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Abstract

Purpose Well-balanced plant-based diets can promote health and reduce environmental impact. However, evidence
from interventional studies remains limited. This pilot intervention study aimed to provide exploratory insights into
potential challenges associated with the EAT-IT dietary pattern, an adaptation of the EAT-Lancet Healthy Reference
Diet.

Methods Nine subjects (mean age 26+2 years, 5 females) participated in a 6-week randomized controlled cross-over
trial. Participants followed two isocaloric interventions: the EAT-IT dietary pattern and a control diet based on the Ital-
ian Food-Based Dietary Guidelines. Dietary intake was recorded using 7-day food records. Anthropometric measure-
ments and metabolic parameters were collected according to standardized and validated protocols. Gut microbiota was
analyzed through 16 S rRNA gene sequencing and taxonomic profiling. Acceptability was evaluated via a validated
questionnaire.

Results Nutritional analysis showed that the EAT-IT pattern significantly increased fiber intake from 11.3£5.2 to
15.1+4.2 g/1000 kcal and ®-6 fatty acid intake from 5.7+2.2 to 6.6+1.9 g/day (»p<0.05 for interaction). Regard-
ing metabolic markers, a significant within-group reduction (p<0.05) was observed for fasting insulin (8.4£2.2 to
6.5£2.2 pU/mL) and HOMA1-IR (2.0+0.6 to 1.5+0.5). Changes in gut microbiota were also observed, specifically
an increase in Bacteroides and a decrease in Coriobacteriaceae. While generally well-accepted, participants reported a
higher perceived effort for EAT-IT, particularly regarding legume preparation.

Conclusion Despite the small sample size, this pilot study offers relevant insights into key aspects of sustainable plant-
based diets, underscoring the necessity for further investigation.
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Introduction

Across Europe and globally, current dietary habits reveal
prevalent consumption of low-quality diets high in energy,
red meat, sugars, and salt, while on the other hand, the
intake of nutrient rich foods like whole-grain cereals, fruits,
vegetables, legumes, nuts, and milk remains for most indi-
viduals inadequate, falling below dietary recommendations
[1, 2]. The Global Burden of Disease Study 2017 estimates
that 22% of total deaths (11 million total) and 15% of dis-
ability-adjusted life-years (255 million total) in the adult
population older than 25 years across 195 different coun-
tries are linked to dietary habits [3]. Consistent with previ-
ous evidence, the main dietary risk factors include excessive
sodium intake and low consumption of whole grains, fruits,
nuts, and vegetables [3].

Overall, it is widely acknowledged that dietary patterns
rich in plant-based foods are favorably associated with
several health markers associated with glucose-insulin
homeostasis, blood lipids and lipoproteins, blood pressure,
endothelial function, inflammation, and oxidative stress [4].
Additionally, these diets positively influence the composi-
tion and functionality of the gut microbiota, benefiting over-
all human health [5]. These effects are largely attributed to
their high content of dietary fiber, micronutrients, and bio-
active compounds such as polyphenols, carotenoids, and
glucosinolates [6—11].

Plant-based foods also tend to have a lower environmen-
tal impact compared to animal source foods [12]. Switching
to nutritionally balanced plant-based diets, reducing animal-
source foods, could significantly decrease diet-related land
use, greenhouse gas emissions, acidification, eutrophication
and water use [12, 13]. Although these effects depend on
several methodological aspects, including dietary compo-
sition and impact assessment parameters, current evidence
suggests that the potential benefits for food system sustain-
ability are substantial [14—17]. However, nowadays only
a few of the current food-based dietary guidelines include
instructions around environmental impacts of diet, which, if
properly integrated, could accelerate the transition to a more
sustainable food system [18]. This reinforces the need for
the development and validation of dietary patterns promot-
ing both human and planetary health, as also emphasized by
multiple national and international organizations [18-21].

In response to these challenges, in 2019 the EAT-Lancet
commission proposed a Healthy Reference Diet (ELHRD),
also known as Planetary health diet, to be promoted at global
level and developed based on a comprehensive framework
that includes considerations on global population health
promotion, food systems organization, and planetary
boundaries [22]. This pattern consists primarily of whole
grains, fruit, vegetables, legumes, nuts, unsaturated oils,
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low amounts of seafood, poultry, and little to no red meat,
processed meat, added sugar, refined grains, or starchy veg-
etables [22]. However, despite the theoretical advantages
on human and planet health, the significant substitution of
animal source foods with plant-based foods raises important
questions regarding the feasibility and acceptability of the
diet and its actual impact on nutritional status in relation
to specific micronutrients and bioavailability (e.g., calcium,
iron, zinc, vit. B12) [23]. Because several nutrients are more
concentrated and bioavailable in animal-source foods, such
dietary shifts warrant careful evaluation to avoid unintended
nutritional consequences [24, 25].

The ELHRD is envisioned as a reference dietary pattern
to be adapted to align with the culinary traditions of various
countries and different population nutritional requirements
[22]. In line with this, we proposed a theoretical adapted
version of the ELHRD, called EAT-IT, tailored to the Italian
food context, and compared it in term of nutritional ade-
quacy and environmental impact with a dietary pattern in
line with the Italian Food-Based Dietary Guidelines (Italian
FBDGs) [26]. These assessments revealed similarities for
most nutrients, but also observed some differences, includ-
ing higher energy from lipids and plant protein, higher fiber
content, and lower levels of calcium in the EAT-IT dietary
pattern compared to the Italian FBDGs [26]. From an envi-
ronmental perspective, while the EAT-IT dietary pattern
presented a lower carbon footprint compared to the pattern
based on Italian FBDGs, it did not show the same advantage
in terms of water footprint [27].

To further explore the development of sustainable dictary
patterns that could be actually promoted at individual and
household levels, in vivo studies are needed. Of particular
relevance are the assessments of advantages, criticalities,
and challenges in a real-life setting, while also evaluating
acceptability aspects, which are essential for achieving
sustainable diets according to the FAO’s definition [28].
Indeed, acceptability plays a crucial role in the feasibility
of a sustainable healthy diet, especially when considering
the differences between the dietary patterns intended to be
promoted and habitual diets [29]. In addition to nutritional
adequacy, food safety aspects, including potential exposure
to contaminants, should also be considered.

To the best of our knowledge, human intervention studies
aimed at investigating the different effects of dietary pat-
terns based on the ELHRD on human health-related param-
eters are still lacking.

Within this context, a 6-week pilot randomized, con-
trolled, crossover trial was designed as an exploratory step
to assess acceptability of the EAT-IT dietary pattern and to
study its effect on overall food and nutrient intake, meta-
bolic and functional markers including inflammation and
oxidative stress, as well as microbial ecosystem (i.e., gut

microbiota composition) in a healthy population. Identify-
ing these challenges in this homogeneous group will help
refine the dietary pattern and of future large-scale interven-
tions targeting more heterogeneous populations.

