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Abstract

Conventional research mainly focuses on individual nutrients or specific foods in relation
to chronic liver disease, but the cumulative effects of dietary patterns are underexplored.
This study aimed to assess current evidence on the alternate Mediterranean Diet (aMED)
and chronic liver disease risk via a meta-analysis of observational studies. A systematic
search of PubMed, Web of Science, Cochrane, and Embase (up to February 2025) identified
studies on aMED and chronic liver disease, using predefined criteria for screening, quality
assessment, and data extraction. A total of 20 articles (3 cross-sectional, 15 cohort, and
2 case—control; 1,286,480 participants) were analyzed using a random-effects model. The
analysis showed that aMED was significantly negatively correlated with chronic liver
disease (OR = 0.65, 95% CI: 0.56-0.75), indicating that adherence reduces risk. Subgroup
analysis showed aMED'’s protective effects in North America (OR = 0.67, 95% CI: 0.54-0.83)
and Europe (OR = 0.54, 95% CI: 0.44-0.66). The results suggest aMED adherence may lower
chronic liver disease risk, emphasizing dietary modifications for prevention.
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meta-analysis; dietary modifications

chronic liver disease; alternate Mediterranean diet; dietary patterns;

1. Introduction

Chronic liver disease constitutes a significant global health challenge, evident in its
extensive patient population, varied clinical presentations, and complex pathological mech-
anisms [1,2]. Currently, the main pharmacological strategy for chronic liver disease is
focused primarily on treating complications and alleviating symptoms, with an emphasis
on regulating and improving overall metabolism. In chronic disease management, the prin-
ciples of “prevention is better than treatment” and “lifestyle modifications complementing
pharmacological control” remain crucial [3,4]. It is widely accepted in the academic commu-
nity that dietary adjustments [5], weight management [6], minimizing sedentary behavior,
and regular exercise are effective ways of treating certain chronic liver diseases [4,7].

In recent years, the potential of dietary intervention in the prevention and treatment
of liver disease has attracted much attention. Existing studies have revealed various pro-
tective factors for chronic liver disease from a nutritional perspective: branched-chain
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amino acids (BCAAs) can play a liver-protective role through anti-fibrosis and inhibition
of hepatocyte apoptosis [8]. Vitamin A analogs slow disease progression through RXR-
a-mediated transcriptional regulation, and this conclusion is supported by large cohort
studies (1 = 12,999) [9,10]. The accumulation of lipid droplets (LDs) in hepatocytes exac-
erbates liver injury through oxidative stress and mitochondrial dysfunction [11]. Studies
on food components have also shown that polyphenols exert preventive and therapeu-
tic effects on chronic liver disease. For example, curcumin improves liver fibrosis via
the TGF-f3 pathway, and resveratrol does so via the Hippo pathway [12,13]. Similarly,
carotenoids contribute to the prevention and treatment of chronic liver disease; lycopene,
for instance, neutralizes reactive oxygen species, while (3-cryptoxanthin regulates lipid
metabolism [14-16]. In terms of individual foods, red meat consumption is positively
associated with the risk of nonalcoholic fatty liver disease [17], whereas coffee, blueberries,
garlic, and other foods exhibit protective effects [18-21].

The above studies provide strong evidence of the positive effect of a single nutrient or
food on liver disease. However, it is essential to recognize that diet constitutes a complex
interplay of various nutrients and other compounds, and individual nutrients or foods exert
a synergistic effect within different combinations. This implies the necessity of studying
the overall impact of dietary patterns on chronic liver disease.

At present, a substantial body of studies has focused on the role of dietary patterns
in the intervention and management of various diseases. Numerous studies have demon-
strated that high-quality dietary patterns exert protective effects against a range of condi-
tions, including cardiovascular disease [22], cancer [23-26], diabetes [27,28], neurological
disorders [29-31], and immune system disorders [32]. Chronic liver disease typically
follows a progressive trajectory characterized by its chronic and insidious nature. This pro-
gression creates a critical window for early intervention and control. Dietary interventions
possess attributes such as adjustability, multidimensionality, and diverse options. These
attributes make them potentially optimal strategies for the prevention and treatment of
chronic liver disease.

