major types of liver cirrhosis in a unified conceptual
model. As indicated above, we will provide specific examples of the impact of alcohol use
on the incidence of the respective disease categories for the USA in 2017.

and the aetiology of liver disease

For the aetiology of liver disease, we will need to restrict ourselves to the aetiology of acute
and chronic HBC and HCV infections and of liver cirrhosis, as the epidemiological data on
the national level for inflammation or for fibrosis are usually scarce and unreliable. In the
aetiology of liver cirrhosis [18], alcohol use is involved:

. in the aetiology of alcoholic liver cirrhosis as the main factor;

. in the aetiology of acute and chronic HBV and HCV infections, which may lead
to cirrhosis;

. in the aetiology of liver cirrhosis due to HBV and HCV; and

. in the aetiology of liver cirrhosis due to metabolic dysfunction, as all of these

risk factors interact with alcohol use in the advancement of liver disease (see
Figure 1 and sections below).
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Alcoholic liver cirrhosis.

Alcohol is a necessary and sufficient cause for alcoholic liver cirrhosis by definition (for a
review, see [9]). Two dimensions of alcohol use determine the risk for liver cirrhosis [19,20]:
overall cumulative lifetime consumption [21] and recent level of drinking in grams of pure
alcohol (ethanol) per day [22].

For overall cumulative lifetime consumption, a threshold of 100 kg intake of pure alcohol
has been found in the Dionysos study [13,23,24], indicating that the usual dose—response
curves are only broad estimates. Thus, the meta-analyses for risk of liver cirrhosis based on
level of alcohol use in cohort studies [22,25] assume that the level of alcohol use has stayed
more or less constant over time since the baseline measurement (see sidebar in [26]).

However, this does not suggest that fluctuations in the current level of alcohol use play no
role. The effects of these fluctuations have been seen in natural experiments, which occurred
whenever there was a sudden decline in the availability of alcohol due to environmental
circumstances and the rates of liver cirrhosis fell abruptly (e.g. Prohibition [27]; German
invasion of Paris in World War 11 [28,29]; Gorbachev Reform [30], see also [31]).

Aetiology of HBC and HCV infections.

Alcohol use is a cause for acute HBV and HCV infections contracted through sexual
transmission (the same mechanism involved in the transmission of HIV [32,33]) and due to
weakening of the immune system (see the different contributions in the special volume on
alcohol and the immune system entitled *Alcohol Research: Current Reviews’ [34]). Both
effects seem to be particularly associated with episodic and chronic heavy drinking.

Alcohol use is also a cause of chronic HBV and HCV infections as it interferes with

the clearance of the virus after acute hepatitis infections [35]. Based on the meta-analysis
of Aisyah and colleagues [35], approximately 36% of people with acute HCV infections
spontaneously cleared the virus within 12 months (point estimate: 36.1%; 95% confidence
interval 23.5-50.9), and individuals who had not spontaneously cleared the virus within 12
months were unlikely to do so. ‘Excess alcohol use’ was related to a lower clearance rate:
odds ratio 0.67 (95% confidence interval 0.47-0.95) and, thus, heavy alcohol use interferes
with the clearance of acute HBV and HCV.

Liver cirrhosis due to HBV and HCV infection.

Alcohol use is an important contributory cause of liver cirrhosis in people with chronic HCV
and HBYV infection, based on the risk relations of the meta-analysis of Llamosas-Falcén

and colleagues [36]. This meta-analysis showed clear dose-response relationships between
levels of alcohol use and the risk of liver cirrhosis and further liver complications, such

as decompensated liver cirrhosis or liver death. There is no meta-analysis that specifically
considers the contribution of alcohol use to liver cirrhosis due to HBV infection, but the
biological pathways may be assumed to be similar.
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Liver cirrhosis due to metabolic dysfunction.

