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A B S T R A C T

Aims: The Mediterranean diet (MedD) is associated with improved metabolic health and modulation of gut 
microbiota (GM), both relevant to preventing type 2 diabetes (T2D) and cardiovascular disease (CVD). This 
systematic review and meta-analysis evaluated the effects of MedD-based dietary interventions on metabolic 
outcomes and GM composition in individuals at increased risk of T2D and CVD.
Data synthesis: We searched PubMed, Embase, Web of Science, Cochrane CENTRAL, and Scopus up to October 11, 
2024, for randomized controlled trials (RCTs) comparing MedD-based diets to control diets in adults. Studies 
reporting outcomes on glucose metabolism and GM composition were included. Random-effects meta-analyses 
were conducted on metabolic outcomes. GM findings were synthesized descriptively due to heterogeneity in 
sequencing methods and taxonomic reporting. Nine RCTs (n = 1337 participants) met the inclusion criteria. 
Compared with control diets, MedD interventions significantly reduced glycated hemoglobin (HbA1c) (mean 
difference − 0.18, 95 % CI = − 0.35, − 0.01), LDL cholesterol (− 0.10, 95 % CI = − 0.19, − 0.00), and triglycerides 
− 0.20, 95 % CI = − 0.28, − 0.12). No significant effects were observed on fasting glucose, insulin, HOMA-IR, total 
cholesterol, or HDL cholesterol. A qualitative GM analysis showed increased α-diversity and enrichment of 
health-related taxa, including Akkermansia muciniphila and Roseburia spp.
Conclusions: Our findings suggest that MedD interventions improve HbA1c, LDL cholesterol, and triglycerides, 
and promote beneficial GM changes. These may contribute to the metabolic benefits of the MedD. Future 
research should focus on individualized approaches, longer intervention periods, and mechanistic insights using 
multi-omics data to better understand the diet–microbiota–host interaction.
Protocol registration: PROSPERO as CRD42023428016.

1. Introduction

The global prevalence of type 2 diabetes has increased significantly
in recent decades, with the World Health Organization estimating that 
the number of diabetic patients rose from 108 million in 1980 to 422 
million in 2014. By 2019, diabetes directly caused 1.5 million deaths 
and was responsible for approximately 460,000 kidney disease deaths 
and 20 % of cardiovascular deaths [1]. Lifestyle has a significant impact 
on disease burden, with unhealthy eating being a major contributor to 
type 2 diabetes due to enhanced accessibility of high-fat, high-sugar 
foods and ultra-processed products, which are characteristic of the 

Western diet [2]. Emerging evidence suggests that the Western diet 
negatively impacts the gut microbiome (GM), leading to increased 
inflammation and insulin resistance. This disruption is commonly 
associated with alterations in Firmicutes-to-Bacteroidetes ratio, with an 
increase in Firmicutes frequently observed in individuals with obesity 
and type 2 diabetes [3,4]. Perturbations in the eubiosis of the Bacter
oidetes and Firmicutes phyla have been linked to increased intestinal 
permeability, enabling bacterial byproducts to cross a compromised gut 
barrier and trigger inflammatory responses characteristic of diabetes 
[5]. Conversely, several bacteria species have been shown to exert 
protective effects by reducing proinflammatory markers and 
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maintaining intestinal barrier integrity. For instance, Lactobacillus fer
mentum, Lactobacillus plantarum, Lactobacillus casei, Roseburia intestinalis, 
Akkermansia muciniphila, and Bacteroides fragilis can enhance glucose 
metabolism and insulin sensitivity, while also reducing the production 
of proinflammatory cytokines [6,7].

Additionally, GM-derived metabolites, particularly the short-chain 
fatty acids (SCFAs) acetate (C2), propionate (C3), and butyrate (C4), 
exert profound effect on human health. Produced through the fermen
tation of dietary fiber and resistant starch, these SCFAs regulate key 
metabolic pathways implicated in obesity, insulin resistance, and type 2 
diabetes [8,9]. Beyond their metabolic role, they exert 
anti-inflammatory effects, enhance gut barrier function integrity, 
improve insulin sensitivity, and paly a pivotal role in energy homeo
stasis and immune regulation [10].

The Mediterranean diet (MedD), characterized by a high intake of 
vegetables, fruits, whole grains, legumes, nuts, and olive oil, has been 
shown to significantly improve a range of cardiometabolic risk factors 
[11]. In particular, adherence to a MedD has been associated with higher 
levels of SCFAs, healthier GM and a reduced risk of metabolic disorders 
[12], specifically a lower incidence of type 2 diabetes [13–15].

