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Health Benefits of Mediterranean Diet
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Growing evidence shows that a dietary pattern inspired by Mediterranean Diet (MD) principles is
associated with numerous health benefits [1,2]. A Mediterranean-type diet has been demonstrated to
exert a preventive effect toward cardiovascular diseases, in both Mediterranean and non-Mediterranean
populations [1,3]. These properties may in part depend on the positive action on the cardiometabolic
risk [4,5], by decreasing the risk of diabetes and metabolic-related conditions [6-8]. There is also
evidence of a potential role of the Mediterranean diet in preventing certain cancers [9]. Finally, a new
field of research has showed that a higher adherence to the Mediterranean diet is associated with a
lower risk of mental disorders, including cognitive decline and depression [10-12]. Overall, a better
understanding of the key elements of this dietary pattern, the underlying mechanisms, and targets, are
needed to corroborate current evidence and provide insights on new and potential outcomes.

The Special Issue “Health Benefits of Mediterranean Diet” was devoted to collect original research
and reviews of literature concerning the Mediterranean diet and various health outcomes. New
information has been added in this field by means of 16 articles, with nine original papers, six
reviews/meta-analysis and one opinion.

A widely considered aspect was the evaluation of the adherence to the MD in different target
populations. An Italian study found a poor adherence in 16.7% of a group of 669 subjects (6-16 years)
attending five schools from the North Italy, with poor adherence more frequent in primary than in
secondary schools [13].

Among two other studies from Spanish groups of research, the first investigated the relationship
between adherence to MD, physical activity, self-concept (i.e., the collection of beliefs about oneself),
and other sociodemographic factors in a group of Spanish university students. Results showed that MD
adherence, measured by means of the Mediterranean Diet Quality Index (KIDMED), was associated
with academic and physical self-concept [14].

In the second one, Muros and Zabala investigated the adherence to MD in two groups of cyclists
and triathletes, finding a large proportion of the surveyed athletic population not meeting the MD
guidelines, with particularly low adherence amongst men and cyclists [15].

The adherence to the MD was also investigated by the group of Chacon-Cuberos who evaluated
the relationships between adherence to the MD and motivational climate in sport on a sample of
university students from Spain and Romania [16]. Results showed a higher adherence in students
from Spain compared to Romanians and observed that ego-oriented climates (measured as unequal
recognition, member rivalry and punishment for mistakes) are linked to a better adherence to the MD,
especially due to the importance of following a proper diet in sport contexts.

Besides measuring the adherence to MD in different contexts, it is also interesting to identify
the perceived barriers to follow the MD, which might lead to low MD adherence. In this scenario,
Kretowicz and colleagues considered women of childbearing age and identified five barriers and
enablers (Mediterranean diet features, perceived benefits, existing dietary behavior and knowledge,
practical factors, and information source) that should be considered in the design and development of
an intervention to effectively promote and encourage adherence to the MD [17].

As already mentioned, a high adherence to the MD has been extensively associated with a number
of health outcomes, and several manuscripts of this Special Issue explored this association. Firstly, two
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observational studies by Godos and colleagues [18,19] showed a linear association between the overall
quality of life and adherence to the MD score in a cohort of over 2000 Italian adults. Authors also
evaluate whether subjects found a better sleep quality by following MD, either toward direct effect on
health or indirect effects through improvement of weight status.

The role of MD on body weight and other outcomes has been also investigated by an Italian group
who observed that a high MD score was associated with lower values of plasma lipids and glycated
hemoglobin, blood pressure and body mass index in people with type-2 diabetes [20], thus supporting
the MD as a suitable model also in these subjects. The association between MD and obesity has been
also considered and discussed in other two reviews included in this Special issue.

Firstly, Castro-Barquero et al. reviewed the evidence on the relationship between the polyphenol
intake in the frame of the MD (e.g., from extra-virgin olive oil, nuts and legumes) and obesity [21].
Findings evidenced that, despite the intake of some specific polyphenols has been associated with
body weight improvements, there is no strong evidence of an association between polyphenols intake
and lowering of body adiposity.

A second review was proposed by D'Innocenzo and coworkers who highlighted the importance
of public policy measures to make a healthy diet easily accessible and affordable. [22] This advice has
been deepen as for general population as for target groups (e.g., children and adolescents), in order
to tackle obesity epidemic by considering that “Diet as not just a food model, but also as the most
appropriate regime for disease prevention, a sort of complete lifestyle plan for the pursuit of healthcare
sustainability”.

The adherence to the MD has been also associated to inflammation in an investigation performed
within the HELENA study [23]. Results evidenced a counteracting effect of stress on inflammatory
biomarkers with high MD adherence, with stress being a significant independent negative predictor of
a healthy dietary pattern.

Lastly, the study by Del Bo” and colleagues systematically reviewed the human intervention
studies evaluating the impact of Mediterranean diet on markers of DNA damage, reporting a reduction
in the levels of 8-hydroxy-2’-deoxyguanosine and a modulation of DNA repair gene expression and
telomere length [24].

The Special Issue also included other aspects relating to the MD, such as serving size and
translation of the MD to other diets. Firstly, D’ Alessandro and coworkers performed a systematic
review of dose-response meta-analyses of prospective studies, which evaluated the association between
the intake of food groups belonging to a variant of the Modern Mediterranean Diet Pyramid and the
risk of CVD [25]. Among the different aspects worth to be studied, the serving sizes of the foods seems
to have a key role in order to obtain a protective or a not detrimental effect toward selected diseases.
This supports the idea that a throughout definition of MD must consider not only the types of food but
also their amounts and frequency of consumption. Being the efficacy and feasibility of MD for the
management of chronic diseases not been extensively evaluated in non-Mediterranean settings, the
paper by George and coworkers [26] increased knowledge about potential strategies for translating the
traditional MD into a non-Mediterranean setting.

A different shade of evidence has been added by the work of Biagi et al., a systematic review
investigating the effect of the MD during pregnancy on birth outcome [27]. Despite authors concluded
that data were insufficient and further randomized control trials are needed to draw clear conclusions,
growing evidence seem to suggest a beneficial effect of the Mediterranean diet during pregnancy on
children’s health.

One of the main challenges when trying to investigate the role of the MD on health is related to
the accurate assessment of exposure to this dietary pattern. In this framework, the manuscript by Jin et
al. focused on metabolomics and gut microbiota role for evaluating the MD effects by summarizing
the current evidence from observational and clinical trials [28].
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Overall, the studies included in the Special issue provide new insights on the protective effect

of MD on health, although many authors reported the need of performing further investigations to
confirm these effects.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Substantial evidence supports the effect of the Mediterranean Diet (MD) for managing
chronic diseases, although trials have been primarily conducted in Mediterranean populations.
The efficacy and feasibility of the Mediterranean dietary pattern for the management of chronic
diseases has not been extensively evaluated in non-Mediterranean settings. This paper aims to
describe the development of a MD model that complies with principles of the traditional MD
applied in a multiethnic context. Optimal macronutrient and food-based composition was defined,
and a two-week menu was devised incorporating traditional ingredients with evidence based on
improvements in chronic disease management. Strategies were developed for the implementation of
the diet model in a multiethnic population. Consistent with the principles of a traditional MD, the MD
model was plant-based and high in dietary fat, predominantly monounsaturated fatty acids from
extra virgin olive oil. Fruits, vegetables and wholegrains were a mainstay, and moderate amounts of
nuts and seeds, fish, dairy and red wine were recommended. The diet encompassed key features
of the MD including cuisine, biodiversity and sustainability. The MD model preserved traditional
dietary components likely to elicit health benefits for individuals with chronic diseases, even with the
adaptation to an Australian multiethnic population.

Keywords: Mediterranean diet; dietary intervention; diet; nutrition; translation; non-alcoholic fatty
liver disease; cardiovascular disease

1. Introduction

There is a substantial body of evidence to support the efficacy of the Mediterranean Diet (MD)
in chronic disease prevention and management [1]. In this regard, results from several intervention
studies support the efficacy of a MD for individuals with cardiovascular disease (CVD) as well as
a broad range of associated disease states, including metabolic syndrome, type 2 diabetes mellitus
(T2DM), cognitive function decline, depression and anxiety, autoimmune diseases, cancer and
non-alcoholic fatty liver disease (NAFLD) [2—4]. As inflammation drives insulin resistance and
oxidative stress [5,6], the anti-inflammatory and antioxidant properties of the MD pattern are proposed
to slow the progression of some of the oxidative damage associated with the aforementioned clinical
conditions [7,8].

Some of the proposed benefits of the MD pertain to the dietary pattern as a whole.
This encompasses overall macro and micronutrient composition, the variety of foods included as well

Nutrients 2018, 10, 465; d0i:10.3390 /nu10040465 5 www.mdpi.com/journal/nutrients
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as the combination, preparation and consumption of these foods which contribute to the synergistic
effect of the food matrix [9]. The combination of foods and how these are traditionally prepared is
often referred to as cuisine, and this is a key element of the MD that is likely to contribute to added
health benefits [10].

The majority of clinical trials which have assessed the efficacy of the MD have been conducted
in Mediterranean populations, where this dietary pattern and these types of foods are familiar [1].
Embedding the principles of a MD in non-Mediterranean populations worldwide with different
habitual food cultures remains a great challenge. Australia is a culturally diverse nation, with almost
half the population (49%) having either been born overseas or with at least one parent born
overseas [11]. Given the high prevalence of chronic disease in Australia, and the scientific evidence
base of the MD, assessing the efficacy of the diet for the prevention and management of these diseases
in this population group is warranted. However, given the heterogeneity around the definitions and
interpretations of what constitutes a MD intervention, researchers need to be transparent about the
exact methods and dietary prescriptions used to ensure reproducibility and translation of favourable
effects for other research studies and to drive practice change [12].

The current paper provides the rationale and process undertaken for the development of a MD
model intervention in two clinical trials, currently underway. Protocols for each study are presented
elsewhere Papamiltiadous et al. [13] and Itsiopoulos et al. [14]. In this context, the specific aims of
the present study were (1) to identify the nutrient composition profiles of previous MD interventions
delivered to Mediterranean and Australian populations; (2) to identify the key dietary and food-based
components within the MD (with evidence-based health benefits) and to use these to develop key
food intake recommendations; (3) to develop a two-week meal plan based on the nutrient composition
profile and the key food intake recommendations identified in the previous steps; and (4) to assess the
barriers to translatability of this dietary pattern to multiethnic Australian populations with chronic
disease and to develop strategies to overcome these.

2. Methodological Steps to Address Each Specific Aim

A MD intervention for provision in an Australian, multiethnic population with diagnosed NAFLD
and CVD, undergoing clinical trial conditions, was developed using the below steps which are
summarized in Figure 1.

2.1. Step One: Identification of the Nutrient Composition Profile of Previous MD Interventions Delivered to
Mediterranean and Australian Populations

In determining the key nutrients required to achieve a MD, it was important to establish a clear
definition of a ‘MD pattern” using a strong evidence base. This included using MD interventions
that have successfully translated this dietary pattern and achieved health benefits. There have been
a number of trials published, which refer to and apply a MD intervention; however, the nutrient
composition across the literature remains inconsistent [12]. Therefore, the authors used the Cretan MD
as the definition for this MD model, which was determined using published data from trials based on
the archetypal traditional Cretan (Greek) MD [15]. These dietary practices have been the most pivotal
in demonstrating prevention and management of chronic disease [16-18].

A comprehensive assessment of MD studies, including seminal MD trials in Mediterranean
regions and smaller clinical trials implemented in the Australian context, was conducted. Nutrient
composition data is depicted in Table 1. From this assessment the nutrient compositions for this
intervention were derived and are discussed below.
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Step 1: Identify nutrient profile from MD
interventions.

Step 2: Identify food-based components of
a MD.

Step 3: Develop a two-week meal plan
based on the nutrient profile and food-
based components identified in steps 1 & 2.

propose strategies for translating MD into
the Australian population.

Mediterranean Diet Model for application
in an Australian, multicultural setting.

Figure 1. A schematic summarising the key methodological steps taken to develop a Mediterranean
Diet model for an Australian multicultural setting. MD: Mediterranean Diet.
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Table 1 captures the nutrient composition from trials where substantial benefits were demonstrated
with the prescription of the MD. Benefits were defined as improvements in outcome measures in
a range of chronic diseases or where feasibility in an Australian population was shown.

Of note, the landmark LYON diet heart study was clearly the most impressive secondary
prevention trial using a Mediterranean style diet to prevent secondary myocardial infarcts; however,
the dietary intervention model of this trial was not used to inform our intervention model due to major
differences in fat type. The LYON heart study had a heavy reliance on high alpha-linolenic acid (ALA)
canola oil and margarine which are not documented traditional fats used in the MD [22]. Clinical
trials encompassing traditional MD principles that have been carried out in non-Mediterranean
regions, namely Australia, were feeding trials that provided all meals to participants for the
study duration [4,19]. These trials demonstrated ‘proof of concept’ that positive health outcomes
can be achieved for chronic disease states in Australian populations with consumption of a MD.
Ongoing provision of complete meals is not achievable and is cost prohibitive in clinical trials and does
not adequately represent the feasibility of implementing this dietary pattern in a free living population.
Therefore, the Australian dietary intervention developed and described herein encompasses the
traditional MD patterns for application in free living participants [13].

2.2. Step Two: Identification of the Key Food-Based Components of a MD with Strong Published Evidence of
Health Benefits

Using the nutrient profile derived in step one, food components with health promoting effects
were used to formulate a meal plan. When translating optimal levels of essential nutrients into
food-based recommendations, references in Table 1 were used as a guide, as were the Hellenic dietary
guidelines [23]. It is worth noting that since the development of this MD model intervention model,
the Hellenic dietary guidelines have been updated. Cross referencing with published MD food
group recommendations, labelled ‘commandments’, was also carried out [24]. Determination of key
food-based recommendations and a review of the evidence-based mechanisms surrounding these
dietary components were conducted; these are summarised in Table 2.

Table 2. Nutrient composition of the Australian Mediterranean Diet *.

Nutrients Australian Mediterranean Diet Composition
Energy (M]) 9.4
Protein (%E) 15.8

CHO (%E) 33.8

Added sugar (%E) 52
Total fat (%E) 41.8

SFA (%E) 8.9
MUFA (%E) 223
PUFA (%E) 10.6
Alcohol (%E) 24

Fibre (g/d) 41.1
Linoleic acid 1-6 (g) 18.7
« linolenic acid n-3 (g) 49
Total LCN3s (mg) 932

* This nutrient profile was calculated by entering two-week food diaries into the software program Foodworks
7™ (Xyris software Australia Pty Ltd.). Abbreviations: CHO: carbohydrates; SFA: saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids, LCN3s: long chain omega 3 fatty acids.

For both steps one and two, there was also consideration of other evidence-based, disease specific
dietary recommendations. For example, for CVD patients, the National Heart Foundation guidelines
were incorporated, and for NAFLD patients, alcohol recommendations were kept to the lower end
of the suggested range. This was important to ensure that the MD model dietary model did not was
consistent with established clinical guidelines for these medical conditions.
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2.3. Step Three: Development of a Two-Week Meal Plan Based on the Nutrient Composition Profile and the Key
Food Intake Recommendations Identified in the Previous Steps

Based on steps one and two, a two-week meal plan, suitable for an Australian multiethnic
population was developed (Figure S1). The meal plan was based on the macro and micronutrients
and food-based components consistent with a traditional MD. These meal plans were analyzed using
a standard food analysis program, Foodworks 7™, to ensure nutrient composition was consistent
with the desired profile as identified in step one. The two-week meal plan also incorporated other
key elements of the MD highlighted in step two, including combinations and preparation of foods
described as part of the MD cuisine.

2.4. Step Four: Identification of Potential Barriers and Proposal of Strategies for Translating MD into the
Australian Population

The studies presented are summarized in Tables 1 and 2 and were used to determine the perceived
feasibility of the intervention through highlighting potential barriers for the translation of a MD into
the Australian population. To overcome these barriers, a theoretical framework encompassing a SWOT
(strengths, weaknesses, opportunities, threats) analysis was conducted. This was carried out to identify
barriers that were likely to occur and embed strategies within the MD model to overcome these.
This SWOT analysis was conducted alongside the experience and expertise of practising dietitians
and researchers to ensure appropriate strategies were embedded into the intervention with the aim of
addressing the perceived barriers identified.

3. Practical Strategies Related to Each Specific Aim

3.1. Nutrient Composition Profiles of Other MD Interventions Delivered to Mediterranean and Australian
Populations

The rationale for the MD intervention model, including the composition, specific ingredients
and cooking methods, is discussed throughout this section. As described in step one of the previous
section, a prospective cohort trial as well as four other clinical trials [4,19-21] were used to document
the ideal nutrient components of the MD, and their reported nutrient data is summarised in Table 1.
The single observational study and the four clinical trials identified in step one were used to derive
desirable macro and micronutrient ranges to inform the dietary prescription of the MD model.

The application of this Mediterranean diet model will determine whether this diet can be
translated to the Australian, multiethnic population and whether a MD pattern is sustainable in
the long term. Furthermore, the MD model intervention is being tested within two clinical trials
that are currently underway [13] to determine the efficacy, feasibility and sustainability of delivering
this intervention in Australian cohorts with chronic diseases, such as Coronary Heart Disease (CHD)
and NAFLD.

3.2. Macronutrient Profile of the MD Model

As well as the nutrient compositions described in Table 1, this section provides an overview of
the macronutrient composition and corresponding foods for the MD model intervention. The MD
model intervention is a ‘high fat” diet, with fat comprising, at the macronutrient level, between 35%
and 45% of energy intake. At least 50% of the energy from fat is from monounsaturated fatty acids
(MUFAs) and the remaining energy contribution comes from polyunsaturated fatty acids (PUFAs) and
saturated fatty acids (SFAs). Protein contributes 15-20% of total energy, and carbohydrates contribute
35-40%. This MD intervention also includes moderate amounts of alcohol which may contribute up to
5% of total energy, which is within the recommendations set by the Australian National Health and
Medical Research Council (NHMRC) [25]. The importance of the specific nutrient profiles within the
MD model and how they impact on chronic disease risk factors are described below.

10
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3.2.1. Fats

Monounsaturated Fatty Acids

This MD model intervention emulates the traditional MD in that it is high in MUFAs, mainly due
to the daily consumption of Extra Virgin Olive Oil (EVOO), the predominant culinary fat used in the
diet. While there are other oils that are classed as high MUFA, they do not contain the same level of
MUFA as EVOO. Importantly, EVOO contains an abundance of polyphenols which are thought to
drive the anti-inflammatory and antioxidant benefits attributed to the MD diet [26,27].

Polyunsaturated Fatty Acids

PUFAs are also a key nutrient encompassed in the MD intervention. These are sourced from
a variety of foods, including nuts, seeds, olive oil and fish. Long chain omega-3 fatty acids, namely
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are particularly abundant in marine
dietary sources. The plant-derived essential PUFA, alpha linoleic acid, is derived from staple dietary
components, such as wild edible greens and nuts and seeds. These omega-3 rich PUFAs are critical for
achieving a more favourable omega-6 (11-6) to omega-3 (1-3) ratio within the diet. A traditional Cretan
(Greek) MD is characterised by a 2:1 ratio, while Western diets are closer to 20:1 [28]. An elevated n-6:1-3
ratio mediates detrimental vascular changes and limits anti-inflammatory processes, which likely
exacerbates oxidative stress, increasing the risk and severity of chronic diseases [29]. The MD model
diet developed for our dietary interventions and presented in this manuscript achieved a favourable
n-6:n-3 ratio close to 3:1, reflected in Table 2.

Saturated Fatty Acids

SFAs constitute a small proportion of the overall MD model intervention—less than a 10%
contribution to total energy consumption. The small SFA component of the diet is derived from
staple MD components, such as EVOO, nuts and seeds and animal-based products, such as yogurt
and small amounts of meat. SFA-rich products such as processed foods and large amounts, or
frequent consumption of, animal products are not a feature of the traditional MD, nor were these foods
incorporated into our MD model [30].

3.2.2. Carbohydrates

Carbohydrates contribute between 35-40% of energy in the MD model intervention. The focus
is on whole grains which are processed minimally and never refined. Traditionally, these included
sourdough bread, potatoes, rice and pasta. The accessibility of ‘true’ sourdough bread is not readily
available in Australian supermarkets. Thus, soy and linseed bread was recommended as an alternative
which also served to increase dietary alpha-linoleic acid. The traditional MD was consumed ad libitum;
therefore, portions are not a key feature of the MD model intervention. However, given the quantities
of carbohydrate consumed in Australian populations [31], to achieve the desired macronutrient
contribution, examples of appropriate portions for carbohydrate-based foods were provided within
the principles of the MD intervention to moderate intake.

3.2.3. Protein

The MD model is a predominantly plant-based diet, and animal proteins are consumed in small
amounts [28]. Thus, a lot of dietary protein is sourced from a variety of plant-based protein sources,
including legumes, lentils, nuts and seeds. The MD also includes moderate consumption of fish and
animal protein, including dairy, eggs and white meat, and red meat is recommended for less frequent
consumption. The traditional MD included infrequent and small portions of white meat and even less
red meat. However, to ensure acceptability, the MD model intervention allows a maximum quantity of
450 g/week (white and red meat varieties). In the MD model intervention, recommended dairy sources

11
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are predominantly fermented, including yogurt and white cheese, especially feta (Table 2). Of note,
low fat/skim or light dairy alternatives were not traditionally part of a MD; however, modern dairy
production does not follow traditional methods, whereby some full fat options contain additional
fat as cream to enhance ‘creaminess’. Therefore, low fat options were used in the MD intervention
(analysis described in Table 3) to achieve the desired SFA composition as per Table 1 and to ensure
that the Australian National Heart Foundation (NHF) Guidelines were maintained, as appropriate.
This was especially important given that participant cohorts targeted for the application of the MD
model intervention were at risk of, or had CVD [32].

3.2.4. Alcohol

Alcohol, traditionally from red wine, is included and recommended to be consumed with meals
in the MD model. However, individuals not previously consuming alcohol were not encouraged
to commence drinking. The quantity recommended is one to two standard glasses of red wine per
day, which is within the Australian NHMRC alcohol recommendations of <20 g ethanol per day [25].
The maximum contribution of energy from alcohol included in the composition is approximately
5% of total energy. In some instances, alcohol was not recommended. For example, patients who
had progressed NAFLD were advised to avoid alcohol due to the increased risk of hepatocellular

carcinoma [33].

Table 3. The 12 components of a Mediterranean diet and the proposed mechanisms of effect.

Recommendation

Practical Dietary
Applications

Key Components

Evidence Based Benefits

Use extra virgin olive oil

(EVOO) as the main
added fat.

Minimum 34
tablespoons (60-80 mL)
per day

The highest proportions of
MUFAs and polyphenols squalene
and a-tocopherol are available in
extra virgin olive oil.

Prevention of CHD, cancers and
modification to immune and
inflammatory responses have been
attributed to EVOO.

The high antioxidant content of EVOOs
contributes to health of the vascular
system through improved endothelial
function [34] and has been shown to
inhibit LDL oxidation [35].

EVOO consumption has also been
proposed to improve bone
mineralisation [36].

Eat vegetables with
every meal.

Include 100 g leafy
greens, and 200 g all
other vegetables daily
(cauliflower, zucchini,
eggplant, capsicum etc.).
use onion and

garlic daily;

include 100 g tomatoes
daily; fresh or sofrito
(tomato-based sauce).

Vegetables are the most significant
source of phenolic compounds.
They contain carotenoids, folic
acid, fibre and phytosterols.
Garlic, onion, herbs and spices
also have key benefits. See
Section 3.3.2 for importance of
combining and/or

cooking ingredients.

Flavonoids, are essential bioactive
compounds that provide health benefits
due to their antioxidant effects and have
been associated with improvements in
cognitive function and mood [37].
Traditional diets which are
predominantly plant-based are associated
with lower rates of chronic diseases and
increased longevity [38].

Carotenoids, folic acid and fibre play
important roles in CHD prevention [38].
Phytosterols contribute to reduced serum
cholesterol and CVD risk [39].

Garlic, onions, herbs and spices contain
large amounts of flavonoids or allicin
which have cardiovascular benefits and
also improve cognitive function [40].
Vegetables which are high in potassium,
magnesium and calcium tend to reduce
arterial blood pressure [34,36].

Include at least two

legume meals per week.

Canned or dry legumes
are acceptable; this may
include tofu

(1 serve =250 g).

This should replace meat
on days when meat is
not consumed.

Legumes are high in fibre, protein,
B vitamins, iron, zinc, calcium,
magnesium, selenium,
phosphorus, copper and
potassium [41]. They provide a
nutritious, nourishing

meat alternative.

Legumes are linked to longevity, and are
a strong predictor of survival [42].
Vegetables have been shown to reduce
serum homocysteine concentrations and
thus coronary events, especially in high
risk individuals [43].

An inverse association between the risk of
T2DM and CHD and legume intake has
been reported [44,45].

12
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Table 3. Cont.

Recommendation

Practical Dietary
Applications

Key Components

Evidence Based Benefits

Eat at least three servings
of fish or shellfish
per week.

Fish (1 serve =100-150 g);
shellfish (1 serve =200 g).
Include oily fish at least
1-2 times per week.

Marine long chain omega-3
polyunsaturated fatty acids
provide eicosapentaenoic acid
(EPA) and docosahexaenoic acid
(DHA).

EPA and DHA effectively regulate
haemostatic factors and protect against
cardiac arrhythmias, cancer and
hypertension and help to maintain neural
functions [34,40]. A high intake of fish
and seafood has also been shown to
reduce systolic blood pressure [34,36].
Immunomodulatory effects may improve
inflammatory conditions [46].

Eat red meat less often
and choose smaller
portions. Choose
white meat.

150-200 g weekly of beef,
lamb and, pork.

200-250 g per week of
poultry.

Choose lean varieties,
wild, free range and
grass fed varieties are

Meat is a bioavailable source of
vitamin B12, and iron, selenium,
and zinc and are a good source

of protein.

Excessive amounts of red meat
have been linked to adverse health
outcomes and excess saturated
fatty acids—unfavourable fat
ratios and displacement of more
nutritious alternatives.

Red meat is a good source of protein
which assists with satiety [47]. Red and
processed meats, especially when
consumed in excess, are associated with
total CVD and cancer mortality [48].
Excessive SFA intake from meat is also
linked to adverse health outcomes [1].

encouraged. Wild, free range and grass fed
varieties are preferred due to the
improved 1-6:n-3 ratio [29].
Consumption of fruit has been shown to
reduce the risk of CVD and cancers [49].
Fruit provides fibre, potassium, Fibre, vitamins, minerals, flavonoids and
vitamins A and C, B vitamins, terpenes may provide protection against
Eat fresh fruit every day. ~ 300g or 2 serves. folate, flavonoids and terpenes oxidative processes which drive the onset

providing protection against
oxidative processes.

and exacerbate chronic diseases [40].
Flavonoids have also been associated
with improvements in cognitive function
and mood [37].

Eat a serve of nuts every
day and dried fruit as a
snack or dessert.

Nuts-1 serve = ~30 g or
1/4 cup or a small
handful daily.

Dried fruit—2
tablespoons or 30 g.

Nuts are a good source of
monounsaturated fats, fibre,
vitamin C and E, selenium,
magnesium, providing an
abundance of antioxidants
including flavonoids, resveratrol,
polyphenols and tocopherols [50].

Monounsaturated fats, phenols,
phytosterols, phytic acid and fibre are
abundant in nuts and are associated with
a reduction in plasma lipids and reduced
incidence of CVD [40]. Nut consumption
has been associated with the prevention
and reversal of oxidative stress [50,51].

Eat dairy every day.

2 serves per day
including milk-1 serve =
250 mL or 1 cup.
Yoghurt preferably
Greek style yoghurt 1
serve = 150 g or % cup.

Eat cheese in moderation,
about 3 times per week
and preferably feta.

1 serve = 30 g or the size
of a matchbox.

Dairy is a good source of calcium,
vitamin D, phosphorus,
magnesium, zinc, potassium,
vitamins A and B12, and lactic
acid bacteria confer probiotic
effects [52].

Choose mostly fermented dairy
which are higher in potent
beneficial bioactive compounds
from milk such as lactic acid
bacteria [53].

Bioactive milk components have been
shown to be protective in several diseases,
including hypertension, coronary
vascular diseases, obesity, osteoporosis
and cancer [53].

Lactic acid bacteria confer probiotic
effects, including improvements in
gastrointestinal health and immune
response. Yogurt, specifically, may induce
desirable changes in faecal bacterial flora,
potentially reducing the risk of colon
cancer. Yoghurt is also likely to regulate
mouth-to-caecum transit time [54].

Include wholegrain
breads and cereals with
meals, such as
wholegrain bread, rice,
pasta and potato.

1 serve = 1 slice of bread
or; % cup or; 50-60 g
cooked pasta/rice or; 1
small 100 g potato.

Wholegrains are a good source of
fermentable carbohydrates
including fibre, resistant starch,
and oligosaccharides. They
contain phytochemicals,
antioxidants including trace
minerals, phenolic compounds,
lignans and B group vitamins
including folate, vitamin E,
minerals iron, magnesium, copper
and selenium [55].

Components such as fibre, antioxidants
and vitamins and minerals promote
health and may be protective against
cancer, CVD, T2DM and obesity [56,57].
Production of short chain fatty acids
through indigestible carbohydrates
promote reduced serum cholesterol levels
and decrease cancer risk [58].
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Table 3. Cont.

Recommendation

Practical Dietary
Applications

Key Components

Evidence Based Benefits

Have sweets or sweet
drinks in moderate
amounts and on special
occasions only.

Preferably home made.

Homemade varieties have key
ingredients that are encouraged in
the MD, such as nuts, EVOO and
milk and are less refined and
lower in SFA.

Liver fat accumulation may be attributed,
at least in part, to excess dietary sugar
consumption, especially from fructose,
which increases the levels of enzymes
involved in hepatic de-novo lipogenesis
[59,60].

Consume up to 3 eggs
per week.

Free range or omega-3
varieties.

Eggs are a good source of protein,
choline, selenium, vitamin B12,
riboflavin, phosphorus and fat
soluble vitamins A, D and E. They
are a bioavailable source of
carotenoids; lutein and
zeaxanthin, [61]. Free range and
omega-3 enriched varieties have
higher amounts of omega-3 fatty
acids [62].

The benefits of eggs, including the
provision of protein and micronutrients
including vitamins, minerals and
carotenoids may prevent age related
macular degeneration and some

cancers [61].

A limit to egg consumption is set to
achieve the desired fat ratios in line with
other MD guidelines [23].

OPTIONAL
Consume wine in
moderation.

Choose red wine. Have
0-2 glasses per day, (100
mL per glass) and
always with meals. Do
not get drunk.

Red wine contains phenolic
compounds with high antioxidant
properties. For example, red wine
has higher amounts of the stilbene
polyphenol, resveratrol, compared
with white wine [63].

Red wine provides polyphenols whose
antioxidant activity may contribute to the
cytoprotective effects. Resveratrol has
been found to protect the heart and
kidneys from ischaemia-reperfusion
injury and has a likely positive effect on
endothelial function (vasodilation) with

prolonged moderate consumption [64,65].

3.3. Identification of the Key Food-Based Components of a MD with Strong Published Evidence of Health Benefits

The food-based recommendations developed in step two are presented in Table 2. Scientific
literature was used to support the development of these recommendations, and identification of
components which include key mechanisms that drive optimal health outcomes for the management
of chronic diseases are also highlighted in Table 2.

3.3.1. Food Groups

The food group recommendations in Table 2 are based upon documented MD ‘commandments’ [24].
Table 2 highlights these adapted food-based recommendations which were designed to be easy for
participants to understand and interpret. Education material outlining these dietary recommendations
and how they could be applied has been designed to be provided to participants in the initial dietary
consultation, with accompanying pictures to aid translatability (Figures S2 and S3). Table 2 also highlights
the proposed mechanisms and evidence-based benefits of each recommendation—these were not included
in patient resources.

3.3.2. Cuisine

The term cuisine refers to the method of cooking which is often characteristic to a country or
region [10]. Cooking includes the fusion of different ingredients, which has been shown to have
additional nutritional benefits compared with its isolated and /or uncooked counterparts. Specifically,
the addition of olive oil to tomatoes during cooking considerably increases the absorption of lycopene
(a carotenoid linked to reduced rates of certain cancers and heart disease) [10]. Furthermore,
the antioxidant capacity of salads has been assessed with and without the addition of aromatic
herbs. Lemon balm and marjoram (1.5% (w/w)) increased antioxidant capacity by 150% and 200%,
respectively [66]. In terms of salad dressings, the combination of EVOO and wine or apple vinegar
gave the greatest increase in antioxidant capacity [66].

Given the benefits of cuisine in the MD pattern, it was important that cooking and preparation
methods were captured in this MD model diet intervention. When providing dietary recommendations
concerning cuisine for participants in this intervention there were two key areas embedded into the
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dietary intervention design, and these were emphasised during consultations: (1) herbs and spices and
(2) cooking. These are elaborated upon below.

3.3.3. Herbs and Spices

Culinary herbs and spices are a part of the traditional MD, where they are used to flavour most
dishes, and many are thought to have medicinal properties based on their ability to heal [28]. It is
thought that the enhancement and depth of flavour resulting from the addition of herbs and spices
contributes, at least in part, to the enjoyment and palatability of MD meals and may therefore encourage
sustainability. The evidence in modern science for the benefits of the phytonutrients found in culinary
herbs and spices continues to grow. Polyphenols have been associated with improved health outcomes
due to the antioxidant capacity of these phytonutrients and thus, an increased quantity and improved
bioavailability of polyphenols through dietary cuisine is desirable [27]. It is well established that
herbs and spices are a concentrated source of polyphenols; for example, the polyphenol contents in
100 g of both oregano and carrot are 935 vs. 58 mg gallic acid equivalents (GAE), respectively [67,68].
It is also well accepted through other dietary guidelines, such as those endorsed by the Australian
NHE, that flavour enhancement using herbs and spices can reduce the addition of excessive salt
(sodium) to meals, which is associated with hypertension [32]. The element of cuisine was a key
consideration within the development of the MD intervention to ensure replication of these health
benefits. To encourage the addition of herbs and spices in meal preparation, recipes and meal plans
were provided to illustrate how to cook with these ingredients.

3.3.4. Cooking

In order to achieve the benefits of combining ingredients and replicating the benetfits of a ‘cuisine’
from the MD dietary pattern, traditional cooking practices are encouraged. In addition, cooking skills
and cooking itself are linked to improved health outcomes [69,70]. Encouraging participants to cook
facilitates dietary changes becoming part of lifestyle and behaviour, assisting in sustaining the changes,
and thus achieving benefits.

Of note, many participants who are involved in clinical trials are either not willing to, or unable
to prepare foods and cook meals for a range of reasons. The need for fast and convenient foods
is well recognised in today’s busy lifestyles. To accommodate for such lifestyles, resources were
provided to assist participants to ‘assemble’ meals with choices that required minimal preparation.
These convenient options enabled nutritious choices, while retaining key elements of the MD model
without the need for expansive cooking skills or equipment. These quick and easy meal options were
designed within a resource that could be provided to all participants but was emphasised to those who
had limited cooking skills or for meals such as lunch at work where there was limited time and/or
access to cooking equipment. Figure 2 highlights how these types of nutritious, MD-inspired cook-free
meals were modelled in the resource developed for provision to participants (Figure S4)). This resource
was supplied to participants as part of a toolkit to enable them to implement the principles of this diet
within their own diet and lifestyle.

3.3.5. Eating Together

A key aspect of the traditional MD pattern is the emphasis of eating together. Food pyramids
which depict MD often include a component showing people sharing meals [30]. This element is
featured because it is the essence of the MD culture. It is thought that the table acts as a unifier and
gives a sense of community [30,71,72]. This ideology was captured within our dietary intervention by
recommending social interaction such as family meals or eating with others.

3.3.6. Being Mindful

A key part of the traditional MD is the notion of eating to appetite. Thus, to assist in facilitating
the inclusion of this ad libitum approach, elements of mindfulness are included as a part of the
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MD intervention delivery. As well as eating with others, participants are encouraged to practice
mindfulness between and during meals, avoid electronic devices and screen time during meals, and be
more aware of what they are eating through slower eating, chewing thoroughly and understanding
their hunger and fullness cues [73].

Vegetables Carbohydrate Protein Condiments
Green‘salud Whole grain Canned lentils or EVOO*
mix crackers legumes
Frozen Microwavable , Salt (minimal)
. Canned chicken
vegetables rice +/- pepper
Cucumber, g Ctmned' fish (e.g. tuna, .
tomato and | i sardines, salmon, + | Lemon juice
bread .
carrot mackerel, herring)
Caem || 1m0
carrot il Boiled egg (s) Vinegar
shredded o fo?'
microwaving
Rocket and/ Cous-cous (add
or spinach boiling water, Nuts or nut butter Herbs +/- spices
leaves cover for 3 min)

*EVOO should be added to all meals

Figure 2. A summary of the MD inspired ‘Cook free’ meals based on the resource provided to study
participants. EVOO: extra virgin olive oil.

3.3.7. Biodiversity and Seasonality, Local and Eco Friendly

Including a predominantly plant-based varied diet is a key component of the MD pattern.
In addition, the MD traditionally focused on local, accessible and seasonal produce. This is important,
as accessible produce is (1) environmentally and eco-friendly due to reduced emissions in production,
storage and transportation; (2) often provides a more nutrient-dense food source; and (3) is usually
more abundant and therefore affordable [30,74]. With regard to the practical application of this
aspect of the dietary intervention, food variety and choices are adapted for the Australian context.
The example provided in Figure 2 extrapolates the key points addressed during a dietary consultation
to achieve practical application of biodiversity and seasonality in the Australian context.

The example shown in Figure 3 for traditional MD and modifications for the Australian context is
by no means exhaustive. It simply showcases one example of flexible implementation of the dietary
intervention. This flexibility allows for seasonal and accessible produce in the Australian context and
accommodates different cultural preferences including what is familiar and acceptable to individuals.
This substitution example is important to ensure that the diet model is feasible and translatable into
multiethnic populations.
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Recommendation:

Eat vegetables with every

meal
Sub component of the
recommendation:
100g leafy greens per day
Cretan context examples: Australian context examples:
Sow thistle, amaranth, Spinach, silver beet, rocket,
purslane, dandelion, chicory, choy sum, gai lan, bok choy,
endive broccoli kale

¢ Encourage where they are . .
courag A e Suitable alternatives where

accessible and in season. . .
they were accessible and in

season.

Figure 3. An example which models the practical dietary application of a recommendation from the
traditional Cretan MD in an Australian context. Biodiversity and seasonality are considered.

3.4. A Two-Week Meal Plan Based on the Nutrient Composition Profile and the Key Food Intake
Recommendations Identified in the Previous Steps

The nutrient ranges described in Table 1 in conjunction with the key principles of a MD described
in Table 2 guided the development of the MD model intervention and the two week meal plans
discussed in this section. The two-week meal plan was analysed in Foodworks™ version 7 and the
macro- and micronutrients that were derived from these menus are reported in Table 3. These meal
plans are available in Figure S1. There were three main meals and three snacks provided per
day. A recipe book [24] detailing the preparation of all the meals and a shopping list (Figure S5)
accompanied the meal plans. So, while the meal plan was designed to model optimal consumption of
MD, composition was assumed to deviate from this based on individuals’ preferences, satiety, cooking
skills, culture, etc. The recommended meal pattern is an important component of the dietary model
and is described here explicitly to clarify the purpose of each recommendation.

3.4.1. Breakfast

For the first meal of the day, the diet plan aimed to incorporate wholegrains and high contents
of MUFAs and antioxidants while considering what was easily accessible. The options ranged
from porridge with fruit as well as including more traditional components, such as honey and
cinnamon. Soy and linseed bread with either chopped tomatoes, onion, herbs, EVOO and lemon juice
or eggs with stewed tomatoes or avocado were also included. Greek style yogurt with fruit, honey,
cinnamon and nuts were also incorporated into the meal plan. Herbal tea or coffee were included daily.
Less traditional components, such as using low fat dairy, soy and linseed bread, were substituted to
ensure an optimal fat ratio for the meal plan was reached.

3.4.2. Lunch/Dinner

Lunch meals were intended to be high in vegetables, wholegrains and MUFAs. Options ranged from
soy and linseed bread, fish and salad or roast vegetables and feta cheese with EVOO, lentil /legume-based
soups, or leftover dinner meals. Smaller meals were also accompanied by a piece of fruit. Canned fish, for
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example, is a less traditional component of the meals which was included to meet desirable fatty acid
profiles while maintaining the convenience often desired in Western societies.

Dinner meals were also high in vegetables, wholegrains and MUFAs. Most of the meals at dinner
required some cooking, but, as previously mentioned, convenient meal resources could be used in place
of this. Furthermore there were tips on how main meals could be altered or made more convenient.
The main meals at dinner included fish, small portions of white meat twice per week, and red meat,
which was limited to once per week. There were at least two vegetarian days per week and at least
two lentil dishes per week. Meal plans were designed so that meals could be moved around between
meal times, days and weeks to suit individual preferences and time commitments.

3.4.3. Snacks

Snacks primarily composed of Greek yogurt, fresh or dried fruit and/or raw unsalted nuts
providing a source of antioxidants as well as wholegrains, MUFAs and/or protein. There was
an allowance for a small, homemade sweets after dinner twice per week. Snacks provided
an opportunity to include important elements of the MD, such as fermented dairy and healthy
fats from nuts, and were not just ‘fillers’.

3.5. Potential Barriers and Proposed Strategies for Translating MD into the Australian Population

When designing the MD intervention for Australians, a key consideration was whether the
diet would be feasible in a non-Mediterranean population. It is generally easy to replicate desirable
macronutrient contributions such as those described for the MD as macronutrients are broad and
non-specific. However, the task becomes more multifaceted when foods and their combination
through cuisine is considered, to replicate the synergistic effects of the food matrix. When drawing on
more customary recipes from various cuisines, each meal has its own unique flavour profile based
on the region from which it originates. It is therefore important to model how the key elements
of cuisine within the MD could be replicated across a variety of culturally-specific dishes. Table 4
provides an example of a traditional Cretan (Greek) Mediterranean dish called Fasolatha, and models
popular multicultural alternatives which include similar key ingredients and combinations in cooking.
This example demonstrates that macronutrients and foods, even when combined as part of cuisine
from the MD, can be captured and translated across other traditional recipes. This demonstrates that
the MD principles shown to improve health, can be replicated for a multicultural setting, which is both
important and relevant due to the multiethnic landscape of Australia. This also ensures flexibility can
be achieved through individualised dietary advice that can accommodate individual eating preferences.
This substitution therefore enables the MD to be translatable across multiple ethnic groups.

Table 4. Replicating the cuisine in a traditional Cretan Mediterranean dish across different cultures
and cuisines.

Cuisine Greek (Cretan) Middle Eastern Indian Chinese Western
. Homemade
Meal Fasolatha Mujadara Dhal Mapo Tofu Baked beans

[.‘egumes,_ ) _ ) Lentils onion, Tofu, garlic. scallions, L_egumes,_
Kev ingredients onions, garlic, Lentils, rice, onions, garlic peppers, ginger, soy onion, garlic,

ying tomato, herbs, spices, EVOO tomatoes ’ hee sauce +/ — pork, peanut tomato,
EVOO '8 +/— sesame oils vegetable oil
Fat Modifications - - Replace part or all added fat with EVOO

Abbreviations: EVOO: extra virgin olive oil, -: indicates no change was made or required.

4. General Overview and Future Implications

This paper described the nutrient and food-based components of a traditional Mediterranean diet
using data from seminal trials and a cohort trial including dietary intakes of people from Crete in the
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1950s, considered the archetypal traditional Mediterranean diet. This information was used to model
the development of a MD model for specific use in two multiethnic cohorts with chronic diseases:
CVD [14] and NAFLD [13].

The MD model intervention includes specific dietary prescription, including a breakdown of
macro and micronutrients and food components. This allows for transparency when reviewing
literature and thus optimal analysis of dietary adherence and translation into other research trials and
clinical practice. This belief around ensuring transparency was inherent in the modelling of this paper
through the development and design of the MD model intervention and showed that the components
of the Mediterranean cuisine [20,30] could be maintained across a number of different cultural cuisines.
There is a strong rationale for assessing the efficacy of the MD in a Western, multicultural population
where there is a need to identify a superior dietary pattern that can prevent and manage the growing
epidemic of chronic diseases. This dietary pattern should also be assessed for its ability to be achieved
and sustained by individuals. Furthermore, the MD model described herein has been developed for
application within free living populations. This is an important strength of this dietary intervention
model because theoretically, if adopted by individuals, it is more likely to be sustained. Sustainability
is an outcome that is critical for the management of chronic diseases.

Having comprehensively reviewed the key nutrients, foods and mechanisms which facilitate
health benefits, the development of this MD model intervention is anticipated to be comparable to
interventions delivered in the Mediterranean basin. The MD model intervention is consistent with
the traditional MD, being a predominantly plant-based diet high in dietary fat, predominantly from
MUFA from EVOO consumption. The MD model intervention reported in this paper also features
moderate amounts of fermented dairy, fish and white meat with minimal amounts of red meat.
White and red meat portions are higher than those consumed as part of a traditional MD, where
an allowance of 450 g/week was developed in accordance with successful clinical trials described
in Tables 1 and 2. This resulted in a slightly higher total protein recommendation in the MD model
(Table 3) compared with percentages reported in the traditional MD counterpart. Furthermore, there is
an increased amount of prescribed o-linoleic acid and total long chain #-3s included within the MD
model intervention model in an effort to improve the n6:n3 ratio consumed, which is indicated in
clinical practice guidelines for CVD.

This intervention is in line with the whole diet approach for MD, which has been shown to be more
healthful compared to isolated nutrients [9]. Aswell as a whole of diet approach, the inclusion of cuisine
means that the MD model intervention incorporates a combination of foods and optimises health
outcomes based on the enhanced benefits of the food matrix and the preparation of these combinations.

Incorporating elements of cuisine such as combining EVOO with herbs and tomatoes resulted
in the improved bioavailability of antioxidants and micronutrients; however, preparation may be
considered challenging or not suitable for individuals who seek or require convenient options.
To overcome this potential barrier the MD model intervention includes a range of non-cooking meal
options for participants to ensure convenience, optimise consistency amongst dietary adherence and
to enable sustainability. To date we are not aware of any direct comparison surrounding the effects
of cuisine in cooked and raw meals. It is also likely that given the complexity around food and its
constituents, results would be variable across specific foods and antioxidants.

One of the other key predicted barriers with application of a MD in non-Mediterranean countries,
such as Australia, is the adaptability to other cultural preferences. This has been highlighted as
a perceived barrier in other countries who have considered the application of a MD for the prevention
and management of chronic diseases [75]. This paper showcased some practical solutions surrounding
how to apply MD principles within other cultural dishes. In particular, the demonstration of
the commonalities between ingredients and combinations from traditional dishes from range of
countries was presented and how the composition and cuisine could be optimised with only minor
recipe changes.
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5. Conclusions

The MD model intervention maintained traditional dietary components to ensure that reported
health benefits could be preserved while the context was adapted and evolved to suit an Australian
multiethnic population. There were multiple factors that were considered, and thus, steps were
developed to include strong evidence base and strategies surrounding potential barriers were applied
to achieve this. Firstly, an optimal evidence-based dietary prescription which encompassed nutrition
composition, ingredients and food combinations which were likely to elicit health benefits was adopted.
Next, the dietary prescriptions were designed in a way that could be implemented across multiple
cultures. This MD model is currently being assessed for acceptability and feasibility for participants
with chronic diseases in two clinical trials. This MD model intervention demonstrates that it is possible
to translate the key elements of the traditional MD to populations outside the Mediterranean region
to increase the likelihood of acceptability and sustainability. Furthermore, this paper indicates the
need for a consistent definition to describe the MD to ensure the key elements are captured and
translated so that the translated MD model retains authenticity. The MD model and accompanying
resources described herein can be used by nutrition researchers for future clinical trials adopting a MD.
In addition, they may be used by health practitioners in the care of their patients with chronic diseases
and by policy makers to provide evidence-based food guidelines for the prevention and management
of many chronic diseases.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/4/465/s1,
Figure S1: Mediterranean Diet: two week cycle menu, Figure S2: Mediterranean Dietary Guidelines- Summary,
Figure S3: Mediterranean Diet Pyramid, Figure S4: “No Cooking” Meal Options, Figure S5: Shopping List.
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Abstract: (1) Background: The aim of this study was to assess adherence to the Mediterranean
diet (MD) and to examine the relationship between MD adherence, physical activity, self-concept,
and other sociodemographic factors; (2) Methods: A cross-sectional study (N = 597; 18.99 + 0.64 years)
was conducted in a sample of university students from Ceuta, Melilla, and Granada (Spain). Religious
beliefs and place of residence were directly reported, while physical activity and adherence to the
MD were self-reported using the Physical Activity Questionnaire for Adolescents (PAQ-A) and
the Mediterranean Diet Quality Index (KIDMED) respectively. Self-concept was evaluated using
the Five-Factor Self-Concept Scale; (3) Results: Of those students reporting high levels of habitual
physical activity, 82.3% also reported high adherence to the MD, with 17.7% reporting a medium
adherence. Of students reporting no physical activity, 25.7% also reported medium adherence
to the MD. No significant associations were found between the MD and religious beliefs. It was
observed that the university campus was associated with the level of adherence to the MD (p = 0.030),
with adherence being lowest in Ceuta and Melilla. Finally, the MD was associated with academic
(p = 0.001) and physical self-concept (p = 0.005); 4) Conclusions: The MD should be promoted to
university students, particularly those studying at Ceuta and Melilla, given the present findings of
lower MD adherence. In addition, as higher MD adherence was also highlighted with more positive
self-concept, its promotion would be beneficial in wider educational contexts.

Keywords: Mediterranean diet; physical activity; self-concept; socioeconomic factors

1. Introduction

Considerable research has addressed the beneficial effects of the Mediterranean diet (MD) on life
expectancy and quality of life [1], since it has a positive effect on public health, and reduces the risk
of suffering cardiovascular diseases, Alzheimer’s, depression, diabetes, and cancer, as well as many
others [2-7]. In addition, the MD is associated with better cognitive and emotional functioning [6,7].
In addition, higher socioeconomic status and living in the family home is associated with a better
quality of diet [8-10].

The composition of the MD is based on the consumption of food cultivated around the
Mediterranean Sea, which contain a high amount of natural antioxidants. It is characterized by a high
intake of olive oil, cereals, fruits, vegetables, and legumes, with also a moderate consumption of fish,
eggs, and dairy products. Red and processed meats, saturated fats, and alcoholic drinks are consumed
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in low amounts [3,11,12]. Following a balanced diet, the MD has been shown to provide essential
macronutrients and demonstrates important health benefits, such as improved body composition and
the prevention of cardiovascular diseases [4-6,10].

The benefits of adhering to a MD have been studied for young people living in Mediterranean areas
are shown in countries, such as Italy [13,14], Turkey [15,16], Cyprus and Greece [17,18], Spain [19,20],
Lebanon [11], and Croatia [21]. Additionally, studies have been conducted in countries with cultural
and linguistic influence, such as Chile [4,10], Brazil [22], or the south of the United States [23].

Arnet describes university students as being in an “emerging adulthood stage [24] during which
they possess the biological maturation of an adult, but have not yet achieved comparable psychosocial
development [19]. These young adults, often during the first years of study, live outside of the family
home, often with negative implications for the quality of their diet [24,25]. Unhealthy habits appearing
during this life stage often persist into adulthood, for example, previous research has linked poor
nutrition with the use of harmful substances and negative repercussions later in life [25,26].

Diet is one of the cornerstones of a healthy lifestyle, and it is sometimes characterised in university
students by a lack of meals and essential foods, and by the intake of large amounts of sugar, alcohol,
and saturated fats [27]. These facets may be influenced by the place in which the student lives
(e.g., shared flat, halls of residence), with moving away from home to live in the city of the university
being a potentially important factor [11,25,28,29]. Further, university students often show reduced
levels of physical activity and greater engagement in sedentary behaviour [24]. It should be noted that
this is not the case for all students, with one study of students enrolled in nursing and teaching courses
showing a higher adherence to the MD [30,31]. Studying subjects related to nutrition may, therefore,
be a protective factor for some of the previously identified negative habits.

Self-concept is defined as the collection of beliefs about oneself and is also associated with
health behaviours [32]. For instance, diets with an excess of fat and sugar can lead to increased
overweight indices and a negative belief about oneself [33,34]. Moreover, several studies have shown
that a worse adherence to the MD is associated with lower academic performance and subsequent
negative academic self-concept [35], and negative emotions, such as higher levels of stress and anxiety,
and a subsequent negative emotional self-concept [36].

Students’ religious beliefs might also have an influence, since the Mediterranean Sea is surrounded
by countries that are traditionally Catholic and Islamic [37]. The Islamic religion associated with
Arabian culture does not allow the consumption of some food, such as pork or alcohol. It could
be thought that Spain, since it is so near to Africa, could have similar food and cooking traditions.
However, the norms associated with both regions are very different. The cities of Ceuta and Melilla,
for example, are Spanish, but are in Africa, thus, being highly influenced by Arabian culture [38].

Although the MD has been studied in relation to physical activity and healthy lifestyles, research in
relation to self-concept, place of residence [24,39], and cultural-religion [38] is scarce. Thus, the present
study will present novel data on the MD and its association with sociodemographic, physical,
and emotional factors within a sample of university students enrolled in social and health science
courses based at three campuses of the University of Granada (Ceuta, Melilla, and Granada).

The present study will address the following research question and associated hypotheses:
Is adherence to the MD related to religion, place of residence, physical activity, and self-concept
of university students from different parts of Spain?

Hypothesis 1 (H1). The university students from Ceuta and Melilla will present a lower adherence to the MD.
In addition, those who do not live in a shared flat and report Christian beliefs will follow a better-quality diet.

Hypothesis 2 (H2). University students reporting higher levels of physical activity will also report greater
adherence to the MD.

Hypothesis 3 (H3). Higher adherence to the MD will be associated with more positive self-concept both overall
and for all its associated dimensions.
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The main aims of the present study are: (a) To assess adherence to the MD within a population
of students from Ceuta, Melilla, and Granada (Spain); and (b) to examine the relationship between
adherence to the MD, physical activity, self-concept, religion, and place of residence.

2. Materials and Methods

2.1. Subjects

The present research reports a cross-sectional study with a sample of 636 university students aged
between 18 and 20 (18.99 £ 0.64 years) enrolled in education or health-related degree programmes
in Granada, Ceuta, and Melilla (Spain). Of these, 39 participants did not meet the inclusion criteria
(i.e., incomplete questionnaires, failure to complete informed consent forms) and so could not be
included. The final sampled, therefore, consisted of 597 participants (156 males and 441 females):
Granada (n = 103); Ceuta (n = 138); and Melilla (n = 356).

2.2. Instruments

The Mediterranean Diet Quality Index (KIDMED) [40] was used to determine the level of adherence
to the MD. This questionnaire consists of sixteen items that relate to Mediterranean dietary patterns.
Four items denote negative connotations with respect to the MD (e.g., do you eat sweets daily?) and are
scored as a —1, while twelve items relate to positive connotations (e.g., do you use olive oil for cooking
at home?) and are scored as a +1. All items are then summed to produce a total score, which ranges
from —4 to 12. Adherence to the MD can then be classified as high (>8), medium (2-7), or low (<1).
The KIDMED demonstrates reliable psychometric properties using Cronbach’s alpha (« = 0.836).

To estimate physical activity levels, the Physical Activity Questionnaire for Adolescents (PAQ-A)
was used, which has been previously validated by Kowalski et al. [41] and adapted to Spanish by
Martinez-Gomez et al. [42]. The instrument asks participants to retrospectively report the frequency
and type of physical activity engaged in on each of the seven days preceding administration.
The questionnaire comprises ten items (e.g., last weekend, how many times did you do sports, dance,
or play games in which you were very active?), rated using a five-point Likert scale. Individual items
are then summed to create a variable, which describes overall physical activity levels. The PAQ-A
demonstrates reliable psychometric properties using Cronbach’s alpha (« = 0.874).

Self-concept was assessed using the Five-Factor Self-Concept Questionnaire (AF-5) [43]. The AF-5
is formed according to the dimensions of academic self-concept (A-SC), social self-concept (S-5C),
emotional self-concept (E-SC), family self-concept (F-SC), and physical self-concept (P-SC). The test
includes thirty items (e.g., I am a friendly person), which are rated on a five-point Likert scale ranging
from never (1) to always (5). Each dimension is described by six items (A-SC: Items 1, 6, 11, 16, 21,
26; S-SC: Items 2,7,12, 17,22, 27; E-SC: Items 3, 8, 13, 18, 23, 28; F-SC: Items 4, 9, 14, 19, 24, 29; P-SC:
Ttems 5, 10, 15, 20, 25, 30). The AF-5 demonstrates reliable psychometric properties using Cronbach’s
alpha (x = 0.800). This replicates earlier reports by Garcia and Musitu [43] (cc = 0.810).

Socioeconomic factors were directly reported by participants using a self-registration sheet.
Participants reported their gender, age, religious belief (Catholic, Muslim, Atheist-Agnostic, and other),
and place of residence (family home, shared flat, or university residence).

2.3. Procedure

Eligible participants were provided a detailed explanation of the aims and implications of the
research. Those who decided to participate then provided written informed consent. Participants
were instructed on how to fill out the questionnaires. All tests were conducted during a non-teaching
lesson at the student’s university. No incentives were provided for participation. A research assistant
attended all data collection sessions to provide guidance on the completion of questionnaires. Ethical
principles of the Declaration of Helsinki were adhered to and ethical approval was granted by the
Ethics Committee of the University of Granada.
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2.4. Statistical Analysis

Data were analysed using SPSS® version 24.0 (IBM Corp, Armonk, NY, USA) for Windows.
Means for all quantitative variables (self-concept) are reported alongside the standard deviation.
Averages and percentages are presented for all qualitative variables (MD, physical activity, gender,
religious belief, university campus, and place of residence). Normality of the data was tested using
the Kolmogorov-Smirnov test with Lilliefors correction, and homoscedasticity was assessed using the
Levene test. The association between variables was determined using chi-square analysis and ANOVA.
The level of significance was set at 0.05.

3. Results

Table 1 shows the proportion of the sample attending the university campuses of Granada, Ceuta,
and Melilla. A total of 636 university students were invited to participate in the study. Of these,
39 students were excluded for not meeting inclusion criteria, leaving a final sample of 597 participants.
Of the final sample, 17.3% (1 = 103) were attending the university campus in Granada, 23.1% (n = 138)
were attending in Ceuta, and 59.6% (1 = 356) were attending in Melilla.

Table 1. Proportion of the sample (eligible sample, excluded participants, and final sample) attending
the university campuses of Granada, Ceuta, and Melilla.

University Campus  Eligible Sample % (1)  Excluded Participants % () ~ Final Sample % (1)

Granada 17.6% (n = 112) 23.1% (n =9) 17.3% (n = 103)
Ceuta 23.4% (n = 149) 28.2% (n =11) 23.1% (n = 138)
Melilla 59.0% (n = 375) 48.7% (n =19) 59.6% (n = 356)

Total 100.0% (1 = 636) 100.0% (n = 39) 100.0% (n = 597)

As shown in Table 2, adherence to the MD was high, medium, and low for 77.6%, 21.9%, and 0.5%
of the sample, respectively. The percentage of participants who reported engaging in physical activity
was similar to those reporting not engaging in physical activity (52.8% vs. 47.2%). A total of 54.9%
of participants reported being of Catholic faith, 27.5% were atheist or agnostic, and 16.3% identified
themselves as Muslim. A total of 63.8% of the participants reported residing with their family,
while only 6.7% reported residing in student housing. Self-concept was reported most positively
for the dimension relating to family (Mean (M) = 4.36) followed by the social dimension. Academic,
emotional, and physical self-concept were rated less positively, with average scores being lower than
3.65 for these dimensions.

As shown in Table 3, there were significant associations between MD adherence and physical
activity (p = 0.014). Students who reported practicing physical activity were more likely to report
a high adherence to the MD (82.3% of the active participants), while only 73.3% of participants who
reported not engaging in physical activity reported a high adherence to the MD.

As shown in Table 4, the MD was associated with academic self-concept (p = 0.001), which
was more positive in students with high MD adherence (M = 3.67) relative to those reporting only
amedium adherence (M = 3.45). The same tendency was observed with regards to physical self-concept
(p = 0.005), with higher scores reported by students with high MD adherence (M = 3.39) compared
with those who had a medium adherence (M = 3.16). No differences were found with regards to social,
emotional, and family self-concept (p > 0.050).

Finally, no significant differences (p > 0.050) were found in the associations between MD, religious
belief, and place of residence (Table 5). It was observed that the university campus was associated with
adherence to the MD (p = 0.030). The percentage of students who had a high adherence was 90.2% in
Granada, 74.7% in Ceuta, and 72.5% in Melilla. Medium adherence was reported by 10.7% in Granada,
23.9% in Ceuta, and 26.7% in Melilla.
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Table 2. Characteristics of study sample according to sex.

Sex
Variables
All (n =597) Male (n = 156) Female (n = 441)
High 77.6% (1 = 463) 33.3% (n = 118) 66.7% (n = 345)
MD Medium 21.9% (n = 131) 28.2% (n = 37) 71.8% (1 = 94)
Low 0.5% (n=3) 0.6% (n=1) 0.5% (n=2)
Granada 17.3% (n = 103) 18.4% (n =19) 81.6% (n = 84)
Campus Ceuta 23.1% (n = 138) 26.8% (n=37) 73.2% (n =101)
Melilla 59.6% (1 = 356) 28.1% (1 = 100) 71.9% (n = 256)
. - Yes 47.2% (n = 282) 39.4% (n =111) 60.6% (n =171)
Physical Activity No 52.8% (n=3 5) 14.3% (1 = 45) 85.7% (1 = 270)
Catholic 54.9% (n = 328) 25.3% (n = 83) 74.7% (n = 245)
Religious Belief Muslim 16.3% (n = ) 13.4% (n =13) 86.6% (n = 84)
8 Atheist-Agnostic 27.5% (n = 164) 34.1% (n = 56) 65.9% (n = 108)
Other 1.3% (1 =8) 50.0% (1 = 4) 50.0% (1 = 4)
Family Home 63.8% (n = 381) 24.9% (n =95) 75.1% (n = 286)
Place of Residence Shared Flat 29.5% (n = 176) 26.7% (n = 47) 73.3% (n = 129)
University Residence 6.7% (n = 40) 35.0% (n=14) 65.0% (n = 26)
A-SC M=3.62SD=0.601 M=348SD=0.600 M =23.67SD =0.595
S-SC M=391SD=0.660 M=394SD=0.661 M =3.90SD =0.659
Self-Concept E-SC M=331SD=0440 M=343SD=0407 M=327SD=0.444
F-SC M=436SD=0.626 M=423SD=0.664 M =441SD =0.605
P-SC M=334SD=0.741 M=3.64SD=0681 M =323SD=0.733

MD, Mediterranean diet; A-SC, academic self-concept; S-SC, social self-concept; E-SC, emotional self-concept; F-SC,
family self-concept; P-SC, physical self-concept.

Table 3. Adherence to the MD according to self-reported physical activity level (p = 0.014).

MD

Physical Activity [% (1)]

Yes

No

Total [% (n)]

Low adherence
Medium adherence
High adherence

Total

0.0% (n
17.7% (n = 50)
82.3% (n = 232)

100.0% (1 = 232)

=0)

1.0% (1 = 3)
25.7% (n = 81)
73.3% (n = 231)

100.0% (1 = 315)

0.5% (n = 3)
21.9% (n = 131)
77.6% (n = 463)
100.0% (1 = 567)

Table 4. Dimensions of self-concept according to adherence to the MD.

Self-Concept MD M SD F P

Low 3.50 1.25

A-SC Medium 3.45 0.62 6.744 0.001
High 3.67 0.58
Low 3.83 1.15

S-SC Medium 3.80 0.62 2.181 0.114
High 3.94 0.66
Low 3.13 0.64

E-SC Medium 3.29 0.40 0.420 0.657
High 3.31 0.45
Low 4.67 0.44

F-SC Medium 4.28 0.69 1.926 0.147
High 4.39 0.60
Low 3.11 0.94

P-SC Medium 3.16 0.73 5.296 0.005
High 3.39 0.73

29



Nutrients 2018, 10, 966

Table 5. Adherence to the MD according to religious belief, campus, and place of residence.

MD Adherence
Variables P
Low Medium High
Catholic 0.6% (n =2) 23.5% (n=77)  75.9% (n =249)

Muslim 0.0% (
Atheist-Agnostic 1.2% (

0)  227%(n=22)  77.3% (n="75)
2)  20.1% (n=233)  78.7% (n=129)
Other 0.0% (1 = 0) 25.0% (11 =2) 75.0% (n = 6)

Family Home 0.8% (n=3) 20.7% (n=79)  78.5% (n=299)

Religious belief Z
n=
n=
Place Residence Shared Flat 1.2% (n=2) 25.5% (n = 45) 73.3% (n =129) 0.881
n=
n=
n=
n=

0.762

University Residence 0.0% 0) 20.0% (n = 8) 80.0% (n =32)

0) 9.8% (n =10) 90.2% (1 = 93)

2) 23.9% (n=33)  74.7% (n =103) 0.030
3) 26.7% (n=95)  72.5% (n = 258)

(

Granada 0.0% (

Campus Ceuta 1.4% (
Melilla 0.8% (

4. Discussion

The main objective of the present study was to identify the relationships between adherence to
the MD, physical activity, self-concept, and selected sociodemographic factors. High adherence to
a MD was reported by almost 80% of the included participants. One factor that could contribute to
this high level of adherence is the relatively young age of the participants (none of whom were older
than 20 years of age), making it likely these participants were still highly influenced by their family
with regards to their eating behavior, a suggestion supported by previous research conducted by San
Mauro et al. [44]. On the other hand, previous research conducted with samples of older university
students has failed to support these suggestions [26,29,45].

More participants in the present study were attending the campus in Melilla than Ceuta or
Granada. At this particular campus, all of the degrees pertained to the fields of social sciences or
health. While the campus of Granada is the biggest of the three, it also has the greatest variety of
available courses. The present study chose to focus on students studying courses previously identified
by Rodrigo et al. [31] as being disciplines with likely associations with adherence and understanding
of the MD. Further, it is also important to highlight the greater participation of women in the present
study, which is because these areas of study are more popular amongst women than men [29].

Findings relating to the practice of physical activity are similar to those obtained in other studies,
which have shown physical activity engagement to decrease upon reaching adulthood and starting
university. This may at least be partly caused by the change in social tendencies and the development
of habits leading to weight gain, stress, and anxiety [46-48]. This life period is, therefore, critical and
the promotion of healthy habits in relation to nutrition and physical activity is necessary [49].

Associations were established between adherence to the MD and the practice of physical activity,
with the conclusion that those who exercise regularly have better nutritional levels. Students with low
adherence to the MD tended also to not engage in physical activity, whilst those typically adhering to
a MD diet also show higher levels of physical activity [50-52]. One potential explanation for this is
that young people who practice physical activity tend to consume a nutritious diet to obtain greater
results in terms of performance, body image, or wellbeing [53,54].

In the present study, academic self-concept was higher in students who reported high adherence
to the MD than in those who reported low adherence. This suggests that diet influences academic
achievement, as has been suggested by Unal et al. [55] who discuss the importance of breakfast
and the MD as a contributor to academic success. Since a better academic performance is related to
a more positive perception of the individual in the university environment, their academic self-concept
could improve [55,56]. In this sense, these results are similar to those reported in other teenage
populations [56] and corroborate previous research conducted by Inauen et al. [57], which discussed
the benefits of exercise on nutritional behavior.

Contrary to research suggesting an increase in the amount of people who do not practise any
religion in Spain [37], Catholicism is still followed in southern areas. However, in the areas of Ceuta
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and Melilla, the Islamic faith is widely practiced. In recent years, the number of degrees studied at the
three university campuses has increased, leading to more students studying locally and living in their
family home. Resultantly, the family dimension of self-concept becomes highly valued and has a clear
effect on improving nutritional consumption.

In the present study, religious and cultural tendencies were not associated with diet, which is
contrary to previous findings reported by Navarro-Prado et al. [38] suggesting that Muslims had
a lower quality diet than Christians due to their regular omission of breakfast and dinner. The present
study suggests that culinary cultures in the south of Spain and the north of Africa influence one
another, thus, masking differences. Age is likely a stronger influence on eating behaviours than place
of residence as almost 70% of the participants still lived at home, reducing the variability of this variable.
Furthermore, several studies, such as those developed by Donnelly et al. [58] and Bernardo et al. [59],
demonstrate that the cost of healthy food inhibits the ability of university students to adhere to a MD.

Higher MD adherence was reported by participants studying at the campus in Granada than
the other two included campuses. As this city is inside the Peninsula, it has an enhanced supply of
good quality food in comparison to those cities outside of the Peninsula. This, alongside the previously
mentioned culture of Arabian food in Ceuta and Melilla, [38], can help to explain the lower adherence
to the MD in these regions.

The present study also has a number of limitations. The cross-sectional design prevents any
conclusions pertaining to causality from being made. This type of study provides preliminary evidence,
which should now be followed by longitudinal research. Other limitations relate to the scales used.
For instance, errors caused by poor comprehension of the KIDMED test and the self-report questionnaire
were identified, though evidence suggests that such errors should not impede their application [8,60].
Finally, while the PAQ-A demonstrates good internal consistency within samples of university students
and Arnet [24] has highlighted similarities during emerging adulthood and this period of adolescence,
it should be noted that this instrument has only been validated within samples of adolescents and older
adolescents, and so could present adjustment errors within this sample.

In consideration of the limitations and findings of the present study, the following suggestions
are made for future research. Future studies should seek to apply the present self-report instruments
to more areas of knowledge and within samples of adults. Moreover, the PREDIMED and GPAQ
questionnaires may be more appropriately used to measure adherence to the MD and physical activity
behaviour in future research as they have been validated amongst young adults. Finally, an intervention
using nutritional talks and practical activity should be developed to improve the level of adherence
to the MD of university students, particularly in the cities of Ceuta and Melilla. This should also
include periodic measurement of psychosocial factors and health indices to ascertain relationships
with adherence to the MD.

