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Article History: Background: Autoimmune diseases (ADs) are chronic inflammatory disorders with increasing global preva-
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conditions.
Keywords: Methods: This review was conducted in accordance with Preferred Reporting Items for Systematic Reviews
Mediterranean diet and Meta-Analyses 2020 and Meta-analysis of Observational Studies in Epidemiology guidelines. A compre-
Autoimmune diseases hensive search of PubMed/MEDLINE, Scopus, Embase, and Cochrane Library was performed up to February
Inflammation 28, 2024. Study quality was assessed using the Newcastle—Ottawa Scale or Risk of Bias tool, based on study
Quality of life design. The certainty of evidence was evaluated with the NUTRIGRADE approach. Eligible studies included
Systematic review studies evaluating MD adherence in individuals with ADs. Data were synthesized narratively and
Meta-analysis quantitatively.

NUTRIGRADE Results: Fifteen studies (5 randomized controlled trials, 6 cross-sectional, 3 pre-post trials, and 1 cohort)

involving patients with rheumatoid arthritis, Crohn’s disease, ulcerative rectocolitis, multiple sclerosis, and
celiac disease were included. Higher MD adherence was associated with improved quality of life in patients
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with multiple sclerosis and celiac disease (moderate certainty), and to a lesser extent in rheumatoid arthritis
(low certainty). Reductions in C-reactive protein were observed in some studies, but findings were inconsistent
and of low certainty. One cohort study reported reduced mortality in patients with Crohn’s disease and inflam-
matory bowel disease. Limited evidence suggested favorable effects on gut microbiota and body composition.
Conclusions: Adherence to the MD may provide benefits in quality of life and inflammation-related outcomes
among patients with ADs. However, the overall certainty of evidence remains limited.

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

Introduction

Autoimmune diseases (ADs) are a heterogeneous group of
chronic inflammatory disorders in which the immune system
attacks self-antigens, leading to tissue damage and functional
impairment. Over 80 distinct autoimmune conditions have been
identified, including rheumatoid arthritis (RA), inflammatory
bowel diseases (IBD) such as Crohn’s disease (ChD) and ulcerative
rectocolitis (UR), multiple sclerosis (MS), and celiac disease (CD).
The global prevalence of ADs is increasing, with recent estimates
indicating that they affect up to 10% of the population, with a
higher burden among women [1]. In Europe alone, ADs account for
significant disability and health care expenditures, particularly in
aging populations. RA affects approximately 0.5% to 1% of adults,
MS has a prevalence of around 100 to 200 cases per 100 000 peo-
ple, and IBD affects more than 2.5 million individuals across Europe
[1]. This growing burden emphasizes the urgent need for effective
prevention and disease-modifying strategies.

Although pharmacological therapies are essential for disease
control, they often entail high costs, side effects, and limited long-
term efficacy. Consequently, there is increasing interest in comple-
mentary approaches, particularly dietary interventions, that may
contribute to disease prevention, symptom relief, and improved
quality of life (QoL). Among these, the Mediterranean diet (MD)
has gained substantial scientific attention due to its established
role in promoting overall health and its potential anti-inflamma-
tory and immunomodulatory properties [2,3].

Although the MD has no single universal definition, it repre-
sents the traditional dietary pattern historically observed in
olive-growing regions bordering the Mediterranean Sea, particu-
larly in Greece, southern Italy, and Spain during the mid-20th
century [4]. Its principles were first scientifically described by
Ancel Keys following the Seven Countries Study and have since
been consistently associated with longevity and reduced inci-
dence of chronic diseases [5]. The MD is characterized by a pre-
dominance of plant-based foods, moderate consumption of
animal products, and the use of extra virgin olive oil (EVOO) as
the main culinary fat, as also evidenced in the PREDIMED
study [6]. Core components include: high consumption of fruits,
vegetables, legumes, nuts, whole grains, and olive oil; moderate
intake of fish and dairy; and low intake of red meat and
processed foods [7,8]. From a nutritional perspective, the MD
provides approximately 50% to 55% of total energy from carbohy-
drates, 30% to 35% from fats (mostly monounsaturated fatty acids,
primarily oleic acid from EVOO, and omega-3 fatty acids from fish
and nuts), and 15% to 20% from proteins, mainly of plant origin.
The diet is also rich in fiber (25—-35 g/d), polyphenols, carote-
noids, vitamins C and E, and minerals such as magnesium and
potassium, which collectively contribute to its anti-inflammatory
and antioxidant potential [9]. The combination of these foods
and nutrients supports metabolic and immune homeostasis
through multiple mechanisms—reducing oxidative stress,
improving lipid profile, modulating gut microbiota composition,
and downregulating inflammatory cytokines [10].

