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Abstract: The Mediterranean diet (MD) and Western diet (WD) are poles apart as dietary patterns.
Despite the availability of epidemiological tools to estimate the adherence to MD, to date, there is a
lack of combined scores. We developed MEDOC, a food frequency questionnaire (FFQ) designed
to calculate a combined adherence score for both diets and validated it on 213 subjects. The test—
retest reliability revealed all frequency questions falling within the acceptable range of 0.5 to 0.7
(Pearson correlation coefficient) in younger (<30 years old) subjects, while 1 question out of 39 fell
below the range in older (>30 years old) participants. The reproducibility for portion size was less
satisfying, with, respectively, 38.2% and 70.5% of questions falling below 0.5 (Cohen’s Kappa index)
for younger and older subjects. The good correlation (R = 0.63, p < 0.0001 for subjects younger than
30 years and R = 0.54, p < 0.0001 for subjects older than 30 years, Pearson’s correlation coefficient)
between the MEDOC score and the MediDietScore (MDS) confirmed the validity of the MEDOC
score in identifying patients who adhere to the MD. Harnessing the capabilities of this innovative
tool, we aim to broaden the existing perspective to study complex dietary patterns in nutritional
epidemiology studies.

Keywords: Mediterranean diet; western diet; food frequency questionnaire; nutrition transition

1. Introduction

The preventive potential of the Mediterranean diet (MD) [1] against the commonest
chronic diseases and cancer is universally recognized [2—4]. However, the influence of the
Western diet (WD) has dramatically grown even in the Mediterranean-basin countries, due
to the transition from traditional dietary patterns to Western-like models and behaviors
that has occurred over the past 100 years (Figure 1), deemed responsible for the growing
incidence of obesity and chronic and autoimmune diseases [5,6].

This transition has been caused by the rise of incomes following industrialization,
which led to a shift from higher energy intake and dietary consumption from rural diets,
high in cereals and fiber, toward diets high in sugars, fats, and animal-source food [7].
Nutrition transition was uneven and dispersed in Europe [8], leading to complex landscapes
difficult to recapitulate with traditional tools. In this context, it may be necessary to revise
the most common tools for estimating adherence to MD by adapting them to the Western-
like substrate [1]. Originally, MD was configured as a rural dietary pattern, characterized
by the frequent and seasonal consumption of fruits, vegetables, whole grains, legumes,
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and olive oil and moderate consumption of animal products; however, MD has evolved
and changed over the years, including also value aspects such as physical activity and
conviviality [9], which, to our knowledge, are not taken into account by the MD adherence
scores available to date. MD has become the reference model from which nutritional
guidelines for the general population in Italy have been derived [10]. These guidelines
have the goal of preventing chronic diseases and cancer, which represent the leading cause
of mortality and reduced quality of life in industrialized countries [11]. The underlying
evidence has been obtained estimating the adherence to MD through adherence scores
derived a posteriori, i.e., on the data-driven basis, or a priori, i.e., calculating a score of
adherence to a pre-defined model. After the MedDietScore (MDS) [12], one of the first a
priori MD adherence scores ever proposed and used in ambulatory settings [13], many
other scores have been created [14-16]. On the contrary, there is currently a lack of a priori
scoring systems available for estimating adherence to the WD, and commonly utilized
food frequency questionnaires (FFQs) fail to capture or appreciate Western-like dietary
patterns like the habit of eating fast foods frequently and consuming ready and ultra-
processed meals and/or refined food. Moreover, traditional cut-off-based scores impede
catching those subjects in which the influence of both models are merged, as a result of the
dynamism of the dietary changes that has occurred in recent years. In our previous reviews,
we emphasized the significance of developing tools capable of evaluating adherence to
both healthy dietary patterns like the MD and unhealthy dietary patterns like the WD in a
comprehensive manner, given the contrasting effects (preventive and harmful) that they
may have with respect to the development of certain diseases, such as autoimmune [1] and
neurodegenerative ones [1].

* Dietary fibre

* Poly-unsaturated/
saturated fat ratio

*  Whole grains

* Minimally processed
foods

WESTERN DIET

Figure 1. Nutrition transition from MD to WD. Arrows indicate the increase of intake of specific
nutrients for each nutritional model.

In the present study, we designed and validated MEDOC, a pioneering FFQ tailored
explicitly to compute a comprehensive adherence score that encompasses both the MD
and the WD in a unified manner. MEDOC allows the evaluation of the frequency of
consumption of 39 items, belonging to MD and WD, accompanied by portion size and
dietary behaviors. Our main aim was to develop a comprehensive instrument surpass-
ing the limitations of traditional adherence scores. Specifically, we aimed at creating an
adherence scale that spans the spectrum from WD to the MD (Figure 2), which renders it
possible to evaluate varying degrees of adherence to Mediterranean patterns determined
by WD influence.
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Figure 2. MEDOC score permits to position the subject on an adherence score running from WD (red)
to MD (green), considered as opposite dietary patterns, and to appreciate subjects influenced by both
dietary models (from orange to yellow to light green).

2. Materials and Methods
2.1. Study Design

Before the main study phase, a pilot phase was useful to test our data collection
method, instruments, and procedures to identify and address any issues or challenges.
The full data collection phase involved data collection from the entire study sample or
population and included tool improvements.

Before filling the MEDOC questionnaire, all participants were asked to complete
one of the latest FFQs validated to estimate the adherence to MD, that is, the MEDILITE
questionnaire [16]. This was useful to test the ability of the questionnaire per se, prior to
score calculation, to estimate the adherence to MD. Thus, MD adherence was calculated
with both tools to assess the concordance.

