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Background and Obijective: There is no consensus regarding modest alcohol
consumption in patients with non-alcoholic fatty liver disease (NAFLD) due to conflicting
results. The aim of this meta-analysis was to examine the effects of modest alcohol
consumption on histological severity, histological course, hepatocellular carcinoma, and
long-term clinical outcomes in NAFLD patients.

Methods: We searched MEDLINE and EMBASE databases from inception to October
2020 for studies evaluating the effects of modest alcohol consumption among patients
with NAFLD. A random-effects meta-analysis using pooled odds ratio (OR) and hazard
ratio (HR) was calculated with 95% confidence interval (Cl). Study quality was assessed
with the Newcastle-Ottawa Scale.

Results: Fourteen cross-sectional or cohort studies with aggregate data on 14,435
patients were included in the analysis. Modest alcohol consumption resulted in lower
risks for steatohepatitis (OR 0.59; 95% Cl 0.45-0.78; > = 12%) and advanced fibrosis
(OR0.59, 95% Cl 0.36-0.95; 12 = 75%). Histological follow-up data showed that modest
alcohol use was associated significantly with less steatohepatitis resolution but not with
fibrosis progression. The HR for developing hepatocellular carcinoma was 3.77 (95% Cl
1.75-8.15; > = 0%). NAFLD patients with modest alcohol intake had a lower mortality
risk than lifelong abstainers (HR 0.85; 95% Cl 0.75-0.95; 2 = 64%).

Conclusion: This meta-analysis suggests that medical advice for modest alcohol
drinking should be made cautiously in caring for an individual patient based on the
clinical context. Practically, patients with steatohepatitis or advanced fibrosis should
avoid alcohol use, whereas patients with low fibrosis risk may be allowed for modest
and safe drinking.

Keywords: non-alcoholic fatty liver disease, modest alcohol, histology, hepatocellular carcinoma, mortality,
NAFLD, meta-analysis
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent
chronic liver disorder affecting approximately a quarter of
the adult population worldwide (1, 2). NAFLD comprises a
continuum of disease severities from steatosis to non-alcoholic
steatohepatitis (NASH). It can evolve into an advanced disease
that progresses to cirrhosis, liver failure, and an increased risk of
hepatocellular carcinoma (HCC) (3). Moreover, NAFLD patients
have increased risk of cardiovascular events, other malignancies,
and mortality (2, 3). Insulin resistance is a common feature in
NAFLD patients, and it is considered the major contributor to
the development and progression of the disease (4).

Alcohol consumption in modest quantity is believed to
improve insulin resistance, lipid metabolism, and inflammatory
status, thereby exerting cardiovascular and metabolic benefits (5).
These effects have been shown to reduce the risk of diabetes,
cardiovascular disease incidence, and mortality in a J-shape dose-
response (6-8). Specific types of alcohols such as red wines and
certain drinking patterns, for instance, modest consumption,
not binge drinking displayed superior cardiometabolic benefits
(9). The benefits of modest alcohol consumption also decrease
the risk of developing NAFLD in the general population
(10-12). However, recommendations on alcohol consumption
among patients with pre-existing NAFLD, where metabolic
syndrome and established cardiovascular disease are common
comorbidities, remain a topic of vigorous debate, given that
the evidence supporting the protective benefits of modest
alcohol on liver-related outcomes is less consistent. To date,
studies have reported varying results on histological severity, the
natural course of liver disease, as well as liver-related outcomes,
particularly the development of HCC (13-27). Consequently,
there is no current consensus in clinical practice for counseling
patients with NAFLD regarding modest alcohol consumption.

Therefore, this systematic review and meta-analysis were
performed to comprehensively assess the effects of modest
alcohol intake on histological severity, histological progression,
and the risk of significant clinical outcomes, namely, the
development of cirrhotic complications, HCC, and all-cause
death among patients with NAFLD.

