
Academic Editor: Herbert

Ryan Marini

Received: 9 January 2025

Revised: 27 January 2025

Accepted: 4 February 2025

Published: 6 February 2025

Citation: Sorlí, J.V.; de la Cámara, E.;

González, J.I.; Portolés, O.; Giménez-

Alba, I.M.; Fernández-Carrión, R.;

Coltell, O.; González-Monje, I.; Saiz, C.;

Pascual, E.C.; et al. From Liking to

Following: The Role of Food

Preferences, Taste Perception, and

Lifestyle Factors in Adherence to the

Mediterranean Diet Among Young

Individuals. Nutrients 2025, 17, 600.

https://doi.org/10.3390/nu17030600

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

From Liking to Following: The Role of Food Preferences, Taste
Perception, and Lifestyle Factors in Adherence to the
Mediterranean Diet Among Young Individuals
José V. Sorlí 1,2,* , Edurne de la Cámara 1,3, José I. González 1,2 , Olga Portolés 1,2 , Ignacio M. Giménez-Alba 1,2 ,
Rebeca Fernández-Carrión 1,2 , Oscar Coltell 2,4 , Inmaculada González-Monje 1, Carmen Saiz 1,2 ,
Eva C. Pascual 1, Laura V. Villamil 1,5, Dolores Corella 1,2,* , Eva M. Asensio 1,2,†

and Carolina Ortega-Azorín 1,2,†

1 Department of Preventive Medicine and Public Health, School of Medicine, University of Valencia,
46010 Valencia, Spain; doctora@delacamara.es (E.d.l.C.); ignacio.glez-arraez@uv.es (J.I.G.);
olga.portoles@uv.es (O.P.); i.gimenez.alba@uv.es (I.M.G.-A.); rebeca.fernandez@uv.es (R.F.-C.);
inmaagonzalez@gmail.com (I.G.-M.); carmen.saiz@uv.es (C.S.); pascaseva89@gmail.com (E.C.P.);
laura.v.villamil@uv.es (L.V.V.); eva.m.asensio@uv.es (E.M.A.); carolina.ortega@uv.es (C.O.-A.)

2 CIBER Fisiopatología de la Obesidad y Nutrición, Instituto de Salud Carlos III, 28029 Madrid, Spain;
oscar.coltell@uji.es

3 Servicio de Oftalmología, Hospital Clínico Universitario Lozano Blesa, 50009 Zaragoza, Spain
4 Department of Computer Languages and Systems, Universitat Jaume I, 12071 Castellón, Spain
5 Department of Physiology, School of Medicine, University Antonio Nariño, Bogotá 111511, Colombia
* Correspondence: jose.sorli@uv.es (J.V.S.); dolores.corella@uv.es (D.C.);

Tel.: +34-963864417 (J.V.S.); +34-963864800 (D.C.)
† These authors contributed equally to this work.

Abstract: Background and aims: The Mediterranean diet (MedDiet) is a healthy dietary
pattern associated with reduced risk of chronic diseases. However, adherence is declining,
particularly among younger populations. Therefore, it is crucial to identify the main aspects
that affect its adherence, particularly food preferences and sensory function, which have re-
ceived insufficient attention. Our aims were to investigate the impact of socio-demographic
and lifestyle factors on adherence to the MedDiet among young individuals; to assess the
association of taste preferences and food liking with MedDiet adherence; and to evaluate
the associations between taste perception modalities, taste and food preferences, and ad-
herence. Methods: A cross-sectional study on young adults (aged 20.5 ± 4.7 years) in a
Mediterranean country (n = 879) was carried out. Demographic characteristics, clinical
characteristics, anthropometric characteristics, lifestyle characteristics, MedDiet adherence,
taste preferences, and food preferences were assessed. Taste perception for bitter, salty,
sweet, sour, and umami was determined by rating different concentrations of prototypical
tastants. We computed a total taste perception score and three scores to combine food pref-
erences. Results: We identified several socio-demographic and lifestyle factors associated
with adherence to the MedDiet, as well as food preferences, taste preferences, and taste per-
ception determinants. Food preferences were significantly associated with total adherence
to the MedDiet. Higher preference for olive oil, oranges, broccoli, fish, and legumes was
associated with higher MedDiet adherence (p < 0.05 for all). Conversely, higher preference
for sweet foods, red meat, and butter was associated with lower adherence (p < 0.05 for
all). The combined positive score for food preference was strongly associated with higher
MedDiet adherence (p = 1.4 × 10−23) in the multivariate adjusted model. The combined
negative food preference score was inversely associated (p = 1.9 × 10−8). Likewise, taste
preferences were significantly associated with adherence to the MedDiet (strong inverse
association for sweet taste preference and direct association for bitter taste preference; both
p < 0.001). Moreover, bitter taste perception was inversely associated with adherence to
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the MedDiet and with bitter foods (p < 0.05). In conclusion, future precision nutrition
studies should measure food liking and taste preferences, which are crucial determinants
of MedDiet adherence, especially in young people.

Keywords: dietary patterns; lifestyles; overweight; obesity; Mediterranean diet; food
preferences; taste; cardiovascular risk; young individuals

1. Introduction
Noncommunicable diseases, also known as chronic diseases, are the leading causes of

death worldwide, and several key drivers of these diseases have been identified. Obesity is
a relevant risk factor for a variety of chronic diseases, such as type 2 diabetes, hyperten-
sion, dyslipidemias, cardiovascular diseases, certain types of cancer, respiratory diseases,
renal and liver diseases, cognitive decline, and mental health-related disorders, among
others [1–17]. Moreover, although prevalence rates of obesity vary widely among countries,
obesity has increased in prevalence worldwide across all age categories and sexes, accord-
ing to research on global obesity trends [18–21]. Considering the serious risks related to
comorbidities, these increasing trends in prevalence necessitate collaborative efforts from
the scientific community, individual patients, and governments at all levels to mitigate
the obesity pandemic and to reduce the impact of comorbidities. Obesity is a complex
condition influenced by both genetic and environmental factors [22–24]. Therefore, public
health prevention strategies, developed in many countries based on traditional nutrition
and physical activity promotion, have not achieved substantial results. Regarding nutrition,
in recent years, it has been suggested that precision (or personalized) nutrition, which
promotes individualized needs over the formulation of general recommendations for the
population, has the potential to enhance nutritional objectives [25–28]. Although preci-
sion nutrition is still in the early stages of knowledge generation, it is hypothesized that
discoveries involving new omics biomarkers or the identification of relevant individual
characteristics influencing dietary behaviors could be applied to a novel public health
field known as Precision Public Health [29,30]. Precision Public Health relies on more
precise and higher-quality data to target disease prevention and control in the appropriate
population at the right time [30–32]. Therefore, in order to more accurately estimate the
dietary requirements of different subgroups and to facilitate more effective dietary recom-
mendations and interventions, additional data addressing the individual characteristics
that are associated with a different nutritional response or low adherence to dietary patterns
are essential.

In terms of dietary patterns that are most closely associated with healthful eating and
exhibit an important inverse association with obesity, the Mediterranean diet (MedDiet)
stands out [33–39]. A reduced incidence of cardiovascular diseases, type 2 diabetes, chronic
kidney disease, fatty liver disease, cognitive decline, and other diseases has also been
associated with the MedDiet [40–49]. Nonetheless, despite the numerous health benefits
associated with the MedDiet, compliance among younger individuals in Mediterranean
countries is decreasing [50–59], and adherence to the traditional MedDiet remains low in
non-Mediterranean countries as well [60,61]. Consequently, from a public health point of
view, increasing adherence to the MedDiet is crucial for mitigating the risk of numerous
chronic diseases; thus, it is imperative to have a deeper understanding of the factors
influencing adherence to this dietary pattern. Although some researchers have examined
MedDiet adherence determinants, most have simply examined socio-demographic and
lifestyle variables. Thus, in addition to analyzing the influence of age, associations with
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sex, socio-economic status, physical activity, tobacco smoking, alcohol consumption, food
consumption, sleep habits, and other social determinants or health conditions have been
investigated [51–70]. However, there are scarcely any studies that have examined the
impact of preferences for foods associated with the MedDiet, or taste perception and other
gustatory functions, on the degree of adherence to the MedDiet pattern [71–77]. Thus,
Louro et al. [71] analyzed the association of taste perception and preference for four tastes
(sweet, sour, salty, and bitter) with adherence to the MedDiet in 383 adults from Portugal,
and found that the most relevant association of adherence was with aromatic plant intake.
Likewise, in 400 adults from Australia, a moderate to high adherence to the MedDiet
was associated with daily use of herbs and spices [73]. Other research has focused on
how salt taste perception [72], sweet taste preference [74], or olive oil preference [75] are
related to MedDiet adherence or to the consumption of some specific foods. Furthermore,
none of these studies [71–77] conducted an in-depth investigation of the associations of
individuals’ taste preferences, taste perceptions, and food preferences with their adherence
to the MedDiet and its specific food components.

While there are some variations that are dependent on the country, the traditional
MedDiet is generally considered to be characterized by the following: a high consumption
of vegetables, fruits, legumes, cereals, nuts, and olive oil; a moderate to high fish consump-
tion; a minimal consumption of red meats and meat products; a moderate consumption of
poultry and dairy products; and a moderate red wine intake [78,79]. See Supplementary
Table S1 for more details of the foods and servings included in the traditional MedDiet.
The inclusion of red wine in the MedDiet definition is controversial, due to disagreements
about the negative aspects of alcohol [80,81]. Previous research that has not been specifi-
cally directed toward the MedDiet has demonstrated that food and taste preferences are
highly associated with food intake [82–88]. In general, people eat the food they like. Food
preferences have been described as “an individual’s reported degree of liking for specific
foods and beverages without regard to food intake per se” [85]. Despite the relevance of
food preference and taste preference in determining food intake [82–90], the vast majority
of large studies analyzing adherence to the MedDiet have not employed food preference
questionnaires, resulting in an unknown understanding of these associations. Additionally,
it is necessary to examine the factors that exert an influence on food preferences. One
of the potentially most influential factors, in addition to socio-demographic variables, is
taste perception [91–96]. It is well established that the capacity to perceive tastes is highly
variable, and genetic factors significantly influence this perception, particularly in the case
of bitterness [96–100]. In addition, it has been hypothesized that an increased capacity to
detect a particular taste modality is related to a decreased preference for that taste and
a decrease in the consumption of foods that are rich in that taste modality, but results
are inconsistent [98,101–107]. Despite the fact that there are sensory tests available in the
laboratory to detect the ability to perceive the different basic tastes (sweet, salty, bitter, sour,
and umami) [98,108,109], these tests are laborious and have not been conducted in large
nutritional epidemiology cohorts, making their integrated study necessary. Thus, due to
the lack of this integrated knowledge, our objectives are as follows: (1) to examine the
influence of socio-demographic and lifestyle variables on adherence to the MedDiet among
young individuals from a Mediterranean population; (2) to estimate the association of taste
preferences and food liking with adherence to the MedDiet; and (3) to analyze the associa-
tion of taste perception modalities with taste and food preferences and adherence to the
MedDiet, taking into account other taste-, socio-demographic-, and lifestyle-related factors.
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2. Materials and Methods
2.1. Study Design and Participants