Subsequently, to test the MEDOC score’s ability to estimate adherence to MD, both
MEDOC score and MDS score, i.e., the first MD adherence score ever proposed and long-
term used in clinical practice, were calculated on data collected through the MEDOC FFQ.
Since no reference a priori scores were available for WD, we were able to test the validity
only for the MD-related part of the score.

Having validated the score, we tested it to the study sample, in order to assess the
distribution of the study sample on the double adherence scale running from WD to MD.

2.2. Study Sample

Participants were recruited starting from November 2022 to February 2024 from
various settings including the general population, students, and university staff, and each
individual provided their signed written informed consent. All subjects were older than
18 years old. The majority of the sample consisted of females, accounting for 70% of the
participants. A total of 213 subjects participated in the primary validation phase. These
individuals were categorized into two age groups: the young-adults group (age < 30 years)
and the adults-elderly group (age > 30 years). This study was conducted according to the
recommendations of the Declaration of Helsinki and was approved by the Maggiore della
Carita Hospital Ethical Committee (MEDOC, 1.0, 19 May 2021).

2.3. MEDOC Questionnaire Development

MEDOC is a structured semi-quantitative food frequency questionnaire (FFQ) de-
signed to assess adherence to MD. It includes integrated questions specifically intended
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to calculate the adherence score for WD. This tool was designed in accordance with the
guidelines outlined by Cambridge University for the creation, validation, and utilization of
food frequency questionnaires [17]. It includes quantitative weekly frequency questions
for the following items: fruits, vegetables, cooked vegetables, potatoes, salad, nuts, cereals,
rice, legumes, refined bread, pasta, rice, fresh fish, canned fish, cured meats, white meat,
red meat, cheese, seasoned cheese, eggs, legumes, pizza, milk, yogurt, biscuits, croissants,
cocktails, fast foods, flatbread, fresh bread, bread substitutes, pasta, prepared meals, fried
potatoes, savory snacks, pre-fried food, pastries and cakes, wine, beer, and liquors. The
questionnaire incorporates qualitative inquiries, regarding portion sizes and food habits,
including value aspects such as respect for seasonality and the preference to consume
ready-to-eat foods or self-made meals. Participants were required to select portion sizes
for each food item from a set of options depicted in images sourced from a widely refer-
enced photographic food atlas (Atlante fotografico delle porzioni degli alimenti per adulti,
Scotti&Bassani).

2.4. MEDQOC Score

The purpose of the MEDOC FFQ was to construct a combined adherence score to both
MD and WD. The final scoring of each participant could range between —20 and +20. A
score of +20 represents complete adherence to the MD without any influence from WD,
while a score of —20 identifies complete adherence to WD with no adherence to MD. Table 1
illustrates the scoring matrix used to assess the adherence score.

Table 1. MEDOC scoring system.

Food Items Cut-Off Points
>5 servings/day 1.5 Seasonal
> .
Fruits/ Vegetables >5 servings/day 1 Not seasonal
<5 servings/day -1 Seasonal
<5 servings/day -1.5 Not seasonal
3-6 servings/day 15 Non-refined
3-6 servings/day 1 Refined
Cereals
<3 0 >6 servings/day -1 Non-refined
<3 0 >6 servings/day -1.5 Refined
Regular/Frequent 1
Olive oil consumption
Occasional consumption -1
2 servings/day 1.5 Skimmed /partially skimmed
Dairy 2 servings/day 1 Full fat
<2 0 >2 servings/day -1 Skimmed /partially skimmed
<2 0 >2 servings/day —15 Full fat
2-4 servings/week 1
Eggs
<2 0 >4 servings/week -1
>2 servings/week 1
Legumes
<2 servings/week -1
>2 servings/week 15 Bought by local producer
Fish >2 servings/week 1 Bought at supermarket
is
<2 servings/week -1 Bought by local producer
<2 servings/week -1.5 Bought at supermarket
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Food Items Cut-Off Points
2 servings/week 1.5 Bought at supermarket
. 2 servings/week 1 Bought at supermarket
White meat
<2 0 >2 servings/week -1 Brought at supermarke
<2 0 >2 servings/week -15 Bought at supermarket
<2 servings/week 1.5 Bought by local producer
<2 servings/week 1 Bought at supermarket
Red meat >1 servings/week -1 Bought by local producer
>1 servings/week -15 Bought at supermarket
<1 servings/week 1
Processed meat -
>1 servings/week -1
<2 servings/week 1.5 Homemade
< )
Sweets/cakes /pastries <2 servings/week 1 Packed
>2 servings/week -1 Homemade
>2 servings/week —-1.5 Packed
Breakfast with croissant and No breakfast or >1 times week -1
cappuccino 0-1 times week 1
<30 min -1
Time dedicated to meals 3
>30 min 1
Yes -1
Nibbling
No 1
No -1
Adding spices instead of salt
Yes 1
>4 times/week —1
Dining out/takeaway
<4 times/week 1
Weekly frequency of loaf 1
bread > fresh bread
Bread
Weekly frequency of loaf 1
bread < fresh bread
>1 times/week -1
Bread substitutes B
<1 times/week 1
>0 times/week -1
Fast food ;
0 times/week 1
>0 ti k -1
Salted snacks imes/wee
0 times/week 1
>0 times/week -1
Sodas -
0 times/week 1
>1 times/week -1
Ready-to-eat meals/Frozen food
<1 times/week 1