The Mediterranean dietary pattern, rooted in the traditional dietary patterns of coun-
tries bordering the Mediterranean Sea, has gained widespread recognition for its associated
health benefits [33]. Evidence from studies indicates that adherence to this dietary pattern
is associated with a reduced risk of chronic diseases such as hypertension, type 2 diabetes,
and Alzheimer’s disease [34,35]. However, its association with chronic liver disease re-
mains unclear. Accordingly, we searched the relevant literature published prior to February
2025 in the PubMed, Web of Science, Cochrane, and Embase databases, and ultimately
selected the alternate Mediterranean diet score (aMED), a high-quality dietary pattern,
for analysis. We analyzed its associations with five types of chronic liver disease, specifi-
cally, metabolic-associated steatotic liver disease (MASLD, according to the latest disease
classification, referred to in this article as the former nonalcoholic fatty liver disease and
metabolic-associated fatty liver disease [36]), liver fibrosis, liver cirrhosis, other fatty liver
diseases, and liver cancer. Through a comprehensive analysis of the relationship between
the aMED dietary pattern and chronic liver disease, we aim to meaningfully supplement
and enrich the relevant field.

2. Materials and Methods

This study is a meta-analysis of observational studies. The design, implementation,
and reporting strictly adhere to the “PRISMA 2020 Statement: Guidelines for Reporting
Systematic Reviews and Meta-Analyses” [37]. The study protocol has been registered on
the PROSPERO International Prospective Register of Systematic Reviews (Registration
number: CRD42025065410).
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2.1. Data Sources and Searches

To determine the association between aMED and typical chronic liver diseases, we
conducted an extensive and systematic search of common terms related to diet, chronic
liver diseases, and prevention in four databases: PubMed, Web of Science, Cochrane, and
Embase. This study was limited to English-language literature. A total of 12 relevant
articles were collected from 2013 to 2025 [38-49]

The core search strategy combined “exposure factor (aMED) AND outcome indica-
tor (types of chronic liver diseases)”. Exposure factors included subject terms “Alterna-
tive Mediterranean Dietary Score” and “aMED”, connected by “OR”. Outcome indica-
tors included subject terms “Nonalcoholic Fatty Liver Disease”, “NAFLD”, “Metabolic-
Associated Fatty Liver Disease”, “MAFLD”, “Metabolic-Associated Steatotic Liver Disease”,
“MASLD”, “liver cancer”, “liver fibrosis”, “liver cirrhosis”, and “chronic liver disease”, also
connected by “OR”. The exposure and outcome terms were then linked by “AND” to form
the basic retrieval framework, thereby ensuring accurate identification of relevant literature
on “the association between aMED and chronic liver diseases”. The retrieval formula is
as follows.

2.2. aMED Dietary Pattern Definition and Validation

aMED (alternate Mediterranean diet score) is an alternative Mediterranean diet scale
developed by Fung et al. in 2005, modified from the 2003 traditional Mediterranean diet
score (T-MDS), which assesses an individual’s adherence to the Mediterranean dietary
pattern [50]. This score includes 9 dietary components: vegetables, fruits, nuts, whole
grains, legumes, fish, the ratio of monounsaturated fats to saturated fats (MUFA:SFA), red
and processed meat, and alcohol. It ranges from 0 to 9, with higher scores indicating greater
adherence to the Mediterranean diet [51].

In a study assessing the reliability and validity of six commonly used dietary quality
scores (DQSs), the aMED dietary pattern was validated using a food frequency question-
naire (FFQ). A total of 1394 participants were included, recruited from the Male Lifestyle
Validation Study and the Female Lifestyle Validation Study. For reliability assessment,
intraclass correlation coefficients (ICCs) of dietary quality scores were calculated from
two FFQ administrations (1 year apart) and two 7-day dietary records (7DDRs). For the
aMED dietary pattern, the energy-adjusted ICCs were 0.61 in men and 0.62 in women,
indicating moderate-to-high test-retest consistency. Validity was verified through com-
parison with two 7DDRs. Energy-adjusted, attenuation-corrected Spearman correlation
coefficients for the aMED dietary pattern were 0.56 in men and 0.62 in women, indicating
moderate validity. Furthermore, correlations with plasma biomarkers (e.g., long-chain
n-3 fatty acids, carotenoids) aligned with the expected direction, further confirming its
biological validity [52].

