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Summary

Background & Aims

Non-alcoholic fatty liver disease (NAFLD) is defined as fatty liver disease in the absence of heavy alcohol
consumption. However, the impact of light to moderate alcohol consumption on progressive NAFLD

and on mortality is presently unclear.

Methods

Medline, Embase, OATD and OpenGrey were systematically searched up to November 2022 for
relevant cross-sectional, case-control, and cohort studies. The study outcomes were progressive
NAFLD — steatohepatitis (NASH), fibrosis, cirrhosis, hepatocellular carcinoma (HCC) and mortality. The
entire review process was performed by two independent reviewers. A narrative synthesis was
performed for all outcomes, while meta-analyses, subgroup analyses and publication bias assessment

were performed depending on the number of articles.

Results

After study selection, 32 articles were included. Cohort studies reported that moderate alcohol intake
increased the risk for advanced fibrosis (pooled OR 1.56; 95% Cl 1.08-2.26 and HR 1.39; 95% Cl 1.22-
1.57), which was not observed in cross-sectional studies. Alcohol use also increased the risk of
developing liver cirrhosis and HCC, but seemed to lower the risk of steatohepatitis. Light alcohol
consumption protected against all-cause mortality, an effect not observed in NAFLD patients with

moderate intake.

Conclusions

There is wide heterogeneity in studies on the impact of alcohol on progressive NAFLD. Nevertheless,
cohort studies reported a significant harmful effect of moderate alcohol consumption on the
occurrence of advanced fibrosis. Further research is needed to make valid recommendations with

regard to alcohol consumption in patients with NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is currently the most common liver disease worldwide with
an estimated prevalence of approximately 25%*2. It is defined by the presence of steatosis in more
than 5% of hepatocytes, and can progress to non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis
and hepatocellular carcinoma (HCC)%. In addition, NAFLD is associated with insulin resistance,

metabolic syndrome and a higher cardiovascular risk?3.

The diagnosis of NAFLD is based on the presence of steatosis and the exclusion of both secondary
causes of liver disease and a daily alcohol consumption of more than 30 g for men and 20 g for women?.
However, many patients diagnosed with NAFLD consume light, moderate or even excessive amounts
of alcohol. While alcohol abstinence has been proven to prevent progression and complications in
patients with alcoholic liver disease (ALD), there is discussion in the literature on the impact of light to
moderate alcohol use on the progression of NAFLD to NASH, fibrosis, cirrhosis and HCC*®. While several
studies argue that there is no safe limit of alcohol use to avoid liver injury, others report that light to

moderate alcohol use may have a protective effect against disease progression.

Recent meta-analyses by Wijarnpreecha et al. and by Wongtrakul et al. have documented a significant
association between modest alcohol consumption and decreased liver fibrosis in patients with NAFLD.
However, the inclusion criteria of these studies were very selective, resulting in an incomplete
overview of the present sample of studies. For instance, the study by Wijarnpreecha et al. only
incorporated cross-sectional studies for the outcome of fibrosis, while Wongtrakul et al. only included
studies in which the diagnosis of NAFLD was based on liver histology, potentially introducing selection

bias®’. In contrast, another recent systematic review, by Jarvis et al., which only incorporated a handful



of longitudinal observational cohort studies, reported that any level of alcohol consumption, even light

to moderate alcohol consumption, is associated with worsening of liver outcomes in NAFLD?.

Therefore, this systematic review and meta-analysis was performed to give an inclusive overview of
the impact of light to moderate alcohol consumption in patients with NAFLD, on the development or
occurrence of NASH, fibrosis, cirrhosis and HCC and on overall mortality, compared to abstinence. Our
objective was to provide guidance on whether patients with NAFLD can safely consume light to

moderate amounts of alcohol without further disease progression or not.

Methods

This systematic review and meta-analysis was reported following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) Statement®. The protocol was registered on

Prospero (CRD42021246943).

Search strategy

We searched the databases MEDLINE (via the PubMed interface), EMBASE (via the embase.com
interface), OATD (Open Access Theses and Dissertations) and Open Grey for studies published through
February 2021. Updates were performed for studies through November 2022. The search strategy was
designed and conducted by the study’s investigators (L.M., R.V.P. and S.L.) with input from an
experienced information specialist (N.S.P.). Medical Subject Headings and free-text terms were
combined in the search strategy, which consisted of the following concepts: NAFLD, alcohol
consumption, NASH, fibrosis and cirrhosis, HCC and overall mortality (the full search strategy is
detailed in Supplementary Tables 1-4). A time filter from 1990 onwards was applied, as before this
time the entity of NAFLD was not clearly recognized; no language restriction was imposed during the

search. The reference lists of relevant articles were searched to identify additional studies of interest.



Eligibility criteria and study selection

We included published epidemiological studies of any quantitative design investigating the impact of
light to moderate alcohol consumption on the development or prevalence of progressive NAFLD
and/or mortality or cardiovascular disease in patients with NAFLD. Light to moderate alcohol use was
defined as a daily alcohol consumption of no more than 30g. If a study measured the quantity of alcohol
consumption using units or standard drinks, the maximum amount of daily alcohol consumption was
3 units/drinks. Studies with alcohol exposure above the previous limits were excluded. Studies had to
report on adults with NAFLD, based on the presence of liver steatosis in the absence of other causes
of liver disease. NAFLD could be diagnosed by liver biopsy, imaging (ultrasound, magnetic resonance
imaging (MRI) or computed tomography (CT)), serum markers or risk scores. If a full-text paper was
not available but the abstract presented sufficient data, this abstract was included. Case reports,
editorials, reviews, or letters were excluded. In case of multiple reports from the same study or
database, all were included if these studies could offer data on the different outcomes of interest.

After removing duplicates using Endnote 20 and Rayyan, two reviewers (L.M. and R.V.P.)
independently screened the titles and abstracts for initial eligibility criteria using the Rayyan software
application??, and read the full texts for final eligibility. Researchers were blinded to each other’s
decisions during the study selection process. Disagreements were resolved through a consensus

meeting with a third reviewer (S.L.).

Qutcome measures

Outcome measures were defined before performing the systematic review. The primary outcome was
the occurrence of progressive NAFLD, e.g. NASH, liver fibrosis, cirrhosis, and/or HCC. Specifically,
eligible studies diagnosed NASH by liver biopsy; liver fibrosis by biopsy, serum markers, fibrosis scores
(FIB-4 and NFS) or transient elastography; liver cirrhosis by biopsy or transient elastography; and HCC
by liver biopsy or imaging. Secondary outcome measures included cardiovascular events and overall
mortality. Light alcohol consumption was defined as < 10 g/day or < 1 drink/day, moderate as < 30

g/day or < 3 drinks/day. Studies that did not differentiate regarding specific alcohol use were taken to



study moderate alcohol use as a whole. A separate sensitivity analysis excluding the latter articles
(retaining only the papers defining moderate as 10-30 g/day or 1-3 drinks/day) was performed if

enough studies were available.

Data extraction

Two reviewers (L.M. and R.V.P.) independently extracted data from eligible studies, using a piloted
standardized data collection form. Discrepancies were resolved through consensus between the
reviewers and consultation with a third reviewer (S.L.). The following information was abstracted from
each study: study metadata, design, sample size, patient characteristics, details on the exposure and
control conditions and how these were ascertained, method of NAFLD diagnosis and statistical

methodology. Corresponding authors were contacted via email in case of missing data.

