
Edited by

Mediterranean Diet 
and Physical Activity 
as Healthy Lifestyles 
for Human Health

Daniela Bonofiglio

Printed Edition of the Special Issue Published in Nutrients

www.mdpi.com/journal/nutrients



Mediterranean Diet and Physical
Activity as Healthy Lifestyles for
Human Health





Mediterranean Diet and Physical
Activity as Healthy Lifestyles for
Human Health

Editor

Daniela Bonofiglio

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editor

Daniela Bonofiglio

University of Calabria

Italy

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Nutrients (ISSN 2072-6643) (available at: https://www.mdpi.com/journal/nutrients/special issues/

Mediterranean Diet Human Health).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Volume Number,

Page Range.

ISBN 978-3-0365-5095-4 (Hbk)

ISBN 978-3-0365-5096-1 (PDF)

Cover image courtesy of Daniela Bonofiglio

© 2022 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents

About the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Daniela Bonofiglio

Mediterranean Diet and Physical Activity as Healthy Lifestyles for Human Health
Reprinted from: Nutrients 2022, 14, 2514, doi:10.3390/nu14122514 . . . . . . . . . . . . . . . . . . 1

Fabrizio Ceraudo, Giovanna Caparello, Angelo Galluccio, Ennio Avolio, Giuseppina

Augimeri, Daniela De Rose, Adele Vivacqua, Catia Morelli, Ines Barone, Stefania Catalano,

Cinzia Giordano, Diego Sisci and Daniela Bonofiglio

Impact of Mediterranean Diet Food Choices and Physical Activity on Serum Metabolic Profile
in Healthy Adolescents: Findings from the DIMENU Project
Reprinted from: Nutrients 2022, 14, 881, doi:10.3390/nu14040881 . . . . . . . . . . . . . . . . . . . 5
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Mediterranean Diet and Physical Activity as Healthy Lifestyles
for Human Health
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2 Centro Sanitario, University of Calabria, 87036 Rende, Cosenza, Italy

Health status is influenced by several factors, such as proper dietary pattern and regu-
lar physical activity (PA), which are crucial elements of lifestyle in terms of the prevention
and treatment of metabolic and chronic diseases in all stages of life and particularly during
childhood and adolescence.

In the last decades, cultural globalization and urbanisation have led to the “Westerniza-
tion” of lifestyles, characterized by the increased consumption of foods with high quantities
of refined carbohydrates, sugars, salt, saturated fats, proteins, as well as poor fruits and
vegetables, and by increasing sedentariness. This phenomenon has generated a “nutritional
transition” whereby obesity and diet-related chronic diseases represent new challenges for
public-health systems. In contrast to this global trend and in the context of healthy eating
habits, the dietary pattern inspired by Mediterranean Diet (MD) principles is associated
with multiple health benefits, due to its protective effects against a wide range of chronic
and metabolic diseases, including obesity, diabetes mellitus, cardiovascular and neurode-
generetive diseases, and cancers [1–3]. The traditional MD, usually consumed among the
populations bordering the Mediterranean Sea many years ago, has entered the medical
literature following publications of Seven Countries Study’s results by the legendary Ancel
Keys [4]. The MD pattern is characterized by high intakes of vegetables, legumes, fruits and
nuts, cereals (that in the past were largely unrefined), and dairy products; high consump-
tion of extra virgin olive oil; low intakes of saturated lipids; moderately high intakes of
fish and poultry; low intakes of meat and sweets; and regular but moderate intake of wine
generally during meals [5]. Seasonality, biodiversity, traditional and local food products
are also important components in this eating model. In addition, the MD has qualitative
cultural and lifestyle elements, such as conviviality, culinary activities, adequate rest, and
physical activity [5]. Regarding PA, the WHO (World Health Organisation) recommends
performing moderate-intensity levels of PA for ≥150 min/week, and vigorous-intensity
levels of PA for ≥2 days/week to have health benefits [6]. Overall, the MD, including PA as
an integral part of the traditional Mediterranean lifestyle, is also a universal, cultural, social
and spatial heritage of all civilizations living around the Mediterranean basin registered by
the UNESCO (United Nations Educational, Scientific and Cultural Organization) as an im-
material human heritage in 2010. Despite its increasing popularity worldwide, adherence
to the MD model is decreasing due to multifactorial influences determining the ongoing
erosion of this dietary pattern and cultural heritage worldwide, even in the Mediterranean
area. Thus, the need to investigate the current dietary habits and to increase population
awareness of the importance of MD pattern is becoming urgent.

The Special Issue of Nutrients entitled “Mediterranean Diet and Physical Activity as
Healthy Lifestyles for Human Health” was devoted to collecting original research and
reviews of literature concerning the adherence to the MD and various health outcomes.
New information has been added in this field by means of ten articles, with nine original
papers and one narrative review.
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A widely considered aspect was the evaluation of the MD adherence in association
with PA in different target populations, such as children, adolescents, and adults, as well as
populations from different geographical location worldwide.

Firstly, Ceraudo et al. [7], evaluating the impact of the Mediterranean food choices on
serum metabolic profile in healthy adolescents performing different intensity levels of PA,
showed that active subjects who consume typical Mediterranean foods had a better serum
metabolic profile, suggesting that adhering to the MD pattern and performing PA led to a
significant reduction in glucose and lipid profile, thus making the MD and PA a winning
combination for health status.

A comparative study carried out among 2722 individuals aged 2 to 24 years living
in Croatia showed low adherence to the MD over the entire sample [8]. Specifically,
Matana et al., found that the prevalence rate of poor adherence to the MD increased with
higher education stage, while the lowest rate was observed for the children enrolled in
kindergartens [8]. In agreement with other studies conducted in the same age range [9,10],
individuals physically active were also higher adherent to the MD, fostering the positive
association of both factors with healthy lifestyle habits.

The association between PA and adherence to the MD was also investigated in
1220 fitness-center users in Croatia [11]. Results showed that MD adherence, measured
by means of the Mediterranean Diet Serving Score (MDSS) in the whole study sample
(mean age was 29.1 ± 8.8 years) was 8.0, and 18.6% of participants adhered to the MD (total
MDSS score ≥ 14). Interestingly, there was a significant positive correlation between the
level of PA and the MDSS score in this population, without gender differences. Thus, from
these findings it is possible to speculate that promoting adherence to the MD along with
PA guidelines might provide a more comprehensive endorsement to obtain greater health
benefits, over and above those acquired separately by the MD and PA.

Another Croatian group of research [12] found that MD adherence, evaluated by
MDSS, had a prevalence of 28.5% in 4671 adult subjects, with higher odds in women, older
subjects, and people with a higher level of objective material status. Over the study period,
the absolute change in the MD score positively associated with female gender, age, higher
education, and moderate physical activity, but it was negatively correlated with adherence
to the MD at baseline, suggesting that these factors can be potentially targeted in order to
increase MD adherence.

Among three other studies carried out in both Mediterranean [13,14] and non-
Mediterranean countries [15], the first involved 1512 Spanish adults, aged 55–80 years,
with overweight/obesity and metabolic syndrome. In this cross-sectional study, analyzing
data from a sub-sample of the PREDIMED-Plus study, socioeconomic status was related to
an unhealthy dietary pattern associated with low PA [13]. This indicates that community
interventions and health policy decisions may target subsets of the population in order to
promote a healthier lifestyle. The second one [14] investigated in an Italian adult sample
the relationship between adherence to the MD with the self-perceived adoption of a sus-
tainable diet, as well as demographic, socioeconomic, and behavioral variables. Results
showed that MD scores were high in female subjects, in subjects with higher income and
educational level, in subject who consider the MD a sustainable dietary model, as well
as those who perceive themselves as following a sustainable diet. Globally, a medium
adherence to the MD was found [14], in line with another recent investigation on an Italian
adult population [16]. Intriguingly, eating pattern, perceived knowledge, and benefits
have been evaluated by Cuoto et al. [15] in a Portuguese immigrant community living in
California. Even though Portugal is geographically not in the Mediterranean basin, the
MD is a settled cultural heritage of the Portuguese population. MD scores were higher in
adults from the immigrant than in those from the American population, and the perceived
health benefits of the diet was a key factor in adherence to the MD only in the Portuguese
immigrant community. The authors reported the need for further investigations to confirm
these results.
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Apart from the studies evaluating adherence to the MD in different contexts, also
interesting was the relationship between diet and some metabolic and chronic diseases, such
as type 1 diabetes (T1D) and cancer. In this scenario, Antoniotti et al. [17] assessed the MD
adherence by the Mediterranean Diet Quality Index (KIDMED) questionnaire in 65 children
and adolescents with T1D in relation to metabolic control. KIDMED scores displayed
average values in 58.6% of the subjects, in line with data from a non-diabetic population of
Italians of the same age range [8]. Low adherence to the MD was associated with a high risk
of obesity in T1D, as reported in the general pediatric and adult population [17]. Regarding
the prospective relation between diet pattern and total cancer risk, Yiannakou et al. [18]
examined in a prospective study the longitudinal association between the Mediterranean-
style dietary pattern (MSDP) score, derived from a semi-quantitative food frequency
questionnaire, and total cancer risk in 2966 participants of the Framingham Offspring Study
cohort, displaying weaker association between MSDP score and cancer risk in men except
in non-smokers, while higher adherence to MSDP was associated with lower cancer risk,
especially among women [18], confirming that the MD as a source of bioactive compounds
protects against cancer [19].

Last, the impact of geographical location on MD adherence has been also considered
and discussed in a narrative review by Mattavelli et al. [20] who highlighted the relevance
of geographical location and related social features in the current moderate adherence
to the MD in adolescents as well as in adults, fostering awareness that will lead to the
promotion of the MD as a global nutritionally balanced and healthy dietary pattern even in
the countries of its origin.

Overall, all studies included in this Special Issue provide an update on the MD adher-
ence in the population at different age stages and from different countries, highlighting
some opportunities and challenges for the adoption of an MD eating pattern along with PA
to reduce metabolic and chronic disease risk and to obtain greater health benefits.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Adolescent nutrition and healthy dietary patterns, particularly the Mediterranean diet
(MD), have been associated with improved health status and decreased risk of various chronic and
metabolic diseases later in life. The aim of this study was to evaluate the impact of the Mediterranean
food choices on lipid and glycemic metabolic profile in the total population and in adolescents
grouped according to their physical activity (PA) levels at the time of recruitment (T0) and after six
months from the administration of a personalized Mediterranean meal plan (T1). As part of the
DIMENU study, 85 adolescents underwent measurements of lipid and glucose metabolic profile
at T0 and T1. Using three positive items from KIDMED test related to the consumption of typical
Mediterranean food (olive oil, fish, and nuts) and three negative items on dietary habits (going
to fast-food, consuming biscuits, and candies), we categorized adolescents into six sets in which
biochemical parameters were analyzed. In the total sample, significant reductions in serum total
cholesterol, LDL, and glucose concentrations were observed for all the sets over the study period.
Notably, active subjects, who had a better serum metabolic profile, showed significant improvements
of glycemic control after 6 month follow up, while in sedentary adolescents and in those performing
moderate PA significant reduction in glycemia, total cholesterol, and LDL was found in all sets. In
conclusion, adopting the typical Mediterranean food choices led to a significant reduction in glucose
and lipid profile in healthy adolescents, thus making the MD and PA a winning combination for
health status.

Keywords: Mediterranean diet; adolescence; physical activity; metabolic profile

1. Introduction

The Mediterranean diet (MD) represents a nutritional model inspired by typical
culinary traditions of populations bordering the Mediterranean basin, which share the
same food availability. The identification of this geographical area is based on several
scientific and epidemiological evidence demonstrated by Ancel Keys during the second
half of the last century in the “Seven Country Study” [1]. Nowadays, the MD is considered
a gold standard of healthy eating as far as it is related to greater longevity and improvement
in health and quality of life [2], as well as a reduction of the risk of cardiovascular disease

Nutrients 2022, 14, 881. https://doi.org/10.3390/nu14040881 https://www.mdpi.com/journal/nutrients5
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(CVDs), cancer, obesity, diabetes, osteoporosis, and cognitive illnesses [3–9]. Benefits of
the MD are due to the daily consumption of whole grains, in association with legumes,
fruits, and vegetables as sources of vitamins and minerals, as well as low glycemic index
carbohydrates and fiber, which can slow down the digestion of starch and the absorption
of sugars with a lower increase in blood glucose over the postprandial period, improving
insulin sensitivity and reducing the cholesterol absorption [10]. Soluble fiber, thanks to
its ability to bind bile acids, also stimulates the growth of the gut microbiome (prebiotic
effect), which ferments fibers with the production of short chain fatty acids, such as acetic,
butyric, and propionic acids, and they are able to modulate the gluconeogenesis and
lipogenesis in the liver and limit the production of potentially carcinogenic substances [11].
The daily consumption of extra virgin olive oil along with additional consumption of nuts
are sources of antioxidant molecules, such as tocopherol (vitamin E), and unsaturated
fatty acids (oleic and linoleic acids) that reduce the LDL cholesterol without affecting
HDL [12,13]. It also involves moderate consumption of fish, the source of high biological
value proteins and omega-3 fatty acids, which perform an anti-inflammatory function
and a triglyceride-lowering activity, interfering with triglyceride incorporation in VLDL
at hepatic level [14]. Regular but moderate consumption of wine, generally during meals,
provides good amounts of polyphenols, including resveratrol, known for its antioxidant and
anti-inflammatory effects, partly due to the ability to reduce cyclooxygenase-2 expression
and consequently the prostaglandin production [15–17]. Weekly consumption of poultry
and dairy products assures great protein sources with a moderate fat content. Occasional
consumption of red meat and sweets is associated with a reduced intake of cholesterol and
sugar [18,19]. The health effects of this pattern do not derive only from their individual
components, but from the synergy between the MD components [20]. MD pattern is not
just a way of eating, but it is a real dietary model that involves the total lifestyle and impacts
on daily habits thanks to seasonality and biodiversity, accompanied by cultural elements
such as conviviality, adequate night’s rest, and physical activity [21].

Therefore, establishing and applying healthy eating behaviors starting from adoles-
cence is important so that they persist into adulthood [22]. They represent the key elements,
combined with regular physical activity, associated with a reduction in risk of obesity
and in the prevention of metabolic syndrome and chronic diseases [23]. Adolescence is
a period of physical growth and rapid development characterized by significant changes
in cognitive, physiological, and emotional profile, with effects that can affect the quality
of life, well-being, and health of individuals. In the recent decades, the phenomenon of
food “westernization” has been described as the consumption of foods rich in refined
carbohydrates, saturated fats, salt, and proteins (chips, salty snacks, fast food, and candies)
and soft drinks. In addition, the sedentary lifestyle induced by modern society caused
by automated equipment, motorized transport, and the increased time spent watching
television is responsible for the increased incidence of obesity as well as metabolic and
chronic non-communicable diseases [24].

The aim of this study was to evaluate the impact of the MD food choices on lipid and
glycemic metabolic profile in the total population and in adolescents grouped according to
their physical activity (PA) levels at the time of recruitment (T0) and after six months from
the administration of a personalized Mediterranean meal plan (T1).

2. Materials and Methods

2.1. Study Population

The adolescents were recruited into the DIMENU research project (DIeta MEditerranea
e NUoto, FESR-FSE 2014–2020. Prot 52243/2017) enrolled by the Castrolibero Institute of
Education (Cosenza, Italy) and by sports associations of the Calabria region, Italy [25–28].
The total population studied is composed of 85 subjects (44 girls and 41 boys) aged between
14 and 17 years. Criteria of exclusion from the study included health problems, drug use,
and any type of restrictive diet (i.e., low calorie, low carbohydrate, and low fat content).
The participants did not have any kind of cognitive or physical/motor limitation. The
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adolescents participating in the study provided verbal informed consent, while their parents
signed a written informed consent form to allow their participation. The rationale of the
research project and the adequacy of the protocol were approved by the Ethics Committee
of the University of Calabria, Italy (# 5727/2018).

2.2. Nutritional History

The assessment of the participants’ nutritional status and medical history was made
during an interview with a team of professionals (endocrinologists and biologist nutri-
tionists). During the interview, the students provided the anamnestic data (general data,
medical history, eating habits, and intensity of physical activity). After that, participants
were divided into three groups, on the basis of their difference in the physical activity
levels, expressed in MET (metabolic-equivalent unit expressed as 1 kcal/kg/hour), in
accordance with recommendations issued by the WHO [29]. Thus, the groups obtained
were: (1) Group A, physical inactivity, less than 3 METs; (2) Group B, moderate physical
activity, between 3 and 6 METs (cycling, dancing, brisk walking, gymnastics, ballet, water
aerobics, recreational swimming) for at least 60 min a day; (3) Group C, vigorous physical
activity, above 6 METs (jogging or running, boxing, tennis, football, basketball, squash,
swimming, aerobic dance and volleyball) for at least 60 min per day.

2.3. Mediterranean Diet Adherence Test (KIDMED)

The KIDMED test (Mediterranean Diet Quality Index for children and teenagers)
has been used to assess adherence to Mediterranean dietary patterns in children and
adolescents [30], updated on the new food pyramid of the International Foundation of
MD, as previously reported [26]. The questionnaire is made up of 16 questions, of which 4
denote a negative connotation and 12 questions denote a positive connotation to MD. To
evaluate the impact of the Mediterranean food choices on the different parameters analyzed
at T0 and T1, we selected questions with positive connotations from KIDMED test, which
were categorized in the following sets: set 1: “Do you consume olive oil every day?”; set
2: “Do you consume olive oil every day?” and “Do you consume ≥ 2 portions of fish/per
week?”; set 3: “Do you consume olive oil every day?”, “Do you consume ≥ 2 portions
of fish/per week?”, and “Do you consume ≥ 2 servings of nuts per week?”. Moreover,
on the basis of negative items impacting the adherence to the MD from KIDMED test, we
categorized three sets: set 4:”Do you go to fast-food restaurants more than once a week?”;
set 5: “Do you go to fast-food restaurants more than once a week?” and “Do you consume
biscuits or baked goods for breakfast?”; set 6: “Do you go to fast-food restaurants more
than once a week?”, “Do you consume biscuits or baked goods for breakfast?”, and “Do
you consume sweets and candies every day?” (Figure 1).

2.4. Anthropometric Parameters and Bioelectrical Impedance Analysis

Anthropometric data were collected using a validated protocol [31]. Participants’
weights were determined using the KERN MPC250K100 M scale with a load capacity of
250 kg and an accuracy of 100 g. Height was determined using a Seca stadiometer with a
maximum capacity of 220 cm and an accuracy of 1 mm. The body circumferences of each
participant were measured using a validated ergonomic tape Seca 201, with a measuring
range from 1 to 205 cm and a division of 1 mm. Body mass index (BMI) was calculated by
dividing the body weight in kilograms by the square of height in meters [BMI = weight
(kg)/height2 (m)]. The BMI z-score was calculated on the basis of the World Health
Organization data [BMI z-score = [(BMI/M(t))L(t) − 1]/L(t)S(t)]. In particular, waist and
hip circumferences were used to calculate the waist/hip ratio (WHR). Body composition
assessment was performed after a 12 h overnight fast according to the measurement
protocol using bioimpedentiometric analysis (BIA) (single-frequency 50 kHz BIA 101 S,
Akern-Systems, Florence, Italy). Each subject underwent BIA, performed to evaluate
resistance, reactance, phase angle (PhA), total body water (TBW), body cell mass (BCM),
fat-free mass (FFM), and fat mass (FM). Data were analyzed using Bodygram Plus software
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Version 1.2.2.8. (Akern Srl; Florence, Italy). Measurements and assessments of bioelectrical
parameters were made at recruitment time (T0) and after six months (T1).

Figure 1. Classification of the Mediterranean Diet food choices according to selected questions with
positive (sets 1, 2 and 3) or negative (sets 4, 5, and 6) impact on MD adherence.

2.5. Biochemical Measurements

Venous blood samples were collected after 8–10 h of overnight fasting, both at baseline
(T0) and T1. The serum was obtained after centrifugation at 3000 rpm for 10 min and
stored in sterile tubes at 4 ◦C for no more than 4 h during the morning of collection. The
biochemical parameters were determined by a Konelab 20i chemistry analyzer (Thermo
Electron Corporation, Vantaa, Finland) according to standard procedures. Subsequently, the
serum samples were stored at −80 ◦C. Serum insulin levels were measured with an enzyme-
linked immunosorbent assay (Novatec Immundiagnostica GmbH, Dietzenbach, Germany)
following the manufacturer’s instructions. The lowest detectable insulin concentration was
0.25 μIU/mL at a 95% confidence limit; the intra-assay variability was within ≤5%.

2.6. Mediterranean Personalized Food Plan

Each participant received a personalized Mediterranean plan that was based on their
nutritional status and different levels of physical activity (PA). Throughout the program
period, nutritionists provided participants with indications on the choice of typical Mediter-
ranean foods. The dietary approach is based on the latest guidelines of the MD as previously
reported [25]. The dietary scheme provided 15–20% of calories through protein, 45–60% of
calories through carbohydrates, and 25–30% of calories through fat, with the redistribution
of macro- and micronutrients according to the different daily energy expenditure (TDEE)
of each subject as recommended by the Italian Society of Human Nutrition [32]. Moreover,
we have to underline the fact that distribution of some macronutrients such us protein
(range from 1 to 1.5 g/day) were also customized according to physical activity (PA) level
(sedentary, moderately active, and vigorous), and thus the same diet plan was not provided
to everyone. The foods included in the diet are obviously typically Mediterranean ones,
and meals included an abundance of plant food (fruits, vegetables, whole grains, nuts,
and legumes); low-fat dairy products, fish, poultry, and eggs in moderate amounts; olive
oil as the primary source of fat; and low consumption of red meats, processed foods, and
saturated lipids. Meals and food plans were designed using MetaDieta software version
4.2.1. (Meteda S.r.l, Roma, Italy).
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2.7. Statistical Analysis

All statistical analyses were performed using SigmaPlot Version 12.0 (Systat, San Jose,
CA, USA). A Kolmogorov–Smirnov test (with Lilliefors’ correction) was used to verify data
normality. Data were reported as the mean and standard deviation (SD), and statistical
differences between samples were evaluated by using parametric tests (one-way ANOVA
and Student’s t-test). Statistical significance was set at p < 0.05.

3. Results

3.1. General Characteristics and Metabolic Profile of the Study Population

Anthropometric and bioimpedance measurements as well as metabolic parameters
were evaluated in the total sample of adolescents (n = 85) before they started the food
plan (T0) and 6 months after (T1) as reported in Table 1. From the comparison of the total
sample in the two observation periods, there were no significant changes, except for the
BMI, which was increased at T1 (p = 0.0237), remaining within the range of normal values.
Interestingly, after 6 months, a significant reduction in fasting blood glucose (p = 0.0001),
total cholesterol (p = 0.0002), and LDL (p = 0.0009) was found.

Table 1. Anthropometric and bioimpedance parameters and metabolic profile in adolescents at T0
and T1.

T0 T1

Anthropometric Parameters Mean SD Mean SD p-Value

Weight (kg) 62.426 12.39 63.518 12.483 0.5685
Height (cm) 165.854 7.818 167.134 8.508 0.3087
BMI (kg/m2) 22.685 3.685 23.75 2.252 0.0237

BMI z-score 0.48 0.86 0.53 0.76 0.6884
WHR 0.772 0.047 0.781 0.065 0.3024

Bioimpedentiometric Parameters

PhA (◦) 6.128 0.693 6.285 0.777 0.1860
BCM (Kg) 26.468 5.714 26.929 5.844 0.6043
FFM (Kg) 48.627 8.987 48.866 9.144 0.8632
FM (Kg) 13.799 7.448 15.291 7.057 0.1826
TBW (%) 36.241 6.587 36.015 6.962 0.8327

Metabolic Profile

Total cholesterol (mg/dL) 155.24 27.7 139.89 24.31 0.0002
LDL (mg/dL) 83.4 25.96 71.576 19.02 0.0009
HDL (mg/dL) 58.93 14.19 56.76 13.42 0.3071
Triglycerides (mg/dL) 64.39 31.07 57.67 24.43 0.1189
Glucose (mg/dL) 83.46 7.47 77.41 8.48 0.0001
Insulin (μIU/mL) 10.35 4.89 11.03 6.1 0.4237

BMI, body mass index; WHR, waist hip ratio; PhA, phase angle; BCM, body cell mass; FFM, fat-free mass; FM, fat
mass; TBW, total body water; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Statistical differences
were determined by Student’s t-test. In bold are reported statistically significant values.

3.2. Impact of the Mediterranean Diet Food Choices on the Adolescent Metabolic Profile

Having previously evaluated that in this population the KIDMED score at T1 com-
pared with T0 were significantly increased after 6 month follow-up (T0 = 6.04 ± 2.34 vs.
T1 = 6.94 ± 2, p = 0.006) [25], in order to deeper investigate the contribution of the MD food
choices in the improvement of metabolic profile, we selected questions from the KIDMED
test relating to the consumption of foods affecting lipid profile (total cholesterol, LDL,
HDL, and triglycerides) and glucose homeostasis (glucose and insulin). Table 2 shows the
changes in the metabolic profile of the participants categorized into three sets, which refer
to some of the questions chosen from the KIDMED test as follows: (1) “Do you consume
olive oil every day?”; (2) “Do you consume olive oil every day?” and “Do you consume ≥2
portions of fish/per week?”; (3) “Do you consume olive oil every day?”, “Do you consume
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≥2 portions of fish/per week?”, and “Do you consume ≥2 servings of nuts per week?”.
Analyzing the biochemical parameters in the sets identified, at both times of observation,
we found that particular significance emerged. Interestingly, we observed significant im-
provements in fasting blood glucose in all the sets (p = 0.0001 in set 1, p = 0.0001 in set 2, and
p = 0.0019 in set 3). Total cholesterol and LDL concentrations significantly decreased in set
1 (p = 0.0004 and p = 0.0012, respectively), in set 2 (p = 0.0173 and p = 0.0123, respectively),
and in set 3 (p = 0.0022 and p = 0.0086, respectively) (Table 2).

Table 2. Comparison between T0 and T1 in the metabolic parameters of adolescents categorized in
three sets according to the positive KIDMED items.

KIDMED Items SET 1 SET 2 SET 3

Subjects (78 vs. 78) (51 vs. 53) (20 vs. 17)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 155.00 27.30
0.0004

153.82 28.36
0.0173

159.45 26.72
0.0022T1 140.08 23.92 141.77 22.15 133.35 20.06

LDL (mg/dl) T0 83.28 25.56
0.0012

82.84 26.26
0.0123

89.30 21.22
0.0086T1 71.44 18.92 72.00 16.12 71.47 17.02

HDL (mg/dl) T0 59.04 14.25
0.3782

57.95 15.06
0.9508

57.05 13.44
0.1511T1 57.08 13.44 57.77 14.61 50.94 11.57

Triglycerides (mg/dl) T0 63.31 27.21
0.1843

65.07 35.33
0.3659

65.15 26.66
0.1691T1 57.82 24.11 59.66 24.67 54.47 17.86

Glucose (mg/dl) T0 83.46 7.40
0.0001

83.84 7.79
0.0001

83.84 7.79
0.0019T1 77.18 8.51 75.79 7.10 75.59 6.97

Insulin (μIU/mL)
T0 10.42 5.08

0.8056
9.42 4.69

0.3315
9.42 4.69

0.2151T1 10.63 5.55 10.26 6.00 12.02 7.69

LDL, low-density lipoprotein; HDL, high-density lipoprotein. Statistical differences were determined by Student’s
t-test. In bold are reported statistically significant values.

Moreover, questions from KIDMED test relating to improper eating habits were used
to categorize adolescents that gave a negative answer to the questions in sets 4, 5, and 6, as
described: (4)”Do you go to fast-food restaurants more than once a week?”; (5) “Do you
go to fast-food more than once a week?” and “Do you consume biscuits or baked goods
for breakfast?”; (6) “Do you go to fast-food more than once a week?”, “Do you consume
biscuits or baked goods for breakfast?”, and “Do you consume sweets and candies every
day?”. Notably, total cholesterol and LDL levels significantly decreased in set 4 (p = 0.0011
and p = 0.0047, respectively), in set 5 (p = 0.0026 and p = 0.0226, respectively), and in set
6 (p = 0.0049 and p = 0.0334, respectively). Furthermore, there was a drastic reduction of
fasting glycaemia in all the sets (p = 0.0001 in set 4, p = 0.0001 in set 5, and p = 0.0024 in set
6) (Table 3).

3.3. Impact of the Mediterranean Diet Food Choices on Metabolic Profile in the Adolescents
Grouped According to the Different Physical Activity Levels

On the basis of the self-reported PA intensity levels, we grouped our adolescents
into the physical inactivity (Group A; n = 23), moderate-intensity PA (Group B; n = 34),
and vigorous-intensity PA (Group C; n = 28) levels, which were confirmed by interview
over the study period [25]. We have previously reported that the MD adherence increased
particularly in adolescents performing moderate (KIDMED score at T0: 5.57 ± 2.30 and at
T1: 6.94 ± 1.66) and vigorous (KIDMED score at T0: 6.30 ± 2.16 and at T1: 7.61 ± 1.77) PA
levels compared to sedentary (KIDMED score at T0: 5.96 ± 2.10 and at T1: 6.61 ± 2.35) [14].
Here, we analyzed, in the three PA groups of adolescents, the intra- and inter-group
differences in the metabolic profile at T0 and T1 (Table 4). From the intragroup analysis,
we found a significant reduction in fasting blood glucose (p = 0.0052), total cholesterol
(p = 0.0008), and LDL (p = 0.0028) in Group A. Adolescents from Group B showed total
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cholesterol and LDL levels that were significantly reduced (p = 0.0001 and p = 0.0152,
respectively). In Group C, subjects had significant reductions in fasting glucose (p = 0.0001).
Table 4 also shows the intergroup comparison (A vs. B, A vs. C, and B vs. C) at T0 and
T1, performed by using ANOVA test. At T0, Group C had statistically higher fasting
blood glucose values (p = 0.0309) compared to Group B, while plasma LDL concentrations
were statistically lower in Groups B and C than in Group A (p = 0.0488 and p = 0.0015,
respectively). Insulinemia was lower in Group B than in Group A (p = 0.0277) at T0,
while both Groups B and C had significantly lower values than Group A (p = 0.0009 and
p = 0.0001, respectively) at T1.

Table 3. Comparison between T0 and T1 in the metabolic parameters of adolescents categorized in
three sets according to the negative KIDMED items.

KIDMED Items
Subjects

SET 4 SET 5 SET 6

(73 vs. 77) (55 vs. 68) (30 vs. 31)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 153.96 27.28
0.0011

154.44 26.08
0.0026

155.57 25.92
0.0049T1 139.87 24.53 140.19 25.13 136.29 25.58

LDL (mg/dl) T0 82.47 26.12
0.0047

81.40 25.42
0.0226

79.40 23.28
0.0344T1 71.79 18.99 72.07 19.35 67.58 19.22

HDL (mg/dl) T0 58.41 14.51
0.4348

60.07 14.95
0.1791

63.07 16.08
0.1012T1 56.61 13.65 56.51 14.16 56.13 16.45

Triglycerides (mg/dl) T0 65.45 33.15
0.0865

64.80 34.96
0.2076

65.63 27.59
0.7400T1 57.23 24.79 57.91 25.26 63.26 28.03

Glucose (mg/dl) T0 83.92 7.00
0.0001

84.00 6.44
0.0001

82.73 6.28
0.0024T1 77.87 8.47 77.85 8.76 77.13 7.45

Insulin (μIU/mL)
T0 10.66 4.78

0.9079
10.58 4.95

0.8276
9.76 3.68

0.1587T1 10.76 5.99 10.80 6.26 11.60 6.07

LDL, low-density lipoprotein; HDL, high-density lipoprotein. Statistical differences were determined by Student’s
t-test. In bold are reported statistically significant values.

In addition, the impact of specific MD food choices over time (T0 vs. T1) was also
observed for the three groups on the basis of the PA performed (Table 5). The results in
Group A demonstrate a significant decrease in total cholesterol and LDL in set 1 (p = 0.0032
and p = 0.0057, respectively) and in fasting blood glucose (p = 0.0019). In set 2, significant
reductions were recorded for total cholesterol (p = 0.0328) and blood glucose (p = 0.0070). In
Group B, a significant reduction in total cholesterol and LDL was present in set 1 (p = 0.0135
and p = 0.0059, respectively) and in glucose levels in set 2 (p = 0.0392). Regarding Group C,
in all sets, fasting glucose was significantly reduced (p = 0.0001 in set 1, p = 0.0001 in set 2,
p = 0.0019 in set 3). No significant changes were found in these sets for both anthropometric
and bioimpedance parameters (data not shown).
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Table 5. Biochemical and metabolic parameters in adolescents from Groups A, B and C categorized
into three sets according to the positive KIDMED items at T0 and T1.

KIDMED SET 1 SET 2 SET 3

Subject Group A (22 vs. 21) (12 vs. 11) (4 vs. 5)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 163.82 28.92
0.0032

163.42 30.66
0.0328

144.33 20.77
0.3039T1 139.90 20.24 137.64 22.35 128.20 22.33

LDL (mg/dl) T0 75.19 17.73
0.0057

74.73 15.72
0.0737

82.00 24.60
0.6626T1 97.36 30.69 96.25 32.92 75.80 16.33

HDL (mg/dl) T0 54.18 12.67
0.8071

55.25 13.50
0.4592

48.83 15.59
0.2687T1 53.24 12.40 50.82 14.68 39.40 7.57

Triglycerides
(mg/dl)

T0 61.50 21.23
0.5205

60.08 22.17
0.9918

65.83 15.97
0.9176T1 57.52 18.90 60.00 13.13 64.80 12.95

Glucose (mg/dl) T0 82.95 6.26
0.0019

83.17 6.78
0.0070

83.17 6.78
0.2497T1 75.90 7.63 73.91 8.08 75.80 9.98

Insulin (μIU/mL)
T0 15.58 8.18

0.6209
15.39 8.73

0.9080
19.45 4.78

0.2151T1 14.41 7.15 14.98 9.02 11.03 9.12

Subject Group B (30 vs. 31) (20 vs. 22) (5 vs. 4)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 155.53 27.93
0.0135

151.75 31.21
0.2266

149.00 38.33
0.5062T1 137.97 25.89 141.95 18.23 134.250 18.428

LDL (mg/dl) T0 83.10 22.35
0.0059

82.40 24.55
0.0636

83.80 37.83
0.6351T1 67.16 21.24 70.09 16.90 72.750 25.786

HDL (mg/dl) T0 58.63 15.83
0.9520

54.90 16.98
0.4341

53.80 11.71
0.6138T1 58.87 15.18 58.91 15.91 50.250 7.182

Triglycerides
(mg/dl)

T0 60.03 29.27
0.3411

64.82 29.91
0.4705

56.80 33.84
0.9918T1 68.27 32.17 71.20 35.19 57.000 17.010

Glucose (mg/dl) T0 81.10 8.01
0.1882

81.50 8.31
0.0392

81.50 8.31
0.1367T1 77.94 10.34 76.27 7.59 72.75 8.34

Insulin (μIU/mL)
T0 9.04 4.51

0.3492
7.80 4.56

0.1327
7.80 4.56

0.1610T1 10.06 3.92 9.86 4.14 12.55 3.70

Subject Group C (26 vs. 26) (19 vs. 20) (11 vs. 8)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 146.92 23.48
0.5348

149.58 22.04
0.4678

151.73 19.98
0.1215T1 142.73 24.84 143.85 26.41 136.125 21.464

LDL (mg/dl) T0 71.58 18.00
0.6898

73.68 17.42
0.8412

73.64 19.13
0.5001T1 73.50 16.45 72.60 16.01 68.125 14.066

HDL (mg/dl) T0 63.62 12.55
0.1049

64.32 12.86
0.2770

65.36 14.04
0.2492T1 58,04 11,80 60,35 12,44 58,56 8.73

Triglycerides
(mg/dl)

T0 59.12 25.50
0.5850

58.32 27.82
0.5363

64.18 32.79
0.1972T1 55.42 21.56 53.80 22.80 46.750 19.002

Glucose (mg/dl) T0 86.62 6.64
0.0001

86.74 7.23
0.0001

86.74 7.23
0.0019T1 77.46 6.60 76.30 6.11 76.88 4.22

Insulin (μIU/mL)
T0 10.19 4.21

0.1555
10.03 4.49

0.1817
10.03 4.49

0.2151T1 8.51 4.19 8.11 4.32 7.10 3.81

LDL, low-density lipoprotein; HDL, high-density lipoprotein. Group C, vigorous physical activity. Statistical
differences were determined by Student’s t-test. In bold are reported statistically significant values.
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Differences between T0 and T1 were also performed in the three groups on the basis
of PA (A, B, and C) (Table 6). Again, significant differences emerged regarding the lipid
metabolic profile and glucose concentrations. Adolescents from Group A had a reduction
in total cholesterol and LDL in all three sets (p = 0.0014 and p = 0.0052, in set 4; p = 0.0066
and p = 0.0257 in set 5; p = 0.0024 and p = 0.0251 in set 6), while fasting glucose was
significantly reduced in sets 4 and 6 (p = 0.0052 and p = 0.0034, respectively). Moreover,
adolescents from Group B showed significant changes in total cholesterol and LDL in set 4
(p = 0.0454 and p = 0.0437, respectively) and in set 6 (p = 0.0264 and 0.0473, respectively),
and changes in total cholesterol in set 5 (p = 0.0406). Interestingly, in Group C, subjects
had significant reductions in fasting blood glucose in the three sets (p = 0.0001 in set 4,
p = 0.0001 in set 5, and p = 0.0054 in set 6), along with a reduction in insulinemia in sets 4
and 5 (p = 0.0274 and p = 0.0338, respectively). No significant differences emerged with
regards to the anthropometric and bioimpedance parameters (data not shown).

Table 6. Biochemical and metabolic parameters in adolescents from Groups A, B and C categorized
into three sets according to the negative KIDMED items at T0 and T1.

KIDMED SET 4 SET 5 SET 6

Subject Group A (21 vs. 22) (17 vs. 21) (7 vs. 10)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 160.38 25.18
0.0014

156.76 23.80
0.0066

161.14 20.71
0.0024T1 137.09 19.09 136.57 19.40 128.60 16.22

LDL (mg/dl) T0 94.62 28.96
0.0052

89.94 27.97
0.0257

91.71 29.47
0.0251T1 73.32 17.16 72.71 17.34 66.00 12.42

HDL (mg/dl) T0 53.67 12.68
0.6915

55.47 12.96
0.4449

57.57 16.28
0.3317T1 52.14 12.42 52.24 12.72 50.40 13.19

Triglycerides
(mg/dl)

T0 60.86 22.10
0.6942

57.41 20.05
0.9232

61.14 24.33
0.9703T1 58.18 22.20 58.10 22.75 60.70 23.31

Glucose (mg/dl) T0 83.29 6.20
0.0052

83.71 6.02
0.0034

82.43 4.58
0.0566T1 77.09 7.46 76.71 7.43 75.30 8.23

Insulin (μIU/mL)
T0 12.66 6.28

0.2699
13.00 6.69

0.4122
10.94 3.43

0.1042T1 15.14 8.09 15.06 8.28 16.40 7.77

Subject Group B (29 vs. 29) (22 vs. 27) (11 vs. 12)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 155.41 30.90
0.0454

158.32 28.29
0.0406

168.64 26.09
0.0264T1 139.39 28.67 141.15 28.44 140.73 29.63

LDL (mg/dl) T0 81.79 24.43
0.0437

82.82 22.78
0.0714

87.09 19.80
0.0473T1 69.04 22.63 70.88 22.32 67.82 23.67

HDL (mg/dl) T0 58.93 16.51
0.9399

60.59 16.40
0.5877

66.27 17.98
0.4931T1 58.61 16.04 58.04 16.18 60.64 20.53

Triglycerides
(mg/dl)

T0 72.97 42.15
0.1542

74.09 44.48
0.2355

75.18 30.10
0.4009T1 59.04 30.35 61.19 30.44 62.64 39.01

Glucose (mg/dl) T0 81.97 8.29
0.2480

82.50 7.28
0.2710

78.73 6.12
0.6824T1 79.04 10.67 79.46 10.97 77.45 8.31

Insulin (μIU/mL)
T0 9.11 4.23

0.7112
8.52 3.41

0.3300
8.05 3.52

0.3027T1 9.50 3.74 9.56 3.87 9.58 3.39
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Table 6. Cont.

KIDMED SET 4 SET 5 SET 6

Subject Group C (23 vs. 26) (16 vs. 20) (12 vs. 9)

Parameters Mean SD p-Value Mean SD p-Value Mean SD p-Value

Total cholesterol
(mg/dl)

T0 146.26 23.22
0.6615

146.63 25.11
0.7159

140.33 21.80
0.9923T1 143.23 24.70 143.40 27.03 140.44 30.50

LDL (mg/dl) T0 72.22 21.45
0.7994

70.38 23.43
0.6938

65.17 14.90
0.6434T1 73.62 16.79 73.15 18.53 69.00 22.49

HDL (mg/dl) T0 62.09 12.64
0.3165

64.25 14.34
0.2951

63.33 14.60
0.4158T1 58.62 11.37 59.50 12.45 58.00 14.46

Triglycerides
(mg/dl)

T0 60.17 27.71
0.4246

59.88 31.40
0.4767

59.50 26.75
0.4517T1 54.54 21.15 53.55 21.24 67.67 19.89

Glucose (mg/dl) T0 86.96 4.78
0.0001

86.38 5.21
0.0001

86.58 5.12
0.0054T1 77.35 6.79 77.05 6.96 78.89 6.11

Insulin (μIU/mL)
T0 10.78 3.04

0.0274
10.83 3.37

0.0338
10.63 3.65

0.3497T1 8.51 3.85 8.06 3.98 9.10 3.60

LDL, low-density lipoprotein; HDL, high-density lipoprotein. Statistical differences were determined by Student’s
t-test. In bold are reported statistically significant values.

4. Discussion

In this study, we evaluated the impact of different MD food choices on serum metabolic
parameters in a population of healthy adolescents performing different PA levels. Nowa-
days, the importance of optimal adherence to the MD and PA is widely known as the main
tool in countering the onset of chronic non-communicable diseases, often associated with in-
creased consumption of unhealthy foods (junk food) and an increasingly sedentary lifestyle.
For this reason, it is necessary to promote the Mediterranean pattern, especially during
adolescence, in order to educate the new generations to have good eating habits that will
result in the maintenance of good health and a long life expectancy. Globally, adolescents
show a poor adherence to nutritional recommendations, preferring an excess of energy
coming from fats at the expense of that taken from carbohydrates and proteins; in addition,
there is a low consumption of those foods that characterize MD such as fruits, vegetables,
legumes, and fish, along with a widespread habit of skipping breakfast [25,26,28]. The daily
consumption of sweets and sugary drinks affects a non-negligible share of adolescents [33].
In our population, the adherence to the MD was evaluated by the KIDMED test, which
showed an increased score over the study period. We found a significant difference only for
the BMI values, but not for the BMI z-score, in the follow-up study, although, in presence
of unchanged other anthropometric and bioimpedance measurements, BMI was not the
diagnostic measure for adiposity in adolescents. Conversely, it has been reported that BMI
and waist circumference could be considered diagnostic tests for fatness, while WHR is less
useful in adolescents [34]. Interestingly, we observed a significant reduction in the serum
levels of glucose as well as total cholesterol and LDL in the total sample of adolescents,
indicating that the promotion of MD pattern and the increased MD adherence had ben-
eficial effects on serum metabolic profile. Specifically, when we categorized adolescents
on the basis of specific MD food choices, we observed over the study period significant
decreased levels of total cholesterol, LDL, and glycemia in the sets of participants who
consumed “extra virgin olive oil every day” alone (set 1) or together with “two or more
portions of fish per week” (set 2) and in combination with “two or more servings of nuts
per week” (set 3). These questions referred to the intake of typical recommended MD foods
that are rich with monounsaturated fats (MUFA), polyphenols, and polyunsaturated fatty
acids (PUFA) including omega-3-fatty acids, representing essential Mediterranean diet
components. Similarly, in the sets of participants who “don’t go to fast-food restaurants
more than once a week” alone (set 4) or in combination with “don’t consume biscuits
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or baked goods for breakfast” (set 5) or with “don’t consume sweets and candies every
day” (set 6), we found in the follow-up reduced concentrations of serum total cholesterol,
LDL, and glycemia. These results fit well with a recent open label study [35], in which
Velázquez-López et al. reported that a Mediterranean pattern-based diet improves lipid
and glycemic profile in obese children and adolescents.