The mechanisms linking adherence to the traditional MedD with 
better health outcomes are not fully understood. However, growing 
evidence suggests its benefits arise from combined effects, including 
cholesterol reduction, antioxidant and anti-inflammatory actions, and 
modulation of gut microbiota. Key contributors include mono
unsaturated fats (from extra-virgin olive oil), omega-3 fatty acids (from 
fish), and dietary fiber (from fruits, vegetables, legumes, and whole 
grains), which collectively improve blood lipids and lower LDL choles
terol [16].

Moreover, the abundance of polyphenols and other bioactive com
pounds in MedD has been shown to reduce oxidative stress and 
inflammation [17,18]. Recent studies emphasize the impact of the MedD 
in promoting a more diverse and resilient GM, which in turn influences 
host metabolic and immune functions. In particular, higher intake of 
dietary fiber and polyphenol-rich foods promotes the growth of bene
ficial microbial species and enhances the production of SCFAs. These 
metabolites help maintain gut barrier integrity and contributes to 
improved metabolic health, as previously mentioned [13,19].

To date, only few intervention studies have investigated the com
bined effect of the MedD on GM and key cardiometabolic risk factors. 
Therefore, this systematic review and meta-analysis aims to assess the 
benefits of MedD consumption on metabolic outcomes and GM 
composition in individuals at elevated risk of type 2 diabetes and car
diovascular disease.

2. Methods

2.1. Search strategy and selection of studies

This systematic review and meta-analysis followed the PRISMA 
guidelines (Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses) [20,21]. We identified relevant articles published up to 
October 11, 2024, surfing the literature in PubMed/MEDLINE, EMBASE, 
ISI Web of Science, Scopus, and the Cochrane Library. Starting from a 
combination of free-text terms and controlled vocabulary related to 
MedD and glucose metabolism, the following search strategy strings 
were used: (Mediterranean diet) AND (diabetes or type 2 diabetes or 
impaired glucose tolerance or metabolic syndrome or fasting glucose or 
glucose metabolism or insulin resistance or insulin sensitivity or gly
cated hemoglobin or HbA1c or obesity or overweight) AND (microbiota 
or microbiome or alfa diversity or beta diversity or abundance or bac
teria or SCFA or Short Chain Fatty Acids)”.

We retrieved and assessed potentially relevant articles and examined 
the reference lists of all selected papers to identify additional relevant 
publications. All randomized intervention-controlled studies were 
included. The present study protocol was submitted to the International 

Prospective Register of Systematic Reviews database (PROSPERO) 
under registration number CRD42023469746.

2.2. Inclusion and exclusion criteria

Studies were considered eligible if they: 1) included original data 
from controlled dietary intervention trials comparing a diet resembling 
the features of the MedD to a control diet for which the same amount of 
energy was provided by foods characteristics of the Western diet; 2) 
included interventions lasting at least 2 weeks; 3) provided mean values 
after the intervention and control diets for at least one of the parameters 
of interest (i.e., fasting blood glucose, HbA1c, fasting insulin, systolic or 
diastolic blood pressure, total cholesterol, LDL cholesterol, HDL 
cholesterol, triacylglycerols) along with measures of dispersion or suf
ficient data to derive them; 4) assessed GM composition; 5) were con
ducted in humans; 6) were published in English; and 7) included adults 
aged over 18 years. Studies conducted in children and adolescents (<18 
years), reviews, conference letters, notes, reports, short surveys, un
published studies, and case reports were excluded. The population, 
intervention, comparison group, and outcome are shown in Table 1.

2.3. Study selection

Studies were selected by screening titles and abstracts, followed by 
individual assessment of all potentially relevant full-length articles by 
four authors (F.L., C.Q., M.V. and M.D.R.). Disagreements regarding the 
inclusion or exclusion of selected articles were resolved by consensus, 
discussion or involvement of two other researchers (A.F. and C.S.). 
Cohen’s Kappa coefficient [22] was adopted to assess the agreement 
level of the reviewers with the result K = 0.7894 (substantial agree
ment). Studies were excluded if they did not meet the above criteria. 
When more than one study was published on the same cohort, only the 
most recent publication was included in the analysis. For studies with 
missing data, authors were contacted for data collection when possible.