Materials and methods
Subject’s enroliment

For this study, 10 subjects were enrolled from the students
and employees of the University of Milan through adver-
tisements by using notice boards, emails, phone calls, and
grapevine according to the inclusion and exclusion criteria.
Consistent with the study rationale, the inclusion criteria
required participants to be healthy and at least 18 years old.
Exclusion criteria included: following specific diets (e.g.,
vegetarian or vegan diet); using medications or supplemen-
tation that could interfere with the study’s analysis; condi-
tions necessitating specific diets or treatments (e.g., celiac
disease) or conditions that could be adversely affected by
dietary treatments (e.g., irritable bowel syndrome). Sub-
jects’ eligibility was confirmed through a general anam-
nesis and interview/questionnaires about health status and
lifestyle. Any uncertainties about a participant’s eligibil-
ity were resolved through consultation with the medical
staff involved in the research. All participants signed the
informed consent form before being enrolled. The protocol
was approved by the Ethics Committee of the University of
Milan (ref: 68/22 parere RISO 21.07.22).

Experimental design

This study was a pilot, single-blind, randomized controlled
trial, with a crossover design, conducted between June and
December 2022 at the Division of Human Nutrition of the
Department of Food Environmental and Nutritional Sciences
(DeFENS), University of Milan. According to the crossover
design, subjects enrolled were expected to undergo both
interventions. Thus, subjects were randomly divided (using
a computer random number generator) into 2 sequences of
intervention, separated by a washout period: EAT-1T/wash-
out/Control, or Control/wash-out/EAT-IT, with a 1:1 ratio
to overcome potential impact of period effects. Each inter-
vention lasted 6 weeks, with a washout period of at least
6 weeks to account for carryover effects. Subjects enrolled
were requested to fulfill a 7-day food record and provide
biological samples (i.e., blood, urine and feces) at the begin-
ning and at the end of each phase of intervention. A body
composition assessment was also requested for the initial
baseline characterization. Finally, different questionnaires
related to lifestyle and dietary habits were collected at the
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beginning and at the end of each intervention. A representa-
tion of the study protocol is shown in Fig. 1.

Dietary intervention

The EAT-IT dietary pattern represents a theoretically healthy
and sustainable diet, developed based on the ELHRD.
Details about the characteristics of this pattern were already
reported elsewhere [26]. Briefly, the EAT-IT dictary pat-
tern intervention was structured considering three main
meals (i.e., breakfast, lunch and dinner) and 1-2 snacks of
nuts. Breakfast included a portion of milk or derivatives,
a portion of whole grains (i.e., wholemeal bread, whole
meal rusks, oats, or corn flakes) and a portion of jam or
fruit juice. Lunch and dinner included a portion of whole
grains (i.e., whole meal rice or pasta, spelled, or wholemeal
bread) or potatoes, a portion of animal or vegetable protein
source food (i.e., beef, pork, or lamb; poultry, eggs, fish,
or legumes), vegetables, extra virgin olive oil, and fruit,
according to appropriate portion sizes and frequency of con-
sumption based on the previous development of the pattern.

Dietary recommendations were provided to participants
in the form of a digital scheme reporting portions sizes
and frequencies of consumption for the different food cat-
egories, according to the different meals. Dietary schemes
were personalized based on energy requirements and per-
sonal preferences (e.g., subjects do not drink milk). Details
about the personalization process of the EAT-IT pattern are
described in paragraph 2.4.

To increase adherence to the EAT-IT dietary pattern, dur-
ing the study, different food products (e.g., canned legumes,
wholegrain bread and pasta, 100% legume pasta, nuts) have
been provided to participants during the study.

Control diet was constituted by a different scheme with
portion sizes and frequencies of consumption based on Ital-
ian FBDGs [20], which already included tables reporting
reference portion sizes and frequencies of consumption for

Fig. 1 Study design: biologi-

cal samples, food records and EALIT

questionnaires collection. IPAQ,
International physical activity
questionnaire

3 different energy targets (i.e., 1500, 2000, and 2500 kcal/
day). A healthy control diet was used to ensure that differ-
ences did not simply reflect the contrast with suboptimal
habitual diets but the specific characteristics of the EAT-IT
dietary pattern. The main differences between the EAT-
IT dietary pattern and the Italian FBDGs are a decreased
consumption of some animal source foods (eggs, milk and
derivatives, poultry, seafood), reduced amount of fruits and
vegetables, and increased consumption of legumes, nuts,
and olive oil.

Diet personalization

In both the EAT-IT and Control diet interventions, weight,
height, and age measured at baseline (t0) were used to
estimate Basal Metabolic Rate (BMR) using the Scho-
field equations. This BMR was then multiplied by a physi-
cal activity level (PAL) coefficient to estimate daily Total
Energy Expenditure (TEE), as recommended by LARN
[30]. A standardized PAL of 1.45 was applied. However,
data from the IPAQ were also used to categorize the indi-
vidual’s activity level as low, moderate, or high, allowing
for adjustments to the PAL if necessary [31]. Finally, data
from baseline food records were used to compare resulting
energy intake and ensure that the dietary schemes were iso-
caloric with respect to their previous food intake and tai-
lored as much as possible according to individual dietary
habits and preferences. To adapt the EAT-IT dietary pat-
tern, originally set for 2500 kcal, to different energy targets
based on individual TEE, a specific Excel spreadsheet was
developed. This tool allows for the adjustment of the energy
associated with each food category in the pattern until the
overall energy target is reached. It automatically generates
the dietary scheme, reporting portion sizes and frequencies
of consumption. This approach helps manage the different
amounts included in the pattern, safeguarding nutritional
adequacy. In this regard, food categories providing critical
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nutrients and present in reduced amounts (e.g., meat, dairy,
and fish) were only slightly reduced or not reduced at all. In
contrast, greater reductions were applied to food categories
that were more abundant in the pattern and less commonly
consumed by the reference population or individual subject
(e.g., nuts and legumes in the Italian context). Although the
reduction in food portions was not proportional across all
categories, it still contributed to a further reduction in the
corresponding environmental impact. Finally, maintaining
appropriate consumption frequencies and realistic portion
sizes was considered a practical constraint when developing
individual dietary schemes.

Anthropometric and body composition assessment

Anthropometric and body composition measurements were
collected at baseline by trained personnel, at the Interna-
tional Center for the Assessment of Nutritional Status
and the Development of Dietary Intervention Strategies
(ICANS-DIS), following standardized international proce-
dures [32]. Body weight was measured to the nearest 100
g with a column scale and with participants wearing only
light underwear. Body height was measured to the nearest
0.1 cm using a vertical stadiometer. Body mass index (BMI)
was calculated and classified according to NIH guidelines
[33]. Waist (WC) and hip (HC) circumferences were mea-
sured with a non-stretch tape to the nearest 0.5 cm; WC at
the midpoint between the last rib and the iliac crest, and HC
at the level of the maximum circumference over the but-
tocks. Body composition was determined through plicom-
etry. Skinfold thicknesses (biceps, triceps, subscapular, and
suprailiac) were measured in triplicate using a Holtain cali-
per, and the mean value was used for analysis. Body density
was then estimated using age- and sex-specific equations
by Durnin and Womersley, and body fat percentage was
derived using Siri’s formula [34, 35].