Our previous observations showing that PA intensity levels positively influenced
healthy dietary pattern [25] represent encouraging results since those who practice vigorous
PA began to adopt good eating habits that could last over time. This is in line with other
studies [28,36,37] in which the increase in consumption of junk food, sweets, and candies
are related to the habits of mainly sedentary adolescents. It was interesting to note that
in our population sample, active adolescents display a better metabolic profile compared
to sedentary adolescents in terms of LDL and insulin concentrations. This leads us to
speculate that the myokines, such as interleukin-6 (IL-6), produced in working skeletal
muscle in larger amounts, play a beneficial role in metabolic homeostasis, improving
insulin sensitivity and lipolysis and thus making the MD and PA a winning combination
for health status. Notably, the blood chemistry parameters significantly improved with
the adherence to the specific MD food consumption over the study period in all groups
of adolescents from sedentary to moderate/vigorous PA intensity levels. In particular, in
sedentary adolescents categorized by positive and negative items of the KIDMED test, we
observed a significant reduction in the serum levels of total cholesterol, LDL, and glycemia
over the study period, indicating the beneficial role of dietary pattern. A similar trend
was found in adolescents who practice moderate PA, while in active subjects, glycemia
was significantly reduced in the positive sets, and both glycaemia and insulinemia were
decreased in the negative sets after 6-month follow-up. These latter findings fit well with
the results from several meta-analyses [38–40] that demonstrated how MD guarantees
optimal glycemic control when compared with other dietary models.

The limitations of the study include a relatively small sample size, particularly when
the total sample was divided into the PA groups, as well as the lack of objective methods to
measure PA levels. Adolescence is a phase of life that involves a series of complex alterations
at endocrine levels, and this can represent confounding effects on hormonal and metabolic
changes occurring during puberty. However, our study strengthens the importance of
improving healthy dietary habits and encouraging our adolescents towards better food
choices that have been pursued and confirmed in the follow-up. Future studies with a larger
number of participants and a different age range (from adolescence to adulthood) and,
in particular, the comparison among participants of different age could add considerable
insights to the field.

5. Conclusions

In conclusion, findings from this study show that the introduction of a personalized
food plan based on MD principles in an adolescent sample led to a significant improvement
in glucose and lipid profile in the follow-up, particularly when subjects adopt to the typical
MD food choices. This demonstrates the effectiveness of food education programs and how
these are implemented and translated into good eating habits in the adolescent population
and for the entire lifetime.
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Abstract: The Mediterranean diet (MD) is considered one of the healthiest dietary patterns. The aim
of this study was to assess MD adherence in children and youth living in the Mediterranean region
in Croatia and evaluate the differences in adherence to the MD among different educational stages.
In total, 2722 individuals aged 2 to 24 years were enrolled in this study. Subjects were divided into
different groups according to the Croatian educational system. Mediterranean Diet Quality Index
(KIDMED) was used to assess adherence to the MD. In the total sample, the adherence to the MD was
poor in 19.2%, average in 60.8%, and good in 20.1% of the study participants. The prevalence rate of
poor adherence to the MD increased with higher educational stage, i.e., the highest prevalence rate of
poor MD adherence was observed for college students (39.3%). Children having a higher number
of snacks on days-off, those with lower physical activity, and not having breakfast together with a
family are more likely to have poor MD adherence, while children having a higher number of snacks
on working days are less likely to have a poor MD. The results of this study showed low adherence
to the principles of the MD, confirming the need for improvement of adherence to the MD pattern in
the studied population.

Keywords: Mediterranean diet; children; youth; kindergarten; primary school; secondary school; fac-
ulty

1. Introduction

The Mediterranean diet (MD) is considered one of the healthiest dietary patterns in
the world, characterized by high consumption of fruits, vegetables, legumes, olive oil, nuts,
and cereals, a moderate-high intake of fish, dairy products, and alcohol (mostly wine),
and a low intake of saturated lipids, sweets, and red and processed meat [1,2]. Numerous
studies have shown that adherence to the MD is associated with a significant reduction
in total mortality and improvement in longevity, as well as with various health benefits,
including prevention of cardiovascular diseases, neurodegenerative diseases, diabetes type
2, obesity, cancer, and many others [3–8].

However, despite all the existing evidence about the benefits of this diet, a transition
from this dietary pattern towards a high-energy diet style, which is rich in saturated fats
and low in micronutrients, has been observed, especially in the younger generation [9].
This change has led to an increase in obesity and numerous negative health-related conse-
quences [6,10]. Childhood obesity is a particular public health concern [11]. The results of
the European Childhood Obesity Surveillance Initiative in Croatia in 2018/2019 indicate
that 35% of children aged 8.0 to 8.9 years had overweight or obesity [12]. In addition,
according to the research conducted by the Organisation for Economic Cooperation and
Development (OECD), in the next 30 years, life expectancy in Croatia will be shortened by
3.5 years due to overweight [13].
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Healthy lifestyle habits develop in the early stages of life and impact human health
significantly in later life, making childhood and adolescence particularly important for the
adoption and maintenance of healthy habits [14]. So far, only a few studies on adherence
to the MD among the Croatian young population have been performed [15–17]. A study
recently conducted among Croatian university students showed that college students
have poor eating habits, with 42.8% of students having low MD adherence scores [15].
Surprisingly, given the fact that kindergartens in Croatia follow institutionalized nutritional
recommendations and that children spend most of their daytime hours in kindergartens,
results for preschoolers in Croatia are inconsistent: while one study showed that only 6% of
the children had a low MD adherence score (12), other recently published research revealed
that almost half of the study participants (49%) had a low KIDMED index score [17].

To the best of our knowledge, there has been no study performed specifically among
primary and secondary school children in Croatia, thus the question of what happens to
children‘s eating habits after kindergarten age, especially considering that most of Croatian
primary and secondary schools do not provide institutionalized feeding for their students,
remains unanswered. Results of published studies suggest that good eating habits are lost
by the time of university study, so it is necessary to determine at what age children’s habits
begin to change so that additional efforts can be made on time to educate children about
the benefits of proper nutrition.

Given the aforesaid, estimating MD adherence and exploring potential predictors
might be useful for developing strategies for improving diet quality. Therefore, the main
aim of this study was to assess MD adherence in the youth population living in the
Mediterranean region in Croatia and evaluate the differences in adherence to the MD and
its components among preschool, primary, secondary school children and students by
using the same validated questionnaire KIDMED for all age groups [18].

2. Materials and Methods

2.1. Study Design

This cross-sectional study was carried out from September to November 2021 in chil-
dren and youths from the Mediterranean region of Croatia (including the regions of Istria,
Kvarner, Dalmatia, the Dubrovnik area, and the Adriatic Islands). Participants were aged
from 2 to 24 years and were enrolled in randomly selected public kindergartens, elementary
or secondary schools, or faculties. The final sample comprised 2722 eligible participants.
Participants were categorized into 5 groups according to the Croatian educational system:
(i) kindergartens, (ii) primary schools (1st–4th grade), (iii) primary schools (5th–8th grade),
(iv) secondary schools, and (v) faculties (college students). The study was approved by
the Ethics Committee of the University Department of Health Studies, University of Split
(Class 001-01/21-01/01, reg. no.: 2181-228-103/1-21-22) and was conducted in regulation
with the latest Helsinki declaration. The subjects gave consent to participate by submitting
a completed questionnaire.

2.2. Questionnaire

Data were collected using the anonymous questionnaire. Based on the study site
preferences, the questionnaire was delivered either as a paper-based or online survey. The
online survey was constructed with the Google Forms application and was distributed
among study sites using email. The expected time to complete the survey was 10 min.
For the purpose of this study, the questionnaire was completed by the child’s parent for
participants enrolled in kindergartens, primary and secondary schools, while university
students filled out a questionnaire on their own. Only one child per household was included
in the study.

The questionnaire consisted of four sections. In the first section, we collected general
information about participants, including gender, age, type of study program, year of
attendance and parent-reported (or self-reported for students) weight (in kg) and height (in
cm). Additionally, the participant’s general health (self- or parent-perceived) was rated as
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excellent, very good, good, or fair/poor. Body mass index (BMI) was calculated as weight
divided by height squared (kg/m2), in order to calculate the BMI-for-age percentiles using
the CDC growth charts. According to the CDC classification, percentiles lower than 5th
is considered as underweight, percentiles between 5th and 85th are considered as normal
weight, percentiles between 85th and 95th are considered as overweight, and percentiles
≥95th are considered as obese. Specifically, according to the World Health Organization
standards, students were considered to be underweight if their BMI was lower than 18.5,
normal weight if the BMI was 18.5 to 24.9, overweight if the BMI was 25 to 29.9, and obese
if it was greater than 30 [19].

The second section consisted of two questions regarding physical activity: “Do
you/Does your child participate in organized physical activity (possible answers: Yes/No)?”,
“How many times a week do you (or does your child) do some sport, dance, or play a game
in which you are (or your child is) very active? (possible answers: none, 1 time, 2–3 times,
4–5 times, 6 or more times)”.

Dietary habits, such as the number of main meals and snacks (recorded separately for
working days and off-days), as well as information on eating breakfast, lunch, and dinner
together as a family, were assessed in the third section.

In the last section, the level of adherence to the MD for participants was evaluated us-
ing the KIDMED test (Mediterranean Diet Quality Index for children and adolescents) [18].
KIDMED is a questionnaire consisting of 16 yes or no questions. Questions with a negative
connotation with a respect to MD were given a score of -1 (including consumption of fast
food, baked goods, sweets, and skipping breakfast), and those with a positive connotation
were given a score of +1 (consumption of oil, fish, fruits, vegetables, cereals, nuts, pulses,
pasta or rice, dairy products, and yogurt). The total score ranges between −4 to 12 and is
classified into 3 levels: (i) low MD adherence: KIDMED score ≤3; (ii) average MD adher-
ence: KIDMED score 4–7; (iii) good MD adherence: KIDMED score ≥8. The instrument
was originally developed to assess the level of adherence to the MD in Spanish children
and adolescents aged 2 to 24, and was previously adapted for the Croatian language and
tested for reliability and validity [15].

2.3. Statistical Analysis

The Kolmogorov-Smirnov test was used for normality checking. Due to the non-
normal distribution of the data, continuous variables are presented as the median (in-
terquartile range, IQR). Categorical variables are presented with frequencies (percentages).
Differences in categorical variables were analyzed by using a Chi-square test, while the
Kruskal-Wallis test was used for not normally distributed continuous variables.

Furthermore, we performed multivariate multinomial logistic regression in order to
assess the association of MD adherence categories with the odds ratios of predictors that
were significant in univariate models (including age, number of daily meals and snacks
both on working days and days-off, two questions regarding physical activity, and having
breakfast and dinner together as a family). BMI categories and having lunch together as
a family were not significantly associated with MD adherence in the univariate model,
therefore were not included in the final model.

Finally, a multivariable multinomial logistic regression was also employed to assess
the simultaneous effect of MD adherence and level of physical activity on self-perceived
health. p-values of less than 0.05 were considered statistically significant. Statistical analysis
was conducted using Statistical Package Software for Social Science, version 28 (SPSS Inc.,
Chicago, IL, USA).

3. Results

A total of 2722 children and youths participated in this study. Basic characteristics of
the study participants are presented in Table 1.
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Table 1. Basic characteristics of the study participants.

Variable Descriptive Statistics

Gender, n (%)

Females 1340 (49.2%)

Males 1382 (50.8%)

Age, median (interquartile range) 10.0 (6.0)

BMI classification, n (%)

Underweight 199 (7.3%)

Normal weight 1884 (69.2%)

Overweight 351 (12.9%)

Obese 163 (6%)

Educational stage, n (%)

Kindergarten 485 (17.8%)

Primary school (1st–4th grade) 941 (34.5%)

Primary school (5th–8th grade) 780 (28.6%)

Secondary school 343 (12.6%)

Faculty (college students) 173 (6.3%)

In the total sample, the median KIDMED index score was 6 (IQR: 3), while the ad-
herence to the MD was poor in 19.2%, average in 60.7%, and good in 20.1% of the study
participants. The highest compliance to the KIDMED items was observed for eating fast
food less than once a week, the consumption of olive oil at home, eating breakfast, and the
consumption of dairy products for breakfast (Table 2). No significant gender differences
were observed for MD adherence categories (p = 0.146). Age was significantly associated
with MD adherence categories (participants with poor MD adherence were the oldest,
followed by the average group, while the youngest were participants from the good MD
category (p < 0.001)). Although a higher prevalence of poor MD adherence was recorded
among obese (25.6%) and overweight (20.8%) individuals compared to those with normal
BMI (18.6%) or underweight (16.5%), no statistically significant association was observed
for BMI categories and MD adherence (p = 0.120).

Regarding the differences in adherence to the MD for different educational stages,
the results showed that the KIDMED index score decreased with higher educational stage,
i.e., the highest KIDMED index score was observed for children enrolled in kindergartens,
followed by children from the first four grades of primary schools, then children from
grades 5–8 of primary schools and youths enrolled in secondary schools, while the lowest
score was observed for students (p < 0.001) (Figure 1). The prevalence rate of poor adherence
to MD also increased with higher educational stage (Table 2). The highest prevalence
rate of poor MD adherence was observed for students (39.3%), then for children from
secondary schools (25.7%), followed by primary school children (16.8% for 1st–4th grades
and 19.6% for 5th–8th grades), and the lowest rate was observed for the children enrolled
in kindergartens (11.3%) (p < 0.001) (Table 2).
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Table 2. Results of the KIDMED test according to educational stage.

Total Sample Kindergarten
Primary School
(1st–4th Grade)

Primary School
(5th–8th Grade)

Secondary
School

Faculty
p

Value

KIDMED index score, n (%) 1

Poor 523 (19.2%) 55 (11.3%) 158 (16.8%) 153 (19.6%) 88 (25.7%) 69 (39.9%)
<0.001Average 1653 (60.7%) 315 (64.9%) 599 (63.7%) 462 (59.2%) 196 (57.1%) 81 (46.8%)

Good 546 (20.1%) 115 (23.7%) 184 (19.6%) 165 (21.2%) 59 (17.2%) 23 (13.3%)

KIDMED items, n (%) 2

Fruit or fruit juice daily 2321 (85.3%) 455 (93.8%) 800 (85%) 652 (83.6%) 280 (81.6%) 129 (74.6%) <0.001

Second serving of fruit daily 1271 (46.7%) 260 (53.6%) 437 (46.4%) 369 (47.3%) 144 (42.0%) 60 (34.7%) <0.001

Fresh or cooked vegetables daily 1942 (71.4%) 376 (77.5%) 681 (72.4%) 538 (69%) 227 (66.2%) 117 (67.6%) 0.003

Fresh or cooked vegetables > 1/day 585 (21.5%) 107 (22.1%) 199 (21.1%) 172 (22.1%) 70 (20.4%) 37 (21.4%) 0.749

Regular fish consumption (at least
2–3/week) 658 (24.3%) 142 (29.3%) 230 (24.4%) 177 (22.7%) 77 (22.4%) 28 (16.2%) 0.010

Total Sample Kindergarten
Primary School
(1st–4th Grade)

Primary School
(5th–8th Grade)

Secondary
School

Faculty
p

Value

>1/week fast-food (hamburger)
restaurant 130 (4.8%) 9 (1.9%) 17 (1.8%) 32 (4.1%) 41 (12%) 31 (17.9%) <0.001

Pulses > 1/week 1556 (57.2%) 263 (54.2%) 545 (57.9%) 461 (59.1%) 194 (56.6%) 90 (52%) 0.429

Pasta or rice almost daily (≥5
days/week) 427 (15.7%) 49 (10.1%) 125 (13.3%) 113 (14.5%) 76 (22.2%) 62 (35.8%) <0.001

Cereal or cereal product for breakfast 1555 (57.1%) 274 (56.5%) 559 (59.4%) 459 (58.8%) 200 (58.3%) 60 (34.7%) <0.001

Regular nut consumption (at least
2–3/week) 1054 (38.7%) 172 (35.5%) 346 (36.8%) 305 (39.1%) 148 (43.1%) 81 (46.8%) 0.041

Use of olive oil at home 2486 (91.4%) 463 (95.5%) 862 (91.6%) 701 (89.9%) 306 (89.2%) 149 (86.1%) 0.003

No breakfast 299 (10.99%) 17 (3.5%) 45 (4.8%) 96 (12.3%) 73 (21.3%) 67 (38.7%) <0.001

Dairy product for breakfast 2413 (88.7%) 446 (92%) 856 (91%) 700 (89.7%) 291 (84.8%) 116 (67.1%) <0.001

Commercially baked goods or pastries
for breakfast 1173 (43.1%) 167 (34.4%) 383 (40.7%) 361 (46.3%) 176 (51.3%) 84 (48.6%) <0.001

Two yoghurts and/or 40 g cheese daily 1193 (43.84%) 239 (49.3%) 387 (41.1%) 343 (44%) 155 (45.2%) 68 (39.3%) 0.051

Sweets and candy several times a day 751 (27.6%) 134 (27.6%) 244 (25.9%) 226 (29%) 89 (25.9%) 58 (33.5%) 0.439

1 Results of the KIDMED test as a categorical variable. 2 n (%) indicate the number of participants who answered
affirmatively to each item. Statistically significant results are in bold.

Figure 1. Box–plots for the KIDMED index score for different educational stages.

Basic descriptive statistics of the 16 KIDMED items according to educational stage
is presented in Table 2. The prevalence rate of daily consumption of fruit or fruit juice,
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a second serving of fruit, fresh or cooked vegetables, as well as fish consumption more
than 2–3 times a week, consumption of olive oil and dairy products for breakfast decreased
with higher educational stage, while the prevalence rate of regular nut consumption and
consumption of pasta and rice increased with higher educational stage. Children enrolled
in kindergarten or first four grades of elementary school less frequently ate fast-foods and
commercially baked goods or pastries for breakfast compared to higher educational stages.
Students consumed cereals or cereal products for breakfast less frequently compared to
individuals in other educational stages. The prevalence of skipping breakfast was higher
for higher educational stages (Table 2).

Regarding physical activity, on the question “Do you/Does your child participate
in organized physical activity?” the highest percentage of elementary school participants
(78.7% for 1st–4th grades and 75.4% for 5th–8th grades, respectively) answered affirmatively
compared to participants from high schools (47.5%), kindergartens (40.2%) and faculties
(30.1%) (p < 0.001). Distribution of answers to the question “How many times a week do
you (or does your child) do some sport, dance or play a game in which you are (or your
child is) very active?” is shown in Figure 2. The “None” answer was more frequently
chosen by students compared to other educational groups (Figure 2) (p < 0.001).

Figure 2. Distribution of answers to the question “How many times a week do you (or does your
child) do some sport, dance or play some game in which you are (or your child is) very active?”.

Furthermore, we performed a multivariate multinomial logistic regression for MD
adherence with nine predictors listed in Table 3 (p < 0.001, Nagelkerke R2 = 0.103, correct
prediction rate 61.9%) which were significant in the univariate model. The results of the
multivariate model are presented in Table 3. Children having a higher number of snacks
on days-off, those with lower physical activity, as assessed with the question: “How many
times a week do you (or does your child) do some sport, dance or play some game in which
you are (or your child is) very active?” and not having breakfast together with a family are
more likely to have poor MD adherence, while children having a higher number of snacks
on working days are less likely to have a poor MD adherence than average and good MD
adherence (Table 3). Additionally, older participants were less likely to have average MD
adherence than poor MD adherence.
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Table 3. Results of the multinomial logistic regression with categories of MD adherence as a depen-
dent variable.

Predictors
Average MD Adherence Good MD Adherence

OR (95% CI) 1 p-Value OR (95% CI) 1 p-Value

Age 0.962 (0.933, 0.991) 0.011 0.974 (0.939, 1.011) 0.165

Number of daily meals on working days 1.242 (0.913, 1.688) 0.167 1.341 (0.919, 1.957) 0.128

Number of daily meals on day-offs 1.264 (0.910, 1.757) 0.162 1.339 (0.903, 1.986) 0.146

Number of snacks on working days 1.470 (1.157, 1.867) 0.002 1.978 (1.470, 2.660) <0.001

Number of snacks on day-offs 0.773 (0.627, 0.953) 0.016 0.738 (0.567, 0.960) 0.023

Do you/Does your child participate in
organized physical activity?

No 1.016 (0.776, 1.332) 0.907 0.819 (0.589, 1.139) 0.235

Predictors
Average MD Adherence Good MD Adherence

OR (95% CI) 1 p-Value OR (95% CI) 1 p-Value

Yes - - - -

How many times a week do you (or does
your child) do some sport, dance or play
some game in which you are (or your child is)
very active?

None 0.365 (0.216, 0.615) <0.001 0.283 (0.145, 0.550) <0.001

1 time 0.416 (0.236, 0.734) 0.002 0.374 (0.182, 0.770) 0.008

2–3 times 0.676 (0.463, 0.987) 0.043 0.508 (0.330, 0.782) 0.002

4–5 times 1.222 (0.814, 1.834) 0.334 0.759 (0.478, 1.206) 0.243

6 or more times - - - -

Having breakfast together as a family

No 0.644 (0.514, 0.808) <0.001 0.311 (0.233, 0.416) <0.001

Yes - - - -

Having dinner together as a family

No 0.980 (0.698, 1.375) 0.906 0.789 (0.493, 1.261) 0.322

Yes - - - -
1 Odds ratios (OR) were calculated by multivariate multinomial logistic regression with low MD adherence as the
reference category in the dependent variable.

The two-predictor model of participant’s general health (p < 0.001) showed that both,
lower level of physical activity and poor MD adherence, were associated with worse self-
assessment of health, accounting for 6.3% of the total variance (Nagelkerke Rˆ2), and the
correct prediction rate was 58.8% (Table 4).

25



Nutrients 2022, 14, 302

Table 4. Results of the multinomial logistic regression where participant’s general health (self- or
parent-perceived) was dependent variable while MD adherence and level of physical activity were
independent variables.

Predictors
Good Very Good

OR (95% CI) p-Value OR (95% CI) p-Value

How many times a week do you (or does
your child) do some sport, dance, or play
some game in which you are (or your child is)
very active?

Predictors
Good Very Good

OR (95% CI) p-Value OR (95% CI) p-Value

None 10.335 (3.140, 34.021) <0.001 7.353 (2.582, 20.940) <0.001

1 time 4.626 (2.565, 8.343) <0.001 4.259 (2.759, 6.573) <0.001

2–3 times 1.626 (0.978, 2.705) 0.061 2.804 (1.990, 3.950) <0.001

4–5 times 0.886 (0.515, 1.525) 0.662 2.196 (1.552, 3.108) <0.001

6 or more times - - - -

Mediterranean index score classification

Average MD adherence 0.596 (0.419, 0.848) 0.004 0.812 (0.643, 1.026) 0.081

Good MD adherence 0.497 (0.311, 0.794) 0.003 0.646 (0.485, 0.861) 0.003

Poor MD adherence - - - -

Odds ratios (OR) were calculated by multivariate multinomial logistic regression with excellent general health
(self- or parent-perceived) as the reference category in the dependent variable. Participants’ general health was
rated as excellent, very good, good, or fair/poor; however, no “fair/poor” rating was recorded in our sample.

4. Discussion

The main purpose of this study was to evaluate the differences in adherence to the
Mediterranean diet and its components according to different educational stages in children
and youths living in the Mediterranean region in Croatia. To the best of our knowledge,
this is the first study that evaluates and compares MD adherence in individuals from all
educational stages, including kindergartens, primary and secondary schools, and faculties.

Our results demonstrated a rather low prevalence of good adherence to the MD over
the entire sample (20.1%). This result is in line with a study performed in the Croatian
adult population, in which only 23% of the participants from Southern Dalmatia adhered
to the principles of MD [20]. Furthermore, we showed that the prevalence rate of poor
adherence to the MD increased with higher education stage. The highest prevalence rate
of poor MD adherence was recorded among students (39.3%), then for children from sec-
ondary schools (25.7%), followed by primary school children (19.6% for 1st–4th grades and
16.8% for 5th–8th grades), while the lowest rate was observed for the children enrolled in
kindergartens (11.3%). These results were somehow expected, given the fact that kinder-
gartens in Croatia follow institutionalized nutritional recommendations which promote
increased consumption of vegetables, fruits, meat, fish, and dairy products, while the great
majority of primary and high schools do not provide institutionalized feeding for their
students [16]. Besides the probable influence of institutionalized feeding, this result could
also be explained by parental supervision and control over children’s diets, an influence
that is gradually lost as children grow up. Several studies have shown that parental control
is associated with following healthy dietary habits [21–23]. Additionally, another potential
factor associated with food choice is pocket money amount which usually increases with
age, and increases the probability of consumption of unhealthy fast-food, baked goods,
and sweets [24]. Moreover, it is known that students are more likely to buy foods that are
fast, convenient, and inexpensive [25]. In the study performed by Marquis et al., it was also
shown that college students often make food choices based on cost and convenience over
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health [26]. Our finding that the prevalence rate of poor adherence to the MD increased
with higher education stage is in line with other similar studies performed in Spain and
Italy [18,24,27,28]. Croatian data on children and young individuals are relatively few and
mainly refer to preschool children and students. We performed the largest study of MD
adherence in the Croatian youth population so far by including 2722 subjects. Our results
for students are in accordance with the study from Štefan et al., in which 42.8% of college
students had poor compliance with MD [15]. However, as already mentioned, results for
the preschool population are contradictory, while the results of one study showed that
only 6% of children had low KIDMED score [16], the other identifier of significantly higher
prevalence (49%) of low adherence to the MD [17]. In both studies, only children from the
urban area of Split-Dalmatia County were examined, while our study included subjects
from the entire Mediterranean region of Croatia. To the best of our knowledge, there is no
published study performed among primary and secondary school children in Croatia, so
the results of this study are of particular interest for this young population.

A statistically significant difference in the KIDMED score with regard to sex and BMI
categories was not found in our study, which is in line with the results of the majority of
other studies, including the systematic reviews of European data [17,29–32].

Moreover, the multinomial logistic regression results identified several predictors of
MD adherence. Children not having breakfast together with a family, having a higher
number of snacks on days-off and a lower number of snacks on working days, and those
with lower physical activity are more likely to have poor MD adherence.

Several studies have shown that eating at least one meal per day with a family member
has a positive impact on general health and avoiding obesity [33]. As in the present study,
studies carried out in Italy and Spain also observed a significant association between MD
adherence and eating breakfast with the family [34,35].

Interestingly, our results indicate that children having a higher number of snacks on
days-off and a lower number of snacks on working days are more likely to have poor
MD adherence. Actually, several studies conducted in the Nordic countries and in the
United States have observed differences in dietary quality on working days compared to
the weekend [36–41]. The study in Swedish children has shown that children had their
highest intake of sucrose on Fridays and Saturdays due to increased intake of sweets and
soft drinks [38]. Another study also confirmed that the intake of total sugars and foods
and drinks rich in added sugar were generally higher on weekends versus weekdays
for children in Hungary, Italy, and Sweden [36]. Furthermore, during days off, children
have more free time and are likely to spend more time in front of screens (watching
television, using computers, tablets, and smartphones, and playing video games) [42].
Screen time is usually associated with sedentary behavior and snacking which is often
characterized by low nutritional quality [43]. Moreover, another study has shown that
a greater amount of screen time is associated with lower consumption of healthy food,
including vegetables, legumes, fish, and nuts, and greater consumption of sweets and fast
food which consequently leads to poor adherence to the principles of MD [44].

Regarding physical activity, our results are in accordance with previous reports, show-
ing a positive association between physical activity and other healthy lifestyle habits
including proper nutrition and MD adherence [24,31,45–49]. A possible explanation for this
association is that those children who are physically active and eat healthily are probably
adequately educated and coached by their parents. Indeed, previous reports of a positive
association between general parental support and physical activity among youth have been
recorded [50–52]. Results from an above mentioned study performed in Croatian preschool-
ers also confirmed a positive association of physical activity and KIDMED scores [16],
while other Croatian studies performed in youths did not examine physical activity [15,17].
Furthermore, the results of the present study confirmed that a combination of adherence to
MD and high physical activity is beneficial to participants’ parent- or self-rated health, and
underscore the importance of adopting healthy lifestyle habits for better general health.
Although overall health status in the present study was self- or parent-reported, it has been
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shown that self-perceived health is a valid proxy indicator of health status [53] and that
both child and parent reports for health-related quality of life are valid [54].

Our study has several limitations that need to be mentioned. The main limitation is
the cross-sectional design, which limits inference on causality. Second, the parents filled
out the questionnaire (for all study subjects except for the students), so there is a possibility
of parental overestimation or underestimation of the quality of a child’s nutrition. Data on
some other potential predictors of adherence to an MD were not collected, such as sleep
habits and socio-economic data. On the other hand, this is the most comprehensive study
conducted so far on MD adherence in the youth population in Croatia, the results of which
have undoubtedly improved existing knowledge on adherence to an MD among children
and youth in the Mediterranean region of Croatia. We have included subjects from a
larger geographical region and within a wider age range compared to previously published
studies in preschool children and students. Even more, to the best of our knowledge,
we performed the first study on primary and secondary school children from Croatia
and provided crucial data on dietary habits for this population. Another strength of this
study is that we used the same validated questionnaire KIDMED for all educational stages,
including university students, which enables us to directly compare the results among
groups.

5. Conclusions

To conclude, the results of this study showed low adherence to the principles of the
MD, confirming the need for the improvement of adherence to the MD pattern in the
studied population. The present study provided crucial information on MD adherence in
different educational stages and helped in defining periods when dietary habits are less
healthy. This can help in developing tailored nutritional programs since it was shown
that strategies designed explicitly to subgroups are needed. The findings of this study
underscore the need to advise and motivate the young population so that healthy dietary
habits can be integrated into their lifestyle.
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Abstract: The Mediterranean diet (MD) is based on the traditional cuisine of south European coun-
tries, and it is considered one of the healthiest dietary patterns worldwide. The promotion of
combined MD and physical activity has shown major benefits. However, the association between
physical activity and the MD in regular fitness center users is still insufficiently investigated. This
cross-sectional survey-based study was conducted on 1220 fitness center users in Croatia. The survey
consisted of three parts: general information, the Mediterranean Diet Serving Score (MDSS) and the
International Physical Activity Questionnaire Short Form (IPAQ-SF). The results showed that 18.6% of
fitness center users were adherent to the MD, and there was a significant positive correlation between
the level of physical activity and the MDSS score (r = 0.302, p < 0.001). Moreover, after dividing the
sample into tertiles based on the IPAQ-SF score, the third tertile (MET > 3150 min/wk) had the most
fitness center users (34.4%) adherent to the MD, while the first tertile (MET < 1750 min/wk) had
the least (6.1%). These outcomes emphasize the importance of physical activity as they imply that,
with higher levels of physical activity, people are also possibly more aware of the importance that a
healthy and balanced diet has on their well-being.

Keywords: Mediterranean diet; physical activity; dietary supplements; fitness; MDSS; IPAQ-SF

1. Introduction

It is well established that regular exercise combined with a diversified and balanced
diet can lead to a longer, healthy and more satisfying life [1–3]. Physical activity as a
beneficial mechanism on health was first investigated in 1950s in correlation with cardio-
vascular diseases [4]. Since then, exercise was thoroughly researched for its beneficial
impact on health. In addition to reducing the risk of developing cardiovascular diseases,
it was established that physical activity also has a positive impact on preventing serious
illnesses such as diabetes, depression and obesity [5,6]. As aforementioned, a healthy diet
is as important as exercise, and an adequate intake of macronutrients and micronutrients
with proper hydration is the base of a balanced diet. Furthermore, besides a balanced diet,
physically active people also commonly use dietary supplements to enhance results and
ensure optimal nutrient intake [7]. Dietary supplements can be defined as food additions
containing higher levels of proteins, vitamins and other micronutrients made to amplify
and boost regular diet [8].
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Whereas some of the widespread diets have been developed in cooperation with
nutritionists and physicians, some diets are based on the tradition of a specific region or
a country [9]. The Mediterranean diet (MD) is based on the traditional cuisine of south
European countries on the shores of the Mediterranean Sea. The foundation of this diet is
the high intake of olive oil, vegetables, fruits, nuts, cereals and legumes, while the intake
of fish, red wine, dairy products and meat should be moderate [10]. However, white
meat should be consumed more frequently than red meat. Moreover, individuals should
maintain a small, continuous consumption of red wine, and the recommendation for men
and women is 1–2 glasses/day and 1 glass/day, respectively. Lastly, there is a low intake
of eggs and sweets. The MD has been the interest of numerous studies, which have aimed
to elaborate how exactly it affects the health of its consumers [11,12]. Higher adherence
to this diet has shown many benefits to health, such as the reduced risk of developing
diabetes, obesity, hypertension, cognitive diseases, hyperlipidemia and depression [13–18].
A multicenter trial in Spain showed that an MD with a higher intake of olive oil directly
reduces risk of cardiovascular incidents, which is also in line with other studies that have
shown the protective role of olive oil and the MD in several serious conditions, such as
coronary disease and stroke [19–23].

A recent study by Iaccarino Idelson et al. showed that there is an association between
physical activity and adherence to the MD, while they also have an inverse correlation
with sedentary behavior [24]. Moreover, a systematic review with a meta-analysis by
Malakou et al. found that the promotion of combined MD and physical activity showed a
significant metabolic risk reduction [25]. In addition, the results of several Spanish studies
have implied that the level of physical activity has a significant correlation with adherence
to the MD [26–28]. However, MD could have some shortcomings in the physically active
population, as the study by Passariello et al. has raised the question of whether MD can
meet sufficient protein requirements [29]. Nevertheless, the results regarding the adherence
to the MD and its connection to the level of physical activity in the population of regular
fitness center users are still inconclusive.

Hence, the aim of this study was to investigate the association between physical
activity and the adherence to the MD in fitness center users. Moreover, we aimed to
evaluate the adherence to the specific dietary components of the MD and to assess the
usage of dietary supplements and its association with MD in this population.

2. Materials and Methods

2.1. Study Design and Ethical Considerations

This cross-sectional survey-based study was performed among fitness center users
in Split, Croatia, during the time period from July to October 2021. The restrictions in
Croatia due to COVID-19 pandemic were lifted on February 15, and fitness centers have
been operated normally since then.

The study was approved by the Ethics Committee of University of Split School of
Medicine (No: 003-08/20-03/0005) and was conducted in regulation with the latest Helsinki
declaration. The subjects gave consent to participate by submitting a completed questionnaire.

2.2. Participants

The study was conducted on fitness center users in Split, Croatia, using an online
survey constructed with the Google Forms® application. The survey was distributed
among fitness centers users using QR codes and emails, and through closed social media
groups and fitness trainers.

Participation in the study was voluntary, and anonymity of the provided answers was
guaranteed. The inclusion criteria were: 18–65 years of age, and using the fitness center
for more than 3 months on at least a 1-time-per-week basis. The only exclusion criterion
was involvement in professional sports. Professional sports were defined as involvement
is all sport activities for which the participant receives payment and/or is competing in the
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professional tournaments, with the additional requirement that the subject is involved in
that sport activity for ≥6 days/week.

2.3. Questionnaires

The survey consisted of three parts. The first part was the questionnaire which in-
cluded general information about the participants such as the gender, age, anthropometric
traits, frequency and duration of the training in the fitness center, involvement in profes-
sional sport and habits about usage of dietary supplements. The questionnaire included
12 items, and it was developed for the purpose of this study after extensive review of the
available literature.

The second part of the survey was the Mediterranean Diet Serving Score (MDSS),
a reliable, validated 14-item questionnaire with a verified Croatian version [30,31]. The
MDSS is used to assess the adherence to the MD, and it is updated by the latest guidelines
of the Mediterranean Diet Pyramid based on the frequency of consuming certain food and
food groups and scoring them by one (1), two (2) or three (3) points depending on the
recommendation on intake. Fruits, vegetables, cereals and olive oil are scored by three
points, meaning they should be consumed every meal. The two-point foods are dairy
products and nuts, which are recommended to be consumed daily. Lastly, one point goes
to white meat, red meat, fish, potatoes, legumes, eggs, sweets and wine, which should be
consumed once a week. The cutoff value for determining adherence to MD is a total MDSS
score of ≥14 points.

The third part of the survey was the International Physical Activity Questionnaire
Short Form (IPAQ-SF), an open-ended, reliable, validated questionnaire, which was verified
in a Croatian version [32,33]. The IPAQ-SF evaluates the self-reported activity of four
intensity levels: vigorous-intensity activities, moderate-intensity activities, walking and
sitting [28–30]. It was suggested by the IPAQ-SF authors that, for observational studies, the
“last 7 days recall” version should be used. MET (metabolic equivalent of task) minutes per
week scores were calculated from the results of the IPAQ-SF according to the following
formulas [34]:

• Walking MET-min/week = 3.3 × walking minutes × walking days
• Moderate MET-min/week = 4.0 × moderate activity minutes × moderate days
• Vigorous MET-min/week = 8.0 × vigorous activity minutes × vigorous days
• Total MET-min/week = walking + moderate + vigorous MET-min/week scores

2.4. Survey Pre-Testing

A survey pre-testing was conducted on a sample of 43 randomly chosen fitness center
users. The average time needed to complete the survey was 12 min. The feedback from the
responders showed that all the questions were clear and understandable. The final version
of the survey consisted of 33 questions.

2.5. Statistical Analyses

All statistical analyses were performed using MedCalc for Microsoft Windows (Med-
Calc Software, Ostend, Belgium, version 17.4.1). Normality of distribution was eval-
uated using the Kolmogorov-Smirnov test. Continuous variables were presented as
mean ± standard deviation or median (interquartile range) depending on the distribution
normality. Categorical variables were presented as a whole number (N) with percent-
age (%). For determining differences between the groups, an independent samples t-test
was used for continuous variables with normal distribution, whereas the Mann–Whitney
U test was used for continuous variables with non-normal distribution. The chi-square (χ2)
test was used to determine differences between groups in terms of categorical variables. To
investigate the correlation between variables, we used Spearman’s rank correlation coef-
ficient. Comparison of parameters between IPAQ-SF tertiles was performed using either
one-way analysis of variance (ANOVA) with the post-hoc Tukey test or one-way analysis
of variance on ranks with the post-hoc Dunn’s test. A multiple linear regression analysis
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with a forward algorithm was applied to determine significant and independent correlates
of the total MDSS score, which was defined as a dependent continuous variable. From
these analyses, we reported the respective p-values with unstandardized β-coefficients,
standard error and t-values. In addition, the independent predictors for adherence to the
MD were evaluated with multivariable logistic regression, with the OR (odds ratio), 95% CI
(95% confidence interval) and p-value reported. The level of statistical significance was set
at p-value < 0.05.

3. Results

3.1. Baseline Characteristics

The study included 1220 participants, and there were 690 (56.5%) male and 530 (43.5%)
female fitness center users. Their mean age was 29.1 ± 8.8 years. Most of them (52.6%) had
the education level of master’s degree, while the least (0.6%) had only elementary school.
Furthermore, most of them (65.8%) were using dietary supplements, out of which whey
protein was the most used supplement (76.8%) (Table 1).

Table 1. Baseline characteristics of the study sample and differences regarding gender.

Parameter
Study Sample

n = 1220
Male

n = 690
Female
n = 530

p *

Age (years) 29.1 ± 8.8 28.2 ± 7.8 30.3 ± 9.9 0.001
Weight (kg) 79.3 ± 15.6 87.2 ± 13.0 68.9 ± 12.1 0.001
Height (cm) 179.6 ± 9.5 184.8 ± 7.3 172.0 ± 7.4 0.001

BMI (kg/m2) 24.4 ± 3.4 25.4 ± 2.9 23.0 ± 3.6 0.001
Education level

Elementary school (n, %) 7 (0.6) 2 (0.3%) 5 (0.9)

0.334
High school (n, %) 315 (25.8) 172 (24.9) 143 (27.0)

Bachelor’s degree (n, %) 256 (21.0) 143 (20.7) 113 (21.3)
Master’s degree (n, %) 642 (52.6) 373 (54.1) 269 (50.8)

Using dietary supplements (n, %)
Yes (n, %) 803 (65.8) 493 (71.4) 310 (58.5)

<0.001No (n, %) 417 (34.2) 197 (28.6) 220 (41.5)
Dietary supplements used

Whey protein (n, %) 617 (76.8) 375 (76.0) 242 (78.0) 0.003
BCAA (n, %) 399 (49.6) 232 (47.0) 167 (53.8) 0.472

Creatine (n, %) 243 (30.2) 196 (39.7) 47 (15.1) <0.001
Magnesium (n, %) 472 (58.7) 275 (55.7) 197 (63.5) 0.370
Vitamin C (n, %) 347 (43.2) 205 (41.5) 142 (45.8) 0.291

Vitamin B complex (n, %) 170 (21.1) 90 (18.2) 80 (25.8) 0.715
Multivitamin (n, %) 258 (32.1) 139 (28.1) 119 (38.3) 0.364

Duration of using a fitness center
<1 year (n, %) 337 (27.6) 205 (29.7) 132 (24.9)

0.222
1–3 years (n, %) 352 (28.9) 187 (27.1) 165 (31.1)
4–7 years (n, %) 232 (19.0) 128 (18.6) 104 (19.3)
>7 years (n, %) 299 (24.5) 170 (24.6) 129 (24.3)

All data are presented as whole numbers (percentage) or mean ± SD. Abbreviations: BMI—body mass index;
MET—metabolic equivalent of task; BCAA—branched-chain amino acid. * Chi-square test or student t-test.

In regard to gender differences, male participants had a significantly higher weight
(87.2 ± 13.0 vs. 68.9 ± 12.1 kg, p < 0.001), height (184.8 ± 7.3 vs. 172.0 ± 7.4 cm, p < 0.001)
and BMI (25.4 ± 2.9 vs. 23.0 ± 3.6 kg/m2, p < 0.001), while female participants were
significantly older (28.2 ± 7.8 vs. 30.3 ± 9.9 years, p < 0.001). Furthermore, a significantly
higher number of male participants were using dietary supplements (71.4% vs. 58.5%,
p < 0.001) (Table 1).

We divided the study sample in tertiles using the IPAQ-SF results. The first tertile
consisted of 407 participants, and their total MET min/week was <1750. The second tertile
had 406 participants, and total MET min/week was 1750–3150, while the third tertile had
407 participants, and total MET min/week was >3150. There was a significant difference
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regarding gender in the three groups, as the first tertile had the lowest number of males
(47.4%). Moreover, the first tertile had the highest number of high school education-level
participant (32.7%), while the third tertile had the highest number of master’s degree-
level participants (58.0%). In addition, the third tertile had the highest usage of dietary
supplements (73.7%). Out of the three groups, the third tertile also had the highest usage
of whey (98.6%), BCAA (57.3%) and creatine (39.6%). Furthermore, the third tertile had the
highest portion of participants who used the fitness center for more than 7 years (30.5%)
(Table 2).

Table 2. Differences of the baseline characteristics between the tertiles of the IPAQ-SF results.

Parameter
First Tertile Group

MET < 1750 min/Week
n = 407

Second Tertile Group
MET 1750–3150 min/Week

n = 406

Third Tertile Group
MET > 3150 min/Week

n = 407
p *

Age (years) 29.0 ± 8.4 29.2 ± 9.3 29.1 ± 8.8 0.954
Male gender (n, %) 193 (47.4%) 255 (62.8%) 242 (59.5%) <0.001

Weight (kg) 79.9 ± 15.8 77.7 ± 14.4 79.9 ± 16.2 0.095
Height (cm) 179.9 ± 9.7 179.0 ± 9.3 179.7 ± 9.5 0.473

BMI (kg/m2) 24.4 ± 3.3 24.0 ± 3.1 24.5 ± 3.8 0.114
Education level

Elementary school (n, %) 2 (0.5) 2 (0.5) 3 (0.7)

<0.001
High school (n, %) 133 (32.7) 88 (21.7) 94 (23.1)

Bachelor’s degree (n, %) 69 (17.0) 113 27.8) 74 (18.2)
Master’s degree (n, %) 203 (49.9) 203 (50.0) 236 (58.0)

Using dietary supplements (n, %)
Yes (n, %) 229 (56.3) 274 (67.5) 300 (73.7)

<0.001No (n, %) 178 (43.7) 132 (32.5) 107 (26.3)
Dietary supplements used

Whey protein (n, %) 115 (50.2) 206 (89.9) 296 (98.6) <0.001
BCAA (n, %) 73 (31.8) 154 (67.2) 172 (57.3) <0.001

Creatine (n, %) 22 (9.6) 102 (44.5) 119 (39.6) <0.001
Magnesium (n, %) 144 (62.8) 165 (72.0) 163 (71.1) 0.240
Vitamin C (n, %) 118 (51.5) 112 (48.9) 117 (51.0) 0.893

Vitamin B complex (n, %) 59 (25.7) 56 (24.4) 55 (24.0) 0.916
Multivitamin (n, %) 84 (36.6) 90 (39.3) 84 (36.6) 0.827

Duration of using a fitness center
<1 year (n, %) 98 (24.1) 118 (29.1) 121 (29.7)

<0.001
1–3 years (n, %) 137 (33.7) 115 (28.3) 100 (24.6)
4–7 years (n, %) 76 (18.7) 94 (23.2) 62 (15.2)
>7 years (n, %) 96 (23.6) 79 (19.5) 124 (30.5)

All data are presented as whole numbers (percentage) or mean ± SD. Abbreviations: BMI—body mass index; MET—metabolic equivalent
of task; BCAA—branched-chain amino acid. * Chi-square test or one-way analysis of variance.

3.2. MDSS Results in the Study Sample

The MDSS score in the whole study sample was 8.0 (5.0–12.0), and a total of 227 (18.6%)
participants were adherent to the MD (total MDSS score ≥ 14) (Figure 1). Regarding the
components of the MDSS, the highest adherence was in the consumption of potatoes
(84.3%) and white meat (82.4%), while the lowest adherence was in the wine consumption
(8.0%) (Table 3). Moreover, there was a significant positive correlation between the total
MDSS score and the total MET min/week (r = 0.302, p < 0.001) (Figure 2).