2.4. Data collection and quality assessment

The following information was extracted: name of first author, year 
of publication, country, baseline characteristics of the study population 
(sex, age, BMI or body weight, and health status), number of subjects 
included, study design (crossover or parallel), intervention and control 
diets, duration of intervention, and body weights after the intervention 
and control diets. In addition, for each parameter of interest, we 
extracted the means after the intervention and control diets with cor
responding standard errors (SEs), standard deviations (SDs), or 95 % 
confidence intervals (CIs), when available. If this information was un
available, the corresponding authors were contacted for clarification.

Two authors separately assigned the quality scores to each study 
based on the risk of bias using the Cochrane Collaboration tool [23,24] 
for randomized trials, which assesses five domains: randomization 
process, deviations from intended interventions, missing outcome data, 
outcome measurement, and selection of the reported outcome. The risk 
of bias was assessed in each domain. Studies were classified as: 1) “low 
risk” when a low risk of bias was determined for all domains; 2) “some 
concerns”, when one or more domains raised concerns but none were 
considered high risk; or 3) “high risk” when a high risk of bias was found 
for ≥1 domain or when multiple domains were judged to raise “some 
concerns”.

2.5. Statistical analysis

Data was extracted from the included RCTs, and quantitative syn
thesis (meta-analysis) was performed if the studies were sufficiently 
homogeneous in terms of population, intervention, comparator, and 
outcome. Mean differences (MDs) and corresponding 95 % CIs were 
calculated for all continuous variables. Because of the large 
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Table 1 
Main characteristics of the studies included in the review and meta-analysis.

First 
author, 
year (ref)

Country Study 
design

No. and sex of subjects Age, y Health status BMI, 
kg/m2

Intervention diet Control diet Study 
duration

García- 
Gavilán 
JF, 
2024

Spain Parallel- 
design RCT

400 males and females’ 
participants (Control Group, n 
200; Intervention Group, n 200)

55–75 
years

Obese and 
overweight

32.8 ±
3.6 kg/ 
m2

Er-MedD: energy reduction of 30 % of 
individual estimated energy requirements

Recommendations to improve their adherence to 
the MedD

1 year

Chooi YC, 
2024

China Double- 
blinded, 
parallel- 
design RCT

88 females’ participants (Control 
Group, n 29; Intervention Group 
with C15:0 supplementation, n 
31)

21–45 
years

NAFLD 23–35 
kg/m2

Calorie-restricted diet with C15:0 
supplementation

Standard hypocaloric control diet 12 weeks

Choo JM, 
2023

Australia RCT, cross- 
over design

34 males and females’ 
participants (MedDairy, n 18 or 
LFD diet, n 16)

45–75 
years

Metabolic 
syndrome

>25 kg/ 
m2

Fresh fruits, vegetables, legumes, fish, seafood, 
nuts, seeds, whole grain cereal products, 
selected white meats (poultry without skin), 
limited or non-consumption of red meat, 
processed meats, cream, butter, sugared 
beverages or bakery items, and the use of extra 
virgin olive oil (EVOO) for cooking or salad 
dressing. The recommended dairy 
consumption was 3–4 daily servings of dairy 
food based on the following: one serve = 250 
mL low-fat milk, 40–120 g hard and/or 
semisoft to soft cheese, 200 g low-fat Greek 
yoghurt, or 200 g tzatziki.

Their habitual diet but reduce their total fat 
intake; participants were instructed to consume 
low-fat food (breads, cereals, lean meat, legumes, 
rice, vegetables, and fruits) and choose low-fat 
variations of food products (such as low-fat 
dairy) as a replacement to restrict or avoid high- 
fat foods, including cream, full fat dairy, 
processed meats, high fat meats, nuts, ice cream, 
and sugared bakery items, no more than 20 mL of 
any oil type.

8 weeks

Ben- 
Yacov 
O, 2023

Israel Parallel- 
design RCT

200 males and females’ 
participants (personalized 
postprandial glucose-targeting 
diet (PPT) n 113 or 
Mediterranean diet (MED) n 112

18–65 
years

Metabolic 
syndrome

​ 45–65 % of energy intake from carbohydrates, 
15–20 % from protein and <35 % from fat, 
with <10 % from saturated fat. Including 
whole-wheat bread and grains, legumes, low- 
fat dairy products, fish, poultry, olive oil, fruits 
and vegetables. Discouraged foods included 
commercial bakery goods, sweets and pastries, 
fried foods and snacks, fatty and processed 
meat, and high-fat dairy products.