The questions focused on estimating adherence to MD were derived from the latest

MD pyramid, updated in 2020 [18]. For each item, the frequency of consumption derived
from numerical responses and was merged with the portion size (categorical questions)
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to define the quantity of food consumed. Recommended ranges and portion sizes for
MD were used to estimate the MD adherence score, assigning a positive score to subjects
consuming an amount of food falling within the recommended ranges for MD, as shown
in Table 1. In some cases, 0.5 extra points were granted when the meeting of frequency
requirements was accompanied by the fulfillment of matching eating behaviors reflecting
the Mediterranean principles. Since MD and WD are poles apart as nutritional models,
negative scores were assigned when consumption levels of items representative of MD fell
outside the recommended ranges (e.g., consumption of fewer vegetables and more meat
than MD requirements), and a penalty of 0.5 was conferred where both the frequency and
the eating behavior did not match with the MD recommendation (e.g., eating few non-
seasonal vegetables or a lot of processed non-locally produced meat). Additionally, certain
specific questions, particularly those related to eating behaviors, provided informative
insights indicating lower adherence to the MD and higher adherence to the unhealthy
dietary model: behaviors such as having breakfast with croissants and cappuccino, dining
out frequently, and eating fast food were only a few examples associated with a negative
score, implying a greater adherence to WD. The WD adherence score was calculated
by assigning negative points (i) to frequencies of consumption that deviated from MD
requirements and (ii) to unhealthy eating behaviors. The final score was determined by
summing both negative and positive points.

2.5. Reproducibility and Validity Assessment

To assess test—retest reliability, participants were requested to complete the question-
naire on two separate occasions; the second administration took place precisely two weeks
after the first questionnaire completion. A reminder for the second round of question-
naires was sent to participants by email. Subjects who did not complete both rounds were
excluded from the study (Figure S1).

For validation purposes, i.e., to assess the MEDOC questionnaire’s effectiveness in
accurately gathering information to identify adherence to the MD, all participants were
initially requested to complete one of the most recently validated FFQs specifically designed
for estimating adherence to MD, namely the MEDILITE questionnaire [16]. It comprises
nine food categories; among them, five food groups are representative of MD, and for
them, 2 scoring points were assigned for the highest category of consumption, 1 for the
middle, and 0 for the lowest. Conversely, for food groups not typical of MD, a value of 2
was assigned to the lowest category, 1 for the middle, and O for the highest. For alcohol,
alcohol units were used giving 2 points to the middle consumption level, 1 point to the
lowest, and 0 for the highest [16]. Consequently, adherence to the MD was computed using
both tools to evaluate the agreement or concordance between them.

Subsequently, to evaluate the MEDOC score’s capacity in estimating adherence to the
MD, both the MEDOC score and MDS score, i.e., the first MD adherence score ever proposed
and long-term used in clinical practice, were calculated on data collected through the
MEDOC FFQ. The MDS, introduced by Panagiotakos et al., is derived from the principles
of the Mediterranean dietary pattern. It assigns scores ranging from 0 to 5 to different food
items based on the degree to which their consumption adheres to this dietary pattern [12].
The proposed frequency choices ranged from never to more than 32. In particular, for
food items recommended for daily consumption or more than four servings per week,
the scoring ranged from 0 to 5. A score of 0 denoted no consumption, while a score of
5 represented daily consumption. In contrast, for foods that deviate from this dietary
pattern, like meat and meat products, the scoring was inverted. A score of 0 was assigned
for nearly daily consumption, whereas a score of 5 indicated rare or no consumption.
Regarding potato consumption, a score of 5 was assigned for adhering to the recommended
intake of 3—4 servings per week, a score of 4 for 1-2 servings per week, and scores ranging
from 3 to O for rare, frequent, very frequent, and daily consumption, respectively. Lastly,
concerning alcohol intake, a score of 5 was given for consuming fewer than 3 wine glasses
per day, a score of 0 for consuming more than 7 wine glasses per day, and scores from 4 to 1
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for consuming 3, 4-5, 6, and 7 wine glasses per day. Consequently, the score spans from
0 to 55, with higher values indicating a stronger adherence to the Mediterranean dietary
pattern. Since no reference a priori scores were available for WD, we were able to test the
validity only for the MD-related part of the score.

After validating the score, we applied it to the study sample, to assess the distribution
of the study sample on the double adherence scale running from WD to MD.

2.6. Statistical Analysis

Categorical variables have been reported as absolute frequencies and percentages.
Numerical variables such as mean and standard or median deviation and first and third
quartiles have been reported in case the variables did not follow a Gaussian distribution.
The verification of the normality of continuous variables was carried out using the Shapiro—
Wilk test and through the evaluation of the quantile-quantile plot. To assess the test—
retest reliability of food frequency, the Spearman’s correlation (R), the corresponding 95%
confidence intervals (95%CI), and the intraclass correlation coefficient (ICC) were calculated.
For both indexes, values greater than 0.8 indicate optimal reliability, values between 0.6
and 0.8 substantial reliability, between 0.4 and 0.6 moderate reliability, and values less
than 0.4 poor reliability. Regarding the reproducibility assessment for portion sizes, the
Cohen’s Kappa index and 95%CI were calculated. Values of the index close to the value
1 indicate strong agreement between the answers. According to the Landis and Koch
scale, values greater of 0.8 are indicative of an almost perfect concordance, while values
between 0.6 and 0.8 substantial agreement, between 0.4 and 0.6 moderate agreement, and
below 0.4 a suboptimal agreement. Simple kappa values were reported for dichotomous
variables, while weighted kappa was reported for categorical variables with more than two
levels. This second index assigns different weights to the discrepancies depending on the
distances between answers. To assess questionnaire validity, the correlation between the
MD-related part of the MEDOC score and MEDILITE score was calculated. To evaluate
the MD score validity, the correlation between the MEDOC score and MDS was calculated.
Finally, descriptive statistics were also calculated for the overall double adherence scale
running from the WD to MD MEDOC score and stratified according to sex, education
levels, and BMI (<median vs. >median).