Dietary habits and nutrient intake assessment

Before and after each intervention, participants were
instructed to complete a 7-day weighed food record to
assess their dietary habits and nutrient intake. The analysis
of each food record was conducted using nutritional soft-
ware (MetaDieta Professional 4.1.1, METEDA Srl, Rome,
Italy), which allowed for the breakdown of food records
into energy, macronutrient, and micronutrient intake.

Feasibility and acceptability
To assess the feasibility and perceived acceptability of the

EAT-IT dietary pattern, a validated questionnaire developed
by Barnard and colleagues was administered at the end of

each treatment [36]. This questionnaire was specifically
designed to quantitatively evaluate the acceptability of a
plant-based diet compared to a control diet in intervention
studies. It assesses the ease of adherence to the interven-
tion diet by considering various factors, such as ease of
preparation, effort required, and adaptation to the diet. The
questionnaire comprises eight questions: the first seven use
a 7-point response scale, while the last question employs a
4-point scale. The questions were presented as follows: (1)
How well do you like the current diet? (2) How easy is it
to prepare? (3) Effort required by the diet? (4) How easy
is it to continue this diet? (5) Which diet is easier to fol-
low? (6) Acceptability of the EAT-IT dietary pattern? (7)
In the future, I could stick with the EAT-IT dietary pattern.
(8) Adapted to the EAT-IT dietary pattern? In general, more
positive responses are associated with lower scores, while
negative responses correspond to higher scores, except for
questions 3 and 6, where the scoring is reversed. Questions
1-4 are applicable to both treatments, whereas questions
5-8 refer exclusively to the intervention diet. Consequently,
participants completed the full questionnaire at the end of
the EAT-IT intervention and an abbreviated version (ques-
tions 1-4) at the end of the control intervention.

Biological samples collection and preparation

Before and after each dietary intervention, blood and fecal
specimens were collected, as shown in Fig. 1.

Blood samples were obtained after an overnight fasting
period using Vacutainer tubes containing ethylenediamine-
tetraacetic acid (EDTA) for whole blood collection, silicone
gel for serum isolation, and trace element-free tubes for
plasma collection to be used for trace metal assessment.

Whole blood samples were directly used for the assess-
ment of complete blood count. Peripheral blood mononu-
clear cells (PBMCs) for the assessment of oxidative stress
markers were isolated from whole blood using Histopaque
1077 density gradient centrifugation and cryopreserved in a
medium consisting of 50% fetal bovine serum, 40% RPMI-
1640, and 10% DMSO at — 80°C for later analysis [37].

Serum samples were obtained from blood to allow the
assessment of biochemical and clinical markers (e.g., blood
glucose and lipid profile), as well as inflammatory and oxi-
dative stress markers quantified through ELISA kits. To
obtain serum, blood samples were maintained at room tem-
perature for a minimum of 30 min to allow clotting, fol-
lowed by centrifugation at 1400 g for 15 min at 5 °C. The
separated serum was then aliquoted and stored at — 80 °C
until analysis.

Plasma was obtained from blood and subsequently used
for the assessment of the exposure to essential and toxic
metals. Whole blood was collected in tubes free from

@ Springer
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contaminants and immediately centrifuged at 1400 g for
15 min at 5 °C. The separated plasma was then aliquoted,
transferred to contaminant-free collection tubes, and frozen
at — 80 °C until analysis.

Fecal samples were used for the assessment of microbi-
ota composition. Each participant was provided with sterile
containers for the collection of fecal samples. Participants
were instructed to store them in a cold environment (e.g., a
refrigerator) immediately after collection and transport them
to the laboratory within 24 h. If immediate transport was not
possible, participants were requested to freeze the samples
at — 20 °C to preserve the integrity of the microbiome.

Biochemical and clinical markers

Biochemical markers were assessed in whole blood or in
serum samples, including metabolic and functional param-
eters (i.e., complete blood count, glucose metabolism, lipid
profile, liver, and renal function) analyzed by standardized
validated protocol. In detail, complete blood count was per-
formed using an automated hematology analyzer (ILAB
650, Instrumentation Laboratory, Lexington, MA, USA).
This analysis included the measurement of white blood cells
(WBCs), red blood cells (RBCs), hemoglobin, hematocrit,
mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration
(MCHC), red cell distribution width (RDW), and platelet
count, along with a differential count of neutrophils, lym-
phocytes, monocytes, eosinophils, and basophils.

Fasting glucose, insulin, triglycerides (TG), total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-C),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transferase (GGT), creatinine, and
uric acid were quantified using a standardized automatic bio-
chemical analyzer (Cobas 400, Roche Diagnostics, Basel,
Switzerland, and Cobas e 411, Roche Diagnostics, Basel,
Switzerland). Serum concentration of low-density lipopro-
tein cholesterol (LDL-C) was instead estimated by using
the Friedewald formula [38]. Insulin sensitivity and B-cell
function were assessed using the widely applied homeosta-
sis model assessment (HOMA), based on fasting plasma
glucose and insulin concentrations. Both the original model
(HOMA1) and the updated computer model (HOMA2) were
considered [39, 40]. For the computer model, the HOMA2
Calculator was used (version 2.2.3, Diabetes Trials Unit,
University of Oxford).

Inflammatory and oxidative stress markers
C-reactive protein was assessed in serum samples using a

standardized automatic biochemical analyzer (ILAB 650,
Instrumentation Laboratory, Lexington, MA, USA). Serum

@ Springer

levels of tumor necrosis factor o (TNF-a) and interleu-
kin-6 (IL-6), human lipopolysaccharide binding protein
(LBP), adiponectin, and endothelin (EDN1) were evalu-
ated by enzyme-linked immunosorbent assay (ELISA) kits:
TNF-a with BMS223HS, IL-6 with BMS213HS, LBP with
EH297RB; adiponectin with BMS2032-2 (Invitrogen Corp,
USA); EDN1 with EH0648 (Wuhan Fine Biotech Co., Ltd,
Wuhan, Hubei, China).

Endogenous DNA damage, as a marker of oxidative
stress, was assessed by the Comet Assay through an enzy-
matic treatment with formamidopyrimidine DNA glyco-
sylase (FPG) performed on PBMCs previously isolated.
All chemicals and reagents used for the analysis of DNA
damage were obtained from Merck (Darmstadt, Germany).
GelBond® films were from VWR International S.r.1. (Mon-
roeville, PA, USA), while the FPG enzyme was obtained
by Norgenotech AS (Oslo, Norway). The analysis of DNA
damage, particularly FPG-sensitive sites, was conducted
using cryopreserved PBMCs. An aliquote of the PBMCs
was gently thawed, washed, and resuspended in PBS for
subsequent analysis. For the evaluation of FPG-sensitive
sites, the prepared cell suspension was combined with LMP
agarose and applied onto slides precoated with NMP aga-
rose. This assay aimed to detect oxidized bases, focusing
on 8-0x0-7,8-dihydro-2'-deoxyguanosine (8-oxodG) and
ring-opened formamidopyrimidine nucleobases. The slides
underwent lysis and subsequent treatment with FPG or buf-
fer alone, serving as a control. Electrophoresis and sub-
sequent analysis were conducted to migrate the DNA and
determine the level of DNA damage. The nucleoid (i.e., the
DNA that fills the cavity in the agarose where the whole
cell was located prior to lysis) following the electrophoresis
resembles a comet (hence the name of ‘comet assay”) with
a circular head resulting from the undamaged DNA that
remains in the cavity, and a tail constituted by the migrated
damaged DNA. The brighter and longer the tail, the higher
the level of damage. The assessment involved capturing and
analyzing a hundred comets from each slide using special-
ized microscopy and image analysis software (Cometa 1.5;
Immagini e Computer, Bareggio, Milan, Italy). The quanti-
fication of DNA damage was computed by subtracting the
percentage of DNA in the tails of control cells from that
in FPG-treated cells, providing insights into the extent of
induced damage [37].