Beyond its nutritional composition, the MD is increasingly rec-
ognized as a comprehensive lifestyle model rather than merely a
dietary pattern [4]. As highlighted by UNESCO (2010), it embodies
a set of cultural, social, and environmental values that promote
health and sustainability [11]. Central to this model are conviviality
and shared meals, which foster social cohesion and mental well-
being; seasonality and local food sourcing, which ensure freshness
and reduce environmental impact; biodiversity and culinary heri-
tage, which preserve traditional crops and cooking methods; culi-
nary skills, which encourage mindful food preparation and reduce
reliance on ultra-processed products; and regular physical activity,
often integrated into daily life [12]. Furthermore, the MD empha-
sizes low food waste and sustainable consumption, aligning with
the principles of the One Health and Planetary Health frameworks
[13]. These lifestyle dimensions are integral to the MD’s capacity to
promote not only individual health but also environmental and
social well-being.

It has been widely associated with reduced risks of cardiovascu-
lar disease, certain cancers, type 2 diabetes, and neurodegenerative
conditions [14—20]. Mechanistically, the MD may benefit individu-
als with ADs by reducing systemic inflammation, modulating gut
microbiota composition, enhancing antioxidant defenses, and
improving metabolic function [21-23]. Some studies have
reported improvements in inflammatory biomarkers, body compo-
sition, and QoL, while others do not, reflecting heterogeneity in
study populations, dietary assessment methods, and outcome
measures.

This systematic review aims to synthesize the current evidence
on the association between adherence to the MD and key clinical
outcomes—including inflammatory profile, body composition,
microbiota composition, overall mortality, and QoL—in individuals
with ADs.

Materials and methods

This systematic review and meta-analysis were conducted in accordance with
the methodological framework outlined by the Cochrane Collaboration [24] and
reported following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 and the Meta-analysis of Observational Studies in Epidemiol-
ogy guidelines [25]. The study protocol was defined a priori and agreed upon by
all members of the research team. It was subsequently published in the website of
the Italian National System of Guidelines (Sistema Nazionale Linee Guida) [26].

Literature search strategy

A comprehensive literature search was performed concurrently in Cochrane
Library, PubMed/Medline, Scopus, and Embase on February 28, 2024, without any
temporal filtering. The search was guided by the question: “Is greater adherence
to the MD associated with a reduced risk of adverse outcome in patients with
autoimmune diseases?” The strategy incorporated two conceptual domains: MD
adherence (exposure) and ADs (outcome). Both Medical Subject Headings (MeSH)
and free-text terms were utilized and combined using Boolean operators (AND/
OR). The initial query was developed for PubMed/MEDLINE and then adapted for
the other databases. The complete search strategies are provided in Supplemen-
tary Table 1. Two independent reviewers conducted the search in a blinded fash-
ion, retrieving the same number of records. To identify additional relevant studies,
reference lists of included articles were manually screened, and domain experts
were consulted.
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Eligibility criteria

Studies were selected based on the PECOS framework (Population, Exposure,
Comparison, Outcome, Study design). Studies were considered eligible for inclu-
sion if they investigated whether adherence to the MD is associated with a reduc-
tion in adverse outcome in patients with ADs. The population of interest
encompassed individuals of all age groups with any ADs. The exposure was
defined as adherence to the MD, assessed using any method or dietary index,
whether validated or not. In interventional studies, the comparator was repre-
sented by any other type of dietary pattern, whereas in observational studies,
comparisons were made between individuals with high versus low adherence to
the MD. The outcomes of interest were body mass index (BMI), overall mortality,
inflammatory profile, QoL, and microbiota composition in patients with any type
of ADs. Eligible study designs included randomized controlled trials (RCTs), pre-
post intervention studies, prospective and retrospective cohort studies, case-
control studies, and cross-sectional studies. Only articles published in English and
Italian, in peer-reviewed scientific journals, were included. Exclusion criteria
encompassed non-original studies, studies assessing other dietary patterns, among
different population, or assessing different types of outcomes, non-English or non-
Italian publications, and non-peer-reviewed sources. A detailed list of inclusion
and exclusion criteria is available in Supplementary Table 2.

Study selection and data extraction

Study selection followed a two-step process. Initially, couples of two indepen-
dent reviewers screened titles and abstracts based on the predefined criteria.
Study selection was conducted using Covidence (Veritas Health Innovation, Mel-
bourne, Australia), a web-based platform designed to streamline the systematic
review process. Full-text articles were retrieved for all potentially relevant records.
Eligibility was reassessed through full-text review, and disagreements were
resolved through discussion or, if needed, adjudicated by a third senior researcher.
Covidence automatically recorded decisions and facilitated the removal of dupli-
cates and documentation of reasons for exclusion at the full-text stage.