5. Conclusions

Adherence to the MD was related to certain socioeconomic factors, such as the university campus
attended, the practice of physical activity, and some dimensions of self-concept. The following
conclusions can, therefore, be made regarding the study hypotheses:

e  Hypothesis 1 (H1) was partially supported as university students from Ceuta and Melilla reported
a lower adherence to the MD. However, statistically significant differences were not found
according to the place of residence and religious belief;

e  Hypothesis 2 (H2) was completely supported. The results showed the practice of physical activity
to be associated with a higher adherence to the MD; and

e  Hypothesis 3 (H3) was partially supported, since adherence to the MD was only associated with
the physical and academic dimensions of self-concept.

The main conclusions established from the present study were that participating students at the
three included campuses typically reported moderate levels of MD adherence, with adherence being
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higher amongst students at the Granada campus. No relationships were identified between MD and
the place of residence or religious belief, while physical activity was positively associated with MD
adherence. Finally, adherence to the MD was positively associated with the physical and academic
self-concept. Given the relationships observed, the MD should be promoted in university students,
with a view to improving psychosocial factors. The lower quality of diet prevalent at the campuses of
Ceuta and Melilla highlights these areas as important contexts for intervention. A main strength of
the present analysis of the MD in a population with particular social and cultural characteristics is
the highlighting of relevant social factors, such as religion, and psychological factors of well-being,
such as self-concept. Future research should now build on this to replicate the present study within
other populations of relevance, such as children or adolescents, and to include other key factors for
health, such as overweight or substance consumption.
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Abstract: This study evaluates the relation of a Mediterranean dietary pattern and its individual
components with the cardiovascular risk factors profile, plasma glucose and body mass index
(BMI) in people with type 2 diabetes. We studied 2568 participants at 57 diabetes clinics. Diet was
assessed with the EPIC (European Prospective Investigation into Cancer and Nutrition) questionnaire,
adherence to the Mediterranean diet was evaluated with the relative Mediterranean diet score (rMED).
A high compared to a low score was associated with a better quality of diet and a greater adherence
to the nutritional recommendations for diabetes. However, even in the group achieving a high
score, only a small proportion of participants met the recommendations for fiber and saturated
fat (respectively 17% and 30%). Nonetheless, a high score was associated with lower values of
plasma lipids, blood pressure, glycated hemoglobin, and BMI. The relationship of the single food
items components of the rMED score with the achievement of treatment targets for plasma lipids,
blood pressure, glucose, and BMI were also explored. The study findings support the Mediterranean
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dietary model as a suitable model for type 2 diabetes and the concept that the beneficial health effects
of the Mediterranean diet lie primarily in its synergy among various nutrients and foods rather than
on any individual component.

Keywords: Mediterranean diet; diabetes; cardiovascular risk; glucose control; plasma lipids; relative
Mediterranean diet score

1. Introduction

Diet remains the cornerstone of effective type 2 diabetes management; the aim of promoting
nutritional changes in people with diabetes is to optimize metabolic control and overall health.
Nutritional recommendations have been issued by several scientific societies to support clinicians in the
choice of the most suitable dietary intervention(s) in people with diabetes [1]. However, adherence to
these recommendations in real life clinical practice is generally poor [2—4] and partly reflects the wider
problem of the overabundance of saturated fat and refined cereals in the western diet [5]. Furthermore,
nutritional recommendations are based on nutrients, which might hamper patients’ understanding
and compliance. Last but not least, nutritional recommendations have been criticized as being scarcely
based on evidence, and there is debate in the literature regarding the optimal dietary macronutrient
composition of the diet in people with type 2 diabetes under energy balanced conditions [1,6,7].

In the last decades, human nutrition science has shifted from a reductionist approach focused on
specific nutrients to a broader view emphasizing the concepts of overall dietary quality and patterns
that promote metabolic health [8]. This paradigm change is supported by convincing evidence that food
exposure is complex and its impact on health is influenced not only by single nutrients, but also by their
interplay and by the interactions of the bioactive non-nutrients present in food (i.e., fiber, antioxidants,
minerals, etc.). Therefore, the relationship between nutrition and health may not be fully appreciated
unless evaluated within the context of the whole diet.

The Mediterranean diet is among the most widely studied dietary patterns. The traditional
Mediterranean diet is characterized by the consumption of whole grains, legumes, fruits, vegetables,
nuts, fish and olive oil, wine in moderation, and a moderate intake of meat, dairy products, processed
foods and sweets. The Mediterranean dietary pattern is also an important source of vitamins, minerals,
antioxidants, mono- and poly-unsaturated fatty acids, and fiber—all of which provide a wide range
of health benefits. There is abundant evidence of its health benefits [9-12]; in addition, this type
of diet has also a great potential for long-term adherence and sustainability [13]. However, data in
populations with diabetes are scant; available information is mostly restricted to the experimental
setting of controlled trials whereas little is known on the impact of a Mediterranean like dietary pattern
on metabolic outcomes in real life clinical practice [14,15]. Furthermore, Mediterranean diet is a broad
term used to describe the traditional food choices of people living around the Mediterranean basin,
but there is remarkably little information on the protective/detrimental health impact of specific food
groups. In particular, it is unclear whether the beneficial health effects of the Mediterranean diet are
due to the diet as a whole or are driven by key food/food components that could also be provided
as supplements.

Against this background, the aims of the study were to analyze the food and nutrient intake
of a large cohort of people with type 2 diabetes in real-life clinical practice, to explore the impact of
a Mediterranean-like dietary pattern on major cardiovascular risk factors, glucose control and body
weight, and identify whether and to what extent the beneficial effect of the Mediterranean diet are
driven by some food items/components which may be particularly beneficial for people with type
2 diabetes.
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2. Materials and Methods

2.1. Study Population

To explore the study questions, we used data collected within the framework of the TOSCA.IT
study—a randomized controlled trial (NCT00700856) designed to compare the effects of a sulfonylurea
or pioglitazone, in add-on to metformin, on cardiovascular events in people with type 2 diabetes
inadequately controlled with metformin monotherapy. Details on inclusion and exclusion criteria
are reported elsewhere [16,17]. Briefly men and women with type 2 diabetes, aged 50-75 years,
with glycated hemoglobin 7.0-9.0%, were recruited in 57 centers distributed throughout Italy. People
with impaired renal function (serum creatinine > 1.5 mg/dL), a cardiovascular event in the previous
six months, and conditions other than diabetes requiring special dietary treatment were excluded from
the study. The study protocol was approved by the Ethics Review Board of the Coordinating Center
and of each participating center, and written informed consent was obtained from all participants
before entering the study. For the purposes of this study, only baseline data, collected prior to the
randomization to the study treatments, were used. The present analyses include 2568 men and women
with a complete data set.

2.2. Measurements

Body weight, height, waist and hip circumference were measured with standard procedures,
body mass index (BMI) was calculated as weight (kg)/height (m?). Sitting blood pressure was
measured according to a standard protocol. Blood samples were obtained in the morning after
an overnight fast, all biochemical analyses were performed in a central laboratory. Total and HDL
cholesterol, triglycerides and high sensitivity C-reactive protein (CRP) were measured by standard
methods. LDL cholesterol was calculated according to the Friedewald equation only for triglyceride
values <400 mg/dL. Glycated hemoglobin (HbAlc) was measured with high liquid performance
chromatography standardized according to IFCC.

2.3. Evaluation of Eating Habits

Eating habits were assessed with the European Prospective Investigation into Cancer and
Nutrition (EPIC) questionnaire, a validated method frequently used in large epidemiological
studies [18,19]; details have been given elsewhere [3,6]. Briefly, the questionnaire contained 248 items
on 188 different foods including the type of fat used as condiment or added after cooking. People
were asked to indicate the absolute frequency of consumption of each item (per day, week, month or
year), and the quantity of the food consumed by selection of pictures showing a small, medium and
large portion size, with additional quantifiers (e.g., “smaller than the small portion” or “between the
small and medium portion”, etc.). Incomplete questionnaires and questionnaires with implausible
data (i.e., energy intake less than 800 or greater than 5000 kcal/day) were excluded from the analyses.
A specific software (Nutrition Analysis of food frequency questionnaire—FFQ), developed by the
Epidemiology and Prevention Unit, Fondazione IRCCS, Istituto Nazionale dei Tumori, Milan, was used
to convert dietary data from the questionnaire into average daily amounts of foods (g/day) [18,19].
Nutrition analysis of FFQ was linked to the Italian Food Composition Tables (FCTs) for nutrients and
energy assessment [20,21]. The intake of polyphenols was evaluated using the USDA database [22]
in combination with the Phenol-Explorer®database [23] to enable the examination of the polyphenol
content of as many foods as possible. Details have been given elsewhere [24,25].

2.4. Adherence to the Mediterranean Diet

The adherence to the Mediterranean dietary model was evaluated with the rMED score
(relative Mediterranean diet score), a variation of the original Mediterranean diet score, proposed
by Buckland [26] and based on the intake of 9 key food groups: fruits, vegetables, legumes, cereals,
fish, olive oil, meat and meat products, dairy products, and alcohol. The consumption of each food
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group (except alcohol) was measured as grams per 1000 kcal/day to adjust for energy density and
divided into tertiles. A score of 0, 1, or 2 was assigned to the first, second, or third tertile of intake,
assigning a positive score for high intakes for the 6 food groups fitting the Mediterranean model:
fruit (including nuts and seeds but excluding fruit juices), vegetables (excluding potatoes), legumes,
cereals (including whole-grain and refined flour, pasta, rice, other grains, and bread), fish and seafood,
olive oil. The scoring was reversed for meat (including fresh and processed meat) and dairy products
(including high- and low-fat milk, cheese, cream desserts, and dairy and nondairy creams), assigning
a positive score for lower intakes. Alcohol was scored as a dichotomous variable as in prior studies: two
points were assigned for moderate consumption—defined as 5-25 g/day for women and 10-50 g/day
for men—and 0 points were assigned for a consumption above or below the sex-specific range. For each
participant a total score was calculated by summing the scores obtained for each of the 9 food groups.
Values for the rMED score ranged from 0 to 18; based on this score, three groups with low (score 0-6),
intermediate (score 7-10) or high (score 11-18) were created [26]. The rMED score was selected among
others for this study as it excludes sweetened beverages and potatoes which are foods restricted in
people with diabetes.

2.5. Statistical Analysis

Data are shown as mean and standard deviation (M 4+ SD) or number and proportions,
as appropriate. The analysis of variance (ANOVA) with linear term and the post-hoc test adjusted
for multiple comparisons (Bonferroni test) were used to test for the differences in the composition
of the habitual diet, blood pressure and metabolic parameters across categories of adherence to the
Mediterranean Diet and between the highest vs. lowest rMED score, respectively. The A2 test was used
to compare proportions. A binary logistic regression analysis was performed to evaluate the association
of total rMED score and single food groups components of the rMED score with the achievement
of treatment targets for the major cardiovascular risk factors (i.e., LDL cholesterol, triglycerides,
HDL cholesterol, blood pressure), measures of glucose control—glycated hemoglobin—and BMI.
A p-value < 0.05 (two-tailed) was considered statistically significant. All analyses were conducted with
the SPSS Statistics software for Windows (version 20.0; SPSS Inc., Chicago, IL, USA).

3. Results

The study population consists of 1534 males and 1034 females with mean age 62.1 & 6.5 years
and BMI 30.3 + 4.4 kg/ m?. Table 1 shows the general features of the study participants according
to the rMED score groups. A high adherence score was significantly more frequent among females
(p = 0.002), older people (p = 0.027) and residents of the southern regions (p < 0.0001). No relation was
found with education, smoking, or marital status.

Tables 2 and 3 report the average food consumption and nutrient composition of the diet in the
three rMED score groups. By definition, people with a high adherence score consumed substantially
more fruit, vegetables, legumes, cereals, fish, olive oil, and alcohol, and substantially less meat, and
dairy products (Table 2).

Eating a high rMED diet was characterized by a lower energy content, a lower intake of proteins
from animal food sources, saturated fat and cholesterol, added sugars, a higher intake of fiber and
a lower glycemic index and glycemic load (Table 3). As for micronutrients, a high rMED score was
associated with a significantly lower intake of calcium and sodium and a significantly higher intake of
total polyphenols (Table 3); no significant difference was detected for potassium intake.

We also evaluated the adherence to the current nutritional recommendation for people with
diabetes in the participants with low, intermediate or high rMED score (Figure 1). Increasing rMED
score values were associated with higher adherence to the nutritional recommendations. Interestingly,
whereas the adherence to the nutritional recommendations for added sugar and carbohydrates was
good in all three groups, the adherence to the recommendations for fiber and saturated fat remained
low even in the high rMED score group. In this group, the proportion of adherence was respectively
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31% for saturated fat and 17% for fiber, which is significantly higher than in the low rMED score group,
although still far from optimal.

With regard to the cardiovascular risk factors profile, a high versus low rMED score was
associated with a more favorable plasma lipid profile—i.e., lower LDL cholesterol (101.5 + 31.2
vs. 105.1 £ 31.9 mg/dL, p = 0.035) and triglycerides (146.7 &= 71.0 vs. 156.2 & 78.6 mg/dL, p = 0.040),
and higher HDL cholesterol (46.8 = 12.4 vs. 45.3 &+ 11.6 mg/dL, p = 0.032), significantly lower blood
pressure—systolic (133.3 £ 23.7 vs. 135.3 £ 14.9 mmHg, p = 0.045) and diastolic (78.6 £ 8.5 vs.
80.7 £+ 8.7 mmHg, p < 0.0001)—lower HbAlc (7.63 £ 0.48 vs. 7.69 + 0.52%, p = 0.038), lower BMI
(30.0 £ 4.2 vs. 30.6 4 4.5 kg /m?, p = 0.020), and lower C-reactive protein (3.12 + 4.8 vs. 3.79 & 6.7 mg/L,
p = 0.029) (Table 4). Of note, the proportion of people on lipid- or blood pressure-lowering drugs was
not significantly different across the three groups (Table 4), thus suggesting a significant effect of diet
beyond the effect of drugs.

Finally, we explored the association of the rMED score globally and for the single food groups
with the achievement of treatment targets for plasma lipids, blood pressure, HbAlc, and BMI (Table 5).
The odds of reaching the treatment target for LDL cholesterol increased by 13% per unit increase in
the rMED score for fruit and nuts (OR 1.134; CI 1.006-1.277); for triglycerides, there was a significant
association with fish consumption (OR 1.128; CI 1.003-1.269), and for HDL cholesterol a significant
association was found for fruit and nuts (OR 1.142; CI 1.016-1.283) and alcohol (moderate consumption)
(OR 1.206; CI 1.090-1.335). As for systolic blood pressure, the score for fruit and nuts (OR 1.174;
CI 1.034-1.333), legumes (OR 1.259; CI 1.106-1.433), cereals (OR 1.133; CI 1.001-1.284), fish (OR 1.146;
CI 1.013-1.297) and meat (inverse) (OR 1.170; CI 1.035-1.323) were all significantly associated with
achievement of treatment targets; data for diastolic blood pressure were similar (not shown). The score
for meat (low consumption) (OR 1.141; CI 1.035-1.258), fish (OR 1.109; CI 1.004-1.225), and alcohol
(moderate consumption) (OR 1.183; CI 1.090-1.284) were also significantly associated with likelihood
of a BMI below 30 kg/m?2. For HbAlc, a significant association was found for fish (inverse) (OR 0.888;
CI0.803-0.981) and dairy products (low consumption) (OR 1.154; CI 1.045-1.273).

Table 1. Characteristics of the study participants by rMED score groups.

rMED Score Groups

. . -Value
_ Intermediate (Score 7-10) ~ High (Score 11-18) P
Low (Score 0-6) (1 = 834) (1 =1029) (1 = 705)
Age (years)
<60 years (%) 316 (37.9) 355 (34.5) 221 (31.3) 0027
>60 years (%) 518 (62.1) 674 (65.5) 484 (68.7) :
Sex
Men (%) 537 (64.4) 601 (58.4) 396 (56.2) 0002
Women (%) 297 (35.6) 428 (41.6) 300 (43.8) -
Geographical Area
North (%) 369 (44.2) 349 (33.9) 175 (24.8)
Centre (%) 219 (26.3) 287 (27.9) 171 (24.3) <0.0001
South (%) 246 (29.5) 393 (38.2) 359 (50.9)
Education
Secondary/University (%) 261 (31.3) 326 (31.7) 232 (33.0) 0607
None/Primary (%) 573 (68.7) 703 (68.3) 472 (67.0) .
Smoking status !
Never smoker (%) 388 (46.5) 510 (49.6) 341 (48.4)
Current Smoker (%) 152 (18.2) 182 (17.7) 110 (15.6) 0.376
Former Smoker (%) 294 (35.3) 337 (32.8) 254 (36.0)
Marital status
Married (%) 697 (83.6) 868 (84.3) 615 (87.2) o112
Single or widowed (%) 137 (16.4) 161 (15.6) 90 (12.8) -

Data are expressed as number and percentage. Subjects are classified as “current smokers” if they smoke >5
cigarettes/day, and “former smokers” if they had smoked in the past and had stopped smoking for at least 1 year.
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Table 2. Consumption of food groups (expressed as g/1000 kcal/day) by rMED score groups.

rMED Score Groups
Low (Score 0-6) Intermediate (Score High (Score 11-18)

Food Item p-Value for Trend

(n = 834) 7-10) (n = 1029) (n = 705)

Fruit & Nuts 1258 £79.6 161.2 +93.2 200.7 &84 * <0.0001
Vegetables 66.7 £+ 36.1 96.9 £ 46.2 124 446 <0.0001
Legumes 82472 13.5 £10.5 193 £12.1* <0.0001

Cereals 90.3 +35.5 95.8 £ 36.7 95.6 +32.6 * 0.033
Fish 169 +13.1 228 +16.4 289 +18.1* <0.0001
Olive oil 94 +£47 13 £5.6 164 +5.6% <0.0001
Meat 76.4 1 28.2 68 +27.8 58.7 £245* <0.0001
Dairy products 24.8 +14.5 203 £12.2 14.8 £10.2* <0.0001
Alcohol 0.27 £+ 0.44 0.41 £ 0.50 0.50 £ 0.50 * <0.0001

Data are expressed as mean =+ standard deviation; * p < 0.001 vs. low score, post-hoc test adjusted for multiple
comparisons (Bonferroni Test).

Table 3. Energy and nutrient composition of the diet by tMED score groups.

rMED Score Groups
i _ i — -Value for Trend
Low (Score 0-6) (1 = 834) Interme(cl;a:tel[()i;;)re 7-10) ngh(:‘S:o;Ues}l 18) P

Total Energy (kcal/day) 2093 + 773 1890 =+ 638 1718 + 561 * <0.0001
Proteins (% TE) 18.6 £2.5 183 £2.6 17.7 £2.3* <0.0001
Animal sources (% TE) 134+3 12.55 £ 3.2 11.6+28* <0.0001
Vegetable sources (% TE) 52+1.1 57+11 61+£1* <0.0001
Lipids (% TE) 37.0+58 36.5+6.3 36.5+5.6 0.166
SFA (% TE) 13.4+£25 121+£23 109 £2* <0.0001
MUFA (% TE) 169 £3.3 179 £3.9 19.0 £3.7* <0.0001
PUFA (% TE) 43+1.1 44+12 45+1.0% 0.034
Cholesterol (mg/die) 379 + 162 3254133 272 £ 111* <0.0001
Carbohydrates (% TE) 443 £72 451+7.6 458 £6.5% <0.0001
Added sugars (% TE) 3.0+£37 22+£30 20£27% <0.0001
Fiber (g/1000 kcal/day) 8.8 £20 10.8+2.3 128+24* <0.0001
Glycaemic Index 527 £37 51.8 £35 51.3 £3.2*% <0.0001
Glycaemic load 143.4 + 68.2 113.8 + 46.8 98.9 +37.5* <0.0001
Alcohol (g/die) 129 +20.5 102+ 13.5 104 +12.2* <0.0001
Calcium (mg) 1007 + 476 880 4 370 759 4333 * <.0001
Sodium (mg) 2453 £ 1132 2077 £ 938 1758 £ 752 * <0.0001
Potassium (mg) 3045 £ 1087 3045 £ 946 3072 £+ 984 0.832
Total Polyphenols (mg) 653 £ 317 674 £ 289 733 +280* <0.0001

Data are expressed as mean =+ standard deviation; * p < 0.001 vs. low score, Post-hoc test adjusted for multiple
comparisons (Bonferroni Test). TE: Total Energy; SFA: Saturated fatty acids; MUFA: Monounsaturated fatty acids;
PUFA: Polyunsaturated fatty acids.
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Figure 1. Adherence to the nutritional recommendations for people with diabetes (DNSG [27] and
SID [28]) by rMED score. DNSG: Diabetes and Nutrition Study Group; SID: Italian Diabetes Society;
SFA: Saturated Fatty Acids; Chol: Cholesterol; CHO: Carbohydrates.

Table 4. Cardiovascular risk factors profile by rMED score groups.

rMED Score Groups
Low (Score 0-6)  Intermediate(Score 7-10)  High (Score 11-18)  p-Value for Trend

(n = 834) (n =1029) (n =705)

BMI (kg/m?) 30.6 £ 4.5 30.1 +4.4 30.0 +£42* 0.020
HbAlc (%) 7.69 + 0.52 7.67 £ 0.49 7.63 £0.48* 0.038
LDL cholesterol (mg/dL) 105.1 +£31.9 101.8 £ 30.8 1015 £31.2* 0.035
HDL cholesterol (mg/dL) 453 £ 11.6 458 £ 114 468 £12.4* 0.032
Triglycerides (mg/dL) 156.2 + 78.6 150.2 +73.9 146.7 £71.0* 0.040
Systolic blood pressure (mmHg) 135.3 +14.9 133.5 + 14.4 133.3 £23.7* 0.045
Diastolic blood pressure (mmHg) 80.7 + 8.7 79.3 + 8.4 78.6 +85* <0.0001
C-reactive protein 1 (mg/L) 379 £6.7 323+47 312+48* 0.029
People on blood pressure lowering 737 71.9 68.4 0.063
drugs (%)

People on lipid lowering drugs (%) 65.1 66.6 67.0 0.702

M £ SD or %. * p < 0.05 vs. low score. Post-hoc test adjusted for multiple comparisons (Bonferroni Test). ! Excluding
subjects with C-reactive protein value >100 mg/L.
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4. Discussion

Several scores have been developed to evaluate the degree of adherence to the Mediterranean
Diet, but none has been validated so far for the use in people with diabetes, for whom nutritional
therapy and, hence, food choice restrictions and limited consumption of selected food is recommended.
The reason we selected the rMED score for this study [26] is because it excludes sweetened beverages
and potatoes which are foods restricted in people with diabetes.

Although not specifically validated for people with diabetes, the rMED score efficiently identified
three groups with substantially different eating habits. The study results show that in real-life clinical
practice, the dietary habits of people with type 2 diabetes vary significantly with gender, age, and area
of residence. In particular, females, older people, and residents of the southern regions tend to adhere
more to a Mediterranean eating pattern.

The habitual diet of people with a high rMED score, as compared to that of people with a low
score, was characterized by a lower energy intake, a lower intake of saturated fat and cholesterol,
a higher intake of fish, vegetable proteins and fiber; glycemic index and glycemic load were also
significantly lower, as was the intake of sodium and calcium, whereas the intake total polyphenols
was significantly higher. On the overall, this group had a significantly less atherogenic and less
proinflammatory diet. Nevertheless, even in the group with the highest score, the intake of fiber and
saturated fat remained respectively lower and higher than recommended by the European and Italian
nutritional guidelines for people with diabetes [27,28].

A low consumption of fiber and a relatively high intake of saturated fat have been reported
by other studies in type 1 and type 2 diabetes [2-4] and most likely reflect the wider problem of
a progressive shifting towards more western dietary models in all cultures, including countries
with strong Mediterranean roots like Italy [29,30]. This notwithstanding, a high rMED score is
associated with a more favorable cardiovascular risk factors profile, lower BMI, lower HbAlc, and
lower subclinical inflammation. The magnitude of the differences between the high and low rMED
score group may seem trivial, but if translated at the population level, may considerably impact on the
absolute cardiovascular risk of the study population. Based on prior observational and intervention
studies exploring the impact of the modification of major cardiovascular risk factors on the absolute
cardiovascular risk [31-35], it can be estimated that combining the differences between the high and
low rMED score groups in LDL cholesterol, triglycerides, HDL cholesterol, blood pressure, and HbAlc
could result in a 21% reduction of the estimated absolute cardiovascular risk. Thus, emphasizing that
the individual effects of the Mediterranean diet are small but taken as a whole the effects are large.

To our knowledge, this is one of the very few studies exploring the impact of a Mediterranean-like
dietary pattern on glucose control and major cardiovascular risk factors in people with type 2 diabetes
in real-life conditions. Most prior evidence on the beneficial effects of a Mediterranean diet model in
people with diabetes comes from intervention trials, often of short duration, some of which have used
food supplements [14,15,36]. The results of this study are in line with observational studies conducted
in people without diabetes, and with a recent observational study conducted in a community-based
sample of people with type 2 diabetes showing a significant reduction of all cause and cardiovascular
deaths in patients who adhered most to the Mediterranean diet [37]. However, the lack of data on
intermediate outcomes in this study does not allow comparisons with our findings. In addition, there is
no standard definition for the Mediterranean diet, and adherence scores are based on population
specific cut-off values for food consumption; this makes them poorly reproducible when utilized in
different population groups, and further limits comparison between different studies.

We also explored the relation between scores of each individual food group component of the
Mediterranean diet and the achievement of treatment targets for individual risk factors. Based on
these analyses, a differential effect of single food groups was observed with regard to different risk
factors (i.e., increasing the scores for fruit and vegetables significantly improved the probability of
reaching the treatment target for LDL cholesterol; increasing the consumption of fish significantly
improve the likelihood of reaching the target for triglycerides; the scores for legumes and vegetables
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were the main drivers for the achievement of treatment targets for blood pressure, etc.). All together,
these data point to the conclusion that the beneficial health effects of the Mediterranean diet are largely
due to the overall diet rather than being driven by single components, as different food items target
different risk factors.

The major study strengths rely on the large sample size, the selection of a study population
representative of real-life clinical practice, the standardized collection of nutritional and clinical data
and the centralized biochemical measurements. Among the study limitations, we acknowledge
the cross-sectional design and the use of intermediate endpoints. In addition, the dietary data
were collected only once and could be prone to recall bias and seasonal variation, which might,
however, bias the findings towards null, thus leading to the underestimation of the effect size. Finally,
the extensive use of hypolipidemic and antihypertensive drugs could have partly offset the quantitative
effect of nutritional factors. In this regard, the appreciation of the impact of dietary adherence in the
face of pharmacological treatment was even more relevant.

5. Conclusions

In conclusion, a dietary pattern mimicking the Mediterranean model in people with type 2 diabetes
is associated with more favorable cardiovascular risk factors profile, better glucose control and lower
BMI and it is therefore a valid and sustainable nutritional strategy for people with diabetes in real-life
clinical practice. However, a high rMED score in this population does not guarantee an ideal adherence
to the nutritional recommendations for the management of diabetes, in fact, the intake of saturated fat
and fiber in the highest rMED score group remain respectively higher and lower than recommended.
These findings together with available evidence from other observational and intervention studies
emphasize the need to reinforce the importance of higher fiber, low glycemic index foods such as
legumes, fruit and vegetables, wholegrain cereals, and the substitution of monounsaturated for
saturated fat sources, in energy balanced conditions, in people with diabetes.

Large-scale primary prevention trials focused on dietary patterns and cardiovascular disease risk
in people with diabetes are unlikely to be undertaken; hence, observational findings such as these
represent an important basis for dietary recommendations, government programs, and negotiations
with industry to help people make healthy food choices.
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Abstract: The purposes of this study were to evaluate the differences in Mediterranean diet and its
components among primary and secondary school children and adolescents living in northern Italy,
and the associations with the weight status. Adherence was assessed by the KIDMED (Mediterranean
Diet Quality Index) questionnaire on 669 subjects (6-16 years) attending five schools of Novara.
The adherence was poor in 16.7%, average in 63.7%, and high in 19.6% of the students. Poor adherence
was more frequent in primary than in secondary schools (20.7% vs. 13.7%, p < 0.04). Some unhealthy
behaviors were more prevalent in younger children. Children of other ethnic origins had a mixed
behavior, choosing both traditional healthy and unhealthy foods. Besides male gender and primary
school, in Italian children, the risk of overweight was directly associated with eating at fast-food
restaurants (OR: 1.890, CI 95% 1.002-3.563), and inversely with consumption of vegetables more than
once a day (OR: 0.588, CI 95% 0.349-0.991), and olive oil at home (OR: 0.382, CI 95% 0.176-0.826).
In children of other ethnic origins, this risk was associated with skipping breakfast (OR: 16.046, CI 95%
1.933-133.266), or consuming commercial baked good or pastries for breakfast (OR: 10.255, CI 95%
1.052-99.927). The overall KIDMED score correlated with height (3: 0.108; p < 0.005). Poor food
quality is replacing the Mediterranean dietary pattern in children and adolescents, in particular
among younger children. Because the risk of overweight was associated with different components
of the Mediterranean diet depending on ethnic origins, tailored nutritional programs remain a need.

Keywords: Mediterranean diet; questionnaire; children; adolescents; obesity

1. Introduction

The Mediterranean diet (MD) is considered a model of a healthy diet, in particular after the
publication of the first results derived by the PREDIMED study that demonstrated a reduction of
cardiovascular mortality in subjects adherent to this dietary pattern [1]. MD has been associated with
lower prevalence and/or incidence of several diseases, among others, type 2 diabetes, hypertension,
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cardiovascular diseases, and certain cancers that are all associated to overweight [2-5]. This is likely
due to its composition rich in vegetables, fruits, legumes, whole cereals, as well as many sources of
fiber and antioxidants, including fish, nuts, and extra-virgin olive oil. Moreover, the intake of sweets
and trans fatty acids is low.

Although MD is beneficial, with the urbanization of people living in the Mediterranean area,
in particular children and adolescents are deviating to a “Western diet” more rich in saturated fat,
refined grains, simple carbohydrates and processed foods [6]. This phenomenon has been named
nutrition transition and is one of the players implicated in the high prevalence of overweight and
obesity in countries supposed to adopt a traditional MD [5,7]. A large meta-analysis of randomized
controlled trials on MD reported a little but significant decrease in weight (—1.75 kg) and BMI
(—=0.57kg/ m?) in those adherents to MD [8]. Although intriguing results have been obtained in trials,
the dissociation between higher obesity prevalence in Mediterranean countries and lower prevalence
of many of its comorbidities in subjects adherent to a MD pattern is still an issue, in particular
in pediatrics.

Studies investigating nutrition habits are needed to plan tailored strategies of interventions to
educate on a healthy diet. In 2004, Serra-Majem et al. developed the KIDMED (Mediterranean Diet
Quality Index for children and adolescents) score, a nutritional index validated in several languages
that evaluates the adherence to MD and the quality of diet in children and adolescents [9]. Although it
is simple to use in the clinical practice as well as in other epidemiological settings, only a few studies
have been explored the adherence to the MD and to the risk of obesity in the young school population
in Ttaly [10-13]. Most have been conducted in the southern part of Italy [14,15], where the obesity
rate is higher than in other areas of the country [16], thus the generalizability has to be further
demonstrated. The most extensive study using a modified version of the KIDMED score portrayed
a school population of 1740 8-9-year-old children living in north Italy (Friuli, Venezia, Giulia and
Liguria) and was conducted in 2009. The authors showed that only the 5.0% of the cohort was classified
as high adherent to the MD, with the best rate (6.0%) in the north [17].

Although the benefits of the MD pattern can be considered as a synergistic interaction among
all its components, a few studies reported protective or detrimental effects related to specific foods in
adults with differences in prospective cohort or randomized controlled studies [5]. Vegetable intake
was negatively associated, whereas higher intake of sweets, sugar-sweetened beverages, and fast
foods was associated with obesity in a study on MD adherence conducted among adolescents living in
Sicily [14]. No other Italian data have been published.

Based on the above, data on MD adherence are insulfficient in children living in northern Italy.
The first purpose of this study was to evaluate the differences in Mediterranean diet and its components
among primary and secondary school children and adolescents living in Novara, a city of northern
Ttaly characterized by an urban community employed in both agriculture and industry. The second
purpose was to evaluated the associations of MD adherence and its components with the weight status.

2. Subjects and Methods

2.1. Population and Anthropometric Examination

This was a cross-sectional study conducted in April and May 2017. The study is a part of a
cross-sectional study on pediatric obesity approved by the Ethical Committee of the Maggiore della
Carita Hospital (CE 95/12).

We included 3 primary and 2 secondary schools of Novara. In 2017, the population of Novara
was estimated at 104,183, with 18,634 people <14 years old. The average annual income per capita for
the population is estimated around 16,132 Euro [18]. Before starting the enrollment, schools of Novara
were classified according to socio-economic status based on estimates of the district’s socio-economic
status in which they were located. We contacted all the schools by phone; to be selected they needed
not to have developed a specific structured education program on MD in the year of recruitment.
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Eight schools respected all the inclusion criteria and were balanced for socio-economic status. Three of
them refused to participate in the survey because no scholastic days were available. For all enrolled
schools, all students attending all years were invited to participate with a letter carefully explaining
the purpose of the study both to them and to their parents, and written informed consent was obtained.
In addition, the children and adolescents provided their verbal assent on the day of the questionnaire.
To be included in the analysis, participants should write and read fluently Italian.

In each school, data collection was performed by two pediatric nurses, one nutritionist,
two physicians and a member of the department of the school policies who was responsible for
the program. Questionnaires were completed during school hours in the classroom in the presence
of a teacher, the nutritionist and at least one nurse and one physician. The staff helped with the
questionnaire interpretation if needed. Questionnaires were anonymous. Students were requested to
report their sex and date of birth. Nurses and physicians also performed the auxological examination
after the completion of the questionnaire which returned at that moment. Anthropometric data were
reported on the questionnaire form. Some days after the testing session a closing visit with a lesson on
the MD and the MD food pyramid was conducted by the study staff.

Anthropometric measurements were performed in duplicate for each subject, wearing light indoor
clothing and without shoes. Weight was measured to the nearest 100 g with a spring scale tested daily
for accuracy and calibrated against a set of standard weights (Salus, Inc., Gaggiano, Milano, Italy).
Height was measured with a standard laboratory stadiometer to the nearest 0.5 cm during maximal
expiration. BMI was calculated as the ratio between weight (kg) and squared height (m?). BMI-SDS
was calculated according to the LMS methods on the Italian charts [19]. Subjects were also stratified
according to BMI categories (underweight, normal weight, overweight, obesity and morbid obesity) of
the International Obesity Task Force [20].

Ethnicity was defined as the country of origin of the mother, in case of the different origin of
both parents.

2.2. Evaluation of Adherence to the MD

We used the Italian version KIDMED index [21], a questionnaire of 16 dichotomous
(positive/negative) items appropriate for youngsters. The answers with a positive connotation in
relation to the MD are assigned a value of +1 (12 items), and those with a negative connotation, a value
of —1 (4 items). The items explore the consumption of fruits, vegetables, fish, pasta/rice, cereals,
yoghurt/cheese/dairy products, nuts, commercial baked and processed foods, breakfast habits and
the frequency of skipping breakfast, fast-food frequency, sweet consumption, and olive oil during
meals at home.

The overall score can range from —4 to 12. Total KIDMED scores were classified as follows:
<3 reflects a poor adherence (very low diet quality), 4-7 an average adherence (improvement needed
to adjust intake to MD patterns), and >8 a good adherence to the MD (optimal diet quality).

2.3. Statistical Analysis

Continuous data are expressed as mean, standard deviation (SD) and CI 95%. Prevalence of
KIDMED, weight categories, and “yes” answers at each questionnaire item are reported as a percentage.
The sample size was calculated according to the mean prevalence of low MD adherence according to
the literature [8] with 95% confidence interval and an accuracy of +4.0% of the average value of the
adherence. A sample of 585 individuals was estimated as sufficient. Because the prevalence of obesity
was relatively low, overweight and obese categories were considered together in the final analysis. Data
were also stratified between primary and secondary schools. Socio-demographic level was defined
according to that of the district area where the school was located. Kolmogorov—Smirnov test was used
to test normality of variables’ distribution. Student’s independent t-test and Mann-Whitney U-test
were used for normally and not normally distributed continuous variables, respectively. Two-tailed
chi-square or Fisher exact test was used to evaluate differences in categorical variables, as appropriate.
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Univariate and multivariate logistic regression was used to assess the association of weight status
with the odds ratio (OR, 95% CI) of gender, school level, ethnicity, MD adherence, or KIDMED items,
as well as of MD adherence with gender, school level, ethnicity, and weight status. Because of several
ethnic origins, ethnicity was categorized for statistical analyses as Italian and non-Italian. KIDMED
items inserted in the models were those significant in the univariate analysis. Goodness-of-fit was
evaluated by using the Hosmer and Lemeshow test; all the models were accepted because the x> was
not significant. Interactions among variables (gender, school level, and ethnicity) were also explored;
when p was >0.05 data in multinomial logistic analysis were only presented together. The KIDMED
score and anthropometric parameters were also tested as continuous variables through linear regression
stepwise analyses and the results are represented as standardized {3 coefficients. The level of statistical
significance for analysis was set at p < 0.05. Statistical analysis was performed with SPSS for Windows
version 17.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Characteristics of the Population

The study was carried out in 669 subjects (324 males and 345 females) aged 11.2 (2.2) (CI 95%
11.0-11.4) years. All families and children gave their consent to participate in the study. Everybody
completed the questionnaire and accepted the clinical visit. The analysis excluded six out of 705 subjects
(0.9%) because they did not read and write fluently in Italian. All questionnaires were complete.
The primary and secondary school samples were composed by 290 (138 males, 152 females) and
379 (186 males, 193 females) subjects, respectively. Six hundred twelve subjects (91.5%) were Italian.
The remaining 57 subjects were born to parents from other ethnic origins. The majority of the subjects
had a normal weight (1 = 558; 83.4%); only 94 (14.1%) and 17 (2.5%) of them were overweight or obese,
respectively. The prevalence of overweight plus obesity was higher in primary than in secondary
schools (23.4% vs. 11.3%, x2: 17.384, p <0.0001), in males than females (21.3% vs. 12.2%, x2: 10.047,
p <0.0001), and in subjects of other ethnic origins than those Italian (28.1% vs. 15.5%, x*: 5.932,
p <0.001).

Sex, type of school, and ethnicity in the three-predictor model of OWB were all significant (model
x2: 31.971, p < 0.001) without interactions, accounting for 7.9% of the total variance (Nagelkerke R?),
and the correct prediction rate was about 83.4%. In particular, the risk to be OWB was associated with
male gender (OR: 2.024, CI 95% 1.322-3.099, p < 0.0001), primary school (OR: 2.387, CI 95% 1.562-3.648,
p <0.0001), and other ethnic origins (OR: 1.947, C1 95% 1.031-3.676, p < 0.03) in the corrected model.
Table 1 represents demographic characteristics.

Table 1. Anthropometric characteristics of the 669 subjects, by school level.

All Primary School Secondary School 4
Gender
M 324 (48.4%) 138 (47.5%) 186 (49.0%) 0.755
F 345 (51.6%) 152 (52.5%) 193 (51.0%)
112 (2.2) 9.0 (1.3) 129 (1.1)
Asge (years) (11.0-11.4) (8.8-9.2) (12.8-13.1) 0.0001
Ethnicity
Italian 612 (91.5%) 258 (89.0%) 354 (93.4%)
Eastern European 22 (3.3%) 7 (2.4%) 15 (4.0%) 003
African 25 (3.7%) 22 (7.6%) 3 (0.8%) :
Asian 4(0.6%) 1(0.3%) 3(0.8%)
South American 6 (0.9%) 2 (0.7%) 4 (1.0%)
. 147.9 (15.6) 134.6 (10.3) 158.2 (10.5)
Height (cm) (146.8-149.2) (133.4-135.8) (157.1-159.3) 0.0001
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Table 1. Cont.

All Primary School Secondary School 4
. 404 (12.6) 313 (7.6) 474 (112)
Weight (Kg) (39.5 41.4) (30.532.3) (46.3-48.5) 0.0001
—0.476 (1.028) —0.309 (1.076) —0.604 (0.972)
BMISDS (~0.554, —0.398)  (—0.433, —0.185) (~0.703, —0.507) 0.0001
BMI category
Normal-weight 558 (83.4%) 222 (76.5%) 336 (88.6%) 0.0001
Overweight 94 (14.1%) 57 (19.7%) 37 (9.8%) :
Obese 17 (2.5%) 11 (3.8%) 6 (1.6%)

Data are expressed as mean + SD, CI 95%, absolute numbers and percentages. Differences among categorical
variables were tested by Chi-square test. Associations between variables were tested by Student’s independent
t-test (BMISDS), or Mann-Whitney U-test (age, height, and weight). Abbreviations: F, female; M, male. BMI was
stratified according to the IOTF criteria.

3.2. KIDMED

The adherence to the MD (scores < 3) was poor in 16.7%, average (scores 4-7) in 63.7%, and high
(scores > 8) in 19.6% of the students. The overall score ranged from —1 to 11. The peak score was 6 (17.0%).

The prevalence rate of the three categories of adherence was similar between males and females,
normal-weight (NW) and overweight/obese (OWB) subjects. The prevalence rate of poor adherence
to the MD was significantly higher in primary than in secondary schools (20.7% vs. 13.7%, p < 0.04),
with an equal rate of high adherence (19% vs. 20.1%). The four-predictor model of MD adherence
(x?: 8.000, p < 0.04) showed that only primary school was associated to a high risk of low MD adherence
(OR: 1.618, CI 95% 1.068-2.452, p < 0.01), accounting for 2.1% of the total variance (Nagelkerke R?),
and the correct prediction rate was about 83.3%. Table 2 shows the distribution of the levels of
adherence among subgroups.

Table 2. Distribution of the adherence to the MD of the study population and relative odd ratios
among subcategories.

KIDMED KIDMED Score KIDMED Score KIDMED Score Adj OR (CI 95%)
Score P Low Medium High P of High Adherence
School 5.4 (2.3)
Primary (5.15.7) 0.094 60 (20.7%) 175 (60.3%) 55 (19.0%) 0.04 1
56(2.1) . . . 1.618
Secondary (5.5-5.9) 52 (13.7%) 251 (66.2%) 76 (20.1%) (1.068-2.452)
Weight 5.6 (2.1)
NW (5.4-5.8) 0.364 91 (16.3%) 359 (64.3%) 108 (19.4%) 0.610 1
5.6 (2.4) o o o 0.868
OWB (49-59) 21 (18.9%) 67 (60.4%) 23 (20.7%) (0.5041.494)
Gender 5.6(2.1)
M (6559 oe 47 (14.5%) 209 (64.5%) 68 (21.0%) 0.062 1
54(2.2) o o o 0.725
F (5.2-5.7) 65 (18.8%) 217 (62.9%) 63 (18.3%) (0.478-1.098)
Ethnicity 5.5 (2.1)
Italian (54-58) 0o, 103(168%) 389 (63.6%) 120 196%) o 1
55(22) . . . 0.850
Others 5.0-61) 9 (15.8%) 37 (64.9%) 11 (19.3%) (0.400-1.494)
5.5(2.1) o o o
All (5.4-5.7) // 112 (16.7%) 426 (63.7%) 131 (19.6%) // //

KIDMED score as continuous variables is expressed as mean (SD) and CI 95%. Adjusted Odd Ratios (OR) were
calculated by binary logistic regression analysis with low adherence as reference category in dependent variable,
and school level, gender, weight status, and ethnicity as independent variables. Medium and high adherences were
considered together. The ORs were referred to secondary school, female gender, OWB, and other ethnic origin.
Abbreviations: F, female; M, male; NW, normal-weight; OWB, overweight + obese. //: not calculable.
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The risk of OWB previously described was not modified by the introduction in the model of the
MD adherence either as category or as continuous variable.

The overall KIDMED score did not correlate with weight, BMI, and BMI SDS. Diversely,
it correlated with height (3: 0.108; B: 0.015, CI 95% 0.005-0.026 p < 0.005) also when corrected for
gender, age or school level, and ethnicity.

3.3. KIDMED Items

We analyzed the prevalence of “yes” answers in several subcategories.

Subjects with the lowest adherence to the MD answered “yes” less frequently in the positive questions,
and more frequently in the negative ones (p < 0.0001) than those with the highest adherence to the MD.
A similar distribution of answers was only reported on the daily intake of candy and sweets (Table A1).

In primary schools, children ate fewer vegetables once a day (x?: 5.413, p < 0.01), fewer pulses
once a week (x2: 4.459, p < 0.02), and skipped breakfast (x*: 5.375, p < 0.01). They also consumed more
frequently pasta or rice almost every day (x%: 4.4672, p < 0.01), ate at fast-food restaurants (x: 6.585,
p < 0.007), consumed commercial baked good or pastries for breakfast (x?: 17.034, p < 0.0001) or took
sweets and candy several times every day (x%: 18.610, p < 0.0001) than in secondary schools.

OWB consumed less olive oil (x: 4.704, p < 0.02), and more frequently ate at fast-food restaurants
(x?: 11.748, p < 0.001), skipped breakfast (x2: 3.556, p < 0.04) or consumed commercial baked good or
pastries for breakfast (x*: 6.717, p < 0.006) than NW. Interestingly, OWB consumed more frequently
vegetables once a day (x%: 4.762, p < 0.01) or more than once a day (x?: 4.000, p < 0.03) than NW.

Males skipped breakfast less (x2: 3.187, p < 0.04) and consumed fish more regularly several times
per week (x%: 8.172, p < 0.003), but more frequently also ate at fast-food restaurants (x?: 4.230, p < 0.02),
and consumed commercial baked good or pastries for breakfast (x2: 2.984, p < 0.04) than females.

Children of other ethnic origins consumed more fish (x2: 6.460, p < 0.008), cereals or grain for
breakfast (x: 3.705, p < 0.03), two yoghurts and /or some cheese (x2: 6.083, p < 0.01) but more frequently
also ate at fast-food restaurants (x?: 5.505, p < 0.02), skipped breakfast (x?: 6.621, p < 0.01), consumed
commercial baked good or pastries for breakfast (x2: 4.238, p < 0.05), or took sweets and candy several
times every day (x%: 6.847, p < 0.008) than those Italian.

Table 3 shows the distribution of subjects with respect to each item among subgroups.

In the crude analysis, the risk of OWB was associated with eating at fast-food restaurants (OR:
1.845, CI 95% 1.056-3.223, p < 0.03), frequent daily consumption of sweet and candies (OR: 1.946,
CI95% 1.238-3.059, p < 0.004), and in primary schools also with olive oil consumption at home (OR:
0.362, CI195% 0.133-0.984, p < 0.04).

In the model weighted for all the items founded significant in the descriptive analysis, the risk
of OWB (x2: 57.393, p < 0.0001) was associated with the male gender (OR: 2.008, CI 95% 1.285-3.163,
p <0.002), the primary school (OR: 2.412, CI 95% 1.533-3.795, p < 0.0001), eating raw or cooked
vegetables once a day (OR: 0.610, CI 95% 0.376-0.990, p < 0.04), olive oil consumption at home (OR:
0.521, CI195% 0.255-0.973, p < 0.05), and consumed commercial baked good or pastries for breakfast (OR:
1.534, CI 95% 1.001-2.426, p < 0.05). The model accounted for 13.9% of the total variance (Nagelkerke
R?), and the correct prediction rate was about 83.3%. We also split the analysis for the ethnicity due to
the relative number of foreign children and significant interaction with some items. In Italian children,
besides male gender and primary school, the risk of OWB (x%: 54.208, p < 0.0001) was associated
inversely with eating raw or cooked vegetables more than once a day (OR: 0.588, CI 95% 0.349-0.991,
p < 0.04), and olive oil consumption at home (OR: 0.382, CI 95% 0.176-0.826, p < 0.01), and directly
with eating at fast-food restaurants (OR: 1.890, CI 95% 1.002-3.563, p < 0.04). The model accounted
for 14.2% of the total variance, and the correct prediction rate was about 84.2%. Diversely, in children
of other ethnic origins, besides primary school, the risk of OWB (x?: 22.201, p < 0.03) was associated
with skipping breakfast (OR: 16.046, CI 95% 1.933-133.266, p < 0.01), or consuming commercial baked
goods or pastries for breakfast (OR: 10.255, CI 95% 1.052-99.927, p < 0.03). The model accounted for
46.4% of the total variance, and the correct prediction rate was about 80.7%.
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4. Discussion

Data on adherence to MD have been explored above all on Greek and Spanish pediatric
populations. Italian data are relatively few and mainly referred to children aged 8-9 years,
or adolescents living in the southern part of the country. We demonstrated that schoolchildren
and adolescents, in particular primary school or overweight/obese students, are more likely to have
dietary behaviors close to a Western dietary pattern. Moreover, pediatric subjects of other ethnic
origins have mixed behaviors, as happens in the nutrition transition. Some specific unhealthy food
choices are more prevalent, such as eating at fast-food restaurants, skipping breakfasts, consumption
of commercially baked goods or pastries for breakfast, and of sweets several times every day. The risk
of overweight/obesity was not associated with the overall adherence to MD, but with specific food
habits different depending on ethnicity.

Firstly, we observed that the prevalence of overweight and obesity (17.6%) in our cohort was quite
lower than that reported by the GBD 2015 Obesity Collaborators on children and adolescents younger
than 20 years [22], the IDEFICS study on children aged 2-10 years [23], and the WHO European
Childhood Obesity Surveillance Initiative on primary schoolchildren [24]. This result is likely due to
the different age range in our school cohort (6-15 years), beyond a geographical reason being well
known that the highest rate of overweight and obesity is in the southern part of Italy. Accordingly,
the last Piedmont data derived by the “OKkio alla SALUTE” project on children aged 8-9 years are
comparable with the prevalence (24.0% vs. 23.4%) observed in our primary schoolchildren and with a
higher risk to be obese in males [16,25]. Moreover, we recorded a higher prevalence of overweight
and obesity in children and adolescents of other ethnic origins than in Italian students. This finding is
in agreement with data demonstrating that the prevalence of overweight and obesity has a negative
gradient with social position and income across Europe [23].

Secondly, the overall prevalence of good adherence to the MD is less than 20%. Good adherence
varies in the literature from 4.3% in Greek 10-12-year-old adolescents to 53.9% in Spanish children.
Most of the studies conducted in southern European countries and recently reviewed reported that
about half of pediatric individuals have an average adherence, while nearly half may have poor
adherence [10,11]. Our data reflect those derived by the majority of the European studies [11].
Regarding Italy, our results are similar from the Calabrian Sierras Community Study (CSCS) which
investigated a population attending primary and secondary schools in a 14-town southern Italian
community [26]. We also observed a lower prevalence of good adherence in students attending primary
than secondary school, suggesting that younger children are more subjected to unhealthy choices.
In fact, the attendance at a primary school is the only significant risk factor related to a poor MD
adherence. This result is in contrast with the majority of the data that reported a negative trend in
MD adherence with age [10,11]. Unfortunately, the CSCS study did not stratify the data for the school
level [27]. On the other hand, the prevalence in our secondary school sample is similar to that reported
by other studies on adolescents living in southern Italy [14,25,27]. It has to been considered that
other socio-demographic factors such as parents” education and income are inconsistently associated
across European countries due to different demographic and education changes [11]. Although we
included only those schools where no prevention programs on the diets were performed in the
last year, the enlargement of the study by including all the schools of Novara, accurate data on the
socio-economic level, and parental weight could explain if an unexpected selection bias occurred.

Gender and overweight were not associated with the adherence to the MD. Although some
studies suggest that in Western societies women tend to have better dietary habits than men [28],
and MD has been associated to the prevention of obesity in adults [29], our results are in line with
available European data in children recently systematically reviewed [10,11,30]. These findings suggest
again that both obesity and social differentiation are complex events. Overeating, lack of physical
activity, low sleep quality, and the family environment should be considered. On the other hand,
the differences by gender, weight, and ethnicity on the items of the KIDMED index we recorded could
help in explaining the phenomenon.
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Our study reported a generally better quality of the diet among those children and adolescents
more adherent to the MD than those with low adherence, except for the daily intake of sweets that
was somewhat common. Moreover, we observed that younger children presented more unhealthy
food choices than adolescents. This result is in line with a higher rate of poor adherence to the MD in
the primary schoolchildren, as discussed above. The lower intake of vegetables and pulses resembles
results obtained by the ZOOMS study in 2009 and the last report of the “OKkio alla SALUTE” study in
2016 [16,31]. A negative association between MD adherence and snacks, sweets, commercial goods,
and fast-foods has frequently been reported in other European pediatric populations [10,11,16]. It is
interesting that primary schoolchildren consumed a more Westernized diet, skipping breakfast, eating
several times per week at fast-food restaurants, consuming commercial baked goods, and sweets.
This phenomenon could be boosted by geographical reasons, being our study conducted in an urban
area [25]. In line with this hypothesis, we recorded a mixed dietary behavior in children and adolescents
of other ethnic origins. In fact, the latter maintained a higher intake of more traditional foods, such as
fish, cereals or grain for breakfast, and yoghurts and/or some cheese, suggesting more home-made
foods in their family environment. On the other hand, contemporarily, they frequently ate at fast-food
restaurants, skipped breakfast, consumed commercial baked goods for breakfast, or sweets and candy
several times every day. These findings well picture the nutrition transition described in European
countries including those of the Mediterranean area [7,11]. Overeating, eating anything or disliked
foods, and eating at friends” home were all identified as strategies to cope with food insecurity [32].
Frequent consumption of fast food /junk calorie dense foods have been reported in several developing
countries [33], and these behaviors could be replicated when low-income families move abroad,
and less control over the youngest generations occurs for several reasons [11].

As previously described, the adherence to the MD did not predict the weight status. Moreover,
in the literature, there is inconsistency also in the evidence about the role of specific food groups [34].
However, we recorded some associations with single KIDMED items. First, the risk of being OWB
was related to eating at fast-food restaurants and daily intake of commercial baked goods or pastries
for breakfast. This result is in agreement with two systematic reviews, one reporting the role of
ultra-processed foods and the other that of sugar-sweetened drinks and sweets snacking with increased
obesity risk also in the pediatric populations [35,36]. Direct associations between fast food availability
and obesity in lower-income children have been described [37]. The adherence to MD depends on
many foods with specific and synergistic activities on metabolism. It is likely that dense energy foods
rich in simple carbohydrates and saturated fats have a major role in the development of obesity,
in particular in younger children.

Moreover, food habits associated with the risk of OWB are different depending on ethnic
backgrounds. The higher risk of OWB in those of other ethnic origins related to unhealthy choices for
breakfast with skipping it or consuming commercial sweets and pastries suggests that the urbanization
of life may lead to a more stressful lifestyle also in migrant people with less time spent on cooking,
more time out of home, and dinner as the principal meal consumed with the family. All these factors
could influence the food choices of the youngest children.

Interestingly, OWB subjects consumed less olive oil at home, and the risk of OWB was significantly
and inversely associated with the intake of olive oil. The fact that the olive oil intake is associated with
BMI is still debated. A study in children observed that the likelihood to increase their BMI was less in
those who consumed only olive oil than in those who consumed other oils [38]. A recent review did
not observe an increase in weight with an enriched-olive oil diet [39], although the Food4Me study
recently recorded a direct correlation with the increase in weight in adults [34]. However, these last
data are a little bit ambiguous reporting at the same time an inverse relationship with the intake of
monounsaturated fats.

Furthermore, OWB children and adolescents consumed more frequently vegetables than NW
ones. This finding could be contrasting with their other food habits. However, the risk of OWB was
inversely associated with the intake of vegetables more than once a day. In addition, in the ZOOM
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study, OWB subjects consumed more vegetables than NW children [30], suggesting that the answers
to these items hide an overeating behavior that overcomes the protective effects of healthy dietary
choices [40].

Finally, we observed a direct association between the KIDMED score and height. To our
knowledge, this result has not been reported by other studies on the adherence to the MD, because they
have been focused on BMI, waist or waist-to-height without considering height alone [10,11], with the
exception of one study limited to nine-year-old children [41]. Since children with a medium/high
adherence to the MD have a more balanced diet in terms of nutrients and functional foods [10],
these habits can explain our data. In particular, a diet poor in micronutrients and high-quality proteins
from milk products, pork meat, and fish has been shown to negatively influence stature [42—44].
The reanalysis of data derived by HELENA and IDEFICS cohorts could confirm our findings.

This study has some limitations. First, it was a cross-sectional study design. Therefore, it is a
limited set to establish causal relationships between MD and health outcome, and then conclusions
are indications for further prospective and experimental investigations. Second, we only used the
KIDMED score, without integrating it with a food frequency questionnaire. Adherence indexes, such as
KIDMED score, have been validated and used in epidemiological surveys, but their reliability and
reproducibility in assessing diet quality in the single subject have not been demonstrated yet [10,11].
Indeed, data on diet composition related to KIDMED score can be only inferred from related limited
literature. We cannot exclude that some nutrients are main players more than food habits we reported.
On the other hand, we used the most used index of adherence in pediatric literature [10,11], and the
precise and driven administration to our cohort, in particular to younger children, supports the
accuracy of our data. In fact, some authors suggest that the variability of adherence to MD across
studies also results from the different administration methodologies [10]. Third, data on physical
activity and sleep quality are lacking. Sedentary behaviors have been demonstrated to be correlated
with the risk of OWB and low adherence to MD [10,11], and, then, co-linearity with some variable
could exist. Fourth, specific data on the socio-economic level were not obtained, and schools were
only stratified according to the socio-economic level of the district area they were located, and an
unexpected selection bias could have occurred. Indeed, more accurate investigations of these variables,
including also parental education, could have a role and improve the prediction of the OWB risk.
On the other hand, this study could give a significant contribution to research since recent data on
northern Italy are lacking and it could be compared with similar studies conducted in the Southern
part of Italy, as well as in other urban European areas. We presented data divided for school level,
gender and ethnicity and this will help in making more effective reviews on the topic. In particular,
we focused on how different food habits influence the risk of OWB depending on ethnicity. These data
are crucial for further investigations and description of the nutrition transition phenomenon with
urbanization. Moreover, weight and height were not self-reported, and this increased the accuracy of
the relationship between weight status and MD adherence.

In general, our study confirms that both children and adolescents have a poor MD adherence
in an urban area of northern Italy, in line with other Italian and European data [10,11]. Furthermore,
the mixed food behaviors occurring in individuals of different ethnic origins suggests that tailored
prevention programs are needed to mitigate in this category of people the nutrition transition resulting
from urbanization and changes of lifestyle habits of their families. These programs are urgent in hopes
of preserving traditional healthy food habits. Moreover, the risk of OWB seems directly and indirectly
associated more with specific food categories in pediatrics. These results should be confirmed but
suggest that we have to increase nutrition knowledge in children and parents, as well as nutrition
researchers should work hard.

5. Conclusions

In conclusion, we observed a relatively low high adherence to the MD in children and adolescents,
in particular in those attending primary schools. Skipping breakfast, eating at fast-food restaurants,
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intake of processed foods and sweets are the main unhealthy choices, in particular in those OWB
or of other ethnic origins. Differences in adherence to the MD and food intake between primary
and secondary school, NW and OWB subjects and ethnic groups should be taken into account.
Strategies tailored explicitly to subgroups are needed. Prevention campaigns should be conducted
to improve food quality and drive to consume home-made healthy foods. The phenomenon of the
nutrition transition should be accurately investigated, in particular in younger children and those in
low-income brackets.
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Appendix

Table Al. Comparison of the each KIDMED item in children with the lowest (score < 3) and the
highest adherence (score >8) to the Mediterranean diet and worst lifestyle.

KIDMED KIDMED

Score Score
Low High p
(N =112) (N =131)

Consumption of a fruit or a fruit juice every day ! 45.5% 83.1% 0.0001
Consumption of a second fruit every day ! 17.0% 87.0% 0.0001
Consumption of raw or cooked vegetables 1 time a day ! 17.9% 87.0% 0.0001
Consumption of raw or cooked vegetables >1 time a day ' 9.8% 64.1% 0.0001
Consumption of fish regularly (at least 2-3 times a week) ! 16.1% 73.3% 0.0001
Eating >1 time per week to a fast-food (hamburger) restaurant > 37.5% 9.2% 0.0001
Consumption of beans >1 time per week ! 24.1% 84.7% 0.0001
Consumption of pasta or rice almost every day (>5 times a week) ! 66.1% 88.5% 0.0001
Consumption of cereals or grains (bread, etc.) for breakfast ! 23.2% 85.5% 0.0001
Consumption of nuts regularly (at least 2-3 times per week) ! 14.3% 48.9% 0.0001
Consumption of olive oil at home ! 77.7% 100.0% 0.0001
Skipping breakfast 2 37.5% 5.3% 0.0001
Consumption of a dairy product for breakfast (yoghurts, milk, etc.) ! 42.9% 95.4% 0.0001
Consumption of commercially baked goods or pastries for breakfast 2 66.1% 37.4% 0.0001
Consumption of 2 yoghurts and/or cheese (40 g) daily ! 32.1% 56.5% 0.0001
Consumption of sweets or candy several times every day 2 50.0% 40.5% 0.087

! Ttems with a positive answer (+1). 2 Items with a negative score (—1). Data are represented as percentages. The
data were analyzed by univariate logistic regression.
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Abstract: Adherence to the Mediterranean diet (MD) has rapidly declined in Mediterranean countries
due to the increasing introduction of the Western diet. The aim of this study was to describe adherence
to the MD within a sample of athletes from Spain. A second aim was to predict adherence to various
components of the MD according to region, sex, and sport discipline. A cross-sectional study was
conducted with a sample of 4037 (34.14 £ 9.28 years old) cyclists and triathletes (men: 90.1%).
Participants self-reported their sex, date of birth, the number of years they had been practicing their
sport, height, weight, sport discipline (cyclist, triathlon), and region. Mediterranean Diet Adherence
Screener (MEDAS) was used to determine level of adherence to the MD. Women reported a higher
MEDAS score and body mass index (BMI) (p < 0.000) than men. Cyclists reported a lower MEDAS
score (7.44, SD 2.12 vs. 7.85, SD 2.08), and older age (37.72, SD 9.67 vs. 34.54, SD 8.58) and BMI (23.74,
SD 2.69) vs. 22.85, SD 2.28) than triathletes. The study showed that a large proportion of the surveyed
athletic population were not meeting the MD guidelines, with particularly low consumption amongst
men and cyclists. There were no regional effects. Nutritional guidelines for athletes should be
individual rather than general and follow specifications identified by the present research.

Keywords: Mediterranean diet; athletes; Spain

1. Introduction

The Mediterranean diet (MD) is rich in vegetables, fruit, legumes, nuts, and cereals, with olive oil
as the staple dietary fat. The typical MD includes moderate to high intake of fish, moderate intake of
dairy products, and low consumption of meat products [1]. Adherence to the MD has been proven to
have health benefits for adults, such as protection against cardiovascular disease [2], type 2 diabetes [3],
and metabolic syndrome, and improving blood pressure, waist circumference, high-density lipoprotein
cholesterol, triacylglycerol, and glucose concentration [4].

Despite these health benefits, adherence to the MD has been rapidly declining in Mediterranean
countries [5] including Spain [6]. These countries are replacing the MD with a Western diet, which
is rich in animal products, refined carbohydrates, and fat and lacking in consumption of fruit
and vegetables.

The benefits of physical exercise for health are well recognised [7]. An increase in physical
activity has a significant role in the prevention of diseases such as cardiovascular disease, obesity,
diabetes mellitus, cancer, depression, Alzheimer disease, arthritis, and osteoporosis [8]. Studies have
shown an association between high levels of physical activity and Mediterranean diet adherence [6-9].
Trends since the late 1990s also show adherence to be consistently higher in southern regions [10],
partly due to the warmer climate and closer proximity to the Mediterranean Sea [11]. However,
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no study has conducted this analysis for athletes who participate specifically in cycling or triathlons.
It is currently unknown if cyclists and triathletes demonstrate different dietary practices with relation
to MD adherence.

The aim of this study was to describe adherence to the MD within a sample of physically active
adults who regularly engage in cycling or triathlons from all regions of Spain. We hypothesised
that there would likely be differences in the nutritional habits between participants who engaged in
cycling and those who engaged in triathlons. Although both sports are endurance sports, triathlon
is considered to be a new sport compared with cycling and motivations for practice are likely to be
different. A second aim was to predict adherence to various components of the MD according to
region, sex, and discipline.

2. Materials and Methods

2.1. Design

This study used a cross-sectional design with a convenience sample. The demographic characteristics
and the Mediterranean Diet Adherence Screener (MEDAS) were introduced into the application
Google Drive® (Alphabet, Mountain View, CA, USA). The final questionnaire and instructions were
sent by e-mail to the Royal Spanish Cycling Federation and to the Spanish Triathlon Federation,
who forwarded them to all of their associated members. To be eligible for inclusion, participants had
to be over 18 years old and have previously provided permission to their Federation to send e-mails to
them. Research was conducted in 2016.

We adhered to the ethical principles of the Declaration of Helsinki for medical research. Ethical
approval was granted by the Ethics Committee of the University of Granada, Spain (approval code: 883).

2.2. Subjects

A sample of 4037 (36.14 £ 9.28 years old) cyclists and triathletes (male: 90.1%) from across Spain
(Table 1) was used for this study. There were 75,871 cyclists (male: 95%) federated in Spain during
2016 of which 2037 (male: 95.5%) satisfactorily completed the questionnaire and 27,760 triathletes
(male: 82.3%) federated in Spain during 2016 of which 2000 (male: 84.5%) satisfactorily completed
the questionnaire.
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2.3. Variables

Participants were asked to self-report their sex, data of birth, years practicing their sport, marital
status, height, weight, sport discipline (cyclist, triathlon), and region (North: Aragon, Asturias,
Balearic Islands, Basque Country, Cantabria, Castile and Leon, Catalonia, Community of Madrid,
Galicia, La Rioja, or Navarre; South: Andalusia, Canary Islands, Castile-La Mancha, Ceuta, Melilla,
Extremadura, Region of Murcia, and Valencian Country). Body mass index (BMI) was calculated as
weight divided by height squared (kg/m?). For ease of interpretation, categorical variables of sex (men
and women), sport discipline (cyclists and triathlon), and region (north and south) were dichotomised.
A total of 11% of the participants lived alone. Regarding marital status, 46.4% were single, 49.8%
married, and 3.7% divorced.

MEDAS [12] was used to determine the level of adherence to the MD. This questionnaire consists
of 14 items related to Mediterranean dietary patterns, 12 questions on food consumption frequency,
and 2 questions on food intake habits, according to characteristics of the Spanish Mediterranean diet.
Each question was scored 0 or 1 producing a derived score ranging from 0 to 14. One point was given
for using olive oil as the principal source of fat for cooking and one for preferring white meat over red
meat. One point was given for consumptions of: four or more tablespoon of olive oil per day; two or
more servings of vegetables per day; three or more pieces of fruit per day; less than one serving of
red meat, burgers, or sausages per day; less than one serving of butter, margarine, or cream per day;
less than one carbonated and/or sugar-sweetened beverage per day; seven or more cups (100 mL) of
wine per week; three or more servings of pulses per week; three or more servings of fish/seafood per
week; less than two commercial pastries such as cookies or cakes per week; three or more servings of
nuts per week; and two or more servings per week of boiled vegetables, pasta, rice, or other dishes
with sauce, tomatoes, garlic, onion, or leeks sautéed in olive oil. The higher the score, the greater the
adherence to the MD. Two MEDAS items were not included in the binary logistic regression model
due to the lack of variation in responses, with more than 95% reporting using olive oil as the principal
source of fat and less than 5% reporting meeting recommendations for consumption of wine. Although
MEDAS was designed to evaluate elderly people, it is also suitable for assessing MD adherence in
younger adults and adults [13].

2.4. Statistical Analysis

The mean for all quantitative variables is presented alongside the standard deviation. Normality of
the data was tested using the Kolmogorov-Smirnov test with Lilliefort’s correction and homoscedasticity
was assessed using the Levene test. After verifying that the variables were non-normally distributed,
the data were analysed using the U Mann-Whitney test for two-group comparison. Categorical
variables are presented according to their frequency distribution and associations between them were
determined using the Chi-square test.

Three binary logistic regression models were used to predict the probability of observations of
the 12 items of the MEDAS according to sex, sport discipline, and region: Model 1: region (north and
south) was entered as the predictor variable, representing a basic model adjusted for years practicing
the relevant sport, BMI, sex, and sport discipline; Model 2: sport discipline was entered as the predictor
variable, which was a basic model adjusted for years practicing the relevant sport, BMI, sex and
region; and Model 3: sex was entered as the predictor variable, which was a basic model adjusted for
years practicing the relevant sport, BMI, sport discipline, and region. Model fit was assessed using
Nagelkerke R2. The model demonstrated acceptable fit to data: Model 1 R2: 0.269, Model 2 R%: 0.336,
and Model 3 R?: 0.310. Data were analysed using the IBM-SPSS version 22.0 statistical programme for
Windows (Armonk, NY, USA: IBM Corp.). The level of significance was set at 0.05.
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3. Results

Data for MEDAS overall score, age, BMI, and time practicing the relevant sport for all study
participants according to region, sex, and sport discipline are shown in Table 1. There were no
significant differences according to region (north vs. south) in terms of MEDAS overall score, sex, and
sport discipline. Northern participants were significantly older (p < 0.01), with lower BMI (p < 0.05),
and reported more time practicing their relevant sport (p < 0.001). There were significant differences
according to sex in relation to MEDAS overall score, age, BMI, and time practicing the relevant sport
(p < 0.000). Women reported a higher MEDAS score and BMI, and lower age and time practicing their
relevant sports. According to discipline, cyclists reported a lower MEDAS score and higher age, BMI,
and time practicing their sport (p < 0.000).

