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Abstract: Background: Metabolic dysfunction-associated steatotic liver disease (MASLD)
is a public health concern, linked with immune-metabolic dysfunction. While lifestyle and
dietary modifications remain the cornerstone of MASLD management, the optimal dietary
approach remains uncertain. Objectives: This systematic review aims to investigate the
impact of model dietary patterns on metabolic outcomes in patients with MASLD and
evaluate their effects in individuals with coexisting metabolic conditions, such as obesity,
metabolic syndrome, and type 2 diabetes mellitus (T2DM). Methods: To conduct the review,
PubMed, Scopus, Google Scholar, Cochrane CENTRAL, and ClinicalTrials.gov databases
were searched for Randomized Controlled Trials (RCTs) on the adult population, published
between January 2019 and September 2024, following PRISMA principles. The quality of the
included RCTs was assessed qualitatively based on study characteristics. Results: The main
findings of this review demonstrated that the use of interventions with dietary model based
on Mediterranean diet (MED) and intermittent fasting (IF) approaches, such as alternative-
day fasting (ADF) and time-restricted feeding regimens (TRF) may have potential in
reducing body weight, BMI, and waist circumference, with additional benefits of improving
glycemic control and reducing inflammation. The effects on hepatic functions, although
limited, may be linked with reduced enzyme activity and liver stiffness. Additionally, the
use of lacto-ovo-vegetarian diet (LOV-D) and the Dietary Approaches to Stop Hypertension
(DASH) diet may offer additional health benefits, including blood pressure management.
Conclusions: This review suggests that MED and IF-based strategies may reduce BW,
improve glycemic control, and lower inflammation, with potential benefits for hepatic
function. Further long-term studies are needed to confirm these effects and underlying
mechanisms, which will allow for the optimization of protocols and ensure their safety
in MASLD.

Keywords: dietary intervention; metabolic outcomes; obesity; MASLD/non-alcoholic fatty
liver disease; type 2 diabetes; metabolic syndrome; Mediterranean; systematic review
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1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) is currently the most
prevalent chronic liver disease worldwide, affecting approximately 30% of the global popu-
lation [1]. The condition, previously known as non-alcoholic fatty liver disease (NAFLD), is
driven by an excessive accumulation of fat in more than 5% of hepatocytes and encompasses
a spectrum of liver pathologies ranging from simple steatosis to metabolic dysfunction-
associated steatohepatitis (MASH), fibrosis, cirrhosis, and hepatocellular carcinoma [2]. The
diagnosis of MASLD is based on the presence of hepatic steatosis, confirmed by imaging
or histology, in combination with at least one cardiometabolic risk factor, such as obesity,
dyslipidemia, insulin resistance, or type 2 diabetes mellitus (T2DM), and the avoidance of
excessive alcohol consumption [2,3].

Liver biopsy remains the gold standard for distinguishing between MASLD and
MASH, particularly in cases where non-invasive tests yield inconclusive results. Histo-
logical assessment identifies steatosis, hepatocellular ballooning, lobular inflammation,
and fibrosis, which are key hallmarks of MASH [2]. The key clinical parameters assessed
in the MASLD include anthropometric measures (body mass index (BMI), waist circum-
ference (WC)), glucose metabolism (fasting glucose, glycated hemoglobin Alc (HbAlc),
insulin resistance indices), lipid profile (triglycerides, high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL)), and inflammatory markers (C-reactive
protein (CRP), tumor necrosis factor alpha (TNF-«), and interleukins (ILs)) [3]. Given the
rising prevalence and strong association with cardiometabolic diseases, MASLD repre-
sents a significant global health burden, requiring early detection and multidisciplinary
management strategies.

Although the use of Resmetirom has recently been approved for patients with noncir-
rhotic MASH and moderate to advanced fibrosis in the USA [4], lifestyle and dietary inter-
ventions play a pivotal role in MASLD management, with various dietary patterns demon-
strating beneficial effects on hepatic steatosis, insulin resistance, and inflammation [5].

In this review, we focus on the most widely studied and clinically relevant dietary
models: the Mediterranean diet (MED), the Dietary Approaches to Stop Hypertension
(DASH) diet, low-fat diets (LFD), low-carbohydrate diets (LCD), the ketogenic diet (KD),
and intermittent fasting (IF). These models were selected based on their frequent applica-
tion in clinical trials and observational studies targeting obesity, hepatic fat accumulation,
carbohydrate and lipid profiles, as well as inflammation—key components in the patho-
genesis of MASLD. Moreover, these dietary patterns are often recommended in clinical
guidelines for managing metabolic conditions, making them highly relevant in the context
of MASLD [3,5].

Among the most effective dietary models, the Mediterranean diet (MED) has been
extensively studied, showing improvements in hepatic fat content, fibrosis, liver enzymes,
glucose metabolism, and lipid profile, supporting its role as a primary intervention for
MASLD. The MED emphasizes high consumption of fruits, vegetables, whole grains,
nuts, and olive oil as the primary source of fat, with moderate intake of fish and poultry,
and minimal consumption of red meat and processed foods. This dietary pattern has
been associated with improving hepatic and metabolic profiles due to its high content of
monounsaturated fats, polyphenols, and dietary fiber [6,7].

The Dietary Approaches to Stop Hypertension (DASH) diet, originally designed to
lower blood pressure and improve cardiovascular health, has also been linked to reduced
liver steatosis, insulin resistance, and inflammation, as well as potentially lowering hepatic
fat accumulation in MASLD patients. The DASH diet is rich in whole grains, lean proteins,
and vegetables, featuring high intakes of fiber, lean proteins, and unsaturated fats while
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limiting sodium, red meats, and added sugars. This diet has shown promise in improving
metabolic and hepatic parameters [8].

Low-fat (LFD) or low-carbohydrate (LCD) diets offer alternative strategies, with
evidence suggesting that reducing carbohydrate intake can lower intrahepatic lipid accu-
mulation, triglyceridemia, lipid oxidation, and insulin resistance [9].

Other dietary approaches, such as the ketogenic diet (KD) and intermittent fasting
(IF), have gained attention for their potential to improve metabolic state and reduce hepatic
fat content, though long-term safety data are still lacking [5]. Although there are different
IF approaches, daily time-restricted feeding regimen (TRF) with an 18-h fasting period
and a 6-h eating window (16/8) and alternate-day fasting (ADF), characterized by 24-h of
fasting at 25% of baseline energy, have recently gained attention as potential interventions
in improving the management of metabolic conditions [10].

The Ketogenic Diet (KD), characterized by high fat, moderate protein, and very low
carbohydrate intake, aims to induce ketosis, a metabolic state in which fat is used as the
primary energy source. Some studies suggest that the KD can lead to weight loss, reduced
insulin resistance, and decreased liver fat content [11].

Despite the promising results of various dietary interventions, significant knowledge
gaps remain, particularly regarding the optimal macronutrient composition, individual
variability in diet response, and long-term adherence to specific dietary patterns [3]. The
optimal macronutrient composition (carbohydrates, fats, proteins) for MASLD management
remains unclear, particularly when comparing LCD and LFD. Although the Mediterranean
diet is well-studied in MASLD, the effectiveness and long-term adherence of other dietary
patterns, such as DASH or KD, need further exploration, also in comparison with MED.
Additionally, most studies are conducted over a few months, creating a gap in knowledge
regarding the long-term effects of specific dietary models on MASLD.

There remains a lack of in-depth discussion regarding the heterogeneity and method-
ological limitations of existing studies. Many trials differ in duration, sample size, par-
ticipant characteristics, and adherence monitoring, making direct comparisons between
dietary models difficult. Furthermore, unresolved questions persist regarding the mecha-
nisms underlying the differential effects of various diets, especially in populations with
comorbidities. Few studies incorporate comprehensive metabolic phenotyping or explore
epigenetic and microbiome-mediated responses to diet, which may account for the observed
individual variability [8,9].

Given identified gaps, along with a need for a comprehensive comparison of different
dietary models, an our hypothesis that MED will be the most effective, with IF offering
comparable benefits, the main aim of this review is to provide an updated overview of the
benefits of these interventions on metabolic outcomes in MASLD, while highlighting the
new research opportunity for long-term, multicenter trials to optimize dietary recommen-
dations for MASLD management accompanied by comorbid conditions, such as obesity
and T2DM.

2. Materials and Methods

This review was structured based on the PRISMA (Preferred Reporting Items for
Systemic Reviews and Meta-Analyses) guidelines for systematic reviews [12]. The protocol
for this study was registered in the PROSPERO (http:/ /www.crd.york.ac.uk/PROSPERO,
accessed on 20 August 2024) with registration number CRD42024581563.

The systematic review question was framed using a framework involving patients,
intervention, comparison, and outcomes (PICOS), and was defined to assess how nutri-
tional interventions with applied model dietary patterns can impact metabolic outcomes
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in patients with MASLD alone, and with other metabolic conditions, including obesity,
metabolic syndrome, and type 2 diabetes.

2.1. Search Strategy

An electronic search through the PubMed, Web of Science, Scopus, and Google Scholar
databases to identify articles published up to September 2024, using following search
terms for their presence in the study title and/or in the abstract: “diet”, “NAFLD”, “Non-
alcoholic Fatty Liver Disease”, “MASLD”, “Metabolic dysfunction-Associated Steatotic
Liver Disease”, “obesity”, “type 2 diabetes”, “diabetes mellitus”, “metabolic syndrome”.
All searches were adapted to each used database accordingly, and were restricted to studies
in English, Polish, or Spanish; date limitations of the period between January 2019 and

September 2024 (inclusive) were applied.

2.2. Study Selection

The retrieved studies were collected by four researchers on the basis of their titles and
abstracts. Then, the full text of all these articles was carefully evaluated by two independent
reviewers to extract data on the model dietary patterns, as well as pre-defined metabolic
outcomes based on the diagnostic criteria for MASLD [1]. Both of these processes were
performed by the first two authors separately, and any disagreements were discussed and
resolved with the third researcher.

2.3. Selection Criteria

This systematic review included Randomized Controlled Trials (RCTs) published be-
tween January 2019 and September 2024, which involved adult individuals, aged between
18 and 65 years of age, who were diagnosed with MASLD alone or with additional co-
morbidity risk factors, such as obesity, MS, T2DM, or insulin resistance. The interventions
included various dietary models such as the MED, IF protocols, LCD, or combinations of
these approaches, which were compared to control groups, including those receiving no
intervention or standard care, which was defined for each study. The outcomes assessed in
this review were the reported baseline and post-intervention values of metabolic outcomes
relevant for MASLD diagnosis [1].

Studies were excluded if they (1) examined only nutrients; (2) examined single foods
or food groups; (3) examined supplements and/or medications rather than a model di-
etary pattern; (4) were conducted on patients younger than 18 years of age or older than
65 years of age, as well as if the study included pregnant women. Moreover, studies com-
bining (5) dietary interventions with lifestyle changes, including behavioral interventions,
cognitive-behavioral therapy, psycho-educational programs, self-management skills, moti-
vational interviewing, and lifestyle changes (physical activity, sleep, stress management,
diet quality, and habits) were also excluded.

2.4. Data Extraction

Data extracted from each identified study were reported in an Excel file and included
the following variables: DOI, study title, first author’s family name, publication year,
study design, geographical region where the study was conducted, sample size (separately
for each intervention/control), participant details (condition and co-existing comorbidity,
mean age, mean BMI and weight, gender), dietary intervention (model diet, interven-
tion duration, type of control/comparison), baseline and post-intervention measures of
metabolic outcomes, including;:

(1) Anthropometric measures of weight, BMI, WC, body fat percentage (BF), diastolic
(DBP), and systolic blood pressure (SBP);
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(2) Glucose, lipid metabolism and inflammation biomarkers (fasting glucose, fasting
insulin, insulin resistance index (HOMA-IR), glycated hemoglobin (HbAlc), triglycerides,
cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), high-sensitivity C-reactive protein (hs-CRP), monocyte chemoattractant
protein-1 (MCP-1), and lipopolysaccharides (LPS));

(8) Measures of liver function (aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), percentage of intrahepatic fat (IHL), controlled attenuation parameter (CAP),
liver stiffness (LSM), acoustic radiation force electrography (ARF), fatty liver index (FLI),
hepatic steatosis index (HIS), Hepascore, Fibrosis-4 score (FIB-4)).

