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Abstract

Background and Aims: MAFLD often cooccurs with excessive alcohol con-
sumption, while its prognostic value in this group remains unclear. We aimed
to study the mortality risk of MAFLD in relation to excessive alcohol consump-
tion and its potential interactions.

Approach and Results: We analyzed persons 25—74 years old enrolled in
the National Health and Nutrition Examination Survey Ill cohort with avail-
able steatosis and alcohol data. Participants with viral hepatitis, body mass
index<18.5, and missing data on age or follow-up were excluded, leaving
12,656 participants for analysis with a median follow-up of 22.9 [20.9-24.8]
years. MAFLD was defined as steatosis on ultrasound in the presence of
metabolic dysfunction. Daily alcohol intake of 210 g in females and=20 g in
males was considered excessive alcohol consumption. We quantified mortal-
ity risk with multivariate Cox regression for MAFLD and excessive alcohol
consumption. Models were adjusted for age, age squared, sex, race, marital
status, education, and smoking. MAFLD was present in 31% and excessive
alcohol consumption in 13% and were both independently and simultane-
ously associated with increased mortality risk in fully adjusted models (ad-
justed HR [aHR], 1.21; 95% ClI, 1.13—1.30 and aHR, 1.14; 95% CI, 1.04—1.26,
respectively). Similarly, MAFLD was associated with increased mortality risk
in participants with and without excessive alcohol consumption. Participants
with both MAFLD and excessive alcohol consumption (4.0%) expressed the
highest mortality risk (aHR, 1.47; 95% CI, 1.28—1.71). Results were consist-
ent using the initial 10years of follow-up, a stringent definition of excessive
alcohol, and propensity score weighting.

Abbreviations: aHR, adjusted HR; ALD, alcohol-associated liver disease; BMI, body mass index; CRP, C-reactive protein; HbA1c, glycated hemoglobin;
HDL-C, HDL cholesterol; MAFLD, metabolic dysfunction-associated fatty liver disease; NHANES, National Health and Nutrition Examination Survey; OGTT,

oral glucose tolerance test; VH, viral hepatitis.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Hepatology published by Wiley Periodicals LLC on behalf of American Association for the Study of Liver Diseases.

Hepatology. 2022;00:1-8. wileyonlinelibrary.com/journal/hep 1

85U8017 SUOWILLOD @A 11810 3|l [dde 8Ly Aq peueob ae Sappie YO ‘8sh JO Sa|nJ 10y Aeiq18UlUO A8]IM UO (SUORIPUOD-PUR-SWUBIALI0O" A3 1M ARIq 1 U1 UO//SdNL) SUORIPUOD pue swie 1 8y &8s *[220z/0T/LT] uo AriqiTauliuo A8|im ‘AIsIeAluN .aIpe N Ulftel L Aq zy9ze deu/z00T 0T/10p/L0o A 1M Aseiq Ul |uo'sandp see//sdny Wwouy pepeojumoa ‘0 ‘0SEE.2ST


www.wileyonlinelibrary.com/journal/hep
mailto:﻿￼
https://orcid.org/0000-0002-2333-1182
https://orcid.org/0000-0003-0934-6975
https://orcid.org/0000-0001-8713-1481
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:l.vankleef@erasmusmc.nl

MAFLD, EXCESSIVE ALCOHOL, AND MORTALITY

Conclusions: MAFLD increases mortality risk independent of excessive al-
cohol consumption. This underscores the importance of MAFLD, even in pa-
tients with excessive alcohol consumption.

