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Abstract
Background  Alcohol consumption is the most important risk factor responsible for the disease burden of liver cirrhosis (LC). 
Estimates of risk relationships available usually neither distinguish between different causes such as alcohol-related LC or 
hepatitis-related LC, nor differentiate between morbidity and mortality as outcome. We aimed to address this research gap 
and identify dose–response relationships between alcohol consumption and LC, by cause and outcome.
Methods  A systematic review using PubMed/Medline and Embase was conducted, identifying studies that reported an 
association between level of alcohol use and LC. Meta-regression models were used to estimate the dose–response relation-
ships and control for heterogeneity.
Results  Totally, 44 studies, and 1 secondary data source, with a total of 5,122,534 participants and 15,150 cases were 
included. Non-linear dose–response relationships were identified, attenuated for higher levels of consumption. For morbidity, 
drinking 25 g/day was associated with a RR of 1.81 (95% CI 1.68–1.94) compared to lifetime abstention; 50 g/day and 100 g/
day corresponded to 3.54 (95% CI 3.29–3.81) and 8.15 (95% CI 7.46–8.91), respectively. For mortality, for 25 g/day, a RR of 
2.65 (95% CI 2.22–3.16); for 50 g/day, a RR of 6.83 (95% CI 5.84–7.97); for 100 g/day, a RR of 16.38 (95% CI 13.81–19.42) 
were identified. A higher risk for alcohol-related and all-cause LC as compared to hepatitis C-related LC was found.
Conclusion  Our results demonstrated higher acceleration for mortality compared to morbidity. The current findings will 
inform the way we quantify the burden due to LC attributable to alcohol use.
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Introduction

The causal impact of alcohol use on diseases of the liver 
has been known for centuries [1], and has led to a separate 
category of “alcoholic liver disease” in the International 
Classification of Disease (ICD) since the 1920s (to avoid 
stigmatization [2], we will use the term alcohol-related 
liver cirrhosis). A clear etiology of liver cirrhosis (LC) is 
not always possible to establish on a clinical level, blurring 
the lines between the different diagnoses [3]. However, it 
has been shown that alcohol use not only impacts alcohol-
related liver disease but also almost all causes [4], such as 
hepatitis-related LC or non-alcoholic fatty liver disease. The 
dose–response relationship between alcohol use and LC cur-
rently available does not distinguish between the different 
causes of LC; therefore, our study aimed to explore such 
differences.

The question of differing dose–response relationships for 
LC morbidity and mortality has yielded mixed results in the 
literature to date. Continued alcohol use by those diagnosed 

with LC leads to further complications and potential death in 
shorter periods, irrespective of the cause of the incident LC. 
An earlier meta-analysis found that the risk for LC mortality 
increased at a much steeper rate than the risk for morbid-
ity [5], which is expected because it usually takes years to 
develop alcohol-related LC [4]. However, a later review did 
not draw the same conclusion [6]. Finally, since the genetic 
background differs worldwide, investigating regional dif-
ferences in relative risk may help explain the variability in 
alcohol-attributable LC burden among individuals who con-
sume the same average amount of alcohol. [7, 8]

Accordingly, our review aimed to distinguish 
dose–response relationships for different categories of LC 
based on separate causes (all-cause LC, alcohol-related LC, 
and hepatitis-related LC) and assess regional differences in 
the risk relationship. In addition, this review focuses on the 
separate dose–response relationships between the level of 
alcohol consumption and LC morbidity, and LC mortality. 
We hypothesized that the LC mortality curve will be steeper 
than that for morbidity.
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Materials and methods

Systematic review

We conducted a systematic literature search on the rela-
tionship between alcohol consumption and the risk of LC, 
using PubMed/Medline and Embase from inception to 
March 8, 2023. We applied the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
criteria (see PRISMA checklist [9] in Supplementary 
Material Table e1). The search was conducted using key-
words and MeSH terms relating to alcohol consumption, 
LC, and observational studies (for search strategy, see 
Supplementary Material Table e2). In addition, we manu-
ally reviewed the reference list of relevant articles. No 
language restrictions were imposed. The references were 
screened following a two-step approach of (1) title/abstract 
and (2) full-text screenings. All references were screened 
by one author (L.LF.), with independent verification by 
two additional reviewers (J.R and O.H.), and the full-text 
screening was conducted by two authors (L.LF. and J.R.). 
The study protocol was registered with PROSPERO, reg-
istration number CRD42022299680.

