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Abstract 

Background. Mediterranean diet has been demonstrated to exert beneficial effects 

toward various health outcomes. Among the compounds that may be responsible for such 

benefits, polyphenols have been proposed as potential candidates. The aim of this study 

was to evaluate whether dietary polyphenols were associated with adherence to the 

Mediterranean diet in a Sicilian cohort. 

Methods. A total of 1,937 adults were recruited in the urban area of Catania, southern 

Italy. Background characteristics and dietary habits were collected through validated 

questionnaires. Adherence to the Mediterranean diet was evaluated through application of 

a validated score (MEDI-LITE score). Dietary intake of polyphenols was estimated 

through the Phenol-explorer database. Differences in mean intake between quartiles of 

the MEDI-LITE score and association between quartiles of polyphenol intake and high 

adherence to the Mediterranean diet (highest quartile of the score) were calculated though 

logistic regression analyses. 

Results. Mean intake of most polyphenols was significantly different between quartiles 

of the MEDI-LITE score, being generally higher in individuals more adherent to the 

Mediterranean diet. Only few compounds, such as lignans, anthocyanins, and flavanones, 

showed a linear positive association with high adherence to the Mediterranean diet, while 

other polyphenol classes were associated in a non-linear manner. Among individual 

polyphenols, apigenin, hesperetin, naringenin, lariciresinol, matairesinol, pinoresinol, 

secoisolariciresinol, and ferulic acid were associated with high adherence to 

Mediterranean diet in a linear manner, while all the others (except for myricetin) were 

associated in a non-linear way. 

Conclusions. Mean polyphenol intake was higher in individuals more adherent to the 

Mediterranean diet compared to less adherent. However, dietary sources of polyphenols 

not included in the traditional foods comprised in the Mediterranean diet may contribute 

to total and specific classes of polyphenols irrespectively of their inclusion within the 

context of the Mediterranean diet. 

 

Keywords. polyphenols; Mediterranean diet; flavonoids; phenolic acids; stilbenes; olive 

oil. 
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1. Introduction 

Over the last 50 years, studies on the Mediterranean diet have shown a substantial 

beneficial effect of adherence to this dietary pattern for human health. The strongest 

evidence has been reached on its association with decreased risk of cardiovascular 

diseases [1, 2], metabolic disorders [3-6], and certain cancers [7-10]. This dietary pattern 

does not refer to strict dietary guidelines provided, rather stands for the diet commonly 

consumed in southern Italy during the ‘60s. Despite there is no univocal definition of the 

Mediterranean diet, the beneficial effects of this dietary pattern rely on some key 

features: daily consumption of fruit and vegetable; high consumption of fish and olive 

oil; limited intake of meat and sweets; moderate intake of red wine and dairy products 

[11]. Such dietary pattern is characterized by a low content in saturated and trans-fatty 

acids, as well as richness in anti-oxidant vitamins, mono- and poly-unsaturated fatty 

acids, and phytochemicals with anti-oxidant and anti-inflammatory properties, such as 

polyphenols [12]. 

 

Dietary polyphenols are a large family of molecules occurring in a variety of plant-

derived foods; such compounds have different chemical structures characterizing their 

absorption, bioavailability, and bioactivity [13]. Dietary polyphenols are divided into five 

main classes depending on their chemical structure: flavonoids, phenolic acids, stilbenes, 

lignans, and others [14]. The recent scientific interest on polyphenol relies on their 

potential anti-oxidant effects and association with decreased risk of metabolic disorders, 

cardiovascular disease, and cancer [15-17]. All the aforementioned classes of 

polyphenols are commonly included in the diet, but their intake depends on type of foods 

consumed [18]. Several previous studies showed important differences between total and 

individual polyphenol intake between countries, including Europe [19-25], US [26, 27], 

Asia and South America [28, 29]. In the European context, a south-to-north gradient in 

the daily mean intake of total polyphenols has been reported; moreover, differences 

between Mediterranean and non-Mediterranean countries have been detected, being 

flavonoids the most abundant polyphenol class consumed in the former, while phenolic 

acids in the latter [30, 31]. Some of the benefits of the Mediterranean diet have been 

hypothesized to depend on the contribution of total or specific classes of polyphenol [32, 
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33]. Thus, the aim of this study was to assess the association between high adherence to 

the Mediterranean diet and intake of polyphenol. 

