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Abstract

effective prevention of liver dysfunction.

Alcohol consumption and metabolic syndrome(MetS), both prevalent in the general population, frequently co-occur.
They are recognized as significant contributors to liver dysfunction, yet their combined effect is often challenging

to delineate. This study delves into the compounding influence of alcohol consumption and metabolic disorder

on liver dysfunction within an elderly demographic in Zhejiang Province, China. Our findings spotlight a height-

ened risk of liver dysfunction among females, younger individuals, rural dwellers, those with minimal educational
attainment, single individuals, and those diagnosed with MetS. We also discerned a positive correlation correlation
between the number of MetS components and the propensity for liver dysfunction. Furthermore, the risk of liver
dysfunction escalated in tandem with the frequency of alcohol consumption. Interestingly, a prolonged abstinence
period (=5 years) seemed to mitigate this risk. Our research underscores the significance of refraining from excessive
alcohol consumption, embracing a healthy lifestyle, and managing MetS components-especially triglyceride levels-for
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Introduction

Liver dysfunction poses a critical public health issue,
with its pathogenesis and progression influenced by a
myriad of factors. Significantly, alcohol consumption and
metabolic syndrome(MetS) have been identified as key
contributors. These conditions exhibit a high prevalence
within the general population and frequently coexist,
creating a complex web of health challenges [1]. They are
linked to a wide array of health complications, encom-
passing chronic liver disease, hepatocellular carcinoma
(HCC), and other liver-related outcomes such as hepatic
decompensation or the need for liver transplantation [2,
3]. Intriguingly, metabolic disorder and alcohol not only
independently instigate liver disease but also act syn-
ergistically to accelerate its progression. This intricate
interplay underscores the importance of comprehensive
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understanding and strategic management of these vari-
ables in mitigating liver disease [4].

Epidemiological and experimental evidence strongly
suggest that alcohol and metabolic disorder have addi-
tive or synergistic effects in the development and pro-
gression of liver disease [1, 5]. Biopsy-based studies have
found that, compared to individuals with normal weight,
the incidence of fatty degeneration, inflammation, exten-
sive fibrosis, or cirrhosis is higher in obese patients who
are heavy drinkers [6]. The harmful interaction between
these two conditions appears to be not only additive but
also multiplicative [7]. In patients with over-consumption
of alcohol and obesity or MetS, the primary driver of dis-
ease progression may be alcohol, with metabolic factors
serving as modulators of the disease [8]. Furthermore,
the combination of MetS and excessive alcohol consump-
tion may synergistically increase the risk of HCC. There-
fore, the presence of obesity and T2DM are risk factors
for HCC in ALD patients [9], while excessive alcohol
consumption increases the risk of HCC in patients with
MetS [10].

As far as we know, the relationship between alcohol
consumption, metabolic disorder and liver dysfunction
remains under-characterized. So far, no study has inves-
tigated the combined impact of alcohol consumption and
metabolic disorder on liver dysfunction in the Asian pop-
ulation, particularly among older Chinese individuals.
This study has two main objectives. First, to investigate
the individual associations between alcohol consump-
tion, metabolic disorder, and liver dysfunction among
older Chinese individuals. Second, to provide a compre-
hensive characterization of alcohol consumption and
metabolic disorder on liver dysfunction.

Methods

Study population

Between January 1, 2022 and December 31, 2022, a total
of 5,697,488 older adults (>65 years old) participated
in a physical examination organized by the community
health centers in Zhejiang Province. Interested sociode-
mographic data, liver function indicators, information
on MetS, and self-reported alcohol consumption history
were extracted from the Zhejiang provincial electronic
health record (EHR) system using a standardized data
extraction form.

Variables associated with sociodemographic char-
acteristics included gender, birthdate, residence, edu-
cation and marital status. Liver function indicators
included alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST). Variables related to MetS
information included body mass index (BMI), waist
circumference (WC), systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting blood glucose
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(FBG), triglyceride (TG), and high-density lipoprotein
cholesterol (HDL-C). The self-reported history of alco-
hol intake consisted of drinking status (former or cur-
rent drinkers), drinking frequency (occasionally, usually
or daily), and years of alcohol abstinence.