Binary logistic regression analysis was conducted in order to predict adherence to various
components of the MD as described by the different items on the MD questionnaire (Table 2).
Participants who lived in the north were less likely than those living in the south to report meeting
guidelines for the weekly consumption of olive oil (odds ratio (OR) = 0.75, 95% confidence interval
(CI) = 0.64, 0.87); red meat, burgers, or sausages (OR = 0.75, 95% CI = 0.64, 0.87); nuts (OR = 0.86,
95% CI = 0.76, 0.99); and boiled vegetables, pasta, rice, or other dishes with tomato sauce, garlic, onion,
or leeks sautéed in olive oil (OR = 0.85, 95% CI = 0.73, 0.99). Participants living in the north were
more likely to meet recommendations for consumption of butter, margarine, or cream (OR = 1.48,
95% CI = 1.25,1.75) and carbonated and/or sugar-sweetened beverages (OR = 1.44, 95% CI = 1.25, 1.65).
They were also more likely to report preferring white meat over red meat (OR = 0.66, 95% CI = 0.55,
0.78). According to sport discipline, cyclists were less likely than triathletes to meet recommendations
for consumption of fruit (OR = 0.74, 95% CI = 0.63, 0.88), carbonated and / or sugar-sweetened beverages
(OR =0.74, 95% CI = 0.63, 0.88), and nuts (OR = 0.67, 95% CI = 0.57, 0.79). Cyclists were more likely
than triathletes to meet recommendations for boiled vegetables, pasta, rice, or other dishes with tomato
sauce, garlic, onion, or leeks sautéed in olive oil (OR = 1.23, 95% CI = 1.01, 1.49). Model 3 considered
sex as a predictor. Women were less likely than men to meet recommendations for consumption of
pulses (OR = 0.68, 95% CI = 0.51, 0.90), nuts (OR = 0.78, 95% CI = 0.61, 0.99), and boiled vegetables,
pasta, rice, or other dishes with tomato sauce, garlic, onion, or leeks sautéed in olive oil (OR = 0.53,
95% CI = 0.42, 0.69). Women were more likely to meet recommendation for consumption of vegetables
per day (OR = 2.22,95% CI = 1.72, 2.85) and red meat, burgers, or sausages per day (OR = 1.44, 95%
CI=1.11, 1.86).
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4. Discussion

One of the main findings highlighted in this study was that a large proportion of the measured
population did not meet MD guidelines. We also examined different individual aspects of the MD
guidelines according to sex, sport discipline, and region.

The overall mean MEDAS score for the present sample of Spanish cyclists and triathletes was 7.64,
higher than 6.34, which was reported in a representative sample of non-institutionalised Spanish adults
aged 18 years old or older [6]. Although the overall MEDAS score was higher than that previously
reported in a Spanish sample, it is still short of describing strict accordance to the MD (>9 points) [14].
Abandonment of MD habits have been previously reported in Mediterranean countries such as
Spain [6], Greece [15], and Italy [16]. These countries are slowly replacing their traditional patterns
of eating with Western dietary patterns rich in animal products, refined carbohydrates, and fat,
and low consumption of fruit and vegetables. Levels of physical activity could explain differences in
the overall MEDAS score of the present sample and that reported previously in another sample of
non-institutionalised Spanish adults. Previous studies showed associations between high MD scores
and high levels of daily physical activity, including in a sample of European adults [17] and a Spanish
sample [18]. Another study found that cycling was associated with higher values of adherence to a
MD, irrespective of training volume [19].

In the present study, there were no significant differences according to region (north vs. south) in
terms of overall MEDAS score. The present findings contradict those previously reported by Abelldn
Aleman et al. [20], which showed that South-eastern Spain had the lowest score for adherence to the
MD due to low consumption of fish and plant products. A study by Bach-Faig et al. [10] reported
MBD adherence over 20 years to be significantly higher in some southern Mediterranean regions
of Spain, such as Andalusia. Teenagers from the southern region of Italy also showed the highest
regional adherence for their country [21]. The different samples examined in these studies could
explain the differences reported, as the present study was conducted with a sample of athletes and a
physically active lifestyle was previously associated with a greater adherence to the MD independent
of region [18,22]. Other potential confounders, such as socio-economic and educational status, should
also be considered, as previous studies demonstrated that individuals with low socioeconomic and
educational levels report low consumption of fish, fruit, and fresh vegetables [23,24]. In our study,
those participants who were living in the northern regions were less likely than those living in the
south to report meeting guidelines for the weekly consumption of olive oil. Although more than
95% of participants in both regions used olive oil as the principal source of fat for cooking, 78.5%
participants who were living in the south consumed four or more tablespoons of olive oil per day in
comparison to 74.1% of the participants who lived in the north. Also, participants who lived in the
south consumed more boiled vegetables, pasta, rice, or other dishes with tomato sauce, garlic, onion,
or leeks sautéed in olive oil. This can be explained by the finding that southern participants used more
olive oil as oil for cooking. Participants who lived in the north were less likely than those living in
the south to report meeting guidelines for red meat consumption. This corroborates previous results
that showed that people living in the lower northern areas of Spain consumed more red meat and
dairy products [20]. However, participants who lived in the south were also less likely to meet the
recommendation for consumption of carbonated and or sugar-sweetened beverages. A number of
factors could explain these findings. It is possible than the warmer climate contributes to a greater
consumption of these beverages.

Women received a higher MEDAS score than men. A systematic review within Greek and Cypriot
populations did not find statistically significant differences according to sex [25]. Contrasting results
were found in a sample from Catalonia [26] and in a representative sample of Spanish adults in
which women had lower adherence to the MD than men. This difference was mostly due to a lower
consumption of wine amongst women with differences disappearing when wine was excluded from
MD calculations [6]. Differences in the present research could also be related to the nutritional habits
and knowledge of the included athletes. A comparison study with collegiate athletes previously
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showed that male athletes consume fast food or restaurant meals more frequently and have higher
and more frequent weekly alcohol intake during the competitive season than women [27]. Female
Australian elite athletes also reported a better diet quality than male athletes in addition to better
nutrition knowledge [28]. A previous systematic review also reported that athletes” knowledge
was equal to or better than non-athletes and that this knowledge was greater in women than in
men [29]. Regarding specific components of the MD, women were more likely than men to meet the
recommendations for daily consumption of vegetables (59.1% vs. 36.1%) and red meat (34.9% vs.
23.2%). Similar results were found by de Boer et al. [30] who concluded that differences could be driven
by greater health consideration and awareness of climate change amongst women. Recommendations
for consumption of pulses and fish should be given special consideration as the percentage of athletes
following this MD recommendation in the present study was very small (less than 30% for pulses and
less than 40% for fish), regardless of sex. Our results correspond with results reported for the general
population of Spain, which suggest 22% meet the recommendation for pulses and only 30.2% consume
three to four portions of fish/seafood per week [20].

With regards to discipline, triathletes had a higher MEDAS scored than cyclists. No previous
studies reported adherence to the MD in a sample of triathletes and only two studies reported
adherence to the MD in cyclists. One of these reported higher adherence to the MD amongst cyclists
than amongst inactive adults [19]. Similar results were found in the second study, in which young
male cyclists reported higher adherence to the MD than a matched group of non-cyclists [31]. In the
present study, triathletes were more likely to meet the recommendation for consumption of fruit, nuts,
and carbonated and or sugar-sweetened beverages than cyclists. This could be related to motives for
participating in different endurance sports. Many cyclists were motivated by competition, whereas
triathletes tended to be motivated by fitness, health benefits, and weight loss [32].

Regarding the recommendation for wine consumption, our results found that less than 5% of
all surveyed athletes followed this guideline independent of sex, age, region, or discipline. Several
factors could explain these findings. Firstly, alcohol is included on the list of prohibited substances and
methods for athletes, meaning that they only occasionally consume alcohol [33]. The proportion of
athletes that never consumed alcohol was higher than in a regular population and teetotal individuals
would not be encouraged to commence drinking [34]. Despite the benefits of red wine on heart and
kidney protection from ischemia-reperfusion injury [35], the recommendation concerning wine within
this type of population should be optional and always with meals.

Two main recommendations emerge from the present findings. Firstly, although nutritional
policies in Mediterranean countries have focused on the preservation of MD, nutritional intervention
evidently requires comprehensive and specific messages about the different components of this
diet. Specific recommendations should be elaborated for endurance sport athletes and specific
recommendations for other sports should also be studied.

Limitations of the present study include its cross-sectional design, which precludes drawing
conclusions on the direction of associations and inhibits the investigation of causal relationships.
Adherence to a Mediterranean diet was measured using a validated questionnaire. The questionnaire
has inherent limitations of precision due to reliance on self-reported data and the choice of research
method, which precludes independent verification. However, the risk of error was minimized by
ensuring anonymity of responses. The use of self-reporting to assess a number of variables increases
the possibility of measurement error. However, MEDAS has previously demonstrated high validity
and reliability in similar populations. The questionnaire was validated alongside the established
food frequency questionnaire (FFQ), producing an average MEDAS score estimate of 105% of the
FFQ score estimate suggesting that it is a valid instrument for rapid estimation of adherence to the
MD. Weight and height were self-reported as opposed to directly measured due to time, financial
resources, and labor constraints. Although this method is less accurate than direct measurement, it has
demonstrated good agreement and validity in healthy weight populations. It was not possible to
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evaluate the socioeconomic status (SES) of individuals in this study. Future studies should measure
SES where possible.

5. Conclusions

To the best of our knowledge, this is one of few investigations that describe adherence to a
Mediterranean diet in a sample of athletes, and this is the first to analyse differences between cyclists
and triathletes in a sample of Spanish athletes. This study is also the first to describe different nutritional
patterns according to region, sex, and sport discipline in a sample of athletes. Future interventions
should focus on an increase in vegetables and a decrease in red meat and hamburgers or sausages
as a source of protein, especially in men. Another important focus of nutritional interventions with
athletes should be an increase in pulses and fish/seafood independent of sex, region, or discipline,
an increase in the consumption of fruit, and decreased consumption of carbonated sugar-sweetened
drinks amongst cyclists. The study showed that a large proportion of the surveyed athletic population
were not meeting MD guidelines, with particularly low consumption amongst men and cyclists.
The findings have important implications for the design of nutritional interventions for athletes across
Spain. It is essential to provide nutritional guidelines to athletes that consider the present findings
rather than just promoting the MD in general.
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Abstract: Obesity is a multifactorial and complex disease defined by excess of adipose mass and
constitutes a serious health problem. Adipose tissue acts as an endocrine organ secreting a wide
range of inflammatory adipocytokines, which leads to systemic inflammation, insulin resistance,
and metabolic disorders. The traditional Mediterranean diet is characterized by a high phenolic-rich
foods intake, including extra-virgin olive oil, nuts, red wine, vegetables, fruits, legumes,
and whole-grain cereals. Evidence for polyphenols’ effect on obesity and weight control in humans
is inconsistent and the health effects of polyphenols depend on the amount consumed and their
bioavailability. The mechanisms involved in weight loss in which polyphenols may have a role are:
activating 3-oxidation; a prebiotic effect for gut microbiota; inducing satiety; stimulating energy
expenditure by inducing thermogenesis in brown adipose tissue; modulating adipose tissue inhibiting
adipocyte differentiation; promoting adipocyte apoptosis and increasing lipolysis. Even though the
intake of some specific polyphenols has been associated with body weight changes, there is still no
evidence for the effects of total polyphenols or some polyphenol subclasses in humans on adiposity.

Keywords: dietary intake; catechins; resveratrol; olive oil; wine; BMI

1. Introduction

The global overweightness and obesity epidemic is increasing at an alarming rate and constitutes
a serious global public health problem, affecting over 27.5% of the worldwide adult population and
47.1% of children [1]. Between 1980 and 2013, the worldwide prevalence of overweight and obese
individuals increased from 857 million to 2.1 billion [1]. There is some evidence that the obesity
epidemic is leveling off in some populations, although the prevalence of excess weight remains high
in many countries of the world. The health consequences associated with obesity have been widely
recognized: overall mortality, cardiovascular disease (CVD), hypertension, type 2 diabetes mellitus
(T2DM), hyperlipidemia, stroke, cancer, osteoarthritis, chronic kidney disease, and gynecological
problems, among others [2]. The medium-to-long-term consequences of obesity lead to rendering the
health system unsustainable and, consequently, an urgent priority must be given to finding solutions
for this issue that should be based on the best scientific evidence available.

Nutrients 2018, 10, 1523; d0i:10.3390 /nu10101523 72 www.mdpi.com/journal/nutrients
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Obesity is a multifactorial complex disease defined by excess of adipose mass, which occurs
through adipocyte hypertrophy and hyperplasia [3]. The adipose tissue is an endocrine organ that
secretes a wide variety of inflammatory adipocytokines, such as tumor necrosis factor alpha (TNF-«),
interleukin-6 (IL-6), resistin, leptin, and adiponectin. Visceral adiposity is associated with a higher
production of these inflammatory adipocytokines, leading to systemic inflammation, insulin resistance,
and several obesity-related metabolic disorders [4]. This inflammation due to obesity can be reversed
with weight loss, which causes a reduction in fat mass and proinflammatory adipokines. Moreover,
the intake of foods rich in bioactive compounds such as omega-3 fatty acids and polyphenols have
been described to decrease low-degree inflammation [3].

2. The Mediterranean Diet

The link between adherence to the traditional Mediterranean diet (MedDiet) and the risk of
cardiovascular disease (CVD) are mediated by several mechanisms, including reduction in low-degree
inflammation [5-7], high plasma concentration of adiponectin, improvement of endothelial function [8],
diminution of oxidative stress [9], low concentration of atherogenic lipoproteins, and lower levels of
oxidized low-density lipoprotein (LDL) particles [10]. The high-density lipoprotein (HDL) functionality
was also improved by the MedDiet. Cholesterol efflux capacity, specifically the HDL esterification
index and HDL antioxidant and anti-inflammatory capacity, and vasoprotective effects inducing nitric
oxide synthesis by endothelial cells are increased [11]. Furthermore, there are other inflammatory
biomarkers related to CVD and atherosclerotic process that may be modulated by lifestyle, such as
C-reactive protein (CRP), IL-6, and homocysteine [7,12].

The MedDiet is characterized by a high intake of phenolic compounds, which are present in
the main key foods of this dietary pattern: extra-virgin olive oil (EVOO), nuts, red wine, legumes,
vegetables, fruits, and whole-grain cereals. Phenolic compounds, usually called polyphenols
(Figure 1) [13], are important candidates responsible for the beneficial effects of the MedDiet.
A continuous and prolonged polyphenol intake is related to blood pressure and adiposity lowering
effects, improvements in lipid profile, and also anti-inflammatory effects, which all act as CVD
protectors [14].

Mediterranean Diet and Weight Loss

Although the long-term health benefits of the MedDiet are well established, its efficacy for weight
loss at >12 months in overweight or obese individuals remains controversial. A systematic review of
five randomized clinical trials (RCTs) [15] studied the effect of the MedDiet on weight loss in overweight
or obese individuals comparing MedDiet interventions with low-fat diets, a low-carbohydrate diet,
and the American Diabetes Association (ADA) diet. In this review, the MedDiet showed greater weight
loss than the low-fat diets (range of the mean values: —4.1 to —10.1 kg vs. —2.9 to —5.0 kg), but similar
weight loss compared with the other two interventions (range of the mean values: —4.1 to —10.1 kg vs.
—4.7 to —7.7 kg). Epidemiological evidence for the association between the adherence to a traditional
MedDiet with reduction of body weight and waist circumference is unclear. In 2011, Esposito et al.
published a meta-analysis of 16 RCTs, which shows that a greater adherence to the MedDiet causes
more weight loss as compared with a control diet [5]. Moreover, in none of the 16 RCTs was MedDiet
adherence correlated with weight gain. Many components of the MedDiet may favor weight loss due
to the abundance of plant-based foods, which provide high dietary fiber intake with a low energy
density and low glycemic load. However, the effect of the MedDiet on body weight was greater in
association with an energy-restricted MedDiet plan (—3.88 kg) or physical activity improvements
(—4.01 kg) [16].

Huo et al. studied the effect of a Mediterranean-style diet on T2DM patients in terms of glycemic
control, weight loss, and cardiovascular risks factors. Body mass index (BMI) was decreased in
participants who followed the MedDiet (mean difference, —0.29 kg/ m?; 95% CI, —0.46 to —0.12)
compared with those in the control diets [16].
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Molecular mechanisms of polyphenols involved in obesity. PPAR-y: peroxisome

proliferator-activated receptor gamma; CTP-1: tricarboxylate transport protein 1; AMPK: 5'-adenosine

monophosphate-activated protein kinase; PPAR-«: peroxisome proliferator-activated receptor alpha;
PPAR-8: peroxisome proliferator-activated receptor delta; PPAR-y: peroxisome proliferator-activated
receptor gamma; — activation; — inhibition; and 1 increase. ADC/ChemSketch (Advanced Chemistry

Development, Inc., Toronto, ON, Canada) software was employed for chemical structures.

3. Dietary Polyphenol Intake

The effects of polyphenols depend on the amount and absorption of dietary polyphenols. Thus,
to highlight the health benefits of polyphenols in humans, it is necessary to know the polyphenol

content of the foods and the polyphenol subclasses’ composition. Typically, polyphenol intake is
currently evaluated using data extracted from food frequency questionnaires (FFQs). Recently,
polyphenol intake has been measured using analysis of different biomarkers, mainly phase II

enzyme-conjugated polyphenol metabolites, which are metabolites present in the bloodstream and

urine and fecal samples. Unfortunately, there are thousands of potential biomarkers of polyphenol
intake and there is no consensus yet [17]. On the other hand, Tresserra-Rimbau et al. studied the
effect of dietary polyphenol intake on CVD, calculating the polyphenol consumption by matching
FFQ data with the Phenol-Explorer database [14]. In this context, the effect of gut microbiota
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has to be considered, as it metabolizes part of the dietary polyphenols and its metabolism can
modify their absorption, bioavailability, and biological activity. The interindividual variability in
gut microbiota, which determines polyphenol absorption, can explain the variety of health effects in
the mentioned studies.

Polyphenol Intake in the Mediterranean Countries

The intake of dietary polyphenols and the main food sources depends on the dietary pattern
and the native foods of each region, as described in Table 1. In the case of Mediterranean
countries, the European Prospective Investigation into Cancer (EPIC) Nutrition cohort described the
differences among the polyphenol intake of the European regions, estimating individual polyphenols
and subclasses [18]. The estimation of polyphenol intake was performed by 24-h dietary recall
of 36,027 adults, and the phenolic compounds data was obtained using the Phenol-Explorer
database. Interestingly, the Mediterranean countries (including Spain, Greece, Italy, and the
south of France) showed the lowest intake of total polyphenols (around 1011 mg/day) compared
with non-Mediterranean countries and the United Kingdom (around 1284 and 1521 mg/day,
respectively) [18]. Nevertheless, the profile of polyphenol subclasses was very different: Mediterranean
countries showed the highest intake of stilbenes and flavonoids (49-62% of total polyphenols),
followed by phenolic acids (34-44%). In relation to the main food sources, polyphenols in
Mediterranean countries come mainly from coffee, fruits (the main source of flavonoids, representing
45% of the intake), wine, and vegetables oils (representing 26% of lignans intake), whereas in the
non-Mediterranean countries, polyphenols come from coffee, tea, and wine (40.9%, 17.4%, and 4.6% of
total polyphenols, respectively) [18].

Another cohort from France, called SUpplémentation en VItamines et Minéraux AntioXydants
(SU.VL.MAX), quantified the polyphenol intake by 24-h dietary records and the Phenol-Explorer
database in 4942 subjects. = The mean total polyphenol intake (TPI) was 1193 mg/day,
with hydroxycinnamic acids being the highest consumed polyphenol subclass, followed by
proanthocyanidins [19]. The main food sources of hydroxycinnamic acids were coffee, potatoes,
and apples, whereas for proanthocyanidins, were fruits, cocoa products, and red wine.

An observational study focusing on the nutritional habits characterizing the Mediterranean
lifestyle, performed in Sicily in southern Italy, named the Mediterranean healthy Eating, Aging,
and Lifestyle study (MEAL), estimated the polyphenol intake of 2044 subjects by FFQs and the
Phenol-Explorer database. The main objective of the study was to describe the polyphenol intake
differentiating the subjects by their level of adherence to the MedDiet, as measured by the MEDI-LITE
score [20]. Additionally, Godos et al. described the intake of polyphenol subclasses and the major
food sources in the MEAL study population [21]. Total polyphenol intake was 664 mg/day, of which
the main intakes by subclass were phenolic acids, followed by flavonoids (363 and 259 mg/day,
respectively). Nuts were the main food source of polyphenols, accounting for around 28% of total
polyphenol intake, followed by coffee, cherries, red wine, and tea. Despite the fact that the adherence
to the Mediterranean diet was high, the intake of total polyphenols was lower than the other areas
described. The study concluded that the most consumed subclasses were flavonoids among the
individuals with the highest adherence to the MedDiet, with fruits, vegetables, and red wine being the
main food contributors [22].
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Table 1. Profile of the dietary polyphenol subclasses’ intake among the Mediterranean countries.

Mediterranean Area Polyphenol Subclass (% of TPI) @ Main Food Sources (% of TPI) ?

Phenolic acids (49), flavonoids (45),
other polyphenols (0.6), stilbenes, and Coffee (36), fruits (25), red wine (10)
lignans (<0.7)

Spain, Greece, Italy, and
south of France [17]

Coffee (44), tea (7), apples (7), red

France [18] Phenolic acids (54), flavonoids (42) wine (6)

Flavonoids (54), phenolic acids (37), Coffee (18), oranges (16), apples (12),

Spain [23] ﬁtg};e;nzo(lzg :};)e nols (8.7), stilbenes, and olives and olive oil (11), red wine (6)
L. Phenolic acids (53), flavonoids (37), Nuts (28), coffee (7), red wine (6),
Sicily (Italy) [20,21] lignans (0.4), stilbenes (0.3) tea (5)

TPL Total polyphenol intake. ® Dietary polyphenol intake was determined by the Phenol-Explorer Database
(http://phenol-explorer.eu/, accessed on July 2018) for all the areas described.

The PREDIMED cohort (PREvencion con Dleta MEDiterranea), comprised of a Spanish population
at high cardiovascular risk, studied the effect of dietary polyphenol intake and the incidence of
cardiovascular events [14]. Tresserra-Rimbau et al. described the intake of polyphenol subclasses’
intake and the major food sources of the PREDIMED study subjects also using FFQs and the
Phenol-Explorer database. Similar to the Italian population, the main intakes by subclass were
flavonoids (443 mg/day), followed by phenolic acids (304 mg/day) [23]. Fruits were the main total
polyphenols contributor, accounting for around 44%. Within the flavonoids, flavanols were strongly
related to CVD prevention (HR = 0.4 (0.23-0.72)) and were mostly consumed from red wine (32%)
and apples (31%) [14]. This study concluded that a higher intake of flavanols was associated with
a 60% reduction of cardiovascular event and mortality risk. Despite the fact that the main phenolic
acids subclass consumed was hydroxycinnamic acids, the intake of hydroxybenzoic acids was related
to a lower incidence of CVD (HR = 0.47 (0.26-0.86)). It should be pointed out that increased intake
of lignans was also related to CVD prevention (HR = 0.51 (0.30-0.86)), even though their intake was
lower than 1 mg/day.

The main key foods of the MedDiet in the PREDIMED cohort were EVOO and nuts. EVOO and
olives provide around 11% of the total polyphenol intake. The phenolic profile of EVOO and olives is
unique, with 98% of the polyphenols being inside the ‘other phenolic acids” and ‘other polyphenols’
subclasses. Among these subclasses, oleuropein is associated with antidiabetes, antiatherosclerosis,
and anti-inflammation properties [24]. This characteristic phenolic profile has resulted in health
benefits, a claim which was recognized by the European Food Safety Authority (EFSA) [25].

4. Antiobesity Effects of Dietary Polyphenols

Evidence for polyphenols’ effect on obesity and weight control in humans is inconsistent due
to the heterogeneity among study design, study populations, intervention period, and polyphenol
supplements. These potential effects are summarized in Table 2. Some intervention clinical trials with
polyphenol-enriched foods, such as an apple juice, showed a significant reduction in body fat mass but
not in body weight, BMI, or waist circumference [26]. However, a recent double-blinded, randomized,
parallel clinical trial conducted in 17 type 1 obesity participants (BMI between 30.1 and 33.3 kg/m?)
with a polyphenol supplement of 370 mg of total polyphenols showed a significant reduction in body
weight, BMI, and waist and hip circumference compared with a placebo group after 12 weeks of
intervention [27]. Moreover, only a few studies have studied the relationship between TPI from diet
and weight control. Guo et al. [28] analyzed the association between body weight and TPI using a
urine biomarker in a high cardiovascular risk population in a long-term study. After five years of
follow-up, they showed an inverse association between total polyphenol excretion (TEP) and BMI,
body weight, and waist circumference [28].
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Similarly, a study conducted in the Mediterranean area demonstrated that higher dietary intake
of flavonoids is inversely associated with an excess of weight and obesity [29]. Studies conducted
in non-Mediterranean areas have shown an effect of polyphenol intake on weight control, but other
clinical trials did not find any relationship between polyphenol intake and weight loss or changes in
body composition (CITA).

A longitudinal study from a Netherlands cohort that included 4280 participants aged 55-69 years
over 14 years of follow-up showed an association between a higher flavonoids intake and a lower
increase in body mass index (BMI) in women (p < 0.05) [30]. Within the flavonoids, catechins are related
with benefits in anthropometric parameters and body composition. More evidence that includes some
studies with green tea extracts rich in catechins, epigallocatechin gallate (EGCG), showed a significant
reduction in body weight, waist circumference, body fat mass, and visceral and subcutaneous fat [31].
Based on a meta-analysis of 11 studies, Hursel et al. concluded that catechin or an EGCG-caffeine
mixture contained in green tea had a minimal effect on weight loss and weight loss maintenance [31].
Therefore, the clinical significance of the small changes seen in the body composition parameters
indicates that green tea has no significant effect on weight loss and weight loss maintenance [32].

Resveratrol, a phenolic compound found in grapes, red wine, and some berries, also has potential
antiobesity effects by inhibiting adipocyte differentiation and decreasing proliferation, mediated by
adipocyte apoptosis and decreasing lipogenesis, promoting lipolysis and 3-oxidation [30]. However,
evidence about the effect of resveratrol intake on weight loss and weight loss maintenance is limited
and the effects only seem to be achieved through dietary supplementation. Tome-Carneiro et al.
performed several randomized, parallel, dose-response, placebo-controlled studies with a grape
supplement rich in resveratrol and other grape polyphenols [33,34]. The effects were statistically
significant for CVD risk factors: reduction in LDL-cholesterol, oxidized LDL, and thrombogenic
plasminogen activator inhibitor type 1 (PAI-1), and increase in adiponectin and anti-inflammatory
cytokines; however, they were not significant for adiposity parameters. Thus, the antiobesity potential
and the optimal dose of resveratrol remain to be studied.

Despite the fact that the spice turmeric is not a characteristic food of the MedDiet, curcumin,
a yellow-colored polyphenol from the curcuminoids subclass, is known for its health benefits such as
anti-inflammatory, anticarcinogenesis, antiobesity, antiangiogenesis, and antioxidant activities [35].
The antiobesity properties of curcumin are similar to resveratrol, through inhibiting adipocyte
differentiation, lipogenesis, reducing proinflammatory cytokines’ synthesis in the adipose tissue,
and promoting 3-oxidation [35]. Similar to resveratrol, clinical trials to investigate the antiobesity
properties of curcumin are limited. Ramirez-Bosca reported improvements in serum lipid profile
through an increase in HDL-cholesterol and Apo A, as well as a decrease in LDL-cholesterol, ApoB,
and the ApoB/ApoA ratio [36] with a supplement dose of 10 mg of a curcumin extract daily over
30 days.

Evidence from in vitro and experimental models suggests the potential effects of polyphenols
on obesity, obesity-related inflammation, and other metabolic disorders. These studies show
significant reduction of body weight by increasing basal metabolic rate, increasing 3-oxidation,
lowering triglycerides synthesis, and improving insulin sensitivity. Obese individuals have been
reported to be more dependent on glucose oxidation rather that fat oxidation [37]. The mechanisms
involved in weight loss where polyphenols may have a role are: inducing satiety; stimulating energy
expenditure by inducing thermogenesis in brown adipose tissue; modulating adipose tissue by
inhibiting adipocyte differentiation and promoting adipocyte apoptosis; modulating lipolysis;
and activating 3-oxidation [38]. Relative to metabolic disorders, an in vitro study about the effect
of white tea EGCG showed improvements in cellular glucose metabolism mediated by glucose
transporters (GLUTs) and a potential hypocholesterolemic effect stimulating LDL receptor binding
activity [39].
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Gut Microbiota and Prebiotic Potential of Dietary Polyphenols

The gut microbiota is, nowadays, strongly associated with several complex diseases,
especially when this microbiota is imbalanced, also known as dysbiosis. This dysbiosis may be
disrupted by lifestyle, such as excessive sanitation, diet, sedentarism, antibiotics, and so forth.
Related to the topic of this review, the microbiota has a role in the host’s metabolism, energy extraction,
fat deposition, inflammatory status, gut barrier integrity, and also satiety [40]. The roles of the
molecules generated from bacterial fermentation are crucial to establishing the causal relevance of the
gut microbiota and health benefits.

Short-chain fatty acids (SCFAs) are formed from the fermentation of oligosaccharides, proteins,
and peptides [41], with the main SCFA products being acetate, propionate, and butyrate.
The consumption of complex carbohydrates from fruits and vegetables is associated with higher
microbial production of SCFAs [42]. The contribution of SCFA products against obesity has been linked
to decreasing weight gain by preventing fat accumulation [43-45]. Fernandes et al. showed that obese
subjects present higher SCFA products in stool samples than lean subjects because of the differences
in their colonic fermentation [42]. The before-mentioned SCFA main products display different
mechanisms to induce satiety: butyrate acts on intestinal cells, increasing GLP-1 production [46],
and propionate increases intestinal gluconeogenesis [45], both pathways leading to improvements in
glucose homeostasis and increasing satiety.

Besides the microbial products, the gut microbiota is crucial for the metabolism and degradation
of some other compounds. Branched-chain amino acids (BCAAs) are elevated in obesity and T2DM,
which are contributing to the development of obesity-related insulin resistance. A reduction in
BCAA level is strongly correlated with improvements in insulin sensitivity, more so than weight
loss [47]. Interestingly, the composition of the gut bacteria, specifically the invasion of Bacteroides spp.,
may improve the efficiency of BCAA degradation [48].

Nevertheless, the main tool to balance the gut microbiota is diet. This notion is promoting the use
of prebiotics, which are mainly dietary components such as nondigestible carbohydrates. Other dietary
compounds not absorbed by the small intestine, such as polyphenols, are accumulated in the large
intestine, thus being exposed to the enzymatic activities of the gut microbiota [49]. In vitro studies
suggested that polyphenols may act as prebiotics by enhancing the growth of beneficial bacteria such
as Lactobacillus spp. and Bifidobacterium spp. [50]. Related to the SCFAs, polyphenols from plum were
reported to decrease fecal SCFAs in obese rats and, consequently, prevent weight gain in association
with the changes in the bacterial composition of the gut microbiota by increasing Faecalibacterium
spp., Lactobacillus spp., and Bacteroidetes spp. proliferation [50]. The potential prebiotic effect of
proanthocyanidin on Akkermansia muciniphila is well described by Anhé et al. [51]. The pathways
through which proanthocyanidins can enhance Akkermansia proliferation are: increasing mucus
secretion to the intestinal lumen by goblet cells; proanthocyanidins and other polyphenols may use
free oxygen radicals in the intestinal lumen, creating an environment only favorable for strict aerobic
species; antimicrobial effects of polyphenols may help to degrade competitive bacteria of Akkermansia.

Relative to proanthocyanidins, a dietary supplement of grape seed extract in six female pigs caused
a change in the distribution of the microbiota, increasing Lachnospiraceae, unclassified Clostridales,
Lactobacillus, and Ruminococcacceae [52]. The same experimental models used by Quifer-Rada et al.
described the molecular mechanisms of the potential hypocholesterolemic effects of proanthocyanidins
shown in human studies [53]. The grape seed extract increases biliary excretion and reduces micellar
solubility, which translates to a higher excretion of cholesterol in feces [54].
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Table 2. Potential health benefits on body weight by Mediterranean diet polyphenols.

Phenolic Compound Potential Health Benefits References

Total polyphenols J Body weight, BMI, and waist and hip circumferences [26]

Prebiotic effect
Total polyphenols 1 Lactobacillus spp., Bifidobacterium spp., Faecalibacterium [49]
spp., and Bacteroidetes spp. proliferation

Total polyphenols J SFCAs excretion [49]
Flavonoids J BMI [27]
Epigallocatechin gallate (EGCG) | Body weight, fat mass, and visceral and 31]
and green tea extracts subcutaneous fat
Proanthocyanidins 1 Proliferation of the Akkermansia muciniphila spp. [50]
Proanthocyanidins } Total cholesterol levels [52]

1 Biliary excretion and micellar solubility

J Adipocyte proliferation
Resveratrol J Lipogenesis [28]
1 Lipolysis and -oxidation

I BMI: Body mass index; SFCAs: Short-chain fatty acids; | significant decrease; and 1 significant increase.

5. Mechanism Involved

Catechins, mainly green tea EGCC, promote 3-oxidation by regulating the expression in adipose
tissue of peroxisome proliferator-activated receptor gamma (PPAR-y) and fatty acid synthase (FAS),
while increasing the levels of CPT-1, a protein that facilitates the transport of fatty acids to the
mitochondria, which is a limiting step for -oxidation [54].

In the case of resveratrol, its involvement in regulating 3-oxidation has been studied by increasing
5'-adenosine monophosphate-activated protein kinase (AMPK) activity through preventing the
degradation of intracellular cyclic adenosine monophosphate (cAMP) [55]. The AMPK function
is to regulate glucose transport and fatty acid metabolism. Therefore, its activation may lead to
fatty acid oxidation and suppression of hepatic gluconeogenesis as well as improvements in insulin
sensitivity. Other studies revealed that resveratrol could mediate the expression of PPAR-y [56]
or promote 3-oxidation by inhibiting the synthesis of malonyl-CoA [57], which is a precursor and
promoter of fatty acid synthesis.

Curcumin contains polyphenols, and there is substantial evidence about its effectiveness in
stimulating -oxidation, inhibiting fatty acid synthesis, and decreasing fat storage [38]. The molecular
pathways are similar to EGCG in the upregulation of CPT-1, but also entail the reduction of lipid
biosynthesis by the downregulation of fatty acid synthesis enzymes [58].

Within the flavonoids, anthocyanins have been reported as having a role as antiobesity agents.
Anthocyanins are widely found in fruits, such as apples with peel, strawberries, blueberries,
blackberries, and blood oranges. To induce fatty acid oxidation, the postulated pathways are
the modulation of AMPK synthesis and regulation of the expression of genes participating in
B-oxidation [59].

Regarding EVOO polyphenols, tyrosol derivates, such as oleuropein, are involved in energy
metabolism and adiposity [60], reducing the expression of PPAR-y, compromising adipocyte
differentiation, and improving insulin sensitivity [61]. Another interesting mechanism studied by
Oi-Kano et al. in experimental models showed an increase in uncoupling protein 1 (UCP1) expression,
which translates to the formation of “beige” adipose tissue, leading to a decrease of visceral fat
mass [62]. Hydroxytyrosol and its derivatives constitute around 90% of the total polyphenol content of
EVOO [63]. In vitro studies reported that hydroxytyrosol downregulates the expression of PPAR-o
and -y, which is translated to a reduction in adipocyte size [64]. Additionally, an increase in AMPK
and lipase (hormone-sensitive and phosphorylated lipase) was observed in adipocytes exposed to
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hydroxytyrosol [65]. Furthermore, these effects were not reported to have an impact on body weight
and adiposity in humans [65].

There are several mechanisms of action involved and each polyphenol presents different pathways,
as shown in Figure 1.

However, more randomized clinical trials are needed to verify if the ability of polyphenols to act
as antioxidants and anti-inflammatory mediators, through suppressing the effects of oxidative stress
and inflammation, can be translated to antiobesity effects.

6. Conclusions

The characteristic phenolic profile of the MedDiet differs from other dietary patterns, especially in
the Mediterranean countries, where EVOO and olives are food sources that provide unique phenolic
compounds with health benefits.

The health effects of polyphenols depend on the amount consumed and their bioavailability,
which is low, and systemic concentrations of phenolic compounds may reach the millimolar range.
As previously mentioned, the gut microbiota might be the most remarkable factor for the absorption
and metabolism of dietary polyphenols. Moreover, bioavailability can be also modulated by the effects
of culinary techniques, dietary patterns, or alteration of phase I/II metabolism by pharmacological or
dietary agents.

However, the essential step towards the understanding of the protective effects of polyphenols
against overweightness, unhealthy body composition, obesity-related inflammatory processes,
and metabolic syndrome status is to estimate their consumption by dietary recalls (through 24-h dietary
recall or FFQs) or other methods such as measurements of urine concentration of key polyphenols,
in order to identify the compounds most likely to provide the greatest protection.

Even though the intake of some specific polyphenols has been associated with body weight
improvements, there is still no evidence for the effects of total polyphenols or some polyphenol
subclasses. Further randomized controlled trials are needed to confirm the promising protective
effects of polyphenols on weight gain, obesity, and CVD. This research field might be useful for
setting food and health counselling goals for overweightness and obesity, and additionally, to establish
dietary recommendations for individuals and population groups and desired minimum levels of
polyphenol intake.

Author Contributions: Conceptualization, R.E. and S.C.-B.; writing—original draft preparation, S.C.-B.;
writing—review and editing, M.D. and R M.L.-R.

Funding: This research received no external funding.

Conflicts of Interest: R.M.L.-R.: receiving lecture fees from Cerveceros de Espafia, and receiving lecture fees
and travel support from Adventia. R.E. reports serving on the board of and receiving lecture fees from the
Research Foundation on Wine and Nutrition (FIVIN); serving on the boards of the Beer and Health Foundation
and the European Foundation for Alcohol Research (ERAB); receiving lecture fees from Cerveceros de Espafia and
Sanofi-Aventis; and receiving grant support through his institution from Novartis. The other authors declare no
conflict of interest.

References

1. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: A systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2014, 384, 766-781. [CrossRef]

2. Williams, E.P.; Mesidor, M.; Winters, K.; Dubbert, PM.; Wyatt, S.B. Overweight and obesity: Prevalence,
Consequences and Causes of a Growing Public Health Problem. Curr. Obes. Rep. 2015, 4, 363-370. [CrossRef]
[PubMed]

3.  Siriwardhana, N.; Kalupahana, N.S.; Cekanova, M.; Lemieux, M.; Greer, B.; Moustaid-Moussa, N.
Modulation of adipose tissue inflammation by bioactive food compounds. ]. Nutr. Biochem. 2013, 24,
613-623. [CrossRef] [PubMed]

80



Nutrients 2018, 10, 1523

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kalupahana, N.S.; Moustaid-Moussa, N.; Claycombe, K.J. Immunity as a link between obesity and insulin
resistance. Mol. Asp. Med. 2012, 33, 26-34. [CrossRef] [PubMed]

Esposito, K.; Kastorini, C.M.; Panagiotakos, D.B.; Giugliano, D. Mediterranean diet and weight loss:
Meta-analysis of randomized controlled trials. Metab. Syndr. Relat. Disord. 2011, 9, 1-12. [CrossRef]
[PubMed]

Mena, M.P; Sacanella, E.; Vazquez-Agell, M.; Morales, M.; Fit6, M.; Escoda, R.; Serrano-Martinez, M.;
Salas-Salvado, J.; Benages, N.; Casas, R.; et al. Inhibition of circulating immune cell activation: A molecular
antiinflamatory effect of the Mediterranean diet. Am. J. Clin. Nutr. 2009, 89, 248-256. [CrossRef] [PubMed]
Urpi-Sarda, M.; Casas, R.; Chiva-Blanch, G.; Romero-Mamamni, E.S.; Valderas-Martinez, P.; Arranz, S.;
Andres-Lacueva, C.; Llorach, R.; Medina-Remon, A.; Lamuela-Raventos, R.M.; et al. Virgin olive oil and
nuts as key foods of the Mediterranean diet effects on inflammatory biomarkers related to atherosclerosis.
Pharmacol. Res. 2012, 65, 577-583. [CrossRef] [PubMed]

Marin, C.; Ramirez, R.; Delgado-Lista, ]J.; Yubero-Serrano, E.M.; Perez-Martinez, P.; Carracedo, J.;
Garcia-Rios, A.; Rodriguez, F; Gutierrez-Mariscal, EM.; Gomez, P.; et al. Mediterranean diet reduces
endothelial damage and improves the regenerative capacity of endothelium. Am. J. Clin. Nutr. 2011, 93,
267-274. [CrossRef] [PubMed]

Dai, J.; Jones, D.P,; Goldberg, ].; Ziegler, T.R.; Bostick, R.M.; Wilson, PW.; Manatunga, A.K.; Shallenberger, L.;
Jones, L.; Vaccarino, V. Association between adherence to the Mediterranean diet and oxidative stress. Am. J.
Clin. Nutr. 2011, 88, 1364-1370.

Jones, J.L.; Fernandez, M.L.; McIntosh, M.S.; Najm, W.; Calle, M.C.; Kalynych, C.; Vukich, C.; Barona, J.;
Ackermann, D.; Kim, J.E.; et al. A Mediterranean-style low-glycemic-load diet improves variables of
metabolic syndrome in women, in addition of a phytochemical-rich medical food enhances benefits on
lipoprotein metabolism. J. Clin. Lipidol. 2011, 5, 188-196. [CrossRef] [PubMed]

Hernédez, A.; Castafier, O.; Elosua, R.; Pint6, X.; Estruch, R.; Salas-Salvadé, J.; Corella, D.; Arés, F;
Serra-Majem, L.; Fiol, M.; et al. Mediterranean Diet Improves High-Density Lipoprotein Function in
High-Cardiovascular-Risk Individuals. Circulation 2017, 135, 633-643. [CrossRef] [PubMed]

Fit6, M.; Cladellas, M.; de la Torre, R.; Marti, J.; Munioz, D.; Schroder, H.; Alcantara, M.; Pujadas-Bastardes, M.;
Marrugat, J.; Lopez-Sabater, M.C.; et al. Anti-inflammatory effect of virgin olive oil in stable coronary disease
patients: A randomized, crossover, controlled trial. Eur. ]. Clin. Nutr. 2008, 62, 570-574. [CrossRef] [PubMed]
Phenol-Explorer, An Online Comprehensive Database on Polyphenol Contents in Foods. 2010.
Available online: http://www.phenol-explorer.eu (accessed on 21 September 2018).

Tresserra-Rimbau, A.; Rimm, E.B.; Medina-Remon, A.; Martinez-Gonzalez, M. A.; dela Torre, R.; Corella, D.;
Salas-Salvador, J.; Gomez-Garcia, E.; Lapetra, J.; Arés, F; et al. Inverse association between habitual
polyphenol intake and incidence of cardiovascular events in the PREDIMED study. Nutr. Metab.
Cardiovasc. Dis. 2014, 24, 639-647. [CrossRef] [PubMed]

Mancini, J.G.; Filion, K.B.; Atallah, R.; Eisenberg, M.]. Systematic Review of the Mediterranean Diet for
Long-Term Weight Loss. Am. ]. Med. 2016, 129, 407-415. [CrossRef] [PubMed]

Huo, R;; Du, T.; Xu, Y.; Xu, W.; Chen, X,; Sun, K.; Yu, X. Effects of Mediterranean-style diet on glycemic
control, weight loss and cardiovascular risk factors among type 2 diabetes individuals: A meta-analysis.
Eur. . Clin. Nutr. 2015, 69, 1200-1208. [CrossRef] [PubMed]

Probst, Y.; Guan, V.; Kent, K. A systematic review of food composition tools used for determining dietary
polyphenol intake in estimated intake studies. Food Chem. 2018, 238, 146-152. [CrossRef] [PubMed]
Zamora-Ros, R.; Knaze, V.; Rothwell, ].A.; Hémon, B.; Moskal, A.; Overvad, K.; Tjenneland, A.; Kyrg, C.;
Fagherazzi, G.; Boutron-Ruault, M.C,; et al. Dietary polyphenol intake in Europe: The European Prospective
Investigation into Cancer and Nutrition (EPIC) study. Eur. J. Nutr. 2016, 55, 1359-1375. [CrossRef] [PubMed]
Pérez-Jiménez, J.; Fezeu, L.; Touvier, M.; Arnault, N.; Manach, C.; Hercberg, S.; Galan, P.; Scalbert, A.
Dietary intake of 337 polyphenols in French Adults. Am. J. Clin. Nutr. 2011, 93, 1220-1228. [CrossRef]
[PubMed]

Sofi, F.; Dinu, M.; Pagliai, G.; Marcucci, R.; Casini, A. Validation of a literatura-based adherence score to
Mediterranean diet: The MEDI-LITE score. Int. J. Food Sci. Nutr. 2017, 68, 757-762. [CrossRef] [PubMed]
Godos, J.; Marventano, S.; Mistretta, A.; Galvano, F.; Grosso, G. Dietary sources of polyphenols om the
Mediterranean healthy Eating, Aging and Lifestyle (MEAL) study cohort. Int. |. Food. Sci. Nutr. 2017, 68,
750-756. [CrossRef] [PubMed]

81



Nutrients 2018, 10, 1523

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Godos, J.; Rapisarda, G.; Marventano, S.; Galvano, F; Mistretta, A.; Grosso, G. Association between
polyphenol intake and adherence to the Mediterranean diet in Sicily, soythern Italy. NFS J. 2017, 8, 1-7.
[CrossRef]

Tresserra-Rimbau, A.; Medina-Remon, A.; Pérez-Jiménez, J.; Martinez-Gonzalez, M.A.; Covas, M.L;
Corella, D.; Salas-Salvador, J.; Gomez-Gracia, E.; Lapetra, J.; Aros, E; et al. Dietary intake and major
food sources of polyphenols in a Spanish population at high cardiovascular risk: The PREDIMED study.
Nutr. Metab. Cardiovasc. Dis. 2013, 23, 953-959. [CrossRef] [PubMed]

Covas, M.I;; Nyyssonen, K.; Poulsen, H.E.; Kaikkonen, J.; Zunft, H].; Kiesewetter, H.; Gaddi, A.;
de la Torre, R.; Mursu, J.; Baumler, H.; et al. The effect of polyphenols in olive oil on heart disease risk factors:
A randomized trial. Ann. Intern. Med. 2006, 145, 333-341. [CrossRef] [PubMed]

EFSA Panel on Dietetic Products NaAN. Scientific Opinion on the substantiation of health claims related
to polyphenols in olive and protection of LDL particles from oxidative damage (ID 1333, 1638, 1639, 1696,
2865), maintenance of normal blood HDLcholesterol concentrations (ID 1639), maintenance of normal blood
pressure (ID 3781), “anti-inflammatory properties” (ID 1882), “contributes to the upper respiratory tract
health” (ID 3468), “can help to maintain a normal function of gastrointestinal tract” (3779), and “contributes to
body defences against external agents” (ID 3467) pursuant to Article 13(1) of Regulation (EC) No 1924 /20061.
EFSAJ. 2011, 9, 2033.

Barth, S.W.; Koch, T.C.L.; Watzl, B.; Dietrich, H.; Will, E.; Bub, A. Moderate effects of apple juice consumption
on obesity-related markers in obese men: Impact of diet-gene interaction on body fat content. Eur. ]. Nutr.
2012, 51, 841-850. [CrossRef] [PubMed]

Cases, J.; Romain, C.; Dallas, C.; Gerbi, A.; Cloarec, M. Regular consumption of Fiit-ns, a polyphenol extract
from fruit and vegetables frequently consumed within the Mediterranean diet, improves metabolic ageing
of obese volunteers: A. randomized, double-blind, parallel trial. Int. ]. Food. Sci. Nutr. 2015, 66, 120-125.
[CrossRef] [PubMed]

Guo, X.; Tresserra-Rimbau, A.; Estruch, R.; Martinez-Gonzalez, M.A.; Medina-Remon, A.; Fit6, M.; Corella, D.;
Salas-Salvado, J.; Portillo, M.P.; Moreno, ].J.; et al. Polyphenol levels are inversely correlated with body
weight and obesity in an elderly population after 5 years of follow up (The Randomised PREDIMED Study).
Nutrients 2017, 9, 452. [CrossRef] [PubMed]

Marranzano, M.; Ray, S.; Godos, J.; Galvano, E. Association between dietary flavonoids intake and obesity in
a cohort of adults living in the Mediterranean area. Int. . Food Sci. Nutr. 2018, 26, 1-10. [CrossRef] [PubMed]
Wang, S.; Moustaid-Moussa, N.; Chen, L.; Mo, H.; Shastri, A.; Su, R.; Bapat, P.; Kwun, I.; Shen, C.L.
Novel insights of dietary polyphenols and obesity. ]. Nutr. Biochem. 2014, 25, 1-18. [CrossRef] [PubMed]
Hursel, R.; Viechtbauer, W.; Westerterp-Plantenga, M.S. The effects of green tea on weight loss and weight
maintenance: A meta-analysis. Int. J. Obes. 2009, 33, 956-961. [CrossRef] [PubMed]

Jurgens, T.M.; Whelan, A.M.; Killian, L.; Doucette, S.; Kirk, S.; Foy, E. Green tea for weight loss and weight
maintenance in overweight or obese adults. Cochrane Database Syst. Rev. 2012, 12, CD008650. [CrossRef]
[PubMed]

Kim, S.; Jin, Y.; Choi, Y.; Park, T. Resveratrol exerts anti-obesity effects via mechanisms involving
down-regulation of adipogenic and inflammatory processes in mice. Biochem. Pharmacol. 2011, 81, 1343-1351.
[CrossRef] [PubMed]

Tome-Carneiro, J.; Gonzalvez, M.; Larrosa, M.; Garcia-Almagro, EJ.; Aviles-Plaza, F.; Parra, S.;
Yanez-Gascon, M.J.; Ruiz-Ros, J.A.; Garcia-Conesa, M.T.; Tomas-Barberan, F.A.; et al. Consumption of
a grape extract supplement containing resveratrol decreases oxidized LDL and ApoB in patients undergoing
primary prevention of cardiovascular disease: A triple-blind, 6- month follow-up, placebo-controlled,
randomized trial. Mol. Nutr. Food Res. 2013, 56, 810-821. [CrossRef] [PubMed]

Meydani, M.; Hasan, S.T. Dietary polyphenols and obesity. Nutrients 2010, 2, 737-751. [CrossRef] [PubMed]
Ramirez-Bosca, A.; Soler, A.; Carrion, M.A,; Diaz-Alperi, J.; Bernd, A. Quintanilla, C,;
Quintanilla Almagro, E.; Miguel, . An hydroalcoholic extract of curcuma longa lowers the apo B./apo A.
ratio. Implications for atherogenesis prevention. Mech. Ageing Dev. 2000, 119, 41-47. [CrossRef]

Cox, L.M.; Blaser, M.J. Pathways in microbe-induced obesity. Cell Met. 2013, 17, 883-894. [CrossRef]
[PubMed]

82



Nutrients 2018, 10, 1523

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Rupasinghe, H.P.V.; Sekhon-Loodu, S.; Mantso, T.; Panayiotidis, M.I. Phytochemicals in regulating fatty
acids p-oxidation: Potential underlying mechanisms and their involvement in obesity and weight loss.
Pharmacol. Ther. 2016, 165, 153-163. [CrossRef] [PubMed]

Tenore, G.C.; Stiuso, P.; Campiglia, P.; Novellino, E. In vitro hypoglycaemic and hypolipidemic potential of
white tea polyphenols. Food Chem. 2013, 141, 2379-2384. [CrossRef] [PubMed]

Cummings, ].H.; Macfarlane, G.T. The control and consequences of bacterial fermentation in the human
colon. J. Appl. Bacteriol. 1991, 70, 443-459. [CrossRef] [PubMed]

Hester, C.M,; Jala, V.R;; Langille, M.G.; Umar, S.; Greiner, K.A.; Haribabu, B. Fecal microbes, short chain
fatty acids, and colorectal cancer across racial/ethnic groups. World . Gastroenterol. 2015, 21, 2759-2769.
[CrossRef] [PubMed]

Fernandes, J.; Su, W.; Rahat-Rozenbloom, S.; Wolever, T.M.; Comelli, E.M. Adiposity, gut microbiota and
faecal short chain fatty acids are linked in adult humans. Nutr. Diabetes 2014, 4, e121. [CrossRef] [PubMed]
Den Besten, G.; Bleeker, A.; Gerding, A.; van Eunen, K.; Having, R.; van Dijk, T.H.; Oosterveer, M.H.;
Jonker, ].W.; Groen, A.K.; Reijngoud, D.J.; et al. Short-chain fatty acids protect against high-fat diet-induced
obesity via a PPARgamma-dependent switch from lipogenesis to fat oxidation. Diabetes 2015, 64, 2398-2408.
[CrossRef] [PubMed]

De Vadder, F.; Kovatcheva-Datchary, P.; Goncalves, D.; Vinera, J.; Zitoun, C.; Duchampt, A.; Backhed, F.;
Mithieux, G. Microbiota-generated metabolites promote metabolic benefits via gut-brain neural circuits. Cell
2014, 156, 84-96. [CrossRef] [PubMed]

Lin, H.V,; Frassetto, A.; Kowalik, E.J., Jr.; Nawrocki, AR.; Lu, M.M.; Kosinski, J.R.; Hubert, J.A.; Szeto, D.;
Yao, X.; Forrest, G.; et al. Butyrate and propionate protect against diet-induced obesity and regulate gut
hormones via free fatty acid receptor 3-independent mechanisms. PLoS ONE. 2012, 7, €35240. [CrossRef]
[PubMed]

Shah, S.H.; Crosslin, D.R.; Haynes, C.S.; Nelson, S.; Turer, C.B.; Stevens, R.D.; Muehlbauer, M.].; Wenner, B.R.;
Bain, J.R.; Laferrére, B.; et al. Branched-chain amino acid levels are associated with improvement in insulin
resistance with weight loss. Diabetologia 2012, 55, 321-330. [CrossRef] [PubMed]

Ridaura, V.K,; Faith, J.J.; Rey, EE.; Cheng, J.; Duncan, A.E.; Kau, A.L.; Griffin, N.W.; Lombard, V.; Henrissat, B.;
Bain, J.R.; et al. Gut microbiota from twins discordant for obesity modulate metabolism in mice. Science 2013,
341,1241214. [CrossRef] [PubMed]

Cardona, E; Andrés-Lacueva, C.; Tulipani, S.; Tinahones, E.Q.; Queipo-Ortufio, M.1. Benefits of polyphenols
on gut microbiota and implications in human health. J. Nutr. Biochem. 2013, 24, 1415-1422. [CrossRef]
[PubMed]

Duda-Chodak, A.; Tarko, T.; Satora, P; Sroka, P. Interaction of dietary compounds, especially polyphenols,
with the intestinal microbiota: A review. Eur. J. Nutr. 2015, 54, 325-341. [CrossRef] [PubMed]

Noratto, G.D.; Garcia-Mazcorro, J.F.; Markel, M.; Martino, H.S.; Minamoto, Y.; Steiner, ].M.; Byrne, D.;
Suchodolski, J.S.; Mertens-Talcott, S.U. Carbohydrate-free peach (Prunus persica) and plum (Prunus
domestica) juice affects fecal microbial ecology in an obese animal model. PLoS ONE 2014, 9, e101723.
[CrossRef] [PubMed]

Anhé, EF; Varin, T.V,; Le Barz, M.; Desjardins, Y.; Levy, E.; Roy, D.; Marette, A. Gut microbiota dysbiosis in
obesity-linked metabolic diseases and prebiotic potential of polyphenol-rich extracts. Curr. Obes. Rep. 2015,
4, 389-400. [CrossRef] [PubMed]

Choy, Y.Y,; Quifer-Rada, P; Holstege, D.M.; Frese, S.A.; Calvert, C.C.; Mills, D.A.; Lamuela-Raventds, R.M.;
Waterhouse, A.L. Phenolic metabolites and substantial microbiome changes in pig feces by ingesting grape
seed proanthocyanidins. Food Funct. 2014, 5, 2298-2308. [CrossRef] [PubMed]

Quifer-Rada, P; Choy, Y.Y.; Calvert, C.C.; Waterhouse, A.L.; Lamuela-Raventos, R.M. Use of metabolomics
and lipidomics to evaluate the hypocholestreolemic efffect of Proanthocyanidins from grape seed in a pig
model. Mol. Nutr. Food Res. 2016, 60, 1-9. [CrossRef] [PubMed]

Lee, M.S.; Kim, C.T.; Kim, Y. Green tea (—)-epigallocatechin-3-gallate reduces body weight with regulation of
multiple genes expression in adipose tissue of diet-induced obese mice. Ann. Nutr. Metab. 2009, 54, 151-157.
[CrossRef] [PubMed]

Chung, ].H.; Manganiello, V.; Dyck, ].R. Resveratrol as a calorie restriction mimetic: Therapeutic implications.
Trends Cell Biol. 2012, 22, 546554. [CrossRef] [PubMed]

83



Nutrients 2018, 10, 1523

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Aguirre, L.; Fernandez-Quintela, A.; Arias, N.; Portillo, M.P. Resveratrol: Anti-obesity mechanisms of action.
Molecules 2014, 19, 18632-18655. [CrossRef] [PubMed]

Skudelska, K.; Szkudelski, T. Resveratrol, obesity and diabetes. Eur. J. Pharmacol. 2010, 635, 1-8. [CrossRef]
[PubMed]

Ejaz, A; Wu, D.; Kwan, P; Meydani, M. Curcumin inhibits adipogenesis in 3T3-L1 adipocytes and
angiogenesis and obesity in C57/BL mice. J. Nutr. 2009, 39, 791-797. [CrossRef] [PubMed]

Wu, T,; Tang, Q.; Gao, Z.; Yu, Z.; Song, H.; Zheng, X.; Chen, W. Blueberry and mulberry juice prevent obesity
development in C57BL/g mice. PLoS ONE 2013. [CrossRef] [PubMed]

Vogel, P; Machado, LK.; Garavaglia, ].; Zani, V.T.; De Souza, D.; Morelo Dal Bosco, S. Polyphenols benefits of
olive leaf (Olea europaea L.) to human health. Nutr. Hosp. 2015, 31, 1427-1433.

Casado-Diaz, A.; Anter, J.; Miiller, S.; Winter, P.; Quesada-Gémez, ].M.; Dorado, G. Transcriptomic analyses
of the anti-adipogenic effects of oleuropein in human mesenchymal stem cells. Food Funct. 2017, 8, 1254-1270.
[CrossRef] [PubMed]

Oi-Kano, Y.; Iwasaki, Y.; Toshiyuki, N.; Watanabe, T.; Goto, T.; Kawada, T.; Watanabe, K.; Iwai, K.
Oleuropein aglycone enhances UCP1 expression in brown adipose tissue in high-fat-diet-induced obese rats
by activating -adrenergic signaling. |. Nutr. Biochem. 2017, 40, 209-218. [CrossRef] [PubMed]

De la Torre-Carbot, K.; Chavez-Servin, J.L.; Jauregui, O.; Castellote, A.IL,; Lamuela-Raventés, R.M.;
Fit6, M.; Covas, M.-L; Mufioz-Aguayo, D.; Lopez-Sabater, M.C. Presence of virgin olive oil phenolic
metabolites in human low density lipoprotein fraction: Determination by high-performance liquid
chromatography-electrospray ionization tandem mass spectrometry. Anal. Chim. Acta 2007, 583, 402-410.
[CrossRef] [PubMed]

Peyrol, J.; Riva, C.; Amiot, M.J. Hydroxytyrosol in the Prevention of Metabolic Syndrome and Related
Disorders. Nutrients 2017, 9, 306. [CrossRef] [PubMed]

Hao, J.; Shen, W.; Yu, G.; Jia, H,; Li, X,; Feng, Z.; Wang, Y.; Weber, P.; Wertz, K.; Sharman, E.; et al.
Hydroxytyrosol promotes mitochondrial biogenesis and mitochondrial function in 3T3-L1 adipocytes.
J. Nutr. Biochem. 2010, 21, 634-644. [CrossRef] [PubMed]

® © 2018 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http:/ /creativecommons.org/licenses /by /4.0/).

84



\ng 1utrients @\w

Article

Exploring the Perceived Barriers to Following a
Mediterranean Style Diet in Childbearing Age:
A Qualitative Study

Harriet Kretowicz, Vanora Hundley and Fotini Tsofliou *

Department of Human Science and Public Health, Centre for Midwifery, Maternal and Perinatal Health,
Faculty of Health and Social Sciences, Bournemouth University, Bournemouth BH1 3LT, UK;
s4933331@bournemouth.ac.uk (H.K.); vhundley@bournemouth.ac.uk (V.H.)

* Correspondence: ftsofliou@bournemouth.ac.uk; Tel.: +44-1202-961583

Received: 29 September 2018; Accepted: 2 November 2018; Published: 6 November 2018

Abstract: A considerable amount of research has focused on interventions in pregnancy to promote
health in current and future generations. This has yielded inconsistent results and focus has turned
towards improving health in the preconception period. Promotion of healthy dietary patterns similar
to a Mediterranean diet in the preconception years has been suggested as a dietary strategy to
prevent maternal obesity and optimize offspring health. However, it is uncertain whether adoption is
acceptable in women of childbearing age. This qualitative study aims to investigate the perceived
barriers to following a Mediterranean diet in women of childbearing age. Semi-structured focus
groups were used to generate deep insights to be used to guide the development of a future
intervention. Nulliparous women aged between 20 and 47 years were recruited (1 = 20). Six focus
groups were digitally audio recorded and transcribed verbatim by the researcher. Thematic analysis
was used to analyze data, which occurred in parallel with data collection to ascertain when
data saturation was reached. Five core themes were identified: Mediterranean diet features,
perceived benefits, existing dietary behavior and knowledge, practical factors, and information source.
The present study highlights that a Mediterranean diet is acceptable to childbearing-aged women,
and the insights generated will be helpful in developing an intervention to promote Mediterranean
diet adoption.

Keywords: Mediterranean diet; barriers; dietary change; childbearing age

1. Introduction

It is well established that the health of an expectant mother can significantly influence the health
and wellbeing of the developing baby [1,2]. Nutrition is a major factor in optimizing health, and the
impact of maternal nutrition on offspring has gained considerable attention in recent years. The ground
for a focus on maternal nutrition are threefold: first, a large body of evidence from epigenetics suggests
maternal nutrition can affect the body composition and metabolic health of the developing baby,
at birth and in later life [3,4]; second, maternal obesity and excessive gestational weight gain are
associated with a number of adverse pregnancy complications, including miscarriage [5], still birth [6],
preeclampsia and hypertensive disorders [7], gestational diabetes mellitus (GDM) [8,9], emergency
caesarean section [10], macrosomia [11], and preterm delivery [12] amongst others, and rates have
doubled in the past two decades [13]; and finally, nutrition is a largely modifiable factor with an
underestimated potential to provide significant improvement to both the short and long term health of
mother and baby, and a reduction in pregnancy complications.

Several interventions have been developed with the aim of improving nutrition in pregnancy
to minimize complications, improve offspring and maternal health, and to limit gestational weight
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gain [14]. However, while some trials have shown positive trends in eating behavior among obese
pregnant women [15,16], a lack of beneficial clinical outcomes and an average reduction in gestational
weight gain by a mere 0.7 kg [14] has made it difficult to draw firm conclusions about the efficacy of
pregnancy interventions [17]. It is likely that intervention in pregnancy may be necessary to mitigate
problems associated with poor maternal nutrition, but additional interventions are needed to optimize
health and nutrition and prevent obesity prior to conception.

Promoting health and optimizing nutrition prior to pregnancy is supported by research that has
found diet quality and health long before conception can also influence the health of future offspring
and pregnancy outcomes [18-21]. However recent evidence suggests that women across the span of
childbearing age from late adolescence up to 49 years [22] are not nutritionally prepared for pregnancy,
with 9 in 10 eating fewer than five fruit and vegetable portions a day, consuming 50 g of free sugars
daily on average, consuming only 17 g of fiber daily on average, and nearly 6 in 10 with folate levels
below the clinical threshold [23]. In addition, it is unlikely that pregnancy is planned for years prior
to conception and is often unexpected, allowing for sub-optimum nutrition status of the mother [23].
This, together with evidence suggesting that the gestation period may be too short to demonstrate
significant behavior changes and the mixed results of clinical efficacy of interventions in pregnancy,
suggests a need and potential benefit for interventions in the childbearing age population in general,
and there is an emerging consensus that this strategy should be pursued [17]. In order to optimize the
nutritional health in women prior to pregnancy, a supportive, evidence-based, and pragmatic method
of nutrition and health promotion must be decided upon. Research into pre-pregnancy dietary patterns
and health has consistently shown a dietary pattern which is high in vegetables, fruits, wholegrains,
lean proteins, and fish, and low in red and processed meats and refined sugary foods is associated
with positive health outcomes for both mother and offspring, and therefore should be adopted [19].

The Mediterranean diet (MD) is such a dietary pattern, and is characterized by high consumption
of vegetables, fruits, legumes, extra virgin olive oil as the principal fat source, a moderate consumption
of fish, lean protein, and dairy, and low consumption of processed foods and sweets [24]. The MD
has been shown to prevent diseases associated with chronic inflammation, including coronary heart
disease and stroke, type 2 diabetes, cognitive diseases, and obesity [25]. In addition, research has also
demonstrated numerous benefits to the preconception and pregnancy periods, such as a reduced risk of
hypertensive disorders [26], reduced risk of GDM [27], improvement in glucose tolerance [28], reduced
gestational weight gain [29], reduction in depressive symptoms and risk of postnatal depression [30],
and improved offspring homocysteine and lipoprotein levels [31].

It is therefore possible that following an MD pattern may have the potential to boost the overall
health in women of childbearing age, whilst reducing the risk of complications during pregnancy
and optimizing the health of mother and baby, if or when pregnancy should arise in the future. Yet,
there are concerns relating to the feasibility of promoting the MD to young women in the U.K. and other
non-Mediterranean populations and the acceptability to individuals currently consuming a Western
diet [32,33], as there is evidence suggesting that low adherence to an MD is common in younger
generations, with a decline in adherence even in Mediterranean countries [34,35]. However, prior
research has shown the diet pattern to have high palatability, adherence, and transferability, even in
non-Mediterranean countries [36-39]. To the best of our knowledge, there is no existing research that
investigates the feasibility of promoting a Mediterranean dietary pattern to women of childbearing age.
In order to utilize the Mediterranean diet as a way of promoting health and wellbeing and create the
most effective, informative, and appealing intervention, it is necessary to develop a deep and thorough
understanding of the possible barriers to following this dietary pattern and the ways to overcome
them in this population of women.

The primary aim of the study was to explore barriers and enablers to following a Mediterranean
style diet in women of childbearing age in the U.K.
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2. Methods

A qualitative design was utilized. Semi-structured focus groups were chosen to gain a detailed
insight into perceived barriers and enablers to following a Mediterranean style diet. This method
was chosen because participants were able to give their own thoughts and build on the views of
others, thus generating broad and in-depth discussions [40]. This method has been used in a wide
range of health research, including to assess attitudes relating to lifestyle change [41], to identify
health needs in specific populations [42], to investigate the feasibility and acceptability of behavioral
interventions [43], and to also explore experiences of health interventions [44], as it is essential that a
thorough understanding of the target population is gained [45].

The study utilized a convenience sample of university students and employed women identified
through a snowballing approach [46]. Women aged 18-49 years old, who were UK. residents,
nulliparous, had low to medium MD adherence, and did not study or have an occupation directly
related to nutrition were eligible to participate in the study. Participants were recruited via posters,
social media, email, and in person. The research was undertaken between May and June 2017 and was
approved by the Bournemouth University Research Ethics Committee.

Thirty-eight participants were initially recruited for the study. Three participants were ineligible
due to parity and residency status. A further 15 participants withdrew prior to participation, leaving
20 in total, engaging in six focus groups.

Prior to focus group participation, participants were sent a document containing detailed
information about the study and a link to a two-part online questionnaire which was used to confirm
eligibility. Part one related to general information age, socioeconomic status, and parity, and required
participants to self-report their height and weight. Participant characteristics are summarized in
Table 1.

Table 1. Participants’ Characteristics.

Demographic Data Mean (SD)
Age (years), n =20 26.8 (9.4)
BMI (kg/m?) 23 (4)
n
Employment Status
University Student 13
Employed Non-Student 7
n
Ethnicity
White British 18
White Other 2
Median Mediterranean Diet Score (0-14) 5

Part two assessed MD adherence using the validated 14-item PREvencion con DletaMEDiterranea
(PREDIMED) score (MDPS) [47]. The range of possible scores for MDPS is 0-14, and those who had
a high adherence (>10) would not be eligible for participation as they were not considered to be
inclusive in the target population. Figure 1 shows the distribution of participants’ scores for MDPS.
Overall mean MDPS was 5.6 £ 1.3; none of the twenty participants demonstrated high MD adherence,
so all were included in the focus groups.
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101

PREDIMED score (MDPS)

Low MDPS (n=11) Medium MDPS (n#=9)

Figure 1. Participants” adherence to the MD assessed using the PREDIMED score (MDPS). In the
boxplot showing the distribution of PREDIMED score (MDPS), eleven participants scored low on
MDPS (<5) (median 5, range 4-5), and nine participants had scores in medium tertile (median 7,
range 6-8). The dark red horizontal line is the median.

The focus groups were led by a facilitator and conducted in a private room. The focus group
procedure was explained and participants were reminded of the audio recording and their right
to withdraw.

Participants were sent an MD information sheet, including an MD pyramid demonstrating
the types and quantities of food and drink recommended in the diet patter, as well as information
relating to the health benefits, based on current evidence. This allowed participants to familiarize
themselves with the content of the dietary pattern and provided basic information in preparation for
the focus groups. This information was also available for reference throughout the focus group process.
Open-ended questions were used to guide discussions.
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A semi-structured focus group guide was used with open-ended questions and probes allowing
for the exploration of possible barriers to following an MD, with indicative topics including awareness
of MD, motivations and eating behaviors, practicalities and social perception, and source preferences
(Appendix A). Participants were given the opportunity to add or raise any additional points before
concluding the focus groups, and on completion participants received a £5 gift voucher.

The digital audiotapes were transcribed verbatim by the facilitator (H.K.) after each focus group.
Data collection and analysis co-occurred to asses when data collection could be concluded once
emerging themes had reached saturation. This is a process whereby no new themes are generated
from the data and there is repetition in emerging ideas. Focus group transcripts were analyzed using
the process of inductive thematic analysis, as described by Braun and Clarke [48]. After the initial
analysis, a second researcher (F.T.) reviewed the transcripts and independently coded for themes.
Any discrepancies were resolved through discussion and additional review of the transcripts.