METHODS

Search Trials

Systematic literature review of EMBASE and MEDLINE
databases from inception to October 2020 to identify
all published studies that evaluated the effects of alcohol
consumption on histological severity, histological progression,
or clinical events in patients with NAFLD was independently

Abbreviations: NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis; HCC, hepatocellular carcinoma; OR, odds ratio; HR, hazard ratio;
CI, confidence interval; RR, relative risk; IRR, incidence rate ratio; HR, hazard
risk ratio; SIR, standardized incidence ratio; NHANES III, National Health and
Nutrition Examination Survey III; AUDIT-C, Alcohol Use Disorder Identification
Test-Consumption; DM, diabetes mellitus; NAS, NAFLD Activity Score; N/A,
Not available; SAFE, Steatosis Activity and Fibrosis; SLDA, Skinner Lifetime
Drinking Assessment.

Potentially relevant articles
identified from MEDLINE (n=
2,771) and EMBASE (n=
9,023)

———————| Exclusion of 2,405 duplications

Title and abstract review of
potentially relevant articles
(n=9,389)

9,310 articles were discarded as
they obviously did not fulfil
inclusion criteria based on type
of article and study design

v

79 potentially relevant articles

underwent full-length article
review

64 articles were deemed
| disqualified as they did not
report the outcome of interest

1 article was removed as it used
»| the same database of another
article which comprised of larger
participants

v

14  articles fulfilled the
eligibility criteria

FIGURE 1 | Flowchart of literature review and study selection.

conducted by two investigators (WW and SN). The search
strategy that included the terms for “modest alcohol
consumption” and “non-alcoholic fatty liver disease” is available
in Supplementary Data 1. To ensure the comprehensiveness of
eligible studies, the literature review was also conducted from
the bibliography of the eligible studies initially retrieved from
EMBASE and MEDLINE. This study was conducted according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (Supplementary Data 2).

Inclusion and Exclusion Criteria

Eligible studies must be full-text English articles. To evaluate the
effects of modest alcohol consumption on histological severity, an
eligible study had to be a cross-sectional study of biopsy-proven
NAFLD patients and had to report whether modest alcohol intake
was associated with NASH or advanced fibrosis compared to
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TABLE 1A | Characteristics of cross-sectional studies assessing histological severity between non-drinkers and modest drinkers included in the review.

Author, year Country Participant Age Sex, % DM, % Definition of modest Method of Histology Newcastle
number men alcohol drinking assessing scoring Ottawa Scores
(Non-drinker/ alcohol intake system (selection
modest drinker) /comparability
/outcome)
Dixon, 2001 Australia 48/17 41 21 18 <200 g/week Questionnaire NAS 3/2/3
Cotrim, 2009 Brazil 57/75 37 31 12 <40 g/day Interview Matteoni 4/0/2
Dunn, 2012 USA 252/331 48 34 16 <20 g/day AUDIT-C, SLDA NAS 5/2/3
Kwon, 2014 South Korea 25/52 47 44 N/A <40 g/week SLDA NAS 5/2/3
Hagstrom, 2017 Sweden 60/60 56 69 41 <168 g/week AUDIT-C NAS, SAF 5/2/3
Ajmera, 2018 USA 117/168 47 30 34 < 20 g/day (men) AUDIT-C NAS 4/0/3
<10 g/day (women)
Kimura, 2018 Japan 208/93 56 45 37 <20 g/day Questionnaire NAS, SAF 4/0/3
Mitchell, 2018 Australia 74/91 52 38 41 <210 g/week (men) Questionnaire NAS 5/2/3
<140 g/week (women)
Yamada, 2018 Japan 101/77 50 52 67.0 <20g/d Self-report NAS 4/0/2
Tan, 2020 Malaysia 55/16 N/A N/A N/A <21 units/week (men)  Self-report NAS 3/0/3

<14 units/week
(women)

AUDIT-C, Alcohol Use Disorder Identification Test-Consumption; DM, diabetes mellitus; NAS, NAFLD Activity Score; N/A, Not available; SAF, Steatosis Activity and Fibrosis;, SLDA,

Skinner Lifetime Drinking Assessment.

TABLE 1B | Characteristics of longitudinal follow-up studies on histological progression between non-drinkers and modest drinkers included in the review.