In regard to the gender differences, female participants had a significantly higher
adherence in the consumption of sweets (305 (57.5%) vs. 357 (51.7%), p = 0.049) and fruits
(161 (30.4%) vs. 165 (23.9%), p = 0.013). There were no significant differences regarding the
adherence to the other MDSS components (Table S1). In addition, the female participants
had a statistically higher total MDSS score compared to the male participants (8.5(6.0–13.0)
vs. 8.0(5.0–12.0), p = 0.041) (Figure 3). However, when comparing the adherence to the
MD (total MDSS score ≥ 14), there was no statistically significant difference between the
genders (p = 0.811) (Figure 4).
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Figure 1. Histogram showing the MDSS score in the study sample (n = 1220).

Table 3. Differences in the adherence to the MDSS components between the tertiles of the IPAQ-SF results.

Parameter
First Tertile Group

MET < 1750 min/Week
n = 407

Second Tertile Group
MET 1750–3150 min/Week

n = 406

Third Tertile Group
MET > 3150 min/Week

n = 407
p *

Cereals (n, %) 87 (21.4) 93 (23.0) 156 (38.3) <0.001
Potatoes (n, %) 367 (90.2) 343 (84.7) 318 (78.1) <0.001
Olive oil (n, %) 59 (14.5) 85 (21.0) 119 (29.2) <0.001

Nuts (n, %) 124 (30.5) 174 (43.0) 171 (42.0) <0.001
Fruits (n, %) 70 (17.2) 98 (24.1) 158 (38.8) <0.001

Vegetables (n, %) 91 (22.4) 111 (27.3) 178 (43.7) <0.001
Dairy (n, %) 64 (15.7) 118 (29.1) 154 (37.8) <0.001

Legumes (n, %) 313 (76.9) 248 (61.2) 270 (66.3) <0.001
Eggs (n, %) 224 (55.0) 186 (46.0) 195 (47.9) 0.025
Fish (n, %) 242 (59.5) 217 (53.7) 266 (65.4) 0.003

White meat (n, %) 372 (91.4) 304 (74.9) 329 (80.8) <0.001
Red meat (n, %) 73 (17.9) 145 (35.8) 187 (45.9) <0.001

Sweets (n, %) 206 (50.6) 265 (65.3) 191 (46.9) <0.001
Wine (n, %) 1 (0.2) 59 (14.6) 38 (9.3) <0.001

All data are presented as whole numbers (percentage). * Chi-square test.

There were statistically significant differences in the adherence to MDSS components
between the tertiles of the IPAQ-SF results (Table 3). In addition, there was a significant
difference between the tertiles regarding the total MDSS score (H = 82.391, p < 0.001)
(Figure 5). The post-hoc Dunn’s test analysis showed that there was a significant difference
between all three tertiles (first tertile: 7.0 (5.0–9.0), second tertile: 8.0 (5.0–12.0), third tertile:
11.0 (6.0–14.0); p < 0.05) (Figure 4). Furthermore, after comparison of the adherence to
the MD (total MDSS score ≥ 14), there was a significant difference between the tertiles
(p < 0.001). Most participants who were adherent to the MD were in the third tertile (34.4%),
while the least were in the first tertile (6.1%) (Figure 4).
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p 

Figure 2. Correlation between the total MDSS score and the total MET min/week in the whole study
sample (n = 1220). * Spearman’s correlation coefficient.

p

Figure 3. Difference of the total MDDS score between the males (n = 690) and females (n = 530).
Tested with the Mann-Whitney U test.

In addition, after comparison of the durations of using a fitness center, there was a
statistically significant difference between the groups (H = 13.685, p = 0.003) in the total
MDSS score. The post-hoc Dunn’s test showed that the participants who used the fitness
center for less than 1 year had the lowest total MDSS score and were significantly different
(p <0.05) from the other three groups (<1 year: 7.0 (4.0–12.0); 1–3 years: 9.0 (6.0–12.75);
4–7 years: 8.0 (6.0–13.0); >7 years: 9.0 (6.0–12.0)).
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Figure 4. Differences in the adherence to the MD between (A) gender and (B) tertiles of the IPAQ-SF results. The chi-square
test was used for analysis.

p

Figure 5. Difference of the total MDSS score between the tertiles of the IPAQ-SF results. Tested using
one-way analysis of variance on ranks with the post-hoc Dunn’s test to examine the differences
between each group. a vs. b = p < 0.05; a vs. c = p < 0.05; a vs. d = p < 0.05; d vs. b = p < 0.05; d vs.
c = p < 0.05.

3.3. Regression Analyses

Multiple linear regression analysis showed that the total MDSS score retained signifi-
cant association with the total MET min/week (β ± SE, 0.007 ± 0.0006, p < 0.001) and the
duration of using a fitness center (−0.401 ± 0.102, p = 0.001) after the model adjustment for
age and BMI, with the total MDSS score as a dependent variable (Table 4).
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Table 4. Multiple linear regression model of the independent predictors of the total MDSS score.

Variable. β * SE t-Value p

Age −0.003 0.013 −0.222 0.824
BMI 0.017 0.038 0.464 0.642

Total MET min/week 0.007 0.0006 11.509 <0.001
Duration of using a fitness center 0.401 0.102 3.912 0.001

Abbreviations: SE—standard error; BMI—body mass index; MET—metabolic equivalent of task. * unstandardized
coefficient β.

Furthermore, multivariable logistic regression showed that the third and fourth quar-
tile of MET min/week (p < 0.001), dietary supplements usage (p = 0.023) and the duration
of using a fitness center for 1–3 years (p = 0.021) were significant predictors of positive
adherence to the MD when computed along with the baseline characteristics (Table 5).

Table 5. Multivariable logistic regression analysis of the independent predictors for positive adher-
ence to the MD according to the total MDSS score.

Variable aOR [95% CI] p

Female sex 1 1.09 [0.77, 1.54] 0.811
Using the fitness center for 1–3 years 2 1.93 [1.24, 3.00] 0.021
Using the fitness center for 4–7 years 2 1.47 [0.97, 2.23] 0.071
Using the fitness center for >7 years 2 1.05 [0.68, 1.63] 0.814

Dietary supplements usage 3 1.52 [1.06, 2.17] 0.023
Older age 1.00 [0.98, 1.02] 0.874

Total MET min/week 2nd quartile 4 1.61 [0.88, 2.96] 0.126
Total MET min/week 3rd quartile 4 3.94 [2.28, 6.80] <0.001
Total MET min/week 4th quartile 4 8.08 [4.78, 13.67] <0.001

BMI 0.99 [0.95, 1.05] 0.936
1 Reference group are male subjects. 2 Reference group are subjects with the shortest gym attendance (<1 year).
3 Reference group are subjects not utilizing dietary supplements. 4 Reference group are subjects within the 1st
MET quartile. Abbreviations: MD—Mediterranean diet; OR—multivariable adjusted odds ratio; 95% CI—95%
confidence interval; BMI—body mass index; MET—metabolic equivalent of task.

4. Discussion

The findings of this study showed that 18.6% of fitness center users were adherent
to the MD, and there was a significant positive correlation between the level of physical
activity and the MDSS score in this population. Moreover, after dividing the sample into
tertiles based on the IPAQ-SF score, the third tertile (MET > 3150 min/wk) had the most
fitness center users adherent to the MD, while the first tertile (MET < 1750 min/wk) had
the least. With thorough research of the available literature, there are no other studies
which have investigated the adherence to MD in this specific population.

Previous studies have shown that the level of fitness is significantly associated with the
adherence to the MD [24,26–28]. A recent Spanish study on university students determined
that there is a significant association between adherence to the MD and both a high level of
muscular fitness and high level of cardiorespiratory fitness [28]. Furthermore, two studies
conducted on schoolchildren found that subjects who were more physically active also
had a higher adherence to the MD [26,27]. The biggest difference of the present study from
the aforementioned ones is the studied population. Specifically, our studied population
exclusively consisted of adults, which enabled more reliable inferences, as the results
acquired in the pediatric population may be confounded by the effect of parental care
on both dietary preferences and physical activity. Nevertheless, these results emphasize
the possible connection between physical activity and the adherence to the MD. Even
though the benefits of the MD are well established, studies show that the prevalence of
the adherent subjects among the general population are very low, even in Mediterranean
countries [35–37]. A study conducted on Spanish and Romanian students showed higher
adherence to the MD in students who distinguished the importance of proper nutrition
to achieve better health and sport results [38]. Moreover, a longitudinal study conducted
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on healthy adolescents showed that that the adherence to the MD significantly increased
after nutrition education sessions [39]. These outcomes imply that the low adherence to
the MD could be due to the lack of awareness about the benefits of this diet even if it is
the traditional cuisine of the participants’ region. However, since this type of diet also
minimizes meat and meat products, which are the most protein-rich type of nutrition,
it is very peculiar why individuals with a high physical activity are more adherent to
the MD. Our results showed that individuals with higher physical activity also use more
dietary supplements, so it is possible that they meet their protein requirements through
supplementation. A recent Italian study similarly showed that Mediterranean athletes used
dietary supplements, but they also determined that the individuals who used supplements
were already making food consumption choices that would guarantee them an adequate
amount of protein intake [29].

After dividing the population into tertiles based on the IPAQ-SF results, there was
a significant difference between these groups regarding the total MDSS score and all the
distinctive dietary components of the MD. The third tertile, which had the highest physical
activity, also had the highest MDSS scores, as well as the highest number of subjects
adherent to the MD. In regard to specific dietary components, the third tertile also had
the highest adherence to cereals, olive oil, fruits, vegetables, dairy, fish and red meat.
In contrast, the first tertile, which had the lowest physical activity, also had the lowest
MDSS scores, as well as the lowest number of subjects adherent to the MD. However,
in regard to specific dietary components of the MD, they had the highest adherence to
the potatoes, legumes, eggs and white meat. These results are interesting since the MD,
as aforementioned, de-emphasizes the consumption of meat, which is usually the main
source of proteins for physically active individuals. It has been well established that both
professional athletes and physically active non-athletes are more prone to use white meat
as a source of proteins than red meat. Knowing that better adherence to MD in terms of
meat, in fact, means less intake of it, it is not surprising that participants with higher degree
of physical activity were less adherent to white meat intake. This subgroup simply ingested
more white meat and were thus less adherent. On the other hand, participants with higher
degree of physical activity were more adherent to red meat because they ingested less
red meat on average. In addition, these results could also be interpreted regarding the
goals of fitness center users. Nowadays, most fitness center users are, in addition to health
improvement, aiming to achieve a desired level of body composition [40]. This is especially
present among adolescents and young adults, which comprised a major percentage of our
study population. Furthermore, younger physically active individuals are usually also
more burdened with following a healthy diet they deem fit for reaching their aims. MD
would possibly be their best choice since it is currently considered one of the healthiest
dietary models worldwide. However, these findings need to be addressed in future studies.

Even though there was no significant difference between genders in the number of
participants adherent to the MD, the females had a significantly higher total MDSS score.
This result is in line with other studies, which have shown that females are more adherent
to the MD [41,42]. A study conducted on Portuguese adults showed that women have a
significantly higher adherence to the MD, as well as a significantly higher number of meals
per day [43]. Moreover, a recent study conducted on Italian adults showed that being
female, as well as having a higher income and education level, were the most relevant
factors influencing the probability of having a higher adherence to the MD [44]. Some
of the possible reasons are that women tend to consume more fruit and vegetables, less
meat and, in general, easily implement healthier eating patterns [45]. Another possible
explanation could be that females have a tendency of being more aware about the type and
quality of their diet. However, due to a specific population of our study and the different
geographical distribution of the included participants, it is difficult to compare our results
with these other studies.

Out of the spotlight but also an important finding of this study is the difference
regarding the total MDSS score between the different durations of using a fitness center.
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Our results show that participants who used the fitness center for less than 1 year also had
the lowest total MDSS score compared to those who had used it for 1–3 years, 4–7 years and
over 7 years. These results imply that the “newcomers” to the fitness center are significantly
less adherent to the MD. However, since those who used the fitness center for longer than
1 year had significantly higher MDSS scores, we could hypothesize that, over time, the
newcomers become more adherent to the MD. This could be due to their adaptation to
the fitness lifestyle, which includes a more balanced and healthy diet. As aforementioned,
regular fitness could possibly be associated with a healthier diet [46]. However, this finding
needs to be addressed more thoroughly, especially regarding other factors which possibly
influence this gradual adaptation to the MD in new fitness center users.

There are several limitations to this study. Its cross-sectional design restricts the
possibility of causal conclusions. Moreover, the study was conducted in only one city in
Croatia, so it is possible that these results are region-specific. Since the main tool to assess
the evaluated parameters was a questionnaire, there is a possibility that the subjects had a
recall bias or had an excess of subjectivity in some of the answers. Furthermore, due to the
self-administration of the questionnaire, it is possible that the participants had biased or
unreliable answers. Lastly, our sample mostly included a younger population, which may
have interfered with the results.

5. Conclusions

In conclusion, this study showed that almost every fifth fitness center user in our sam-
ple was adherent to the MD. Moreover, the level of physical activity showed a significant
positive correlation with the adherence to the MD. However, gender did not seem to be
a strong factor in the adherence to the MD in this population. Whereas females did have
a higher total MDSS score, there still was not any significant difference in the number of
adherent subjects between genders. Lastly, these results showed that physical activity is
also associated with dietary supplements consumption, as 82.3% of subjects in the group
with the highest MET min/wk used some sort of dietary supplementation. These outcomes
emphasize the importance of physical activity as they imply that, with higher levels of
physical activity, people are also possibly more aware of the importance that a healthy and
balanced diet has on their well-being.
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Abstract: The Mediterranean diet (MD) is one of the most healthful dietary patterns, beneficial
for humans and the environment. However, the MD has recently exhibited a declining trend,
especially in younger and less affluent people. This study investigated the association between
socioeconomic indicators and adherence to the MD in 4671 adult subjects from Dalmatia, Croatia
(age range 18–98 years; 61.9% were women). Additionally, in the follow-up we examined the change
in adherence to the MD and in BMI (subsample, N = 1342; 62.5% were women; mean follow-up time
of 5.8 years). The adherence to the MD was based on the Mediterranean Diet Serving Score (range
0–24 points, cut-off value ≥ 14 points), with a prevalence in the overall sample of 28.5%. Higher
odds of adherence to the MD were recorded in women, older subjects, and those with higher level
of objective material status, while it was less likely in the period after economic crisis of 2007–2008.
Additionally, we detected no change in adherence to the MD in the follow-up subsample (−8.5%,
p = 0.056), but there was an increase in BMI (+6.5%, p < 0.001). We recorded an increase in adherence
for nuts (+127.5%), sweets (+112.6%), red meat (+56.4%), and wine (+50.0%), unlike the reduction
in adherence for vegetables (−35.1%), fish (−23.4%), white meat (−11.6%), cereals (−10.9%), and
dairy products (−9.6%). Similar results were obtained across all quartiles of objective material status.
Over time, the absolute change in the MD score was positively associated with female gender, age,
higher education, and moderate physical activity, but it was negatively associated with adherence to
the MD at baseline. BMI change was positively associated with female gender, and negatively with
initial BMI, initial adherence to the MD, and MD change. Our findings point towards a less than
ideal adherence to the MD in the general population of southern Croatia, and identify important
characteristics associated with adherence change over time, informing necessary interventions aimed
at increasing MD uptake.

Keywords: Mediterranean diet; adherence; BMI; socioeconomic status

1. Introduction

Unhealthy lifestyle and unhealthy diet in particular are among the foremost public
health challenges, with as many as 11 million deaths globally being attributable to subopti-
mal diet in 2017 [1]. The leading global dietary risk factors for death and disability were
high sodium intake, low intake of whole grains, and low intake of fruits [1]. These are
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highly preventable risk factors that could be addressed by adopting scientifically proven
healthy diets at the population level.

One model of healthy eating that is particularly well described in the literature is the
Mediterranean diet (MD), which is especially healthful compared to a more westernized
dietary pattern [2]. MD is characterized by a high intake of plant-based foods, such as
daily intake of vegetables, fruit, whole grains, olive oil, nuts and seeds, and weekly intake
of dairy, fish and legumes, alongside frugal use of meat, eggs and sweets [3]. There is a
large body of evidence showing that adherence to the MD can preserve human health,
with the extra bonus of ensuring environmental sustainability [4,5]. The health benefits
of MD are numerous [6,7]. The most important positive effects include reduced all-cause
mortality [6,8,9], primary prevention of cardiovascular disease [10], lower cancer incidence
and mortality [6,11], reduced risk for development of type II diabetes [12–14], obesity and
metabolic syndrome [13]. Benefits of MD also include safeguarding of mental health, such
as better cognitive performance with higher adherence to the MD [15], reduced risk of
depression and cognitive impairment [16], lesser mental distress [17], and overall better
health-related quality of life [18,19]. Moreover, MD was even shown to be an efficient
treatment strategy for major depressive episodes [20].

Regardless of these and other health benefits of MD and other traditional diets, global
nutrition transition caused by modernization and increased incomes has resulted in de-
viation from traditional plant-based diets towards higher intake of animal-source food,
added sugar and vegetable oils [21]. An analysis of the supply of the most important food
components of the traditional MD in several Mediterranean countries has revealed that
these countries have experienced a process of Westernization during the period from 1961
to 2001, which was especially pronounced in the European countries of the Mediterranean
basin [22].

Major constitutional components of the MD, such as fruit, vegetables, olive oil and fish
are still present within the dietary pattern, but the discrepancies between Mediterranean
countries and regions have started to emerge more consistently [23]. For example, MD
decline was observed in Malta, unlike Sardinia, which was accredited to “modernity and
improved living conditions, enhanced commercial availability and increased diversity
of food preparation” [24]. However, an overall declining trend in adherence to the MD
has been previously demonstrated in many Mediterranean countries [25–27], especially
in younger generations [28–33]. On the other hand, some countries have experienced
an increase in adherence to the MD among adolescents, such as Israel, where increased
consumption of fruits, vegetables, cereals, dairy products, and decreased negative eating
behaviors were recorded in 2016 compared to 2003 [34].

Besides the greater convenience of a diet relying on processed foods and ready-to-eat
fast food, saving time and effort, these foods are also readily available in our modern
urbanized environments. They are appetizing and tasty, and they may be cheaper than
whole foods. Indeed, the question of a monetary cost behind the Mediterranean dietary
pattern has been previously investigated. Some of these previous studies have shown that
greater adherence to the MD was associated with a higher dietary cost [35–37], especially
if it is compared to a Western dietary pattern [38]. Therefore, it is not surprising to
consistently find that the lowest-income households had the lowest adherence to the MD
and the highest obesity prevalence [39]. However, it was shown that a higher educational
status could exhibit a mitigating effect on poorer diet in lower income countries [40]. These
findings demonstrate a complex interplay between different socio-economic determinants
and dietary habits.

Furthermore, since we can define socio-economic status (SES) by using several charac-
teristics, it may be challenging to disentangle the main SES contributor to various health
outcomes. SES characteristics include objective indicators, such as attained level of educa-
tion, profession, employment/unemployment status, income, and the subjective perception
of one’s wealth compared to other people within the same community. Despite this com-
plexity, the impact of SES on dietary pattern is undeniably important. This effect was
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summarized nicely in a recent paper stating that people “who are better off consume
healthier diets than those less well-to-do” [41]. Unfortunately, a clear link between low
SES, poor health and obesity was also recognized [41], making it a double priority in terms
of the need for effective public health interventions and more broader political, economic
and societal interventions against inequalities. In this context, the MD and the overall
Mediterranean lifestyle could lend itself “as the most appropriate regime for disease pre-
vention, a sort of complete lifestyle plan for the pursuit of healthcare sustainability” [41].
Indeed, it was consistently shown that people more adherent to the MD had more favorable
anthropometric indicators. For example, a large cohort study with a mean of 12 years of
follow-up showed that people with high adherence to the MD had a lower risk of becoming
overweight/obese, experienced lesser 5-year change in waist circumference, and had lower
5-year weight change in the case of normal weight at baseline [42]. Additionally, MD
was found to be more effective in long-term weight loss (over two years of follow-up) in
patients with metabolic syndrome than a prudent control diet [43]. It was also found that
in older Mediterranean individuals with excess weight, those subjects who desired higher
weight loss actually had lower adherence to the MD and higher prevalence of obesity [44].
Hence, MD could serve as a good model for both keeping weight stable across life, and for
sustainable weight loss [45].

There is a paucity of studies investigating the trend in adherence to the MD in Croatia.
In general, based on geographical location and cultural heritage, the population of the
Adriatic region of Croatia is adherent to the MD and the Mediterranean lifestyle [46].
Additionally, Croatia was one of the countries that supported in the inclusion of MD on the
UNESCO’s Representative List of the Intangible Cultural Heritage of Humanity [47]. How-
ever, the role of different socio-economic characteristics in the MD pattern and BMI change
in Croatia has been only marginally investigated. It was previously shown that a lower ed-
ucation level was associated with lower adherence to the MD in the population of southern
Croatia, while the overall prevalence of adherence to the MD was also rather low [31]. On
the other hand, Croatia is heavily encumbered with non-communicable diseases [48], and
ranks high among the leading countries in Europe regarding the prevalence of overweight
and obesity, with 58% of the adult population being affected [49]. This undesirable trend is
present even in young children, with as many as 35.9% of 7–9 year-olds being overweight
or obese [50]. Therefore, our aim was to estimate the temporal trend in adherence to the
MD and the contribution of several socio-economic factors in the changing pattern of the
MD and BMI in a follow-up study including a large sample from Dalmatia, Croatia.

2. Materials and Methods

2.1. Study Participants

This study included 4988 subjects, between 18 and 98 years old, from several settle-
ments in Dalmatia, Croatia, upon their initial enrolment within the “10,001 Dalmatians”
study [51], while the follow-up data were available for 1342 subjects. The main objective of
the “10,001 Dalmatians” study was to explore genetic and environmental risk factors by
creating a biobank in the isolated populations of the Adriatic islands.

Chronologically, the initial field study was performed during 2003 and 2004 on the
Island of Vis (N = 1029). An additional 969 subjects were enrolled from the Island of Korčula
in 2007 (the Town of Korčula and surrounding settlements), followed by 1012 subjects from
the City of Split in 2008–2009. Finally, 857 subjects were included in 2013 from the villages
of Smokvica and Čara, situated in the central part of the Island of Korčula, and 1121 subjects
were included during 2014–2015 from the towns of Blato and Vela Luka on the western
part of the Island of Korčula.

The initial population-based convenient sampling approach employed personal in-
vitations by general practitioners, postal invitations, local media and support from other
local stakeholders, namely local governments and priests. Only subjects older than 18
were eligible to participate in the study, without any other restrictions or exclusion criteria.

49



Nutrients 2021, 13, 3802

After being formally informed of the study objectives, subjects signed the informed consent
before the enrolment.

The field-based follow-up data collection was performed in 2011 for the subjects from
the Island of Vis (N = 482, response rate 46.8%, mean follow-up of 7.5 years). In 2013
we collected follow-up data for the subjects from the Town of Korčula who were initially
included in 2007 (N = 366; 37.8%; mean follow-up of 5.3 years), and in 2012–2013 for the
subjects from the City of Split (N = 494; 48.8%, mean follow-up of 4.4 years). The main
reason for the different follow-up times between study sites is the use of an open cohort
sampling approach; this inevitably led to a different amount of time that each participant
could be followed for. Subjects from Smokvica, Čara, Blato and Vela Luka (N = 1978) were
not included in the follow-up due to their initial inclusion in 2013–2015, after which no
additional data collections were done within the “10,001 Dalmatians” study.

The study was approved by the Ethical Committee of the University of Split School of
Medicine.

2.2. Data Collection and Measurements

Trained nurses and medical doctors performed anthropometric measurements and col-
lected clinically relevant information using the standard operating procedures at the newly
established study site in each location. Individual medical histories were taken, together
with an extensive self-administered questionnaire (including demographic characteristics,
detailed socioeconomic status, dietary habits, smoking habits, alcohol consumption, and
physical activity). Elderly people and those with any disabilities were offered assistance
during surveying by a team of nine trained surveyors.

Medical records or subjects’ responses were used to extract relevant medical history
information, including previous diagnoses and the usage of medications for hyperten-
sion, diabetes, coronary heart disease (CHD), cerebrovascular insult (CVI), cancer, bipolar
disorder, hyperlipidemia and gout.

2.3. Socioeconomic Status

Socioeconomic status was assessed during the initial data collection using three deter-
minants: education, subjective material status, and objective material status. Education
was categorized into three groups in order to correspond to the Croatian educational
system [52]. The three groups were constructed according to the number of completed
years of schooling, which corresponded to primary education (≤8 years of schooling), sec-
ondary (high school level with 9–12 years of schooling), and higher education (≥13 years).
Only 17 subjects reported being students during the initial data collection, and they were
automatically included in the higher education group of education.

Subjective material status was assessed based on the participant’s perception of
her/his material status in comparison to other people in their community. Possible re-
sponses on this question were ‘much worse than the average’, ‘somewhat worse than the
average’, ‘the same as others’, ‘better than the average’, ‘much better than the average’.
These responses were grouped into three categories for easier interpretation: worse than
average (responses ‘much worse than average’ and ‘somewhat worse than average’), aver-
age (‘the same as others’), and better than average (including answers ‘better than average’
and ‘much better than average’).

Assessment of objective material status was obtained based on the possession of
16 material items or goods, including heating system, wooden floors, video/DVD recorder,
telephone, computer, two TVs, freezer, dishwasher, water supply system, flushing toilet,
bathroom, library with more than 100 books, paintings or other art, a car, vacation house
or second apartment, and boat, as in our previous study [53]. The sum of those items in
the subject’s possession indicated the wealth of the subject. Based on the distribution of
these wealth scores, quartiles of objective material status were formed: the first quartile
with values ≤ 8, second quartile with 9–10, third quartile with 11–12, and fourth quartile
with values 13–16, as in our previous study [52].
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Formal income was not taken into account due to the long period of observation
included in this study (from 2003–2015), during which many economic and social changes
happened in Croatia, including the financial crisis of 2007–2008. In order to take this
into account in our analysis, we have introduced the variable for the recession period
(before/after), denoting it as having started in our target population after 2008 (and
including subsequent years).

2.4. Mediterranean Diet Assessment

Assessment of the Mediterranean dietary pattern was based on the food frequency
questionnaire (FFQ), which was adjusted for application in the population of Dalmatia.
There were 55 questions on commonly consumed foods, with 6 possible responses (every
day, 2–3 times a week, once a week, once a month, rarely, and never), investigating the
frequency of consumption of olive oil and other fats, milk and dairy products, vegetables,
fruits, nuts, legumes, various meats, fish and sea foods, eggs, sweets, potatoes, rice, pasta,
and bread [31,52]. Mediterranean diet adherence was assessed using the Mediterranean
Diet Serving Score (MDSS), which incorporates 14 typical food groups representing the
modern MD pyramid: fruit, vegetables, cereals, potatoes, olive oil, nuts, dairy products,
legumes, eggs, fish, white meat, red meat, sweets, and fermented beverages—namely
wine [54]. MDSS and adherence to the MD were calculated as described previously [31,52],
and subjects were classified as adherent to the MD in case they had reached ≥14 points
(the range was 0–24 points, with no negative points). MDSS requires a daily intake of
vegetables, fruit, olive oil, and cereals (intake of each group is awarded with three points
for two or more servings a day). Daily intake is encouraged for nuts and dairy products
(each group is awarded with two points for one or more servings a day), and for wine
(one or two glasses per day, awarded with one point) [54]. The remaining food groups are
awarded with one point. Namely, red meat and sweets should be among the less frequently
eaten foods (two or less servings per week), while potatoes, legumes, eggs, fish, and white
meat should be consumed weekly. This questionnaire was also validated for use in the
Croatian population in the short form [55].

We have excluded 317 subjects from the analysis due to missing values in the FFQ and
the inability to calculate the MDSS at baseline.

2.5. Lifestyle Characteristics

Besides diet and socioeconomic factors, we assessed other lifestyle indicators, such
as smoking and physical activity. According to smoking status, we divided subjects into
current smokers, ex-smokers (those who reported they ceased smoking more than a year
ago), and those who had never smoked. Assessment of physical activity included activity
during both the working part of the day and the leisure part of the day. Those subjects
who reported hard intensity labour or other high-intensity activity during either part of
the day were considered as intensively physically active. Subjects who reported moderate
intensity of physical activity in either part of the day were considered moderately active,
while all others reporting either sitting or light physical activity in both parts of the day
were considered as having light physical activity.

Additionally, body mass index (BMI) was calculated using measured height and
weight. BMI was divided into three categories, representing subjects with normal body
weight (from 18.5 to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and obese subjects
(≥30.00 kg/m2).

2.6. Statistical Analysis

All categorical variables were described using absolute numbers and percentages.
All numerical variables were described using median and interquartile range (IQR), due
to non-normal distribution, which was tested using the Kolmogorov–Smirnov test. The
χ2 test was used to examine the differences between groups for categorical variables
and Kruskal–Wallis for numerical variables. We additionally investigated the differences
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between included subgroups; Mann–Whitney U test was used for pairwise comparison of
numerical variables and χ2 for categorical variables.

Univariate and multivariate logistic regression analysis (enter method) were used to
assess the association between three SES characteristics (education level, subjective material
status, objective material status) and overall adherence to the MD (MDSS ≥ 14 points) at
baseline. Additionally, multivariate logistic regression analysis was used for assessing
predictors for adherence for each of the 14 MD food groups within the MDSS scoring
system. All multivariate models included age, sex, place of residence, number of chronic
diseases diagnosed previously, smoking, physical activity, and BMI as confounding factors.
There were only 53 subjects in the baseline sample with BMI less than 18.5 kg/m2, and we
have excluded them from the regression analysis due to the small sample size of the group.
Additionally, in order to control for the potential confounding effects of the recession of
2007–2008, we included a variable denoting the time period of data collection as being
either before or after the recession period in all of the regression models. All of the included
covariates were entered as categorical variables to enable easier interpretation of the results.
Odds ratios (OR) and 95% confidence intervals (CI) were provided for both univariate and
multivariate logistic regression models. Correlations between the three variables describing
socioeconomic status were tested using the Spearman rank test, before using them together
in logistic regression models; none of the Spearman’s rho values were higher than 0.401.

Linear regression models were used to assess the association between absolute change
in MDSS and BMI across the follow-up period with different subjects’ characteristics.
The main predictor variables were again the three SES characteristics (education level,
subjective material status, and objective material status), and the models also included
important confounding variables: age, follow-up time, sex, place of residence, number of
chronic diseases diagnosed previously, smoking, physical activity, BMI at baseline, and
MDSS at baseline. Additionally, the model with BMI change during the follow-up as
an outcome variable also included the MDSS absolute change during the follow-up as
a covariate.

The change in the prevalence of the adherence to the MD and each of the MDSS food
groups between baseline (t0) and the follow-up time period (t1) was assessed by calculating
the percent change, using the following formula:

MD adherence (%)change =
MD adherence(%)t1

− MD adherence(%)t0

MD adherence(%)t0

∗ 100, (1)

Additionally, the absolute change in MDSS score and BMI between baseline (t0) and
the follow-up time period (t1) was calculated using the following formulas:

MDSSchange = MDSSt1 − MDSSt0 (2)

BMIchange = BMIt1 − BMIt0 (3)

The Wilcoxon signed-rank test and McNemar test were used to compare the differences
between paired data for repeated measurements (baseline vs. follow-up).

The significance level was set at p < 0.05. All statistical analyses were carried out using
IBM SPSS Statistics v21 (IBM, Armonk, NY, USA).

3. Results

The analysis included 4671 subjects in total (Table 1). Subjects from the Island of Vis
were on average older, less educated, and had the highest average BMI (median of 27.08;
IQR 6.05). The median MD adherence score (MDSS) was the lowest in subjects from the
Island of Korcula (11 out of 24 points; IQR 6), and it was slightly higher in both subjects
from the City of Split and the Island of Vis (median 12; IQR 5). Significant differences in
median MDSS score were also recorded between settlements and according to age groups
(Table 1). A wide range of adherence to MDSS components was present, ranging from as
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low as 2.7% for nuts in subjects from Vis, and up to 97.4% adherence for cereals in the same
group (Table 1).

Table 1. Demographic characteristics and adherence to the MD (14 food components and overall adherence expressed as
MDSS ≥ 14 points), according to the place of residence in a total sample of 4671 subjects.

Island of Vis
N = 1012

Island of Korčula
N = 2651

City of Split
N = 1008

Overall p (Pairwise
Comparison p Values)

Sex; n (%)
0.011 (0.003 V-K,

0.168 V-S, 0.196 K-S)
Men 423 (41.8) 967 (36.5) 391 (38.8)

Women 589 (58.2) 1684 (63.5) 617 (61.2)

Age (years); median (IQR) 56.00 (24.00) 55.00 (23.25) 52.00 (21.00) <0.001 (<0.001 V-K,
<0.001 V-S, <0.001 K-S)

Education (years of
schooling); median (IQR) 11.00 (4.00) 12.00 (3.00) 12.00 (4.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Subjective material status;
median (IQR) 3.00 (0.00) 3.00 (1.00) 3.00 (1.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Objective material status;
median (IQR) 10.00 (5.00) 10.00 (3.00) 12.00 (3.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Body mass index (kg/m2);
median (IQR)

27.08 (6.05) 24.59 (5.94) 26.60 (5.63) <0.001 (<0.001 V-K,
0.024 V-S, <0.001 K-S)

Chronic diseases *; n (%)
<0.001 (0.011 V-K,

<0.001 V-S, <0.001 K-S)
None 542 (53.6) 1565 (59.0) 677 (67.2)

1 289 (28.6) 677 (25.5) 248 (24.6)
≥2 181 (17.9) 409 (15.4) 83 (8.2)

Smoking (pack years);
median (IQR) 0.00 (10.00) 0.00 (3.00) 0.00 (3.00) 0.004 (0.002 V-K,

0.007 V-S, 0.804 K-S)

Smoking; n (%)
<0.001 (0.001 V-K,

0.105 V-S, 0.005 K-S)
current smokers 288 (28.5) 741 (28.0) 266 (26.5)

ex-smokers 303 (30.0) 584 (22.2) 275 (27.4)
never-smokers 419 (41.5) 1306 (49.6) 464 (46.2)

Physical activity; n (%)
<0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)
light 264 (26.2) 537 (20.5) 358 (35.6)

moderate 580 (57.5) 1815 (69.2) 610 (60.7)
intensive 164 (16.3) 271 (10.3) 37 (3.7)

MDSS; median (IQR) 12.00 (5.00) 11.00 (6.00) 12.00 (5.00) <0.001 (<0.001 V-K,
0.554 V-S, 0.001 K-S)

MDSS according to age
group; median (IQR)

18.0–34.9 10.00 (5.00) 9.00 (5.00) 10.00 (5.00) 0.009 (0.004 V-K,
0.225 V-S, 0.068 K-S)

35.0–64.9 12.00 (5.00) 11.00 (6.00) 12.00 (5.00) 0.001 (0.004 V-K,
0.982 V-S, 0.003 K-S)

≥65.0 12.00 (5.00) 12.00 (6.00) 13.00 (5.00) <0.001 (0.009 V-K,
<0.001 V-S, <0.001 K-S)
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Table 1. Cont.

Island of Vis
N = 1012

Island of Korčula
N = 2651

City of Split
N = 1008

Overall p (Pairwise
Comparison p Values)

MDSS components
adherence; n (%)

fruit 596 (58.9) 1399 (52.8) 636 (63.1) <0.001 (0.001 V-K,
0.053 V-S, <0.001 K-S)

vegetables 439 (43.4) 980 (37.0) 418 (41.5) 0.001 (<0.001 V-K,
0.385 V-S, 0.012 K-S)

cereals 986 (97.4) 2367 (89.3) 929 (92.2) <0.001 (<0.001 V-K,
<0.001 V-S, 0.009 K-S)

olive oil 586 (57.9) 1835 (69.2) 643 (63.8) <0.001 (<0.001 V-K,
0.007 V-S, 0.002 K-S)

nuts 27 (2.7) 117 (4.4) 71 (7.0) <0.001 (0.015 V-K,
<0.001 V-S, 0.001 K-S)

dairy products 256 (25.3) 592 (22.3) 270 (26.8) 0.010 (0.057 V-K,
0.446 V-S, 0.005 K-S)

potatoes 686 (67.8) 1774 (66.9) 823 (81.6) <0.001 (0.617 V-K,
<0.001 V-S, <0.001 K-S)

legumes 326 (32.2) 714 (26.9) 252 (25.0) 0.001 (0.002 V-K,
<0.001 V-S, 0.236 K-S)

eggs 297 (29.3) 662 (25.0) 246 (24.4) 0.013 (0.007 V-K,
0.012 V-S, 0.723 K-S)

fish 838 (82.8) 1769 (66.7) 692 (68.7) <0.001 (<0.001 V-K,
<0.001 V-S, 0.269 K-S)

white meat 499 (49.3) 1077 (40.6) 381 (37.8) <0.001 (<0.001 V-K,
<0.001 V-S, 0.118 K-S)

red meat 261 (25.8) 700 (26.4) 248 (24.6) 0.537 (0.705 V-K,
0.539 V-S, 0.266 K-S)

sweets 181 (17.9) 808 (30.5) 168 (16.7) <0.001 (<0.001 V-K,
0.469 V-S, <0.001 K-S)

wine 204 (20.2) 459 (17.3) 177 (17.6) 0.124 (0.046 V-K,
0.136 V-S, 0.861 K-S)

Adherence to the MD
(MDSS ≥ 14 points); n (%) 315 (31.1) 711 (26.8) 306 (30.4) 0.012 (0.009 V-K,

0.708 V-S, 0.033 K-S)

Adherence to the MD
according to age group
(MDSS ≥ 14 points); n (%)

18.0–34.9 years 22 (20.0) 49 (12.3) 26 (14.8) 0.012 (0.026 V-K,
0.745 V-S, 0.070 K-S)

35.0–64.9 years 158 (29.3) 393 (25.4) 203 (30.5)
≥65.0 years 135 (37.2) 269 (38.4) 77 (46.1)

IQR—interquartile range; MDSS—Mediterranean Diet Serving Score; MD—Mediterranean diet; p values for categorical variables were
obtained with the chi-squared test, and for numerical variables with the Kruskal–Wallis test. Pairwise comparison p values for categorical
variables were obtained with the chi-squared test, and for numerical variables with Mann–Whitney U test. * chronic diseases included
any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout.
V-K Pairwise comparison p value: Island of Vis vs. Island of Korčula. V-S Pairwise comparison p value: Island of Vis vs. City of Split. K-S

Pairwise comparison p value: Island of Korčula vs. City of Split.

54



Nutrients 2021, 13, 3802

Less than half of all of the subjects were compliant with the daily requirement for
vegetable intake (lowest on Korčula; 37.0%), while it was a little better for intake of fruit
(lowest on Korčula; 52.8%), and olive oil (lowest on Vis; 57.9%). Only 22.3% of subjects
from the Island of Korčula, 25.3% from the Island of Vis and 26.8% from the City of Split
adhered to the daily dairy products consumption requirement, which was similar for wine
(17.3–20.2%). Consistently, the best adherence was recorded for cereals, and the lowest
for nuts (Table 1). A total of 1332 subjects (28.5%) were considered as being adherent to
the MD pattern in the overall sample. The lowest prevalence was recorded for subjects
from the Island of Korčula (26.8%), followed by those from the City of Split (30.4%), and
the Island of Vis (31.1%). There was a significant difference in the prevalence of adherence
to the MD according to age groups and place of residence, and a significant result was
obtained for the comparison between subjects from Vis and Korčula (p = 0.026; Table 1).

Logistic regression analysis revealed several characteristics that were strongly associ-
ated with adherence to the MD throughout the entire sample (Table 2). Women presented
higher odds of adherence compared to men (OR = 1.85, 95% CI 1.58–2.17, p < 0.001), while
the oldest age group had 3.81-fold higher odds of adherence compared to the youngest
subjects (95% CI 2.83–5.12, p < 0.001; Table 2). In the fully adjusted model, subjects from the
Island of Korčula presented with higher odds of adherence compared to the subjects from
the City of Split (OR = 1.63, 95% CI 1.31–2.102, p < 0.001). Education level and subjective
material status were not associated with adherence to the MD in the adjusted model, unlike
objective material status. The wealthiest subjects according to the objective material status
(those in the fourth quartile of distribution) were almost twice as likely to be adherent to
the MD, compared to subjects in the lowest quartile (OR = 1.93, 95% CI 1.53–2.43, p < 0.001).
Subjects in the second and third quartile of objective material status also had greater odds
of being adherent to the MD (Table 2).

Table 2. Characteristics associated with adherence to the MD (MDSS ≥ 14 points) in the total sample (N = 4671), as
determined by the logistic regression analysis.

Unadjusted Odds Ratio
(95% Confidence Interval); p

Adjusted Odds Ratio
(95% Confidence Interval); p

Sex
Male; Ref. 1.00 1.00

Female 1.60 (1.39, 1.83); <0.001 1.85 (1.58, 2.17); <0.001

Age group
18–34.9; Ref. 1.00 1.00

35–64.9 2.29 (1.82, 2.88); <0.001 1.99 (1.54, 2.57); <0.001
≥65.0 3.89 (3.05, 4.97); <0.001 3.81 (2.83, 5.12); <0.001

Place of residence
City of Split; Ref. 1.00 1.00

Island of Vis 1.04 (0.86, 1.25); 0.708 1.04 (0.84, 1.29); 0.696
Island of Korčula 0.84 (0.72, 0.99); 0.033 1.63 (1.31, 2.02); <0.001

Education (Years of schooling)
elementary (0–8); Ref. 1.00 1.00

high school (9–12) 0.69 (0.78, 0.80); <0.001 0.93 (0.77, 1.14); 0.492
higher (13+) 0.94 (0.79, 1.12); 0.494 1.19 (0.95, 1.5); 0.130

Subjective material status
worse than average; Ref. 1.00 1.00

average 1.13 (0.92, 1.39); 0.250 1.14 (0.91, 1.44); 0.258
better than average 1.28 (1.03, 1.61); 0.028 1.16 (0.89, 1.51); 0.267
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Table 2. Cont.

Unadjusted Odds Ratio
(95% Confidence Interval); p

Adjusted Odds Ratio
(95% Confidence Interval); p

Objective material status
1st quartile; Ref. 1.00 1.00

2nd quartile 1.12 (0.94, 1.35); 0.216 1.38 (1.12, 1.70); 0.002
3rd quartile 0.98 (0.82, 1.17); 0.791 1.29 (1.04, 1.61); 0.020
4th quartile 1.52 (1.27, 1.83); <0.001 1.93 (1.53, 2.43); <0.001

Chronic diseases *
≥2; Ref. 1.00 1.00

1 0.85 (0.69, 1.04); 0.107 0.93 (0.75, 1.17); 0.546
none 0.69 (0.57, 0.82); <0.001 0.93 (0.75, 1.16); 0.507

Smoking
current smokers; Ref. 1.00 1.00

ex-smokers 1.70 (1.41, 2.03); <0.001 1.40 (1.14, 1.71); 0.001
never-smokers 1.75 (1.49, 2.06); <0.001 1.36 (1.13, 1.63); 0.001

Physical activity
light; Ref. 1.00 1.00
moderate 1.24 (1.07, 1.45); 0.005 1.44 (1.21, 1.70); <0.001
intensive 1.16 (0.91, 1.48); 0.222 1.50 (1.15, 1.97); 0.003

Body mass index category #

18.0–24.9 (kg/m2); Ref. 1.00 1.00
25.0–29.9 (kg/m2) 0.92 (0.79, 1.05); 0.218 0.98 (0.83, 1.16); 0.834

≥30.0 (kg/m2) 0.79 (0.66, 0.95); 0.013 0.84 (0.68, 1.05); 0.123

The economic crisis of 2007–2008
before; Ref. 1.00 1.00

after 0.40 (0.35, 0.46); <0.001 0.31 (0.25, 0.38); <0.001
Adjusted odds ratios, 95% confidence intervals and p values were calculated using a multivariate logistic regression model simultaneously
adjusted for all the covariates listed in this table (enter method). * chronic diseases included any or more than one of the following
diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout; # 53 subjects with BMI < 18.5 kg/m2 were
excluded from the analysis due to small sample size of the group and negative impact on the model performance.

Subjects who never smoked and ex-smokers presented with higher odds of adherence
to the MD, compared to current smokers (OR = 1.36, 95% CI 1.13–1.63, p = 0.001; OR = 1.40,
95% CI 1.14–1.71, p = 0.001, respectively). Subjects with higher levels of physical activity
were also more likely to be adherent to the MD (Table 2). BMI and diagnosis of chronic
diseases were not associated with adherence to the MD. The study period was statistically
significantly associated with adherence to the MD, in a way that MD adherence was less
likely in the period after the recession (OR = 0.31, 95% CI 0.25–0.38, p < 0.001; Table 2).

The fully adjusted regression model yielded a good data fit (Hosmer and Lemeshow
p = 0.304; Nagelkerke R2 = 0.100).

