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The prevalence of nonalcoholic fatty liver disease (NAFLD) has reached global epidemic 

proportions 1, paralleling that of the increasing trends in the prevalence of obesity and type 2 

diabetes (T2D). In fact, obesity is one of the most frequently associated comorbidities of NAFLD 

2, and furthermore, NAFLD and obesity integrate the myriad of risk factors for cardiovascular 

disease (CVD) clustered in the metabolic syndrome (MetS).  

By definition, NAFLD is characterized by abnormal liver fat accumulation in the absence of 

significant alcohol consumption and other causes of secondary hepatic steatosis. Once 

diagnosed, the treatment of NAFLD is complex and often requires pharmacological intervention 

to control associated-risk factors, and or/ lifestyle modifications.  

Conflicting results on whether social or moderate alcohol consumption (MAC) is detrimental or 

beneficial leave physicians uncertain as to whether or not to apply tight restrictions or allow low 

levels of social alcohol use for potential health benefit.  

The first clinical dilemma: The complex balance between epidemiological evidence and 

clinical decision-making 

Over the last decade, there has been a growing body of evidence supporting the notion that MAC 

(up to ~ 30 g per day) reduces the risk of MetS-related phenotypes, including T2D 3, arterial 

hypertension 4, CVD 5, systemic inflammation and prothrombotic state 6, and all-cause mortality 

rates 7.  

The Third National Health and Nutrition Examination Survey showed that the odds of obesity 

are lower among subjects who consume less than five drinks per week compared with non-

drinkers 8.  

Summarized quantitative evidence from nine cross-sectional studies on NAFLD suggests 

possible favorable effects of MAC on liver fat accumulation by reducing the risk of having 
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NAFLD (OR [odds ratio] 0.68, 95% confidence interval [CI]: 0.580–0.80, p<10−5) by about 

~31% in a pooled sample of 43,175 individuals, including 30,791 non-drinkers and 12,384 

modest drinkers 9. The beneficial effect of MAC on NAFLD seems to be very much influenced 

by sex, suggesting that sexual dimorphism plays a significant role 9. Furthermore, MAC showed 

a protective effect of about ~ 50% on the risk of developing nonalcoholic steatohepatitis-

(NASH) (OR 0.50, 95% CI: 0.34–0.74, p<0.0005) – data from 822 patients diagnosed by liver 

biopsy (550 non-drinkers and 272 modest drinkers) 9. As well, a longitudinal study from Japan 

that included 5437 individuals evaluated for over ~10 years showed that the adjusted hazard risk 

of MAC for the development of NAFLD was 0.69 (95% CI 0.57-0.84) when compared to non-

drinkers 10.  

Together, all the above-mentioned epidemiological associations are interpreted as following a J-

shaped curve (Figure 1), of which the valley is defined -in the great majority of the studies- as 

20 or 30 g daily for women or man, respectively. The nadir of the curve at 20-30 g per day is 

equivalent to “two drinks” per day in some other reports, in which a “drink” represents a 

standard unit of alcohol measurement.  

The potential benefits and harm associated with MAC or heavy alcohol consumption, 

respectively, have a direct impact on liver-related outcomes, MetS and CV- health; however, the 

point at which the amount of alcohol ceases to be beneficial to become harmful remains unclear. 

For example, the definition of MAC based on the number of “drinks” as standard units of alcohol 

measurement could introduce uncertainties in what threshold should clinicians use to distinguish 

between protection and harm because the definition of “standard drink” differs among countries 

(~14 g of alcohol in the United States, ~8 g in England or 19.75 g in Japan).  
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Moreover, many questions regarding the putative protective effect of MAC on patients with 

underlying liver disease remain unanswered (Figure 1). For instance, a retrospective cohort-

study showed that subjects consuming either moderate or heavy amounts of alcohol while having 

severe liver fibrosis have an increased risk of developing hepatocellular carcinoma (HCC) 11.  

Then, a question is raised as to where should the line be drawn between the “benefit” and the 

“harm”, specifically for patients with chronic liver disease and liver fibrosis, including NAFLD.  

The second clinical dilemma: Protective associations with MAC are questioned because of 

problems with confounding and causation 

The beneficial effects of MAC on overall health-related outcomes have raised much criticism. 

First, data on “alcohol assessment” and “drinking patterns” could be of limited quality, 

particularly in population-based studies. Second, the main outcomes may not have been properly 

adjusted by confounding factors, and third, most of the studies are based on an observational 

design that is unable to determine causality.  