Author, year Country Participant Age Sex, % DM, % Definition of modest Method of Histology Follow-up Newcastle
number men alcohol drinking assessing scoring duration Ottawa scores
alcohol intake  system (year) (selection/
comparability/
outcome)
Ekstedt, 2009 Sweden 71 47 72 7 <140 g/week AUDIT, SLDA NAS 13.8 4/2/3
Ajmera, 2018 USA 285 47 30 34 < 20 g/day (men) AUDIT NAS 3.9 4/2/3

<10 g/day (women)

AUDIT-C, Alcohol Use Disorder Identification Test-Consumption; SLDA, Skinner Lifetime Drinking Assessment.

abstainers. The pre-requisite outcomes included odds ratio (OR)
with 95% confidence interval (CI). For histological progression,
eligible cohorts must include serial follow-up liver biopsy to
examine how modest alcohol consumption altered the natural
history of NAFLD liver histology. These studies must report
relative risk (RR), incidence rate ratio (IRR), hazard risk ratio
(HR), or standardized incidence ratio (SIR) with 95% CI. To
elucidate the effects of modest alcohol on long-term clinical
outcomes, eligible studies had to be cohorts reporting RR, IRR,
HR, or SIR with 95% CI comparing the risk of the following
major clinical events: development of cirrhotic complications
(ascites, variceal bleeding, spontaneous bacterial peritonitis, and
hepatic encephalopathy), HCC, and all-cause deaths between the
two NAFLD cohorts of modest drinkers and abstainers. Modest
alcohol drinking was defined as consumption of <21 standard
drinks (210 g) per week for men and <14 standard drinks (140 g)
per week for women, although some variations were accepted.
Two reviewers (WW and SN) independently determined study
eligibility. In the first round of screening, titles and abstracts
were reviewed to exclude articles that did not fulfill the eligible
criteria. The second round of screening involved a full-text

review to ensure that the eligible studies fulfilled all inclusion
criteria. Disagreements were resolved by discussion with the
senior investigator (PC).

Data Extraction

Extracted data included author, the country where the study
was conducted, study design, year of publication, number
of participants, recruitment or identification of NAFLD
participants, methods used to identify and verify the definition of
modest drinkers and abstainers, clinical outcomes, histological
classification utilized to diagnose NASH and advanced fibrosis,
baseline characteristics of participants, the average duration
of follow-up for cohort studies, confounders adjusted in
multivariate analysis and adjusted effect estimates with
corresponding 95% CI. The appraisal of the quality of the
eligible cohort studies was performed according to Newcastle-
Ottawa Scale (28). The modified version of this scale was
used to appraise cross-sectional studies (29). The quality of
each study was evaluated by two investigators (WW and SN),
and any differences in opinions were settled by the senior
investigator (PC).
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TABLE 1C | Characteristics of cohort studies comparing the risk of major clinical events between non-drinkers and modest drinkers included in the review.

Author, year Country Participant Age Sex, % DM, % Definition of modest Method of Follow-up Outcomes Newcastle
number (non- men alcohol drinking assessing duration Ottawa scores
drinker/modest alcohol intake (year) (selection/
drinker) comparability/
outcome)
Ascha, 2010 USA 120/68 57 44 73 <80 g/day Self-report 2.7 HCC 4/0/3
Kimura, 2018 Japan 93/208 56 45 37 <2 units/day Self-report 6 HCC 4/2/3
Hajifathalian, 2019 USA 3318/1250 49 53 26 <1.5 units/day Self-report 5.8 Death 4/2/3
Aberg, 2020 Finland 993/6638 54 60 14 <20 g/week Self-report 111 Death 4/1/3

HCC, Hepatocellular Carcinoma.

Statistical Analysis

All data analyses were conducted using Review Manager
5.3 software from the Cochrane Collaboration (London,
United Kingdom). The generic inverse variance method of
DerSimonian and Laird was employed to pool point estimates
of all eligible studies, in which the weight of each study for
the pooled analysis was in reversal to its standard error (30).
Random-effects model was utilized as the eligible studies had
different background populations and protocols. The Cochran’s
Q test and The I* statistic were employed to determine
statistical heterogeneity. An I?> value of >75% represented
high heterogeneity, 51-75% moderate heterogeneity, 26-50%
low heterogeneity, and 0-25% insignificant heterogeneity (31).
Publication bias was evaluated with a funnel plot.