Recommendations in the PPT diet were tailored 
to participants based on their personal predicted 
glucose responses.

6 months

Rinott E, 
2022

Israel Parallel- 
design RCT

294 males and females’ 
participants (Med Diet n 96 vs 
Healthy Diet n 97)

>30 
years

Metabolic 
syndrome

​ Calorie-restricted Mediterranean diet rich in 
vegetables, with poultry and fish replacing beef 
and lamb intake. The diet also included 
28g/day of walnuts.

Standard nutritional counseling based on the 
Harvard T. H. Chan School of Public Health’s 
“The 
Nutrition Source,”.

6 months

Galié S, 
2021

Spain RCT, cross- 
over design

44 males and females’ 
participants (Med diet n 23 vs 
Control diet n 21)

25–60 
years

Overweight/ 
obesity and 
metabolic 
syndrome

25–35 
kg/m2

Daily consumption of at least 2 servings of 
vegetables and 3 fruits, and weekly 
consumption of 3 servings of legumes, 5 
servings of whole-grain cereals and pasta, 3 
servings of fish and seafood and the use of extra 
virgin olive oil as the main culinary fat. A 
decreased consumption of red meat and 
processed foods to less than 1 serving/week, 
and reduced use of butter and margarine, white 
bread and sweetened beverages was 
recommended.

Did not provide any other dietary advice rather 
than the consumption of 50 g/day of mixed nuts.

2 months

Vitale M, 
2021

Italy Parallel- 
design RCT

29 males and females’ 
participants (Med diet n 16 vs 
Control diet n 13)

20–60 
years

Overweight/ 
obese

25–35 
kg/m2

Fruit and vegetables (at least 5 portions, ~500 
g/day) and nuts (30 g/day), refined cereal 
products replaced with wholegrain products 
(at least 2 portions, ~200 g/day between 
wholegrain pasta, bread and breakfast cereal), 
meat and derived meat products with legumes 
and fish (at least 2 portions, ~300 g/week of 

Habitual diet unvaried during the intervention 
and did not consume extra virgin olive oil.

8 weeks

(continued on next page)
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heterogeneity in the fixed-effects models, random-effects meta-analyses based 
on the I2 cut-off were performed for all comparisons. The inverse variance 
method was used to determine the weights of the studies. Heterogeneity 
between studies was estimated using the Cochran Q test (P < 0.05, indicating 
statistically significant heterogeneity) and the I2 statistic. It was suggested that 
I2 statistics of 0–25 %, 25–50 %, 50–75 %, and 75–100 % indicate modest, 
modest-to-moderate, moderate-to- strong, and strong heterogeneity, 
respectively [25]. Additional sensi-tivity analyses were planned and performed 
in advance by systemati-cally omitting 1 study at a time and recalculating 
the summary association to test the robustness of the results and the impact of 
indi-vidual studies on heterogeneity.

For each parameter, we provided forest plots, in which a square was plotted 
for each study, with its projection on the underlying scale cor-responding to the 
study-specific mean difference. The area of the square is proportional to the 
inverse of the variance of the mean difference, giving a measure of the 
amount of statistical information available. A diamond was used to plot the 
summary weighted mean difference and the corresponding 95 % CI. 
Publication bias was evaluated by visually inspecting funnel plots and 
quantified by the Egger’s regression sym-metry test, with significant bias 
detected at P < 0.10 [26]. Due to het-erogeneity in outcomes related to GM, 
stemming from differences in diversity indices, and functional endpoints, 
a meta-analysis of GM-related results was not feasible.

All statistical analyses were performed using RevMan 5.4 (Review 
Manager RevMan-Computer program; version 5.4; The Cochrane 
Collaboration, 2020) and R 4.1.0 (The R Project for Statistical 
Computing; version 4.1.0, 2021), and all tests were 2-sided with a sig-nificance 
level of 0.05 unless otherwise stated.