 

2. Methods 

2.1 Study population 

Study sample was constituted of participants of the Mediterranean healthy Eating, Aging, 

and Lifestyles (MEAL) study, an observational investigation primarily focused on 

nutritional habits and their relation with a cluster of lifestyle behaviors characterizing the 

classical Mediterranean lifestyle. The study protocol with the rationale, design, and 

methods have been described in detail elsewhere [34]. Briefly, the cohort consisted of a 

random sample of 2,044 men and women (age 18+ y) recruited in the urban area of 

Catania, one of the largest cities in the east coast of Sicily, southern Italy during 2014-15. 

All the study procedures were carried out in accordance with the Declaration of Helsinki 

(1989) of the World Medical Association. Participants provided written informed consent 

and the study protocol was approved by the ethics committee of the referent health 

authority. 

 

2.2 Data collection 

Data regarding demographic (i.e., age, sex, educational and occupational level) and 

lifestyle characteristics (i.e., physical activity, smoking and drinking habits) were 

collected. Educational level was categorized as (i) low (primary/secondary), (ii) medium 

(high school), and (ii) high (university). Occupational level was categorized as (i) 

unemployed, (ii) low (unskilled workers), (iii) medium (partially skilled workers), and 

(iv) high (skilled workers). Physical activity level was evaluated through the International 

Physical Activity Questionnaires (IPAQ) [35], which comprised a set of questionnaires (5 

domains) on time spent being physically active in the last 7 days that allow to categorize 

physical activity as (i) low, (ii) moderate, and (iii) high. Smoking status was categorized 

as (i) non-smoker, (ii) ex smoker, and (iii) current smoker. Alcohol consumption was 

categorized as (i) none, (ii) moderate drinker (0.1-12 g/d) and (ii) regular drinker (>12 

g/d). 
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2.3 Dietary assessment 

Dietary data was collected by using a long and a short food frequency questionnaires 

(FFQs) specifically developed and validated for the Sicilian population [34, 36]. The 

FFQs consisted of 110 food and drink items representative of the diet during the last 6 

months. Participants were asked how often, on average, they had consumed foods and 

drinks included in the FFQ, with nine responses ranging from "never" to "4-5 times per 

day". Intake of food items characterized by seasonality referred to consumption during 

the period in which the food was available and then adjusted by its proportional intake in 

one year. After exclusion of 107 entries with unreliable intakes (<1,000 or >6,000 kcal/d, 

controlled case by case and validated due to missing food items or unreliable answers), a 

total of 1,937 individuals were included in the analyses for the present study. 

 

2.4 Adherence to the Mediterranean diet 

The Mediterranean diet adherence was assessed through the score developed by Sofi et al 

[37]: briefly, a scoring system (the MEDI-LITE score) was built based on existing 

literature weighting all the median (or mean) values for the sample size of each study 

population and then calculating a mean value of all the weighted medians; hence, two 

standard deviations were used to determine three different categories of consumption for 

each food group. For food groups typical of the Mediterranean diet (fruit, vegetables, 

cereals, legumes and fish), 2 points were given to the highest category of consumption, 1 

point for the middle category and 0 point for the lowest category. Conversely, for food 

groups not typical of the Mediterranean diet (meat and meat products, dairy products), 2 

points were given for the lowest category, 1 point for the middle category and 0 point for 

the highest category of consumption. For alcohol, categories related to the alcohol unit (1 

alcohol unit = 12 g of alcohol) were used by giving 2 points to the middle category (1–2 

alcohol units/d), 1 point to the lowest category (>1 alcohol unit/d) and 0 point to the 

highest category of consumption (>2 alcohol units/d). The final score comprised nine 

food categories (including olive oil) with a score ranging from 0 point (lowest adherence) 

to 18 points (highest adherence). 