If available, secondary measures involving determinants of physical activity, smoking
status, alcohol intake, sleep and diet quality, stress levels, mental health status, and self-
reported quality of life were reported.

In addition, the applied nutritional interventions and used model dietary patterns
were described separately, and they are presented in Table 1. The description of each
model of dietary pattern included the nutritional composition (percentage of carbohydrate,
protein, and fat) along with a brief description of included food groups, meal timing, and
number of meals per day, and caloric value.

Table 1. Description of dietary interventions and applied diet models used in MASLD patients.

Macronutrient Distribution (% of Total

Name of Dietary Kcal Consumed a Day) Additional Recommendations
Pattern Model Carbohydrates Protein Fat
American Heart Association .
(AHA) guidelines [13] 55 15 30 Prescribed 3-5 meals per day.

Healthy eating and weight
control advice (normal diet,
ND) [14] 11 March 2025
13:45:00

The diet was based on the Food Guide Pyramid,
53 17 30 along with the recommendations of the Obesity
Education Initiative Expert Panel.

Control Normal (CN)
diet [15,16]

The diet was based on the foods, including daily
intake of (servings) grains (10), simple sugars (5),
52-55 16-18 30 vegetables (4) and fruits (4), dairy (2), meats
(including 2 servings of lean meat), poultry and fish
(4), nuts, seeds and legumes (1) and fats/oils (3).

Normal usual diet required adherence to the caloric,
55 15 30 macronutrient, and fruit and vegetable consumption,
including 9 servings of fruits and vegetables.

Standard weight-loss diet
(SWL-D) [17]

Follow the standard food pyramid, which was free of
all sources of food

50-55 15-20 25-30 Protein sources (18%) are provided by meat and meat

products, poultry, fish and seafood, and the flesh of
any other animals.

Calorie-restricted (CR)
diet [14]

The diet was planned individually based on the
optimal servings of each food group from the Food
Guide Pyramid, while accounting for food
53 17 30 preferences and allergies, or intolerances.

Diet restricted calorics intake from 500 to
1000 kcal/day, deducted from the estimated
energy requirements.
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Table 1. Cont.

Macronutrient Distribution (% of Total

Name of Dietary Kcal Consumed a Day)

Pattern Model

Carbohydrates

Protein

Fat

Additional Recommendations

55-60

Low-calorie diet
(LCD) [18-20]

10-15

30

The diet was based on the food-based dietary
guidelines for Iranians and included a variety of raw
and cooked vegetables, fruits, and legumes
consumed daily, along with regular intake of dairy
products, such as milk, cheese, and yogurt, and
emphasis on whole-grain breads and cereals. Animal
protein sources include lean meats, chicken, fish, and
eggs. Fats and oils are used in moderation, while the
consumption of sugar, salt, and processed foods is
limited. Water and unsweetened beverages
are prioritized.

Diet-restricted calorics intake of 500 kcal/day
deducted from the estimated energy requirements.

N/A

N/A

N/A

A diet with reduced caloric intake to 80% of daily
requirements, and free from any restrictions in food
group intake.

60

15

25

A diet with reduced calorie intake providing
600-800 kcal less than the daily energy requirement.

A balanced diet that focused on the intake of
low-glycemic carbohydrate sources.

The intake of all types of fats from both animal and
vegetable sources is reduced.

Low-Fat Diet (LFD) [21-23]
50

20

30

The diet was based on recommendations of the
Australian Dietary Guidelines and The
Heart Foundation.

A balanced diet promoting the intake of a variety of
vegetables, fruits, whole grains, lean proteins, and
dairy or dairy alternatives, limiting saturated fat,
added sugars, and salt. The main fat sources are nuts,
seeds, and avocados. Regular consumption of fish,
legumes, and lean meats is recommended. Water
intake is prioritized, while other beverages and
alcoholic drinks are consumed in small
portions occasionally.

50

20

30

The diet was based on National Health and Medical
Research Council and American Heart Association
Dietary recommendations.

The diet included a monthly intake of 1 kg of natural
muesli and 200 g of low-fat snack bars, limiting a
saturated fat to <10% of total calorie intake.

Ketogenic diet (KD) [11] 5

25

70

A low-carbohydrate, high-protein, high-fat diet
providing 1500 kcal a day.
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Table 1. Cont.

Macronutrient Distribution (% of Total

Name of Dietary Kcal Consumed a Day)

Pattern Model

Carbohydrates Protein Fat

Additional Recommendations

55-60 10-15 30

A DASH diet with reduced calorie intake providing
1500 kcal less than the daily energy requirement.

The diet was based on intake of whole grains, fruits,
vegetables, dairy, and plant-based proteins, while
limiting saturated fat, added sugar, and alcohol.

The diet included at least 4-5 servings of whole
grains, 3—4 servings of vegetables and fruits, and
2 servings of dairy. Saturated fat was reduced to <5%
of total energy intake, added sugars to <3%. Alcohol
consumption was restricted to 2 drinks/day for men
and 1 for women.

Dietary Approaches to Stop
Hypertension (DASH) 60 15 25
diet [11,15,18,19]

General lifestyle advice counseling DASH as low-fat,
rich in vegetables/fruits and whole grains providing
1500 kcal a day, being rich in foods that are high in
potassium, calcium, and magnesium.

52-55 16-18 30

A DASH diet with reduced calorie intake provides
350-700 kcal less than the daily energy requirement.

The diet was rich in fruits, vegetables, whole grains,
and low-fat dairy products, and low in saturated fats,
cholesterol, refined grains, and sweets.

The diet included a daily intake (servings) of grains
(8) with at least 3 servings from whole grains, simple
sugars (2), vegetables (5) and fruits (6), low-fat dairy
(3), meats (including 4 servings of lean meat), poultry
and fish (4), nuts, seeds and legumes (2) and
fats/oils (3). Sodium consumption was limited to
<2400 mg/day.

Lacto-ovo-vegetarian diet

(LOV-D) [17] 50-55

15-20 25-30

The diet eliminated intake of meat, poultry, and fish,
while promoting consumption of dairy products and
eggs as the main protein sources.

The key protein sources were eggs (24%), dairy (19%),
soy (16%), nuts (8%), vegetables, and fruits (7%).

Alternate-day fasting

(ADF) [16,20] 55 15 30

The diet was scheduled to reduce calorie intake by
25% on the fast day (24 h), and allowed for ad
libitum intake of all foods on the feed day (24 h). The
feed and fast days began at midnight, and all fast day
meals were consumed between 12.00 p.m.
and 2.00 p.m.

Fast day meals were provided as a 3-day rotating
menu and were based on the American Heart
Association (AHA) guidelines.
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Table 1. Cont.

Macronutrient Distribution (% of Total

Name of Dietary Kcal Consumed a Day) Additional Recommendations
Pattern Model Carbohydrates Protein Fat
The diet was scheduled to achieve 16 consecutive
hours of fasting from all caloric intake and 8 h of
55 15 30 eating time each day.

Free sugar intake was reduced to 3% of daily calorie
intake.

Time-Restricted Feeding

(TRF) 16/8 [20] The diet provided meals within an 8-h window,

which was followed by refraining from consumption
of all food or beverages that included energy for 16 h.

55 15 30
The amount or type of food consumed during the 8-h

window, as well as the timing of the feeding window
during the day, were freely chosen to accommodate
lifestyle habits.

The Fatty Liver in Obesity (FLiO) Diet is a
Mediterranean-based diet adapted for Fatty Liver in
Obesity study.

40-45 25 30-35

Diet based on high intake of extra virgin olive oil and
omega 3 fatty acids, as well as low in glycemic index
carbohydrates; while reducing saturated fats, trans
fats, and cholesterol.

The diet was based on the traditional Cretan diet and
included a high intake of vegetables, including leafy
greens, tomatoes, onions, and garlic; legumes
(2 servings/week), along with a moderate intake of
dairy, preferably fermented varieties like yogurt. The
diet included fish or shellfish (3 servings/week),
especially oily fish as a source of omega-3 fatty acids,
whereas consumption of red meat was limited to
small portions, with a preference for lean, grass-fed
Mediterranean (MED) options. Sweets and sugary drinks are avoided, and

diet [13,21-23] red wine is consumed in moderation.

33 15-20 44

The diet was considered as high-fat, with extra virgin
olive oil as the main fat (50% from monounsaturated
fatty acids), along with antioxidants.

A MED diet with reduced calorie intake providing
600-800 kcal less than the energy requirement.

50 15 25 The diet is based on vegetables, along with the intake
of poultry and fish, while reducing red meat
consumption. Animal fats from butter, cream, and
lard were not allowed.

The diet was based on traditional Cretan diet with
added adjustments to the amount of protein intake
(standardization of protein with LCD).

40 20 35-40 The saturated fat was reduced to <10% of total kcal
consumed daily.

The diet included intake of 750 g of nuts (almonds or
walnuts) and 750 mL of olive oil monthly.
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Table 1. Cont.

Name of Dietary
Pattern Model

Macronutrient Distribution (% of Total

Kcal Consumed a Day) Additional Recommendations

Carbohydrates Protein Fat

Low carbohydrate
Mediterranean diet
(LCMD) [24]

<35 15-20 >45 All MD diet types had a reduced intake of saturated
fat to <10%, and included consumption of at least

Low-fat Mediterranean diet
(LFMD) [24]

3 portions of vegetables and 2—4 portions of fruits a
>55 15-20 20-25 day, and fish twice a week. The meal pattern was
determined to provide 3 main meals and 2-3 snacks

Typical Mediterranean diet
(TMD) [24]

40-45 15-20 35-40 a day.

N/A, Not Applicable.

2.5. Risk of Bias

In this review, the risk of bias was minimized by a comprehensive and systematic
literature search conducted independently by 4 independent blinded authors across rel-
evant databases (e.g., PubMed, Scopus, Web of Science) using predefined inclusion and
exclusion criteria to ensure that all relevant studies were considered. In addition, prior to
the search, clear inclusion and exclusion criteria were established to avoid selective report-
ing and ensure that only studies meeting the expected quality standards were included.
Once collected, each study was critically reviewed independently by 3 authors prior to
data extraction. Data extraction was standardized to ensure consistency and minimize
subjectivity, and all pre-selected metabolic outcomes in the included studies were reported
to prevent selective reporting. In addition, each study was evaluated based on key criteria,
including study design, sample size, participant age, duration, dietary intervention details,
and metabolic outcome measures, ensuring consistency in evaluating study reliability,
minimizing subjectivity in data interpretation, and enhancing the overall robustness of the
reported findings.

Studies were also assessed for the type of statistical analysis employed: intention-
to-treat (ITT), per-protocol (PP), or as-treated (AT) (detailed in Table 2). ITT includes all
randomized participants regardless of adherence, PP includes only those who completed
the intervention as originally assigned, and AT analyzes outcomes based on the intervention
actually received. Identifying the analytical approach is essential, as it influences the
internal validity of the study and the extent to which the findings can be extrapolated to
broader clinical contexts.

Table 2. Main characteristics of the RCT studies included in the systematic review.