Data extraction was performed independently by couples of two reviewers
using a standardized and pilot-tested Excel spreadsheet (Microsoft Excel for
Microsoft 365 MSO, 2019). The spreadsheet was pretested on a random sample of
five studies to ensure consistency. Extracted information included: first author,
publication year, study design, country of study, participants’ demographics, sam-
ple size, age, percentage of women, follow-up duration, MD adherence scoring
system, control/comparison diet, number of adjustment variables, and outcomes.
Discrepancies were resolved through consensus.

Data synthesis

Following Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses 2020 recommendations, the study selection process was visualized using a
flow diagram that recorded the number of studies excluded at each stage and rea-
sons for exclusion at the full-text review level. Extracted data were synthesized
both narratively and in tabular form. Moreover, the contents of this systematic
review were reported in accordance with established methodological standards.
Given the potential biases inherent in nutritional epidemiology—such as recall
bias in dietary assessment [27]—the quality of evidence was assessed using the
NUTRIGRADE approach, which is specifically designed to evaluate the certainty of
evidence in nutrition research. Statistical results are presented using both tables
and graphical formats.

Quality assessment

The methodological quality of the included studies was assessed using tools
appropriate to their study design. For observational studies (cohort, case-control,
and cross-sectional), the Newcastle—Ottawa Scale was applied to evaluate the risk
of bias across three domains: selection of study groups, comparability of groups,
and outcome or exposure assessment [28]. For RCTs and other interventional stud-
ies, the Cochrane Risk of Bias tool (RoB 2.0) was employed, which assesses poten-
tial sources of bias across domains such as randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome, and
selection of the reported result [24]. Quality assessment was conducted indepen-
dently by two reviewers, and any discrepancies were resolved through discussion
or consultation with a third reviewer.

Assessment of the level of evidence

For observational studies, we reported associations between higher adherence
to the MD and the outcome of interest based on multivariate analyses, whilst for
RCTs, original data were extracted. To evaluate the quality of the body of evidence,
the NUTRIGRADE system was employed as an alternative to the traditional GRADE
approach. NUTRIGRADE was specifically developed to address the methodological
challenges inherent in nutritional and diet-related research, such as the limited

feasibility of long-term RCTs, the heterogeneity of dietary exposures, and the com-
plex interplay between diet, lifestyle, and health outcomes [29].

This approach was chosen to provide a more context-appropriate and rigorous
appraisal of evidence in the field of nutrition science. NUTRIGRADE allows for the
incorporation of nutrition-specific variables, such as exposure assessment quality,
residual confounding, and adherence to dietary interventions, which are often not
adequately addressed using standard evidence grading tools, such as GRADE [30].

The NUTRIGRADE scoring system assigns a score from 0 to 10 to each body of
evidence, which corresponds to four levels of quality: high (8—10), moderate
(6—7), low (4-5), and very low (0—3). Higher scores indicate greater confidence in
the effect estimates and their applicability to real-world settings. A total of eight
domains were evaluated as part of the NUTRIGRADE framework. Six domains can
lead to a downgrading of evidence quality:

(1) Risk of bias, assessed using tools appropriate for study design (e.g., the New-
castle—Ottawa Scale for observational studies and the RoB 2.0 for interven-
tional studies);

(2) Study design, with prospective cohort studies considered more robust than
cross-sectional or retrospective designs;

(3) Consistency of results, evaluating heterogeneity across studies in terms of pop-
ulations, interventions, and outcomes;

(4) Imprecision, particularly in studies with small sample sizes or wide confidence
intervals;

(5) Outcome relevance, assessing the clinical or public health importance of the
measured outcomes;

(6) Publication bias, identified through visual and statistical methods.

Three additional factors were considered for upgrading the quality of
evidence:

(1) Effect size, particularly when large and clinically meaningful;

(2) Dose-response relationship, including linear and non-linear trends in adher-
ence scores, often operationalized through one-point increases in MD scores to
enhance comparability across studies (as previously adopted by Sofi et al.
[31]);

(3) Control of residual confounding, which is especially relevant in nutritional epi-
demiology, where dietary habits may correlate with multiple socio-demo-
graphic and lifestyle variables.

Taken together, the NUTRIGRADE system provided a structured and tailored
approach to assessing the certainty of evidence in support of conclusions drawn
regarding the association between MD adherence and mortality.