Determinants of adherence to MD food components are shown in Supplemental Table
S1. Women were more likely to be adherent to the recommended intake of fruit, vegetables,
olive oil, nuts, diary, and red meat, but they were less likely to be adherent to the eggs and
wine intake MD recommendations compared to men (women most commonly abstained
from alcohol intake). Older subjects had higher odds for meeting the recommendations for
fruit, vegetables, cereals, olive oil, nuts, fish, red meat, sweets, and wine intake, but lower
odds for potatoes and eggs adherence compared to the youngest group of subjects. The
highest level of education was associated with lesser adherence to the MD guidelines for
intake of cereals, olive oil, legumes, fish, and white meat, in contrast to a higher adherence
to appropriate intake of dairy products, potatoes and red meat compared to subjects with
the lowest level of education (Supplemental Table S1). Subjective material status was
less associated with MD food components intake, unlike the objective material status.
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Compared to subjects in the lowest quartile of objective material status, subjects belonging
to higher quartiles presented with an increasing trend of compliance with fruit, vegetables,
olive oil, and fish intake recommendations, but also with a decreasing compliance for the
intake of red meat and sweets (Supplemental Table S1).

Obese subjects (BMI 30 ≥ kg/m2) were 34% more likely to adhere to recommendations
for sweets, but also 30% less likely to adhere to recommendations for cereals intake, and
42% less adherent for nuts.

The study period after the recession was associated with 68% decreased odds for ad-
herence to vegetables intake recommendations, 55% decreased odds for cereals adherence,
50% for fruit, 49% for fish, 47% for legumes, 36% for dairy products, 31% for potatoes, and
29% decreased odds for adherence to olive oil intake. On the other hand, we recorded 39%
increased odds for adherence to red meat and 23% increased adherence to sweets intake
recommendation after recession (Supplemental Table S1).

In order to assess the change in Mediterranean diet compliance over time, 1342 subjects
were included in the follow-up study. A breakdown by four quartiles of the objective ma-
terial status demonstrated significant changes in adherence for several MD food groups
across the follow-up period (Figure 1). A distinct pattern of change was recorded, with
the most prominent and significant decrease in adherence to the recommended intake
of vegetables, followed by a decrease in fish and cereals recommended intake across all
quartiles of objective material status (Figure 1). On the other hand, a significant increase
in adherence for nuts was reported across all quartiles of material status (corresponding
to increased intake), followed by an increase in sweets, potatoes and red meat (decreased
intake), wine, legumes, and eggs adherence (increased intake). The exception was adher-
ence to wine, legumes, and eggs recommendations in subjects within the lowest quartile
of the objective material status, where these results were not significant. Based on such
diverse results in individual MDSS food groups, the overall change in adherence to the
MD was insignificant in all of the quartiles of objective material status (Figure 1). A similar
result was obtained in the total group of subjects included in the follow-up, with a bor-
derline insignificant decrease in adherence to the MD (by 8.5%; from 36.6% of adherent
subjects at study baseline, to 33.5% in the follow-up; p = 0.056; Table 3). Furthermore, the
highest overall increase in adherence was recorded for nuts (127.5%), and sweets (112.6%),
followed by red meat (56.4%), and wine (50.0%). On the other hand, the most significant
decrease in adherence was recorded for vegetables (−35.1%), followed by fish (−23.4%),
white meat (−11.6%), cereals (−10.9%), and dairy products (−9.6%). At the same time, the
average BMI had increased from 25.76 kg/m2 at baseline of the study to 27.44 kg/m2 at
the follow-up time period (p < 0.001).

Linear regression analysis revealed several variables that were significantly associated
with the MDSS change during the follow-up period (Table 4). MDSS change was positively
associated with female gender (β = 0.41; 95% CI 0.00–0.83; p = 0.049), age (β = 0.05;
95% CI 0.03–0.06); p < 0.001), highest level of education (β = 0.71; 95% CI 0.07–1.36;
p = 0.031), and with moderate physical activity (β = 0.72; 95% CI 0.27–1.16; p = 0.002).
MDSS at baseline displayed a negative association with the MDSS change (β = −0.64; 95%
CI −0.70–−0.58; p < 0.001), while BMI at baseline, smoking, chronic diseases, place of
residence, objective and subjective material status were not associated with the absolute
change in the Mediterranean Diet Serving Score. The regression model yielded a good data
fit (Durbin–Watson = 1.994; Adjusted R2 = 0.280).
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Figure 1. Change in adherence to the MD food components and the overall MD (MDSS ≥ 14 points), expressed as a
percentage change from baseline to the follow-up, according to the objective material status category. Significant results at
the level of p < 0.05 are denoted with the full circle (green < 0.001, blue < 0.01, purple < 0.05, McNemar test).

Table 3. Adherence to 14 MD food groups and the overall MD (MDSS ≥ 14 points) at baseline and at the follow-up
(N = 1342; 366 subjects from Korčula, 494 from Split, and 482 subjects from Vis).

Baseline
N = 1342

Follow Up
N = 1342

Percent Change (%) p

Sex; n (%)
men 503 (37.5) - - -

women 839 (62.5)

Age (years); median (IQR) 55.00 (18.00) 62.01 (16.96) - -

Age group; n (%)

-18.0–34.99 127 (9.5) 58 (4.3) -
35.0–64.99 926 (69.0) 724 (53.9)

65+ 289 (21.5) 560 (41.7)

Body mass index (kg/m2); median (IQR) 25.76 (5.74) 27.44 (5.06) 6.5 <0.001

Adherence to the MD (MDSS ≥ 14 points); n (%) 491 (36.6) 449 (33.5) −8.5 0.056
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Table 3. Cont.

Baseline
N = 1342

Follow Up
N = 1342

Percent Change (%) p

MDSS components adherence; n (%)
fruit 868 (64.7) 848 (63.2) −2.3 0.341

vegetables 643 (47.9) 417 (31.1) −35.1 <0.001
cereals 1277 (95.2) 1138 (84.8) −10.9 <0.001

potatoes 985 (73.4) 1183 (88.2) 20.2 <0.001
olive oil 893 (66.5) 927 (69.1) 3.9 0.112

nuts 68 (5.1) 156 (11.6) 127.5 <0.001
dairy products 356 (26.5) 309 (23.0) −9.6 0.030

legumes 400 (29.8) 457 (34.1) 14.4 0.011
eggs 339 (25.3) 405 (30.2) 19.4 0.002
fish 1036 (77.2) 793 (59.1) −23.4 <0.001

white meat 556 (41.4) 487 (36.3) −11.6 0.005
red meat 347 (25.9) 544 (40.5) 56.4 <0.001

sweets 276 (20.6) 588 (43.8) 112.6 <0.001
wine 268 (20.0) 403 (30.0) 50.0 <0.001

MDSS—Mediterranean Diet Serving Score. MD—Mediterranean Diet. p values for categorical variables were obtained using McNemar test
and for numerical using Wilcoxon Signed-Ranks Test.

Table 4. Characteristics associated with the absolute change in the Mediterranean Diet Serving Score (MDSS) and the BMI
across the follow-up period, as determined by the linear regression model (sample size is 1342 subjects; all independent
variables were included in the model simultaneously).

MDSS Change during Follow-Up
Beta

(95% Confidence Interval); p

BMI Change during Follow-Up
Beta

(95% Confidence Interval); p

Sex
Male; Ref. 1.00 1.00

Female 0.41 (0.00, 0.83); 0.049 0.33 (0.06, 0.60); 0.016

Age at baseline (years) 0.05 (0.03, 0.06); <0.001 −0.01 (−0.02, 0.00); 0.192

Follow up time (years) 0.03 (−0.09, 0.16); 0.571 −0.07 (−0.15, 0.01); 0.099

Place of residence
City of Split; Ref. 1.00 1.00

Island of Vis 0.28 (−0.75, 1.32); 0.590 0.86 (0.18, 1.54); 0.013
Island of Korčula 0.00 (−0.81, 0.81); 0.992 3.68 (3.15, 4.21); <0.001

Education (years of schooling)
elementary (0–8); Ref. 1.00 1.00

high school (9–12) −0.11 (−0.67, 0.46); 0.708 −0.05 (−0.42, 0.32); 0.799
higher (13+) 0.71 (0.07, 1.36); 0.031 0.06 (−0.36, 0.48); 0.769

Subjective material status
worse than average; Ref. 1.00 1.00

average 0.05 (−0.59, 0.69); 0.872 0.15 (−0.26, 0.57); 0.468
better than average −0.01 (−0.72, 0.71); 0.982 0.11 (−0.36, 0.57); 0.655

Objective material status
1st quartile; Ref. 1.00 1.00

2nd quartile −0.14 (−0.71, 0.43); −0.637 0.07 (−0.30, 0.44); 0.724
3rd quartile 0.02 (−0.56, 0.59); 0.955 0.06 (−0.31, 0.44); 0.733
4th quartile −0.06 (−0.68, 0.56); 0.859 0.02 (−0.38, 0.42); 0.921
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Table 4. Cont.

MDSS Change during Follow-Up
Beta

(95% Confidence Interval); p

BMI Change during Follow-Up
Beta

(95% Confidence Interval); p

Chronic diseases *
≥2; Ref. 1.00 1.00

1 −0.23 (−0.91, 0.44); 0.497 0.24 (−0.19, 0.68); 0.276
none −0.02 (−0.68, 0.64); 0.946 0.26 (−0.17, 0.69); 0.240

Smoking
current smokers; Ref. 1.00 1.00

ex-smokers −0.20 (−0.74, 0.34); 0.468 −0.07 (−0.42, 0.28); 0.707
never-smokers 0.12 (−0.38, 0.62); 0.632 0.02 (−0.31, 0.34); 0.909

Physical activity
light; Ref. 1.00 1.00
moderate 0.72 (0.27, 1.16); 0.002 −0.02 (−0.31, 0.27); 0.887
intensive 0.69 (−0.02, 1.40); 0.057 0.23 (−0.24, 0.70); 0.331

BMI at baseline (kg/m2) −0.03 (−0.09, 0.02); 0.188 −0.11 (−0.14, −0.07); <0.001

MDSS at baseline −0.64 (−0.70, −0.58); <0.001 −0.07 (−0.12, −0.03); 0.001

MDSS change during follow-up - −0.04 (−0.07, 0.00); 0.041
* Chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder,
hyperlipidemia and gout. MDSS—Mediterranean Diet Serving Score.

BMI change during the follow-up period was significantly associated with female
gender, place of residence, BMI at baseline, MDSS at baseline and MDSS absolute change
(Table 4). Women experienced higher odds for BMI increase compared to men (β = 0.33; 95%
CI 0.06–0.60; p = 0.016), the same as subjects from the Island of Vis and Korčula compared
to subjects from the City of Split (β = 0.86; 95% CI 0.18–1.54; p = 0.013, and β = 3.68; 95% CI
3.15–4.21; p < 0.001, respectively). BMI at baseline, MDSS at baseline, and MDSS change
during the follow-up were all significantly negatively associated with the BMI change
(β = −0.11; 95% CI −0.14–−0.07; p < 0.001, β = −0.07; 95% CI −0.12–−0.03; p = 0.001,
β = −0.04; 95% CI −0.07–0.00; p = 0.041, respectively), while none of the socio-economic
characteristics were associated with absolute BMI change. The regression model yielded
good data fit (Durbin–Watson = 1.972; Adjusted R2 = 0.354).

4. Discussion

Our results demonstrated a rather low prevalence of adherence to the MD over the
entire sample (28.5%), especially among younger individuals (14.0%). Subjects included
in the follow-up had a higher adherence to the MD at baseline (36.6%), with a borderline
insignificant decline at the end of the follow-up period (33.5%). On the other hand, BMI
had increased on average by 6.5% in subjects available for follow-up.

Our result for MD prevalence was within the expected range, compared to the results
from other Mediterranean countries and from Croatia. For example, findings from the
literature vary anywhere between 14% of adherent people in Northern Italy [56] to 45% in
Balearic Islands [57]. Our current study identified a slightly higher prevalence of adherence
to the MD compared to our previous results, when we identified 23% of subjects as adherent
to the MD [31]. This difference is due to a smaller sample and different period included in
the previous study [31].

Unfortunately, many Mediterranean societies are moving away from their traditional
dietary pattern, while some countries in Northern Europe and around the world are adopt-
ing a Mediterranean-like dietary pattern [25]. For example, previous studies have indicated
a persistent moderate-to-weak adherence to the MD across several southern European
countries, including Spain, Portugal, Italy, Greece, and Cyprus [58]. Some variations can
be expected, probably due to the applied methodological framework and different instru-
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ments used for assessing adherence to the MD [55]. For example, one study from Spain
showed a poor level of adherence to the MD in the general population and specific areas of
Spain [59], while another one showed moderate adherence [60]. Nevertheless, deflection
from a traditional MD diet and lifestyle represents a lost opportunity, not only from the
perspective of achieving less-than-ideal individual and population health, but also from
the perspective of environmental protection, possible degradation of sociocultural food
values, and loss of positive local economic returns [61]. Additionally, a higher prevalence
of adherence to the MD in the population can also serve as a safeguard from consumption
of ultra-processed foods [62]. This was shown even in very young children from Spain,
whose adherence to the traditional MD was inversely associated with energy intake from
ultra-processed foods [63].

Previous studies have demonstrated that individual and contextual socio-economic
factors are strong determinants of dietary habits and that poorer socio-economic groups
are less likely to follow a healthy lifestyle [64]. On the other hand, social position in terms
of education, occupational class, and income level represents a good predictor for healthy
eating behavior [65,66]. People with a higher educational status have been shown to have
a healthier consumption pattern [67]. Higher educational status was also associated with
better nutritional intakes in lower GDP countries, while lower-income countries and lower
education groups had poorer diets, particularly in terms of micronutrients intake [40].

The current economic and social European context—the increasing crisis, lack of
jobs, various challenges due to the COVID-19 pandemic and consequent fall in income
associated with cost inflation—could make people inclined to save money in all possible
ways. In this context, the most exposed are the disadvantaged groups because they prefer
buying food at low prices that are often of low quality [68]. Foods of lower nutritional value
and lower-quality diets generally cost less per calorie and tend to be selected by groups of
lower socioeconomic status [69]. On the other hand, people with low socio-economic status
do not obtain the same health outcomes as those with high socio-economic status, even
if both groups follow the same eating pattern [70]. Concretely, high adherence to the MD
was associated with cardiovascular protection in higher but not in lower socio-economic
groups from Italy, with a similar result observed for both education level and household
income groups [70].

In some European countries, it was demonstrated that socio-economic status could
modulate adherence to the MD [71,72]. For example, in a study carried out in the adult
population from the Balearic Islands, people with a higher educational and socio-economic
level showed higher rates of adherence to the Mediterranean pattern [57]. On the other
hand, adherence to the MD in the South of Italy was found to be at low levels due to poor
knowledge on MD concerning its beneficial effects [73], whereas social status in France
was important for healthy eating only through an interaction between level of education
and area of residence [64]. A similar association between education and MD was observed
in our previous study from Croatia, where less educated people had a reduced likelihood
of being adherent to the MD [31]. On the other hand, our current study did not corroborate
such a finding, probably due to the inclusion of additional socio-economic indicators in
the analysis (subjective and objective material status). Hence, we have identified only a
significant association between overall adherence to the MD and objective material status.
Subjects reporting the highest objective material status (fourth quartile) demonstrated a
93% higher probability of adhering to the MD than those belonging to the first quartile
of objective material status, with similar findings for subjects within the second and
third quartile groups (38% and 29%, respectively). This was in line with previous results,
where higher household income was positively associated with greater adherence to the
MD [39,74].

Interestingly, subjects with a higher educational attainment had a greater probability
for appropriate adherence to dairy products, potatoes, and red meat intake recommenda-
tions, but they exhibited lesser adherence to cereals, olive oil, legumes, fish, and white meat
intake recommendations. This represents a considerable departure from the traditional MD
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pattern. For example, Biesbroek et al. revealed that people with low education consumed
more potatoes, whereas highly educated people consumed more olive oil and fish [75].
Another study showed that highly educated people in Italy also consumed white meat
slightly less than in the past [56], while Bonaccio et al. had a similar conclusion for the
consumption of white meat, which was again opposite when it came to people with high
educational status and consumption of olive oil and fish [70]. Similarly, higher educational
status was shown to be positively associated with fish intake [76]. Other MD food com-
ponents were equally consumed by all educational groups in our sample, as previously
shown in another study by Bonaccio et al. [39].

In general, highly educated people have a higher income, and they tend to follow
MD recommendations [66]. This could be explained by the fact that greater adherence to
the Mediterranean diet was associated with higher dietary cost, which might represent a
barrier to healthy eating [35]. For instance, in a study including a representative national
sample of 3534 children and young people from Spain, researchers have found that high
adherence to the MD was more expensive than low adherence by 0.71 Euros per day [37].

Interestingly, we failed to find any association between subjective material status and
adherence to the MD, whereas objective material status presented as the most prominent
socio-economic indicator for overall adherence to the MD and for several food groups.
For example, subjects in the higher quartiles of material status had higher adherence to
fruit, vegetables, olive oil, and fish intake recommendations, but also lower adherence
to red meat and sweets intake. Interestingly, olive oil and fish intake had an opposing
contribution of educational level and material status to their adherence, such that lower
education and higher material status were both associated with greater adherence. This
could be explained by the fact that older, less educated people from Dalmatia, especially
from remote islands, still tend to produce their own olive oil, and they catch fish on their
own, which could be behind their higher intake of these foods (statement based on personal
communication with subjects included in the study).

Our results are largely in line with previous studies, which showed that female
gender and non-smokers [77–79], older adults [77,80,81], and more physically active people
displayed higher adherence to the MD pattern, while higher body mass index was generally
associated with lower adherence to the MD [78–80,82]. Our results partially replicated
such associations, as subjects with higher levels of physical activity had up to a 50% greater
probability of being adherent to the MD in comparison to the ones with light activity, while
BMI was not significantly associated with adherence to the MD in our overall sample. This
is in contrast to some previous findings [72,83,84], but in line with some studies [85,86].
These differences between previous results are probably due to the employed study design
(cross-sectional vs. longitudinal, observational vs. experimental design), and characteristics
of included subjects (primarily age and health status), leaving the association between
adherence to the MD and BMI a topic for further investigation and open discussion.

The effect of the economic crisis of 2007–2008 on the adherence to the MD was a
topic of several previous studies. For instance, it was found that adherence to the MD
was lower in subjects from Italy reporting a negative impact of the crisis on their diet [87].
Additionally, the prevalence of adherence to MD among southern Italian citizens enrolled
within the Moli-sani study was 31.3% during the 2005–2006 period, which dramatically fell
during 2007–2010 (18.3%), most strongly affecting elderly, less affluent people, and urban
areas dwellers [88]. Our results also revealed decreased odds for adherence to different
food groups, i.e., adherence odds for vegetables, cereals, fruit, fish, legumes, dairy products,
potatoes, and olive oil. On the other hand, odds of adherence to red meat and sweets
recommendations increased after the recession.

Similar findings were demonstrated in Portugal, where a significant decrease in
consumption of fish, fruit and vegetables was recorded from 2005/2006 to 2014 [29]. A
cross-sectional study from Greece showed that parents who reported that the financial
crisis affected their food spending also reported lower consumption of fruits, carbohydrate
foods, and legumes, and increased intake of nutrient-poor/energy-dense foods, while their
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children had reduced weekly consumption of vegetables and increased weekly consump-
tion of nutrient-poor/energy-dense foods [89]. These and other recent evidence show a
possible involvement of the economic crisis, and material resources as strong determi-
nants of adherence to the MD in the period after the recession started [90], given that a
direct positive association between the cost of the diet and adherence to the MD has been
established [36]. However, it is hard to distinguish the contribution of recession due to
the economic crisis from the impact of the steady process of westernization of traditional
dietary habits, including MD. For instance, it was noted by FAO that “the Mediterranean
region is passing through a ‘nutritional transition’ in which problems of undernutrition
coexist with overweight, obesity and food related chronic diseases” [91]. For example, an
ecological study of the changes in food patterns in Europe over the last 40 years revealed
that the greatest changes have occurred in Mediterranean Europe [92]. For instance, an
increase of 20% in total energy availability was noted, alongside with a 48% increase in
energy availability from lipids, and 20% decrease from carbohydrates, with a significant
fall in the energy supplied by cereals (30%) and wine (55%), while the contribution of
milk and dairy products increased by 78% and 24%, respectively [92]. For example, it was
estimated that the Spanish diet shifted away from the traditional MD, now containing
three times more meat, dairy and sugar products, and a third fewer fruits, vegetables, and
cereals [93]. In our sample available for follow-up, we have detected similar deviations.
For example, to our great dismay, vegetables adherence was reduced by 35%, followed by a
reduction in fish adherence by 23%, white meat by 12%, cereals by 11%, and dairy products
by 10%, while fruit adherence was reduced by only 2%. However, we did record a few
positive trends, such as an increase in adherence for nuts (128%), sweets (113%; denoting
reduced intake), red meat (56%; also denoting reduced intake), and wine (50%). Overall,
the adherence to the MD remained stable, which was probably a consequence of differences
in specific MD food constituents.

As already mentioned, a continuous increase in red and processed meat has been
observed over the last couple of decades, while fruit, cereals, and vegetable consumption
has decreased in different countries [21,94,95]. Our findings are in line with these trends,
except for red meat intake, for which compliance was improved. To our satisfaction,
an improvement over time was also recorded for sweets adherence in our study, which
was in contrast to the findings from Portugal, where sweets/desserts consumption was
significantly higher in 2014 compared to 2005/2006 [29]. However, a similar decreased
trend for sweets intake were observed in Northern Italy [56], and Norway, Sweden, and
Finland [96]. A study conducted among adults in Lebanon showed a decrease in the
consumption of bread, fruits, fresh fruit juices, milk and eggs, whereas the consumption of
added fats and oils, poultry, cereals and cereal-based products, chips and salty crackers,
sweetened milk and hot beverages increased over time [97]. These findings indicate slightly
different, yet similar patterns of change in different populations. The important next step
in any effort to improve dietary habits in communities is the identification of factors
associated with such changes, in order to be able to implement targeted interventions.
We have conducted such an analysis, which pointed to several characteristics associated
with the change in adherence to the MD over time. Female gender, older age at baseline,
the highest level of education, and a moderate level of physical activity were positively
associated with MDSS change during follow-up in a multivariate model. On the other
hand, the MDSS score at baseline was negatively associated with the MDSS change during
the follow-up, indicating that people with a higher baseline adherence to the MD tended to
recede over time, while those with lower adherence strived toward increasing adherence to
the MD. These findings highlight a continuous change of dietary patterns in the population,
requiring constant monitoring of trends and identification of the drivers of such change.
This is relevant from the perspective of population health and delivery of adequate health
care, as well as from the perspective of economic, social and cultural development.

The importance of a healthy lifestyle and healthy dietary habits came to the frontline
of attention due to the COVID-19 pandemic. For example, preliminary findings from the
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ecological study showed that Mediterranean diet adherence was negatively associated
with both COVID-19 cases and related deaths in Spain and 23 other OECD countries,
which the authors attributed to the anti-inflammatory properties of the Mediterranean
diet [98]. On the other hand, an unhealthy lifestyle and associated metabolic disturbances
and concomitant chronic diseases were shown to increase the risk for adverse outcomes
after SARS-CoV-2 infection [99].

The traditional Mediterranean diet was shown to be beneficial in the prevention of
weight gain and abdominal obesity [42]. On the other hand, a lower educational level was
often found to be associated with a higher prevalence of overweight and obesity [39,100]—
the same as economic affluence at a country level, reflecting a potential adverse outcome
concomitant with economic growth [101]. While the relationship between socio-economic
status and health outcomes was frequently emphasized for the Mediterranean area [100],
the synergy between those two determinants was not substantially investigated in the
population of Southern Croatia. Our results indicate that the average BMI had increased
from 25.76 kg/m2 at baseline to 27.44 kg/m2 during the follow-up period. This is consistent
with the trend of increasing rates of obesity across 147 countries [101]. BMI change during
follow-up was positively associated with female gender, and negatively with initial BMI,
initial adherence to the MD, and with change in adherence to the MD, as found in the
regression analysis. This means that people with a lower BMI at the beginning of the study
tended to experience a rise in BMI, while those who started with higher values managed to
diminish it over time. An encouraging finding is that individuals with a higher-level/score
in MD adherence experienced lower BMI change or even its decrease.

An important limitation of our study that needs to be mentioned here is the use of the
cross-sectional design for estimating the association between socio-economic status and
adherence to the MD, which limits the inference on causality. However, we did employ
an additional follow-up study design in order to confirm the initial findings and observe
time trends, as well as to investigate the association between initial socio-economic status
and change in adherence to the MD, and BMI change in our sample. Another limitation is
the broad sampling period of subjects included in our study, which stretched from 2003 to
2015. In order to control for the effect of the study period in the logistic regression analysis,
we included the actual follow-up time as one of the predictor variables, as well as the
variable “economic crisis of 2007–2008”. We also managed to obtain a smaller than ideal
sample size and lesser response rate in the follow-up study (28.7%), due to the older age of
subjects and their inability to participate in the follow-up examination. Advantages of the
study include a relatively large overall sample size, inclusion of many potential predictors,
and sampling from the general population of inhabitants from the Mediterranean region
of Croatia. Determinants of Mediterranean diet adherence were so far only marginally
investigated in the population of Dalmatia in Croatia, and we are filling this gap.

In conclusion, this is the first study from Croatia to examine the changes in adherence
to the MD over time. Additionally, we have identified several important characteristics
associated with greater adherence to the MD and with its change over time. These insights
should be used to inform the necessary and targeted interventions aimed at increasing MD
uptake in order to ensure beneficial outcomes. These include, but are not limited to, the
promotion and advancement of individual and population health, ensuring environmental
sustainability, and positive impacts on local economies and tourism, as well as the very
important outcome of the preservation of cultural heritage for generations to come.
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regression analysis (N = 4671).
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Abstract: This baseline cross-sectional analysis from data acquired in a sub-sample of the PREDIMED-
Plus study participants aimed to evaluate the relation between the Composite Socioeconomic Index
(CSI) and lifestyle (diet and physical activity). This study involved 1512 participants (759 (52.2%)
women) between 55 and 80 years with overweight/obesity and metabolic syndrome assigned to 137
primary healthcare centers in Catalonia, Spain. CSI and lifestyle (diet and physical activity) were
assessed. Multiple linear regression or multinomial regression were applied to the data. Cluster
analysis was performed to identify dietary patterns. The multiple linear regression model showed
that a high deprivation index was related to a higher consumption of refined cereals (11.98 g/d,
p-value = 0.001) and potatoes (6.68 g/d, p-value = 0.001), and to a lower consumption of fruits
(−17.52 g/d, p-value = 0.036), and coffee and tea (−8.03 g/d, p-value = 0.013). Two a posteriori
dietary patterns were identified by cluster analysis and labeled as “healthy” and “unhealthy”. In
addition, the multinomial regression model showed that a high deprivation index was related to an
unhealthy dietary pattern and low physical activity (OR 1.42 [95% CI 1.06–1.89]; p-value < 0.05). In
conclusion, a high deprivation index was related to an unhealthy lifestyle (diet and physical activity)
in PREDIMED-Plus study participants.

Keywords: deprivation index; lifestyle; diet; physical activity

1. Introduction

Lifestyles—diet and physical activity—impact on a wider range of health outcomes.
A recent review concluded that more than 11 million deaths were attributable to dietary
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risk factors in 2017 [1]. In addition, physical activity is also a major and globally relevant
determinant of health, likewise a lack of physical activity is considered a key risk factor for
the development of chronic diseases and premature mortality [2].

Socioeconomic status (SES) is an important determinant of health. The relationship
that exist between the socioeconomic status (SES) and several health outcomes is well
known. Individuals with low SES are at higher risk of chronic diseases (physical and mental
health diseases) and have lower life expectancy compared to those with high SES [3].

A relationship between SES and lifestyle have been largely documented. An individual
can choose a healthy or an unhealthy lifestyle, but this choice is determined by their SES
and other social determinants such as age, sex, or civil status, leading to poor or good
health [4,5]. Therefore, lifestyle could mediate the relationship between SES and health [6].

Previous studies have reported an association between SES and other social determi-
nants, and lifestyles. Regarding diet, for example, an association between a high level of
education and higher consumption of fruits and vegetables has been reported [7]. Men
consumed more dairy products, olives, nuts and seeds, red meat and processed food,
sweets, eggs, alcohol and fast food compared to women, while women consumed more
fruits; and men with low SES have a higher consumption of alcoholic beverages, compared
to women [8]. On the other hand, studies that have evaluated the relationship between
SES and other social determinants, and dietary patterns have observed inconsistent re-
sults [9–14]. Some studies have reported higher adherence to a healthy dietary pattern in
older individuals with high SES [9–14]. On the contrary, studies have frequently reported
an increased risk of adherence to an unhealthy dietary pattern in women, married and
with family, non-workers, and with high education level [15–17]. In relation to physical
activity, low levels have been observed with more prevalence in older individuals, men,
married, and with low educational level and SES [18]. In addition, physical inactivity was
observed to be more frequent in individuals living in neighborhoods with low SES and
deprivation [19,20].

In studies of health inequalities, SES is most commonly operationalized as either
education, social class or income, and often without providing a rationale for the choice of
indicator. Education, social class, or income can have overlapping properties in relation to
health [21]. The deprivation indices are instruments used to measure health inequalities
at a population level. All of them are constructed based on different socioeconomic or
demographic characteristics and are used to quantify the socioeconomic variation in health
outcomes. They measure socioeconomic vulnerability and some of them make it possible
to prioritize services and corrective actions. They started to be used in the 1980s in the
United Kingdom (UK). The most well-known are the Townsend [22], and Carstairs and
Morris indices [23], however, in the last few years other indices have been developed and
validated such us the SIMD16 index in Scotland, the ID2007 in UK, the NZDEP2018 in New
Zealand, the MEDEAS index in Spain [24], and the Composite Socioeconomic Index (CSI)
in Catalonia, Spain [25].

The CSI is a deprivation index for the assignation of the budgets of the primary health-
care areas in Catalonia (Spain) valid both in urban and rural areas. The variables used
to construct the index allow frequent updating and are representative at the territorial
level of primary healthcare: exemption from pharmaceutical co-payment, income below
€18,000/year, income higher than €100,000/year, manual occupations, low level of edu-
cation, mortality before the age of 75 and potentially avoidable hospitalizations [25]. The
components of the CSI have demonstrated an association between low socioeconomic level
and high morbidity rates, high use of primary healthcare services, hospital and psychiatric
care, as well as a greater use of drugs, especially for mental health problems [26]. However,
there is no scientific evidence on the relationship between CSI with the lifestyle, dietary
aspects nor with physical activity.

The deprivation index is considered a good instrument for classifying the SES. The
CSI is built using different socioeconomic indicators, and those have shown overlapping
properties when they are used individually to measure health inequalities. Demonstrat-
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ing that the CSI is related to patterns of unhealthy lifestyles, diet and physical activity
is important in order to use it as an instrument to design and prioritize lifestyle inter-
ventions at the community level, especially in primary healthcare areas. In addition, it
would allow us to have a broad vision of how the socioeconomic contextual aspects of
geographic location impact on health related to diet and physical activity. For example,
neighborhood-level characteristics, such as the availability of healthy food, and the quality
of the physical environment, have been proposed as determinants of the overweight and
obesity prevalence [27].

Bearing in mind the aforementioned, this study aimed to evaluate the relation between
CSI and lifestyle (diet and physical activity), in a sub-sample of the PREDIMED-Plus
study participants.

2. Materials and Methods

2.1. Study Design

This study is a baseline cross-sectional analysis of data acquired in a sub-sample of
participants enrolled in the PREDIMED-Plus study from Catalonia Health Centers. The
PREDIMED-Plus study is an ongoing, multicenter, randomized, controlled clinical trial con-
ducted in Spain involving participants between 55 and 80 years with overweight/obesity
and metabolic syndrome for primary cardiovascular prevention.

The study protocol is detailed in http://predimedplus.com/, and the description of
the cohort has been published elsewhere [28]. The protocol was written in accordance
with the ethical principles and good clinical practices contained in the Declaration of
Helsinki. This study was registered at the International Standard Randomized Controlled
Trial (ISRCT; http://www.isrctn.com/ISRCTN89898870) with number 89898870. The
respective Institutional Review Board of all study centers approved the study protocol and
all participants provided written informed consent.

2.2. Participants

For the present study, we included baseline data of participants living in Catalonia
(Spain) recruited and randomized from the following centers: (a) Institut Hospital del Mar
d’Investigacions Mèdiques (IMIM) in Barcelona, (b) Hospital Sant Joan-IISPV/Atenció
Primària in Reus, (c) Atenció Primària Metro Sur-Departament d’Aterioesclorosi de I’Hospital
de Bellvitge in Barcelona, and (d) Hospital Clinic of Barcelona. The period of recruitment
was from October 2013 to December 2016. Participants did not receive any type of com-
pensation for participating in the study. The present analysis included 1512 participants
(759 women) from 137 primary healthcare areas affiliated to these centers. Participants
recording extreme total energy intakes (<500 or >3500 kcal/day in women or <800 or
>4000 kcal/day in men) [29] and without information on CSI were excluded (n = 69).

2.3. Variables Determined
2.3.1. Socio-Demographic Variables

Participants self-reported socio-demographic data: age, sex, civil status, education
level and employment status.

2.3.2. Composed Socioeconomic Index

The CSI was used to determine the deprivation index of the participants [25]. All
primary healthcare areas registered in Catalonia (n = 398) have assigned a CSI. The CSI
ranges from −0.01 to 5.68, and a higher value of the CSI implies higher deprivation index.
For this study, we included the primary healthcare areas registered from the PREDIMED-
plus study participants, the CSI ranges from −0.004 to 4.49. We classified the participants
into two categories according to the CSI assigned to their corresponding registered pri-
mary healthcare area: high deprivation index (≥2.27 points) and low deprivation index
(<2.27 points).
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2.3.3. Anthropometric Measurements

Body weight, height and waist circumference (WC) were measured by trained staff
and following the PREDIMED-Plus operations protocol. Weight and height were measured
using calibrated scales with participants wearing light clothes and no shoes. BMI was
calculated as body weight (kg) divided by height (meters) squared. WC was measured
with anthropometric tape midway between the lowest rib and the iliac crest.

2.3.4. Dietary Intake and Adherence to the Energy-Reduced Mediterranean Diet

A trained dietician asked the participants about their frequency of consumption
for a specified serving size of each 143 items food frequency questionnaire item during
the preceding year in a face-to-face interview [30]. For each item, a typical portion size
was included, and consumption frequencies were registered in 9 categories: never or
almost never, 1–3 times/month, once per week, 2–4 times/week, 5–6 times/week, once
per day, 2–3 times/day, 4–6 times/day, and >6 times/day. Reported frequencies of food
consumption were converted into frequencies per day, and multiplied by the weight of
the typical portion size indicated to obtain the intake in g/d. To identify dietary patterns,
143 food items from the questionnaire were categorized in 23 food groups (Supplementary
Table S1).

Adherence to the energy-reduced Mediterranean Diet (er-MedDiet) was assessed by
trained dieticians using a recently validated questionnaire of 17 items [31]. This question-
naire has been used in the ongoing PREDIMED-Plus study aiming to assess the effect of an
er-MedDiet on cardiovascular events in people with overweight and obesity at increased
risk of CVD. The er-MedDiet questionnaire includes 14 items on food consumption and
three items on eating behaviors, with some of the items belonging to the MEDAS validated
questionnaire measuring adherence to Mediterranean diet in the PREDIMED study [32].

2.3.5. Physical Activity

Physical activity was measured using the Minnesota Questionnaire validated for the
Spanish population [33,34]. Intensity (light, moderate, or vigorous), frequency (days per
week) and duration of physical activity (minutes per day) were registered. The intensity
and frequency of each activity was used to calculate the intensity category in terms of
metabolic equivalents (METs)/min/week. These values were obtained by multiplying the
average energy expenditure (3.3 MET for walking, 4.0 MET for moderate intensity, and 8.0
MET for vigorous intensity) by min/week for each physical activity category. The results of
each category of activity intensity were summed to obtain the total physical activity. Based
on total physical activity, participants were classified into two categories: low physical
activity (≤2100 METs/min/week) and high physical activity (>2100 METs/min/week).

2.3.6. Sedentary Lifestyle, Smoking Habits and Clinical Morbidities

Sedentary lifestyle was measured using the Nurses’ Health Study questionnaire
validated for the Spanish population [35], consisting of a set of questions assessing the
average daily time spent over the last year watching TV, sitting while using the computer,
sitting during journeys, and total sitting. Answers included 12 categories ranging from
never to ≥9 h/day of sitting time for the corresponding activity. A sedentary lifestyle
was defined as ≥7 h/day of sitting time. Furthermore, participants reported their average
daily sleeping time for both weekdays and weekends, using the non-validated open
question, “How many hours do you sleep on average per day on weekdays and weekends?”
Additional information related to smoking habits and clinical morbidities (presence of
self-reported hypertension, dyslipidemia and type 2 diabetes mellitus) was collected.

2.4. Statistical Analysis

The data are presented as mean and standard deviation (SD) for continuous variables,
or as a median and interquartile range [IR] for non-normally distributed data, and fre-
quencies and percentages for categorical variables. Variables of the study were compared

74



Nutrients 2021, 13, 3408

across different groups: CSI, food groups and lifestyles categories. We used t-tests or
ANOVA-tests for comparisons of continuous variables among groups. The Mann–Whitney
U test or the Kruskall–Wallis test was employed for the continuous variables that did not
have a normal distribution according to the Kolmogorov–Smirnov test. For the pairwise
comparison, corrected for multiple comparisons, the Tukey method was used when ex-
planatory variables were normal-distributed and the Benjamini and Hochberg method
otherwise. Comparisons among groups for categorical variables were performed with the
χ2 test and Fisher test when the expected frequencies were less than five.

The calorie-adjusted nutrient intake was made to avoid bias produced by the inter-
individuals’ variability of energy intake [36].

The relation between the CSI categories (low/high deprivation index) as exposure
and the food consumption (food group, g/day) as outcome, was evaluated by multiple
linear regression models adjusted by age (years), sex (man/woman), smoking (smoker,
former smoker or never smoked), waist circumference (cm), physical activity (low/high),
sedentary lifestyle (no/yes), hypertension (no/yes), dyslipidemia (no/yes) and type 2
diabetes mellitus (no/yes).

Cluster analysis, using the K-means method was performed to derive dietary patterns.
The K-means method was applied based on Euclidean distances, and the data was input as
z-scores. Two clusters were specified prior to analysis. Participants were divided based on
the similarity of their food consumption (food groups adjusted for standardized energy).

By combining the dietary patterns created by cluster analysis (“healthy” and “un-
healthy”), and the physical activity categories (low/high), four categories were created
reflecting the lifestyle of the participants. In this way, each group of participants had to
accomplish both conditions: be in the specified dietary pattern and specified physical
activity category.

The relation between the CSI categories (low/high deprivation index) as outcome and
the lifestyle (identified dietary pattern and physical activity category) as exposure, was
evaluated by a multinomial regression model adjusted by age (years), sex (man/woman),
smoking (smoker, former smoker or never smoked), waist circumference (cm), sedentary
lifestyle (no/yes), hypertension (no/yes), dyslipidemia (no/yes), and type 2 diabetes
mellitus (no/yes).

The selection of the covariates, which were included in the models, was based on
the factors affecting choice of a healthy lifestyle [37], and on the inclusion criteria of the
study, comorbidities could previously condition the sample for having received lifestyle
interventions based on their risk factor.

Statistical significance was set at p-value < 0.05. Analyses were performed with the
statistical software “R 4.03” for Windows.

3. Results

3.1. General Characteristics of the Participants and the Composite Socioeconomic Index (CSI)
Categories

Table 1 shows the general characteristics of the participants according to the CSI cate-
gories. There were significant differences with respect to age, education level, employment
status, adherence to the erMedDiet, physical activity, sedentary lifestyle and hypertension.
Specifically, a higher percentage of participants with a high deprivation index compared
to those with a low deprivation index, had a lower educational level and were not cur-
rently working. In addition, they had lower adherence to the erMedDiet, practiced less
light and total physical activity, and a higher percentage of them had a sedentary lifestyle
and hypertension.
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Table 1. General characteristics of participants according to composed socioeconomic index categories.

All
High Deprivation

Index (≥2.27 Points)
Low Deprivation

Index (<2.27 Points)
p-Value #

n = 1512 n = 744 n = 768

Socio-demographic variables
Women 759 (50.2%) 378 (50.8%) 381 (49.6%) 0.679
Age (years) 65.5 (4.80) 65.3 (4.83) 65.8 (4.77) 0.041
Civil status *

Single or religious 65 (4.31%) 32 (4.31%) 33 (4.31%) 0.794
Married 1145 (75.9%) 569 (76.6%) 576 (75.2%)
Divorced or widowed 299 (19.8%) 142 (19.1%) 157 (20.5%)

Education level *
Academic or graduate 345 (22.9%) 113 (15.3%) 232 (30.2%) <0.001
Secondary education 480 (31.9%) 213 (28.9%) 267 (34.8%)
Primary education or less 680 (45.2%) 412 (55.8%) 268 (34.9%)

Employment status *
Currently working 304 (20.2%) 143 (19.3%) 161 (21.1%) 0.002
Disability 20 (1.33%) 14 (1.89%) 6 (0.79%)
Housework 147 (9.77%) 92 (12.4%) 55 (7.20%)
Retired 955 (63.5%) 450 (60.8%) 505 (66.1%)
Unemployed 78 (5.19%) 41 (5.54%) 37 (4.84%)

Anthropometric measurements
BMI *

Mean Kg/m2 32.4
[30.1;35.1] 32.4 [30.2;34.9] 32.4 [30.0;35.4] 0.883

≥27 Kg/m2 1494 (99.6%) 729 (99.6%) 765 (99.6%) 1.000
Waist circumference *

Men (cm) 110
[104;116] 110 [104;116] 111 [105;118] 0.136

Women (cm) 104
[98.1;111] 104 [98.0;110] 105 [98.5;112] 0.084

Central obesity 1404 (93.5%) 689 (93.7%) 715 (93.2%) 0.761
Lifestyle
Adherence to the erMedDiet (score from 0 to
17 points) 7.86 (2.51) 7.99 (2.52) 7.74 (2.50) 0.046

Physical activity (METs/Min/week)

Light 839
[224;1678] 671 [112;1343] 839 [280;1678] <0.001

Moderate 140
[0.00;1119] 140 [0.00;1171] 43.7 [0.00;1084] 0.196

Vigorous 83.9
[0.00;1119] 72.3 [0.00;934] 112 [0.00;1259] 0.695

Total 2098
[1105;3525] 1979 [1069;3357] 2241 [1133;3776] 0.044

Low physical activity 763 (50.5%) 394 (53.0%) 369 (48.0%) 0.063
High physical activity 749 (49.5%) 350 (47.0%) 399 (52.0%)

Sedentary lifestyle 675 (44.7%) 299 (40.3%) 376 (49.9%) 0.001

Daily sleeping time (h/day) * 7.00
[6.00;8.00] 7.00 [6.00;8.00] 7.00 [6.00;8.00] 0.583

Smoking * 0.972
Current smoker 171 (11.3%) 84 (11.3%) 87 (11.4%)
Former smoker 617 (40.9%) 302 (40.6%) 315 (41.1%)
Never smoked 722 (47.8%) 358 (48.1%) 364 (47.5%)

Comorbidities
Dyslipidemia * 1042 (69.0%) 520 (70.0%) 522 (68.0%) 0.428
Hypertension 1318 (87.2%) 635 (85.3%) 683 (88.9%) 0.045
Type 2 diabetes mellitus 438 (29.0%) 204 (27.4%) 234 (30.5%) 0.211

Abbreviations: BMI: Body index mass; erMedDiet: energy reduced Mediterranean diet; METs: Metabolic Equivalents. Central obesity:
waist circumference men >102 cm and women >88 cm. Data are presented as mean (SD) or median [IR] for continuous variables, and as n
(%) for categorical variables. * The percentage of missing values was between 0.13% and 0.79% from total study population. p-value #:
t-tests or Mann–Whitney U test for continuous variables; and χ2 test and Fisher test for categorical variables.
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3.2. Food Consumption of the Participants and the CSI Categories

Table 2 shows the food consumption of the participants according to the CSI categories.
Participants with a high deprivation index compared to those with a low deprivation index
had significantly lower consumption of full-fat dairy, red meat and meat products, whole
grain cereals, fruits, sugar-free beverages, coffee or tea, spirits beverages and wines, and
significantly higher consumption of refined cereals, potatoes, and biscuits and pastries.

Table 2. Food consumption of participants according to Composite Socioeconomic Index (CSI) categories.