Reference Country

Type of
Analysis

Duration ITT; PP
(Months) or AT

Final Age Dietary Intervention

Population Participants (Me angi SD)
Numbers Type

Kestane and Bas

(2024) [24] Turkey

Low-fat
LEMD: 21 LFMD: 39.48 + 9.17 Mediterranean
Patients with diet (LFMD)

MASLD with Low-carbohydrate
obesity and LCMD: 21 LCMD: 39.71 + 10.34  Mediterranean 2 PP
in.sulin diet (LCMD)
resistance

Typical
TMD: 21 TMD: 39.48 +9.17 Mediterranean
diet (TMD)
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Table 2. Cont.
. . . Type of
. If11‘1a1 Age Dietary Intervention Analysis
Reference Country Population Participants (Mean + SD) 3
Numbers Tyvoe Duration ITT; PP
M (Months) or AT
American Heart
AHA: 48 AHA:33.7 + 4 Association
(follow up: 32) (AHA) diet
M Pel tal Patients with Mediterranean-
Ogr;(i)_zf a1e3z etal. Spain MASLD and FLIO: 50 based diet deisgned 24 PP
(2024) [13] obesity (foll o2 6 FLiO: 33.3 + 4 for the Fatty Liver in
orlow up: Obesity study
(FLiO) diet
C: 45 C:2327 +£2.46 No Diet
Time-restricted
TREF: 22 TRF: 41.36 4+ 10.5 feeding (16/8) (TRF)
Kord-Varkaneh Iran Patients with with a low-sugar diet 3 PP
et al. (2023) [16] MASLD C N 1
ontrol Norma
CN: 23 CN:44.17 £ 49 (©N) diet
Lacto-ovo-
c etal Patients with LOV-D: 37 LOV-D:43.51 £9.85  vegetarian diet
arousi et al. 3
obesity SWL-D: 38 SWL-D: 42.84 + 9.85 32:??;&%“_"5?“’1055
Dietary Approaches
Rooholahzadegan . DASH:20 DASH: 38.80 £9.98  to Stop Hypertension
et al. (2023) [19] Patients with .
Iran MASLD and (DASH) diet 2 PP
Badali et al. obesity _ ) Low-calorie
2023) [16] LCD: 20 LCD: 37.10 & 9.74 diot (LCD)
Dietary Approaches
Sakkarin . Patients with DASH: 10 DASH: 40.2 + 7.57 to Stop Hypertension
Chirapongsathorn ~ Thailand  \ASID and (DASH) diet 2 PP
t al. (2023) [11 besit
etal. (2023) [11] obestty KD: 12 KD: 37.42 + 7.49 Ketogenic diet (KD)
Calorie-restricted
CR: 30 CR: 40.08 + 7.08 .
Asghari et al. Patients with (CR) diet
(2022) [14] Iran MASLD and Healthy eating and 3 PP
obesity ND: 30 ND: 39.27 + 5,51 weight control advice
(normal diet, ND)
Patients with ~ MED: 18 MED: 52.6 + 11.7 Mediterranean
George et al. . MASLD and (MED) diet
(2022) [22] Australia X X - 3 ITT
ToDM/insulin ) -y oy LCD: 52.1 + 13.6 Low-calorie
resistance ’ e ’ diet (LCD)
Calorie-restriced
Ristic-Medi | Patients with MED: 12 MED: 34.42 + 4.66 Mediterranean diet
istic-Medic et al. Serbia MASLD and (MedDiet) 3 PP
(2020) [21] besit Cal q
obesity ' ) alorie-restrice
LFD: 12 LFD: 32.92 4+ 3.78 low-fat diet (LFD)
ADEF: 95 ADF: 35.50 + 4.417 é}gg)‘ate'day fasting
c | Patients with T Restricted
ai et al. . MASLD and TRE: TRF: + ime-Restricte:
(2019) [20] China obesity RE:90 RF:33.56 % 623 peeding (TRF) 16/8 2 PP
Low-calorie
LCD: 79 LCD: 34.54 + 6.96 diet (LCD)
Mediterranean
Properzi et al. Australi Patients with MED: 24 MED: 51.00 + 13.36 (MED) diet
(2018) [23] e MASLD Low-calorie 3 T
LCD: 24 LCD: 53.00 + 9.06

diet (LCD)
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Table 2. Cont.
. . . Type of
. Final Age Dietary Intervention Analysis
Reference Country Population Participants (Mean # SD)
Numbers T Duration ITT; PP
ype (Months) or AT
Dietary Approaches
Razavi Zade et al. Patients with DASH: 30 DASH: 39.7 £7.3 tlo) it;)lr_yl P(Iiypterten51on
(2016) [15] Iran MASLD and ( ) die 2 ITT
obesity ) . Control Normal
CN: 30 CN:42.8 £10.6 (CN) diet

ITT, intention to treat; PP, per protocol; AT, as treated.

2.6. Data Synthesis and Analysis

The reporting in this review was based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The gathered data are summarized in a
series of tables and compared with respect to the category of metabolic outcomes and the
effect of intervention with a defined model of dietary pattern while comparing pre- and
post-intervention values of the primary outcomes, including measures of (1) anthropometry
(2) glucose, lipid metabolism, and inflammation, and (3) liver function, are presented. In
addition, a brief description was made of any reported changes in the secondary measures
involving determinants of physical activity, smoking status, alcohol intake, sleep and diet
quality, stress levels, mental health status, and self-reported quality of life.

The comparison between the applied models of dietary pattern on on the variables of
the primary outcomes in this study is presented graphically using color coding. A p-value
of less than 0.05 was considered significant when assessing the impact (the change) of the
reported values of metabolic outcomes in the reviewed studies. Findings were interpreted
and contrasted in the context of existing literature, discussing limitations and providing
implications for practice and future research.

3. Results

The conducted electronic search initially identified 226 articles of interest; however,
when considering accessibility and inclusion/exclusion criteria, 13 studies were selected
and investigated in this systematic review. The flowchart of the study selection process is
represented in Figure 1.

3.1. Study Characteristics

The characteristics of the studies and diets included in this review are detailed in
Tables 1 and 2, respectively.

Based on the characteristics of dietary pattern models used in the reviewed studies pre-
sented in Table 1, the majority of interventions used diets based on the MED pattern as the
diet model [13,21-23] and its low-fat (LFDM) or carbohydrate (LCMD) modifications [24]
(five studies), as well as the DASH diet [11,15,18,19] (three studies). On the other hand,
LED [21-23] (three studies) and Low-Calorie Diet (LCD) [18-20] (three studies) were the
second choices. Furthermore, there was a single study that assessed other dietary models,
such as the calorie-restricted (CR) diet [14], KD [11] and Lacto-ovo-vegetarian diet (LOV-
D) [17]. The IF-based strategies included alternate-day fasting (ADF) [20] (one study) and
time-restricted feeding (TRF), including TRF with protocol 16/8 [16,20] (two studies). The
interventions described above were compared with the standard dietary patterns based on
the official recommendations, such as American Heart Association (AHA) guidelines [13],
healthy eating and weight control advice [14], and the standard weight-loss diet (SWL-
D) [17]. The use of various dietary patterns resulted in differences in the macronutrient
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and energy intake in MASLD patients (Tables 1 and 2). Depending on the model of the
applied dietary pattern, the calorie restriction ranged from 350 to 1000 kcal/day. In terms of
macronutrients, carbohydrate intake ranged from 5% in the KD to 60% in certain LFD and
DASH diets; protein varied from 10 to 25% in KD and certain versions of MED, tending
toward the higher end, whereas fat intake varied widely, ranging from 20 to 25% in LFD
to 70% in the KD. In addition, several diets incorporated additional recommendations,
including meal frequency, or encouraged higher intake of certain food groups, such as
whole grains, fruits, vegetables, and lean protein (Table 1).

Identification of new studies

Records identified from

databases (n=226): Records removed

— before screening;:

Pubmed =50 + Duplicates=14

Google Scholar=53
Scopus=38
Cochrane=85

Record d Records removed during
ecords screene screening;

(n=212) * No accesstoabstract="57

l

Records assesed for

SO — Records excluded:
eligibility (n=155) + Conferenceposter or study
protocol=9
* Age=44
* Intervention combined with
food/suplement/physical
exercise= 56
Total studies included + Study design (case-control,
in the review (n=13) cross-over)=33

Figure 1. Flowchart with an overview of article identification.

The comparison between studies presented in Table 2 shows that all the reviewed
studies were RCTs published in the last 5 years (2016-2024). They were conducted pre-
dominantly in Iran [14-19] (six studies), with some being conducted in Australia [22,23]
(two studies) and other countries, including China [20] (one study), Serbia [21] (one study),
Turkey [24] (one study), Spain [13] (one study), and Thailand [11] (one study). Based on
the inclusion criteria for this systematic review, all studies were conducted on adult pa-
tients diagnosed with MASLD, as well as with obesity [11,13-15,17-21] (nine studies), with
some including patients with MASLD [16,23] (two studies), MASLD with T2DM/insulin
resistance [22] (one study), and MASLD with insulin resistance and obesity [24] (one study).

The total sample size in the reviewed articles ranged from 22 [11] to 264 partici-
pants [20], and the mean age ranged from 23.27 + 2.46 [13] to 53.00 £ 9.06 [23]. Most
of the reviewed studies were 3 months long [14,16,17,21-23] (six studies); however, the
duration varied between the studies and ranged from 2 [11,15,18,19,24] (five studies) to
24 months [13,20] (two studies).

The total sample assessed in this systematic review consisted of 926 participants.
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3.2. Influence of Dietary Interventions with Model Diet Patterns on Metabolic Outcomes in
MASLD Patients

3.2.1. Anthropometric Outcomes

The comparison of the effects of the dietary interventions on anthropometric outcomes
in MASLD patients, including body weight (BW), BMI, WC, body fat (BF), diastolic blood
pressure (DBP), and systolic blood pressure (SBP), is presented in Tables 3 and 4.