Quality assessment

To assess the risk of bias of both cohort and cross-sectional studies, the QUALSYST quality assessment
tool!! was used, with which each study was assessed on 14 criteria. Each criterion was scored, on the
study and outcome levels, depending on the degree to which the specific criteria were met or reported
(“yes” =2, “partial” =1, “no” = 0). Items not applicable to a particular study design were marked “N/A”
and were excluded from the calculation of the summary score. The quality of the included articles was
assessed by two independent reviewers (L.M. and R.V.P.). Disagreements between the two review
authors were discussed with a third reviewer (S.L.). The completed checklist is presented in

Supplementary Table 5.

Statistical analysis

A narrative synthesis of the data was performed, describing the type of outcome and exposure, the
population characteristics, and the statistical results. A quantitative analysis was performed for
outcomes for which enough studies were available, incorporating studies that reported odds ratios
(OR), hazard ratios (HR) or relative risks (RR), and studies for which such an odds ratio could be

calculated using the reported data. Adjusted ratios were used when possible, then reported adjusted



ratios and unadjusted ratios were pooled using the method of inverse variance. The meta-analysis was
stratified according to light or moderate alcohol use. Subgroup analyses were carried out based on
study design (cohort vs. cross-sectional study), geographic region, diagnostic tool, and the use of
adjusted vs. unadjusted effect estimates. A random effect model was used to obtain a summary
estimate of primary outcomes among patient groups as it takes into account the possibility of
heterogeneity between studies. Heterogeneity was further assessed by the |2 statistic, which was
defined as low (1% <25%), moderate (1> 25-50%) or high (1> >50%). A two-sided P-value < 0.05 was
considered statistically significant for overall effect. Results were visually displayed by using forest
plots, and publication bias was assessed using funnel plots when the meta-analysis consisted of more
than ten articles (HR and OR were pooled together for publication bias assessment). All analyses were

done in Review Manager 5.3 (Cochrane, UK).

Results

Study selection

Through systematic literature review, 12107 studies were identified. After deduplication, 9654 records
were screened for eligibility based on title and abstract. A total of 177 records remained for further
evaluation based on full text. Eventually, 32 articles met the inclusion criteria and were included in the
systematic review. The other 145 studies were excluded (detailed in Supplementary Table 6). Of the

32 studies included in the systematic review, 17 studies were included in a meta-analysis (Figure 1).

Study characteristics

The characteristics of the included studies are presented in Tables 1-3; Table 1 summarizes studies on

fibrosis and cirrhosis, Table 2 on NASH and HCC, and Table 3 on mortality and cardiovascular outcomes.

To assess the amount of alcohol consumption, 13 studies used an unspecified questionnaire'?>?4, 8

studies the AUDIT or AUDIT-C}¥%3! 5 studies the Skinner Lifetime Drinking History (SLDH)
questionnaire?>?7.2%3032 13 studies an interview41618.262833-39 andq the method of assessing alcohol

consumption was unknown in 4 studies®*®** (some studies reported more than one method to assess



alcohol intake). In this study, light alcohol consumption was defined as < 10 g/day or < 1 drink/day and

moderate alcohol consumption as < 30 g/day or < 3 drinks/day. The alcohol consumption could be

21,32,34,42 14,16,19,22,24-31,33,36-38,40,43 A tOtaI Of 10

categorized as light in 4 studies and moderate in 18 studies

studies investigated both the effect of light and moderate alcohol consumption!#131>17,18.20,23,33,41

Of the 32 included studies, 8 were performed in Europe (Italy, Finland, Sweden, United Kingdom,
France, Spain)l7:26282933.3839.43 g in Asia (China, Japan, South Korea)'%131>16:20-2237.42 /10 jn the United
States?32527,:30-32.34354041 - 4 in Australia®!81%24 gand 1 study was international®®. The diagnostic tools
used for the diagnosis of NAFLD differed; 16 studies used liver biopsy!#16:18:25-30,32,3436,37.4042 "1 stydies

used ultrasound!?'315:19,20,

2223 9 studies the fatty liver index (FLI)*3, 1 study magnetic resonance
imaging (MRI)%, 1 study the hepatic steatosis index (HSI)*, 1 study computed tomography (CT)%*, 1

study used ICD codes”.

Quality assessment

The QualSyst tool*! was used to assess the risk of bias; results are presented in Supplementary Table
5. The score of the included studies ranged from 11/22 to 21/22, with a mean score of 18.6/22. The
most frequent limitations were (1) self-reported alcohol consumption, (2) cross-sectional design, and

(3) small sample size.

Main outcomes

Liver fibrosis

Twenty-one papers investigated the effect of light to moderate alcohol consumption on the prevalence
of (advanced) fibrosis in NAFLD patients (Table 1). Odds ratios were available in ten studies!®181926.2
30,34,39,43

and could be calculated from the available data or from data obtained after contact with the

authors in eight>16:20-2227.3237 The three remaining articles used HRs or RRs*21%17,



Advanced fibrosis

Advanced fibrosis was the main outcome in 15 of the 21 studies!?131516/18-22,26,27,30,32,37.43 ' Gjx described
the effect of light (< 1 drink/day or < 10 g/day) and 13 the effect of moderate alcohol consumption (<
3 drinks/day or < 30 g/day). Separate meta-analyses were performed for both categories. When no

distinction was made in the original study, the study was included in the latter analysis.

Light alcohol consumption

Four cross-sectional studies investigated the odds of advanced fibrosis when consuming a light amount
of alcohol compared to no drinking, using ORs'>!82%32 gnd two cohort studies investigated the

development to advanced fibrosis using HRs!%13,

Light alcohol consumption, compared to abstinence, was associated with a non-significantly decreased
risk of advanced liver fibrosis in the cross-sectional studies (0.69 (95% Cl 0.29-1.61)). The heterogeneity
was high with an I? of 68%. Specifically, two studies based on liver biopsy reported a significantly lower
prevalence of advanced fibrosis in those consuming low amounts of alcohol*®*2, This association was
not present in two larger studies employing non-invasive disease markers!>?!. A meta-analysis of two
nationwide Korean cohort studies reporting on the progression to advanced fibrosis, measured by the
FIB-4 score, indicated a positive association between light alcohol consumption and advanced fibrosis,

with a pooled HR of 1.11 (95% CI 1.05-1.18) (Figure 2A).

Moderate alcohol consumption

Of the articles comparing no alcohol consumption with moderate alcohol consumption, four were

12,13,16,22 15,18-20,26,27,30,37,

cohort studies and nine had a cross-sectional design . In arandom effects model
meta-analysis of studies reporting an OR, moderate alcohol consumption was associated with a non-
significantly increased risk for advanced fibrosis with a pooled OR of 1.28 (95% Cl 0.81-2.03). The
heterogeneity was high, with an 1> of 78%. The meta-analysis of cohort studies using HR demonstrated

a higher risk for developing advanced fibrosis in the moderate drinking group compared to the non-
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drinking group, with a pooled HR of 1.39 (95% Cl 1.22-1.57). The heterogeneity was high, with an 1 of
73% (Figure 2B). To assess publication bias, a funnel plot was constructed for the studies included in
the meta-analysis, which was symmetric, suggesting the absence of publication bias (Supplementary
figure 1). A sensitivity analysis, excluding studies which grouped patients with light and moderate
alcohol use together, yielded similar results, with a trend towards retention of studies showing more
harmful effects (Supplementary Figure 2).