The final data analysis included 1,014,541 subjects
with a history of alcohol consumption and 73,872 with
a history of alcohol abstinence for the restricted cubic
splines (RCS) study on nonlinear relationships between
years of alcohol abstinence and liver dysfunction.
Detailed information on participant selection is shown
in Fig. 1.

Study definitions

ALT and AST are the two most important indicators
of liver function. According to local laboratory criteria
and literature references, liver dysfunction were defined
as ALT level greater than 40 U/L or AST level greater
than 37 U/L in men, and ALT or AST level greater than
31 U/L in women [11-14].

MetS was required at least one out of five metabolic
components for diagnosis [15, 16]. Based on the spe-
cial body types and health conditions of the Chinese
population, the definition of MetS and the cutoff criteria
include:BMI>24 or WC>90 cm for men and > 85 cm for
women; FBG>5.6 mmol/L; SBP/DBP >140/90 mmHg;
TG>1.7 mmol/L; HDL-C<1.0 mmol/L for men
and <1.3 mmol/L for women [17, 18].

Older adults (=65 years) participated in
physical examination organized by the
community health centers in 2022

n= 5,697,488

Gender or age not available
n= 14,125

n= 5,683,363

Physical examination or laboratory data
(height, weight, blood pressure, blood glucose,
triglycerides, etc.) missing or outlier
n= 1,121,758

‘ n= 4,561,605 ‘

Alcohol consumption data (drinking status,
alcohol intake, duration years, alcohol
abstinence, etc.) missing or outlier

‘ n= 144308

| n= 4,417,297

Never drinker
n= 3,402,756

Final study population
n= 1,014,541

RCS study population (with history of
alcohol abstinence)
n= 73872

Fig. 1 Flowchart of study population selection
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Statistical analysis

The populations were divided into two groups based on
the presence or absence of liver dysfunction. The pro-
portion was calculated for categorical variables in each
category. For non-normally distributed continuous vari-
ables, we used the median with interquartile range (IQR)
to summarize the data. While for normally distributed
continuous variables, we used the mean + standard devia-
tion. We assessed the normality of continuous variables
using QQ plots and histograms. To compare the differ-
ences in sociodemographic characteristics and potential
risk factors between the subjects, we used the x2 test and
Kruskal-Wallis rank sum test for categorical and contin-
uous variables, respectively.

Binary logistic regression analysis was conducted to
examine factors associated with liver dysfunction. In the
multivariate regression models, we applied a backward
stepwise selection strategy. Prior to performing the mul-
tivariate analysis, we conducted univariate analysis for
each factor to determine if the covariance inclusion cri-
teria were met and to identify variables that affect liver
function. Among subjects with a history of alcohol con-
sumption, the effects of potential interaction between
alcohol consumption and MetS on liver dysfunction were
assessed on multiplicative scale by including cross-prod-
uct terms in the logistic multivariate model and additive
scale with the relative excess risk index (RERI), attribut-
able proportion (AP), synergy index (S).

Subjects with a history of alcohol abstinence were
selected to analyze the potential nonlinear relationships
between years of alcohol abstinence and liver dysfunc-
tion. A logistic regression model with RCS [19, 20] was
conducted with 4 knots at the 5th, 35th, 65th, and 90th
centiles to flexibly model the association. The reference
value was set at the 50th centiles (5 years). The RCS
model was adjusted for age, gender, residence, education,
marital status, and presence of five metabolic compo-
nents. As the associations of alcohol abstinence years and
liver dysfunction were approximately log linear below
and above their medians, we additionally used a seg-
mented logistic regression to calculate ORs in different
parts of the curve.

All the analyses were performed in R version 4.3.1.
P value<0.05 (two-sided) was considered statistically
significant.

Results

Sociodemographic characteristics

Of the 1,014,541 participants with a history of alco-
hol consumption, 847,049 (83.49%) were men. The
median (IQR) age was 71 (68-75) years. A total
of 940,669 (92.72%) participants reported current
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alcohol consumption, while 73872 (7.28%) were abstain-
ers. 246,784 (24.32%) reported occasionally drinking,
and 693,885 (68.39%) reported usually or daily drinking.
Additionally, 35,819 (3.53%) reported abstaining from
alcohol for less than 5 years, and 38,053 (3.75%) reported
abstaining for 5 years or more.