All
High Deprivation

Index (≥2.27 Points)
Low Deprivation Index

(<2.27 Points)
p-Value #

n = 1512 n = 744 n = 768

Full-fat dairy (g/day) 62.1 [34.6;115] 58.0 [32.6;111] 66.4 [37.0;121] 0.021
Low-fat dairy (g/day) 208 [83.0;319] 204 [68.1;315] 213 [98.3;322] 0.082
White meat (g/day) 68.5 [40.9;84.6] 70.2 [42.2;84.7] 67.6 [39.6;84.2] 0.686

Red meat and meat products (g/day) 88.0 [65.6;120] 85.9 [63.9;115] 92.0 [67.6;123] 0.022
Eggs (g/day) 25.1 [22.0;26.7] 25.0 [21.6;26.6] 25.2 [22.4;26.8] 0.065

Fish and seafood (g/day) 109 [74.8;143] 108 [75.5;143] 109 [73.7;143] 0.963
Whole grain cereals (g/day) 7.39 [0.22;73.9] 5.22 [0.00;67.7] 10.8 [0.38;74.1] 0.046

Refined cereals (g/day) 103 [61.1;155] 108 [63.4;167] 98.3 [59.5;143] 0.004
Legumes (g/day) 17.4 [13.0;24.1] 17.9 [13.3;24.2] 17.0 [12.9;24.1] 0.100

Fruits (g/day) 299 [200;401] 289 [194;377] 311 [209;413] 0.008
Vegetables (g/day) 305 [233;395] 301 [234;396] 310 [231;394] 0.918

Nuts (g/day) 8.87 [3.90;20.4] 9.00 [4.32;20.0] 8.75 [3.58;20.6] 0.378
Olive oil and olives (g/day) 56.5 [45.1;66.8] 55.1 [44.4;66.8] 57.2 [45.9;66.7] 0.175

Other fat or oils, full-fat dairy
derivatives and processed meal

(g/day)
6.46 [3.13;11.7] 6.49 [3.15;11.9] 6.36 [3.11;11.4] 0.895

Potatoes (g/day) 90.7 [47.2;103] 92.0 [51.8;104] 90.3 [42.9;102] 0.014
Biscuits and pastries (g/day) 14.4 [6.33;27.0] 15.1 [6.77;29.1] 13.8 [6.02;24.3] 0.023

Sugar, sweets, chocolate and cocoa
(g/day) 14.4 [6.13;26.9] 14.8 [6.12;27.3] 14.2 [6.14;26.7] 0.831

Sugary beverages and juices (g/day) 35.4 [9.19;112] 36.7 [8.93;104] 34.6 [9.67;115] 0.750
Sugar-free beverages (g/day) 1.29 [0.00;13.3] 1.03 [0.00;11.6] 1.67 [0.00;15.0] 0.002

Coffee and tea (g/day) 92.9 [48.7;127] 71.0 [47.3;126] 100 [50.4;129] 0.005
Cava and beers (g/day) 50.7 [11.9;119] 48.4 [7.45;117] 53.5 [16.5;121] 0.129

Spirits beverages (g/day) 1.05 [0.00;3.10] 0.91 [0.00;3.11] 1.26 [0.00;3.09] 0.040
Wines (g/day) 27.6 [5.65;76.0] 24.4 [1.98;69.5] 30.6 [8.19;78.9] 0.014

Data are presented as median [IR]. p-value #: Mann–Whitney U test.

Multiple linear regression models showed that being a participant with a high de-
privation index was related to a higher consumption of refined cereals (p-value = 0.001)
and potatoes (p-value = 0.001), and to a lower consumption of fruits (p-value = 0.035),
and coffee and tea (p-value = 0.012). No significant relationships were observed between
the CSI categories and the consumption of other predefined food groups (Figure 1 and
Supplementary Table S2).
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Figure 1. Relationship between CSI and food groups consumption. * other fat or oils, full-fat
dairy derivatives and processed meal Multiple linear regressions. CSI (low high deprivation index)
as exposure and food consumption (food groups, g/d) as outcome adjusted by age (years), sex
(men/women). Somking (smoker, former or never smoked), waist circumference (cm). physical
activity (low/high), sedentary lifestyle (no/yes), hypertension(no/yes), dyslipidemia (no/yes),
dyslipidemia (no/yes), and type 2 diabetes mellitus.

3.3. Dietary Patterns

Figure 2 shows the two identified dietary patterns by cluster analysis. Due to their
characteristics and affinities, these two patterns have been labeled as “healthy” followed by
704 (46.5%) participants, and “unhealthy” followed by 808 (53.5%). The “healthy” pattern
was characterized by a significantly higher consumption of low-fat dairy, white meat, fish
and seafood, whole grain cereals, legumes, fruits, vegetables, nuts, olive oil and olives.
The “unhealthy” pattern was characterized by a significantly higher consumption of foods
rich in fat, sugar and alcohol such as full-fat dairy, red meat and meat products, refined
cereals, other fat or oils different from olive oil, full-fat dairy derivatives and processed
meals, potatoes, biscuits and pastries, sugar, sweets, chocolate and cocoa, cava and beers,
spirits and wines (Supplementary Table S3).
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Figure 2. Dietary patterns identified by cluster analysis.

3.4. General Characteristics of the Participants According to Predefined Lifestyle Categories

Four categories were created reflecting the lifestyle of the participants: (1) unhealthy
dietary pattern and low physical activity, (2) unhealthy dietary pattern and high physical
activity, (3) healthy dietary pattern and low physical activity, and (4) healthy dietary pattern
and high physical activity.

Table 3 shows the general characteristics of the participants according to the prede-
fined lifestyle categories. Significant differences were observed with respect to sex, age,
employment status, BMI, waist circumference, central obesity, adherence to the erMedDiet,
sedentary lifestyle, and smoking. Specifically, compared to those participants with an un-
healthy dietary pattern & low physical activity, participants with a healthy dietary pattern
& high physical activity were older, and were more likely to be women and retired, had
lower BMI and waist circumference (men), and a lower percentage of them had central
obesity; in addition, they had a higher adherence to the erMedDiet, and a lower percentage
of them were sedentary and smokers.
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Table 3. General characteristics of the participants according to the lifestyle categories.

Unhealthy Dietary
Pattern and Low
Physical Activity

Unhealthy Dietary
Pattern and High
Physical Activity

Healthy Dietary
Pattern and Low
Physical Activity

Healthy Dietary
Pattern and High
Physical Activity

p-Overall #

n = 435 n = 373 n = 328 n = 376

Socio-demographic
variables
Women 192 (44.1%) 118 (31.6%) a 224 (68.3%) a 225 (59.8%) a,b,c <0.001
Age (years) 65.1 (5.08) 65.1 (5.05) 65.8 (4.63) 66.1 (4.27) a,b 0.003
Civil status a b 0.024

Single or religious 20 (4.61%) 13 (3.49%) 15 (4.57%) 17 (4.55%)
Married 312 (71.9%) 307 (82.3%) 239 (72.9%) 287 (76.7%)
Divorced or widowed 102 (23.5%) 53 (14.2%) 74 (22.6%) 70 (18.7%)

Education level * 0.112
Academic or graduate 108 (24.8%) 90 (24.2%) 68 (20.8%) 79 (21.3%)
Secondary education 149 (34.3%) 124 (33.3%) 91 (27.8%) 116 (31.3%)
Illiterate or primary

education 178 (40.9%) 158 (42.5%) 168 (51.4%) 176 (47.4%)

Employment status * a a a,b,c 0.001
Currently working 129 (29.8%) 64 (17.3%) 62 (19.0%) 49 (13.1%)
Disability 7 (1.62%) 4 (1.08%) 9 (2.76%) 0 (0.00%)
Housework 39 (9.01%) 27 (7.30%) 36 (11.0%) 45 (12.0%)
Retires 241 (55.7%) 249 (67.3%) 200 (61.3%) 265 (70.7%)
Unemployed 17 (3.93%) 26 (7.03%) 19 (5.83%) 16 (4.27%)

CSI 0.270
High deprivation

index
OYWX(≥2.27 points)

227 (52.2%) 177 (47.5%) 167 (50.9%) 173 (46.0%)

Low deprivation
index
OYWX(<2.27 points)

208 (47.8%) 196 (52.5%) 161 (49.1%) 203 (54.0%)

CSI (score) 2.48 [1.83;3.26] 2.26 [1.83;3.22] 2.40 [1.94;3.07] 2.26 [1.78;3.12] 0.436
Anthropometric
measurements
BMI *

Kg/m2 33.1 [30.3;35.8] 31.6 [29.6;34.2] a 33.0 [30.5;36.1] b 32.1 [30.0;34.5] a,c <0.001
≥27 Kg/m2 432 (100%) 371 (99.7%) 321 (99.1%) 370 (99.5%) 0.169

Waist circumference *
Men (cm) 113 [106;119] 109 [104;115] a 111 [106;116] 109 [104;116] a <0.001
Women (cm) 106 [98.2;114] 104 [97.6;110] 106 [100;111] 103 [97.0;109] 0.053
Central obesity 411 (94.7%) 331 (88.7%) a 311 (96.3%) b 351 (94.4%) a,b <0.001

Lifestyle
Adherence to erMedDiet
(score) 7.00 [5.00;8.00] 7.00 [5.00;8.00] 9.00 [7.00;10.0] a,b 9.00 [8.00;11.0] a,b <0.001

Sedentary lifestyle 226 (52.0%) 157 (42.1%) a 159 (48.8%) b 133 (35.4%) a,b <0.001
Daily sleeping time (h/day) * 7.00 [6.00;8.00] 7.00 [6.00;8.00] 7.00 [6.00;8.00] 7.00 [6.00;8.00] 0.743
Smoking * a a,b b <0.001

Smoker 65 (15.0%) 48 (12.9%) 28 (8.54%) 30 (8.00%)
Former smoker 172 (39.6%) 182 (48.8%) 108 (32.9%) 155 (41.3%)
Never smoked 197 (45.4%) 143 (38.3%) 192 (58.5%) 190 (50.7%)

Clinical morbidities
Dyslipidemia * 285 (65.5%) 248 (66.5%) 235 (71.9%) 274 (72.9%) 0.059
Hypertension 386 (88.7%) 334 (89.5%) 273 (83.2%) 325 (86.4%) 0.056
Type 2 diabetes

mellitus 114 (26.2%) 106 (28.4%) 111 (33.8%) 107 (28.5%) 0.139

BMI: Body index mass; erMedDiet: energy reduced Mediterranean diet; METs: Metabolic Equivalents. Central obesity: waist circumference
men >102 cm and women >88 cm. Data are presented as mean (SD) or median [IR] for continuous variables, and as n (%) for categorical
variables. * The percentage of missing values was between 0.13% and 0.79% from total study population. p-overall #: ANOVA or
Kruskall–Wallis test for continuous variables, and χ2 test or Fisher for categorical variables. For post-hoc comparisons: Tukey or Benjamini
and Hochberg. a, significant differences (p-value < 0.05) between-groups: ref. unhealthy pattern and low physical activity category.
b, significant differences (p-value < 0.05) between-groups: ref. unhealthy dietary pattern and high physical activity. c, significant differences
(p-value < 0.05) between-groups: ref. healthy pattern and low physical activity category.

3.5. Relation between CSI and Lifestyle

Table 4 shows the relationships between the CSI categories and the participant’s
lifestyle. The multinomial regression model shows that being a participant with a high
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deprivation index was positively related to a lifestyle composed of an unhealthy dietary
pattern and low physical activity (OR 1.42 [95% CI 1.06–1.89]; p-value < 0.05). No sig-
nificant associations were observed between the CSI categories and other predefined
lifestyles considered.

Table 4. Relationship between CSI categories and lifestyle (dietary patterns + physical activity).

Healthy Dietary Pattern and
High Physical Activity

Unhealthy Dietary Pattern
and Low Physical Activity

OR [95% CI]

Unhealthy Dietary Pattern
and High Physical Activity

OR [95% CI]

Healthy Dietary Pattern and
Low Physical Activity

OR [95% CI]

CSI (high deprivation index) ref. 1.42 [1.06,1.89] * 1.09 [0.81,1.48] 1.24 [0.91,1.68]
Sex (women) ref. 0.66 [0.47,0.94] * 0.31 [0.22,0.46] ** 1.60 [1.10,2.34] *
Age (years) ref. 0.97 [0.94,1.00] 0.97 [0.94,1.00] 0.98 [0.94,1.01]

Smoking (former smoker) ref. 0.47 [0.28,0.79] * 0.67 [0.40,1.14] 0.72 [0.40,1.29]
Smoking (never smoked) ref. 0.67 [0.39,1.12] 0.79 [0.46,1.37] 0.97 [0.54,1.76]
Waist circumference (cm) ref. 1.03 [1.03,1.01] ** 1.00 [0.98,1.02] 1.01 [1.00,1.03]
Sedentary lifestyle (yes) ref. 1.81 [1.34,2.43] ** 1.20 [0.88,1.63] 1.75 [1.28,2.39]

Hypertension (yes) ref. 1.33 [0.85,2.06] 1.39 [0.88,2.20] 0.82 [0.53,1.26]
Dyslipidemia (yes) ref. 0.79 [0.57,1.08] 0.87 [0.63,1.20] 0.93 [0.66,1.31]

Type 2 diabetes mellitus (yes) ref. 0.77 [0.56,1.07] 0.89 [0.63,1.24] 1.21 [0.86,1.69]

Multinomial regression model. CSI (low/high deprivation index) as exposure and lifestyle (healthy dietary pattern and high physical
activity, unhealthy dietary pattern and low physical activity, unhealthy dietary pattern and high physical activity, healthy dietary pattern
and low physical activity) as outcome, adjusted by age (years), sex (men/women), smoking (smoker, former or never smoked), waist
circumference (cm), sedentary lifestyle (no/yes), hypertension (no/yes), dyslipidemia (no/yes) y type 2 diabetes mellitus (no/yes). Odds
ratio (OR) and 95% confidence interval [CI] are shown. ** p < 0.001; * p-value < 0.05.

4. Discussion

In this baseline cross-sectional study conducted in PREDIMED-Plus study participants
living in Catalonia, being a participant with a high deprivation index was related to a high
consumption of refined cereals, potatoes, and to a lower consumption of fruits, and coffee
and tea; four lifestyle categories were identified, and a high deprivation index was related
with an “unhealthy” dietary pattern associated with low physical activity. These results
support the limited existing evidence on the relationship between the deprivation index of
a certain population area, dietary consumption and physical activity in individuals with
overweight/obesity and metabolic syndrome.

Previous studies have observed that a high deprivation index is related to food
consumption. A systematic review reported that individuals living in the most deprived
areas had a lower consumption of fruits and vegetables [38]. Findings on relationship
between measures of deprivation index and diet patterns have been inconsistent. In
Australia, one study did not find any relationship between the deprivation index and
the observed dietary patterns: Mediterranean, Prudent, and Western [39]; by contrast, in
another study adherence to a healthy pattern (characterized by breakfast cereal, low fat
milk, soy and rice milk, soup and stock, yoghurt, bananas, apples, other fruit and tea, and
low consumption of pastries, potato chips, white bread, take-away foods, soft drinks, beer
and wine) was inversely related to the deprivation index [10]. In a study conducted in
Japan, individuals who lived in the most deprived areas had a lower score of adherence
to the Japanese diet (low consumption of grains, potatoes, vegetables, fruits, mushrooms,
fish, seafood; and high consumption of legumes, meat and coffee) [40].

Furthermore, our results were consistent with studies that have reported a relationship
between the deprivation index and lifestyle. A study carried out in the UK observed that
individuals in the highest deprivation quintile had a greater prevalence risk of adhering
to an unhealthy lifestyle (low consumption of olive oil, fish, fruits and vegetables, high
consumption of red and processed meat, and low physical activity) [41]. Similar observa-
tions were reported in a study in Australia, where a high deprivation index was related
to an unhealthy lifestyle (less than five rations/day of fruits and vegetables, high alcohol
consumption and low physical activity) [42].

The possible mechanisms related to being an individual with a high deprivation index
and an “unhealthy” dietary pattern could be that individuals living in the most deprived
areas suffer from so-called “food deserts” [43]. These areas are characterized by poor access
to healthy and affordable food, and are characterized by social and spatial disparities in diet
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and diet-related health outcomes such as obesity [43]. A systematic review reported that
better food access (availability, accessibility, affordability, accommodation and acceptability)
is related to a healthy diet [44]. With respect to physical activity, it is recognized that green
spaces accessibility may influence physical activity adherence [45]. The accessibility of
greens spaces is usually better in more deprived areas but those residents have more
negative perceptions (poorer perceived accessibility and poorer safety) and are less likely
to use the green spaces [46].

One aspect that we can highlight from our findings is that being a woman is related
with a healthy lifestyle. Previous studies support this relationship: women have reported
higher adherence to a healthier diet [9–14], and higher levels of physical activity [18].
Women place greater importance on healthy eating than men, health beliefs explain a
large proportion of dietary behavior, and they are more interested in and actively seek
health-related information to a larger extent than men [47,48]. However other studies have
reported an increased risk of adherence to an unhealthy dietary pattern in women [15–17].
More knowledge on gender differences in lifestyles could facilitate public health initiatives
to promote healthy lifestyles in women and men.

A major strength of this study is the use of the CSI. It is a deprivation index that is
valid for all basic health areas (urban and rural), it is easy to interpret, can be updated more
frequently than indices constructed from census variables, and is related to the need of
health service use, so it can be utilized to design and prioritize lifestyle interventions in
primary healthcare, with community repercussions.

Some limitations deserve to be mentioned, such as the inherent nature of cross-
sectional studies that do not allow causality to be addressed. Moreover, our results cannot
be extrapolated to other populations, the findings of this study can only be applied to
people with overweight and obesity at increased risk of CVD. In addition, this study could
include the subjective decisions required in the use of cluster analysis, such as the number of
clusters to implement the k-means algorithm, food group, and naming of dietary patterns.
Lastly, a convenience sample was used, PREDIMED-Plus participants living in Catalonia.

5. Conclusions

This study contributes to the scarce knowledge on the relationship between the depri-
vation index and lifestyle in individuals with overweight/obesity and metabolic syndrome.
CSI was related with lifestyle in the PREDIMED-Plus study participants living in Catalonia,
Spain. Those participants with high deprivation index are at greater risk of adhering to an
“unhealthy lifestyle” following an unhealthy dietary pattern and having lower physical
activity. Public health policy should consider this relationship, by understanding how
these factors influence lifestyle in individuals with overweight/obesity: community in-
terventions and health policy decisions may target subsets of the population in order to
promote a healthier lifestyle.
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Abstract: The adoption of sustainable dietary models, such as the Mediterranean Diet (MD), can
be a valuable strategy to preserve ecosystems and human health. This study aims to investigate in
an Italian adult representative sample the adherence to the MD and to what extent it is associated
with the self-perceived adoption of a sustainable diet, the consideration of the MD as a sustainable
dietary model, and anthropometric and sociodemographic factors. By applying an online survey
(n = 838, 18–65 years, 52% female), an intermediate level of MD adherence (median: 4.0, IR: 3.0–4.0)
in a 0–9 range was observed. Only 50% of the total sample confirmed the MD as a sustainable dietary
model, and 84% declared no or low perception of adopting a sustainable diet. Being female, having a
higher income and education level, considering the MD as a sustainable dietary model, as well as the
perception of having a sustainable diet were the most relevant factors influencing the probability of
having a high score (≥6) of adherence to the MD. This study suggests a gradual shift away from the
MD in Italy and supports the need to address efforts for developing intervention strategies tailored
to adults for improving diet quality. Furthermore, a public campaign should stress the link between a
diet and its environmental impact to foster nutritionally adequate and eco-friendly dietary behaviors.

Keywords: Mediterranean Diet; sustainable diet; food frequency questionnaire; diet self-perception;
socioeconomic profile; health status; adult population

1. Introduction

Dietary patterns and the frequency of food consumption are associated with a person’s
health status, but they also substantially modulate resource exploitation. It has been largely
proven that several health advantages can be linked to the adoption of a dietary pattern
inspired by the Mediterranean Diet (MD) [1,2]. A Mediterranean-type diet is able to
prevent the development of cardiovascular disease—not only in populations living in the
Mediterranean area [1,3,4]—reducing the risk of diabetes [5] and metabolic syndrome [6,7].
In addition, an inverse association between adherence to the MD and the risk of several
cancer types and cancer mortality [8], depression, and cognitive impairment [9] has been
demonstrated, with beneficial effects on sleep quality in the adult population [10].

The MD is a nutritionally adequate plant-centered diet whose pillars are similar to
those qualifying the global “healthy diet from sustainable food systems” described by the
EAT Lancet Commission [11]. It is grounded in the “One Health” concept, strengthening
the idea that human and ecosystem health are not independent [12,13]. Both dietary
approaches largely include whole grains, fruit and vegetables, nuts, and unsaturated fatty
acid sources (e.g., olive oil), and both limit the consumption of red meat, processed meat,
starchy vegetables, added sugar, and refined grains. However, a stricter limitation is
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addressed to fish and white meat intake in the reference diet described by the EAT Lancet
Commission [11,14]. If food security, affordability, accessibility, and cultural acceptability
are ensured, the MD emerges as an example of a sustainable dietary pattern able to
address health and ecological concerns [15,16], showing a lower environmental impact,
richness in biodiversity, important food-related sociocultural values, and positive economic
return for local communities [17]. As found in previous studies, the dietary shift toward
a Mediterranean-type diet can lead to positive outcomes both for health and climate
change [18,19].

It is worth noting that the MD, acknowledged by UNESCO as an intangible cultural
heritage of humanity, should not be considered just as a mere reference from which a
particular set of food needs to be consumed in specified quantities and proportions, but
also as a cultural model involving not only consumption, but food production, processing,
distribution, and cooking, including rituals and traditions [14,20]. On the basis of the
health-promoting outcomes linked to the adoption of a Mediterranean dietary pattern,
scientific efforts have been increasingly addressed to develop proper methods to estimate
the adherence to the MD by using indexes or scores and to test for their disease risk
predictive ability [21]. As a result, such indexes or scores can be calculated from the intake
of certain food components and lifestyle factors [22].

In the last few decades, Mediterranean populations, including Italian adolescents [23]
and adults [24], are stepping away from their traditional dietary patterns, such as the MD.
Important determinants are globalization, which overcomes geographical barriers between
food productions and consumption worldwide, population growth, urbanization, and
lifestyle changes, together with economic and sociocultural factors [15,25]. Food system
and food consumption pattern transformations are responsible for a loss of biodiversity
and soil degradation and represent significant challenges for the state of food security and
nutrition [26].

Based on these considerations, the aim of the present study was to investigate the ad-
herence to the MD and to what extent this variable is associated with the self-perception of
the MD’s sustainability, as well as the adoption of a sustainable diet in a representative sam-
ple of Italian adults. The secondary aim was to explore how demographic, socioeconomic,
and behavioral variables may influence adherence to the MD.

2. Materials and Methods

2.1. Sample

After receiving approval from the local institutional ethical committee (Comitato
Etico Area Vasta Emilia Nord, 1139/2018/OSS/UNIPR), an online survey instrument was
distributed to a representative sample of adults residing in Italy (18–65 years) through a
software platform from a marketing agency (Qualtrics International Inc., Seattle, Washing-
ton and Provo, Utah, United States of America) in July 2019. The agency invited subjects to
participate by sending communication via e-email to pre-enrolled members. The survey,
which is part of a PhD thesis [27], was completed on one occasion by the respondents, who
provided their informed consent to the study. Only the subjects living in Italy and not
affected by cardiometabolic conditions, such as diabetes and cardiovascular diseases, as
well as eating disorders were eligible to participate in the present cross-sectional study.
The data were collected from subjects representative of the adult population residing
in Italy based on three selected criteria: gender distribution, age range, and geographi-
cal areas of residence (nomenclature of territorial units for statistic (NUTS 1)). When a
sufficient number of individuals completed the survey, subject recruitment and online
survey self-administration was stopped. The enrolled participants received compensation
after the survey’s completion. To be representative of the entire Italian adult population
(n = 37,248,990, as indicated by the dataset provided by the National Institute of Statistics
(ISTAT), referred to on 1 January 2019), the minimum sample size was set at 666 participants,
taking into account a confidence level of 99% and confidence interval of 5%. As some partic-
ipants could drop out during the study or could be excluded from the analyses because of
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missing answers, more than 800 respondents were invited to participate to the study. The
calculation of the sample size was performed using the sample size calculator suggested
by the National Institute of Health (https://www.epicentro.iss.it/strumenti/SampleSize,
accessed on 30 June 2021).

2.2. Measures

Anthropometric and sociodemographic information was self-reported by the subjects.
Height and weight were assessed as continuous variables, while others were assessed
as categorical variables, including sex and nationality (2 categories each), educational
attainment and income (3 categories each), size of residence, number of members and
children within the household (4 categories each), age, occupation, and geographical
area of residence (5 categories each). Using weight and height data, the subjects’ BMIs
were computed, and weight status was defined by applying the WHO’s standard cut-
offs [28]. The subjects were asked to express the degree of responsibility for food purchasing
and meal preparation (e.g., being the main person responsible, co-responsible, or little
or not at all responsible), the habitual frequency of eating out (e.g., never or seldom,
<1 time/week, 1 time/week, 2–4 times/week, or ≥5 times/week), the presence of a
certain physiological status (e.g., pregnancy or breastfeeding), particular health risk factors
(e.g., hypertension or dyslipidemia), and food allergies or intolerances. In addition, the
respondents were asked to indicate any participation in environmental associations (EAs)
or solidarity purchasing groups (SPGs), which are local networks of people who organize
collective purchase decisions regarding food and other goods, selecting suppliers based
on critical consumption and solidarity criteria. Specifically, SPGs are intended to promote
environmental sustainability (e.g., selecting seasonal, organic, or local products) and social
sustainability with respect to the producers (by creating social bonds with them) and SPG
members themselves (e.g., by providing mutual assistance) [29,30].

Adherence to the MD was assessed by using a 15-item food frequency questionnaire,
already validated to determine the adherence to the Mediterranean dietary pattern of
Italian adults on a score from 0 (minimal adherence) to 9 (maximal adherence) [31]. The
scoring scheme of the components was binary, with a score of 0 or 1 being associated to the
intake of each included food group or item, expressed as the number of portions per day or
week. In detail, 1 point was assigned as follows: vegetables (≥2/day), fresh fruit (≥2/day),
dried fruit (≥2/week), wholegrain cereals (≥1/day), pulses (≥2/week), fish (≥2/week),
olive oil (≥3/day), red and processed meat (<1–3/week), and wine (1–2 glasses per day for
men and less than 1 glass per day for women). The final score was computed by summing
each individual score. In addition, according to the obtained level of adherence (tertiles) to
the MD, the respondents were divided into low (fist tertile, MD score 0–2), medium (second
tertile, MD score 3–5) and high (third tertile, MD score 6–9) adherence groups. Moreover,
the level of adherence to the MD was evaluated according to the subjects’ compliance with
the Italian national recommended intake for the food groups or items considered for a
standard dietary energy intake of 2000 kcal/day [32]: fruits (3/day), vegetables (≥2/day),
nuts (2/week), legumes (3/week), red meat (≤1/week), fish (2–3/week), wine (never or
hardly ever), white meat (2/week), sweets (<1/week), butter, margarine, or cooking cream
(≤3/day), olive oil (3/day), milk or yogurt (3/day), and carbonated or sugar-sweetened
beverages (<1/week).

After providing the respondents with the definition of sustainable diets expressed by
the Food and Agricultural Organization (FAO) [33], including a more explicit and concrete
description to provide respondents with a unique interpretation, the online survey also
included a question addressed to understanding if the respondents perceived the MD as a
sustainable diet (i.e., “Do you think that the MD can be considered a sustainable dietary
model?”). This item was adapted from those developed by Riddell et al. [34] for measuring
the self-perception of diet and healthy eating. In addition, the self-perceived adoption of a
sustainable diet during the last 3 months was assessed (i.e., “I can say that I have adopted
a sustainable diet within the last 3 months”) as adapted from Fishbein and Ajzen [35].
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Both the answers were measured on a unipolar 7-point scale anchored by totally disagree
or totally agree answers. However, for reasons pertaining to result interpretation, the
answers were collapsed into 3 categories: “no”, including those who disagreed or totally
disagreed; “not much/maybe”, corresponding to those who somewhat disagreed, were neutral,
or somewhat agreed; and “yes”, referring to those who agreed or strongly agreed.

2.3. Data Analysis

Descriptive and inferential statistics were collected. Normality of the data distribution
was rejected through the Kolmogorov–Smirnov test. The results were expressed as a
frequency (%) or as median and interquartile ranges. The Chi-square test (χ2) was used to
explore potential associations between gender and (1) demographic and socioeconomic
characteristics, (2) adherence to the MD, (3) the perception of the MD as a sustainable dietary
model, and (4) self-perceived adoption of a sustainable diet. The same test was applied
also to investigate potential associations between adherence to the MD (with the subjects
divided in MD score-based tertiles) and frequency of food consumption recommended by
the Italian dietary guidelines [32]. The non-parametric Mann–Whitney test was applied to
explore differences between genders (males and females). Furthermore, to evaluate which
characteristics were able to predict scores of high adherence to the MD, univariate and
multivariate logistic regression analyses were carried out. A p-value less than 0.05 was
considered statistically significant. All statistical analyses were performed with IBM SPSS
Statistics for Windows, version 25.0 (Armonk, NY: IBM Corp).

3. Results

3.1. Participants’ Characteristics and Adherence to the MD

Overall, 860 subjects answered the online survey. After removing the low-quality
records (n = 22), the final sample was composed of 838 respondents, representative of the
adult residents in Italy. The participants’ characteristics are provided in Table 1. Approx-
imately half of the respondents were females (52%), and most of the respondents were
from 35 to 65 years old (71%). The vast majority of the sample attained at least secondary
education (79%). Different employment conditions were observed by comparing males
and females, with more than two-thirds of males working as full-time employees and more
than one-fourth of females being unemployed. Most of the respondents were apparently
healthy, declaring a normal body weight; however, a significant association was found
when the sample split by gender was grouped by BMI categories, with a higher proportion
of males being overweight or obese compared with females (p < 0.001). Moreover, a higher
percentage of females compared with males had the main responsibility of food purchasing
and meal preparation.

After dividing the respondents according to their level of adherence to the MD, an
association between gender and the level of adherence to the MD was spotted (p < 0.001). A
medium compliance to the MD was reported, with females presenting significantly higher
scores compared with males (p < 0.001).

Although only 1% of the subjects clearly disagreed in considering the MD as sustain-
able, half of the sample (49%) expressed uncertainty with this statement. On the other hand,
a low number of respondents (16%) (strongly) agreed to having adopted a sustainable diet
in the last 3 months.

3.2. Compliance with Food Recommendations

Table 2 shows the number and proportions of respondents being compliant with
the consumption frequency or frequencies used to compute the MD score or those rec-
ommended by Italian guidelines. Significant associations were found between the MD
adherence categories (low, medium, and high) and all the food items or groups used to
compute the final MD. In addition, the level of adherence to the MD was found to be in
association with being compliant with the Italian national recommended intake for fruit,
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vegetables, milk and yogurt, red meat, carbonated or sweet beverages, fish and seafood,
nuts, and pulses.

Table 1. Anthropometric variables, demographic and socioeconomic characteristics, health conditions, food-related habits,
adherence to the MD, consideration of the MD as a sustainable dietary model, and self-perceived adoption of a sustainable
diet in the last 3 months in the total sample, split by gender.

All
(n = 838)

Female
(n = 434)

Male
(n = 404)

p Value

Age range (years) 0.131 a

18–24 89 (10.6) 53 (12.2) 36 (8.9)
25–34 157 (18.7) 79 (18.2) 78 (19.3)
35–44 198 (23.6) 111 (25.6) 87 (21.5)
45–54 209 (24.9) 95 (21.9) 114 (28.2)
55–65 185 (22.1) 96 (22.1) 89 (22.0)

BMI (kg/m2) <0.001 a

<18.5 (underweight) 36 (4.3) 33 (7.6) 3 (0.7)
18.5–24.9 (normal weight) 497 (59.3) 284 (65.4) 213 (52.7)

25.0–29.9 (overweight) 230 (27.4) 82 (18.9) 148 (36.6)
≥30.0–34.9 (obesity) 75 (8.9) 26 (6.0) 31 (7.7)

Health conditions <0.001 a

Anemia, hypertension, or dyslipidemia 83 (9.9) 36 (8.3) 47 (11.6)
Food intolerance or allergies 138 (16.5) 70 (16.1) 68 (16.8)

Menopause, pregnancy, or breastfeeding 70 (8.4) 70 (16.1) -
None of the above 547 (65.3) 258 (59.4) 289 (71.5)

Geographical area of residence 0.683 a

Northwest 220 (26.3) 116 (26.7) 104 (25.7)
Northeast 168 (20.0) 86 (19.8) 82 (20.3)

Central 167 (19.9) 85 (19.6) 82 (20.3)
South 192 (22.9) 94 (21.7) 98 (24.3)

Islands 91 (10.9) 53 (12.2) 38 (9.4)

Size of residence (number of inhabitants) 0.300 a

<5000 148 (17.7) 80 (18.4) 68 (16.8)
5000–49,999 348 (41.5) 188 (43.3) 160 (39.6)

50,000–500,000 206 (24.6) 95 (21.9) 111 (27.5)
>500,000 136 (16.2) 71 (16.4) 65 (16.1)

Education level 0.151 a

Primary or lower secondary 62 (7.4) 26 (6.0) 36 (8.9)
Secondary 448 (53.5) 243 (56.0) 205 (50.7)
Tertiary * 328 (39.1) 165 (38.0) 163 (40.3)

Occupation <0.001 a

Full-time employee 441 (52.6) 167 (38.5) 274 (67.8)
Part-time employee 133 (15.9) 93 (21.4) 40 (9.9)

Unemployed 158 (18.9) 113 (26.0) 45 (11.1)
Retired 35 (4.2) 16 (3.7) 19 (4.7)
Student 71 (8.5) 45 (10.4) 26 (6.4)

Monthly household net income 0.005 a

≤EUR 1499 193 (23.0) 115 (26.5) 78 (19.3)
EUR 1500–2499 267 (31.9) 132 (30.4) 135 (33.4)
≥EUR 2500 294 (35.1) 131 (30.2) 163 (40.3)

Do not wish to tell or do not know 84 (10.0) 56 (12.9) 28 (6.9)

N. household members 0.084 a

1 76 (9.1) 33 (7.6) 43 (10.6)
2 182 (21.7) 106 (24.4) 76 (18.8)
3 267 (31.9) 129 (29.7) 138 (34.2)

>3 313 (37.4) 166 (38.2) 147 (36.4)
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Table 1. Cont.

All
(n = 838)

Female
(n = 434)

Male
(n = 404)

p Value

N. household members < 18 years 0.263 a

None 526 (62.8) 284 (65.4) 242 (59.9)
1 172 (20.5) 80 (18.4) 92 (22.8)
2 118 (14.1) 57 (13.1) 61 (15.1)
≥3 22 (2.6) 13 (3.0) 9 (2.2)

Responsibility of food purchases <0.001 a

Mainly responsible 601 (71.7) 347 (80.0) 254 (62.9)
Co-responsible 222 (26.5) 84 (19.4) 138 (34.2)

Little or not at all responsible 15 (1.8) 3 (0.7) 12 (3.0)

Responsibility in meal preparation <0.001 a

Mainly responsible 529 (63.1) 346 (79.7) 183 (45.3)
Co-responsible 262 (31.3) 78 (18.0) 184 (45.5)

Little or not at all responsible 47 (5.6) 10 (2.3) 37 (9.2)

Frequency of eating out <0.001 a

Never or seldom 129 (15.4) 83 (19.1) 46 (11.4)
<1 time/week 167 (19.9) 101 (23.3) 66 (16.3)
1 time/week 195 (23.3) 101 (23.3) 94 (23.3)

2–4 times/week 249 (29.7) 117 (27.0) 132 (23.7)
≥5 times/week 98 (11.7) 32 (7.4) 66 (16.3)

Taking part in SPGs or EAs 0.634 a

Yes 93 (11.1) 46 (10.6) 47 (11.6)
No 745 (88.9) 388 (89.4) 357 (88.4)

MD score (on a 0–9 scale) 4.0 (3.0–5.0) 4.0 (3.0–6.0) 3.0 (2.0–5.0) <0.001 b

Adherence to the Mediterranean Diet <0.001 a

Low 164 (19.6) 52 (12.0) 112 (27.7)
Medium 498 (59.4) 261 (60.1) 237 (58.7)

High 176 (21.0) 121 (27.9) 55 (13.6)

MD considered a sustainable dietary model 0.375 a

No 10 (1.2) 3 (0.7) 7 (1.7)
Maybe 410 (48.9) 212 (48.8) 198 (49.0)

Yes 418 (49.9) 219 (50.5) 199 (49.3)

Self-perceived adoption of a sustainable diet
within the last 3 months 0.317 a

No 175 (20.9) 85 (19.6) 90 (22.3)
Not much 526 (62.8) 283 (65.2) 243 (60.1)

Yes 137 (16.3) 66 (15.2) 71 (17.6)

Note: * including short cycle tertiary education. Data are expressed as a number (%) or as the median (IR). a Chi-square test. b Non-
parametric Mann–Whitney test for independent sample. EAs: environmental associations; SPGs: solidarity purchasing groups.

Irrespective of the level of adherence to the MD, the food frequency questionnaire pro-
vided a qualitative descriptive picture of respondents’ dietary habits (Supplementary Table S1).
More than half of the subjects indicated they ate one or less than one portion per day
of fruits (59%) or vegetables (69%). Similarly, 61% and 55% of respondents stated they
consumed less than one portion per day of wholegrain pasta or rice as well as bread or its
substitutes, respectively, with approximately 20% of the whole sample never or hardly ever
eating wholegrain products. More than 50% of people stated that they instead consumed
from 1 to 3 portions a week of red or white meat, while 9% consumed 4 or more portions of
red meat per week. Furthermore, 72% of the respondents consumed no more than 1 portion
per week of legumes.
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Table 2. Compliance with food consumption recommendations used to compute the MD score (MD) and following the
Italian guidelines (IT) for healthy eating for a standard dietary energy intake of 2000 kcal/day, according to the level of
adherence to the MD.

Ref.
Intake

Adherence to the MD

Low
(n = 164)

Medium
(n = 498)

High
(n = 176)

p Value

Wholegrains MD (≥1/d) 87 (53.0) 417 (83.7) 158 (89.8) <0.001
IT (n.a.) n.a. n.a. n.a.

Vegetables MD (≥2/d) 3 (1.8) 121 (24.3) 137 (77.8) <0.001
IT (≥2/d) 3 (1.8) 121 (24.3) 137 (77.8) <0.001

Fruit
MD (≥2/d) 8 (4.9) 188 (37.8) 150 (85.2) <0.001
IT (≥3/d) – 33 (6.6) 41 (23.3) <0.001

Milk and
yogurt

MD (n.a.) n.a. n.a. n.a.
IT (≥3/d) 1 (0.6) 8 (1.6) 8 (4.5) 0.021

Olive oil
MD (≥3/d) 1 (0.6) 46 (9.2) 64 (36.4) <0.001
IT (3–4/d) 1 (0.6) 41 (8.2) 54 (30.7) <0.001

Butter, margarine,
or cooking cream

MD (n.a.) n.a. n.a. n.a.
IT (<3/d) 163 (99.4) 488 (98.0) 170 (96.6) 0.187

Wine
MD (1–2/d, M; >0 < 1/d, F) 44 (26.8) 291 (58.4) 134 (76.1) <0.001
IT (never or hardly never) 81 (49.4) 236 (47.4) 88 (50.0) 0.800

Red meat or meat
products

MD (≤3/w) 125 (76.2) 461 (92.6) 173 (98.3) <0.001
IT (≤1/w) 53 (32.3) 183 (36.7) 94 (53.4) <0.001

White meat
MD (n.a.) n.a. n.a. n.a.

IT (1–3/w) 84 (51.2) 296 (59.4) 97 (55.1) 0.158

Carbonated or SSB
MD n.a. n.a. n.a.

IT (<1/w) 108 (65.9) 346 (69.5) 142 (80.7) 0.005

Sweets
MD n.a. n.a. n.a.

IT (<1/w) 103 (62.8) 295 (59.2) 112 (63.6) 0.501

Fish or seafood
MD (≥2/w) 4 (2.4) 155 (31.1) 115 (65.3) <0.001
IT (2–3/w) 3 (1.8) 146 (29.3) 104 (59.1) <0.001

Nuts
MD (≥2/w) 3 (1.8) 123 (24.7) 117 (66.5) <0.001
IT (2–3/w) 2 (1.2) 89 (17.9) 70 (39.8) <0.001

Pulses
MD (≥2/w) 7 (4.3) 120 (24.1) 111 (63.1) <0.001
IT (2–3/w) 7 (4.3) 112 (22.5) 96 (54.5) <0.001

Note: data are expressed as a number (%). The recommended food consumption frequency on a daily (d) or weekly (w) basis of the
reference serving(s) are shown in the second column. The reported national reference intake for fruit and milk or yogurt (≥3 instead of
3 servings/day), olive oil (3–4 instead of 3 servings/day) butter, margarine, or cooking cream (<3 instead of ≤3 servings/day), white meat
(1–3 instead of 2 servings/day), pulses (2–3 instead of 3 servings/week), and nuts (2–3 instead of 2 servings/week) have been slightly
adapted to equal the categorization of the food consumption frequency provided by the MD questionnaire. Chi-square test. Low = first
tertile; Medium = second tertile; High = third tertile; SSB: sugar-sweetened beverages.

3.3. Associations between Adherence to the MD and Anthropometric, Sociodemographic, and
Sustainability Perception of Diet Variables

Among the factors influencing the probability of having a high score of adherence
to the MD, being female, having a higher income and educational level, considering the
MD a sustainable dietary model, as well as perceiving having a sustainable diet were
the most relevant, as they were found to be statistically significant in the univariate and
multivariate regression analysis (Table 3). Other conditions such as being overweight
or obese and having no or little responsibility in food purchases or meal preparation
significantly decreased the probability of having a high adherence level to the MD only
when tested singularly in the univariate analysis, suggesting its being less incisive in
affecting this outcome. An opposite effect instead was found for pregnancy, breastfeeding,
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experiencing menopause, and living in a big city (n. of inhabitants > 500,000), which
positively influenced the adherence score, according to the same analysis.

Table 3. Logistic regression analysis for being in the third tertile of distribution of the adherence score to the MD (6-9 points)
by considering all the assessed variables alone (univariate analysis) or together (multivariate analysis).

Univariate Analysis Multivariate Analysis

Variables OR (95% CI) p Value OR (95% CI) p Value

Gender
Females -1- -1-
Males 0.408 (0.286–0.580) <0.001 0.366 (0.220–0.609) <0.001

Age (years)
18–24 -1- -1-
25–34 0.948 (0.479–1.873) 0.877 0.459 (0.164–1.287) 0.139
35–44 1.342 (0.711–2.532) 0.364 0.704 (0.251–1.979) 0.506
45–54 1.182 (0.625–2.234) 0.607 0.764 (0.275–2.123) 0.606
55–65 1.467 (0.776–2.772) 0.239 0.667 (0.222–2.002) 0.470

BMI (kg/m2)
<18.5 -1- -1-

18.5–24.9 0.623 (0.302–1.283) 0.199 0.693 (0.265–1.811) 0.454
25.0–29.9 0.383 (0.176–0.834) 0.016 0.632 (0.225–1.774) 0.383
≥30.0 0.273 (0.102–0.728) 0.010 0.647 (0.187–2.235) 0.491

Health conditions
Anemia, hypertension, or dyslipidemia 1.180 (0.663–2.100) 0.573 1.062 (0.503–2.242) 0.875

Food intolerance or allergies 1.498 (0.960–2.336) 0.075 1.558 (0.909–2.669) 0.106
Menopause, pregnancy, or breastfeeding 2.877 (1.696–4.880) <0.001 1.924 (0.916–4.042) 0.084

None of the above -1- -1-

Geographical area of residence
Northwest -1- -1-
Northeast 0.986 (0.608–1.599) 0.953 1.008 (0.537–1.893) 0.980

Central 0.925 (0.567–1.510) 0.756 0.840 (0.457–1.544) 0.574
South 0.918 (0.573–1.471) 0.723 1.109 (0.605–2.033) 0.738

Islands 0.689 (0.364–1.304) 0.252 0.635 (0.280–1.438) 0.276

Size of residence (number of inhabitants)
<5000 -1- -1-

5000–49,999 1.160 (0.705–1.911) 0.559 0.880 (0.471–1.643) 0.687
50,000–500,000 1.166 (0.677–2.009) 0.580 0.876 (0.439–1.749) 0.707

>500,000 1.955 (1.115–3.428) 0.019 1.622 (0.791–3.324) 0.187

Educational level
Primary or lower secondary -1- -1-

Secondary 2.946 (1.148–7.560) 0.025 3.098 (1.020–9.410) 0.046
Tertiary * or higher 3.617 (1.401–9.339) 0.008 3.072 (0.973–9.700) 0.056

Occupation
Full-time employee -1- -1-
Part-time employee 1.186 (0.753–1.867) 0.461 1.372 (0.737–2.551) 0.318

Unemployed 0.741 (0.462–1.187) 0.213 1.041 (0.514–2.107) 0.912
Retired 1.437 (0.667–3.097) 0.354 1.961 (0.706–5.451) 0.196
Student 0.589 (0.291–1.193) 0.142 0.599 (0.181–1.982) 0.401

Monthly household net income
≤EUR 1499 -1- -1-

EUR 1500–2499 1.705 (1.026–2.832) 0.039 1.950 (1.051–3.620) 0.034
≥EUR 2500 2.160 (1.324–3.527) 0.002 2.419 (1.225–4.777) 0.011

Number of household members
1 -1- -1-
2 1.195 (0.594–2.405) 0.618 0.890 (0.364–2.178) 0.798
3 1.623 (0.841–3.135) 0.149 1.880 (0.748–4.725) 0.180

>3 1.149 (0.594–2.224) 0.679 0.722 (0.261–1.995) 0.529
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Table 3. Cont.