We performed a subgroup analysis according to study design, namely cross-sectional vs. cohort studies
(Figure 2C), revealing that cross-sectional studies in aggregate did not find significantly different odds
for advanced fibrosis in the moderate drinking group and the non-drinking group (pooled OR 1.20 (95%
Cl 0.65-2.20)); whereas cohort studies reported higher odds for advanced fibrosis in the moderate
drinking group (pooled OR 1.56 (95% Cl 1.08-2.26); 12 0%). Indeed, the cohort studies by Chang et al.
also demonstrated a statistically significant association between moderate alcohol consumption and
worsening of non-invasive fibrosis markers over time. The results of the cross-sectional studies were
inconsistent, on the other hand, with an I of 81%. These are described in detail in Table 1. There was
no clear association between the direction of the association and the use of specific diagnostic tools,
e.g. liver biopsy versus non-invasive diagnosis by serum risk scores or imaging (Supplementary Figure
5). The paper by Dunn et al. was not included in the meta-analysis as the study population overlapped
with that of Vilar-Gomez et al*’2°. Both studies analyzed the NASH CRN database; the latter was

included because of the larger sample size.

Other fibrosis outcomes

The remaining studies investigated either fibrosis stage as such or significant fibrosis (F>2), reporting
similar conflicting results as obtained in our meta-analysis (Table 1). A prospective cohort study
reported that the worsening of fibrosis over time was similar among modest drinkers and non-drinkers
(0.08 (95% Cl -0.13-0.24) vs. 0.06 (95% Cl -0.22-0.27); p = 0.85)%. Ekstedt et al. found that moderate

alcohol use was not significantly associated with fibrosis (OR for weekly alcohol consumption 1.01 (95%
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Cl 1.00-1.03; p = 0.055))%. In contrast, Hagstrom et al. reported a significant association between low
to moderate alcohol consumption and lower fibrosis stages (aOR for each unit increase 0.86 (95% Cl

0.76-0.97; p = 0.017))*.

Cirrhosis

Three papers studied the effect of light to moderate alcohol consumption on the progression of NAFLD
to cirrhosis (Table 1). In a retrospective study, Kimura et al. reported an association between moderate
alcohol consumption and cirrhosis (self-calculated OR 2.68 (95% ClI 1.00-7.18; p = 0.05))*. A second
study calculated the relative risk in healthy population groups with BMI 25-30 kg/m? and BMI > 30
kg/m? compared to a reference group with a BMI 22.5-25 kg/m? and alcohol consumption of < 70
g/week). In subjects with a BMI 25-30 kg/m? and = 30 kg/m?, moderate alcohol consumption (70-150
g/week) was associated with a higher relative risk for cirrhosis (aRR 1.83 (95% Cl 1.56-2.16) and 2.31
(95% Cl 1.81-2.94), respectively), as there was an additive effect of both BMI and alcohol intake'’. One
cross-sectional study used LACU, an indicator for lifetime alcoholic cumulative units defined as drinking
years multiplied by median alcohol units in a week divided by 7, to assess the impact of moderate
alcohol consumption on the development of cirrhosis. Patients in the lower three quartiles of
moderate alcohol use had a lower risk of cirrhosis compared to lifelong abstainers (OR 0.42 (95% Cl
0.19-0.95; p = 0.037), an effect not observed for patients within the highest quartile (OR 1.35 (95% ClI

0.54-3.36)*.

Non-alcoholic steatohepatitis

Six papers studied the effect of light to moderate alcohol consumption on the prevalence of NASH in
patients with biopsy-proven NAFLD (Table 2). Odds ratios were available in five studies!*?>293034 gnd

could be calculated from the available data in the remaining study?’.

In a bariatric surgery cohort, weekly drinkers had similar odds of having steatohepatitis compared to
less frequent drinkers (OR 1.14 (95% CI 0.50-2.60))3. In a similar setting, Dixon and colleagues reported

that patients who consumed alcohol had a significantly lower prevalence of histological NASH (OR 0.35

12



(95% Cl 0.12-1.0; p = 0.04)'. Two studies by the NASH CRN?"3°, with overlapping populations found
that moderate drinkers had a lower risk of definite NASH compared to non-drinkers, with an OR of
0.70 (95% C1 0.54-0.91; p = 0.008) in the study of Vilar-Gomez et al, which included 1153 patients®°. In
accordance, Hagstrom et al. found that for each additional unit of alcohol, the odds of having NASH
became lower, but the results were not significant (OR for each additional unit 0.98 (95% Cl 0.86-1.11;
p =0.71)%. Challenging the beneficial impact of alcohol on NASH, a prospective cohort study by Ajmera
et al. reported lower odds of NASH resolution in consistent modest drinkers compared to consistent

non-drinkers (aOR 0.32 (95% C1 0.11-0.92; p = 0.04)%.

Hepatocellular carcinoma

Six papers studied the effect of light to moderate alcohol consumption on development of HCC in
patients with biopsy-proven NAFLD or biopsy-proven NAFLD with advanced fibrosis (Table 2). All three
studies in patients with biopsy-proven NAFLD found that light or moderate alcohol consumption was
associated with a higher risk for HCC. The first study reported an aHR of 3.8 (95% Cl 1.6-8.9; p = 0.002)
for social drinking (< 2 drinks/day or 3-6 drinks/day on weekends) compared to non-drinking®. In the
second study, moderate consumption (< 20 g alcohol/day) in NAFLD patients was associated with a
non-significantly increased aRR of 4.43 (95% Cl 0.88-22.4; p = 0.07). However, in patients with
advanced fibrosis, this association was statistically significant (aRR 4.83 (95% CI 1.01-23.00; p = 0.04))*°.
The third study reported that light alcohol consumption (< 30 g/week and < 20 g/week for men and
women respectively) was a risk factor for HCC in non-cirrhotic NAFLD patients (OR 4.89 (95% Cl 1.92-
12.45; p < 0.01))*2. The study by Vilar-Gomez et al. in patients with biopsy-proven NAFLD and advanced
fibrosis found that moderate alcohol consumption increased the risk of HCC among cirrhotic patients
(aHR 3.22 (95% Cl 1.64-6.32; P <0.01)). However, no significant association was found among patients
with bridging fibrosis®. In contrast, a large study in US veterans did not report an association between
moderate alcohol use and HCC (HR 1.01 (95% Cl 0.76-1.34))3. In the abovementioned study based on

lifetime alcohol consumption, patients in the lower quartiles of alcohol use presented with a lower risk

13



of HCC compared to lifelong abstainers (OR 0.32 (95% CI 0.08-0.98; p = 0.043)), which was not observed

in those within the highest quartile of moderate consumption (OR 1.79 (95% Cl 0.54-5.92; p = 0.342))%*.