We conducted a cross-sectional study at the University of Valencia, Spain, in order
to analyze mainly young participants from a Mediterranean country with a similar edu-
cational level, to minimize inter-individual differences in potential confounding factors.
Students were recruited from the School of Medicine, University of Valencia. Second-year
undergraduate medical students were eligible for participation, as they were granted access
to the sensory test laboratory at the School of Medicine. Students were informed about
the study and were invited to participate in class by researchers involved in this inves-
tigation. The exclusion criteria included any allergy to the prototypical tastants utilized
in the taste perception tests; acute manifestations of respiratory, digestive, renal, or hep-
atic diseases; pregnancy or lactation; debilitating physical or psychological disorders; a
cancer diagnosis; thyroid abnormalities; Cushing’s disease; the presence of any infectious
or contagious disease; excessive alcohol consumption; or the use of other drugs. The
recruitment started in 2015 and finished in 2018. A total of 879 participants (84% response
rate) including both men and women (264 and 615, respectively) were analyzed in this
study. The average age was 20.5 years, with a standard deviation of 4.7 years. Students
were from the Valencia region, which is located on the East Mediterranean coast of Spain,
as well as from other Spanish regions and international locations. Based on the sample
size calculations from our previous study on taste perception associations, a power of over
80% was achieved at a 5% alpha error by including a minimum of 381 participants [97]. By
assessing 879 participants, the statistical power was enhanced, enabling the carrying out of
additional stratified analyses. Included participants completed questionnaires, as well as
taste perception tests, in the laboratory. Participants were apparently healthy individuals,
and provided written informed consent. The study was undertaken at the Department of
Preventive Medicine and Public Health, School of Medicine at the University of Valencia,
Valencia. The study protocols and procedures were approved according to the ethical
standards of the Helsinki Declaration by The Ethics Committee of Research in Humans of
the Ethics Commission in Experimental Research of the University of Valencia, Valencia
(approval codes: H1418906866769, 3 February 2015; CE1575538495119, 5 December 2019;
and CE2208970, 13 September 2022).

2.2. Demographic, Clinical, Anthropometric, and Lifestyle Variables

A general questionnaire assessed socio-demographic data (sex, age, geographical
origin), lifestyle factors (smoking, drinking, physical activity, and sleep duration), and
other factors, as previously reported [98]. We evaluated both current and former smoking
status. Current smokers were defined as those smoking at least one cigarette a day. Former
smokers were defined as those who smoked regularly—at least one cigarette per day—but
had not smoked for over a month before the examination [110]. A set of 22 questions
evaluated alcohol intake during workdays and weekends, further categorizing drinkers
into non-drinkers and those who consumed any amount of alcohol [110]. Physical activity
was estimated from questions about daily walking for at least 20 min, as well as about
practicing regular physical exercise in leisure time, as previously reported [111]. We
created two dichotomous variables for walking and physical exercise. We assessed weight
and height directly using calibrated scales and a wall-mounted stadiometer, respectively,
adhering to a standard protocol [98]. We determined individuals’ body mass index (BMI)
by dividing their weight in kilograms by the square of their height in meters. We used a
validated semiautomatic oscillometer (Omron HEM-705CP, ‘s-Hertogenbosch (Den Bosch),
Netherlands) to measure blood pressure (systolic and diastolic) and resting heart rate twice,
while the individual remained seated for 5 min, as previously reported [98].
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2.3. Adherence to MedDiet, Food Preference, and Taste Preference Assessment

To measure adherence to the MedDiet pattern, we used the 14-item MEDAS scale
validated by us in the PREDIMED study [112]. Supplementary Table S1 presents the
detailed items of that scale, along with their response options. We scored each question
either 0 or 1. The final score ranged from 0 to 14. The higher the score, the greater the
adherence to the MedDiet. The degree of adherence was later dichotomized into high (≥9)
and low (<9), depending on the population mean (approximately 9 points). In addition, a
three-category variable was created: low adherence (from zero to 7), intermediate adherence
(8 and 9 points), and high adherence (from 10 to 14 points).

We used a food preference questionnaire to assess the degree of preference for differ-
ent foods based on a Likert-type 4-point scale, as previously reported [74]. We used this
simpler 4-point Likert scale by adapting the 9-point scale of previous food linking ques-
tionnaires [113,114], in order to simplify the selection process. We removed the mid-point
category (neither like nor dislike) to minimize neutral position bias [85,115]. Therefore, we
asked the participants about their preferences for selected foods. We obtained responses
using a 4-point Likert scale, which scored food preferences on an increasing scale (0, 1, 2,
and 3) of “strongly dislike”, “dislike”, “like”, and “strongly like”. We repeated the same
responses to gather data on preferences for 37 food items included in the questionnaire.
These foods were selected based on the MedDiet, as well as on the five basic taste qualities.
The questionnaire included the following food items: whole milk, semi/skimmed milk,
whole yogurt, semi/skimmed yogurt, eggs, red meat, poultry, blue fish, white fish, seafood,
mature cheeses, fresh cheese, red meats, ham and sausages, bread, pasta, legumes, French
beans, broccoli, artichokes, oranges, lemons, other fruits, olive oil, sunflower oil, other oils,
butter, margarine, aioli, mayonnaise, salt-cured foods, spicy foods, spices, nuts, breakfast
cereals, pastries/ice cream, chocolates, and sugar, as previously reported [74]. We analyzed
the preference for these foods (ranging from zero to three) both individually and by cal-
culating the combined scores of the foods under consideration. We computed a so-called
positive score for food preference as the sum of the ratings of the selected foods, including
olive oil, nuts, white fish (as a proxy for fish), broccoli (as a proxy for vegetables), oranges
(as a proxy for fruits), and legumes, as these food items were included in the 14-item
MedDiet score, and had a direct rating. Likewise, we computed a negative score for food
preference as the sum of the ratings of the selected foods included in the MedDiet scale
with inverse association (red meats, pastries, and butter). Further, we reversed the score
of the negatively associated food items, and calculated the total preference food score as
the sum of the positive score and the reversed negative score. The preference for different
tastes (sweet, salty, bitter, and sour) was measured using a similar 4-point hedonic scale, as
previously reported [98], ranging from “strongly dislike” to “strongly like”. No stimuli for
taste preference were administered.

2.4. Taste Perception Tests

Taste perception tests were carried out on the 879 participants using the same method-
ology as previously reported by our group for the Mediterranean population [97,98]. More
information regarding the selected tastants, concentrations, validity, and potential bias can
be obtained from our previous research [97,98]. Briefly, in our laboratory, we conducted
taste perception tests in the morning. Trained staff provided a detailed explanation of the
procedures prior to starting the series of tests. We selected a representative compound for
each taste quality (bitter, sweet, salty, sour, and umami) and administered it at five different
concentrations. We used the following tastants (all from Sigma-Aldrich, Milan, Italy) for
each taste: 6-n-propylthiouracil (PROP), sucrose, NaCl, citric acid, and L-glutamic acid
monopotassium salt monohydrate (MPG) for bitter, sweet, salty, sour, and umami tastes,
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respectively. We used distilled water as the solvent. Each tastant was presented to the
subjects independently. The various solutions of different concentrations were prepared
for each tastant by trained personnel, also including a distilled water control. The series
of concentrations (concentrations I, II, III, IV, and V, respectively) used for each tastant
was based on previous reports [97,98,116,117], and the concentrations were as follows: for
PROP (0.055, 0.17, 0.55, 1.7, and 5.5 mM); for sucrose (100 mM, 150 mM, 200 mM, 300 mM,
and 400 mM), for NaCl (25 mM, 50 mM, 75 mM, 100 mM, and 200 mM); for citric acid
(1 mM, 5 mM, 10 mM, 17 mM, and 34 mM); and for MPG (25 mM, 50 mM, 75 mM, 100 mM,
and 200 mM). Bitter taste perception tests (PROP) were undertaken on strips of filter paper,
as previously reported [98]. We prepared and tested the other tastants in liquid form,
dissolved them to the indicated concentration, and presented them in different-colored
small tubes for each taste. Before beginning the taste perception tests, participants had to
rinse their mouths several times with spring water. We gave all participants a template
on which they had to rate the intensity of each taste and concentration on a scale. The
scale consisted of 6 intensity values (from 0 to 5), with 0 meaning “no taste” and 5 meaning
“extremely strong”. Subjects rated the corresponding tastant solution or strip, as previously
reported [97,98]. We used the same scoring scale for all tastes. Finally, with the scores for the
individual taste qualities for concentration V, we constructed a “total taste score”, summing
up the points obtained for each of the individual tastes for the concentration tested. The
range of the total taste score for each concentration was from 0 to 25 points. In this study,
we selected the highest concentration (concentration V) for the associations between food
preference and adherence to the MedDiet, in order to maximize the differences in intensity
rating between individuals. A higher score indicated a higher taste perception.

2.5. Statistical Analysis

Descriptive analyses evaluated the distribution of the variables. We used chi-square
tests to analyze proportions, and Student’s t-tests and ANOVA tests were used to compare
crude means of continuous variables. Pearson or Spearman correlation coefficients were
estimated for the corresponding bivariate associations. Three age groups were considered,
and several analyses were stratified by age group or by sex. In addition to the original
variable, several composite scores were computed, as previously described (including
the positive, negative, and total food preference scores, as well as the total taste score for
taste perception). We analyzed the associations between the variable of interest (socio-
demographic, lifestyle, food preference, taste preference, taste perception, or the composite
scores) and the dependent variable of adherence to the MedDiet (as continuous or as
categorical, depending on the model) using multivariable regression models, sequentially
adjusted for potential confounders as follows: Model 1 was unadjusted; Model 2 added
adjustment for sex, age, and geographical origin; whereas Model 3 added adjustment
for BMI, smoking, drinking, physical activity, and sleep duration. Additional mutual
adjustment for taste preferences or food preference scores was carried out as detailed
in the Results Section. We used general linear models for continuous variables as the
dependent variable. Logistic regression models were used for dichotomous variables (low
or high MedDiet adherence, or compliance with one specific food item). When indicated,
we estimated the adjusted means for the continuous variables from the corresponding
multivariate corrected models. We performed statistical analyses using IBM SPSS Statistics
(version 26.0, New York, NY, USA) and specific tools in R, or using GraphPad Prism 10
for Windows 64-bit (version 10.4.1. Boston, MA, USA). All tests were two-tailed, and
p-values < 0.05 were considered statistically significant for associations.
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3. Results
3.1. General Characteristics of Participants

Table 1 shows the demographic, clinical, and lifestyle characteristics and adherence to
the MedDiet of the study participants (n = 879) by sex (n = 264 men and 615 women).

