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[bookmark: _Toc517437393]Background
[bookmark: _Toc346396154][bookmark: _Toc517437394]The natural history of alcoholic liver cirrhosis
The histological observations of alcoholic liver disease can be grouped into three, often overlapping, stages: simple alcoholic steatosis, alcoholic steatohepatitis, and alcoholic liver cirrhosis (1–4).
Simple steatosis is a silent and potentially reversible state of alcoholic liver disease that develops in 80-90% of heavy drinkers (Supplementary figure 2) (3,5–7). Alcoholic steatohepatitis, which also frequently is clinically silent, may develop if heavy drinking continues, and is characterised by various degrees of inflammation and fibrosis (1). In severe instances, it manifests as the less common clinical syndrome of alcoholic hepatitis with a five-year mortality of approximately 50% (8,9). 
Yet, the majority of patients present clinically with alcoholic liver cirrhosis (8). Most alcoholic liver cirrhosis patients (76% in Denmark) have developed one or more complications of ascites, variceal bleeding, or hepatic encephalopathy at the time of diagnosis (10). This indicates that liver cirrhosis without complications can be clinically silent as well. 
In alcoholic liver cirrhosis, fibrosis is extensive and there are few functioning hepatocytes (1). The five-year mortality is 65% (8). In clinical samples, 20 years of heavy drinking preceded diagnosis in the majority of patients (3,11,12). Cessation of drinking before alcoholic liver cirrhosis is established will prevent disease progression in the majority of patients (13–15). Still, in the case of manifest alcoholic liver cirrhosis, alcohol abstinence is a strong predictor of survival (16), and even regeneration of liver cirrhosis to liver fibrosis has been observed after alcohol abstinence (17).

[bookmark: _Toc517437395]Alcohol amount and drinking pattern as risk factors of alcoholic cirrhosis in the general population 
Alcohol amount is related to risk of alcoholic liver cirrhosis in a dose-dependent manner with an increasing risk observed for increasing alcohol amount (18,19). Alcohol amount as low as 12-24 g per day in men and 12 g per day in women already increases risk for alcoholic liver cirrhosis mortality compared to lifetime abstention (relative risk of 1.6 [95%CI 1.4, 2.0] in men and 1.9 [95%CI 1.1, 3.1] in women) (18). However, alcoholic liver cirrhosis is rare among light and moderate drinkers. The observed prevalence of alcoholic liver cirrhosis morbidity in the Dionysos study was 0.15%, 1%, 2.3%, 4.9%, and 5.7%, in drinkers of <30, 31-60, 61-90, 91-120, and >120 g alcohol per day, respectively (20). And the observed mortality of alcoholic liver cirrhosis is even lower; 0.003-0.16%, 0.05-0.08%, 0.09%, and 0.17% per person-year in drinkers of < 24, 24-48, 48-60, and > 72 g alcohol per day (21,22).
There is some evidence of a threshold-effect at around 80-100 g alcohol per day in men and 50-70 g per day in women, beyond which increasing consumption no longer increases risk further (18,19,23).
Current alcohol amount is more strongly related to risk of alcoholic liver cirrhosis than previous amount (19). Moreover, regarding the pattern of drinking in current drinkers, daily drinking in men compared to drinking less frequently, is associated with an increased risk of alcoholic liver cirrhosis even when alcohol amount is taken into account (19,23–25). Drinking outside meal-times, instead of meal-related drinking, was associated with an increased risk in the Dionysos study (26). It is possible that binge drinking (drinking at least four or five units alcohol on one occasion) and the type of alcohol ingested (wine, beer, liquor, homebrewed) are also independent risk factors of alcoholic liver cirrhosis, but this remains unknown (19,27,28).