RESULTS

A total of potentially relevant 11,794 articles (9,023 from
EMBASE and 2,771 from MEDLINE) were retrieved. After
removing 2,405 duplicated articles, 9,389 articles remained for
the first-round review. We then excluded 9,310 articles because
they did not fulfill the inclusion criteria based on study design
and types of articles resulting in 79 remaining articles for
the second round full-text review. Fifteen studies fulfilled the
inclusion criteria and were included in this study (13-27).
However, Younossi et al. (27) and Hajifathalian et al. (25) used the
identical database of National Health and Nutrition Examination
Survey IIT (NHANES III); therefore, we selected Hajifathalian et
al. due to the larger number of participants. Figure 1 provides
an overview of the literature review and study selection process.
Tables 1A-C summarizes the study design, characteristics of
participants, and Newcastle-Ottawa Scale of the included studies.

The definition of both abstainers and modest alcohol drinkers
varied considerably across included studies from lifetime
abstainers to 0.5 standard drink per day and 20g of alcohol
per week to 21 standard drinks (210g) of alcohol per week,
respectively. The definition for maximum amount for modest
drinking in men was higher than that of women in three studies
(13,17, 22). All cross-sectional studies were biopsy-based studies.
We did not find any studies examining the effects of modest
alcohol on the development of cirrhotic complications in the
NAFLD population.

Risk of Steatohepatitis Among NAFLD
Patients With Modest Alcohol

Consumption

Six cross-sectional studies investigating the association between
modest alcohol drinking and NASH are shown in Figure 2A
(13-18). Modest alcohol consumption had a lower prevalence of
biopsy-proven NASH among NAFLD patients with a pooled OR
0f 0.59 (95% CI, 0.45-0.78; I* = 12%).

Risk of Advanced Fibrosis Among NAFLD
Patients With Modest Alcohol Intake

Eight cross-sectional studies comparing modest alcohol drinking
to non-drinker were identified (13, 16-22). The pooled OR for
advanced fibrosis among NAFLD patients with modest alcohol
intake was 0.59 (95% CI, 0.36-0.95; I> = 75%) (Figure 2B).
Additionally, we conducted a sensitivity analysis for advanced
fibrosis based on Newcastle-Ottawa scores of those studies.
Studies with full Newcastle-Ottawa scores (16, 19, 21, 22) were
regarded as high-quality studies and were included in the first
sensitivity analysis. Four studies were considered high-quality
and yielded a pooled OR of 0.45 (95% CI, 0.33-0.60; I = 0%)
(Figure 2C). The other four studies (13, 17, 18, 20) were regarded
as low-quality studies and were included in the second sensitivity
analysis. Its pooled OR was 0.95 (95% CI, 0.53-1.70; I? = 63%)
(Figure 2D).

Systematic Review of the
Histopathological Progression of the
NAFLD Population With Modest Alcohol

Consumption

Two studies investigating the histopathological progression of
NAFLD populations were identified and included in the narrative
review, but not in quantitative analysis because the results of each
study varied significantly and could not be combined (13, 26).
Ajmera et al. found that modest alcohol drinking was associated
with less NASH resolution among NAFLD patients, with an OR
of 0.32 (95% CI, 0.11-0.92) (13). Ekstedt et al. have shown that
modest alcohol intake was not significantly associated with risk
of a significant fibrosis progression in NAFLD (OR 0.93, 95% CI,
0.10-9.06) (26).
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A