2.3. Study Selection and Eligibility

The selected literature met the following criteria: (1) case—control studies, cohort
studies, or cross-sectional studies; (2) studies on the relationship between high-quality
dietary patterns and typical chronic liver diseases; (3) reports that provided adjusted hazard
ratios (HRs), relative risks (RRs), or odds ratios (ORs) with 95% confidence intervals (CIs);
(4) dietary pattern (aMED) as the independent variable, and type of chronic liver disease
(NAFLD, MAFLD, MASLD fibrosis, cirrhosis, fatty liver, and liver cancer) as the outcome
variable. To avoid terminological confusion, the following clarification is provided: In
this study, NAFLD, MAFLD, and MASLD all refer to chronic liver diseases centered on
metabolically driven hepatic steatosis. The differences among them are only slight, limited
to their naming backgrounds and diagnostic logics. Specifically, NAFLD emphasizes
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the exclusion of alcohol and other definite liver-damaging factors, with intrahepatic fat
deposition as its key feature [53]. MAFLD, defined as metabolic-dysfunction-associated
fatty liver disease, requires evidence of hepatic steatosis plus the presence of any one of the
following: overweight/obesity, type 2 diabetes, or indicators of metabolic dysregulation
(e.g., dyslipidemia, hypertension) [54]. MASLD is an updated term released by international
liver disease organizations in 2023; its definition is largely consistent with that of MAFLD.
It highlights the central role of metabolic dysfunction in disease pathogenesis and serves as
a complement to the NAFLD definition [55].

Exclusion criteria were as follows: (1) animal and cell-related research; (2) letters,
interviews, case reports, and comments; (3) less than one year of data collection; (4) studies
on acute liver disease; (5) studies without HR, RR, or OR.

2.4. Data Extraction

Two researchers (L].Z. and ].S.) selected eligible articles based on the title, abstract,
and full text of the study. Data on authors, year of study, region, type of study, type of
disease, dietary patterns, risk, related indicators, confidence intervals, and confounding
variables were extracted. Disagreements in the selection process were discussed with a
third researcher (H.X.) to reach a consensus.

2.5. Literature Quality Assessment

We assessed the quality of eligible studies using the average Newcastle-Ottawa Scale
(NOS) score: above-average studies were defined as high quality, and below-average
studies were defined as low quality.

The scoring parameters were as follows: participants could score a maximum of 4 points
for the selection criteria, 2 points for comparability, and 3 points for outcome assessment.

2.6. Data Analysis

In this study, we extracted data from relevant literature and used OR/RR/HR to
indicate effect size. A random-effects model was used to calculate Cochran’s Q and I? to
assess heterogeneity. If I> > 50% and p < 0.10, the study showed significant heterogeneity.
We conducted meta-regression analyses to check the robustness of the results and further
investigate the causes of heterogeneity. A random-effects model was then used, and
subgroup analyses were conducted on region, disease type, sample size, and research type
to find potential sources. Otherwise, a fixed-effects model was used. Publication bias was
assessed using Begg’s funnel plot and Egger’s test. All statistical analyses were performed
using Stata 16.0 software.

2.7. Pre-Analysis of Heterogeneity Sources

To assess potential sources of heterogeneity, we conducted a pre-analysis to identify
factors that might contribute to variability across studies. Heterogeneity was evaluated
using Cochran’s Q test and the I? statistic, with I> > 50% indicating substantial heterogeneity.
Potential sources of heterogeneity were hypothesized to include differences in study design
(e.g., cross-sectional, case—control, or cohort studies), geographic regions (e.g., Asia, Europe,
North America), sample sizes, and disease types (e.g., MASLD, liver fibrosis, liver cirrhosis,
liver cancer). Additionally, variations in dietary assessment tools (e.g., food frequency
questionnaires, 24 h dietary recalls) and scoring systems for aMED calculation were also
considered. To explore these factors, we employed subgroup analyses and meta-regression
models, adjusting for covariates (e.g., age, gender, smoking status, physical activity, and
medical history). This pre-analysis framework allowed us to systematically investigate and
account for heterogeneity, ensuring the robustness and generalizability of our findings.
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Studies included in previous

3. Results
3.1. Study Screening and Characteristics

As shown in Figure 1, we preliminarily selected 12 articles from four databases
(PubMed and Web of Science, Cochrane, and Embase), and 20 studies were included
as standards in the analysis. As shown in Table 1, these studies were published between
2013 and 2025. The meta-analysis was divided into four different types of chronic liver
disease (MASLD, liver fibrosis, liver cirrhosis, liver cancer).