Table 1. Demographic, clinical, and lifestyle characteristics of the study population, according to sex.

Total Men Women
p 1

(n = 879) (n = 264) (n = 615)

Age (years) 20.46 ± 0.16 21.31 ± 0.36 20.10 ± 0.16 <0.001
Weight (kg) 62.06 ± 0.38 73.37 ± 0.56 57.21 ± 0.34 <0.001
Height (m) 1.69 ± 0.00 1.78 ± 0.00 1.65 ± 0.00 <0.001

Body mass index (kg/m2) 21.67 ± 0.10 23.05 ± 0.16 21.07 ± 0.11 <0.001
Systolic blood pressure

(mm Hg) 110.62 ± 0.39 119.92 ± 0.67 106.64 ± 0.39 <0.001

Diastolic blood pressure
(mm Hg) 65.67 ± 0.27 67.01 ± 0.52 65.09 ± 0.31 0.002

Heart rate (beats/min) 74.40 ± 0.38 71.11 ± 0.71 75.79 ± 0.44 <0.001
Sleep duration (hours) 6.53 ± 0.03 6.53 ± 0.05 6.53 ± 0.03 0.948
MedDiet adherence 2 8.54 ± 0.07 8.51 ± 0.12 8.55 ± 0.08 0.746

Age groups <0.001
18 to 19 years 76.0% 67.4% 79.7%
20 to 29 years 19.7% 25.4% 17.2%
≥30 years 4.3% 7.2% 3.1%

Body mass index (BMI)
(kg/m2) <0.001

BMI < 25 89.4% 78.8% 94.0%
BMI 25–29.9 9.4% 20.1% 4.9%

BMI ≥ 30 1.1% 1.1% 1.1%
Current smoker 6.3% 9.1% 5.1% 0.023
Former smoker 3.7% 3.8% 3.6% 0.887

Alcohol consumption
(non-drinker) 14.4% 11.4% 15.8% 0.088

Walk more than
20 min/day 88.5% 92.0% 87.1% 0.037

Practice physical exercise 70.5% 78.8% 67.0% <0.001
Geographical origin 0.940

Spain (Valencia) 79.7% 79.5% 79.8%
Spain (other regions) 15.7% 15.5% 15.8%

International 4.6% 4.9% 4.4%
Values are mean ± SE for continuous variables or (%) for categorical variables. 1 p-value for comparisons (means
or %) between men and women. 2 Mediterranean diet (MedDiet) adherence, measured with 14-item scale.

All of the participants were students of medicine at the University of Valencia (second-
year), and the mean age was 20.5 ± (4.7 SD) years, with slight differences by sex (21.3 years
in men and 20.1 years in women; p < 0.001). We considered three age groups (18–19 years;
20–29 years; and ≥30 years). Age ranged from 18 to 59, but the majority of participants
were in the 18–19 years age group (n = 668; 76%), followed by the 20–29 years age group
(n = 173; 19.7%). The participants’ geographical origin was mainly the Valencia region
(n = 701; 79.7%), followed by other regions of Spain (n = 138; 15.7%). In addition, 4.6%
(n = 40) of international students participated in the research. These students primarily
came from Europe (n = 18) and America (n = 15), with a smaller minority from Africa
(n = 3), Asia (n = 3), and Oceania (n = 1).

The prevalence of obesity was minimal (1.1%), and the prevalence of overweight was
only 9.4% in the whole population. Nevertheless, we identified substantial disparities by
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sex (20.1% in men versus 4.5% in women; p < 0.001). Additionally, we identified 10.5%
of the population as underweight (BMI < 18.5 kg/m2). Significant sex differences were
observed (13.7% in women and 3.0% in men; p < 0.001). The prevalence of current smokers
was 6.3%, being higher in men (p = 0.023). We did not detect significant differences by sex
in terms of former smokers, sleep duration, alcohol non-drinkers, or mean adherence to the
MedDiet (p > 0.05). Physical activity was higher in men than in women (p < 0.05).

3.2. Association of Socio-Demographic and Lifestyle Variables with MedDiet Adherence

In the univariate analysis (Table 1), we did not observe statistically significant differ-
ences in global adherence to the MedDiet by sex (p = 0.746 for the mean comparisons).
However, when we analyzed compliance with the MedDiet recommendations for each of
the 14 items, we found some statistically significant differences by sex (Table 2).

Table 2. Adherence to each of the 14 items of the Mediterranean diet (MedDiet): adherence score for
the whole population and by sex.

Food Items 1 Point 1 Total Men Women p 2

1. Do you use olive oil as your main culinary fat? Yes 95.1% 93.2% 95.9% 0.081
2. How much olive oil (tablespoons) do you consume in a

given day? ≥4 68.9% 76.8% 65.5% <0.001

3. How many vegetable servings do you consume per day? ≥2 65.9% 58.6% 69.1% 0.003
4. How many fruit units (including natural fruit juices) do

you consume per day? ≥3 51.5% 54.0% 50.5% 0.341

5. How many servings of red meat, hamburger, or meat
products do you consume per week? <1 68.3% 54.8% 74.1% <0.001

6. How many servings of butter, margarine, or cream do
you consume per week? <1 82.1% 83.3% 81.6% 0.554

7. How many sweet/carbonated beverages do you drink
per week? <1 75.1% 71.5% 76.7% 0.101

8. How much wine (glasses) do you drink per week? ≥7 1.9% 2.3% 1.8% 0.630
9. How many servings of legumes do you consume per

week? ≥3 38.4% 43.3% 36.3% 0.050

10. How many servings of fish or shellfish do you
consume per week? ≥3 45.5% 43.0% 46.6% 0.325

11. How many times per week do you consume
commercial sweets or pastries, such as cakes, cookies,

biscuits, or custard?
<3 56.4% 58.6% 55.5% 0.409

12. How many servings of nuts do you consume per week? ≥3 46.8% 54.0% 43.6% 0.005
13. Do you preferentially consume chicken, turkey, or

rabbit meat instead of veal, pork, hamburger, or sausage? Yes 76.9% 73.0% 78.5% 0.077

14. How many times per week do you consume vegetables,
pasta, rice, or other dishes seasoned with sofrito? ≥2 81.0% 84.4% 79.5% 0.088

Total score (high adherence) in points ≥9 51.1% 51.8% 49.4% 0.521
Values are percentages of compliance with criteria of adherence to MedDiet (see Table S1 for more details).
1 criteria for 1 point are indicated. 2 p-values for differences by sex (men, n = 264; and women, n = 615).

Compliance with a high vegetable consumption, as well as with a high intake of nuts,
was statistically higher in women (p = 0.003). However, men had a higher intake of red
meats, and their compliance with the recommendations for this item was low in comparison
to women (p < 0.001). Intake of the recommended amounts of olive oil was also higher in
men (p < 0.001). One man and one woman had missing data in the response to a food item;
thus, the total score for the global adherence was not calculated for these individuals.

Further, we analyzed, in a multivariate regression model, the association of socio-
demographic and lifestyle variables with global adherence to the MedDiet (as continuous).
We observed a strong association with age, with adherence increasing as age (in years)
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increased (B = 0.048; SE: 0.015; p = 0.002). In terms of geographical origin, we did not
detect significant differences between participants from the Valencia region and those from
other Spanish regions (p > 0.05), but we observed statistically significant differences in
the comparison between Spanish participants and international students, with adherence
being higher in Spanish participants (B = 0.713; SE: 0.318; p = 0.023). In this multivariate
model, adherence to the MedDiet was higher in women (B = 0.243; SE: 0.153), but did not
reach statistical significance (p = 0.112). No significant associations were found between
adherence and sleep duration (p = 0.357), current smokers (p = 0.740), drinkers (p = 0.909),
or BMI (p = 0.588). However, we detected direct and statistically significant associations
of adherence to the MedDiet with the two variables indicating higher physical activity
(B = 0.595; SE: 0.211; p = 0.005 for people walking more than 20 min per day; B = 0.426; SE:
0.148; p = 0.004 for participants practicing at least one form of physical exercise).

3.3. Association Between Food Preferences and Adherence to the MedDiet

We used the food preference questionnaire described in the Methods Section to assess
the degree of preference for different foods (37 items), based on an increasing Likert-type
four-point scale. The higher the score, the higher the preference/liking for the food item.
Table 3 shows the Spearman correlation coefficients between each selected food item (n = 32)
and the global adherence to the MedDiet in the whole population. We observed positive
and highly statistically significant (p < 0.001) associations between greater preference for
vegetables (broccoli, r = 0.24; artichokes, r = 0.22; French beans, r = 0.24) and greater
adherence to the MedDiet. Likewise, greater preference for fish (white fish, r = 0.20; blue
fish, r = 0.21), fruits (oranges, r = 0.22; other fruits, r = 0.17), legumes (r = 0.22), nuts
(r = 0.12), and olive oil (r = 0.13) was directly and significantly (p < 0.001) associated with
higher adherence to the MedDiet. Conversely, a higher preference for red meats (r = −0.16),
pastries (r= −0.13), and butter (r = −0.11) was inversely associated (p ≤ 0.001) with higher
adherence to the MedDiet. All of these associations remained statistically significant after
fully multivariable adjustment in Model 3.

In addition to the 32 food items presented in Table 3, the other 5 food items included
in the questionnaire were aioli, mayonnaise, salt-cured foods, spices (oregano, thyme, bay
leaves), and spicy food. We only obtained statistically significant associations of adherence
to the MedDiet with spices (r = 0.16; p < 0.001) and mayonnaise (r = −0.10; p = 0.003).
Supplementary Table S2 shows the percentages for each preference category by sex, as well
as the statistical significance of each rating by sex. Women showed a higher preference for
broccoli and artichokes compared to men (p = 0.024 and p = 0.029, respectively). Conversely,
the preference for red meats (p < 0.001) and ham/sausages (p = 0.008) was higher in
men than in women. All of these associations remained statistically significant after fully
multivariable adjustment in Model 3.

After examining the associations between the preference for individual foods and
global adherence to the MedDiet, we calculated composite scores for several foods using
the ratings from the four-item Likert scale. Therefore, as detailed in the Methods section,
we calculated the so-called “positive score” for food preference, which was the total rating
of the selected foods that had positive correlation coefficients with adherence to MedDiet.
When analyzing multiple foods, we selected only one from each group. For example, we
selected the item “broccoli” as a proxy for vegetables, “white fish” as a proxy for fish,
and “oranges” as a proxy for fruits; to these foods, we added preference for legumes
and preference for olive oil. We chose these foods solely due to their inclusion in the
14-item scale’s compliance. Supplementary Figure S1 shows the frequency distribution
of the composite food preference “positive” score (panel A). Likewise, we computed the
“negative” score for food preference as the sum of the ratings of the selected foods included
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in the MedDiet scale with inverse association (red meats, pastries, and butter). Further,
we reversed the score of the negatively associated food items, and calculated the “total”
preference food score as the sum of the positive score and the reversed negative score.
Supplementary Figure S1 also shows the frequency distribution of the “negative” score
(panel B) and of the “total” score (panel C).