3. Results

The study identified five core themes encompassing perceived barriers and enabling factors
to following a MD and include: MD features, perceived benefits, existing dietary behavior and
knowledge, practical factors, and information source. Themes are illustrated with representative
verbatim quotations from participants, represented numerically to protect anonymity, followed by
participant age (e.g., (P. (n)/age (years))).

3.1. Mediterranean Diet Features

Several participants reported barriers and enablers relating to features of a MD. Two main
subthemes were identified as the components of the MD and its perceived qualities. Participants
indicated that a reduction in meat and an increase in plant-based foods would be difficult (“I eat a
lot of red meat, that’s what I would find hard, making it more plant-based” (P. 03/21)), and suggested the
components of the diet were unappealing (“it just looks quite bland ... the lack of meat and like lentils and
stuff, it’s a bit off-putting, a bit lacklustre” (P. 14/23)). Participants also believed that the low inclusion of
sweet treats would also pose a barrier: “not eating processed or refined stuff, or stuff high in sugar, I think I
would really, really struggle with that” (P. 18/21).

The perceived qualities of an MD were identified and considered to be enabling by many
participants and included the non-restrictive nature of the diet: “It’s quite diverse, and there’s quite
a lot of different things you can eat, and normally you're quite restricted but it seems like most food groups are
involved in the diet” (P. 13/20). The description of the MD as a “diet” was seen to imply a negative
quality to the diet, due to participants’ existing experience and understanding of the term. The term
“diet” elicited ideas of restriction, and many participants found its use off-putting in this context (“when
you say diet, you think of restrictions” (P. 20/23)), and not conducive to the ethos of the MD: “The word
diet makes you automatically think losing weight, but I think whether it’s a change in wording or you call it the
Mediterranean lifestyle, because it is about physical activity, socializing, and rest and everything, and take the
focus away from food . .. it’s the diet word I think that puts people off, it’s a lot of restriction isn't it” (P. 14/23).

3.2. Perceived Benefits

Participants verbalized several motivations to following a healthy diet and subthemes of
appearance, disease prevention, and psychological benefits were identified. Appearance was a
commonly identified motivator, particularly in participants under 30 years of age, and it was suggested
that benefits of a healthy diet for physical appearance were prioritized over health: “I think of image
and fitness, I probably should be but I don’t feel like things like heart disease and stroke, I don’t think about that
at the moment, I think more about fitness and what I am going to look like in a bikini” (P. 17 /25).

It was therefore suggested that to enable adoption of an MD in this group that appearance benefits
should be promoted rather than health benefits: “It might even have to go down the route of “you will
have nice hair if you have this meal” or ‘you will have good skin” and again focusing more on the looks, rather
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”

than what it should be about with the whole, actual health and heart disease and stroke and things like that
(P.20/23).

In addition to appearance being a primary motivating benefit to following a healthy diet,
a significant motivating factor was the identification of disease prevention (“I want to prevent things
before they're at risk, you think I don’t want diabetes so I'm going to change this, what I'm eating, I don’t
want to have heart disease when I'm older so I am going to think about this when I am eating” (P. 17/25)),
and psychological health (“For me, when I am eating properly I'm less stressed . .. it's more my mental health
that I do it for” (P. 20/23)).

Whilst promoting an MD for the benefits of disease prevention was considered enabling,
promoting it in this group of women as a method of optimizing the health of their future offspring was
considered off-putting, with participants suggesting that such a focus places too much responsibility
on women: “I'm going to take quite a strong feminist view here, this is promoting it completely at women . ..
to put all the emphasis on the mother eating healthily and the mother eating this diet for the sake of a baby seems
an uncomfortable way of framing it for me” (P. 06/42).

It also makes assumptions about the female role: “You feel kind of like a baby making machine,
if they’re like ‘“you need to do this because it will be good for your pregnancy” and just not highlight
other things and be like actually this is really good for your health in the long term” (P. 05/22).

3.3. Existing Dietary Behavior and Knowledge

A common theme of existing dietary behavior and knowledge arose. Within this, dietary habits,
nutritional awareness, and familial influences were identified.

Dietary habits were either a barrier or enabler depending on individual circumstance and habit: “I
know in other circumstances where people are brought up where take-aways are a regular occurrence,
and I think to change from that to this sort of diet would be very difficult” (P. 12/21); “I think people
who eat quite a normal diet, or healthy diet anyway, would be more likely to make changes” (P. 09/42).

Existing dietary information was perceived as a significant barrier to following an MD, with
participants expressing confusion with available dietary information and a difficulty in knowing which
advice to follow: “It sounds like you get a lot of benefits from the same diets and it gets really quite confusing,
whenever I look up what’s good for you and what’s not there are cross cuts all over the place, so I never actually
know what sort of diet is good for you” (P. 12/21).

In addition, conflicting dietary health messages were considered off-putting, and it was indicated
that this was a barrier to following any forms of dietary advice in general: “There are so many different
things out there, so many different diets that’s a benefit and there’s another bit of research that goes against it,
and for everything they say is good, there is something else saying it’s bad, so I don’t really tend to pay too much
attention” (P. 14/23).

An absence of nutrition education was indicated as a barrier to following a MD, with the belief
of a lack of taught cooking in childhood was a considerable barrier for following a healthy diet as an
adult: “People don’t have home economics or cooking at school now do they? That's quite frightening isn't it,
so then you learn from your mother and if your mother doesn’t cook or your grandmother never cooks, you're
never going to cook” (P. 04/47).

Specific to an MD, re-education around dietary oils was also highlighted, as current perceptions
of dietary fats were suggested as a barrier: “I think more knowledge around olive oil, because people look at
oil and think, ‘Oh God, that’s going to make me fat’ so more education about why it’s good and what makes it
good” (P. 04/47).

The impact of the influence of family members was verbalized as a possible barrier to following
an MD. Some participants indicated that non-compliance from a partner would prevent personal
adherence to the diet: “I would love to cook with them [lentils and pulses] actually, I really would, but I would
need to work on my other half, because he thinks a meal without meat is not a meal” (P. 04/47); “I think it's
important to have the same kind of behavior towards food, because if you're around someone that has a negative
relationship with food, you would be more likely to” (P. 20/23).
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Related to this, the upbringing and family values and practices around food was highlighted to
be an enabler to following a Mediterranean style diet in this group of women: “I think also because I
have grown up with a healthy diet I enjoy that kind of stuff, I naturally think to put vegetables with my dinner,
it’s just how I've been brought up” (P.19/21).

3.4. Practical Factors

Practical factors relating to following a MD were highlighted as possible barriers. Within this,
cooking skills, time and convenience, seasonal influence, and affordability were identified.

Participants indicated that cooking skills would be necessary to follow an MD: “This diet is all
about non-processed, it’s all about the cooking” (P. 06/42). This was not necessarily considered a problem
in this group of women, but was suggested as a barrier for others: “If I didn’t cook and looked at this I
would think I would just have to eat salad all the time” (P. 04/47). However, it was also discussed that the
content did not appear to in fact require more culinary ability that any other food preparation: “I don't
think it would be that different food prep from any other diet” (P. 14/23).

Time and convenience were significant barriers for most participants, with preparation and
cooking of fresh food perceived as time consuming and effortful, and therefore was not always
possible due to busy lifestyles: “I will finish work and go to the gym, so when I get home I just want to eat
something that is quick” (P. 07/33). Participants explained that if healthy food required too much time to
prepare, then sometimes convenience food would be chosen instead: “I know that if I was following a diet
where every evening you had half an hour or an hour preparation, then some evenings I know I would just come
home and order pizza instead” (P. 13/20).

Seasonal influence and climate differences were suggested to have an impact on the ability to
follow an MD, and participants believed that a Mediterranean climate facilitated following a MD (“This
has a big chunk of reqular exercise, physical activity, socializing and rest . .. the weather has a big effect on that,
you can socialize more outside, you can do more things outside all year around” (P. 01/24)) and unpredictable
climate was implicated in food choice (“You might not want to eat like that in the winter, you would want
a lot more warm recipes” (P. 13/20)). Coupled with this, the seasonal availability of produce was also
considered problematic: “When it comes to fresh diets, it’s really dependent on the seasons, and it will change
in the winter, it might be really hard and really expensive to get things then” (P. 13/20).

Affordability of an MD was found to be both a barrier and enabler (“Fruits and veg and quality meat
is actually really quite expensive” (P. 12/21)); however, the reduction in meat and increase in plant-based
foods was conversely considered positively by some (“I think fruit and vegetables can be expensive, but I
think in this diet you are cutting out red meat which is also really expensive, like steak and stuff, that’s expensive,
s0 on the whole it would balance out” (P. 03/21)) but it was suggested that the variety in the content of an
MD made it possible to tailor adoption to individual affordability: “I don’t think it has to be expensive,
eating healthy, as people think, because frozen vegetables have just as much nutritional value as fresh I think,
and things like lentils and beans and pulses are very cheap” (P. 09/42).

3.5. Information Source

Participants discussed their preferences for sources of diet and health information and source type
and resource features were identified. Information was often sought from multiple sources, including
the internet, traditional media such as magazines, social media, word of mouth, and books, however,
the use of the internet was largely the main identified source of information, either as a primary source
(“I will always go online and find everything” (P. 10/21)), or to seek validation of information gained
elsewhere (“I go by quite a lot of word of mouth, or I read a newspaper or magazine, then I will go on the
internet and have a look” (P. 13/20)). The internet was also considered an enabler due to the immediacy
of access and the amount of information available: “I think it is probably easier now than it ever has been
before because it’s so easy to find stuff online, from recipes to ‘other ways to get more olive oil into your diet’
or whatever, there’s never been a better time to do this” (P. 09/42). Conversely however, participants also
expressed distrust about existing information and preferred reputable and evidence-based sources:
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“it would have to be available from a reputable source ... somewhere that is not “The Sun’ or ‘Mail Online’”
(P.15/21).

Certain features were considered particularly appealing, and participants expressed a preference
for blogs due to their interactivity and relatability (“I think a blog is good ... you feel like you're reading
something you can relate to” (P. 02/24)), as well as the inclusion of recipe ideas: “things like recipe ideas or
knowing how easy it is, or how easy it is to get ingredients would be helpful” (P. 07 /33).

4. Discussion

Although the feasibility and acceptability of the MD has been explored in older people and those
in middle age [37,38,49,50], to date there has been no research that has investigated the feasibility of
promoting an MD to women of childbearing age, with only evidence from cross-sectional studies in
adolescent girls and women in early adulthood suggesting poor adherence to diet patterns similar to
the MD [51,52]. Promoting a healthy diet in women of childbearing age can have a significant impact
on both maternal and child health; however, the present study demonstrates that whilst an MD may
be generally well received, adherence would require several obstacles to be overcome. Our findings
suggest that in order to achieve behavioral change there would need to be reframing of ideas about
diet, removal of barriers to change, and motivational buy-in.

One of the key points to address is how to reframe the diet in terms of language and benefits to
make it more appealing. Participants’ understanding and experience of the term “diet” came with
negative connotations, including restriction and dissatisfaction. The description of an MD as a “diet”
is therefore potentially off-putting, especially to those who have previously undertaken restrictive
dietary practices. Linked with this notion is the perception that eating Mediterranean style foods
is non-restrictive, with the inclusion of all food groups described as a significant enabling factor.
Previous research on the use of language and terminology in health promotion messages has shown
that language choice when promoting healthy eating is of critical importance [53], and therefore
promotion of a MD as a “lifestyle” which emphasizes the lack of strict restriction is likely to be more
appealing to this population of women.

Although a MD was considered non-restrictive where the reduction of red meat and increase in
legumes was considered by participants to be particularly challenging, which has been previously
reported [33,39,49,54]. Indeed, whilst implementing MD content in non-Mediterranean countries
might prove challenging, there are simple practical approaches that can be offered to individuals who
wish to adopt an MD in favor of a Western diet [32,33]. Participants suggested that education around
cooking more plant-based meals and the provision of recipes would help address the limitations of
content changes, such as increasing the consumption of legumes while substituting red or processed
meat. Several practical barriers were highlighted in the study including time, knowledge, and finances.
As found in other research on MD adoption and healthy eating [38,55], a lack of time to prepare food
and the perceived cost implications of purchasing healthy food were highlighted as barriers [38,55-57].
To overcome these factors, it was suggested that a range of recipes with varying time requirements
be provided, alongside cost reducing methods in order to change the perception that a healthy diet
is expensive. Examples included providing information on cost per serving, leftover ideas to reduce
wastage, and options for using frozen, tinned, and dried fruit, vegetables, and legumes, which are
typically inexpensive. It may also be beneficial to highlight that the cost of consuming a healthy diet
with increased fruit and vegetables may be offset by a reduction in meat products, as has also been
shown in previous research [58].

Climate was highlighted as a possible barrier to healthy food choice, with participants specifying
the belief that eating a healthy diet was easier in warmer climates and seasons, with “comforting”
recipes being preferred in colder weather. This is consistent with previous research on climate and
seasonal variation in dietary intake, which has shown variations in fruit and vegetable consumption
across seasons [59-61] although research in this area is limited and there are conflicting results as to
whether variations of significance exist [62]. Climate was also indicated in part as a financial barrier,
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with participants indicating that fresh produce would only be seasonally available and therefore
be expensive to purchase imported goods. It was suggested that this could be overcome relatively
simply by providing recipes containing seasonal produce. However, a larger scale intervention with
governmental support may be necessary to increase consumption of fruit and vegetables in the
population in general [33]. Some countries have successfully socially engineered fruit and vegetable
availability, including the North Karelia project in Finland where the Ministry of Commerce and the
Ministry of Agriculture promoted domestic berry and vegetable products and encouraged farmers
to switch to growing these [63]. Such population-based interventions are expensive and complex to
implement, but could be necessary to overcome this barrier [33].

Aside from barriers of practicalities, a lack of external support from partners and family members
was considered a barrier and the sharing of behaviors and attitudes towards diet was considered
key in the facilitation of healthy lifestyle. The perceived need for partner or familial support is in
accordance with other dietary intervention research that has found social support to be an important
factor in successful dietary adherence [64-66], and therefore targeting promotion and both men and
women may encourage adherence.

Whilst the provision of recipes and dietary information may be helpful in overcoming some of
the practical barriers highlighted, the provision of information alone is often insufficient to change
behavior [53] Motivation is identified as a key component in health behavior change in theoretical
models [67-70], and the perceived benefits of a healthy diet were motivations that emerged as a key
theme. Appearance benefits were found to be a significant motivator, which supports previous research
that suggests weight management and appearance benefits should be prioritized when promoting a
healthy diet to young women [71]. It is possible that promoting an MD for appearance benefits may
encourage adherence as well as conveying health benefits to this group of women.

Enabling factors of following an MD mostly centered around disease prevention, as has previously
been shown in studies investigating MD adoption in non-Mediterranean countries [32]. Emphasis
on the protective effects of the MD against non-communicable diseases (NCD) and for mental health
benefits [72,73] would likely be beneficial in its promotion. Interestingly, although the health benefits
of an MD were enabling factors, the reported benefits in preconception and pregnancy [26-31,74-76]
were considered less important. Most participants indicated that the possibility of pregnancy was too
far in the future to contemplate following a dietary pattern for benefits, and diet would not even be a
concern in some participants unless there was difficulty in conception. Previous literature has shown
that the proximity of goals can be influential in behavior change with proximal goals seen as more
influential on behavior change than distant outcomes [77-79]. The present findings could therefore
suggest that pregnancy-related benefits could be perceived as a short-term health goal, only relevant
for those who are planning pregnancy. However, it is interesting to note that participants were able to
conceptualize and accept that following a healthy eating pattern in the present would likely convey
both short-term health benefits and NCD prevention in later life.

Whilst promotion of the diet for pregnancy benefits were perceived as irrelevant by some,
they were also perceived negatively by other women, with the expression of the belief that promoting
a diet at young women for pregnancy and offspring benefits places an emphasis on the reproductive
role of women. This is contrary to previous research, which has found a reduced risk of health issues
in pregnancy to be an enabling factor to healthy eating in young people [80]. Encouragement of
preconception healthy is a priority, but it is important that pregnancy benefits are not over-emphasized
to generate the perception that the MD is only applicable to those planning pregnancy.

In terms of information source of diet and health information, a range of sources were highlighted
and most participants expressed a preference for use of the internet. Recipes, blogs and interactivity,
photographs, and simple and clear evidence-based information were preferred, similar to features
previously identified in other studies investigating acceptability of a MD [39]. The development of a
future intervention promoting the MD should include these elements to assist in overcoming some of
the identified barriers.
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5. Strengths and Limitations

A thorough search of existing literature yielded no prior research investigating the perceived
barriers to following an MD in women of childbearing age in the U.K., making this study the
first of its kind. The qualitative methodology used enabled a deep and thorough understanding,
which is recommended to aid the development of effective interventions [81] and will be used in the
development of an MD-based intervention for the purposes of the promotion of optimum health in
this group of women. Both university students and employed women were recruited for the study
to promote heterogeneity amongst participants and to invoke a wide range of insights, and a broad
age range was recruited to ensure adequate representation of the childbearing period. Inclusion of
participants with only low to moderate adherence to the MD is also a significant strength to the study,
as these women are the target population for a future intervention.

The limitations of the study relate to the relatively small sample size. There has been considerable
discussion about the ideal size of a sample for qualitative research and, while differing views exist,
a sample of 20 is usually considered adequate [82]. In addition, saturation of data was achieved in this
group. The sample of women recruited for this study were well-educated, with all women educated
to age 18 at a minimum and those who were not university students were employed in professional
roles. This is, therefore, not representative of the wider population, and it is possible that individuals
with other educational or socioeconomic backgrounds may have generated different data. In addition,
even though adherence to an MD was low to moderate in all participants, all women believed that
they currently followed a healthy lifestyle in general, suggesting a level of selection bias with an
existing level of interest and motivation in healthy living. It is therefore possible that individuals with
poor dietary habits will have generated different data to the participants in this study, and further
investigation of barriers to following an MD in a broader sample of women would be warranted.
Future research with different populations would be useful to identify whether barriers and facilitators
differ in lower socioeconomic groups and other cultural contexts.

6. Conclusions

The nutrition of women of childbearing age has received considerable attention due to its
modifiable nature. It has been suggested that the promotion of behavior change to follow dietary
patterns similar to an MD is important because of the wide-ranging health benefits. It is necessary,
however, to understand the possible barriers to following such a diet in women of childbearing age.
This study identified five core themes including barriers and enablers, which should be addressed in
the development of an intervention to effectively promote an encourage adherence to an MD. Based
on these themes, five key points should be considered in the development of an intervention: (1) a
reconsideration of language used to describe an MD and a focus on the qualities of the MD, such as its
non-restrictive nature and inclusion of all food groups would likely be encouraging; (2) chronic disease
prevention and long-term health benefits should be emphasized, along with the principle that a healthy
diet will likely convey appearance related benefits should be highlighted to encourage adherence
in this group; (3) the emphasis on benefits in pregnancy should be reserved specifically for those
individuals planning pregnancy, as overemphasis could be off-putting; (4) emphasis should be placed
on altering the perception that an MD is expensive and time consuming; and (5) the development of an
intervention should have a strong and clear evidence base to support recommendations and elements
of interactivity.

The insights gained from this formative research will be useful to assist in the development of a
novel MD intervention for trial in a broad sample of women of childbearing age for the promotion of
health prior to pregnancy.
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Appendix A. Focus Group Guide Which Was Used to Inform the Focus Groups

Guide Questions & Probes

Tell me what you previously knew about the Mediterranean diet.

How is it different to other diets you are aware of?

How do you think the known benefits would affect you and people like you?

If you were thinking about getting pregnant, when do you think you would start thinking about diet?
How do you think the known health benefits in pregnancy would affect you and people like you?
How would it affect you if this information was more widely available?

What are your thoughts about framing this diet specifically at young women?

What are your current motivations for following a healthy lifestyle?

How do you feel about the food in the Mediterranean diet in comparison to your usual diet?

Tell me what you feel about following this diet in your current lifestyle.

What are your thoughts about preparing the food in this diet?

Tell me what you think about the cost of this diet.

Tell me about how you normally find and access information on diet and lifestyle.

Tell me about features of resources that you find particularly helpful or unhelpful.
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Abstract: Stress increases inflammation but whether adherence to Mediterranean diet counteracts
this association and how early can these effects be observed is not well known. We tested whether
(1) cortisol is associated to inflammation, (2) cortisol is associated to the adolescent Mediterranean
diet score (aMDS), (3) aMDS lessens inflammation, (4) aMDS associates with cortisol levels and
inflammation. Two hundred and forty-two adolescents (137 females; 12.5-17.5 years old) provided
salivary cortisol, blood and 2-day 24-h dietary recall from which aMDS was derived. Cortisol levels
were associated with increased tumor necrosis factor (TNF-a B = 11.887, p = 0.001) when adjusted for
age, gender, parental education and body mass index (BMI). Moreover, cortisol levels were inversely
associated to adherence to the Mediterranean Diet (B = —1.023, p = 0.002). Adolescents with higher
adherence to aMDS had lower levels of interleukins (IL) IL-1, IL-2, IL-6 and TNF-«, compared to
those who did not adhere. The association between cortisol and TNF-« was no longer significant
when aMDS was included in the model (B = 6.118, p = 0.139). In addition, comparing lower and
higher aMDS groups, the association between cortisol and TNF-« was only observed in those with
lower aMDS adherence. Our study suggests that adherence to the Mediterranean Diet may counteract
the effect of stress on inflammatory biomarkers which may contribute to decreasing the risk of future
mental health.

Keywords: diet quality; depressive symptoms; risk factors; epidemiology; immune system;
prevention; hypothalamic—pituitary—adrenal-HPA axis
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1. Introduction

During adolescence significant physical, emotional and physiological changes occur [1].
Stress may contribute towards unhealthy behaviors that poses mental health risk [2]. Approximately
half of all psychiatric disorders start between late adolescence and early adulthood and predicts
future psychopathology in adulthood [3-5]. There is now an extensive body of data showing that
depression or stress are associated with a chronic low-grade inflammation [6,7]. Elevated levels
of pro-inflammatory cytokines are observed in children and adolescents with major depressive
disorder [8-10].

Diet is a modifiable behavior that impact levels of systemic inflammation [11-14]. The decreased
systemic inflammation due to Mediterranean Diet can already be observed in adolescents [15].
Although not consistently observed [16], a systematic review shows an association between unhealthy
diet with mental health disorders. In addition, an inflammatory dietary pattern based on lower
levels of poly-saturated fatty acids (PUFA) n3 and higher levels of n6 is associated with risk of future
depression [17]. Adherence to the Mediterranean diet attenuates the unfavorable effect of depression
and anxiety on cardiovascular risk [18]. A healthy diet also protects the progression of inflammation
and depression in the elderly [19]. In adolescents, better diet quality is also associated to depressed
mood [20,21] but whether this is due to counteracting stress-induced inflammation is not yet known.

The aim of this study in adolescents was to test whether: 1—cortisol is associated with
inflammation, 2—cortisol is associated with Mediterranean diet adherence, 3—Mediterranean diet
adherence lessens inflammation, 4—Mediterranean diet adherence associates with cortisol biomarker
and inflammation.

2. Materials and Methods

2.1. Study Design and Population

The HELENA-CSS (Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional
Study) is a multi-center study aiming to obtain reliable and comparable data on a broad variety of
parameters related to nutrition and health in European adolescents [22]. The methodology used in this
study has been published elsewhere [23]. Briefly, subjects aged 12.5-17.5 years were recruited from
schools of 10 cities from nine countries across Europe (Greece, Germany, Belgium, France, Hungary,
Italy, Sweden, Austria and Spain). Inclusion criteria included not participating simultaneously in
any clinical trial, being free of any acute infection occurring within the week prior to the study
and data being available concerning an individual’s gender, height and weight. The enrollment of
adolescents occurred at schools where students from the first two randomly chosen classes were
invited to participate. In addition, the class attendance rate of at least 70% was considered for eligibility.
The total eligible population consisted of 3528 adolescents. Blood and salivary sample was only
collected in a random third of the population study. We have analyzed everyone who had complete
data for the exposure, outcome and covariates used. Thus, we had complete data for 246 adolescents
on diet, inflammatory markers and cortisol. We excluded subjects with C-reactive protein (CRP)
>10 mg/L as a sign of acute infection (1 = 4) so that the final sample consisted of 242 adolescents
(Figure 1). In comparison to the total eligible HELENA-CSS population (1 = 3528), this sample was
less overweight and obese (14.0% vs. 23.9%, p < 0.001), had higher adherence to the Mediterranean
diet (45.0% vs. 37.3%, p = 0.019), higher level of parental education (56.6% vs. 43.6% University degree,
p <0.001) but no differences in age (p = 0.916) or gender (p = 0.164).
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3,527 eligibleforinclusion

Completeinformation of 24h dietary recall

2,483 with calculated
MediterraneanDiet Score

Blood sampling, demographics data, body mass
indexand stress assessment

246 withall necessary dataforthis
study

Excludingacuteinflammation

242-study sample

Figure 1. Flow chart of the selection procedure of the study sample among participants of Healthy
Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study (HELENA-CSS.)

2.2. Procedures

The Research Ethics Committees of each center involved approved the study protocol.
Written informed consent was obtained from adolescents and their parents [24]. The fieldwork was
carried out from October 2006 to December 2007 and consisted of clinical examination, blood and
saliva sampling, questionnaires and dietary intake assessment [22]. All data was collected on the
same day as the blood and saliva samples, measures needing repeat collection were conducted on the
same week.

2.3. Measurements

2.3.1. Pubertal Stage, Nutritional Status and Socio-Demographics Characteristics

During the clinical examination, pubertal stage was assessed according to development of
secondary sexual characteristics (breast/genitalia and pubic hair development) and using the five
stages of development devised by Marshall and Tanner [25,26]. Body weight was determined to the
nearest 100 g using a scale (SECA 861) with subjects in their underwear. Height was assessed to the
nearest 0.1 cm with a stadiometer (SECA 225) while standing barefoot [27]. Body mass index (BMI)
was calculated as weight (kg) divided by height (m) squared. The corresponding BMI z-score was
calculated with reference to sex and age parameters and categorized in corresponding nutritional
status [28]. BMI was coded (i) normal/underweight and (ii) overweight/obese [28]. The highest
parental educational achievement was used and categorized in (i) lower education/higher secondary
and (ii) University degree.

2.3.2. Salivary Cortisol Biomarkers

Baseline wake-up salivary free cortisol was measured in the adolescents as a biomarker for
chronic stress according to previously published method [29]. Cortisol was measured in the accredited
routine laboratory of Ghent University hospital on a Modular E 170 immunoanalyzer system
(Roche Diagnostics, Mannheim, Germany) by the Roche Cobas Cortisol assay. The precise working
mechanism and features of this analysis technique are described elsewhere [30]. This competitive
electrochemiluminescence immunoassay had an inter-assay coefficient of variation of 3.9% and
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an intra-assay coefficient of variation of 1.9%, while for samples near the lower detection limit the
coefficients of variation were respectively 12.7 and 10.2% (based on laboratory’s internal quality
assessment). Cortisol is the main hormonal end-product of the ‘stress system.” Serum cortisol is the
result of appraising all stress-inputs on the brain, coping and recovery from them and are influenced
by several neuro-endocrine and physiological pathways. Unbound or free cortisol is also present in
the saliva and is positively associated with acute and chronic stress. To reduce variance in cortisol
biomarkers due to diurnal variations in salivary cortisol, baseline (without stimulation) salivary cortisol
was measured immediately after awakening. In order to control individual variability in salivary
cortisol, awakening samples from seven consecutive days were collected. Saliva was sampled during
the same week as the inflammatory markers.

2.3.3. Inflammatory Markers

Blood samples were collected early morning after overnight fasting. For analysis of serum
proteins, blood was collected in Vacutainer™ tubes (BD Biosciences, San Jose, CA, USA). Within
the hour, serum was separated by centrifugation at 3500 rpm for 15 min; aliquots were made and
sent to Bonn (Germany) in cooled containers on the same day and stored at —80 °C. At the end of
the study, all samples were sent to Madrid (Spain) on dry ice and stored at —80 °C until analysis.
The handling and transport system for fresh blood samples developed for the HELENA study assured
stability of markers included in the analyses [29]. Serum levels of interleukin (IL)-1, IL-2, IL-4, IL-6
and tumor necrosis factor-o (TNF-«) were measured using the High Sensitivity Human Cytokine
Milliplex™ MAP kit (MPXHCYTO-60K) (Millipore Corp., Billerica, MA, USA) and collected by flow
cytometry (Luminex-100 v.2.3, Luminex Corporation, Austin, TX, USA). CRP levels were quantified by
immunoturbidimetry (AU 2700, Olimpus, Rungis, France).

2.3.4. Adolescents Mediterranean Diet Score (aMDS)

Dietary intake was obtained with two non-consecutive 24-h dietary recalls via the HELENA-DIAT
software (Dietary Assessment Tool; Ghent University, Ghent, Belgium) within a period of two weeks,
comprising weekdays and weekend-days (except from Fridays and Saturdays), though not necessarily
including a week and weekend-day for each individual [31]. Adolescents completed the program
autonomously in the computer classroom during school time and dietary intake was referred to the day
before the interview; therefore, no information on Fridays and Saturdays was available. Fieldworkers
were present to give assistance if necessary.

The adherence to the Mediterranean dietary pattern was assessed by an adapted version of
the traditional Mediterranean diet score (MDS) [32]. The MDS includes 9 components (vegetables,
fruits and nuts, legumes, cereals, fish, monounsaturated fat/saturated fat ratio, dairy product, meat and
poultry and wine); each component is assigned a score of 0 or 1 using the gender-specific medians
as cut-off values (below and above, respectively). Dairy products and meat (including poultry),
as detrimental components, are reverse scored, as well as the alcohol intake above the acceptable range.
In this study, we modified the MDS to adapt it for adolescents (aMDS). The aMDS was calculated
for each day and a mean of the daily scores was taken as the participant’s global score. There were
two dietary factors modified from the original MDS according to previously published work [33].
The alcohol component was removed because ethanol consumption is not recommended for children
and adolescents. We also used age- and sex-specific median food intakes of the study’s individuals as
a cut-off value for each component. The possible range of scores was 0-8, with a higher score indicating
higher adherence to Mediterranean diet. Based on these results, participants were categorized into
two groups: low (<4 points) and high (>4 points) adherence.

2.3.5. Statistical Analyses

Descriptive characteristics are presented as mean (SD) and percentages for continuous and
categorical variables, respectively. All immune variables were checked for normality of distribution
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by the Kolmogorov-Smirnov test; logarithmical transformation was used to achieve normality when
needed. Analysis of variance (ANOVA) was performed in order to investigate association between
cortisol biomarkers and aMDS. A multiple linear regression was applied to investigate the association
between cortisol biomarkers and inflammatory cytokines. The model was adjusted for age, gender,
parental education and BMI z-score. Then, aMDS was included in the model and finally, the analyses
were performed separately by lower and higher aMDS groups. Results are presented as coefficients
and p values. Analyses were carried out in SPSS 22 and statistical significance was set at p < 0.05.

3. Results

3.1. Characteristics of the Population

The social demographic characteristics of the study population divided by gender is presented
in Table 1. There was significantly higher parental education level among boys (68.6% vs. 47.4%
university degree; p = 0.006). There were no other differences between the sexes in relation to age,
pubertal stage, BMI or adherence to aMDS (Table 1).

Table 1. Characteristics of the adolescent population studied.

Total B irl
Characteristics ota oys Girls *
n=242 n =105 n =137
Age, years; mean (Standard Deviation, SD) 14.4 (1.1) 14.6 (1.1) 14.8(1.1) 0.222
Pubertal stage; % 0.091
Stage I 0.8 1.9 0.1
Stage II 6.3 7.7 5.1
Stage III 23.3 18.3 27.2
Stage IV 35.4 317 38.2
Stage V 34.2 40.4 29.4
Parental education; % 0.006
Lower education-Higher secondary 43.4 314 52.6
University degree 56.6 68.6 47.4
BMI categories; % 0.485
Underweight/Normal weight 85.9 85.7 86.2
Overweight/Obesity 14.1 14.3 13.8
aMDS; mean (SD) 42(1.5) 4.3(1.5) 4.1(1.5) 0.257

* p-values of independent samples t-tests for continuous variables and Pearson’s chi-square tests for categorical
variables. BMI, Body mass index; aMDS, adolescent Mediterranean diet score ranging 0-8, with a higher score
indicating higher adherence to Mediterranean diet.

3.2. Inflammatory Markers, Cortisol and Adherence to the Mediterranean Diet

Increased levels of TNF-a were significantly associated with increased levels of cortisol when
adjusted by age, gender, parental education and BMI (B = 11.882, p = 0.001). There was no association
with other inflammatory markers. Cortisol biomarkers were inversely associated with adherence to
the Mediterranean diet (overall ANOVA F =5.592, p = 0.004, B = —1.023, p = 0.002).

Table 2 shows the unadjusted levels of inflammatory biomarkers according to adherence to
Mediterranean diet. Lower IL-1, IL-2, IL-6 and TNF-« biomarkers were observed among adolescents
with higher aMDS.
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Table 2. Inflammatory markers in adolescents with low and high adherence to the Mediterranean diet.

Inflammatory Low Mediterranean High Mediterranean
Cytokines Diet Adherence Diet Adherence p-Value *
(mean, SD) n =155 n =287
IL-1 (pg/mL) 1.1(2.3) 0.6 (1.0) 0.022
IL-2 (pg/mL) 7.4 (13.4) 4.8(6.8) 0.049
IL-4 (pg/mL) 153.2 (300.5) 98.3 (214.0) 0.101
IL-6 (pg/mL) 24.2 (35.7) 15.8 (20.7) 0.020
TNF-o (pg/mL) 6.7 (3.8) 5.7 (2.4) 0.013
CRP (mg/L) 0.6 (0.9) 0.8(1.2) 0.377

* p-values of independent samples t-tests. Mediterranean diet adherence groups: Lower than 4 meaning low
adherence and equal to 4 or higher meaning high adherence to adolescent Mediterranean diet score (aMDS),
IL, interleukin; TNF-«, tumor necrosis factor-o; CRP, C-reactive protein. Interleukins were logarithmical transformed
to achieve normality.

3.3. Effect of Mediterranean Diet Adherence on Cortisol and Inflammatory Markers

The association between TNF-ot and cortisol biomarkers was reduced to non-significant when we
adjusted for adherence to aMDS (F = 1.08, p = 0.362, B = 6.118, p = 0.139). When we divided the groups
in lower and higher adherence to aMDS the association between cortisol and TNF-« only observed in
those who lower adherence to the aMDS (B = 14.59; p = 0.028) (Table 3).

Table 3. Association between cortisol biomarkers (nmol/L) and inflammatory cytokines, according to
adherence to adolescent Mediterranean diet score (aMDS).

Cortisol Biomarkers (nmol/L)

Low Mediterranean Diet Adherence High Mediterranean Diet Adherence
n =155 n =287
B p-Value B p-Value
IL-1 (pg/mL) 0.831 0.962 -29 0.737
IL-2 (pg/mL) —0.323 0.931 3.189 0.240
IL-4 (pg/mL) —0.308 0.760 0.064 0.921
IL-6 (pg/mL) —0.714 0.718 1.001 0.419
IL-7 (pg/mL) 0.569 0.851 0.892 0.537
TNFo 14.59 0.028 7.853 0.131
(pg/mL)
CRP (mg/L) 75.06 0.383 —63.73 0.065

Mediterranean diet adherence: Lower than 4 meaning low adherence and equal a 4 or higher meaning high
adherence to adolescent Mediterranean diet score (aMDS); B = standardized beta. Subjects with CRP > 10 mg/mL
(acute inflammation) were excluded from the analysis. IL, interleukin; Interleukins were logarithmical transformed
to achieve normality. Linear regression analysis adjusted for age, gender, parental education and body mass
index categories.

4. Discussion

In the present study we have investigated the effect of adherence to the Mediterranean diet
on the association between cortisol, a main end product of the stress system and inflammation in
adolescents. We have found that cortisol was associated to TNF levels and that higher adherence to the
Mediterranean diet counteracted this association. These results suggest that a healthy dietary patterns
may exert a protective effect on the association between stress and inflammation.

The Mediterranean diet is a healthy dietary pattern and is defined by high intake of olive
oil, fruits and vegetables, fish and seafood and a low intake of dairy and meat [34]. In general,
adherence to the Mediterranean diet is associated with a reduced risk of several chronic diseases [34].
Despite its benefits, even in the Mediterranean region, adherence to the Mediterranean diet varies [35].
The effect of the Mediterranean diet on chronic diseases may be associated with the reduction of the
inflammatory state, mainly measured by CRP and IL-6 markers in epidemiological adult cohorts [36]
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and adolescents [33]. Similar to such other studies, we also found adherence to the Mediterranean
Diet associated to decreased levels of IL-6, IL-1, IL-2 and TNF-ca. This study also agrees to previous
HELENA analyses that evaluated Mediterranean diet food groups separately and found that IL-6
was negatively associated with cereal and roots and positively with dairy products consumption.
There was also a positive association between IL-6 and both pulses and monounsaturated /saturated
fat ratio [15]. Moreover, in a recent study conducted by Sureda et al. [12], the authors observed that
among adolescent girls, higher adherence to Mediterranean diet was associated with lower levels
of CRP. Although not the aim of our study, further studies are needed to clarify whether the same
inflammatory marker are associated to Mediterranean diet in adults or adolescents.

Our study is also in accordance to a previous HELENA study which found that adolescents’
perceived stress is a significant independent negative predictor of a healthy dietary pattern, as assessed
by a diet quality index [37]. In older people, higher depressive symptoms is associated with increased
IL-6 levels in those who did not adhere to Mediterranean diet, while in those who adhered had lower
IL-6 levels [13]. TNF-« is a pro-inflammatory cytokine upstream to IL-6 and CRP is known to induce
IL-6 levels. Although this protective role of Mediterranean diet may be due to combined properties
of its components, some mechanistic hypotheses have been suggested from the key elements of the
Mediterranean diet. Diets with higher n-6: n-3 PUFA ratios, for example, may enhance risk of both
depression and inflammatory diseases, characterized by higher levels of IL-6 and TNF-« [38].

Some limitations of this study need to be considered. This study is cross-sectional and therefore
we could not infer causality. We did not have smoking on our dataset and smoking may influence
levels of inflammatory biomarkers. Nevertheless, to the best of our knowledge, this is the first study to
evaluate stress biomarker, inflammation and adherence to the Mediterranean diet in adolescents and
suggests that the Mediterranean diet may counteract stress-induced inflammation.

5. Conclusions

Higher adherence to the Mediterranean diet may counteract the effect of stress-induced
inflammation and decrease risk of future mental health.
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Abstract: Background: The Mediterranean Diet (MD) is one of the healthiest dietary models
worldwide, being an essential mean of preventing pathologies along with the practice of physical
activity. Through a comparative study carried out across different countries, it has been demonstrated
how this type of habits vary depending on the geographical context. The aim of this research was to
evaluate the adherence to MD and its relationships with motivational climate in sport on a sample
of university students from Spain and Romania; Methods: A cross-sectional study was conducted
on a sample of university students [specialization: Physical Education (n = 605; 20.71 + 2.42 years
old)], using as main instruments the Mediterranean Diet Quality Index (KIDMED) for students and
adolescents and the Perceived Motivational Climate in Sport Questionnaire-2 (PMCSQ-2); Results: It
was shown that students from Spain had a high adherence to the MD (6.65 + 2.63 vs. 5.06 + 1.31).
Spanish university students got higher scores in task-oriented motivational climate (4.03 £ 0.62 vs.
3.11 +£ 0.55) while ego-oriented climate was higher in university students from Romania (3.24 & 0.54
vs. 2.07 & 0.75). Finally, it was observed that the task-oriented motivational climate was related to a
lower adherence to MD in Spanish students (4.49 4 0.37 vs. 3.98 & 0.62). In contrast, in Romanian
youth, a medium adherence to the MD was associated with higher scores for the ego-oriented
motivational climate (3.27 4 0.53 vs. 3.00 + 0.54); Conclusions: As main conclusions, it was shown
that the students from Spain had a high adherence to the MD. In addition, it has been demonstrated
that ego-oriented climates are linked to a better adherence to MD, especially due to the importance of
following a proper diet in sport contexts, as demonstrated by young Romanians.

Keywords: Mediterranean diet; motivational climate; sports; university students

1. Introduction

Being overweight (body mass index of 25 or higher) and its associated pathologies have become a
problem in society nowadays, which is why the importance of following a healthy diet and lifestyle
has gained much prominence [1-3]. The diet models that exist in the world are numerous and varied,
each one with particular characteristics [3]. Dietary habits represent important elements for the quality
of life and especially for young people [4]. Utilizing different dietary models, several authors state the
importance of making a change in people’s eating habits in European countries in order to reduce the
risk of different types of diseases [5,6]. The Mediterranean Diet (MD) is one of the most studied model
as it is associated with different benefits, such as a better health due to a high consumption of natural
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antioxidants and a low intake of fats. In addition, MD improves the cognitive function, decreases the
risk of diabetes, bone diseases and overweight [6-8].

This dietary model is characterized by typical foods of the Mediterranean basin such as legumes,
fruits, cereals and olive oil, with a moderate consumption of eggs, fish and dairy products [4,9,10].
It has been shown that people with a good adherence to MD have a high quality of life and life
expectancy [11], as this diet has several benefits on public health [12], social relationships [13], sport
performance [14] and emotional factors [15,16]. Furthermore, the influence of MD on young people
living around the Mediterranean Sea has been studied in countries such as Cyprus, Italy, Creece,
Turkey, Spain, Lebanon and Croatia [4,13,15-21]. Additionally, this dietary model has been analysed
in various cultural and socio-economic contexts [10,22,23].

Several studies demonstrate the benefits of a high adherence to the MD [24-27]. This dietary
model helps to improve body composition, favouring the decrease in the percentage of fat mass thanks
to its low consumption in hypercaloric foods and foods rich in saturated fats [25]. In addition, MD
helps to prevent diabetes, since this model is based on the consumption of foods with a low glycaemic
index, such as fruits, vegetables and cereals [26]. Another benefit lies in the Non-alcoholic fatty
liver disease, since Trovato et al. [27] demonstrated in an intervention study how a better adherence
to MD improved the progress of this pathology due to a greater caloric restriction that generates
temporary changes in the liver such as a better sensitivity to hepatic insulin or a lower content of
triglycerides. Finally, O'Neil et al. [28] highlight some of the benefits of MD at cognitive level, such as
an improvement of states of depression and anxiety or a better academic performance.

Regular and adequate Physical Activity (PA) in addition to following a healthy diet is essential
for the improvement of health. Several studies show how performing a minimum of 90 minutes of
moderate PA weekly helps to improve health, body composition or bone mineral density, as well as
pulmonary and cardiovascular functions [29,30]. In addition, regular PA decreases anxiety and stress
and improves self-concept, well-being and self-esteem [31,32]. For these reasons, promoting this type
of habits is essential among university students, since many habits developed in early adulthood are
reinforced later in life [21]. In this sense, it is essential to study the motivational aspects that allow to
create adherence to the practice of PA, which will be linked to other healthy habits such as adopting a
healthy diet.

The Achievement Goals Theory has been one of the most used explanatory models in order to
explain the motivational processes involved in sports practice [33,34]. This theory establishes that
people set objectives in sports, which will be related to the person’s perception of their own abilities.
Therefore, the goals pursued by an individual can be linked to motivational climates oriented toward
the task or the ego [33,35]. In the first case, the task-oriented climate will be linked to team work, to
higher levels of effort to learn and the assignment of an important role in the task [36]. The ego-oriented
climate is related to people whose goals depend on the social recognition that they will achieve through
competition within the sport context [36,37]. Considering the premises exposed by Ryan et al. [38] in
the Self-Determination Theory, the task-oriented climate will be associated with intrinsic motivations,
while the ego climate will be related to extrinsic motivations [39]. In this regard, it has been shown
that certain types of motivations can be linked to healthy or non-healthy behaviours [40-42].

Studies such as those carried out by Chacén et al. [43] or Erturan-Tlker et al. [44] analyse the
relationship between motivation in sport and different healthy habits, such as the consumption of
harmful substances, the practice of PA or adherence to MD. Although the adherence to MD has been
studied in association with physical and healthy lifestyles, a few studies connect it with motivation
in sport, as well as with cultural-geography factors. Thus, it is interesting to study these variables in
order to promote MD in non-Mediterranean populations [19,45,46]. In view of the above, the present
study will provide novel data about the importance of the MD in relation to sociodemographic and
motivational parameters in a sample of university students of Physical Education from two countries:
Spain and Romania.
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The present study establishes two aims: (a) to assess the level of adherence to MD in a sample of
university students from Spain and Romania; (b) to analyse the relationship between adherence to
MD and motivational climate in sport depending on the country (Spain or Romania); (c) to contrast
a structural equation model about the relationship between MD and motivational climate using
multi-group analysis.

2. Materials and Methods

2.1. Subjects and Design

This non-experimental, cross-sectional and descriptive research was conducted on a sample of
651 university students from Spain and Romania, enrolled in the Physical Education degrees, aged
between 18 and 24 years old (20.71 £ 2.42 years). The respondents participated voluntarily after
receiving a detailed explanation of the objectives and nature of the study. Written informed consent
was provided. We excluded from the analysis 46 participants that did not complete the inclusion
criteria correctly (i.e., incomplete questionnaires, did not hand informed consent forms), thus the final
sample was comprised of 605 subjects (368 males and 237 females): Romania (n = 178) and Spain
(n = 427). The students from Romania were enrolled in the Transylvania University of Brasov, while
the Spanish students were enrolled in the University of Granada. Finally, an assumed sampling error
of 0.05 was taken into account, considering a random sampling by natural groups [47].

2.2. Instruments

Test of Adherence to Mediterranean Diet (KIDMED) [48]. This scale comprises 16 items with an
affirmative or negative response; for example: “You eat fruit every day”, which are related to patterns
associated with the MD. Twelve of these items have positive connotations (+1) while the other four
have negative values (—1). The final score ranges from —4 to +12. This instrument has a reliability of
a =0.86.

Perceived Motivational Climate in Sport Questionnaire (PMCSQ-2, [49,50]). This instrument is
composed by 33 items which are scored by a five-point Likert-scale, ranging from 1 to 5 (Strongly
Disagree-Strongly agree). The scale comprised two factors, higher-order dimensions, each containing
three indicators. For task-oriented climate the indicators were: effort/improvement, cooperative
learning and important role. For ego-oriented climate the indicators were: unequal recognition,
member rivalry and punishment for mistakes. The internal consistency for this questionnaire was
« = 0.85 for task-climate and a = 0.82 for ego-climate.

2.3. Procedure

First, we proceeded to request the approval of the study by the Ethics Committee of the University
of Granada, which was granted with code “641/CEIH/2018”. Subsequently, the collaboration of
educational centres was requested through an informative letter elaborated by the Area of Corporal
Expression of the University of Granada. In addition, the informed consent of the respondents was
requested through a document in which the nature of the study was detailed.

The data was collected during regular classes in the different university campus. Different research
assistants were present in the data collection in order to ensure that questionnaires were properly
completed, to provide guidance on the completion of scales and to answer questions. Furthermore,
participants receive any incentives.

2.4. Data Analysis

Statistical analysis was conducted using the software IBM SPSS®22.0 (IBM Corp., Armonk,
NY, USA). Frequencies and medians were used for basic descriptors, whereas the association
between the variables detailed were analysed using T-test and ANOVA-test. In addition, the
Kolmogorov-Smirnov’s test was used in order to check the normality of data, as well as the Lillieforts’
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correction. Levene’s test was employed in order to check homoscedasticity. Finally, Cronbach’s
Alpha coefficient was used to analyse the internal reliability of the instruments used, establishing the
Reliability Index at 95%. In addition, AMOS version 23.0 (IBM Corp., Armonk, NY, USA) is used for
the structural equation analysis.

The Structural Equation Model (SEM) is composed by seven observed variables and two latent
variables (Figure 1). Task-involved climate (TC) and ego-involved climate (EC) represent the exogenous
variables, which is inferred by three indicators. Effort/Improvement (EI), Cooperative learning (CL)
and Important Role (RI) are the indicators for task-oriented climate while Unequal Recognition
(UR), Member Rivalry (MR) and Punishment for Mistakes (PM) are the indicators for ego-oriented
climate. On the contrary, the Mediterranean diet (MD) was the observed endogenous variable. The
bi-directional arrow (covariance) relates exogenous variables, while the unidirectional arrows are
lines of influence between the latent and observable indicators and are interpreted as multivariate
regression coefficients. In addition, error prediction terms are associated with endogenous variables.
The method of maximum likelihood (ML) was used to estimate relationships between variables. We
chose this method because it is consistent, unbiased and invariant to types of scale given variables
with a normal distribution.

Model fit was tested using several indices. Chi-squared analysis followed when non-significant
p-values indicated good model fit. Normalized Fit Index (NFI), Comparative Fit Index (CFI) and
Increase Fit Index (IFI) values higher than 0.90 indicate acceptable model fit while values higher than
0.95 indicate excellent model fit. Root Mean Square Error of Approximation (RMSEA) values below
0.08 indicate acceptable model fit while values below 0.05 indicate excellent model fit.
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Figure 1. Theoretical model. TC, Task Climate; EC, Ego Climate; CL, Cooperative Learning; EI,
Effort/Improvement; IR, Important Role; PM, Punishment for Mistakes; UR, Unequal Recognition;
MR, Member Rivalry; MD, Mediterranean Diet.

3. Results

Table 1 shows the average scores obtained in each item of the test on adherence to the MD,
according to the country of origin of the university students enrolled in Physical Education degrees.
In this way, statistically significant differences (p < 0.05) were found in fruit and daily fruit juice
consumption (0.27 £ 0.44 vs. 0.77 £ 0.41) and in the intake of a daily second fruit (0.78 & 0.41 vs.
0.42 + 0.49), obtaining a higher score for Spanish students in the first case and in Romanians in the
second. Moreover, Spanish students obtained higher scores for fish consumption (0.42 £ 0.49 vs.
0.67 & 0.46), pulses more than once a week (0.63 & 048 vs. 0.71 & 0.45), cereal consumption (0.71 & 0.45
vs. 0.86 & 0.34) and dairy consumption (0.26 & 0.44 vs. 0.81 £ 0.39), showing statistically significant

112



Nutrients 2019, 11, 30

differences in all the relationships. In addition, students from Romania obtained higher mean values
than Spaniards in vegetable consumption (0.88 + 0.33 vs. 0.33 =+ 0.47), pasta and rice consumption
(0.76 £+ 0.42 vs. 0.42 £+ 0.49) and nut use (0.93 £ 0.25 vs. 0.50 £ 0.50). Nevertheless, Romanian
students got the highest scores on negative items, showing a higher absolute mean value for fast food
(—0.56 £ 0.49 vs. —0.34 + 0.47), jumping breakfast (—0.46 & 0.49) vs. —0.31 & 0.46), processed food
intake (—0.89 £ 0.31 vs. —0.12 4 0.32) and sweets intakes (—0.79 & 0.40 vs. —0.17 & 0.37). Finally,
Spanish students obtained a higher average value in the total score for adherence to the MD (5.06 & 1.31
vs. 6.65 £ 2.63).

Table 1. Dietary patterns depending on country.

I £ Adh MD Levene’s Test T-Test
tems o erence to Country A SD F Sig. Sig.
. s Romania 0.27 0.44 et
I1. To eat a fruit or fruit juice every day Spain 077 041 4.65 0.031
. Romania 0.78 0.41 e
12. To have a second fruit every day Spain 042 0.49 119.95 0.000
13. To eat fresh or cooked vegetables Romania 0.55 0.49
regularly once a day Spain 0.62 0.48 6.91 0009 0.109
14. Tc i . .
o consume fresh or cooked vegetables Roménla 0.88 0.33 181.53 0.000 -
more than once a day Spain 0.33 0.47
I5. Regular fish consumption (at least Romania 0.42 0.49 -
2-3/week) Spain 067 046 1427 0.000
I6. T i —0. .
6. To go > 1/ week to a fast food Roma'ma 056 049 1483 0.000 .
restaurant (hamburger) Spain —-034 047
Romania 0.63 0.48 N
17. Pulses > 1/week Spain 071 045 13.77 0.000
18. To eat pasta or rice almost every day (5 Romania 0.76 0.42 N
or more per week) Spain 0.42 0.49 106.34 0-000 "
19. To have cereals or grains (bread, etc.) Romania 0.71 0.45 .
for breakfast Spain 08 034 663 0000
110. To consume nuts regularly (at least Romania 0.93 0.25 .
2-3/week) Spain 050 050 126061 0000
. . Romania 0.99 0.07
I11. To use olive oil at home Spain 0.99 0.09 0.86 0.353  0.643
Romania —046 049 -
112. No breakfast Spain 031 046 24.63 0.000
113. To have a dairy product for breakfast Romania 0.26 0.44 15.15 0.000 .
(yoghurt, milk, etc.) Spain 0.81 0.39 : :
114. T i i 0. .
o eat commeraally baked goods or Roma'ma 0.89 031 042 0513 .
pastries for breakfast Spain —-012 0.32
115. To consume two yoghurts and/or Romania 0.56 0.49
some cheese (40 g) daily Spain 0.48 0.50 242 0120 0.070
116. To have sweets and candy several Romania —079 040 5.64 0018 e
times every day Spain —-0.17  0.37 : .
. Rumania 5.06 1.31
Global score in adherence to MD Espatia 6.65 263 101.88 0.000 whx

* Statistically significant differences at level p < 0.05; ** Statistically significant differences at level p <0.01;
*** Gtatistically significant differences at level p < 0.001. A, Average; SD, Standard Deviation. MD,
Mediterranean Diet.

Scores obtained for motivational climate according to the country are shown in Table 2, showing
statistically significant differences at level p < 0.001 for all relationships. University students from
Spain got higher values for Task-oriented Climate (3.11 £ 0.55 vs. 4.03 + 0.62) and its categories:
Cooperative Learning (2.93 & 0.75 vs. 4.06 & 0.72), Effort/Improvement (3.34 £ 0.53 vs. 3.97 £ 0.63)
and Important Role (2.87 4 0.86 vs. 4.10 & 0.73). Furthermore, students from Romania showed the
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highest scores in Ego-oriented Climate (3.24 4 0.24 vs. 2.07 & 0.75) and its categories: Punishment for
Mistakes (3.24 £ 0.61 vs. 1.93 £ 0.79), Unequal Recognition (3.17 4= 0.70 vs. 1.98 £ 0.89) and Member
Rivalry (3.39 & 0.80 vs. 2.56 & 0.95).

Table 2. Motivational climate in sport depending on country.

lmeeset oy s gl
e Gan a0 270 010
cL R(s)r;;ﬁia i:gz 8:;3 4363 0037
El R(s)g?ifa §j3§ 8:2; 4477 0035
I R O
EC Rg;?\ia 3(2;; 8:% 18.175  0.000 ot
PM RZ‘;‘;T S 1w o000 e
UR Rgr;;?lia i;g gigg 6259 0013
MR R(s)g?;ia o oey usm 0000 e

*** Statistically significant differences at level p < 0.001. TC, Task-oriented Climate; CL, Cooperative Learning; EI,
Effort/Improvement; IR, Important Role; EC, Ego-oriented Climate; PM, Punishment for Mistakes; UR, Unequal
Recognition; MR, Member Rivalry. A, Average; SD, Standard Deviation.

Table 3 shows the relationships between adherence to MD and motivational climate in the
university students of both countries. Romanian students revealed statistical differences at level
p <0.05 for Ego-oriented Climate (3.27 & 0.53 vs. 3.00 & 0.54) and punishment for Mistakes (3.28 & 0.61
vs. 2.96 & 0.50) showing higher scores for medium adherence to MD than for higher adherence. In
addition, statically significant differences at level p < 0.01 were found for Member Rivalry with a high
average for medium adherence (3.45 £ 0.76 vs. 2.93 £ 0.96. Moreover, Spanish students showed
significant differences at level p < 0.05 with higher values for low adherence to MD than medium
adherence in Task-oriented Climate (4.49 &+ 0.37 vs. 3.98 & 0.62), Cooperative Learning (4.60 £ 0.37 vs.
4.01 £ 0.72) and Effort/Improvement (4.37 £ 0.53 vs. 3.90 =+ 0.65).
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Table 3. Adherence to MD according to motivational climate and country.

Level of Adherence to MD Romania Spain
According to Motivational Climate A DT r A DT P
Low adherence - - 4.49 0.37
TC Medium adherence 3.12 0.54 0.263 3.98 0.62 *
High adherence 298 0.56 4.06 0.62
Low adherence - - 4.60 0.37
CL Medium adherence 2.94 073 0677 401 0.72 *
High adherence 287 090 4.10 0.71
Low adherence - - 4.37 0.53
EI Medium adherence 3.35 052 0313 390 0.65 *
High adherence 3.23 0.61 4.02 0.60
Low adherence - - 4.60 0.37
IR Medium adherence 2.90 088 0253 4.10 071 0.305
High adherence 2.68 0.67 4.08 0.76
Low adherence - - 1.87 0.81
EC Medium adherence 3.27 0.53 * 2.04 071 0491
High adherence 3.00 0.54 2.11 0.78
Low adherence - - 1.66 0.39
PM Medium adherence 328 0.61 * 1.89 075 0391
High adherence 296 0.50 1.98 0.82
Low adherence - - 1.85 1.16
UR Medium adherence 3.19 071 0400 197 0.86  0.885
High adherence 3.05 0.70 2.00 0.92
Low adherence - - 233 117
MR Medium adherence 3.45 0.76 ** 249 0.90 0.225
High adherence 293 0.96 2.64 0.99

* Statistically significant differences at level p < 0.05; ** Statistically significant differences at level p < 0.01. TC,
Task-oriented Climate; CL, Cooperative Learning; EI, Effort/Improvement; IR, Important Role; EC, Ego-oriented
Climate; PM, Punishment for Mistakes; UR, Unequal Recognition; MR, Member Rivalry. MD, Mediterranean Diet.
A, Average; SD, Standard Deviation.

Finally, a structural equation model is developed in order to compare the relationships between
all the analysed factors according to the country (Figures 2 and 3). Almost all fit indices of model
suggested good fit. A significant chi-square value was obtained (x? = 126.85; df = 5.28; p < 0.001).
Nevertheless, as this index has no upper limit and may also be sensitive to sample size, we also
considered other standardized indices which are less sensitive to sample size. The NFI was 0.93,
indicating an acceptable fit to the model. The CFI yielded a value of 0.94 and the IFI got a value of 0.94.
Finally, RMSEA value was 0.74, indicating acceptable fit.

0.03 0.10
-0.43
TC EC
0.86 0.88 0.76 0.59
0.82 0.94
[cL] [[E] [ R ] [PM ] [UR] [MR |

R T S’ S

Figure 2. Structural Equation Model for Spanish students. TC, Task Climate; EC, Ego Climate; CL,
Cooperative Learning; EI, Effort/Improvement; IR, Important Role; PM, Punishment for Mistakes; UR,
Unequal Recognition; MR, Member Rivalry; MD, Mediterranean Diet.
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Figure 3. Structural Equation Model for Romanian students. TC, Task Climate; EC, Ego Climate; CL,
Cooperative Learning; EI, Effort/Improvement; IR, Important Role; PM, Punishment for Mistakes; UR,
Unequal Recognition; MR, Member Rivalry; MD, Mediterranean Diet.

Table 4 shows the standardized weights of university students from Spain and Romania.
A significant negative relationship was found between the two dimensions of motivational climate
for university students from both countries, being negative in Spaniards (p < 0.001, b = —0.429) and
positive in Romanians (p < 0.001, b = 0.872). In relation to the indicators and their association with
the exogenous variables, the variable that showed the highest regression weight for the task-oriented
climate in Spanish students was the important role (p < 0.001, b = 0.884), while in the students from
Romania it was the effort / improvement (p < 0.001, b = 0.765). In the case of the ego-oriented climate,
the indicator with the highest regression weight was unequal recognition for Spaniards and Romanians
(p <0.001, b = 0.940; p < 0.001; b = 0.765).

Finally, the relationship between adherence to MD and motivational climate in sport is analysed
(Table 4). A significant and positive relationship was obtained between the ego-oriented climate and
the level of adherence to MD (p < 0.05, b = 0.103) in young Spaniards, whereas this association
was not significant for young Romanians. On the contrary, there was a statistically significant
association between the task-oriented climate and the level of adherence to the MD, which was
negative (p < 0.001, b = 0.315). Nevertheless, this relationship was not statistically significant for
Spanish university students.
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Table 4. Structural equation model: multi-group analysis according to country.

Relationship between R.W. S.R.W.
Variables Estimations S.E. C.R. Estimations

Weights and standardized regression weights of students from Spain

CL — TC 1.000 - - 0.856 ***
EI — TC 0.848 0.042 19.996 0.823 ***
IR — TC 1.057 0.049 21.424 0.884 ***
PM — EC 1.000 - - 0.759 ***
UR — EC 1.403 0.096 14.656 0.940 ***
MR — EC 0.936 0.078 12.016 0.589 ***
MD — TC 0.115 0.247 0.465 0.027
MD — EC 0.451 0.252 2.786 0.103 *
EC TC -0.159 0.024 -6.723 -0.429 =
Weights and standardized regression weights of students from Romania
CL — TC 1.000 - - 0.562 ***
EI — TC 0.959 0.133 7.219 0.765 ***
IR — TC 1.434 0.208 6.905 0.708 ***
PM — EC 1.000 - - 0.601 ***
UR — EC 1.479 0.188 7.883 0.765 ***
MR — EC 1.085 0.191 5.669 0.494 ***
MD — TC -0.977 1.337 -3.731 -0.315 *#*
MD — EC 0.294 1.531 0.192 0.082
EC TC 0.167 0.032 5.286 0.872 ***

R.W., Regression Weights; S.R.W., Standardized Regression Weights; S.E., Estimation of Error; C.R., Critical
Ratio. TC, Task Climate; CL, Cooperative Learning; EI, Effort/Improvement; IR, Important Role; EC, Ego
Climate; PM, Punishment for Mistakes; UR, Unequal Recognition; MR, Member Rivalry; MD, Mediterranean

Diet. * p < 0.05; *** p < 0.001. <, Relationships between latent and observable indicators; , Relationships between
exogenous variables.

4. Discussion

Adherence to the MD has been studied in many countries [4,13,15-21]. Nevertheless, there are few
studies comparing dietary habits and other aspects, such as motivational factors related to the practice
of sport. The global score obtained for adherence to the MD was higher for Spanish students. This
is due to Romania being a non-coastal country, located further north than Spain. This geographical
location, which comes with a different climate and cultural customs, does not enable the cultivation
of many of the typical foods of the Mediterranean basin (that constitute the MD) in Romania [6,9,12].
Nevertheless, there is a good amount of food exports in the countries of the European Union, which
make these differences less important to the level of adherence to MD, as Baylis et al. [51] show.

It was found that the consumption of vegetables, fruits and juice is higher in Spanish students
than in the Romanian students. This is due to the geographical and cultural characteristics of the
Spanish region, as these products are frequently cultivated given the better climatological conditions,
an easy access and a low price [12,52]. Furthermore, there is a large production of oranges in Spain.
The importance of the intake of this fruit is established in society and juice is one of the most frequent
methods of consumption. The benefits of consuming these foods are known since they are rich in
vitamins and antioxidants, which encourage their consumption by the Spanish population [52,53].

In addition, it was shown that Romanian students ate fruit or vegetables more than once a day with
higher frequency than Spanish students. It has been observed that Spanish students follow a better diet
and the consumption of these foods is globalized in general. Nevertheless, they did not achieve much
higher scores in the consumption of fruit or vegetables. However, the higher consumption of vegetables
and fruit among Romanian students may be justified by the participants who follow a healthy lifestyle.
Moreover, the scores can be explained by the anthropometric characteristics of people from Eastern
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Europe and by the climatic conditions that require a higher food intake. Studies carried out around the
world have highlighted the differences that exist between different countries [9,12,54-56].

The geographical situation of Spain and its climate favour the consumption of food such as fish,
milk or cereals more consumed among its students, whereas the diet model of Romanian students is
more oriented towards the consumption of pasta or rice. On the other hand, it is worrisome that the
consumption of sweets, processed foods or fast food is higher in Romanian students. This is because
they have not adopted the Mediterranean diet within their dietary models and this promotes little or
no consumption of these foods [13,52].

The motivational climate in sports practice has been studied in different contexts, mainly the
field of Physical Education, competitive sports and healthy habits [36,57,58]. In the present study,
higher scores have been observed in the task-oriented motivational climate of Spanish students,
whereas Romanian students obtained higher scores in the ego-oriented motivational climate in all
its dimensions. This could be explained by the type of sports that are practiced most frequently in
these countries. Team sports such as football or basketball are more common in Spain, promoting
factors that are more linked to the task climate, such as cooperation or teamwork [50,59]. On the
contrary, there is a greater tendency for the practice of individual sports such as wrestling, sports
gymnastics or weightlifting in Romania, making them stand out in a greater competitive context with
the disappearance of the hedonistic factor [40,60,61]. Therefore, although both sports may link all kinds
of motivations, those that involve greater social interaction and collaborative work will be related to
more self-determined motivations. This idea, along with the cultural influences of each country, will
justify these findings [33,34,60].

In the relationship between the motivational climate and MD, those students who are oriented
towards the task are those who have a lower adherence to MD. This can be explained by students
that are intrinsically predisposed to the pleasure of physical activity and, thus, do not follow a diet of
quality in order to improve their sport performance [41,62]. Nevertheless, the students who got higher
scores for ego-oriented climate were those with a medium or high adherence to MD, may propitiated
by the importance that has the feeding and the nutrition for the sports performance [6,63]. In addition,
the scores in ego-oriented climate showed an increase in relation to medium adherence to MD in
Romanian students, which is produced because they do not have low adherence in any case and the
importance given to get good results in sport context [41]. On the contrary, the statistical differences
are shown in task-oriented climate in Spanish university students. In this students an increase of the
average scores of the task climate was linked to a low adherence to the MD. This can be justified by the
intrinsic motivations of this group, who do not prioritize nutrition as much as they should, as they do
not aim at a better performance like their competitors [64-68].

First, the limitations found in this study are determined by the cross-sectional design of this
study, where data is collected at a specific time, not allowing to establish causal explanation of this
variables. Another limitation is associated with the sample size, since data cannot be generalized to
the general population of these countries. Only students between 18 and 24 years of age, enrolled in
Physical Education and who have knowledge of nutrition have been analysed. It would also have
been interesting to apply the PREDIMED questionnaire but this test that analyses the adherence to
the MD in people older than 21 years was not appropriate for our participants (who were mostly less
than that age). The variables selected represent another limitation since it would have been of interest
to include the socio-economic level and the place of residence of the students in order to know their
influence on the level of adherence to the MD. Lastly, with KIDMED being a self-report questionnaire,
some comprehension errors could be found, although this is not impeding its application [41-48].

5. Conclusions

The present study show evidence for a higher adherence to MD among Spanish students,
as indicated by a higher intake of fruit, vegetables, cereals and fish. On the contrary, Romanian
students ate more pasta, rice and processed products such as sweets or fried foods. In relation to the
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motivational climate, it was observed that students from Spain obtained higher scores in task climate
and students from Romania achieved higher scores in ego climate, due to the type of sports practiced.
The relationship between these two variables suggested that the task-oriented motivational climate
was related to a diet of poorer quality in young Spaniards, observing the opposite in students from
Romania. Finally, the structural equation model revealed how the task-oriented climate exerted a
negative influence on the adherence to DM in Romanian students, while the ego-oriented climate
exerted a positive influence on the quality of the diet of Spanish students.

It has been shown that the existence of extrinsic motivations can be linked to better nutrition,
both for health purposes and the achievement of better sports performance. Although the motivations
of intrinsic type are linked to healthier habits associated with sport practice, these were not related
to nutrition. While further research is necessary to substantiate the findings from this study, there
are adequate indications to pursue development of intervention programs aimed at improving the
quality of diet, especially among students in Romania. On the other hand, such programs are also
of vital importance for Spanish students, in order to obtain a better quality of the diet in those
intrinsically motivated.
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Abstract: The approach to studying diet-health relationships has progressively shifted from
individual dietary components to overall dietary patterns that affect the interaction and balance of
low-molecular-weight metabolites (metabolome) and host-enteric microbial ecology (microbiome).
Even though the Mediterranean diet (MedDiet) has been recognized as a powerful strategy to
improve health, the accurate assessment of exposure to the MedDiet has been a major challenge in
epidemiological and clinical studies. Interestingly, while the effects of individual dietary components
on the metabolome have been described, studies investigating metabolomic profiles in response
to overall dietary patterns (including the MedDiet), although limited, have been gaining attention.
Similarly, the beneficial effects of the MedDiet on cardiometabolic outcomes may be mediated through
gut microbial changes. Accumulating evidence linking food ingestion and enteric microbiome
alterations merits the evaluation of the microbiome-mediated effects of the MedDiet on metabolic
pathways implicated in disease. In this narrative review, we aimed to summarize the current
evidence from observational and clinical trials involving the MedDiet by (1) assessing changes in the
metabolome and microbiome for the measurement of diet pattern adherence and (2) assessing health
outcomes related to the MedDiet through alterations to human metabolomics and /or the microbiome.

Keywords: Mediterranean diet; metabolomics; microbiome

1. Introduction

The Mediterranean diet (MedDiet) is a dietary pattern that emphasizes the intake of vegetables,
fruits, nuts, whole grains, fish, and unsaturated fats and vegetable oils (mainly olive oil) and aims
to limit the intake of butter, sweets, and red and processed meat [1,2]. Multiple studies have found
evidence of lower risk and incidence of and mortality from chronic metabolic diseases with adherence
to the MedDiet [3-6]. The United States (US) Department of Agriculture and Health and Human
Services recognized the MedDiet as a healthy dietary pattern in the 2015-2020 Dietary Guidelines for
Americans [7,8], and this dietary pattern has been successfully adapted into workplace interventions [9].
Notwithstanding the MedDiet’s growing acceptance for health improvement, the accurate assessments
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of exposure and adherence to the MedDiet in epidemiological studies and clinical interventions,
respectively, continue to be major hurdles in advancing our understanding of the MedDiet'’s efficacy.
Additionally, the underlining molecular and metabolic mechanisms that influence health outcomes in
response to the MedDiet have not been elucidated.