All the participants were grouped into normal and
abnormal liver function subgroups. A significant differ-
ence was detected between the 2 subgroups in terms of
gender, age, residence, education level composition, mar-
ital and drinking status. The comparison results of base-
line data between normal and abnormal liver function
subgroups were summarized in the Table 1. Participants
with liver dysfunction (145033, 14.30%) were generally
younger and had a higher prevalence in women. They
also tended to live in rural areas, have lower levels of edu-
cation, and be single.

Liver dysfunction and the metabolic syndrome

The median (IQR) ALT was 17.00 (14.00, 22.00) in the
normal liver function group and 39.00 (28.00, 50.00) in
the abnormal group. The median (IQR) AST was 24.00
(20.00, 28.00) in the normal liver function group and
42.00 (38.00, 51.00) in the abnormal group. Compared to
the group with normal liver function, participants with
abnormal liver function exhibited elevated levels of BMI,
WC, SBP, DBP, FBG, TG, HDL-C and a greater preva-
lence of five MetS, as well as a higher number of MetS
(Table 2).

The association between alcohol consumption, metabolic
syndrome, and liver dysfunction

The unadjusted ORs for liver dysfunction were signifi-
cantly higher for female participants, younger individu-
als, those living in rural areas, those with lower education
levels, and those who were single, along with MetS. Indi-
viduals with any MetS were all at a higher risk. There
was a clear positive correlation relationship between the
numbers of MetS and the risk of liver dysfunction.

After adjusting for other covariates in the multivari-
ate analysis, the association between alcohol consump-
tion and the risk of liver dysfunction was significant.
Higher frequency of drinking posed a higher risk com-
pared to occasional drinkers (adjusted OR 1.26; 95% CI
1.24-1.27). The risk of liver dysfunction remained higher
for individuals abstaining from alcohol for less than
5 years compared to occasional drinkers (adjusted OR
1.12; 95% CI 1.08-1.16). However, extended abstinence
(=5 years) resulted in a lower risk (adjusted OR 0.94; 95%
CI 0.91-0.98). The decrease in HDL-C showed a weak
but positive protective effect on liver function (adjusted
OR 0.98; 95% CI 0.97-1.00), while the presence of other
MetS remained risk factors, particularly higher TG levels
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Table 1 The sociodemographics characteristics of older adults with different states of liver function

Characteristic Overall, N=1,014,541" Normal, N=2869,508' Abnormal, N= 145,033’ p-value?
Gender <0.001
Male 847,049 (83.49%) 731,323 (84.11%) 115,726 (79.79%)

Female 167,492 (16.51%) 138,185 (15.89%) 29,307 (20.21%)

Age groups, years <0.001
65-69 407,846 (40.20%) 345,174 (39.70%) 62,672 (43.21%)

70-74 322,689 (31.81%) 275,872 (31.73%) 46,817 (32.28%)

75-79 173,102 (17.06%) 150,102 (17.26%) 23,000 (15.86%)

>80 110,904 (10.93%) 98,360 (11.31%) 12,544 (8.65%)

Residence 0.003
Urban 471,969 (46.52%) 405,015 (46.58%) 66,954 (46.16%)

Rural 542,572 (53.48%) 464,493 (53.42%) 78,079 (53.84%)

Education <0.001
Primary school or no school 648,455 (63.92%) 553,150 (63.62%) 95,305 (65.71%)

Secondary school 223,850 (22.06%) 192,782 (22.17%) 31,068 (21.42%)

College and above 13,437 (1.32%) 11,774 (1.35%) 1,663 (1.15%)

Unknown 128,799 (12.70%) 111,802 (12.86%) 16,997 (11.72%)

Marital status <0.001
Single* 82,225 (8.10%) 69,730 (8.02%) 12,495 (8.62%)

Married 841,680 (82.96%) 721,099 (82.93%) 120,581 (83.14%)

Unknown 90,636 (8.93%) 78,679 (9.05%) 11,957 (8.24%)

Drinking status <0.001
Occasionally 246,784 (24.32%) 214,828 (24.71%) 31,956 (22.03%)

Usually/Daily 693,885 (68.39%) 589,948 (67.85%) 103,937 (71.66%)

Alcohol abstinence years <5
Alcohol abstinence years>5

35,819 (3.53%)
38,053 (3.75%)

31,003 (3.57%)
33,729 (3.88%)

4,816 (3.32%)
4,324 (2.98%)

"n (%)
2 pearson’s Chi-squared test

#Single: unmarried, divorced or widowed

(adjusted OR 1.52; 95% CI 1.51-1.54). It is noteworthy
that the number of MetS was not included in the multi-
variate model (Table 3).