Use of the AHA diet resulted in significant reductions in BW (—4.70 £ 6.85 kg,
p <0.001) and BMI (—1.53 & 2.31 kg/ m?, p < 0.001); however, there were limited effects on
WC and BF measures [13]. Results obtained from interventions with MED on anthropomet-
ric outcomes in MASLD differ between studies, with some indicating significant reductions
in BW, BMI, WC (p < 0.001 for all) [21,23,24], and BF (p = 0.000) [21,24], as well as when
LCMD and LFMD versions [24] were used. Additionally, the use of a modified form of MED,
known as the FLiO diet, led to significant reductions in BW, BMI, and WC (p < 0.001) [13].
Prescription of TRF and ADF resulted in significant reductions in BW [16,20], with addi-
tional beneficial effects on BMI and BF reported for TRF (p < 0.001 for all) [16]. Prescription
of the DASH diet led to significant reductions in BMI and WC (p < 0.001 for all) [19], along
with measures of blood pressure, such as SBP and DBP (p = 0.002 for all) [19]. LOV-D also
contributed to significant reductions in BW, BMI, and WC (p < 0.001 for all), along with a
decrease in SBP (p = 0.001) [17]. There was no information available on the CR effect on
evaluated anthropometric outcomes in this review (Table 3).
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Table 3. Changes in anthropometric outcomes upon intervention with dietary pattern models in RCT studies conducted in MASLD patients.
Anthropometric Outcomes
Dietary Pattern Model BW BMI we BF DBP SBP
B PI p B I » B I » B I » B PI » B PI p
Mogna-Pelaez 65.61 + og34
AHA etal. B C470+£685°  p<0001 23274246 1534231  p<0001 7878 +£9.10 o NS 1930 £ 5.70 1554324 NS N/A N/A N/A N/A N/A N/A
(2024) [13] : -
. Mogna-Pelaez
0 etal. 65.61 £ _731+58°  p<0001 23274246  -249+200°  p<0001  7878+9.10 —667 % p <0001 19.30 +5.70 ~185+413" NS N/A N/A N/A N/A N/A N/A
et oo 131 1201 635
Gég;%)e[i‘;]‘]’ 87.7 + 211 88.1+219 p=045 316+ 54 315455 p=063 1051 % 10624152 p=042 391+ 79 389+77 p=096 82871 837 81 p=074 1254 + 121 12334134 p=052
MED Piggf;fi[filal' 89.3 4127 8734125 p<0.001 31.8 4 4.0 311 4 4.0 p<0001 10564103 10294104  p=0.001 N/A N/A N/A 81+7 78+8 p=007 126 + 14 122 413 p=0.09
Ristic-Medic oLt~ 105.67 +
etal. o 91884948  p=0000 3043181 27654180 p=0000 o 9583573 p=0000 2617 + 171 21274305 p=0000 N/A N/A N/A N/A N/A N/A
(020) [21] : 5
™MD T 844341034 p=000 32304108 29744122 =000 1099+ 10052+ =000 1014+ 6.14 3552+ 6.58 p=000 N/A N/A N/A N/A N/A N/A
Kestane and 9371+ 11471 + 106.10 - _
LMD e D) b 868741215  p=000  3246+168 3008+ 167 p=0.00 e o p=0.00 38.97 + 622 3524+ 594 =000 N/A N/A N/A N/A N/A N/A
LEMD oz 86.71 + 1087 p=000 3234119 20,80 +1.23 =000 o 1022+ =000 37.99 +7.96 33.92 + 8.61 =000 N/A N/A N/A N/A N/A N/A
((ggg; [fz"]’l 89.8 + 244 86.6 + 196 p=011 327469 313 + 49 p=016 1089~ 1051 = p=070 108 £79 389 £ 79 p=035 833 +098 803 +86  p=021 127.4 + 192 1186 + 108 p=0033
Properzi et al. 3+ +13 = + + = 98.0 + + + +9 = + + =
LED v 8134133 7964135 p=0001 301569 295458 p=0.001 80+L120 9394106  p<0001 N/A N/A N/A 7949 76 p=007 130 + 16 1264+ 14 p=008
Ristic-Medic o1+ 10758 +
etal. e 92414814 p=0000 30174228 2768244  p=0000 o 9883804  p=0000 2693 %350 21864395  p=0000 N/A N/A N/A N/A N/A N/A
(2020) [21] : :
Badali et al.
023) [18]
— B 10992 + 8278 + _ - _
Rooholahzadegan 1308 878541388  p<000l 34024361 3196+£357  p<0.001 e 10504960  p<0001 N/A N/A N/A 278 - 77354954 p=0044 1255041191  12025+1352  p=0022
LCD et a].
(2023) [19]
(zco“lze)‘[jf)'] 72944800 71774690 N/A 26344273 2664+ 166 N/A 92594498 88544510 N/A 20064364 2801 +3.49 N/A N/A N/A N/A N/A N/A N/A
(ZCO"li(;‘[;l)'] 74984802 71674737 p<005 26764159 2660+ 146 N/A 9154£443 87584439 N/A 3027 £323%% 27,654 334 N/A N/A N/A N/A N/A N/A N/A
TRF
16/8 Kord-
Varkanch et al. 83.75 & 8054+£1212  p<0001 2913 =264 28,02 + 2,65 p< 10459 + 10191 p=0042 2669535 2422488  p=0001 N/A N/A N/A N/A N/A N/A
oo ol 1271 0.0001 1047 742
ADF (zc(;;i;)‘[ﬂ‘l)'] 7532 + 853 7128 +7.02 N/A 26,12 4+ 221 2615+ 158 N/A 92074529  87.19+ 488 N/A 30584395 271042520 N/A N/A N/A N/A N/A N/A N/A
Garousi et al. 87.16 + 109.97 + 10243 + , - -
LOV-D o (e 813041720  p<0001 32024457 29884454  p<0001 v oy p<0.001 N/A N/A N/A 9824071 9524075  p=0090 1252134 1186114 p=0001
Garousi etal. 85.97 10839 & 10601 +
SWL-D o] R 837741540  p<0001 3006 +38 29334398 p<0.001 e wo p<0.001 N/A N/A N/A 10034097 9734087  p=0045 13.08 137 12724128 p=058
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Table 3. Cont.
Anthropometric Outcomes
Dietary Pattern Model BW BMI WC BF DBP SBP
B PI » B PI » B PI » B PI » B PI » B PI »
Badali et al.
(2023) [18]
- @m: 11125+ 10332 + 83.50
0.001 4 0.001 0.001 =0.002 =0.002
Rooholahzadegan 1951 85.57 + 18.62 p> 33.43 +4.09 30.64 + 4.06 p< 12.29 1267 p< N/A N/A N/A 10.89 7525 +5.73 P 131.25 +10.11 119.00 + 9.54 14
etal.
(2023) [19]
DASH Sakkarin Chi- raas s 0653
rapongsathorn p 76.1 +12.1 N/A 31.16 £ 3.93 29.6 3.2 N/A p 92.6 +10.9 N/A 31.4 + 8.1 #* 30.07 £ 7.2 % N/A 85.8 +10.6 839 +£133 N/A 130.8 + 15.8 135.2 + 14.07 N/A
1266 1295
etal. (2023) [11]
Razavi Zade
etal. 81.0 89 77.2+79 NS 285432 272+29 NS 99.3 + 84 951+77 NS N/A N/A N/A N/A N/A N/A N/A N/A N/A
(2016) [15]
Sakkarin Chi- 82,99 + 102.44 +
KD rapongsathorn 2 768+ 114 N/A 3193427 294+29 N/A s 935455 N/A 342458 293+ 6.6 N/A 8414119  793+1106 N/A 1323+ 122 1229+ 112 N/A
etal. (2023) [11] : -
CR Aé%g;;‘ﬁ:\fl' s N/A N/A 31324331 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Asghari et al.
ND (2022)[1413 86.61 & N/A N/A 3041+£339 N/A N/A 10188 & N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
November 10.70 8.18
2024 13:45:00
Razavi Zade
etal. (2016) 77.8 £10.1 75.5+9.3 NS 283 +33 275+3.0 NS 949 +12.7 923 + 122 NS N/A N/A N/A N/A N/A N/A N/A N/A N/A
[15]
cN
Kord- 89.33 + 30.60 + 107.09 + 107.19 +
Varkaneh et al. : 883141101  p=0064 - 30.26 +3.08 p=0063 - : p=0928 27214733 28934791 p=0041 N/A N/A N/A N/A N/A N/A
(2023) [16] 18.47 30.09 9.47 8.93

Data are presented as mean + SD, or median (25th-75th). B and PI are reported as exact values, otherwise marked " and displayed as MD. N/ A states where there was no data available.
BW expressed in kilograms (kg). BMI expressed in kg/m?. WC expressed in cm. BF expressed as % otherwise marked *** and presented in kg. SBP and DBP are expressed as mmHg. A
p-value > 0.05 is considered NS. BW, Body Weight; BMI, Body Mass Index; WC, Waist circumference; BF, Body Fat; DBP, Diastolic Blood Pressure; SBP, Systolic Blood Pressure; MD, Mean
Difference; SD, Standard Deviation; NS, Not significant; N/A, Not Available; B, Baseline; PI, Post-intervention; AHA, American Heart Association guidelines; ND, Normal diet; CN,
Control Normal diet; SWL-D, Standard weight-loss diet; CR, Calorie-restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic diet; DASH, Dietary Approaches to Stop
Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day fasting; TRF, Time-Restricted Feeding 16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet;

LCMD, Low carbohydrate Mediterranean diet; LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.
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The comparison between the interventions demonstrated the superiority of certain
dietary models over others in improving anthropometric measures in MASLD (Table 4).
For example, the use of the modified MED-based intervention with the FLiO diet showed
a significantly greater reduction in WC compared to the AHA (p = 0.021) [13], thus with
no different effects on BW, BMI, and BF [13]. Nevertheless, using the MED model when
compared to LFD varied in effectiveness and was reported to lead to a more pronounced
effect on the WC reduction than LFD (p = 0.041) [23]. In contrast, the majority of MED-based
interventions showed no superiority for any anthropometric outcomes [21,22] even though
modified versions, LCMD and LEMD [24], were used. The use of IF-based strategies,
TRF, and/or ADE, when compared to CN, has shown a superior effect on reducing BW
(p < 0.05 for all) [16,20], as well as on BMI (p = 0.013) [16] and WC (p = 0.041) [16]. Com-
parison of the effects with DASH indicated that this model may have led to significantly
greater reductions in BW (p = 0.021), BMI (p = 0.025), and WC (p = 0.002) compared to
LCD [19], and also when compared to CN [15]. A superior effect of DASH in reducing BW,
WC, and BF was additionally observed in contrast to the KD [11]. The LOV-D resulted in
significantly greater reductions in BW, BMI, and WC (p < 0.001 for all) [17], along with a
decrease in SBP (p = 0.023) when compared to SWL-D [17] (Table 4).

Table 4. Comparisons of changes in anthropometric outcomes upon intervention with dietary pattern
models of the RCT studies conducted in MASLD patients.

Change in the Anthropometric Outcomes Between Interventions with Dietary Model Patterns in MASLD

Compared
Dietary Models Reference BW BMI WC BF DBP SBP
AHA vs. FLiO Mogna-Pelaez et al. NS NS = 0.021 NS N/A N/A
S (2024) [13] p=5
George et al. _ _ _ _ _ _
(2022) [22] p=0.77 p=057 p=0.64 p=0.49 p=0.85 p=0.70
Properzi et al. _ _ _ _ _
MED vs. LFD (2018) [23] p =0.658 p = 0.608 p=0.041 N/A p =0.396 p=0.714
Ristic-Medic et al.
(2020) [21] p=0.342 p =0.342 p=0.233 p =0.989 N/A N/A
TMD vs. LCMD vs. Kestane and Bas
LEMD (2024) [24] p=0.84 p=0.76 p=0.74 p=0.50 N/A N/A
Kord-Varkaneh
TRF 16/8 vs. CN et al. (2023) [16] p =0.029 p=0.013 p =0.041 p =0.410 N/A N/A
TRF vs. CN Cai et al. p <0.001 N/A N/A p <0.001 N/A N/A
ADF vs. CN (2019) [20] p <0.001 N/A N/A p <0.001 N/A N/A
Rooholahzadegan
et al. (2023) [19]
DASH vs. LCD — — - — _
Badali ot al. p =0.021 p =0.025 p =0.002 N/A p =0.087 p=0.162
(2023) [18]
Sakkarin
DASH vs. KD Chirapongsathorn p=0.001 p=017 p=0.019 p =0.007 p=0.39 p <0.001

etal. (2023) [11]

Razavi Zade et al.
DASH vs. CN (2016) [15] p = 0.006 p=0.01 p = 0.001 N/A N/A N/A

Garousi et al.
LOV-D vs. SWL-D (2023) [17] p < 0.001 p < 0.001 p < 0.001 N/A p=0.310 p=0.023
Asghari et al.

(2022) [14]

Data are presented as p-values and color-coded along with the level of significance in the change of reported PI
values between interventions with model diets. Colors in table refer to significant (green) and not significant (red)
change in the reported PI values. N/ A states where there was no data available (Yellow shadowing in the table).
A p-value > 0.05 is considered NS. BW, Body Weight; BMI, Body Mass Index; WC, Waist circumference; BF, Body
Fat; DBP, Diastolic Blood Pressure; SBP, Systolic Blood Pressure; NS, Not significant; N/A, Not Available; PI, Post-

CRvs. ND N/A N/A N/A N/A N/A N/A
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intervention; AHA, American Heart Association guidelines; ND, Normal diet; CN, Control Normal diet; SWL-D,
Standard weight-loss diet; CR, Calorie-restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic
diet; DASH, Dietary Approaches to Stop Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day
fasting; TRE, Time-Restricted Feeding 16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet; LCMD,
Low carbohydrate Mediterranean diet; LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.

3.2.2. Glucose and Lipid Metabolism and Inflammatory Outcomes

The comparison of the effects of the dietary interventions in MASLD patients on
glucose and lipid metabolism and inflammatory outcomes, including fasting glucose
and insulin, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), HbAlc,
triglycerides, total cholesterol, LDL-C and HDL-C, as well as high-sensitivity C-reactive
protein (hs-CRP), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), and
lipopolysaccharide (LPS), is presented in Tables 5 and 6.