Identification of new studies via databases and registers Identification of new studies via other methods

Records identified from: Records identified from:

version of review(n=0) Pubmed = 43 = e hefe = Websi -0,
Reports of studies included in ‘Web of Science = 73 — > foag i 2 & ,mc,s =)
5 i freview Coch =6 Duplicate records removed (n=13) Organisations (n=0)
previous \(e;zl(;))n olreview (E)lel;:::= 5 Citation searching (n=0)
Records screened (n= 119) Records excluded (n=4)
' v
Reports sought for retrieval (n=115) ——* Reports not retrieved (n=7) I O e LTI no_t e
(n=0) (n=0)
l e Reports excluded:NO OR/HR/RR y
R ed for eligibility e
eports ass(e:i ms())r eligibility N 0£n:z‘::““w o Reports asse(s::l] )fnr eligibility » Reports excluded (n=0)
liver discase (n=29)
In vitro studics (n=15)
No high-quality dietary pattern data
(n=25)
New studies included in review
(n=12)
Reports of new included
studies(n=20)
Total studies included inreview
(n=12)
Reports of total included studies
(n=20)
Figure 1. Flow diagram of the study selection.
Table 1. General characteristics of the included studies.
. Specific Study Sample . . NOS
Study Location Countries Design Adjustment Variables Score
Huang et al. North cross- age, sex, race, BMI,
(2025) [38] NAFLD, MASLD America USA sectional 70,190 hypertension, and diabetes 7
age, education level, monthly
Huang et al. . . case— household income, marriage,
(2024) [39] MAFLD, MASLD Asia China control physical activity, smoking, 8
and total energy intake
Cﬂfg;-isellia‘iczl;id;:?ﬁe’ age, sex, race, e@ucation, BMI
Lietal. liver cancer, Europe UK cohort 459,502 grade, St °k“.‘g status, 8
(2024) [40] hepatocellular hypertension, diabetes, TG,
carcinoma TC, and HDL-C
. MAFLD, MASLD
Heredia et al. e i North Cross-
(2023) [41] modefl{gii sfg;)roms, America USA sectional 187 age, sex, BMI, and kcal 7
Zhou et al hepatocellular age, sex, race/ethnicity,
(2023) [42]' carcinoma, liver Asia China cohort 181,346 education, diabetes, 8
cancer and hypertension
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Table 1. Cont.

Study

Disease Location

Specific
Countries

Study

Design

Sample

Size

Adjustment Variables

NOS
Score

Xie et al.
(2022) [43]

MAFLD, MASLD Asia

China

cohort

66,526

age, sex, urbanicity, ethnicity,
marital status, highest
education attained,
household income,
profession, regular smoking,
physical activity in metabolic
equivalent tasks, total energy
intake, regular intake of
sweetened beverages, regular
intake of dietary
supplements, regular intake
of spicy food, regular intake
of pepper, insomnia
symptoms, depressive
symptoms, anxiety
symptoms, menopause status
for women, family history of
cardiometabolic diseases, and
BMI (models for DASH were
additionally adjusted for
alcohol intake)

Luu etal.
(2021) [44]

hepatocellular
carcinoma, liver Asia
cancer

China

cohort,
case—
control

91,603

age, sex, dialect, year of
enrollment, education level,
smoking status, coffee
drinking status, alcohol
drinking status, total energy
intake, BMI, and
diabetes status

Park et al.
(2020) [45]

NAFLD, MASLD ANOft.h
merica

USA

cohort

5888

birth year, sex, race/ethnicity,
length of Medicare
enrollment, BMI, physical
activity, total energy intake,
and coffee consumption

Ma et al.
(2019) [46]

hepatocellular
carcinoma, liver
cancer

North
America

USA

cohort

173,229

age, race, cohort, physical
activity level, body mass
index, smoking, regular
aspirin use, alcohol intake,
total calorie intake, and type
2 diabetes

Bogumil et al.

(2019) [47]

hepatocellular
carcinoma, liver
cancer

North
America

USA

cohort

215,000

age at cohort entry, sex,
race/ethnicity, BMI, history
of diabetes, smoking status,
and total energy

Maskarinec
etal.
(2017) [48]

North
NAFLD, MASLD America

USA

cohort

21,500

sex, age, ethnicity, total
energy intake at cohort entry,
and physical activity at
cohort entry

Lietal
(2014) [49]

North

chronic liver disease .
America

USA

cohort

1053

age, sex, race, smoking,
alcohol intake, education,
BMI, diabetes, usual activity
throughout the day, vigorous
physical activity, and total
energy intake

NOS: Newcastle-Ottawa Scale; NAFLD: nonalcoholic fatty liver disease; MAFLD: metabolic-associated fatty liver
disease; MASLD: metabolic-associated steatohepatitis—liver disease; BMI: body mass index.