The inclusion criteria were as follows: case–control 
or cohort study design; studies reporting the quantity of 
alcohol use as the exposure variable; the endpoint was 
LC morbidity (incidence of LC diagnosed by liver biopsy 
or, in patients unable to undergo biopsy, by clinical and 
laboratory criteria; or decompensated LC, defined by 
the occurrence of ascites, variceal bleeding or hepatic 
encephalopathy [10]) and LC mortality (ICD-8 and ICD-9 
codes 571 and ICD-10 codes K70, K73, K74); studies that 
reported odds ratios (OR), relative risks (RR), or hazard 
ratios (HR) and their 95% confidence intervals (CI), or 
information allowing us to compute them. The cause of LC 
was classified into three categories: all-cause LC, which 
accounted for all cases of LC, alcohol-related LC (defined 
by a medical diagnosis or ICD-10 code K70) and hepatitis 
C-related LC (defined by a medical diagnosis or ICD-10 
code B18). Studies were excluded if: they were not pub-
lished as full reports, a cross-sectional design was used, 
or there was not enough information to compute the risk 
and endpoints.

Data extraction

The following data were extracted by two authors (L.LF. 
and J.R.): title, first author, year of publication, country, 
study design, year of study, follow-up years, sample size, 
sex, age, cause of LC, socioeconomic status, race/ethnic-
ity, alcohol consumption categories, period of alcohol 

consumption, risk estimates with their corresponding 95% 
CIs, adjustments, and endpoints. The term RR was used to 
describe all risk estimates, including OR or HR.

Alcohol consumption data that were not presented as 
grams per day were converted to this measurement based 
on the size of a standard drink in the study’s country of 
origin (as defined by the World Health Organization [11]). 
If alcohol consumption was provided in ranges, the mid-
point was used. In cases where there was no upper bound 
for the highest category, the width of the previous cat-
egory’s range was multiplied by 75%, and the resulting 
value was added to the lower bound, using this measure 
as the highest category (for examples of these methodol-
ogy, see [5, 12]).

Quality assessment

The Cochrane Risk-of-Bias Tool for Non-Randomized Stud-
ies (ROBINS-I) [13] was adapted and used to assess risk of 
bias in primary studies (for details on the adaptation, see 
Supplementary Material Table e3). We rated the evidence 
for the association between alcohol consumption and LC 
based on the Grading of Recommendations Assessment, 
Development and Evaluation approach [14]. Each study was 
rated by at least two authors and results were discussed in 
person to reach a consensus on the final ratings.

Secondary data source

We conducted one secondary data analysis using nation-
ally representative data from the United States (US) for 
inclusion in this review. We used cross-sectional data from 
the National Health Interview Survey (NHIS), covering 
the annual survey years from 1997 to 2018, linked to the 
mortality data from the US National Death Index, with a 
follow-up until 2019. Analyses were restricted to adult par-
ticipants aged 25 years and older. After excluding missing 
values in covariates (which accounted for < 5% of the total 
sample), our final sample size was 562,042 (246,004 males 
and 316,038 females), which included 1280 LC deaths (720 
males and 560 females). The average follow-up period was 
10.7 with a standard deviation of 6.4 years. We used Cox 
proportional hazard models to calculate point estimates for 
the risk of LC mortality at various levels of alcohol use, 
while adjusting for sex, education (high school degree or 
less, some college education but no degree, and college 
degree or more), race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, and others), marital status, and 
survey year. We accounted for the complex survey design 
through survey weights, stratum, and PSU. Our analyses 
were stratified by sex.
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Statistical analysis

We first separated lifetime abstainers from former drinkers 
based on a subset of studies and harmonized the reference 
category of the included studies to ensure that lifetime abstain-
ers served as the reference category. This step is necessary to 
avoid “sick quitter bias”, i.e., the bias of including people as 
abstainers who quit drinking later in life for health reasons 
[15] (for the reasoning used in this step, see Supplementary 
Material Methods e4).