The interaction effect between alcohol consumption

and metabolic syndrome on liver dysfunction

To further investigate the potential interaction effect
between alcohol consumption and MetS on liver dys-
function, alcohol consumption and MetS were divided
into two categories (drink occasionally vs. drink usually/
daily; and no MetS vs. MetS). The baseline information
and interaction effects were summarized in Table 4.

The logistic regression analysis revealed that
after adjusting for confounders such as gender, age
group, residence area, education level, and marital sta-
tus, a significant sub-multiplicative interaction (0.90;
95% CI: 0.86, 0.95) was observed between alcohol con-
sumption and MetS on liver dysfunction. However, the
confidence intervals (CIs) of interactive indexes RERI

(= 0.02; 95% CI — 0.08, 0.03) and AP (- 0.01; 95% CI
— 0.04, 0.02) included 0, and 1 was involved in the CIs
of S (0.97; 95% CI 0.91, 1.04), suggesting that there was
not an additive interaction.

The association between years of alcohol abstinence

and liver dysfunction

The median (IQR) duration of alcohol abstinence
years was 5 (2—11) years. After adjusting for poten-
tial confounders, the effect of alcohol abstinence years
on liver dysfunction fitted a non-linear spline model
(P <0.001), restricted cubic splines showed an L-shaped
curve (Fig. 2). The adjusted OR for alcohol abstinence
duration less than 5 years was 0.946 (95% CI 0.922—
0.970). However, when duration of alcohol abstinence
exceeded 5 years, the risk remained relatively constant,
with an adjusted OR 1.000 (95% CI 0.996—-1.004).
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Table 3 Logistic regression analyses of influence and risk factors for liver dysfunction

Variables Univariate Regression Analysis Multivariate Regression Analysis?

OR' 95% CI' p-value OR' 95% CI' p-value
Gender
Male - - - -
Female 134 1.33,1.36 <0.001 1.31 129,133 <0.001
Age groups, years
65-69 - - - -
70-74 093 0.92,0.95 <0.001 0.94 0.93,0.95 <0.001
75-79 0.84 0.83,0.86 <0.001 0.86 0.85,0.88 <0.001
>80 0.70 0.69,0.72 <0.001 0.74 0.72,0.75 <0.001
Residence
Urban - - - -
Rural 1.02 1.01,1.03 0.003 1.02 1.01,1.04 <0.001
Education

Primary school or no school - - - -

Secondary school 0.94 0.92,0.95 <0.001 0.93 0.92,0.94 <0.001
College and above 0.82 0.78,0.86 <0.001 0.87 0.83,0.92 <0.001
Unknown 0.88 0.87,0.90 <0.001 0.82 0.80,0.84 <0.001
Marital status

Single” - - - -

Married 093 0.91,0.95 <0.001 0.97 0.95,0.99 0.011
Unknown 0.85 0.83,0.87 <0.001 1.06 1.03,1.10 <0.001
Alcohol use

Occasionally - - - -

Sometimes/Daily 1.18 1.17,1.20 <0.001 1.26 124,127 <0.001
Alcohol abstinence years <5 1.03 1.00,1.07 0.070 1.12 1.08,1.16 <0.001
Alcohol abstinence years > 5 0.86 0.83,0.89 <0.001 0.94 091,098 0.001
BMI > 24 or WC =80 cm(M)85(F)