Gut microbiota composition

Fecal samples were used to analyze gut microbiota com-
position. Gut microbiota was assessed through 16SrRNA
gene quantification and taxonomic profiling. In brief, DNA
was isolated from feces resuspended in Lysing Matrix E
bead beating tubes (MPBio, Santa Ana, CA, USA) through
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the FastDNA™ SPIN Kit for Soil (MPBio) according
to the manufacturer’s protocol. Then, the V3eV4 region
of the 16 S rRNA gene was amplified with panbacterial
primers16S341F (50eTCGTCGGCAGCGTCAGATGTG-
TATAAGAGACAGCCTACGGGNGGCWGCAGe30) and
16S806R  (50eGTCTCGTGGGCTCGGAGATGTGTATA-
AGAGACAGGACTACHVGGGTATCTAATCCe30).
Finally, amplicons were sequenced using a 600 cycle
MiSeq v3 reagent kit (Illumina, San Diego, CA, USA).
Subsequently, sequencing reads were subjected to pairing,
filtering, taxonomic assignment, and biodiversity analyses
by means of the bioinformatic pipeline Quantitative Insights
Into Microbial Ecology (QIIME2) version 2023.2 through
the Devisive Amplicon Denoising Algorithm (DADA?2)
using the Greengenes database (version 13_5). Illumina
sequencing generated 4,030,722 filtered paired-end reads
(median of 19,328 reads per sample). After merging and
denoising by DADA?2 the final sequences were 1,076,356
(mean=5021, SD=3306). The sequence length statistics in
bp showed: min=240, max=457, median=433, standard
deviation=25. Overall, 7729 unique amplicon sequence
variants (ASVs) were identified.

Metals in serum

Plasma samples collected in contaminant-free tubes was
used to estimate dietary exposure to metals unintentionally
added or naturally present in food such as selenium, manga-
nese, cobalt, zinc, copper, nickel, aluminum, chromium, and
cadmium. Metals were measured by inductively coupled
plasma mass spectrometry (ICP-MS, 7850 Agilent) for the
simultaneous determination of essential and non-essential
metals in serum.

Statistical analysis

Paired sample t-tests were conducted to evaluate within-
group differences between baseline and post-treatment val-
ues. To assess the effect of the interventions, a general linear
model (GLM) with repeated measures was applied, consid-
ering time (baseline and post-treatment) and treatment (EAT-
IT and control) as independent variables. This approach
aimed to test for significant time X treatment interactions, as
well as the main effects of each variable. Statistical analy-
ses were performed using SPSS software (Version 29.0.1.0;
IBM Corp., Armonk, NY, USA). Additionally, taxonomic
composition was analyzed using R software (Version 4.3.1;
R Core Team, Vienna, Austria) by applying a non-paramet-
ric repeated measures ANOVA. Statistical significance was
set at p<0.05. Data are presented as mean+ standard devia-
tion (SD) or as median and interquartile range (IQR; first
to third quartile), depending on the distribution and type of

variables. Outliers were identified using Tukey’s method,
based on the interquartile range (IQR), and were excluded
if they exceeded 1.5 times the IQR below the first quartile
or above the third quartile. This procedure was performed
prior to statistical analyses to enhance data robustness and
minimize the potential bias introduced by extreme values.
Data were analyzed on a per-protocol basis, meaning that
participants who deviated from the study protocol, such as
by missing required sessions or failing to follow standard-
ized procedures, were excluded from the analysis. In case
of missing data in one part of the intervention, data were
entirely excluded from the analysis to minimize the risk of
attrition and information bias.

Results
Baseline characteristics of the subjects

Overall, 10 subjects (4 men, 6 women) were enrolled in the
pilot trial, but only 9 subjects completed the entire interven-
tion, as one subject dropped out due to personal reasons.
The main baseline characteristics of the 9 subjects who
completed the study protocol are provided in Table 1. Par-
ticipants were aged between 23 and 30 years, with an aver-
age age of 26. They had a high level of education, holding
either a bachelor’s or master’s degree. Generally, they were
moderately active, although there was considerable vari-
ability in physical activity levels. According to BMI values,
participants were of normal weight. Overall, biochemical
parameters indicated that the subjects were healthy.

Nutritional assessment

Data of nutrient intake is summarized in Table 2. The eval-
uation of food intake during the two intervention periods
revealed differences in total energy and nutrient intake.
Notable changes were observed in dietary fiber intake (from
11.3+5.2 to 15.1+4.6 g/1000 kcal for the EAT-IT inter-
vention vs. from 11.0+2.9 to 10.6+3.1 g/1000 kcal for the
Control intervention), omega-6 intake (from 5.7+2.2 to
6.6+2.7 g/day for the EAT-IT intervention vs. from 6.0+2.3
to 5.0+£1.9 g/day for the Control intervention), and vitamin
E intake (from 7.3+3.5 to 9.7+3.4 mg/day for the EAT-IT
intervention vs. from 8.4+3.7 to 7.2+3.2 mg/day for the
Control intervention). These changes represented the main
differences between the two interventions (p<0.05 for
treatment*time interaction). Moreover, Control interven-
tion resulted in a reduction (p <0.05 for time) in total energy
(from 1895+380 kcal to 1648+319 kcal) and carbohydrate
intake (from 230.8+51.1 g to 198.2+38.1 g), with both
changes being statistically significant (p<0.05 for time).
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Table 1 Baseline characteristics of subjects (n=9) selected for the

study

Variables Mean+SD
Age (years) 26+2
Sex (n, %)

Female 5(56)
Male 4 (44)
Education (n, %)

Basic education (primary) 0
Intermediate education 0
(secondary)