 

2.5 Estimation of polyphenol intake 
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Estimation of polyphenol intake was performed through a previously published process 

. Briefly, data on the polyphenol content in foods was obtained from the 

Phenol-Explorer database (www.phenol-explorer.eu) [39]. A new module of the Phenol-

Explorer database containing data on the effects of cooking and food processing on 

polyphenol contents was used whenever possible in order to apply polyphenol-specific 

retention factors [40]. All foods that contained no polyphenols were excluded from the 

calculation, leaving a total of 75 items included for the analyses. Weight loss or gain 

during cooking was corrected using yield factors [41]. The average food consumption 

was calculated (in g or ml) by following the standard portion sizes used in the study and 

then converted in 24-hour intake. Finally, a search was carried out in the Phenol-Explorer 

database to retrieve mean content values for all polyphenols contained in the foods 

obtained and polyphenol intake from each food was calculated by multiplying the content 

of each polyphenol by the daily consumption of each food. The polyphenol content of 

foods included in the FFQ that could correspond to several entries in the Phenol-Explorer 

database (i.e., jams and fruit juices containing fruit-derived polyphenols, street food/pizza 

containing wheat-derived polyphenols) was 

. Data on reverse phase 

high performance liquid chromatography was used to calculate polyphenol intake for all 

phenolic compounds. For certain foods (i.e., cereals, beans, walnuts) for which 

polyphenol content cannot be released with normal extraction conditions, data 

corresponding to HPLC after hydrolysis was used. The main classes of polyphenols 

(flavonoids, phenolic acids, lignans, stilbenes, others) and the total polyphenol intake was 

estimated by the sum of the previous; additional subclass and selected individual 

polyphenols were also estimated. Finally, total and individual classes of polyphenol 

intake were adjusted for total energy intake (kcal/d) using the residual method [42]. 

2.6 Statistical analysis 

Continuous variables are presented as means and standard deviations, categorical 

variables as frequencies and percentages. Differences of mean between groups were 

tested using Mann-Whitney U-test and Kruskall-Wallis test, as appropriate, differences 

between categorical variables were tested with Chi-squared test. The relation between 
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polyphenol intake and adherence to the Mediterranean diet was tested through different 

approaches: (i) by testing for difference in mean intake of polyphenol intake among 

different quartiles of the MEDI-LITE score, and (ii) by testing, through logistic 

regression analysis, the association between quartiles of polyphenol intake and high 

adherence to the Mediterranean diet (highest quartile of the MEDI-LITE score) adjusted 

for total energy intake. All reported P values were based on two-sided tests and compared 

to a significance level of 5%. SPSS 17 (SPSS Inc., Chicago, IL, USA) software was used 

for all the statistical calculations. 

3. Results 

The general characteristics of the study population according the level of adherence to the 

Mediterranean diet are presented in Table 1. A total of 1,936 individuals with mean age 

of 48.5 years old (age range 18-92 years) were included in the final analysis; about 14% 

of men and women were high adherent to the Mediterranean diet (highest quartile of the 

score), with no specific association with sex, age, and smoking status; however, 

individuals more adherent to the Mediterranean diet were slightly more physically active. 

 

Distribution of mean polyphenol consumption by quartiles of the MEDI-LITE score 

showed significant differences for total polyphenols and most of classes (Table 2) and 

subclasses (Table 3) with exception of flavanols (P = 0.242) and catechins (P = 0.129). 

The highest mean intake of total polyphenols was not in the highest quartile of the 

MEDI-LITE score (Table 2): a similar non-linear distribution was found for phenolic 

acids (and its subclass hydroxybenzoic acids), stilbenes, dihydroflavonols, 

hydroxyphenilacetic acids, hydroxybenzaldehydes, and tyrosols (Table 2), while among 

individual polyphenols was found for apigenin, myricetin, caffeic acid, cinnamic acid, 

and biochanin A (Table 3). 