[bookmark: _Toc346396155][bookmark: _Toc517437396]The main preventive interventions for alcohol-related harm in the general and high-risk population
Interventions targeting individuals of high risk have been assessed in randomized controlled trials (Figure 1). The results indicate that screening and brief/extended interventions can reduce alcohol consumption, alcohol-related disease, and mortality in male heavy drinkers (Supplementary table 4)(29–32). Moreover, cognitive-behavioural therapies, glutamate inhibitors, and opiate antagonists in combination with psychological therapy, have proved to be effective treatments for alcohol dependence (33–36).
	The effects of interventions targeting the general population in real-life settings have been assessed in longitudinal observational studies and in modelling studies. Results from such studies indicate that minimum unit pricing for alcohol (37–39), alcohol taxation (40–42), and to a lesser extent limiting alcohol availability (43), have reduced alcohol consumption and alcohol-related harm. Minimum unit pricing on alcohol affects heavy drinkers more than moderate or light drinkers (37). There is limited evidence for the effects of restricting advertising (44–46), health education policies in schools (47), public information campaigns (48), and sensible drinking guidelines (49).
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[bookmark: _Toc517437397]Supplementary table 1. Bias assessment according to the Newcastle-Ottawa Scale (50) of included observational studies on incidence of alcoholic liver cirrhosis in alcohol-problem cohorts.

	
	Selection#
(A maximum of 4 stars, low risk of bias: ≥ 3 stars)
	Comparability#
	Outcome
(A maximum of 3 stars, low risk of bias: ≥ 2 stars)

	Hospital patients with an alcohol problem diagnosis

	Piette
1998
USA
	Low risk (****)
Natiowide sample, diagnostic codes, outcome excluded at study start.
	Not relevant
	Low risk (**)
Record linkage only, follow-up of 11 years, 95% completeness of follow-up data on cohort 

	Askgaard
2016
Denmark
	Low risk (****)
Nationwide sample, diagnostic codes, outcome excluded at study start.
	Not relevant
	Low risk (**)
Record linkage only, follow-up of 11 years, 99% completeness of follow-up data on cohort

	Heavy drinkers referred to an internal medicine department

	Sørensen
1984
Denmark
	Low risk (***)
Somewhat representative - one hospital, structured interview, outcome excluded at study start.
	Not relevant
	Low risk (**)
Record linkage on those who were dead, blinding of outcome of earlier liver biopsi, follow-up 12 years, 78% were followed up

	Marbet
1987
Switzerland
	Low risk (***)
Somewhat representative - one hospital, structured interview or history by family, outcome excluded at study start.
	Not relevant
	Low risk (**)
Blind assessment of outcome, follow-up 8 years, 61% were followed up

	Motoo
1992
Japan
	High risk (**)
Selected group, medical chart review for alcohol history, outcome excluded at study start
	Not relevant
	Unclear/high risk (*)
Assessment of outcome not described, follow-up 8 years, cohort members defined according to follow-up biopsy availability

	Teli
1995
UK
	High risk (**)
Somewhat representative - one hospital, medical chart review and interview for alcohol history, outcome excluded at study start.
	Not relevant
	Low risk (**)
Biopsy, medical chart review, and causes of death register. Follow-up 11 years. Follow-up on 44% patients – however, these were handlet as outcome negative, which could underestimate the cirrhosis incidence.

	Patients seeking treatment for alcohol problems (specialized treatment center or psychiatric department)

	Polich
1981
USA
	Low/unclear risk (**)
Somewhat representative – a big sample who was admitted from alcoholism treatment. Unclear if outcome was excluded at study start.
	Not relevant
	High risk (*)
Underlying course of death from register, validating not obvious alcohol-related deaths by information with local informants

	Lambie
1983
New Zealand
	Low/unclear risk (***)
Somewhat representative – large sample from one alcohol clinic, unclear if outcome was excluded at study start.
	Not relevant
	High risk (*)
Record linkage, only underlying cause of death. Follow-up 2 years – too low. Complete follow-up – but cases may be missed.

	Berglund
1984
Sweden
	Low/unclear risk (***)
Somewhat representative – large sample from one psychiatric department by diagnostic codes, unclear if outcome was excluded at study start.
	Not relevant
	High risk (*)
Underlying cause in cause of death register. Follow-up 18 years. Nearly complete follow-up – but cases may be missed.

	Higuchi
1987
Japan
	Low risk (***)
Somewhat representative – large sample from one alcohol clinic, outcome was not an exclusion criterion at study start.
	Not relevant
	High risk (*)
Underlying cause in cause of death register and hospital records. Follow-up 7 years.

	Ågren
Sweden
1987
	Low/unclear risk (***)
Somewhat representative – large sample from one alcohol centre by diagnostic codes, unclear if outcome was excluded at study start.
	Not relevant
	Low risk (***)
All causes of death considered on death certificate and 75% validated with necropsy report and medical chart review. Nearly complete follow-up. Follow-up 6 years.