Further, we tested the associations between the food preference scores (positive, nega-
tive, and total) and global adherence to the MedDiet. We obtained very high statistically
significant associations for the three variables in the whole population (Table 4).

Table 3. Correlations between food preferences (liking) and adherence to the Mediterranean diet
(MedDiet) in the whole population.

Adh MedDiet

Food Preferences rho 1 95% Confidence Interval p 2

Whole milk −0.073 (−0.141, −0.005) 0.030
Skimmed milk 0.025 (−0.043, 0.093) 0.462
Whole yogurt −0.023 (−0.091, 0.045) 0.495

Skimmed yogurt 0.042 (−0.027, 0.110) 0.220
Eggs 0.028 (−0.041, 0.096) 0.417

Red meats −0.164 (−0.229, −0.097) <0.0001
Poultry 0.003 (−0.066, 0.071) 0.940

Ham, sausages −0.105 (−0.172, −0.037) 0.002
White fish 0.203 (0.137, 0.267) <0.0001
Blue fish 0.211 (0.145, 0.275) <0.0001
Seafood 0.027 (−0.041, 0.095) 0.424

Cured cheese 0.068 (0.001, 0.135) 0.046
Fresh cheese 0.087 (0.019, 0.154) 0.010

Bread 0.021 (−0.047, 0.089) 0.529
Pasta −0.102 (−0.169, −0.034) 0.003

Legumes 0.211 (0.144, 0.275) <0.0001
French beans 0.244 (0.179, 0.307) <0.0001

Broccoli,
cauliflower 0.244 (0.179, 0.307) <0.0001

Artichokes, spinach 0.220 (0.154, 0.284) <0.0001
Oranges,

mandarins 0.218 (0.152, 0.282) <0.0001

Lemon 0.109 (0.041, 0.176) 0.001
Other fruits 0.170 (0.102, 0.235) <0.0001

Nuts 0.122 (0.054, 0.189) <0.001
Pastries −0.133 (−0.199, −0.065) <0.0001

Chocolate −0.071 (−0.139, −0.003) 0.035
Sugar −0.144 (−0.210, −0.076) <0.0001

Breakfast cereals 0.003 (−0.065, 0.071) 0.933
Olive oil 0.134 (0.066, 0.200) <0.0001

Sunflower oil −0.142 (−0.209, −0.075) <0.0001
Other oils −0.056 (−0.124, 0.012) 0.098

Butter −0.112 (−0.179, −0.045) 0.001
Margarine −0.112 (−0.179, −0.044) 0.001

Food preferences were assessed using a 4-point Likert scale, and adherence (Adh) to the MedDiet using a 14-
item scale. 1 Spearman correlation coefficient and 95% confidence interval. 2 p-value for Spearman correlation
(n = 877).

Participants in the category of high adherence to the MedDiet (from 10 to 14 points)
had a higher combined food preference for the above-mentioned foods integrated into the
positive preference food score. The association was very high in Model 1, and remained
statistically significant in Model 2 and Model 3 after the fully multivariate adjustment
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(p = 1.37 × 10−23). For the negative food preference score, the association was inverse. We
observed a higher preference for the foods included in the negative score when adherence
to the MedDiet was low (from 1 to 7). This association remained statistically significant
after the fully multivariate adjustment in Model 3 (p = 1.99 × 10−8). Finally, we reversed
the “negative” food preference score and added the results to the positive score. As
expected, the so-called “Total” food preference score was more strongly associated with
global MedDiet adherence than the other food preference scores (p = 4.6 × 10−29 in the fully
adjusted Model 3). Moreover, we obtained the Pearson correlation coefficients among the
three variables to test for a correlation between the positive and negative scores. Figure 1
shows the heatmap of the correlation coefficients between continuous adherence to the
MedDiet, positive food preference score (r = 0.37; p = 5.8 × 10−29), negative food preference
score (r = −0.17; p = 2.3 × 10−7), and total food preference score (r = 0.38; p = 6.1 × 10−32)
in the whole population.

Table 4. Associations between the scores for food preference and adherence to the Mediterranean
diet (MedDiet) in the whole population.

Food Scores
Adherence to Mediterranean Diet

p 1 p 2 p 3

Low (1–7) Medium (8–9) High (10–14)

Positive score 11.22 ± 0.17 12.48 ± 0.14 13.52 ± 0.15 1.223 × 10−23 4.965 × 10−24 1.373 × 10−23

Negative score 6.21 ± 0.12 5.77 ± 0.09 5.27 ± 0.11 2.954 × 10−09 1.871 × 10−08 1.986 × 10−08

Total score 14.01 ± 0.22 15.71 ± 0.16 17.26 ± 0.19 1.545 × 10−29 1.781 × 10−29 4.556 × 10−29

Values are mean ± SE for corresponding food score. Food scores were computed as Likert scores, adding values
for selected foods. For positive score, positively associated foods were selected. For negative score, foods with
negative correlations were selected. Adherence to MedDiet was expressed as three levels, depending on 14-item
scale: low (n = 252); medium (n = 342); high (n = 283). 1 p-values in unadjusted model. 2 p-values in model
adjusted for sex, age, and geographical origin. 3 p-values in additionally adjusted model for BMI, smoking,
drinking, physical activity, and sleep duration.
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Figure 1. Heatmap for correlation between adherence to Mediterranean diet and food preference
scores (positive, negative, and total) in whole population (n = 877). Color intensity is proportional to
Pearson correlation coefficients (see color bar for details: warm red colors represent negative correla-
tions, and cool blue colors denote positive correlations). Annotations within squares indicate exact
correlation (Pearson) coefficient between each pair of variables. Coefficients ≥ 0.10 are statistically
significant (p < 0.01).
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We obtained very high statistically significant correlations of the positive and total
food preference scores with adherence to the MedDiet, and constated that the positive and
negative food preference scores were also correlated with each other (r = −0.10; p = 0.004).

Additionally, we tested whether the correlations among the food preference scores
and adherence to the MedDiet were different depending on the age group. Figure 2 shows
heatmaps for the same correlation depicted in Figure 1, but stratified by the three age
groups (Panel A: subjects aged 18–19 years; Panel B: 20–29 years; and Panel C: 30 years
and older). In general, we observed similar correlations between these variables in the
three age groups. Statistically significant associations were higher in the group aged
18–19, taking into account the largest sample size of this group in comparison with the
others. However, the correlation coefficients were similar or a little bit higher in the 20–29
and ≥30 age groups. Thus, the Pearson correlation coefficient between adherence to the
MedDiet and the total food preference score was r = 0.36, p = 3.2 × 10−21 for participants
aged 18–19 years; r = 0.44, p = 1.2 × 10−9 for participants aged 20–29 years; and r = 0.43;
p = 0.007 for participants aged ≥ 30 years. This analysis yields a highly relevant result.

Nutrients 2025, 17, x FOR PEER REVIEW 12 of 31 
 

 

to Pearson correlation coefficients (see color bar for details: warm red colors represent negative cor-

relations, and cool blue colors denote positive correlations). Annotations within squares indicate 

exact correlation (Pearson) coefficient between each pair of variables. Coefficients ≥ 0.10 are statisti-

cally significant (p < 0.01). 

We obtained very high statistically significant correlations of the positive and total 

food preference scores with adherence to the MedDiet, and constated that the positive and 

negative food preference scores were also correlated with each other (r = −0.10; p = 0.004). 

Additionally, we tested whether the correlations among the food preference scores 

and adherence to the MedDiet were different depending on the age group. Figure 2 shows 

heatmaps for the same correlation depicted in Figure 1, but stratified by the three age 

groups (Panel A: subjects aged 18–19 years; Panel B: 20–29 years; and Panel C: 30 years 

and older). In general, we observed similar correlations between these variables in the 

three age groups. Statistically significant associations were higher in the group aged 18–

19, taking into account the largest sample size of this group in comparison with the others. 

However, the correlation coefficients were similar or a little bit higher in the 20–29 and 

≥30 age groups. Thus, the Pearson correlation coefficient between adherence to the Med-

Diet and the total food preference score was r= 0.36, p = 3.2 × 10−21 for participants aged 

18–19 years; r = 0.44, p = 1.2 × 10−9 for participants aged 20–29 years; and r = 0.43; p = 0.007 

for participants aged ≥ 30 years. This analysis yields a highly relevant result. 

   

Figure 2. Heatmaps for correlation between adherence to Mediterranean diet and food preference 

scores by age group ((A): 18–19 years; (B): 20–29 years; and (C): ≥ 30 years). Values are Pearson 

correlation coefficients ((A): n = 668; (B): n = 173; (C): n = 38). For panel A, all correlation coefficients 

are statistically significant at p < 0.05. 

Moreover, we analyzed the associations between the food preference scores (positive, 

negative, and total) and adherence to the MedDiet, which were similar depending on ge-

ographical origin: Valencia, other Spanish regions, and international. Supplementary Fig-

ure S2 shows the corresponding heatmaps of the Pearson correlation coefficients in Panel 

A, Panel B, and Panel C, respectively. For subjects from Spain (Panel A versus Panel B), 

we detected very similar results. The results were the same for both Spanish and interna-

tional students, with the only difference being that the correlation coefficients with the 

positive food preference score were higher for the Spanish population (r = 0.37; p < 0.001) 

than they were for the international students. However, similar results were obtained for 

the association between the total food preference score and global adherence to the Med-

Diet in the three groups: r = 0.39, p = 3.3 × 10−27 for participants from Valencia; r = 0.36, p = 

1.5 × 10−5 for participants from other Spanish regions and r = 0.44, p = 0.005 for international 

students), adding external validity to these findings. 

Figure 2. Heatmaps for correlation between adherence to Mediterranean diet and food preference
scores by age group ((A): 18–19 years; (B): 20–29 years; and (C): ≥ 30 years). Values are Pearson
correlation coefficients ((A): n = 668; (B): n = 173; (C): n = 38). For panel A, all correlation coefficients
are statistically significant at p < 0.05.

Moreover, we analyzed the associations between the food preference scores (positive,
negative, and total) and adherence to the MedDiet, which were similar depending on
geographical origin: Valencia, other Spanish regions, and international. Supplementary
Figure S2 shows the corresponding heatmaps of the Pearson correlation coefficients in
Panel A, Panel B, and Panel C, respectively. For subjects from Spain (Panel A versus
Panel B), we detected very similar results. The results were the same for both Spanish
and international students, with the only difference being that the correlation coefficients
with the positive food preference score were higher for the Spanish population (r = 0.37;
p < 0.001) than they were for the international students. However, similar results were
obtained for the association between the total food preference score and global adherence
to the MedDiet in the three groups: r = 0.39, p = 3.3 × 10−27 for participants from Valencia;
r = 0.36, p = 1.5 × 10−5 for participants from other Spanish regions and r = 0.44, p = 0.005
for international students), adding external validity to these findings.