Alcohol use is a potentially interactive factor for metabolic liver disease [37]. Based

on the most recent review of studies that used body mass index as the indicator, four
longitudinal cohorts showed a potential interaction in predicting liver hospitalisations or
mortality [16,38-40], all with large sample sizes (up to more than 1.2 million participants
in the Million Women Study [38]). All studies found increases in risk for liver cirrhosis for
a high body mass index, either defined with a cut-off of 25 or 30, starting at 1.3 and going
as high as 2.8 [40]. The interactions between body mass index and alcohol use varied more
markedly, as the thresholds for alcohol use varied considerably across studies.

The impact of alcohol use on liver complications and liver cirrhosis deaths

Methods

Current evidence on risk relations also allows us to estimate liver complications, such as
decompensated liver cirrhosis, which includes jaundice, ascites, hepatic encephalopathy,
hepatorenal syndrome and/or variceal haemorrhage [41,42], and other complications, such
as liver transplants or liver cancer. Liver transplants are the most difficult to model, as

there are ethical controversies surrounding such transplants being performed in people with
complications arising from alcoholic liver cirrhaosis (for the USA, see [43]) and, depending
on the country, periods of abstinence for 6 or more months are necessary before a patient is
eligible for a transplant [44]. Fatal endpoints, such as liver cirrhosis deaths, seem to be more
closely linked to the level of alcohol consumption than non-fatal (morbidity) outcomes [25];
alcohol-attributable liver deaths can be modelled based on the meta-analysis by Rehm and
colleagues [25], which separated mortality from other outcomes.

While the above gives an epidemiological overview on the impact of alcohol use on
aetiology and various stages of different categories of liver disease using a lifetime
perspective, the empirical part of this contribution will be restricted to exemplarily
estimating the impact of alcohol use on liver disease in the USA in 2017 (Table 1). For

this snapshot, the USA was selected as it is one of the countries with the most data
available of relatively good quality (i.e. cause of death and hospitalisations based on routine
data-collection systems within the medical system, instead of relying on estimates via
verbal autopsies [54], or statistical models based on data from other countries [55]). In the
following, we give an overview of methodologies and data sources. For further detail, see
the Data S1 (Supporting Information).

The overall estimation methodology followed the approach of the comparative risk
assessment for alcohol developed for the Global Burden of Disease and Injury Study [56],
comparing the impact of current drinking against a counterfactual scenario involving no use
of alcohol. For this approach, data on exposure and risk relations are necessary to estimate
alcohol-attributable fractions, which are then applied to the outcomes.

Exposure data were taken from the most recent review by Manthey and colleagues [45].
These estimates are based on triangulation between adult alcohol per capita and survey
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data. Such a triangulation is necessary as survey data alone markedly underestimate real
consumption [56]. Details on the triangulation method can be found elsewhere [57,58].

Risk relations were taken from published meta-analyses. Data on exposure and risk relations
were combined using the attributable-fraction approach, originally developed by Levin [59].
Data on prevalence and incidence of various types of liver disease were taken from the 2017
Global Burden of Disease and Injury Study [46]. This study uses a broad definition for

liver cirrhosis, which includes almost all chronic liver disease and comprises the following
International Statistical Classification of Diseases and Related Health Problems, 10th
revision, codes: B18-B18.9, 185-185.9, 198.2, K70-K70.9, K71.3-K71.51, K71.7, K72.1-
K74.69, K74.9, K75.8-K76.0, K76.6-K76.7, K76.9. Population data were taken from the
same source.

Alcohol exposure in the USA in 2017

In 2017, the annual per capita consumption of pure alcohol per adult (defined as 15 years
and older) was estimated at 9.8 L. This value includes recorded and unrecorded consumption
and is corrected for by tourist consumption [45,60]. In Table 2, the annual per capita
consumption is divided into groups based on sex and age. Only 73% of the US adult
population had at least one alcoholic drink in that year, and alcohol consumption differed
considerably by sex and age. Across all age groups, female drinkers had on average one
standard drink per day (14 g/day), while male drinkers had on average between two and
three standard drinks per day (33 to 40 g/day). The vast majority of drinkers fall into

the lower-risk drinking category, defined as less than 40 g/day. However, every third male
drinker and every 12th female drinker aged 35-64 drank hazardously, that is more than 40 g
of pure alcohol per day.