INTRODUCTION

Since the recent introduction of the metabolic
dysfunction-associated fatty liver disease (MAFLD)
criteria, several research groups have investigated
its potential.”“‘] The additionally identified group with
MAFLD (but not NAFLD) is characterized by metabolic
dysfunction with steatosis and also includes the pres-
ence of secondary causes for steatosis, such as viral
hepatitis (VH) or excessive alcohol consumption. On
an important note, the difference between NAFLD and
MAFLD is not solely based on the use of alcohol or
presence of VH, but also the presence of lean NAFLD
without metabolic risk factors. The latter patients do not
comply with MAFLD criteria.["

There is now emerging evidence that the progno-
sis of patients with VH could be negatively affected by
MAFLD.5® However, in nonendemic regions like Europe
and North America, VH accounts for only a rather small
proportion of the MAFLD-only group and additionally
identified persons with fatty liver disease have mostly ex-
cessive alcohol consumption.[2'7'8] It needs to be stressed
that, next to alcohol use, these patients have metabolic
dysfunction and may likely not be the same group of
patients as those with alcohol-associated liver disease
(ALD; without MAFLD). Nevertheless, various research
groups have attributed the excess mortality or fibrosis
risk of this group predominantly to excessive alcohol
consumption and did not therefore support the transition
to MAFLD.>% Despite the important recent destigmati-
zation steps taken in the field of ALD,!"" this point of view
yet again presents the risk of stigmatization to a large and
growing group of persons. To date, whether the prognosis
of MAFLD patients with excessive alcohol consumption
is predominantly dependent on alcohol intake or mainly
affected by metabolic dysfunction remains a topic for fur-
ther study. We therefore aimed to study the mortality risk
of MAFLD patients in relation to alcohol use.

PARTICIPANTS AND METHODS
Study population

This study was performed within the National Health
and Nutrition Examination Survey (NHANES). The
NHANES was designed to study participants' health
and nutritional status throughout the USA. In short, from
all members of the sample, extensive data on health
and nutrition were collected by interview, physical

examination, and a battery of clinical measurements
and tests. Detailed information regarding the proce-
dures and rationale have been described elsewhere.?!
Participants who were part of NHANES Il (1988-1994)
with available data on steatosis and alcohol were eligi-
ble for inclusion. Exclusion criteria were VH, body mass
index (BMI)<18.5, missing data on age at baseline,
and lack of follow-up.

Alcohol

Excessive alcohol consumption was defined as 210
g/d for females and=20 g/d for males based on inter-
view data in which participants were asked about their
drinking habits over the past year, in line with previous
studies in the NHANES.®! According to USA standards,
alcoholic drinks counted as 14 g of alcohol each. In ad-
dition, a more stringent definition of excessive alcohol
consumption was used in the additional analysis (=20
g/d for females and =30 g/d for males), which has been
suggested to be the limit at which alcohol can induce
steatosis.["”!

Liver assessment

Participants 25—74 years old underwent gallbladder ul-
trasound (Toshiba Sonolayer SSA-90A, Tokyo, Japan),
for which images were recorded and reassessed in
2009 and 2010 for the presence and grade of hepatic
steatosis as described extensively elsewhere.['21419]

MAFLD was defined as steatosis (irrespective of the
gradation) combined with metabolic dysfunction. This
comprises either overweight (BMI,225kg/m?), type
2 diabetes mellitus (defined as antidiabetic drug use,
fasting plasma glucose =7.0 mmol/L, glycated hemoglo-
bin [HbA1c]>6.4%, or based on the oral glucose tol-
erance test [OGTT]), or a combination of at least two
of the following metabolic abnormalities: (1) waist cir-
cumference > 102 cm for males and >88 cm for females;
(2) blood pressure=130/85mm Hg or antihypertensive
drug use; (3) plasma triglycerides =1.70 mmol/L or lipid-
lowering drug treatment; (4) HDL cholesterol (HDL-C)
<1.0mmol/L for males and<1.3mmol/L for females or
lipid-lowering drug treatment; (5) prediabetes defined
as fasting plasma glucose 5.6—6.9mmol/L, HbA1c
5.7%—6.4%, or matching OGTT; (6) homeostatic model
assessment of insulin resistance 22.5; or (7) C-reactive
protein (CRP) level>2mg/L."
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Follow-up and mortality data

Data on vital status were obtained from the national
death index and made available in the public use files
provided by the National Center for Health Statistics,
which contained complete data until December 31,
2015.1°]

Covariates

Research assistants systematically collected data on
age, race, marital status, and smoking. Blood samples
were taken, which were analyzed for triglycerides, HDL-
C, and CRP. An OGTT was performed in which, before
the test, glucose and insulin were measured, and blood
glucose levels were reassessed 2 hours after consum-
ing 75 g of glucose.