The obtained results have shown that several dietary interventions can influence
metabolism and inflammatory outcomes. The use of the AHA diet led to significant
improvements in glucose outcomes, including significant reductions in fasting glucose,
insulin levels, and HOMA-IR (p < 0.005) [13]; however, it had no significant effects on
lipid or inflammatory status [13]. Interventions with MED-based dietary models, such as
the FLiO diet [13] and MED [21] showed certain improvements in glucose metabolism,
including significant reductions in fasting glucose, insulin and HOMA-IR, as well as some
favorable effects on lipid profile, including reductions in triglycerides, total cholesterol, and
LDL-C [21,23], and increased HDL-C [21]. The MED also showed potential to effectively
reduce the inflammatory marker hs-CRP [21]. Interestingly, the favorable effects on glucose
metabolism were observed after the use of TMD, LCMD, and LFMD, which significantly
reduced fasting glucose and HOMA-IR (p = 0.010) in MASLD patients [24]. Interventions
based on IF strategies, like TRF and ADF, demonstrated mixed effects in optimizing both
glucose and lipid measures [16,20]. Prescription of the DASH diet demonstrated limited
impacts on fasting glucose and lipid metabolic status, although in one case, it significantly
improved insulin and HOMA-IR (p < 0.001, for all) [15]. In addition, this dietary model
was effective in reducing some inflammatory markers, including MCP-1 [19] and LPS [19].
The use of LOV-D led to significant reductions in fasting glucose, insulin, HOMA-IR,
triglycerides, total cholesterol, and LDL-C [17] (Table 5).
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Table 5. Changes in glucose and lipid metabolism outcomes along with inflammatory status upon intervention with dietary pattern models of the RCT studies
conducted in MASLD patients.

Glucose and Lipid Metabolism O Along with Infl 'y Status
Glucose Metabolism Lipid Metabolism
Dietary Pattern Model Infl. "
Glucose Insulin HOMA-IR HbAlc Triglycerides Cholesterol LDL-C HDL-C n as't‘“:““s ory
[atu
B PI » B PI » B PI » B PI » B PI » B PI » B PI » B PI »
Mogna- —1.55 —0.10 83.57 —0.81
B 9073 + —9.19 %+ p< 416 + —481 % p< 094 + p< 514 + 218 + 253+ 13351 312+ 67.76 + 037 +
AHA - Pelaezetal. 649 1829 0005 179 717" 0005 043 218 0.001 0.38 £04 NS * £o00NS 14020 375 NS tag1 e NS 17.65 1498 NS N/A
(2024) [13] 38.16 71.80
) Mogna- -155 ~0.08 8357  —20.08 ~515 —3.48
FLIO 9073 + ~8.08 + p< 416 + —5.64+ p< 094+ p< 514+ 218 + 13351 67.76 + 388+
diet  Pelaezetal. 6.49 1109 0005 179 546" 0001 043 154 0.001 038 045 NS = = NS 4020 ~ E266 NS ta81  EBRYONS 1765 873" NS N/A
(2024) [13] 38.16 59.01
hs-CRP-B:
George et al. 584 . p= 164 + p< 44+ 39+ p< 18+ 17+ p= 51+ 51+ p= 32+ 31+ p= 12402 12403 p= 26+23*PL
(2022) [22] 16+ 57411 0.410 89 15585 o740 32 23 0.650 N/a N/A N/A g 08* 0490  16* 16 0.072 13% 13+ 0.487 . E 0.450 22419%
p =089
Properzietal. 1003 + 1058 + p= 122+ e p= 391+ 363+ p= 6.1+ 59+ p= 165.6 1442 p= 1848+ 1752+ p= 1094+ 1056+  p= 418 + 414+ p= N/A
(2018) [23] 297 317 0.920 6.69 : : 0.330 1.92 193 0.263 11 1.0 0045  +£762  +£762  0.008 499 495 0.010 449 433 0.024 8.5 85 0.052
MED
hs-CRP-B:
. ) 1.92 1.02
R‘S“Ct‘N]led‘“ 511+ 4494068  p= 17.70 + 13.67 + p= gzg? é'gi p= N/A N/A a3 ((l)‘gg, p= 6.00 + 483 p= 367 + 288+ p= 129 + 141+ p= (0.75-2.23)*
eta. 0.51* * 0000  3.24* 294* 0.000 A0 o5 0.000 2.55) 0000  078* 095* 0.000 072+ 0.82* 0.000 013+ 0.15* 0.000 PL 0.81
(2020) [21] 4.76) 3.04) 2 1.20) .
(0.34-1.40)
p=0.000
12329 106.05 + p= 424+ 238+ p=
T™MD v it oo N/A N/A N/A o7 04 doto N/A N/A N/A  N/A N/A  N/A  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Kestane 117.14 103.05 % - 385+ 250+ -
LCMD  and Bas : 5. r= N/A N/A N/A p - P N/A N/A N/A  N/A N/A  N/A  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(2024) [24] +13.33 10.93 0.010 0.70 0.55 0.010
114.14 10271 + p= 424 & 267 + p=
LEMD L1547 1679 o0 N/A N/A N/A 100 080 doto N/A N/A N/A  N/A N/A  N/A  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
hs-CRP-B: 3.8
George et al. 67+ . p= 20.0 + p< 65+ 55+ p< 18+ 16+ p= 49+ 47+ p= 29+ 28+ p= 12403 12403 p= +27*PL35
(2022) [22] 20 68424 0.82 124 164103 50005 56 55 0.0005 N/A N/A N/A g 07+ 0410  15* 14+ 0.084 1.3% 1.3% 0270 * * 0570 +26%
p=0310
Properzietal.  92% g oo, p= 145 + 1164 + p= 276 + 295+ p= 6.0+ 58+ p= 1444 139.9 p= 2022+ 1992+ p= 1237+ 126+  p= 495 + 483+ p= N/A
LFD (2018) [23] 17.3 b ‘ 0.070 122 9.16 0.05 152 432 0.040 08 08 0390  +593  +064 0380 348 412 0270 302 333 0.034 104 9.7 0.031
hs-CRP-B:
Ristic-Medi 407 286 249 1.29 210
el 520 + 4844048  p= 1733 + 1438 + p= G5 053 p= N/A N/A Nya (155 120 p= 6.08 + 481+ p= 3.96 + 314+ 122+ 128 + (0.98-3.20)
: 0.45* - 0032  376* 317+ 0.006 e 3 0.000 2.69) 20000 0.69% 0.82* 0.000 0.89% 0.85% 012 0.11* PL:0.77
(2020) [21] 4.43) 3.37) 2 1.57) (054.127)-

p=0.008
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Table 5. Cont.
Glucose and Lipid Metabolism O Along with 'y Status
Glucose Metabolism Lipid Metabolism
Dietary Pattern Model Infl "
Glucose Insulin HOMA-IR HbAlc Triglycerides Cholesterol LDL-C HDL-C n asllnﬂa ory
fatus
B I p B PI » B I » B PI » B I » B I p B PI » B PI »
) 13623 11850
Badali et al. p= 17335 16235 p= 10833 9222+ p= 4230+ 4190 + p=
(2023) [18] N/A N/A N/a - N/A N/A N/A - N/A N/A N/A N/A NA NI ehp 0013 2600 2463 0006 £2706  24% 0029 8.61 7.64 0.636 N/A
Caietal. 500+ 265+ 240+ 488+ 465+ 255+ 251+ 116+ 118 +
(2019) [20] 0.91 494x12  N/A N/A N/a N/a- N/A N/A N/A N/a N/a— NJA g 10 NA L s 136 N/A 0.79 076 N/A 0,50 051 N/A N/a
MCP-1
(pg/mL)-B:
Leb 1164 % 1648
PI: 110.01 =
Rooholahzadegan
9312+ 90.64 % p= 549+ 556+  p= 1056 = 944+ 1179
(20;;;‘}'19] e o Uos N/A N/A N/A  N/A N/A N/A S o b N/A N/A  N/A  N/A N/A N/A N/A N/A  N/A e e 0152 pe0LPS
(pg/mL)-B:
2072+ 243
PI.20.90 +
236p=0785
Caietal. 512+ 2004 2314 453+ 437+ 273+ 271+ 116 + 115+
(2019) [20] 0.82 505135  N/A  N/A N/A N/A - N/A N/A N/A N/7A N/A - N/A - 75 175 NA L s 153 N/A 0.88 0.87 N/A 0.45 0.45 N/A N/7A
TRF hs-CRP-B:
16/8 Kord- 10536 92,90 + 9.16 + 1144 + 2394 2594 20150 13327 19004 15781 10463 8404+ 38.18 & 39.81 + 3144111
Varkanehetal. 55, 21.20 N/A 322 465 N/A 093 11 N/A N/A N/A N/A + * N/A L3658 43359 N/A +27.26 26.27 N/A 5.65 572 N/A PL: 2.02 + 0.87
(2023) [16] 3534 4867
p:N/A
Caietal. 521+ 280+ 212+ 487+ 415+ 282+ 279+ 123+ 117 +
ADE 0019) [20] 086 190G N/AL N/A N/A N/A - N/A N/A N/A N/A N/A N/A Trgg 0 NA i, 106 N/A 085 083 N/A 043 038 N/A N/A
) 16943 12143
LOV-  Garousietal.  99.05+ 90.62 + p< 275 17.80 + p< 559+ 397+ p< N/A NN % L p= 18924 16594 p< 11416 9291+  p< 4475+ 4632+ p= /A
D 2023) [17] 843 8.77 0001 1770 1747 0001 442 375 0.001 cos a0 0001 £2693 2681 0001  £2575 2433 0001 8.61 1037 0354
) 17184 18192
SWL-  Garousietal.  97.00 + 95.13 p= 2677+ 2759+ p= 653+ 656+ p= N/A NN b ! p= 20597 20815 p= 12342 12678 p= 4791+ 146,68+ p= N/A
D 2023) [17] 1016 8.01 0184 2463 2259 0550 646 556 0932 i g 04 476 £3938 0765 43848 £309% 064 1217 119 0,635
MCP-1
(pg/mL)-B:
11075 + 7.56
Rooholahzadegan Pl
olahz 93.41 + 90.76 = p= 530+ 509+  p= 759 + 1347 = p= 10044+ 1069
etal 9.63 5.69 0008 /A N/A N/A - N/A N/A N/A 035 034’ o3 N/A N/A - N/A - N/A N/A N/A N/A N/A - N/A 367 2977 0362 p=0002;LPS
(2023) [19] ;
(pg/m)-B:
2166+ 183
PI: 18.91 +
2.98 p < 0.001
Badali et al 17838 - M705 L j385 16420 p< 12477 8768+  p< 4855+ 4585 +
(2023) [15] N/A N/A N/A - N/A N/A N/a- N/A N/A N/A N/A NA NI ahe 0001 =498 3021 0001 =327 2054 0001 9.70 9.54 N/A
DASH
Sakkarin Chi-
rapongsathon 925 % 1+ 175 1978+ 1983+ 1283+ 1248+ 549+ 561+
etal. 103 926+£113  N/A - N/A N/A N/a- N/A N/A N/A N/A N/a NJA g 708 NA L Ty 4101 N/A 3.1 35 N/A 135 13.00 N/A N/A
023) [11]
hs-CRP-
) B4823.1 +
Razavi Zade 93.7 + p= 1224+ p< 29+ 21+ p< 164.3 133.0 p= 1874+ 1734+ 1118+ 1008+ p= 27+ 461 + p= 33589 PI:
etal. 125 926112 g5 52 89E50 go0 15 14 0.001 N/A N/a N/A s 537 0006 339 33.0 p=004 285 282 0.110 58 60 0.002 35984 4
(2016) [15] i

0.004
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Table 5. Cont.