3. Results

We identified 401 articles from the original literature search in PubMed, 
EMBASE, ISI Web of Science, Scopus, and the Cochrane Li-brary. After 
excluding duplicate records, we screened 329 citations. During the initial 
screening of titles and abstracts, 267 records were excluded because they 
were based on animal studies, non-RCTs, re-views, comments, editorials 
or had unmatched populations, in-terventions, comparators, or outcomes. 
Subsequently, 62 articles were considered of interest based on their title and 
abstract, and their full texts were retrieved for detailed evaluation. Two 
additional studies were identified from the reference list of the retrieved papers. 
After a closer evaluation, 55 studies were additionally excluded for different 
reasons (i.e., unmatched populations, interventions, comparators, or 
outcomes), thus leaving 9 studies for this review and meta-analysis (Fig. 1).

3.1. Study characteristics

The studies included in the present work were published between 2017 
and 2024. Among these, 2 each were conducted in Spain [27–29], Italy [30,31], 
and Israel [32–34], and 1 each in China [35], Australia [36], and Adelaide [17]. 
The total number of participants across the RCTs was 1337 and the sample 
size ranged from 29 to 400. One study exclusively recruited woman [35]. The 
participants’ mean age ranged from 18 to 75 years. The BMI ranged from 23 to 
35 kg/m2. Among the 9 selected studies, 4 were conducted in overweight/
obese participants [27–31], 3 in subjects with metabolic syndrome [32–34,36], 
1 each in healthy individuals [17], and in individuals with NAFLD [35]. The study 
duration ranged from 8 weeks to 1 year. Of the studies included, two were 
crossover RCTs [27,28,36], while the others followed a parallel-arm 
design. All the studies implemented dietary recommenda-tions aligned with 
the principles of the MedD. Three studies used a calorie-restricted MedD 
aimed at promoting weight loss [29,34,35]. The comparison groups varied 
across the RCTs and included a low-calorie diet, a nutritional balanced diet 
based on standard guidelines, or par-ticipants’ usual dietary patterns. A 
summary of the key study 
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characteristics is presented in Table 1.

3.2. Overall effects of Mediterranean diet on glucose metabolism

Using the data pooled from the RCTs, we analyzed the effects of the MedD on 
blood glucose, HbA1c, insulin, and HOMA-IR (Figs. 2–5).

A total of 7 studies explored the effect of the MedD on glucose levels [17,27–
30,32,33,35,36], showing a not significant reduction compared to the control group 
(MD = −  0.20, 95 % CI = −  0.45, 0.05) with strong heterogeneity (I2 = 75 %, P = 
0.0006) (Fig. 2). By systematically omitting 1 study at a time, heterogeneity was 
generated by 1 study [29]. 

Excluding this study did not alter the non-significant association and eliminated 
the heterogeneity. The mean study duration for pooled studies was 20 weeks 
(range 8 weeks to 1 year).

A total of 4 studies investigated the effect of the MedD on HbA1c [29, 
32,33,35,36], showing a significant reduction compared with the con-trol group (MD 
= −  0.18, 95 % CI = −  0.35, −  0.01) with strong het-erogeneity (I2 = 88 %, P < 
0.0001) (Fig. 3). By systematically omitting 1 study at a time, heterogeneity was 
generated by 2 studies [32,33,36]. Excluding these reports, the association 
remained statistically signifi-cant without significant heterogeneity. The mean 
follow-up time for pooled studies was 24 weeks (range 8 weeks to 1 year).

Fig. 1. PRISMA flowchart indicating the results of the search strategy. 
From: M. J. Page, J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C. Hoffmann, C. D. Mulrow et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews, BMJ 2021; 372:n71. https://doi.org/10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/
This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/.

Fig. 2. Effects of the Mediterranean diet on blood glucose.
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A total of 7 studies analyzed the effect of the MedD on insulin levels 
[17,27–30,32,33,35,36], revealing a not significant reduction compared 
with the control group (MD = − 0.04, 95 % CI = − 1.15, 1.07) without 
significant heterogeneity (I2 = 42 %, P = 0.11) (Fig. 4). The mean 
follow-up time for pooled studies was 20 weeks (range 8 weeks to 1 
year).

A total of 5 studies explored the effect of the MedD on HOMA-IR 
[27–29,32,33,35,36], showing a not significant reduction compared 
with the control group (MD = − 0.32, 95 % CI = − 0.67, 0.03) without 
significant heterogeneity (I2 = 42 %, P = 0.14) (Fig. 5). The mean 
follow-up time for pooled studies was 21 weeks (range 8 weeks to 1 
year).

Fig. 3. Effects of the Mediterranean diet on HbA1c.

Fig. 4. Effects of the Mediterranean diet on insulin.