The inherent subjectivity in the self-administered instruments used for dietary adherence/
compliance assessment, such as food frequency questionnaires, multiple-day food records, and 24-h
dietary recall, creates susceptibility to the introduction of bias and errors into data collection,
ultimately impacting study outcomes [10-12]. There is an increasing consensus that employing
objective measurement approaches (e.g., biomarkers and metabolic signatures) and robust research
design (controlling for regression to the mean) concurrently with self-administered instruments may
significantly improve data quality and validate study outcomes. However, logistical challenges,
the economic burden, and the absence of reliable and sensitive biomarkers for dietary patterns,
as opposed to an individual nutrient/ingredient, have limited the inclusion of objective analytical
approaches in study methodologies. In this regard, leveraging rapid advances in high-throughput,
big data omics technologies may overcome such pitfalls in nutritional epidemiology and intervention
studies. Specifically, metabolomics (the study of low-molecular-weight metabolites in biological
samples) and the research of microbiomes (the study of host-enteric microbial ecology) may facilitate
the discovery and validation of specific biomarker signatures of dietary behavior and probe the
complex interactions between food, lifestyle, and disease [13,14]. Generally, the most commonly used
techniques in metabolomics analysis are mass spectrometry (MS), usually coupled with gas or liquid
chromatography, and nuclear magnetic resonance (NMR) spectroscopy [15]. Each of these techniques
has its own advantages and disadvantages. Both can be used to identify the structure of metabolites
and measure the absolute and relative concentrations of metabolites. However, NMR has higher
reproducibility and is more reliable for determining concentrations, while MS is more sensitive [15,16].
As for the analysis of the microbiome, techniques have evolved from culture-dependent methodologies
to novel, next generation sequencing tools. The latter has allowed for the taxonomic and phylogenetic
evaluation of the bacterial community based on 165 RNA gene amplicon analysis [17].

There is a growing body of knowledge on the metabolic signatures of individual food groups,
such as fruit (proline betaine as a biomarker of citrus fruits) [18-22], vegetables (S-methyl-L-cysteine
sulphoxide and its derivatives for cruciferous vegetables) [23-26], and whole grains (urinary excretions
of alkylresorcinols and benzoxazinoid) [23,27-29] (Supplemental Table S1). However, notwithstanding
the scientific interest in the matter, the literature on the metabolomics of overall diet patterns (including
the MedDiet) is limited [30].

The importance of the gut microbiome in food digestion, nutrient metabolism, micronutrient
production, enteric immunity, and gut function have been known for a long time [31,32]. Seminal
papers published in the past two decades have expanded the understanding of the gut microbiome to
overall human health and exposed the multilevel dimensional complexity of the diet-environment—
microbiome-host interactions that impact human health [33-35]. The rapid expansion in this research
area, in this regard, has disrupted the functional locality of the microbiome and highlighted its systemic
effects beyond the gut, which are mediated by a combination of direct (physical) interactions of the
microbes with the host and indirect processes via the production of metabolites, de novo or from
diet. Moreover, the plasticity of the microbial ecology in response to diet and the growing evidence of
the association between an altered ecological profile of the microbiome (dysbiosis) and disease have
positioned the targeted and directed modulation of the gut microbiome as an exciting therapeutic target
for a wide variety of pathologies, including acute infections (Clostridium difficle) [36], chronic illnesses
(metabolic disease) [37], and mental health [38].

Sustained scientific exploration of the direct manipulation of gut ecology has identified strain-level
specificity of microorganisms (e.g., lactic acid bacteria) for different health indications, as well as
diet-derived natural or synthetic compounds that can stimulate colonization (fructooligosaccharides)
and delivery mechanisms (encapsulation) to ensure survival and viability during gastrointestinal
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transit. The relative simplicity of this approach, favorable consumer perception, and historical
correlation of fermented diets with health has allowed for the successful commercial exploitation
of these principles by the food and beverage industry on a global scale. The rapid proliferation of
consumer products (probiotic/prebiotics) and the dramatic growth of the size of this market continue
to raise new instances of regulatory scrutiny and topics of policy debate [39].

The body of knowledge on the ‘indirect’ interactions between diet, the microbiome, and health
via metabolite production is, on the other hand, relatively nascent [40]. The chemical complexity
of diet, gut microbial diversity, and host-related genetic and lifestyle factors have been hurdles that
have impeded investigations that attempt to reliably study even just the interaction of an individual
dietary ingredient with health. Moreover, these challenges are amplified when attempting to delineate
the effects of dietary patterns (e.g., the MedDiet) as opposed to one specific dietary ingredient (e.g.,
polyunsaturated fatty acid (PUFA)) on health outcomes. These problems are compounded when a
potential metabolite of interest is produced both in the host and by the microbiome. For example,
levels of trimethylamine oxide-N-oxide (TMAO) and its precursors choline and carnitine have been
correlated with cardiovascular outcomes. However, establishing the relative contributions of the host,
diet, and microbial dysbiosis have proven to be challenging in nutrition studies.

The application of big data and high-throughput omics approaches have successfully transformed
physical, medical, forensic, and environmental sciences [41-43]. The combination of metabolomics
and the study of the microbiome using powerful big data statistics can be leveraged to improve
our understanding of the relationship between the MedDiet and health. In this narrative review,
we summarize current scientific evidence from epidemiological studies focused on (1) the assessment
of changes in the metabolome and microbiome for the measurement of adherence to the MedDiet
pattern and (2) the understanding of the effect of the MedDiet on health outcomes through alterations
in human metabolomics and/or the microbiome.

2. Metabolomics and the Mediterranean Diet—The Present Status

Strong evidence supports the use of the MedDiet as a preventive strategy to lower the risk
of cardiovascular diseases (CVD) [44—46]. However, the characterization of the dietary pattern
has been hindered due to the complex interactions between the human genome and diet [30,45].
Recent research in nutritional metabolomics has focused on discovering new biomarkers of nutritional
exposure, nutritional status, and nutritional impacts on disease [47]. There is general consensus that
establishing reliable biomarkers is imperative to facilitate the development of “precision nutrition”,
in which omics techniques can be applied to a personalized diet for the prevention and management
of disease. Although relevant scientific literature is emerging on this topic, with several studies
pursuing the identification of metabolic signatures for overall dietary patterns, few have focused
specifically on the MedDiet [30]. Moreover, a collective endeavor in this regard can also be extended to
discover biomarkers of health outcomes following a MedDiet intervention or dietary approaches [48].
Along these lines, this section will summarize the current status of the research on using metabolomics
to assess the MedDiet pattern and to understand the associations between the MedDiet and health.

2.1. Metabolomics Approach as an Assessment of Adherence to the Mediterranean Diet

A recent review of the use of nutritional metabolomics to assess dietary intake found 16
studies on dietary patterns and metabolomics, of which only three specifically assessed the MedDiet
pattern [30]. Here, we include three additional articles regarding metabolomics and dietary patterns
in general [49,50] and four specifically about the MedDiet [51-53]. Metabolomics profiles have been
characterized in multiple dietary patterns, including the New Nordic diet, low-fat diet, low glycemic
index diet, very-low-carbohydrate diet, a diet concordant with World Health Organization (WHO)
healthy eating guidelines, prudent diet, etc. A recent study assessing overall dietary patterns
was a randomized, controlled, crossover study that used a targeted metabolomics method to
assess concentrations of 333 plasma metabolites of three hypocaloric dietary patterns—low-fat,
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low glycemic index, and very-low-carbohydrate diets—to evaluate compliance with each for a 4-week
period [49]. Using four types of constructed, Bayesian network classifiers, the plasma metabolites
that were different from at least one other diet were diacylglycerols (DAG), triacylglycerols (TAG),
and branched-chain amino acids (BCAA) [49]. For example, the low glycemic index diet had an
intermediate concentration of most metabolites (105 out of 152), which differentiated it from the other
two diets [49]. These metabolites included hippurate 5-aminolevulinic acid, pipecolic acid, cytosine,
triacylglycerides, and hydroxyproline [49]. Another study identified two distinct dietary patterns
using dietary and urinary metabolomics data obtained from the National Adult Nutrition Survey [50].
They used two-step cluster analysis in both urine and dietary data and identified in the latter a
“healthy” and an “unhealthy” cluster [50]. Consistent with the previous studies, the authors found
higher levels of hippurate and also betaine, anserine, N-phenylacetylglutamine, 3-hydroxybutyrate,
citrate, tryptophan, and 2-aminoadipate in the healthy cluster [50]. Higher creatinine, glycylproline,
N-aceytalglutamate, and theophylline were found in the unhealthy cluster, and the two dietary
patterns were further supported by subsequent validation in the NutriTech food intake study [50].
Recently, the serum metabolic profile of the Dietary Approaches to Stop Hypertension (DASH)
pattern identified the top 10 most influential known metabolites, which differed significantly between
participants randomly assigned to the DASH diet compared with both the control diet and the fruit
and vegetables diet [54].

With regards to the MedDiet pattern, while still emerging, the evidence about metabolomics
and the MedDiet-health association remains limited [48]. Compared with general dietary patterns,
the number of published studies exploring the metabolomics signatures of the MedDiet is relatively
small. In addition to those studies addressed by Guasch et al. [30], we describe here the evidence
of four additional studies. Table 1 provides a more detailed summary of the evidence from studies
using metabolomics to assess potential biomarkers for the MedDiet. Gonzélez-Guardia and colleagues
investigated biomarkers in a crossover study with four isocaloric diets: the MedDiet supplemented
with Coenzyme Q9 (Med + CoQ), the MedDiet, the Western diet high in saturated fat, and a low-fat,
high-carbohydrate diet rich in n-3 polyunsaturated fat [55]. Greater urinary hippurate levels after the
adherence to the Med + CoQ diet and greater phenylacetylglycine levels after adherence to the Western
diet high in saturated fat were found in female participants [55]. This higher level of hippurate was
reported to positively correlate with CoQ and plasma (3-carotene levels and negatively correlate with
gene expression of transcription factor Nrf2, thioredoxin, superoxide dismutase 1, and the gp91phox
subunit of NADPH (nicotinamide adenine dinucleotide phosphate) oxidase gene expression [55].

Another cross-sectional study, using a targeted metabolomics approach explored the association
between the effect of the interaction between polymorphisms and the MedDiet on the levels of 14
specific serum metabolites that could be related to dietary adherence [56]. These metabolites played
key roles in gene-encoding enzymes modulated by nine previously genotyped polymorphisms [57-59].
The results showed that a 1 unit increase in adherence to the MedDiet pattern was associated with a
5% increase in 5-Methylfolate (5-MTHEF) [56]. Finally, another cross-sectional study found that urine
microbial metabolites (phenylacetylglutamine, p-cresol, and 4-hydroxyphenylacetate) defined high
adherence to the MedDiet [60].

126



Nutrients 2019, 11, 207

1z dd PUe oz D “prE dnIueg
“(Z:81) Surureyuod ¢ 1d9 “(0:81) DOSAT
“unruedouoiy-T ‘Opruea|Q ‘proe JTOYOYI]

(prdir %0¢

orrad
“syiuow 9 saye “(0:61) Ddos&T “proe drouseyuadesodrd (7:0z) _om&u.:mm ‘wo301d %G1 ‘%G5 OHD %8S)
od Dd0SAT (1:8T) Dd0SAT “(1:8T) AIOSAT “(€:02) 5 Kep/sreaw g “(saurppm Ww=N
poe opnuped pue syjuow . L e yjuow-¢ e . UOTJUDATUL
N g DJosAT “aprureajour ‘(0:91) DJ0sAT “(Z:81) pmbr-s UONRIDOSSY 1IBIL] UBDLIDUIY) aworpuks R
T 19He (€:02/1:81-z¢ d) Od 0547 “($:02) Ad0SAT (9:72) DdOSAT “(1:91) 2108183-U0| £q pamorjoy (GF = 1) 391p [O1UO SI[OqeIoU JO SaINER: Areyarp [zsl stoz
uaBorewseld ayy a1om sdnoi8 8T ad w_ “00) 3d ”_ "22) OdOSAT o 3 N SBurureay N .,ﬁ I D foq k) ) Ppa[[o1u0d e 39 SuoJ-erpuog
DdOsT(6:02) DdOSAT “(0:71) 4y DAOSAT ‘proe ewise]q “(prdiy 90¢ “urajo1do,0¢ 0M} 35e3] 3 pue [INg
0M] 31} U9aM}Dq SIdTeUL i1 [euonLynu pazrwopuey
. srdxoquesueiny ‘pe sunddry ‘sunpuexered o ‘o1 OHD %0¥) “Aep/sjeauwr Y81y yam spenprarpuy :
QATIRUTWILIDSIP Iofewr ay ], uow-g) 9
SR ‘sunioydedAy ‘proe duareadxorpAy o £ "(321 PN uo paseq)
‘2UIdNI[OSION[ ‘QUINA[OSI-T ‘PIOE d1Oe o9 (27 = 1) PP ¢ VNAWSHY
‘sprdrjoydsoydosA|
pue sprdrjoydsoyd Aurews ‘sprdry
“UISOUJUEX pue ‘(BULIdsue Apmys
(josam-d pue NOVJ) ‘duISOuIed “HIN-T ‘p; HIN-E) S9IeALIDp pue o AHNIATAJ
SOYI[0qRIPWIOD [RIGOIIW pue  SUIPHSIY ‘duLdsue ‘o, OVIAL “Oremddry :qa1 oy
‘Spioe ourure ‘wisIjoqejaur (fosa1>-d pue o MWMMA: — ) s1eak g-cg pade g6 = u ur dn-moyoy v
pidiy pue sjerpAyoqred 21 NDVd) SSH[OGEISUIOD [PIGOIUT pue |t (0 =) o7 AdT NS, AAD YSiy je “Tern Surpaay [es] s10T “T2
(uonuaAIRIUL B} s1eak ¢ (£ = 1) sINU + PIAPIA) L
03 pajepar dnoid [oruod “(sproe duraqns pue d190) spidiy ‘(sajroqejour 0 1654 ¢ pue Teok (5 =) ppeied syuedpnred snaqerp-uou Ppa[o1u0d 30 ousarg-zanbzep
pue durjaseq ayy 0} paredwod POALIDP puR ‘SpIde OUIWE UTeYd-patpuelq s EP 17 =4) ¢ COAT + ¢ AP paynuapr Aedrur) ‘pazruopues
. : : i 1 ‘urpaseq) autin p
sa[yod drjoqeiow PpunsIp ‘aunA[3 “‘aunurein[3[£3ade-N ‘surjoxd) AojuLdHNE
pey sdnoid 31qpaN ayL SpIoe OUTWIE “QUIUIEaId ‘QUT}EaLd ‘(3L TUOILSID ‘purq-o[urs
pue ‘ajen ‘; gH-€) sajeIpAyoqred JRIAPIN ‘dnoig-rrereg
areyruared (Ao “VHA
‘1012418 [A030UT]-T “JOIISOUT-0ITYD ‘(9-Ug:gT
10 g-ug:g[ ‘A 10 %) djeusoul] ‘(9-ug:g[) deajour]
‘ayeouedorduemy-z-[Adoid-g-[Ayppw-H-Axoqred-¢
“aunuIed [Aouada(]-F-S1 (Aprg
*21008 oed ‘DHAD-3 “(6- ug:07) PRE PEIN ‘[03ISOUr-0[1£d5 EMHW&
0} 2dULIAYPE djeNnTeAd “(1:91) duroypoydsoydorsd[3[Loajostihw-1) susjore: um o
0} pasn a1e Jeyy spooy rm SPIAI] 1T (urauonyoia ‘sreueiyg ‘unpAyoers) 5 mwwm " sxeok asd pue sreak 69-05 pase ‘oger , o_wao w w q [1¢] 2102
PaJR[AII0D SAII[ORIDUW IIM SOROIGOUdX € ‘(¢ DHHD-A ‘d3euoaiyy) P Nb:u %m n € ‘¢ IAH ‘7 QINB010C ( [HH = U SI9OwWs Ystuut] Emzﬁ Lmr: :Wﬁusﬁw “[e 39 uopAefq
pajeosse aram (ISg pue $10300§-00 7 {([0121Y3) 2jeIpAyoqied | mw:.uE.m
‘IAH ‘AdA® ‘010Z-THH UL ‘(ayeuordordiAyya-g-AxorpAH-¢ [o1u0>-a5LD
‘surjordiAyyaw-N ‘surejaq ueydoydAn pasau g
“areakingajopur) SPIOEOUTIIE § :Sa}T[OqRIIW
9]qeYHUPI [T YHM Pajerosse Qe
‘Ajpanoadsar ‘sajoqeiaw payuapt O] pue
‘LL7Z1 yaim pajerdosse :(Isd pue [AH ‘010 I9H
anbruyday yoeorddy .
UOISNPU0)) UTe]Al PAYIIUIP] SIjIeUWIOrg sorwojoqejaypidureg  dn-moqog B bm“wm.n\u; ned sjuedpyeg uSrsaq Apmig
reorSojorg :

‘urapyed Ar1ejatp (JRIGPIJA) 19TP ULSURLIATPIIA 94} JO JUSWISSISSE Ue Se SOTUO[OqRIdA ‘T d[qeL,

127



Nutrients 2019, 11, 207

-1 OJ[AYISIN-G :IEHLLIN-G "XoPUl Ssew Apog I ‘@0Ueuosal daudew I1eaponu AN

‘proy dloudexayesodo( 'VH(A ‘Anawondads sse iGN duoryiein(3 HSD | "dUIaISAX0WOH (ADH (g "QUISISAI0WOY[ASOUPE-G IHVS 47 "QUILOIIAWIASOUdPR-S (VS ¢, "dPHOSPNUOUOUW
UIART (NI 47 RIRIOIAYRIN-T :THIIN-S o7 "SPIo® A33ej pajernjesunijod :wiNd ¢, "SPIE A13ej pajeimnies VA4S ;7 "0 dWAZU00 100D ¢, "uddorewserd :J ,, -dururejoueyia[Apneydsoyd
Hd (7 PutoyApneydsoyd D (, “prdrjoydsoydoradLs i 1qo ; -aururejoueyiaiApneydsoydosA] :JosAT ¢ durjoydjdpneydsoydosA] :5osAT 4, ‘sererpAyoqie) :QHD 4 “elieaeN
Ul uonINPay SWOIpUAS dT[0qeIRIN VNIINSTY o QUIPHSIYIAPSIN :HIN 4 "@P1X0-N durure[Ayowii], :OVINLL ¢ urwemdifieoedusyd :NOV ;; "23e14mqAxo1pAy gH |; 1P
JeJ-MO[ ‘[OTIU0D © QT (; IO ATO WISTIA BIXd \QOAT ¢ IOTP UPSURLIONPAIN HRIPAIN ¢ "dSeISIp Te[NISLAOIPIRd ((JAD , "BOURIIDIPIJA eIRI( U0d UODULARI (AIINIATd 4
‘uewonPAX0IpAY [AypRAX0qIRd :DHAD ¢ 191 €IS d1Ted Uyl (S ; oyedrpuy 1 AP[edH OHM W (IAH ¢ 91098 121 UeaueLIPIIA (QHINE ; Xopu] Suneq AuiesH 9H |

F9g=1u
. . -rerfingdxorpAy-o pue 1191 SOLSYIN
mmw.wm_\/w”_m szﬂmm_mwwu ‘¢ HSO 12303 s£>-nj3-4 ‘g Jo Apnjs [o13u0d
P ue:_ %.Mm»%c., :.M “au1a3sAd 11303 ‘DuruonyeIs£d ‘o XOH 10303 SIN/SIN-DTdN (31T PAN 03 duRIBY PR -ased paseq Apmys [9¢] “£102
m vmum.ammmc som PIap ‘6z HVS ‘g INVS “pajaldie] winiag 1s9MO[ pue 389yS1y) 12PN -uonendod ayy [BUOI}D3S-SS01D) e 32 eanoxpiey|

o : PO 5 p1xoms autuonzaw ‘AuTUONAW “Vd * ., NN ur pajedonred Ajsnorasid

Ay 03 duRIYPE Iy i tP N N

pe oust ‘urAeoqu “gr JHLIN-G JARY OYM USWIOM
1o13u00 Jorrd£)-ye15)
PIP YPU-VAS .
VAS 24 pue 00D + 1IAPIN 2y Sutredwod . g

.mmﬁmw_bum Mna %Eﬂ Qm: A9l JO s[PAd[ 1Mo pue ajemddny jo spAs] 1ySi] WN%MN \a P L:w uzzwmz hhw . 1 19p[0 I9A0SSOID [cs] s10T “Te 19

P P pue oy M POUTLIDNOP dTOM POIOOIEL “pg VAS U DH 91D LDISIM 10 s1eak 69 pade (¢ = u) ‘pazruopuey] RIPIEND)-ZI[RZUO)
121X JO S[OAJ] PAseaIdUT ewse[d pue surin DO MoyIMm PRIPIN

s[aAd] Areurm sauejsordost pue s[aAd] , uawoM pue (G = 1) U\
LM PAJRIOOSSE ST 0D 1M eurserd auojorea-g pue 0 !¢z 00D p/SWO0T HAIAPAIN
pajuawayddns 121 PaIA YL 1 P 8
anbruyday yoeorddy .
UOISNPUO)) UTeIA! PaynuUAp] sIdIeWOrg soruwojoqejapy P dureg H bmuwm\: Hed sjuedpieg uSisaq Apmg
reorSojorg od

128



Nutrients 2019, 11, 207

2.2. Metabolomics, the Mediterranean Diet, and the Association with Health

Several studies have investigated the role of metabolites on the etiological and patho-physiological
processes implicated in cardiovascular disease and related morbidities. For example, in a meta-analysis,
the results from prospective studies support robust positive associations of BCAAs (leucine, isoleucine,
and valine) and aromatic amino acids (tyrosine and phenylalanine) and inverse associations of glycine
and glutamine with incident type 2 diabetes (T2D) [62]. Similarly, the results from a systematic review
showed that the metabolites associated with CVD risk were acylcarnitines and dicarboxylacylcarnitines,
TMAO, and several amino acids, such as phenylalanine, glutamate, and several lipid classes [63].
Although it is known that the MedDiet is associated with lower risk of CVD, attempts to correlate
MedDiet-adherence-derived metabolites with CVD-associated biomarkers and clinical outcomes have
proved inconclusive. For example in the randomized, controlled OmniHeart study, blood pressure
was found to be significantly associated with six urinary metabolites reflecting dietary intake [64],
and among those following the New Nordic Diet, higher levels of vaccenic acid and 3-hydroxybutanoic
acid were related to higher weight loss, while higher concentrations of salicylic, lactic, and N-aspartic
acids and 1,5-anhydro-d-sorbitol were related to lower weight loss [65]. Evidence from studies
specifically addressing the MedDiet come from the PREDIMED (Prevencion con Dieta Mediterrdnea)
study (a randomized, controlled trial with a 4.8-year follow-up) that has focused on baseline and
1-year changes in metabolites after following the MedDiet supplemented with extra virgin olive oil
(EVOO) or nuts in comparison with a low-fat diet and its association with CVD and T2D. In this section,
we summarized the evidence of metabolomics relating to the MedDiet pattern and its association with
CVD and T2D (Table 2).

All the studies evaluating the metabolites in the PREDIMED study followed a nested case-cohort
study design, by which between 10-20% of the original study participants were randomly selected
along with all the incident cases of CVD (n = 229-233) or diabetes (1 = 251). The studies focusing
on CVD, were assessing most of the metabolites already identified to be associated with CVD,
including the following: BCAAs, choline pathway, different classes of lipids, ceramides, tryptophan,
acylcarnitines, and glutamine. Higher concentrations of short and medium acylcarnitines [66], choline
pathway metabolites (TMAO, betaine, choline, phosphocholine, and x-glycerophosphocholine) [67],
kynurenine risk score [68], ceramides [69], glutamine [70], and some lipids (monoacylglicreol
(MAG), DAG, short-chain triacylglycerol (TAG)) [71] were associated with increased CVD risk at
the baseline. On the contrary, higher tryptophan, cholesterol esters (CE), glutamine/glutamate
ratio, and polyunsaturated phosphatidylcholines were associated with lower risk of CVD (Figure 1).
When the one-year changes in the metabolites were assessed, their associations with CVD were less
clear. Only changes in acylcarnitynes [66] and phosphatidylethanolamine [71] were associated with
the composite of CVD risk. Similarly, the role of the MedDiet in mediating the association seemed
to be more significant when baseline metabolites were assessed. The MedDiet counteracted the
deleterious effect of the high tryptophan risk score [68] and modulated the risk at the baseline for
acylcarnitines [66], choline [67], ceramides [69], and glutamine [70], demonstrating the cardioprotective
effects of the MedDiet by shedding some light on the biological mechanisms.
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Figure 1. Depiction of the metabolites associated with adherence to the MedDiet in the absence
and presence of disease. All the increases in the metabolite profiles are identified with an up arrow,
and all the decreases are identified with a down arrow. In general, the results from the PREDIMED
study suggest that the MedDiet may counteract the deleterious effect of metabolites related to CVD
and diabetes and that it is able to reduce the levels of some of them (e.g., tryptophan and BCAA)
after one-year of intervention in comparison with the control group. ! MedDiet: Mediterranean
diet. 2 PAGN: phenylacetylglutamine. 3 BCAA: branched-chain amino acids.  CVD: cardiovascular
disease. > TMAOQ: Trimethylamine N-oxide. © CE: cholesterol ester. 7 MAG: monoacylglycerols.
8 DAG: diacylglycerols. ? TAG: Triacylglycerol. 1 T2D: type 2 diabetes. ! AAA: aromatic amino acid.
12 NMMA: N-methylmalonamic acid. '* TAG: triacylglycerols; 1 PE: phosphatidylethanolamines./:
decreased with the consumption of MedDiet. 1: increased with consumption of MedDiet.

As with CVD, some metabolites have been associated with T2D (nested case—cohort
PREDIMED study with around 250-251 cases of T2D) (Table 2). Higher concentrations of BCAAs,
aromatic amino acid (phenylalanine and tyrosine) [72], changes in ornitin and citrulline [73],
triacylglycerols (TAG), DAG, phosphatidylethanolamines (PE) [74], tryptophan, and one-year changes
in quinolic [75] were associated with higher risk of T2D. In contrast, TMAO, L-carnitine, betaine,
a-glycerophosphocholine [76], and arginine: asymmetric dimethylarginine (ADMA) [73] were
associated with lower risk of T2D. Only BCAAs, aromatic amino acid, and tryptophan interacted with
the MedDiet + EVOO intervention to modulate the risk of T2D [72] (Figure 1).

In summary, the above studies demonstrated extensive variability in the metabolomic signatures
of the MedDiet pattern, disease biomarkers, and clinical health outcomes (Figure 1). These may
result from disparities in the biological samples (urine versus plasma/serum), the frequency of
metabolite analysis, the analytical methods/techniques, inter-laboratory variability, and differences
in the study design, the participant health status, and the MedDiet composition (e.g., Mediterranean
countries have a higher consumption of olive oil than non-Mediterranean countries). Furthermore,
different self-reported dietary assessment tools and inherent recall errors and biases exacerbate
metabolomic profile inconsistencies across different MedDiet studies. Future approaches should
attempt to standardize the above stated methodological discrepancies and also validate the findings in
wider populations, especially for the MedDiet, for which little information is available outside of the
PREDIMED study.
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3. Microbiome and the Mediterranean Diet—The Present Status

The human gut is a highly diverse ecosystem consisting of 10-100 trillion microbial cells that
are mostly bacteria, but it also includes viruses, archaea, fungi, and others [46,80]. Quantitatively,
the total number of microbial genes in the gut or ‘gut microbiome” outnumbers the host (human)
genome by 100 to 1 [81], and they may significantly impact the host’s physiology and ultimately
health. Recent advances in 16S rRNA-based sequencing technologies have facilitated species-level
identification of several of these non-culturable bacteria, with the majority belonging to the phyla
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria [46,82,83]. Evidence suggests that there
are complex and dynamic associations between the host’s health, diet, lifestyle, and environment and
the composition of the host’s gut microbiome throughout the host’s lifespan [84]. Elucidating causal
relationships between intrinsic/extrinsic host factors on the gut microbiome and the impact of the
gut microbiome on metabolic functions, immunity, and health outcomes is currently an area of active
investigation globally [85-90].

It has been estimated that about 57% of the microbiome’s entire variation is due to dietary
habits, emphasizing the importance of diet in gut microbial ecology [91]. However, studies exploring
the relationship between the gut microbiome and diet have primarily focused on single nutrients
or foods and microbial response [92]. The literature describing the influence of dietary patterns,
a more comprehensive determinant of health, on the microbiome is very limited. For example,
with respect to the MedDiet, several studies have assessed the impact of olive oil [93], red wine [94],
whole grains [95], or other individual components on microbiota, but few have analyzed the MedDiet
pattern in its entirety [92]. Research on the MedDiet’s effects on the composition of the microbiome
and the contribution of the composition of the microbiome to MedDiet-related health outcomes will be
reviewed in the next two sections.

3.1. Mediterranean Diet Effects on General Microbiome Composition

Although microbiome changes in response to habitual dietary intake are not very well understood,
general associations between some dietary components/patterns and microbiota have been noted
in the literature. For example, elevated levels of Bacteroides sp. in the gut have been observed with a
Western-style dietary pattern that is rich in animal protein and saturated fat, while gut Prevotella sp.
have been shown to increase with the consumption of carbohydrates, especially from vegetables and
grains, or a more Mediterranean-style diet [46,96,97]. As described above, the physiological effects of
the microbiome are mediated by a combination of direct (physical) interactions of the microbe with
the host and indirect processes via the production of fermentation metabolites, de novo or from diet.
The profile of gut bacterial metabolites from fermentation is a function of both the bacterial ecology and
the substrate (i.e., fermentation of dietary fiber and other complex carbohydrates, which are prominent
in the MedDiet, or other plant-based foods results in short-chain fatty acids (SCFA) as opposed
to TMAO, which is usually seen in populations consuming diets rich in red meats). Table 3 lists
studies that evaluated the consumption of the MedDiet and its effects on the microbial composition in
healthy individuals. A recent, comparative, cross-sectional study explored the differences between two
groups of teenagers from different geographical locations (Egypt versus United States) with respect to
their microbial ecology, enterotype clustering function, and metabolite production in response to their
dietary intake. The authors found that in the group of Egyptian teenagers, who were primarily exposed
to a Mediterranean-style diet, all the gut microbial communities belonged to the Prevotella enterotype.
In contrast, almost all of the American teenagers in the study had gut microbial communities belonging
to the Bacteroides enterotype [96]. In an earlier 10-day controlled-feeding study that examined gut
microbial enterotypes as a result of high-fat/low-fiber or low-fat/high-fiber diets, Wu et al. found
similar results but additionally observed that the enterotype of the host microbiome remained unaltered
as the relative distributions (abundance) of bacterial phyla and genera levels changed within 24 h
of initiating a new diet pattern [97]. However, the magnitude of the changes was modest and was
not sufficient to switch the individuals between the enterotype clusters associated with protein/fat
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and carbohydrates, suggesting an association between a long-term Mediterranean-style diet and
enterotype partitioning [97].

In a randomized controlled trial, Djuric and colleagues explored the relationship between
carotenoid concentrations and mucosal colonic bacteria in healthy individuals at an increased risk
of colon cancer. Colonic biopsy samples (1 = 88 at baseline, n = 82 after dietary intervention) were
obtained from the Healthy Eating study, in which the participants were assigned to one of two
dietary interventions, a MedDiet or a Healthy Eating diet for 6 months, with the primary difference
being the total fat content of the diet [98,99]. The researchers found that after the interventions,
the colonic mucosal bacteria was not significantly altered. However, 11 operational taxonomic
units were significantly associated with increased serum carotenoid concentrations, including lower
Firmicutes taxa and higher Proteobacteria abundance. Additionally, an increased abundance of
Prevotella sp. was observed in the highest carotenoid tertile [100]. These findings are consistent
with other “short-term” dietary intervention studies on the microbiome and suggest that long-term
dietary patterns may have a greater impact on changes in microbial ecology. The results from other
cross-sectional studies also evidence the higher abundance of Prevotella sp. with greater adherence
to the MedDiet [92,101]. De Filippis et al. found that Prevotella sp. was specifically associated with
fiber-degrading Firmicutes and increased levels of fecal SCFA, which has been associated with health
benefits [40]. Consistent with the previous section, higher urinary TMAO was associated with lower
adherence to the MedDiet. Another cross-sectional study assessing the association between the
MedDiet and microbial-derived phenolic compounds in stool samples (1 = 74) found that subjects with
greater MedDiet scores had statistically higher levels of Clostridium cluster XIVa and Faecalibacterium
prausnitzii, which is a butyrate producer with proposed anti-inflammatory properties. This suggests
the MedDiet may produce more beneficial bacteria in the gut, which produces healthy metabolites.
They also found that Akkermansia sp., Bacteroides-Prevotella-Porphirimonas sp., and Bifidobacterium sp.
trended higher in the 42 subjects scoring >4 on the MedDiet score (range 0-8); however, there was a
smaller presence of the Lactobacillus sp. group in the greater MedDiet adherence group [102].

In an earlier cross-sectional study, Gutierrez-Diaz and colleagues explored the effects of the
MedDiet in 31 healthy subjects. The study found that several individual components of the MedDiet
were associated with an abundance of specific gut taxa. For example, cereals were linked to
Bifidobacterium sp. and Faecalibacterium sp., olive oil with Tenericutes and Dorea sp., red wine with
Faecalibacterium sp., vegetables with Rikenellaceae, Dorea sp., Alistipes sp., and Ruminococcus sp.,
and legumes with Coprococcus sp. The study also observed direct associations between the MedDiet
classifications and the abundance of the phylum Bacteroidetes and family Prevotellacceae. Additionally,
the genus Prevotella sp. was found to be inversely related to the phylum Firmicutes and the genus
Ruminococcus sp. [92]. This lower ratio of Firmicutes-Bacteroides with higher adherence to the MedDiet
was also shown in a recent study with 27 healthy individuals [103]. In agreement with the previous
research, higher concentrations of fecal propionate and butyrate were detected, corroborating the
potential mediated health effects of the MedDiet by SCFA production.

In summary, the MedDiet affects the composition of the gut microbiota (such as higher Prevotella
sp., Clostridium cluster XIVa, F. Pprausnitzii, Bacteroides, and Bifidobaterium sp. or lower Firmicutes
and Bacteroides) and can affect the functionality, diversity, and activity of some bacteria, whose
metabolites can have health benefits (such as SFCA). Further studies evaluating temporal changes
to the colonization, stability, and enterotype changes of the gut microbiota in clinical studies are still
warranted to establish a gut microbiota composition as a marker of MedDiet adherence.
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3.2. Microbiome, the Mediterranean Diet, and the Association with Health

While extensive research exists in the literature regarding the health benefits of following a
MedDiet pattern, there is limited knowledge regarding the MedDiet’s impact on microbiome-mediated
disease outcomes. In this section, the literature on microbiome changes as they relate to MedDiet
consumption in individuals with known diseases and the contribution of microbiome changes to
disease risk will be reviewed and summarized in Table 4.

Emerging evidence is showing that the adherence to a MedDiet is associated with more gut
microbial diversity. In the CORonary Diet Intervention with Olive Oil and Cardiovascular PREVention
(CORDIOPREYV) study, 138 participants with metabolic syndrome (MetS) and 101 without MetS were
randomized into two groups. For 2 years, both groups underwent either a MedDiet or a low-fat diet
intervention. At basal time, a higher abundance of Bacteroides, Eubacterium and Lactobacillus generas
were found while Bacteroides fragilis group, Parabacteroides. distasonis, Bacteroides thetaiotaomicron,
Faecalibacterium prausnitzii, Fusobacterium. nucleatum, Bifidobacterium. longum, Bifidobacterium adolescentis,
Ruminococcus flavefaciens subgroupm and Eubacterium rectale were decreased in the participants with
MetS when compared to those without. After the two-year intervention, MedDiet adherence increased
the abundance of P. distasonis, B. thetaiotaomicron, F. prausnitzii, B. adolescentis, and B. longum in the MetS
patients, suggesting that a long-term MedDiet partially restored the dysbiosis in the gut microbiota in
the MetS patients, although the MetS persisted.

In another study conducted by the same research team, the effects of both a MedDiet and a low-fat
diet were examined but this time on the restoration of the microbiome in three different groups of
participants. A total of 106 subjects were evaluated: 33 were obese with MetS, 32 were obese without
MetS, and 41 were not obese and did not have MetS. The researchers found that the MedDiet and
low-fat diet consumption restored the microbiota in the MetS-obese participants to the gut microbiome
found in metabolically healthy people. However, no significant changes in gut microbial composition
occurred if MetS was absent (non-MetS-non-obese or non-MetS-Obese). Specifically, the study showed
that the Firmicutes/Bacteroidetes ratio (which has been linked to obesity) was related to the presence
or absence of metabolic traits and not with obesity itself. The Met-Obese group, previously described
with a reduction of genera with saccharolytic activity, showed increases in Bacteroides, Prevotella (both
forming bacteroidetes phylum), Faecalibacterium, Roseburia, Ruminococcus generas, and P. distasonis
and F. prausnitzii, a decreasing Firmicutes/ Bacteroidetes ratio, and no effect on the abundance of
Streptococcus or Clostridium. This is important because the restoration of saccharolytic activity
genera are associated with an increase in fermentation capacity to SCFA, for which health benefits
have previously been described. Consistent with those results, an increased abundance of Roseburia
sp. and Oscillospira sp. and insulin sensitivity were found in 20 obese subject after following a
one-year MedDiet intervention [104]. This butyrate-producing genus (Roseburia) has been found to
have anti-inflammatory effects and has a lower abundance in T2D [105,106]. Interestingly, F. prausnitzii,
which in the previous literature had been significantly increased with MedDiet consumption [102,107],
increased significantly only in the low-fat diet group. This study also showed that some changes
in fecal and plasma metabolites could also be linked to changes in gut microbiota [102]. Overall,
the results of this study suggested that a MedDiet could be used to prevent and manage T2D, although
more research is necessary to associate these therapeutic effects with microbiome-related factors [104].

Other studies exploring the MedDiet’s influence on inflammation associated with Crohn’s disease
(CD) found that 6 weeks of MedDiet intervention had no significant effect on the microbial ecology
relative to the control group. However, a trend towards “normal” composition (Bacteroidetes and
Clostridium clusters IV and XIVa increased, and the abundance of Proteobacteria decreased as did
Bacillaceae) was found in this study. Notwithstanding the lower number of subjects (1 = 8), shorter
duration, and absence of a significant alteration in the microbial ecology in this particular study,
it should be noted that study participants were already under dietary management of CD, which may
have altered their microbiota before the study [83]. Finally, Mitsou et al. explored the relationship
between MedDiet adherence with gut microbiota composition and gastrointestinal (GI) symptomology.
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A profiling analysis showed that participants with high adherence to the MedDiet had significantly
less Escherichia coli, a higher ratio of Bifidobacteria to E. Coli, and increased levels of Candida albicans
and SCFA [108]. Interestingly, the MedDiet was also correlated with the alleviation of undesirable GI
symptoms and fecal moisture.

The present literature reveals that consuming a global MedDiet leads to alterations in the
microbiome; however, the extent to which these changes occur likely depends on numerous factors.
The study duration, disease risk, progression and severity, and dietary adherence potentially impact the
observed microbial changes. Furthermore, smoking, alcohol consumption, physical activity, and other
lifestyle behaviors may also be important determinants in influencing gut microbial composition. It is
well known and widely accepted that consumers of healthy dietary patterns often engage in a variety
of positive health practices, thus restricting the credibility of intervention studies as an appropriate
evaluation method of the MedDiet’s microbial influence on health [92]. Further research is necessary
to better identify the general outcome of MedDiet consumption on the microbiome and to identify
contributing factors to microbial changes. Figure 2 provides a summary of the evidence of the previous
two sections.
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Figure 2. Depiction of the microbiota associated with MedDiet consumption in the absence and
presence of disease. All the increases in the microbial changes are identified with an up arrow, and all
the decreases are identified with a down arrow. General alterations in the microbiota were only
indicated if two or more studies identified that same bacterial change. Research on microbial responses
to MedDiet intervention in different disease states is limited, but what has been observed is listed
under each respective disease. |: decreased with the consumption of MedDiet. 1: increased with
consumption of MedDiet.
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4. Conclusions, Implications, and Future Directions

In recent years, high-throughput metabolomic and microbiome analysis techniques have emerged
as promising, objective tools to aid and complement the traditional epidemiology methods used to
assess diet. Due to the complexity of the diet-disease relationship, assessing both the metabolome
and microbiome of an individual may help provide information regarding dietary patterns in light
of the information provided in Food Frequency Questionarries (FFQs), food diaries, and interviews.
In addition, metabolomics can help to document compliance in dietary intervention studies, although
it should be recognized that unlike in drug studies, blinding and/or randomization of the participants
may be difficult in nutrition research. Currently, metabolomic literature has identified numerous
metabolites related to the consumption of individual dietary components and has begun to identify
metabolomic patterns in response to global dietary patterns. Identifying specific physiologically
relevant small metabolites derived after the ingestion of unique diets may provide insight into health
status and merits further investigation. In order for metabolites to assist in dietary assessment,
they must be stable and sensitive to dietary consumption and also reflect long-term usual intake.
Subtle and intermittent fluctuations in metabolite concentrations, as well as a short half-life, may not
only pose analytical challenges, but also may only be indicative of recent dietary intake and not a
global dietary pattern.

The current MedDiet-microbiome literature, though promising, does not provide conclusive
evidence on the relative contributions of the gut microbiome on the beneficial health outcomes
associated with the MedDiet [110]. Emerging evidence from the literature points to the prominent role
of the microbiome in human health, although the causality and governing mechanisms remain unclear.
Moreover, differences in microbial profiles appear to be dependent upon several factors including
age, habitual dietary consumption, overall health, disease risk, and underlying pathology [110-112].
Therefore, at this time, the analysis of microbial composition, though promising, cannot be
recommended as a stand-alone tool for either dietary assessment or related health outcomes. It can,
however, complement and strengthen the existing tools, and it holds significant potential as a promising
tool in the future. Further research that comprehensively examines the relationships between dietary
patterns, microbial changes, and disease outcomes should also focus on using standardized methods
and reporting processes that are transferrable across different research groups [110]. Furthermore,
systemic approaches that integrate both metabolomics and the microbiome will help researchers to
understand their complex interrelationships and interactions with health. The evidence shows that
some metabolites (e.g., SCFA production) are mediated by the gut microbiome [40,112]. For example,
the CORDIOPREV study found that changes in the metabolites in feces were accompanied by changes
in the gut microbiota [101], and a recent investigation within the Malmo Offspring Study found an
association between four gut microbiota genera and body mass index-predicted plasma metabolites,
including glutamine and BCAAs [113]. Thus, evidence is emerging in this regard, and recent and
future studies will further elucidate these relationships/associations (such as the potential effect of the
microbial amino acid metabolism on obesity [114]).

It is undeniable that emerging, big data, multi-omics approaches will improve our understanding
of the distinctive metabolomics/microbial characteristics that contribute to our overall health and
disease risk at an individual and population level. Each method is accompanied by its own strengths
and limitations, but when used together, subjective dietary assessments, metabolomic assessments,
and microbiome assessments may be able to provide a much more complete picture of the diet-health
relationship. This knowledge can have a significant impact on the shaping of policy and the
advancement of targeted precision/personalized nutrition-based therapeutic approaches for the
prevention and management of chronic diseases [110,115].

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/1/207 /51,
Table S1: Main findings and evidence from metabolites associated with food.
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Abstract: The Mediterranean diet (MD) is characterized by high consumption of fruits, vegetables,
cereals, potatoes, poultry, beans, nuts, lean fish, dairy products, small quantities of red meat, moderate
alcohol consumption, and olive oil. Most of these foods are rich sources of bioactive compounds
which may play a role in the protection of oxidative stress including DNA damage. The present
review provides a summary of the evidence deriving from human intervention studies aimed at
evaluating the impact of Mediterranean diet on markers of DNA damage, DNA repair, and telomere
length. The few results available show a general protective effect of MD alone, or in combination with
bioactive-rich foods, on DNA damage. In particular, the studies reported a reduction in the levels
of 8-hydroxy-2'-deoxyguanosine and a modulation of DNA repair gene expression and telomere
length. In conclusion, despite the limited literature available, the results obtained seem to support
the beneficial effects of MD dietary pattern in the protection against DNA damage susceptibility.
However, further well-controlled interventions are desirable in order to confirm the results obtained
and provide evidence-based conclusions.

Keywords: Mediterranean diet; DNA damage; DNA repair; telomere length; dietary intervention study

1. Introduction

Oxidative stress is a condition characterized by an imbalance between formation of reactive
oxygen species (ROS) and antioxidant defense mechanisms. Overproduction of ROS can cause
oxidative damage to lipids, proteins, and DNA [1]. The integrity and stability of DNA is essential
to life and for the maintenance of normal cell functions. The most common types of stressors, apart
from oxidative species, include chemical agents, ultraviolet/ionizing radiation, and xenobiotics
that can contribute to DNA damage and to formation of base deamination, base alkylation, base
dimerization, base oxidation, and single/double strand breakage [1]. The resulting DNA damage,
if not properly repaired, can increase risk of mutagenesis and bring to the onset or the development
of numerous degenerative diseases including cardiovascular diseases (CVDs), diabetes mellitus,
Alzheimer’s disease, and cancer [2—4]. Chronic oxidative stress has also been reported as a critical
mechanism involved in telomere shortening [5]. Telomeres consist of long stretches of TTAGGG-DNA
repeats associated with specific proteins and located at the end of chromosomes. They are involved in
the protection of chromosomic stability and have been recognized as potential biomarkers of biological
aging [6].
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Increasing evidence suggests the crucial role of dietary and lifestyle habits as determinants of DNA
oxidative damage [7,8], DNA repair [9], and telomere length [10]. Bioactives and bioactive-rich foods
can exert a protective effect against oxidative stress resulting in lower DNA damage. For instance, DNA
damage protection has been observed in several human intervention studies following the consumption
of tomato [11,12], broccoli [13,14], spinach [15,16], blueberry [17,18], orange juice [19,20], nuts [21,22],
green tea [23,24], and coffee [25,26]. Most of these foods are present in the Mediterranean diet (MD)
and represent a rich sources of bioactive compounds such as vitamins, carotenoids, glucosinolates,
and polyphenols acting as antioxidants or activators of endogenous multiple defense systems [27,28].
In addition, food bioactives have been demonstrated to induce DNA repair activity and to help in
maintaining telomere length [10].

The MD has been identified as a sustainable and healthy dietary pattern characterized by a high
intake of vegetables, legumes, fruits and nuts, cereals, olive oil, a moderately high intake of fish, a
low-to-moderate intake of dairy products, a low intake of meat and poultry, and a regular but moderate
intake of alcohol, primarily in the form of wine and generally within meals [29,30]. The adherence to the
MD has been recognized to have a favorable effect on blood pressure, insulin sensitivity, lipid profile,
inflammation, and oxidative stress, with a consequent decreased risk of numerous non-communicable
diseases such as CVDs, cancer, and related deaths [31-33]. The results of PREDIMED (PREvencion con
Dleta MEDiterranea), a multicenter, randomized, nutritional intervention trial carried out in Spain
from 2003 to 2011, demonstrated the protective effect of the traditional MD against CVD in individuals
at high cardiovascular risk [34-37].

The exact mechanisms by which MD exerts its protective effects are not yet completely understood
since numerous aspects such as lifestyle and environmental factors, characterizing Mediterranean style,
can be involved and may interact contributing to the health benefits observed. However, the intake
of bioactive compounds with a direct and/or indirect antioxidant action could represent a plausible,
even if not the unique, explanation for the apparent benefits. A specific target of this protection could
be represented by the defense of DNA from oxidative damage. The present review summarizes the
main findings derived from human intervention studies addressing the impact of the MD on DNA
protection and telomere length.

2. Materials and Methods

2.1. Search Strategy and Study Selection

PUBMED (http:/ /www.ncbinlm.nih.gov/pubmed) and EMBASE (http:/ /www.embase.com/)
databases (updated December 2018) were searched to identify pertinent articles. The searches used
the combination of the following terms: (Diet, Mediterranean OR Mediterranean diet OR diets,
Mediterranean OR Mediterranean diets) AND (DNA damage OR DNA damages OR damage, DNA
OR damages, DNA OR DNA injury OR DNA injuries OR injuries, DNA OR injury, DNA OR genotoxic
stress OR genotoxic stresses OR stresses, genotoxic OR stress, genotoxic OR telomeric DNA damage
OR telomere length). The retrieved papers were also screened for additional papers. The search
strategy is summarized in Figure 1.

The search was limited to human intervention studies. No other specific restrictions for the
selection of the studies have been used with the exception of the language. Only papers written in
English have been considered. Two independent reviewers (MM and DM) conducted the literature
search in the scientific databases and assessed and verified the eligibility of the studies based on the
title and abstract. Disagreement between reviewers was resolved through consultation with a third
independent reviewer (CDB) to reach a consensus.

Data extraction of the papers meeting the inclusion criteria was performed by two reviewers (MM
and MT). The following information was reported: (1) first author name and year of publication; (2) the
country where the study was performed; (3) study design; (4) subjects’ characteristics; (5) characteristics
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of the control group; (6) characteristics of the intervention group; (7) list of markers of DNA damage;

and (8) main findings.

Records identified through
database searching (n=233): | ——p Duplicates (1 = 39)
- PubMed (n =78)
- Embase (1 = 155)

Records after duplicates Records excluded based on title or
removed ’ abstract (1 = 182)
(n=194)

|

Records of full-text assessed

for eligibility Not of interest or pertinent (1 = 4)

(n=12)

A 4

Records included in the
qualitative analysis
(n=8)

Included} [ Eligibility ’ { Screening ’ ‘ Identification

Figure 1. Flowchart of the study selection process.

2.2. Risk of Bias in Individual Studies

Risk of bias in individual studies was assessed independently by two review authors (MM
and DM) by considering the following components to produce the resulting scores: (1) Selection
Bias—Sequence generation and allocation concealment; (2) Performance Bias—Blinding of participants
and personnel; (3) Detection Bias—Blinding of outcome assessment; (4) Attrition Bias—Incomplete
outcome data; (5) Reporting Bias—Selective reporting; and (6) Other Bias. Scores were assessed
considering three potential bias risks: “Low risk of bias”, when the study presented the considered
characteristics; “High risk of bias”, when the study did not fully highlight the considered characteristics;
and “Unclear risk of bias”, when it was not possible to attribute one of the two other scores (“Low risk”
or “High risk”) due to missing information. All disagreements were resolved by consensus with a

third reviewer (CDB).
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3. Results and Discussion

3.1. Study Selection

A total of 233 records were identified from PubMed and EMBASE database search. After removing
39 duplicate articles, 194 studies were screened and 182 excluded based on title or abstract. The full
text of eligible studies (1 = 12) was read; a total of four records were excluded because not of interest
or pertinent. At the end of the selection process a total of 8 human intervention studies were included
in the review [38—45].

3.2. Study Characteristics

The main characteristics of the studies included in the review are reported in Table 1. Six out of
eight studies were conducted in Spain [39-42,44,45], one in New Zealand [38], and one in Chile [43].
The study population included males and females of different age (young, adults and older subjects),
and with different characteristics: healthy subjects [39,41], individuals with high cardiovascular risk [44,45],
metabolic syndrome [40], and prostate cancer [38]. All the studies showed a randomized controlled
design with the exception of one non-randomized and non-controlled study [38]. The duration of the
intervention varied from a minimum of 4 weeks [39,41,43] up to 5 years [44,45]. Most of the investigations
did not analyze the effects of MD alone but in combination with olive oil [40,42], nuts [40], wine [43],
or MD supplemented with coenzyme Q10 [39,41]. Among the various markers of DNA oxidative
damage, 8-hydroxy-2’-deoxyguanosine (8-oxo-dG) was the main evaluated, followed by the expression
of DNA repair genes and telomere length. Only one study quantified the levels of strand breaks and
oxidatively-induced DNA damage in peripheral blood mononuclear cells (PBMCs) [38].

3.3. Risk of Bias of the Studies

Risks of bias within individual studies are reported in Figures S1 and S2. On the whole, the results
show an unclear risk of bias for most of the types of bias. The performance (blinding of participants
and personnel) and the selection (i.e., random sequence generation) represent the highest risks of bias.

3.4. Main Findings

The characteristics of the intervention, the type of markers analyzed and the main findings of
the studies are reported in Table 2. On the whole, the results obtained show that MD alone or in
combination with specific bioactive-rich foods (i.e. olive oil, nuts, red wine) or antioxidant compounds
(i.e., coenzyme Q10), may exert a protection against DNA damage and play an important role in the
modulation of DNA repair genes (e.g. down-regulation of growth arrest and DNA-damage-inducible
alpha, polymerase (DNA directed)). In particular, three studies reported a reduction of the levels of
8-0x0-dG in urine [40], plasma [41], or peripheral blood leukocytes [43] following the intervention
with the MD alone or in combination with others foods/dietary components, while one study did not
report a significant effect [42]. Conversely, one study showed a significant decrease in the levels of
oxidatively-induced, but not endogenous, DNA damage [38]. Regarding DNA repair capacity, two
studies showed a significant modulation of the genes involved in this repair pathway activity [39,41],
while one study failed to report a significant effect [42]. The effect of MD on telomere length has
been investigated within the PREDIMED-NAVARRA study. One paper did not show any effect on
telomere length after MD intervention [44], while the other reported a significant increase in telomeres
depending on different individual gene variants [45].
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To the best of our knowledge, this is the first review aimed at providing evidence on the effects of
MD in the modulation of DNA damage, DNA repair genes, and telomere length. The availability of
data on protection from DNA damage is significant, since it has been reported to play a crucial role
in the development of degenerative diseases, while the adherence to MD can represent a protective
dietary pattern.

It is noteworthy that most of the studies focused their attention on the dietary fat quality as
possible determinant of DNA damage and numerous diseases. In particular, it has been suggested
that the amount and quality of dietary fats could be important for the maintenance of DNA stability.
Some researchers found that a polyunsaturated fatty acid (PUFA)-rich diet was associated with
reduced DNA damage [46], while saturated fatty acid (SFA) intake was demonstrated to increase DNA
damage [47]. In this regard, a recent study evaluated the association between fat intake, as part of a
modified Mediterranean style dietary intervention study, and several markers of inflammation and
oxidative stress including DNA damage [48]. The authors found an inverse correlation between DNA
damage and monounsaturated fatty acids (MUFAs), particularly oleic acid, while a positive correlation
was observed between DNA damage and the intake of dairy products and red meat (possibly due to
SFAs) [48].

The role of MUFAs and PUFAs in the modulation of the levels of DNA damage and DNA repair
has been poorly investigated in vivo and results, in particular for PUFA, are quite controversial.
For example, Bishop et al. [48] found a positive correlation between DNA damage and circulating
levels of omega-6 PUFA. Similar findings were found in other in vivo studies hypothesizing a process
of lipid peroxidation as determinant of DNA damage [49-51]. Conversely, numerous other studies
have reported a protection of MUFAs and PUFAs against oxidative stress and DNA damage [46,
52,53]. In the present review, the role of olive oil and nuts as food sources of MUFA and PUFAs
respectively, but not limited to them, has been evaluated within a context of Mediterranean diet.
Mitjavila and colleagues [40] performed a randomized, controlled, parallel clinical trial in which
110 female subjects with metabolic syndrome, recruited within the PREDIMED study, were randomly
assigned to three intervention groups: (1) MD plus nuts; (2) MD plus extra virgin olive oil; and (3)
control diet (advice on low-fat diet). The effects of these three interventions on the levels of DNA
damage and other parameters related to cardiovascular health were evaluated after 1-year follow-up.
The results obtained showed an overall significant improvement of cardiovascular health outcomes
and a reduction in the urinary levels of 8-OH-dG in the MD group as compared to the control group.
In another study, Konstantinidou and coworkers [42] investigated the effects of the traditional MD,
associated with the consumption of two different virgin olive oils, on the expression of atherosclerosis
markers and related genes including DNA damage and DNA repair genes. To this aim, the authors
performed a randomized, parallel, controlled clinical trial with three different interventions: (1) MD
plus virgin olive oil; (2) MD plus washed virgin olive oil (low content in polyphenols compared to
normal virgin olive oil); (3) control diet consisting in the habitual diet of the participants. The impact
of the dietary interventions was evaluated in 90 subjects (30 subjects for each arm of intervention) after
3 months. The results have shown an overall general improvement of the MD intervention on the
genes and markers related to atherosclerosis, while the effect on the urinary levels of 8-OH-dG was
significant only after the intervention with virgin olive oil but not washed virgin olive oil. Conversely,
the effect on the modulation of DNA repair genes was significant only when considering the global
effect of both the interventions with the MD and olive oil. The results showed a down-regulation of
polymerase (DNA directed) k (POLK) gene expression, suggesting a protective role of the MD on DNA
oxidation and damage. In fact, POLK is a specialized DNA polymerase that catalyzes the translesion
DNA synthesis, which allows DNA replication in the presence of lesions. The authors attributed the
beneficial effects of the intervention to presence of MUFAs and other components (i.e. polyphenols)
provided by olive oil and the MD.

SFAs may promote cell transformation by negatively regulating the DNA damage response
pathway [49]. Gutierrez-Mariscal et al. [41] evaluated the impact of a 4-week intervention with MD
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and MD plus coenzyme Q10 (a fat-soluble bioactive with antioxidant activity), compared to a SFA-rich
diet, on different markers of DNA damage and DNA repair in a group of elderly subjects. The authors
found a significant decrease in p53 protein levels (a transcription factor which mediates the cellular
response to DNA damage), as well as plasma circulating 8-OH-dG levels (as marker of DNA damage),
following both the Mediterranean dietary approaches but not with the diet rich in SFAs. The authors
also demonstrated, in the same population, that the adherence to MD was able to control the expression
of DNA repair genes, while the intervention with the SFA diet triggered the p53-dependent DNA repair
machinery, as defense mechanism in response to a stress condition [26]. Similarly, Urquiaga et al. [43]
investigated the effect of a 3-month MD intervention versus an Occidental diet (OD, resembling a
Western or U.S. diet) richer in fat, in particular SFAs, in a group of young healthy subjects. During the
first and the third month, subjects received the prepared diets alone, while during the second month
they were asked also to add 240 mL of red wine (corresponding to 2 glasses per day). Subjects on
MD, compared to those on OD (higher in SFAs), had reduced levels of 8-OH-dG in peripheral blood
leucocytes. However, since both the diets included a moderate consumption of red wine for a period of
30 days, a positive or negative contribution of this product in the results obtained cannot be excluded.

DNA damage has been positively associated with cancer risk. In fact, it has been clearly
documented that DNA lesions can alter the primary structure of the double helix thereby affecting
transcription and replication [53]. Moreover, erroneous DNA repair of lesions can lead to mutations
or chromosomal aberrations affecting oncogenes and tumor suppressor genes; the effect is that cells
undergo malignant transformation resulting in cancerous growth with deleterious consequences for
individual’s health [53]. Several epidemiological studies reported an inverse association between MD
adherence and neoplastic diseases [54-56] at the level of different sites such as breast [57], colorectal [58],
bladder [59], and prostate cancer [60]. In the present review, we included a dietary intervention study
performed on 20 subjects with prostate cancer in which the effect of a modified Mediterranean-style
diet, consisting in extra-virgin olive oil, fresh frozen salmon, unsweetened pure pomegranate juice
and canned legumes, was evaluated [38]. The intervention was a 3-month non-randomized controlled
trial in which the levels of DNA damage in individual cells were evaluated by the comet assay [61,62].
The authors documented that dietary changes towards a modified Mediterranean-style pattern could
have beneficial effects in terms of reduction of oxidatively-induced DNA damage in this specific target
group [38]. This effect was attributed to an undeterminable synergistic effect of dietary components
provided through the MD intervention.

Some observational and ex-vivo studies have shown that a greater adherence to MD was
associated not only with an improvement of health status, but also with longer telomeres and higher
telomerase activity in the elderly [63-66]. Garcia-Calzén and colleagues [44] found that a higher
baseline adherence to the MD was associated with longer telomerases in women, but not in men,
from the PREDIMED-NAVARRA study. After the 5-year intervention, the results obtained showed
that the MD failed to prevent telomere shortening in this target group of older subjects. However,
further data elaboration, by considering some gene variants (i.e., Pro/Ala polymorphisms of the
peroxisome proliferator-activated receptor y2), showed that subjects with Ala carrier variant had
increased telomeres length following MD intervention [45]. Moreover, the research team documented
that the adherence to MD intervention improved obesity parameters [67] and dietary inflammatory
index [68], likely slowing down telomere shortening.

4. Conclusions

Undoubtedly, the MD represents a balanced and healthy dietary pattern associated with a reduced
risk of major chronic diseases. However, the role of the MD in the modulation of DNA damage, as
potential contributor in disease onset, is poorly investigated. Apart from PREDIMED, most of the
studies did not focus on the role of the MD as such, but in combination with specific bioactives
and/or bioactive-rich foods; thus, specific contributions are difficult to discern. Although preliminary,
the papers reviewed seem to strengthen the hypothesis of a potential role of MD in the protection of
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DNA damage and in the modulation of DNA repair genes and telomere length. However, the studies
show several limitations due to the numerous bias and confounding factors apparently present in the
experimental designs. For these reasons, the results in the present review can represent a starting point
for further well-controlled intervention studies targeted on the specific effects of traditional and/or
revised MD pattern in the modulation of DNA damage. These studies will be useful to provide more
evidence-based proof of MD protective activity and to reveal the molecular mechanisms at the base of
the protection observed.
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Abstract: Background: Sleep quality has been associated with human health and diseases, including
cognitive decline and dementia; however major determinants of sleep disorders are largely unknown.
The aim of this study was to evaluate the association between sleep quality and adherence to the
Mediterranean dietary pattern in a sample of Italian adults. Methods: A total of 1936 individuals were
recruited in the urban area of Catania during 2014-2015 through random sampling. A food frequency
questionnaire and validated instruments were used to assess the adherence to the Mediterranean diet
and sleep quality (Pittsburg sleep quality index). Multivariate logistic regressions were performed
to determine the association between exposure and outcome. Results: A total of 1314 individuals
(67.9% of the cohort) reported adequate sleep quality: for each point increase of the Mediterranean
diet score, individuals were 10% more likely to have adequate sleep quality. In an additional analysis
stratifying the sample by weight status, the association between sleep quality and high adherence to
the Mediterranean diet was observed only among normal/overweight individuals but not in obese
participants. Conclusions: high adherence to a Mediterranean diet is associated with better sleep
quality either toward direct effect on health or indirect effects through improvement of weight status.

Keywords: Mediterranean diet; sleep quality; cognitive decline; dementia; weight status; mental
health; obesity; cohort; Italy

1. Introduction

Epidemiological evidence suggests that sleeping habits might be related to human health, including
cardio-metabolic and mental health outcomes [1,2]. Most of existing evidence focuses on sleep duration,
suggesting that lack of sleep may exert negative effects on a variety of systems [3]. The mechanisms
mediating the relation between sleep and health status are not entirely clear, but are likely to be
multifactorial, involving hormonal disruption, metabolic impairment, and inflammatory processes [4,5].
Although short term sleep deprivation is associated to decrements in the psychomotor vigilance task,
the most consistent finding animal studies showed that chronic unhealthy sleeping behaviors may
impact central nervous system structural plasticity in different ways, including reduction of spine
density and attenuation of synaptic efficacy in the hippocampus [6]. Long-term changes in sleep quality
and architecture have been related to cognitive impairment; while the incidence of sleep disorders may
increase with normal aging, further impairment of sleep-dependent memory consolidation has been
observed in relation with neurodegenerative diseases, including dementias and Alzheimer’s disease [7].
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It is not clear whether sleep disturbances occur with higher rate in individuals having cognitive
impairment or dementia, or they may also represent an independent risk factor for such pathological
conditions. However, sleep disorders and cognitive decline seem to be somehow connected at the
pathophysiological level [8]. Therefore, it is potentially important to identify determinants of sleep
disorders in middle-aged and older adults as a strategy to prevent cognitive decline and dementia.

Among the many factors studied, diet has been the focus of recent attention due to the potential
relation with both sleep quality and its related health outcomes [9]. The Mediterranean dietary pattern
has gained popularity over recent decades due to its palatable taste and a strong evidence of benefits
for health [10]. Despite a single definition of Mediterranean diet cannot be achieved, it refers to the
traditional diet of Southern Italian people explored in the 60s by Ancel Keys, characterized by certain
peculiarities including high consumption of plant-based foods (such as fruit, vegetable, legumes
and nuts), preference for whole-grain cereals, fish (whenever available) and dairy products instead
of other sources of refined carbohydrates and animal proteins, respectively; other characteristics
were the daily consumption of olive oil and moderate intake of alcohol (mostly red wine) during
meals [11]. A combination of these features has been further investigated in several studies, leading
to the development of a number of adherence scores ideally optimized for type of population (i.e.,
geographical localization), diet parameters availability (i.e., completeness of dietary questionnaires),
and generalizability of results (i.e., use of comparable scores) [12]. High adherence to the Mediterranean
diet has been associated with a number of cardio-metabolic health outcomes [13,14], including lower
risk of cardiovascular-related disorders [15,16], diabetes [17], metabolic syndromes [18,19], and
non-alcoholic fatty liver disease [20,21]. These beneficial effects are ascribed to various mechanisms,
mostly involving a high content in antioxidants and healthy dietary fats, which in turn may improve
insulin sensitivity, reduce vascular inflammation and improve endothelial dysfunction [22]. Lately,
a large body of literature has also shown that adherence to a Mediterranean dietary pattern may
exert benefits also toward mental health and neurological outcomes, including stroke, cognitive
impairment, depression, and dementia [23-28]. Recent evidence shows a relation between adherence
to the Mediterranean diet and sleep duration and quality in adults [29-31], but only few studies have
been performed and more research is warranted to better investigate such a relation. The aim of this
study was to evaluate the association between sleep quality and adherence to the Mediterranean
dietary pattern in a sample of Italian adults.

2. Materials and Methods

2.1. Study Population

The Mediterranean healthy Eating, Aging, and Lifestyles (MEAL) study is cross-sectional study
aimed to explore the relation between nutritional and lifestyle behaviors characterizing individuals
living in the Mediterranean area. The detailed study protocol with the rationale, design, and methods
has been described in detail elsewhere [32]. Briefly, the cohort consisted of a random sample of
men and women (age 18+ years) registered in the records of local general practitioners in the urban
area of Catania, one of the largest cities in the east coast of Sicily, southern Italy, during 2014-2015.
The sampling technique included stratification by municipality area, age, and sex of inhabitants, and
randomization into subgroups, with randomly selected general practitioners being the sampling units,
and individuals registered to them comprising the final sample units. Pregnant women were not
considered in this study. Participants randomly selected for recruitment were stratified by sex and
10-year age groups. The theoretical sample size was set at 1500 individuals to provide a specific
relative precision of 5% (Type I error, 0.05; Type II error, 0.10), taking into account an anticipated
70% participation rate. Out of 2405 individuals invited, the final sample size was 2044 participants
(response rate of 85%). All the study procedures were carried out in accordance with the Declaration
of Helsinki (1989) of the World Medical Association. Participants provided written informed consent
and the study protocol was approved by the ethics committee of the referent health authority.
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2.2. Data Collection

Data regarding demographic (i.e., age, sex, educational and occupational level) and lifestyle
characteristics (i.e., physical activity, smoking and drinking habits) were collected. Educational level
was categorized as: (i) low (primary/secondary), (ii) medium (high school), and (iii) high (university).
Occupational level was classified as: (i) unemployed, (ii) low (unskilled workers), (iii) medium
(partially skilled workers), and (iv) high (skilled workers). Physical activity level was assessed using
International Physical Activity Questionnaires (IPAQs) [33], which are comprised a set of questionnaires
(5 domains) on time spent being physically active in the last 7 days that allow categorization of physical
activity as: (i) low, (ii) moderate, and (iii) high. Smoking status was classified as: (i) non-smoker,
(ii) ex-smoker, and (iii) current smoker. Alcohol consumption was categorized as (i) none, (ii) moderate
drinker (0.1-12 g/d) and (iii) regular drinker (>12 g/d). Anthropometric measurements were performed
according to standardized methods [34]. Height was measured to the nearest 0.5 cm without shoes,
with the back square against the wall tape, eyes looking straight ahead, with a right-angle triangle
resting on the scalp and against the wall. Body mass index (BMI) was calculated, and patients were
categorized as under/normal weight (BMI <25 kg/m?), overweight (BMI 25 to 29.9 kg/m?), and obese
(BMI >30 kg/m?) [35].

2.3. Dietary Assessment

Dietary data was collected using long and short food frequency questionnaires (FFQs), developed
and previously validated for the Sicilian population [36,37]. The FFQs consisted of 110 food and drink
items representative of the diet during the previous 6 months. Participants of the study were asked
how often, on average, they had consumed foods and drinks included in the FFQ, with nine responses
ranging from "never" to "4-5 times per day". Intake of food items characterized by seasonality referred
to consumption during the period in which the food was available and then adjusted by its proportional
intake over one year. After exclusion of 107 entries with unreliable intakes (<1000 or >6000 kcal/d,
controlled case by case and validated due to missing food items or unreliable answers), a total of
1936 individuals were included in the analyses for the present study.

2.4. Adherence to the Mediterranean Diet

Mediterranean diet adherence was assessed using the score developed by Sofi et al. [15]. Briefly,
a scoring system (the MEDI-LITE score) was built based on existing literature weighting all the median
(or mean) values for the sample size of each study population and then calculating a mean value
of all the weighted medians; hence, two standard deviations were used to determine three different
categories of consumption for each food group. For food groups, typical of the Mediterranean diet (fruit,
vegetables, cereals, legumes and fish), two points were given to the highest category of consumption,
one point for the middle category and zero points for the lowest category of intake. Contrariwise,
for food groups not typical of the Mediterranean diet (meat and meat-based products, dairy products),
two points were given for the lowest category, one point for the middle category and zero points
for the highest category of consumption. Regarding alcohol, categories related to the alcohol unit
(one alcohol unit = 12 g of alcohol) were used by giving two points to the middle category (1-2 alcohol
units/d), one point to the lowest category (>1 alcohol unit/d) and zero points to the highest category of
consumption (>2 alcohol units/d). The final score comprised nine food categories (including olive oil)
with a score ranging from zero points (lowest adherence) to 18 points (highest adherence).