A clear example that supports both the first and second criticism is illustrated by the results of 

the Health Survey for England, a population-based study that includes up to ~10 waves. This 

study that links health-related behavior to mortality showed that the protective effects of MAC 

on overall mortality-rates are attenuated after excluding “former-drinkers” from the abstainer 

group 12. A thorough age-stratified analysis that used self reported “never-drinkers” as the 

reference group suggested that the beneficial dose-response association between MAC and 

mortality was restricted to women aged 65 years or more 12. Likewise, a meta-analysis that 

explored the association between MAC and T2D, including 1,902,605 controls and 125,926 

cases, revealed that reductions in the risk of T2D associated with MAC may be specific to 



6 

 

women, and stratification of data including the “never-drinking” category abolished the 

protective effects 3.  

Indeed, it is speculated that the systematic misclassification of “past-drinkers” and “occasional-

drinkers” to the “abstainer” or “non-drinkers” categories provides an explanation for the 

supposedly beneficial effect of MAC on health-related outcomes. Conversely, the self-report of 

alcohol consumption may be biased from heavy-drinkers that could recognize themselves as 

moderate-drinkers. 

The third and strongest criticism concerns the cross-sectional nature of the majority of published 

evidence. The ideal study should be able to assess the “cumulative lifetime-effect/s of MAC”, 

which can only be explored in prospective-cohorts studies.  

To add concern to disbelief, the results of a prospective study that included 88,084 women and 

47,881 men from the Nurses’ Health Study and Health Professionals Follow-up Study in the US 

concluded that compared to non-drinkers, MAC is associated with a minimal though not 

significant “increased-risk” of total cancer OR (1.02, 95% CI 0.98 -1.06 and 1.05, 95% CI 0.97-

1.12 in women and men, respectively); however, this risk is particularly important in women in 

whom cancers increase even within the range of up to “one drink a day” 13.  

Finally, another skeptical quote on the apparent beneficial effects of MAC is given by the fact 

that the evidence is not supported by randomized studies. Nevertheless, it could be virtually 

impossible and ethically questionable to operate on the randomization of a variable such as 

“alcohol consumption”. An exception of this can be found in a recent small randomized trial on 

the effect of red wine on blood pressure 14. 
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The “omics” era and mendelian randomization (MR)-studies to overcome limitations of 

epidemiological studies: Is MAC liver-protective or liver-harmful? Does the dose make the 

poison?  

NAFLD and obesity are complex diseases whose pathogenesis is under the influence of the 

effect of multiple gene variants. Interestingly, NAFLD and alcoholic liver disease (ALD) share 

not only common pathogenic mechanisms 15 but predisposing genetic risk. The most remarkable 

example of a “common genetic-modifier” on the risk of liver fat accumulation and disease 

severity in NAFLD and ALD is given by the missense rs738409 variant located in PNPLA3 

locus 16, 17.  

Nevertheless, the effect/s of alcohol consumption have been largely attributed to a genetic 

variation in enzymes that mediates its metabolism in the liver, particularly in genes that codify 

members of the alcohol dehydrogenase (ADH) family and cytochrome P450 (CYP) superfamily. 

Variants in the ADH-family influence the conversion of alcohol to acetaldehyde, and also the 

individual ethanol-oxidizing capacity; these variants may also indirectly influence the “drinking 

pattern”, as binge-drinking seems to be absent in carriers of the low alcohol-metabolizing 

variants due to the unpleasant effects of alcohol. 

The implementation of MR studies would –theoretically- overcome the challenges of designing 

randomized control trials because these genetic explorations show an association between a 

variant and a disease (or disease risk) under the assumption that genetic allocation is not only 

“random” and “free of confounding factors”, but also that genotypes are not modified by the 

disease. Recent studies have focused on this premise by selecting variants located in ADH1B 

(Alcohol Dehydrogenase 1B) or ALDH2 (Aldehyde Dehydrogenase 2) not only because of its 

participation in alcohol metabolism but also their influence on alcohol use, dependence, and 



8 

 

“alcohol-related flushing symptoms”. Emerging results based on this strategy added a “pinch of 

skepticism” on the benefits of MAC, however they are still not entirely clear. Indeed, recent 

MR trials have not only failed to demonstrate a benefit of alcohol on cardiometabolic risk 

factors but that it may be harmful. For instance, results from a large MR meta-analysis of 56 

studies, including 261, 991 individuals of European descent, suggested that subjects with a 

“genetic predisposition” to consume less alcohol (carriers of the ADH1B -rs1229984-A allele) 

have lower odds of developing CVD regardless of whether they were light, moderate, or heavy 

drinkers 18. Surprisingly, the authors concluded that the reduction of alcohol consumption, even 

for moderate drinkers, may be beneficial to CV health 18.  