Despite the similar correlations between the food preference scores and adherence to
the MedDiet among the three age groups, we were interested in investigating whether the
positive and negative food preference scores differed by age group. Figure 3 shows the mean
differences by age group in the food preference positive score in the three different groups
of adherence to the MedDiet, after fully multivariate adjustment for sex, geographical
origin, BMI, smoking, drinking, physical activity, and sleep (Model 3).



Nutrients 2025, 17, 600 13 of 29

Nutrients 2025, 17, x FOR PEER REVIEW  13  of  31 
 

 

Despite the similar correlations between the food preference scores and adherence to 

the MedDiet among the three age groups, we were interested in investigating whether the 

positive and negative food preference scores differed by age group. Figure 3 shows the 

mean differences by age group in the food preference positive score in the three different 

groups of adherence to the MedDiet, after fully multivariate adjustment for sex, geograph-

ical origin, BMI, smoking, drinking, physical activity, and sleep (Model 3). 

 

Figure 3. Differences by age groups (18–19 years, n = 668; 20–29 years, n = 173; and ≥30 years, n = 38) 

in the association between the positive food preference composite score and adherence to the Med-

iterranean diet (three levels: low, medium, and high) in the whole population. The bars are the ad-

justed means ± SE in the fully multivariate model (sex, geographical origin, BMI, smoking, drinking, 

physical activity, and sleep duration). 

Despite a high association with the level of adherence to the MedDiet, we observed 

a statistically significant effect of age group (p = 0.007), in such a way that the positive food 

preference score was lower in the younger age group (18–19 years) in comparison with 

subjects aged ≥ 30 years, with a linear trend. This suggests lower adherence to the MedDiet 

in younger people. Similarly, we observed an inverse age group effect (p = 0.021 in Model 

3) for the negative total food preference score (Figure 4). Preference for food with a nega-

tive score (red meat, sweet foods, and butter) was higher among the younger participants 

(aged 18–19), with an inverse trend. 

Figure 3. Differences by age groups (18–19 years, n = 668; 20–29 years, n = 173; and ≥30 years,
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the adjusted means ± SE in the fully multivariate model (sex, geographical origin, BMI, smoking,
drinking, physical activity, and sleep duration).

Despite a high association with the level of adherence to the MedDiet, we observed
a statistically significant effect of age group (p = 0.007), in such a way that the positive
food preference score was lower in the younger age group (18–19 years) in comparison
with subjects aged ≥ 30 years, with a linear trend. This suggests lower adherence to the
MedDiet in younger people. Similarly, we observed an inverse age group effect (p = 0.021
in Model 3) for the negative total food preference score (Figure 4). Preference for food
with a negative score (red meat, sweet foods, and butter) was higher among the younger
participants (aged 18–19), with an inverse trend.
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3.4. Association Between Food Preference for Individual Food Items and Compliance with the
Related Food Items in the 14-Item MedDiet Score

In addition to analyzing the association of each food or the composite food score with
overall adherence to the MedDiet, we found it fascinating to investigate the association
between the preference for each food and the compliance with the recommendation for
its consumption on the MedDiet adherence scale 14-MEDAS. Table 5 shows the associa-
tions between the preference for the selected foods and their corresponding items on the
Mediterranean diet scale.

Table 5. Associations between food preference and compliance with the corresponding item on the
Mediterranean diet (MedDiet) scale in the whole population.

Item on MedDiet Scale Food Preference OR 95% (CI) p 1

2. Olive oil servings Olive oil 1.58 (1.25–1.49) 1.0 × 10−4

3. Vegetable intake Broccoli 1.79 (1.54–2.07) 9.0 × 10−15

4. Fruit units Oranges 2.93 (2.33–3.68) 4.0 × 10−20

5. Read meat servings Read meat 0.71 (0.60–0.85) 1.0 × 10−4

6. Butter Butter 1.15 (0.96–1.39) 0.122
9. Legumes Legumes 2.51 (2.08–3.01) 5.0 × 10−22

10. Fish White fish 2.03 (1.72–0.69) 1.0 × 10−16

11. Pastries Pastries 0.58 (0.47–0.69) 2.0 × 10−8

12. Nuts Nuts 2.57 (2.09–3.15) 2.0 × 10−19

Values are OR and 95% confidence interval (CI) for compliance with Mediterranean diet item per 1-unit increase
in category of food preference (from 0 to 3). 1 p-values obtained in fully adjusted models, including sex, age,
geographical origin, BMI, smoking, drinking, physical activity, and sleep duration.

We estimated the OR, indicating associations with greater adherence, and adjusted
according to Model 3, including for sex, age, geographical origin, BMI, smoking, drinking,
physical activity, and sleep duration.

We obtained strongly significant associations of adherence with all foods, except
for butter. The OR indicates the increase in compliance with the food item, according
to the 14-MEDAS scale, per unit of increase in the four-point Likert scale for the corre-
sponding food preference. Highly relevant associations were obtained for fruits (OR: 2.9;
p = 4.0 × 10−20), legumes (OR: 2.5; p = 5.0 × 10−22), nuts (OR: 2.6: p = 1 × 10−19), and fish
(OR: 2.0; p = 1.0 × 10−16).

3.5. Taste Preferences and Associations with Adherence to the MedDiet

In addition to preferences for specific foods, we assessed the degree of liking for
different tastes. Using a similar ascending Likert-type four-point scale, we measured the
preference ratings for bitter, sweet, salty, and sour tastes. Sweet (2.54 ± 0.02) was the
most preferred taste modality in the whole population, with salty (2.42 ± 0.02), bitter
(0.90 ± 0.03), and sour (0.79 ± 0.03) following, in that order. Statistically significant differ-
ences were observed in the preferences for bitter and sweet tastes by sex (p < 0.05). Men
exhibited a greater preference for bitter taste, while women favored sweet taste, albeit with
minor variations. The preference for umami taste was not asked about, because it was
not included in the initial questionnaire, as the original four basic tastes did not include
umami. We did not detect statistically significant differences in mean preference by age
groups (p > 0.05).

When we analyzed the association between taste preference for the different taste
modalities and adherence to the MedDiet (Table 6) in the whole population, we observed
highly statistically significant associations for bitter and sweet taste preferences. For bitter
taste, higher preference was directly associated with higher adherence to the MedDiet
(p = 0.004 in the fully adjusted Model 3).
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Table 6. Adherence to the Mediterranean diet (MedDiet) depending on the taste preference modality
in the whole population.

Taste Preference Level

Taste
Modalities 0 1 2 3 p 1 p 2 p 3

Bitter 8.35 ± 0.10 8.48 ± 0.11 8.93 ± 0.15 8.91 ± 0.36 0.027 <0.001 0.004
Sweet 9.50 ± 0.96 9.05 ± 0.27 8.76 ± 0.13 8.37 ± 0.08 0.078 <0.001 <0.001
Salty 8.57 ± 0.62 8.68 ± 0.25 8.45 ± 0.11 8.56 ± 0.09 0.877 0.942 0.949
Sour 8.45 ± 0.09 8.47 ± 0.11 8.81 ± 0.18 8.90 ± 0.35 0.089 0.031 0.027

Values are mean ± SE for adherence to MedDiet. Taste preferences for each modality are expressed on Likert scale
from zero (strongly dislike) to three (strongly like). 1 p-values in unadjusted model. 2 p-values adjusted for sex,
age, and geographical origin. 3 p-values additionally adjusted for BMI, smoking, drinking, physical activity, and
sleep duration.

On the other hand, this association was inverse for those who preferred sweet taste.
We detected higher adherence to the MedDiet in subjects having the lowest preference
for sweet taste (p < 0.001 in Model 3). We found no significant associations for salty taste.
Model 3 found a small statistical significance (p = 0.027) for sour taste preference, as higher
adherence was associated with a higher sour taste preference.

In the analysis by sex (Figure 5), we observed that bitter taste preference was directly
associated with higher adherence to the MedDiet (as continuous) in both men and women
(p = 0.001 in the model adjusted for age, geographical origin, BMI, smoking, drinking,
physical activity, and sleep duration).
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Figure 5. Adherence to the Mediterranean diet depending on bitter taste preference and sex (men,
n = 264; women, n = 615), in the whole population. The bars are the adjusted means ± SE in the model
adjusted for age, geographical origin, BMI, smoking, drinking, physical activity, and sleep duration.

Likewise, for sweet taste preference, we observed that higher preference for this taste
was inversely associated with adherence to the MedDiet (as continuous) in both men and
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women (p = 0.0001) in the model adjusted for age, geographical origin, BMI, smoking,
drinking, physical activity, and sleep duration (Figure 6).
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Figure 6. Adherence to the Mediterranean diet depending on sweet taste preference and sex (men,
n = 264; women, n = 615) in the whole population. The bars are the adjusted means ± SE in the model
adjusted for age, geographical origin, BMI, smoking, drinking, physical activity, and sleep duration.

Additional adjustment of the models for the four taste modalities in a joint model
resulted in a statistically significant inverse association for sweet taste (p < 0.05), and
independent direct associations (p < 0.05) for bitter taste. The joint adjustment eliminated
the statistical significance for sour taste in the separate model.

3.6. Taste Perception and Association with Adherence to the MedDiet

Finally, we tested the taste perception of participants in the laboratory, using five
prototypical tastants for the five taste modalities (bitter, sweet, salty, sour, and umami), as
indicated in the Methods Section. We used five concentrations for each tastant (in addition
to the zero concentration control with distilled water). Supplementary Figure S3 shows
the ratings (means and SE) of perceived taste intensity in response to the different tastant
concentrations (I–V, indicated in the Figure S3) for sweet, salty, sour, and umami tastes
for each of the concentrations tested, scored on a scale from 0 to 5. Only these tastes are
depicted in Figure S3, as they were tasted in liquid solution (bitter was tested on filter paper,
and similar results were found). As the tastant concentration increased, the rating score
for all of the tastants also increased. Therefore, for the associations with adherence to the
MedDiet, we only used the data obtained after testing concentration V for the five tastants.
In addition to the separate perception for the taste modalities, we calculated a composite
total taste preference score for concentration V, as indicated in Methods. This composite
score ranged from 0 to 25. Supplementary Figure S4 presents the frequency distribution for
the composite score.

The total taste score was slightly higher in women than in men, but this difference
did not reach statistical significance (14.8 ± 0.18 vs. 14.3 ± 0.28; p = 0.094). However, we
detected a statistically significant difference in total taste score perception across age groups.
Figure 7 shows the mean differences in the total taste score by the three age groups; the
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mean decreased significantly in the oldest group (p = 3 × 10−6) in the model adjusted for
sex, geographical origin, BMI, smoking, drinking, physical activity, and sleep duration.
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Figure 7. Associations between the total taste perception score for the five taste modalities at
concentration V, and the age groups (18–19 years, n = 668; 20–29 years, n = 173; and ≥30 years,
n = 38), in the whole population. The bars are the mean values ± SE for the total taste score. The
means and dots for each group are depicted. p1: unadjusted model. p2: model adjusted for sex and
geographical region. p3: model additionally adjusted for BMI, smoking, drinking, physical activity,
and sleep duration.