Meta-analysis via multilevel meta-regression using 
Restricted Maximum Likelihood (REML) random-effects 
model was conducted to investigate and quantify the 
dose–response relationship [16]. Such a model was suited to 
handle clustered data. We modeled the intercept to go through 
zero on the logarithmic scale. Variation in the effect size due 
to heterogeneity between studies was quantified using both 
Cochrane Q-test and the I²  statistic. We tested a set of shapes 
of the dose–response relationship (linear, quadratic, restric-
tive cubic splines, and cubic polynomials) using all point esti-
mates [17]. The best-fitting model was selected based on the 
Akaike information criterion (AIC) and Bayesian information 
criterion (BIC) statistics. Next, to investigate heterogeneity in 
the dose–response relationship, we included the following 
variables in the model: cause of LC (all-cause LC, alcohol-
related LC, and hepatitis C-related LC), region (Asia and 
all other countries) and endpoint (morbidity and mortality). 
For each of the variables, potential interaction effects with 
the dose of alcohol consumption were tested to determine if 
stratified models had to be calculated. We then fitted stratified 
dose–response relationships for the variables that showed a 
statistical significant interaction effect.

We conducted three sensitivity analyses. First, we used a 
wider definition of liver disease (ICD-10 codes K70–K76) to 
gauge the generalizability of the dose–response relationship 
using a broader evidence base. Second, to account for changes 
in the prevention and treatment of LC since the turn of the 
century, we restricted the analysis to studies that were pub-
lished after the year 2000. Finally, we restricted the analysis 
to studies that obtained a low and moderate score in the risk of 
bias assessment to investigate any differences in the findings 
when excluding studies with a high risk of bias. Significant 
differences were identified based on non-overlapping CIs for 
the resulting risk relationships compared to our main results. 
All statistical analyses were conducted using meta [18] and 
metafor [19] packages in R software version 4.0.5. [20]

Results

Overall, 44 studies fulfilled our inclusion criteria, outlined in 
Fig. 1. The characteristics of all studies included in our anal-
ysis, including the secondary data source, are summarized 

in Supplementary Material Table e5. The studies included 
5,122,534 participants and 15,150 cases of LC. Overall, 26 
studies were cohort studies and 18 studies were case–control 
studies. As for the specific cause of LC, 6 studies reported 
on alcohol-related LC and 14 studies reported on hepatitis 
C-related LC. In total, 24 studies (53%) used LC morbidity 
as the endpoint, 17 studies (38%) used LC mortality as the 
endpoint, and 4 studies (9%) presented data on LC morbidity 
and mortality together. Alcohol consumption was measured 
via self-report in all the studies that were included in our 
analysis. The majority of studies were conducted in the US 
(31%), followed by France (20%), Italy (11%), and Australia, 
China, and United Kingdom (7% each). Regarding the risk 
of bias, 18 studies were rated as having a moderate risk of 
bias score, 11 studies were rated as seriously biased, and 15 
studies were rated as having a critical risk of bias (the poor-
est assessment). However, it should be noted that a high risk 
of bias predominantly arose because almost all studies evalu-
ated alcohol use at a single time point and, consequently, 
alcohol use was not treated as a time-varying factor. When 
removing this criterion, we obtained 7 studies with a low 
risk of bias, 12 studies with moderate risk, 10 studies with 
serious risk, and 15 studies with a critical risk of bias.

We identified a non-linear dose–response relationship 
between alcohol use and all-cause LC. The best-fitting shape 
was the restrictive cubic spline (for justification, see Supple-
mentary Material File e6). Overall, for both sexes combined, 
we identified a RR of 1.85 (95% CI 1.73–1.99) of all-cause 
LC when consuming 25 g/day compared to lifetime absten-
tion, a RR of 4.11 (95% CI 3.86–4.38) for 50 g/day and a RR 
of 9.49 (95% CI 8.81–10.23) for 100 g/day. In sex-specific 
analyses, we identified that females experience higher risks 
at any given level of average alcohol consumption, with a 
steeper curve compared to males (data not shown, see [21]).

When comparing cause-specific dose–response relation-
ships, for the same level of alcohol use per day, there was 
a higher risk for alcohol-related and all-cause LC as com-
pared to hepatitis C-related LC (Fig. 2). The dose–response 
relationship for alcohol-related LC showed an exponential 
increase with higher doses of alcohol use. For example, 
drinking 50 g/day was associated with a RR of 6.51 (95% 
CI 4.94–8.57) for alcohol-related LC compared to lifetime 
abstention, and for hepatitis C-related LC, the RR was 3.10 
(95% CI 2.84–3.39). However, drinking 100 g/day was asso-
ciated with a RR of 29.08 (95% CI 22.34–37.87) for alco-
hol-related LC compared to lifetime abstention, while for 
hepatitis C-related LC, the RR was 5.80 (95% CI 4.78–7.04), 
showing a higher difference in the risk of LC by the specific 
cause studied.