High education (university level) 9 (100)
n° household component 2+1
Total activity (MET-minutes/week) 3475+2599
Weight 62.4+8.8
Height (m) 1.68+0.10
BMI (kg/m2) 22.0+1.4
Waist circumference (cm) 77.1£6.2
Hip circumference (cm) 84.7+£5.7
Fat mass (%) 19.2+6.1
Fat-free mass (%) 80.8+6.1
Total cholesterol (mg/dL) 180+36
HDL-cholesterol (mg/dL) 64=18
LDL-cholesterol (mg/dL) 97+35
TG (mg/dL) 151136
Fasting glycemia (mg/dL) 94+7
Insulin (pU/mL) 9.1£2.8
Creatinine (mg/dL) 0.9+0.1
C-Reactive Protein (mg/L) 1.8+£2.7
ALT (U/L) 15.6+5.0
AST (U/L) 17.5+4.0
GGT (U/L) 19.2£9.1
Uric acid (mg/dl) 52+14
Urea (mg/dL) 32+6
Haemoglobin - Hb (g/dL)

Female 12.9+£0.9
Male 15.6+0.6
Haematocrit (%)

Female 40.9+2.4
Male 459+1.4
MCV (fL)

Female 84.7+3.6
Male 86.4+2.2

All data are presented as mean+standard deviation (SD) or as fre-
quency (n, %), as appropriate. BMI, body mass index; MET, metabolic
equivalent of task; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TG, triglycerides; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyl transferase; Hb,
hemoglobin; MCV, mean corpuscular volume

Feasibility and acceptability

Data from the administered questionnaire and direct
feedback from the volunteers at the end of the study indi-
cated an overall positive response, although some critical
issues also emerged. The median scores from the vali-
dated questionnaire are reported in Fig. 2, where positive
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scores are oriented towards the left and negative scores
towards the right. Questions 1-4 compared various
aspects of diet acceptability between the EAT-IT dietary
pattern and the Control. No statistical differences were
found in the collected responses; however, the answer to
question 3, which relates to the perceived effort of the
intervention, revealed a less positive score for the EAT-IT
dietary pattern. Question 5 asked participants to compare
the ease of following the EAT-IT dietary pattern with
their habitual diet. Responses indicated that participants
generally found their habitual diet easier to follow.

Questions 6, 7, and 8 required participants to evalu-
ate overall acceptability, willingness to continue with the
diet, and levels of adaptation respectively, exclusively
considering the EAT-IT dietary pattern. Questions 6 and
8 indicated good levels of acceptability, whereas question
7 showed only a mild willingness to stick with the EAT-
IT dietary pattern. Based on direct feedback, volunteers
verbally reported that the diet was ‘sufficiently good’ and
tolerable in terms of preparation, even dough also chal-
lenging due to legumes preparation. For the same rea-
son, one participant evaluated this pattern as ‘extremely
difficult to prepare”. Reducing meat and dairy intake
was generally found easier than increasing legume and
whole-grain consumption.

Biochemical parameters

Data on the effect of the EAT-IT intervention versus
the Control on biochemical parameters are presented in
Table 3. No significant changes were observed within
or between groups, except for insulin, which decreased
following the EAT-IT intervention (p<0.05, within-
group analysis), along with HOMA1-IR and HOMA2-
IR. Although not statistically significant, a trend toward
cholesterol reduction was also observed after the EAT-IT
intervention (p=0.066).

Inflammatory and oxidative stress markers

Regarding oxidative stress markers, following the EAT-IT
intervention a significant reduction in net-FPG sensitive
sites (% DNA in tail) was observed, while inflammatory
markers did not change significantly after the EAT-IT and
Control diets (see Table 4).

Gut microbiota composition
Regarding the diversity of the gut microbiota across treat-

ments, the study found no significant differences in alpha
diversity indices, including both richness and evenness
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Table 2 Energy and nutrient intake at the beginning and the end of the EAT-IT and control interventions

Dietary component EAT-IT before EAT-IT after EAT-IT Control diet Control diet Control diet p-value
p-value (t) before after p-value (t) (txT)

Energy (kcal) 1913+432 1810+290 0314 1895+380 1648+264 <0.05* 0.272
Carbohydrate energy/total energy 46.8+4.9 48.1+5.1 0.489 47.843.2 47.6+4.5 0.923 0.513
(%)

Sugar energy/total energy (%) 13.5£1.9 14.5£3.0 0.261 13.5£2.2 14.3£3.2 0.441 0.212
Protein energy/total energy (%) 16.8+2.1 15.7+1.3 0.177 16.1+1.9 16.6+0.9 0.406 0.107
Lipid energy/total energy (%) 359+5.2 34.0+4.1 0.342 352+3.2 34.9+4.8 0.752 0.440
Carbohydrates (g) 225.1+51.1 225.1+46.0 0.998 230.8+51.1 198.24+25.3 <0.05* 0.163
Sugars (g) 63.6+13.9 65.3+15.6 0.788 63.1+10.8 58.3+14.5 0.364 0.426
Total fiber (g) 21.6+10.7 27.2£9.1 <0.05* 20.4+5.4 17.3+£5.4 0.155 <0.01*
Fiber (g/1000 kcal) 11.3+£5.2 15.1+4.2 <0.01* 11.0+£2.9 10.6£2.9 0.684 <0.01*
Protein (g) 76.8+16.4 67.9+£9.7 0.099 70.7+8.6 65.5+10.3 0.068 0.499
Lipids (g) 73.4+23.0 66.0+£13.8 0.079 70.9+17.6 61.9+16.8 0.064 0.780
MUFA (g) 25.6+12.1 28.4+6.4 0.296 25.5+12.5 21.8+6.8 0.338 0.159
MUFA energy/total energy (%) 11.7£3.6 14.5+2.9 <0.05* 12.6+5.2 13.1+£5.1 0.686 0.212
PUFA (g) 8.4+3.7 8.0+2.3 0.705 7.4+2.9 6.4+1.7 0.208 0.668
PUFA energy/total energy (%) 39+1.2 4.1+1.0 0.775 3.6+1.1 3.7+0.9 0.925 0.831
SFA (g) 20.7+8.6 16.7+4.6 0.106 21.2+6.3 18.0+6.4 0.090 0.789
SFA energy/total energy (%) 13.0+£9.0 8.6+1.5 0.187 18.1+18.2 10.0+2.1 0.216 0.595
-6 fatty acids (g) 5.7+2.2 6.6+1.9 0.214 6.0+2.3 5.0+1.3 0.11 <0.05*
®-6 energy/total energy (%) 2.7£0.8 3.3+0.9 0.127 2.9+0.9 2.8+£0.6 0.62 0.100
-3 fatty acids (g) 1.2+0.9 0.9+0.3 0.383 0.7+0.2 1.0+0.6 0.19 0.149
®-3 energy/total energy (%) 0.6£0.4 0.5£0.1 0.475 0.4+0.1 0.6+£0.3 0.07 0.094
Cholesterol (mg) 157.0+94.8 124.3+51.3 0.135 166.9+59.6 147.7+68.1 0.62 0.752

All data are expressed as mean=standard deviation (SD); t x T: time x treatment; SFA, saturated fatty acids; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; ©-6, omega-6 fatty acids; -3, omega-3 fatty acids. * indicates that the difference between interven-

tions is statistically significant considering p<0.05

How well do you like current diet?
(1 ="extremely good," 7 = "extremely unappealing")

How easy to prepare?