Overview of effects of alcohol consumption on liver disease in the USA in 2017

Table 3 gives an overview of the results of the impact of alcohol use on various pathways
involved in the aetiology and course of different liver diseases. The most striking results
concern the impact of alcohol on the aetiology of alcoholic liver cirrhosis (broadly defined,;
see above). A total of 54 500 (95% uncertainty interval 50 900-58 400) new cases were
caused by alcohol use, and alcohol-attributable liver disease deaths, including liver cancer
deaths, were estimated at 47300 (95% uncertainty interval 42 500-52 000).

For both alcohol-attributable chronic liver disease and liver cancer, the number of incident
cases in 2017 was larger than the number of deaths. As expected, given the differences

in exposure, there was higher alcohol-attributable incidence and mortality in men than in
women in all outcome categories.

Discussion

Limitations

With our current approach, we have modelled the impact of alcohol consumption at various
timepoints over the drinker’s lifetime, and the aetiology and the progression of the liver
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disease. This methodology covers most liver diseases, since even in their earliest stages
there are relatively small proportions of such diseases outside of the categories included in
our study. However, a number of limitations in our approach need to be mentioned. First,
the analyses of alcohol consumption were restricted to average levels of consumption over
time. While the largest impact of alcohol use on the liver certainly is captured by this
approach, there may be additional impacts from the pattern of drinking involved ([61]; for
liver diseases: [62,63]). For instance, Simpson and colleagues [64], in the Million Women
Study, observed higher risks when the same amount of alcohol was consumed without a
meal rather than with a meal or was consumed on a daily compared to a non-daily basis; the
latter confirming some earlier results. It has also been suggested that wine may be associated
with a lower risk for liver cirrhosis than other alcoholic beverages [e.g. 65] and spirits with
more risk [e.g. 66], but beverage-specificity of effects often cannot be distinguished from
other behavioural and sociodemographic characteristics associated with drinking various
beverages in different societies [67]. Unfortunately, there is not enough systematic research
to summarise patterns of drinking while controlling for potential confounders [62]. For
example, heavy episodic drinking has been suggested as a potential risk factor for the
progression of non-alcoholic fatty liver disease, but the evidence is still insufficient [37].
As a result, meta-analyses on alcohol use and liver disease, while trying to estimate the
effects of heavy episodic drinking, have restricted themselves to more narrative reviews of
the literature [22,25].

Another area where there is insufficient data concerns the interactions of alcohol use with
HBYV infection. There are no meta-analyses on the role of alcohol in the spontaneous
clearance of acute HBV infections, or on the disease progression of chronic HBV infections.
Such data would be especially necessary to estimate the role of alcohol in low- and middle-
income countries with high HBV infection and liver cirrhosis rates [50,68], but given the
high prevalence and incidence of HBV infections in high-income countries like the USA,
such data also would improve estimates for the USA.

Obviously, any statistical modelling is only as good as its assumptions. However, we took
great care to explain all assumptions for our results in the text and the Data S1 (Supporting
Information) and to only use very conservative assumptions. For example, we assumed
that around 50% of patients with HBV or HCV infection will abstain after being infected,
and we did not model the impact of former drinking on the course of these diseases. As
well, we used the estimates of alcoholic liver cirrhosis and chronic liver disease from the
Global Burden of Disease Study; these estimates are based on death records, which grossly
underestimate the real magnitude of this cause of death. In a landmark study in 12 cities

in 10 countries [69], after triangulating data on death certificates with data from hospital
records and interviews of attending physicians or family members, the number of deaths
due to “alcoholic liver cirrhosis’ more than doubled, with the majority of new cases being
recoded using corresponding categories of cirrhosis, which made no mention of alcohol.
This underreporting of alcoholic liver cirrhosis has persisted to this day [70,71]; for a short
summary and discussion, see [72,73].