	Lindberg
Sweden
1988
	Low risk (***)
Somewhat representative – large sample from one alcohol centre/hospital by diagnostic codes,
outcome was not an exclusion cruterion at study start.
	Not relevant
	High risk (*)
Record linkage, only underlying cause of death. Follow-up 7 years. Complete follow-up is expected.

	Ohara
1989
Japan
	High risk (*)
Not representative – only including those 25% with known causes of death, outcome was not an exclusion cruterion at study start.
	Not relevant
	High/unclear risk (*)
Death certificates. Unclear if all causes of death were considered. Follow-up 6 years.

	Lewis
1995
USA
	High risk (*)
Not representative – small sample from two hospitals. outcome was not an exclusion cruterion at study start, but was measured so possible to distingush new cases.
	Not relevant
	Low/unclear risk (***)
Interview with relatives and death certificates were retrived. Unclear if all causes of death were considered. Follow-up 20 years.

	Denison
1997
Sweden
	Low risk (***)
Somewhat representative – large sample from one detoxification ward by diagnostic codes, 
outcome was not an exclusion cruterion at study start.
	Not relevant
	High/unclear risk (*)
Death certificates. Unclear if all causes of death were considered.
Follow-up 4 years – too low.

	Noda
2001
Japan
	Low risk (***)
Somewhat representative – sample of alcohol dependent treated as inpatients or outpatients in one city by use of medical records.
Outcome was not an exclusion cruterion at study start.
	Not relevant
	High risk (*)
Death certificates using the underlying cause of death. Follow-up 8 years.

	Kamper-Jørgensen
2004
Denmark
	Low risk (****)
Somewhat representative – very large cohort from one alcohol treatment center. Outcome was an exclusion cruterion at study start
	Not relevant
	High/unclear risk (*)
Death certificates with nearly complete data. Unclear if all causes of death were considered. Follow-up 14 years.

	Costello
2006
USA
	Low risk (***)
Representative – large cohort from one alcohol treatment center. Outcome was not an exclusion criterion at study start.
	Not relevant
	High/unclear risk (*)
Death certificates using the underlying cause. In case of missing – using hospital records and autopsy reports. Follow-up 33 years.

	Haver
2009
Sweden
	High risk (**)
Selected group of high functioning women receiving first treatment for alcohol problems at one center.
Outcome was not an exclusion criterion at study start
	Not relevant
	High/unclear risk (**)
Death certificates with complete follow-up. Unclear if all causes of death were considered. Follow-up 20 years.

	Saieva
2012
Italy
	Low risk (***)
Somewhat representative – large cohort from one alcohol treatment center by medical records. Outcome was not an exclusion cruterion at study start.
	Not relevant
	High/unclear risk (*)
Death certificates with nearly complete follow-up. Unclear if all causes of death were considered.
Follow-up 10 years.

	Park
2013
Korea
	Low risk (***)
Somewhat representative – large cohort from one psychiatric hospital department by medical records with mainly alcohol problems. Outcome was not an exclusion cruterion at study start
	Not relevant
	High/unclear risk (*)
Cause of death register with nearly complete follow-up. Unclear if all causes of death were considered.
Follow-up 6 years.

	Rivas
2013
Spain
	Low risk (***)
Somewhat representative – large cohort from two hospitals by diagnostic codes. Outcome was not an exclusion cruterion at study start
	Not relevant
	High/unclear risk (*)
Death certificates. Unclear if all causes of death were considered. Follow-up 3 years – too low.

	Morandi
2015
Italy
	Low risk (***)
Somewhat representative – large cohort from one alcohol treatment center by diagnostic codes. Outcome was not an exclusion cruterion at study start
	Not relevant
	High/unclear risk (**)
Cause of death register with nearly complete follow-up. Unclear if all causes of death were considered. Follow-up 7 years.



#The selection of non-exposed as well as comparability of study controls in the studies was not relevant to consider as bias in this systematic review because only incidence in the whole cohort was measured.

[bookmark: _Toc517437398]Supplementary table 2. Bias assessment according to Hoy et al. 2012, Journal of Clinical Epidemiology (51), of included observational studies on the alcohol amount consumed by alcoholic liver cirrhosis patients.