Statistically significant differences between all-cause 
LC morbidity and mortality were identified (Fig. 3), with 
a higher acceleration of the curve observed in mortality 
studies. For all-cause LC morbidity, drinking 25 g/day 
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was associated with a RR of 1.81 (95% CI 1.68–1.94) 
compared to lifetime abstention, while drinking 50 g/day 
and 100 g/day was associated with a RR of 3.54 (95% CI 
3.29–3.81) and 8.15 (95% CI 7.46–8.91), respectively. For 
all-cause LC mortality, we found a RR of 2.65 (95% CI 
2.22–3.16) compared to lifetime abstention when drinking 
25 g/day, and RRs of 6.83 (95% CI 5.84–7.97) and 16.38 
(95% CI 13.81–19.42) were identified for a consumption 
of 50 g/day and 100 g/day, respectively.

As for regional differences, we did not find a statis-
tically significant interaction between alcohol use and 
region when comparing Asia with other countries (for 
details, see Supplementary Material File e7). Addition-
ally, we did not identify any study that analyzed the asso-
ciation between alcohol use and the subcategory of alco-
hol-related LC in Asia, and thus we were unable to test 
this interaction. Finally, four studies and our secondary 

data source adjusted their analyses by race/ethnicity, but 
there was not enough data to include this variable in our 
meta-regression.

In our first sensitivity analysis, using a wider defini-
tion of liver disease, five additional studies were identified 
in the systematic review (for additional studies included 
and results, see Supplementary Materials File e8). We 
found an almost identical dose–response relationship 
compared to our main results. For our second sensitiv-
ity analysis, a total of 21 studies and our secondary data 
analysis were selected (for studies selected and results, see 
Supplementary Material File e9). We identified a similar 
dose–response relationship compared to our main results. 
Finally, when restricting the analysis to papers with low 
and moderate risk of bias, the dose–response relation-
ship yielded a slightly lower risk compared with our main 
results (for details, see Supplementary Material File e10).

Fig. 1   Flowchart of study 
selection
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Discussion

We found a steeper dose–response relationship between 
alcohol use and LC mortality compared to LC morbid-
ity, although the curve slightly attenuated at higher levels 
of daily drinking. Some variation by cause of LC, i.e., a 
steeper dose–response relationship in alcohol-related LC 
compared to all-cause LC and hepatitis C-related LC, was 

also found. Notably, the impact of alcohol use on hepatitis 
C-related LC was the lowest compared to the two other 
causes. The risk relationship varied by the level of drink-
ing (the higher the consumption, the higher the risk). How-
ever, we were not able to identify a statistically significant 
interaction by region.

The most recent meta-analysis on the topic [6], based on 
nine studies, found an increasing dose–response relationship 
in females and a possible lower threshold effect in males. 

Fig. 2   Dose–response meta-
analysis between alcohol intake 
in average grams per day and 
risk of cirrhosis for both sexes 
combined, by cause of cir-
rhosis. LC liver cirrhosis, HCV 
hepatitis C

Fig. 3   Dose–response meta-
analysis between alcohol intake 
in average grams per day and 
risk of all-cause cirrhosis 
for both sexes combined, by 
endpoint
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However, the authors were not able to include other varia-
bles due to the small sample size because they excluded mul-
tiple studies that specifically used alcohol-related LC as the 
outcome. It was based on studies mainly from high-income 
countries, thus relying on the distribution of LC in these 
countries. Our review was able to identify a considerably 
larger number of studies by not excluding any form of LC, 
which gave us enough power to fit specific dose–response 
relationships by cause and endpoints. This also led to dif-
ferent findings, such as no protective effect in any of the 
dose–response relationships was identified.