3. Results
3.1. Study Sample

The following results pertain the data collected in the main phase, including
213 participants, whose demographic characteristics are shown in Table 2. To pursue
the main objective of this study, i.e., to obtain an instrument that is suitable to be used for
the overall population, we categorized the study participants into two groups based on
age: the young-adults and the adults-elderly population. Before starting FFQ completion,
all participants were required to indicate their anthropometric measures (height, weight),
from which body mass index (BMI) was calculated.

Table 2. Descriptive statistics of the characteristics of the study participants.

Age <30 Age > 30
N =145 N =68
Mean (SD) Mean (SD)
Age (years) 22.91 (2.25) 56.33 (17.43)
Height (cm) 168.85 (7.78) 166.67 (9.16)
Weight (Kg) 62.36 (11.50) 64.72 (11.78)
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Table 2. Cont.

Age <30 Age > 30
N =145 N =68
Mean (SD) Mean (SD)
BMI (Kg/m?) 21.82 (3.35) 23.18 (3.23)
N (%) N (%)
Sex
Females 109 (75.17) 44 (64.71)
Males 36 (24.83) 24 (35.29)
Education level
High school or lower 99 (68.28) 31 (45.59)
Bachelor degree 32 (22.07) 18 (26.47)
Master degree 10 (6.90) 8 (11.76)
Post-lauream 4 (2.76) 11 (16.18)
Special diet
No 125 (87.41) 54 (85.71)
Vegetarian 6 (4.20) 1(1.59)
Vegetarian with fish consumption 3(2.10) 3(4.76)
Vegan 1 (0.70) 0 (0.00)
Others 8(5.59) 5(7.94)
BMI classes
Underweight (<18.5 kg/m?) 20 (13.89) 2 (3.13)
Healthy weight (18.5-24.9 kg/m?) 104 (72.22) 42 (65.63)
Overweight (25-29.9 kg/m?) 17 (11.91) 20 (31.25)
Obese (>30 kg/m?) 3 (2.08) 0 (0.00)

3.2. MEDOC FFQ Showed Good Test—Retest Reliability

The test-retest reliability of the MEDOC questionnaire demonstrated satisfactory results.

The Pearson correlation coefficient, corresponding to 95% confidence intervals (95%CI),
and intra-class correlation coefficient (ICC) were calculated to assess the test-retest reliabil-
ity of food frequency intake between the two time points, separately for the young-adults (a)
and the adults-elderly (b) (Table 3). The test-retest reliability revealed all questions falling
within the acceptable range of 0.5 to 0.7, as proposed by Cade et al. for reproducibility
trials [17], in younger (<30 years old) subjects. In older (>30 years old) subjects, 1 question
out of 39 fell below the range (breakfast with croissant and cappuccino).
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Table 3. Number of responders, mean, standard deviation (DS), median, and first (Q1) and third
(Q3) quartiles of food frequencies intake measured the first (TO) and second (T1) questionnaire’s
administration. Pearson correlation coefficient, corresponding 95% confidence intervals (95%ClI),
and intra-class correlation coefficient (ICC) to assess test-retest reliability of food frequencies intake
between the two time points among young-adults (a) and adults-elderly (b).

Age < 30 Years

@ N =145
TO T1
Weekly Frequency Weekly Frequency
Food Items N Mean (SD) 335585 sy (“Sifg‘; R (95%CD) 1cC
Vegetables and fruits
Medium/large sized fruit 145 7.17 (4.77) 7 (4,10) 6.08 (4.12) 5(37) 0.82 (0.75;0.86) 0.79
Small sized fruit 145 414 (3.2) 4(2;6) 3.49 (3.07) 3(1,5) 0.61 (0.50;0.71) 0.60
Dried fruit 145 2.71 (2.55) 2(1;4) 2.64 (2.47) 2(1;4) 0.68 (0.58;0.76) 0.68
Cooked vegetables 145 7.53 (4.26) 7 (5;10) 6.85 (4.33) 6 (4;10) 0.69 (0.60;0.77) 0.68
Raw vegetables 145 443 (3.61) 4(2;6) 3.55 (2.98) 3 (255 0.64 (0.54;0.73) 0.61
Salad 145 2.73 (2.79) 2 (1,4) 2.56 (2.59) 2(1,3) 0.85 (0.80;0.89) 0.85
Potatoes 145 1.56 (1.45) 1(1;2) 1.5 (1.26) 1(1;2) 0.51 (0.38;0.62) 0.51
French fries 145 0.87 (1.2) 1(0;1) 0.92 (0.98) 1(0;1) 0.60 (0.49;0.70) 0.59
Cereals
Breakfast cereals 145 2.12(2.73) 1(0;4) 2.01 (2.66) 1(0;3) 0.78 (0.70;0.83) 0.78
Loaf bread 145 2.65 (2.98) 2(1,3) 2.35(2.18) 2(1,3) 0.68 (0.59;0.76) 0.65
Fresh bread 145 4.32 (3.86) 4(1,6) 3.96 (3.35) 3(2;5) 0.86 (0.81;0.89) 0.84
Bread substitutes 144 3.32 (3.32) 3 (1;5) 2.61 (2.49) 2 (1;4) 0.75 (0.67;0.82) 0.70
Focaccia bread 145 1.79 (1.27) 2(12) 1.86 (1.5) 2(1;3) 0.65 (0.55;0.74) 0.64
Pizza 145 1.06 (0.57) 1(1;1) 1.08 (0.5) 1(1;1) 0.49 (0.36;0.61) 049
Rice and other cereals 145 3.22(2.41) 3(24) 2.86 (2.02) 2(1,4) 0.72 (0.64;0.79) 0.71
Pasta 145 5.55 (2.91) 5(3;7) 5.41 (2.94) 5(3;7) 0.78 (0.70;0.84) 0.78
Cookies 145 3.27 (2.64) 3 (1;5) 2.92 (2.76) 3 (1;4) 0.72 (0.63;0.79) 0.72
Sweets/cakes/pastries 145 2.9 (3.04) 2 (1,4) 2.34 (2.33) 2(1,3) 0.79 (0.72;0.85) 0.75
Dairy products
Cow milk 145 3.02 (3.36) 2(0;7) 3.03 (3.22) 2 (0;6) 0.85 (0.80;0.89) 0.85
Milk products 145 2.52 (2.67) 2(0;4) 2.39 (2.63) 2 (0;4) 0.83 (0.78;0.88) 0.83
Fresh cheese 145 2.3 (1.81) 2(1;3) 2.02 (1.54) 2(1;3) 0.74 (0.66;0.81) 0.73
Seasoned cheese 145 1.78 (1.85) 1(0;3) 1.51 (1.56) 1(0;2) 0.77 (0.70;0.83) 0.75
Meat and Fish
White meat 145 2.94 (2.23) 2(1;4) 2.77 (2.03) 2(2:4) 0.82 (0.75;0.86) 0.81
Red meat 145 2.18 (1.64) 2(1;3) 2.07 (1.74) 2(1;3) 0.74 (0.65;0.81) 0.74
Ultra-processed food 145 2.68 (2.38) 2 (14) 2.34 (1.98) 2(1;3) 0.80 (0.73;0.85) 0.78
Fresh fish 145 131(1.2) 1(02) 127 (1.1) 1(0:2) 0.79 (0.73;0.85) 0.79
Tinned fish 145 1.43 (1.34) 1(0:2) 1.28 (1.22) 1(0:2) 0.77 (0.70;0.83) 0.77
Eggs 144 1.81 (1.43) 2(1,2) 1.87 (1.76) 2(1,2) 0.58 (0.46;0.68) 0.57
Legumes 145 2.45 (2.23) 2 (1;4) 2.29 (2.22) 2(1;3) 0.79 (0.71;0.84) 0.78
Drinks
Soda 145 1.37 (2.24) 1(0;2) 1.08 (1.67) 1(0;2) 0.80 (0.73;0.85) 0.76
Wine 144 0.96 (1.11) 1(0;1) 0.95 (1.17) 1(0;1.5) 0.64 (0.54;0.73) 0.65
Beer 144 0.6 (1.17) 0(0;1) 0.51 (0.78) 0(0;1) 0.79 (0.72;0.84) 0.72
Cocktail 145 0.7 (0.72) 1(0;1) 0.73 (0.91) 1(0;1) 0.59 (0.47;0.68) 0.57
Spirits 145 0.26 (0.67) 0 (0;0) 0.18 (0.51) 0 (0;0) 0.62 (0.51;0.71) 0.59