Secondary outcomes

Mortality

Six prospective cohort studies investigated the impact of light to moderate alcohol consumption on
mortality in patients with NAFLD (Table 3). In a meta-analysis (of three of these studies) based on the
reported hazard ratios, patients with light alcohol consumption had a significantly lower risk of all-
cause death compared to patients consuming no alcohol (pooled HR 0.79; 95% Cl 0.68-0.92; I?
0%)2>3341 (Figure 3). However, patients with moderate alcohol consumption had a similar risk of death
compared to patients with no alcohol consumption (pooled OR 1.07; 95% Cl 0.73-1.56; I> 61%)2*334%,
Decraecker et al. found that in NAFLD patients, drinking more than 7 units per week was associated

)38

with a significantly increased mortality (p = 0.001)%*. A study performed in NAFLD patients with
advanced fibrosis found that moderate alcohol consumption significantly increased the risk of death
or transplantation in cirrhotic patients (aHR 2.30 (95% Cl 1.32-4.02; p <0.01)), but not in patients with
bridging fibrosis¢. On the other hand, a study in US veterans with NAFLD cirrhosis reported a

significantly lower overall mortality in patients with light-to-moderate alcohol use (aHR 0.86 (95% ClI

0.79-0.95))3.

Cardiovascular outcomes

Seven papers reported on the effect of light to moderate alcohol consumption on cardiovascular
outcomes in patients with NAFLD, based either on cardiovascular mortality, the incidence of

cardiovascular events, or on measures of subclinical atherosclerosis (Table 3).

Moderate alcohol consumption, as compared to abstinence and light consumption in aggregate, did
not affect cardiovascular mortality in an Australian population?®. Aberg et al. investigated the impact
of alcohol use on CVD events and concluded that both light and moderate alcohol consumption were

associated with a reduced risk for CVD events. Nevertheless, this reached significance only for light
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alcohol consumption (aHR 0.78 (95% Cl 0.64-0.95) and 0.78 (95% Cl 0.60-1.01) for light and moderate
alcohol use, respectively)®. Conversely, moderate alcohol use slightly but significantly increased the
risk of cardiovascular events in a French cohort (OR 1.04 (95% Cl 1.01-1.07; p = 0.021))%*. Vilar-Gomez
et al. did not observe a significant association between moderate alcohol consumption and incident

cardiovascular events in NAFLD patients with advanced fibrosis®.

Two studies investigated the impact of alcohol on subclinical cardiovascular damage by using the
coronary artery calcification (CAC) score as outcome measure (CAC score > 0). Both studies concluded
that light and moderate alcohol use were not significantly associated with subclinical cardiovascular
damage measured by CAC (Kashiwagi et al. OR 1.52 (95% Cl 0.81-2.86; p = 0.19); VanWagner et al. OR
1.46 (95% C1 0.94-2.28; p = 0.09))*3. In contrast, two studies estimating cardiovascular risk by carotid
plaques on ultrasound reported a protective effect’>?°, Kashiwagi et al. concluded that moderate, but
not light drinking, tended to reduce subclinical cardiovascular damage.'®Sinn et al. reported that both
light and moderate drinking were associated with lower odds of having carotid plagues. Nevertheless,
only the results for light drinking were statistically significant. Similarly, the authors found that light

drinking was significantly associated with lower odds of carotid artery stenosis.?°

Discussion

In this systematic review and meta-analysis, we report conflicting results regarding the impact of light
to moderate alcohol consumption on the occurrence of progressive NAFLD. Fibrosis was the most
intensively studied outcome, yet the results were heterogeneous. Alcohol use may increase the risk of
developing cirrhosis and HCC in NAFLD patients. In contrast, light alcohol use could be a protective

factor on all-cause mortality.

A closer examination reveals several explanatory factors for the conflicting results, which are most
apparent in the analysis of liver fibrosis, given the amount of data available on the latter outcome. A
subgroup analysis revealed that while several cohort studies found a significant dose-dependent

association between alcohol use and fibrosis, the cross-sectional studies generally reported either no
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such association, or the reverse. Cross-sectional studies, in which alcohol use and liver disease are
assessed simultaneously, are more sensitive to bias and confounding. There is the potential for recall
bias — patients might report different levels of alcohol intake depending on their knowledge of disease
status, and reverse causation — patients with known liver disease might have lowered their intake. For
the cross-sectional studies based on liver biopsy in particular, there is the additional issue of referral
bias — patients referred for liver biopsy might not be representative of the NAFLD population at large.
Although it is, in our view, important to include all available studies in a systematic review and meta-
analysis, these issues illustrate that more weight should be given to the results of cohort studies, which
suggest a harmful effect of moderate alcohol intake. Furthermore, one very large prospective cohort
study which focused on cirrhosis (fibrosis stage 4) also reported a harmful association between
moderate alcohol consumption and cirrhosis®’. Similarly, none of the studies on fibrosis as such or on

progression of fibrosis suggested a protective effect of alcohol consumption.

The results in this meta-analysis stand in contrast with previous meta-analyses that documented a
significant association between modest alcohol consumption and decreased development of liver
fibrosis®’. However, this meta-analysis included four recent studies, not included in these other meta-

analyseg!>2226

, all showing significant harmful effects of moderate alcohol use on fibrosis severity.
Furthermore, the meta-analysis by Wijarnpreecha et al. only included studies with a cross-sectional
design, without presenting a clear rationale for this choice. As discussed, these studies are more liable
to bias. On the other hand, the meta-analysis by Wongtrakul et al. only included studies in which NAFLD
was diagnosed by liver biopsy, thereby excluding several studies that were included in our systematic
which demonstrated harmful effects of moderate alcohol consumption?>%22, In addition, both meta-
analyses did not investigate the impact of light and moderate alcohol consumption separately®’. This
distinction can be important, because light consumption might have a different impact, or conversely,
could point towards a dose-dependent effect of alcohol, a strong biological argument for

pathophysiological relevance. Lastly, Wongtrakul et al. used multiple hazard ratios of the same studies

(Aberg et al. and Hajifathalian et al.) in the same meta-analysis about mortality. This could lead to bias
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due to the higher weight of the results from that particular study’. In contrast, a systematic review by
Jarvis et al., specifically including longitudinal observational cohort studies, found that any level of
alcohol consumption, even light to moderate alcohol consumption, is associated with worsening of
liver outcomes in NAFLD. Nevertheless, this review only included a handful of studies and could

therefore not make a clear distinction between the different outcomes?®.

We found that moderate alcohol consumption may increase the chance of progressing to HCC in
NAFLD patients. These results stand in contrast with our summary of studies investigating mortality,
in which, mainly light, alcohol use seemed to be associated with a decreased risk of all-cause death.
Although seemingly contradictory, these findings could also indicate that cardiovascular outcomes play
a larger role than HCC in overall mortality in NAFLD patients. Coronary artery disease has the biggest
impact on mortality of all cardiovascular disorders, and light to moderate drinkers in the general
population, especially wine drinkers, seem to have a lower risk of coronary artery disease*. While
alcohol is a known risk factor for several cancers, the positive features of moderate alcohol use on
cardiovascular risk may compensate these negative effects and may be even beneficial overall®.
However, most studies included in this review did not observe statistically significant effects, calling
into question whether moderate alcohol consumption does reduce the risk of CVD in patients with

NAFLD.