Results
Study selection

A total of 3769 articles were retrieved. After the removal of
1546 duplicates, 2223 records remained for title and abstract
screening. Of these, 2071 studies were excluded for not meeting
the inclusion criteria. The full texts of 149 studies were assessed
for eligibility. Among these, 134 were excluded for the following
reasons: wrong study design (n = 78), wrong outcomes (n = 42),
wrong intervention (n = 4), and other reasons as indicated in
Figure 1. No additional studies were identified through citation
searching or grey literature sources. Ultimately, 15 studies met the
eligibility criteria and were included in the review. No studies
were excluded due to unavailability of full text, and no ongoing or
awaiting-classification studies were identified. Details are depicted
in the flow diagram (Fig. 1).

Main characteristics of included studies

A total of 15 studies were included in this systematic review,
encompassing diverse populations with chronic inflammatory and
autoimmune conditions such as RA, ChD, MS, and chronic IBD
[2,32—-45]. The study designs comprised RCTs (n = 5), cohort stud-
ies (n = 1), cross-sectional studies (n = 6), and pre-/post-clinical tri-
als (n = 3), with follow-up durations ranging from 8 d to 28 y. The
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Fig. 1. PRISMA flow diagram.

outcome of interest retrieved were: BMI in patients with chronic
IBD, overall mortality (in patients with chronic IBD, in patients
with ChD, and in patients with UR, inflammatory profile (in
patients with RA, ChD, and chronic IBD), QoL (in patients with RA,
MS, CD, ChD, and UR), and microbiota composition (in patients
with ChD and RA). Details of the included studies are reported in
Table 1.

Body composition

One RCT conducted in Egypt [32] evaluated the effects of MD
adherence among 100 children with chronic IBD. Over a 3-mo
period, participants adhering to an MD (assessed via the KIDMED
index) demonstrated improvements in body composition, with

increases in lean mass and reductions in fat mass compared to
those following a usual diet. No significant differences in BMI were
observed between the groups (MD = —-0.2, 95% CI —1.48 to 1.08),
with a low level of certainty according to the NUTRIGRADE system
(Table 2).

Mortality

A single prospective cohort study [33] examined the association
between MD adherence and all-cause mortality over 28 y among
828 adults with chronic IBD; 363 patients with ChD, and 465 adults
with UR in the USA. At the end of the follow-up, 163, 83, and 80
events of death were detected, respectively. High adherence to the
MD was associated with a significantly reduced mortality rate



Table 1
Descriptive characteristics of included studies

Study Study design  Country Condition Sample size Age % women Follow-up MD assessment Comparison Number of Outcome Quality
adjustment assessment”
variables

El Amrousy et al. [32] RCT Egypt Patients with chronic IBD 100 138y 46 3 mo KIDMED (0-12) Usual diet n.a. Body composition  High

(lean mass and fat
mass)

Lo etal. [33] Cohort USA Patients with chronic IBD 828 55y n.a. 28y aMED (0-9) High vs. low 5 Mortality rate 8

Lo et al. [33] Cohort USA Patients with ChD 363 55y na. 28y aMED (0-9) High vs. low 5 Mortality rate 8

Lo et al. [33] Cohort USA Patients with UR 465 55y n.a. 28y aMED (0-9) High vs. low 5 Mortality rate 8

Abendroth et al. [34] Pre-/post- Germany Patients with RA 50 55.7 y (fasting), 95.5% 8d MDS Fasting n.a. Inflammatory pro- 7

clinical trial 60.0y (MD) file (serum C-reac-
tive protein values)

Mostafaei et al. [35]  Cross-sectional Iran Patients with RA 184 491y 100% n.a. mMED (0-9) High vs. low 6 Inflammatory pro- 9

file (serum C-reac-
tive protein values)

Skoldstam et al. [36] RCT Sweden Patients with RA 56 58 y(MD); 59y 84% 12 wk Cretan MD Western diet n.a. Inflammatory pro-  High
(Western) file (serum C-reac-
tive protein values)
Lewis et al. [37] RCT USA Patients with ChD 194 36y (SCD), 37 (MD) 63% 3 mo aMED SCD Inflammatory pro-  High

file (serum C-reac-
tive protein values)

Sigall Boneh et al. [38] Cross-sectional Israel Children with ChD 99 143+ 2.6 38.4% n.a. KIDMED (0—-12) High vs. low n.a. Inflammatory pro- 7
file (serum C-reac-
tive protein values)

El Amrousy et al. [32] RCT Egypt Children with chronic IBD 100 13.8 44% 3 mo KIDMED (0—12) Usual diet n.a. Inflammatory pro- High
file (serum C-reac-
tive protein values)