The characteristics of this study are listed in Table 1.

Each study included

100-200,000 participants, totaling 1,286,480. The 12 articles included 20 study designs,
including 15 prospective cohort studies, 3 cross-sectional studies, and 2 case-control stud-
ies. Among them, 5 are from Asia, 5 from Europe, and 10 from North America. After
adjusting the data, age, gender, work, smoking status, exercise, and medical history were

the main confounding factors.
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3.2. Quality Assessment

According to the NOS (1 to 9), the scores of the 12 studies ranged from 7 to 9, with an
average score of 7.75. Eight studies had higher than average scores and were defined as
high-quality studies.

3.3. Risk Relationship of aMED for the Prevention of Chronic Liver Disease

We analyzed the data from the included studies and observed a significant negative as-
sociation between aMED and chronic liver disease (OR = 0.65, 95% CI: 0.56-0.75) (Figure 2).
The result of the random-effects model (I?> = 0.836, p < 0.001) demonstrated significant
heterogeneity in this study. We designed four subgroups of disease types, geography, study
design, and sample size to explain heterogeneity. Egger’s test (p = 0.785) and Begg’s test
(p = 1.000) indicated that this study had no noticeable publication bias.

Study % Funnel plot with pseudo 95% confidence limits
) ES (95% CI) Weight o4
7N
Huang et al. (2025) E-o- 0.81(0.68,0.97)  6.89 // \\
Huang et al. (2024) —— 046 (0.28,0.74)  4.24 / \
Lietala (2024) — 053(037,0.76) 526 &0 // i
Lietalb (2024) — 052(037,0.73) 551 S 7 \
Lietal (2024) —_— 060(035,1.03) 379 / °\
Li et al.d (2024) + 053(0.31,091)  3.80 // P o \\
Lietale (2024) —_— 059(0.25,1.39) 214 = ;) e q .. \
Heredia et al.a (2023) —_— 0.77(027,220) 158 OB / ' \
Heredia et al.b (2023) : 048(0.10,2.29)  0.80 S’o // \\
Zhou et al. (2023) — 0.74(058,0.94) 6.36 5 / [ e \
Xie et al. (2022) e 097 (091,1.04)  7.54 g // \\
Luuetala (2021) —_— 0.70(052,0.95) 581 o | ; L4 \
Luu et al.b (2021) — 048(0.25,092) 3.41 DS / \
Park et al.(2020) i 1.00(0.87,1.14)  7.20 / i \\
Ma et al.(2019) —— 0.75(0.49,1.15) 467 / ° \
Bogumil et al.a(2019) —— 068 (051,0.00) 597 ol / \\
Bogumil et al.b(2019) ol 0.43(0.34,055) 6.28 S / \
Maskarinec et al.(2017) —— 0.77(0.58,1.03) 594 // N \\
Lietala (2014) —_ 057 (0.46,0.71)  6.57
Lietalb (2014) Eaas) 052(0.42,0.65) 656
Overall (I-squared = 83.6%, p = 0.000) 20 0.65(056,0.75) 10000 ~ 4
H T T T T T
NOTE: Weighs ae rom random efects anaysis : ) =] 0 1 2
0.101 1 9.03 logor
(a) (b)

Figure 2. Forest plot and funnel plot for aMED [38—49]. (a) Forest plot for the association of AMED
with chronic liver disease; (b) funnel plot for aMED with chronic liver disease. Note: When an
article contains multiple research designs, use suffixes such as a, b, ¢ to distinguish these different
research designs.

3.4. Sensitivity Analysis

To comprehensively explore the potential association between aMED and chronic liver
diseases, and to assess the stability and reliability of the findings, we conducted sensitivity
analyses of the relevant literature.

In the sensitivity analysis of 20 studies exploring the relationship between aMED and
chronic liver disease, the overall result was OR = 0.65, 95% CI: 0.56-0.75. Among these
studies, the study by Park et al. likely had the greatest impact on the overall result [45]. In
addition, two other studies may also have prominently influenced the overall results [43,47].
The results after exclusion of each of them were consistent with the overall result (OR = 0.63,
95% CI: 0.53-0.74; OR = 0.67, 95% CI: 0.58-0.77; OR = 0.63, 95% CI: 0.55-0.73).

The results of all the above analyses showed that all the included studies had a high
degree of consistency and reliability, and the corresponding conclusions were persuasive
and generalizable.