This conclusion challenged the J-shaped curve theory as the authors observed that 

individuals below the nadir with a genetic predisposition to consume less alcohol (carries of 

the A allele consumed 17.2% fewer units of alcohol per week) had lower odds of 

developing CVD at all categories of alcohol consumption 18. Recent MR studies from Asia 

have replicated the finding that MAC is not beneficial for heart function 19 or CV risk 

factors, such as blood lipid levels 20 but could be detrimental; of note, these studies reported 

also sexual differences in the effects of MAC on CV health.  

What could be the potential reasons why these studies are discrepant from other studies 

that show the J-shaped benefit? One potential explanation could be that variants in ADH-

family explain a small fraction of the variance in reported alcohol intake 21. In fact, in the 

study of Holmes et al. the average carriage of rs1229984 A-alleles was 7% 18. Thus, other 

factors, including additional locus and even environmental factors might explain the effects 

of alcohol on CV health.  
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Some other issues conspire against the notion that MR will provide a definitive answer. For 

example, MR studies are conducted under the assumption that rs1229984 is a good surrogate or 

“genetic proxy” of the “amount of alcohol” consumption. However, it is dubious that 

categorization by genotypes, which is limited to 3 categories, reflects the portion of disease 

variability associated with the range of absent to low / moderate amount of alcohol ingestion. 

Carrying a gene variant associated with an “unpleasant” effect of alcohol does not entirely 

discriminate between “non-drinkers” versus “modest-drinkers”, neither indicates the optimum 

alcohol amount because even if a subject carries the “protective-allele” against alcohol 

consumption, they still might drink light amounts of alcohol without necessarily experiencing 

flushing symptoms.  

Whether this strategy would overcome the doubts surrounding the potential benefits of MAC on 

liver fat accumulation or obesity is still unknown.  

In summary, although we know that alcohol dose makes the poison, we don’t know what the 

optimum point (dose) is. Thus, the potentially confounding selection bias would remain 

unsolved. Furthermore, the putative link has to be established between variants in ADH1B and 

ADH1C and endogenous alcohol production by the microbiome, which seems to be an important 

risk factor for NASH development 22. 

How safe is MAC in overweight and obese individuals with NAFLD? 

The complexity of the problem is even more difficult to uncover in clinical scenarios in which 

two or more diseases interact with each other; this is the case of obese individuals with NAFLD. 

Results from recent studies suggest that the protection of MAC against developing NAFLD is 

abolished in subjects that are overweight or obese, while alcohol -regardless of the amount- is 

associated with a dose-related effect on liver fat accumulation. For instance, data from a 
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population-based study from Germany showed that the risk of NAFLD increases with both 

increasing levels of average daily alcohol consumption and increasing body mass index (BMI) 23. 

Interestingly, in non-obese males, the consumption of up to ~20 g per day of alcohol was 

associated with an OR of NAFLD of 5.04 (95 % CI 1.16-21.8), while the same amount of 

alcohol in overweight subjects was associated with an OR of 14.8 (95 % CI 3.5-64.2) and in 

obese subjects with an OR of 35.2 (95 % CI 8.3-149) 23. Nevertheless, the combined dose-

response effect of alcohol intake and BMI on NAFLD observed in males was not replicated in 

females 23. By contrast, a study from Japan including 8029 subjects concluded that MAC was a 

significant negative risk factor for NAFLD, even in obese individuals, regardless of the sex (OR, 

0.74 for non-obese and 0.39 for obese patients, respectively) 24.  

We performed a meta-regression analysis of pooled estimates (n = 42,059 participants from six 

combined studies) 9, 24 between the log-transformed ORs of having NAFLD in modest-drinkers 

vs. non-drinkers, and the difference of BMI between the two groups. Interestingly, we observed a 

significant correlation (slope ± SE: 0.28±0.06, p = 1 x 10−6) between the pattern of alcohol 

drinking, BMI and NAFLD, suggesting that the protective effect of MAC on the risk of NAFLD 

might be explained in part by a reduction in the BMI (Figure 2). In fact, in these studies, BMI 

was lower in moderate drinkers compared to abstainers (random effect, standardized difference ± 

SE:-0.55±0.17, p<0.002). A note of caution should be added, because the analysis included 

cross-sectional studies, which -as already mentioned- allow inferring associations yet do not 

demonstrate causality.  