Unhealthy foods
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Table 3. Cont.
@ Age N§=3(1)4¥5ear5
TO T1
Weekly Frequency Weekly Frequency
Food Items N Mean (SD) (I\Q/Iifg; “ée[i;‘ (“Q/Iifg; R (95%CI) IcC
Fast food 145 0.51 (0.71) 0(0;1) 0.48 (0.64) 0 (0;1) 0.71 (0.62;0.79) 071
Salted snack 144 1.06 (1.34) 1(0;1.5) 1.06 (1.11) 1(0;2) 0.58 (0.47;0.68) 0.58
Vegetables and fruits
Medium/large sized fruit 145 7.17 (4.77) 7 (4;10) 6.08 (4.12) 5(3;7) 0.82 (0.75;0.86) 0.79
Frozen foods 144 0.94 (1.32) 0(0;1) 0.86 (1.11) 1(0;1) 0.56 (0.43;0.66) 0.55
Ready-to-eat-meals 145 1.01 (1.54) 0(0;2) 0.89 (1.32) 0(0;1) 0.59 (0.47;0.69) 0.58
E;Zalcﬁsgﬁti}r‘l;“’issam 123 1.29 (1.98) 1(0:1) 1.27 (1.86) 1(0;1) 0.81 (0.73;0.86) 0.82
(b) Age 1\>] ioﬁgears
TO T1
Weekly Frequency Weekly Frequency
Food Items N Mean (SD) (I\Q/Iifg; I}';es;‘ (“Q/Iifé;; R (95%CI) IcC
Vegetables and fruits
Medium/large sized fruit 68 8.46 (5.22) 7 (5:14) 7.47 (4.65) 7 (4;11.5) 0.67 (0.51;0.78) 0.66
Small sized fruit 68 4.41 (4.6) 3(1;6.5) 3.56 (3.64) 3(1,5.5) 0.64 (0.48;0.76) 0.62
Dried fruit 68 3.56 (4.1) 2 (1;6) 3.21 (3.02) 3 (0;5.5) 0.65 (0.48;0.77) 0.62
Cooked vegetables 68 7.28 (4.25) 7 (4,10) 6.71 (3.8) 6(4,9) 0.74 (0.60;0.83) 0.73
Raw vegetables 67 3.76 (3.02) 3(L6) 3.28 (2.81) 3(24) 0.54 (0.35;0.69) 0.54
Salad 68 3.76 (2.83) 4(2;5) 3.57 (2.66) 3(2,5) 0.78 (0.66;0.86) 0.78
Potatoes 68 1.53 (1.23) 1(1;2) 1.59 (1.32) 1(1;2) 0.81 (0.71;0.88) 0.81
French fries 68 0.49 (0.86) 0(0;1) 0.49 (0.82) 0(0;1) 0.60 (0.42;0.73) 0.60
Cereals
Breakfast cereals 68 1.32 (2.03) 0(0;2) 1.34 (2.02) 0(0;2) 0.86 (0.78;0.91) 0.86
Loaf bread 68 2.25(3.24) 1(0;3.5) 1.93 (2.54) 1(0;3) 0.63 (0.47;0.76) 0.62
Fresh bread 68 5.15 (4.21) 5 (1.5;7) 5.12 (4.57) 45 (1.5;7) 0.85 (0.77;0.90) 0.85
Bread substitutes 68 3.76 (3.44) 3 (1;5.5) 3(2.75) 3 (1;4) 0.70 (0.55;0.80) 0.67
Focaccia bread 68 1.06 (1.17) 1(0;1) 0.94 (1.13) 1(0;1) 0.52 (0.32;0.68) 0.52
Pizza 67 0.9 (0.61) 1(1;1) 1.07 (1) 1(1;1) 0.59 (0.40;0.72) 0.51
Rice and other cereals 68 249 (2.2) 2(1,3) 2.26 (1.66) 2(1;3) 0.59 (0.40;0.72) 0.56
Pasta 68 4.37 (3.07) 4(2:6) 4.09 (2.39) 4(3;5) 0.76 (0.63;0.84) 073
Cookies 68 3.78 (2.78) 4(1;7) 3.75 (2.69) 4(1.57) 0.70 (0.55;0.81) 071
Sweets/cakes/pastries 68 1.49 (2.15) 1(0;2) 1.47 (2.26) 1(0;2) 0.70 (0.55;0.80) 0.70
Dairy products
Cow milk 68 3.56 (3.6) 2.5(0;7) 3.37 (3.34) 3(0;7) 0.80 (0.69;0.87) 0.80
Milk products 68 2.62 (2.56) 2(0;5) 2.59 (2.58) 2 (0;4.5) 0.81 (0.71;0.88) 0.81
Fresh cheese 68 2.62 (2.31) 2(1,3.5) 2.32 (1.86) 2(1,3) 0.70 (0.56;0.81) 0.68
Seasoned cheese 68 2.07 (1.93) 2(1;3) 2.21 (2.05) 2(1;3) 0.75 (0.62;0.84) 0.75
Meat and Fish
White meat 67 2.46 (1.92) 2(1;3) 2.31 (1.71) 2(1,3) 0.85 (0.77;0.91) 0.85
Red meat 67 1.73 (1.45) 1(12) 1.69 (1.42) 1(12) 0.68 (0.53;0.79) 0.69
Ultra-processed food 67 2.1(2.14) 2(1,3) 1.99 (1.73) 2(1,3) 0.80 (0.69;0.87) 0.78
Fresh fish 68 1.46 (1.61) 1(0;2) 1.56 (1.64) 1(0;2) 0.72 (0.58;0.82) 0.72
Tinned fish 68 1.24 (1.11) 1(1;2) 1.18 (1.02) 1(1;1.5) 0.74 (0.61;0.83) 0.74
Eggs 68 1.97 (1.76) 2(1,2) 1.84 (1.31) 2(1,2) 0.73 (0.59;0.82) 0.70
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Table 3. Cont.