3.5. Meta-Regression

Random-effects model data indicated significant heterogeneity in studies investigating
the relationship between aMED and chronic liver disease (I> = 0.836, p <0.001). We assessed
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the impact of covariates such as disease type, geographical location, study design, and
sample size on effect sizes through meta-regression analyses. The results indicated that
in aMED studies, disease type (e.g., MASLD, liver fibrosis, liver cirrhosis), geographical
location (e.g., Asia, Europe, North America), and study design (e.g., cross-sectional studies,
cohort studies) were significant sources of heterogeneity (p < 0.05).

3.6. Subgroup Analysis

The model selection for subgroup analysis in this study was based on the following
principles: in addition to referring to the results of the I? statistic and Q-test, the random-
effects model was consistently employed for two types of subgroups: low-heterogeneity
subgroups with differences in population baselines or study designs, and single-study
subgroups where heterogeneity could not be tested. This approach aimed to reduce bias
caused by clinical or methodological variations.

In the results of the meta-regression analyses, some of the covariates were not sig-
nificant for effect sizes but may still influence the relationship between dietary patterns
and chronic liver disease in different combinations or in specific contexts. To explore this
potential association and sources of heterogeneity in more depth, we built subgroups for
analysis around disease type, geography, study design, and sample size. This approach
provides a richer perspective for a comprehensive understanding of the relationship.

Subgroup analysis of the disease types (Table 2) showed that aMED was significantly
and negatively associated with MASLD (OR = 0.86, 95% CI: 0.75-0.99), chronic liver disease
(OR = 0.52, 95% CI: 0.46-0.58), and liver cancer (OR = 0.69, 95% CI: 0.60-0.79), while not
significant for liver fibrosis (OR = 0.48, 95% CI: 0.10-2.29). The regional subgroup analysis
revealed a significant inverse correlation between aMED and chronic liver disease in Asia
(OR =0.70, 95% CI: 0.53-0.92), North America (OR = 0.67, 95% CI: 0.54-0.83), and Europe
(OR = 0.54, 95% CI: 0.44-0.66). In study design subgroups, cohort (OR = 0.66, 95% CI:
0.55-0.78), case—control (OR = 0.47, 95% CI: 0.32-0.69), and cross-sectional (OR = 0.81,
95% CI: 0.68-0.96) showed that aMED was negatively associated with the risk of chronic
liver disease. In subgroups by sample size, we observed a significant negative association
between aMED and chronic liver disease in groups with >1000 participants (OR = 0.50, 95%
CI: 0.33-0.76) and in groups with <1000 participants (OR = 0.66, 95% CI: 0.57-0.77).

Table 2. Risk relationship of aMED for the prevention of chronic liver disease.

No. of Studies OR (95% CI) I?
Disease Type
MASLD 6 0.86 (0.75, 0.99) 66.0%
liver cancer 7 0.69 (0.60, 0.79) 0.0%
chronic liver disease 6 0.52 (0.46, 0.58) 0.0%
fibrosis 1 0.48 (0.10, 2.29) NA
Geography
Asia 5 0.70 (0.53, 0.92) 80.6%
North America 10 0.67 (0.54, 0.83) 83.6%
Europe 5 0.54 (0.44, 0.66) 0.0%
Study Design
cohort 15 0.66 (0.55, 0.78) 86.9%
case—control 2 0.47 (0.32, 0.69) 0.0%
cross-sectional 3 0.81 (0.68, 0.96) 0.0%
Sample Size
>1000 3 0.50 (0.33, 0.76) 0.0%
<1000 17 0.66 (0.57, 0.77) 85.4%

CI, confidence interval; OR, odds ratio; NA, not applicable.
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4. Discussion

At present, there are numerous studies in relevant fields exploring the relationship
between dietary patterns and chronic liver diseases. However, most of these studies only
focus on the impact on a specific type of chronic liver disease and lack a systematic analysis
of the alternate Mediterranean diet score (aMED) across various chronic liver diseases.
After extensive data collection, we focused our research on aMED, a widely recognized
high-quality dietary pattern, to systematically investigate its association with multiple
chronic liver diseases.

In this study, aMED showed a significant preventive effect on chronic liver diseases.
To our knowledge, this is the first comprehensive meta-analysis specifically exploring the
relationship between aMED and the risk of multiple chronic liver diseases. The results
indicated that adherence to the aMED pattern can significantly reduce the risk of developing
chronic liver disease (OR = 0.65, 95% CI: 0.56-0.75), which is consistent with the conclusions
of previous relevant reviews.