2.5. Sleep Quality

The Pittsburg sleep quality index (PSQI) [38] was used to assess participants’ sleep quality and
disturbances in the past six month. It consists of 19 items which are rated on a four-point scale (0-3) and
grouped into seven components (sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbance, use of sleeping medications, and daytime dysfunction). The item scores in each
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component were summed and converted to component scores ranging from 0 (better) to 3 (worse)
based on guidelines. Total PSQI scores were calculated as the summation of seven component scores
ranging from zero to 21, where higher score indicates worse condition. A total global PSQI score of <5
is indicative of adequate sleep quality.

2.6. Statistical Analysis

Categorical variables are presented as frequencies of occurrence and percentages differences
between groups were tested using a Chi-squared test. First, the difference between distribution of
background variables by sleep quality (adequate vs. inadequate) was tested. Second, differences in
distribution of sleep-related characteristics between groups of individuals divided into quartiles of
Mediterranean diet adherence score (Q1 had the lowest adherence, Q4 had the highest adherence) was
tested. The relation between adherence to the Mediterranean diet and sleep-related outcomes was
tested through multivariate logistic regression analysis adjusted for baseline characteristics (age, sex,
marital, educational and occupational status, smoking and alcohol drinking habits, and physical activity
level) comparing individuals grouped into quartiles or estimating the association by 1-point increase of
the Mediterranean diet adherence score. A sensitivity analysis excluding, one at a time, each individual
component of the Mediterranean diet adherence score was performed. Finally, a subgroup analysis by
weight status categorization (normal/overweight and obese individuals) has been performed to test
stability of results. All reported p values were based on two-sided tests and compared to a significance
level of 5%. SPSS 17 (SPSS Inc., Chicago, IL, USA) software was used for all the statistical analysis.

3. Results

A total of 1314 individuals (67.9% of the sample) reported an overall adequate sleep quality
according to the PSQI score. The distribution of the baseline characteristics of the study participants by
sleep quality revealed that there were no significant differences between groups with the exception of
occupational level, as there was a significantly higher proportion of individuals with adequate quality
of sleep in the highest category than in the lower. However, the distribution was not linear, and a high
proportion of individuals with adequate quality of sleep were present also in the lowest category (Table 1).

Table 1. Baseline characteristics of the study participants by sleep quality. # indicates the number
of individuals that satisfy each condition within the total sample; % indicates the percentages of
individuals that satisfy each condition within the total sample.

Sleep Quality
Inadequate Adequate
(= 622) (n = 1314) p-Value
Sex, n (%) 0.052
Men 278 (44.7) 526 (40.0)
Women 344 (55.3) 788 (60.0)
Age groups, 1 (%) 0.161
<30 124 (19.9) 226 (17.2)
30-49 218 (35.0) 485 (36.9)
50-69 209 (33.6) 416 (31.7)
>70 71 (11.4) 187 (14.2)
Educational status, 1 (%) 0.119
Low 224 (36.0) 473 (36.0)
Medium 248 (39.9) 472 (35.9)
High 150 (24.1) 369 (28.1)
Occupational status, 7 (%) 0.011
Unemployed 131 (24.8) 330 (29.2)
Low 84 (15.9) 181 (16.1)
Medium 167 (31.6) 273 (24.2)
High 146 (27.7) 345 (30.5)
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Table 1. Cont.

Sleep Quality
Inadequate Adequate
(n=622) (n=1319) p-Value
Smoking status, 1 (%) 0.595
Never smoker 375 (60.3) 820 (62.4)
Former smoker 89 (14.3) 187 (14.2)
Current smoker 158 (25.4) 307 (23.4)
Physical activity level, n (%) 0.169
Low 93 (16.6) 236 (20.2)
Moderate 291 (52.0) 565 (48.4)
High 176 (31.4) 367 (31.4)
Health status, n (%)
Hypertension 292 (46.9) 684 (52.1) 0.036
Type-2 diabetes 45(7.2) 101 (7.7) 0.725
Dyslipidemias 118 (19.0) 238 (18.1) 0.649
Cardiovascular disease 57(9.3) 97 (7.6) 0.198
Cancer 19 (3.1) 59 (4.5) 0.134
Weight status, 1 (%) 0.372
Normal 267 (47.6) 584 (47.2)
Overweight 205 (36.5) 425 (34.4)
Obese 89 (15.9) 228 (18.4)

The relation between specific indicators of sleep quality of the study participants by quartiles of
the Mediterranean diet adherence score are reported in Table 2. Among participants more adherent to
the dietary pattern (the highest quartile, Q4) there was a higher proportion of individuals with overall
better sleep quality compared to the less adherent (the lowest quartile, Q1; 72.4% vs. 58.9%; P <0.001);
among specific domains of the PSQI, significantly lower occurrences of shorter sleep durations, longer
sleep latency, day dysfunction due to sleepiness, very low sleep efficiency and self-reported sleep
quality occurred among participants in the highest quartile of the Mediterranean diet adherence score.

Table 2. Overall sleep quality and sleep-related characteristics of the study participants by quartiles of
Mediterranean diet adherence score. n indicates the number of individuals that satisfy each condition
within the total sample; % indicates the percentages of individuals that satisfy each condition within

the total sample.
Mediterranean Diet Adherence Score *
Q1 Q2 Q3 Q4 p-Value
Overall sleep quality, 1 (%) <0.001
Adequate 272 (58.9) 403 (68.0) 440 (72.6) 199 (72.4)
Inadequate 190 (41.1) 190 (32.0) 166 (27.4) 76 (27.6)
Sleep duration, 7 (%) <0.001
>7h 246 (53.2) 371 (62.6) 376 (62.0) 171 (62.2)
6-7h 111 (24.0) 130 (21.9) 137 (22.6) 57 (20.7)
5-6h 65 (14.1) 58 (9.8) 74 (12.2) 33 (12.0)
<5h 40 (8.7) 34 (57) 19 (3.1) 14 (5.1)
Sleep disturbance, 1 (%) 0.311
None 53 (11.5) 54 (9.1) 74 (12.2) 35 (12.7)
Low 335(72.5) 444 (749) 451 (744) 207 (75.3)
Medium 74 (16.0) 95 (16.0) 81(13.4) 33(12.0)
High 0 0 0 0
Sleep latency, 1 (%) 0.003
Very short 172 (37.2) 253 (42.7) 298 (49.2) 135 (49.1)
Short 153 (33.1) 210 (35.4) 181 (29.9) 85 (30.9)
Medium 101 (21.9) 94 (15.9) 97 (16.0) 41 (14.9)
Long 36 (7.8) 36 (6.1) 30 (5.0) 14 (5.1)
Day dysfunction, n (%) <0.001
None 296 (64.1)  433(73.0)  440(72.6) 201 (73.1)
Low 75 (16.2) 91 (15.3) 93 (15.3) 30 (10.9)
Medium 35 (7.6) 28 (4.7) 27 (4.5) 23 (8.4)
High 56 (12.1) 41 (6.9) 46 (7.6) 21 (7.6)
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Table 2. Cont.

Mediterranean Diet Adherence Score *

Q1 Q2 Q3 Q4 p-Value
Sleep efficiency, n (%) <0.001
High 296 (64.1)  433(73.0)  440(72.6) 201 (73.1)
Medium 75 (16.2) 91 (15.3) 93 (15.3) 30 (10.9)
Low 35 (7.6) 28 (4.7) 27 (4.5) 23 (8.4)
Very low 56 (12.1) 41 (6.9) 46 (7.6) 21 (7.6)
Self-rated sleep quality, 7 (%) 0.043
Very low 14 (3.0) 29 (4.9) 15 (2.5) 13 (4.7)
Low 17 (3.7) 15 (2.5) 15 (2.5) 0(0)
Medium 17 (3.7) 26 (4.4) 20 (3.3) 11 (4.0)
High 414 (89.6) 523 (88.2) 556 (91.7) 251 (91.3)
Need medication to sleep, 1 (%) 48 (10.4) 70 (11.8) 50 (8.3) 24 (8.7) 0.187

* Groups represent individuals divided into quartiles.

Among the whole sample, a higher adherence to the Mediterranean diet was associated with a
higher likelihood of adequate overall sleep quality (highest vs. lowest quartile, OR = 1.82, 95% CI:
1.32, 2.52; Table 3). However, among the specific indicators of sleep quality, only sleep latency was
significantly associated with higher adherence to the dietary pattern, while no day dysfunction due
to sleepiness was associated with the third quartile of the Mediterranean diet adherence score, but
not with the highest. When considering the relation with 1-point increase of the Mediterranean diet
adherence score, the multivariate regression analysis revealed that individuals were 10% more likely
to have an overall adequate sleep quality, while among individual components of the PSQI score,
1-point increase of the dietary adherence score was significantly associated with having adequate sleep
duration, latency, and efficiency (Table 3).

Table 3. Association between overall and individual domains of sleep quality and adherence and
quartiles of the Mediterranean diet adherence score. Odds ratios indicate the probability that a subject
was an adequate sleeper to the probability that the subject was not, between subjects included in each
quartile, compared to those included in the lowest.

Mediterranean Diet Adherence Score

1-Point
Increment

Q1 Q2 Q3 Q4

OR (95% CI) *

1 148 (1.15,1.90)5  1.85(1.43,239)5  1.82(1.32,252)8  1.10(1.05,1.16) §

1 1.39(1.04,1.86)§  1.29(0.97,1.71) 1.35(0.94,1.92)  1.07(1.02,1.12) §
Sleep disturbance 1 0.81 (0.51, 1.30) 1.26 (0.82, 1.95) 1.31(0.77,2.21) 1.04 (0.97, 1.12)
Sleep latency 1 1.12(0.84,1.50)  1.64(1.23,217)§  1.52(1.07,216)  1.07(1.02,1.12) §

Day dysfunction 1 1.12(0.85,1.49)  1.42(1.07,1.88)#  1.25(0.88,1.77)  1.04 (1.00, 1.09) #

1

1

1

Adequate sleep quality
Sleep duration

Sleep efficiency 136 (1.00,1.84)#  1.33(0.98,1.80)  140(0.95205)  1.06(1.01,1.12)#
Need medication to sleep 067(042,1.07)  134(0.80,2.25)  1.05(0.57,1.93)  1.03(0.95,1.11)
Self-rated sleep quality 1.04(073,148)  1.16(0.83,1.64)  130(0.86,1.98)  1.04(0.98,1.09)

* adjusted for age (continuous), sex (male/female), BMI (<25 kg/m?, 25-30 kg/m?, >30 kg/m?), physical activity
(low/medium/high), educational status (low/medium/high), occupational status (unemployed/low/medium/high),
smoking status (current/former/never), alcohol consumption (no/moderate/regular), health status (presence of
hypertension, type-2 diabetes, dyslipidaemias, cardiovascular disease, cancer), and total energy intake. # indicates
p <0.05. §indicates p < 0.001.

An alternative analysis by excluding one at the time each individual component of the
Mediterranean diet adherence score was performed in order to test whether any of these could
explain alone the association of the score (Table 4). The results show that the association was robust,
as the association with overall sleep quality was significant in all alternative scores; moreover, exclusion
of no individual component, besides olive oil, showed significant association with the aforementioned
aspects of sleep quality, including sleep duration, latency, and efficacy, suggesting that olive oil may
play an independent role in sleep quality.
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Table 5 summarizes the results of a supplementary analysis, in which the associations of all
endpoints were tested separately according to body weight status of study participants, leading to
some differences: Specifically, the association between adequate sleep quality and higher adherence to
the Mediterranean diet was observed only among normal/overweight individuals (highest vs. lowest
quartile, OR = 2.30, 95% CI: 1.49, 3.54; 1-point increase, OR = 1.10, 95% CI: 1.04, 1.16), while this was
not found in obese participants. Among the specific indicators of sleep quality, only sleep latency was
associated with the diet score in the former group, but not in the latter (Table 5).

Table 5. Association between overall and individual domains of sleep quality and adherence and
quartiles of the Mediterranean diet adherence score by weight status. Odds ratios indicate the probability
that a subject was an adequate sleeper to the probability that the subject was not, between subjects
included in each 1-point score, compared to those having 1 unit lower.

Mediterranean Diet Adherence Score
Q1 Q2 Q3 Q4 1-Point Increment
OR (95% CI) *

Normaljoverweight

Overall sleep quality 1 122 (0.87,1.71)  1.79 (1.27,2.54)S  2.30 (1.49,3.54) 8 1.10 (1.04, 1.16) §
Sleep duration 1 1.32 (0.94, 1.83) 1.29 (0.92, 1.79) 1.32(0.89, 1.97) 1.06 (1.01, 1.12) #
Sleep disturbance 1 0.82 (0.47, 1.40) 1.28(0.77,2.13) 1.22 (0.67,2.22) 1.03 (0.95, 1.12)
Sleep latency 1 1.08(0.77,1.51)  1.96 (1.40,2.74)S  1.62 (1.09,2.41) § 1.09 (1.03, 1.15) #
Day dysfunction 1 1.26 (091,1.74)  1.51(1.09,2.10)§  1.27(0.86, 1.88) 1.03 (0.97, 1.08)
Sleep efficiency 1 132 (0.92, 1.88) 1.29 (0.90, 1.84) 1.48 (0.96, 2.28) 1.04 (0.99, 1.10)
Need medication to sleep 1 0.62 (0.37, 1.04) 1.24 (0.69, 2.23) 0.97 (0.50, 1.89) 1.01 (0.92, 1.10)
Self-rated sleep quality 1 0.97 (0.65, 1.46) 1.27 (0.85, 1.89) 1.31 (0.82, 2.08) 1.04 (0.98, 1.11)
Obese
Overall sleep quality 1 0.91 (0.39, 2.15) 1.11 (0.49, 2.50) 1.12 (0.33, 3.79) 1.12 (0.95,1.32)
Sleep duration 1 1.67 (0.75, 3.73) 1.58(0.75,3.36)  2.68 (0.80, 8.96) 1.09 (0.94, 1.26)
Sleep disturbance 1 1.38 (0.42, 4.54) 1.71(0.59,4.92)  3.41(0.81,14.36) 1.20 (0.98, 1.49)
Sleep latency 1 1.08 (0.49, 2.36) 0.69 (0.33, 1.43) 0.65 (0.21,2.01) 0.89 (0.7, 1.03)
Day dysfunction 1 0.69 (0.32, 1.49) 1.06 (0.52,2.19) 1.22(0.39, 3.79) 1.07 (0.93,1.23)
Sleep efficiency 1 1.91 (0.81, 4.50) 1.32(0.61,2.87) 1.46 (0.44, 4.81) 1.13 (0,97, 1.33)
Need medication to sleep 1 0.48 (0.09, 2.40) 1.36 (0.24, 7.59) 1.57 (0.40, 5.92) 1.21 (0.87, 1.69)
Self-rated sleep quality 1 1.28 (0.54, 3.00) 0.87 (0.38,1.97) 0.92 (0.25, 3.30) 0.95 (0.81,1.11)

* adjusted for age (continuous), sex (male/female), BMI (<25 kg/mz, 25-30 kg/mz, >30 kg/mz), physical activity
(low/medium/high), educational status (low/medium/high), occupational status (unemployed/low/medium/high),
smoking status (current/former/never), alcohol consumption (no/moderate/regular), health status (presence of
hypertension, type-2 diabetes, dyslipidaemia, cardiovascular disease, cancer), and total energy intake. # indicates
p <0.05. § indicates p < 0.001.

4. Discussion

In the present study, a relation between sleep quality and adherence to the Mediterranean dietary
pattern has been reported in a cohort of Southern Italian adults. Among the main domains investigated,
only sleep latency resulted in being independently associated with higher adherence to this dietary
pattern, suggesting that the overall sleep quality rather than specific aspects are associated with a
healthier diet. Considering the impact of sleep-related habits toward adverse health outcomes, it is
crucial to investigate and identify potential dietary determinants of sleep quality.

To our knowledge, only two studies previously investigated the association between adherence to
the Mediterranean diet and sleep parameters in adults [29,30]. One study was conducted on about
1500 older adults living in Spain followed up for 2.8 years and monitored for their sleep duration and
indicators of poor sleep quality. The authors found that individuals more adherent to the Mediterranean
dietary pattern had a lower risk of a variation (increase or decrease) in sleep duration of more than
2 h and were also at lower risk of poor sleep quality [29]. Another study investigated the relation
between adherence to the Mediterranean diet and specific aspects of sleeping, such as insomnia
symptoms, finding a positive effect with adherence to a Mediterranean dietary pattern [30]. Some
studies investigated the association between sleep duration and overall diet quality [39,40], while
others also explored the relation between sleep patterns and eating behaviors, such as unbalanced food
variety, irregular meal times, snacking between meals, eating out, and other potentially unhealthy
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eating habits [41,42]. Concerning our specific findings on sleep latency, intervention studies suggest
a causal association between higher fat and carbohydrate intake close to bedtime and high sleep
latency [43], thus confirming our results. In general, a consistent relation between dietary behaviors,
nutrition quality, and sleep-related habits has been reported in most of the aforementioned studies.
However, the direction of the association is debatable, whether better dietary habits might lead to
better sleeping patterns or the other way around. In fact, experimental studies demonstrated both
ways of association: on one side, it has been demonstrated that a high-quality diet improved sleep
duration; on the other, it has been shown that sleep deprivation may increase appetite for high-calorie
foods [44].

The Mediterranean dietary pattern may assure an adequate nutritional profile, including high
consumption of fruit, vegetable, fish, whole-grains, olive oil, and limited amounts of meat, dairy
and alcohol [45]. Previous reports from the cohort investigated in this study showed a significant
inverse relation between higher adherence to the Mediterranean diet and likelihood of being obese [46],
hypertensive [47] or suffer from dyslipidemia [48]. However, no individual component of the
Mediterranean diet has been shown to be responsible alone for such associations, while some evidence
on consumption of certain classes of polyphenols (such as flavonoids, phenolic acids and phytoestrogens)
may explain, at least in part, these previous findings [49,50]. Similar considerations have been drafted
while examining the association between higher adherence to the Mediterranean diet and mental health,
which in turn might be associated with improved sleep patterns [51,52]. Richness of the Mediterranean
diet in bioactive compounds with beneficial effects, such as antioxidant or anti-inflammatory properties,
may exert neuroprotection and reduce oxidative damage and cerebral ischemia [53]. In fact, impaired
antioxidant defense responses, such as increased rate of oxidative processes in several organs, including
heart, liver and brain, have been reported during sleep deprivation while increased neuro-inflammation
has been postulated to contribute to poor sleep quality [54,55]. Further evidence also shows that sleep
duration and quality may be mediated by C-reactive protein (CRP), y-glutamyl transferase (GGT),
carotenoids, uric acid, and some vitamins, including vitamin C and D [56,57]. The high content of the
Mediterranean diet in polyunsaturated fatty acids (PUFA) and phytochemicals, such as polyphenols,
have been demonstrated to have an impact on inflammatory biomarkers [58]. Cohort studies have
shown an inverse association between dietary PUFA [59,60] and polyphenols with better mental
health (i.e., depressive symptoms, cognitive impairment, etc.) [61-63]. A variety of neuroprotective
activities have been described, including anti-amyloidogenic efficacy, neuroprotection via modulation
of neural mediators, and modulation of different signaling pathways [64,65]. Moreover, environmental
stimuli (including exercise, but also sleep and dietary patterns) have been linked to hippocampal
neurogenesis, a phenomenon occurring also in human adults, that seems to be linked to a number
of pathological conditions, including stress, anxiety and depression, and cognitive impairment [66].
The resulting benefits of high adherence to the Mediterranean diet on sleep, cognition, mood, and
Alzheimer’s disease may, thus, also depend on the enhancement of structural and functional brain
plasticity mediated by components of this dietary pattern, such as PUFA and polyphenols [67,68].

In addition to the aforementioned potential mechanisms, in this study we also hypothesized
that the association between adherence to the Mediterranean diet and sleep quality might somehow
mediate the effects of obesity on sleep quality; this relation has been reported in previous papers [69],
but rarely investigated in light of dietary factors associated with weight status. In a sub-analysis
of the present study we found that adherence to the Mediterranean diet was significant in normal
and overweight individuals, but was not evident in the obese. Prospective cohort studies showed
evidence of a causal relation between short sleep duration and occurrence of obesity at later age [70].
The most studied mechanism relating sleep and body weight regards the balance between leptin and
ghrelin, two hormones involved in food intake and energy balance which have been demonstrated to
be altered following sleep disturbances [71]. Leptin is an adipocyte-derived hormone that suppresses
hunger and stimulates energy expenditure while ghrelin is stomach-derived peptide that stimulates
appetite and fat production. Some studies showed that short sleep and sleep deprivation may decrease
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circulating leptin and increase ghrelin levels [72], despite findings not being univocal [73,74]. Among
other hormones potentially involved in the relation between sleep quality and body weight, some
studies showed that sleep disturbances may increase morning cortisol levels, inhibit insulin sensitivity
and growth hormone secretion [75,76]. The relation between poor sleep and obesity has been widely
demonstrated, and also the other way around, where excess body weight may favor the occurrence of
sleep apnea, which in turn causes scarce sleep quality [77]. Most important, recent evidence shows that
obstructive sleep apnea may have an impact on the structure and function of blood vessels, adversely
affecting cognition in addition to culminating in mortality and morbidity [78]. Hypoxia, hypertension,
hypo-perfusion, endothelial dysfunction, inflammation, and oxidative stress noted in obstructive sleep
apnea patients also occur in Alzheimer’s disease patients, suggesting a pathological commonality
that may relate both conditions [79]. In this context, higher adherence to a Mediterranean dietary
pattern has been proven to provide advantages on metabolic profiles and long-term weight status
maintenance [80,81]. Also in this regard, Mediterranean dietary polyphenols have been hypothesized to
potentially play a role in weight management through a number of mechanisms, including activation of
{-oxidation; a prebiotic effect for gut microbiota; induction of satiety; stimulation of energy expenditure
by inducing thermogenesis in brown adipose tissue; modulation of adipose tissue inhibiting adipocyte
differentiation; promotion of adipocyte apoptosis and increasing lipolysis [82,83]. Thus, it may be
possible that the association between adherence to the Mediterranean diet and sleep quality retrieved
in our study may, in fact, be mediated by a better weight status. This hypothesis will need further
exploration in future studies.

The findings of this study should be considered in light of some limitations. First, the real direction
of the associations retrieved cannot be identified through cross-section studies and reverse causation
should be taken into account as potential explanation of the results presented. It is noteworthy to
emphasize that even with a prospective study design, the possibility that sleep and dietary patterns are
part of an overall healthier or unhealthier lifestyle pattern cannot be ruled out, and that only further
research into mechanistic and experimental studies would clarify the nature of the association. Second,
the use of self-reported FFQs and sleep quality tools may be affected by recall and social desirability
biases. However, the tools used in this study are well-established instruments to investigate the
research question proposed and methods are comparable to the existing literature. Third, given the
variety of Mediterranean adherence scores used in the literature, results may not be directly comparable
with studies using other instruments. However, the adherence score used in the present study is based
on the summary of scientific literature providing evidence of association between the Mediterranean
diet and health outcomes, suggesting the robustness of the instrument. Forth, despite controlling for
occupational status, we were unable to test the role of financial allowance in the study participants,
which might play a role in adherence to the Mediterranean diet and could be further investigated.
Moreover, within the same category of occupational status we had no data for jobs that possibly
required night shifts or had characteristics that might have influenced sleeping patterns. However,
assuming a random distribution for such types of jobs (meaning not associated with adherence to the
Mediterranean diet), this potential bias should be non-differential among exposure groups.

5. Conclusions

In conclusion, high adherence to a Mediterranean dietary pattern is associated with better sleep
quality, either toward a direct effect on health or indirect effects through improvement of weight status.
Further research should explore whether investigating sleep quality within the context of adherence to
the Mediterranean diet might be part of an overall healthier lifestyle pattern, and should investigate
the topic with a prospective and longitudinal study design. Future experimental studies are needed
to test the impact of sleep quality on health and dietary intake allowing to investigate on causality
and mechanisms. Finally, the potential mediating effect of weight status on the relation between
Mediterranean diet and sleep quality requires further investigation.
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Abstract: Background: The observed rise in non-communicable diseases may be attributed to the
ongoing changes of urban environment and society, as well as greater awareness of health-related
issues and subsequent higher rates of diagnosis, which all contribute to the overall quality of life.
The aim of the study was to test the association between adherence to the Mediterranean dietary
pattern and self-reported quality of life in a cohort of Italian adults. Methods: The demographic
and dietary characteristics of 2044 adults living in southern Italy were analyzed. Food frequency
questionnaires (FFQs) and a Mediterranean diet adherence score were used to assess dietary intake.
The Manchester Short Appraisal (MANSA) was used to assess self-rated quality of life. Multivariate
logistic regression analyses were used to test the associations. Results: A significant linear trend of
association was found for the overall quality of life and adherence to Mediterranean diet score. All of
the components of the MANSA, with the exception of self-rated mental health, were individually
associated with higher adherence to this dietary pattern. Conclusions: Adherence to a healthy dietary
pattern is associated with the measures of better overall perceived quality of life.

Keywords: Mediterranean diet; quality of life; mental health; fruit; vegetable; dairy; nuts; fish;
whole-grain; food groups

1. Introduction

Modern society and “Westernized” lifestyle has been negatively associated with the mental and
physical health of the population. The observed rise in non-communicable diseases may depend on
ongoing changes of urban environment and society, as well as a greater awareness of health-related
issues and subsequent higher rates of diagnosis [1]. Quality of life has been generally used as
an outcome of interest to evaluate the general condition of health and well-being of a person [2].
Self-perceived health status may obviously depend on current health conditions; more importantly,
it has been found to be a close predictor of mortality [3-5]. In this context, factors that influence
health-related quality of life of general population have paramount importance for their potential
preventive role in improving health. Among major risk factors, poor nutrition has been considered
as the main contributor to non-communicable diseases, including mental disorders [6]. There are
indirect links between dietary patterns and mental disorders, including socioeconomic circumstances,
obesity, and occurrence of conditions that might be associated with, or drivers of, chronic conditions
(i.e., cardiovascular disease) [7]. However, investigating the relation between the risk factors that affect
self-perceived health might be helpful to provide proof for potential underlying mechanisms.
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The Mediterranean diet appears to be protective against cardio-metabolic diseases [8-10],
neurodegenerative disorders [11,12], and certain cancers [13] amongst the most studied dietary
patterns. The Mediterranean dietary pattern does not stand for a unique pattern of foods; rather,
refer to the consumption of foods that characterize the dietary habits of the individuals living in the
Mediterranean coasts [14,15]. The higher consumption of majority of plant-derived foods, such as
fruit, vegetable, legume, and whole-grains, using olive oil as main source of fat, moderate alcohol
consumption, moderate intake of fish and dairy products, and limited intake of meat and highly
processed foods [16] represent the key features of this dietary pattern. Moreover, the beneficial
effects of Mediterranean diet may relay on the high content in antioxidants and anti-inflammatory
compounds, which have been hypothesized to play a role in the prevention of both physical and mental
disorders [17]. Such findings suggest that adherence to the Mediterranean diet may be associated
with better health and, consequently, better perceived health. In fact, previous observational studies
showed that a higher adherence to the Mediterranean diet was associated with a better health-related
quality of life [18-22]. Aspects that are related not only to physical health, but also to mental and
psychosocial health, have underlined the importance of engagement in social activities as the potential
determinant of better collective well-being [23,24]. Individuals living in the Mediterranean area may
benefit of a characteristic way of living, in particular, through better social interactions with their
next of kin and their community, including the frequency of contacts [25], network size [26], and
relationships that are derived from personal choice [27], which is associated with positive outcomes
and higher quality of life [28]. However, the number of studies investigating the association between
Mediterranean diet and quality of life is limited and the topic may have further application for public
health purposes, is therefore worth further examination. Thus, this study aimed to test the association
between self-reported quality of life and the adherence to the Mediterranean dietary pattern in a cohort
of Italian adults.

2. Materials and Methods

2.1. Study Population

The study sample was constituted of participants of the Mediterranean healthy Eating, Aging, and
Lifestyles (MEAL) study, an observational investigation that is primarily focused on nutritional habits
and their relation with a cluster of lifestyle behaviors that characterize the classical Mediterranean
lifestyle. The study protocol with the rationale, design, and methods have been described in detail
elsewhere [29]. Briefly, the cohort consisted of 2044 men and women older than 18 years old (mean
and standard deviation 48.1 + 17.5 years) that were recruited in the urban area of Catania, which
is one of the largest cities in the east coast of Sicily, southern Italy during 2014-2015. A random
sample of individuals registered in the records of local general practitioners was invited to participate.
The sampling technique included stratification by municipality area, age, and sex of inhabitants,
and randomization into subgroups, with randomly selected general practitioners being the sampling
units, and the individuals registered to them comprising the final sample units. Out of the 2405
individuals invited, the final sample size was 2044 participants (response rate of 85%). All of the study
procedures were carried out in accordance with the Declaration of Helsinki (1989) of the World Medical
Association. Participants provided written informed consent and the ethics committee of the referent
health authority approved the study protocol.

2.2. Data Collection

Data regarding demographic (i.e., age, sex, educational and occupational level) and lifestyle
characteristics (i.e., physical activity, smoking and drinking habits) were collected. The educational level
was categorized as (i) low (primary/secondary), (ii) medium (high school), and (iii) high (university),
while occupational level was categorized as (i) unemployed, (ii) low (unskilled workers), (iii) medium
(partially skilled workers), and (iv) high (skilled workers). Physical activity level was evaluated
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through the International Physical Activity Questionnaires (IPAQ) [30], which comprised a set of
questionnaires (five domains) on time that is spent being physically active in the last seven days that
allow for categorizing physical activity as (i) low, (ii) moderate, and (iii) high. Smoking status was
categorized as (i) non-smoker, (ii) former smoker, and (iii) current smoker. Alcohol consumption was
categorized as (i) none, (ii) moderate drinker (0.1-12 g/day), and (iii) regular drinker (>12 g/day).
Anthropometric measurements were collected using standardized methods [31]. Standing height
was measured through a scale stadiometer to the nearest 0.5 cm and weight to the nearest 0.1 kg
without shoes, with the back square against the wall tape, eyes looking straight ahead, and with a
right-angle triangle resting on the scalp and against the wall. Body mass index (BMI) was calculated,
and the patients were categorized as under/normal weight (BMI < 25 kg/m?), overweight (BMI 25 to
29.9 kg/m?), and obese (BMI > 30 kg/m?) [32]. Information from measurements was integrated with
general practitioners computerized records in order to ascertain the cases of hypertension, diabetes,
dyslipidemia, previous cardiovascular disease event, and cancer (all diagnoses were confirmed by a
specialist before being registered).

2.3. Dietary Assessment

Long and short food frequency questionnaires (FFQs) specifically developed and validated for
the Sicilian population were used to collect dietary data [33,34]. The FFQs consisted of 110 food and
drink items that were representative of the diet during the last six months. The participants were asked
how often, on average, they had consumed foods and drinks included in the FFQ, with nine responses
ranging from “never” to “4-5 times per day”. The intake of food items characterized by seasonality
referred to consumption during the period in which the food was available and then adjusted by
its proportional intake in one year. A total of 1937 individuals were included in the analyses for
the present study after the exclusion of 107 entries with unreliable intakes (<1000 or >6000 kcal/day,
controlled case by case, and being validated due to missing food items or unreliable answers).

2.4. Adherence to the Mediterranean Diet

A score derived from the literature assessed the Mediterranean diet adherence: briefly, a scoring
system (the MEDI-LITE score) was built while taking into consideration median (or mean) values that
were reported in selected studies and two standard deviations to determine three different categories of
consumption for each food group [35,36]. For food groups that typically characterize the Mediterranean
diet (fruit, vegetables, cereals, legumes, and fish), two points were given to the highest category of
consumption, one point for the middle category, and 0 point for the lowest category. Conversely,
for food groups that are not typical of the Mediterranean diet (meat and meat products, dairy products),
two points were given for the lowest category, one point for the middle category, and 0 point for
the highest category of consumption. For alcohol, categories that are related to the alcohol unit
(1 alcohol unit = 12 g of alcohol) were used by giving two points to the middle category (1-2 alcohol
units/day), one point to the lowest category (>1 alcohol unit/day), and 0 point to the highest category
of consumption (>2 alcohol units/day). The final score comprised nine food categories (including olive
oil), with a score ranging from 0 point (lowest adherence) to 18 points (highest adherence).

2.5. Quality of Life Assessment

The Manchester Short Assessment of Quality of Life (MANSA) [37], an instrument that consists
of 12 subjective items with a seven-point Likert scale (from “could not be worse” to “could not be
better”) and four yes/no questions related to objective aspects of social life, assessed quality of life.
The instrument assesses satisfaction with life as a whole and across several specific domains (including
employment, financial situation, friendships, leisure activities, accommodation, personal safety, people
living in household/living alone, sex life, relationship with family, and physical and mental health).
An overall satisfaction with overall quality of life was arbitrarily defined as being in the highest quartile
of the MANSA score (>70 points).

180



Nutrients 2019, 11, 981

2.6. Statistical Analysis

The variables were examined for normality and skewness using the Kolmogorov—-Smirnov test.
The categorical variables are presented as frequencies of occurrence and percentages; differences
between groups were tested using the Chi-squared test. The differences in background characteristics
across participants grouped into quartiles of the MANSA score were tested. The relation between
adherence to the Mediterranean diet and quality of life was tested through multivariate logistic
regression analysis (when considering quartiles of the Mediterranean diet adherence score) adjusted
for baseline characteristics (age, sex, marital, educational and occupational status, smoking and alcohol
drinking habits, physical activity level, health status, and energy intake). All of the reported P values
were based on two-sided tests and compared to a significance level of 5%. SPSS 17 (SPSS Inc., Chicago,
1L, USA) software was used for all of the statistical calculations.

3. Results

Table 1 presents the main characteristics of the study participants by groups of quality of life
score. There were no significant differences in background characteristics by groups of quality of life
score, with the exception of age, as, among participants scoring lower points in the quality of life
score, there were a higher proportion of younger individuals (Table 1). Regarding the distribution of
comorbidities, only prevalence of hypertension was significantly distributed differently across groups
of quality of life score, with a slightly lower occurrence among individuals in the second quartile of
quality of life (Table 1).

Table 1. Baseline characteristics of the study participants by groups * of quality of life score.

MANSA Score
Group 1 Group 2 Group 3 Group 4 p-value
Sex 0.814
Men 200 (42.4) 196 (39.9) 222 (41.3) 186 (42.8)
Women 272(57.6) 295(60.1) 316(58.7) 249 (57.2)
Age groups n, (%) 0.002
<39 172 (36.4) 206 (42.0) 169 (31.4) 136 (31.3)
40-59 167 (35.4) 161 (32.8) 184(34.2) 169 (38.9)
>60 133(28.2) 124(25.3) 185(34.4) 130(29.9)
Educational status 0.578
Low 179 (37.9) 162 (33.0) 203 (37.7) 153(35.2)
Medium 166 (35.2) 186 (37.9) 201 (37.4) 167 (38.4)
High 127 (26.9)  143(29.1) 134 (249) 115(26.4)
Occupational status 0.442
Unemployed 111(26.2) 121(30.0) 132(29.5)  97(25.3)
Low 73 (17.2) 55 (13.6) 75 (16.8) 63 (16.4)
Medium 126 (29.7) 103 (25.5) 111 (24.8) 100 (26.1)
High 114 (26.9) 125(30.9) 129(28.9) 123 (32.1)
Smoking status 0.775
Never smoker 284 (60.2) 314 (64.0) 337(62.6) 260 (59.8)
Former smoker 115(24.4) 116(23.6) 124(23.0) 110(25.3)
Current smoker 73 (15.5) 61 (12.4) 77 (14.3) 65 (14.9)
Physical activity level 0.104
Low 82(19.4) 87 (19.8) 89 (18.6) 71 (18.3)
Moderate 227 (53.7) 226 (51.4) 222 (46.4) 181 (46.8)
High 114 (27.0)  127(289) 167(34.9) 135(34.9)
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Table 1. Cont.

MANSA Score
Group 1 Group 2 Group 3 Group 4 p-value
Comorbidities
Hypertension, 1 (%) 238 (50.4) 223(45.4) 278 (51.7) 237 (54.5) 0.043
Diabetes, 11 (%) 30 (6.4) 34 (6.9) 43 (8.0) 39 (9.0) 0.450
Dyslipidemia, 1 (%) 87 (18.4) 87 (17.7) 98 (18.2) 84 (19.3) 0.939
Cardiovascular diseases, 1 (%) 38 (8.2) 37 (7.8) 41(7.9) 38 (8.9) 0.921
Cancer, 1 (%) 21 (44) 11 (2.2) 30 (5.6) 16 (3.7) 0.052
Obesity, 1 (%) 68 (16.2) 82 (18.0) 101 (20.0) 66 (15.9) 0.332

* Groups were defined as quartiles of MANSA.

Table 2 shows the frequency distribution and association between quartiles of Mediterranean
diet adherence score and the overall and individual domains of quality of life. A significant linear
trend of association was found for overall quality of life (for the highest vs. the lowest quartile,
OR =10.01, 95% CI: 6.53, 15.33) and most of the domains besides satisfaction for “mental health” and
“people with whom individual lives”, for which the association was stronger in the third quartile of
the Mediterranean diet adherence score.

Table 2. Distribution and association between overall quality of life and individual domain satisfaction
of the study participants and Mediterranean diet adherence score (participants were grouped into
quartiles of the score).

Mediterranean Diet Score, OR (95% CI)

Q1 Q2 Q3 Q4 P for trend

Overall QoL * 52 (11.3) 36 (6.1) 190 (31.4) 157 (57.1)

OR (95% CI) * 1 042 (024,071)  3.66 (2,52, 5.30) 10'10513(;53’ <0.001
Life as a whole, 1 (%) § 94 (20.3) 172 (29.0) 333 (55.0) 143 (52.0)

OR (95% CI) # 1 153 (1.09,2.13)  5.04 (3.67,693)  4.14 (2.83, 6.06) 0.142
Job (when having one), 1 (%) § 71 (15.4) 140 (23.6) 234 (38.6) 120 (43.6)

OR (95% CI) # 1 152(1.06,2.19) 340 (2.42,476)  4.37 (2.94, 6.49) <0.001
Financial situation, 7 (%) § 71 (15.4) 102 (17.2) 140 (23.1) 91 (33.1)

OR (95% CI) # 1 113(0.77,1.64)  1.65(1.16,2.35)  2.83 (1.89,4.25) <0.001
Amount and quality of friends, 1 (%) § 143 (31.0) 224 (37.8) 329 (54.3) 149 (54.2)

OR (95% CI) # 1 1.23(0.91,1.66) 2.39(1.79,3.19)  2.40 (1.68, 3.43) 0.056
Leisure activities, 1 (%) § 96 (20.8) 131 (22.1) 229 (37.8) 98 (35.6)

OR (95% CI) # 1 0.91 (0.64,1.29)  2.00(1.46,2.75)  1.74(1.18,2.57) <0.001
Housing, 1 (%) $ 168 (36.4) 291 (49.1) 336 (55.4) 154 (56.0)

OR (95% CI) # 1 1.94(1.45,2.59) 227(1.70,3.02) 2.34 (1.64,3.34) <0.001
Personal safety, 1 (%) § 170 (36.8) 190 (32.0) 296 (48.8) 163 (59.3)

OR (95% CI) # 1 0.74 (0.55,1.00)  1.65(1.24,2.19)  2.37 (1.66, 3.37) <0.001
People with whom individual lives, 1 (%) § 21 (45.9) 400 (67.5) 494 (81.5) 173 (62.9)

OR (95% CI) # 1 2.64 (1.96,3.54) 5.59(4.05,7.72)  1.98(1.39,2.84) 0.293
Sex life, 11 (%) § 124 (26.8) 231 (39.0) 325 (53.6) 132 (48.0)

OR (95% CI) # 1 1.89(1.38,2.57) 3.51(2.59,4.75) 2.79 (1.93,4.03) 0.254
Relationship with family, 1 (%) § 237 (51.3) 434 (73.2) 467 (77.1) 171 (62.2)

OR (95% CI) # 1 2.87(2.11,3.89) 3.14(2.32,4.26) 1.62(1.13,2.32) 0.178
Physical health, 1 (%) § 146 (31.6) 191 (32.2) 335 (55.3) 138 (50.2)

OR (95% CI) # 1 0.86 (0.63,1.17)  2.62(1.96,351)  2.13 (1.49, 3.05) 0.652
Mental health, 1 (%) § 233 (50.4) 382 (64.4) 514 (84.8) 161 (58.5)

OR (95% CI) # 1 1.87(1.40,250) 531 (3.82,7.37)  1.36(0.95,1.93) 0542

* an overall satisfaction with overall quality of life was arbitrarily defined as being in the highest quartile of the
MANSA score (>70 points); S answers reflecting satisfaction of the domains were “pleased” and “couldn’t be better”;
# adjusted for age (continuous), sex (male/female), BMI (<25 kg/m?, 25-30 kg/m?, >30 kg/m?), physical activity
(low/medium/high), educational status (low/medium/high), occupational status (unemployed/low/medium/high),
smoking status (current/former/never), alcohol consumption (no/moderate/regular), health status (presence of
hypertension, type-2 diabetes, dyslipidaemias, cardiovascular disease, cancer), and total energy intake.

Table 3 shows the association between individual components of the Mediterranean diet adherence
score and the overall and individual domains of quality of life score. All of the components were
associated with overall quality of life, despite only fruit, vegetable, and legume being associated with
nearly all domains of quality of life, while other components only partially.
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4. Discussion

In this study, we reported a direct association between the adherence to the Mediterranean diet and
quality of life measured with a multi-domain instrument. However, another component of the MANSA
score result was significantly associated with a higher adherence to the Mediterranean diet. The results
are generally in line with previously published studies [18,20-22,38,39], which reinforces the assumption
that diet and overall wellbeing (measured as quality of life) are strictly related. When separately
considering physical and mental health, we found an association for the physical component of the
MANSA score, while no significant results were reported for mental health. These results in line
with a study that was conducted in two cohorts of older adults, for which adherence to this dietary
pattern was not associated with clinically relevant mental component summaries of the quality of life
score used [21]. In contrast, other studies reported an association with mental, rather than physical,
health [18]. Despite being unable to perform a direct quantitative comparison between existing
evidence due to the differences in study design and methodology that are used to calculate either the
adherence to the Mediterranean diet and the quality of life, it is important to identify at least whether a
relation does exist, the potential determinants, and the possible mechanisms that underlie it.

High adherence to a Mediterranean dietary pattern has been associated with a longer lifespan
and decreased risk of numerous non-communicable diseases, including cardio-metabolic disorders
and certain cancers [13]. Previous findings from this cohort showed that individuals that are
highly adherent to this dietary pattern were less likely to suffer from obesity [40], hypertension [41],
and dyslipidemias [42]; however, in this study, we found that, also after adjustment for clinical status,
a high adherence to the Mediterranean diet was associated with a better quality of life when compared
to low adherence. Regarding elderly individuals, the Mediterranean diet has also been reported to
exert benefits toward depression [11], neurocognitive disorders, and cognitive decline [12], leading
to an overall better mental health. In line with this, a number of studies have reported that, not
only Mediterranean diet being understood as dietary pattern, but also individual components of the
Mediterranean diet, might be associated with better physical and mental health. Specifically, there is
a large number of studies reporting a decreased risk of non-communicable diseases associated with
higher intake of fish, olive oil [43], fruit and vegetable [44], nuts and seeds [45], as well as with limited
consumption of animal proteins and excessive alcohol consumption [46,47]. In addition, some evidence
explored the association between fruit and vegetable [48], fish [49], and nuts [50], and specifically
quality of life in the general population, despite that results being contrasting and the overall body of
literature being focused on this outcome remaining scarce. Moreover, individual clinical trials that
specifically focus on one aspect (i.e., low fat diets) did not lead to significant results, suggesting that the
prescription of restrictive diets in patients may be interpreted as a different experience with potential
detrimental effects [51]. Thus, it is auspicial that dietary interventions on qualitative outcomes, such as
quality of life, would benefit from healthy and palatable alternatives, especially those that are a part of
the traditional dietary patterns and cultural heritage of a population.

From a mechanistic point of view, interactions between various foods and nutrients occur in the
real-world nutrition and the overall variety of a diet might affect the health of individuals through
a synergistic action of all its components. Antioxidant micro-nutrients and phytochemicals, such as
polyphenols, which are highly contained in the Mediterranean diet, have been hypothesized to exert,
at least in part, the potential beneficial effects on physical and mental health of individuals, leading to
an overall better quality of life. There is evidence that the Mediterranean diet may also protect from
depressive disorders and improve mental health through mechanisms that are related to inflammation,
besides the aforementioned association with cardio-metabolic diseases and cancers. The most studied
compounds that potentially mediate such effects are omega-3 polyunsaturated fatty acids (mainly
derived from fish), monounsaturated fatty acids (mainly derived from olive oil), antioxidant vitamins
including, but are not limited to, B-vitamins, vitamin D, vitamin A, and vitamin E (mainly derived from
fruit and vegetable) and fiber (also derived from whole-grains), which have been reported to reduce the
low-grade inflammatory status and improve the endothelial function and the profile of coagulation and
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inflammation biomarkers. Finally, results of recent research showed that a number of phytochemical
compounds, such as polyphenols, have been associated with various health outcomes, such as a
decreased risk of cardiovascular diseases [52], diabetes, hypertension, and metabolic disorders [53-55],
depression [56], certain cancers [57], and overall prolonged lifespan [58]. Some evidence of the
potentially beneficial effects of some polyphenol classes, such as flavonoids, phenolic acids, and
phytoestrogens, have been reported in the same population that was included in this study [8,59].
However, further research is needed to better understand whether these phytochemicals may play a
role in the overall health and quality of life of individuals.

Besides the biological connection between the dietary patterns and health, a demonstration of the
association between adherence to the Mediterranean diet and quality of life may be part of better cultural
background or economic allowance that may lead to a cluster of factors that characterize a healthier
lifestyle [60]. On one side, there is evidence that higher adherence to the Mediterranean diet is associated
with higher socio-economic status and better income, even in Mediterranean countries [61-63]. On the
other, this association is not consistent over the whole Italian territory and other evidence showed
that the adherence to this dietary pattern is rather associated with higher cultural status, suggesting
that, in certain areas (including the same population on which was conducted the present study),
the adherence to the Mediterranean diet is a matter that is related to the cultural heritage rather than
economical allowance [64-66]. Besides, in this study, we did not find any significant association
between educational and occupational status and quality of life, suggesting that such variables are
rather not confounding the association with the dietary factors investigated. Thus, we hypothesize that
other aspects that are related to quality of life may be affected by strong bond with cultural heritage
characteristic of the Mediterranean area: psychosocial aspects of lifestyle should be addressed, such as
family and community support, engagement in social activities, and conviviality are directly linked
with health [67]. Some studies have shown evidence regarding the association of socialization (in
terms of social networks and social engagement) and cardiovascular [68] and cognitive health [69].
Those individuals that are more adherent to the Mediterranean diet may have also social interactions,
such as mealtime conversations, family leisure activities, or other forms of social engagement, which in
turn resulted in better quality of life.

The results of this study should be considered in light of some limitations. The most important
issue that is common to all studies investigating quality of life, as outcome is the potential reverse
causation. Indeed, the cross-sectional nature of the study does not allow for identifying a causal
relationship. Among other limitations, even though a trained healthcare worker collects dietary
information (either medical doctor, nurse, or nutritionist), data from a FFQ may be subjected to
recall bias.

5. Conclusions

In conclusion, higher adherence to the Mediterranean diet was associated with a higher quality of
life in adults living in Southern Italy. The results from this study support further investigation that
examines the relation between dietary factors and quality of life with better methodological design
(i.e., prospective studies). Further evidence is needed to better understand the relation between such
life aspects and to plan educational programs that are to improve both dietary aspects and the quality
of life of the general population.
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Abstract: The traditional Mediterranean diet has been shown to be a healthy eating pattern that protects
against the development of many diseases in adults and children. Pregnancy is a critical period of
plasticity during which foetal development may be significantly influenced by different environmental
factors, including maternal nutrition. In this context, several studies have examined the potential
benefits of adherence to a Mediterranean diet during pregnancy on birth outcomes, considering the
Mediterranean diet as a whole rather than focusing on the effect of its individual components. In this
review, we systematically summarized and discussed results of studies investigating the protective
role of Mediterranean diet against foetal growth, prematurity, neural tube defects and other congenital
pathologies, asthma and allergy, body weight and metabolic markers. Although current data are
insufficient and randomized control trials are needed, growing evidence suggests the beneficial effect
of the Mediterranean diet during pregnancy on children’s health. In this sense, strategies aiming to
promote adherence to this dietary pattern might be of considerable importance to public health.

Keywords: Mediterranean diet; pregnancy; offspring; child health

1. Introduction

The Developmental Origins of Health and Disease (DOHaD) hypothesis posits that in utero
exposure plays a critical role in the risk of disease in adulthood. Maternal diet during pregnancy
contributes to the in-utero environment [1]; nutritional stress/stimulus applied during critical periods
of early development permanently influences organism’s physiology and metabolism, with the
consequences of this metabolic programming often being observed much later in life [2,3]. Although
the DOHaD hypothesis is well documented in animals [4], evidence connecting maternal diet quality
during pregnancy and offspring risk factors is scarce and inconsistent in humans. Most studies have
investigated the associations of specific nutrients, foods, or food groups intake during pregnancy with
offspring health without considering the overall diet [5,6].

Foetal growth restriction (FGR) and risk of new-borns small for gestational age (SGA), prematurity,
neural tube defects (NTDs), congenital heart defects (CHDs), gastroschisis, asthma and allergy,
overweight and metabolic disorders represent leading causes of childhood diseases that are supposed
to be connected to maternal nutrition.
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FGR is defined as an estimated foetal weight or abdominal circumference below the 5th or the 10th
centile according to gestational age (GA) and sex, and it affects about 5-10% of all pregnancies [7]. FGR
is associated with an increased risk for childhood morbidity (mainly hypoglycaemia, developmental
delay and infectious diseases) and with about half of all foetal deaths [8,9]. It is also associated with
chronic diseases in adult life including coronary heart disease, stroke, type-2 diabetes mellitus, adiposity,
metabolic syndrome and osteoporosis [10,11]. New-borns are considered SGA when their body weight
is lower than the 10th centile according to neonatal growth curves adjusted for gestational age at
delivery and sex [12]. Not all SGA new-borns are pathologically growth restricted, as a proportion
of babies (18-22%) are constitutionally small but healthy [12]. However, FGR significantly overlaps
SGA, and they are often considered as a single entity. FGR and SGA can arise from several maternal,
foetal and placental problems [13]; however, maternal nutrition has been recognized as one of the most
important environmental factors influencing foetal growth and development [14-17].

Preterm birth is defined as any birth before 37 weeks of GA [18]. Preterm birth, especially before
34 weeks of GA, is the leading cause of perinatal morbidity and mortality in developed country [19].
There are multiple risk factors for premature birth including having a previous premature birth,
pregnancy with multiple babies, infection, drug or alcohol use, and age. A well-balanced diet during
pregnancy has been reported to reduce the odds of a premature birth [20].

NTDs are a major health burden that affect 0.5-2/1000 pregnancies worldwide and represent
a preventable cause of stillbirth, infant death and significant lifelong morbidity [21]. CHDs and
gastroschisis are other common malformations representing major causes of mortality, morbidity and
disability of perinatal origin [22,23]. The aetiology of these congenital malformations is multifactorial
and both genetic predisposition and environmental influences contribute to them, with nutritional
deficits serving as potential contributing factors [24,25].

The prevalence of asthma and allergic diseases (atopic dermatitis/feczema, allergic
rhino-conjunctivitis) has increased worldwide over the past few decades with the highest incidence
occurring in children [26]. Globalization and consequent deviation from traditional to Western diet
might be one of the environmental changes involved in the recent increased of the atopic diseases. In
fact, decreased antioxidant (fruit and vegetables), increased n-6 polyunsaturated fatty acids (PUFA)
(margarine, vegetable oil), and decreased n-3 PUFA (fish oil) intakes might lead to oxidative stress and
inflammation and might contribute to the higher incidence of asthma and allergies [27,28].

Due to the importance of maternal diet during pregnancy as influencer of child health, actions to
improve its quality are urgently needed. In this light, a good adherence to the Mediterranean diet
(MD) could represent a good strategy. MD is characterized by increased consumption of unprocessed
and plant foods, olive oil, and fish, whereas consumption of red meat, animal fats, sugars and salt are
minimal. The MD is rich in mono-unsaturated fatty acids (MUFA), omega-3 PUFA and antioxidant
polyphenols, and it is been recommended for its overall health benefits and potential for disease
prevention [29]. Several observational and intervention studies support the role of the MD in preventing
obesity, type 2 diabetes mellitus and metabolic syndrome in adults [30,31], while some recent studies
suggest a protective role against obesity development in children [32-34]. In pregnancy, a higher
adherence to the MD has been associated with lower risk of preterm birth, and higher birth weight [20].

The aim of this systematic review is to verify the association between maternal adherence to the
MD during pregnancy and children health outcomes, and to provide clinicians with levels and quality
of evidence on the efficacy of MD in improving paediatric health outcomes.

2. Methods

2.1. Study Selection

This systematic review was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines (PRISMA) [35].
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We searched electronic databases (September 17, 2018) Medline, EMBASE and Clinical Trials. The
search process was conducted using the following keywords: (pregnancy OR gravidity OR pregnant
OR pregnant women OR pregnan*) OR (child OR children OR childhood OR paediatric OR paediatric
OR paediatric* OR paediatric OR offspring OR new-born OR new-borns OR neonate OR neonates
Or neonatal OR toddler OR toddlers) AND (“Diet, Mediterranean” (Mesh) OR Mediterranean diet*
OR Med Diet OR Mediterranean diet). Inclusion criteria were: (i) English language; (ii) systematic
recording of diet during the gestational period (daily register or food frequency questionnaire—FFQ)
in healthy women; (iii) assessment of “small for gestational age”, prematurity, foetal growth, neural
tube defects, asthma, wheeze, atopy, insulin resistance and metabolic syndrome, childhood overweight,
metabolic markers, epigenetic and congenital pathologies in the offspring.

Exclusion criteria were: (i) irrelevant titles not indicating the research topic; (ii) evaluation of
dietary patterns different from the MD; (iii) dietary intervention including single/few nutrients or
single/few aspects of dietary intake; (iv) dietary intervention with inadequate description of the dietary
treatment. There was no restriction regarding period or publication status.

Titles and abstracts of studies initially identified from databases (602 studies) were checked by
two independent investigators (C.B. and M.D.N.) and disagreements among reviewers were resolved
through a mediator (M.L.). After first screening, duplicates, reviews, letters, abstracts and articles
without full-text in English language were also excluded. The detailed selection process is presented in
Figure 1.

Pubmed (September17,2018) (n =180)
Embase (September 17, 2018) (n = 394)

Clinical Trial (September 17, 2018) (n =28)

ined records based on the by ind d

yesasrchiers Exduded records
(n-602) (n=522)
Excluded records due & " iews, "
Full- icles assessed for elegibili lue ]ang‘,mge reviews, no English
(n=80) (n=51)

l

Full-text artidles artidles included in the review

(n=29)

Figure 1. diagram of search strategy and study selection.

2.2. Study Quality Assessment

Two researchers (C.B. and M.D.N.) independently and blindly assessed the risk of bias of included
studies using the parameters defined by the Cochrane Tool for Quality Assessment [36] and the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [37]. Disagreement
was resolved primarily through discussion and consensus between the researchers. If consensus was
not reached, another blind reviewer (D.G) acted as third arbiter.

The Cochrane Tool analyses seven bias groups: sequence generation and allocation concealment
(both within the domain of selection bias or allocation bias), blinding of participants and personnel
(performance bias), blinding of outcome assessors (detection bias), incomplete outcome data (attrition
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bias), selective reporting (reporting bias) and an auxiliary domain: “other bias”. For each bias group,
it is possible to assign a value of “high,” “low” or “unclear” risk of bias when it is not specified if a
specific bias is present or not. Every bias judgment helps to assign a global assessment to every RCT
according to the Agency for Healthcare Research and Quality (AHRQ) standards (good, fair and poor).

The STROBE statement is a 22 items tool specifically designed to evaluate observational studies
quality. Items are associated with the different sections of an article, such as title and abstract (item
1), introduction (items 2 and 3), methods (items 4-12), results (items 13-17), discussion (items 18-21),
and other information (item 22 on funding). Eighteen items are identical for the three different study
designs, while four (specifically items 6, 12, 14, and 15) are differentially designed for each study type
(i.e., cohort or case control). STROBE does not provide a scoring stratification. As a rule, the higher the
score, the higher the quality of the study. We hence created three score thresholds corresponding to
three levels of items scored: 0-14 as poor quality, 15-25 as intermediate quality and 26-33 as good
quality of the study.

3. Results

3.1. Search Findings

The initial search identified 602 studies, with 522 records excluded following abstract review
(Figure 1). Of the 80 articles retrieved, 51 were excluded because of duplicates, reviews, letters, abstracts
and articles without full-text in English language. In the end, 29 studies were included in the analysis.
Included studies were published between 2008 and 2018.

3.2. Studies Characteristics

A detailed description of the selected articles is reported in Table 1.
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Risk of FGR and of SGA new-borns were the outcomes addressed by the higher number of studies
(8 out of 29 studies), followed by asthma and allergy in the offspring (7 out of 29), and prematurity risk
(6 out of 29). Two studies [41,49] recurred in 2 different outcomes, FGR and prematurity, owing to
multiple comparison groups between the articles. All studies except [49] were observational studies:
16 cohort studies, 5 case-control and 7 cross sectional studies.

3.3. Risk of bias and Quality of Reporting

We conducted the quality analysis based on the aforementioned methods and tools for analysis.
Table 2 shows the main quality results scored by the papers included. Of the 29 articles included for
quality analysis, 16 (55%) were cohort studies, 5 (17%) were case-control studies and 7 (24%) were
cross sectional studies. One paper (3%) had an RCT study design. Six cohort studies (38%) were of
good quality, 7 (44%) of intermediate quality and 3 (18%) of poor quality. All the 5 case control studies
were of intermediate quality. Among cross sectional studies, five (71%) were of intermediate quality
and 2 (29%) of poor quality.

Table 2. Risk of bias of the included studies.

Author Study Type Tool for Assessment Quality
Timmermans et al. .
2012) [38] Cohort STROBE 24/33—Intermediate
Chatzi et al.
2012) [39] Cohort STROBE 27/33—Good
Sauders et al. Cohort STROBE 24/33—Intermediate
(2014) [41]
Gomez-Roig et al. .
2017) [42] Cross Sectional STROBE 12/33—Poor
Peraita-Costa et al. Cross Sectional STROBE 16/33—Intermediate
(2018) [43]
Parlapani et al. .
(2017) [45] Cohort STROBE 21/33—Intermediate
Martinez-Galiano et al. X
(2018) [47] Case-Control STROBE 22/33—Intermediate
Assaf-Balut et al. Poor quality due to blindness
(2017) [49] RCT Cochrane ROB Tool and allocation concealment
Carmichael et al. .
(2013) [51] Cross Sectional STROBE 11/33—Poor
Mikkelsen et al. X
(2008) [53] Cohort STROBE 19/33—Intermediate
Haugen et al. .
(2008) [55] Cohort STROBE 22/33—Intermediate
Smith et al.
(2015) [56] Cohort STROBE 26/33—Good
Vujkovic et al. .
(2009) [57] Case-Control STROBE 21/33—Intermediate
Carmicheal etal. Case-Control STROBE 17/33—Intermediate

(2012) [58]
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Table 2. Cont.

Author Study Type Tool for Assessment Quality
(';%tltg)e[ggﬁ' Case-Control STROBE 18/33—Intermediate
Feggﬂ?&g; al. Case-Control STROBE 23/33—Intermediate
%Sgg; [ezla]L Cohort STROBE 25/33—Intermediate
D‘(fzggg)l‘}g’zt]al' Cross Sectional STROBE 12/33—Poor
Castro(—ZIB(;g;ifgélgTz etal. Cohort STROBE 26/33—Good
%lgltg; [e(t,f]l Cohort STROBE 28/33—Good
Al"a(;f)zl‘;a[lélglﬂ al Cohort STROBE 14/33—Poor
%Zag‘ﬁje) ?2;11- Cohort STROBE 31/33—Good
Castro(—zlz(ig;i[%;?z etal. Cross Sectional STROBE 18/33—Intermediate
Gesteiro et al. Cross Sectional STROBE 16/33—Intermediate
(2012) [70]
Cé‘(;‘lt;; F; 3a]1~ Cohort STROBE 26/33—Good
Ferna'rgglzé??;zlés etal. Cohort STROBE 27/33—Good
Gesteiro et al. Cross Sectional STROBE 22/33—Intermediate
(2015) [76]
Me};ézlc;o[;;]t al. Cohort STROBE 25/33—Intermediate
Gonzalez-Nahm et al. Cohort STROBE 13/33—Poor

(2017) [78]

3.4. Evidence Synthesis

Results coming from the 29 selected articles are reported below according to the main outcome of
the study.

3.4.1. Foetal Growth Restriction and Small for Gestational Age

Evidence for this outcome comes from 8 papers (Table 1, Table 2): an RCT of poor quality, 4 cohort
studies (1 good, 3 intermediate quality), 2 cross sectional studies (1 intermediate and 1 poor quality)
and 1 case-control study of intermediate quality. Cohort studies reached the best scores for quality.

In few studies, adherence to MD was assessed in early pregnancy since the trajectory of foetal
growth is set at this stage [11]. The Generation R prospective observational study [38] evaluated the
association between dietary patterns in the early phase of pregnancy (GA < 18 weeks) and foetal
size/weight at birth in 3207 pregnant women living in Rotterdam. To test their adherence to MD over
the preceding three months, a semiquantitative FFQ including 293 food items was self-administered at
enrolment (median GA = 13.5 weeks). Women were categorised into tertiles of adherence to the MD
(low, medium and high) based on their intake of vegetables, vegetable oil, fish, fruits, pasta and rice,
meat, potatoes and fatty sauces. Low adherence to the MD in early pregnancy resulted associated with
decreased intra-uterine size and lower birth weight compared to high adherence (difference in grams
at birth =72 [95% CI: —110.8 to —33.3]).

Chatzi et al. [39] analysed the impact of MD adherence (MDA) during the first trimester of
pregnancy on foetal growth in the Spanish multicentre INMA cohort (2461 mother-new-born pairs),
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divided into the Atlantic area and the Mediterranean area cohort, and during the mid-trimester
in the Greek RHEA cohort (889 mother-new-born pairs). Semi-quantitative FFQ respectively were
administered by trained interviewers. Maternal MDA was evaluated through a score including 100 or
250 food items modified from the MD score by Trichopoulou [40]. The modified score was specifically
designed for pregnant women, and it considered dairy food protective and did not include alcohol
consumption. Food intake and MD score differed significantly across cohorts, mean MD score being
higher in the INMA-Mediterranean and RHEA cohorts compared to the INMA-Atlantic cohort. Women
with high MD adherence had a significantly lower risk of delivering an FGR infant (OR 0.5 [95% CI:
0.3-0.9]) only in the INMA-Mediterranean cohort. Of note, in all cohorts, high MD adherence increased
child weight at birth in smoking mothers, thus suggesting a counteraction of the detrimental effect
of smoking. In most studies, adherence to the MD was evaluated in the last trimester of pregnancy
or after delivery. Saunders and colleagues [41] found no association between maternal adherence to
MD and the risk of FGR in 728 pregnant women enrolled in Guadeloupe. A semi-quantitative FFQ
including 214 food items was administered by trained interviewers in the days following delivery, and
adherence to the MD was evaluated using the Trichopoulou 9-level score [40].

In a Spanish cross-sectional prospective study [42], a semi-quantitative FFQ comprising 127
food items was administered by trained interviewers to 127 women (46 and 81 mothers with SGA
and appropriate for gestational age foetuses, respectively) during the third trimester of pregnancy.
Adherence to the MD was calculated according to Trichopoulou [40]. A good adherence appeared a
protective factor for SGA, with an OR 0.18 (95% CI: 0.74-0.501) for the third consumer quartile.

An association between low maternal MDA and risk of SGA in new-borns was evidenced
in another Spanish retrospective, cross-sectional population-based study involving 492 pregnant
women [43]. A 16 items semi-quantitative FFQ was self-administered after delivery, and adherence to
the MD was evaluated according to a modified version of the KidMed score [44] considering optimal
(>7 score) and low (<7 score) adherence. Women with low MD adherence had a higher risk of delivery
SGA babies (adjOR 1.68 [95% CI: 1.02-5.46) when adjusting for parental body mass index (BMI) and
multiple gestation, but not when adjusting for all significant possible confounders.

The single-centre, prospective, observational cohort study by Parlapani et al. [45] evaluated
the relation between MD adherence and size at birth in 82 pregnant women who delivered preterm
singletons (post-conceptional age <34 weeks). MD adherence was calculated according to the Dietary
Score of Panagiotakos et al. [46] based on a self-administered semi-quantitative FFQ (156 food items).
Neonates from mothers in the high-MD adherence group were less likely to be SGA (OR 3.3 [95% CI:
1.24-8.78]).

Interestingly, a recent multi-centre, matched case-control, Spanish study [47] evaluated the effect
of MD adherence and olive oil intake during pregnancy on the risk of SGA infants using three different
scores: PREDIMED score [48], Trichopoulou’ s score [40] and Panagiotakos’ score [46]. Five hundred
eighteen mothers of SGA infants and 518 mothers of infants with normal weight for GA were enrolled,
and al37-items semi-quantitative FFQ was administered by trained interviewers within two days after
delivery. Independent of the score, adherence to the MD and daily consumption of 5 gr of olive oil was
associated to a reduced risk of SGA in the new-born (adjOR 0.59 [95% CI: 0.38-0.98]).

To date, only one intervention study correlating adherence to the MD and SGA has been
published [49]. The primary aim of this Spanish, randomized, controlled trial was the evaluation of the
incidence of gestational diabetes mellitus (GDM) in pregnant women at 8-12 weeks GA. Five hundred
women were randomly assigned to intervention group (MD supplemented with extra virgin olive oil
and pistachios) or control group (standard diet with limited fat intake); secondary neonatal outcomes
included SGA and prematurity (<37 GA). MD adherence was assessed according to the Mediterranean
Diet Adherence Screener (MEDAS) score [50] based on a semi-quantitative 14-items FFQ administered
by trained interviewers during the 4 study visits (first ultrasound visit, 24-28 GA, 36-38 GA, delivery).
According to this score, women in the interventional group had a good adherence to the intervention.
A significant reduction of SGA (p 0.001) was observed in the intervention arm.
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3.4.2. Prematurity

Evidence for this outcome comes from 6 papers (Table 1, Table 2): an RCT of poor quality, 4 cohort
studies (1 good, 3 intermediate quality) and 1 cross sectional study of poor quality. Cohort studies
reached the best scores for quality.

MDA was not significantly associated with the risk of preterm delivery in 5738 American
women who delivered non-malformed infants and participated as controls in the National Birth
Defects Prevention Study, a multicentre, population-based, case-control study conducted in the United
States [51]. MD adherence in the year before pregnancy was evaluated 6 weeks-24 months after delivery
administering by telephone interview the computer-based semi-quantitative 58-item FFQ developed
in the Nurses’ Health Study [79]. The MD Trichopoulou'’s score [40] and the Diet Quality Index (DQI)
incorporating pregnancy-specific nutritional recommendations [52] were calculated and they were not
associated with preterm delivery. Notwithstanding, results should be interpreted with caution due
to the poor quality of this study and the very low overall incidence of early preterm delivery (about
1%). Moreover, the study examined dietary habits during the year before pregnancy and subsequent
substantial changes were not considered.

Saunders et al. [41] reported no overall associations between MD adherence during pregnancy
and the risk of preterm delivery in a French Caribbean population having a dietary pattern similar
to MD. However, a decreased risk was reported in overweight and obese woman (adjOR 0.7 [95%CI:
0.6-0.9).

In 2008, adherence to the MD during pregnancy was reported to be associated with reduced risk
of early preterm birth (<35 weeks of GA) in Denmark [53] but not in Norway [55]. In the Danish
prospective cohort studies 35657 women [53] received a semi-quantitative FFQ (360-item) by mail
in mid-pregnancy (gestation week 25). The questionnaire covered the diet during the previous four
weeks. In the Norwegian cohort (26563 women) a semi-quantitative FFQ (255 items) investigating
dietary habits before pregnancy was self-administered at week 18-22 of gestation [55]. For both studies,
adherence to MD was assessed based on 5 major criteria defined by Khoury [54]: consumption of fish
twice a week or more, 5 or more vegetable/fruit servings per day, use olive or rapeseed oil, meat at
most twice a week, and no more than 2 cups of coffee per day. High MD adherence was associated
with reduced the risk of early preterm birth (adjOR 0.28 [95% CI: 0.11-0.76]) in the Danish cohort. In
both studies no association emerged regarding the risk of late preterm delivery (35-36 weeks of GA).

An association between MD and preterm delivery was also evidenced by Smith and colleagues [56],
who analysed the associations between late and moderately preterm (LMPT) birth (32-37 weeks of GA)
and maternal lifestyle factors (smoking, alcohol, drug use and diet) in a population-based case-cohort
study involving the mothers of 922 LMPT and 965 term singletons born in UK. Lifestyle and dietary
information during pregnancy were obtained via maternal interview shortly after delivery, and women
were considered adherent to MD if their diet included at least 1 of the following: 5 portions of fruits
and vegetables every day, fish more than twice a week, meat less than twice a week, maximum of 2 cup
of coffee a day. Although not adherent women (2.6%) were almost twice as likely to deliver LMPT as
adherent women (RR 1.81 [95% CI: 1.04-3.14]), it is worth considering that the “not adherent” diet was
very poor, and the effect could be related to the highly unbalanced dietary pattern.

To date, the already mentioned randomized, controlled, trial by Assaf-Balut [49] is the only
available intervention study on this topic. It demonstrated that an early nutritional intervention
based on MD supplemented with extra virgin olive oil and pistachios significantly reduces the rate of
prematurity (p 0.023).

3.4.3. Neural Tube Defects

Evidence for this outcome comes from 2 cross sectional studies of intermediate quality (Table 1,
Table 2).