No - - - -

Yes 122 1.21,1.24 <0.001 1.08 1.07,1.10 <0.001
BP >140/90 mmHg

No - - - -

Yes 1.14 1.12,1.15 <0.001 1.09 1.08,1.10 <0.001
FBG>5.6 mmol/L

No 1.28 1.27,1.30 <0.001 - -

Yes 1.28 1.27,1.30 <0.001 1.19 1.17,1.20 <0.001
TG=1.70 mmol/L

No - - - -

Yes 1.62 1.61,1.64 <0.001 152 1.51,1.54 <0.001
HDL-C< 1.0(M) 1.3(F)

No - - - -

Yes 115 1.13,1.16 <0.001 0.98 0.97,1.00 0.042
Number of MetSs

0 — —

1 1.10 1.08,1.12 <0.001

2 1.23 1.20, 1.26 <0.001

3 1.55 1.52,1.58 <0.001

4 197 1.93,2.02 <0.001

5 223 215,231 <0.001

BMI=body mass index; WC=waist circumference; SBP =systolic blood pressure; DBP =diastolic blood pressure; FBG =fasting blood glucose;TG =triglycerides;
HDL-C = high-density lipoprotein cholesterol
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Table 3 (continued)

#Single: unmarried, divorced or widowed

" OR=0dds Ratio, Cl=Confidence Interval

2 “Number of MetSs” was not included in the multivariate model

Table 4 Logistic regression analysis of the interactive items between alcohol consumption and MetS on liver dysfunction

Variables n(presence of dysfunction OR(95% Cl) OR-Int? RERI® APP sb

/absence of dysfunction)

Drink occasionally+no MetS  2361/23323 Ref

Drink usually/daily +no MetS  9771/72491 137 (1.31,1.44)
Drink occasionally +MetS 29595/191505 1.48 (1.41,1.54)
Drink usually/daily + MetS 94166/517457 1.82(1.74,1.90)

0.90(0.86,0.95) -0.02(-0.08,0.03) -0.01(-0.04,0.02) 097(091,1.04)

Model is adjusted for gender, age group, residence area, education level, and marital status; MetS = metabolic syndrome;

@ OR-int is assessed on the multiplicative scale by including cross-product terms in the model;

b RERI, AP, and S are assessed on the additive scale. * p <0.05
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Fig. 2 Association between years of alcohol abstinence and liver
function using a Restricted Cubic Spline Regression Model. Results
were adjusted for age, gender, residence, education, marital status,
and presence of five metabolic diseases

Discussion

This study aimed to investigate the relationship among
alcohol consumption, metabolic disorder, and liver dys-
function in the elderly population of Zhejiang province,
China. To our knowledge, this is the first study to com-
prehensively assess the combined impact of alcohol con-
sumption and metabolic disorder on liver dysfunction in
an Asian population, particularly among Chinese elderly
individuals. The current study suggests that the risk of
liver dysfunction is associated with numerous factors,
including gender, age, residence, education level, mari-
tal status, alcohol consumption behavior, and the pres-
ence of MetS. Our findings underscore the importance
of avoiding excessive alcohol consumption, maintaining a

healthy lifestyle, and effectively controlling various com-
ponents of MetS, especially triglyceride levels, for the
prevention of liver dysfunction. In addition, our research
provides a comprehensive perspective on the impact of
alcohol consumption and metabolic disorder on liver
dysfunction.