Statistical analysis

First, we quantified mortality risk for the presence of
MAFLD and excessive alcohol consumption (in one
multivariate model) with multivariate Cox propor-
tional hazards analysis and adjusted the results for
age, age squared, and sex in model 1 and addition-
ally for race, marital status, education, and smoking
status in model 2. Next, we assessed mortality risk for
MAFLD stratified for the presence of excessive alco-
hol consumption. Moreover, mortality risk was quanti-
fied for the four mutually exclusive groups based on
MAFLD and excessive alcohol status: MAFLD /Alc;
MAFLD*/Alc”; MAFLD /Alc”; and MAFLD*/Alc*. In
sensitivity analyses, we focused on 10-year mortal-
ity and used stringent definitions of excessive alcohol
consumption.

Finally, to address imbalances by an alternative
approach, we performed a sensitivity analysis using
propensity score weighting to adjust for baseline dif-
ferences, with regard to age, sex, marital status, and
education, to ascertain that these factors did not bias
the results. This method is known as inverse probability
treatment weighting (IPTW). For this method, a propen-
sity score was constructed based on the probability of
being in the MAFLD™ or MAFLD™* group using the afore-
mentioned covariates. Next, patients were weighted
by the inverse of this propensity, which was stabilized
before the analysis by using the estimated marginal
means of the calculated propensity. Then, weights
were inspected across the groups for comparability and
possible extreme outliers. Finally, weights were used in
the Cox proportional hazards analysis performing the
same analysis as in the primary analysis.

Analyses were performed in R (version 4.0.4; R
Foundation for Statistical Computing, Vienna, Austria),
using the survival package 3.2—-10, and SAS software

(version 9.4; SAS Institute, Cary, NC). p values<0.05
were considered statistically significant.

RESULTS

We included 13,225 participants of the NHANES Il co-
hort (1988—-1994) with available alcohol and liver ultra-
sound data. Of these, 283 were excluded for VH, 272
for BMI<18.5, 3 for missing data on age, and 11 for
lack of follow-up, leaving 12,656 participants for analy-
sis. The median age of the population used for analysis
was 41.6 years [30.3—58.4]; 46% were male, and meta-
bolic dysfunction was highly prevalent (e.g., overweight
62%, diabetes 15%, and at least two minor metabolic
dysfunction criteria 60%). MAFLD was present in 31%
and excessive alcohol consumption in 13%, resulting in
the following distribution of mutually exclusive groups:
MAFLD/Alc™ (60.1%); MAFLD*/Alc” (26.9%); MAFLD™/
Alc* (9.1%); and MAFLD*/Alc* (4.0%). Detailed base-
line characteristics of these groups are available in
Table 1.

In this cohort, 3804 participants died during the me-
dian follow-up of 22.9 [20.9-24.8] years, resulting in a
mortality rate of 14.4 per 1000 person-years. Of these
deaths, 31.3% (n = 1193) occurred in the initial 10years
of follow-up (mortality rate, 9.8 per 1000 person-years).

MAFLD (adjusted HR [aHR], 1.21; 95% CI, 1.13-
1.30) and excessive alcohol consumption (aHR, 1.14;
95% CI, 1.04—1.26) were independently and simulta-
neously associated with increased mortality in fully
adjusted models (Table 2). Furthermore, after stratifi-
cation for excessive alcohol status, MAFLD increased
mortality risk in both participants with and without ex-
cessive alcohol consumption (HR, 1.41; 95% CI, 1.17-
1.71 and HR, 1.19; 95% CI, 1.10-1.27, respectively).
Similarly, by introducing an interaction term between
MAFLD and excessive alcohol consumption, we could
not demonstrate loss of effect for these components in
relation to mortality risk (aHR for effect modification,
1.14; 95% Cl, 0.94-1.38).