(1 ="extremely easy," 7 = "extremely difficult")

*Effort required by diet?

(1 ="no effort atall," 7 = "more than is possible")

How easy to continue this diet?
(1 ="extremely easy," 7 = "extremely difficult")

Which diet is easier to follow?
(1 ="EAT-IT much easier,” 7 = "habitual diet much easier")

*Acceptability of the EAT-IT diet?
(1 ="extremely acceptable,” 7 = "completely unacceptable")

In future, I could stick with the EAT-IT diet
(1 ="all the time," 7 = "never")

**Adapted to the EAT-IT diet?
(1 ="completely," 7 = "not at all")

A p=0.5065
@
A p=0.5781
@
A
x p =0.3269
@
—h
. p = 0.5957
—_— 0O
—
—O—
o—
| | | | | | |
1.0 2.0 3.0 4.0 5.0 6.0 7.0
A Control @ EAT-IT

Fig. 2 Feasibility of the EAT-IT dietary pattern compared to the Con-
trol one, according to the validated questionnaire of Barnard et al. [36].
All data are expressed as median. (SD). The horizontal bars represent
the interquartile range between the first and third quartiles. The ques-
tions are presented in a simplified form compared to the full version
actually included in the questionnaire administered to the participants.
* indicates that the score was reversed to maintain the orientation of

positive scores on the left and negative scores on the right, even if the
question originally had inverted scoring. ** indicates that the scores
were rescaled to a 1-7 scale to allow comparability with other ques-
tions, as the original question used a 1-4 scale. p-values were calcu-
lated using independent-samples t-tests only for the first four ques-
tions, as the last four questions were not applicable to the control group
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Table 3 Effects of interventions on biochemical markers

Biochemical parameters EAT-IT before EAT-IT after EAT-IT Control diet Control diet Control diet  p-value
p-value (t)  before after p-value (t) (txT)
Fasting Glycemia (mg/dL) 95+8 91+6 0.161 95+6 91+6 0.145 0.974
Insulin (WU/mL) 8.4+2.2 6.5+2.2 <0.05* 8.8+3.4 8.3+£3.2 0.698 0.344
HOMAI-IR 2.0+0.6 1.5+0.5 <0.05* 2.1£0.9 1.9+0.8 0.556 0.401
HOMA2-IR 1.1+£0.3 0.9+0.3 <0.05* 1.1£0.5 1.1+£0.4 0.748 0.298
HOMA1-%p 98.1+£30.9 86.9+£37.7 0.364 98.6+31.3 105.2+35.1 0.636 0.332
HOMA2-%p 91.3+19.1 83.0+22.1 0.287 90.5+20.7 95.7+£21.6 0.547 0.239
Total Cholesterol (mg/dL) 181+42 166+39 0.066 177+38 176+28 0.894 0.185
HDL (mg/dL) 6317 59+14 0.250 65+16 62+17 0.338 0.961
LDL (mg/dL) 100 £39 94+35 0.252 101£35 97+29 0.370 0.811
TG (mg/dL) 100+35 10646 0.686 105+43 124£59 0.181 0.527
Uric Acid (mg/dL) 53+1.2 5.8+1.6 0.172 54+1.8 55+1.4 0.858 0.382
Creatinine (mg/dL) 0.9+0.1 0.8+0.1 0.447 0.9+0.1 0.8+0.1 0.347 0.715
ALT (U/L) 17.6+10.3 15.6+£5.3 0.510 14.7£4.7 16.1+8.8 0.549 0.367
AST (U/L) 19.8+10.3 18.8+4.3 0.703 16.6+3.5 16.6+4.5 0.980 0.720
GGT (U/L) 20.2+£9.2 21.9+12.6 0.350 20.3+11.5 20.9+12.3 0.608 0.596

All data are expressed as mean=+standard deviation (SD). t x T: time x treatment; AST, Aspartate Aminotransferase; ALT, Alanine Amino-
transferase; GGT, Gamma-Glutamyl Transpeptidase; HOMA1-IR, Homeostasis Model Assessment for Insulin Resistance derived from the
original model; HOMA2-IR, Homeostasis Model Assessment for Insulin Resistance calculated using the updated computer model; HOMA1-
%P, Homeostasis Model Assessment for Beta-Cell Function derived from the original model; HOMA2-%0, Homeostasis Model Assessment
for Beta-Cell Function calculated using the updated computer model; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; TG,
Triglycerides. * indicates that the difference between interventions is statistically significant considering p<0.05

Differences within time and treatment (time*Treatment) interaction are reported

Table 4 Effect of interventions on inflammatory and oxidative stress markers

Inflammatory and oxidative stress markers EAT-IT EAT-IT EAT-IT Control diet  Control diet Control diet p-value
before after p-value before after p-value (t) (txT)
®
Adiponectin (pg/mL) 13.3+5.1 10.7+4.7 0.056 12.6+4.8 12.3+5.0 0.689 0.130
C-Reactive Protein (mg/L) 1.8+£2.8 0.7£1.0 0.141 0.7+0.7 09+1.2 0.557 0.104
Endothelin-1 (pg/mL) 0.4+0.2 0.4+0.2 0.748 0.4+0.2 0.4+0.2 0.729 0.633
IL-6 (pg/mL) 0.5+£0.4 0.5£0.5 0.981 0.7£1.0 0.4+0.3 0.327 0.360
LBP (mg/L) 47.2+16.8 34.0+9.1 0.076 39.8+5.1 40.0+7.5 0.964 0.099
TNF-a (pg/mL) 2.5+1.8 2.3+£0.9 0.810 1.8+£0.9 2.3+2.1 0.417 0.416
Net-FPG sensitive sites (% DNA in tail) 17.549.3 8.5+4.1 <0.05* 16.5+13.0 13.8+£9.7 0.308 0.155

All data are expressed as mean+standard deviation (SD). t x T, time x treatment interaction; FPG, Formamidopyrimidine DNA Glycosylase;
IL-6, Interleukin-6; LBP, Lipopolysaccharide-Binding Protein; TNF-a, Tumour necrosis factor-alpha. * indicates that the difference between

interventions is statistically significant considering p<0.05

(data not shown). B-diversity was also highly variable,
with greater variability observed between subjects than
within the same subject following the interventions, as
illustrated in Fig. 3.