Modest drinkers  Non-drinkers 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
Dixon 2001 4 17 16 48 46% 062(0.17,2.19] 2001
Cotrim 2008 66 75 49 57  69% 1.20(0.43,3.33] 2008 =
Dunn 2012 176 331 176 252 43.4% 0.49(0.35,0.69] 2012 ——
Yamada 2018 kil 7 47 101 18.3% 0.77(0.42,1.41] 2018 pr———
Ajmera 2018 96 168 86 17 24.0% 0.48(0.29,0.80] 2018 ——
Tan 2020 14 16 45 55  28% 1.56 (0.30,7.96] 2020
Total (95% CI) 684 630 100.0% 0.59[0.45, 0.78] >
Total events 387 419
ity: Tau®= 0.01: Chi*= =5(P= =
Heterogeneity: Tau*= 0.01; Chi*= 5.65, df = 5 (P = 0.34);, F=12% o 0z o5 L] 0
Testfor overall effect: Z= 3.75 (P = 0.0002) Modest drinkers Non-drinkers
B Modest drinkers  Non-drinkers Odds Ratio 0dds Ratio
Study or Subgroup ___Events __ Total Events Total Weight M.H,Random, 95% Cl Year M-H, Random, 95% CI
Dunn 2012 69 33 83 252 16.5% 054(0.37,0.78] 2012 —
Kwon 2014 8 52 9 25 92% 0.32(0.11,0.98] 2014
Hagstrom 2017 " 60 23 60 11.8% 0.36(0.16,0.83] 2017
Kimura 2018 27 93 50 208 14.8% 1.29(0.75,2.24] 2018 r——
Mitchell 2018 12 91 26 74 124% 0.28(0.13,0.61] 2018 Sr——
‘Yamada 2018 13 7 26 101 12.7% 0.59(0.28,1.23] 2018 — 1
Ajmera 2018 66 168 34 17 15.2% 1.58(0.95,2.62] 2018 —
Tan 2020 3 16 23 55 7.4% 0.32(0.08,1.26] 2020 ——
Total (95% Cl) 888 892 100.0% 0.59[0.36, 0.95] <
Total events 209
Heterogeneity: Tau*= 0.33; Chi*= 27.80, df= 7 (P = 0.0002); #= 75% hos 02 £ 2
Testfor overall effect: Z= 2.16 (P = 0.03) B Modest drinkers Non-drinkers
c Modest drinkers  Non-drinkers 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Dunn 2012 69 33 83 252 B4T% 0.54[0.37,0.78] 2012 ——
Kwon 2014 8 52 9 25 7.3% 0.32(0.11,0.98] 2014
Hagstrom 2017 1 50 23 60 12.9% 0.36(0.16,0.83] 2017 —_—
Mitchell 2018 12 91 26 74 151% 0.28(0.13,0.61] 2018 - —
Total (95% CI) 534 411 100.0% 0.45[0.33,0.60] >
Total events 100 141
Heterogeneity: Tau®= 0.00; Chi*= 2.89, df= 3 (P = 0.41); F= 0% 0 02 o5 ) L)
Test for overall effect: Z= 5.28 (P < 0.00001) Modest drinkers Non-drinkers
D Modest drinkers  Non-drinkers Odds Ratio Odds Ratio
Study or Subgrouy Events Total Events Total Weight M.H, Random, 95% Cl Year M-H, Random, 95% CI
Ajmera 2018 66 168 34 117 31.9% 1.58(0.95,262] 2018
Kimura 2018 27 93 50 208 30.6% 1.29(0.75,2.24] 2018 =
Yamada 2018 13 7 26 101 24.9% 0.59(0.28,1.23) 2018 —_—
Tan 2020 3 16 23 55 127% 0.32[0.08,1.26] 2020 s
Total (95% CI) 354 481 100.0% 0.95[0.53, 1.70] -
Total events 108 133
Heterogeneity: Tau?= 0.21; Chi*= 8.18, df= 3 (P = 0.04), *= 63% 005 02 3 20
Test for overall effect: Z= 0.18 (P = 0.86) Modest drinkers Non-drinkers.
E Non.drinkers Modest drinkers Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] ___SE Total Weight _IV, Fixed, 95% CI_Year IV, Fixed, 95% CI
Ascha 2010 12809 0.4467 120 68 77.3% 3.60(150,864) 2010
Kimura 2018 14884 0.8246 93 208 22.7% 4.43(0.88,22.30) 2018 T
Total (95% CI) 213 276 100.0% 3.77[1.75,8.15] -
Heterogeneity: Chi*= 0.05, df= 1 (P = 0.82); F= 0% 005 02 3 P
Testfor overall effect: Z= 3.38 (P = 0.0007) ) Non-drinkers Modest drinkers
F Modest drinkers Non.drinkers Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] __SE o Total Weight IV, Random, 95% CI_Year IV, Random, 95% CI
Hajifathalian 2019 (1) -0.4463 0.2149 874 3318 106% 0.64[0.42,0.98) 2019
Aberg 2020 (2) -0.2357 0.0917 4429 993 583% 0.79(0.66,0.95) 2020 -
Aberg 2020 (3) -0.1393 01257 1443 0 310%  087(068,1.11) 2020 —
Total (95% CI) 6746 4311 100.0%  0.80[0.69,091] *
Heterogeneity. Tau?= 0.00; Chi*= 1.54, df= 2 (P = 0.46); F= 0% o2 g 1
Test for overall effect Z= 3.26 (P = 0.001) " Modestdrinkers Non-drinkers
Footnotes.
(1) Alcohol drinkers 0.5-1.4 drinks/day vs. Non-drinkers
(2) Alcohol drinkers 0-9 g/day vs. Non-drinkers
(3) Alcohol drinkers 10-19 giday vs. Non-drinkers
G Non.drinkers Modest drinkers Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] __SE Total Total _Weight_IV, Random, 95% CI_Year IV, Random, 95% CI
Hajifathalian 2019 (1) 03716 0.1845 376 3318 484%  145(1.01,208) 2019 -
Aberg 2020 (2) 02357 01489 761 993 516%  0.79(0.59,106) 2020 ——
Total (95% CI) 137 4311 100.0%  1.06[0.58,1.92] s
Heterogeneity: Tau*= 0.16; Chi*= 6.5, df=1 (P = 0.01); F= 85% D i
Testfor overall effect Z=0.19 (P = 0.85) Modest drinkers Non-drinkers
Eootnotes
(1) Alconol drinkers 1.5-3.0 drinks/day vs. Non-drinkers
(2) Alcohol drinkers 20-29 giday vs. Non-drinkers
H Modest drinkers Non.drinkers Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] ___SE Total Weight IV, Fixed, 95% CI_Year IV, Fixed, 95% CI
Haijifathalian 2019 (1) -0.4463 0.2149 874 3318 7.8% 0.64(0.42,098 2019
Hajifathalian 2018 (2) 03716 0.1845 376 0 10.6% 1.45(1.01,2.08] 2019 —
Aberg 2020 (3) -0.2357 0.0917 4429 993 427% 0.79(0.66,095) 2020 -
Aberg 2020 (4) -0.1393 01257 1448 0 227% 087(0.68,1.11) 2020 il
Aberg 2020 (5) -0.2357 0.1489 761 0 16.2% 0.79(0.59,1.06] 2020 S |
Total (95% C) 7888 4311 100.0% 0.85[0.75,0.95] *
Heterogeneity: Chi*= 11.03, df= 4 (P = 0.03); F'= 64%
6)