Age < 30 Years

@ N =145
TO T1
Weekly Frequency Weekly Frequency

Food Items N Mean (SD) (I\Q/Iifg; “ée[i;‘ (“Q/Iifg; R (95%CI) IcC
Legumes 68 224 (2.13) 2(1;3) 212 (1.93) 2(1;3) 0.80 (0.69;0.87) 0.80
Drinks
Soda 68 059 (1.26) 0 (0;0.5) 0.59 (1.34) 0(0;1) 0.85 (0.77;0.91) 0.85
Wine 68 247 (342) 1(0;4) 225 (3.17) 1(03) 0.86 (0.78;0.91) 0.85
Beer 67 0.64 (1.08) 0(0;1) 0.64 (0.9) 0(01) 0.85 (0.76;0.90) 0.83
Cocktail 68 0.35 (0.64) 0(0;1) 0.35 (0.69) 0 (0,0) 0.80 (0.69;0.87) 0.80
Spirits 66 0.55 (0.98) 0(0;1) 0.53 (1.13) 0(0;1) 0.88 (0.81;0.92) 0.87
Unhealthy foods
Fast food 68 0.19 (0.47) 0 (0,0) 0.24 (0.67) 0(0,0) 0.62 (0.45,0.75) 0.58
Salted snack 68 0.82 (1.18) 0(0;1) 0.81 (1.08) 0(01) 0.80 (0.69;0.87) 0.80
Frozen foods 68 0.47 (0.84) 0(0;1) 0.5 (0.91) 0(0;1) 0.61 (0.44;0.74) 0.61
Ready-to-eat-meals 68 1.03 (2.25) 0(02) 0.68 (1.1) 0(0;1) 0.73 (0.60,0.83) 0.57
Breakfast with croissant 62 1.89 (2.53) 1(03) 1.08 (1.84) 0(0;1) 0.39 (0.12,0.59) 0.36

and cappuccino

The reproducibility for portion size was less satisfying, with, respectively, 38.2% and
70.5% of questions falling below 0.5 (Cohen’s Kappa index) for younger and older subjects;
Table 4 shows the weighted values or simple kappa indexes and the corresponding 95%ClI
used to assess reproducibility of portion sizes. The reproducibility of questions regarding
dietary behaviors has been described in Supplementary Table S2.

Table 4. Values of weighted or simple kappa indexes and the corresponding 95%CI used to assess the
reproducibility of portion sizes.