 

When testing the association between quartiles of polyphenol intake and high adherence 

to the Mediterranean diet (highest quartile of the MEDI-LITE score), only few classes 

and subclasses of polyphenols, such as lignans, anthocyanins, and flavanones, showed 

linear increasing trends of association while hydroxybenzoic acids showed linear inverse 

association (Table 4). Most of the other polyphenol classes were associated to high 
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adherence to Mediterranean diet in a non-linear manner, with higher association to 2nd or 

3rd quartile, with the exception of flavanols, dihydrolavonols, and 

hydroxybenzaldehydes, which showed decreasing association for higher intake (Table 4). 

Also among individual polyphenols, apigenin, hesperetin, naringenin, lariciresinol, 

matairesinol, pinoresinol, secoisolariciresinol, and ferulic acid were associated with high 

adherence to Mediterranean diet in a linear increasing manner, while all the others 

(except for myricetin and catechins) were associated in a non-linear way (Table 5). 

 

 

4. Discussion 

In this study we described the relation between high adherence to the Mediterranean diet 

and dietary polyphenol intake in a cohort of individuals living in Sicily, southern Italy. 

Overall, the majority of polyphenols consumed with the diet was associated with high 

adherence to Mediterranean diet (highest quartile of the MEDI-LITE score), despite 

(among flavonoids) only anthocyanins and flavanones showed a clear linear relation. In 

contrast, all other classes revealed a non-linear association, showing that highest 

adherence to the Mediterranean diet was not associated with greater consumption of 

polyphenols, rather with moderate-to-high intake. 

 

Based on these results, flavonoids were the most consumed polyphenol class in 

individuals highly adherent to the Mediterranean diet. Flavonoid and flavonoid 

subclasses content vary between foods consumed, which may explain the observed 

difference in intake between countries. For instance, it has been reported that in US and 

Asian countries the main sources of polyphenols are tea and soy foods; in Mediterranean 

countries the main contributors to flavonoid intake are fruits, vegetables, and red wine; in 

Northern and Eastern European countries the most consumed polyphenol-rich 

foods/beverages are coffee and tea while in South America are coffee and legumes 

(beans) [19-28, 30, 31]. These differences may have certain implications on the effect of 

foods consumed across countries at global level. For instance, recent evidence suggested 

a significant decreased risk for total flavonoids intake and upper aero-digestive tract 

cancers, despite the association was stronger for flavones, flavanols, and theaflavins 
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(mostly contained in tea) in a multicentric study conducted at European level, while 

regarding flavanones (which are mainly derived from citrus fruit) in studies conducted in 

Italy and Greece [17]. Overall, implications for dietary recommendations are multiple 

and a better understanding food content, effectiveness, and targets of flavonoids 

subclasses is of major interest for public health. The superior effectiveness of certain 

healthy dietary patterns may depend on a higher variety of foods consumed, which may 

provide a wider range of polyphenol classes and subclasses. 

 

Flavonoids have been reported to be the most abundant polyphenol class consumed in 

Mediterranean countries [30]. Flavonoids are abundant in fruits, vegetables, and herbs, 

which may explain not only the favorable effects of plant-based dietary patterns, but also 

of certain beverages, such as tea [43]. In line with the major food sources of flavonoids, 

intake of all flavonoid classes was higher in individuals with higher adherence to the 

Mediterranean diet; in particular, a linear association with anthocyanins and flavanones 

may depend on the preference of fruit consumed in Sicily, such as (i) citrus fruits 

(including red orange, which is rich in both flavanones and anthocyanins [44]), prickly 

fruits [45], and red wine [46]. Regarding other classes and total flavonoids, the non-linear 

association may depend on other sources of flavonoids that may not be included into the 

score of the Mediterranean diet. For instance, tea is not considered part of the traditional 

Sicilian dietary pattern; however, tea is a major contributor of flavonoid intake [47, 48], 

and it has been suggested to improve metabolic status and decrease risk of chronic-

degenerative diseases [49-51]. Also chocolate or cocoa products may modulate important 

health risk factors due to their contribution in flavanols [52]; however, such food items 

are not included in the index used to assess the adherence to the Mediterranean diet and 

this may be responsible for the non-linear association between intake of these subclasses 

of flavonoid high adherence to the dietary pattern. 