Further, we analyzed (Table 7) the association between taste perception (concentration
V for each taste modality) and adherence to the MedDiet (as continuous). We only detected
a statistically significant inverse association of bitter taste perception with adherence to
MedDiet (B = −0.076 ± 0.038; p = 0.049 in the model adjusted for age, sex, geographical
origin, BMI, smoking, drinking, physical activity, and sleep duration). Despite the fact that
sweet taste perception was positively associated with adherence, the results did not reach
the statistical significance. Likewise, no statistically significant association was detected for
the total taste perception score (p = 0.347 in Model 3).

Table 7. Associations between taste perception modalities and adherence to the Mediterranean diet
(MedDiet) in the whole population.

Taste Modalities (Concentration V)
Adherence to the MedDiet

p1 p2 p3

β ± SE

Bitter (PROP) −0.076 ± 0.038 0.044 0.046 0.049
Sweet (sucrose) 0.044 ± 0.049 0.366 0.264 0.303

Salty (NaCl) −0.076 ± 0.052 0.143 0.196 0.132
Sour (citric acid) 0.001 ± 0.049 0.986 0.867 0.859

Umami (glutamate) 0.002 ± 0.044 0.962 0.986 0.970
Total taste score −0.014 ± 0.015 0.338 0.432 0.347

Values are regression coefficients (Beta) ± SE of MedDiet score for 1-unit increase in level of perception for each
taste modality in whole population (n = 879). Prototypical tastants for each taste modality at concentration V were
rated (5.6 mM in PROP; 34 mM in Sucrose; 200 mM in NaCl; 400 mM in Citric Acid; 200 mM in Glutamate). Total
taste score is composite of five ratings at concentration V. p1: p-values in unadjusted model. p2: p-values in model
adjusted for sex, age, and geographical origin. p3: additionally adjusted for BMI, smoking, drinking, physical
activity, and sleep duration.
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3.7. Associations Between Food Liking, Taste Preferences, Taste Perception, and MedDiet Adherence

Finally, we analyzed the associations between food liking, taste preferences, taste
perception, and adherence to the MedDiet in the whole population. Figure 8 shows a
heatmap of the correlations among all these variables. Spearman correlation coefficients
were computed. As previously presented (Figure 1), we detected strong and highly signifi-
cant correlation coefficients between the composite scores for food preferences (positive,
negative, and total) and adherence to the MedDiet. However, the correlation coefficient
between the total taste preference score and adherence to the MedDiet was small, and did
not reach statistical significance (p > 0.05).
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Interestingly, bitter taste perception was inversely correlated with adherence to the
MedDiet (r = −0.07; p = 0.046), and significantly correlated with preference for some foods:
r = −0.09; p = 0.004 for broccoli and r = −0.07; p = 0.047 for oranges, as well as significantly
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correlated with total food preference score (p = −0.07; p = 0.036). Moreover, bitter taste
perception was inversely associated with liking for sweet taste (r = −0.11; p = 0.003), and
borderline associated with liking for bitter taste (r = −0.06; p = 0.053). In terms of taste
perception modalities, we observed strong statistically significant correlations between
some of them (for example, between salty and sour perception: r = 0.48; p = 3.9 × 10−52).

Higher sweet perception was positively correlated with liking for legumes (r = 0.1;
p = 0.004), and with the positive food preference score (r = 0.07; p = 0.042). A higher
perception of sour taste was inversely correlated with preference for sour taste (r = −0.07;
p = 0.042), as well as being directly associated with the negative food preference score
(r = 0.07; p = 0.040). In the heatmap, we can observe other strong correlations among
liking for specific foods and liking for specific tastes, as well as with food preference scores
(positive, negative, and total). In general, correlation coefficients higher than 0.06 are
statistically significant.

4. Discussion
This study, which was conducted on a predominantly young university population,

presents novel and compelling findings regarding additional factors that enhance adherence
to the MedDiet, which have largely been ignored in previous studies analyzing factors
associated with level of compliance with the MedDiet [51–70].

To the best of our knowledge, this is the first study to examine the impacts of hedonic
taste preferences and liking for specific foods on global adherence to the MedDiet using a
validated scale [112]. MedDiet adherence was evaluated using the MEDAS score, which is
a widely used tool [112]. In addition to the level of adherence using the global MedDiet
score, we examined the association between liking for individual foods and compliance
with the scale’s recommendations for these specific foods. The results of our investigation
indicate that the MedDiet was more readily adhered to when participants liked particular
foods, including olive oil, certain vegetables, certain fruits, legumes, nuts, and fish. The
stronger the preference for these foods, the stronger the correlation with adherence to
the overall dietary pattern, even after additional adjustment for socio-demographic and
lifestyle factors (smoking, drinking, physical activity, and sleep duration). Furthermore,
alongside individual analyses for each specific food, we developed composite taste prefer-
ence scores that incorporated the additive preferences for each particular food. Therefore,
we computed a “food preference positive score” that included foods positively associated
with adherence to the MedDiet. After analyzing the association between adherence and
this “food preference positive score”, we obtained a prominent statistically significant
association of this score with adherence to the MedDiet (p < 1.4 × 10−23), that remained
statistically significant for the multivariable adjusted model (p < 1.4 × 10−23). This robust
correlation was independent of sex, age, geographical origin, BMI, smoking, drinking,
physical activity, and sleep duration. We are unable to rule out the possibility of a bias
effect from other unmeasured confounders. However, we can hypothesize a small impact
of other potential confounders, given the strong association. In addition, our results reveal
that higher preference for foods such as red meats, sweet foods, and butter was associated
with lower adherence to this dietary pattern. Then, we computed the “food preference
negative score” and found a strong inverse association between this score and adherence to
the dietary pattern. Moreover, we reversed the preferences of the negative score and added
the rating of the corresponding food to the “food preference positive score”, creating the
so-called “total preference food score”. This score was still more significantly associated
with global adherence to the MedDiet pattern, revealing that both increased preference
for healthy foods and reduced preference for less healthy foods contributed to increasing
adherence to the MedDiet in this population. This strong association remained statistically
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significant even after adjusting for the primary potential confounders that were previously
mentioned (sex, age, geographical origin, BMI, smoking, drinking, physical activity, and
sleep duration). As far as we know, this is the first time that these combined food prefer-
ence scores have been analyzed in association with the MedDiet pattern. Previous studies
analyzing food preferences and adherence to the MedDiet have been extremely restricted in
scope, and have concentrated on a limited number of specific foods or specific taste modali-
ties [71–77]. Our findings indicate that food preferences, both in terms of individual food
items, and, more importantly, as combined food scores, play a crucial role in determining
food consumption, and should be considered in both current and future studies examining
the factors linked to adherence to the MedDiet. This is a significant finding for precision
nutrition [25–28], due to the fact that we have identified a relevant factor (food preference)
that is significantly correlated with higher or reduced MedDiet adherence, and exhibits
inter-individual variation. This finding may have implications for the development of di-
etary interventions for young adults, with the goal of enhancing adherence to the MedDiet
by focusing on individual characteristics, rather than a one-size-fits-all approach [25–32].

Although our results are pioneering in the research of factors associated with adherence
to the MedDiet, there have been several initial studies analyzing the influence of food prefer-
ences/liking on consumption, as well as the association of these factors with other healthy
eating patterns or phenotypes related to obesity [82,83,89,90,94,99,102–107,114,118,119]. In
general, a strong association between liking for certain foods or food groups and their
intake has been reported [82,90,94,99,102–107,114,118,119]. However, these studies did
not specifically focus on MedDiet adherence. Among food liking studies associated with
dietary patterns, we would like to mention the study carried out by Wanich et al. [119]
on Australian young adults. This study has several points in common with the present
research. The study took place among university students involved the health and nutrition
field, with a mean age of 21.9 years, and a female sample that was more than three times
the size of the male sample. In addition, the prevalence of obesity was very low. Partici-
pants completed a food liking questionnaire (using a hedonic scale) and a food frequency
questionnaire to assess food intake. Rather than concentrating on MedDiet adherence,
the authors calculated diet quality based on compliance with the Dietary Guideline In-
dex (DGI) for Australia [119]. Moreover, the authors calculated several liking scores by
grouping specific food items together. Liking scores were obtained for the following food
items: grains, vegetables, fruits, dairy, animal-based proteins, fat and oil, sweet foods, salty
foods, and alcohol. Strong direct associations were found between liking for healthy foods
and compliance with the DGI recommendations. Likewise, inverse scores were found for
liking for the unhealthy food groups and compliance with the DGI recommendations. This
study [119] and our study add to the existing literature more evidence that food liking is a
relevant driver of food intake and adherence to healthy dietary patterns, in our case, the
MedDiet pattern.

In addition to food preferences, we analyzed taste preferences (for bitter, sweet, sour,
and salty tastes), and found a strong inverse association between a higher preference for
sweet taste and global adherence to the MedDiet, as well as a strong association with
preference for sweet foods. Likewise, we detected another strong independent association
between higher preference for bitter taste and higher adherence to the MedDiet, as well
as with a higher preference for bitter foods, in our study. While they have not focused on
patterns of adherence to the MedDiet, multiple prior studies have examined the association
between a greater preference for sweet taste, the consumption of less healthy foods (pastries,
ice cream, sugar-sweetened beverages, etc.), and a trend towards a less healthful dietary
pattern [74,83,89,90,99,101,102,105,107,120–122]. Likewise, some prior research has identi-
fied associations between liking for bitter taste, intake of healthier foods (olive oil, broccoli,
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artichokes, spinaches, nuts, legumes), and dietary patterns [75,83,89,95,102,104,122,123].
Our study supports prior findings, and further highlights the negative (for sweet taste
preference) and positive (for bitter taste preference) associations between these taste prefer-
ences and increased adherence to the MedDiet. Again, these findings may be very useful
for precision nutrition and precision health [25–32].

Once the strong association between food and taste preferences and greater adherence
to the MedDiet is known, it is necessary to investigate the factors that may explain this
association. This research is not easy, as it is hypothesized that there may be multiple genetic
and environmental factors involved. Our group conducted a genome-wide association
study (GWAS) in an elderly Mediterranean population [74] to investigate the potential
genetic variants associated with preference for sweet taste. Our findings showed that a
polymorphism in the PTPRN2 (Protein Tyrosine Phosphatase Receptor Type N2) gene
(minor allele) was significantly associated with a lower preference for sweet taste at the
GWAS level. Other studies that have analyzed the genetics of sweet taste preferences
have shown mixed results [99,124–126]. Moreover, in the UK Biobank, including more
than 100,000 participants, liking for over 139 specific foods was investigated at the GWAS
level [126]. This study identified 1401 significant food liking associations. However, this
study and other similar studies are preliminary, and more research is needed on the genetics
of food and taste preferences in different populations [127], based on genetic screening of
these variants [25–31], for application in precision nutrition.