Differences between treatments were primarily
observed in the taxonomic composition. Specifically,
there was a decrease in the abundance of Rothia mucilag-
inosa, the genus Blautia, and a species within the family
Comamonadaceae. Additionally, the entire Coriobacteri-
aceae family showed a reduction following EAT-IT inter-
vention. Conversely, several taxa exhibited an increase
after EAT-IT intervention, including the genus Bacteroi-
des and a specific species within this genus, the Lacto-
bacillaceae family, and an unidentified species within the
order Clostridiales, as depicted in Fig. 4.
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Metals in serum

Levels of serum selenium, manganese, cobalt, zinc, cop-
per, nickel, aluminum, chromium, and cadmium were not
different after the EAT-IT when compared to the Control
treatment (data not shown). On the other hand, chromium
levels decreased significantly following both the EAT-
IT (from 0.56+0.11 pg/L to 0.44+0.16 ng/L, p<0.05)
and the Control treatment (from 0.60+0.17 nug/L to
0.39+0.25 ug/L,p<0.01). Also, atendency towards lower
zinc and manganese levels were found after the Control
diet, while aluminum levels decreased significantly fol-
lowing the EAT-IT intervention (from 2.77+0.76 png/L to
1.84+1.00 ug/L, p<0.01).
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Fig. 3 Principal coordinates analysis of weighted UniFrac distances.
Evaluation of any pre- and post-treatment differences within the group
on gut microbiota composition

Discussion

The present pilot study explored both the feasibility and
effect on health-related parameters of a previously devel-
oped healthy and sustainable dietary pattern modeled on
the ELHRD and tailored for the Italian population. To
our knowledge, this is the first dietary intervention study
directly testing an ELHRD-based diet [41]. Overall, results
showed promising benefits in terms of nutritional and
metabolic status (e.g., increased fiber intake and insulin
response), alongside potential critical aspects that warrant
further investigation.

Given the theoretical nature of the EAT-IT dietary pat-
tern, this pilot study represents a preliminary step toward
its practical implementation and was conducted in a small
sample of young, healthy Italian subjects.

In this regard, the EAT-IT dietary pattern includes the
consumption of a high amount of legumes and nuts, in line
with the ELHRD [22, 26]. In Italy, as well as in several other

areas of the world, the consumption of these food categories
is lower than the current recommendations, which are still
lower compared to the quantities required by the EAT-IT
dietary pattern [29, 42]. Legume acceptability represents a
key issue, for their consumption is often hindered by fac-
tors such as gastrointestinal discomfort and time-consuming
preparation [42—44]. Common barriers regarding legumes
consumption include flatulence, difficulty in preparation,
lack of knowledge on incorporating legumes into meals, and
a perception of legumes as vegetarian food [44—46]. In our
study, most participants reported moderate to high apprecia-
tion for the overall diet’s taste, while reporting difficulties
mainly related to legume preparation, which interestingly
was found to be a more difficult task than reducing milk and
meat. Therefore, addressing these barriers is essential for
the successful promotion of sustainable dietary patterns in
real life-scenarios [47, 48].

Based on food records data, significant changes were
observed following the EAT-IT intervention, including
increases in total fiber, energy-standardized fiber intake
(g/1000 kcal), MUFAs, while energy intake decreased after
the Control intervention. Notably, total fiber intake was
significantly higher at the end of the EAT-IT intervention
compared to the final values observed after the Control inter-
vention. After the EAT-IT intervention, fiber intake aligned
with Italian recommendations (12.6—16.7 g/1000 kcal) and
reached the suggested dietary target of 25 g/day [30].

However, despite these improvements, fiber intake at the
end of the EAT-IT intervention did not approach the theo-
retical intake calculated for this dietary pattern, which was
approximately 17.5 g/1000 kcal [26]. Furthermore, baseline
fiber consumption was below Italian recommendations,
with values 0f 21.6 £ 10.7 g (11.3 £ 5.2 g/1000 kcal) prior to
the EAT-IT intervention and 20.4 + 5.4 g (11.0 + 2.9 g/1000
kcal) prior the Control intervention.

Numerous studies have demonstrated that a high intake
of dietary fibers in adults is associated with various health

Times
Goups
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EATHIT
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p_Actinomycetota;c_Actinomycetes;o_Actinomycetes;f Micrococcaceae

p_Actinomycetota;c_Coriobacteriia;o_Coriobacteriales;f Coriobacteriaceae

p_Actinomycetota;c_Actinomycetes;o_Actinomycetes;f Micrococcaceae;g Rothia
p_Actinomycetota;c_Actinomycetes;o_Actinomycetes;f Micrococcaceae;g Rothia;s_mucilaginosa
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Fig.4 Non-parametric repeated measures ANOVA of bacterial taxa in fecal samples. The red and blue highlights indicate taxa with median values

representing high and low presence in the fecal samples, respectively
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benefits, including improvements in lipid profile and car-
diovascular health, reduced incidence of some gastrointes-
tinal diseases, a lower risk of cancer (particularly colorectal
cancer), as well as an overall decrease in all-cause mortality
[49-52]. However, current Western diets are often reported
to be low in dietary fiber [53]. Available data indicate that
fiber intake among Italian adults (18—64 years) is approxi-
mately 18.7 g/day, similar to values reported in other Euro-
pean and non-European countries, including USA (18.3 g/
day) and Japan (18.3 g/day) [53, 54]. Even in countries with
relatively higher intakes, such as Germany and Norway,
average fiber consumption rarely exceeds 25 g/day [53].

Regarding fats, total lipid intake showed a decreas-
ing trend across both dietary patterns, while a significant
increase in the proportion of energy derived from MUFAs
was observed following the EAT-IT intervention. Addition-
ally, a significant time X treatment interaction was observed
for -6 fatty acids intake between the EAT-IT and Control
interventions. This data reflects the high amount of nuts
included in the EAT-IT dietary pattern, although the final
values remained lower than expected, even after adjusting
for the energy intake observed at the end of the interven-
tion [26]. This suggests that nut consumption, although
not explicitly highlighted in participants’ feedback, may
have represented an additional challenge in adhering to the
dietary pattern.

Regarding total lipid intake, it is important to note that
energy derived from lipids was above the upper range of
the reference intake of 35% of total energy at baseline for
both interventions. Even after the observed reduction, it
remained only slightly below this threshold. While final val-
ues after the EAT-IT intervention approached the theoretical
intake (36.2%), lipid intake following the Control interven-
tion remained higher than expected (i.e., 30.3%) [26].

Finally, although both treatments resulted in a decrease
in total energy intake, a statistically significant decrease
(approximately 250 kcal) was observed only after the Con-
trol intervention. This reduction was mainly driven by lower
consumption of carbohydrate-rich foods, and to a lesser
extent by reduced lipid intake, possibly reflecting circum-
stantial factors unrelated to the intervention or difficulties in
implementing the provided dietary guidelines, which should
be further explored.

Regarding the impact of the two dietary interventions
on the biomarkers under study, we observed a significant
reduction in fasting plasma insulin concentration over
time following the EAT-IT dietary pattern. Notably, this
was accompanied by a reduction in both HOMA1-IR and
HOMAZ2-IR, surrogate markers of insulin resistance derived
from insulin and glucose concentrations. HOMA-IR is
a well-established measure of insulin resistance that has
been extensively validated through comparisons with other
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models, clinical assessments, and epidemiological data [40,
55]. A healthy plant-based diet typically includes legumes,
whole grains, fruits, vegetables, and nuts, whose intake is
generally associated with improved glucose metabolism
and a reduced risk of developing type 2 diabetes [56—59].
Interestingly, we also observed a reduction in HOMA1-%,
although not statistically significant, following the EAT-
IT intervention. This might be mistakenly interpreted as a
decline in B-cell function; however, as highlighted in the lit-
erature on the appropriate use of these indices, an increase
in insulin sensitivity in healthy individuals is often accom-
panied by reduced insulin secretion from B-cells [40, 60].