Another limitation concerns the fact that the impact of modern therapies on HCV—that
is direct-acting antiviral medication—has not yet been fully integrated into these models.
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Obviously, the epidemiological data about incidence and prevalence do reflect these
medications, but the estimates of the impact of alcohol use have mainly been based on
studies before these medications were introduced. Better studies are needed on the potential
interaction of alcohol use with these medications in the course of treatment (e.g. role of
alcohol use in treatment uptake as well as treatment compliance, which includes compliance
with regular intake of medications).

A final limitation to be mentioned here concerns the fact that our calculations only give

a cross-sectional snapshot for 1 year, and from a real life-course perspective, some of the
pathways occur very early in the development of liver disease and others only at the end.

It would be more informative to observe a large cohort over several years, or to at least
model these developments in a long-term perspective study, for example using agent-based
modelling [74,75]. In addition, reviews and calculations, such as the current one, should
regularly be updated to continuously increase the evidence base on alcohol epidemiology.

Clinical and preventive perspectives

The evidence presented above suggests that alcohol consumption plays a role in all types
of liver disease. Thus, no matter how a liver disease is classified, care must be taken to
assess alcohol use and, in the presence of alcohol use, at least a reduction in its level or,
where possible, abstinence must be encouraged [76]. This recommendation can also be
based on the most rigorous meta-analysis available for all types of liver cirrhosis, where
categorical analysis showed an elevated risk for liver cirrhosis [22]. In any case, while
most dose—response relationships are exponential, indicating most harm is linked to heavy
drinking, there are no apparent thresholds for the various impacts of alcohol consumption.
And, clearly, the most severe consequences, such as decompensated liver cirrhosis or death,
can be triggered by even a small amount of drinking.

In terms of implications for interventions to reduce alcohol consumption in people with liver
cirrhosis, a distinction needs to be made between individual and societal-level interventions.
While abstinence from alcohol is best for people with liver disease, any reduction in the
level of alcohol use is beneficial, especially for those drinking at higher levels [77]. This

can be achieved by so-called brief interventions, or by alcohol therapy for people with
alcohol use disorders; both forms of intervention have shown effectiveness in reducing
levels of alcohol consumption and cost-effectiveness (brief interventions: [78]; therapy: [79];
cost-effectiveness: [80,81]). To initiate brief interventions or referral to treatment, current
alcohol consumption should be screened for regularly, similar to the regular monitoring of
blood pressure [82]. Such a routine medical screening could also help de-stigmatise heavy
alcohol consumption and alcohol use disorders [83].

Brief interventions for prevention may also potentially have positive population health
consequences if carried out systematically in the primary health-care setting [80]. But,
overall, population health effects in reducing alcohol-attributable liver disease could best
be achieved by alcohol control policies using the so-called best buys of the World Health
Organization: increases in alcohol taxation, limitations on the availability of alcohol and a
ban on its marketing and advertisement [84]. As indicated above, natural experiments with
reductions of alcohol consumption, such as Prohibition, the German invasion of France, or
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the Gorbachev Reform, all showed marked reductions in the incidence of liver cirrhosis in
the affected countries. The World Health Organization’s best buys have all been shown to
reduce alcohol consumption [80,84] and will also be effective in reducing the incidence and
mortality of liver cirrhosis.

However, while population-based alcohol control policies will be effective, regular
monitoring of consumption and alcohol-attributable harm should be initiated to initiate
implementation. Monitoring alcohol-attributable liver harm is important in this context as
recent experiences in North America have shown that liver disease in general and liver
cirrhosis in particular may serve as indicators for overall health problems, especially in
persons of lower socioeconomic status [85].

Conclusion

Alcohol use causes a substantial number of incident cases and deaths from chronic liver
disease, over and above alcoholic liver disease, often in interaction with other risk factors.
This additional disease burden is not reflected in the current estimates of alcoholic liver
disease categories. Clinical work and prevention policies need to take this into consideration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The role of alcohol use in the aetiology and course of liver disease. HBV, hepatitis B virus;
HCV, hepatitis C virus.
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