Glucose and Lipid Metabolism O Along with Infl 'y Status
Glucose Metabolism Lipid Metabolism
Dietary Pattern Model Infl "
Glucose Insulin HOMA-IR HbA1lc Triglycerides Cholesterol LDL-C HDL-C n asllnﬂa ory
fatus
B PI p B PI » B PI » B PI » B PI » B PI p B PI » B PI »
Sakkarin Chi-
rapongsathorn 8.9 3193 + 10244 935+ 342+ 293+ 841+ 793+ 1323+ 1229+
KD g AMT 7e8x14 N/A el wax20  N/A 2 v N/A e PP N2 st e N B2 = N/A N/A N/A  N/A  N/A N/A N/A N/A
023) [11]
cr  Asgharietal. 8962 % N/A N/a o SL32EA0BE . A N/A N/A N/A N/A  N/A  N/A N/A  N/A  N/A N/A N/A N/A N/A  N/A  N/A N/A N/A N/A
(2022) [14] 1420 331 1030
Np  Asgharietal. 86614 N/A N/a S0ALE 0L A N/A N/A N/A N/A  N/A  N/A  N/A  N/A  N/A N/A N/A N/A N/A  N/A  N/A N/A N/A N/A
(2022) [14] 1070 339 8.18
hs-CRP-B:
Razavi Zade 49570 +
azavi Za 93.8 + p= 117+ p= 27+ 25+ p= 158.1 1584 p= 1903+ 1884+ p= W7+ 119+ p= 140+ 148+ p= 34218 PL:
etal. 12 ST4E105 4450 7.0 10662 5159 17 15 0.100 N/A N/a NJA Usgn 4967 0970 295 276 0,680 323 329 0570 59 63 0.450 4637.5 +
(2016) [15]
28720
CN p=0.080
Kord- 10282 10578 + 1078 + 1215 + 2774+ 315+ 1876 19936 17221 18072 B73+ 9745+ 3482+ 3373 + 275+ 100 pr
Varkanehetal. 7 79 14.16 N/A 378 525 N/A 111 141 N/7A N/7A N7A N/A * + N/A - L3799 4949 N/A 31.77 35.46 N/A 7.65 6.70 N/7A 275+ 113
(2023) [16] 73.61 87.43 /A

Data are presented as mean =+ SD, or median (25th-75th). B and PI are reported as exact values, otherwise marked " and displayed as MD. N/ A states where there was no data available.
Glucose, Triglycerides, Cholesterol, LDL-C, and HDL-C expressed in mg/dL, otherwise marked by * and presented in mmol/L. Insulin expressed in uU/mL, otherwise marked by
** and presented in pmol/L. HbAlc expressed in % otherwise marked ‘ and presented in mmol/mol. hs-CRP expressed in ng/mL, otherwise presented in mg/L. MCP-1 and LPS
expressed in pg/mL. A p value > 0.05 is considered NS. HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; HbAlc, Hemoglobin Alc; HDL-C, High-Density Lipoprotein
Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; hs-CRP, High-Sensitivity C-Reactive Protein; MCP-1, Monocyte Chemoattractant Protein-1; LPS, Lipopolysaccharide; MD,
Mean Difference; SD, Standard Deviation; NS, Not significant; N/A, Not Available; B, Baseline; PI, Post-intervention; AHA, American Heart Association guidelines; ND, Normal diet;
CN, Control Normal diet; SWL-D, Standard weight-loss diet; CR, Calorie-restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic diet; DASH, Dietary Approaches to
Stop Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day fasting; TRF, Time-Restricted Feeding 16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet;
LCMD, Low carbohydrate Mediterranean diet; LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.
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The series of comparisons between reviewed dietary model patterns indicated distinct
effects on metabolic and inflammatory markers assessed in MASLD patients (Table 6).
When MED-based interventions were contrasted with LFD, the MED was significantly
better in triglycerides [21] and increasing HDL-C [21], in contrast to fasting glucose and
lipid status [21-24]. IF-based models, especially TRF 16/8, when compared to CN, had
significantly better performance in reducing fasting glucose, LDL-C, and the inflammatory
marker hs-CRP [16], whereas TRF and ADF were effective in decreasing triglyceride and
total cholesterol [16,20]. The DASH diet, when compared to LCD, demonstrated superior
effects on HbA1C [19], triglycerides [18], total cholesterol [18], and LDL-C [18], as well as
inflammatory markers, including MCP-1 and LPS [19]. The LOV-D, when compared to
SWL-D, had superior effects on reducing fasting glucose, insulin, and HOMA-IR, as well as
lipid status, including a decrease in triglycerides, total cholesterol, and LDL-C levels [17].
Finally, the comparison of CR with CN was superior only in reducing total cholesterol
levels [14].

Table 6. Comparisons of changes in glucose and lipid metabolism outcomes along with the inflam-
matory status between interventions with dietary model patterns in MASLD.

Change in the Glucose and Lipid Metabolism Outcomes Along with Inflammatory Status Between Interventions with Dietary Model Patterns in MASLD

Compared
Dietary Reference Glucose  Insulin H(:II\{/[ A HbAlc  Triglycerides Cholesterol  LDL-C HDL-C Chlii’ M1C P- LPS
Models
Mogna-
AII;%?(; s Pelaez et al. NS NS NS NS NS NS NS NS N/A N/A  N/A
(2024) [13]
George etal. p= p= p= _ _ p= 7= p=
(2022) [22] 0.430 0.067 ozom N/A  EREEUell p=OLAL 0.480 0570  oyo @ N/A N/A
Properzi et al. p= p= p= p= _ _ p= r=
MEDvs.LEFD  (2018) [23] 0.485 0.281 0268 0278  P=0284 p=taky 0.755 e N/4  N/A - N/A
Ristic-Medic p= p= p= p= p= p=
et al[.2(12]020) 0.145 0475 A N/ ERSUes p=0sEL 0.857 0041 o023 /A N/A
TMD vs. Kestane and _ _
LCMD vs. Bas (2024) 0”6;0 N/A 0”350 N/A N/A N/A N/A N/A N/A N/A N/A
LEMD [24] - :
Kord-
TRF16/8 vs. p= p= p= - p= p<
CN V"‘(rzlazg‘;}[‘%al' 0.015 0.880 0.246 N/A p<0.001 p<0.001 0.014 0.159 o001 NV/A N/A
ADFvs. CN Caietal. NS NS N/A N/A p<0.001 p<0.001 NS NS N/A  N/A N/A
TRF vs. CN (2019) [20] NS NS N/A N/A p <0.001 NS NS NS N/A N/A N/A
Rooholahzadeg: p= p< p= p= p=
DASH vs. et alt1%023) 0.923 B B 0.001 e e e 0.080 e 0.027 0.011
Lcb Badali et al p= p=
(2023) [19] N/A N/A N/A N/A p=0.037 p=0.011 o o N/A  N/A N/A
Sakkarin Chi-
rapongsathorn = _ _ p= P=
DASHvs. KD “ROME D N N/A N/A N/A p=0.170 p=0.730 o509 20 N/A  N/A N/A
[11]
Razavi Zade p= p= p= p= p= p=
DASHvs.CN et al[.1(52]016) Je10 oo oo N/A p=0.040 p=0.150 30 ooso doso  N/A N/A
LOV-Dyvs. Garousi et al. = p= p< _ p< p=
SWL-D (2023) [17] 0.001 0.006 0.001 D pEULD s 0.001 0.770 DR A WS
Asghari etal. p= _ _ p= p=
CRvs. ND (2022) [14] N N/A N/A N/A p=0.110 p=0.030 e R N/A  N/A N/A

Data are presented as p-values and color-coded along with the level of significance in the change of reported PI
values between interventions with model diets. Colors in table refer to significant (green) and not significant (red)
change in the reported PI values. N/A states where there was no data available (Yellow shadowing in the table).
A p-value > 0.05 is considered NS. HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; HbAlc,
Hemoglobin Alc; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol;
hs-CRP, High-Sensitivity C-Reactive Protein; NS, Not significant; N/A, Not Available; AHA, American Heart
Association guidelines; ND, Normal diet; CN, Control Normal diet; SWL-D, Standard weight-loss diet; CR, Calorie-
restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic diet; DASH, Dietary Approaches to Stop
Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day fasting; TRE, Time-Restricted Feeding
16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet; LCMD, Low carbohydrate Mediterranean diet;
LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.
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3.2.3. Liver Function Outcomes

The comparison of the effects of the dietary interventions in MASLD patients on liver
function outcomes is presented in Tables 7 and 8. Briefly, several dietary interventions were
able to significantly influence the liver enzyme levels; however, these effects varied between
these interventions. Interventions with MED-based dietary models demonstrated beneficial
effects on hepatic health, including significant reduction in ALT [21-23], IHL [23], and
CAP [23]. The use of the TMD, as well as modified versions, LCMD and LFMD, resulted in
significant reductions in hepatic enzymes, including ALT and AST, as well as IHL and FIB-4
(p = 0.010) [24]. Similar effects were observed with another MED-based dietary model, a
FLiO diet, which significantly reduced ALT and FLI (p < 0.001) [13]. Despite limited data,
the use of [F-based interventions, especially TRF, demonstrated potential to reduce AST,
ALT, and IHL scores [16]. The CR intervention showed modest reductions in ALT levels
and some potential to improve pathological outcomes [14] (Table 7).
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Table 7. Changes in liver function outcomes upon intervention with dietary pattern models of the RCT studies conducted in MASLD patients.

Liver Function Outcomes

Hepatic Enzymes Hepatic Steatosis
Dietary Pattern Model .
AST ALT ALP cAP Liver Fibrosis Hepatic Grade of Fatty
Inflammation Liver
B PI » B PI p B PI P B PI P
LSM-B: 4.26 + 0.8 PI:
057 £ 049 p: NS; FLI-B:
Mogna-Pelacz et al ARFI-B: 1.25 + 032 17.00 + 18.10
AHA (20234‘; o) : 23.63 % 10.92 031+653" NS 2149 + 14.34 ~272+1576" NS N/A N/A N/A 362+ 1.93 ~0.12+£4.09° NS PL0.05 + 0.14 " p: NS; PL ~11.03 +
THL-B: 27.26 + 38.48 21.18"
PL —4.72 + 34.14" p <0005
p: NS
LSM-B: 4.26 + 0.8
PL090 £ 054" p: NS, FLLB:
FLO  Mogna-Pelaezetal. ARFIB125 2032 © 4709 4 1810
. . 23.63 + 10.92 ~1.08+ 684" NS 2149 + 14.34 —9.35 + 1560 p<0.001 N/A N/A N/A 362 +1.93 —1.09+£284" NS PL0.14 + 0.14 " p: NS; -
diet (2024) [13] PL-21.76 +
HL-B:27.26£3848 o0 700
PL- 10.46 + 1857 oe P <l
p: NS
George et al. _ _ _ _ THL-B: 90.1 & 74.6 PI:
(02 2] 318+ 126 39.7 £274 p=0290 54.1 +252 64.7 £39.5 p=0032 915 +£27.7 96.8 + 313 p=0520 137478 1214738 p=0.069 1051 4+ 91.2 p = 0260 N/A
HepaScore-B:
Properzi et al 0.39 £ 0.33 PL:
(201%) o N/A N/A N/A 77 £ 51 69 + 47 p=0049 N/A N/A N/A 342 +163 240 + 147 p<0.001 0.41 +0.32 p = 0.780; N/A
7 IHL-B: 102 + 120
MED PI: 83 + 99 p < 0.001
FLI-B: 8192 +
Ristic-Medic et al. MLBa72 k3625 EEEITE
: 3250 (23.00-32.75)  20.00 (16.00-21.75) p=0.000 65.33 + 23.90 2733 + 6.46 p=0.000 N/A N/A N/A N/A N/A N/A PIL: 24.33 + 1157 o
(2020) [21] 0000 HSI-B: 47.6 +
p=o 492P1:3934 +
324 p = 0.000
FIB-4-B: 0.61 + 0.22
PI: 0.48 + 0.16 FLI-B: 85.62 +
T™MD 42.19 +13.36 26.76 + 7.08 p=0010 69.19 + 14.48 48.52 + 9.00 p=0010 N/A N/A N/A N/A N/A N/A p=0.010; IHL-B: 7.34 PL: 60.38 £
35.38 + 7.05 PI: 20.81 13.15p = 0.010
+5.73p=0010
FIB-4-B: 0.73 + 0.28
PL0.61 +020p = FLI-B: 87.90 +
LCMD Kestane and Bas 45.71 + 14.62 3490 + 817 p=0010 66.38 = 11.36 5143 + 634 p=0010 N/A N/A N/A N/A N/A N/A 0.010; THL-B:39.33 + 879 PL:71.95+
(2024) [24] 11.13 PL: 31.24 + 8.17 17.18 p = 0.010
p=0010
FIB-4-B: 0.73 + 0.22
PL0.62+0.17p= FLI-B: 8871 +
LFMD 5043 + 16.50 37.24 + 10.60 p=0010 68.67 + 15.30 51.95 + 10.79 p=0010 N/A N/A N/A N/A N/A N/A 0.010; THL-B: 4329 + 477 PL 68.71 +
1210 PI: 30.76 + 8.26 10.97 p =0.010
p=0010
FLL-B: 8352 +
10.76 PI: 55.08
George et al THL-B: 42.53 + 1048 +1822p=
eorge et ak 35.65 (25.0041.50) 2550 (18.75-30.75) p=0.006 63.17 + 15.76 31.92 + 11.89 p=0.000 N/A N/A N/A N/A N/A N/A PI: 27.08 + 9.90 0.000; HSI-B:
(2022) [22]
p =0.000 45.85 + 4.63
PI: 37.67 + 4.07
p =0.000
P etal THL-B: 126.7 + 128.8
LFD ropers) etak 4184216 3414154 p=0.040 61.5+37.0 469 +20.8 p=0.009 93.3+333 9424249 p=0710 924107 89 +124 p=0.020 PL:95.2 £ 72.9 N/A

(2018) [23] p=0029

HepaScore-B: 0.26 &
0.28 PL: 0.30 = 0.29 p
N/A N/A N/A 68 + 66 56 + 45 p=0.004 N/A N/A N/A 215 +10.0 153 +7.7 p<0.001 =0.090; IHL-B: 121 + N/A
125 PI: 102 + 110
p=0.055

Ristic-Medic et al.
(2020) [21]
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Table 7. Cont.