Further investigating the impact of alcohol and
MAFLD on mortality using the four mutually exclusive
groups, we demonstrated in the age- and sex-adjusted
models that the mortality risk for MAFLD*/Alc* (HR,
1.45;95% Cl, 1.25-1.67) equals the product of MAFLD*/
Alc” (HR, 1.18; 95% CI, 1.10-1.26) and MAFLD /Alc*
(HR, 1.17; 95% ClI, 1.04-1.32). In fully adjusted models,
similar mortality risk as in the unadjusted models was
observed for MAFLD*/Alc” and MAFLD"/Alc", whereas
MAFLD™/Alc* was no longer associated with increased
mortality risk (Table 3).

Next, we used a more stringent definition of exces-
sive alcohol consumption (220 and=30 g/d in females
and males). Distribution of the mutually exclusive
groups was as follows: MAFLD /Alc™ 64.9%; MAFLD*/
Alc™ 28.5%; MAFLD/Alc* 4.3%; and MAFLD*/Alc*
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TABLE 1 Participants’ characteristics stratified for excessive alcohol and MAFLD status

Demographics
Age (years)

MAFLD /Alc™
n=7610

38.7 [28.5, 55.4]

MAFLD*/Alc”
n=3399

49.9 [37.4, 63.3]

Male 3226 (42.4) 1553 (45.7)
Race
Mexican-American 2024 (26.6) 1278 (37.6)
Non-Hispanic Black 2383 (31.3) 779 (22.9)
Non-Hispanic White 2871 (37.7) 1215 (35.7)
Other 332 (4.4) 127 (3.7)
College 2538 (33.6) 792 (23.4)
Current smoking 2100 (27.6) 699 (20.6)
MAFLD criteria
BMI =225 3932 (51.7) 3039 (89.4)
Diabetes 648 (8.8) 969 (29.1)
Metabolic dysfunction 3624 (47.6) 3040 (89.4)
Biochemistry
AST (U/L) 18 [15, 22] 20 [17, 26]
ALT (U/L) 1310, 18] 17 [12, 26]
HDL-C (mmol/L) 1.35(0.37) 1.16 (0.34)
Triglycerides (mmol/L) 1.13[0.81, 1.62] 1.79[1.23, 2.59]
HbA1c (%) 5.4 (0.9) 6.0 (1.5)

MAFLD /Alc*
n=1146

36.9 [27.4, 49.8]
706 (61.6)

276 (24.1)
364 (31.8)
482 (42.1)
24 (2.1)

367 (32.3)
654 (57.1)

491 (42.8)
69 (6.2)
462 (40.3)

20 [17, 25]
14 10, 19]

1.52 (0.49)

1.11 [0.80, 1.65]
5.2 (0.6)

MAFLD"/Alc*
n=501

44.8[34.7,58.8]
360 (71.9)

208 (41.5)
95 (19.0)
179 (35.7)
19 (3.8)
121 (24.3)
221 (44.1)

438 (87.4)
101 (20.4)
435 (86.8)

2419, 33]
21[15, 36]

1.31 (0.45)
1.80[1.18, 2.79]
5.5 (1.0)

Note: Data are presented as mean (SD), median [P25-P75], or n and percentage.

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; P25-P75, 25th—75th percentile.

TABLE 2 Mortality risk for the presence of MAFLD and
excessive alcohol consumption

HR 95% ClI p Value
Model 1
MAFLD 1.18 1.11-1.26 >0.001
Excessive alcohol 1.19 1.09-1.31 >0.001
Model 2
MAFLD 1.21 1.13-1.30 >0.001
Excessive alcohol 1.14 1.04-1.26 0.007

Note: Results were obtained with Cox proportional hazards and are given
as HR with 95% CI for all-cause mortality as outcome (3804 of 12,656).
MAFLD and excessive alcohol consumption were simultaneously added
in the multivariate model. Excessive alcohol consumption was defined

as 210 and 220 g/d in females and males. Results were adjusted for age,
age squared, and sex (model 1) and in addition for race, marital status,
education, and smoking (model 2).