MetS has been identified as an independent driver of
cirrhosis and liver-related diseases. In a recent US study,
MetS was the largest contributor to population-level
HCC (attributable fraction: 32%) [21]. Additionally, the
presence of MetS can predict liver-related mortality in
various chronic liver diseases [22]. A recent large study
in the US involving 271,906 NAFLD patients and an
average 9-year follow-up reported that each additional
metabolic feature (diabetes, obesity, hypertension, dys-
lipidemia) was associated with a stepwise increase in the
risk of liver-related outcomes (cirrhosis or HCC). All four
metabolic features independently influenced the risk, but
diabetes had the strongest correlation with HCC events
(hazard ratio [HR]: 2.8) [23]. Metabolic disorder, particu-
larly MetS, is also considered a significant factor leading
to liver dysfunction [24]. MetS includes characteristics
such as obesity, hypertension, hyperglycemia, elevated
triglyceride levels, and low high-density lipoprotein cho-
lesterol levels, all of which have been proven to be associ-
ated with the progression of liver disease [25]. Compared
to the group with normal liver function, participants in
the group with abnormal liver function demonstrated
adverse performances on multiple metabolic indicators.
They exhibited significantly elevated levels of BMI, WC,
SBP, DBP, FBG, TG, and HDL-C. Furthermore, partici-
pants in the group with abnormal liver function also had
a higher prevalence and quantity of MetS. These results
suggest a clear positive correlation relationship between
the number of MetS and the risk of liver dysfunction,
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i.e., the more MetS, the higher the risk of liver dys-
function. Abnormal liver function may be a significant
component of MetS, or one of the outcomes of MetS.
Therefore, improving the management of MetS, such as
weight loss, dietary improvement, and increased physical
activity, may help in the prevention and management of
liver dysfunction. Additionally, high-density lipoprotein
cholesterol (HDL-C) is a beneficial lipid with antioxida-
tive, anti-inflammatory, and anticoagulant effects [26]. A
reduction in HDL-C levels may be associated with meta-
bolic abnormalities and the occurrence of liver dysfunc-
tion [27]. Thus, improving lipid metabolism, especially by
increasing HDL-C levels, may help protect liver function.
Therefore, the higher level of HDL-C found in patients
with liver dysfunction in this study may be a feedback
mechanism. Interestingly, in the univariate analysis, low
levels of HDL-C were a risk factor for abnormal liver
function, while in the multivariate analysis, low levels of
HDL-C exhibited a weak but positive protective effect on
liver function. Nevertheless, the presence of other MetS
remains still remains a risk factor, especially elevated
triglyceride (TG) levels. Our research also found that in
populations with MetS, particularly those with higher TG
levels, the risk of liver dysfunction significantly increased
(adjusted OR 1.52; 95% CI 1.51-1.54). These results sug-
gest that improving lipid metabolism can have a positive
impact on liver function. However, while the presence
and quantity of MetS seem to be associated with an
increased risk of liver dysfunction, we also found that
female participants, younger individuals, people living
in rural areas, individuals with lower education levels,
single individuals, and those with MetS had a signifi-
cantly increased risk of liver dysfunction. This might be
related to lifestyle, socioeconomic status, and differences
in access to and understanding of health information in
these groups. This further enhances the understanding
of the relationship between abnormal liver function and
specific populations and metabolic disorders.

It is estimated that fatty degeneration occurs in drink-
ers who consume 4-5 standard drinks daily. Persistent
drinking leads to approximately 25% of individuals devel-
oping alcohol-related fatty hepatitis or cirrhosis, eventu-
ally progressing to portal hypertension and liver cancer
[28, 29]. Most patients remain asymptomatic until late
stages of chronic liver disease unless they develop alco-
hol-related hepatitis [30]. This latter condition is a severe
form of ALD characterized by rapid jaundice, discomfort,
decompensated liver disease, and coagulation dysfunc-
tion, with a high mortality rate (up to 50% at 3 months)
[31]. Cross-sectional data from the United States indi-
cate that the co-occurrence of high levels of alcohol con-
sumption and obesity increases the risk of abnormal liver
enzyme activity more than either risk factor alone [32].
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Recently, these results were confirmed by a data from a
prospective population-based cohort, indicating that an
average daily alcohol intake of at least 40 g, in conjunc-
tion with obesity, is associated with liver enzyme abnor-
malities seven years later [33]. A longitudinal cohort
study involving 52,066 type 2 diabetes patients found
that the majority of the liver burden may be attributed
to alcohol consumption rather than obesity [34]. Model
studies confirmed that excessive alcohol consumption
contributes more to liver disease relative to metabolic
factors [35]. Alcohol can cause direct toxic damage to the
liver, leading to hepatitis, cirrhosis, and even liver cancer
[36]. In the multivariate analysis, we corrected for the
effects of other covariates and found a significant corre-
lation between alcohol consumption and the risk of liver
dysfunction. The higher the frequency of alcohol con-
sumption, the greater the risk of liver dysfunction. This is
consistent with previous research findings, where alcohol
consumption is one of the important risk factors leading
to liver disease. Moreover, our study also shows that the
impact of years of abstaining from alcohol on liver dys-
function is non-linear. People who have abstained from
alcohol for less than five years are still more likely to have
liver dysfunction than those who drink occasionally, but
once the abstinence period exceeds five years, the risk
remains relatively constant. This may suggest that the liv-
er’s ability to self-repair and recover is effective within a
certain time frame, but the risk of liver dysfunction does
not further decrease after prolonged abstinence, possibly
due to other factors such as age, genetics or lifestyle, and
the liver’s repair ability may weaken over time [37, 38].
This indicates that abstaining from alcohol has a positive
impact on liver function recovery and underscores the
importance of long-term abstinence.