Finally, the putative protection of MAC against NAFLD in obese individuals could be justifiably 

questioned because of the lack of studies exploring the long-term cumulative effect of MAC on 

liver fibrosis and cancer development. Alcohol use and obesity showed a synergistic association 
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with the risk of incident HCC in a large study from Taiwan (n= 89,293); among alcohol drinkers, 

the cumulative risk of HCC in non-obese subjects was 2.7% vs. 8.7% in obese participants 25.  

The future research agenda is open: More questions than answers  

The effect of MAC on NAFLD, and its association with obesity or overweightness are not only 

complex and multifaceted, but also difficult to measure. To strengthen the evidence and translate 

the results into clinical-decision making, we need answer various questions that would probably 

delineate a future patient-oriented research agenda. For example, the definition of MAC is 

arbitrary; so, we need to know exactly how much is safe, and how much is not in patients with 

NASH and fibrosis; further necessary definitions include the potential effect of drinking patterns 

and alcohol types, and whether the window between maximum protection and harm is the same 

in men and women.  

On the other hand, the potential “cumulative-effect” of MAC on the modulation of factors 

involved in the pathogenesis of NAFLD should be carefully addressed; these include the 

inflammasome, gut microbiota and intestinal permeability, and obesity-related carcinogenesis. 

An additional challenge concerns the putative synergic effect of MAC and “endogenous ethanol-

synthesis in the gastrointestinal tract”, which could ameliorate the “benefits” in specific clinical 

scenarios, such as obese patients with NASH and fibrosis 26. 

In summary, the future research agenda still remains open, looking for answers from cohort 

prospective studies elucidating the exact role of MAC on the disease progression of obese 

patients with NAFLD. In addition, further mechanistic studies are required to bring robust 

biological evidence on the long-term effects of MAC on the natural history of NAFLD and 

MetS.   

Concluding remarks 



12 

 

The management of patients with NAFLD is a challenge. Whether the evidence and previous 

knowledge on the putative beneficial effects of MAC are robust enough to provide patients with 

advice is still unknown. In addition, the question “To drink or not to drink” in patients with liver 

fibrosis, including obese patients with NAFLD, cannot be answered until obtaining the highest 

level of evidence, which will be hopefully endowed by large, prospective and randomized –if 

possible- clinical trials.  

In the meanwhile, individual clinical judgment should be used to provide patients a medical 

advice. In the author's opinion that does not necessarily reflect the wide range of practice amongst 

physicians around the world, obese patients with NASH and advanced fibrosis should be 

regarded as a “high-risk" population for progressing to end-stage liver disease; hence, alcohol 

drinking should be avoided.  
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FIGURE LEGENDS: 

FIGURE 1 

Graphical summary of the current epidemiological evidence regarding the effects of 

moderate alcohol consumption (MAC) on liver disease, obesity and cardiovascular health  

The graph summarizes the effect of MAC as following a J-shaped curve that relates the amount 

of alcohol intake to the risk of suffering from liver, cardiovascular or gastrointestinal disease, 

and cancer as an optimum point at which “moderate-drinking” is associated with the lowest risk 

and “heavy-drinking” is associated with the higher.  

At the bottom, the picture highlights what remains to be clarified and what appears promising to 

delineate a future patient-oriented research agenda.  

 

FIGURE 2  

Meta-regression analysis of pooled estimates between the log-transformed odds ratio of 

having NAFLD in modest-drinkers vs. non-drinkers, and the difference of BMI between 

the two groups 

Data on NAFLD and BMI according to alcohol consumption was extracted from a total of six 

studies (five studies that were previously included in a meta-analysis 9 and an updated- reference 

24 that displayed extractable data). Each circle represents a study; all studies included adult (age 

ranging from 20 to 75 years) male and female subjects. Studies that disclosed data on male and 

female for each category of alcohol drinking (modest-drinkers vs. non-drinkers) were plotted in 

separate circles, one for each sex; characteristics of the studies are described in greater detail in 

the Supplementary Material.  
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Characteristics of the studies included in the Meta-regression analysis of pooled estimates between the log-transformed odds ratio of 

having NAFLD in modest-drinkers vs. non-drinkers, and the difference of BMI between the two groups 

First author, 

year. 