Univariate Analysis Multivariate Analysis

Variables OR (95% CI) p Value OR (95% CI) p Value

Number of household members <18 years
None -1- -1-

1 1.179 (0.774–1.794) 0.443 0.576 (0.312–1.065) 0.079
2 1.417 (0.888–2.261) 0.144 1.789 (0.793–4.033) 0.161
≥3 1.559 (0.595–4.083) 0.366 1.970 (0.549–7.060) 0.298

Responsibility of food purchases #
Main responsible -1- -1-

Co-, little, or not at all responsible 0.495 (0.326–0.752) 0.001 0.905 (0.446–1.836) 0.781

Responsibility in food preparation
Main responsible -1- -1-
Co-responsible 0.516 (0.348–0.763) 0.001 0.875 (0.453–1.690) 0.690

Little or not at all responsible 0.201 (0.061–0.658) 0.008 0.748 (0.170–3.287) 0.700

Frequency of eating out
Never or seldom -1- -1-

<1 time/week 1.648 (0.897–3.029) 0.108 1.730 (0.815–3.674) 0.154
1 time/week 1.737 (0.963–3.133) 0.067 1.906 (0.903–4.022) 0.091

2–4 times/week 1.641 (0.927–2.907) 0.089 1.405 (0.649–3.039) 0.388
≥5 times/week 1.484 (0.743–2.965) 0.263 1.317 (0.534–3.252) 0.550

Taking part in SPGs or EAs
Yes -1- -1-
No 0.650 (0.399–1.057) 0.083 1.038 (0.557–1.936) 0.906

MD considered a sustainable dietary model #
No/maybe -1- -1-

Yes 2.617 (1.840–3.723) <0.001 2.293 (1.487–3.534) <0.001

Self-perceived adoption of a sustainable diet
No -1- -1-

Not much 3.388 (1.815–6.323) <0.001 2.162 (1.089–4.293) 0.028
Yes 10.275 (5.222–20.216) <0.001 7.667 (3.517–16.711) <0.001

Note: * including short cycle tertiary education. # The categories “No” and “Maybe”, as well as the categories “Co-responsible” and
“Little or not at all responsible” have been collapsed into one due to the lack of subjects in single categories or tertiles. EA: environmental
association; SPGs: solidarity purchasing groups.

4. Discussion

This cross-sectional study gives information on the adherence to the MD in a repre-
sentative sample of adults residing in Italy. Furthermore, this investigation sheds light on
the subjects’ evaluation of the Mediterranean dietary model as a sustainable diet based on
the FAO’s statement [33] and on whether the subjects perceived their dietary habits of the
last 3 months to be sustainable. These two variables have not been explored in relation to
the Mediterranean dietary model before, opening the way to further investigations on the
relationship between the adoption of a Mediterranean dietary pattern and its subjective
interpretation. In fact, to the best of our knowledge, this is the first time in which an
association between the adherence to the MD and its evaluation as a sustainable dietary
model, as well as between the adherence to the MD and the self-perception of dietary
habits as sustainable, has been assessed. Indeed, exploring both consumers’ diets and their
perceptions about food consumption is a valuable approach to define effective strategies
to opportunely shift dietary behavior in a desired direction. Specifically, the mechanism
able to explain the association between self-perceptions of the MD’s sustainability and
the adoption of a sustainable diet with the adherence to the MD can reasonably rely on
the consumers’ awareness of their own dietary behaviors, their knowledge of food and
environmental sustainability issues—concepts largely misunderstood by the general pop-
ulation [36]—and on the MD’s relevance in terms of sustainability. Nevertheless, further
research on the potential mechanisms involved in this association are needed. In our study,
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the MD has been scarcely recognized as a sustainable diet. Thus, given the growing focus
and interest on the need to adopt sustainable behaviors and a positive attitude toward
food sustainability [36,37], not considering the MD as a sustainable diet could limit the
adherence to the MD itself.

In general, a medium adherence to the MD was reported, in line with another recent
investigation on Italian adult populations [38]. Similar to what was found by Dinu et al. [38],
better adherence to the MD was found in females compared with males. In addition, our
results confirm the influence of the educational level, as less educated people showed lower
adherence. However, contrary to what was shown by Dinu et al. [38] and by Caparello
et al. [39], no associations were observed for age, nor between the compliance to the
Mediterranean dietary model and the geographical area of residence. Such discrepancies
with our results may reflect the lack of subjects’ representativeness based on the age and
geographical distribution of the participants in both of these studies. Our findings reflect
the effects of globalization, which has shaped the dietary habits of people living in the
Mediterranean Basin toward food consumption that traditionally has characterized non-
Mediterranean countries [40]. However, conflicting data on trends of adherence to the MD
have been reported. Indeed, while a cross-sectional investigation in South Italy, one of
the MD cradles, found a significant decrease in adherence to the MD from the 1980s to
the 2000s, mainly in younger groups [41], a study carried out with an adult population
living in the north of Italy did not report a significant change in MD adherence from 1991
to 2006 [42].

Socioeconomic status emerged as a factor impacting participants’ dietary habits. In-
deed, people declaring higher incomes and education showed better compliance to the
Mediterranean dietary pattern, contrary to those in the opposite conditions. Moreover,
having a higher income clearly increased the probability for respondents obtaining a higher
score of adherence to the MD. This data are confirmed by a recent previous work, which
found that a less advantageous socioeconomic status represents an obstacle to following
the MD [43]. Although it has been argued that, in principle, the weekly costs of the MD
and Italian household consumption do not differ significantly [24], other findings suggest
that greater adherence to the MD increases the monetary diet costs compared with less
adherence. In Italy, the Moli-sani study pointed out the role of economic constraints in
determining the low adherence to the MD in a period of economic crisis (2007–2010), with
greater detrimental effects in the elderly [44]. On the other hand, the role of education may
be explained by the influence of nutritional knowledge and awareness about the role of
diet in promoting healthy lifestyles, as higher education is generally linked to healthy food
consumption [45]. Similar to our results, a recent work carried out on Dutch adults found
that highly educated individuals followed better consumption patterns compared with less
educated ones [46].

According to the consumption frequency of single food groups, the majority of the
respondents were not compliant with national [32] and international [47] dietary recom-
mendations. Indeed, fruit and vegetable intakes were far below the suggested cut-offs
(i.e., ≥400 g or ≥5 portions per day). Considering protein-based foods of animal origin,
only approximately 30% of the respondents and about 2% among the subjects falling in
the low adherence to the MD group declared eating fish or sea food as suggested both
by the MD [31] and by the Italian nutritional guidelines [32] (i.e., ≥2 servings per week).
Furthermore, the consumption of red meat exceeded 3 portions per week (the cut-off
proposed by the Mediterranean dietary pattern) in a low proportion of subjects (<10%).
Nevertheless, a higher number of subjects was not compliant with the stricter Italian
guidelines, recommending one serving per week of fresh red meat and the occasional
consumption of processed or cured meat. The wider inclusion of instances related to
environmental sustainability in the national recommendations, being more plant-oriented,
explains the discrepancy between the two cut-offs. Our study suggests that among the
food components, the lowest level of compliance to the MD-based cut-offs can be observed
for olive oil followed by legumes and fish not only in the whole sample of respondents,
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but also in the highest MD category. This data are in line with previous works, which
reported a decrease in olive oil consumption over time [41], probably due to its limited
affordability [48].

This study suggests that some changes are needed in the dietary behaviors of Italian
adults in order to meet nutritional and environmental guidelines, as is also expressed by
the adherence to the MD. From this perspective, public interventions might be defined, for
instance, to increase consumers’ awareness of the environmental impact of food choices [49],
to nudge the consumer away from bad choices [50], or to modify the relative price of
healthy or unhealthy choices with fiscal measures [51,52]. However, as has been suggested
by several authors, the public decision-making process might be challenging given the
uncertainties regarding outcomes due to the non-linear processes, feedback loops, and
trade-offs that occur in food systems [53]. For instance, it has been shown that lowering
domestic demand at the European level for meat would affect the profitability of meat
production in the EU, in particular the European beef meat sector [54]. The complex
network of interdependencies among food systems and dietary behavior outcomes asks
for a multidisciplinary approach, requiring concerted efforts between disciplines.

To the best of our knowledge, this is the first study evaluating associations between
MD adherence, subjects’ awareness about MD sustainability, and self-perception about
their own dietary behavior. Other strengths of this work should be highlighted. First
of all, the study population is representative of the Italian adult population in terms of
gender, age, and geographical distribution. In addition, important information that may
impact food habits was collected (e.g., respondents’ BMIs, nationalities, education levels,
incomes, occupations, household sizes, degrees of responsibility for food purchasing and
meal preparation, habitual frequency of eating out, and any participation in solidarity pur-
chasing groups or environmental associations). Nevertheless, other potential determinants
of dietary habits (e.g., physical activity level and smoking habits) were not investigated.
Another limitation of this study is linked to the use of a self-administered online question-
naire, which is a very useful and economical tool but, at the same time, may lead to recall
bias and misclassification. In addition, some questions (e.g., the self-perception of the MD’s
sustainability and the adoption of a sustainable diet) have not specifically been tested for
validity, and this could represent a limitation for the soundness of the results in the present
study. On the other hand, the use of a validated questionnaire specifically designed to
collect information on adherence to the MD (main outcome) has been used. Furthermore,
the distribution of the sample according to certain categorical variables in some case led
to a very low number of subjects (e.g., respondents classified as having a little or lack of
responsibility in purchasing or preparing food), limiting the analysis reliability.

5. Conclusions

The present research appraised MD adherence in a representative sample of adults
residing in Italy, investigated the self-perception of adopting a sustainable diet, and ex-
pressed subjects’ levels of agreement for considering the MD as a sustainable dietary model.
Associations with anthropometric and sociodemographic variables revealed a series of
contributing factors to MD adherence, primarily BMI, education attainment, and income
level. Overall, the sample reported medium adherence to the MD, which is rooted in Italian
culture and a widely recognized model of dietary sustainability. The results suggest a grad-
ual shift away from this dietary pattern and support the need to address efforts for driving
dietary transition and developing intervention strategies tailored to a target population of
adults. There is a need to spark renewed interest in the general population in rediscovering
a traditional dietary model that can boast nutritional, environmental, and social sustainabil-
ity dimensions. Ensuring economic accessibility to food supplies should be the first public
health prevention strategy for improving diet quality and increasing adherence to the MD.
Furthermore, public campaigns should stress the link between diet and its environmental
impact to foster nutritionally adequate and eco-friendly dietary behaviors.
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Abstract: The Mediterranean Diet (MedDiet) is a healthy eating pattern associated with a better
quality of life among older adults and reduced risk of non-communicable diseases. Little is known
about the MedDiet in immigrant communities from countries in which the MedDiet is a settled
cultural heritage. Thus, we examined MedDiet adherence and perceived knowledge, benefits, and
barriers to the MedDiet in a Portuguese immigrant community in Turlock, California. A cross-
sectional study was conducted with 208 participants in Turlock and Livermore, California, which
was used as a reference population. Univariate, multivariable, and logistic regression models were
used for data analysis. Compared to the Livermore group, the Turlock group was younger and less
educated, but had a higher average MedDiet score and active adherence to a MedDiet (p < 0.001 for
both). In the Turlock group, convenience, sensory appeal, and health were observed to be significant
barriers to the MedDiet (p < 0.05), while health, weight loss, natural content, familiarity, price, sensory
appeal, and mood were significant benefit factors (p < 0.05). In conclusion, participants in Turlock
had greater MedDiet adherence despite lower education attainment. Furthermore, the perceived
benefits of the MedDiet were key factors in MedDiet perception and adherence in a Portuguese
immigrant community.

Keywords: Mediterranean diet; adherence; Portuguese immigrants; California

1. Introduction

Nutrition is thought to be a core element in ameliorating health conditions in a globally
aging society [1]. The Mediterranean Diet (MedDiet) has been widely reported as a model of
a healthy eating pattern for a better quality of life among older adults [2,3] and for reducing
the risk of the most prevalent non-communicable diseases associated with aging [4], such
as cardiovascular disease [5–7], cancer [8], metabolic syndrome [6], obesity [5,6], and
dementia [3]. The MedDiet is not universally defined because it is a dietary pattern from
a relatively heterogeneous group of countries bordering the Mediterranean Sea and also
within the countries themselves [6]. However, the traditional MedDiet is a plant-based diet
that is characterized by high consumption of fruits, non-refined cereals, vegetables, olive
oil, and nuts; a moderate amount of chicken and fish, and lower consumption of dairy,
red meat, and sugars; use of aromatic herbs; water as the primary beverage; and wine in
moderation [9].

Portugal is the most western country in southern Europe and is geographically not in
the Mediterranean basin. Still, the Mediterranean diet is a settled cultural heritage of the
Portuguese population and cuisine [10], with ancestral food-related influence from their
Mediterranean neighbors and specificities from surrounding migrants [11,12]. MedDiet
adherence in Portugal was similar to that of Spain for the period of 2004–2011 when
assessed from Food and Agriculture Organization Food Balance Sheets [13]. Like Italy,
Greece, and Spain, MedDiet adherence in Portugal was greatly reduced from 1961 to 1965
compared to 2004–2011 [13]. As observed in neighboring countries, regional differences
in adherence to the Mediterranean food pattern exist in Portugal. The regions of Algarve
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and Madeira have the highest MedDiet adherence, while Lisbon and Tejo valley and the
Azores have the lowest [14].

Portuguese immigration to the United States occurred in two major waves: the first
from 1890 to 1930 and the second from 1950 to 1990 [15]. Approximately 1.37 million
Portuguese Americans now live in the United States [16]. The majority of Portuguese im-
migrants were from the Azores [17] and settled primarily in Massachusetts and California,
mainly in the Central Valley [15,17,18]. The Azores region of Portugal has one of the least
educated populations in Portugal and is one of the poorest regions in Portugal [19,20].
Acculturation of Portuguese immigrants has been shown to be similar to that of Greek
immigrants, yet Portuguese immigrants have historically had lower educational attain-
ment and a slightly higher poverty rate [15]. Assessing this population’s adherence to the
MedDiet and the factors influencing these behaviors can provide meaningful insight from
a public health perspective.

The application of behavior change models to diet can assist in determining appro-
priate measures for nutrition assessment, intervention, and outcome evaluation as well as
the adoption of healthy behaviors and diets [21]. The transtheoretical model of behavior
change focuses on behavior change being a dynamic process occurring in the following
stages and processes of change (unaware, unengaged, deciding, decided no, decided yes,
action, and maintenance) [22]. An individual’s stage of change is influenced by beliefs,
experiences, prior knowledge, and perceived benefits and barriers towards their behavioral
change [23,24]. Perceived benefits and barriers towards adopting a dietary approach can
be strong predictors of an individual’s food choice and the individual’s willingness to alter
or adjust their current lifestyle [25].

Even though MedDiet adherence has previously been assessed in populations living
throughout the world [2], including elderly Portuguese [26] and the United States [27–31],
few studies have examined MedDiet adherence in communities with immigrants from
countries in which the MedDiet is a settled cultural heritage. The current study aimed to
assess MedDiet adherence and its associated factors in a Portuguese immigrant community
in the Central Valley of California, USA.

2. Materials and Methods

2.1. Study Setting

The present study was conducted at two locations in Central California. Livermore,
with a population of 90,189 [17] located in Alameda County, is the easternmost city in the
San Francisco Bay Area and is considered a gateway community to the Central Valley. Liv-
ermore is a science and technology center that contains the Lawrence Livermore National
Laboratory and Sandia National Laboratories and has a median household income of USD
116,942 [32]. In Livermore, 77.2% of the population is white, 1.8% African American, 11.1%
Asian, and 20.2% Hispanic or Latino, 0.2% American Indian and Alaska Native [17]; 51.1%
of the population is female [17]; 12.9% of the population is 65 years old and over, while
23.5% are under the age of 18; and 41.8% of the population holds a bachelor’s degree or
higher [17]. According to the United States Census American Community Survey, the top
three reported ancestries reported in Livermore city are German, Irish, and English [33].

With a population of 73,631, Turlock is the second largest town in Stanislaus County,
located in the rural San Joaquin Valley region of the Central Valley [32]. Turlock has a
median household income of USD 56,639 [32]. Turlock contains one public university,
California State University Stanislaus [18]. In Turlock, 76.8% of the population is white,
2.4% African American, 5.6% Asian, 37.1% Hispanic or Latino, 0.7% American Indian
and Alaska Native [18]; 51.9% of the population is female; 13.0% of the population is 65
years old and over, while 26.8% are under the age of 18; and 24.5% of the population
holds a bachelor’s degree or higher and 81.1% hold a high school education or higher [18].
According to the United States Census American Community Survey, the top three reported
ancestries reported in Turlock city are German, Portuguese, and English [33].
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2.2. Survey Instrument

A previously validated survey instrument was used to assess MedDiet adherence,
participants’ stage of change, barriers, and benefits towards adopting the MedDiet and
demographic variables [29]. Participants’ MedDiet adherence was assessed using a vali-
dated [34] 14-question Mediterranean Diet Adherence Screener (MEDAS) that has been
used to evaluate MedDiet adherence in Europe, including Portugal, and throughout the
world [27,35–37]. Additionally, three questions were asked to assess participants’ readiness
to adopt a MedDiet using the Precaution Adoption Process Model (stages of change).
Perceived barriers (18 questions; knowledge, convenience, sensory appeal, and health) and
benefits (26 questions; knowledge, weight loss, ethical concerns, natural content, familiarity,
price, sensory appeal, and mood) to the MedDiet were measured using a five-point Likert
scale. Seven demographic and anthropometric questions determining the age, sex, eth-
nicity, height, weight, level of education, and previous nutrition education or knowledge
were assessed. Body Mass Index (BMI) was calculated by dividing weight in kilograms
(kg) by height in meter (m) squared. All survey questions were self-reported. The survey
instrument was translated from English to Portuguese by a Portuguese language teacher
and was back-translated from Portuguese to English by three native Portuguese speakers.

2.3. Survey Distribution

This study was approved by the Auburn University Institutional Review Board prior
to distributing the surveys, which included language for inferred consent. Convenience
sampling was used to obtain completed surveys from shoppers of Save Mart Supermarket
stores in both Livermore and Turlock, California, from 14 October 2019 to 1 January 2020.
Both Livermore and Turlock Save Mart Supermarket stores were open seven days a week,
but only allowed sampling and data collection on Mondays and Saturdays. All Save
Mart Supermarket Corporation rules and regulations for outside vendors were followed.
Participants were not compensated for completing the survey instrument. All adults at
least 45 years old in Livermore and Turlock were eligible for the study. Participants were
provided the option of completing the survey in Portuguese. Approximately 37% of the
participants residing in Turlock completed the survey in Portuguese. Two hundred and
eleven participants completed surveys. Three surveys were excluded because participants
did not answer all questions or did not meet the age requirement to participate in the
study. The remaining 208 responses were a priori divided into two groups based on the
geographical location of survey collection in California: Turlock (n = 125) and Livermore (n
= 83).

2.4. Statistical Analyses

All data analyses were conducted with RStudio and the Rx64 3.6.0 software environ-
ment (RStudio, PBC, Boston, MA, USA). A crude (unadjusted) and multivariable backward
stepwise linear regression analysis was used to assess the differences in total MedDiet
adherence scores between the groups. Regression coefficient p values and main effect p
values calculated using a type III Sum of Squares test were reported. A multivariate linear
model was used to determine barriers and benefit question scores in the groups: the crude
model was unadjusted and the adjusted model included all demographic variables. A
backward stepwise elimination logistic regression was performed to identify the predictors
of the stage of change with the demographic variables. Inclusion and retention criteria in
the logistic regression model were set at p-value cutoff points of 0.25 and 0.10, respectively.
A significance level of 0.05 was established.

3. Results

3.1. Demographic Assessment

We examined whether there were demographic differences between participants in
the Turlock and Livermore groups. As shown in Table 1, significant differences (p < 0.05) in
age, ethnicity, and education were observed between the participants in Turlock compared
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to Livermore. The Turlock group had a lower percentage of older adults (>65 years old),
a greater percentage of participants in the ‘other ethnic group’ category, and a lower
percentage of participants with associate’s, bachelor’s, and master’s/profession degrees.
There were no statistical differences between groups for sex, BMI, and health-related
qualifications.

Table 1. Demographics of participants in Turlock and Livermore.

Turlock †

(n = 125)
Livermore †

(n = 83)

n % n % p-Value
Sex * 0.724
Male 51 41 31 38
Female 74 59 52 62
Age * 0.004
45–54 17 13 5 6
55–64 54 43 21 26
65–74 39 31 34 41
>75 16 12 22 27
Ethnicity * 0.010
White 104 83 60 74
Black 5 4 4 5
Chinese 0 0 9 9
Asian-other 0 0 1 1
Other ethnic group 17 13 9 11
Education * <0.001
High School or lower 61 61.8 27 26.8
GED 10 11.4 4 3.7
Technical or trade certificate 6 5.7 9 8.5
Associate’s degree 6 5.7 24 24.4
Bachelor’s degree 8 7.3 27 26.8
Master’s or professional degree 10 8.1 9 9.8
BMI * 0.166
Underweight 1 0 2 2.4
Normal weight 39 31.7 27 40.2
Overweight 57 43.1 26 24.4
Obese 29 25.2 27 32.9
Qualification * 0.321
Health or nutrition related qualifications 3 1.6 5 6.1
No health or nutrition related qualifications 123 98.4 77 93.9

* Significance across score categories by Pearson’s chi-squared test; bold font indicates p < 0.05; † Turlock, California and Livermore,
California. Demographic categories are indicated using grey background.

3.2. Mediterranean Diet Adherence

The total (MEDAS) score was analyzed using a crude and multivariable backward
stepwise linear regression model adjusting for the demographic variables of sex and age.
We observed an increase in the MEDAS scores in the Turlock group in comparison to the
Livermore group in both the crude and adjusted models (Table 2). For each point increase
in the MEDAS score in the Livermore group, an increase of 0.85 +/− 0.26 points (p = 0.001)
was observed in the Turlock group in the crude model and 0.81 +/− 0.30 points (p = 0.002)
in the adjusted model. When evaluating both demographic variables and MEDAS score,
the MEDAS score was 0.55 +/− 0.25 points lower in males than females and 5.48 +/− 1.79
points higher in respondents older than 75. The demographic variables of education, BMI,
or nutrition qualifications were not significant and did not improve the parsimoniousness
of the lineal model.
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Table 2. Multivariable linear regression analysis assessing Mediterranean diet adherence between
groups adjusted for demographic categories, stages of change, barriers, and benefits. Linear regres-
sion analysis using a crude and multivariable backward stepwise model to assess Mediterranean diet
adherence in the Turlock group.

Main Effects
β SE p-Value * p-Value ‡

Crude Model
Group Livermore Ref †

Turlock 0.85 0.26 0.001
Backward Stepwise Model
Group 0.002

Livermore Ref †

Turlock 0.81 0.30 0.002
Sex 0.030

Female Ref †

Male −0.55 0.25 0.030
Age 0.043

45–54 Ref †

55–64 0.14 0.34 0.737
65–74 −0.05 0.43 0.901
>75 5.48 1.79 0.002

† Ref, reference group; * regression coefficient p value; ‡ Main effects were assessed by ANOVA using a type III
Sum of Squares method; p values < 0.05 are indicated in bold font. Variable categories are indicated using grey
background.

3.3. Barriers to Consuming a MedDiet in Turlock

Cronbach’s alpha was calculated to assess the internal consistency of 18 questions
sorted into four factors: knowledge, convenience, sensory appeal, and health. As shown in
Table 3, The Knowledge barrier had a Cronbach’s alpha = 0.43, which is below the 0.60 to
0.70 that is considered acceptable or adequate for assessing the internal consistency [38].
We did not remove questions to improve the reliability of the Knowledge barrier. The
Convenience (Cronbach’s alpha = 0.76), Sensory Appeal (Cronbach’s alpha = 0.75), and
Health barriers (Cronbach’s alpha = 0.87) were internally valid. We used both an unadjusted
(crude) and an adjusted linear regression model for sex, age, ethnicity, education, and BMI
to assess knowledge, convenience, sensory appeal, and health barriers in the Turlock group
compared to the Livermore group. Convenience (β = 1.12, SE = 0.50, p = 0.027), Sensory
Appeal (β = 0.69, SE = 0.33, p = 0.041), and Health (β = 0.39, SE = 0.13, p = 0.003) were
observed to be significant barriers to the MedDiet in the Turlock group (Table 3).

3.4. Benefits to Consuming a MedDiet in Turlock

Health, Weight Loss, Ethical Concerns, Natural Content, Familiarity, Price, Sensory
Appeal, and Mood factors were used to assess the perceived benefits of adopting a MedDiet
among survey participants. All eight barrier factors were internally valid (Health = 0.93;
Weight Loss = 0.63; Ethical Concerns = 0.89; Natural Content 0.61; Familiarity = 0.80;
Price = 0.91; Sensory Appeal = 0.79; Mood = 0.93). Similar to the assessment of barriers,
we used both unadjusted and adjusted linear regression models for sex, age, ethnicity,
education, and BMI to assess the benefits from adopting a MedDiet in the Turlock group
using the Livermore group as a reference (Table 4). The Turlock group perceived the
MedDiet to have more health benefits in the adjusted model (Health: β = 3.72, SE = 0.98,
p = <0.001), and this association remained consistent in the crude model. Additionally,
Familiarity (Familiarity: β = 0.99, SE 0.26, p = <0.001) was perceived to be a benefit in the
Turlock group in both regression models. All benefit factors, except ethical concerns in the
adjusted models, were significant (p < 0.05) across the three models in the Turlock group
compared to the Livermore group.

105



Nutrients 2021, 13, 1989

Table 3. Crude and adjusted linear analysis of perceived MD barriers.

Crude † Adjusted ††

Barrier β SE p-Value β SE p-Value

Knowledge (n = 4) ‡ (Cronbach’s Alpha = 0.43)
Livermore ∇ Ref Ref
Turlock 0.49 0.37 0.187 0.75 0.43 0.086
Convenience (n = 4) (Cronbach’s Alpha = 0.76)
Livermore Ref Ref
Turlock 1.38 0.44 0.001 1.12 0.50 0.027
Sensory Appeal (n = 3) (Cronbach’s Alpha = 0.75)
Livermore Ref Ref
Turlock 0.87 0.30 0.004 0.69 0.33 0.041
Health (n = 4) (Cronbach’s Alpha = 0.87)
Livermore Ref Ref
Turlock 0.59 0.40 0.147 0.39 0.13 0.003

‡ Number of questions in each factor; * p values < 0.05 from type III Sum of Squares method are indicated in bold font; † Crude linear model;
†† Adjusted linear model for sex, age, ethnicity, education, and BMI; ∇ Livermore was used as the reference (Ref) group in the linear model.

Table 4. Crude and adjusted linear analysis of perceived MD benefits.

Crude † Adjusted ††

Benefits β SE p-Value * β SE p-Value *

Health (n = 10) ‡ (Cronbach’s Alpha = 0.93)
Livermore∇ Ref Ref
Turlock 3.89 0.84 <0.001 3.72 0.98 <0.001
Weight Loss (n = 2) (Cronbach’s Alpha = 0.63)
Livermore Ref Ref
Turlock 0.78 0.19 <0.001 0.74 0.22 0.001
Ethical (n = 2) (Cronbach’s Alpha = 0.89)
Livermore Ref Ref
Turlock 0.30 0.13 0.018 0.20 0.34 0.560
Natural Content (n = 2) (Cronbach’s Alpha = 0.61)
Livermore Ref Ref
Turlock 0.57 0.18 0.001 0.66 0.20 0.001
Familiarity (n = 2) (Cronbach’s Alpha= 0.80)
Livermore Ref Ref
Turlock 0.98 0.21 <0.001 0.99 0.26 <0.001
Price (n = 2) (Cronbach’s Alpha = 0.91)
Livermore Ref Ref
Turlock 0.56 0.22 0.013 0.58 0.26 0.037
Sensory Appeal (n = 2) (Cronbach’s Alpha = 0.79)
Livermore Ref Ref
Turlock 0.53 0.22 0.017 0.56 0.26 0.041
Mood (n = 3) (Cronbach’s Alpha = 0.93)
Livermore Ref Ref
Turlock 1.11 0.34 0.002 1.01 0.42 0.017

‡ Number of questions in each factor; * p values < 0.05 from type III Sum of Squares method are indicated in bold font; † Crude linear model;
†† Adjusted linear model for sex, age, ethnicity, education, and BMI; ∇ Livermore was used as the reference (Ref) group in the linear model.

3.5. Stages of Change and Demographic Influences

The distribution of participants across stages of change between the Turlock and
Livermore groups was significantly different (p < 0.001) (Table 5). More participants
in the Action/Maintenance category were observed in the Turlock group. In contrast,
the Livermore group had more participants in the Unaware/Unengaged, Deciding, and
Decided No category than the Turlock group (p < 0.001) (Table 5).

We performed logistic regression to examine the effect of demographic variables on
the likelihood of being in each stage of change towards adopting the MedDiet in the whole
cohort (Table 6). Participants were significantly less likely to be in the Unengaged/Unaware
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stage if they were from the Turlock cohort (OR = 0.23, 95% CI: 0.11–0.45, p = <0.001).
Additionally, participants who had a master’s or professional degree were shown to be
less likely to be in the Unaware/Unengaged stage of change (OR = 0.20, 95% CI: 0.05–0.63,
p < 0.01). Participants categorized as Black (OR = 9.27, 95% CI: 1.50–180, p = <0.05)
were significantly more likely to be in the Unaware/Unengaged stage. In regard to the
Deciding and Deciding Yes groups, no significant associations were observed. In contrast,
participants with a GED education were more likely to be in the Deciding No stage of
change (OR = 9.36, 95% CI: 1.13–65.3, p <0.05). Lastly, the Turlock cohort was significantly
more likely to be in the Action/Maintenance group (OR = 17.7, 95% CI: 6.46–64.6). However,
participants who are classified as having a master’s or professional degree (OR = 5.59,
95% CI: 1.71–21.0) were more likely to be in the Action/Maintenance group.

Table 5. Percent of participants in the Livermore and Turlock groups by stage of change.

Stages of Change Livermore Turlock

Unaware/Unengaged 67.1 37.4
Deciding 17.0 4.9
Decided No 6.1 0.8
Decided Yes * 4.9 6.5
Action/Maintenance * 4.9 49.6

* Significance across score categories by Pearson’s chi-squared test (p < 0.05).

Table 6. Backward stepwise elimination logistic regression of stage of change by demographic factors.

Stages of Change

Unaware/Unengaged Deciding Decided Yes Decided No Action/Maintenance

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Group
Turlock 0.23 (0.11–0.45) *** 0.17 (0.20–0.88) 17.7 (6.46–64.6) ***
Sex
Female - 1.55 (0.45–0.99) - - -
Age
55–64 0.55 (0.25–1.20) - - - -
65–74 0.54 (0.25–1.18) 1.59 (0.68–3.64) - - -
>75 - - - - -
Ethnicity
Black 9.27 (1.50–180)* - - - -
Chinese - - - - -
Asian 3.06 (0.58–23.7) - - - -
Other - - - - -
Education
GED - - - 9.36 (1.13–65.3) * -
Certificate - - - - -
Associate’s - 0.40 (0.06–1.50) - - -
Bachelor’s 0.42 (0.16–1.04) - - - -
Master’s or
professional 0.20 (0.05–0.63) ** 0.34 (0.02–1.80) - - 5.59 (1.71–21.0) **

BMI
Underweight - - - - -
Overweight - - - - -
Obese - - - - -

* p-value <0.05; ** p-value <0.01; *** p-value <0.001; - Not applicable.

4. Discussion

MedDiet adherence and related factors affecting adherence have not previously been
studied among Portuguese immigrants in the United States. Therefore, we used a recently
developed survey instrument to assess participants’ MedDiet adherence, the participants’
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stage of change towards incorporating the MedDiet in their lifestyle, and perceived benefits
and barriers to consuming a MedDiet [29]. To ensure the inclusion of Portuguese adult
immigrants in the Turlock group, we surveyed adults older than 45 years old at the local
Save Mart store in Turlock and provided the participants the opportunity to complete
the survey in Portuguese. Indeed, 37% of the Turlock participants preferred to take the
survey in Portuguese, while none of the participants identified as Portuguese in Livermore.
The population in the present study had a greater percentage of female respondents than
reported in the Livermore and Turlock communities [17]. In contrast, the Livermore
population in the present study had comparable ethnicity and education demographics
compared to those in the Livermore community [17]. In the Turlock population in the
present study, comparable ethnicity but not education (less participants in the study with
holding a bachelor’s degree) to that in the Turlock community [17] was observed.

We found that the Turlock group had higher adherence to the MedDiet as assessed by
the MEDAS score compared to the Livermore group. Similarly, a higher percentage of par-
ticipants in the Turlock group were in the Action/Maintenance stage of change compared
to the Livermore group. This result was surprising given that the majority of respondents
in the Turlock group had a high school education or lower and that educational level has
been shown to be negatively associated with MedDiet adherence in studies performed in
the United States [29] and countries bordering the Mediterranean Sea [39,40]. In contrast,
our results are consistent with a study in Portugal where Portuguese households from
lower social classes had greater adherence to the Mediterranean food pattern compared to
participants at higher social levels [14]. Our findings of higher MedDiet adherence scores in
Turlock could be due to the “Healthy Immigrant Effect” where immigrants are, on average,
healthier than native-born participants in a given population [41]. Whether diet knowledge,
diet decision making, or the ability of immigrant families to overcome diet barriers are
factors [42] contributing to greater adherence to the MedDiet in the Turlock group requires
formal examination. Even though Turlock participants were significantly more likely to be
in the Action/Maintenance stage of change, we did observe that approximately one-third
of participants in Turlock were in the Unaware/Unengaged stage of change. Whether
exposure to dietary acculturation, lack of interaction with family or support groups, length
of years spent in the United States, immigration status (first vs. second-generation immi-
grant), or other social/environmental factors that influence acculturation [42,43] explain
our findings with Turlock participants in the Unaware/Unengaged stage of change requires
further investigation.

The perceived benefit of Familiarity and perceived barriers of Convenience and Sen-
sory Appeal scores in the Turlock group were significantly higher than those in the Liver-
more group. The difference in Familiarity may be due to the Turlock participants’ knowl-
edge of the Portuguese cultural cuisine (high fish, fruit, and cheese consumption, moderate
wine consumption, and low processed food consumption [44]) which are aligned with most
of the dietary components of the MedDiet [45,46], while the differences in Convenience and
Sensory Appeal scores in the Turlock group may be due to an inability to obtain culturally
familiar and fresh food in an impoverished rural region of California. Our findings are
consistent with a prior study in Israel examining Ethiopian immigrants’ perceived benefits
of diet and sensory responses while attempting to maintain current dietary patterns, which
found that immigrants’ choices are both guided through convenience and familiarity [47].
Sensory appeal and convenience have also been found to be significant factors related to
the unwillingness of patients with nonalcoholic fatty liver disease in a Northern European
community to adjust their diet patterns to a Mediterranean diet [48].

A surprising result in perceived benefits was that weight loss was seen as more of a
benefit in the Turlock group rather than the Livermore group. This result is not consistent
with prior findings that weight loss as a perceived benefit was observed in participants
with low MedDiet adherence [29]. Whether our current findings on perceived weight
loss are specific for immigrants from countries where the Mediterranean diet is a settled
cultural heritage will require future studies. Our findings that participants with a Master’s
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or Professional Degree were over five times more likely to be in the Action/Maintenance
stage and had a lower OR of being in the Unaware/Unengaged stage and that participants
were nine times more likely to be in the Decided No category if the participant had a GED
are consistent with previous studies showing a strong correlation between education level
and MedDiet adherence [27,29,49–51].

While we took a systematic approach using validated questionnaires to conduct this
study, several limitations are acknowledged. We recruited a convenience sample from one
Portuguese immigrant population and one reference city; thus, in addition to our relatively
small sample size, additional studies with larger Portuguese immigrant populations in
other geographic locations are needed to confirm our findings. Similarly, our sample was
restricted to adults aged 50 years and older; therefore, the results cannot be applied to
the general adult population. Another possible limitation is that the self-reported data in
our study, which include weight, height, and dietary assessment, may not reflect actual
values. Lastly, we did not formally test the association between immigrant status and high
MedDiet adherence in immigrant groups in the United States.

5. Conclusions

The present study identifies a significant increase in MedDiet scores between par-
ticipants in Turlock and participants in Livermore, which was consistent with a greater
proportion of Turlock participants in the Action/Maintenance stage of change. Although
high educational levels are strongly associated with higher adherence to the MedDiet, the
Turlock group had lower education attainment than the Livermore group, yet had greater
MedDiet adherence. Importantly, the benefits of health, weight loss, natural content, famil-
iarity, price, sensory appeal, and mood are key factors in the perception of the MedDiet in
the Turlock group. In contrast, convenience, sensory appeal, and health were observed to
be significant barriers to the MedDiet in the Turlock group.
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Abstract: Our aim was to evaluate adherence to the Mediterranean diet (MedDiet) among children
and adolescents with type 1 diabetes (T1D) in relation to metabolic control. Adherence to the MedDiet
was assessed with the Mediterranean Diet Quality Index (KIDMED) questionnaire and physical
activity by the International Physical Activity Questionnaire for Adolescent (IPAQ-A) on 65 subjects
(32 males, 9–18 years) with T1D. Clinical and metabolic evaluation was performed (standardized
body mass index (BMI-SDS), hemoglobin A1C (HbA1c), continuous glucose monitoring metrics
when present, blood pressure, lipid profile). Parental characteristics (age, body mass index (BMI),
socio-economic status) were reported. The adherence to the MedDiet was poor in 12.3%, average
in 58.6%, and high in 29.1% of the subjects. Furthermore, 23.4% of patients were overweight/obese.
The most impacting factors on BMI-SDS were skipping breakfast and their father’s BMI. HbA1c and
time in range % were positively associated with sweets and fish intake, respectively. Additionally,
the father’s socio-economic status (SES) and mother’s age were associated with glucose control.
Blood pressure was associated with travelling to school in vehicles, extra-virgin olive oil intake
and milk/dairy consumption at breakfast. The promotion of the MedDiet, mainly having a healthy
breakfast, is a good strategy to include in the management of T1D to improve glucose and metabolic
control. This research is valuable for parents to obtain the best results for their children with T1D.

Keywords: diabetes; Mediterranean diet; pediatrics; food; nutrition; glucose; weight; blood pressure

1. Introduction

Type 1 diabetes (T1D) is an autoimmune disease that is rapidly increasing world-
wide [1]. It is also one of the most common chronic diseases in childhood with an estimated
prevalence of 1.1 million children and adolescents affected [2]. As well as insulin treatment,
a crucial part of T1D patient therapy [3–5], another treatment is medical nutritional therapy
(MNT). Its role is known in the management of type 2 diabetes, but it is also essential for
T1D because of the need to adapt insulin therapy to nutrient intake, ensuring satisfactory
glucose control [3,5,6]. Increased nutritional awareness of patients and their families is asso-
ciated with better glucose control and the high quality of the diet in young people [7]. MNT
assigned by a dietitian or a registered nutritionist is associated with a 1.0–1.9% decrease in
Hba1c for people with T1D [8].

MNT includes recommendations for healthy eating patterns since patients with T1D
are at high cardiovascular risk. The 2018 International Society for Pediatric and Adolescent
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Diabetes (ISPAD) Guidelines recommend as proper nutrition habits for diabetes in children,
a diet that allows for optimal growth, ideal weight maintenance and the prevention of
acute and chronic complications of diabetes mellitus. The approximate energy intake and
the essential nutrients should be distributed as follows: carbohydrates 45–55%, fats 30–35%
and proteins 15–20% [5]. The bromatological composition is in line with that of the Mediter-
ranean diet (MedDiet). In addition, there is evidence that low-carbohydrate diets can be
nutritionally inadequate and may increase the risk of hypoglycemia [9]. Eating patterns
like the MedDiet (based on wholegrain cereals, monounsaturated fats, plant-based food,
reduced intake of red and processed meats) were suggested to be beneficial for long-term
health, reducing cardiovascular risk [3,10]. The relationship between the MedDiet and
diabetes mellitus has been widely studied, specifically related to type 2 diabetes mellitus
(T2D) in adults, documenting beneficial effects in patients in terms of glucose control and
primary and secondary prevention [11,12]. Several observational and some interventional
studies demonstrated beneficial effects of the MedDiet on glucose homeostasis in individ-
uals with T2D or metabolic syndrome. In a cross-sectional study involving 901 patients
with T2D, the largest degree of adherence to the MedDiet was associated with low levels of
hemoglobin A1C (HbA1c) and better post-prandial blood glucose control [13]. In addition
to T2D, a multicenter observational study of 1076 pregnant women from ten Mediterranean
countries, supported a reverse association between adherence to the MedDiet and the
likelihood of gestational diabetes mellitus [14].

Data on nutritional habits in youths with T1D are scarce. Few studies have evaluated
the effectiveness of the MedDiet in improving glucose control and the lipid profile. The
main studies regarding T1D involved adult subjects. Observational data of the collabora-
tion of European Childhood Diabetes Registers (EURODIAB) Prospective Complications
Study examined the effects of saturated fatty acid (SFA) and dietary fibers on the onset of
cardiovascular disease, showing an inverse correlation between fiber intake and cardio-
vascular risk in these patients [15]. Furthermore, the SEARCH Nutrition Ancillary Study
confirmed that high adherence to the MedDiet was associated, overtime, with low levels of
HbA1c and lipids in US youths [16]. These findings agree with an intervention study on a
structured education about the MedDiet conducted in Italy by our group on adolescents
with T1D [10]. The adherence to the MedDiet seemed more favorable than that to the
Dietary Approaches to Stop Hypertension (DASH) diet since its impact was demonstrated
only in a cross-sectional study [16,17].

In the context of the limited reported data, the purpose of this study was to assess the
nutritional habits and physical activity in a group of multi-ethnic youths with T1D in North
of Italy, surveyed in relation to their adherence to the MedDiet and metabolic parameters.

2. Subjects and Methods

2.1. Population and Clinical Parameters

The subjects were 65 consecutive youths aged between 9 and 18 years old recruited
from outpatients attending the Division of Pediatrics of our Hospital between 2018 and 2021.
The study was approved by the Ethical Committee of Novara (protocol number 143/17) and
conformed to the guidelines of the European Convention of Human Rights and Biomedicine
for Research in Children. Patients were diagnosed with T1D according to the American
Diabetes Association (ADA) criteria [3]. We included multi-ethnic subjects with a T1D
diagnosis between 2002 and 2020 and a time from the onset of at least six months. Any
HbA1c levels, insulin treatment (continuous insulin or multiple daily injections) and body
mass index (BMI) were considered. Inability to understand the Italian language or difficult
engagement with the cultural mediator was the only exclusion criteria. Weight, height
and blood pressure (BP) were measured by the medical staff. The BMI and BMI z-score
were calculated. Weight was measured to the nearest 100 g by using an electronic scale,
and height by a Harpenden stadiometer to the nearest mm. BMI was calculated as the
ratio between weight (kg) and squared height (m2). Normal weight, overweight and
obesity were classified according to the International Obesity Task Force (IOTF) growth
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charts [18]. Blood pressure was evaluated as suggested by the National High Blood Pressure
Educational Program (NHBPEP) Working Group of the American Academy of Pediatrics
(AAP) [19]. Socio-economic status (SES) was assessed on the educational level of both
parents and the type of work, classified as low, medium and high SES.

2.2. Dietary and Physical Activity Assessment

Adherence to the MedDiet was evaluated using the validated Italian version of the
Mediterranean Diet Quality Index (KIDMED) score (Supplementary Table S1), which is
composed of 16 dichotomous (positive/negative) items on eating habits [20]. The test
is divided into four questions with negative connotations (−1) and twelve questions
evaluated with a positive score (+1). A total score was calculated, ranging from 4 to 12.
The assessment of the test was interpreted according to the following classification: low
adherence (total score ≤ 3), average adherence (total score between 4 and 7), high adherence
(total score ≥ 8). Items and scores are reported in Supplementary Table S1. The Italian
version of the International Physical Activity Questionnaire for Adolescents (IPAQ-A) was
used to assess the level of physical activity. It consists of four domains of physical activity
reflecting on the activities of the previous seven days: school-related physical activity
(including activities during physical education lessons and breaks), transport, housework
and leisure physical activity [21]. The level of physical activity was measured by the
Metabolic Equivalent of Task (MET). Both questionnaires were completed with a driven
interview conducted by researchers who also collected anthropometric and social data of
parents/caregivers.

2.3. Biochemical Evaluation and Glucose Monitoring Parameters

We collected biochemical data and glucose monitoring parameters of the routine
clinical care. After overnight fasting, high-density lipoprotein (HDL), low-density lipopro-
tein(LDL), triglycerides, total cholesterol, glucose and HbA1c levels were measured. Daily
insulin demand was calculated as both total IU/day and per kg/day. In 31 patients, ad-
ditional values from a continuous glucose monitoring device (CGM) were also available.
Outcomes of CGM were extracted, including average blood glucose (mg/dL) and stan-
dard deviation (SD), time in range (TIR) of optimal target (70–180 mg/dL) and variability
classified as low (<70 mg/dL) and very low (<54 mg/dL), high (>180 mg/dL) and very
high (>250 mg/dL). We considered as glucose imbalance Hba1c more than 8.5% and TIR
lower than 70%, two validated cut-offs that represented approximately one-third of each
group [22].