2.3%. With this definition, the mortality risk for ex-
cessive alcohol consumption was more pronounced
(@HR, 1.24; 95% CI, 1.10-1.41), whereas the effect of
MAFLD remained stable (aHR, 1.21; 95% CI, 1.13—
1.29). Following this trend, the MAFLD7/Alc* group
was at increased mortality risk in contrast to the results
obtained with the more lenient definition as mentioned
before (Table 4). Moreover, there was again no effect
modification of mortality risk for MAFLD and excessive

TABLE 3 Mortality risk for the four mutually exclusive groups
based on MAFLD and excessive alcohol status

HR 95% CI p Value

Model 1

MAFLD™ Alc™ Reference

MAFLD* Alc™ 1.18 1.10-1.26 >0.001

MAFLD™ Alc* 117 1.04-1.32 0.011

MAFLD* Alc* 1.45 1.25-1.67 >0.001
Model 2

MAFLD™ Alc™ Reference

MAFLD* Alc™ 1.19 1.11-1.28 >0.001

MAFLD™ Alc* 1.08 0.96-1.23 0.203
MAFLD* Alc* 1.47 1.28-1.71 >0.001

Note: Results were obtained with Cox proportional hazards and are given
as HR with 95% ClI for all-cause mortality as outcome (3804 of 12,656).
Excessive alcohol consumption was defined as 210 and =20 g/d in females
and males. Results were adjusted for age, age squared, and sex (model 1)
and in addition for race, marital status, education, and smoking (model 2).

alcohol consumption (aHR, 1.00; 95% CI, 0.78-1.28).
Similar to the results with this stringent definition, in-
cluding alcohol abstinence as a confounder increased
the effect size of excessive alcohol consumption (aHR,
1.35; 95% CI, 1.21-1.51). Focusing on participants with
exceptionally high alcohol intake (260 g/d; n = 212),
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TABLE 4 Mortality risk for MAFLD and excessive alcohol
consumption using a stringent definition for excessive alcohol in
fully adjusted models

HR 95% CI p value
MAFLD 1.21 1.13-1.29 >0.001
Excessive alcohol 1.24 1.10-1.41 0.001

Excessive alcohol x MAFLD

MAFLD™ Alc™ Reference

MAFLD* Alc™ 1.21 1.13-1.29 >0.001

MAFLD™ Alc* 1.24 1.05-1.47 0.010
MAFLD* Alc* 1.50 1.24-1.80 >0.001

Note: Results were obtained with Cox proportional hazards and are given
as HR with 95% CI for all-cause mortality as outcome (3804 of 12,656).
MAFLD and excessive alcohol consumption were simultaneously added
in the multivariate model. Excessive alcohol consumption was defined as
220 and =30 g/d in females and males. Results were adjusted for age, age
squared, sex, race, marital status, education, and smoking.

mortality risk estimates for MAFLD were similar to pre-
vious findings, but no longer significant (aHR, 1.56;
95% ClI, 0.95-2.59).

When only the first 10years of follow-up were taken
into account, MAFLD was still independent of exces-
sive alcohol consumption associated with increased
mortality (@HR, 1.14; 95% CI, 1.01-1.28). Alcohol was
only independently associated with 10-year mortality if
the stringent definition of excessive alcohol consump-
tion was used (aHR, 1.37; 95% CI, 1.11-1.71) and not
with the lenient definition (aHR, 1.13; 95% CI, 0.95—
1.35). As a final sensitivity analysis, we performed a
propensity score weighting analysis where patients
were matched on age, sex, marital status, and educa-
tion level. By using the same Cox proportional hazard
analysis as stated in Tables 2 and 3, the results were in
line with our previous findings.