Testfor overall effect. .77 (P = 0.0

0f

Footnotes

(1) Alcohol drinkers 0.5-1.4 drinks/day vs. Non-drinkers
(2) Alcohol drinkers 1.5-3.0 drinks/day vs. Non-drinkers
(3) Alcohol drinkers 0-9 g/day vs. Non-drinkers

(4) Alcohol drinkers 10-19 g/day vs. Non-drinkers

() Alcohol drinkers 20-29 g/day vs. Non-drinkers

02 05
Modest drinkers  Non-drinkers

FIGURE 2 | Forest plot of meta-analyses for the association between modest alcohol consumption in NAFLD patients and (A) steatohepatitis; (B) advanced fibrosis;
(C) advanced fibrosis among high-quality studies; (D) advanced fibrosis among low-quality studies; (E) the development of HCC; (F) mortality for light alcohol
consumption; (G) mortality for moderate alcohol consumption; and (H) light-to-moderate alcohol consumption.
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FIGURE 3 | Funnel plot of meta-analyses for the association between modest alcohol consumption in NAFLD patients and (A) steatohepatitis; (B) advanced fibrosis;
(C) advanced fibrosis among high-quality studies; (D) advanced fibrosis among low-quality studies; (E) the development of HCC; (F) mortality for light alcohol
consumption; (G) mortality for moderate alcohol consumption; and (H) light-to-moderate alcohol consumption.
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Risk of HCC Among NAFLD Patients With

Modest Alcohol Consumption
The pooled HR from two cohort studies of HCC development
was 3.77 (95% CI, 1.75-8.15; I* = 0%) (Figure 2E) (20, 23).