Compared with previous studies focusing on aMED, this study included 12 articles
published from 2013 to 2025, covering 20 eligible study items and involving 1,286,480 par-
ticipants from multiple regions. This larger sample makes our study more statistically valid
and the results more convincing.

Studies have already found that a poor diet high in saturated fats, sugar, and calories
can lead to a variety of negative consequences in the body, such as fatty acid accumulation,
oxidative stress, and the triggering of inflammation [56-60]. These consequences promote
the development and progression of chronic liver diseases. A healthy diet, on the other
hand, has a positive effect on chronic liver diseases. Combining the characteristics of the
aMED dietary pattern and the main causes of the emergence and development of chronic
liver diseases, we propose several mechanisms to explain the relationship between the
aMED dietary pattern and the prevention of chronic liver diseases.

Fat accumulation is an important factor in the development of chronic liver dis-
eases [61]. The aMED dietary pattern emphasizes the intake of vegetables and whole
grains. Within this dietary framework, dietary fiber contributes to enhanced satiety, which
in turn helps regulate total calorie consumption [62]. Concurrently, dietary fiber facilitates
the production of short-chain fatty acids (SCFAs) by gut microbiota, directly inhibiting
lipid synthesis in the liver [63]. High-quality proteins derived from fish and legumes can
downregulate the expression of key enzymes involved in lipid synthesis, specifically fatty
acid synthase (FASN) and stearoyl-CoA desaturase 1 (SCD1), and also affect (DIT) [64—66].
Inflammation is a key driver of chronic liver disease progression. A diet rich in saturated
fats and refined sugars readily activates the liver’s innate immune system [67]. Notably,
multiple components of the aMED dietary pattern exert anti-inflammatory effects. Vita-
min C from oranges and tomatoes, along with flavonoids from blueberries, helps reduce
inflammatory factors [68-70], and omega-3 fatty acids from fish inhibit the production
of pro-inflammatory mediators (e.g., prostaglandin E2, leukotriene B4) [71]. Oxidative
stress is the main cause of chronic liver diseases. Carotenoids from tomatoes can activate
antioxidant enzymes, thereby mitigating redox imbalance [72]. Vitamin E in nuts helps
alleviate free radical-induced cellular damage [73]. Additionally, docosahexaenoic acid
(DHA) from fish enhances the activity of glutathione peroxidase and suppresses the ex-
cessive production of reactive oxygen species (ROS) [74,75]. Dysregulated food intake
is one of the main causes of insulin resistance [76]. A high-quality dietary pattern may
improve insulin resistance. Dietary fiber from whole grains contributes to improved insulin
secretion [77,78]. Unsaturated fats in vegetable oils help enhance insulin sensitivity [79].
Resveratrol in red wine exerts a protective effect on pancreatic islet 3-cells [80,81]. Dietary
diversity is a core characteristic of high-quality dietary patterns [82], and its protective effect
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against chronic liver disease primarily manifests in two aspects. First, the intake of a wide
range of nutrients supports the proliferation of beneficial gut bacteria and helps maintain
gut microbiota balance. For instance, polyphenols can induce beneficial bacteria to produce
metabolites like SCFAs and promote the secretion of signaling molecules such as serotonin
and y-aminobutyric acid to regulate the microbiota [83]. Second, diverse diets exhibit syn-
ergistic effects among food components: for example, the combination of polyphenols and
vitamin C reduces inflammatory responses [84]. The combination of fish oil and vitamin D
lowers insulin levels in patients with NAFLD [85]. Vitamin C enhances the protective effect
of potassium against NAFLD [86]. This multi-component synergy provides important
support for the aMED dietary pattern to exert its hepatoprotective effects.

This study includes 12 articles with diverse research designs, namely cross-sectional,
case—control, cohort, and prospective studies. Results from different designs corroborate
and complement each other, enhancing the comprehensiveness and reliability of the overall
findings. The included studies involve a cumulative 1,286,480 general population sample,
supporting the generalizability and replicability of the results.

To our knowledge, this is the first article to systematically assess the relationship
between aMED and the risk of chronic liver disease, diverging from past research that
focused on the impact of individual nutrients, foods, and dietary patterns on the disease,
and providing a more comprehensive and realistic guide. We performed multiple subgroup
analyses for heterogeneity to increase the robustness of the findings. In this study, sensitivity
analysis was employed to confirm consistency among the included studies. The meta-
regression model was used to account for potential heterogeneity in multiple subgroup
analyses to enhance generalizability.