Abendroth et al. [34] Pre-/post- Germany Patients with RA 50 55 95.5% (fasting), 8d MDS Fasting n.a. QoL 7
clinical trial 92.9%
(Mediterranean)
Raad et al. [39] RCT Ireland Patients with RA 40 47.5 87.5 12 wk MEDAS (0—14) Ireland healthy 0 QoL High
eating guidelines
Dakanalis et al. [40] ~ Cross-sectional Greece Patients with MS 558 38.6 75.3% na. MDS (0-55) High vs. low 9 QoL 8
Moravejolahkami RCT Iran Patients with MS 180 38.6 83% 6 mo mMED (0-9) Traditional n.a. QoL High
etal. [41] Iranian diet
Uygun Ozel et al. [42] Cross-sectional Turkey Patients with MS 95 42.7 80% n.a. MEDAS (0—14)  High vs. low grip n.a. QoL 7
Cadenhead et al. [43] Cross-sectional USA Patients with CD 50 50.7 84% na. aMED (0-9) High vs. low grip n.a. QoL 7
Cadenhead et al. [43] Cross-sectional USA Adolescents with CD 30 15.7 80% na. aMED (0-9) High vs. low grip n.a. QoL 7
Celik et al. [44] Cross-sectional Turkey Patients with ChD 45 374 60.2% n.a. MEDAS (0—14)  High vs. low grip n.a. QoL 7
Celik et al. [44] Cross-sectional Turkey Patients with UR 38 374 60.2% na. MEDAS (0-14)  Highvs. low grip n.a. QoL 7
Marlow et al., 2013 Pre-/post- New Zealand Patients with ChD 8 31-60 75% 6 wk n.a. Pre/post n.a. Microbiota High
clinical trial composition
Michalsen et al. [2] Pre-/post- Germany Patients with RA 16 53 100% 2 mo Normocaloric MD Pre/post n.a. Microbiota High
clinical trial (0-35) composition

aMED, Alternate Mediterranean Diet; CD, celiac disease; ChD, Crohn’s disease; IBD, inflammatory bowel disease; MD, Mediterranean diet; MDS, Mediterranean diet score; MEDAS, Mediterranean Diet Adherence Screener; mMED,
Modified Mediterranean Diet Score; MS, multiple sclerosis; n.a., not available; QoL, quality of life; RA, rheumatoid arthritis; RCT, randomized clinical trial; SCD, Specific Carbohydrate Diet; UR, ulcerative rectocolitis; USA, United States
of America

*Quality assessment conducted using Newcastle—Ottawa Scale or Risk of Bias tools, based on study design.
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Table 2

NUTRIGRADE assessment of included studies
Number Study Total Number Measure Effect 95% 95% Riskof  Precision Lack of Lack of Publication Financial Effect Dose/response Score Certainty Relevance
of design sample of events low interval high  distortion reproducibility generalizability bias bias size gradient NutriGrade
studies size interval

Body mass index in patients with inflammatory bowel disease (Mediterranean diet vs. traditional diet) (follow-up: 3 mo)