This systematic review and the included articles have some limitations. First, most studies used self-
reported alcohol consumption, a rather subjective exposure measurement. Participants may have
underreported their alcohol use due to social bias. The amount of alcohol use could also be affected
by recall bias because of the use of retrospective questionnaires. On the other hand, nine studies
employed validated questionnaires such as the AUDIT and SLDH 9253032 which are standard
instruments in the assessment of alcohol intake. Second, in the meta-analysis, both unadjusted and
adjusted ORs and HRs were included, resulting in a possible source of heterogeneity. Nevertheless, the

trend towards increased risk of fibrosis for moderate alcohol intake remained in a subgroup analysis

17



based on the use of adjusted vs. unadjusted ORs/HRs (Supplementary Figure 3). Third, statistical
heterogeneity was moderate to high in most of the meta-analyses and subgroup analyses. The main
reasons for this heterogeneity between studies could be the differences in population characteristics,
assessment methods of alcohol consumption, study design, adjustment for confounders and accuracy
of diagnostic tools. Fourth, it is also important to consider sample size and geographic region, which is
also a proxy of genetic background. The included studies by Chang et al.’>*3 for instance are large
population-based Korean studies, which might introduce bias. However, the results of these studies
are in line with other studies, and therefore a subgroup analysis based on geographic region did not

show significant differences between Western and Asian countries (Supplementary Figure 4).

Despite these limitations, this systematic review has several strengths. First, this systematic review
provides a very accurate representation of the literature available about this subject. Multiple
electronic databases were thoroughly sought for relevant articles by two independent reviewers.
Second, this review examined several aspects of NAFLD, including all-cause mortality and
cardiovascular outcomes, which is of added value compared to the current literature. Lastly, the
definition of light to moderate alcohol consumption varied between the included studies. However, a
strength of our systematic review was reducing misclassification by categorizing the studies in
subgroups with light alcohol consumption (< 10 g/day or < 1 drink/day) and moderate alcohol
consumption (< 30 g/day or < 3 drinks/day), and excluding patients who consumed higher amounts,

regardless of the definition used in the article.

In conclusion, this systematic review demonstrates the wide heterogeneity in studies. Whereas light
to moderate alcohol consumption was associated with a reduced prevalence of NASH, our analysis
suggests a harmful effect on disease progression to advanced fibrosis, cirrhosis and HCC. However,
light, but not moderate, alcohol consumption was associated with a protective effect on mortality,
possibly due to a decrease in cardiovascular events. Based on the results of this review, there is not

enough evidence to recommend complete alcohol abstinence to prevent disease progression in NAFLD
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patients. However, considering the harmful results, the intake of light and especially of moderate
amounts of alcohol also cannot be recommended to patients with NAFLD. Future longitudinal
prospective cohort studies with validated outcomes are needed to clarify clinical decision making. In
addition, the impact of type of alcohol consumption and pattern of alcohol intake on NAFLD

progression should be further investigated, as data on this are limited.
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Table 1. Baseline characteristics of included studies - Fibrosis, cirrhosis and other fibrosis outcomes

Author, Year, Stud ) Sample size (stratified b Mean age, Definition of alcohol Diagnostic tool N .,
Y | udy Study Design ple siz (. “ 4 8 ) it ) 1ag : Outcome Findings Confounders adjusted for
location alcohol intake) years (SD) intake categories for outcome
Advanced Fibrosis
Blomdabhl, J.120) Cross-
! . Non- or light drinkers: 70 Moderate consumption: . . . . OR9.70 (95% Cl 1.40-68.9) .
2021 tional 59.8 (11.1 Liver b Ad d fib Age, sex, BMI, type 2 diabet
sectiona Moderate drinkers: 16 ( ) 66-140g/week Iver blopsy vanced tibrosis (reference: 0-2.99 g/week) 6€, sex ype & dlabetes
Sweden study
Light consumption: . .
Light alcohol :HR 1.09 A t f
Chang, Y.112 ) Non-drinkers: 13032 1-9.9 g/day Liver ultrasound Development of ght aiconol use g Se)f' center, yearo .screenmg,
Prospective ) R . R L . . (95% Cl 1.00-1.19) * smoking status, exercise, BMI,
2019 Light drinkers: 23659 37.7(7.3) Moderate consumption: Fibrosis risk advanced fibrosis ;
cohort study R Moderate alcohol use: HR 1.32 education, hsCRP,, HOMA-IR,
South Korea Moderate drinkers: 22236 10-29.9 (men) or 10-19.9 scores (FIB-4) . .
(95% ClI 1.21-1.44) * metabolic comorbidities
(women) g/day
Light consumption: Light alcohol use: HR 1.15
Chang, Y.®3 . Non-drinkers: 60443 1-9.9 g/day . Development of g ' ’ Age, sex, center, year of screening,
Retrospective . X . Liver ultrasound (95% ClI 1.04-1.27) * . .
2020 Light drinkers: 84241 35.5 Moderate consumption: NAFLD and smoking status, exercise, BMI,
cohort study R FIB-4 score ) . Moderate alcohol use: HR 1.49 . . e
South Korea Moderate drinkers: 45364 10-29.9 (men) or 10-19.9 advanced fibrosis education, metabolic comorbidities
(95% ClI 1.33-1.66) *
(women) g/day
Dunn, W.27 Cross-
! Non-drinkers: 251 Moderat tion:
2012 sectional on-arinkers 483 oderate consumption Liver biopsy | Advanced fibrosis | OR® 0.53 (95% Cl 0.37-0.77; P = 0.001) * N/A
Moderate drinkers: 331 <20g/day
USA study
Light tion: 0.1-
o . '8 cons.ump on . Light alcohol use: OR® 1.19 Age, sex, BMI, visceral adipose
Kashiwagi, K.(1) Cross- Non-drinkers: 102 6.9 drinks/week Liver ultrasound . X . ) X
K . R R R . Advanced fibrosis (95% Cl 0.69-2.06; P = 0.53) * tissue, hypertension, diabetes,
2020 sectional Light drinkers: 103 60.2 Moderate consumption: Fibrosis risk o . .
Japan stud Moderate drinkers: 63 7-20.9 (men) or 7-13.9 scores (NFS) Moderate alcohol use: OR 2.91 hyperlipidemia, ever smoking,
P Y ' ) . ) (95% Cl 1.72-4.94; P < 0.01) * exercise, HOMA-IR, and hsCRP
(women) drinks/week
Kimura, T.(16)
! Ret ti Non-drinkers: 208 Moderat tion:
2018 etrospective on-arinkers 56 oderate consumption Liver biopsy | Advanced fibrosis | OR® 1.29 (95% Cl 0.75-2.24; P = 0.36) * N/A
Japan cohort study Moderate drinkers: 93 <20g/day
Kwon, H.32) Cross-
§ Non-drinkers: 25 Light tion:
2013 sectional on-drinkers 46.9 ght consumption Liver biopsy | Advanced fibrosis | OR® 0.32 (95% Cl0.11-0.98; P = 0.046) * N/A
Light drinkers: 52 <40g/week
USA study
Light tion:
Mitchell, T.(8) Cross- Non-drinkers: 74 ¢ l-ggnS/LiAr/T:eZIion Light alcohol use: OR 0.29
o . ) ) ) & ) ) i L (95% C10.10-0.87; P = 0.027) * Age, sex, diabetes, BMI, HOMA,
2018 sectional Light drinkers: 72 51.5(12.1) Moderate consumption: Liver biopsy Advanced fibrosis > .
Australia stud Moderate drinkers: 19 70-210 (men) or 70-140 Moderate alcohol use: OR 0.23 lifetime alcohol consumption
Y ' (95% Cl 0.02-2.55: P =0.21) *
(women) g/week
Light consumption: Light alcohol use: OR 1.79 (95% Cl 0.67-
Patel, P.(19 Cross- Non-drinkers: 46 always < 20 g/day Transient 4.82; P=0.247) *
2017 sectional Light drinkers: 70 61 (10.3) Moderate consumption: elastography Advanced fibrosis Moderate alcohol use: OR 0.91 (95% Cl Age, gender, BMI
Australia study Moderate drinkers: 35 any period with intake > with CAP 0.27-3.10; P =0.88) *