The case-control study by Vujkovic et al. involved 50 mothers of children with spina bifida and 81
control mothers [57]. Validated semi-quantitative FFQ (200 food items) were filled out 14 months after

204



Nutrients 2019, 11, 997

delivery covering the nutrient intake 3 months before the study moment. All FFQ were individually
checked for consistency at the hospital or by telephone by the researchers. Principal component
factor analysis (PCA) and reduce rank regression (RRR) were used to identify a comparable dietary
pattern, which was labelled Mediterranean as it was characterised by high intake of vegetables, fruits,
vegetable oils, legumes, fish, alcohol and cereal products and low intakes of potatoes and sweets. Low
adherence to the MD, according to both PCA and RRR, was associated to a significantly increased
risk of spina bifida compared with high adherence (OR 2.7 [95% CI: 1.2-6.1] and OR 3.5 [95% CI:
1.5-7.9]), respectively.

The multi-centre, population-based, case-control study by Carmicheal et al. [58] was conducted in
the United States between 1997 and 2005 and it included 936 cases with NTDs, 2475 with orofacial
clefts and 6147 controls. Telephone interviews were conducted between 6 weeks and 24 months
after delivery to investigate the mother average intake of foods in the year before pregnancy using
a semi-quantitative 58-item FFQ. The MD score of Trichopoulou [40], and the DQI incorporating
pregnancy-specific nutritional recommendations [52] were calculated. Higher MD score and DQI
appeared associated with reduced birth defect risks (adjOR 0.64 [95% CI: 0.45-0.92]), with a stronger
association for anencephaly (adjOR 0.49 [95% CI: 0.31-0.75]). Association was still present after
adjusting for maternal intake of mineral/vitamin supplements.

3.4.4. Congenital Heart Defects and Gastroschisis

We found two studies assessing the effects of maternal adherence to the MD on two congenital
anomalies, CHDs and gastroschisis (Table 1). Both papers had a cross sectional design and scored
intermediate quality (Table 2).

In the year 1997-2009, the National Birth Defects Prevention Study [59], a population-based,
multicentre, case—control study enrolled 9885 mothers of babies with major CHDs and 9468 mothers of
unaffected babies. Maternal interviews administrated 13 months for cases and 9 months for controls
after delivery were standardised, computer-based and conducted primarily by telephone in English
or Spanish. Interviews included a validated semiquantitative 58-items FFQ focused on consumption
in the year before pregnancy. Maternal diet quality was assessed by the DQI for pregnancy [52]
and the MD score of Trichopoulou [40]. Quartile 1 (Q1) and 4 (Q4) reflected the worst and best diet
quality. An inverse association between better diet quality scores and risk for selected conotruncal and
septal defects was present, where the inverse associations were typically weaker for MDS compared
with DQI-P. For MDS, a significantly estimated risk reduction (Q4 vs. Q1) was associated only for
perimembranous ventricular septal defects (14%, OR 0.86 [95% CI: 0.69-1.07]). For DQI-P, an estimated
risks reductions were 37% for tetralogy of Fallot (OR 0.63 [95% CI: 0.49-0.80]), 24% for all conotruncal
defects (OR 0.76 [95% CI: 0.64-0.91]), 23% for atrial septal defects (OR 0.77 [95% CI: 0.63-0.94]) and
14% for all septal defects (OR 0.86 [95% CI: 0.75-1.00]).

The National Birth Defects Prevention Study also investigated the relationship between maternal
diet quality during the year before conception and gastroschisis in 1125 case mothers and 9483 control
mothers (estimated delivery dates between 1997 and 2009) [60]. Diet quality was assessed by DQI [52]
and Trichopoulou score [40] based on a validated semiquantitative 58-item FFQ administered as
part of the computerized-assisted telephone interview (CATI). A statistically significant decrease of
gastroschisis was associated to increasing diet quality for both the DQI and MDS. When stratified by
maternal race/ethnicity, this finding was confined to Hispanic women. Among Hispanic women, the
risk of gastroschisis decreased significantly with increasing DQI quartiles: quartile 2, aOR 0.58 (95%
CI: 0.40-0.86); quartile 3, aOR 0.52 (95% CI: 0.36-0.79); and quartile 4, aOR0.48 (95% CI: 0.32-0.76).
Increasing diet quality, as measured by the MDS, showed reduced risk of gastroschisis among women,
mostly Hispanic, who were born outside the United States: quartile 2, aOR 0.62 (95% CI: 0.33-1.16);
quartile 3, aOR 0.51 (95% CI: 0.28-0.94); and quartile 4, aOR 0.50 (95% CI: 0.28-0.90).
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3.4.5. Asthma and Allergy

We retrieved 7 studies exploring the effect of maternal adherence to the MD and incidence of
asthma and/or allergic diseases in the offspring (Table 1). Five studies were cohort studies (3 good,
1 intermediate quality and 1 of poor quality) and 2 were cross sectional studies (1 intermediate and
1 poor quality) (Table 2).

Two studies examined the incidence of allergic diseases in the offspring at 6.5 years of age. In
the cross-sectional study by Chatzi et al. [61], involving 460 Spanish children, a semi-quantitative
42-item FFQ was administered to mothers three months after delivery by a face-to-face interview to
investigate their dietary habits during pregnancy. Children dietary pattern at 6.5 years was evaluated
using a semi-quantitative 96-item FFQ administered to parents by an interviewer. MD adherence was
evaluated using the Trichopoulou score [40]. A high MDS during pregnancy resulted to be protective
for persistent wheeze (adjOR 0.22 [95% CI: 0.08-0.58]), atopic wheeze (adjOR 0.30 [95% CI: 0.1-0.9])
and atopy (adjOR 0.55 [95% CI: 0.31-0.97]) in children. Results were confirmed even including children
MDS in the multivariate models.

The cross-sectional study by De Batlle et al. [62] was conducted in Mexico on a random sample
of 1476 children. Maternal adherence to the MD during pregnancy was assessed using a validated
semi-quantitative 70-item FFQ self-administered at the children age of 6-7 years [80]. High adherence
to MD, calculated according to the score of Trichopoulou [40], was associated to reduced risk of current
sneezing (OR 0.71 [95% CI: 0.53-0.97]) in children but no associations were found for other endpoints.
However, results of this study should be interpreted cautiously because of the reliability of maternal
dietary recall after more than 6 years.

Other studies surveyed the offspring at earlier times: 3 studies at 12-18 months of life [63,65,66],
one study at 3 years [67], and one study at 4 years [69]. In all of them the outcome was asthma/wheezing;
3 studies included also atopy/atopic eczema [65,67,69] and another study included also rhinitis [69].
Castro-Rodriguez et al. [63] performed an observational study on a Spanish cohort of 1409 infants
aged 15-18 months. When children came to receive vaccination at 15-18 months of age, parents were
asked to complete a questionnaire emphasizing on wheezing during the first year of life and also on
epidemiological and risk/protective factors. At the same time a self-administered semi-quantitative
11-items FFQ were administered to mothers to collect data on their food intake during pregnancy.
Maternal adherence to the MD, measured according to the score by Psaltopoulou [64], and consumption
of olive oil were both significantly associated with less wheezing in children, but association was
only confirmed for olive oil consumption after multivariate analysis. Similarly, other studies did not
evidence any association between maternal adherence to the MD and development of wheeze or
eczema in the first 15 months of life [65,66]; wheeze, asthma or allergy at 3 years of age [67]; wheezing,
rhinitis and dermatitis in the children at 4 years of age [69]. Details of these studies are reported in
Table 1.

3.4.6. Body Weight and Metabolic Markers

Evidence for these outcomes comes from 4 cohort studies (2 good, 1 intermediate quality and 1 of
poor quality), 2 cross sectional studies of intermediate quality. Cohort studies reached the best scores
for quality.

The quality of the diet during the first trimester of pregnancy and its relation to insulin
sensitivity/resistance in the new-borns was evaluated in a cross-sectional study involving 35 women [70]
who completed a 169-items FFQ 3-5 weeks after delivery. The FFQ was administered by trained
dietician, and adherence to the MD was assessed by the healthy eating index (HEI) adapted for the
Spanish population [71] and by a modified MDA scores used in the PREDIMED study [72]. Women with
low HEI- or MDA scores delivered infants with high insulinaemia (p 0.048 and p 0.017, respectively),
homeostatic model assessment for insulin resistance (HOMA-IR) (p 0.031 and p 0.049, respectively)
and glycaemia (p 0.018 and p 0.048, respectively). The relative risk (RR) of high-neonatal glycaemia
and insulinaemia was 7.6 (p 0.008) and 6.7 (p 0.017) for low vs. high HEI-score groups. High HOMA-IR
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and high glucose RR were, respectively, 3.4 (p 0.043) and 3.9 (p 0.016) in neonates from the <7 MDA-
vs. >7 MDA-score group. These RRs were not affected by potential confounders.

Chatzi et al. [73] evaluated the association between maternal adherence to the MD in early
pregnancy and offspring obesity and cardiometabolic risk in two cohorts with different socio-economic
characteristics and different geographic locations. Project Viva, a prospective mother—child cohort began
in Massachusetts, USA in 1999 (997 mother-child pairs), while the RHEA study, a population-based
mother-child cohort study, started in Crete, Greece in 2007 (569 mother-child pairs). In Project Viva, at
study enrolment (median 9.9 weeks’ gestation) mothers reported their diet since the time of their last
menstrual period using a validated semi-quantitative FFQ. RHEA participants completed a validated
FFQ at mean 14.6 weeks gestation. Overall dietary pattern was examined using the Trichopoulou
score [40]. Different parameters were evaluated in the children in mid-childhood (median 7.7 years,
Viva project) and in early childhood (median 4.2 years, RHEA project). After pooling analysis calculated
using mixed models, including cohort and child age at outcome assessment as random effects and all
other covariates as fixed effects, for each 3-point increment in the MD score, ranged from 0 (minimal
adherence to the MD) to 9 (maximal adherence), offspring BMI z-score was lower by 0.14 units
(95% CI: —=0.15 to —0.13), waist circumference by 0.39 cm (95% CI: —0.64 to —0.14), and the sum of
skin-fold thicknesses by 0.63 mm (95% CI: —0.98 to —0.28). The Authors also observed a lower systolic
(=1.03 mmHg [95% CI: —=1.65 to —0.42]) and diastolic blood pressure (-0.57 mmHg [95% CI: —0.98 to
—0.16]) in offspring.

Fernandez-Barrés et al. [74] analysed 1827 mother—child pairs from the Spanish “Infancia y Medio
Ambiente” cohort study, recruited between 2003 and 2008, to evaluate associations between adherence
to the MD during pregnancy and childhood overweight and abdominal obesity risk. A validated
101-items FFQ was administered to evaluate dietary habits from first to third trimester of pregnancy,
and the Mediterranean diet (rMD) score [75] was calculated. No association was evidenced between
rMD score and body mass index z-score of children at 4 years of age, whereas there was a significant
association between higher maternal adherence to the MD and lower waist circumference in children
(=0.62 cm [95% CI: 1.1 to —0.14).

In a cross-sectional study, Gesteiro et al. [76] analysed the MD adherence in 35 Spanish women
during the first trimester of pregnancy, who completed 169-items FFQ guided by a trained dietician.
Adherence to the MD was calculated with a modified version of the score used in the PREDIMED
study [72]. At birth, neonates from mothers with the lower MD score (<7) showed higher cord blood
LDL-c (p 0.049), Apo B (p 0.040), Apo Al/Apo B ratio (p 0.024) and increased homocysteine levels
(p 0.026).

In a cohort study, Mantzoros and colleagues [77] evaluated the relation between maternal
adherence to the MD during pregnancy and cord blood adiponectin and/or leptin level, which have
been associated with post-natal body size and adiposity in the first years of life, in 780 American
women. Maternal diet assessment at both the first and second trimester was performed using a
semi-quantitative FFQ slightly modified for use in pregnancy and MD score calculated accordingly to
Trichopoulou [40]. Closer adherence to a MD during pregnancy was not associated with cord blood
leptin or adiponectin (p 0.38 and p 0.93, respectively).

Gonzalez-Naghm et al. [78] evaluated in 390 women enrolled in the Newborn Epigenetic Study
the relation between MD adherence, assessed by a 150 items FFQ at preconception or at first trimester,
and DNA methylation in cord blood leukocytes at birth. Infants of mothers with low adherence to
the MD had greater odds of hypomethylation of the MEG3-IG region (OR 2.80 [95% CI: 1.35-5.82]).
Sex-stratified models showed that this association was present in girls only. The MEG3-IG region may
be an upstream regulator of the MEG3 DMR, which has been associated with type 2 diabetes [78].
Hypomethylation of MEG3- IG region could explain the association between MD and improvements
of type 2 diabetes [81].
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4. Discussion and Conclusions

In the present review, we systematically summarized studies carried out to verify the protective
effect on the offspring of maternal adherence to the MD during pregnancy. All but one of the 29 studies
included in the review were observational (cross-sectional, cohort, and case—control) studies.

Although maternal nutrition has been recognized as one of the most important environmental
factors influencing foetal growth and development [14-17], we found intermediate evidence linking
maternal adherence to the MD pattern to FGR and risk of SGA new-borns, with cohort studies that
reached the best scores for quality (Table 2). A confirmation that adherence to the MD during pregnancy
could represent a strategy for reducing the incidence of FGR and SGA new-borns could come from a
randomized controlled trial that is recruiting patients in Spain [82]. This study is randomizing women
at high risk for growth restricted foetuses into two different behavioural strategies program: a stress
reduction program based on mindfulness techniques or a nutrition interventional program based on
MD. The trial will last till February 2021.

We founded intermediate evidence supporting a protective effect of MD on preterm delivery,
with cohort studies reaching the best scores for quality. The MD pattern, including low amount of
sugars, could result in better blood glucose regulation during pregnancy. Although glucose intolerance
is associated with a shorter duration of gestation independently of other known risk factors for
prematurity [83], not all studies investigating the effect of MDA during pregnancy on preterm delivery
found no significant correlation (Table 1). The heterogeneity of results could be in part explained by
differences in the definition of preterm delivery (<37 weeks versus earlier periods). Of note, the only
randomized controlled trial found in the literature [49] showed that an early nutritional intervention
with MD supplemented with extra virgin olive oil and pistachios significantly reduces the rate of
preterm delivery.

Since long ago, many studies demonstrated that appropriate intake of folate during pregnancy can
prevent the recurrence of NTDs [84]. Although it is known that the MD provides appropriate amount
of folate, to date only two cross sectional studies [57,58] have investigated the effects of maternal
adherence to the MD on NTDs incidence in offspring. Maternal MD adherence and risk of NTDs
appeared significantly related, but the low number of studies reduces the level of evidence. In addition,
it is not clear whether the MD protective effect is simply due to the correct folic acid intake or other
MD components contribute as well. Anyway, to improve adherence to the MD in the periconception
period could be considered a good strategy to reduce the incidence of NTDs. Regarding CHDs and
gastroschisis, the number of studies is too low to draw any conclusion.

At present, there is low evidence of a link between maternal adherence to the MD and incidence of
asthma and/or allergic diseases in the offspring. This is also due to quality coming from these studies
was much more mixed, particularly for cohort studies. Additional studies are needed to better clarify
the role of maternal adherence to the MD on this outcome.

Obesity and metabolic syndrome (MetS) are two of the most common chronic diseases among
children. Recent evidence suggests these conditions have their roots in utero as maternal obesity,
dyslipidaemia, and hyperglycaemia are associated with child cardiometabolic health and developing
insulin resistance and obesity later in life [85,86]. Although studies considered in this review indicate
that higher adherence to the MD during pregnancy is a potential protective factor against abdominal
obesity [73,74] and positively influences lipoprotein and homocysteine concentration [76], and insulin
resistance in new-borns [70], the use of different endpoints to evaluate outcomes reduces the level
of evidence.

Overall, most of the studies included in this review showed beneficial association between MD
adherence during pregnancy and children’s health. The strength of the association varied in the different
health outcomes, and the level of evidence was affected by the high heterogeneity among the study
design. Heterogeneity was mainly related to the methodology used for assessment of MD adherence.
Epidemiological studies commonly use the FFQ to assess usual food consumption. Although an
FFQ does not have the same accuracy as a dietary record or a 24 h dietary recall, it can reasonably
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report intake over a large period [87]. There are many kinds of FFQ, and not all have been validated.
Anyway, they differ for the number of food items, the way of administration (self-administration or
interviewer-administration), the quantification of consumed foods, etc. Furthermore, there are many
ways to analyse results from FFQ, which are often used to extrapolate an index of overall diet quality
based on an a priori scoring system [88]. The use of different scores for the assessment of adherence to
the MD represents a possible confounding factor while comparing different studies.

In addition, the consumption rate of specific food groups was seldom considered. The so-called
MD was inspired by the eating habits of people in the Mediterranean area (mainly Greece, Southern
Italy and Spain). MD provides an optimal intake of “positive” nutrients (polyunsaturated fats, fibres,
vitamins etc.) and a low intake of “negative” nutrients (e.g., saturated fats, sugars, sodium) through
the proportionally high consumption of olive oil, legumes, unrefined cereals, fruits, and vegetables,
moderate to high consumption of fish, moderate consumption of dairy products (mostly as cheese
and yogurt), moderate wine consumption, and low consumption of non-fish meat products. The
proportion of Mediterranean foods in the diet is different in different Mediterranean countries, even
in people having the same level of adherence, and it largely depends on the characteristics of the
study sample, i.e., ethnic origin of the enrolled population. Culture-driven dietary preferences vary
among population and influence the intake of specific food subgroups. These differences are likely
incompletely captured in the semiquantitative FFQ, particularly in their shorter version, because of
the limited number of food items that are evaluated. Therefore, the sensitivity of MD adherence as
predictor of children outcomes could be affected by regional variations of MD.

Another confounding factor is the stage of pregnancy considered for evaluation of adherence to
the MD, as well as the time elapsed between the considered period and the administration of the FFQ.
Not explored social and environmental factors could have a role.

How a good adherence to the MD during pregnancy could have positive effect in offspring not
only during foetal life but also in later life is still unclear. The induction of epigenetics modification
represents a possible explanation [78], but further studies are needed to confirm it. In addition to
the epigenetics hypothesis, it is known that various nutrients may influence pregnancy outcomes by
altering both maternal and foetal metabolism due to their roles in modulating oxidative stress, enzyme
function, signal transduction and transcription pathways that occur early in pregnancy.

In conclusion, a good maternal diet quality in general, and the adherence to the MD in particular,
are associated with a reduced occurrence of some negative outcomes in babies. Although it is still
unclear whether an intervention to promote the MD could effectively reduce the prevalence of some
childhood diseases, and randomized control trials are needed to better clarify it, current preconception
care recommendations should carefully consider the benefit of MD, reinforcing advice on correct
dietary habits. Strategies aiming to promote adherence to MD dietary pattern may be of considerable
importance to public health. In addition, they have low cost and no side effects.
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Abstract: In the last decade, a number of meta-analyses of mostly observational studies evaluated
the relation between the intake of food groups and the risk of noncommunicable diseases (NCDs).
In this study, we systematically reviewed dose-response meta-analyses of prospective studies with
the aim to derive the quantities of food to consume to attain a protective (Mediterranean food) or a
non-adverse (non-Mediterranean food) effect toward selected NCDs such as cardiovascular disease
(CVD) including coronary heart disease (CHD) and stroke, type 2 diabetes (T2DM), colorectal (CRC)
and breast cancer. These derived quantities, wherever possible, were suggested for a quantification of
food servings of the Mediterranean Diet Pyramid proposed for Italian People (MDPPI). This pyramid
came from the Modern Mediterranean Diet Pyramid developed in 2009 for Italian people. A weekly
menu plan was built on the advice about frequency of intakes and serving sizes of such pyramid and
the nutritional composition of this diet was compared with the Reference Italian Mediterranean Diet
followed in 1960 in Nicotera. The diet built according the advice of MDPPI was very similar to that
of Nicotera in the late 1950s that has been chosen as Italian Reference Mediterranean Diet with the
exception of percentage of energy provided by cereals that was lower and of fruits and vegetables that
was higher. Saturated fatty acids were only the 6% of daily energy intake. Also the Mediterranean
Adequacy Index (MAI) was very similar to that of the aforementioned diet.

Keywords: Mediterranean diet; Mediterranean diet pyramid; noncommunicable diseases

1. Introduction

According to the 2018 Global Health Observatory Data of the World Health Organization (WHO),
noncommunicable diseases (NCDs) such as cardiovascular disease (CVD), type 2 diabetes (T2DM),
cancer and chronic respiratory diseases represent the leading cause of death in the world [1]. In Italy
91% of deaths are caused by NCDs and 10% of them are premature deaths because it affects people in a
30 to 70-year-old span [2].

Some lifestyle modifications and among them the adoption of healthy dietary choices as well
as increasing the intake of fresh fruit and vegetable, whole grains and healthy fats, represent useful
measures for the prevention of NCDs [3].

The Dietary Guidelines Advisory Committee included the Mediterranean Diet among highly
beneficial dietary patterns for the prevention of overweight and obesity, CVD, T2DM, CRC and
post-menopause breast cancer based upon prospective cohort studies, randomized clinical trials (RCTs)
and high-quality systematic reviews [4].
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The definition of dietary pattern takes into account several factors linked to habitually consumed
food and beverages: quantities, proportions, combination or variety and frequency of intake [5].

The Mediterranean Diet is a dietary pattern that was identified in the early 1960s in South Italy,
Crete and other areas of Greece [6]. At that time the food intake habits of three cohorts of the Seven
Countries Study, Corfu and Crete in Greece and Nicotera in South Italy were almost identical [7].
The dietary habits characterized by higher consumption of vegetables and lower consumption of
animal food were considered important determinants of the very low mortality for CHD observed in
the Corfu and Crete cohorts at 25-year of follow-up [8].

During the last decade, a number of meta-analyses of mostly observational studies evaluated the
association between the intake of food groups and the development of NCDs.

In the present study we performed a systematic review of dose-response meta-analyses of
prospective studies, which evaluated the association between the intake of food groups belonging to a
variant of the Modern Mediterranean Diet Pyramid (www.inran.it) and the risk of CVD, including
CHD and stroke, T2DM, CRC and breast cancer. This variant was the MDPPI [9] (Figure 1).

MEDITERRANEAN DIET PYRAMID

Adult population
(18 - 65 years old)

Keep moderate
servings

(based on local habits)

white pasta \y&

whiterice ¥4

e B

white couscous
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2-3s
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. &, : . >
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Figure 1. Proposal of Mediterranean Diet Pyramid for Italian People [9].
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In particular, we derived from these meta-analyses the serving sizes of food to be consumed in
order to obtain a protective (Mediterranean food) or a not detrimental (non-Mediterranean food) effect
toward selected NCDs. A weekly menu plan was built on the advice about frequency of intakes and
serving sizes of MDPPI and the nutritional composition of this diet was compared with the Reference
ITtalian Mediterranean Diet followed in 1960 in Nicotera [10].

2. First Section

2.1. Methods

The criteria for systematic reviews (PRISMA statement) were followed [11].

We searched on Medline and Google Scholar for dose-response meta-analyses investigating the
association between food groups of the MDPPI such as whole grains, vegetables, fruits, milk, cheese,
yogurt, nuts, olive oil, herbs, spices, fish, legumes, eggs, refined grains, sweets/cakes/cookies, potatoes,
red meat, processed meat, poultry, and red wine, on CVD, CHD, stroke, T2DM, CRC, and breast cancer
risk, up to December 2018.

Inclusion criteria were as follows: (1) linear and/or nonlinear dose-response meta-analyses of
prospective studies (cohort studies, follow-up of RCTs, case-cohort studies, nested case-control studies);
(2) summary relative risks (RRs) or summary hazard ratios (HRs) with 95% confidence intervals (CIs);
(3) IZ statistic or p-value for heterogeneity; (4) exposure expressed in metric units (e.g., grams per day,
milliliters per day; unit per day or per week, for eggs).

The publications were selected if the word meta-analysis appeared in the title and/or in the
abstract. They were assessed for eligibility after reading the full text.

2.2. Results

Out of 95 dose-response meta-analyses that were identified, 36 were excluded while 59 met
inclusion criteria and were withheld for this systematic review.

Twelve dose-response meta-analyses were evaluated for whole grain intake [12-23]; 11 for
vegetable intake [17,18,20,21,24-30]; 12 for fruit intake [17,18,20,21,24-31]; 13 for milk intake [20,32-43];
8 for cheese intake [20,33,35-39,44]; 6 for yogurt intake [33,35-38,41]; 8 for nut intake [17,18,21,41,45-48];
2 for olive oil intake [49,50]; 9 for fish intake [17,18,20,21,41,51-54]; 4 for legume intake [17,18,20,21];
3 for egg intake [55-57]; 2 for refined grain intake [17,18]; 1 for potato intake [58]; 13 for red meat
intake [17,18,20,21,41,59-66]; 13 for processed meat intake [17,18,20,21,41,59-62,64-67]; 3 for poultry
intake [41,61,68]; 2 for red wine intake [69,70].

No dose-response meta-analyses were identified for spice, herb and sweet/cake/cookie intakes.

2.2.1. Whole Grains

Table 1 reports the summary of linear dose-response meta-analyses of prospective studies on
whole grain intake and CVD, CHD, stroke, type 2 diabetes (T2DM), and CRC.

A meta-analysis reported both a dose-response analysis for specific whole grains and for total
whole grains [12]. Each increment intake of 90 g/day reduced CVD risk by 22% [16], CHD risk by
19% [16], and CRC risk by 17% [19,20]. Each increment intake of 90 g/day of specific whole grains
reduced CVD mortality by 17% [12]. A meta-analysis reported that each increment intake of 30 g/day
of whole grains reduced CHD risk by 5% [17]. In these meta-analyses, the heterogeneity was low or
moderate (I? statistic < 50%).

Nonlinear dose-response analyses. The dose-response analysis of the association between whole
grain intake and CVD mortality was nonlinear and above an intake of ~35 g/day [13] or of ~60 g/day [22]
additional but more moderate benefits were evident. Two dose-response meta-analyses reported no
evidence of nonlinearity between whole grain intake and reduction of CVD mortality [12,23].

There was evidence of a nonlinear association between whole grain intake and CVD, CHD and
stroke with a reduction in risk up to 200 g/day for CVD, 210 g/day for CHD, and 120-150 g/day for
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stroke [16] and no reductions above these intakes. However, Bechthold et al., found evidence of a
nonlinear dose-response association between whole grain intake and CHD with a decreased risk of 17%
with increasing intake up to ~100 g/day and no benefits with further intakes [17]. In a meta-analysis,
no association was evident for whole grain intake and stroke risk in the nonlinear dose-response
analysis [17].

There was evidence of a nonlinear dose-response association between whole grain intake and
T2DM risk with a 25% of risk reduction along with an increasing intake up to ~50 g/day and minimal
benefits above this level of intake [18].

The intake of whole grains was associated with a linear decrease in the risk of CRC [19,21]; the
risk decreased by ~20% along an increasing intake up to ~120 g/day and further benefits were evident
for higher intakes up to ~200 g/day [21].

Table 1. Summary of linear dose-response meta-analyses of prospective studies on whole grain intake
and CVD, CHD, stroke, T2DM and CRC.

No. of  Each Increment p-Value for  Begg's or Egger’s

Authors, Year, Reference Studies  Intake Per Day RR (95% CI) 12 Statistic Heterogeneity  Test p-Value
Benisi-Kohansal 2016 [12] 3 Ng CVD mortality 0.83 (0.76-0.91) * 0.00% 0.860 NR

Chen 2016 [13] 10 50g CVD mortality 0.70 (0.61-0.79) 64.80% 0.002 0.370/0.140

Li 2016 [14] 8 30g CVD mortality 0.95 (0.92-0.98) 68.60% <0.001 0.276/0.202

Wei 2016 [15] 8 Ng CVD mortality 0.74 (0.66-0.83) 76.30% <0.001 0.107/0.834
Aune 2016 [16] 10 Ng CVD 0.78 (0.73-0.85) 40.00% 0.090 0.310
Bechthold 2017 [17] 5 30g CHD 0.95 (0.92-0.98) 46.00% 0.110 NR
Aune 2016 [16] 7 Ng CHD 0.81 (0.75-0.87) 9.00% 0.360 0.110
Bechthold 2017 [17] 4 30g Stroke 0.99 (0.95-1.03) 65.00% 0.040 NR
Aune 2016 [16] 6 Ng Stroke 0.88 (0.75-1.03) 56.00% 0.040 0.010
Schwingshackl 2017 [18] 12 30g T2DM 0.87 (0.82-0.93) 91.00% NR NR

Aune 2011 [19] 6 Ng CRC 0.83 (0.78-0.89) 18.00% 0.300 1.000/0.540
Vieira 2017 [20] 6 Ng CRC 0.83 (0.79-0.89) 18.00% 0.300 NS
Schwingshackl 2018 [21] 9 30g CRC 0.95 (0.93-0.97) 58.00% 0.0200 NR

* specific whole grains; CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus;
CRC, colorectal cancer; RR, relative risk; NR, not reported; NS, not significant.

2.2.2. Vegetables

Table 2 reports the summary of linear dose-response meta-analyses of prospective studies on
vegetable intake and CVD, CHD, stroke, T2DM, CRC, and breast cancer.

Each daily increment intake of 200 g of vegetables reduced the risk of CVD by 10% [24], whereas a
daily increment intake of 400 g reduced the CHD risk by 18% [25] and a daily increment intake of 100 g
by 3% [17]. In these meta-analyses, the heterogeneity was below 50%.

Nonlinear dose-response analyses. There was evidence of nonlinearity for vegetable intake and
CVD (although the association was almost linear) with a 28% risk reduction at intakes of 600 g/day [24].
The nonlinear dose-response analysis was significant for the association between vegetable intake and
CVD risk with a reduction of 11% and 28% for a daily intake of 200 g and 600 g, respectively [29].

A nonlinear association of CHD risk with vegetable intake was evident [24,25] with a reduction in
risk at the lower levels of intake up to ~200-300 g/day and light further reductions in RRs of 30% up to
550-600 g/day [24]. One dose-response meta-analysis reported that the association between vegetable
intake and CHD was linear; an increasing intake of vegetables up to 400 g/day reduced the RRs of
CHD by ~12% and higher intakes lead to further reductions in RRs [17].

For stroke risk, there was no evidence of nonlinearity: risk reduction of stroke was evident along
with the entire range of vegetable intake with the strongest reductions in RRs of 20% for a daily
intake of 400 g [30]. However, in two dose-response meta-analyses there was evidence of nonlinearity
between vegetable intake and stroke risk with a 28% reduction in RRs at 500 g/day [24] or with ~12%
reduction in RRs up to intakes of ~200 g/day [17] without additional benefits above these amounts.

The association between vegetable intake and T2DM risk was nonlinear [18,26,27]. A maximal
reduction in RRs of 9% was evident at ~300 g/day of intakes with no additional benefits for higher
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intakes [18]. Similarly, in another meta-analysis, the T2DM risk decreased by 6% at intakes of
~200-300 g/day of vegetables without further benefits at higher intakes [27].

There was evidence of nonlinear dose-response between vegetable intake and CRC risk: the risk
decreased along the entire range of intakes and the RR reduction were 7% up to ~200 g/day; minimal
further reductions were evident for higher intakes [21].

There was no evidence of nonlinear dose-response association between vegetable intakes and
breast cancer risk [28].

Table 2. Summary of linear dose-response meta-analyses of prospective studies on vegetable intake
and CVD, CHD, stroke, T2DM, CRC, breast cancer.

Authors, Year, Reference No. of = Each Increment RR (95% CI) I2 Statistic P -Value for Begg's or Egger’s

Studies  Intake Per Day Heterogeneity  Test p-Value
Aune 2017 [24] 14 200 g CVD 0.90 (0.87-0.93) 11.50% 0.330 0.530
Gan 2015 [25] 13 400 g CHD 0.82 (0.73-0.92) 35.60% 0.068 0.880/0.381
Aune 2017 [24] 20 200g CHD 0.84 (0.79-0.90) 60.60% <0.0001 0.001
Bechthold 2017 [17] 14 100g CHD 0.97 (0.96-0.99) 12.00% 0.320 NR
Aune 2017 [24] 13 200g Stroke 0.87 (0.79-0.96) 63.40% 0.001 0.150
Bechthold 2017 [17] 10 100 g Stroke 0.92 (0.86-0.98) 79.00% <0.001 NR
Li 2014 [26] 5 106 g T2DM 0.98 (0.89-1.08) 45.80% 0.117 0.117
Wu 2015 [27] 7 106 g T2DM 0.98 (0.95-1.01) 78.30% 0.000 0.130/0.150
Schwingshackl 2017 [18] 11 100 g T2DM 0.98 (0.96-1.00) 62.00% NR NS
Vieira 2017 [20] 11 100 g CRC 0.98 (0.96-0.99) 0.00% 0.480 NS
Schwingshackl 2018 [21] 15 100 g CRC 0.97 (0.96-0.98) 0.00% 0.640 0.530
Aune 2012 [28] 9 200 g Breast cancer 1.00 (0.95-1.06) 17.00% 0.290 NR

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

2.2.3. Fruits

Table 3 reports the summary of linear dose-response meta-analyses of prospective studies on fruit
intake and CVD, CHD, stroke, T2DM, CRC, and breast cancer.

Table 3. Summary of linear dose-response meta-analyses of prospective studies on fruit intake and
CVD, CHD, stroke, T2DM, CRC, breast cancer.

No. of  Each Increment L -Value for  Begg's or Egger’s
Authors, Year, Reference Studies Intake Per Day RR (95% CI) 12 Statistic }’;eterogenei ty ,%egs " p-Va?\gle
Aune 2017 [24] 17 200g CVD 0.87 (0.82-0.92) 79.10% <0.0001 0.410
Gan 2015 [25] 15 300 g CHD 0.84 (0.75-0.93) 31.70% 0.0780 0.367/0.591
Aune 2017 [24] 24 200 g CHD 0.90 (0.86-0.94) 43.70% 0.0100 0.040
Bechthold 2017 [17] 13 100 g CHD 0.94 (0.90-0.97) 71.00% <0.0010 NR
Aune 2017 [24] 16 200 g Stroke 0.82 (0.74-0.90) 72.90% <0.0001 0.620
Bechthold 2017 [17] 10 100 g Stroke 0.90 (0.84-0.97) 86.00% 0.0010 NR
Li 2014 [26] 7 106 g T2DM 0. 94 (0.89-1.00) 0.00% 0.059 NR
Wu 2015 [27] 9 106 g T2DM 0.99 (0.97-1.00) 18.60% 0.278 0.470/0.680
Schwingshackl 2017 [18] 13 100 g T2DM 0.98 (0.97-1.00) 21.00% NR NS
Vieira 2017 [20] 13 100 g CRC 0.96 (0.93-1.00) 68.00% <0.0001 NS
Schwingshackl et al. 2018 [21] 16 100 g CRC 0.97 (0.95-0.99) 61.00% <0.0010 0.120
Aune 2012 [28] 10 200 g Breast cancer 0.94 (0.89-1.00) 39.00% 0.1000 NR

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

Each daily increment intake of 300 g or 200 g of fruits reduced the RRs of CHD by 16% [25] and
10% [24], respectively. The RRs of T2DM were reduced by 6%, 1% and 2% for a daily increment intake
of 106 g [26], 106 g [27] and 100 g [18], respectively. The breast cancer risk was reduced by 6% for each
daily increment intake of 200 g [28]. In these linear dose-response meta-analyses, the heterogeneity
was below 50%.

Nonlinear dose-response analyses. There was evidence of nonlinearity between fruit intake
and CVD risk with the strongest inverse association at lower intakes (up to ~200-300 g/day) and
light further reductions at greater intakes: at 800 g/day of intake the reduction in RRs was 27% [24].
Similarly, in another meta-analysis, the reduction in CVD risk was 14% at 200 g/day of intake and 16%
at 500 g/day of intake [29].
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Nonlinear association between fruit intake and CHD was found: most of the reduction in risk was
up to ~200 g/day of intake [17,24,25] without benefit for greater intake [17] or with a light reduction for
greater intakes [24,25].

In two dose-response meta-analyses, the association between fruit intake and stroke was nonlinear
with a 20% of reduction in RRs for daily intakes of ~200-350 g [24] or ~200 g [17] and not benefits for
greater intakes. One dose-response meta-analysis reported no evidence of nonlinearity between fruit
intake and stroke with a reduction in RRs of 46% for a daily intake of 300 g [30].

Four dose-response meta-analyses reported evidence of nonlinear association between fruit intake
and T2DM risk with most reduction in RRs for lower intakes [18,26,27,31]. For ~200 g of fruit intake
the reduction in RRs was 13% [31] 10% [18] or 12% [27] and no benefits were evident for higher intakes.

A nonlinear dose-response association was detected between fruit intake and CRC with the
greatest reduction in RRs by ~8% increasing the intake up to ~200 g/day and little further benefits
above these intakes [21]

The inverse association between fruit intake and breast cancer was linear [28].

2.2.4. Milk

Table 4 reports the summary of linear dose-response meta-analyses of prospective studies on milk
intake and CVD, CHD, stroke, T2DM, CRC, and breast cancer.

Table 4. Summary of linear dose-response meta-analyses of prospective studies on milk intake and
CVD, CHD, stroke, T2DM, CRC, and breast cancer.

No. of  Each Increment p-Value for ~ Begg’s or Egger’s

Authors, Year, Reference Studies  Intake Per Day RR (95% CD) I? Statistic Heterogeneity Test p-Value
Soedamah-Muthu 2011 [32] 4 200 mL CVD 0.94 (0.89-0.99) 0.00% 0.5020 NR
Guo 2017 [33] 12 244 g CVD 1.01 (0.93-1.10) 92.40% <0.0010 0.449
Soedamah-Muthu 2011 [32] 6 200 mL CHD 1.00 (0.96-1.04) 26.90% 0.2330 NR
Mullie 2016 [34] 9 200 mL CHD 1.01 (0.98-1.05) 16.00% 0.3000 0.680/0.050
Guo 2017 [33] 12 244 g CHD 1.01 (0.96-1.06) 45.50% 0.0430 0.397
Soedamah-Muthu 2011 [32] 6 200 mL Stroke 0.87 (0.72-1.07) 94.60% 0.0000 NR
de Goede 2016 [35] 14 200g Stroke 0.93 (0.88-0.98) 86.00% <0.0010 0.060
Mullie 2016 [34] 10 200 mL Stroke 0.91 (0.82-1.02) 92.00% <0.0100 0.530/0.050
Aune 2013 [36] 7 200g T2DM 0.87 (0.72-1.04) 93.60% <0.0001 0.410
Gao 2013 [37] 8 200g T2DM incidence 0.89 (0.79-1.01) 66.30% 0.0050 NR
Gijsbers 2016 [38] 12 200g T2DM incidence 0.97 (0.93-1.02) 57.40% 0.0070 0.071
Aune 2012 [39] 9 200g CRC 0.90 (0.85-0.94) 0.00% 0.6200 0.840/0.860
Vieira 2017 [20] 9 200 g CRC 0.94 (0.92-0.96) 0.00% 0.9700 NS
Dong 2011 [40] 9 200g Breast cancer 0.98 (0.95-1.01) NR >0.3000 >0.050
Wu 2016 [41] 11 200g Breast cancer incidence 0.97 (0.93-1.01) 36.40% NR 0.436/0.355

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

A daily increment intake of 200 mL of milk reduced the RRs of CVD by 6% [32]. A daily increment
intake of 200 mL [32,34] or 244 g of milk [33] had a neutral effect on CHD risk. The RRs of CRC was
reduced by 10% [39] or 6% [20] for each daily increment intake of 200 g of milk. The RRs of breast
cancer and breast cancer incidence were reduced by 2% [40] and 3% [41] for each daily increment
intake of 200 g of milk. In these meta-analyses, the heterogeneity was low below 50%.

Nonlinear dose-response analyses. An inverse and nonlinear association between milk intake
and stroke was found with a maximal effect up to ~200 mL/day (reduction in RRs of 18%) [42] or up
to 125 g/day (reduction in RRs of 14%) [35]; the reduction in RRs remained but was attenuated up to
~700 mL/day [42] or ~750 g/day [35].

There was evidence of an inverse linear association between low fat or skim milk intake and
T2DM and of a nonlinear positive association between whole milk intake and T2DM [36].

The association between milk intake and reduced CRC risk was nonlinear with the strongest
reduction in RRs (20-30%) from 500 to 800 g/day of intake and week association below 200 g/day of
intake [39]. In a meta-analysis of 22 prospective cohort studies, no association between milk intake
and breast cancer risk was found [43]. In another meta-analysis, a linear inverse association between
skim milk intake and breast cancer incidence was found [41].
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2.2.5. Cheese

Table 5 reports the summary of linear dose-response meta-analyses of prospective studies on
cheese intake and CVD, CHD, stroke, T2DM, and CRC.

Table 5. Summary of linear dose-response meta-analyses of prospective studies on cheese intake and
CVD, CHD, stroke, T2DM, and CRC.

Authors, Year, No. of  Each Increment p-Value for  Begg’s or Egger’s

o -
Reference Studies Intake Per Day RR (95% C I? Statistic Heterogeneity ~ Test p-Value
Chen 2017 [44] 7 50g CVD 0.92 (0.83-1.02) 16.90% 0.301 >0.100
Guo 2017 [33] 11 10g CVD 0.98 (0.95-1.00) 82.60% <0.001 NR
Chen 2017 [44] 8 50g CHD 0.90 (0.84-0.95) 0.00% 0.444 0.170/0.040
Guo 2017 [33] 10 10g CHD 0.99 (0.97-1.02) 40.30% 0.089 0.273
Chen 2017 [44] 5 50g Stroke 0.94 (0.84-1.04) 63.70% 0.026 >0.10
de Goede 2016 [35] 7 40g Stroke 0.97 (0.94-1.01) 31.20% 0.179 NR
Aune 2013 [36] 8 50g T2DM 0.92 (0.86-0.99) 0.00% 0.790 0.740
Gao 2013 [37] 7 30g T2DM incidence 0.80 (0.69-0.93) 59.00% 0.020 NR
Gijsbers 2016 [38] 13 10g T2DM incidence 1.00 (0.99-1.02) 61.70% 0.002 0.880
Aune 2012 [39] 7 50g CRC 0.96 (0.83-1.12) 28.00% 0.220 NR
Vieira 2017 [20] 7 50g CRC 0.94 (0.87-1.02) 10.00% 0.360 NS

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

A daily increment intake of 50 g reduced CVD and CHD risk by 8% and 10%, respectively [44].
The stroke risk was reduced by 3% with a daily increment intake of 40 g [35]. An increment intake of
50 g reduced the T2DM risk by 8% [36].

The risk of CRC was reduced by 4% [39] and 6% [20] with a daily increment intake of 50 g,
respectively. In these dose-response meta-analyses, the heterogeneity was below 50%.

Nonlinear dose-response analyses. The association between cheese intake and CVD was nonlinear
and almost U-shaped with a maximal risk reduction at ~40 g/day [44]. The association between
cheese intake and CHD was linear with progressive risk reduction up to an intake of 120 g/day [44].
The association between cheese intake and stroke was inverse and nonlinear with a maximal risk
reduction at 40 g/day [44] or at 25 g/day [35] without benefits for greater intakes.

Nonlinearity was found between cheese intake and T2DM with a maximal reduction in RRs up to
50 g/day and not further benefits for higher intakes [36].

2.2.6. Yogurt

Table 6 reports the summary of linear dose-response meta-analyses of prospective studies on
yogurt intake and CVD, CHD, stroke, T2DM, and breast cancer.

Table 6. Summary of linear dose-response meta-analyses of prospective studies on yogurt intake and
CVD, CHD, stroke, T2DM, and breast cancer.

Authors, Year, No. of  Each Increment p-Value for ~ Begg's or Egger’s

o -,

Reference Studies  Intake Per Day RR (35% €D I* Statistic Heterogeneity ~ Test p-Value
Guo 2017 [33] 3 50g CVD 1.03 (0.97-1.09) 0.00% 0.499 NR
Guo 2017 [33] 3 50g CHD 1.03 (0.97-1.09) 0.00% 0.685 NR
de Goede 2016 [35] 3 100 g Stroke 1.02 (0.90-1.17) 47.80% 0.147 NR
Aune 2013 [36] 7 200g T2DM 0.78 (0.60-1.02) 69.90% 0.003 0.370
Gao 2013 [37] 7 50g T2DM incidence 0.91 (0.82-1.00) 74.00% 0.001 NR
Gijsbers 2016 [38] 12 50g T2DM incidence 0.94 (0.90-0.97) 73.30% 0.000 0.180

Wu 2016 [41] 3 200g Breast cancer incidence 0.87 (0.72-1.06) 0.00% NR 1.000/0.488

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; RR, relative risk; NR,
not reported.

A daily increment intake of 50 g [33] or 100 g [35] was not associated with CVD, CHD [33] and
stroke risk [35]. A daily increment intake of 200 g reduced breast cancer incidence by 13% [41]. In these
dose-response meta-analyses, the heterogeneity was below 50%.

Nonlinear dose-response analyses. The association between yogurt intake and T2DM risk was
inverse and nonlinear with a maximal reduction at intakes of 120-140 g/day [36] or 80 g/day [38] and
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not further reductions at higher intakes. The association between yogurt intake and breast cancer risk
was nonlinear [41].

2.2.7. Nuts

Table 7 reports the summary of linear dose-response meta-analyses of prospective studies on nut
intake and CVD, CHD, stroke, T2DM, CRC and breast cancer.

Table 7. Summary of linear dose-response meta-analyses of prospective studies on nut intake and
CVD, CHD, stroke, T2DM, CRC, breast cancer.

No. of  Each Increment p-Value for  Begg's or Egger’s

Authors, Year, Reference Studies Intake Per Day RR (95% CI) 12 Statistic Heterogeneity  Test p-Value
Luo 2014 [45] 4 28¢g CVD incidence 0.71 (0.59-0.85) 48.80% 0.119 0.090
Aune 2016 [46] 11 28¢g CVD 0.80 (0.72-0.89) 56.00% 0.001 NR
Grosso 2015 [47] 5 28g CVD mortality 0.61 (0.42-0.91) 75.00% NR NR
Aune 2016 [46] 11 28¢g CHD 0.71 (0.63-0.80) 47.00% 0.040 0.280
Bechthold 2017 [17] 4 28¢g CHD 0.67 (0.43-1.05) 85.00% 0.001 NR
Aune 2016 [46] 11 28¢g Stroke 0.93 (0.83-1.05) 14.00% 0.310 0.300
Bechthold 2017 [17] 6 28¢g Stroke 0.99 (0.84-1.17) 45.00% 0.110 NR
Luo 2014 [45] 4 28¢g T2DM incidence 1.03 (0.91-1.16) 63.90% 0.040 0.810
Schwingshackl 2017 [18] 7 28¢g T2DM 0.89 (0.71-1.12) 77.00% NR NR
Schwingshackl 2018 [21] 4 28¢g CRC 0.96 (0.76-1.21) 25.00% 0.260 NR

Wu 2016 [41] 3 28¢g Breast cancer incidence 0.96 (0.84-1.09) 0.00% NR 0.100/0.955

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported.

A daily increment of 28 g reduced the RRs of CVD incidence [45] and CHD [46] by 29%; the risk
of stroke by 7% [46] or 1% [17]; the risk of CRC [18] and breast cancer incidence [41] by 4%. In these
dose-response meta-analyses, the heterogeneity was below 50%.

Nonlinear dose-response analyses. The association between nut intake and CVD was nonlinear
with a maximal reduction in risk up to intakes of ~15 g/day and no benefits above these values [46].
There was evidence of nonlinearity between nut intake and CHD risk with an inverse association
that reached the maximal values at ~15-20 g of daily intakes without further reductions for greater
intakes [46]. A nonlinear inverse association was reported between nut intake and CHD risk with
maximal benefits in reduction of RRs (21%) up to ~10-15 g/day and no benefits above these intakes [17].

There was evidence of an inverse nonlinear association between nut intake and risk of stroke
with a maximal reduction in RRs up to ~10-15 g of daily intake but a positive association at ~30 g
of daily intake [46]. An inverse nonlinear association was found between nut intake and stroke risk
with a 14% risk reduction at daily intake of 12 g without any further benefits for greater intakes [48].
However, in another meta-analysis no association was found between daily nut intake and risk of
stroke in the nonlinear dose-response analysis [17]. There was no evidence of a nonlinear dose-response
association between daily nut intake and T2DM [18] or CRC risk [21]. The association between nut
intake and breast cancer was nonlinear [41].

2.2.8. Olive Oil

Table 8 reports the summary of linear dose-response meta-analyses of prospective studies on olive
oil intake and CHD, stroke, and T2DM.

Table 8. Summary of linear dose-response meta-analyses of prospective studies on olive oil intake and

CHD, stroke, T2DM.
No. of  Each Increment o, 2 L p-Value for ~ Begg’s or Egger’s
Authors, Year, Reference Studies  Intake Per Day RR (95% CI) I* Statistic Heterogeneity Test p-Value
Martinez-Gonzales 2014 [49] 5 25g CHD 0.94 (0.78-1.14) 66.20% 0.020 NR
Martinez-Gonzales 2014 [49] 3 25g Stroke 0.76 (0.67-0.86) 0.00% 0.440 0.110
Schwingshackl 2017 [50] 4 10g T2DM 0.91 (0.87-0.95) 0.00% NR NR

CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; RR, relative risk; NR, not reported.
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Each 25 g increment intake per day of olive oil reduced the RRs of stroke by 24% [49]. An increment
intake of 10 g of olive oil reduced the RRs of T2DM by 9% [50]. In these dose-response meta-analyses,
the heterogeneity was below 50%.

Nonlinear dose-response analyses. There was evidence of an inverse nonlinear association
between olive oil intake and T2DM risk. A daily intake of ~15-20 g reduced the RRs of T2DM by 13%.
Greater intakes did not bring further benefits. Excluding one study the association became linear [50].

2.2.9. Fish and Shellfish

Table 9 reports the summary of linear dose-response meta-analyses of fish intake and CVD, CHD,
stroke, T2DM, CRC, breast cancer.

Table 9. Summary of linear dose-response meta-analyses of prospective studies on fish intake and
CVD, CHD, stroke, T2DM, CRC, breast cancer.

No. of  Each Increment p-Value for  Begg's or Egger’s

Authors, Year, Reference RR (95% CI) 12 Statistic

Studies  Intake Per Day Heterogeneity ~ Test p-Value

Jayedi 2018 [51] 8 20g CVD mortality 0.96 (0.94-0.98) 0.00% 0.620 NR
Bechthold 2017 [17] 15 100 g CHD 0.88 (0.79-0.99) 40.00% 0.060 NS
Zheng 2012 [52] 17 15g CHD mortality 0.94 (0.90-0.98) 63.10% 0.000 NR
Bechthold 2017 [17] 15 100 g Stroke 0.86 (0.75-0.99) 25.00% 0.180 NR
Schwingshackl 2017 [18] 15 100 g T2DM 1.09 (0.93-1.28) 84.00% NR NS
Vieira 2017 [20] 11 100 g CRC 0.89 (0.80-0.99) 0.00% 0.520 NS

Schwingshackl 2018 [21] 16 100 g CRC 0.93 (0.85-1.01) 12.00% 0.320 0.910
Zheng 2013 [53] 11 15g Breast cancer 1.00 (0.97-1.03) 64.00% 0.001 NS

Wu 2016 [41] 13 120g Breast cancer incidence 1.07 (0.94-1.21) 33.30% NR 0.100/0.089

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

Each increment of 20 g/day decreased CVD mortality by 4% [51]. Each daily intake of 100 g
reduced the RRs of CHD and stroke of 12% and 14%, respectively [17] and the CRC risk by 11% [20] or
7% [21]. A daily increment intake of 120 g increased the breast cancer incidence of 7% [41]. In these
dose-response meta-analyses, the heterogeneity was below 50%.

Nonlinear dose-response analyses. The association between fish intake and CVD mortality was
linear [51]. There was evidence of linearity of the association between fish intake and CHD mortality:
for each 20g/day the reduction of RRs was 7% [54]. However, in another meta-analysis there was
evidence of nonlinearity between fish intake and risk of CHD mortality that had greater risk reduction
at ~30-60 g/day than for lower and higher intakes [52]. The nonlinear dose-response association
between fish intake and CHD or stroke was significant and the risk of CHD decreased with greater
daily intake up to ~15% at ~250 g/day; the risk of stroke decreased with greater daily intake up to ~10%
at ~80-100 g/day [17].

No association between fish intake and T2DM [18], CRC [21], and breast cancer risk [53] was
evident. A nonlinear association with fish intake and breast cancer incidence was found [41].

2.2.10. Legumes

Table 10 reports the summary of linear dose-response meta-analyses of prospective studies on
legume intake and CHD, stroke, T2DM, and CRC.

A daily increment of 50 g reduced the risk of CHD by 4% [17]. No association was evident for
a daily increment of 50 g of legumes on the risk of CRC [20]. In these dose-response meta-analyses,
the heterogeneity was below 50%.

Nonlinear dose-response analyses. An inverse nonlinear dose-response association between
legume intake and CHD was evident; the risk decreased by ~10% with increasing intakes up to
~100 g/day without no benefits for higher intakes. No association was evident between legume intake
and stroke [17], T2DM [18], and CRC risk [21].
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Table 10. Summary of linear dose-response meta-analyses of prospective studies on legume intake and
CHD, stroke, T2DM, CRC.

No. of  Each Increment
Studies  Intake Per Day

p-Value for  Begg’s or Egger’s

N 2 Qparicrs
RR (95% CI) I* Statistic Heterogeneity  Test p-Value

Authors, Year, Reference

Bechthold 2017 [17] 8 50g CHD 0.96 (0.92-1.01) 39.00% 0.120 NR
Bechthold 2017 [17] 6 50g Stroke 1.00 (0.88-1.13) 62.00% 0.020 NR
Schwingshackl 2017 [18] 12 50g T2DM 1.00 (0.92-1.09) 87.00% NR NR
Schwingshackl 2018 [21] 10 50g CRC 1.00 (0.92-1.08) 50.00% 0.040 0.590
Vieira 2017 [20] 4 50g CRC 1.00 (0.95-1.06) 33.00% 0.200 NS

CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer; RR, relative risk; NR,
not reported; NS, not significant.

2.2.11. Eggs

Table 11 reports the summary of linear dose-response meta-analyses of prospective studies on egg
intake and CHD, stroke, T2DM, and breast cancer.

Table 11. Summary of linear dose-response meta-analyses of prospective studies on egg intake and
CHD, stroke, T2DM, breast cancer.

Authors, Year, No. of  Each Increment Intake p-Value for  Begg'’s or Egger’s

o 2 .
Reference Studies Per Day or Week RR (95% CD) I Statistic Heterogeneity  Test p-Value
Rong 2013 [55] 9 legg/day CHD 0.99 (0.85-1.15) 0.00% 0.970 >0.050/>0.050
Rong 2013 [55] 8 legg/day Stroke 0.91 (0.81-1.02) 0.00% 0.460 >0.050/>0.050
Tamez 2016 [56] 13 legg/day T2DM 1.13 (1.04-1.22) 85.00% <0.001 0.460
Keum 2015 [57] 6 Seggs/week Breast cancer 1.05 (0.99-1.11) 0.00% 0.927 0.620

CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; RR, relative risk.

An increased intake of 1 egg/day was not associated with increased risk of CHD or stroke [55].
An increased intake of 5 eggs/week increased the risk of breast cancer of 5% [57]. No heterogeneity
was detected between the studies.

Nonlinear dose-response analyses. No evidence of nonlinear dose-response was found between
egg intake and risk of CHD and stroke [55]. The association between egg intake and breast cancer risk
was linear with an increased risk for intakes >5 eggs/week [57].

2.2.12. Refined Grains

Table 12 reports the summary of linear dose-response meta-analyses of prospective studies on
refined grain intake and CHD, stroke, T2DM.

Table 12. Summary of linear dose-response meta-analyses of prospective studies on refined grain
intake and CHD, stroke, T2DM.

No. of  Each Increment
Studies  Intake Per Day

p-Value for  Begg’s or Egger’s

N 2 -
RR (95% CI) I Statistic Heterogeneity  Test p-Value

Authors, Year, Reference

Bechthold 2017 [17] 4 30g CHD 1.01 (0.99-1.04) 0.00% 0.510 NR
Bechthold 2017 [17] 4 30g Stroke 1.00 (0.98-1.01) 0.00% 0.510 NR
Schwingshackl 2017 [18] 14 30g T2DM 1.01 (0.99-1.03) 59.00% NR NR

CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; RR, relative risk; NR, not reported.

Each additional daily intake of 30 g of refined grains was not associated with the risk of CHD or
stroke without heterogeneity between the studies [17].

Nonlinear dose-response analyses. The association between refined grain intake and CHD was
linear and the RRs were greater than 1.00 for intakes higher than ~100-120 g/day [17].

There was no association between refined grain intake and risk of stroke [17]. The association
between refined grain intake and T2DM was linear and direct. An intake of ~200-400 g/day was
associated with an increased risk of 6-14% [18].
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2.2.13. Potatoes

Table 13 reports the summary of linear dose-response meta-analyses of prospective studies on
potato intake and CHD, stroke, T2DM, and CRC.

Table 13. Summary of linear dose-response meta-analyses on potato intake and CHD, stroke,
T2DM, CRC.

No. of  Total Intake Per p-Value for ~ Begg's or Egger’s

o 2 it

Authors, Year, Reference Studies Day RR (95% CI) I# Statistic Heterogeneity Test p-Value
Schwingshackl 2018 [58] 7 150 g CHD 1.03 (0.96-1.09) 0.00% 0.990 NR
Schwingshackl 2018 [58] 6 150 g Stroke 0.98 (0.93-1.03) 3.00% 0.400 NR
Schwingshackl 2018 [58] 7 150 g T2DM 1.18 (1.10-1.27) 30.00% 0.200 NR
Schwingshackl 2018 [58] 6 150 g CRC 1.05 (0.92-1.20) 20.00% 0.280 NR

CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer; RR, relative risk; NR,
not reported.

An increment in daily total potato intake of 150 g was not associated with the risk of CHD, stroke
or CRC but was positively associated with T2DM risk (18% increase). No heterogeneity between the
studies was found [58].

Nonlinear dose-response analyses. There was no association between total potato intake and
CHD and stroke. There was no evidence of nonlinearity between total potato intake and T2DM or
CRC risk. The risk of T2DM was positively associated with potato intake: at value up to ~260 g/day it
reached ~51% mostly due to French fries intake [58].

The risk of CRC was positively associated with potato intake: for an intake higher than ~134 g/day,
the risk the CRC increased up to 25% for a daily intake of ~190 g [58].

2.2.14. Red Meat

Table 14 reports the summary of linear dose-response meta-analyses of prospective studies on red
meat intake and CVD, CHD, stroke, T2DM, CRC, and breast cancer.

Table 14. Summary of linear dose-response meta-analyses of prospective studies on red meat intake
and CVD, CHD, stroke, T2DM, CRC, breast cancer.

No. of  Each Increment p-Value for  Begg’s or Egger’s

Authors, Year, Reference RR (95% CI) 12 Statistic

Studies  Intake Per Day Heterogeneity  Test, p-Value
Abete 2014 [59] 6 100 g CVD mortality 1.15 (1.05-1.26) 76.60% <0.001 >0.100/>0.100
Bechthold 2017 [17] 3 100 g CHD 1.15 (1.08-1.23) 0.00% 0.680 NR
Bechthold 2017 [17] 7 100 g Stroke 1.12 (1.06-1.17) 0.00% 0.500 NR
Aune 2009 [60] 9 120 g T2DM 1.20 (1.04-1.38) 68.30% 0.001 NR
Feskens 2013 [61] 14 100 g T2DM 1.13 (1.03-1.23) 36.00% NR NR
Schwingshackl 2017 [18] 14 100 g T2DM 1.17 (1.08-1.26) 83.00% NR NS
Larsson 2006 [62] 14 120g CRC 1.28 (1.18-1.39) 0.00% 0.790 NR
Alexander 2011 [63] 13 70g CRC 1.05 (0.97-1.13) NR <0.001 0.97
Chan 2011 [64] 8 100 g CRC incidence 1.17 (1.05-1.13) 0.00% 0.483 NS
Vieira 2017 [20] 8 100 g CRC 1.12 (1.00-1.25) 24.00% 0.240 NS
Zhao 2017 [65] 9 100 g CRC 1.16 (1.05-1.29) 0.00% 0.600 NR
Schwingshackl 2018 [21] 21 100 g CRC 1.12 (1.06-1.19) 27.00% 0.130 0.620
Guo 2015 [66] 11 120g Breast cancer 1.11 (1.05-1.16) NR >0.100 NR
Wu 2016 [41] 8 120g Breast cancer incidence 1.13 (1.01-1.26) 56.40% NR 0.266/0.110

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

Each 100 g daily increment of red meat was associated with a 15% and a 12% increased risk of
CHD and stroke, respectively [17]. The risk of T2DM was increased for the same daily intake by
13% [61]. The risk of CRC was increased by 28% for an increase in red meat intake of 120 g/day [62],
and from 12% to 17% for an increase in red meat intake of 100 g/day [20,21,64,65]. A daily increment of
120 g of red meat intake increased the risk of breast cancer by 11% [66]. The heterogeneity between the
studies was below 50%.

Nonlinear dose-response analyses. There was evidence of a nonlinear dose-response association
between red meat intake and CHD risk: it increased by ~20% up to ~100 g of daily intake [17].
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The association between red meat intake and stroke was linear with an increased risk of ~10% for
increasing intakes up to ~100 g/day [17].

The association between read meat intake and T2DM risk was linear and direct with an increasing
risk of ~20% for a daily intake up to ~100 g/day of intake [18]. The association between red meat intake
and CRC risk was linear and positive and an intake of 150 g/day was associated with an increased risk
of ~20% [21]. A linear association was observed between red meat intake and increased breast cancer
incidence risk [41].

2.2.15. Processed Meat

Table 15 reports the summary of linear dose-response meta-analyses of prospective studies on
processed meat intake and CVD, CHD, stroke, T2DM, CRC, and breast cancer.

Table 15. Summary of linear dose-response meta-analyses of prospective studies on processed meat
intake and CVD, CHD, stroke, T2DM, CRC, breast cancer.

No. of  Each Increment p-Value for  Begg's or Egger’s

Authors, Year, Reference RR (95% CI) 12 Statistic

Studies  Intake Per Day Heterogeneity  Test p-Value
Abete 2014 [59] 6 50g CVD mortality 1.24 (1.09-1.40) 76.40% 0.0010 >0.100/>0.100
Wang 2016 [67] 10 50g CVD mortality 1.15 (1.07-1.24) 75.40% <0.0100 >0.370/>0.540
Bechthold 2017 [17] 3 50g CHD 1.27 (1.09-1.49) 0.00% 0.5100 NR
Bechthold 2017 [17] 6 50g Stroke 1.17 (1.02-1.34) 56.00% 0.0500 NR
Aune 2009 [60] 8 50g T2DM 1.57 (1.28-1.93) 74.00% <0.0001 NR
Feskens 2013 [61] 21 50g T2DM 1.32 (1.19-1.48) 89.00% NR NR
Schwingshackl 2017 [18] 14 50¢g T2DM 1.37 (1.22-1.55) 88.00% NR NR
Larsson 2006 [62] 11 30g CRC 1.09 (1.05-1.13) 0.00% 0.7800 NR
Chan 2011 [64] 9 50g CRC incidence 1.18 (1.10-1.28) 12.20% 0.3330 NS
Vieira 2017 [20] 10 50g CRC 1.18 (1.10-1.28) 11.00% 0.3400 NS
Zhao 2017 [65] 8 50g CRC 1.22 (1.12-1.33) 19.00% 0.2800 NR
Schwingshackl 2018 [21] 16 50¢g CRC 1.17 (1.10-1.23) 6.00% 0.3900 0.660
Guo 2015 [66] 7 50g Breast cancer 1.09 (1.03-1.16) NR >0.100 NR
Wu 2016 [41] 20 50g Breast cancer incidence 1.09 (1.02-1.17) 11.80% 0.3290 0.945/0.566

CVD, cardiovascular disease; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; CRC, colorectal cancer;
RR, relative risk; NR, not reported; NS, not significant.

Each daily increment of 50 g of processed meat intake increased CHD risk by 27% [17]. Each daily
increment intake of 30 g increased CRC risk by 9% [62]. Each daily increment intake of 50 g increased
CRC risk from 17% to 22% [20,21,64,65]. In two dose-response meta-analyses, the risk of breast cancer
was increased by 9% with each increment of 50 g/day of processed meat [41,66]. The heterogeneity
between the studies was below 50%.

Nonlinear dose-response analyses. There was no evidence of nonlinear dose-response association
between processed meat and CHD or stroke risk. No association was found between processed meat
intake and CHD risk while the risk of stroke increased by ~15% with a processed meat intake up to
70 g/day [17]. A nonlinear positive dose-response association was evident between processed meat
intake and T2DM with a risk increase of ~30% up to 50 g/day and moderate further increase in risk for
additional intakes [18]. The dose response association between processed meat intake and increased
CRC risk was linear and an intake up to ~60 g/day increased the risk of ~20% [21]. The relation between
processed meat intake and increased risk of breast cancer incidence was linear [41].

2.2.16. Poultry

Table 16 reports the summary of linear dose-response meta-analyses of prospective studies on
poultry intake and T2DM, CRC, and breast cancer.

Each daily 50 g increment of poultry intake reduced by 11% and 3% the risk of CRC incidence and
mortality, respectively [68]. Each 120 g daily increment intake of poultry reduced the risk of breast
cancer incidence by 3% [41]. The heterogeneity between the studies was below 50%.

Nonlinear dose-response analyses. No evidence of a nonlinear association between poultry intake
and CRC incidence was found: along with the increment in poultry intake up to ~90 g/day the RRs
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decreased up to ~15% [68]. No association was found between poultry intake and risk of breast cancer
incidence [41].

Table 16. Summary of linear dose-response meta-analyses of prospective studies on poultry intake and
CVD, CHD, stroke, T2DM, CRC, breast cancer.

Authors, Year, No. of  Each Increment o, 2 - p-Value for  Begg's or Egger’s
Reference Studies  Intake Per Day RR (95% CI) I* Statistic Heterogeneity  Test p-Value
Feskens 2013 [61] 10 100 g T2DM 1.04 (0.82-1.32) 51.00% NR NR
Shi 2015 [68] 16 50g CRC incidence 0.89 (0.81-0.97) 41.20% 0.043 0.140
Shi 2015 [68] 4 50g CRC mortality 0.97 (0.79-1.20) 0.00% 0.695 NR
Wu 2016 [41] 10 120g Breast cancer incidence 0.97 (0.85-1.11) 33.20% NR 0.107/0.090

T2DM, type 2 diabetes mellitus; CRC, colorectal cancer; RR, relative risk; NR, not reported.

2.2.17. Wine

A dose-response meta-analysis of seven prospective studies evaluating the associations between
alcohol intake and CVD mortality (fatal CVD, fatal CHD, fatal ischemic heart disease) showed a
J-shaped curve with a maximal reduction in RRs of 34% at 24 g/day of alcohol intake from wine [69].
However, the reduction in risk of ~34% was similar for intakes from ~10 to 30 g of alcohol from wine.

A dose-response meta-analysis between wine intake and T2DM risk, carried out on 13 prospective
studies, showed a U-shaped association: all levels of daily wine intakes < 80 g were associated with a
risk reduction and the lowest risk (20% of reduction) was evident at 20-30 g of daily intake of wine [70].

3. Discussion

3.1. Whole Grains

The intake of whole grains had a protective effect toward CVD [16], CHD [16,17], stroke [16],
T2DM [18], and CRC risk [19,21]. Overall, a whole grain intake above 210 g/day is not necessary to
obtain benefits on CVD, CHD, stroke, T2DM, and CRC risk.

Biological plausibility of such protective actions should be found in a beneficial effect of whole
grain toward cardio-metabolic risk factors. RCTs and its meta-analyses showed a beneficial effect
of whole grains compared with refined grains against CVD risk factors such as systolic and pulse
blood pressure in healthy persons [71], diastolic blood pressure in overweight and obese adults [72],
total and LDL cholesterol in healthy individuals [73], post-prandial blood glucose and insulin and
the maximal glucose and insulin response in healthy subjects [74], post-prandial blood glucose and
peripheral insulin resistance in obese adults [75], low-grade inflammation in overweight and obese
subjects [76]. Fiber and many bioactive components in bran and in the germ are involved in this
protective activity [77].

The MDPPI suggests 1 or 2 servings, three times a day. We propose that each serving of whole
grain is 30 g with a total amount of 90-180 g/day. Wholemeal wheat sourdough bread, stoneground
heat bread, wholemeal pasta, brown rice, whole grain cereals should be eaten every day. The intake of
whole grains should be made by substituting food based on refined flours in order to avoid the increase
of daily energy intake [78]. The intake of whole grain sourdough bread typical of the Mediterranean
Diet of the early 1960s in Nicotera and maybe in Crete and Corfu is particularly recommended for its
low glycemic index (GI) (revised in [9]). Italian law allows defining, as whole grain food, the products
obtained by whole grain flour as well as the ones derived from refined flour added with bran or
middling but it establishes that in this last case the single components (flour, bran and middling)
should be clearly indicated [79]. Therefore, consumers’ choice should be made through a careful exam
of the labels on foodstuffs. In the case of whole grain bread bought in bakeries, Italian law does not
enforce the declaration of the quantities of the ingredients so it is impossible to establish the quantity
of whole grain flour in the final product or whether it is a compound product of refined flour added
with bran or middling [80].
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3.2. Vegetables and Fruits

3.2.1. Vegetables

In the nonlinear dose-response analyses, the highest reduction in RRs for CVD was reported
at intakes of 600 g/day [24,29]. The maximal reductions in RRs of CHD were evident at
550-600 g/day [17,24] and of stroke at 500 g/day [24], respectively. The benefits on T2DM risk
were minimal and obtained at intakes up to ~200-300 g/day [18,27]. The benefits on CRC risk were
found up to ~200 g/day of intakes and not above [21].

The MDPPI suggests at least 2 servings of vegetables during the three main meals or, as an
alternative, in the breaks between the main meals as snack. We propose that each serving of vegetables
in the MDPPI is 100 g.

3.2.2. Fruits

In dose-response analysis the associations between daily fruit intakes and CVD [24,29],
CHD [17,24,25], stroke [17,24,30], T2DM [18,26,27,31], and CRC [21] had the highest reductions
in RRs at intakes of ~200-300 g/day but for CVD risk further benefits were evident up to ~500-800 g/day
of intakes [24,29].

The MDPPI recommends 1-2 servings, three times a day. We propose that each serving of fruits is
100 g.