Overall Mortality Among NAFLD Patients
With Light, Modest, and Light-To-Modest

Alcohol Consumption

The pooled analysis of two cohort studies showed an HR of
0.80 (95% CI, 0.69-0.91; I> = 0%) for light consumption (<19
g/day or <1.4 drink/day), 1.06 (95% CI, 0.58-1.92; I = 85%) for
modest consumption (1.5-3.0 drinks/day or 20-29 g/day) and
0.85 (95% CI, 0.75-0.95; I* = 64%) for light-to-modest alcohol
consumption (<30 g/day) on mortality in NAFLD populations
(Figures 2F-H) (24, 25).

Risk of Publication Bias
Funnel plots of all meta-analyses demonstrated asymmetry and
suggested the presence of publication bias (Figures 3A-H).

DISCUSSION

This comprehensive systematic review and meta-analysis suggest
a possible association between modest alcohol consumption and
decreased NASH and advanced fibrosis. However, moderate
alcohol use may diminish the resolution of NASH and increase
risk of HCC in NAFLD patients with advanced fibrosis. In
contrast, the data from population-based samples show a
protective effect of low-to-moderate alcohol consumption on
mortality in patients with NAFLD.

The present meta-analysis observed that modest alcohol
drinking was associated with a lower risk of having steatohepatitis
and advanced fibrosis in biopsy-proven NAFLD patients.
This phenomenon may be explained by the modulation of
insulin sensitivity and anti-inflammatory effects of modest
alcohol intake, resulting in the attenuation of intrahepatic lipid
synthesis, accumulation, and subsequent hepatic steatosis (32—
37). The improvement of insulin resistance could moderate
lipotoxicity, organelle stress, and hepatocyte injury caused by
toxic reactive oxygen species generated by lipid metabolism
(32, 38). Interestingly, the effect on advanced fibrosis was
only observed in higher-quality studies where ascertainment
of alcohol consumption was conducted using validated tools,
primarily AUDIT-C and Skinner Lifetime Drinking History. In
contrast, the remaining studies involved some degree of self-
reported questionnaires or interviews. This could potentially
lead to recall bias in the latter group of studies and implies its
results since under-reporting may be as high as 40-50% in an
alcohol consumption survey and remains a barrier to accurate
quantification (39).

The increased risk of HCC among patients with NAFLD
who consumed a modest amount of alcohol in our analysis
was not unexpected and further emphasized the potentially
harmful effects of alcohol. It is known that alcohol is an
independent risk factor for the development of HCC both
directly via DNA damage from toxic metabolites, oxidative stress,

and inflammation and indirectly via chronic liver disease and
cirrhosis (20, 40, 41). Furthermore, alcohol in conjunction with
diabetes and obesity, as are highly prevalent in the NAFLD
study population, also exhibits a synergistic interaction and
potentially augments the risk of HCC development (20, 23, 41).
Our finding was consistent with a previous study by Kawamura et
al. demonstrating that the elevated risk of hepatocarcinogenesis
started trending with the daily consumption of 20-39g of
ethanol. However, Kawamura et al. used a light drinker of <20 g
per day as the baseline comparator, which differed from our
baseline group consisted of abstainers (42). It is also worth noting
that all of the patients in Ascha et al., which was weighted
at 77% in our analysis, were cirrhotic and were referred for
liver transplantation listing due to hepatic decompensation.
Therefore, there could be confounding factors for an increased
risk of developing HCC via the omission of non-cirrhotic and
compensated cirrhosis populations (23). In addition, Kimura et
al. found in the multivariate analysis that HCC was associated
with fibrosis but not with a mild drinking habit and that all
HCC patients had advanced fibrosis (fibrosis stage 3-4) (20).
As a result, the interpretation of the risk of HCC development
should be made with caution due to the limitations of the
NAFLD population. Furthermore, this analysis consisted of only
two eligible studies in which HCC was identified exclusively
in patients with advanced fibrosis/cirrhosis. Therefore, further
research to clarify the actual effect of modest alcohol drinking on
the development of HCC across the spectrum of NAFLD patients
is needed.