20 g/day
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Light consumption:

Sinn, D129 Cross-
! Non-drinkers: 483 <10g/d Li It d
2014 sectional on-drinkers 51.8(8.4) g/day IVerutrasound | a gvanced fibrosis | OR® 0.27 (95% Cl 0.07-1.07; P = 0.06) * N/A
South Korea stud Moderate drinkers: 1797 Moderate consumption: NFS
v 10-20 g/day
Vallejo- N.(3) - M ion: Li i
allejo-Senra, Crgss Non- or light drinkers: 308 58 oderajte consumption .|ver‘b|opsy, ) . Diabetes and obesity, others
2021 sectional ) 1-3 units (men) or 1-2 imaging and Advanced fibrosis OR 1.9 (95% Cl 1.1-3.3)
) Moderate drinkers: 187 (range 19-86) ) . X unknown
Spain study units (women) per day biochemistry
Vilar-Gomez, E.% Cross- Moderate consumption:
’ Non-drinkers: 720 Age, sex, BMI, T2DM, PNPLA3
2020 sectional on-arinkers 50.7 (11.5) <14 (men)or<7 Liver biopsy | Advanced fibrosis | OR 0.77 (95% Cl 0.58-1.02; P = 0.073) * 8€, sex
Moderate drinkers: 433 . rs738409
USA study (women) drinks/week
21 Non-drinkers: 190 Light consumption: Light alcohol use: OR® 1.75 (95% Cl
Wong, V.21 Cross- A ; .
2011 sectional Light drinkers: 56 51(9) < 70 g/week Transient Advanced fibrosis 0.51-6.04: P =0.38) * N/A
) Moderate drinkers: 18 Moderate consumption: elastography Data obtained through contact with
China study
> 70 g/week author
Non-drinkers:
Y. K.G7 -
amada, Cross Non-drinkers: 101 53.1(17.2) | \1oderate consumption: N | OR°0.59(95% Cl0.28-1.23; P =0.16) *
2018 sectional K Moderate Liver biopsy Advanced fibrosis N/A
Moderate drinkers: 77 R <20 g/day
Japan study drinkers: 46.1
(14,4)
Shear wave
Yamamura, S.2
! P ti Non-drinkers: 284 Moderat tion: last h
2020 rospective on-drinkers 56 oderate consumption: | - €1astograPly 1 sy anced fibrosis | OR® 1.82 (95% Cl 1.10-3.00; P = 0.02) * N/A
Japan cohort study Moderate drinkers: 140 <20 g/day and fibrosis risk
s scores
irrhosis
Light consumption: OR 0.42 (95% C1 0.19-0.95; P = 0.037)
Ferri, S.639 Cross- Non-drinkers: 92 59 < 70 g/week Clinical and for Q1-Q3 lifetime consumption
2022 sectional Light drinkers: 117 (range 18-88) Moderate consumption: imaging Cirrhosis OR 1.35 (95% ClI 0.54-3.36) Sex, BMI, hypertension, diabetes
Italy study Moderate drinkers: 67 8 70-210 (men) or 70-140 diagnosis for Q4 lifetime consumption
(women) g/week Both compared to lifelong abstinence
Kimura, 7.4 Retrospective Non-drinkers: 208 Moderate consumption
on-drinkers: :
2018 56 Liver biops Cirrhosis OR’ 2.68 (95% Cl 1.00-7.18; P = 0.05) * N/A
Japan cohort study Moderate drinkers: 93 <20g/day ver biopsy ! : (9% ) /
BMI < 22.5: 237619 BMI 25-30: 70-150 g/week RR 1.83 (95%
Liu, B.17) BMI 22.5 - 25: 331480 Light consumption: Cl 1.56-2.16) (reference: BMI 22.5-25
2’01'0 Prospective BMI 25 - 27.5: 266795 56 (4.7) < 70 g/week N/A Cirrhosis and < 70 g/week) Age, region, socioeconomic status,
UK cohort study BMI 27.5 - 30: 173498 ’ Moderate consumption: BMI > 30: 70-150 g/week RR 2.31 (95% physical activity, smoking

BMI 30 - 35: 156733
BMI > 35: 64537

70 - 150 g/week

Cl 1.81-2.94) (reference: BMI 22.5-25
and < 70 g/week)
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Other fibrosis outcomes

Aimera. V.25 Change in fibrosis stage among modest
g 201’8 ’ Prospective Non-drinkers: 117 47 (11) Moderate consumption: Liver biobs Chanee in fibrosis drinkers vs. non-drinkers: +0.08 (95% Cl N/A
USA cohort study Moderate drinkers: 168 1-2 drinks/day psy g -0.13-+0.24) vs. +0.06 (95% CI -0.22-
+0.27); P=0.85
Ekstedt, M.(28 . ) .
Prospective Total: 71 Moderate consumption: . . Progression of Weekly alcohol use: OR 1.01 (95% Cl
2009 ) 61.2 (11.2) Liver biopsy ] ) N/A
Sweden cohort study No data on categories <140g/week fibrosis 1.00-1.03; P = 0.055)
Total: 120
Hagstrém, H. Prospective No data on categories Moderate consumption: Per unit of alcohol/week: OR for a BMI, diabetes, arterial
2016 P The median lifetime 55.9 . phion: Liver biopsy Fibrosis higher fibrosis stage 0.86 (95% Cl 0.76- hypertension, smoking status, and
cohort study . <14 drinks/week .
Sweden consumption was 1.1 0.97; P =0.017) age at biopsy
drinks/week
~ . . H . 0 -
Singla, S.3% Cross.sectional YNO:} dcglrn:lfri '5376 Yearly: < 1 drink/month \/l/e;esl;ltlrdpr:kirs..o‘:ﬁ’l.ll (2,? An(él :‘:11
2010 early art X ers: N/A Monthly: < 1 drink/week Liver biopsy Fibrosis : etere ce.‘l equenta ° Age, gender, BMI, diabetes
USA study Monthly drinkers: 31 drinkers)

Weekly drinkers: 41

Weekly: < 1 drink/day

*: reference: non-drinkers; °: OR calculated by the authors
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Table 2. Baseline characteristics of included studies - Steatohepatitis (NASH) and hepatocellular carcinoma (HCC)