1 RCT 100 - MD -0.2 -1.48 108 0 0 0.2 1 0 1 1 0 42 SOXX LOW CRITICAL
All-cause mortality in patients with infl ory bowel di (follow-up: 28 y)
1 Cohort 828 163 HR 0.69 0.49 098 2 0 0.2 1 0 1 1 0 52 SDXX LOW CRITICAL
All-cause mortality in patients with Crohn’s disease (follow-up: 29 y)
1 Cohort 363 83 HR 0.5 0.29 087 2 0 0.2 1 0 1 1 0 6.2 SD@®Xx MODERATE CRITICAL
All-cause mortality in patients with ulcerative colitis (follow-up: 30 y)
1 Coorte 465 80 HR 1.25 0.68 228 2 0 0.2 1 0 1 1 0 42 DX LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with rheumatoid arthritis (Mediterranean diet vs. fasting) (follow-up: 8 d)
1 Pre-post 50 - MD -0.1 -1 0.7 0 0 0.2 1 0 1 1 42 SOXX LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with rheumatoid arthritis (Mediterranean diet vs. Western diet) (follow-up: 12 wk)
1 RCT 51 - MD -3 -10.44 444 0 0 0.2 1 0 1 1 42 DDXK LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with rheumatoid arthritis (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 184 - OR 2.6 0.37 1794 2 0 0.2 1 0 1 1 0 4.2 DDxx LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with Crohn’s disease (Mediterranean diet vs. specific carbohydrate diet) (follow-up: 3 mo)
1 RCT 191 - RR 0.27 0.03 243 0 0 0.2 1 0 1 1 42 SOXX LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with Crohn’s disease (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 99 - MD 0 -0.22 0.22 2 0 0.2 1 0 1 1 0 42 DHxX LOW CRITICAL
Inflammatory profile (serum C-reactive protein levels) in patients with inflammatory bowel disease (Mediterranean diet vs. regular diet) (follow-up: 3 mo)
1 RCT 100 - MD -2.7 -3.7 -17 0 0 0.2 1 0 1 1 - 42 SOXX LOW CRITICAL
Quality of life in patients with rheumatoid arthritis (Mediterranean diet vs. fasting) (follow-up: 8 d)
1 Pre-post 50 - MD 0.4 0 0.9 0 0 0.2 1 0 1 1 - 42 HHxX LOW CRITICAL
Quality of life in patients with rheumatoid arthritis (Mediterranean diet vs. Irish healthy eating guidelines) (follow-up: 12 wk)
1 RCT 40 - MD -2.7 —6.42 102 0 0 0.2 1 0 1 1 - 42 SOXX LOW CRITICAL
Quality of life in patients with multiple sclerosis (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 558 - RR 1.95 1.71 2.19 2 0 0.2 1 0 1 1 0 42 SOXX LOW CRITICAL
Quality of life in patients with multiple sclerosis (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 95 - MD 1.4 0.67 213 2 0 0.2 1 0 1 1 0 6.2 ©HDdXx MODERATE CRITICAL
Quality of life in patients with multiple sclerosis (Mediterranean diet vs. Iranian traditional diet) (follow-up: 6 mo)
1 RCT 180 - MD 5.8 +8.5 <0.001 0 0 0.2 1 0 1 1 - 42 OOXX LOW CRITICAL
Quality of life in patients with celiac disease (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 50 - MD —4.2 —7.86 -054 2 0 0.2 1 0 1 1 0 6.2 ©d@dx MODERATE CRITICAL
Quality of life in adolescents with celiac disease (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 30 - MD 104 5.94 1486 2 0 0.2 1 0 1 1 0 6.2 SD@®x MODERATE CRITICAL
Quality of life in patients with Crohn’s disease (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 48 - MD -15 —33.56 3.56 2 0 0.2 1 0 1 1 0 6.2 ©d@dx MODERATE CRITICAL
Quality of life in patients with ulcerative colitis (high vs. low adherence to the Mediterranean diet)
1 Cross-sectional 38 - MD 29 1251 4549 2 0 0.2 1 0 1 1 0 6.2 @®®®x MODERATO CRITICAL
Gut microbiota compesition in patients with Crohn’s disease (follow-up: 8 d)
1 Pre-post 8 - Qualitative Increased expression 0 0 0.2 1 0 1 1 1 42 @OXXLOW  CRITICAL

data of Bacteroidetes,

Clostridium cluster IV,
and Clostridium cluster
XIVa; decreased
abundance of
Proteobacteria

and Bacillaceae.

Risk of bias, study quality, and study limitations (0—2 points): 2 points if the mean Newcastle—Ottawa score for a comparison is >7 or if other criteria are met. Accuracy (0—1 point): 1 point if >500 events and 95% CI excludes the
null value or if >500 events and 95% CI overlaps with the null value but excludes a major benefit or harm (relative risk [RR] <0.8 or >1.2). Heterogeneity (lack of reproducibility of results) (0—1 point): 1 point if >10 studies, meas-
ures of heterogeneity adequately reported, no major heterogeneity found, or otherwise subgroup/sensitivity analysis conducted. Lack of generalizability (0—1 point): 1 point if no significant differences population or intervention;
relevant clinical outcome. Publication bias (0—1 point): 1 point if there is no evidence of publication bias through tests or graphs (10 or more studies). Funding bias (0—1 point): 1 point if funded by an academic or research institu-
tion; 0 points if funded by private sponsors such as pharmaceutical companies. Effect size (0—2 points): 2 points if RR < 0.5 or >2.0 and the corresponding test is statistically significant (highest vs. lowest category). Dose-response
(0—1 point): 1 point if there is a significant linear/non-linear dose-response relationship in prospective cohort studies
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among patients with chronic IBD, HR = 0.69, (IC 95% 0.49-0.98);
and patients with ChD, HR = 0.5, (IC 95% 0.29-0.87), but not among
those with UR (Table 2).

Inflammatory profile

Considering the role of MD on inflammatory profile among
patients with RA, the literature search identified a total of three
studies [34—-36], including two interventional studies (one pre-
post and one RCT) and one cross-sectional observational study.
Specifically, the pre-post study was conducted on 50 patients with
RA over 8 d, comparing the MD with a fasting diet. This analysis
did not show significant differences in C-reactive protein levels
(MD = —-0.1, 95% CI —1 to 0.7). Similarly, the RCT, conducted on 51
patients, compared the MD with a Western diet over a 12-wk
period. No significant differences were found in C-reactive protein
levels (MD = —3, 95% CI —10.44 to 4.44). Finally, the cross-sectional
study involving 184 patients found no significant association
between MD adherence and C-reactive protein levels (OR = 2.6,
95% C1 0.37-17.94, comparing high vs. low MD adherence). All the
studies showed a low level of certainty according to the NUTRI-
GRADE system (Table 2).