 

Concerning phenolic acids, we found increasing association with high adherence to 

Mediterranean diet, mainly relying to hydroxycinnamic acids rather than hydroxybenzoic 

acids. The main differences depend on the food sources of such compounds. 

Hydroxycinnamic acids are contained in coffee, which is a major contributor to total 
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polyphenol intake in non-Mediterranean cohorts; however, other dietary sources, such as 

artichokes and cherries, which are consumed by the Sicilian population, are important 

sources of such compounds. Hydroxybenzoic acids are also contained in nuts, which over 

the last year have been considered part of a Mediterranean dietary pattern but were not 

comprised in several Mediterranean diet scores, including the one used in the present 

study. Both coffee [53, 54] and nuts [55, 56] have been demonstrated to be key functional 

foods associated with important benefits on human health: compared to other studies, 

coffee intake only partially contributed to total polyphenol intake in our cohort, while the 

role of nuts was more important in relation to the phenolic acid content of the diet; further 

investigations are warrant in order to determine whether such food groups and 

polyphenol class are associated with health benefits. 

 

Phytoestrogens, such as isoflavones and lignans, are polyphenols with weak estrogenic 

effects, which have been hypothesized to be potentially protective for cardiovascular 

disease and certain cancers [57, 58]. Major sources of isoflavones and lignans are soy 

products and seeds, respectively, which are not commonly consumed in Mediterranean 

countries. However, other food sources of phytoestrogens include citrus fruits, grain-

derived foods, and olive oil, which are characteristic of the Mediterranean diet; in fact, 

we found that both isoflavones and lignan consumption was associated to high adherence 

to the Mediterranean diet. Among other features characterizing the Mediterranean diet, 

wines (red and white) exert beneficial effects on cardiovascular-related outcomes with a 

J-shaped association [59]. Moderate alcohol consumption is part of the Mediterranean 

dietary pattern [60], but only stilbenes were associated to high adherence to the dietary 

pattern, especially in moderate consumption, while other compounds (such as 

dihydroflavonols and hydroxybenzaldehydes) were inversely associated at higher intakes. 

Stilbenes are the most studied polyphenol group: the most known compounds, 

resveratrol, has been associated with improvements in cardiovascular risk factors [61]. 

Interestingly, less studied classes of polyphenols, such as those included in the group 

“others” and tyrosols, have demonstrated to be associated with high adherence to the 

Mediterranean diet. This is not surprising, as major food contributors of such polyphenol 

classes are foods commonly consumed in Mediterranean countries and part of the score 
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used, such as olives and olive oil, but also wines, beer, and pasta. Polyphenols derived 

from olives and olive oil have been considered responsible for a number of effects on 

inflammation, endothelial function, and blood lipids [62, 63]. 

 

The present study should be considered in light of some limitations. First, the use of FFQ 

may result in overestimation of food intake; however, there is no perfect methodology to 

estimate food consumption and FFQs are widely used in nutritional epidemiology. 

Second, the FFQ may not include all food sources of polyphenol intake (i.e., spices) or 

lack of specificity for certain food items (i.e., fruit juices, jams). Third, due to the 

retrospective nature of the instrument, data may have been affected by recall bias. 

 

In conclusion, polyphenol intake is generally higher in individuals more adherent to the 

Mediterranean diet than in non-adherent. The results of this study may confirm the 

hypothesis that the beneficial effects of the Mediterranean diet may be mediated by the 

high content in polyphenols of the diet. However, the highest intake of polyphenols was 

only partially associated with high adherence to this dietary pattern, suggesting that other 

food sources of polyphenols consumed in the context of a Mediterranean population but 

not considered in the scores of adherence may contribute to total and specific classes of 

polyphenol intake.
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