Author, Year, . Sample size (stratified by Mean age, years Definition of alcohol Diagnostic tool - .
Study location SELVIDESEn alcohol intake) (SD) intake categories for outcome Outcome Elodines ST EDC s Lh i
Steatohepatitis
Aimera, V.2 Prospective Non-drinkers: 117 Moderate consumption: Resolution of Age at biopsy, sex, race, and ever
- : : . . o } b= * ) S€X, A
ZL?slAS cohort study Moderate drinkers: 168 47(11) 1-2 drinks/day Liver biopsy NASH OR0.32(95% C10.11-0.92; P = 0.04) smoker
Dixon, 1.5 Cross-sectional Non-drinkers: 48 Moderate consumption: N/A
2001 Light to moderate 41 (11) ption: Liver biopsy NASH OR 0.35 (95% C10.12-1.00; P = 0.04) * Not significant after controlling for
. study ) <200g/week . .
Australia drinkers: 57 diabetes or IR index
Dunn, W.27 Cross-sectional Non-drinkers: 251 Moderate consumption:
- - : : . . o 0 _ .p= *
le)slAZ study Moderate drinkers: 331 48.3 <20g/day Liver biopsy NASH OR° 0.67 (95% Cl 0.44-1.02; P = 0.06) N/A
H A H.(ZQ)
agstzrgTé Prospective Total: 120 55.9 Moderate consumption: Liver biopsy NASH Units of alcohol/week: OR for NASH N/A
Sweden cohort study No data on categories ' <13 drinks/week 0.98 (95% C1 0.86-1.11; P =0.71)
Non-drinkers: 57
Singla, .4 . R Yearly: < 1 drink/month
- | Yearl kers: R1.14 % CI 0.50-2. f :
2010 Cross-sectiona early drer ers: 36 N/A Monthly: < 1 drink/week Liver biopsy NASH © . (95% C10.50 60).(re erence Age, gender, BMI, and diabetes
USA study Monthly drinkers: 31 Weekly: < 1 drink/da infrequent and non-drinkers)
Weekly drinkers: 41 (i v
Vilar-Gomez, E.% i ) Moderate consumption:
2020 Cross-sectional Non-drinkers: 720 50.7 (11.5) <14 (men) or <7 Liver biopsy NASH OR0.70 (95% CI 0.54-0.91; P =0,01) * | /8 &% BMI, T2DM, and PNPLA3
study Moderate drinkers: 433 . rs738409
USA (women) drinks/week
Hepatocellular carcinoma
Ascha, M. Retrospective Non-drinkers: 120 Moderate consumption: Age at time of cirrhosis diagnosis,
2010 cohortpstudy Moderate drink-erS' 58 56.6 <2 drinks/day and <6 Imaging HCC HR 3.80 (95% ClI 1.60-8.90; P = 0.002) * male sex, non-Caucasian, BMI, ever
USA ’ drinks/day on weekends smoked, and diabetes
Light consumption: OR 0.32 (95% C1 0.08-0.98; P = 0.043)
Ferri, 5.9 Non-drinkers: 92 <70 g/week for Q1-Q3 lifetime consumption
- 59 . ) )
2022 Crositsuegt'onal Light drinkers: 117 (range 15.88) Moderate consumption: diC;'nr:ZaS'is HCcC OR 1.79 (95% C1 0.54-5.92; P=0.342) | &% BM hyzi‘arrrf;ssi'son’ diabetes,
Italy v Moderate drinkers: 67 3 70-210 (men) or 70-140 & for Q4 lifetime consumption
(women) g/week Both compared to lifelong abstinence *
Kimura, T.(16) . . ) . ) .
2018 Retrospective Non-drlnkgrs. 208 56 Moderate consumption: Imaging HeC RR 4.43 (95% Cl 0.88-22.40; P = 0.07) * Fibrosis stage at t?asellnfe, T2DM
Japan cohort study Moderate drinkers: 93 <20g/day and serum triglycerides
Age, sex, ethnicity, BMI, HIV/HBV
Pearson, M.Y . . Moderate consumption: - infection, diabetes, platelet count
! Retl Non- kers: 4 cl | ! ! !
2021 cz;zftpsefjg'e Modzr:a(tjglzr;rlferss(')91321 62.1(8.0) AUDIT-C score of 1-3 in dia'”r:iis HCe HR 1.01 (95% Cl 0.76-1.34) * bilirubin, creatinine, albumin, INR,
USA 4 ' men and 1-2 in women J hemoglobin, AST/ALT and history of
decompensation
i M. ; ion-
T°bgg’12"‘ Prospective Non-drinkers: 456 Non-cirrhotic Lﬁ?ﬂ;‘;ﬁfg%‘;”ﬁ;i? Liver biopsy or Hee Non-cirrhotic NAFLD-HCC: OR 4.89 (95% sex and FIBA-index
Japan cohort study Light drinkers: 204 NAFLD: 49 (25.0), a/week imaging C11.92-12.45; P <0.01) *
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non-cirrhotic HCC:
73(10.8)

Vilar-Gomez, E.130)
2018
International

Prospective
cohort study

Non-drinkers: 392
Moderate drinkers: 66

55.9 (11.2)

Moderate consumption:
<20 (men) or <10
(women) g/day

Liver biopsy or
imaging

HCC

HR 3.22 (95% Cl 1.64-6.32; P <0.01) for
patients with cirrhosis *
No significant effect in patients with
bridging fibrosis (P = 0.15) *

Age, sex, ethnicity, current
smoking, T2DM, Child-Pugh score,
BMI, hypertension, medication, and
history of malignant neoplasm

*. reference: non-drinkers; °: OR calculated by the authors
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Table 3. Baseline characteristics of included studies - Mortality and cardiovascular outcomes