In addition to the genetics of food preferences and taste preferences, another
one of the most researched factors related to these preferences and food consump-
tion is the ability to perceive the basic taste modalities (bitter, sweet, salty, sour, and
umami) [72,91,97–101,104,106,107,128–135]. It is known that there is great individual het-
erogeneity in taste perception. Thus, the same concentration of a prototypical tastant is
perceived as very strong by some people, while others are unable to perceive anything. Ge-
netic factors are strongly associated with bitter taste perception, mainly the polymorphism
in the TAS2R38 gene [72]. For the other taste modalities, although some candidate genes
have been identified (TAS1R1/2/3 genes for umami and sweet taste perception, among
others), the consistency among different studies is low [72,91,97–99,101,103–107,128–133].
In the present study, we were unable to analyze genetic factors, but we did conduct objec-
tive laboratory tests for the perception of the five tastes. These tests are very laborious, and,
therefore, have not been included in most epidemiological studies with large samples. This
may contribute to the results not being consistent across different publications, since the
sample size is usually small. Conversely, our study, with more than 850 participants, has a
large sample size for this type of research, and therefore, our statistical power is greater.
Additionally, we used previously validated taste perception tests that have been used in
other previous studies we conducted in our laboratory [97,98]. In comparison with food
preferences, we did not detect highly significant associations between taste perception
and adherence to the MedDiet. Only for bitter taste perception did we find a statistically
significant inverse association with adherence to the MedDiet. This association was small,
but consistent with other publications and with the inverse association with liking for
bitter foods. Likewise, in our study, we observed a direct association between bitter taste
perception and sweet taste liking, as well as a significant inverse association between bitter
food perception and the total taste preference score.

In general, several previous studies have reported an inverse association between
food perception and taste preference or food preferences [98,99,101–105], and our research
confirms some of the previous findings. However, further research is necessary to gain
a deeper understanding of the role of other factors in explaining food preferences, con-
sidering the limited relevance of taste perception. There are several studies focusing on
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the microbiota [134,135], but additional factors should be investigated. More importantly,
further research is required to gain a more comprehensive understanding of the cultural
factors that influence food preferences, and how they can be modified to increase adherence
to the MedDiet by shifting food preferences toward healthier options.

Our study has strengths and limitations. The main strengths are the novelty in the
study’s research methods and relevant findings, and the relatively high sample size for a
study testing taste perception for the five taste modalities with several molar concentrations
of prototypical tastants, as well as the integration of measures of taste perception, taste
preferences, food preferences, and adherence to the MedDiet at the same time. Moreover,
we assessed other relevant socio-demographic and lifestyle factors (smoking, drinking,
physical activity, and sleep duration), and tested their influence as potential confounders,
thus minimizing bias for the main confounding factors. In addition, despite the fact
that the great majority of the population was young, we analyzed three age groups and
compared the associations, obtaining similar findings. Moreover, in our research, we
included participants from the Valencia region, participants from other regions of Spain,
and international students. Although the sample size for international students was low, we
analyzed the main associations, taking into account geographical origin, and found similar
associations in international students, increasing the external validity of our findings.

Our study has several limitations. One limitation is that we carried out a cross-
sectional study, and more follow-up longitudinal studies are needed to better understand
how the associations between food preferences, taste preference, taste perception, and
food intake vary, as well as the related factors. One additional limitation of this study
is the inclusion of only medical students. Due to their high cultural and socio-economic
status, as well as their superior health training compared to other population groups, we
cannot determine whether the results would hold true for other populations. However, on
the other hand, analyzing homogeneous individuals in terms of socio-cultural variables
can be an advantage, as it allows us to better study the factors that determine inter-
individual differences without the confusion caused by unexamined social variables related
to educational level. Similarly, the increased proficiency of the analyzed participants may
increase the validity of the results from questionnaires and taste perception tests, thereby
minimizing the impact of bias. Another limitation we would have liked to overcome is
the absence of genetic and epigenetic tests that could have provided valuable additional
information about the influence of these determinants and the possible application of
genetic testing for the main genetic variants in precision health.

5. Conclusions
In this investigation, we identified a robust association of preference for specific foods

and tastes with adherence to the MedDiet. This association is not influenced by the main
confounding factors that were investigated, and may have significant implications for
personalized or precision nutrition. Since an increase in adherence to the MedDiet has
been associated with a lower incidence of chronic diseases, it is essential to understand the
inter-individual factors associated with greater or lesser adherence, in order to intervene
with these factors. Surprisingly, most of the major studies on the MedDiet have not
incorporated the measurement of food and taste preferences. Consequently, the results
of our study suggest that it would be beneficial to incorporate these measurements into
future studies, in order to gain a more comprehensive understanding of the relationship
between these variables in different populations. Furthermore, it is crucial to conduct a
more comprehensive examination of the factors that influence dietary preferences and their
dynamic evolution, in order to develop novel precision health intervention programs that
are more specifically tailored to the unique characteristics of each individual.
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32. Ulusoy-Gezer, H.G.; Rakıcıoğlu, N. The Future of Obesity Management through Precision Nutrition: Putting the Individual at the
Center. Curr. Nutr. Rep. 2024, 13, 455–477. [CrossRef] [PubMed]

https://doi.org/10.1016/j.semcancer.2023.03.002
https://doi.org/10.1093/ckj/sfae317
https://doi.org/10.1159/000542628
https://doi.org/10.1016/j.arcmed.2024.103043
https://www.ncbi.nlm.nih.gov/pubmed/39094335
https://doi.org/10.1111/cch.13237
https://www.ncbi.nlm.nih.gov/pubmed/38410046
https://doi.org/10.1017/S0033291724000345
https://www.ncbi.nlm.nih.gov/pubmed/38450447
https://doi.org/10.1111/obr.13616
https://doi.org/10.1186/s12933-024-02549-9
https://doi.org/10.1111/obr.13882
https://doi.org/10.1007/s12672-024-01662-1
https://doi.org/10.1016/j.metabol.2022.155217
https://doi.org/10.1016/j.metabol.2018.09.005
https://doi.org/10.1001/jamapediatrics.2024.1576
https://doi.org/10.1016/S0140-6736(23)02750-2
https://www.ncbi.nlm.nih.gov/pubmed/38432237
https://doi.org/10.1038/s41576-021-00414-z
https://www.ncbi.nlm.nih.gov/pubmed/34556834
https://doi.org/10.1016/j.neubiorev.2019.12.012
https://www.ncbi.nlm.nih.gov/pubmed/31959301
https://doi.org/10.1007/s13679-020-00393-y
https://doi.org/10.1136/bmj.k2173
https://doi.org/10.1093/ajcn/nqac237
https://doi.org/10.1146/annurev-food-032519-051736
https://doi.org/10.1080/27697061.2023.2284997
https://doi.org/10.1056/NEJMp1806634
https://doi.org/10.1136/bmjopen-2021-058069
https://doi.org/10.1038/s41591-024-03098-0
https://www.ncbi.nlm.nih.gov/pubmed/38992127
https://doi.org/10.1007/s13668-024-00550-y
https://www.ncbi.nlm.nih.gov/pubmed/38806863


Nutrients 2025, 17, 600 25 of 29

33. Guasch-Ferré, M.; Willett, W.C. The Mediterranean Diet and Health: A Comprehensive Overview. J. Intern. Med. 2021, 290,
549–566. [CrossRef]

34. Zupo, R.; Castellana, F.; Piscitelli, P.; Crupi, P.; Desantis, A.; Greco, E.; Severino, F.P.; Pulimeno, M.; Guazzini, A.;
Kyriakides, T.C.; et al. Scientific Evidence Supporting the Newly Developed One-Health Labeling Tool “Med-Index”: An Um-
brella Systematic Review on Health Benefits of Mediterranean Diet Principles and Adherence in a Planeterranean Perspective. J.
Transl. Med. 2023, 21, 755. [CrossRef]

35. Pavlidou, E.; Papadopoulou, S.K.; Fasoulas, A.; Papaliagkas, V.; Alexatou, O.; Chatzidimitriou, M.; Mentzelou, M.; Giaginis, C.
Diabesity and Dietary Interventions: Evaluating the Impact of Mediterranean Diet and Other Types of Diets on Obesity and Type
2 Diabetes Management. Nutrients 2023, 16, 34. [CrossRef]

36. Dobroslavska, P.; Silva, M.L.; Vicente, F.; Pereira, P. Mediterranean Dietary Pattern for Healthy and Active Aging: A Narrative
Review of an Integrative and Sustainable Approach. Nutrients 2024, 16, 1725. [CrossRef]

37. Dominguez, L.J.; Veronese, N.; Di Bella, G.; Cusumano, C.; Parisi, A.; Tagliaferri, F.; Ciriminna, S.; Barbagallo, M. Mediterranean
Diet in the Management and Prevention of Obesity. Exp. Gerontol. 2023, 174, 112121. [CrossRef]

38. D’Innocenzo, S.; Biagi, C.; Lanari, M. Obesity and the Mediterranean Diet: A Review of Evidence of the Role and Sustainability of
the Mediterranean Diet. Nutrients 2019, 11, 1306. [CrossRef]

39. López-Gil, J.F.; García-Hermoso, A.; Sotos-Prieto, M.; Cavero-Redondo, I.; Martínez-Vizcaíno, V.; Kales, S.N. Mediterranean
Diet-Based Interventions to Improve Anthropometric and Obesity Indicators in Children and Adolescents: A Systematic Review
with Meta-Analysis of Randomized Controlled Trials. Adv. Nutr. 2023, 14, 858–869. [CrossRef]

40. Hareer, L.W.; Lau, Y.Y.; Mole, F.; Reidlinger, D.P.; O’Neill, H.M.; Mayr, H.L.; Greenwood, H.; Albarqouni, L. The Effectiveness of
the Mediterranean diet for Primary and Secondary Prevention of Cardiovascular Disease: An Umbrella Review. Nutr. Diet. 2025,
82, 8–41. [CrossRef]

41. Galbete, C.; Schwingshackl, L.; Schwedhelm, C.; Boeing, H.; Schulze, M.B. Evaluating Mediterranean Diet and Risk of Chronic
Disease in Cohort Studies: An Umbrella Review of Meta-Analyses. Eur. J. Epidemiol. 2018, 33, 909–931. [CrossRef] [PubMed]

42. Veronese, N.; Ragusa, F.S.; Maggi, S.; Witard, O.C.; Smith, L.; Dominguez, L.J.; Barbagallo, M.; Isanejad, M.; Prokopidis, K. Effect
of the Mediterranean Diet on Incidence of Heart Failure in European Countries: A Systematic Review and Meta-Analysis of
Cohort Studies. Eur. J. Clin. Nutr. 2024. [CrossRef] [PubMed]