DISCUSSION

We investigated the role of MAFLD on mortality in re-
lation to excessive alcohol consumption and demon-
strated that the simultaneous presence of MAFLD and
excessive alcohol consumption cumulatively increased
mortality risk.

There is a large proportion of excessive alcohol con-
sumption in persons only selected by MAFLD and not
by NAFLD, typically >70%."8l Some studies indicated
that their prognosis is not determined by MAFLD, but
rather by their alcohol intake.*'% Our comprehensive
investigation of the potential interactions between al-
cohol consumption and MAFLD provides evidence that
MAFLD, in fact, has prognostic value regardless of
excessive alcohol consumption. First, we have shown
that MAFLD and excessive alcohol were independent
and simultaneous predictors for all-cause mortality.
Second, MAFLD increases mortality risk in patients with

and without excessive alcohol. Third, the mortality risk
of persons with both excessive alcohol consumption
and MAFLD exceeds the risk observed for MAFLD*/
Alc” and MAFLD/Alc* alone. Finally, we replicated this
finding using IPTW, a sophisticated approach to ac-
count for imbalances in comparison groups. Altogether,
we have shown convincing evidence supporting the
clinical relevance of MAFLD independent of excessive
alcohol consumption.

There are no extensive data yet available on MAFLD
and excessive alcohol consumption, but we previously
reported increased liver stiffness in patients captured
only by MAFLD independent of alcohol consumption.[z]
Similarly, Yamamura et al. reported a high preva-
lence of fibrosis in both MAFLD patients with (19.7%)
and without (15.5%) modest alcohol consumption.!'”!
Moreover, Tsutsumi et al. demonstrated an increased
risk of cardiovascular disease independent of alcohol
consumption in patients with MAFLD."® Furthermore,
our findings are in line with the evidence summa-
rized by Idalsoaga et al. in their review on NAFLD and
ALD.I'®! They concluded that NAFLD and ALD often
coexist and that alcohol consumption, even within the
arbitrary thresholds allowed for NAFLD, may contribute
to disease progression. Within persons with steatosis,
Younossi et al. also demonstrated the relevance of al-
cohol consumption, particularly for higher thresholds of
alcohol consumption.[zol Although most evidence origi-
nated from the NAFLD era, they support the findings of
this MAFLD-oriented article.

Although the group of participants with both MAFLD
and excessive alcohol use had the highest risk of mor-
tality, we found no effect modification between exces-
sive alcohol consumption and MAFLD. Absence of
effect modification means that there is a cumulative
increase in mortality risk in case both MAFLD and ex-
cessive alcohol consumption are present. We therefore
have to reject our hypothesis that the simultaneous
presence of MAFLD and excessive alcohol consump-
tion might result in synergistically increased mortality
risk, as described recently.[zﬂ

From another point of view, MAFLD might no lon-
ger be relevant among persons with exceptionally
high alcohol intake attributable to competing risks.
Nonetheless, among participants with alcohol intake
exceeding 60 g/d, MAFLD seemed equally harm-
ful. However, we note that confidence intervals were
widely attributable to the limited number of partici-
pants drinking this much (n = 212), hampering us from
firm conclusions.

Conflicting results have been obtained in the
NHANES Ill cohort regarding mortality risk of
MAFLD.®?223] These may be attributed to differ-
ences in design, specifically (1) adjusting for sev-
eral MAFLD criteria, (2) not accounting for age as
a nonlinear risk factor, and (3) not considering mild
hyperechogenicity as steatosis. For our aim, the
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interaction between MAFLD and excessive alcohol
consumption, we adjusted primarily for demograph-
ics and social-economic status in the mortality risk of
MAFLD. However, additional adjusting for BMI again
yielded similar mortality risk for patients with and
without excessive alcohol consumption, although
attenuated.