Alcohol consumption and MetS are very common
among the population and often coexist, indicating a
complex relationship between alcohol and the com-
ponents of MetS [4]. Both alcohol consumption and
metabolic disorder are considered important fac-
tors leading to liver dysfunction, but their synergistic
impact is more complex to analyze. Our results indi-
cate that MetS increases the risk of liver-related out-
comes regardless of the level of alcohol consumption.
Metabolic components appear to alter the positive
correlation relationship between alcohol intake and
the risk of liver disease. On the other hand, we have
divided the sample into distinct categories based on
the frequency of alcohol intake (either occasional or
usual/daily) and the presence of MetS disorder (either
absent or present), aiming to delve into the combined
impact of alcohol consumption and metabolic disorder
on liver dysfunction. The results of this statistical anal-
ysis showed a significant sub-multiplicative interaction
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between alcohol consumption and metabolic disorder
concerning liver dysfunction, without a clear additive
interaction, indicating that the observed relationship
between alcohol consumption, metabolic disorder,
and liver dysfunction does not appear to be additive.
Although the multiplicative interaction between alco-
hol consumption and metabolic disorder is significant
and suggests a compounded, albeit less than expected,
impact on liver dysfunction, the lack of an additive
interaction highlights the nuanced ways in which these
factors work together. These results contribute to the
understanding of the complex interplay between life-
style factors and disease, and they reinforce the need
for personalized approaches in the prevention and
management of liver dysfunction. Considering the risk
stratification of both alcohol consumption and meta-
bolic abnormalities may help identify individuals at
risk of liver-related outcomes at an early stage. When
both alcohol consumption and metabolic disorder are
present, they may interact synergistically, accelerating
liver damage. For instance, alcohol consumption could
exacerbate symptoms of MetS and the syndrome could
reduce the liver’s tolerance to alcohol, thereby increas-
ing the risk of liver dysfunction [1]. Hence, alcohol
consumption and metabolic disorder could create
a vicious cycle, aggravating liver damage. Recently,
the utilization of a non-invasive liver fibrosis scor-
ing method, FIB-4, has revealed a positive correlation
relationship between alcohol intake and the progres-
sion of SLD (Steatotic Liver Disease), providing essen-
tial insights for the clinical management of SLD [39].
These findings underscore the importance of avoiding
excessive alcohol consumption and managing meta-
bolic diseases in maintaining liver health. Intervention
strategies targeting these two factors could help reduce
the risk of liver dysfunction, including limiting alcohol
intake, improving dietary habits, increasing physical
activity, and controlling weight. Meanwhile, those with
existing alcohol consumption habits or metabolic dis-
eases may require more aggressive and proactive inter-
ventions to prevent the occurrence and progression of
liver dysfunction.

It’s important to note that the study has several limi-
tations. Firstly, it is cross-sectional and cannot estab-
lish causality. Further long-term follow-up studies are
necessary. Secondly, the study was conducted in one
region of China, potentially introducing regional bias.
Lastly, this study did not include testing for gamma-
GTP. In future research, consideration will be given
to including this indicator and to further explore any
potential associations with the components of MetS,
providing additional valuable information.
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Conclusion

In summary, our study underscores the association
between liver dysfunction and specific populations, alco-
hol consumption, lipid metabolism, and MetS. These
findings bear significant clinical and public health impli-
cations for the prevention and management of liver dys-
function. Future research should include new prospective
studies to better describe the clinical course of patients
with metabolic disorder and varying degrees of alcohol
consumption, to provide new biomarkers for disease
diagnosis and monitoring, and to evaluate the effective-
ness of treatment methods for patients with dual-patho-
genesis NAFLD and ALD.
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