In the subgroup analyses, certain associations between dietary patterns and chronic
liver diseases did not reach statistical significance. The aMED diet did not demonstrate
a significant association with liver fibrosis (OR = 0.48, 95% CI: 0.10-2.29). These non-
significant findings may be attributed to several factors. First, the limited sample size in
certain subgroups (e.g., studies focusing on liver fibrosis or cirrhosis) may have reduced
statistical power to detect significant associations. Second, regional variations in dietary
habits and disease prevalence could influence the observed effects. For example, the aMED
diet, which is rooted in Mediterranean eating habits, may exhibit stronger protective effects
in Mediterranean populations compared to other regions. Third, differences in study
designs (e.g., cross-sectional vs. cohort studies) and dietary assessment tools may introduce
heterogeneity, potentially diluting the observed associations.

There are some limitations to this study. Firstly, in terms of data, this study covered
a variety of research designs. Due to the different measurement tools and evaluation
methods used in the included studies, the data may be heterogeneous. Specifically, different
dietary assessment tools differ in accuracy, coverage, and emphasis on the assessment
of eating habits. Although some confounding factors were controlled through covariate
adjustment and subgroup analysis, residual uncontrolled factors (e.g., unmeasured lifestyle,
genetic susceptibility, socioeconomic status) cannot be excluded and may overestimate the
Mediterranean diet’s hepatoprotective effect. Additionally, variations in dietary pattern
definitions and scoring criteria across studies affect data comparison and integration
accuracy. This study did not directly pool effect sizes, so potential bias from variations
in effect size types cannot be fully ruled out. Secondly, in terms of research design, each
included design has inherent drawbacks. Case—control studies may be subject to recall
bias. Cross-sectional studies struggle to infer causality, fail to reflect dynamic changes,
and introduce recall bias via participant-dependent recollection. Cohort studies observe
temporal exposure—outcome relationships but may incur bias from loss to long-term follow-
up, diminishing the reliability of results. These design limitations introduce heterogeneity
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to the study. Furthermore, differing external validity across designs makes it hard to
determine the applicable population and scenarios for combined results. Thirdly, in terms
of methodology, this study used meta-analysis to integrate studies and draw general
conclusions, but these conclusions risk overgeneralization due to overlooked individual
differences and special cases. Additionally, observational studies have inherent limitations.
Reverse causality may exist (e.g., early asymptomatic chronic liver disease could prompt
dietary changes, leading to the observed association between “high Mediterranean diet
adherence” and “lower liver disease risk”), and no mediation effect analysis was performed,
precluding confirmation of a direct causal link between the Mediterranean diet and reduced
liver disease risk. Finally, this study included multi-regional research designs. However,
regional dietary cultural differences may limit the conclusions’ generalizability, specifically
in terms of variations in compatibility between local dietary traditions and the aMED, food
ingredient substitutability, and cooking methods.

In view of the limitations of this study, we will address the following aspects in future
research. We will construct a multivariate model to refine and analyze more variables,
thereby exploring the association between multiple factors and chronic liver diseases in
greater depth. In the future, it is essential to conduct studies with larger sample sizes, adopt
standardized dietary assessment methods, and perform region-specific analyses. This will
clarify the impact of potential heterogeneity introduced by differences in study designs
and dietary assessment tools on research results and further explore potential influencing
factors. Considering the sample size, external validity, and other aspects of the study
design, future studies should assign appropriate weights to the included studies. This
would ensure that the contribution of each study is accurately reflected when aggregating
results, thereby enhancing the applicability and robustness of the conclusions. Additionally,
we will verify the findings with actual cases to enhance the precision of the conclusions
and promote progress in this field.

5. Conclusions

In summary, significant associations have been identified between aMED and various
chronic liver diseases. The findings suggest that adherence to healthy dietary patterns may
lower the risk of developing such diseases. These results underscore the potential of dietary
modifications in the prevention and management of chronic liver diseases.

This study overcomes the limitations of single-factor research and provides a new
perspective on chronic liver disease intervention, potentially facilitating evidence-based
strategies in disease prevention. Nevertheless, the efficacy of dietary patterns in the pre-
vention of chronic liver diseases is affected by a variety of factors, including geography,
degree of illness, and physical activity. We will further explore the preventive mecha-
nisms of dietary patterns for chronic liver diseases to provide more detailed guidance for
their management.
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