It is well-established that light to moderate alcohol
consumption is associated with lower mortality for all-cause,
cardiovascular, and cerebrovascular deaths via moderation of
metabolic profiles (43, 44). However, studies demonstrating
these protective effects were primarily conducted in the general
population in national surveys (44). In line with these data,
our analyses focused on patients diagnosed with NAFLD and
found that modest alcohol consumption was associated with
a reduction in all-cause mortality. This outcome could be
driven by the decrease as mentioned earlier in the prevalence
of advanced fibrosis, which was a significant predictor for long-
term overall mortality among biopsy-proven NAFLD patients
(45). Consequently, as a knock-on effect of advanced fibrosis
reduction, mortality from cirrhosis as the leading cause of death
(46) might be attenuated as a result. In addition, cardiovascular
death is the leading cause of deaths among NAFLD patients,
given the shared atherosclerotic risk factors such as age, diabetes,
hypertension, dyslipidemia, insulin resistance, and metabolic
syndrome (46, 47). Hence, NAFLD is unsurprisingly considered
a risk for cardiovascular disease (48), and it is possible that
the cardiometabolic benefits of modest alcohol consumption
extended from the general population onto this particular
group of NAFLD patients accompanied by atherosclerotic risks.
This is particularly evident in Aberg et al. that cardiovascular
outcomes, albeit not death-exclusive, were lower among very
light drinkers (24). Similarly, we found that all-cause mortality
benefits only persisted in light drinkers when patients were
grouped according to light or moderate drinking habits. This
finding implies that alcohol may not confer its protective effects
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when consumed beyond a very low threshold. Different types
of alcoholic beverages would also need to be accounted for,
and further studies to prove this causal relationship in the
NAFLD population.

Our meta-analysis has some limitations, which are inherent to
the design of the included studies. First, the cross-sectional design
of the studies evaluating the effects of alcohol use on the severity
of liver disease limits our ability to establish causality of the
observed associations. Several studies displayed that moderate
alcohol drinkers tended to have higher socioeconomic status,
increased physical activity, and less obesity than abstainers
(49, 50). These factors have been demonstrated to influence
drinking patterns and may affect the severity of liver disease,
thereby confounding the association between alcohol use and
NAFLD. Second, some of these studies reported incomplete
adjustments for potential confounders, and thus reliability of
the findings is diminished. Third, although longitudinal cohort
studies provided the high quality of the prognostic relevance
of modest alcohol use on clinical outcomes in NAFLD, these
studies failed to obtain lifetime drinking histories to evaluate past
heavy alcohol use. Thus, the population abstaining from alcohol
drinking may be enriched for former heavy drinkers, leading
to selection bias and more severe liver disease. Fourth, another
potential limitation of population-based studies is that NAFLD
diagnosis was made using serum biomarkers of steatosis such
as fatty liver index and hepatic steatosis index. Accordingly, it
is inevitable to have misclassified some of the participants in
these studies concerning the presence or absence of NAFLD.
Finally, although a random-effects model was applied in this
meta-analysis, some findings need to be interpreted cautiously,
given the high heterogeneity observed. From the results of
the sensitivity analyses, it is assumed that high heterogeneity
reflects differences in the tools used for alcohol assessment and
characteristics of study populations.

Despite these considerations, this meta-analytic study also
has important strengths. First, we believe that the topic of our
meta-analysis is clinically relevant, given the conflicting literature
on the effects of modest alcohol use in NAFLD and emerging
data regarding possible mechanisms of modest alcohol protection
for NAFLD. Second, we included studies that performed a liver
biopsy to diagnose NASH and assess the liver fibrosis stage,
and thus, the histological severity association was ascertained
by the gold standard. Third, for the clinical outcomes, the
included cohorts had long-term follow-up duration for the pre-
specified outcomes to occur adequately. Follow-up time for HCC
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