When considering patients with ChD, the literature search
identified two studies: one interventional study targeting the adult
population [37], and one observational study involving pediatric
patients [38]. Specifically, the interventional study was an RCT con-
ducted on 191 patients, divided into an intervention group follow-
ing the MD and a control group following a usual diet. The
intervention lasted 3 mo and did not reveal significant differences
between the two groups in terms of C-reactive protein levels
(RR = 0.27, 95% CI1 0.03—-2.43), with a low level of certainty accord-
ing to the NUTRIGRADE assessment. Similarly, the cross-sectional
observational study, conducted on 99 patients, showed no signifi-
cant differences in C-reactive protein levels (MD = 0, 95% CI —0.22
to 0.22), also with a low level of certainty according to the NUTRI-
GRADE (Table 2).

Lastly, literature review retrieved a single RCT involving 100
pediatric patients [32]. The intervention consisted of following the
MD for 3 mo, compared to a usual diet. The results showed a signif-
icant reduction in C-reactive protein levels (MD = —2.7, 95% CI —3.7
to —1.7) in children who followed the MD compared to the control
group, with a low level of certainty according to the NUTRIGRADE
assessment (Table 2).

Quality of life

Overall, the evidence regarding the impact of adherence to
the MD on QoL across various chronic inflammatory conditions
was mixed but suggested potential benefits, particularly in
patients with MS and CD. Among patients with RA, one pre-
post clinical trial, conducted on 50 patients followed for 8 d
reported a significant improvement in QoL (MD = 0.4, 95% CI
0-0.9), whereas an RCT, involving 40 patients followed for 12
wk did not observe any significant changes; both studies were
rated as having low certainty according to the NUTRIGRADE
[34,39]. In MS, two cross-sectional studies and one RCT consis-
tently found significant improvements in QoL associated with
higher adherence to the MD [40-42], with certainty ranging
from low to moderate. Similarly, in CD, a cross-sectional study
stratified by age group showed a significant positive association
between MD adherence and QoL in both adults and adoles-
cents, with moderate certainty [43]. In contrast, the only study
focusing on ChD did not report significant effects on QoL [44].
While heterogeneity in study designs, populations, and diet
assessment tools limited the strength of conclusions, the over-
all trend indicated that higher adherence to the MD may be

associated with better QoL outcomes, although the certainty of
the evidence is generally low to moderate (Table 2).

Gut microbiota composition

Two pre-/post-intervention studies [2,45] assessed the effects
of the MD on gut microbiota. In particular, one study was con-
ducted among patients with ChD [45], and the other on RA patients
[2]. Though sample sizes were small (n = 8 to n = 50), changes in
microbiota composition suggested a potential role of the MD in
modulating gut health, particularly in patients with ChD and RA.
Studies documented an increase in Bacteroidetes and Clostridium
clusters IV and XIVa, alongside a decrease in Proteobacteria and
Bacillaceae populations. Studies showed low certainty according to
the NUTRIGRADE (Table 2).

Overall, findings across multiple conditions and study designs
supported the beneficial role of MD adherence in improving
inflammatory markers, QoL, and potentially modulating body com-
position and microbiota among patients with chronic inflamma-
tory diseases.

Quality assessment

As reported in Table 1, the RCTs included reported a potential
high risk of bias, mainly for the missing of blindness of the partici-
pants and/or investigators. On the contrary, the quality of the
observational studies was, in general, good.

Discussion
Interpretation of the main results

This systematic review examined the effects of adherence to
the MD on clinical outcomes in patients with chronic inflammatory
and ADs, including RA, MS, ChD, CD, UR, and IBD. The findings sug-
gest that higher adherence to the MD is associated with improved
QoL in patients with MS and CD, and to a lesser extent in RA. Some
studies reported reductions in inflammatory markers such as C-
reactive protein, although these results were inconsistent across
study designs and populations. Evidence regarding changes in
body composition and gut microbiota was limited but suggested
potential favorable effects. Overall, the certainty of the evidence—
evaluated using the NUTRIGRADE approach—was low to moderate,
mainly due to methodological heterogeneity, short follow-up dura-
tions, and limited sample sizes.