Several studies have shown that the association
between alcohol intake and mortality follows a J-
shaped curve, in which those drinking moderately
have the lowest mortality risk. This phenomenon
was recently replicated in the NHANES cohort.[?
Although this nonlinear association is debated and
there is no safe limit of alcohol consumption,?5:28]
this J-shaped association might result in underesti-
mating the mortality risk for excessive alcohol con-
sumption. Nonetheless, in our study, a modestly
increased mortality risk was observed for excessive
alcohol consumption, which increased with a more
stringent definition of excessive alcohol consump-
tion. Similarly, by accounting for “abstainer bias”
(which may drive the J-shaped curve) by additional
adjusting the final models for alcohol abstinence, we
demonstrated relatively larger effect sizes for exces-
sive alcohol consumption (aHR, 1.35; 95% CI, 1.21-
1.51) whereas the effect of MAFLD remained stable
(@HR, 1.21; 95% CI, 1.13-1.29). This illustrates that
the J-shaped association between alcohol consump-
tion and mortality did not affect our conclusions re-
garding the clinical relevance of MAFLD.

Interestingly, among the 494 participants with ex-
cessive alcohol consumption in the absence of met-
abolic dysfunction, only 23% (n = 112) had steatosis.
Hence, among MAFLD patients with excessive alcohol
consumption, the primary driver of steatosis is likely
to be metabolic dysfunction and not excessive alcohol
consumption. Therefore, MAFLD with excessive alco-
hol consumption should not be likened to nor seen as
ALD.

This study's findings clearly showed the clinical rel-
evance of MAFLD in patients with excessive alcohol
consumption and, in that respect, support the transition
from NAFLD toward MAFLD. The cumulative risk of
MAFLD and excessive alcohol consumption for mor-
tality illustrates that, within the MAFLD spectrum, these
persons are at increased risk. Hence, MAFLD patients
should not only be treated for metabolic traits, but
their alcohol consumption should also be addressed
and vice versa. Given the increased mortality risk of
MAFLD patients with excessive alcohol consumption,
we support a specific subgroup for these persons—
under the same umbrella term of MAFLD—as was pro-
posed recently.[gl

Although this study decomposed the effects of
MAFLD and excessive alcohol comprehensively and
had a large sample size with a median follow-up of
23years, the following limitations need mentioning.

First, coherent to the extensive follow-up, baseline
data from this cohort originated from 1988 to 1994 and
the prevalence of MAFLD and excessive alcohol con-
sumption might not reflect its current extent. Second,
we did not use the provided weights to modulate the
USA general population, because we focused on the
concept of interaction between MAFLD and excessive
alcohol consumption in relation to mortality rather than
estimating exact risks for the USA population. Third, in
population studies, alcohol consumption is difficult to
assess and often under-reported. Hence, we applied
a rather low cutoff for excessive alcohol data and repli-
cated our findings using other cutoffs. Fourth, although
the extended follow-up is one of the strengths of the
NHANES cohort, one can argue the prognostic value
of modifiable factors, such as MAFLD and excessive
alcohol consumption, beyond a certain time point.
Therefore, we confirmed our main results using only
the initial 10years of follow-up. Fifth, there was an im-
balance between the four mutually exclusive groups in
terms of age, sex, and socioeconomic status. In addition
to taking these factors into account in multivariate mod-
els, we performed propensity score weighting, which
yielded similar results. Last, although mortality is the
ultimate endpoint, we could not differentiate between
all-cause mortality and liver-related mortality because
of the restricted nature of these data, and there were no
follow-up data available on liver-specific data such as
fibrosis stage or liver-related events. Additional studies
should investigate whether, despite the absence of in-
teraction for all-cause mortality, the risk of liver-related
adverse outcomes is synergistically increased for the
simultaneous presence of MAFLD and excessive alco-
hol consumption.

In conclusion, MAFLD increases mortality risk re-
gardless of excessive alcohol consumption, and there
was no effect modification regarding mortality between
MAFLD and excessive alcohol consumption. Therefore,
MAFLD seems an important entity regardless of drink-
ing habits. However, given that mortality risks increase
for the simultaneous presence of MAFLD and exces-
sive alcohol consumption, we recommend a specific
subgroup for the presence of excessive alcohol con-
sumption, using MAFLD as the umbrella term.
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