Fig. 5. Effects of the Mediterranean diet on HOMA-IR.
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3.3. Overall effects of Mediterranean diet on lipid metabolism

Using data pooled from the RCTs, we analyzed the effects of the 
MedD on total cholesterol, LDL and HDL-cholesterol, and triglycerides 
(Figs. 6–9).

Five studies assessed the effect of the MedD on total cholesterol [17,
27–31], revealing a not significant reduction in the MedD group 
compared to the control group (MD = − 0.12, 95 % CI = − 0.25, 0.01), 
without significant heterogeneity (I2 = 15 %, P = 0.32) (Fig. 6). The 
mean follow-up time for pooled studies was 20 weeks (range 8 weeks to 
1 year).

Similarly, 5 studies evaluated the effect of the MedD on LDL- 
cholesterol [17,27–31], demonstrating a significant reduction in the 
MedD group compared to the control group (MD = − 0.10, 95 % CI =
− 0.19, − 0.00) without significant heterogeneity (I2 = 4 %, P = 0.39) 
(Fig. 7). The mean follow-up time for pooled studies was 20 weeks (range 8 
weeks to 1 year).

The effect of HDL-cholesterol was examined in 5 studies [17,27–31], revealing a 
not significant increase in the MedD group compared to the control group (MD = 
0.01, 95 % CI = −  0.02, 0.05) without significant heterogeneity (I2 = 0 %, P = 0.44) 
(Fig. 8). The mean follow-up time for pooled studies was 20 weeks (range 8 weeks 
to 1 year).

Lastly, 5 studies assessed the impact of triglycerides [17,27–31], revealing a 
significant reduction in the MedD group compared to the control group (MD = −  
0.20, 95 % CI = −  0.28, −  0.12) without signifi-cant heterogeneity (I2 = 0 %, P = 
0.70) (Fig. 9). The mean follow-up time for pooled studies was 20 weeks (range 8 
weeks to 1 year).

3.4. Overall effects of Mediterranean diet on GM

This section provides a descriptive analysis of the impact of 
Mediterranean-based dietary patterns on GM diversity, as the hetero-geneity in 
GM-related outcomes across studies precluded a quantitative meta-analysis. García 
et al. [29] reported beneficial changes in GM composition alongside 
cardiometabolic health. Specifically, after one year, the intervention group (IG) 
showed a reduction in the abundance of the Eubacterium hallii group (−  0.02 ± 1.1) 
and genus Dorea (−  0.2 ± 1.2) compared to the control group (CG) indicating a 
shift towards a healthier GM profile. Additionally, the authors reported an increase in 
alpha diversity indices, Chao1 (mean and SD: 5.5 ± 17.5) and Shannon (0.1 ± 0.5), 
after one year of follow-up among the participants in the IG compared with those in 
the CG (β = 6.376, p = 0.0005; β = 0.131, p = 0.013, respectively).

Similarly, Chooi et al. [35] found a significant increase induced by a 
MedD-like adapted for Asians (C15:0 supplementation) in Bifidobacte
rium adolescentis (β = 0.22 and β = 0.35 against Control and Diet without 

C15, respectively) whereas the abundance of Bacteroides dorei (β = 0.16) and 
Bacteroides stercoris (β = 0.19) was reduced.

Shoer et al. [37] showed that both interventions significantly influ-enced GM 
composition, metabolic profiles, and immune responses. Specifically, they 
reported an increase in Bacteroides uniformis, Roseburia inulinivorans, and 
Faecalibacterium prausnitzii, while observing a reduc-tion in Escherichia coli and 
Ruminococcus torques.

Galiè et al. [27,28] identified two distinct microbial clusters linked to specific 
metabolites influenced by the MedD. The first blender, including Lachnospiraceae 
(uncultured genus), Ruminococcaceae UCG002, Lach-noclostridium, and 
various Prevotellaceae genera, was positively corre-lated with beneficial lipid 
metabolites such as triglycerides (TGs 56:6, 56:5) and cholesterol esters (ChoE 
20:5), and negatively correlated with taurine. In contrast, the second cluster, 
consisting of Christensenellaceae family, Oxalobacter, Clostridiales family XII, 
Ruminococcaceae UCG009, and Terrisporobacter, showed the opposite pattern of 
associations.