2.4. Statistical Analysis

All analyses were performed using the Statistical Package for the Social Sciences,
Version 26.0 (SPSS Inc., Chicago, IL, USA). Descriptive characteristics were presented for
each gender and full sample. After verification of the normal distribution of continuous
variables through the Shapiro–Wilks test and PP plot (probability–probability plot), de-
scriptive characteristics were shown as the mean + standard deviation, while qualitative
variables were presented as frequencies or medians. The chi-squared test, the t-test for inde-
pendent variables (means) and Mann–Whitney U-test (medians) were performed to study
differences between genders and p-value was assessed for all tests. Correlation analysis
followed the assumptions of Pearson r (parametric data) or Spearman’s ρ (non-parametric
data) depending on the characteristics of the correlated variables. Statistically significant
correlations were expressed as r/ρ and p-value < 0.05 or < 0.01. Regression analysis of
quantitative continuous dependent variables was conducted for a restricted portion of stud-
ied variables by creating regression models through a stepwise linear regression method.
Independent variables were chosen from statistically significant correlated variables and
by excluding multicollinearity factors or contributing factors. The qualitative regression
of ordinal data was performed through multinomial logistic analysis instead. Best fitting

115



Nutrients 2022, 14, 596

model/models were determined automatically from the software. The confidence interval
(CI) was set at 95%.

3. Results

The clinical data of the enrolled patients are shown in Table 1. All the 65 recruited
patients (age: 15.1 ± 2.3 years) completed the questionnaires. Most of the patients were
normal weight (71.9%), with a prevalence of overweight and obesity of 15.6% and 7.8%,
respectively. All patients were in insulin treatment by the time of the visit, with 69%
using the basal-bolus treatment and the remaining 31% using subcutaneous infusion.
Regarding the management of the disease, only 21.9% of subjects were able to maintain
a TIR% over 70%, and HbA1c was >8.5% in 26.2% of subjects. Data were also analyzed
according to gender (32 males, 33 females). Males were taller than females and had also
lower weight z score and standardized body mass index (BMI SDS). Females were more
overweight and obese than males nearly to significance. Metabolic characteristics were
similar between genders.

Table 1. Descriptive characteristics of sample.

Full Sample Boys Girls p-Value

Age (years) 15.07 ± 2.27 14.96 ± 2.07 15.18 ± 2.48 0.704

Years since T1D diagnosis (y) 6.15 ± 4.29 6.29 ± 4.64 6.03 ± 3.99 0.818

Weight (kg) 56.2 ± 13.22 56.71 ± 14.01 55.71 ± 12.61 0.762

Weight z-score (sd) −0.07 ± 1.16 −0.37 ± 1.17 0.22 ± 1.08 0.038

Height (m) 1.63 ± 0.11 1.66 ± 0.11 1.60 ± 0.09 0.025

Height z-score (ds) −0.00 ± 0.95 −0.12 ± 1.04 0.12 ± 0.85 0.319

BMI (kg/m2) 21.08 ± 3.85 20.37 ± 3.88 21.80 ± 3.74 0.140

BMI-SDS (sd) −0.13 ± 1.20 −0.44 ± 1.23 0.18 ± 1.10 0.036

BMI-IOTF

−2 (extremely underweight) 1 (1.6%) 1 (3.1%) 0

0.060 1

−1 (underweight) 2 (3.1%) 2 (6.3%) 0

0 (normal weight) 46 (71.9%) 24 (75%) 22 (68.8%)

1 (overweight) 10 (15.6%) 3 (9.4%) 7 (21.9%)

2 (obese) 5 (7.8%) 2 (6.3%) 3 (9.4%)

SBP (mmHg) 110.97 ± 10.10 110.48 ± 9.37 111.45 ± 10.91 0.226

DBP (mmHG) 69.34 ± 9.01 67.97 ± 8.69 70.71 ± 9.25 0.192

Mean Blood Glucose (mg/dL) 178.03 ± 32.25 180.80 ± 37.98 175.44 ± 26.80 0.651

HbA1c (%) 8.04 ± 1.78 8.16 ± 1.79 7.93 ± 1.79 0.609

TIR (%) 55.16 ± 18.54 53.42 ± 21.15 56.89 ± 16.02 0.604

UI insulin/kg/die 0.64 ± 0.26 0.64 ± 0.30 0.64 ± 0.23 0.894

Insulin treatment (1/2) 2 1 = 45 (69.2%)
2 = 20 (30.8%)

1= 23 (71.9%)
2 = 9 (28.1%)

1 = 22(66.6%)
2 = 11(33.3%) 0.644

Total Cholesterol (mg/dL) 162.21 ± 28.89 159.13 ± 32.02 165.19 ± 25.69 0.417

HDL Cholesterol (mg/dL) 59.77 ± 15.23 59.73 ± 15.99 59.81 ± 14.74 0.984

Triglycerides (mg/dL) 71.03 ± 42.72 74.67 ± 50.54 67.62 ± 34.31 0.521

KIDMED (pts) 6 (−1/+12) 6 (2/12) 6 (−1/+11) 0.082 1

1: calculated with Mann–Whitney U-test. 2: 1—basal/bolus injection/2—intravenous infuser. Descriptive
characteristics are expressed as mean ± ds or median (min/max) or as frequencies (percentages). p-value expresses
difference between genders. Statistically significant differences in the variables between genders are showed in
bold. T1D—Type 1 diabetes, BMI—Body Mass Index, BMI-SDS—Standardized Body Mass Index, BMI-IOTF—
International Obesity Taskforce, SBP—systolic blood pressure, DPB—diastolic blood pressure, HbA1c—glycated
hemoglobin, TIR—time in range, HDL—high density lipoprotein, KIDMED—Mediterranean Diet Quality Index.

The KIDMED average (median) score was lower than recommended in both genders,
with an almost statistically significant difference between boys and girls (Δ = 1.15 pts,
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p = 0.082) (Table 1). KIDMED scores showed that (≥8) 29.1% of the subjects adhered to
an optimal Mediterranean diet, (4–7) 58.5%of the subjects needed to improve, and (≤3)
12.3% of the whole sample exhibited a low-quality diet (Table 2). Concerning KIDMED
items, frequencies and statistics for both genders are shown in Table 2. More than 80% of
the subjects were eating at least one portion of vegetables each day, and more than 60%
were eating at least two portions. Adequate fish and legume consumption was found in
approximately 50% of the subjects. Males were more likely to eat at least one fruit/day
(p < 0.01), ate less processed food at breakfast (p < 0.05) and more dairy foods daily (p < 0.05)
compared to females.

Table 2. KIDMED items and other nutrition-related statistics in the sample.

Full Sample Boys Girls p-Value

KIDMED class

1 9 (13.8%) 2 (6.3%) 7 (21.2%)

0.552 37 (56.9%) 18 (56.3%) 19 (57.6%)

3 19 (29.2%) 12 (37.5%) 7 (21.2%)

Celiac disease (Y/N) Y = 14 (21.5%);
N = 51 (78.5%)

Y = 7 (21.9%);
N = 25 (78.1%)

Y = 7 (21.2%);
N = 26 (78.8%) 0.949

CHO calculation (Y/N) Y = 44 (67.7%);
N = 21 (32.2%)

Y = 22 (68.8%);
N = 10 (31.3%)

Y = 22 (66.7%);
N = 11 (33.3%) 0.859

1 p. Fruit/day (0/+1) 0 = 14 (21.5%);
1 = 51 (78.5%)

0 = 2 (6.3%);
1 = 30 (93.8%)

0 = 12 (36.4%);
1 = 21 (63.6%)

0.003

2 p. Fruit/day (0/+1) 0 = 36 (55.4%);
1 = 29 (44.6%)

0 = 15 (46.9%);
1 = 17 (53.1%)

0 = 21 (63.6%);
1 = 12 (36.4%) 0.177

1 p. Vegetables/day (0/+1) 0 = 10 (15.4%);
1 = 55 (84.6%)

0 = 6 (18.8%);
1 = 26 (81.3%)

0 = 4 (12.1%);
1 = 29 (87.9%) 0.462

2 p. Vegetables/day (0/+1) 0 = 24 (36.9%);
1 = 41 (63.1%)

0 = 12 (37.5%);
1 = 20 (62.5%)

0 = 12 (36.4%);
1 = 21 (63.6%) 0.925

Fish/2 or 3 p. each week (0/+1) 0 = 29 (44.6%);
1 = 36 (55.4%)

0 = 14 (43.8%);
1 = 18 (56.3%)

0 = 15 (45.5%);
1 = 18 (54.5%) 0.891

Fast Food once a week (−1; 0) −1 = 1 (1.5%);
0 = 64 (98.5%)

−1 = 1 (3.1%);
0 = 31 (96.9%) 0 = 33 (100%) 0.310

Legumes at least 1 p. a week (0; +1) 0 = 35 (53.8%);
1 = 30 (46.2%)

0 = 19 (59.4%);
1 = 13 (40.6%)

0 = 16 (48.5%);
1 = 17 (51.5%) 0.382

Cereals (pasta, rice . . . ) at least 5 p. a week
(0; +1)

0 = 2 (3.1%);
1 = 63 (96.9%) 1 = 32 (100%) 0 = 2 (6.1%);

1 = 31 (93.9%) 0.160

Cereals at breakfast (0; +1) 0 = 46 (70.8%);
1 = 19 (29.2%)

0 = 20 (62.5%);
1 = 12 (37.5%)

0 = 26 (78.8%);
1 = 7 (21.2%) 0.152

Nuts and similar foods 2 or 3 p. a week (0; +1) 0 = 48 (73.8%);
1 = 17 (26.2%)

0 = 21 (65.6%);
1 = 11 (34.4%)

0 = 27 (81.8%);
1 = 6 (18.2%) 0.141

Olive Oil as preferred oil (0; +1) 0 = 1 (1.5%);
1 = 64 (98.5%) 1 = 32 (100%) 0 = 1 (3%);

1 = 32 (97%) 0.325

Skip breakfast (−1; 0) −1 = 7 (10.8%);
0 = 58 (89.2%)

−1 = 3 (9.4%);
0 = 29 (90.6%)

−1 = 4 (12.1%);
0 = 29 (87.9%) 0.723

Milk/yogurt or dairy food at breakfast (0; +1) 0 = 18 (27.7%);
1 = 47 (72.3%)

0 = 8 (25%);
1 = 24 (75%)

0 = 10 (30.3%);
1 = 23 (69.7%) 0.636

Processed Food at breakfast (−1; 0) −1 = 53 (81.5%);
0 = 12 (18.5%)

−1 = 22 (68.8%);
0 = 10 (31.3%)

−1 = 31 (93.9%);
0 = 2 (6.1%)

0.034

2 portions of milk/yogurt or dairy foods/day
(0; +1)

0 = 29 (44.6%);
1 = 36 (55.4%)

0 = 10 (31.3%);
1 = 22 (68.8%)

0 = 19 (57.6%);
1 = 14 (42.4%)

0.034

Sweets and/or candies every day (−1; 0) −1 = 20 (30.8%);
0 = 45 (69.2%)

−1 = 11 (34.4%);
0 = 21 (65.6%)

−1 = 9 (27.3%);
0 = 24 (72.7%) 0.538

KIDMED class: 1—low-quality diet; 2 KIDMED class: 1—to improve; 3—optimal Mediterranean diet. (0/+1):
0—No, +1—Yes. (−1; 0): −1—Yes, 0—No. Statistically significant differences in the variables between genders are
showed in bold.
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Other characteristics of the sample, including the socio-economic aspects of families
and the main physical activity items assessed through IPAQ-A, are presented in Table 3. The
IPAQ-A additional items’ descriptive characteristics are shown in Supplementary Table S2.
According to our data, mild physical activity was slightly more appreciated by the females,
while vigorous physical activity was higher in males, even if the difference was not sta-
tistically significant (p = ns). Family count varied from two to six individuals with four
individuals as the most frequent case (45.9%). The SES of the mother and father were
not different, neither was the smoking habits of parents even if the fathers had twice the
frequency of smoking (29.5%) compared to the mothers (14.8%).

Table 3. IPAQ-A global assessments and other non-nutritional aspects of sample.

Full Sample Boys Girls p-Value

Family count

2 2 (3.3%) 1 (3.6%) 1 (3%)

0.138
3 13 (21.3%) 9 (32.1%) 4 (12.1%)

4 28 (45.9%) 11 (39.3%) 17 (51.5%)

5 12 (19.7%) 5 (17.9%) 7 (21.2%)

6 6 (9.8%) 2 (7.1%) 4 (12.1%)

SES mother *

1 27 (42.2%) 13 (40.6%) 14 (43.8%)

0.6232 31 (48.4%) 15 (46.9%) 16 (50%)

3 6 (9.4%) 4 (12.5%) 2 (6.3%)

SES father *

1 36 (56.3%) 19 (59.4%) 17 (53.1%)

0.5642 25 (39.1%) 12 (37.5%) 13 (40.6%)

3 3 (4.7%) 1 (3.1%) 2 (6.3%)

Mother smoke (Y/N) ** Y = 9 (14.8%);
N = 52 (85.2)%

Y = 5 (17.2%);
N = 24 (82.9%)

Y = 4 (12.1%);
N = 28 (84.8%) 0.602

Father smoke (Y/N) ** Y = 18 (29.5%);
N = 43 (70.5%)

Y = 8 (27.6%);
N = 21 (72.4%)

Y = 10 (31.3%);
N = 22 (68.8%) 0.756

3.3 MET (kcal/week) 809.01 ± 844.37 687.33 ± 626.77 927.00 ± 1008.07 0.331

4 MET (kcal/week) 590.77 ± 760.65 654.38 ± 908.70 529.09 ± 591.00 0.535

8 MET (kcal/week) 817.23 ± 1045.97 975.00 ± 1105.19 664.24 ± 977.65 0.259

Total kcal burnt/week 2217.01 ± 1341.71 2316.70 ± 1272.58 2120.33 ± 1418.43 0.348

SES—Socio-economic status; 3.3 MET—kcal burnt with walking/mild physical activity in the last week; 4 MET—
kcal burnt with moderate physical activity in the last week; 8 MET—kcal burnt with vigorous physical activity in
the last week; *—difference between mother and father assessed through X2 test: p = 0.181; **—difference between
mother and father assessed through X2 test: p = 0.063.

3.1. Correlations and Regressions
3.1.1. Weight and BMI

The evaluation of significant correlations between organic/anthropometric parameters
and non-biological/nutritional/physical activity habits has provided a lot of data which
are summarized in Supplementary Tables S3–S5. The weight z-score was correlated with
a higher family count (ρ = 0.321; p < 0.05), skipping breakfast (ρ = −0.407; p = 0.001) and
with the weight and BMI of parents. BMI-SDS kept the same tendency but added a direct
correlation with legume consumption (ρ = 0.262 < 0.05). Increased IOTF-BMI was also
correlated with a reduced intake of nuts (ρ = −0.425; p < 0.001), cereals (ρ = −0.248, <0.05),
dairy foods at breakfast (ρ = −0.306; p < 0.05) and lower 8 MET activities (−0.249; p < 0.05).
Stepwise regression (Table 4) showed that, for the whole sample, the most impacting
independent factor on BMI-SDS was skipping breakfast, followed by the father’s BMI.
Considering the differences between genders, BMI-SDS was primarily associated with
skipping breakfast and father’s weight in females, while in males the main predicting
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factor was the time spent in physical activity during school even if skipping breakfast,
reduced nut consumption and a higher family count (p < 0.05) were found to be correlated
with increased BMI-SDS in males. IOTF-BMI class was primarily associated with nut
consumption and 8 MET above all other effects.

Table 4. Multiple stepwise regression analysis results of significant effects (independent variables) on
BMI-SDS (dependent variable) and multiple logistic stepwise regression on IOTF-BMI.

Dependent Variables Significant Effects B (95% CI) β p Value

BMI-SDS (sd):
Model 1 Skip breakfast (−1/0) −1.829 (−2.746; −0.912) −0.471 <0.001

BMI-SDS (sd):
Model 2

Skip breakfast (−1/0) −1.804 (−2.675; −0.932) −0.464 <0.001

Father’s BMI (kg/m2) 0.074 (0.018; 0.129) 0.299 0.01

IOTF-BMI (pts) *
Nut consumption (0/1) / / 0.001

8 MET / / <0.05

Boys: BMI-SDS (sd) Minutes of sport at school (min) −0.016 (−0.027; −0.006) −0.549 0.003

Females: BMI-SDS (sd):
Model 1 Father’s weight (kg) 0.033 (0.011; 0.054) 0.507 0.004

Females: BMI-SDS (sd):
Model 2

Father’s weight (kg) 0.027 (0.007; 0.047) 0.424 0.007

Skip breakfast (−1/0) −1.377 (−2.459; −0.295) −0.396 0.015

CI—confidence interval. *—difference between mother and father assessed through X2 test: p = 0.181.

3.1.2. Glucose Control

Mean blood glucose was correlated with a lower age of the mother (r = −0.480;
p < 0.01), the SES of father (ρ = −0.516; p < 0.01), fish consumption (ρ = −0.269; p < 0.05) and
cereal consumption at breakfast (ρ = −0.418; p < 0.05). No aspects of physical activity were
found to influence mean glucose. Beyond the correlations found for fasting blood glucose,
HbA1c was also correlated with a higher consumption of sweets (ρ = −0.347; p < 0.01) and
less days and time spent on a bike (ρ = −0.266 and ρ = −0.276 respectively; p < 0.05).TIR%,
which was highly and inversely correlated with HbA1c (ρ = −0.881; p < 0.001), as ex-
pected, kept almost the same significant correlations of the latter: higher fish consumption
(ρ = 0.390; p < 0.05) and cereals at breakfast (ρ = 0.427; p < 0.05), higher age of the mother
(r = 0.401; p < 0.05), and the SES of the father (ρ = 0.471; p < 0.01).Stepwise regression
(Table 5) conducted on these three main indicators of glucose control revealed that mean
blood glucose was primarily predicted by the age of the mother and the SES of the father,
while HbA1c was mainly associated with the SES of the father and the consumption of
sweets. TIR% was instead even more associated with fish consumption, and its relationship
with the SES of the father was revealed to be multiplicatively and independently associated
with TIR% as the first model of regression. The KIDMED score was found only inversely
correlated with the risk of hyperglycemia (ρ = 0.387; p < 0.05).

Table 5. Multiple stepwise regression analysis results of significant effects (independent variables) on
glucose control main parameters (dependent variables).

Dependent Variables Significant Effects B (95% CI) β p Value

Mean blood glucose
(mg/dL) Model 1 Mother’s age (y) −3.321 (−5.628; −1.015) −0.480 0.006

Mean blood glucose
(mg/dL) Model 2

Mother’s age (y) −2.851 (−4.976; −0.727) −0.412 0.010

Father’s SES (1/2/3) −20.834 (−36.655; −5.013) −0.404 0.012
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Table 5. Cont.

Dependent Variables Significant Effects B (95% CI) β p Value

HbA1c (%) Model 1 Father’s SES (1/2/3) −1.050 (−1.808; −0.291) −0.345 0.008

HbA1c (%) Model 2
Father’s SES (1/2/3) −1.106 (−1.817; −0.395) −0.363 0.003

Consumption of Sweets (−1/0) −1.379 (−2.295; −0.464) −0.352 0.004

TIR (%) Model 1 Father’s SES (1/2/3) 15.718 (6.230; 25.206) 0.564 0.002

TIR (%) Model 2
Father’s SES (1/2/3) 14.316 (5.403; 23.228) 0.513 0.003

Fish consumption (0/1) 12.327 (1.014; 23.640) 0.348 <0.05

3.1.3. Blood Pressure and Others

Blood pressure was found to be mainly linked with breakfast habits. Diastolic blood
pressure (DBP) was correlated with less cereal consumption in the morning (ρ = −0.264;
p < 0.05) and the consequently higher processed products consumed at breakfast (ρ = 0.260;
p < 0.05). In addition, DPB was inversely correlated with extra-virgin olive oil intake
(ρ = −0.296; p < 0.05). Systolic blood pressure (SPB) correlated with less milk/dairy foods
at breakfast instead (ρ = −0.291; p < 0.05) and almost significantly with extra virgin olive
oil consumption (p < 0.057). Physical activity items were found to be partially correlated
with blood pressure, in particular traveling by car or public transport was correlated with
both DBP (ρ = 0.338; p < 0.01) and SBP (ρ = 0.301; p < 0.01). Subsequent stepwise regression
analysis (Table 6) confirmed that DBP was firstly associated with motorized travels for
reaching school, followed by the other factors, while SPB was mainly predicted by olive
oil and milk/dairy consumption at breakfast. Correlation analysis also showed that blood
lipids were not linked to any of the nutritional and physical activity items (p = ns).

Table 6. Multiple stepwise regression analysis results of significant effects (independent variables) on
blood pressure (dependent variables).

Dependent Variables Significant Effects B (95% CI) β p Value

SBP (mmHg) Model 1 Milk/Dairy food at breakfast (0/1) −6.073 (−11.551; −0.595) −0.275 0.030

SBP (mmHg) Model 2
Milk/Dairy food at breakfast (0/1) −6.557 (−11.884; −1.230) −0.297 0.017

Olive oil (0/1) −21.279 (−40.475; −2.083) −0.268 0.030

DBP (mmHg) Model 1 Days to school with motorized
transport (n) 1.764 (0.538; 2.991) 0.348 0.006

DBP (mmHg) Model 2
Days to school with motorized

transport (n) 1.779 (0.601; 2.957) 0.351 0.004

Cereals at breakfast (0/1) −5.567 (−10.072; −1.061) −0.287 0.016

DBP (mmHg) Model 3

Days to school with motorized
transport (n) 1.560 (0.396; 2.724) 0.308 0.009

Cereals at breakfast (0/1) −7.005 (−11.592; 2.418) −0.361 0.003

Processed Food at breakfast (0/1) 5.738 (0.303; 11.173) 0.254 0.039

DBP (mmHg) Model 4

Days to school with motorized
transport (n) 1.342 (0.194; 2.490) 0.265 0.023

Cereals at breakfast (0/1) −6.703 (−11.166; −2.241) −0.346 0.004

Processed Food at breakfast (0/1) 6.144 (0.854; 11.434) 0.272 0.024

Olive oil (0/1) −16.997 (−32.881; −1.114) −0.240 0.036

4. Discussion

MNT is a crucial element to improve glucose control and reduce cardiovascular risk in
T1D in youths. Among dietary patterns, increasing evidence supports the MedDiet, mainly
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in adults with T2D [23], due its antioxidant and anti-inflammatory properties; however,
results in the pediatric age should be implemented. This is one of the few studies that
has aimed to describe the relationship among the components of the MedDiet and global
metabolic control in children and adolescents with T1D.

4.1. Dietary Factors Associated with the Risk of Obesity

We observed that the prevalence of youths with T1D being overweight and obese is
similar to the healthy pediatric population living in Italy [24–26] who also follow as an
average adherence to the MedDiet [27,28]. Similar findings on the weight status of children
with T1D have been reported in other ethnic groups or countries corroborating the general
global trend [29–34]. Furthermore, females in our cohort were more at risk similar to other
reports [32,33,35]. In all these studies, several factors have been associated with this risk
of overweight/obesity in T1D as increased functional growth hormone (GH) secretion,
longer disease duration, intensive insulin therapy in relation to pubertal insulin-resistance
or flexible eating patterns, high insulin doses that could inhibit protein catabolism and
slow basal metabolism or frequent snacking to avoid hypoglycemia [36,37]. However, only
a few authors focused on dietary risk factors and even fewer on the MedDiet. Two US
studies conducted using 287 pediatric subjects aged between 8 and 21 years old showed
that the obesity risk was related to a frequent intake of unhealthy foods poor in fibers
and micronutrients [38,39]. Interestingly, we observed that increased weight is associated
with breakfast skipping habits, confirmed by the general pediatric population, as recently
reviewed by our group in both cross-sectional and intervention trials [40,41]. The effect of
skipping the first morning meal, despite being made up by similar calories in the day, is
complex and partially unexplained, although several mechanisms have been hypothesized,
such as circadian misalignment, the length of the night fasting and other unhealthy food
habits. However, the confirmation in children and adolescents with T1D suggests that
the alteration of the chronotype is a key feature of obesity development in any condition.
Furthermore, we observed that the intake of dairy products at breakfast was also negatively
associated with the risk of being overweight and obese. With the urbanization of people
living in the Mediterranean area, youth are deviating to a Western diet rich in saturated fat,
simple carbohydrates and refined and processed foods. One of the typical phenomena of
this nutrition transition is the choice of sugar-sweetened beverages at breakfast instead of
dairy products [42]. Other studies have recently reported this association in children with
obesity [43–47]. Behind the excess of simple sugars instead of foods rich in nutrients, several
other mechanisms have been reported, such as derangements in the calcium homeostasis,
insulin secretion, satiety and satiation and gut-microbiota when the intake of dairy products
is low [45,48,49]. In our cohort a low intake of nuts and cereals was associated with an
increased risk of being overweight and obese. Two studies on adults with T1D, the Finnish
Diabetic Nephropathy (FinnDiane) Study of 1058 individuals [50] and the EURODIAB
Complications Study of 2868 individuals [51], confirmed our pediatric results on nuts and
cereals, respectively. These findings could hide a high consumption of unhealthy processed
foods rich in saturated and trans fats, and sugars instead of nuts and cereals. Although
nuts are dense-energy foods, they are rich in micronutrients and bio-active compounds.
Growing evidence suggests their role in protecting from obesity or helping in weight
loss [52–54] due to several mechanisms including prolonged chewing, delayed gastric
emptying because of fibers and unsaturated fats, increased satiety and booster actions on
lipid oxidation and thermogenesis [55].

4.2. Dietary Factors Associated with the Glucose Control

Although a better KIDMED score only reduced the risk of hyperglycemia differently
from a modified version that correlated with HbA1c [16], low mean glucose levels, HbA1c
and high TIR% were all associated with determinants of the KIDMED score, such as a high
consumption of fish, cereals at breakfast, and a low consumption of sweets and candies.
As previously discussed for weight, foods rich in nutrients and maintenance of breakfast
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habits are confirmed as being correlated with better glucose control, diversely from foods
rich in saturated fats and sugars. Another study previously discussed on weight, observed
that poor diabetic control was associated with unhealthy foods [39], as well as another
one in Brazilian children with ultra-processed foods, a category that also comprises sweets
and candies [56]. Although fasting glucose levels, HbA1c and TIR% were all correlated
and associated with the same factors, interestingly, the main dietary determinants in the
regression models were different. A high HbA1c was mostly related to a high intake of
sweets which are rich in sugars. This is consistent with previous data on the fact that
apart from total carbohydrate daily content, source of carbohydrate intake, and, therefore,
glycemic load/index, is associated with HbA1c levels [57–60]. Furthermore, we observed
that a high TIR was associated with a high intake of fish. No similar results have been
published yet, whereas a better TIR has been recently associated with a carbohydrate intake
range from 40–44% [61], or fish intake with a lower risk of microalbuminuria [62]. Fish
is rich in macronutrients and micronutrients which are implicated with better metabolic
control as well as low insulin resistance [63]. However, the human diet is complex, and
different nutrients could have a synergistic effect. Because concluding data on the specific
role of omega 3, vitamin D, unsaturated fats and proteins alone are still not conclusive
concerning glucose control, and even less on TIR [64–66], further studies or post-hoc
analysis from registries on T1D are needed.

4.3. Dietary Factors Associated with Blood Pressure

In line with findings on glucose controls, blood pressure was associated with breakfast
habits. The high consumption of cereals and milk/dairy foods, and low consumption of
processed products at breakfast were associated with better DBP and SBP levels.All these
components of breakfast mirror healthy habits balanced in nutrients and are typical not only
of the MedDiet but also of the DASH diet [67,68]. Adherence to it has been demonstrated to
reduce the risk of hypertension in the SEARCH for Diabetes in Youth Study [69]. The effect
on blood pressure dueto the consumption of processed foods is likely due to several factors,
but surely one of the most important factors is the contribution of increasedsaltintake [70].
Regarding milk products, the relatively high potassium content of milk and dairy products
implies that increased intake of them may reduce blood pressure, as also observed with
studies on the DASH diet or lacto-ovo vegetarian diet [49,67]. This seems more pronounced
when dairy products are consumed instead of juice or sugar-sweetened beverages [49,71,72].
No reports are present for T1D, distinct from T2D or metabolic syndrome [67,73], and our
data strengthen the evidence in other diseases.

Extra virgin olive oil (EVOO) reduces cardiovascular risk in adults as demonstrated by
numerous studies, including the Nurses’ Health Study II, the Health Professional’s Follow-
up Study and the Prevention with Mediterranean Diet (PREDIMED) Study [74]. Further-
more, both experimental and human observational and intervention studies demonstrated
EVOO has anti-hypertensive actions due to its chemical composition, mainly characterized
by oleic acid, polyphenols and other antioxidant compounds [75]. Our data on EVOO
and DBP are in line with a recent intervention trial in adults with T1D in which EVOO
improved vascular function [76].

4.4. Family, Social Factors and Physical Activity

Interestingly, we observed that BMI-SDS and glucose control were associated directly
with the BMI of the father, the latter indirectly with the SES of the father and the mother’s
age. It is well known that weight in offspring is partly inherited by parents but also due to
the family setting, in particular the SES. All of these are markers of a complex interplay
among genetics and environment that have the most significant impact on children younger
than ten years old. However, data on the role of paternal BMI and mothers’ age is scarce due
to the lack of studies for these factors [77–79]. Indeed, our findings strengthen some data in
these subjects with regards to T1D. Regarding the role of the family on offspring concerning
glucose control, while SES is associated with clear evidence, parental characteristics need
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further study because the role they play is inconclusive [80]. However, regarding the
mother’s crucial involvement in T1D management [80], we can speculate that maternal age
could result in different maternal parenting styles and coping abilities [81,82]. We observed
some associations among physical activity determinants and weight and diastolic blood
pressure. Most of the results are related to sedentary behaviors, such as going to school by
car, which likely reflects a generally reduced physical activity that could be underreported.
Our results strengthen the importance of empowerment to improve physical activity in
youths with T1D to reduce cardiovascular risk [5,83].

4.5. Study Limitations and Strengths

This study has some limitations. First, it was a cross-sectional study design, and we
could not establish causal relationships between MedDiet adherence and health outcomes.
Second, we used the KIDMED score without integrating it with a food frequency ques-
tionnaire. However, periodically, our patients carried out a dietary survey by dieticians
for the improvement of carbohydrate counting, indeed, they were educated about the
assessment of diet quality. Furthermore, the KIDMED score is the most used index of
adherence in the pediatric literature and by using it in the past we have obtained interesting
results, and it has been validated through use on the general population [27,28]. Indeed,
we cannot exclude further nutrients from being players behind the food habits we reported
in T1D.Unexpectedly, we failed to show any correlation with fruit or vegetable intake. This
could result from high consumption of fruits and vegetables in our cohort, likely due to
the dietary counseling for T1D. Furthermore, physical activity had minimal impact on the
features we analyzed. Although the International Physical Activity Questionnaire (IPAQ)
was validated on children and adolescents [21], movement activities linked to free play
among peers could be underreported. In general, we demonstrated that good adherence
to the MedDiet, in particular to some food habits, was associated with a better metabolic
status in youth with T1D.

5. Conclusions

Dietary risk factors, typical of low adherence to the MedDiet, were associated with a
high risk of obesity in T1D, which were the same as the general pediatric and adult popula-
tion. This suggests that youths with T1D are not protected from increased weight whether
they continuously adhere to healthy food patterns or not. The habit of having breakfast
with foods rich in nutrients, including dairy products, is one of the most important dietary
features we found associated with good glucose and metabolic control. The promotion of
breakfast, as well as discouraging the excessive intake of ultra-processed foods, are con-
firmed key determinants in the prevention of negative health effects of nutrition transition
in youth with T1D. Even if the cardiovascular protective role of EVOO is reaching amassing
evidence in children, more attention and further research are needed to understand the
role of fish consumption in glucose regulation. The promotion of the MedDiet is a good
strategy to include in the management of youth with T1D, and all parents should be aware
of this to obtain the best results for their children in the management of the disease.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14030596/s1, Table S1: KIDMED items, Table S2: Descriptive characteristics of specific
IPAQ-A (Italian version) items in the sample, Table S3: Correlations between clinical characteristics
and KIDMED items, Table S4: Correlations between clinical characteristics and IPAQ-A items,
Table S5: Correlations between clinical characteristics of children and mother and father data.
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Abstract: A Mediterranean-style diet is a healthy eating pattern that may benefit cancer risk, but
evidence among Americans is scarce. We examined the prospective association between adherence
to such a diet pattern and total cancer risk. A Mediterranean-style dietary pattern (MSDP) score
was derived from a semi-quantitative food frequency questionnaire at exam 5 (1991–1995). Subjects
included 2966 participants of the Framingham Offspring Study who were free of prevalent cancer.
Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs), adjusting for demographic, lifestyle, and anthropometric measures. Cox-
models were also used to examine effect modification by lifestyle and anthropometric measures.
During 18 years of median follow-up, 259 women and 352 men were diagnosed with cancer. Women
with moderate or higher adherence to the MSDP had ≥25% lower risks of cancer than women with
the lowest MSDP (HR (moderate vs. lowest): 0.71, 95% CI: 0.52–0.97 and HR (highest vs. lowest):
0.74; 95% CI: 0.55–0.99). The association between MSDP score and cancer risk in men was weaker
except in non-smokers. Beneficial effects of the MSDP in women were stronger among those who
were not overweight. In this study, higher adherence to MSDP was associated with lower cancer risk,
especially among women.

Keywords: cancer; Mediterranean diet; diet patterns; cohort study; epidemiology

1. Introduction

The American Institute for Cancer Research (2018) report [1] recommends a healthy
dietary pattern rich in fruits, vegetables, legumes, and whole grains while limiting con-
sumption of added sugars and red and processed meats. Many of these recommendations
are consistent with a Mediterranean-style diet, which has been suggested in the United
States (US), starting with the 2015–2020 Dietary Guidelines, as a healthy eating pattern [2].
The Mediterranean diet has been long described as a well-balanced diet with a predomi-
nance of plant-based food sources. However, the specific foods consumed are somewhat
variable across different Mediterranean cultures [3–5]. The diet in Crete prior to1960 is often
considered the model for a traditional Mediterranean diet. It is characterized by higher
intakes of vegetables, fruits, legumes, nuts, and non–refined cereals and grain products.
Fish and poultry are consumed in moderation, whereas red and processed meats, dairy
products, refined grains, and sweets are limited. Olive oil and olives are the most common
sources of fat. Red wine is consumed in moderation during meals, and the population is
generally quite physically active [5,6].
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For nearly three decades, epidemiologic evidence has supported the health bene-
fits of adherence to a Mediterranean diet in the primary and secondary prevention of
non–communicable chronic diseases [3,7,8]. Although most cohort studies suggest a pro-
tective association between higher adherence to a Mediterranean-style diet and risk of
specific cancers [9–12], evidence of its effects on total cancer risk is very limited. Because a
Mediterranean-style diet has much in common with an anti-inflammatory diet, it is possi-
ble that the diet pattern may have more generalized beneficial effects on cancer risk [13].
Two previous prospective analyses were conducted within the European Prospective
Investigation into Cancer and Nutrition cohort (EPIC), but the results were somewhat
inconsistent [14,15]. In the first, higher adherence to a Mediterranean diet was strongly
associated with a lower cancer risk among Greek women and a lower overall risk of non-
smoking-related cancers in both men and women [14]. In the second study, conformity to a
Mediterranean diet was protective against cancer occurrence in both Mediterranean and
non-Mediterranean countries, although these results were weaker than those in the Greek
cohort, and no sex-specific differences were observed [15].

Mediterranean diet studies sometimes differ in the means by which the diet pattern
is scored. Many studies, including EPIC, have used a Mediterranean diet score based on
whether the participant had higher or lower intakes of the relevant foods and nutrients,
defined as being above or below the sex-median intakes in that population [16]. Because
the actual intakes of these Mediterranean-style foods and nutrients differ widely between
population groups, the scores may not uniformly reflect higher adherence to a traditional
Mediterranean-style diet as defined by the diet pyramid. A new Mediterranean-style
dietary pattern (MSDP) score that does not rely on median intakes was developed in 2009
using data from the Framingham Study [17]. We will use this score to assess adherence to
the MSDP.

The primary aim of this prospective study was to examine the longitudinal association
between adherence to the MSDP and total cancer risk in the Framingham Offspring Study
(FOS) cohort. We examined whether this association was modified by anthropometric
measures of body fat or lifestyle factors. In secondary analyses, we assessed the association
between each food group considered in the MSDP and total cancer risk.

2. Materials and Methods

2.1. Study Population

In 1971, 5124 individuals were enrolled in the prospective FOS. The participants were
the children of those who were part of the original Framingham Heart Study. The examina-
tion visits, starting with exam 2, were carried out at approximately 4-year intervals [17].
Food frequency questionnaires were used to assess diet starting at exam 5, the baseline visit
for these analyses (1991–1995). Participants were followed for the development of cancer
until 2013. The final study sample included a total of 2966 individuals, as shown in Supple-
mentary Figure S1. A total of 3712 participants attended examination visit 5. Of these, we
excluded the following participants: (a) missing or invalid FFQ data (n = 362); (b) history
of cancer or prevalent cancer except non-melanoma skin cancer (n = 147); (c) aged less
than 30 years at baseline (n = 4); and (d) missing covariates (n = 233). The Framingham
Offspring Study data collection and these analyses were approved by the Institutional
Review Board of Boston University School of Medicine (Protocols H-32086 and H-32132).

2.2. Dietary Assessment and Adherence to the MSDP

Diet data was assessed by self-report using a semi–quantitative food frequency ques-
tionnaire (FFQ) [18]. The FFQ includes a list of 126 food items and assesses frequency of
consumption of each food during the previous year, with responses ranging from “never or
<1 servings/month” to “≥6 servings/day.” Separate questions queried types of breakfast
cereals and cooking oils consumed.

The scoring methods for the MSDP score were based on adherence to a traditional
Mediterranean diet [19] and have been previously described [17]. It includes data on the

130



Nutrients 2021, 13, 4064

recommended intake of the following 13 food groups in the Mediterranean diet pyramid:
wholegrain cereals, fruit, vegetables, dairy, wine, fish, poultry, olives/legumes/nuts,
potatoes, eggs, sweets, meat, and olive oil. Foods from an American diet pattern that
were similar to those in a traditional Mediterranean diet were also included. For example,
yams are not part of the potato group in a traditional Mediterranean diet but were included
in the potato category in the MSDP. The use of olive oil was scored as follows: (a) used
exclusively (score = 10), (b) used olive oil and other vegetable oils (score = 5), or (c) used
no olive oil (score = 0). All other foods were scored from 0 to 10, based on percent
adherence to Mediterranean Diet Pyramid recommendations (e.g., consuming 80% of the
recommended amount for a food category yielded a score of 8). This MSDP includes a
penalty for overconsumption as well as underconsumption (e.g., exceeding the maximum
recommended intake by 30% would result in a score of 7). The maximum penalty was
10 points. The total of the 13 component scores was standardized to a scale of 0–100
and weighted (from 0 to 1) by the percent of total energy derived from consuming foods
included in the Mediterranean diet pyramid. For example, if 45% of energy was derived
from foods not included on the Mediterranean diet pyramid, the calculated weight was
0.55. The final MSDP score ranged from 0 to 100.

2.3. Cancer Outcomes

The primary occurrence of cancer was adjudicated using a standardized Framingham
Study protocol as previously described [20]. Briefly, possible cancer cases were initially de-
tected using self–report at each examination visit, surveillance of local hospital admissions,
and searches of death records from the state health department and the National Death
Index [21]. Framingham investigators gathered pathology reports and other clinical and
laboratory data for each subject [22] for the purpose of establishing the correct cancer diag-
nosis and date of diagnosis [23]. In these analyses, there were 611 cancer cases identified as
first primary malignant cancers; the topography and morphologic characteristics of each
cancer were coded based on the International Classification of Diseases for Oncology code
(ICD-O-3 only). Non–melanoma skin cancer cases were excluded in these analyses.

2.4. Potential Confounders and Effect Modifiers

Height and weight were measured with a standard beam balance scale with the
subject wearing a hospital gown and no shoes [23]. To reduce random error and the effect
of natural height loss occurring after the age of 60, we calculated each participant’s average
height from all exam visits up until the age of 60 years [24]. We used this average height in
combination with baseline weight at exam 5 to calculate baseline body mass index (BMI)
(i.e., weight (kg) at exam 5 divided by mean height (m2).

Physical activity was assessed at exams 4 (1987–1991) and 7 (1998–2001) using self-
report questionnaires that included recreational activities and household work. The inten-
sity levels for light, moderate, and vigorous activities were derived from previous studies
of oxygen utilization for a given level of activity. A weighted moderate and vigorous
activity score was calculated by summing total hours of moderate activity (multiplied by its
intensity value) and total hours of vigorous activity (multiplied by its intensity score) [25].

The number of years of education was self-reported at exam two and was used to
classify baseline education level into three categories: high school or less, some college, and
college or graduate degree. Missing education data at exam two were imputed hierarchi-
cally as follows: education level at exam 8 (2005–2008), median years of education level for
the subjects with the same occupation at exam 7 (1998–2001), and sex-specific median years
of education at exam 2 (1979–1983). Missing data for self-reported pack-years of cigarette
smoking at exam 5 (1991–1995) were substituted with the mean of pack-years from exams
4 (1987–1991) and 6 (1995–1998) when available. Other self-reported covariates at exam 5
(1991–1995) included: multivitamin use, other supplement use, cigarette smoking status
(never, former, or current smoking defined as ≥1 cigarettes per day), energy intake, and
alcohol intake (g/day). Measures of abdominal adiposity, including waist circumference
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(cm) and waist–to–height ratio (missing values substituted using the mean from exams 4
and 6), were also collected at baseline. Further, we created a time-dependent variable to
reflect self-reported estrogen use (including estrogen use only). We classified women as
never or ever users of estrogen based on self-report across multiple exam visits. Type 2
diabetes was defined at baseline when the participant met one of the following criteria: (a)
10-hour-fasting glucose of ≥126 mg/dL; (b) non-fasting glucose of ≥200 mg/dL; (c) con-
firmed treatment of diabetes, or (d) self-reported diagnosis of possible diabetes at one visit
with a subsequent diagnosis of definite diabetes at the next exam (in the absence of an
excessive weight gain of 7% or more of body weight).

2.5. Statistical Analysis

Sensitivity analyses were based on the exposure distribution and power considerations
and used to explore different cut-off values for categorizing the MSDP score. The optimal
classification was selected as follows: low: 4.0–19.0 (reference group), moderate: 19.1–25.0,
and high: 25.1–50.9. Incidence rates for total cancer were computed by dividing the
number of cancer cases by total person-years (py) of follow-up calculated from baseline
(exam 5, 1991–1995) to the first of the following events: primary occurrence of cancer, loss
to follow-up, date of last exam or death. Age and multivariable-adjusted Cox proportional
hazards regression models were used to estimate hazard ratios (HRs) and 95% confidence
intervals (CIs) for incident cancer. A test for linear trend across MSDP score categories was
performed.

Because the effects of adherence to the MSDP may depend on the level of other lifestyle
and anthropometric measures, we chose to assess interaction between MSDP adherence
and each of the following risk factors: BMI, WHtR, alcohol intake, and cigarette smoking
status. To better assess public health importance, interaction was assessed on an additive
rather than a multiplicative scale [26,27]. Cox-models were used to estimate the relative
excess risk due to additive interaction in men and women separately [28]. To optimize
statistical power for these analyses, we used sensitivity analysis to dichotomize the MSDP
score as ≤19 (low) vs. >19 (moderate/high). For these analyses, BMI was categorized as
<25 vs. ≥25 kg/m2 for women and <30 vs. ≥30 kg/m2 for men [21,23]. The WHtR was
classified as <57 vs. ≥57 for women and<51 vs. ≥51 cm/m for men [22]. Three categories
of current alcohol intake were chosen to represent non-drinkers, light-to-moderate drinkers,
and heavy drinkers: 0 g/day, 0.1–13.99 g/day, and ≥14.00 g/day, respectively, for men and
0 g/day, 0.1–6.9 g/day, and ≥7 g/day, respectively, for women. Cigarette smoking status
was classified as current smokers, former smokers, and non-smokers.

The final multivariable models adjusted for confounders that were found to alter the
age-adjusted hazard ratios by approximately 10% or more in men and women separately.
Those factors retained in the final models included BMI (kg/m2), cigarette pack-years,
physical activity (metabolic equivalent hours/day), prevalent diabetes, and supplement
use (never vs. ever). Factors not included in the final models were educational level,
alcohol intake, and estrogen use because they were not found confounding the association
between MSDP adherence and total cancer risk.