Potential biological mechanisms

The MD is rich in anti-inflammatory and antioxidant compo-
nents, including monounsaturated fats (particularly from EVOO),
polyphenols, dietary fiber, and omega-3 fatty acids [3]. These com-
ponents may modulate inflammatory pathways by reducing oxida-
tive stress and downregulating pro-inflammatory cytokines such
as IL-6, TNF-a, and CRP [21-23]. Furthermore, dietary fiber and
polyphenols support the growth of beneficial gut bacteria [46,47],
such as Bacteroidetes and Clostridium clusters IV and XIVa, while
reducing potentially pathogenic taxa like Proteobacteria and Bacil-
laceae. These microbiota shifts may improve gut barrier function
and immune tolerance, thereby alleviating symptoms in chronic
inflammatory conditions [48,49]. Additionally, the high nutrient
density and low energy density of the MD may contribute to
improvements in body composition and metabolic health, further
modulating disease activity (Table 2).
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Public health implications

Chronic inflammatory and ADs represent a significant bur-
den on healthcare systems due to their long-term impact
on Qol, work productivity, and healthcare costs [1]. Dietary
interventions such as the MD offer a feasible, low-cost, and
culturally adaptable strategy to complement pharmacological
treatments. Promoting MD adherence among affected individu-
als—through public health campaigns, nutrition counseling, and
integration into clinical practice—may improve disease manage-
ment and patient outcomes. In this direction, we have recently
proposed in Italy national guidelines to promote the impor-
tance of MD [26]. Special attention should be given to vulnera-
ble populations [50], such as children and individuals from
lower socioeconomic backgrounds [51], to ensure equitable
access to healthy foods and dietary education.

Future directions

Future research should prioritize well-designed, large-scale
RCTs with longer follow-up periods to better establish causal
relationships between MD adherence and health outcomes in
chronic disease populations. Standardized dietary assessment
tools and biomarkers of adherence should be employed to
improve comparability across studies. In future clinical
research, it would be valuable to distinguish between studies
assessing the effects of the whole Mediterranean dietary pat-
tern—which captures the synergistic interaction among multi-
ple foods and nutrients—and those focusing on specific
components characteristic of the MD. RCTs should evaluate
both comprehensive dietary interventions that reproduce the
traditional MD and targeted supplementation or substitution
approaches, such as the use of EVOO, nuts, or omega-3-rich
fish, to identify their independent and combined effects on
inflammatory and immunological pathways. Despite growing
evidence linking adherence to the MD with reduced inflamma-
tion and improved immune regulation, significant knowledge
gaps remain. Future research should aim to elucidate the spe-
cific immunological mechanisms through which the MD exerts
its effects on autoimmune and inflammatory diseases. In partic-
ular, well-designed clinical trials integrating multi-omics
approaches (transcriptomics, epigenomics, metabolomics, and
metagenomics) are warranted to identify novel biomarkers of
response and to clarify causal relationships between dietary
adherence and immune modulation. Particular attention should
be paid to circulating cytokine profiles and molecular path-
ways—such as NF-kB, Nrf2, and MAPK signaling—that are
known to mediate the anti-inflammatory effects of the MD and
its bioactive components, including polyphenols and monoun-
saturated fatty acids. As highlighted by Kiani et al., the MD and
its key constituents, especially EVOO, can downregulate pro-
inflammatory cytokines such as IL-1B, IL-6, IL-8, and TNF-q,
supporting its potential role as an immunomodulatory dietary
model. Future studies should therefore combine clinical end-
points with mechanistic biomarker assessments to better define
the pathways underpinning these beneficial effects [52]. Simi-
larly, mechanistic studies exploring oligoelements and bioactive
compounds typical of the MD (e.g., polyphenols, carotenoids,
flavonoids, and monounsaturated fats) may help clarify causal
mechanisms. Investigating the role of digital health interven-
tions, personalized nutrition, and food-based social prescribing
may also enhance dietary adherence and scalability of MD-
based interventions [53].

Strengths and limitations

A major strength of this review is its comprehensive scope,
which includes diverse populations and disease conditions, offer-
ing a broad perspective on the potential benefits of the MD. The
application of the NUTRIGRADE system allowed for a transparent
evaluation of the certainty of evidence. However, limitations
include the heterogeneity in study design, population characteris-
tics, dietary assessment tools, and outcome measures. Many stud-
ies had small sample sizes, short durations, and lacked adjustment
for confounding variables. Additionally, publication bias and lan-
guage restrictions may have influenced the findings.

Conclusions

The current evidence suggests that adherence to the MD may
confer benefits in terms of QoL and inflammatory status among
patients with chronic inflammatory and ADs. However, due to the
generally low certainty of the evidence, these findings should be
interpreted with caution. Strengthening the evidence base through
robust clinical trials and mechanistic studies is essential. Nonethe-
less, given its known benefits for overall health and its feasibility
as a lifestyle approach, the MD remains a promising adjunctive
strategy in the management of chronic diseases.
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