Vitale et al. [30] reported that a MedD intervention led to increased alpha 
diversity compared to a control diet. The study also documented a decrease in the 
relative abundance of potentially harmful bacteria, including Ruminococcus 
torques, Coprococcus comes, Streptococcus gallo-lyticus, and Flavonifractor 
plautii, while promoting the growth of bene-ficial microbes like Intestinimonas 
butyriciproducens and Akkermansia muciniphila. Additionally, butyric acid 
levels increased, correlating positively with Bacteroides xylanisolvens and 
Roseburia hominis.

Meslier et al. [31] further supported the findings from Vitale et al. [30], 
demonstrating that adherence to the MedD enhanced microbial diversity and 
genetic richness. After 4 weeks, genetic richness increased by 8 % compared to 
baseline (p < 0.05) and by 10 % after eight weeks (p < 0.01). Additionally, the 
richness of Metagenomic Species Pangenomes (MSP) was measured at 230.9 ± 
53.1. The authors observed an increase in anti-inflammatory species, including 
Faecalibacterium prausnitzii, Roseburia, and members of the Lachnospiraceae 
family alongside a reduction in pro-inflammatory bacteria like Ruminococcus 
gnavus. Additionally, microbial genes associated with carbohydrate degradation 
and butyrate metabolism were upregulated, emphasizing the MedD’s influence 
on microbiota functionality beyond mere compositional changes. In contrast, 
Choo et al. [36] investigated the effects of a MedD supplemented with dairy foods 
(MedDairy) and found no substantial alterations in overall GM composition 
(PERMANOVA p = 0.573). However, specific bacterial taxa did exhibit notable 
shifts. Specifically, after eight weeks of intervention, the relative abundance of 
Butyr-icicoccus, Lachnospiraceae NK4A136, and Streptococcus increased, while 
Collinsella, Veillonella, two taxa from the Oscillospiraceae family (Oscil-lospirales 
uncultured, UCG-002), and Ruminococcaceae UBA 1B19 decreased. 
Notably, a higher relative abundance of Butyricicoccus was significantly associated 
with greater adherence to a MedD and with 

Fig. 6. Effects of the Mediterranean diet on total cholesterol.
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lower systolic blood pressure (SBP), a clinical marker shown to be 
reduced following the MedDairy diet.

The DIRECT-PLUS study by Rinott et al. [34] explored different 
variations of MedD interventions, comparing the traditional MedD with 
the Green-MedD. Both diets significantly altered GM composition, with 
the Green-MedD, characterized by increased plant-based food intake 

and reduced meat consumption, induced more pronounced changes. 
Specifically, the authors noted an increase in Prevotella and a reduction 
in Bifidobacterium, supporting the notion that distinct dietary modifi
cations within a Mediterranean framework can drive unique GM adap
tations. Fig. 10 summarizes the key findings regarding GM changes 
across different MedD intervention studies.

Fig. 7. Effects of the Mediterranean diet on LDL-cholesterol.

Fig. 8. Effects of the Mediterranean diet on HDL-cholesterol.

Fig. 9. Effects of the Mediterranean diet on triglycerides.
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4. Discussion

Earlier research confirmed by recent studies has provided strong 
evidence for the benefits of the MedD on cardiovascular health, 
including reduction in the incidence of cardiovascular outcomes as well as 
risk factors including obesity, hypertension, metabolic syndrome and 
dyslipidemia [16,38,39]. Adherence to the MedD is also linked to lower 
rates of type 2 diabetes and better glycemic control in diabetic patients 
compared to control dies [40,41]. However, the mechanisms underly-ing 
these benefits remain partially understood. It is still unclear whether the 
beneficial health effects associated with the MedD are driven by the diet 
itself or through accompanying changes in GM composition. Simi-larly, it is 
not completely clear whether better glycemic control by the MedD extends 
to both diabetic and non-diabetic populations.

To the best of our knowledge, this systematic review and meta- analysis is 
the first to evaluate the effects of a diet resembling the 

features of the MedD-like pattern on glucose and lipid metabolism in 
adults with overweight/obesity or metabolic syndrome, considering the 
potential mediation of GM composition. Our findings indicate that in 
individuals at high risk of developing type 2 diabetes and cardiovascular 
diseases, adherence to a MedD-style, in intervention trials, leads to re-
ductions in HbA1c (−  18 %), LDL-cholesterol (−  10 %), and triglycerides (−  
20 %) compared to a control diets. However, the estimate for LDL 
cholesterol was influenced by heterogeneity. Although negative trends of 
MedD on glucose, insulin, HOMA-IR, total cholesterol, and HDL- 
cholesterol cannot be ruled out, the evidence remains inconclusive, as 
these changes did not achieve statistical significance. Furthermore, the 
presence of publication bias further weakens the reliability of these es-
timates, underscoring the importance of unpublished negative results, 
which may undermine the scientific consensus and contribute to po-
tential unsubstantiated conclusions [42].