Furthermore, our study showed a trend toward reduced
serum LBP, a marker of intestinal permeability [61]. LBP,
produced by the liver, rises in response to LPS derived from
the outer membrane of Gram-negative bacteria. In the pres-
ence of increased intestinal permeability, LPS may enter the
bloodstream and trigger inflammatory responses, via Toll-
like receptor 4. Consequently, LBP is commonly used as a
surrogate marker for circulating LPS in human studies. Pre-
vious evidence has shown a negative association between
vegetable intake and plasma LBP concentration [62], and
prebiotic fibers and polyphenols have been suggested to
reduce circulating LPS levels [62, 63].

Despite this trend of reduction in LBP, in our interven-
tion study inflammatory parameters did not change. Healthy
plant-based diets are reported to positively modulate inflam-
matory biomarkers [64]. However, the characteristics of the
investigated dietary patterns and the study population can
largely affect the results of such interventions [61, 64]. Most
studies have been carried out on participants with over-
weight or obesity, or chronic diseases, while little is known
about the effects on healthy subjects [61]. Our findings are
in line with those of Praznikar et al., (2023) who did not find
significant changes in inflammatory parameters after omni-
vore, vegan and vegetarian dietary interventions in appar-
ently healthy adults [61]. They concluded that in healthy,
non-obese individuals it is more difficult to appreciate the
impact of diet on inflammatory status given the complex
interplay of dietary and non-dietary factors involved in its
regulation.

Intriguingly, the EAT-IT diet significantly lowered DNA
damage as marker of oxidative stress. Similar findings have
been reported for the Italian population with the consump-
tion of various plant-based foods. Specifically, studies on
broccoli, tomatoes, hazelnuts, and blueberries have dem-
onstrated positive effects on reducing DNA damage evalu-
ated by the Comet assay. For instance, a study observed
a significant reduction in H,0,-induced DNA damage in
blood mononuclear cells following 10 days of broccoli
consumption in smokers and non-smokers [65]. Drinking
tomato juice for 26 days significantly reduced lymphocyte
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DNA damage [66]. Hazelnuts were shown to significantly
decrease endogenous DNA damage and oxidatively induced
DNA strand breaks after 8 weeks of consumption in chil-
dren with primary hyperlipidemia [67]. Additionally, blue-
berries significantly reduced H:O:-induced DNA damage
one hour after consumption, compared to the control group
[68]. These findings support the protective role of diets rich
in micronutrients and bioactive compounds against oxida-
tive DNA damage [69].

This study also highlighted changes in microbiota com-
position following the EAT-IT diet. One of the most notable
changes in microbial composition was the increase in the
genus Bacteroides. This genus is often associated with a diet
high in fiber and complex polysaccharides, such as those
found in legumes. Bacteroides species have the enzymatic
capability to degrade these complex carbohydrates, leading
to their proliferation in response to a legume-rich diet. This
observation is consistent with previous evidence indicating
dietary fiber as a key driver of gut microbiota composition
[70].

Conversely, the decrease in Rothia mucilaginosa and
members of the Coriobacteriaceae family observed after
the EAT-IT diet could reflect the shift in the gut environ-
ment caused by the increased intake of fermentable fibers.
These fibers are preferentially utilized by other microbial
groups, potentially outcompeting Rothia and Coriobacteria-
ceae, which might not be as adept at fiber degradation. This
finding is in line with studies showing that high-fiber diets
selectively promote fiber-degrading bacteria while reducing
the abundance of other taxa [71]. Some members of Corio-
bacteriaceae are involved in the metabolism of steroids and
bile acids. These processes can lead to the production of
metabolites that, in excess, may contribute to inflammatory
conditions or increase the risk of metabolic diseases such
as metabolic syndrome or certain cardiovascular diseases
[72]. Overall, these results further highlight the role of diet
in modulating gut microbiota composition and suggest that
the beneficial effects of the EAT-IT dietary pattern may be
partly mediated by microbiota-related mechanisms, includ-
ing colonic fermentation and short-chain fatty acids produc-
tion, which are known to influence glucose metabolism and
energy homeostasis [73].

The FAO specifies that one of the indispensable ele-
ments for a diet to be considered healthy and sustainable is
food safety [28]. Food contamination with toxic substances
such as metals (e.g., lead, cadmium, mercury, and arsenic),
mycotoxins and processing contaminants (e.g., acrylamide)
can occur at any stage in the food chain, potentially lead-
ing to adverse effect on the environment and human health
in case the exposure exceeds certain levels [74-76]. To
avoid harmful exposure, international health authorities and
governments closely monitor the levels of heavy metals in

food, establish safety limits to protect public health, and sets
maximum levels for certain contaminants in food products
[77, 78]. As a result, dietary intake of harmful metals is
generally lower than health-based guidance values [77, 79].
Our analysis of serum levels of essential and non-essential
metals such as selenium, manganese, cobalt, zinc, copper,
nickel, aluminum, chromium, and cadmium showed that
these levels within reference values normally found in the
general population [80]. Among the metals studied, cad-
mium is of particular concern due to its harmful effects over
time and EFSA reported algae to be one of the main critical
products, however such products were not consumed by our
volunteers [75]. In our study we recorded a cadmium level
of 0.16 pg/L, which falls within the normal range. Nickel is
also noteworthy, as legumes and nuts are significant sources
of nickel [81]. Despite EFSA concerns regarding long-term
dietary nickel exposure, the average serum nickel concen-
tration observed in our study was consistent with exposure
levels reported in previous study [82]. Our results do not
suggest additional exposure to toxic metals when transition-
ing to a plant-based diet rich in grains, legumes, and nuts.

Overall, this pilot study provides exploratory evalu-
ation of key dimensions of diet sustainability, including
nutritional adequacy, acceptability, and selected metabolic
and health outcomes. As a pilot study, the main limitations
include the small sample size and the lack of detailed micro-
nutrient intake data. Nevertheless, the insights gained from
this initial assessment of a healthy population in conditions
minimizing potential confounding factors will inform fur-
ther refinement of the EAT-IT dietary pattern and support
its validation in larger and more representative cohorts. In
this context, future studies should place greater emphasis
on micronutrient adequacy, particularly for nutrients such as
vitamin B12 and iron, which have been reported as poten-
tially critical in ELHRD-based and low-environmental-
impact dietary patterns [23, 83].

Conclusions

This pilot study represents a first attempt to advance the
understanding of the overall impact of sustainable dietary
patterns on acceptability, as well as on metabolic and func-
tional health-related outcomes, by providing important
insights into numerous interconnected factors in a real-life
setting. This study highlighted potential challenges asso-
ciated with the quantity and frequency of the provided
plant-based foods, particularly regarding their acceptability
among subjects who do not regularly consume them. Mov-
ing forward, these findings will help inform the design of
larger study enabling a more comprehensive understanding
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of all the facets involved in establishing a long-term dietary
pattern that can seamlessly integrate into everyday life.
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