Dietary Pattern Model

Liver Function Outcomes

Hepatic Enzymes

Hepatic Steatosis

AST ALT ALP cAP Liver Fibrosis Hepatic Grade of Fatty
Inflammation Liver
B PI » B I » B I » B I »
Badali et al.
oy 26754928 25.05 + 870 p=0067 3735+ 1837 31.60 4 1624 p=0019 N/A N/A N/A N/A N/A N/A N/A N/A
LCD Cai etal. (2019) [20] 26754928 25.05 % 8.70 p=0.067 3735+ 1837 3160 1624 p=0019 N/A N/A N/A N/A N/A N/A N/A N/A
Rooholahzadegan N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
etal. (2023) [19]
Cai et al. (2019) [20] N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
LSM-B: 6.33 + 1.01 PI:
1673 5154 1187 N/A,
Kord-Varkaneh et al. ' 15p: N/A;
16/8 2631+ 616 2050 + 4 N/A 3404+ 13.88 21224538 N/A N/A N/A N/A N/A N/A N/A THL-B: 33.00 + 14.99 N/A
(2023) [16]
PI:23.18 = 11.05
p:N/A
ADF Cai etal. (2019) [20] N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Garousi et al.
Lovp e 30.94 +13.20 2243 + 693 p <0.001 16,02 +28.58 2470 + 1582 p <0.001 N/A N/A N/A N/A N/A N/A N/A N/A
Garousi et al.
swLp g 2094+ 1114 25.78 4+ 9.36 p=0013 4226 + 2337 3210 4 1855 p=0.004 N/A N/A N/A N/A N/A N/A N/A N/A
i";’]“?’;g];;;‘?ﬁf’f“ 2410 + 1091 18.40 = 657 p=0.005 2720 + 140 1840 £ 657 p=0.001 N/A N/A N/A N/A N/A N/A N/A N/A
ﬁi‘;"’l‘ etal. (2023) 24.10 + 1091 1840 + 6.57 P =0.005 243+103 18.75 + 891 p=0.001 N/A N/A N/A N/A N/A N/A N/A
Sakkarin
Chirapongsathorn 198+ 6.1 20£45 N/A 2864121 2.1+87 N/A N/A N/A N/A N/A N/A N/A LSM-B:5.01 + 1.2 PI: N/A
43+07p:N/A
etal. (2023) [11]
DASH % B: Grade I
6+ 200;
Grade IT
14+ 467;
Grade TIT
" S o ; %o 1
g“ﬁ;‘ﬁ%dt etal. 074341 3204166 p=0020 364+19.1 280+ 208 p=0010 2062+ 548 179.9 % 5.9 p <0.001 N/A N/A N/A N/A 10 B
20 + 66.7;
Grade II
10+ 333;
Grade 11T
0400
Sakkarin LSM-B: 5.9 + 3.1 PI:
KD Chirapongsathomn 2924116 26448 N/A 44084213 2864121 N/A N/A N/A N/A N/A N/A N/A N/A
52417 p: N/A
etal. (2023) [11]
(n) B: Grade
0-0, Grade I-10,
Grade 11-17,
Asghari et al. _ _ Grade III-3; (n)
CR e 33.66 + 1262 2958 + 1257 p=0160 4358 42638 39.25 4+ 2421 p=0.040 N/A N/A N/A N/A N/A N/A N/A N/A A
Grade I-11,
Grade I1-17,
Grade I1I-2.
Asghari et al.
ND 29.85 % 9.80 34274 21.06 p=0.040 337142036 40,94 + 2881 p=0070 N/A N/A N/A N/A N/A N/A N/A N/A

(2022) [14]
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Table 7. Cont.

Liver Function Outcomes

Hepatic Enzymes
Dietary Pattern Model

Hepatic Steatosis
AST

ALT ALP CAP Liver Fibrosis Hepatic Grade of Fatty

Inflammation Liver
P B PI P B PI r

B PI p B PI

% B: Grade I
84+267;
Grade IT
14 +46.7;
Grade ITT
Razavi Zade et al. 8426.7; % PL:
(016) [15] N/A N/A N/A N/A N/A N/A N/A Grade
19 +63.3;
Grade IT
CN 5+167;
Grade I
6+20.0

N/A N/A N/A N/A N/A N/A

LSM-B: 5.82 + 1.44 PL:
Kord-Varkaneh et al. 546 £ 132 p: N/A;
. 23.68 + 8.20 23.77 £ 9.66 N/A 30.34 £5.13 28.04 £ 8.12 N/A N/A N/A N/A N/A N/A N/A THL-B: 34.77 £ 12.93 N/A
(2023) [16]
PI: 39.22 4 36.95
p:N/A

Data are presented as mean + SD, or median (25th-75th). B and PI are reported as exact values, otherwise marked " and displayed as MD. N/ A states where there was no data available.
AST and ALT expressed in IU/L. IHL expressed in %. CAP expressed in dB/m. ARFI expressed in m/s. LSM expressed in kPa. FLI and HSI Index, and FIB-4 score are presented as exact
values. A p-value > 0.05 is considered NS. AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; IHL, Intrahepatic lipid; CAP, Controlled Attenuation Parameter; LSM, Liver
stiffness measurement; ARFI, Acoustic Radiation Force Impulse elastography; FLI Index, Fatty Liver Index; HSI Index, Hepatic steatosis index; FIB-4, Fibrosis-4 score. MD, Mean
Difference; SD, Standard Deviation; NS, Not significant; N/A, Not Available; B, Baseline; PI, Post-intervention; AHA, American Heart Association guidelines; ND, Normal diet; CN,
Control Normal diet; SWL-D, Standard weight-loss diet; CR, Calorie-restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic diet; DASH, Dietary Approaches to Stop

Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day fasting; TRF, Time-Restricted Feeding 16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet;
LCMD, Low carbohydrate Mediterranean diet; LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.
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Comparisons between interventions with model dietary patterns have revealed limited
evidence on their effects on the Liver Function Outcomes in MASLD. Interventions based on
MED demonstrated inconsistent effects on hepatic enzymes, including AST and ALT levels,
when compared to LFD [21,22]. The comparison between the TMD, LCMD, and LEMD
demonstrated significantly different effects, particularly on the liver enzymes, including
AST, ALT, and GGT [24], as well as on the measures of FLI and FIB-4 [24]. In addition, the
use of the DASH diet was superior in reducing AST measures relative to LCD [19] and
KD [11].

IF approaches, a 16/8 TRF regimen, when compared to CN, led to more significant
improvements in hepatic enzymes, including AST (p = 0.010), ALT (p = 0.013), and GTT
(p = 0.026) [16], as well as in the CAP (p = 0.009) [16] and LSM (p < 0.001) [16] parameters.
CR demonstrated a superior effect on reducing hepatic enzymes, particularly AST and ALT,
when compared to ND [14] (Table 8).

Table 8. Comparisons of changes in liver function outcomes upon intervention with dietary pattern
models of the RCT studies conducted in MASLD patients.

Change in the Liver Function Outcomes Between Interventions with Dietary Model Patterns in MASLD

Compared Liver
Dietary Reference AST ALT GGT THL CAP LSM ARFI FLI HSI Hepascore FIB-4 Pathology
Index Index Score .
Models Staging
Mogna- —
A v Pelaez etal. NS NS NS NS NS NS NS J=, N/A N/A N/A  N/A
(2024) [13] :
George etal. p= p= p= p= p=
2022) [22] 0073 0017 0042 0870 N/A 0.580 e WA e L e e
Properzi et al. = p= p= p= ~
YD (2018) [23] N/A o363 o716 o722 NA g7 N/A N/A - N/A — p=0885  N/A N/A
Ristic-Medic p= _ p= p= p=
?2t0a2lb) o1l 0017 0128 o024 NA O N/A - NA L N/A g1 gas N/A N/AL N/A
TMD vs. Kestane and p= = = p= r=
%%&ADD s Bas (2024) [24] 0.010 0.410 0.010 D D BN D 0.003 DS D 0.020 D
Kord-
TRF16/8 vs. p= = p= p= p<
CN zgaor;“)ﬁ}g]et A o010 0013 006 NA oo 0.001 N/A N/A - N/A N/A N/A N/A
ADFvs.CN  Caietal. N/A  N/A N/A N/A N/A NS N/A N/A N/A N/A N/A N/A
TRF vs. CN (2019) [20] N/A  N/A N/A N/A N/A NS N/A N/A N/A N/A N/A N/A
Rooholah- p= _
zadegan et al. " P N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
DASH vs. (2023) [19] 0.008 0.149
Lep Badalietal
adalietal. p= p= p= p=
(2023) [18] 0.202 0.240 Iy R 0.590 0.120 I Ry DI I Iy RS
Sakkarin Chi-
DASH vs. rapongsathorn p= p= p= p=
KD etal. 0040 0053 N/A N/A 0.053 0970 N/A N/A N/A N/A N/A N/A
(2023) [11]
DASH vs Razavi Zade _ _
o etal. doso oo N/A N/A N/A N/A N/A N/A  N/A N/A N/A  p=0003
(2016) [15] : :
LOV-Dvs. Garousi etal. p= p=
SWL-D 2023)[17] 0.08 0.04 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Asghari et al. = p= .
CRvs. ND 2032) [14] 0020 ool0 N/A N/A N/A N/A N/A N/A N/A N/A N/A p=0.350

Data are presented as p-values and color-coded along with the level of significance in the change of reported PI
values between interventions with model diets. Colors in table refer to significant (green) and not significant (red)
change in the reported PI values. N/ A states where there was no data available (Yellow shadowing in the table).
AST, ALT, and GGT expressed in IU/L. A p-value > 0.05 is considered NS. AST, Aspartate aminotransferase;
ALT, Alanine aminotransferase; GGT, Gamma-glutamyl transpeptidase; IHL, Intrahepatic lipid; CAP, Controlled
Attenuation Parameter; LSM, Liver stiffness measurement; ARFI, Acoustic Radiation Force Impulse elastography;
FLI Index, Fatty Liver Index; HSI Index, Hepatic steatosis index; FIB-4, Fibrosis-4 score. NS, Not significant; N/A,
Not Available; AHA, American Heart Association guidelines; ND, Normal diet; CN, Control Normal diet; SWL-D,
Standard weight-loss diet; CR, Calorie-restricted diet; LCD, Low-calorie diet; LFD, Low-Fat Diet; KD, Ketogenic
diet; DASH, Dietary Approaches to Stop Hypertension diet; LOV-D, Lacto-ovo-vegetarian diet; ADF, Alternate-day
fasting; TRE, Time-Restricted Feeding 16/8; FLiO, Fatty Liver in Obesity diet; MED, Mediterranean diet; LCMD,
Low carbohydrate Mediterranean diet; LFMD, Low-fat Mediterranean diet; TMD, Typical Mediterranean diet.
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4. Discussion

MASLD is a complex condition with many factors implicated in its risk/development,
including nutrition and immune-metabolic health status [10]. Given that existing studies
demonstrated a link between MASLD and unhealthy dietary habits [25], showing that
consumption of ultra-processed foods [25,26], which is also associated with obesity and
T2DM, is a considerable risk factor for developing MASLD [26] and its severity [26]. Con-
sequently, investigating the influence and effectiveness of dietary patterns in improving
hepatic function, along with immuno- metabolism, can be important in the MASLD man-
agement. Based on the identified review of 13 RCTs with dietary models and focusing
on their impact on anthropometric, immune-metabolic and hepatic outcomes in MASLD
patients with co-existing conditions, including obesity, MS, and T2DM, this systematic re-
view demonstrated that interventions with model dietary patterns, especially those lasting
between 2 to 3 months and based on MED and/or using TRE, have promising potential to
significantly change /improve anthropometric, metabolic, and hepatic biomarkers.