Finally, we analyzed the association between each food group considered in the MSDP
score and total cancer risk. Due to substantially right-skewed data, we excluded those
with the highest 1% of intake for each food group and then used sensitivity analyses to
determine the cut-off values to define intake as low (reference), moderate, or high for each
food group. The multivariable Cox models included the same factors listed above plus
total energy intake; these models also mutually adjusted for the intakes of all other MSDP
score components. A test for linear trend across each food group was performed based
on the category-specific medians of food intake. No violations of the proportional hazard
assumptions were found in any of the models. The statistical analyses in this study were
conducted using SAS statistical software, version 9.4 (SAS Institute, Cary, NC, USA).
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3. Results

The MSDP score at baseline was normally distributed, with a mean of 22.4 (± 7.3)
(range 4.0–51.0). Table 1 shows the subject characteristics according to MSDP score cate-
gories (low, moderate, high). Compared with participants in the lowest category, those
with the highest scores were older, more likely to be women, had higher educational levels,
slightly lower alcohol intakes, and more often used dietary supplements. In addition, they
were also less likely to be current smokers. Women in the highest MSDP score category
were more likely to be estrogen users.

Table 1. Baseline characteristics according to MSDP score categories in the Framingham Offspring Study.

MSDP Score Categories

Low Moderate High
(4.0–19.0) (19.1–25.0) (25.1–50.9)

Characteristic (n = 2966) n = 995 n = 951 n = 1020

Sex, n (%)
Women 443 (45) 505 (53) 630 (62)

Men 592 (56) 446 (47) 390 (38)

Age (years) 52.8 (± 9.5) 55.0 (± 9.9) 55.2 (± 9.3)

Age at diagnosis (years) 70.3 (± 8.9) 72.5 (± 9.4) 73.0 (± 8.9)

Education, n (%)
≤High School 445 (44.7) 351 (36.9) 326 (32.0)
Some college 265 (26.6) 283 (29.8) 316 (31.0)

College, Graduate degree 285 (28.6) 317 (33.3) 378 (37.1)

BMI (kg/m2) 27.4 (± 5.0) 27.4 (± 4.8) 27.1 (± 5.0)

Waist (cm) 93.8 (± 14.2) 93.0 (± 14.1) 91.1 (± 14.3)

Waist-to-height ratio 0.55 (± 0.08) 0.55 (± 0.08) 0.55 (± 0.08)

Cigarette smoking, n (%)
Never 311 (31.3) 325 (34.3) 416 (40.8)

Former 406 (40.8) 450 (47.4) 478 (46.9)
Current 378 (27.9) 174 (18.3) 126 (12.3)

Pack years of smoking 1 20.0 (± 0.9) 16.1 (± 0.8) 12.0 (± 0.6)

Energy intake (kcals/day) 1741 (± 650) 1885 (± 611) 1963 (± 580)

Alcohol (g/day) 1 8.0 (± 0.4) 7.3 (± 0.3) 6.7 (± 0.3)

Supplement use, n (%)
No 735 (73.9) 680 (71.5) 636 (62.4)
Yes 242 (24.3) 250 (26.3) 367 (36.0)

Physical activity (METs/day) 14.3 (± 9.2) 14.5 (± 8.1) 15.1 (± 8.0)

Prevalent diabetes, n (%) 59 (5.9) 65 (6.8) 79 (7.8)

Estrogen use, n (%) 2

Never 379 (85.8) 426 (84.4) 507 (80.1)
Ever 63 (14.2) 79 (15.6) 122 (19.4)

Values are expressed as mean (±SD) or n (column percentage) or otherwise stated. 1 Values are expressed as geometric mean ± SE. 2 Sample
includes 1576 women as 2 were missing estrogen use data. MSDP, Mediterranean-style dietary pattern; BMI, body mass index; D, day; and
METs, Metabolic equivalents.

Table 2 shows the median intakes (servings per day or per week) for each of the
13 food groups considered in the MSDP score along with their MSDP scores. Median
scores were highest for poultry, potatoes, dairy, and fruits. The lowest scores were for the
categories of sweets, meat, olive oil use, and wine consumption.
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Table 2. Intake and score distributions of the food groups considered in the MSDP score among the participants in the
Framingham Offspring Study.

Food Groups Considered in the MSDP Score Median Intakes (5%–95%) Median Scores (5%–95%) 1

Servings/day
Whole grains 0.90 (0.00–3.60) 1.13 (0.00–4.50)

Fruit 1.50 (0.20–4.40) 4.67 (0.33–9.33)
Vegetables 2.40 (0.80–5.80) 4.00 (1.17–8.50)

Dairy 1.20 (0.20–4.10) 5.00 (0.00–9.00)
Wine: Men 0.10 (0.00–0.90) 0.33 (0.00–3.00)

Women 0.10 (0.00–0.90) 0.67 (0.00–5.33)

Servings/week
Olives, pulses, and nuts 1.20 (0.00–5.10) 3.00 (0.00–9.25)

Potatoes 3.50 (0.50–7.60) 5.00 (0.00–10.00)
Poultry 5.00 (0.80–9.90) 5.75 (0.00–8.25)

Eggs 0.50 (0.00–3.00) 1.67 (0.00–10.00)
Meat 4.00 (0.50–11.90) 0.00 (0.00–8.00)

Sweets 13.80 (1.90–45.00) 0.00 (0.00–7.67)
Fish 2.30 (0.50–7.00) 3.73 (0.67–9.00)

Olive oil use score 2 0.00 (0.00–10.00)
1 Scores ranged from 0 to 10 based on percent adherence to Mediterranean Diet Pyramid recommendations, except for the use of olive oil.
2 Olive oil was scored as (a) used exclusively (score = 10), (b) used olive oil and other vegetable oils (score = 5), or (c) used no olive oil
(score = 0). MSDP, Mediterranean style dietary pattern.

Of the 2966 men and women at baseline, 611 subsequently developed cancer (Table 3).
Overall, those with higher MSDP scores had lower cancer incidence rates (1160 cases/10,000 py
of follow-up) compared to those with moderate and lower MSDP scores, 1240 and 1416 cases/
10,000 py, respectively. In the fully adjusted models, participants with moderate and higher
MSDP scores had non-statistically significant 15% and 16% lower risks of total cancer than
those in the lowest MSDP score category, respectively (HRmoderate: 0.85, 95% CI: 0.70–1.04;
HRhigh: 0.84, 95% CI: 0.68–1.03). In sex-stratified analyses, greater adherence to a Mediter-
ranean diet had a much stronger beneficial effect on total cancer risk in women than in men.
For women, those in the moderate and higher MSDP score categories had 29% (95% CI:
0.52–0.97) and 26% (95% CI: 0.55–0.99) lower cancer risks than those in the lowest MSDP
score category.

Table 3. Hazard ratios for total cancer, according to MSDP score categories in the Framingham Offspring Study.

Subjects Cases/PY Rate/10,000 py HR (95% CI) 1 HR (95% CI) 2

All subjects (n = 2966)
MSDP score

Low (4.0–19.0) 995 226/15,964 1416 1.00 (Ref.) 1.00 (Ref.)
Moderate (19.1–25.0) 951 191/15,407 1240 0.82 (0.67–0.99) 0.85 (0.70–1.04)

High (25.1–50.9) 1020 194/16,717 1160 0.79 (0.65–0.96) 0.84 (0.69–1.03)
P-trend 0.02 0.09

Women (n = 1578)
MSDP score

Low (4.0–19.0) 443 88/7333 1200 1.00 (Ref.) 1.00 (Ref.)
Moderate (19.1–25.0) 505 74/8552 865 0.86 (0.50–0.93) 0.71 (0.52–0.97)

High (25.1–50.9) 630 97/10,718 905 0.70 (0.53–0.94) 0.74 (0.55–0.99)
P-trend 0.02 0.05

Men (n = 1388)
MSDP score

Low (4.0–19.0) 552 138/8632 1599 1.00 (Ref.) 1.00 (Ref.)
Moderate (19.1–25.0) 446 117/6856 1707 0.90 (0.70–1.16) 0.95 (0.74–1.22)

High (25.1–47.7) 390 97/5999 1617 0.83 (0.64–1.08) 0.91 (0.70–1.20)
P-trend 0.17 0.51

1 Adjusted for age and sex (for all subjects’ models). 2 Adjusted for age, baseline body mass index, pack-years of smoking, physical activity,
prevalent diabetes, supplement use, and sex (for all subjects’ models). MSDP, Mediterranean style dietary pattern; PY, person-years; and
Ref, reference category.
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Figures 1 and 2 show results of analyses exploring whether the risk estimates for
total cancer were modified by anthropometric measures of body fat, cigarette smoking,
or alcohol use in women and men. In each of these analyses, we explored the effects of a
higher (≥19) vs. lower (<19) MSDP score combined with categories (some of which are
sex-specific) of a second risk factor: For example, for BMI, we classified subjects into one
of the following four categories: (1) low MSDP and high BMI (ref group), (2) low MSDP
and low BMI, (3) high MSDP and high BMI, and (4) high MSDP and low BMI. Those in the
fourth category were hypothesized to have the lowest total cancer risk. Among women,
the HRs for categories 2, 3, and 4, respectively, were 1.14 (95% CI: 0.74–1.74), 0.84 (95%
CI: 0.59–1.21), and 0.69 (95% CI: 0.47–1.01), suggesting that those with a higher MSDP
score and a lower BMI did in fact have the lowest risk of cancer and that protective effect
appeared more than additive. Similarly, women with higher MSDP scores who also had a
lower WHtR had lower cancer risks than those with either risk factor alone. However, the
excess risks due to the interaction of these adiposity factors and MSDP adherence were not
statistically significant (p-interaction > 0.05).

Figure 1. Independent and combined effects of MSDP adherence and anthropometric, lifestyle,
and dietary factors on total cancer risk in women of the Framingham Offspring Study. 1 Models
assessing effect modification by BMI were adjusted for age, pack-years of smoking, physical activity,
prevalent diabetes, and supplement use. 2 Models assessing effect modification by waist-to-height
ratio were adjusted for age, hip girth, pack-years of smoking, physical activity, prevalent diabetes,
and supplement use. 3 Models assessing effect modification by smoking status were adjusted for age,
BMI, physical activity, prevalent diabetes, and supplement use. 4 Models assessing effect modification
by alcohol intake were adjusted for age, BMI, pack-years, physical activity, prevalent diabetes, and
supplement use. For these models, wine was excluded from the MSDP score. MSDP, Mediterranean
style dietary pattern; Ref, reference category; BMI, body mass index; and D, day.
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Figure 2. Independent and combined effects of MSDP adherence and anthropometric, lifestyle, and
dietary factors on total cancer risk in men of the Framingham Offspring Study. 1 Models assessing
effect modification by BMI were adjusted for age, pack-years of smoking, physical activity, prevalent
diabetes, and supplement use. 2 Models assessing effect modification by waist-to-height ratio
were adjusted for age, hip girth, pack-years of smoking, physical activity, prevalent diabetes, and
supplement use. 3 Models assessing effect modification by smoking status were adjusted for age, BMI,
physical activity, prevalent diabetes, and supplement use. 4 Models assessing effect modification
by alcohol intake were adjusted for age, BMI, pack-years, physical activity, prevalent diabetes, and
supplement use. For these models, wine was excluded from the MSDP score. Participants (n = 4,
men) exceeding 100 g of alcohol per day were excluded from this model. MSDP, Mediterranean style
dietary pattern; Ref, reference category; BMI, body mass index; and D, day.

We also explored possible effect modification on an additive scale of the MSDP scores
by cigarette smoking and alcohol consumption. Non-smoking and former-smoking women
generally had lower cancer risks, and these associations were slightly stronger among
those with higher MSDP scores. In men, we found that those with higher MSDP scores
who were non-smokers had the lowest risk of cancer (HR: 0.55; 95% CI: 0.36–0.84). Once
again, while these effects were more than additive, the estimated interaction did not reach
statistical significance (p-interaction > 0.05). Finally, there was no consistent evidence of
effect modification by alcohol intake in either men or women.

Table 4 shows the sex-specific associations between categories of intake in each MSDP
food group and total cancer risk. Compared with lower intakes, moderate intakes of some
foods were associated with lower cancer risks, but these risks tended not to be statistically
significant. For example, moderate dairy consumption was associated with a reduced risk
of cancer in men (HR: 0.69, 95% CI: 0.51–0.94) and women (HR: 0.67, 95% CI: 0.47–0.96),
but the p-values for trend were not statistically significant. Additionally, women with
moderate (vs. lower) intakes of fruit, eggs, and potatoes and those who used olive oil
tended to have lower cancer risks, and men with moderate intakes of potatoes tended to
have lower risks.
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Table 4. Hazard ratios for total cancer, according to the intake of each food group considered in the
MSDP score in women and men of the Framingham Offspring Study.

Food Groups Considered in the MSDP
Score (servings/day)

Women Men

HR (95% CI) 1 HR (95% CI) 1

Whole grains
Low (<0.5) 1.00 (Ref.) 1.00 (Ref.)
Moderate (0.5–<1.0) 0.90 (0.62–1.31) 1.21 (0.88–1.66)
High (≥1) 1.11 (0.79–1.55) 1.10 (0.83–1.46)

P-trend 0.39 0.66

Fruit
Low (<0.75) 1.00 (Ref.) 1.00 (Ref.)
Moderate (0.75–<2.5) 0.62 (0.44–0.88) 1.10 (0.81–1.48)
High (≥2.5) 0.87 (0.56–1.34) 1.02 (0.70–1.48)

P-trend 0.92 0.93

Vegetables
Low (<1.5) 1.00 (Ref.) 1.00 (Ref.)
Moderate (1.5–<3) 0.99 (0.67–1.44) 0.95 (0.71–1.27)
High (≥3) 0.81 (0.52–1.26) 1.08 (0.75–1.55)

P-trend 0.22 0.59

Dairy
Low (<0.5) 1.00 (Ref.) 1.00 (Ref.)
Moderate (0.5–<1.5) 0.67 (0.47–0.96) 0.69 (0.51–0.94)
High (≥1.5) 0.73 (0.49–1.08) 1.02 (0.74–1.40)

P-trend 0.43 0.17

Wine
Non–drinkers 1.00 (Ref.) 1.00 (Ref.)
Drinkers 1.07 (0.81–1.41) 1.12 (0.89–1.42)

P-trend 0.64 0.34

Servings/week
Olives, pulses & nuts

Low (<0.5) 1.00 (Ref.) 1.00 (Ref.)
Moderate (0.5–<1.5) 1.09 (0.74–1.63) 0.80 (0.54–1.17)
High (≥1.5) 0.89 (0.58–1.37) 0.89 (0.59–1.34)

P-trend 0.32 0.82

Potatoes
Low (<1.5) 1.00 (Ref.) 1.00 (Ref.)
Moderate (1.5–<3.5) 0.73 (0.50–1.08) 0.72 (0.51–1.01)
High (≥3.5) 0.76 (0.52–1.12) 0.87 (0.63–1.20)

P-trend 0.39 0.95

Poultry
Low (<2) 1.00 (Ref.) 1.00 (Ref.)
Moderate (2–<5) 1.04 (0.66–1.64) 0.76 (0.54–1.08)
High (≥5) 1.19 (0.86–1.65) 0.88 (0.67–1.15)

P-trend 0.28 0.45

Meat
Low (<2) 1.00 (Ref.) 1.00 (Ref.)
Moderate (2–<5) 1.22 (0.85–1.75) 1.63 (1.11–2.42)
High (≥5) 1.14 (0.75–1.74) 1.46 (0.95–2.26)

P-trend 0.81 0.67

Sweets
Low (<7) 1.00 (Ref.) 1.00 (Ref.)
Moderate (7–<21) 0.92 (0.67–1.27) 0.96 (0.70–1.34)
High (≥21) 0.79 (0.50–1.27) 0.94 (0.64–1.37)

P-trend 0.34 0.75

137



Nutrients 2021, 13, 4064

Table 4. Cont.

Food Groups Considered in the MSDP
Score (servings/day)

Women Men

HR (95% CI) 1 HR (95% CI) 1

Fish & other seafood
Low (<2) 1.00 (Ref.) 1.00 (Ref.)
Moderate (2–<4) 0.84 (0.61–1.16) 1.12 (0.86–1.45)
High (≥4) 1.18 (0.83–1.67) 0.95 (0.69–1.32)

P-trend 0.41 0.85

Eggs
Low (0) 1.00 (Ref.) 1.00 (Ref.)
Moderate (0.5–<1.5) 0.69 (0.48–0.98) 0.99 (0.70–1.40)
High (≥1.5) 0.82 (0.58–1.15) 0.97 (0.70–1.34)

P-trend 0.89 0.85

Olive oil
No use of olive oil 1.00 (Ref.) 1.00 (Ref.)
Olive oil use 0.71 (0.49–1.01) 0.89 (0.67–1.20)
Olive oil and Vegetable oil use 0.93 (0.47–1.84) 1.37 (0.69–2.70)

P-trend 0.06 0.51
1 Adjusted for age, body mass index, pack-years of smoking, physical activity, diabetes status, supplement use
status, calorie intake and mutually adjusted for all the other MSDP food groups. MSDP, Mediterranean style
dietary pattern and Ref., reference category.

4. Discussion

This is the first long-term population-based study using the MSDP score developed
by Rumawas et al. [17] to assess the association between adherence to a Mediterranean-
style diet and overall cancer risk. We observed that consuming a diet consistent with
the principles of the Mediterranean diet was associated with reductions in total cancer
risk among healthy adults aged 30 years or older but especially among women. Those
women with moderate and higher MSDP scores had at least a 26% lower cancer risk.
Further, non-overweight women with a higher MSDP score had a much lower risk of
cancer than any other group of women. Among men, the effects of a Mediterranean-style
diet were modified by smoking status in that non-smoking men with higher adherence to a
Mediterranean-style diet had the lowest cancer risks. This study shows that the effects of a
Mediterranean-style diet on cancer risk appear to be modified by other risk factors.

Only two previous studies have reported beneficial effects of the Mediterranean diet
on total cancer incidence [14,15]. The multicenter EPIC study followed 142,605 men and
335,873 women for a median of 8.7 years and found that the highest Mediterranean diet
score category was associated with 7% reductions in total cancer risk in both men and
women [15]. These risk reductions were similar among participants in Mediterranean and
non-Mediterranean countries, suggesting that the cancer-protective effects of this dietary
pattern are not unique to countries in the Mediterranean region. We had insufficient power
to detect statistically significant risk reductions of that magnitude in men in this current
study, while the effect estimates (9% lower cancer risk associated with higher MSDP scores)
were similar.

Our results suggested a stronger risk reduction in Framingham women than was
observed in the larger EPIC study [15]. It is possible that the different approaches to
scoring adherence to the Mediterranean diet might explain some of these differences in the
observed effects. Specifically, the EPIC study used a diet score [16] with cut-off values for
adequate intakes in European countries based on sex-specific population median food and
nutrient intakes in those countries rather than intakes recommended by the Mediterranean
diet pyramid (as was done in the current study). It may be that the lower baseline risk in
the EPIC study led to weaker risk reductions in those countries. Other differences between
the two studies included the addition of total alcohol in the score rather than red wine
alone, as well as between-country differences in the food sources of nutrients such as
monounsaturated fatty acids (MUFAs).
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A separate analysis of data from the Greek cohort in the EPIC study found that
adherence to a Mediterranean diet was associated with a statistically significant 22% lower
risk of cancer overall, with stronger effects found among women (a statistically significant
27% lower risk) than among men, who had a non-statistically significant 17% lower risk [14].
It is possible that these stronger effects in the Greek EPIC cohort may have been due to
the median-based scoring system better capturing Mediterranean diet adherence in that
population than it did in more northern European countries. Our findings using the MSDP
score were similar to the sex-specific differences found in the Greek EPIC cohort.

Excess body fat, including overweight, obesity, and weight gain (during middle
adult years), are strong modifiable risk factors for certain cancers such as breast (post-
menopausal), colorectal, and reproductive cancers [5,29]. The most common cancers
among FOS participants were obesity-related cancers, mainly breast (post-menopausal)
and colorectal. Prior analyses in the FOS study showed that gaining ≥0.45 kg (≥1.0 pound)
per year over ~14 years of follow-up during the middle-adult years increased the risk of
overweight and obesity-related cancers by 38% (95% CI: 1.09–1.76) [23]. Data from the
Nurses’ Health Study and the Health Professional Follow-Up Study [30] as well as the
Women’s Health Initiative [31] also demonstrated that weight gain increased the risk of
obesity-related cancers in women. Few studies have examined effect modification of the
relation between a Mediterranean diet and cancer risk by baseline BMI [32,33], and results
have been inconsistent. The current study in which the effects of a Mediterranean-style
diet were stronger among leaner women differ from those of some studies in which the
protective effects of the Mediterranean diet (e.g., on breast cancer risk) were found mainly
among obese women [34,35].

In this study, the beneficial effect of a higher MSDP score in men was strongest among
never-smokers, while in an earlier EPIC study, the beneficial effects of a Mediterranean-style
diet were slightly stronger among current smokers than past or never smokers [15]. It is
possible that these conflicting results may be due to differences in the baseline prevalence
of cigarette smoking as well as rates of tobacco-related cancers between studies or that
patterns of smoking may be differently associated with other behavioral risk factors in
different studies.

An analysis of each food group considered in a Mediterranean diet score in association
with total cancer risk has only been done once before. Our results showed that there
was some tendency for certain food groups to be associated with lower cancer risks,
especially in women, but none had statistically significant linear trends. In the earlier
EPIC study, there was no evidence of an association between any individual component
of the Mediterranean diet score with risk of total cancer [15]. The cancer-protective effect
of the overall Mediterranean diet pattern is likely to be stronger than that of individual
foods and nutrients associated with the diet pattern. The unique matrix of foods and
nutrients as part of a Mediterranean dietary pattern may act synergistically to protect
against the occurrence or spread of certain cancers [15]. Overall, the Mediterranean diet
is rich in phytochemicals including polyphenols (such as flavonoids and resveratrol),
carotenoids, and fiber, and its fatty acid profile is high in omega-3 and MUFAs. This overall
nutrient profile is thought to have antioxidant, anti-inflammatory, antiproliferative, and
antimutagenic properties [4–7,13,36–38].

In addition, the beneficial effects of the Mediterranean diet could be explained by
intermediate effects on body fat or body composition resulting from the obesity-protective
effect of the Mediterranean diet [5,10,39]. Despite the higher fat content of the Mediter-
ranean diet, clinical and epidemiological studies showed that this diet has been linked
with a low-to-moderate weight loss and lower abdominal adiposity [40–42]. A previous
prospective analysis of individuals without diabetes mellitus in the FOS found that higher
(vs. lower) MSDP scores were associated with lower waist circumference, less insulin
resistance, and lower fasting plasma glucose and triglycerides, as well as higher HDL
cholesterol [42]. One clinical trial demonstrated that people with metabolic syndrome
assigned to a Mediterranean diet group had a 2.0 cm greater decrease in waist circum-
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ference and 2.8 kg greater weight loss than those in the control group (prudent diet) [40].
Further, central adiposity and metabolic dysfunction are both risk factors for cancer devel-
opment. Therefore, a Mediterranean-style diet may result in less adiposity and metabolic
dysfunction, thereby explaining in part the cancer-protective effects of this diet pattern.

The strengths of this study include its prospective design with carefully adjudicated
cancer outcomes using standardized procedures [20]. In addition, most potential con-
founding or effect modifying variables were measured rather than self-reported in this
study. In terms of limitations, because the score that we used assigned equal weight to
each component, it assumes that the biological effects of these components are all equal
with respect to different types of cancer, and this may not be the case. Another limitation is
the limited distribution and relatively low average MSDP scores in this study. The highest
score observed was 50.95, and the mean score was less than half that amount. Further, the
FFQ used to calculate the MSDP score has a limited ability to estimate energy intake, thus
making it a possible source of error. However, earlier validation studies of the FFQ used in
these analyses found that many of the foods included in the MSDP score were adequately
measured when compared with intakes from diet records [43]. A further limitation of
this study is its sample size. The relatively small numbers of cancer cases gave us limited
power to evaluate individual cancers, particularly for men and women, separately. This
was especially problematic in the assessment of effect modification. Similarly, the food
group analyses should be interpreted with caution due to the limited number of cases in
some categories of intake and the strong correlations between different food groups in
these analyses. Finally, the FOS subjects were exclusively Caucasian, so these results may
not be representative of risks in a multiethnic population.

5. Conclusions

This is the first prospective cohort study to show that consumption of a Mediterranean-
style diet may be one effective strategy for reducing total cancer risk in the US. In this
study, the cancer-protective effects of higher Mediterranean diet adherence were strongest
in women with less adiposity and among men who did not smoke. Given the high rates
of cancer in the US [44,45], these findings have the potential to benefit large numbers of
people.
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Abstract: The Mediterranean diet has emerged as a comprehensive lifestyle, including specific foods
and meal composition and a set of behavioural and social features. Adherence to the Mediterranean
diet has been shown to promote health and reduce the prevalence of chronic diseases. The actual
implementation of the Mediterranean diet is affected by several sociocultural factors as well as
geographical components. Indeed, the geographical location, such as a specific country or different
areas in a country and specific latitude and climate, appears to be an important factor that may
strongly affect the implementation of the Mediterranean diet or some of its principles as well as the
adherence to it. Another dynamic component affecting personal nutritional choices, also regarding
adherence to the Mediterranean diet and its principles, is the individual life-long trajectory of food
preference and nutrition habits and awareness. In this review, we discuss the current evidence on the
impact of geographical location on adherence to the Mediterranean diet.

Keywords: Mediterranean diet; adherence; awareness; health; geographical location; ethnic; nutrition
guidelines; chronic disease

1. Introduction

Among the different nutritional approaches aimed at promoting and maintaining
good health as well as preventing chronic diseases, the Mediterranean diet has emerged
over the decades as a comprehensive lifestyle, that, in addition to specific foods [1] and
meal composition [2,3], also includes a set of behavioural and social features such as the
production of specific foods as well as social exchange and communication [4–7]. The
Mediterranean diet reflects the food patterns typical of southern regions of Greece, Italy,
Spain and France in the early 1960s, where adult life expectancy was quite high, and the
prevalence of diet-related chronic diseases was low [4–6]. Such food patterns, based on
fresh or minimally processed or refined foods, were more specifically present in rural
areas with easier availability of such dietary components, compared to urban areas [8].
The nutritional characteristics of the Mediterranean diet have inspired institutions and
experts in several regions of the world and, more specifically, in individual countries,
to implement healthier approaches to food consumption into their specific nutritional
guidelines [9]. Some examples of this approach include the New Nordic Diet [10] and
the US Dietary Guidelines for Americans, 2020–2025, 9th ed. [11]. In this context, it is
important to emphasize that, in order to be most effective, nutritional guidelines need
to be developed according to several specific factors, such as local cultural, ethnic and
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traditional features, and geographic and socioeconomic components, as well as to the
availability of specific local food products [9]. Among these features, the geographical
location (i.e., a specific country, different areas in a country, such as seaside or mountainside
or plains far from both, and specific latitude and climate, including climate changes, as
well as the related social features) appears to be a crucial factor that may affect to a large
extent the actual applicability of the Mediterranean diet or some of its principles as well as
the actual adherence to it [12–18]. An additional dynamic component affecting personal
nutritional choices, also regarding adherence to the Mediterranean diet and its principles,
is the individual life-long trajectory of food preference and nutrition habits and awareness,
including feeding behavior aspects [19]. In the past, this aspect has been associated with
local traditions and ethnic features and therefore remained rather stable over time within
a specific population. However, over the last decades, due to the exponential diffusion
of multiple communication media, the modifications of such traditional nutrition habits
have been more frequent, leading to either a nutritional transition to unhealthy habits,
especially in younger subjects [17,20–22] and in selected areas such as the Middle Eastern
and North African (MENA) region [12], or a greater awareness of the health advantages
of a good adherence to the Mediterranean diet, especially in middle/older age subjects,
with improved nutrition patterns during their lifetime [23]. Thus, the epidemiological and
experimental observations reporting adherence to the Mediterranean diet and its impact
on health issues should also take into consideration another component: the time-related
longitudinal changes within a specific population.

This narrative review discusses the current evidence on the potential impact of these
two important factors, geographical location and time-related life-long change, on adher-
ence to the Mediterranean diet. To this aim, the PubMed and Excerpta Medica Database
(Embase) were searched from inception until April 2022. The search was also extended
to the gray literature. Used search terms, with a combination of MeSH terms if applica-
ble in each database, included: “Mediterranean diet”, “geographical location”, “region”,
“regional”, “adherence”, “Nordic diet”, and “age”.

2. Adherence to the Mediterranean Diet and Chronic Disease Prevention

Several epidemiological observations and intervention studies demonstrated that
implementation of the Mediterranean diet, either as spontaneous adherence [24,25] or
following specific intervention approaches (i.e., Lyon Diet Heart Study [26] and PRED-
IMED Study [27]), are associated with numerous health benefits. These include a reduced
incidence of cardiovascular diseases [26–30], including peripheral artery disease [31], dia-
betes mellitus [32] and the metabolic syndrome [33] and type 2 diabetes mellitus [34,35].
Moreover, adherence to the Mediterranean diet has been found to show positive effects
on cancer incidence [36], possibly thanks to the presence of natural compounds with pro-
tective effects [37]. Greater adherence to the Mediterranean diet has also been associated
with a reduced incidence of neurodegenerative diseases (Parkinson’s and Alzheimer’s
disease) [38,39] and, coherently, of cognitive dysfunction and physical impairment [40–42].

3. Adherence to the Mediterranean Diet and Geographic Location in Adults

As an extension of the above-reported observations, it is important to associate the term
“Mediterranean diet” not only with the food quality and meal composition, but also with a
particular way of cooking, eating and more. The Mediterranean diet indeed involves a series
of skills, knowledge, symbols, rituals, and traditions related to crops, harvesting, animal
husbandry, fishing, conservation, processing, and, more specifically, to the sharing and
consumption of food [7]. Eating together is the basis of the cultural identity and continuity
of communities throughout the Mediterranean area, representing an important moment of
social exchange and communication, which results in the reinforcement of the relationships
within family, groups, and community [43]. For these reasons, the Mediterranean diet was
inscribed in 2013 in the Representative List of the Intangible Cultural Heritage of Humanity
Countries: Greece, Italy, Spain, Morocco, Cyprus, Croatia, and Portugal [7]. Based on these
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considerations, it appears that the specific geographical location and all the related features
strongly impact the implementation of the Mediterranean diet or some of its aspects, on
the extent of awareness of its benefits and, ultimately, on the adherence of a population.
Interestingly, the relevant change in the society features and the associated globalization
that occurred in the last half-century and are still ongoing impacted and still impact the
relationship between local habits and adherence to the Mediterranean diet, sometimes in
opposite directions. A very recent systematic analysis of adherence to the Mediterranean
diet among adults in a large set of Mediterranean countries reported that most available
studies (in the 2010–2021 period) are from European Mediterranean countries, with fewer
studies from Mediterranean countries in North African and Middle Eastern regions [18]. In
general, low or moderate adherence was reported by the different studies, without major
sex and age differences.

The analysis of adherence to the Mediterranean diet in cross-sectional studies may
be useful to unveil possible differences between populations living in the same country
or even district, but in different geographical and socio-cultural conditions, such as, for
example, in rural areas and in urban contexts, two quite diverse geographical settings.
Table 1 reports the main outcomes of the studies conducted in adults and discussed in this
section.

Table 1. Adherence to the Mediterranean diet and geographic location in adults.

Study Name Country Year Scoring System
Adherence to

Mediterranean Diet
Reference

PLIC Italy (urban) 2017 PREDIMED higher than PLIC-Chiesa [44,45]
PLIC-Chiesa Italy (mountain) 2020 PREDIMED lower than PLIC [46]

DIMERICA Spain (different
regions) 2016 MD adherence

score lowest in Southestern Spain [47]

ATTICA Greece (urban) 2021 MedDietScore higher in women, older
people [48]

PERSEAS Greece (island) 2017 MedDietScore moderate, despite being in a
small island [49]

Cyprus 2021 MedDietScore higher in males/rural areas [50]

Spain 2022 PREDIMED no major changes during
COVID-19 lockdown [51]

Italy 2020 PREDIMED no major changes during
COVID-19 lockdown [52]

Australia 1999 composite score higher was associated with
longer survival [53]

USA (different
regions) 2020 MD adherence

score

significant
geospatial/population

disparities
[54]

USA (Stroke
Belt/other regions) 2019 PREDIMED lower in Stroke Belt group [55]

One example of this is offered by the comparison between two epidemiological studies
recently conducted in northern Italy and rather far from the Mediterranean Sea. One study
involved the PLIC cohort, conducted in the urban area of Milan, Italy, on 2500 adult volun-
teers [44,45] and the other involved the PLIC Chiesa cohort, conducted in about 800 adult
subjects in an isolated village in the Italian Alps, at 1000 m above sea level [46]. These two
populations, although living just 150 km apart, represent two socio-cultural heterogenous
groups: one living in an urban context and the other being a rather homogeneous commu-
nity with greater isolation and specific socio-cultural identity, respectively. A preliminary
analysis of the adherence to the Mediterranean diet, assessed by the PREDIMED 14-item
tool [56] (Table 2), was conducted in subgroups from the two studies, according to a case-
control design (age- and sex-matched). It was found that PLIC-Chiesa individuals were
less adherent to the Mediterranean diet than the corresponding PLIC subjects (mean PRED-
IMED score 7.38 vs. 8.22, respectively; p < 0.001), consistent with the traditional mountain
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diet, mostly consisting of food of animal origin. The full study will unveil whether this
finding is associated with different health outcomes.

Table 2. Mediterranean diet score systems used in the reported studies.

Scoring System
Range for Classification in Categories

Low Moderate High

PREDIMED (MEDAS) [56] �5 6–9 �10
MD adherence score [47] <5 5–7 >7

MedDietScore [57] <25/55 26–35/55 >35/55
KIDMED [58] �3 4–7 8

Mediterranean diet scale (MDS) [59,60] 0–3 4–5 6–9
Mediterranean Diet Serving Score (MDSS) [61] 0–9.9 10–13.9 �14 (24 max)

Mediterranean diet scores were assessed by direct administration by a trained dietician (PREDIMED) or by
evaluating a food frequency questionnaire (all others). The related references are indicated.

A regional variability of adherence to the Mediterranean diet (evaluated by the MD
adherence score, Table 2) has also been reported in Spain, where a recent study conducted
in all regions showed that southeastern Spain had the lowest score for adherence to the
Mediterranean diet specifically related to low consumption of fish and plant products. A
lower adherence score to the Mediterranean diet was also strongly associated with the
prevalence of hypertension [47]. Studies on adherence to the Mediterranean diet and health
outcomes in urban as well as rural areas have also been conducted in Greece. The ATTICA
epidemiological study estimated the level of adherence to the Mediterranean diet in a
sample (2749 participants) population of the Athens metropolitan area [48], by using the
MedDietScore [57] (Table 2). Higher adherence to the Mediterranean diet was observed in
areas with a greater proportion of women and older people with a lower unemployment
rate and immigrant population, as well as in locations with more green areas and a higher
frequency of supermarkets and street markets. On the contrary, adherence to the traditional
Mediterranean diet, evaluated by the MedDietScore, in the population of the Elafonisos
island, a small Greek island, was found to be moderate and associated with low physical
activity and high prevalence of obesity and traditional risk factors for cardiovascular
diseases, suggesting the need for lifestyle improvement programs in rural isolated areas of
the Mediterranean basin [49]. Another study, conducted in the Republic of Cyprus, showed
that adherence to the Mediterranean diet (assessed by the MedDietScore) in a sample of
the general population was greater in males and residents of rural regions compared with
females and residents of urban regions [50]. Interestingly, adherence to the Mediterranean
diet, once consolidated, appears to be rather robust, even under challenging conditions,
such as the recent COVID-19 pandemic. In this regard, studies reported that no major
changes in Mediterranean diet adherence occurred in Spanish university students [51] and
in a sample of the Italian population [52] during the recent COVID-19 lockdown, a major
lifestyle challenge.

Outside the Mediterranean basin, certain data and experiences related to the Mediter-
ranean diet are interesting. Longevity is a relevant advantage associated with adherence to
the Mediterranean diet for a substantial part of life [62,63]. To address this issue in Australia,
which is a country geographically and culturally quite far away from the Mediterranean
area, a prospective cohort study including both Anglo-Celts and Greek-Australians was
conducted in Melbourne, with the goal to evaluate whether adherence to the Mediterranean
diet affected the survival of elderly people in this developed non-Mediterranean country.
The authors reported that a diet that adheres to the principles of the Mediterranean diet
was associated with longer survival among Australians of both Greek and Anglo-Celtic
origin [53].

In the US, the Mediterranean diet, due to its palatability and its consequent high
acceptability, is considered a good opportunity for dietary improvement, for example by
increasing consumption of fresh vegetables, fruit, grains, and olive oil since the early 20th
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century [6]. Interestingly, improved awareness of and, consequently, adherence to the
Mediterranean diet style in the US has also been promoted by populations that immigrated
to the United States from Greece, Italy and Spain. In agreement with previous versions,
the 2020–2025 version of the Dietary Guidelines for Americans [11] currently includes the
Healthy Mediterranean-Style Dietary Pattern, which is considered a variation of the Healthy
US-Style Dietary Pattern, based on the types and proportions of foods typically consumed
by Americans, although in nutrient-dense forms and appropriate amounts. A very recent
study conducted a geospatial analysis of Mediterranean diet adherence (assessed by the
MD adherence score) in the US [54], collecting data across the US regions and exploring
the predictive factors of such adherence among US adults (over 20,000 participants). High
adherence was observed in 46.5% of the sample. Higher adherence clusters were mainly
located in the western and northeastern coastal areas of the USA, whereas lower Mediter-
ranean diet adherence clusters were observed in south and east-north-central regions. Being
older, black, not a current smoker, having a college degree or above, an annual household
income ≥USD US 75K, exercising ≥4 times/week and watching TV/video <4 h/d were
each associated with higher odds of high adherence. The authors concluded that across the
US regions there is a significant geospatial and population disparity in adherence to the
Mediterranean diet, possibly leading to the greater prevalence of chronic diseases. In the
US, although recommended by the current Dietary Guidelines for Americans, as indicated
above, the Mediterranean diet is still poorly associated with its benefits, particularly in
the Stroke Belt, a large 11-state region in the southeast part of the country with an unusu-
ally high incidence of stroke and other forms of cardiovascular disease. A recent study
examined Mediterranean diet adherence (assessed by the PREDIMED score) and perceived
knowledge, benefits, and barriers in the US [55]. Convenience, sensory factors and health
were greater barriers to the Mediterranean diet in the Stroke Belt group, but not in the other
groups/regions. Participants with a bachelor’s degree or higher showed greater adherence
to the Mediterranean diet, whereas obese participants had a lower adherence.

When considering the geographical location and Mediterranean diet, it is worthwhile
to mention an important European experience, represented by the New Nordic Diet, devel-
oped in some northern Europe countries (Denmark, Sweden and Finland), characterized
by a markedly colder climate. Here, the plant-based nutrition present in the Mediterranean
diet is translated into the consumption of healthy regional-specific foods, such as vegetables
available in that area (pears, apples, berries, root and cruciferous vegetables, cabbages, rye
bread and whole grain) as well as potatoes, a high intake of fish, low-fat dairy products, and
vegetable fats, among other dietary lipid sources [10,64,65]. Moreover, it contains 35% less
meat than the average Danish diet and appears to be effective in sustainability terms [66].
Rather little research has been conducted so far on the long-term health effects of adherence
to the New Nordic Diet. A recent study found a non-significant inverse association with the
overall incidence of myocardial infarction and of stroke in men [67], whereas no association
was observed with the incidence of type 2 diabetes mellitus. These findings suggest the
need for further studies to highlight which components of the Mediterranean diet provide
the well-established cardioprotective effect. In this context, one may speculate about the
effects of the different fats used for cooking: olive oil in the Mediterranean diet vs. rapeseed
oil in the New Nordic diet [68,69].

Figure 1 reports the main geographical features reported for adults and is discussed in
this section.
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Figure 1. Geographical features of Mediterranean diet adherence in adults.

4. Adherence to the Mediterranean Diet and Geographic Location in Adolescents

Although several reports are available regarding adherence to the Mediterranean diet
in the adult population, little information is available regarding children and adolescents,
spontaneously adhering to this nutrition pattern early in life. Table 3 reports the main
outcomes of the studies conducted in adolescents and discussed in this section.

Table 3. Adherence to the Mediterranean diet and geographic location in adolescents.

Study Name Country Year Scoring System
Adherence to

Mediterranean Diet
Reference

Greece 2009 KIDMED greater if good knowledge
of Med diet [70]

MDFS group Italy 2014 Mediterr. diet scale low: 38.6%; high: 14%.
Higher in Southern Italy [71]

DIMENU Italy (Southern) 2020 KIDMED medium: 60.9% [72]

Italy (Sicily) 2013 KIDMED moderate in general, lower
in urban settings [73]

Italy 2021 KIDMED higher associates to
antiinflammatory profile [74]

DIMENU Italy (Southern) 2021 KIDMED higher with education
programs [75]

Croatia (Dalmatia) 2021 MDSS reduced in younger women [61]

In the context of younger age, education and awareness about the Mediterranean
diet and its principles are very important, as shown by a study conducted in Greece and
showing that Greek adolescents consume a more westernized diet, which is quite detached
from the traditional Mediterranean diet, although actual knowledge about the Mediter-
ranean diet was associated with greater adherence to it [70], according to the evaluation by
KIDMED scoring [58] (Table 2). Data from different Italian regions [71] (obtained using the
Mediterranean diet scale (MDS) according to [59], revised by [60], Table 2) in a sample of
565 adolescents aged 12–19 years indicate that 38.6% of subjects had low adherence to the
Mediterranean diet, whereas only 14% had high adherence. In this study, adolescents from
the southern region of Italy showed the highest adherence, compared with those from the
northeast and northwest Italy, which are mostly far from the Mediterranean Sea. Recently,
in the DIMENU cross-sectional study, carried out in adolescents from the southern Italy
area, a medium adherence to the Mediterranean diet assessed by the KIDMED score was
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reported (medium adherence 60.87%) with no significant differences according to gen-
der [72]. Similar data were also reported by other authors among adolescents living in the
Mediterranean region [73], and in the adult population from the same Mediterranean area
in which a direct association with age was found [76]. Specifically, Caparello et al. reported
that in adulthood the percentage of adherers to recommendations for fruit, nuts, and fish,
estimated by the PREDIMED score, was below the dietary guidelines [76]. Supporting this
concept, in adolescence, higher consumers of nuts, olive oil and fish showed a better serum
metabolic profile, underlining the need to improve the consumption of distinctive compo-
nents of the Mediterranean diet pattern and to encourage people to change their eating
behaviour [77]. In addition, optimal Mediterranean diet adherence (assessed by KIDMED)
in adolescents performing vigorous intensity levels of physical activity was found to be
associated with lower lipid profile markers and reduced insulin concentrations, reinforc-
ing the healthy benefits of the Mediterranean-style diet pattern [72]. Moreover, serum
from adolescents who follow an optimal adherence to the Mediterranean diet (KIDMED)
displayed anti-inflammatory and antioxidant properties which may provide chances for
the prevention of metabolic and chronic diseases in adulthood [74]. However, a better
knowledge of the composition of the healthy Mediterranean diet pattern, in terms of food
sources of macro- and micronutrients through nutrition education programs is necessary
to improve the adherence to the Mediterranean diet (KIDMED) in the young population.
Indeed, the awareness towards the promotion of the Mediterranean diet as a global nutri-
tionally balanced and healthy dietary pattern led to a decreased inflammatory status in
adolescents of southern Italy [75].

An interesting “generation shift” from a Mediterranean diet pattern to a more “west-
ernized” type of diet has also been observed in Dalmatia, the Mediterranean coastal part
of Croatia, highlighting that younger women, although having a higher education and
socioeconomic status, showed a lower adherence to the Mediterranean diet (assessed by the
Mediterranean Diet Serving Score [61], Table 2) and a healthier lifestyle than older women
from the same region [17].

5. Conclusions

This paper highlights the relevance of the geographical location and related social
features in the actual adherence to the Mediterranean diet, thereby promoting (or not) sev-
eral health advantages. Moreover, evidence is present that improved health and longevity
results from prolonged exposure to this dietary pattern, emphasizing the time factor and the
actual moment of its acquisition. However, in several instances, Mediterranean populations
have been showing moderate adherence to the Mediterranean diet in the past 10 years [18],
which suggests the need for improving adherence to the Mediterranean diet even in the
countries of its origin. In the future, the ways in which a palatable and healthful dietary
pattern, such as the Mediterranean diet, can be communicated and promoted need to be
investigated beyond medical and nutrition authorities, for example, by employing culinary
and marketing strategies. Importantly, several critical issues are present when adapting
the Mediterranean diet to non-Mediterranean populations [78]. The approach to studying
diet–health relationships has progressively moved from individual dietary components
to overall dietary patterns that affect the interaction and balance of personal metabolome
(low-molecular-weight metabolites) and microbiome (host-enteric microbial ecology). Fu-
ture studies will be needed to address this complexity, unveiling how metabolome and
microbiome profiles are modulated by high adherence to the Mediterranean diet in the
different populations and regions to promote health and longevity [79,80].
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