(Ref #) 

Country, 

city. 

Non- 

drinkers/ 

modest 

drinkers (n) 

Male/Female  

Clinical 

condition  

BMI  

mean±SD 

Non-

drinkers/ 

modest 

drinkers 

Categories 

of alcohol 

consumption  

 

Type of 

alcoholic 

beverage 

Assessment 

of NAFLD 

Outcome 

NAFLD 

(n=Non- 

drinkers/ 

modest 

drinkers) 

Outcome of 

histological 

evaluation 

(n=Non- 

drinkers/ 

modest 

drinkers 

Dunn W,  

2008 1 

USA, 

Multi-city 

Multi-

ethnic # 

NHANES 

III 

7211/ 945 

Mixed data on 

male and 

female 

General 

population 

health survey 

27.5±6.2 

/26.1±5.2 

Non drinkers 

vs. modest 

drinkers (up 

to an average 

of 1 drink per 

day= 4 once 

of wine) 

Wine  Suspected 

NAFLD 

based on 

liver 

enzymes and 

healthy cut 

point* 

1032/81  NA 

Hamaguchi 

M, 

2012 2 

Japan, 

Gifu.  

Men:  

6154/ 1734  

 

Women: 

6893/406 

 

General 

population 

health 

checkup 

Men: 

23.5±3.3 / 

23.2±2.9 

 

Women:  

21.4 ± 3.2 / 

20.9 ± 2.7 

Non drinkers 

vs. Light 

consumption 

(40-140 

g/week). 

Not 

specified 

Liver US Men:  

2248/ 457 

 

Women:  

717/ 22 

NA 

Yamada T, 

2010 3 

Japan, 

Okazaki.  

Men: 

1181/1502 

 

Women: 

2888/368 

General 

population 

Health 

checkup 

Men: 

23.1±3.2 / 

22.9±2.8 

 

Women: 

22.3±3.3 / 

21.4±2.8 

Non drinkers 

vs. Daily 

moderate  

drinkers (1 

drink=23 g 

alcohol/day) 

One drink 

was defined 

as 500 ml of 

beer (4–5% 

alcohol or 

180 ml of 

sake).  

Liver US Men: 

337/ 281 

 

Women: 

358/ 20 

NA 



3 

 

 

Studies were included in the meta-regression analysis if full details on NAFLD and body mass index were provided according to Non drinkers and modest 

drinkers categories. ND: Non drinkers, MD: Modest drinkers, H-MRS: Proton-magnetic resonance spectroscopy, US: ultrasound, NA: not available.  

# White, black or Mexican American. 

Sake contains 22 g of alcohol per unit (180 mL). Each amount of other beverages consumed was converted into units of sake (500 mL of beer, 240 mL of 

wine and 60 mL of liquor were equal to a unit of sake) and added up.  

Hiramine Y, 

2011 4 

Japan, 

Kagoshima.  

 

847/4550 

Mixed data on 

male and 

female 

General 

population 

Health 

checkup 

23.7 /23.7 Non drinkers 

vs. light 

drinkers 

(who drink 1-

5 days/month 

= 20-39 g 

/day)  

Not 

specified 

Liver US 382/ 1788 NA 

Sookoian S, 

2013 5 

 

Argentina, 

Buenos 

Aires. 

331/83 Mixed 

data on male 

and female 

Prevalence of 

NAFLD in 

general 

population 

30.4±6.3/ 

27.5±5.3 

Non drinkers 

vs. modest 

drinkers: 

alcohol 

intake <= 20 

g of alcohol 

/day 

Wine Liver US and 

liver biopsy 

to NAFLD 

patients 

228/ 43 

(Liver US) 

 

 

NASH 

109/8 

 

Simple Steatosis 

65/15 

Takahashi H, 

2015 6 

Japan, 

Saga, 
Hiroshima 

and Kochi.  

Men: 

2908/ 1845  

 

Women: 

1942/ 264 

General 

population 

Health 

checkup 

Men: 

23.6±3 / 

23.7±2.9 

 

Women: 

21.6 ± 3.0 / 

21.7 ± 3.1 

Non-

drinkers: 

<20 g daily, 

moderate 

drinkers: 

20–50 g 

daily. 

Not 

specified 

Liver US Men: 

1163/ 1133 

 

Women 

296/ 32 

NA 



4 
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