43. Karam, G.; Agarwal, A.; Sadeghirad, B.; Jalink, M.; Hitchcock, C.L.; Ge, L.; Kiflen, R.; Ahmed, W.; Zea, A.M.; Milenkovic, J.; et al.
Comparison of Seven Popular Structured Dietary Programmes and Risk of Mortality and Major Cardiovascular Events in Patients
at Increased Cardiovascular Risk: Systematic Review and Network Meta-Analysis. BMJ 2023, 380, e072003. [CrossRef] [PubMed]

44. Xiao, Y.; Zhang, X.; Yi, D.; Qiu, F.; Wu, L.; Tang, Y.; Wang, N. Mediterranean Diet Affects the Metabolic Outcome of Metabolic
Dysfunction-Associated Fatty Liver Disease. Front. Nutr. 2023, 10, 1225946. [CrossRef] [PubMed]

45. Kotzakioulafi, E.; Bakaloudi, D.R.; Chrysoula, L.; Theodoridis, X.; Antza, C.; Tirodimos, I.; Chourdakis, M. High Versus Low
Adherence to the Mediterranean Diet for Prevention of Diabetes Mellitus Type 2: A Systematic Review and Meta-Analysis.
Metabolites 2023, 13, 779. [CrossRef]

46. Vaziri, Y. The Mediterranean Diet: A Powerful Defense against Alzheimer Disease–A Comprehensive Review. Clin. Nutr. ESPEN
2024, 64, 160–167. [CrossRef]

47. Al Shamsi, H.S.S.; Rainey-Smith, S.R.; Gardener, S.L.; Sohrabi, H.R.; Canovas, R.; Martins, R.N.; Fernando, W.M. The Relationship
between Diet, Depression, and Alzheimer’s Disease: A Narrative Review. Mol. Nutr. Food Res. 2024, 68, 2300419. [CrossRef]

48. Maggi, S.; Ticinesi, A.; Limongi, F.; Noale, M.; Ecarnot, F. The Role of Nutrition and the Mediterranean Diet on the Trajectories of
Cognitive Decline. Exp. Gerontol. 2023, 173, 112110. [CrossRef]

49. Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean Diet and Multiple Health Outcomes: An Umbrella Review of Meta-
Analyses of Observational Studies and Randomised Trials. Eur. J. Clin. Nutr. 2018, 72, 30–43. [CrossRef]

50. León-Muñoz, L.M.; Guallar-Castillón, P.; Graciani, A.; López-García, E.; Mesas, A.E.; Aguilera, M.T.; Banegas, J.R.;
Rodríguez-Artalejo, F. Adherence to the Mediterranean Diet Pattern Has Declined in Spanish Adults. J. Nutr. 2012, 142,
1843–1850. [CrossRef]

51. Alfaro-González, S.; Garrido-Miguel, M.; Fernández-Rodríguez, R.; Mesas, A.E.; Bravo-Esteban, E.; López-Muñoz, P.;
Rodríguez-Gutiérrez, E.; Martínez-Vizcaíno, V. Higher Adherence to the Mediterranean Diet Is Associated with Better Aca-
demic Achievement in Spanish University Students: A Multicenter Cross-Sectional Study. Nutr. Res. 2024, 126, 193–203.
[CrossRef]

52. Cobo-Cuenca, A.I.; Garrido-Miguel, M.; Soriano-Cano, A.; Ferri-Morales, A.; Martínez-Vizcaíno, V.; Martín-Espinosa, N.M.
Adherence to the Mediterranean Diet and Its Association with Body Composition and Physical Fitness in Spanish University
Students. Nutrients 2019, 11, 2830. [CrossRef] [PubMed]

53. Antonopoulou, M.; Mantzorou, M.; Serdari, A.; Bonotis, K.; Vasios, G.; Pavlidou, E.; Trifonos, C.; Vadikolias, K.; Petridis, D.;
Giaginis, C. Evaluating Mediterranean Diet Adherence in University Student Populations: Does This Dietary Pattern Affect
Students’ Academic Performance and Mental Health? Int. J. Health Plan. Manag. 2020, 35, 5–21. [CrossRef] [PubMed]

https://doi.org/10.1111/joim.13333
https://doi.org/10.1186/s12967-023-04618-1
https://doi.org/10.3390/nu16010034
https://doi.org/10.3390/nu16111725
https://doi.org/10.1016/j.exger.2023.112121
https://doi.org/10.3390/nu11061306
https://doi.org/10.1016/j.advnut.2023.04.011
https://doi.org/10.1111/1747-0080.12891
https://doi.org/10.1007/s10654-018-0427-3
https://www.ncbi.nlm.nih.gov/pubmed/30030684
https://doi.org/10.1038/s41430-024-01519-4
https://www.ncbi.nlm.nih.gov/pubmed/39354155
https://doi.org/10.1136/bmj-2022-072003
https://www.ncbi.nlm.nih.gov/pubmed/36990505
https://doi.org/10.3389/fnut.2023.1225946
https://www.ncbi.nlm.nih.gov/pubmed/37899839
https://doi.org/10.3390/metabo13070779
https://doi.org/10.1016/j.clnesp.2024.09.020
https://doi.org/10.1002/mnfr.202300419
https://doi.org/10.1016/j.exger.2023.112110
https://doi.org/10.1038/ejcn.2017.58
https://doi.org/10.3945/jn.112.164616
https://doi.org/10.1016/j.nutres.2024.04.004
https://doi.org/10.3390/nu11112830
https://www.ncbi.nlm.nih.gov/pubmed/31752296
https://doi.org/10.1002/hpm.2881
https://www.ncbi.nlm.nih.gov/pubmed/31514237


Nutrients 2025, 17, 600 26 of 29

54. Saulle, R.; Del Prete, G.; Stelmach-Mardas, M.; De Giusti, M.; La Torre, G. A Breaking down of the Mediterranean Diet in the
Land Where It Was Discovered. A Cross Sectional Survey among the Young Generation of Adolescents in the Heart of Cilento,
Southern Italy. Ann. Ig. 2016, 28, 349–359. [CrossRef] [PubMed]

55. Zani, C.; Ceretti, E.; Grioni, S.; Viola, G.C.V.; Donato, F.; Feretti, D.; Festa, A.; Bonizzoni, S.; Bonetti, A.; Monarca, S.; et al. Are 6-8
Year Old Italian Children Moving Away from the Mediterranean Diet? Ann. Ig. 2016, 28, 339–348. [CrossRef]

56. Arcila-Agudelo, A.M.; Ferrer-Svoboda, C.; Torres-Fernàndez, T.; Farran-Codina, A. Determinants of Adherence to Healthy Eating
Patterns in a Population of Children and Adolescents: Evidence on the Mediterranean Diet in the City of Mataró (Catalonia,
Spain). Nutrients 2019, 11, 854. [CrossRef] [PubMed]

57. Archero, F.; Ricotti, R.; Solito, A.; Carrera, D.; Civello, F.; Di Bella, R.; Bellone, S.; Prodam, F. Adherence to the Mediterranean Diet
among School Children and Adolescents Living in Northern Italy and Unhealthy Food Behaviors Associated to Overweight.
Nutrients 2018, 10, 1322. [CrossRef] [PubMed]

58. Cuschieri, S.; Libra, M. Adherence to the Mediterranean Diet in Maltese Adults. Int. J. Environ. Res. Public Health 2020, 18, 10.
[CrossRef]

59. Obeid, C.A.; Gubbels, J.S.; Jaalouk, D.; Kremers, S.P.J.; Oenema, A. Adherence to the Mediterranean Diet among Adults in
Mediterranean Countries: A Systematic Literature Review. Eur. J. Nutr. 2022, 61, 3327–3344. [CrossRef]

60. Rosi, A.; Paolella, G.; Biasini, B.; Scazzina, F.; Alicante, P.; De Blasio, F.; Dello Russo, M.; Paolella, G.; Rendina, D.; Rosi, A.; et al.
Dietary Habits of Adolescents Living in North America, Europe or Oceania: A Review on Fruit, Vegetable and Legume
Consumption, Sodium Intake, and Adherence to the Mediterranean Diet. Nutr. Metab. Cardiovasc. Dis. 2019, 29, 544–560.
[CrossRef]

61. Sam-Yellowe, T.Y. Nutritional Barriers to the Adherence to the Mediterranean Diet in Non-Mediterranean Populations. Foods
2024, 13, 1750. [CrossRef] [PubMed]

62. Del Mar Bibiloni, M.; Pons, A.; Tur, J.A. Compliance with the Mediterranean Diet Quality Index (KIDMED) among Balearic
Islands’ Adolescents and Its Association with Socioeconomic, Anthropometric and Lifestyle Factors. Ann. Nutr. Metab. 2016, 68,
42–50. [CrossRef]

63. Bibiloni, M.; González, M.; Julibert, A.; Llompart, I.; Pons, A.; Tur, J. Ten-Year Trends (1999–2010) of Adherence to the Mediter-
ranean Diet among the Balearic Islands’ Adult Population. Nutrients 2017, 9, 749. [CrossRef] [PubMed]

64. Iaccarino Idelson, P.; Scalfi, L.; Valerio, G. Adherence to the Mediterranean Diet in Children and Adolescents: A Systematic
Review. Nutr. Metab. Cardiovasc. Dis. 2017, 27, 283–299. [CrossRef] [PubMed]

65. Navarro-Martínez, R.; Mafla-España, M.A.; Cauli, O. Mediterranean Diet Adherence in Community-Dwelling Older Adults in
Spain: Social Determinants Related to the Family. Nutrients 2022, 14, 5141. [CrossRef]

66. Laiou, E.; Rapti, I.; Markozannes, G.; Cianferotti, L.; Fleig, L.; Warner, L.M.; Ribas, L.; Ngo, J.; Salvatore, S.; Trichopoulou, A.; et al.
Social Support, Adherence to Mediterranean Diet and Physical Activity in Adults: Results from a Community-Based Cross-
Sectional Study. J. Nutr. Sci. 2020, 9, e53. [CrossRef]

67. Conrad, Z.; Korol, M.; DiStaso, C.; Wu, S. Greater Adherence to the Mediterranean Diet Pattern in the United States Is Associated
with Sustainability Trade-Offs. Nutr. J. 2024, 23, 159. [CrossRef]

68. Fernandez-Lazaro, C.I.; Toledo, E.; Buil-Cosiales, P.; Salas-Salvadó, J.; Corella, D.; Fitó, M.; Martínez, J.A.; Alonso-Gómez, Á.M.;
Wärnberg, J.; Vioque, J.; et al. Factors Associated with Successful Dietary Changes in an Energy-Reduced Mediterranean Diet
Intervention: A Longitudinal Analysis in the PREDIMED-Plus Trial. Eur. J. Nutr. 2022, 61, 1457–1475. [CrossRef]
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