	First author
Year
Country
	External validity
	Internal validity

	
	Represen-tativeness of national population?
	Represen-tativeness of target population?
	Sample selection?
	Non-response bias?
	Direct data collection from subjects?
	Acceptable case definition?
	Validity and reliability of parameter instrument?
	Same mode of data collection for all subjects?
	Length of shortest prevalence period appropriate?
	Numerator and denominator appropriate?
	Summary

	Norton
1987
Australia
	High risk
(only 26 women from 8 hospitals in Sydney)
	Low risk
(all who were first-time admitted) 
	Low risk
(included 91% of all who were first-time admitted)
	Low risk
(79% participation rate)
	Low risk (yes by interview and medical chart)
	Low risk
(histology, clinical, scan and viral hepatitis excluded)
	Unclear risk
(not validated questionnaire)
	Low risk
(yes)
	Low risk (yes – alcohol prior to admission)
	Low risk
(yes)
	Low risk

	Sarin
1988
India
	High risk 
(attending one department) 
	Low risk 
(all who attended the department and had been drinking 5 years or more)
	Low risk (included all who attended the department)
	Low risk (100% participation rate)
	Low risk (yes interview with the patient and a relative in 86% of cases)
	Low risk (based on histology and using the International Liver Group Criteria)
	Unclear 
(not validated questionnaire, but presence of a relative)
	Low risk
(yes)
	Low risk (lifetime alcohol consumption)
	Low risk
(yes)
	Low risk

	Parrish
1991
USA
	Low risk 
(random sampling of all dead)
	Unclear risk 
(not stated)
	Low risk (random using all causes of death on the certificate)
	Low risk (response rate from next of kin 89%)
	High risk (interview of relatives only)
	Unclear risk (not described)
	Unclear 
(not described validation of interview)
	Low risk
(yes)
	Low risk (lifetime alcohol consumption)
	High risk
(inappropriate categories of alc consumption)
	High/unclear risk

	Batey
1992
Australia
	High risk
(sample of men from two hospitals)
	Low risk 
(all who were first-time admitted were approached)
	Low risk 
(all who were first-time admitted were approached)
	Unclear/high risk
(only including those capable of interview)
	Low risk 
(yes by interview)
	Low risk
(histology, clinical, scan and viral hepatitis excluded)
	Low/unclear risk
(not described validation of interview, however the same research assistant undertook all interviews)
	Low risk
(yes)
	Low risk (lifetime alcohol consumption)
	Low risk
(yes)
	Low risk

	Bellentani
1997
Italy
	Low risk
(participants in a population-based study of liver disease prevalence)
	Low risk
(all invited)
	Low risk 
(all in the community were invited)
	High risk (participation rate overall was 69%, however, ill cirrhosis patients are expected to be underrepresented)
	Low risk 
(yes, by questionnaire)
	Low risk (histology and viral hepatitis excluded)
	Low risk (validated frequency questionnaire)
	Low risk
(yes)
	Low risk (current consumption)
	Low risk
(yes)
	Low risk

	Nakamura
2004
Japan
	High risk 
(those attending one Alcohol treatment center)
	Low risk 
(all who were admitted were approached)
	Low risk (included all who attended the department)
	High risk (participation rate 16%)
	Low risk 
(yes by interview)
	Low risk (Child Pugh scala and viral hepatitis excluded)
	Unclear risk
(not described validation of interview)
	Low risk
(yes)
	Low risk (lifetime alcohol consumption)
	Low risk
(yes)
	Low risk

	Aparisi
2008
Spain
	High risk 
(attending one department)
	Low risk 
(all first-time referred were approached)
	Low risk (included nearly all who attended the department)
	Unclear risk (not described)
	Unclear risk (not described)
	Low risk (histology and viral hepatitis excluded)
	Unclear risk
(not described)
	Low risk
(yes)
	Low risk (yes – alcohol prior to admission)
	Low risk
(yes)
	Low/unclear risk

	Stroffolini
2010
Italy
	Low risk (referred to 9 units across Italy)
	Low risk 
(all first-time referred were approached)
	Low risk (included all who attended the departments)
	Low/unclear risk
(not described)
	Low risk 
(yes, by questionnaire)
	Low risk (liver biopsy or in the presence of
clinical, biochemical and ultrasound signs)
	Unclear risk
(not described validation of questionnaire)
	Low risk
(yes)
	Low risk (yes – alcohol prior to admission)
	Low risk
(yes)
	Low risk