MED is a model of dietary pattern originating from the traditional eating habits of
countries located within the Mediterranean Sea area, recognized for its low incidence
and mortality from cardiovascular conditions [27]. The MED diet is characterized by a
high intake of plant-derived foods, mostly vegetables, fruits, whole grains, legumes, nuts,
and seeds, along with olive o0il, and moderate intakes of dairy, fish and red wine; while
reducing added sugars, red meat, and refined carbohydrates [28]. The unique composition
of MED, being rich in nutritional dense foods but relatively low in calories [29], makes
it considered a healthy eating pattern suitable for chronic disease prevention, with im-
plications for MASLD management [30]. There is accumulating evidence showing that a
higher adherence to MED can be associated with a lower risk of developing MASLD among
overweight/obese adults [31] and a lower prevalence of hepatic steatosis in adults [32],
being largely explained by adiposity. In addition, a higher MedDietScore was correlated
with lower insulin resistance among patients with MASLD [33], and lower measures of
BW, BMI, WC [34], and BP [35]. These beneficial effects are consistent with the findings of
this systematic review, indicating that interventions based on MED, as well as its modified
versions, including LCMD, LEMD, and FLiO [13,21,23,24], may be effective in the reduc-
tion of anthropometric outcomes (e.g., BW, BMI, and WC), as well as positively influence
glycemic metabolism and inflammatory status, leading to significant improvements in
fasting glucose, insulin, HOMA-IR, and hs-CRP levels. These anti-obesogenic and anti-
inflammatory properties of MED resultant from its unique composition promoting the
consumption of foods rich in dietary fiber and polyphenols [36], such as fruits, vegetables,
and olive oil, which all together may promote sustainable weight loss and reduce central
adiposity [37,38]. Despite the limited data on liver function outcomes, the results of this
review provided early indication of the promising potential of MED-based interventions,
including LCMD and LEMD, to improve hepatic outcomes by decreasing liver enzymes
(e.g., AST, ALT), as well as certain biomarkers associated with MASLD severity (e.g., FIB-4,
LSM, and IHL). These observations are consistent with both epidemiological and clinical
evidence, as the use of MED-based models have been associated with significant improve-
ments in hepatic function, demonstrated by a reduction in IHL% [36] and decreased liver
stiffness [36]. Interestingly, adherence to a higher MedDietScore was inversely associated
with hepatic enzyme (ALT) and histological characteristics of severe steatosis [31]. Inter-
estingly, enriching the MED diet with polyphenols from nuts and green plants (28 g/day
of walnuts, 3—4 cups per day of green tea, 100 g per day of Mankai strain, and a green
shake) enhanced the anti-inflammatory and antioxidant properties of green-MED, which
were superior in reducing IHF% when compared to TMED [36]. Although these findings
may suggest the potential of MED-based interventions in MASLD management [36], the
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MED protocols require further optimization, as some studies comparing the effectiveness
of MED vs. LFD in MASLD [21,22] failed to demonstrate differences in anthropometric,
lipid, and liver outcomes [22].

The results of this review demonstrated that the use of IF-based approaches, such
as ADF and TREF, including the 16/8 protocol [16,20], might be effective in improving
anthropometric and immune-metabolic outcomes, characterized by a reduction in BW,
BMI, BF, and WC, along with optimization of fasting glucose, triglycerides, LDL-C, and
hs-CRP when compared to CR [16]. Furthermore, 16/8 TRF significantly contributed to
the improvements in liver function, demonstrated a reduction in hepatic enzymes (e.g.,
AST and ALT) [16] along with reduced liver stiffness (e.g., CAP, LSM) [16]. Nevertheless,
in this analysis, the use of TRF, rather than ADF, had more pronounced effects on the
cardiometabolic outcomes in MASLD patients [20]. This finding is consistent with previous
studies showing that 16/8 TRF, by limiting the time-of-eating window, might be effective in
controlling caloric intake among overweight/obese individuals [39] without compromising
the diet quality, as consumption of all food groups was allowed [40]. Furthermore, studies
evaluating IF-based strategies have linked them with certain metabolic effects, including
improvement in insulin resistance and inhibition of hepatic lipogenesis [10], along with
other reported improvements in the glycemic response [41] and blood pressure [42]. These
beneficial effects were attributed to the regulatory role of TRE on the enzymatic activity
involved in glucose metabolism, which contributes to an increase in glucose utilization,
thereby leading to a metabolic switch from glucose to ketones during fasting periods, finally
resulting in decreased fat accumulation in hepatic tissues. In addition, TRE may also affect
the genetic expression of genes involved in both glucose and lipid homeostasis leading to
reduced lipid storage and increased triglyceride utilization, which all together suggests
the potential effectiveness of TRE in managing MASLD [43]. Although these studies may
indicate the usefulness of TRE in MASLD management, there were studies presenting
inconsistent effects of TRE on metabolism, especially when assessing the impact of this
IF-based strategy on immune-metabolic status (e.g., insulin sensitivity, lipid profile, and
inflammatory markers) [44-46], as some of them demonstrated no impact of TRF on fasting
glucose, insulin, and lipid status [47,48]. Consequently, the use of IF-based strategies as
a form of calorie restriction in improving MASLD outcomes requires further attention to
enhance effectiveness while ensuring the safety of their protocols in this patient group.

Finally, the use of other model dietary patterns, such as DASH and LOV-D, demon-
strated potential to significantly reduce anthropometric measures (e.g., BW, BMI, WC),
with additional benefits in decreasing blood pressure and improving immuno-metabolic
parameters, such as fasting glucose, insulin levels, HOMA-IR, triglycerides, and hs-CRP,
especially for those who received DASH [15,19]. Similar effects on reduced fasting glucose,
insulin levels, and triglycerides, with further improvements in the cholesterol profile, were
reported for LOV-D [17]. In this study, both DASH [15,19] and LOV-D [17] were reported to
positively influence liver function by reducing hepatic enzymes (e.g., ALT and AST), along
with IHL% and fibrosis biomarkers (e.g., FIB-4). In previous research, interventions with
DASH, by promoting intake of foods rich in protein, fiber, calcium, magnesium, potassium,
zinc, and folate, while limiting those high in sodium (<2400 mg/day) and saturated fat,
can contribute to the reduction of obesity and hypertension [30] and have been associated
with a lower incidence of T2DM [49] and MASLD risk [50]. In this review, interventions
with DASH have been shown to improve management of BP, BW, insulin homeostasis,
and lipid profiles [30], as both the short/long-term prescription of low-calorie DASH were
reported to be more effective in the reduction of BW, BMI, and WC when compared to
standard weight loss advice given to overweight/obese adults [30], whereas intervention
with DASH can contribute to the reduction of SBP and DBP, especially in those with high
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blood pressure or BMI at baseline [51]. Interestingly, an 8-week-long RCT conducted in
overweight/obese patients diagnosed with MASLD has been shown to lead to significant
beneficial effects on BW, hepatic enzymes, and immune-metabolic outcomes, including
insulin sensitivity, lipid profiles, and inflammatory markers, when compared to LCD [15].

This systematic review has several advantages, including rigorous methodology,
comprehensive scope, and recent data with potential clinical relevance. By employing a
standardized methodology for systematic research, this work employs a structured and
transparent approach to data collection, which enhances the reliability and reproducibility
of findings. In addition, this study collects recent RCTs with a diverse range of interventions
based on model dietary patterns exclusively in patients with MASLD and common comor-
bidities, which may offer evidence-based insights that can guide dietary recommendations
for individuals at risk of liver and metabolic conditions. Nevertheless, the explorative
approach of this review has several limitations, including a relatively low number of in-
cluded RCTs and consequently a small total sample of patients with MASLD with measured
immuno-metabolic and hepatic outcomes. Despite the systematic approach and predeter-
mined inclusion criteria being focused only on adults with MASLD and comorbidities, like
obesity, MS, and T2DM, the significant heterogeneity in sample size, duration, and type
of intervention, as well as individual characteristics, including nationality /geographical
backgrounds and age, may complicate the comparison of the effectiveness of the interven-
tions and the generalizability of the findings to broader populations. Although this review
strived to include high-quality RCTs, these variations in study design, such as the absence
of robust blinding procedures or control groups, along with lack of or duration of follow-up
periods, restrict the ability to assess the long-term efficacy and sustainability of dietary
approaches in MASLD management. While efforts were made to control for baseline
metabolic differences, unmeasured confounders, such as lifestyle habits, medication use,
and genetic predispositions, may additionally influence the results. Another limitation is
the limited data on hepatic outcomes, which were not always available for all reviewed
RCTs, and the improvement in liver function parameters was, in the majority, based on non-
invasive biomarkers, and there is no histological confirmation. These issues may introduce
a risk of bias and limit the ability to determine the effectiveness of dietary intervention
on liver function. In addition, the papers were evaluated by non-English speakers, as the
authors are proficient in the respective language (e.g., Polish or Spanish), which may pose a
risk of selection or interpretation bias, as the evaluation was not cross-checked by multiple
reviewers with proficiency in the same language. Despite this drawback, the authors made
relevant efforts to ensure a rigorous assessment by adhering to standardized criteria.

Given the limitations of the current evidence, further research is essential to confirm
and expand upon the preliminary findings presented in this systematic review. Future large-
scale, long-term RCTs are necessary to evaluate the sustained efficacy and safety of dietary
interventions, particularly MED and IF approaches. These studies should be designed with
rigorous methodologies and standardized dietary protocols to minimize bias and improve
comparability across trials. Additionally, research focused on the mechanisms behind
the beneficial effects of these interventions—such as their impact on hepatic steatosis,
inflammation, insulin resistance, and gut microbiota composition—will provide deeper
insights into the role of nutrition in managing MASLD.

In light of the clinical relevance of the findings presented here, medical practitioners
may consider incorporating MED- and IF-based dietary strategies into the management
of MASLD, especially in patients with comorbid conditions such as obesity, T2DM, and
MS. These approaches have demonstrated significant improvements in BW, BMI, WC, and
key metabolic markers, particularly in interventions lasting more than three months. The
promising effectiveness of these strategies emphasizes the need for personalized dietary
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recommendations tailored to individual patient profiles. This approach, combined with the
implementation of standardized treatment protocols, holds potential for improving clinical
outcomes in MASLD management.

5. Conclusions

The main findings demonstrated the potential effectiveness of MED-based and IF-
based strategies, such as TRE, with the most pronounced effects observed in studies lasting
2-3 months. Several dietary models, including MED, IF, DASH, and LOV-D, demonstrated
substantial reductions in BW, BMI, and WC, whereas others, being predominantly a modi-
fied MED-based and TRF approaches, additionally contributed to significant improvements
in glycemic, lipid, and inflammatory status, as well as hepatic function. However, given
the limited number of studies, with some being inconsistent with reported results, more
investigations are needed to evaluate the effects of long-term adherence and sustainability
of different dietary interventions for MASLD, particularly comparing the MED, DASH, and
IF-based approaches. Additionally, these trials should explore the optimal macronutrient
composition, individual variability in dietary response, and the underlying mechanisms
linking these diets to hepatic and metabolic improvements.
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