Author, Year,

Sample size (stratified by

Mean age, years

Definition of alcohol

Diagnostic tool

Desi Findi P, . P
Study location L alcohol intake) (SD) intake categories for outcome Outcome LGS e e
Mortality
o - . Light consumption: 0- Light alcohol use: HR 0.79 (95% Cl 0.66- Age, sex, ASA use,.educatloh,
Aberg, F.3 Prospective Non-drinkers: 993 9g/da All-cause 0.95) * employment, smoking, exercise,
2020 P Light drinkers: 4429 53.7 (12.6) g/cay ) / . ) WC, diabetes, systolic blood
. cohort study R Moderate consumption: mortality Moderate alcohol use: HR 0.87 (95% ClI ) .
Finland Moderate drinkers: 1448 10-19g/da 0.68-1.11) * pressure, cholesterol, triglyceride
g/day : ’ level, GGT, and history of cancer
. . . >7 vs. <7 units per week increased
Decraecker, M.38) ) Non- or light drinkers: Moderate consumption: .
Prospective 55.4 . All-cause mortality (P = 0.001)
2021 1021 8-21 units (men) or 8-14 / . . . /
cohort study - (IQR 46.8-63.1) . mortality >1 vs. <1 units per week increased
France Moderate drinkers: 390 units (women) per week .
mortality (P = 0.025)
) . Light consumption: 0.5- . . o
Hajifathalian, K.“%) ) Non-drinkers: 3318 Non-drinkers: 1.4 drinks/day Light alcohol use: HR 0.64 (254 clo.42 Age, gender, smoking, race,
Prospective . 48.9 (16.2), . All-cause 0.97; P =0.035) 8 - R .
2019 Light or moderate . Moderate consumption: / X physical activity, diet, education,
USA cohort study drinkers: 1250 drinkers: 47.8 1.5-2 (women) or 3 mortality Moderate alcohol use: HR 1.45 (95% Cl and diabetes status
’ (15.9) ' 1.01-2.10; P = 0.047) *
(men)/day
Age, sex, ethnicity, BMI, HIV/HBV
Pearson, M. . . ) Moderate consumption: infection, diabetes, platelet count,
2021 Fii:gitpsetcjg’e MO’EZ:;:;';EE;{;?S(_)?;Zl 62.1(8.0) AUDIT-C score of 1-3 in / ::ch;;e HR 0.86 (0.79-0.95) * bilirubin, creatinine, albumin, INR,
USA Y ’ men and 1-2 in women v hemoglobin, AST/ALT and history of
decompensation and HCC
0, - . HaH 1
Vilar-Gomez, E.9 . ' Moderate consumption: . HR 2.30 (9?6 Cl l..32 4.02, P <8.01) for Age, ethanlty, cur'rent smoking,
2018 Prospective Non-drinkers: 392 55.9 (11.2) <20 (men) or <10 / Death or liver patients with cirrhosis T2DM, varices, Child-Pugh score,
International cohort study Moderate drinkers: 66 ' ' _(women) /d_a transplant No significant effect in patients with BMI, hypertension, medication, and
s/day bridging fibrosis (P = 0.48) * history of malignant neoplasm
Light consumption: 0-3
drinks/week (men) Light alcohol use: HR 0.94 (95% CI 0.70-
Younossi. .23 Non-drinkers: 2369 Moderate consumption: 1.27;P=0.69) * Ase. sex. ethnicity. smoking status
201§ ' Prospective Light drinkers: 790 45.9 (SE 0.42) 4 drinks/week — 2 / All-cause Moderate alcohol use: HR 0.91 (95% Cl ge;juca’tion inc;’;ne metgbolic !
USA cohort study Moderate drinkers: 717 ' ' drinks/ day (men) mortality 0.63-1.31; p=0.60) * ; ndrom:e
Substantial drinkers: 158 Substantial Substantial alcohol use: HR 0.95 (95% Cl ¥
consumption: 2-3 0.43-2.11; P=0.89) *
drinks/day (men)
Cardiovascular outcomes
o 23 . Light consumption: 0- Light alcohol use: HR 0.78 (95% Cl 0.64- Age, sex, ASA use,ieducatlop,
Aberg, F.3 Prospective Non-drinkers: 993 9g/da 0.95) * employment, smoking, exercise,
2020 P Light drinkers: 4429 53.7 (12.6) g/day . ICD codes CV events ) WOC, diabetes, systolic blood
Finland cohort study Moderate drinkers: 1448 Moderate consumption: Moderate alcohol use: HR 0.78 (95% Cl ressure. cholesterol. triglvceride
' 10-19g/day 0.60-1.01) * P ' s Y

level, GGT, and history of cancer

28




Decraecker, M.38)

Prospective

Non- or light drinkers:

55.4

Moderate consumption:

OR 1.04 (95% CI 1.01-1.07; P = 0.021)

2021 cohort stud 1021 (IQR 46.8-63.1) 8-21 units (men) or 8-14 / CVevents For >7 vs. <7 units per week /
France v Moderate drinkers: 390 ’ ' units (women) per week T P
Light tion: i
Janjua, M.24 . Non-drinkers: 76 ight consumption Age, sex, BMI, CVD hlSthFV,
Prospective . . 1-7 drinks/week . HR 0.813 (95% Cl 0.456-1.448) for cholesterol, HDL, smoking,
2022 Light drinkers: 368 56.9 (14.0) . ICD codes CV mortality . . . :
. cohort study . Moderate consumption: moderate vs. no/light consumption diabetes, SBP, and hypertension
Australia Moderate drinkers: 215 .
7-21 drinks/week treatment
CAC > 0: Light alcohol use OR* 1.19
. . (95% Cl 0.69-2.07; P = 0.53)
Light consumption: Moderate alcohol use OR® 1.52 (95% Cl
Kashiwagi, K.(*) . Non-drinkers: 102 0.1-6.9 drinks/week CAC Subclinical . °
Cross-sectional ) R - ; 0.81-2.86; P = 0.19);
2020 Light drinkers: 103 60.2 Moderate consumption: Carotid athero- . ) o N/A
Japan study Moderate drinkers: 63 7-20.9 7-13.9 ultrasound sclerosis Carotid plague: Light alcohol use OR
P ' oo (m‘:';”,) T:/ o 1.17 (95% Cl 0.66-2.08; P = 0.59) *
(women) drinks/wee Moderate alcohol use OR® 0.74 (95% ClI
0.37-1.48;P=0.39) *
Carotid plaques: Light alcohol use
OR 0.71 (95% C1 0.56-0.90; P < 0.05)
H 1 . 0,
Sinn, D, . Non-drinkers: 483 Light consumption: . Subdlinical Moderate alcohol use OR 0.80 (95% Cl . .
Cross-sectional ) <10g/day Carotid 0.62-1.04) * Age, smoking, and metabolic
2014 Light or moderate 51.8 (8.4) . athero- . S
South Korea study drinkers: 1797 Moderate consumption: ultrasound sclerosis Carotid artery stenosis: Light alcohol syndrome
’ 10-20g/day use OR 0.47 (95% C1 0.31-0.72; P < 0.05)
Moderate alcohol use OR 0.94 (95% Cl
0.61-1.46) *
Center, age, race, sex, education,
(35) . - A : )
VanWagner, L. Prospective Non-drinkers: 238 Moderate consumption: Subclinical CAC > 0: alcohol use OR 1.46 (95% CI |nc9me level, §mok|ng, physical
2017 cohort stud Moderate drinkers: 332 50.4 (3.6) <21 (men) or <14 CAC athero- 0.94-2.28; P = 0.09) * activity, systolic blood pressure,
USA v ’ (women) drinks/week sclerosis ’ R ’ total and HDL cholesterol, BMI, and
metabolic comorbidities
Vilar-Gomez, E.9 Prospective Non-drinkers: 392 Moderate consumption: Not significant in univariate analysis
2018 P ) 55.9(11.2) <21 (men) or <14 Follow-up visits CV events P =0.31 for bridging fibrosis N/A

International

cohort study

Moderate drinkers: 66

(women) g/day

P = 0.56 for patients with cirrhosis

*: reference: non-drinkers; °: OR calculated by the authors
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Figure legends

Figure 1. PRISMA flowchart of the study selection process.

Figure 2. (A-B) Forest plots for the association between light (A) or moderate (B) alcohol consumption
on advanced fibrosis in NAFLD patients, separated by use of OR or HR. (C) Subgroup analysis based on

study design.

Figure 3. Forest plots for the association of alcohol intake and mortality, divided according to light

(upper panel) or moderate (lower panel) alcohol consumption.
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