	Alvarez
2011
Spain
	High risk 
(attending one department)
	Low risk 
(all first-time referred were approached)
	Low risk (included nearky all who attended the department)
	Low risk 
(83% were included)
	Unclear risk
(not described)
	Low risk (histology and viral hepatitis excluded)
	Unclear risk
(not described)
	Low risk
(yes)
	Low risk (yes – alcohol prior to admission)
	Low risk
(yes)
	Low risk

	Horie
2012
Japan
	Low risk
(nationwide survey)
	Low risk 
(all major hospital institutions were asked for participants)

	Unclear risk (not described)
	Low/unclear risk
(not described)
	Unclear risk
(not described)
	Low risk 
(according to the Japan Etiology of Liver Cirrhosis Study Group)
	Unclear risk 
(not described validation)
	Low risk
(yes)
	Low risk (yes – alcohol prior to admission)
	Low risk
(yes)
	Low/unclear risk

	Xie
2013
China
	High risk 
(one hospital)
	Low risk 
(all attendees identified by medical records)
	Low risk 
(all included)
	Low risk 
(all included)
	Low risk
(discharge records)
	Low risk (exclusion of vital and other causes of liver disease)
	Unclear risk 
(not described validation)
	Low risk
(yes)
	Low risk (current alcohol consumption)
	Low risk
(yes)
	Low risk

	Ray
2014
India
	High risk (attending one department)
	Unclear risk
(not described)
	Unclear risk
(not described)
	Unclear risk
(not described)
	Unclear risk
(not described)
	Low risk (histology and exclusion of non-alcohol related causes)
	Unclear risk
(not described)
	Unclear risk
(not described)
	Low risk (lifetime alcohol consumption)
	Low risk
(yes)
	Low/Unclear risk






[bookmark: _Toc517437399]Supplementary table 3. Bias assessment according to Hoy et al. 2012, Journal of Clinical Epidemiology (51), of included observational studies on alcohol-related healthcare contacts prior to alcoholic liver cirrhosis diagnosis.

	First author
Year
Country
	External validity
	Internal validity

	
	Represen-tativeness of national population?
	Representativeness of target population?
	Sample selection?
	Non-response bias?
	Direct data collection from subjects?
	Acceptable case definition?
	Validity and reliability of parameter instrument?
	Same mode of data collection for all subjects?
	Length of shortest prevalence period appropriate?
	Numerator and denominator appropriate?
	Summary

	Previous healthcare contacts with obvious alcohol problems

	Otete
2015a*
UK
	Low risk 
(Nationwide primary care and hospital register)
	Low risk
(yes, all who had a first diagnosis of cirrhosis) 
	Low risk (all included)
	Low risk
(register-based)
	Low risk (data obtained from register)
	Low risk (yes read codes for harmful drinking in general practice)
	Unclear 
(not validated – likely underestimation)
	Low risk (yes)
	Low risk 
(6 years)
	Low risk (yes)
	Low risk

	Askgaard
2017
Denmark
	Low risk 
(Nationwide cohort)
	Low risk 
(all seen at the hospital in Denmark)
	Low risk (all included)
	Low risk
(register-based)
	Low risk (data obtained from register)
	Low risk (diagnostic codes for alcohol problems)
	Low risk (although some underestimation is likely)
	Low risk (yes)
	Low risk (10 years)
	Low risk (yes)
	Low risk

	Previous healthcare contacts with conditions that may be alcohol-related

	Verril
2006
UK
	High risk
(One hospital)
	Low risk
(all patients with histology and medical history of alcoholic liver disease)
	High risk (not including those without liver biopsy)  
	Low risk
(medical chart review)
	Low risk (medical chart)
	Low risk (chart notes indicating alcohol-related disease)
	High risk (underestimation likely since not information from other hospitals)
	Low risk (yes)
	Low risk 
(7-10 years)
	Low risk
(yes)

	Low risk

	Otete
2015b*
UK
	Low risk 
(Nationwide primary care and hospital register)
	Low risk
(yes, all who had a first diagnosis of cirrhosis) 
	Low risk (all included)
	Low risk
(register-based)
	Low risk (data obtained from register)
	Low risk (diagnoses indicating alcohol-related disease)
	Unclear risk
(not validated diagnoses of injuries, cancer, heart disease etc.)
	Low risk (yes)
	Low risk 
(6 years)
	Low risk
(yes)