The studies reviewed consistently emphasize the positive role of 

Fig. 10. Key findings regarding gut microbiota changes across different Mediterranean diet interventions.
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further research on microbiota-mediated effects, individual response, longer 
intervention and mechanistic insights via multi-omics ap-proaches to 
better understand the diet–microbiota–host interaction. The MedD remains a 
sustainable and adaptable dietary framework deserving continued promotion in 
clinical and public health settings.
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[28] Galié S, García-Gavilán J, Camacho-Barcía L, Atzeni A, Muralidharan J, 
Papandreou C, et al. Effects of the mediterranean diet or nut consumption on gut 
microbiota composition and fecal metabolites and their relationship with 
cardiometabolic risk factors. Mol Nutr Food Res 2021;65. https://doi.org/ 
10.1002/mnfr.202000982.

[29] García-Gavilán JF, Atzeni A, Babio N, Liang L, Belzer C, Vioque J, et al. Effect of 1- 
year lifestyle intervention with energy-reduced mediterranean diet and physical 
activity promotion on the gut metabolome and microbiota: a randomized clinical 
trial. Am J Clin Nutr 2024;119. https://doi.org/10.1016/j.ajcnut.2024.02.021.

[30] Vitale M, Giacco R, Laiola M, Della Pepa G, Luongo D, Mangione A, et al. Acute and 
chronic improvement in postprandial glucose metabolism by a diet resembling the 
traditional mediterranean dietary pattern: can SCFAs play a role? Clin Nutr 2021; 
40. https://doi.org/10.1016/j.clnu.2020.05.025.

[31] Meslier V, Laiola M, Roager HM, De Filippis F, Roume H, Quinquis B, et al. 
Mediterranean diet intervention in overweight and Obese subjects lowers plasma 
cholesterol and causes changes in the gut microbiome and metabolome 
independently of energy intake. Gut 2020;69. https://doi.org/10.1136/gutjnl- 
2019-320438.

[32] Ben-Yacov O, Godneva A, Rein M, Shilo S, Lotan-Pompan M, Weinberger A, et al. 
Gut microbiome modulates the effects of a personalised postprandial-targeting 
(PPT) diet on cardiometabolic markers: a diet intervention in pre-diabetes. Gut 
2023;72. https://doi.org/10.1136/gutjnl-2022-329201.

[33] Ben-Yacov O, Godneva A, Rein M, Shilo S, Kolobkov D, Koren N, et al. Personalized 
postprandial glucose response–targeting diet versus mediterranean diet for 
glycemic control in prediabetes. Diabetes Care 2021;44. https://doi.org/10.2337/ 
DC21-0162.

[34] Rinott E, Meir AY, Tsaban G, Zelicha H, Kaplan A, Knights D, et al. The effects of 
the green-mediterranean diet on cardiometabolic health are linked to gut 
microbiome modifications: a randomized controlled trial. Genome Med 2022;14. 
https://doi.org/10.1186/s13073-022-01015-z.

[35] Chooi YC, Zhang QA, Magkos F, Ng M, Michael N, Wu X, et al. Effect of an Asian- 
adapted mediterranean diet and pentadecanoic acid on fatty liver disease: the 
TANGO randomized controlled trial. Am J Clin Nutr 2024;119. https://doi.org/ 
10.1016/j.ajcnut.2023.11.013.

[36] Choo JM, Murphy KJ, Wade AT, Wang Y, Bracci EL, Davis CR, et al. Interactions 
between mediterranean diet supplemented with dairy foods and the gut microbiota 
influence cardiovascular health in an Australian population. Nutrients 2023;15. 
https://doi.org/10.3390/nu15163645.

[37] Shoer S, Shilo S, Godneva A, Ben-Yacov O, Rein M, Wolf BC, et al. Impact of dietary 
interventions on pre-diabetic oral and gut microbiome, metabolites and cytokines. 
Nat Commun 2023;14. https://doi.org/10.1038/s41467-023-41042-x.
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