Age < 30 Years Age > 30 Years
N =145 N =68
Food Items Kappa (95%CI) N Kappa (95%CI) N
Vegetables and fruits
Medium/large sized fruit 0.39 (0.25;0.53) 133 0.28 (0.06;0.50) 57
Small sized fruit 0.39 (0.25;0.54) 117 0.32 (0.07;0.56) 45
Cooked vegetables 0.48 (0.35;0.61) 131 0.42 (0.23;0.61) 58
Raw vegetables 0.36 (0.23;0.52) 116 0.35 (0.12;0.58) 47
Salad 0.51 (0.37;0.64) 103 0.47 (0.28;0.66) 58
Potatoes 0.44 (0.28;0.60) 107 0.36 (0.07;0.64) 52
French fries 0.54 (0.44;0.64) 145 0.39 (0.16;0.62) 68
Cereals
Breakfast cereals 0.36 (0.14;0.55) 62 0.41 (0.07;0.75) 25
Loaf bread 0.68 (0.58;0.78) 134 0.62 (0.47,0.77) 63
Fresh bread 0.57 (0.44;0.69) 145 0.40 (0.21;0.58) 68
Bread substitutes 0.55 (0.44;0.66) 145 0.34 (0.16;0.52) 68
Focaccia bread 0.31 (0.2;0.42) 145 0.32 (0.14;0.49) 68
Pizza 0.37 (0.18;0.56) 145 0.52 (0.32;0.72) 68
Rice and other cereals 0.43 (0.29;0.57) 135 0.48 (0.29;0.68) 57

Pasta 0.50 (0.38;0.63) 145 0.41 (0.25;0.56) 68
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Table 4. Cont.

Age < 30 Years Age > 30 Years
N =145 N =68
Food Items Kappa (95%CI) N Kappa (95%CI) N
Cookies 0.58 (0.49;0.67) 143 0.49 (0.36;0.61) 68
Sweets/cakes/pastries 0.60 (0.43;0.76) 145 0.48 (0.16;0.80) 68
Dairy products
Cow milk * 0.39 (0.19;0.58) 75 0.40 (0.06;0.75) 30
Milk products 0.68 (0.52;0.84) 86 0.45 (0.21;0.69) 40
Fresh cheese 0.57 (0.46;0.68) 145 0.35 (0.19;0.50) 68
Seasoned cheese * 0.45 (0.25;0.65) 95 0.11 (—0.25;0.46) 46
Meat and Fish
White meat 0.56 (0.45;0.68) 145 0.49 (0.33;0.65) 68
Red meat 0.62 (0.51;0.73) 145 0.58 (0.41;0.74) 68
Ultra-processed food 0.53 (0.38;0.68) 113 0.10 (—0.09;0.42) 48
Fresh fish 0.34 (0.17;0.50) 91 0.38 (0.15;0.61) 42
Tinned fish 0.52 (0.37;0.66) 93 0.42 (0.19;0.65) 46
Eggs 0.89 (0.81;0.96) 116 0.70 (0.49;0.92) 59
Legumes 0.51 (0.37;0.64) 108 0.51 (0.30;0.72) 51
Drinks
Soda 0.66 (0.55;0.77) 145 0.59 (0.41;0.77) 68
Wine 0.68 (0.6,0.75) 141 0.83 (0.75;0.91) 64
Beer 0.66 (0.56;0.76) 139 0.62 (0.37;0.86) 67
Cocktail 0.59 (0.49;0.68) 139 0.76 (0.67;0.85) 66
Unhealthy foods
Fast food —0.17 (—0.33;-0.02) 54 0.85 (0.570;1.00) 7
Salted snack 0.63 (0.44;0.82) 65 0.38 (0.03;0.72) 25

* simple Kappa.

3.3. MEDILITE Scores Calculated on MEDOC and MEDILITE FFQ Show a Good Correlation

To assess the intrinsic capability of MEDOC FFQ to estimate the adherence to MD,
the correlation between MEDILITE scores calculated on both MEDOC and MEDILITE
tools was tested, showing a good concordance for both age groups (R = 0.64, p < 0.0001 for
subjects younger than 30 years and R = 0.54 and p = 0.0002 for older ones). The correlation
dot-plots are shown in Figure 3.
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Figure 3. Correlation between MEDILITE score calculated, respectively, on MEDOC questionnaire
and on MEDILITE questionnaire.
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3.4. MDD Score Estimated with MEDOC Correlates with MDS Score Used as Reference

To validate the MEDOC score’s capability in estimating adherence to MD, we com-
puted the correlation between the MEDOC and MDS score, used as a reference for previous
questionnaire-validation studies [16]. The correlation between the two scores was satisfying
in both age groups (R = 0.63, p < 0.0001 for subjects younger than 30 years and R = 0.54,
p < 0.0001 for subjects older than 30 years) (Figure 4).
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Figure 4. Correlation between Mediterranean diet (MD) part of MEDOC score and MD score
developed by Panagiotakos et al. [12].

3.5. Distribution of MEDOC Score Calculated on Study Sample

The distribution of the MEDOC scores of subjects of the main study sample is
shown in Figure 5, while Table 5 summarizes the statistics of MEDOC scoring (includ-
ing mean, standard deviation (SD), minimum, and maximum). The mean scoring of
older subjects approached more to the MD side (median 3.75, Q1-Q3 —1.00;10.50), if com-
pared to that of younger participants (Median 1.5, Q1-Q3 —4.00;6.00), supporting the
nutrition transition hypothesis.
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Figure 5. Distribution of MEDOC score in younger and older subjects. Red bars indicate subjects
fully adherent to WD, orange, yellow and light green bars indicate subject that show influence of
both WD and MD, while green bars indicate subjects fully adherent to MD.



Nutrients 2024, 16, 1745 14 of 17

Table 5. Summary statistics of MEDOC score (mean and standard deviation, DS, minimum and
maximum) overall and by sex, education level, and BMI.