	Low risk

	Previous healthcare contacts with any unspecified health problem

	Verril
2006
UK
	High risk
(One hospital)
	High risk 
(only patients capable of interview)
	Unclear risk 
(not described)
	High risk 
(only patients capable of interview)
	Low risk (interview)
	Low risk

	Unclear risk (recall bias)
	Low risk (yes)
	Low risk 
(5 years)
	Low risk
(yes)

	Low risk

	Otete
2015a*
UK
	Low risk 
(Nationwide primary care and hospital register)
	Low risk
(all who had a first diagnosis of cirrhosis) 
	Low risk (all included)
	Low risk
(register-based)
	Low risk (data obtained from register)
	Low risk (all contacts assessed)
	Low risk 
(health contacts in primary care)
	Low risk (yes)
	Low risk 
(6 years)
	Low risk
(yes)
	Low risk


*Otete 2015a and 2015b are two studies describing the same study population. For references see Table 3 in the original paper.

[bookmark: _Toc517437400]Supplementary table 4. The main preventive interventions for alcohol-related harm in the general and high-risk population. Adapted from Anderson et al., Lancet 2009 (52). 
	Intervention
	Target population
	Evidence
	Effect
	Recommended by authorities

	Preventive interventions targeting high-risk populations

	Screening and brief/extended intervention
	Hazardous or harmful drinkers
	Primary care(29)
Hospital wards(30,31)
Emergency setting(32)
	Reduced consumed alcohol amount (NNT = 9), mortality, and alcohol-related harm. No clear evidence for women.
	NICE(53)
OECD(54)
WHO(55)


	Cognitive-behavioural therapies
	Alcohol dependent
	(56)
	Increased abstinence at 1 year
	NICE(33)
OECD(54)

	Glutamate inhibitor in combination with psychological therapies
	Alcohol dependent
	(34,35)
	Increased abstinence at 1 year (NNT = 9)
	NICE(33)
OECD(54)

	Opiate antagonists in combination with psychological therapies
	Alcohol dependent
	(36)
	Reduced drinking at 3 months (NNT = 9)
	NICE(33)
OECD(54)

	Preventive interventions targeting the general population

	Minimum unit price for alcohol
	All
	(37,38)
	Reduced alcohol amount; harmful drinkers most affected.
	NICE(53)
OECD(54)
WHO(55)

	Alcohol taxation
	All
	(40,41)
	Reduced alcohol amount. Reduced acute and chronic alcohol-related harm
	OECD(54)
WHO(55)

	Limiting alcohol availability - reducing outlet density and days and hours of sale
	All
	(43)
	Reduced binge-drinking and mean alcohol amount. Reduced alcohol-related harm.
	NICE(53)
OECD(54)
WHO(55)

	Alcohol advertising restrictions
	All
	(44–46)
	Indirect evidence: Advertising increase consumed alcohol amount, in all drinkers and heavy drinkers.Young people and children most affected.
	NICE(53)
OECD(54)
WHO(55)


	Health education policies in schools
	Youngsters
	(47)
	No prolonged effect on consumed alcohol amount, some increased knowledge.
	OECD(54)
WHO(55)


	Public information campaigns
	All
	(48)
	Sparsely studied. No recognised effect.
	OECD(54)
WHO(55)

	Sensible drinking guidelines
	All
	(49)
	No scientifically-published assessment
	WHO(55)




Abbrevations: NNT: Number needed to treat; NICE: The National Institute of Care and Excellence; OECD: The Organisation for Economic Co-operation and Development; WHO: World Health Organization


[bookmark: _Toc517437401]Supplementary figure 1. Forest plots of the proportion of alcoholic liver cirrhosis patients drinking a) <80 g alcohol per day, b) 80-200 g alcohol per day, and c) >110 g alcohol per day. The size of squares for each study represents the weight used in the random-effects model.
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[bookmark: _Toc517437402]Supplementary figure 2. The natural history of alcoholic liver cirrhosis. Prevalence of histological stages in relation to years of continuous heavy drinking. Abstinence increase the likelihood of liver regeneration (3,5,15)
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