The protective mechanisms of increasing vegetable and fruit intake toward CVD risk include
decreasing blood pressure, regulation of lipids metabolism, reducing oxidative stress and low-grade
inflammation [81-83]. The high content of antioxidants (flavonoids, vitamin C, Vitamin E, 8-carotene)
reduces DNA damaging [84]. The protective effects of fruit intake toward T2DM depend on their
richness in fiber that improves insulin sensitivity and reduces the risk of weight gain [31].

An increased intake of fruits and vegetables should be encouraged in their quantities as well as in
their variety since different colors ensure the provision of different micronutrients in a well balanced
diet [85]. The protective effect of the intake of fruits and vegetables over the risk of CVD depends on the
richness in fiber, vitamins, minerals, phytochemicals which ensures antioxidant and anti-inflammatory
effects as well as low glycemic load (GL) and energetic density [85].

3.3. Dairy (Milk, Cheese, Yogurt)

3.3.1. Milk

According to a nonlinear dose-response meta-analysis, a daily intake of ~100 mL of milk reduces
the risk of stroke by ~12% [42]. The protective effect of skim milk intake toward T2DM or breast cancer
incidence was more evident at greater intakes of ~600 g/day [36,41]. Also, the protective effect of milk
intake toward CRC was more evident at greater intakes of ~500-800 g [39].

3.3.2. Cheese

In dose-response analysis the protective effect of cheese intake toward CVD, stroke and T2DM
was evident for little intakes up to ~40 g/day [44], ~25 g/day [35], ~50 g/day [36], respectively without
benefits for greater intakes.

3.3.3. Yogurt

The protective effect of little daily quantities of yogurt intake was evident toward T2DM.
The highest reductions in RRs were found up to 120-140 g/day [36] or 80 g/day [38] without benefits
for higher intakes.

Overall these data indicated that small daily quantities of dairy products could have a protective
effect toward CVD, stroke, and T2DM risk. The protective effect of milk and low-fat dairy on stroke
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risk could be in relation to a reduced incidence of hypertension [86]. It is worth noting that in a number
of cheeses many angiotensin I-converting enzyme inhibitory peptides were identified [87,88].

The MDPPI suggests 2-3 servings, a day. We propose that 1 serving of milk is 50 g, 1 serving of
yogurt is 50 g, 1 serving of cheese is 30 g.

Low-fat dairy should be preferably chosen. There is evidence that low-fat dairy has a better
beneficial effect than high-fat dairy in the prevention of T2DM [89] and of CVD mortality [90]. A review
of a number of RCTs concluded that there was not enough evidence of an unfavorable effect of dairy
products on the cardio-metabolic risk factors (lipids, blood pressure, inflammation, insulin resistance,
vascular function) independently from their fat content, and that the possible unfavorable effect of
saturated fatty acids could be nullified if they are consumed in the frame of the dairy food matrix [91].

Moreover, it should be considered that, in the evaluation of the cardio-metabolic effects of dairy
food in the RCTs, the quality of diet of the control group is of fundamental importance. For instance,
arecent RCT evaluated the cardio-metabolic effects of 5 iso-energetic diets (cheese, butter, carbohydrate,
monounsaturated fatty acids and polyunsaturated fatty acids diets), and found that LDL cholesterol
was significantly lower after the cheese diet compared to the butter diet, but significantly higher
than the carbohydrate, the monounsaturated fatty acids and the polyunsaturated fatty acids diets.
No meaningful difference was noted among the 5 diets on risk factors such as inflammation markers,
blood pressure and glucose-insulin homeostasis [92]. The matrix effect in this study is limited to the
metabolism of cholesterol for the lack of increase of LDL cholesterol after cheese intake compared to
butter. Indeed, the calcium contained in cheese can link the saturated fatty acids in the intestine and
increase their fecal excretion [92].

3.4. Nuts

In dose-response analyses the maximal reduction in risk were observed at ~15 g/day for CVD [46],
at ~15-20 g/day [46] or at ~10-15 g/day [17] for CHD. Similarly, the maximal risk reduction was
observed at ~10-15 g/day [46] or at 12 g/day [48] for stroke risk.

A favorable effect of nuts on CVD health is biologically plausible considering the unique
composition of these monounsaturated fatty acids and polyunsaturated fatty acids, fiber, magnesium,
arginine and polyphenols rich food [93]. Possible effects include a reduction of low-grade inflammation,
oxidative stress, endothelial dysfunction and an improvement of the lipid profile and of insulin
resistance [94].

The MDPPI recommends 1 or 2 servings, of nuts a day. We propose that 1 serving of nutis 15 g.

3.5. Olive Oil

The dose-response analysis showed a protective effect of olive oil intake toward T2DM risk.
It decreased to 13% with increasing intake up to ~15-20 g/day and no benefits were evident above
these intakes [18].

Olive oil has been defined as the hallmark of Mediterranean Diet [49]. In Nicotera, in the late
1950s, the intake of olive oil provided 13-17% of total daily energy [95].

A meta-analysis of RCTs supported a cardiovascular protective role of olive oil for its
beneficial effects on low-grade inflammation and endothelial function [96]. The biological
plausibility of a protective effect on T2DM risk depends on some extra virgin olive oil components.
Indeed, the monounsaturated fatty acids (compared to the saturated fatty acids) [97] and the polyphenols
improve insulin sensitivity in many ways and therefore the T2DM risk [98].

The MDPPI suggests an intake of 3—4 servings of extra virgin olive oil, per day. We propose that
1 serving of extra virgin olive oil is 10 g.

3.6. Spices and Herbs

No dose-response meta-analyses were identified for spice and herb intake and CVD, CHD, stroke,
T2DM, CRC and breast cancer.
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Because of their high phenolic component content, spices and herbs have antioxidant power,
anti-inflammatory and anti-mutagen properties, and therefore they can have a role in the prevention of
CVD, T2DM, cancer and other degenerative diseases that have the oxidative stress as an important
cause [99]. Not only does their use add flavor to food but also contributes to the decrease of salt intake.
The WHO recommends a reduction of < 5 g/day salt (<2 g/day sodium) in order to reduce blood
pressure and CVD, CHD and stroke risks [100].

The MDPPI recommends a daily intake of herbs and spices.

3.7. Fish and Shellfish

The dose-response association between fish intake and CHD mortality had the maximal reduction
in RRs at ~30-60 g of daily fish intake without any further benefits for lower and higher intakes [52].
In another meta-analysis, a daily intake of fish as little as 20 g reduced the CHD mortality of 7% [54].

In a broad review that evaluated the relationship between fish or fish oil intake and CHD
mortality in prospective cohort studies and RCTs, the intake of 250 mg/day of eicosapentaenoic acid
and docosahexaenoic acid reduced CHD mortality by 36% without further reductions for higher
intakes [101]. These intakes are easily obtained with two-100 g servings a week of which at least one is
blue fish (www.ieo.it/bda).

The n-3 polyunsaturated fatty acids of fish reduce the CVD risk with an anti-inflammatory,
antiarrhythmic and antiplatelet aggregation effect [102]. An RCT meta-analysis reported that the
intake of oily fish was associated with a significant reduction of plasma triglycerides and to a
significant increase of HDL cholesterol [103]. Moreover, an RCT meta-analysis did not highlight any
n-3 polyunsaturated fatty acids effect on insulin sensitivity [104].

The MDPPI suggests a fish intake >2 servings a week (preferably fatty fish). We propose that
1 serving of fish or shellfish is 100 g.

3.8. Lequmes

A protective effect of legume intake on CHD risk was evident up to ~100 g/day without benefits
for higher intakes [17].

Legumes include lentils, beans, chickpeas, peas, peanuts, soya and other podded plants [105].
Beans, lentils, chickpeas and peas are high in fiber, protein and low in fat and are also called pulses [106].
The above studies do not allow a differentiation between fresh and dry legumes.

The MDPPI recommends an intake of >2 servings a week of legumes. We propose that 1 serving
of fresh legumes is 100 g and 1 serving of pulses is 50 g.

Coherently to the Mediterranean tradition, legumes should partially replace protein food of
animal origin.

3.9. Eggs

No association between egg intake and CHD or stroke risk was found (up to 1 egg/day) whereas
the association between egg intake and breast cancer showed an increment of the risk above an intake
of 5 eggs/week (Table 11). The biological plausibility of a lack of an unfavorable effect of a higher
intake of eggs over the risk of CHD and stroke is provided by RCTs that did not find a worsening in
CVD risk markers (lipid profile, body weight) in greater consumers of eggs (up to 1 egg/day) [107].
An increase of the intake of cholesterol with the diet does not have a negative impact on the lipid
profile because in about 75% of the population leads to a reduction of the absorption of the same
and/or of its synthesis and therefore a moderate or absent difference in serum cholesterol (normal or
hypo-responders subjects) [108]. In hyper-responding subjects, the dietary increase of cholesterol leads
to an increase of LDL cholesterol but also of HDL cholesterol with minimal effects on the LDL/HDL
ratio [109]. The saturated fatty acids and the trans-fatty acids represent the major determiners of the
total and LDL cholesterol [110]. The increased risk of breast cancer at egg intake >5/week could happen
in subjects whose serum cholesterol levels are influenced by dietary intake and an excess of cholesterol
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may increase the risk of breast cancer through an increase of sexual hormones that promote cellular
proliferation [57].
The MDPPI advised an intake of 2—4 eggs/week.

3.10. Refined Grains

The nonlinear dose-response analyses indicated that the RRs of CHD [17] and T2DM [18] were
greater than 1.00 for intakes higher than ~100-120 g/day. The risk of T2DM increased by 6-14% with
an intake of 200-400 g/day of refined grains [18].

The biological plausibility of an absence of a protective effect of refined grains respect to the whole
ones against CHD, stroke and T2DM depends on the removal of fiber, micronutrients and minerals
following the elimination of the bran and germ with cardio-metabolic protective effects [111]. Just like
white potatoes and added sugar, refined cereals have a high GI and can increase the GL of the diet.
They produce rapid glycemic and insulinemic peaks after the intake making way to adverse events
such as stimulating reward/craving in cerebral areas, activation of the hepatic de novo lipogenesis and
enabling visceral adiposity (reviewed in [111]). A recent international consensus established that low
GI/GL diets reduce the risk of T2DM development in both sexes and they also reduce CHD risk mostly
in women. These protective effects have greater relevance in sedentary, overweight or insulin resistant
subjects. Low GI diets could have a protective effect against some cancer types such as CRC and breast
cancer (reviewed in [112]).

The MDPPI recommends the limit of intake of refined grains of 3 servings a week. We propose
that 1 serving of refined cereals is 60 g.

3.11. Potatoes

In nonlinear dose-response meta-analyses no association was found between daily potato intake
and CHD or stroke, instead, the association between potato intake and T2DM or CRC showed increased
risk above ~134 g/day. The increased risk of T2DM was mainly due to French fries intakes [58].

The MDPPI recommends the limit of intake of potatoes of 3 servings a week. We propose that one
serving of potatoes is 100 g.

3.12. Red Meat and Processed Meat

3.12.1. Red Meat

In nonlinear dose-response meta-analyses, a red meat intake up to 100 g/day increased the CHD
risk by 20% and of stroke by 10% [17]. The association between red meat intake and increased risk of
T2DM [18], CRC [21] and breast cancer [41] was linear.

The MDPPI recommends the intake of <2 servings of red meat a week. We propose that 1 serving
of red meat is 100 g.

3.12.2. Processed Meat

In nonlinear dose-response meta-analyses, the association between processed meat intake and
CHD was null [17]. Otherwise the risk of stroke [17], T2DM [18], CRC [21] increased by 15%, 30%,
and 20% with increased intakes above 70 g/day, 50 g/day and 60 g/day, respectively.

The MDPPI recommends an intake of processed meat of <1 serving per week. We propose that
1 serving is 50 g.

The mechanisms that link the intake of meat to NCDs risk involve a number of substances.

Haem iron has a pro-oxidant action that increases oxidative stress. The saturated fatty acids
(processed meat is particularly rich) increase LDL cholesterol. Advanced glycation end products
(which are found in animal products rich in fats and proteins especially if processed) have a
pro-inflammatory action. Nitrates and nitrites (used in meat preservation) facilitate endothelial
dysfunction, atherosclerosis and insulin resistance. Salt (used in meat preservation) has a hypertensive
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effect and it is a possible risk factor for gastric cancer. Polycyclic aromatic hydrocarbons and
heterocyclic aromatic amines (which are formed during meat cooking at high temperatures) are
carcinogenic especially for CRC (reviewed in [113-115]). A greater intake of red meat was in relation
to a higher risk of CRC cancer. In 2015 the International Agency for Research on Cancer classified the
intake of red meat as “probably carcinogenic for humans” and processed meat as “carcinogenic for
humans” [116].

3.13. Poultry

In nonlinear dose-response meta-analyses, an intake of ~90 g/day of poultry reduced CRC
incidence by ~15% [68].

The MDPPI suggests that poultry intake should be <2 servings a week. We propose that one
serving is 100 g.

3.14. Sweets and Cakes and Cookies

No dose-response meta-analyses were identified for sweet/cake/cookie intakes.

The vast majority of sweets contain carbohydrates, which are rapidly digested such as refined
flours and high GI sugar, which can increase the GL diet. They are often rich in industrial trans
fatty acids [117] that increase CHD and sudden death risk because of the unfavorable effects on the
lipid profile, insulin resistance, visceral adiposity, endothelial inflammation and dysfunction [111].
An occasional intake of sweets probably does not have a negative impact on health as opposed to a
regular intake.

The MDPPI recommends an intake of <2 servings of sweets a week. We propose that 1 serving is
25 g. This quantity was arbitrarily decided.

3.15. Wine

Based on 2 dose-response meta-analyses the greater protection against CVD mortality was evident
at 15-30 g of daily intake of alcohol from wine [69], and against T2DM risk at 20-30 g/day of wine [70].

The cardio-metabolic protective effects of light to moderate alcohol intake depend on an increase
of HDL cholesterol and of adiponectin, a reduction of the low-grade inflammation, an improvement of
insulin sensitivity, and endothelial function (reviewed in [118]).

The MDPPI suggests a moderate intake of red wine during meals. We propose that 1 serving
is 10 g of ethanol and up to 3 serving and up to 1 serving and half were indicated for men and
women, respectively.

Although these quantities are obtained from a little number of meta-analyses, several reviews
indicated similar intakes of alcohol as optimal [118-120]. A regular and moderate wine intake during
meals is a “Mediterranean way of drinking” [121].

4. Second Section

Methods and Results

Based on frequencies and serving sizes indicated in Table 17 we built a weekly menu plan
(Supplementary Table S1).

For some food groups, we calculated equivalents portions: 30 g-whole grain servings were 30 g
of wholemeal pasta or whole rice or whole barley or whole spelled, 40 g of wholemeal sourdough
bread, 20 g of breakfast cereals; 60 g-refined grain servings were 60 g of white pasta, 80 g of white
bread; 100 g-fruit servings were 70 g of figs or grapes or prickly pears and 130 g of apricots or peaches
or medlars. Nutritional diet composition is in Table 18.
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Table 17. Mediterranean Diet Pyramid proposed for Italian people (MDPPI).

Food Groups Frequency of Intake Serving Size (g, mL, on Average)
Whole grains 1-2 servings every main meal (three meals) 30g
Fruits 1-2 servings every main meal (three meals) 100 g
Vegetables >2 servings every main meal (three meals) 100 g
Milk and dairy 2-3 servings/day Milk 50 mL
(preferably low-fat) Yogurt 50 g
Cheese 30 g
Nuts 1-2 servings/day 15¢g
Extra Virgin Olive oil 3-4 servings/day 10g
Herbs and spices use them every day
Fish and shellfish >2 servings/week 100 g
Poultry 1-2 servings/week 100 g
Legumes >2 servings/week 100 g fresh, 50 g dry
Eggs 2-4 servings/week legg
Refined grains <3 servings/week 60g
Potatoes <3 servings/week 100 g
Red meat <2 servings/week 100 g
Processed meat <1 serving/week 50g
Sweets <2 servings/week 25g
Red wine <2 glasses/day for men 15 g of alcohol

<1 glass/day for women

Table 18. Nutritional composition (mean of 7 days) and number of servings of weekly menu plan built
on advice of Mediterranean Diet Pyramid for Italian People.

Energy intake: 1998.85 kcal/day

Carbohydrates: 246.67 g (46.3%)

Protein: 82.31 g (16.5%) vegetal protein 49.27 g and animal
protein 30.64 g

Fats: 71.08 g (32%): SFAs 13.26 g (6.1% of total kcal), MUFAs
36.13 g, PUFAs,11.82 g

Fiber: 47.48 g

Ethanol: 15 g

Red Wine: 5.2% of total kcal

Olive oil: 13.5% of total kcal

Potatoes: 1.9% of total kcal

Legumes: 6.7% of total kcal

Refined grains: 3.9% of total kcal

Whole grains: 27.4% of total kcal

Vegetables: 5.7% of total kcal

Fresh fruits: 11% of total kcal

Nuts: 9.1% of total kcal

Processed meat: 0.9% of total kcal

Red Meat: 1.4% of total kcal

Poultry: 1.4% of total kcal

1 drink/day

3 servings/day

3 servings/week

1 serving/day

3 servings/week

2 servings at every main meal (6 servings/day)
2 servings at every main meal (6 servings/day)
2 servings at every main meal (6 servings/day)
2 servings/day

1 serving/week

2 servings/week

2 servings/week

Milk and dairy: 4.1% of total kcal 2 servings/day
Fish and shellfish: 3.5% of total kcal 3 servings/week
Eggs: 1.4% of total kcal 2 eggs/week

Sweets: 1.8% of total kcal

MAI[77]: 8

Average weekly GI: 46%

Average weekly GL: 115.89

Total calories provided from vegetable food: 77%
Total calories provided from animal food: 23%

2 servings/week

SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; MAI,
Mediterranean Adequacy index; GI, glycemic index; GL, glycemic load.
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5. Discussion

The diet built according the advice of MDPPI (Table 17) was very similar to that of Nicotera in
the late 1950s that has been chosen as Italian Reference Mediterranean Diet [95] with the exception of
percentage of energy provided by cereals that was lower and of fruits and vegetables that was higher.
Indeed, Fidanza reported the following percentages of total energy of food groups: cereal (50-59%),
virgin olive oil (13-17%), vegetables (2.2-3.6%), potatoes (2.3-4.4%), legumes(3-6%), fruits (2.6-3.6%
including nuts that were about 3% of the weight of all fruits), fish (1.6-2.0%), red wine (1-6%), meat
(2.6-5.0%), dairy (2-4%). The intake of eggs and animal fats was rare [95]. Saturated fatty acids were
only the 6% of daily energy intake. Also the MAI was very close to the MAI of the diet in 1960 that was
9.4 for males and 11.4 for females living in Nicotera [122].

6. Conclusions

The MDPPI represents a modification proposal of the Modern Mediterranean Diet Pyramid
presented during the third conference of CIISCAM (Centro Interuniversitario Internazionale di Studi
sulle Culture Alimentari Mediterranee) in Parma, Italy, on November 3, 2009 (www.inran.it). In the
MDPPI the modification interested cereal food, which were divided into two groups. The whole
grain cereal derived foods, which are at the base of the pyramid and the foods derived from refined
flour, which are at the top of the pyramid along with other food to be consumed with moderation.
The presence at the bottom of the pyramid of wholemeal wheat sourdough bread and stoneground
wheat bread is remarkable because they were typically used in Nicotera in the beginning of the 1960s
and probably also in Crete and Corfu. They are rich in fiber and have a low GI (reviewed in [9]).
Refined cereal foods are placed at the top of the pyramid for their possible unfavorable cardio-metabolic
effects [111]. According to a recent survey the consumption of whole grain foods in Italy is quite
low [123].

The present study is a systematic review of dose-response meta-analyses of prospective studies,
which evaluated the relationship among food groups and selected nutrition-related NCDs such as CVD
including CHD and stroke, T2DM, CRC and breast cancer. Our purpose has been to derive from these
meta-analyses serving sizes of food group belonging to MDPPI with a protective (Mediterranean food)
or anon-adverse (non-Mediterranean food) effect toward the above mentioned NCDs. Subsequently we
have evaluated the compatibility of a weekly menu plan built according the MDPPI advice, with the
Nicotera diet in the late 1950s. Only for sweets/cakes/cookies the lack of dose-response meta-analyses
led us to define an arbitrarily serving size. In our opinion, the advice of the MDPPI as dietary pattern
well defined into its characteristics as quantity and frequency of intake is compatible with the Reference
Italian Mediterranean Diet. It is a plant-based dietary pattern [124] rich in high quality plant food that
lowers the risk of T2DM [125] and CHD [126].

However, our study has some limitations. A first limit is given by the fact that the distinction
between some food groups is not precise and there are overlaps. For example, the vegetable group
includes beans, peas, potatoes, herbs as onions and garlic and so on; the legumes group includes
peanuts that are often included in the nuts group. Another limit is that the single items of food
groups could be not identical to those typical of Mediterranean area. The level of evidence that is
variable in several meta-analyses depending on the quality of the studies considered, the strength of
the associations and the presence of heterogeneity represent another limit.

All in all, we think that the MDPPI can represent a valid instrument for the definition of
Mediterranean Diet that must also consider the types of food, the amounts, and their intake frequency.
The indicated amounts are compatible both with the studies which evaluated the effect of the intake
of food groups on different diet-correlated NCDs outcomes and the ones of the Italian Reference
Mediterranean Diet of the late 1950s.
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Abstract: Several different socio-economic factors have caused a large portion of the population
to adopt unhealthy eating habits that can undermine healthcare systems, unless current trends are
inverted towards more sustainable lifestyle models. Even though a dietary plan inspired by the
principles of the Mediterranean Diet is associated with numerous health benefits and has been
demonstrated to exert a preventive effect towards numerous pathologies, including obesity, its use is
decreasing and it is now being supplanted by different nutritional models that are often generated by
cultural and social changes. Directing governments’ political actions towards spreading adherence to
the Mediterranean Diet’s principles as much as possible among the population could help to tackle
the obesity epidemic, especially in childhood. This document intends to reiterate the importance
of acting in certain age groups to stop the spread of obesity and proceeds with a critical review of
the regulatory instruments used so far, bearing in mind the importance of the scientific evidence
that led to the consideration of the Mediterranean Diet as not just a food model, but also as the
most appropriate regime for disease prevention, a sort of complete lifestyle plan for the pursuit of
healthcare sustainability.

Keywords: Mediterranean Diet; public health policy; childhood obesity; healthy lifestyle;
health communication

1. Introduction: Mediterranean Diet, When Evidence Speaks

The Mediterranean Diet (MD) has been identified as having proved to be the most effective
amongst many others in terms of prevention of obesity-related diseases [1]. In view of this scientific
evidence in a prevention activity, the purpose of this review is to critically evaluate the methods that
can inform and gently persuade consumers to adopt the MD principles in order to tackle childhood
obesity, for the pursuit of healthcare sustainability.

MD is characterized by a high intake of vegetables, fruits, nuts, cereals, whole grains, and olive oil,
as well as a moderate consumption of fish and poultry, and a low intake of sweets, red meat and dairy
products [2,3]. Being poor in saturated fat intake and rich in monounsaturated fat intake, it provides
a high amount of fibre, glutathione and antioxidants, and it is characterized by a balanced ratio of
n-6/n-3 essential fatty acids [4,5]. The adoption of the MD on a large scale has long been reported to be
protective against the occurrence of several different health outcomes [6].

Thanks to all these healthy aspects, the MD has been associated with a lower risk of cardiovascular
mortality [7-9] and coronary diseases [10], obesity, type 2 diabetes, mellitus and metabolic syndrome
in adults [11,12].
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In pregnancy, a higher adherence to the MD has been associated with a lower risk of neural tube
defects [13], preterm birth [14,15] and fetal growth restriction [16].

Moreover, it seems to influence the fetus’ susceptibility to gain weight later in life, as it has
been associated with lower offspring waist circumference at preschool age [17] and lower offspring
cardiometabolic risk [18].

How an adherence to the MD during pregnancy could have positive effects in offspring, not only
during fetal life, but also later in life, is still unclear, but the induction of epigenetic modifications
represents a possible explanation [19].

Despite this almost indisputable scientific evidence, some ambiguous effects highlighted in specific
studies are considered depending on the definition of the MD standards and the indexes of the adhesion
to the same standard used [20], so a few concerns arise when we refer to the definition of the MD, in
view of the different opinions in the scientific literature [21] on how it has to be technically defined.
Moreover, citizens and consumers who need to be persuaded to adopt it often have confused ideas
about the foods that are part of this diet, [22]. In effect, since the MD has become an increasingly popular
topic of interest worldwide, several myths and misconceptions are now associated with its nutritional
pattern, and this may be a further obstacle to its correct diffusion, since the main challenges for its
desiderable transferability in non Mediterranean areas largely derive from these misrepresentations.

In consideration of the scientific evidence, it seems increasingly appropriate to maintain the
Mediterranean paradigm by way of an overall food composition, suggesting the possibility of
implementing a Mediterranean-type dietary pattern within the context of a non-Mediterranean
population. Even if the paucity of data does not give a clear picture of the health effects of the MD in
non-Mediterranean countries [23], the transferability of the MD pattern to non-Mediterranean settings
is desirable, and has been studied and deemed possible. However, it requires a multitude of changes
in dietary habits, practical resources, and knowledge to accomplish these changes [24]. New strategies
to increase the adherence to its principles among citizens are considered necessary above all due to
the fact that some recent studies support the role of the MD in preventing obesity development in
children [25-27], a thorny issue which is worth examining briefly.

Methods: This narrative review was performed with a multidisciplinary approach to identify
publications about the regulatory instruments used to increase adherence to the Mediterranean Diet and
stop the spread of obesity. A multidisciplinary and multilevel approach is chosen due to the nature of
the topic itself: obesity is a multifactorial, multifaceted problem. Given that poor diets are a component
of a more complex array of factors and owing to the complexity of the obesity epidemic, prevention
strategies and policies across multiple levels and disciplines are needed in order to have a measurable
effect. In order to set up population strategies prevention, combination and collaboration between
different disciplines and competences has become essential to tackle this multifactorial problem. The
search strategy was conducted in the following database: PubMed, Embase, and selected gray literautre
sources. Reports, working papers, government documents, white papers and evaluation materials and
research produced by organizations outside of the traditional commercial or academic publishing and
distribution channels have been consulted for research and duly indicated in the bibliography.

Relevant keywords relating to the Mediterranean Diet in combination with public policy terms
and text words (“Public Policy”, “Mediterranean Diet,” or “diet” or “dietary pattern” “Mediterranean,”
or “adherence” or “score”) were used in combination with words relating to health status (“health”
or “mortality” or “morbidity,” or “cardiovascular diseases” or “obesity” and “childhood obesity”).
The search strategy had no language restrictions. The date range was from the inception of the
respective database until March 2019, when multiple articles for a single study were present, we
used the latest publication and supplemented it, if necessary, with data from the most complete or
updated publication.
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2. Obesity as a Global Disease

According to the NCD Risk Factor Collaboration (Non Communicable Diseases Study Group’s
research) [28], the rising trends in children’s and adolescents’ BMI have plateaued in many high-income
countries, although at high levels, but have accelerated in some parts of Asia, with these trends no
longer correlated with those of adults. Mean BMI and prevalence of obesity increased worldwide in
children and adolescents from 1975 to 2016, with the rate of change in mean BMI moderately correlated
with that of adults until around 2000, but only weakly correlated afterwards.

The NCD Study Group research highlights that the number of children and adolescents aged 5-19
years in the world who are moderately or severely underweight remains larger than those who are
obese, showing the continued need for policies that enhance food security in low-income countries
and households, especially in south Asia. The experiences of East Asia and Latin America and the
Caribbean show that the transition from underweight to overweight and obesity can be rapid and can
overwhelm the national capacity needed to engender a healthy transition. Furthermore, populations
have changed their habits in an unhealthy nutritional shift: an increase in nutrient-poor, energy-dense
foods can lead to stunted growth along with weight gain in children, adolescents, and adults, resulting
in higher BMI and worse health outcomes throughout an individual’s lifespan.

In particular, obese children and adolescents are at increased risk for a large number of medical
disorders, including hypertension, insulin resistance, dyslipidaemia, fatty liver disease and obstructive
sleep apnoea disorder [29].

Moreover, obesity may lead not only to physical but also to psychological and social complications,
such as low self-esteem, depression and stigma [30,31]. Childhood obesity is also difficult to reverse
and it increases the likelihood of obesity in adulthood and the development of health problems, mainly
cardiovascular diseases such as coronary heart disease, which is the leading cause of adult mortality
and morbidity [32].

Therefore, it is important to prevent the onset of obesity in childhood in order to reduce the onset
of obesity-related complications later in life.

With the exception of rare genetic disorders like Prader-Willi syndrome and some endocrine
diseases like thyroid dysfunction, obesity is due to an imbalance between calorie intake and calories
utilized that results in an excess of body adiposity. A sedentary lifestyle, lack of physical activity and
poor dietary habits, together with genetic predisposition, all contribute to this phenomenon [33].

However, the rapid increase in BMI worldwide cannot be entirely explained by genetics;
environmental factors also play an important role in childhood obesity. This is why family and
school environments are so relevant to this topic. The most frequent unhealthy food choices seen
in schoolchildren and adolescents include: skipping breakfast, eating at fast-food restaurants and
consuming a high amount of sweets and junk food, which are calorie dense, while parents are still at
work. All these behavior patterns increase the risk of childhood obesity and its comorbidities. In order
to realize how much eating habits have changed in various parts of the world and how widespread the
threat of obesity is, it’s worth taking a look at several recent studies on the point. In 2010, more than
one third of children in the United States were classified as overweight or obese [34], but even at that
time obesity and its related diseases were not limited to Western countries. In effect, mostly in the past
two decades, urbanization in many Asian countries, where the prevalence of obesity was historically
very low, has led to a sedentary lifestyle and overnutrition, setting the stage for the epidemic of obesity
and conditions like non-alcoholic fatty liver disease [35]. In the last decade the spread of obesity has
been increasing at an alarming rate, especially in China, Japan, and India [36]. In particular, China
presents a unique model for weight change, as the country has experienced a shift from a history of
undernutrition to a very rapid increase in obesity [37].

Some studies point out that China’s food consumption patterns and eating, along with the
country’s cooking behaviors changed dramatically between 1991 and 2011: prior to the last decade
there was essentially no snacking in China except for hot water or green tea, while currently the changes
in cooking and eating styles include a decrease in the proportion of food steamed, baked, or boiled and
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a parallel increase in snacking and eating away from home. In addition to this, most recently the intake
of foods high in added sugar has increased, together with a major growth in consumption of processed
foods and beverages, while the profusion of supermarkets and convenience stores are dramatically
changing the nature of China’s food supply, showing how dietary shifts are greatly affected by a wild
Western urbanization [38,39].

The shifts in diet are also profound in the Latin America and the Caribbean region, which faces a
major diet-related health problem accompanied by enormous economic and social costs [40].

Not even Africa has escaped this problem: the prevalence of overweight and obesity among
children under five years of age was 5% in 2017, and in absolute numbers there has been an increase of
almost 50% since 2000, from 6.6 million to 9.7 million in 2017 [41,42].

Overweight and obesity are a major public health issue in Australia, where their rates have risen
over recent decades, with nearly 2 in 3 adults, and 1 in 4 children considered overweight or obese in
2014-2015. In addition, if compared with non-Indigenous Australians, Indigenous adults are more
likely to be overweight or obese, and Indigenous children and adolescents are more likely to be obese.
Unlike the previous examples, those who live outside of major urban areas are more likely to be
overweight or obese than others [43].

It therefore appears evident that inadequate eating habits now constitute a multilevel problem
threatening healthcare sustainability worldwide. In most of the aforementioned studies it is noted that
consumer choices turn irremediably towards Western diets, abandoning autochthonous and typical
diets. And this indisputable fact entails serious problems for healthcare sustainability [44].

3. The Choice: Mediterranean Diet Versus Western Diets

Insufficient levels of adherence to the MD are specifically considered to be a major factor in the
concerning spread of the obesity epidemic in Southern Europe [45], where a Western type Diet that
is high in saturated fats and refined carbohydrates, poor in quality and high in calorie intake is now
spreading rapidly. This creates an astounding paradox, well highlighted during the European Congress
on Obesity held in Vienna in May 2018, regarding the fact that within the very geographical area in
which the MD was developed, there has been an extreme and undeniable shift in the population’s
nutritional choices towards another diet that is full of saturated fats, sugars and processed meats [46].
According to the World Health Organization (WHO) [47], the abandonment of the MD is making
children in the Mediterranean area fatter and generally less healthy than their Swedish counterparts,
who from a young age become accustomed to a MD made up of more fish and vegetables.

Some recent studies report that adherence to the MD significantly began to decrease between
1961-65, whereas from 2004-2011 there was a stabilization of the trends in adherence values and even
an increase among 16 countries [48]. After all, since 1961 there had been quite dramatic changes in the
European Union (EU) diet: at the level of macronutrients, convergence was the most notable tendency,
with Mediterranean countries increasing their intake of free sugars, saturated fats and cholesterol, while
the highest-intake Northern European countries moderated their consumption of these nutrients [49].

In effect, a significant role in the Sixties was certainly played by the growing industrialization
of the food market, taking into consideration that in many countries of Southern Europe these years
coincided with those of the well-being generated by the consolidation of the post-war economic boom,
which led to new nutritional options based on a greater quantity of processed foods and expanded
availability of red meats and sugar, to the detriment of vegetables and cereals. Housewives became
workers and the time to prepare meals was dramatically reduced, while ready-made meals became
a common usage. The subsequent globalization and urbanization have in a few decades greatly
worsened the effects of these factors [50].

Nowadays, the Westernization of the diet is particularly evident, especially among the younger
generations [51]. This process, which is generally referred as the modernization of a society, implies
a number of unhealthy lifestyle habits, not just limited to modification of food preferences toward
western foods, but also relative to other common activities (electronic devices, computer and television
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use), which facilitated a radical shift in a population’s habits, leading to an overall imbalance between
energy intake and expenditure [52,53].

In other words, the essence of the matter is that the general adoption of sedentary lifestyle and
westernized dietary patterns generated the global rise of obesity and diabetes worldwide over the last
few decades [54-58]. Large swathes of populations choose Western diets on a daily basis [59], both in
Western and Southern Europe [60-63] and in developing countries [64], which is not a optimal choice
for healthy living [65,66].

In effect, the rising prevalence of childhood obesity is a particularly concerning aspect of the
phenomenon [67], the underlying causes of which are complex and interconnecting, involving social,
cultural, familial, physiological, genetic, metabolic, and behavioral factors. The only safe and effective
treatment is a real long-term change in lifestyle, as obesity is the result of unhealthy behaviors that
may be difficult to change.

Table 1 reports the main dietary foods of the Mediterranean and Western Diets. The greatest
difference between the Mediterranean and the Western Diets is the sources and proportion of dietary
fat [2].

Table 1. Comparison of dietary foods between Mediterranean and Western Diets.

Foods Mediterranean Diet Western Diets

Vegetables Every main meal (>2 servings) Rarely

Fruits Every main meal (1-2 servings) Rarely

Bread/pasta/rice/couscous/other Every main meal (1-2 servings, Rarely whole grain cereals, often

cereals preferably whole grain) refined grains

Olive Oil Every' main meal (341 servings, Rarely Qlive oil, often replaced by
expecially extra virgin) margarine and butter

Nuts/seeds/olives Every day (1-2 servings) Occasionally

Daity Foods Bery day in moderate POTONs (2 e igh fat caiey foods

Herbs/spices/garlic/onions Every day (less added salt) Less often

Legumes Weekly (>2 servings) Less often

Potatoes Weekly (<3 servings) Less often

Eggs Weekly (2—4 servings) Less often

Fish/seafood Weekly (>2 servings) Less often

White meat Weekly (2 servings) Less often

Red meat Weekly (<2 servings) Often

Processed meat Weekly (<1 serving) Often

Sweets Weekly (<2 servings) Often

In view of all this, the choice between Mediterranean and Western Diets is mainly determined
by a set of socio-economic, demographic and conjunctural factors. But that is not all: obesity is a
complex, multifactorial, multilevel disease that not only has a significant impact on physical health but
also on psychosocial well-being and therefore on quality of life. Obese people experience substantial
impairments in quality of life as a consequence of their weight, and these can impact significantly on
their mental health, which in turn can further impact on their physical health [68].

Clearly, important changes in the social determinants, whatever they may be, are unlikely in
the absence of social, fiscal or legislative change, which remains a decisive tool for change: a brief
examination of impact of such tool therefore seems appropriate.
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4. Public Policy Measures to Tackle the Phaenomenon

Every government needs to urgently adopt policies that make a healthy diet easily accessible and
affordable for all, in order to reach healthcare sustainability [69,70]. It is a fight in which time is an
enemy, due to the extraordinary growth rates of the epidemic [71].

Law and regulation are now definitely considered essential tools in tackling childhood
obesity [72-74], but unfortunately the legal interventions focused on public health are still at an
early stage and the impact they may have on the obesity epidemic is not yet completely perceptible.
After more than a decade of research on the topic [75,76], what is most evident is that the effectiveness
of the attempt to change citizens’ behavior is subject to the quality of the public health policy choices,
which should be structured in such a way as to protect citizens’ health, especially for the most
disadvantaged groups. This fact calls into question the responsibility of public health policies in the
planning of actions to combat obesity, from the perspective of the economic sustainability of healthcare.

In this context, the Mediterranean-style diet is not considered a specific diet, but rather a
collection of eating habits [77]. Primarily it is characterized by a substantially reduced consumption of
meat, especially red and processed meat, and as not being based on a lot of sophisticated and very
expensively marketed products, but centered on a very simple and humble set of foods that have to be
appropriately chosen, washed and prepared with care and time, it represents a dietary plan that can be
followed everywhere.

In terms of sustainability, cost-effectiveness analyses and sensitivity analyses have all shown
that the MD remained highly cost effective under all scenarios [78], but the choice to adhere to its
prescriptions is, however, substantially affected by the reduction of family time due to the increase in
female work force participation [79]. What remains debateable today is whether the cost linked to
a healthy diet that promotes the use of fish, vegetables and cereals, in place of often less expensive
processed foods and ready meals, plays a significant role in citizens’ less healthy food choices [80].

Cross-sectional results [81] show how a low income is strictly associated with a poor adherence to
the MD and a higher prevalence of obesity, while in the wider framework, inequalities in health are
closely entwined in a worrying way with socio-economic inequality [82], especially among children.
The relevance of socio-economic factors in determining such differences is evident: the structural
determinants and conditions of daily life cause much of the health inequity between and within
countries [83]. The creation of supportive environments for health is a basic action principle of health
promotion, and equality is a connected core value.

A setting approach determines in fact an opportunity to link these two, highlighting the interplay
between individual, environmental and social determinants of health [84].

This means that the environmental approach, focused on public health practice, necessarily goes
through special policy actions, operating upon the intersection between Behavior, Environment, Health,
and Public Policy [85].

However, current prevention programs have had little success to date and have proven ineffective
in reversing the constantly rising rates of childhood obesity, so much so that the epidemic is growing
rapidly even where once it did not exist, as previously discussed. If behavioral and environmental
factors are so relevant, these disappointing observations reveal the urgent need to better understand
the complex mechanisms involved in social conditions that lead to obesity, in order to propose better
disease prevention and care.

5. The Three Pillars and the Public Health Choices

Although environmental factors are important, there is considerable evidence that genes also
have a significant role in the pathogenesis of obesity [86], but very little can be done from this point of
view with public policy. For this reason we hereby set about discussing only the interventions that
can be undertaken through models such as regulation. Moreover, we must consider that there are
currently three main treatment methods for obesity, which are easily identifiable in three different
pillars represented by pharmacotherapy, bariatric surgery, and lifestyle modifications. The first two
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are treatments to be carried out on an individual basis and, due to the fact that they are extremely
expensive and particularly invasive, they are commonly debated [87]. Furthermore, they are not to be
taken into consideration for subjects of a developmental age, even if for some minors, bariatric surgery
may be the only option to save their lives or avoid severe disease. For others, bariatric surgery may be
considered morally wrong when more beneficent alternatives exist [88].

The cornerstone of lifestyle modifications includes changes to dietary and exercise habits that
only public policy can effectively induce. While the first two pillars can obtain excellent results, they
achieve nothing from a social point of view other than increasing social and health inequality. It is
not exactly a correct use of public health policy to rely on such invasive and non-reversible surgeries,
instead of intensifying a social commitment towards a substantial improvement of the conditions of
disadvantaged groups [89] who are forced to live in environments that cannot prevent the onset of the
disease. Moreover, the first two pillars can only help when obesity has been diagnosed, unlike the
third pillar, which can also effectively be used to prevent the onset.

In this context, prevention is more necessary than ever in order to halt the increase of social and
health inequality: only preventing obesity can decrease the number of years lived with diseases and
tackle the spreading of the continuous rise of the epidemic. A clear policy implication is the need
for careful monitoring and following-up of public health intervention, with a focus on effects—those
intended or otherwise—in different socioeconomic groups [90].

One major issue is the scarcity of strong evidence on how to prevent obesity: prevention surely
requires a complex, multilevel, environmental, socioeconomic, and lifespan approach, acting on
changeable causal factors, such as diet or physical activity [91].

Despite a few isolated areas of improvement, no country has yet reversed its obesity epidemic [92].
However, since incontrovertibly strong scientific and experiential data from research carried out over
the last two decades highlights the relevance of environmental factors in the development of obesity
and how its effects can modify citizens’ lifestyle, important steps have already been made in the
development of systems for the monitoring of socio-economic inequality in health. In some European
member states, considerable efforts have been made over the last two decades to use existing data
sources to monitor socio-economic differences in health indicators [93]. Given the direct connection,
this could provide a good basis for identifying areas of epidemiological onset, in order to dispense
directed and appropriate interventions.

In fact, the practice has shown that imposing regulations regardless of the epidemiological
knowledge of the onset of the disease has very limited effects.

6. Facts and Patterns of the Onset of the Epidemic: the Relevance of Environmental Factors

New habits then [94] can lead to obesity in certain environments, and epidemiological studies [95]
reveal that obesity occurs and develops systematically here and there, but mostly in low-income
urban and suburban areas [96]. As a consequence, the recognition of obesogenic environments, the
importance of which have been acknowledged for some time [97], can be verified through defined
parameters. This means that we can avoid dispersed intervention in order to promote specific actions
for the change of microenvironments with appropriate control and surveillance [98].

Getting people to change is not easy [99] and the role of public action remains that of modeling
interventions in relation to the epidemiological evidence, in conformity with the aspects of health
character and the administrative and accounting procedures of the territory, respecting the different
needs of each specific area. The correct use of social accounting in the Local Health Units could play a
very important role in the interception and monitoring of disadvantaged areas, thus enhancing the
sustainability that these instruments can achieve for stakeholders.

Therefore, it is necessary to change the choices that affect the lifestyle of citizens in an effective
manner. Some positive results to this aim seem to have been obtained through the specific public
policies of social marketing [100] and nudges [101], despite the heated debates that the latter caused over
time [102,103]. These policies have helpfully directed the dietary behavior of consumers according
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to various aims [104]. They have achieved this through a correction of certain characteristics of the
environments in which citizens live and by concentrating on the reasons behind their unhealthy
dietary choices. Even though some recent analyses demonstrate that nudge techniques can be an
effective public health strategy for combatting obesity [105], these instruments can certainly not be
considered a cure-all, but should be included in a framework of directed measures, in consideration of
the multidisciplinary nature of the problem [106]: they can help to put in place a systematic action
aimed at getting to know the benefits of the MD as well.

The nudge action can be structured in different degrees of effectiveness, in accordance with the
aims to be pursued: providing information, communicating and informing citizens; enabling people to
make good choices; educating them; leading them to the right choice through changing the default
option; making the default option the healthier choice; using incentives to guide people to opt for the
healthiest choice; using disincentives to discourage them from making harmful decisions; regulating,
containing or definitively eliminating the prospects of choice. It can be applied in limited areas,
concurrently with other measures aimed at improving the environment, contributing to positively
affect the quality of citizens” choices. Since it is a question of modifying environments, the effort must
be multilevel and multi-competency and cannot be limited to isolated actions. In view of all of this,
it is now clear that a single measure to tackle obesity will have a largely insignificant result, if it is
implemented without an orderly vision of the epidemiological characteristics of the disease that it is
put in place to control.

The public law research on this topic is well advanced, and since the Nineties, some European
governments, aware of the effects of the spread of obesity, have not hesitated to implement new
proposals, like excises on unhealthy foods and traffic light food labeling. Of course, even if the law is
considered to be a decisive tool for addressing childhood obesity and NCD in general [107], it seems
appropriate to verify the effectiveness of some of these measures in light of the studies that have dealt
with them.

This paper therefore is proposed to proceed to a general examination of the currently known
policies to tackling obesity, trying to highlight the criticalities that each regulatory intervention entails,
as well as the potentially achievable advantages.

The most widespread public policies adopted to reduce childhood obesity are schematically
indicated in Figure 1.

FINANCIAL GIVING NUTRITION
INCENTIVES STANDARDS
TAX POLICIES LABELLING REGULATION BANNING HARMFUL ADV

FOR CHILDREN

Figure 1. Currently known policies to tackle childhood obesity.
7. Fiscal Strategies for A Healthier Lifestyle: Do They Work?

Excise taxes on junk food often generate strong debates when they are proposed in order to modify
the nutritional choices of citizens. However, we cannot disregard a very brief examination of the effects
of their application in a thorough assessment of what may be the most effective measures to spread the
adoption of the MD as much as possible.

Very sugary drinks have no place in the MD and are unanimously considered to be harmful
foods, but it is very difficult to eliminate them from the diets of adults and children. To reduce their
consumption, governments have imposed excise duties on these products since 1920 [108], principally
with the aim of generating revenue [109], but nowadays this sort of taxation is considered more as a
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social instrument to stop the increasing obesity rate. Therefore, they are currently in place in a number
of countries [110], while elsewhere [111] they have had a short lifespan and only marginal results.

The real objective of an excise of this kind should be the adoption of healthy regimes and the
consequent reduction of obesity, but despite all the heated discussions generated, it is still not clear if
they really can help to reach this goal.

For example, there is empirical evidence that connects taxation with a considerable decrease in
sales [112], and yet there is still no clear evidence that taxation can lead to a real improvement in a
population’s health. What is more, even if we were to have high quality data on the population’s
health, which currently we do not, it would be very difficult to establish whether the improvement
was due to a single specific political measure [113].

The results of some studies investigating the extension of a value-added tax to certain categories
of food products have shown that it is indeed possible to obtain small health benefits, but unexpected
results are also possible; for example, they have shown that taxing saturated fats leads to an increase in
salt intake and greater overall mortality [114].

On the other hand, a connection between fizzy drinks and a large number of diseases has long
been established: these diseases include cardiac and cerebrovascular disease [115] and reduction of
bone strength [116].

Not only it has been hypothesized that fizzy drinks can contribute to causing erectile dysfunction,
but it is also been highlighted that monosaccharide fructose is the most harmful sugar component in
terms of weight gain and metabolic disturbances, while high-fructose corn syrup is gradually replacing
sucrose as the main sweetener in soft drinks and has been accused of being potentially responsible for
the current high prevalence of obesity. There is also considerable evidence that fructose, rather than
glucose, can be the more damaging sugar component in terms of cardiovascular risk [117].

However, it should be noted that no one would think of reducing the intake of fructose from
fresh fruit.

Even if it is well known today that soft drinks have detrimental metabolic effects and that their
consumption should be limited, they only represent a very small part of the problem, given that
the consumer frequently consumes them alongside other junk food, which is full of salt, sugar and
trans-fats, almost all of which is industrially produced and processed.

We are talking about food available at very low prices on the market, which we have come
to associate with images of happiness and socializing due to the amount and invasive nature of
obsessively repeated advertising, which for this reason, makes the food even more dangerous for
minors. Another aspect of this food that is perhaps even more attractive than its price, is the fact that it
is readily available almost everywhere, from large urban areas to smaller provincial towns [118], and it
is ready prepared and can be eaten immediately. In today’s society, where time is an increasingly rare
resource, this is an aspect that cannot be overlooked.

Therefore, we must ask ourselves whether the various sugar or soda taxes can truly represent a
realistic solution that is both feasible and desirable in a context where the real purpose would be to
encourage citizens to adopt voluntarily a healthy regime.

The answer is not immediately clear: some studies [119] have proposed an examination of the
advantages and disadvantages of implementing a tax on junk food as an intervention to halt the
increase of obesity in North America. The results have confirmed that although it is probable that
modest excises produce substantial revenue, it is however improbable that these excices have any real
influence on the rates of obesity. It is more likely that higher excises on soft drinks would have a direct
impact on the weight of populations at risk, but it is less likely that they would be politically acceptable
or sustainable.

As things stand, the efficiency of these taxes seems to be irrelevant because the consumption of
soft drinks is a small part of overweight people’s diets and the drinks that can substitute for sugary
drinks can often be even more calorific than the original soft drinks.

250



Nutrients 2019, 11, 1306

In fact, evidence shows that consumption often merely shifts from one unhealthy product to
another: a reduction in soda consumption is shown to be completely offset by increases in the
consumption of other high-calorie drinks [120], leaving the calorie count unchanged and meaning
the action was undertaken in vain. Only replacing sugar-sweetened beverages with natural water is
associated with a reduction in total calories and weight loss [121,122].

Moreover, if the aim of imposing taxation on soft sugary drinks lies in wanting to reduce the rate
of obesity, then the increase in revenue should go towards financing projects and programs that would
work towards this goal. This sort of taxation would then be worth considering more carefully.

Usually governments, for political convenience, don’t have the ability to direct the increase in
revenue derived from these taxes to social aims and the consumers have little control over the final use
of these funds. Indeed, the effectiveness of healthcare programs and subsidiaries allocated ad hoc are
probably only a determining factor of the fiscal success in the fight against obesity if proposed in a
well-devised, multidisciplinary framework.

What's more, the analyses and contributions of some researchers [123] demonstrate that selective
taxation distorts the market, reducing the consumer’s freedom of choice; and tends to have a regressive
impact [83], impoverishing the less-advantaged social groups, confirming that the excises on sugary
drinks usually only weigh upon the less advantaged classes.

Instead, these taxes need to be inserted into a wider plan, one that possibly includes incentives for
healthy foods, gently pushing people to improve their choices. For example, some studies show that
about a quarter of consumers claim to not eat enough fresh fruit, but that they would eat more fruit if it
cost a little less; around a fifth of citizens would do the same with vegetables.

The same studies show that, in reality, in some environments, the actual diet rarely coincides with
the healthiest one, but this does not reduce the weight of public-healthism as an ethical and practical
nutritional reference point, as it has the ability to generate a sense of mass guilt, even in areas where it
cannot have an effect on healthy eating in practice [124]. Certainly, cost is an important factor when we
talk about nutritional choices and the impact of the price of fruit and vegetables—the most important
part of the MD—on the pocket of the consumer, should certainly be re-evaluated in the context of fiscal
planning based on citizens’ lifestyle. This is also the line of the WHO, which recommends the use of
financial incentives in a complete and coherent political context [125].

It is true that: “The cost of basic food commodities, such as corn and soy, is very low owing to
economic strategies for food production including direct and indirect subsidies or tax advantages
implemented as part of the farm bill. These crops are highly profitable because they are the raw
ingredients of most processed foods and beverages. Corn and soy are also the primary feed for
livestock; thus, the prices of beef and poultry are also very low by historic and international standards.
By contrast, production of fruits and vegetables, which receives little governmental support, remains
expensive” [95].

These circumstances make it difficult to achieve a healthy remodeling of behaviors and habits of
individuals and families. A few cents more will not be enough to address the consumer in the right
direction [126], as a buying choice is motivated by many other impulses. Indeed, recent scientific
evidence shows that the cerebral neurochemistry, when in a state of sugar withdrawal, conditions
behavior, pushing the consumer to satisfy their need in any way possible, in a worrying parallel to
other addictions [127]. Moreover, high consumption levels of soft drinks containing sugar have long
been associated with mental health problems among adolescents, even after adjustments have been
made in research for possible confounders [128], this is why a small price difference is not relevant in
effectively influencing behavior towards better choices, and even if it was a price problem, as already
discussed above, the subject’s preference would simply turn towards other drinks, which are often no
less calorific and just as harmful.

Labeling systems seem to be equally insufficient in the positive conditioning of citizens’ choices.
For a while different studies [129] have shown that the information directed at changing eating habits,
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communicated only through labeling, has provided limited results in the conditioning of citizens’
behavior and can even lead to excesses of consumption.

It is quite clear then, just how difficult it is to change nutritional choices on a large scale for wide
sectors of the population with the only help of fiscal strategies. In reality, the areas that the legal
instrument would need to touch upon are numerous and influenced by different causal factors. It is
therefore necessary to swiftly examine the other aspects that political action must consider in order to
halt and control the multifaceted and multilevel problem of obesity, particularly considering other
actors that could participate in attempts to stop the spread of the epidemic.

8. The Role of the Food and Drink Industry

When buying processed foods, people are not able to clearly evaluate the food’s levels of saturated
and trans fats, sugar and salt. Instead, they usually rely on brand reputation to determine their
choice. In general, labels do not help with clear evaluation, as everyone reading them has different
backgrounds. To be effective, they require the consumer to already have a high level of nutritional
education and then also a willingness to devote the time to reading and reacting to labeling information
while shopping.

It is said that the food industry uses too many ingredients that are deemed unhealthy because
they contribute to the taste and the manufacturing process, and are relatively inexpensive: some Food
and Beverage Corporations (hereinafter FBC) and manufacturers have often been held responsible for
facilitating the explosion of obesity around the world [130,131].

In effect, governments’ relationships with industrial enterprises are an equally significant factor
in the fight to prevent the spread of obesity, especially in terms of agreements for improving the
ingredients in products and remodeling commercial communications.

In England the food industry has failed to hit its target of cutting sugar by 5% over the past year,
with experts describing the results as hugely disappointing and suggesting the government may be
forced to introduce a tax, as with sugary drinks [132]. A voluntary approach has been tried and tested
with sugar and has been found to be lacking, as progress has been slow and too reliant on a handful of
responsible manufacturers.

Obviously, it is very difficult to convince manufacturers to change their products to make them
less harmful. It is made even more difficult in advanced countries by the presence of laws that protect
the rights of profit margins, just as there are laws to protect the rights of the citizens’ health, with the
same constitutional level of protection generating conflict.

It is well known that food and beverage manufacturers often ignore the rise in obesity rates,
since their purpose—which they must report to their shareholders—remains that of tending to profit
and seeking to increase sales as much as possible. Many unhealthy products represent a major
source of profitability for some companies, so the spectre of government regulation is particularly
threatening [133,134].

The conflict of interests is clear [135]. Many multinational corporations insist that they will help
reduce obesity rates, but it must be noted that they do not promise to solve them, which leaves room for
them to promote plans to improve nutrition, while simultaneously continuing to promote unhealthy
products. It may be useful to remember the case of salt in Britain: in 2003 the food industry was invited
to take voluntary measures to reduce salt in processed food products, including bread, hamburgers,
pasta and biscuits. In 2018, Public Health England (PHE), published the first comprehensive report
on the voluntary salt reductions that had been achieved by food producers and retailers [136]. Only
slightly more than half of the goals had been reached. In fact, seven product categories did not meet
any of the average targets set for them, these included ready-made meals, soups and meat alternatives,
making them some of the largest contributors to salt intake with a huge variability in salt content.
Many of the main contributors to salt are more frequently consumed by children, such as ham, fried
potatoes, pizza, bread, breakfast cereals, beans, cakes, pastries, fruit pies and sauces. These foods are
also more likely to be consumed by those in lower socio-economic groups. This report confirms that
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voluntary targets need comprehensive monitoring and guidance to be effective and, most crucially,
that the food industry cannot, and must not, be made solely responsible for lowering our salt intakes.
And this does not only apply to salt.

Depending on the choices of public policy, the government can opt for the targets to be made
mandatory, with penalties if the targets are not met, or alternatively to choose to intensify communication
and education for the most disadvantaged groups of consumers to make them aware of the risks
of consumption.

In any case, it is easy to understand how the adaptation of a normative model for the current
needs of reducing childhood obesity cannot be achieved whilst the obesity epidemic is growing so
exponentially that it is unthinkable that it can be slowed only by preventing citizens from eating
harmful foods by the use of regulation.

On the other hand, the same goal will not be achieved either by demanding producers to make
their products healthier as quickly as possible. The spread of obesity is simply too rapid.

It is necessary, above all, to improve citizens’ daily nutritional options promoting knowledge.
Encouraging appropriate choices that can lead to a greater adherence of the MD is just as important,
as evidenced by the majority of the population, who already eat well due to simple cultural choices,
avoiding eating sweets, fats and processed meats for every meal or drinking water instead of fizzy
drinks. It is therefore necessary to ensure that citizens’” purchases respond to more rational and
informed impulses, especially with regard to minors.

On this topic, it is widely assumed too that children are more susceptible than adults to persuasion
by clever advertising and are more influenced by peer pressure. Junk food advertising is widely
connected with poor nutrition, which has led to the policy response of banning junk food advertising
for children [137].

To this end, limiting advertising for harmful foods could help, above all for the more impressionable
bands of society such as minors, but this measure should also be accompanied by social marketing and
appropriate education. Food marketing intentionally targets children who are too young to distinguish
advertising from truth and induces them to eat high-calorie, low nutrient, but often highly profitable,
junk food. Manufacturers and FBC are so successful in this marketing that business-as-usual cannot be
allowed to continue without appropriate limits being imposed on them.

Such legislation, however, should be introduced in a wider framework of actions to combat
childhood obesity [138]. This is an action that many European countries have already undertaken,
given that it is now definitively established that the effects of these forms of advertising are extremely
harmful [139]. A study drawn up by the WHO [140] indicates that existing policies and regulations are
markedly insufficient when it comes to addressing the continuing challenges in this sensitive area.
This is because they often tend to use too narrow definitions and criteria, meaning that standards
are applied only to certain types of media, rather than to those with the largest audience of children.
Furthermore, the complex challenges faced by cross-border marketing are hardly ever dealt with. The
multiple causes of these situations are underpinned by both strong control and opposition from parts
of the private sector, and the weakness of some self-regulation schemes.

9. The Nature of the Obstacles to the Adoption of the MD: Addressing Research

Generally, people prefer to eat everyday foods that correspond to predetermined patterns within
their food culture, so that each food can satisfy an already known standard. The parameters of these
standards are compatible with their lifestyle: not too expensive, with the nutrition they deem they
need, prepared in the time they have and fitting to social norms with expected costs. Because trying a
new food represents a risk of waste, simplifying seems to be the best option.

Attempts to steer consumers toward cheaper yet nutrient dense foods have encountered resistance
and the main barriers to adoption are generally affordability, a lack of compatibility with taste
preferences, and the belief that diet recommendations are often too time-consuming [141].
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In this sense, the MD provides a socially acceptable framework for the inclusion of a set of fresh
vegetables and dried fruit in a nutrient-rich everyday diet. Many of the products included in MD are
themselves economical—except for some types of fish which can be replaced with cheaper ones—but
consumers generally resist eating these less-familiar foods on a daily basis, particularly if they believe
that doing so means abandoning their cultural heritage, or that those foods are associated with a
different culture or a different social class.

As for this problem, there is evidence of a social gradient in diet quality: some studies demonstrate
that generally, MD products are more likely to be consumed by groups of higher socio-economic
status, while the consumption of refined grains, processed meats and added fats have been associated
with a lower socio-economic status [142]. This fact can represent the real challenge, because the
determinants of food choice are both complex and multifactorial, but food price is one of the most
relevant determinants [143]. The lowest-cost diets, both energy rich and shelf stable, are also the least
healthy, as composed by dry packaged and processed foods, likely to contain refined grains, added
sugars, and added fats.

In many industrialized countries, there are socio-economic gradients in diet, so that those who
are better off consume healthier diets than those less well-to-do. Almost everywhere the available
evidence reveals that income affects food intake both directly and indirectly through the dispositions
associated with particular social class locations [144]. Economic differences often generate cultural
thresholds that constitute the most consistent problem: understanding how to overcome them and
structuring adequate public policies is particularly important for resolving the problems faced by those
that are most vulnerable to the choice of insecure food.

The multiple challenges involved in improving diet quality include helping people recognize the
lower cost foods within their own cultural heritage, increasing the convenience and accessibility of
lower cost, lower energy dense foods, and finally, doing so without sacrificing taste or enjoyment.

The MD represents a real intangible cultural heritage that flourished in a specific socio-cultural
context, the dictates of which have become the biomedical model of a cultural representation [145],
leading to a greater awareness of the importance of the social and cultural context in which a food
model develops. This not only includes the choice of food in itself, but also corresponds particularly
to the idea of conviviality, preparation and the pleasure of shared meals. The environment in which
the MD was once consumed saw populations that were physically active enjoy a diet that basically
rested on local plant foods. The challenges to promoting the Mediterranean Diet within and outside
the Mediterranean region have been much researched and a significant point of evaluation has been
how accurately the cultural ideals recognized by United Nations Educational, Scientific and Cultural
Organization (UNESCO) [146] really represent the region and how culturally acceptable these ideals
are to populations outside of the Mediterranean [147].

In particular, the act of eating together is seen to promote cultural identity and ensures social
continuity. This special aspect of the MD represents an opportunity for social exchange, sharing time
together, creating a special connection and promoting a space for community values and hospitality.
A complete cultural process, expressed through the safeguarding of culinary techniques and the
transmission of social values, is at the core of the life-style regime, along with the acknowledgment
of pleasure as a fundamental part of a sustainable eating pattern. This point differentiates the MD
from most dietary models focusing on the role of diet to meet biological needs rather than the role
that foods can play as a vehicle for cultural processes and social interactions. Achieving the balance
between pleasurable eating and health can obviously be more troublesome in the current environment,
where media is a dominant presence and consumers are faced with an overabundance of calorific and
processed food. In effect, economic growth and the globalization of food production are the reasons
behind the desertion of the MD in countries where it once flourished [148].

Itis clear that in the current obesogenic environment, reconstructing the same socio-environmental
model is the most difficult challenge and the feeble voice of nutrition is almost lost amidst all the
competing interests from the food industry and the perennially incumbent media. Living in cultural
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environments continually exposed to an excess of harmful foods makes it difficult opt out to healthy
choices, while such choices remain almost non-existent or ineffective because they are dispersive, which
means the clear identification of a correct nutritional modality is necessary. This is the reason why
the structuring of an adequate and systematic health communication that takes these elements into
account to be effective in contrasting childhood obesity and the sustainability of health systems now
seems essential. Clearly indicating what is not suitable for long-term human nutrition and allowing
consumers to explore their shared cultural food heritage through proper culinary education might
represent a first step to restructuring, explicitly showing the benefits of joining the MD. Adapting
traditional food preparation techniques to the modern world would also help to promote the adoption
of this healthy lifestyle.

Gradually replacing harmful processed foods with high caloric density is a process that can be
assimilated with proper communication, correct information and extensive education. If consumers
are required to maintain a dietary pattern, they need to be clear on what that this pattern is.

Figure 2 shows a communication framework of actions aimed at enhancing the adoption of

the MD.
( COMMUNICATION INFORMATION EDUCATION )

( )

Figure 2. A communication framework of actions.

As previously mentioned, there are clear links between low socio-economic status, poor health
and obesity, and it is a priority that health messages be made accessible to all sectors of society. The
precise balance between good nutrition, affordability, culture and acceptable social norms is an area that
deserves further study [149] as it is directly connected to the problem of the consumer’s empowerment.
Further research is also needed to gain clarity as to what pleasurable eating means to different bands of
consumers [150] and whether the practice of eating convivially is accessible and relevant to general
populations. If research needs to go beyond examining the validity of the nutritional components of
the MD, more than anything else it has to explore the legitimacy of its cultural ideals.

10. Individual Choices and Actions to be Implemented

In view of the above, it is clear that the magic recipe to reduce obesity has not yet been discovered.
Diet, exercise and behavior modifications will remain the cornerstones of obesity treatment for the
foreseeable future, with a set of well structured public measures needed to increase their diffusion,
acting in multi-competence, in a system of different levels of intervention.

In this context, where prevention remains the most obvious key, obesity continues to impose an
economic burden on both public and private payers and the high public-sector spending for obesity
remains a major cause for concern in terms of sustainability. Countering the continuing spread of the
Western diet could be considered a primary goal of prevention, in favor of greater adherence to the MD.

Figure 3 shows the consequencences of a massive adherence to the principles of the Western
Diet: the consequences of less adherence to MD and the connection between rising rates of obesity
and undeniable rising medical spending. Without a strong and sustained reduction in obesity
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prevalence through more adherence to MD, major costs will be imposed on the healthcare system for
the foreseeable future.

MEDITERRANEAN DIET WESTERN DIET

NO PREVENTION
4
UNSUSTAINABILITY

MORE NCD DISEASES
LESS NCD DISEASES AND COMORBIDITES
AND COMORBIDITIES (obesity, diabetes, etc)

(obesity, diabetes, etc) =
BESS
POPULATION
POPULATION
HEALTH

NO PREVENTION

PREVENTION -
MORE SUSTAINABILITY

Figure 3. The consequences of the consumer’s daily choice.

However, it must be kept in mind that is always up to the individual to formulate and continuously
redefine the level of health and well-being that they intend to achieve. They must have the will to
incorporate knowledge about what is healthy, together with the fulfillment of the consequent choices
and actions to be implemented.

While on the one hand society tends to lack stable and shared orientations, it certainly opens the
way to individual empowerment [151], which in turn leads to an awareness of the role of citizens in the
social context: individual choices, after all, have consequences at both community and corporate level.

Even though people often modify their behavior in unpredictable ways, they can still be helped to
improve their basic standards: obesity-inducing lifestyles are just an adaptation to external factors, and
if our aim is to decrease obesity or improve diet quality through external measures using regulation
and a selected set of practices, external conditions must be properly changed, starting with the pricing
of healthy foods, the cost of sport and recreational activities, improving microenvironments and urban
environments [152], and the promotion of a heuristic approach to make it easier for citizens learning
about healthy eating.

Precisely in consideration of these topics, preforming ad hoc forms of architecture through the
modification of micro-environments in order to nudge subjects to make advantageous choices seems to
be a step forward for reducing the problem [153,154].

Cities often concentrate risks and hazards that can promote the development of obesity, diabetes
and their comorbidities. In order to tackle the challenge, policy makers and urban planners must
understand how their communities and families live and work in order to develop the best interventions
and start to engender a shift in attitude and culture in how they look at their own health. Education
and culture play a decisive role here: taste has long been recognized as a question of education,
learning, and therefore, of belonging [155]. The concept of culture itself [156] has recently acquired
very significant meanings for the medical and scientific fields that are full of consequences for future
political choices in healthcare. In effect, health communication is becoming an important tool for
determining citizens’ behavior, because food is not only a necessity, but also, and above all, it represents
alanguage, a means of communication, and therefore a privileged point of observation for the study of
human and societal culture [157].

In order to be effective, the public policy approach must therefore be at the same time environmental
and individual, effectively balancing its interventions [158]. It is increasingly being recognised that
effective responses must go beyond interventions that only focus on a specific individual, social
or environmental level and instead embrace system-based multilevel intervention approaches that
address both the individual and environment.
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The specific effects on different population groups should be considered in the design, modulation
and monitoring of interventions, while also requiring a thorough understanding of the behavior
and the target audience [159,160]. In effect, interventions should be targeted and based on relevant
audience characteristics.

The scheme proposed in Figure 4. Summarily contains the instruments of action, where the
indicated disciplines are to be considered among the most effective and diffused practices and models
for individual/behavioral improvement of lifestyles [161,162], with the aim to create engagement even
when there is resistance to change [163]. Their further analysis does not concern the subject of the
present discussion.

SYSTEM ORIENTED

MU v, RAMEWORK

IMPROVING CHANGES BEHAVIOURS

ACTING ON
ENVIRONMENTS & MICROENVIRONMENTS INDIVIDUAL
URBAN FAMILIES ENGAGING EDUCATING
DESIGN  ANDCHILD COLLABORATING
CARE SETTINGS
l/ \ \\
7~ ~
SELF HEUTAGOGY
TRANSPORTATION DETERMINATION
SYSTEM nr THORY \\/
A _SCHOOL AND_ COGNITIVE
\ PUBLIC PLACES BEHAVIORAL
\ / THERAPY
\ / MOTIVATIONAL

Figure 4. A system oriented multilevel framework.
11. Conclusions

In this scenario, having shown that the Mediterranean Diet (MD) prevents many diseases, the
dissemination of its principles must be placed at the center of health policies.

For improvement to be effective, externality must also be pervaded by adequate and coherent
communication, because in a dietary and food context, imperfect and asymmetric information is very
often synonymous with poor efficacy.

In reverse, if well-conceived, carefully structured, implemented, and well-sustained public health
communication programs have the capacity to elicit change among citizens by raising awareness,
increasing knowledge, shaping attitudes, and changing behaviors and lifestyle [164], effectively
influencing health outcomes.

Even if the evidence obviously suggests that poor diets and lifestyle cannot be changed by
information policy alone, improved information is nevertheless essential for a conscious choice.
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This means that policy measures should include the allocation of funds to expressly encourage
a greater adherence to the MD in childhood environments through appropriate information and
education. In consideration of the substantial evidence that supports its effects in chronic disease
prevention and management, the Mediterranean Model could be designed while considering the
needs of the period we are experiencing, of the current food supply, which is obviously different
from that of the Sixties, and designing specific practical strategies to further spread and implement,
considering that nutritional habits are homogenizing everywhere. In effect, the greater issue is that
the importance of having the majority of a population following a healthy diet like the MD is hugely
underestimated. In a general prevention context, speaking abstractly about generic dietary patterns
is not what’s needed. Instead, one model needs to be unequivocally promoted, that which has been
identified as having proved to be the most effective amongst many others in terms of the prevention of
obesity-related diseases.

The aim is to translate the MD traditional principles, identifying the key food-based components,
in order to be able to adapt them also to populations with different nutritional traditions, or in
multicultural settings, as already successfully experimented [165]. In other words, the MD Model
should represent the translation of the key elements of the traditional MD to populations outside the
Mediterranean Region in order to increase the likelihood of acceptability and sustainability.

Encouraging people to adopt MD habits would not only be beneficial from a public
health perspective, but above all it would be a concrete measure of intervention in terms of
economic sustainability.
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