MEDOC Score
Age <30 Age > 30
N =120 N =53

Median (Q1-Q3) Min;Max Median (Q1-Q3) Min;Max

All subjects 1.50 (—4.00;6.00) —14.5;19.0 3.75 (—1.00;10.00) —16.0;16.0
Sex

Females 1.00 (—4.00;5.50) —14.5;19.0 5.25 (—0.50;10.75) —16.0;16.0

Males 1.50 (—3.50;6.75) —11;10.5 1.75 (—3.25;6.75) —12.5;13.5

Education level

High school or lower 1.00 (—4.50;6.50) —14.5;19.0 6.00(1.00;10.00) —10.5;16.0

Bachelor degree 1.25 (—2.50;4.75) —10.5;10.5 0.50 (—4.50,2.50) —12.5;16.0

Master degree 0.75 (—5.50;6.50) —7.5;12.0 13.50 (10.25;14.75) —16.0;16.0

Post-lauream 2.25 (—4.75;6.00) —11.0;19.0 3.50 (—7.50;6.50) —11.5;11.0
BMI

<median * 1.50 (—4.50;6.50) —14.5;14.0 3.50 (—0.75;10.50) —16.0;16.0

>median 0.50 (—3.50;5.76) —11.0,19.0 4.25 (—2.00;9.00) —12.5;16.0

* The medians are 20.98 for subjects aged <30 years and 23.36 for subjects aged >30 years.

4. Discussion

MD is the byword for a healthy diet [19,20] and is presently adopted as a model for
nutritional guidelines due to its extensively documented preventive effects. The MD was
originally defined as a dietary model typical of the Mediterranean basin in the second
half of the 1990s [20]; in the last three decades, the nutrition transition has occurred
overwhelmingly in industrialized countries [21]. An increasing influence of diametrically
opposed dietary models, characterized by the excessive consumption of simple sugars and
ultra-processed foods, defined as WD, has led to an increase in chronic diseases [12,22-25].
Parallelly, the Mediterranean model itself has been affected by socio-economic changes:
thus, it is evident that the MD of the past is no longer the same as today [26,27]. In 2010,
the MD was included in the intangible heritage of humanity, enriched by value aspects that
configure the new conception of diet as a lifestyle [9], rather than a food frequency list. Also,
the WD is characterized by unhealthy food-related behaviors, like the frequent consumption
of refined and ready-to-eat meals [28-30]. In this progressively dynamic context, there is
a growing need for new nutritional epidemiology tools that can effectively capture the
complexity of dietary exposures. Thus, we developed MEDOC as a comprehensive tool
able to (i) combine the effect of dietary frequencies with dietary habits and (ii) appreciate
the different nuances of dietary models that coexist between healthy and unhealthy dietary
patterns, i.e., MD and WD.

MEDOC overcomes the limits of traditional dietary scores that categorize subjects as
“adherent” and “non-adherent” to a specific dietary pattern, allowing us to catch those
placed in between. A satisfying test-retest reproducibility of food frequency questions
emerged for both considered age groups (younger or older than 30 years old). The biggest
challenge was ensuring the reproducibility of the portion size inquiries. To ensure precise
recognition of portion sizes, we stuck to the guidelines proposed by Ding et al. [31], inserting
photographs depicting portions from a validated food atlas. Despite this, MEDOC showed
areduced ability in portion size estimation during the pilot validation phase. This challenge
was particularly marked for older subjects and, while being a limitation of the study, is a
commonly and frequently reported issue in nutritional research [32,33].
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The good concordance between the validated MEDILITE score calculated on both
MEDILITE and MEDOC tools indicated the intrinsic ability of our tool to estimate adherence
to MD. Moreover, the significative correlation observed between the MD score (accounting
for the “positive” part of the scoring matrix) and MDS confirmed that our tool efficiently
estimates the adherence to MD pattern. A limitation of this study was the impossibility
to assess the validity of the WD-related part of the score, since there was not a previously
validated comparative score.

During the assessment of the study sample’s distribution on the adherence scale from
WD to MD, we found support for the “nutrition transition” hypothesis. This hypothesis
suggests that older subjects tend to exhibit a higher adherence to the MD model compared
to younger individuals. Expanding the study sample size would be valuable to validate
and further affirm our observations. The potential confirmation would imply the need to
implement educational activities to raise awareness among the new generations about the
importance of rediscovering healthier traditional models.

The study cohort predominantly comprised females, raising potential concerns regard-
ing generalizability, considering that dietary habits can vary between genders. Given that
MEDOC was primarily designed as an epidemiological tool to investigate the role of diet
in autoimmune diseases, which are more prevalent in females, the cohort selection was
aligned with this focus. Later on, it became apparent that the tool had broader applicabil-
ity and could be used universally to more comprehensively characterize the influence of
dietary habits on the onset/progression of various conditions. Another limitation of the
study was the inability to validate the frequency questionnaire using blood biomarkers.
This approach would be more reliable, even if only applicable on existing biomarkers.
Nevertheless, previous validation studies tested the instrument’s validity by comparison
with reference tools (e.g., MDS/MEDILITE).

5. Conclusions

MEDOC stands as a unique and innovative nutritional epidemiology instrument
designed to explore adherence to contrasting dietary regimes, as the MD and WD are. This
new tool aligns well with the modern dynamic context, where predicting adherence to
intricate dietary patterns is far from straightforward. Moreover, the questionnaire was
validated in two age groups allowing a broader utilization in future studies and supporting
the nutrition transition hypothesis, until now only assumed but never confirmed with the
use of ad hoc nutritional scores. Conventional scoring systems often struggle to address
population groups where the influences of both healthy and unhealthy dietary models
overlap. Consequently, we trust that MEDOC’s application in population studies will
assist researchers in conducting high-quality nutritional epidemiology research, allowing a
long-term evaluation of dietary exposure in clinical practices.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nul16111745/s1, Figure S1: Flowchart of the inclusion criteria of
study participants. Table S1: Kappa correlation coefficients (weighted and non-weighted) and
corresponding 95% confidence intervals (95%CI) to assess test-retest reliability of dietary behaviors
between the two time points in the pilot validation phase.
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