The mechanisms linking alcohol use with the different 
causes of LC have been previously studied. Heavy alcohol 
use can increase viral replication and affect the immune 
response, which can interact with chronic hepatitis C virus 
infection [12]. Current hepatitis C virus treatment options 
seem effective in decreasing the risk of LC in the long term 
[22], and therefore efforts should be made to increase the 
accessibility and coverage worldwide. Given that the Global 
Burden of Disease Study estimates the proportion of differ-
ent causes of LC [23], our results allow us to more precisely 
predict the risk curves in different regions. It is notewor-
thy that our analysis took into account regional differences, 
although we did not identify a significant interaction. How-
ever, studying the geographical variation is important due 
to the genetic differences around the world. Specific genetic 
polymorphism, modifiers, and variations are predominant 
in selected regions of the world, such as the aldehyde dehy-
drogenase 2 (ALDH2) polymorphism, mostly prevalent in 
East Asian [24]. Mutations of this gene cause symptoms of 
discomfort which could lead to different patterns of drink-
ing, thus changing the risk relations of different LC [7, 8]. 
Conducting additional studies that examine the impact of 
race/ethnicity on the relationship between alcohol use and 
LC could also help address geographical variations.

With regard to limitations, first and most importantly, any 
meta-analysis is only as good as the underlying research. 
Although our systematic review did not impose any language 
restrictions on the search, we were only able to identify stud-
ies conducted in Western and Asia–Pacific countries, pri-
marily consisting of high-income countries. Consequently, 
our findings may not fully account for the potential influence 
of confounding genetic and nutritional factors in unexam-
ined populations. Unfortunately, even though almost 50% 
of LC globally is attributable to alcohol use, many aspects 
of this relationship are under-researched, and measurement 
of alcohol use in epidemiological studies continues to be 
poor. Furthermore, alcohol use was measured based on self-
report from a single time point in almost all of the studies. 
These measures are usually subjective and biases cannot be 
avoided although they are valid overall [25]. In addition, our 
analysis was limited by including case–control studies, for 
which the temporal sequence of events cannot be determined 

with certainty. However, we aimed to address this by taking 
into account the risk of bias rating. As well, in our study, 
OR, RR, and HR were treated as equivalent measures of the 
risk estimates and, for rare outcomes, the ORs can be very 
similar to RR [26]. Another limitation was that the cause of 
LC was often missing or not well categorized, and we found 
a lack of data regarding some causes of LC (in particular, 
LC related to metabolic diseases). It is also important to 
note that potential under-reporting of alcohol-related LC in 
medical records may occur due to insurance or other social 
reasons such as stigmatization [27, 28]. Due to our selection 
criteria, the ICD codes used to measure LC varied across 
studies and we excluded some studies that combined chronic 
liver disease and LC endpoints. Nevertheless, we found a 
minimal difference in the dose–response relationship when 
including articles with a wider definition of liver disease. 
Unrecorded alcohol, especially illegally produced non-com-
mercial alcohol, and its compounds have been hypothesized 
as a cause of liver disease and mortality [29], thus introduc-
ing bias into the relationship between level of consumption 
and harm. While some of the compounds of unrecorded 
alcohol may contribute to liver disease, the overall impact 
of this form was no longer associated with LC mortality, 
once heavy episodic drinking occasions had been controlled 
[30]. Finally, we would like to address the population repre-
sentatively of the samples. While this is not a necessary con-
dition for cohort studies, it may play a role in LC research, 
since there are many interactions between alcohol and other 
individual risk factors, and these individual risk factors are 
unequally distributed between social strata [31]. Unfortu-
nately, large cohorts fulfilling the statistical definition of 
representativeness are almost impossible to obtain, so the 
entire field of epidemiology struggles with this limitation. 
The resulting error for LC, though, is expected to be on the 
conservative side as it underestimates the true relationship, 
given the usual missing groups.

Despite the limitations noted above, it is clear that alco-
hol use constitutes an important risk factor for LC (a more 
significant risk for mortality than morbidity), with a non-
linear relationship. Given its significant contribution to risk 
estimates that increases exponentially over time, alcohol use 
is an important consideration in the assessment of the risk 
of liver disease outcomes. Current clinical guidelines focus 
on distinguishing the primary etiology and identifying the 
causal factor [10]. However, independent of the direct causal 
factor, assessment and treatment of alcohol use may be a 
crucial element to be considered in clinical programs, and 
might be relevant in reducing all LC cases (and not only 
alcohol-related LC). Based on our findings that alcohol is 
a key factor for most causes of LC, there should be a focus 
on making brief interventions and therapies available, that 
are known to be effective and cost-effective [32], to reduce 
alcohol consumption or to achieve abstinence. However, the 
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most cost-effective way to reduce the burden of LC on a 
population level in almost all societies is through the use 
of alcohol control policies [33], in particular, taxation. [34]
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