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Abstract 27 

Purpose Knowledge about polyphenols intakes and their determinants among adolescents might be helpful for 28 

planning targeted prevention strategies at an early age.  29 

Methods In the European multicenter cross-sectional HELENA study of 2006-2007, 2428 subjects (47 % boys) had 30 

data on dietary intake of polyphenols from two non-consecutive 24 hour recalls via linking with the Phenol-Explorer 31 

database. Differences by sex, age, country, BMI, maternal education, paternal education, family affluence, smoking 32 

status, alcohol use, and physical activity were explored by linear regression. 33 

Results Median, lower and upper quartiles of polyphenol intakes were 326, 167 and 564 mg/d, respectively. Polyphenol 34 

intake was significantly higher in the oldest (16-17.49 years), girls, non-Mediterranean countries, lowest BMI, highest 35 

paternal education, and alcohol consumers. Main food contributors were fruit (23 %, mainly apple and pear i.e. 16.3 %); 36 

chocolate products (19.2 %); and fruit and vegetable juices (15.6 %). Main polyphenol classes were flavonoids (75-37 

76 % of total) and phenolic acids (17-19 % of total). The three most consumed polyphenols were proanthocyanidin 38 

polymers (>10 mers), hesperidin, and proanthocyanidin 4-6 oligomers. 39 

Conclusion The current study provided for the first time numbers on the total polyphenol intake and their main food 40 

sources in a heterogeneous group of European adolescents. Major differences with adult populations are the lower 41 

polyphenol consumption and the major food sources, such as chocolate and biscuits. The discussed determinants and 42 

polyphenol types already point to some important population groups that need to be targeted in future public health 43 

initiatives. 44 
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 47 
Introduction 48 

Polyphenols are bioactive compounds which are widely distributed in plant-based foods such as vegetables, fruit, cocoa, 49 

tea, coffee and wine [1]. Polyphenols represent a very diverse group of compounds with over 500 different molecules 50 

identified in foods, which can be divided into four main classes, according to their chemical structure: flavonoids, 51 

phenolic acids, stilbenes and lignans [2]. The chemical structure affects the polyphenol absorption in the gut, 52 

bioavailability and possibly their health effects [3]. Over the last 20 years, there has been great interest in the potential 53 

health benefits of polyphenols, such as antioxidant, anti-inflammatory and anti-carcinogenic effects [4]. A literature 54 

review has shown an inverse association between polyphenol intake and risk of hypertension among 2725 Polish adults 55 

during a 2-4 years follow up study [5]; a positive association with HDL level in 500 Italian adults [6], and a reduced 56 

risk for type 2 diabetes in 3400 elderly at high risk for cardiovascular disease [7]. Although current evidence did not 57 

show any classical deficiencies due to low polyphenol intakes, recently they have been discussed as ‘lifespan essentials’ 58 

as they are needed throughout the full lifespan in order to reduce the risk of a range of chronic diseases [8,9]. 59 

Some descriptive data on the intake of polyphenols is already available on population-level. A recent study identified 60 

the mean dietary intake of polyphenols as 377 (s.e. 15) mg/d among adults and elderly in Sao Paulo. Higher mean 61 

dietary intake of polyphenols was found among men, who were white, in normal weight, and in the higher physical 62 

activity groups [10]. A study of people with type 2 diabetes in Italy reported that the mean total polyphenol intake was 63 

683 ± 6 mg/day and polyphenol intake increased with age and education level and decreased with BMI [11]. Another 64 

study from Europe revealed that mean total polyphenol intake among adults was the highest in Aarhus-Denmark (1786 65 

mg/day in men and 1626 mg/day in women) and the lowest in Greece (744 mg/day in men and 584 mg/day in women) 66 

[12]. In all three studies, coffee was the most important food source of total polyphenols. However, there is no 67 

descriptive total polyphenol intake study available in adolescents, although a few studies exist on specific polyphenols 68 

in single-country studies [13-15]. Adolescence is a critical period that can affect adult chronic diseases, so dietary 69 

intake during adolescence may indicate adult lifestyle and health [16]. For this reason, the identification of the intake 70 

of polyphenols among adolescents is important and might be helpful for interventions in promoting healthy eating 71 

behavior and preventing dietary-related chronic diseases. 72 

Therefore, the purpose of the present study is to estimate European adolescent’s dietary intake of polyphenols, the 73 

main food contributions and socio-demographic differences using the Phenol-Explorer database as the most complete 74 

polyphenol database currently published [17]. The “Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-75 

Sectional Study (HELENA-CSS) study provides the opportunity to explore polyphenol intake among European 76 

adolescents by detailed dietary recall data.  77 

 78 

Material and Methods 79 

Study population 80 

The HELENA study is a multicenter study on lifestyle and nutrition among adolescents from 10 European cities: 81 

Athens and Heraklion (Greece), Dortmund (Germany), Ghent (Belgium), Lille (France), Pecs (Hungary), Rome (Italy), 82 
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Stockholm (Sweden), Vienna (Austria), and Zaragoza (Spain). The survey was conducted from October 2006 to 83 

December 2007, in 3528 adolescents aged 12.5-17.5 years, randomized and stratified by geographical location, age 84 

and socio-economic status. Details on specific methods have been reported elsewhere [18,19]. The participants and 85 

their parents provided written informed consent and the study protocol was approved by the ethics committee of each 86 

city involved [20].  87 

Data on food intake from Heraklion and Pecs were not available (i.e. two 24-h dietary recalls and a FFQ) for the present 88 

analysis. Furthermore only 2428 adolescents from 8 European cities, who had also completed two non-consecutive 24-89 

h dietary recalls were included in the present analysis.   90 

Dietary, socio-demographic and lifestyle information 91 

Dietary data were retrieved from a 24-hour recall on 2 non-consecutive days, within a time-span of 2 weeks, but not 92 

on Fridays and Saturdays, using HELENA-Dietary Assessment Tool (DIAT). HELENA-DIAT consists of six meal 93 

occasions and adolescents were invited to select all food items from a standardized menu structure. Quantitatively 94 

detailed information was collected using household measurements or pictures of portion sizes for each selected item 95 

[21,22]. Foods reported in the 24-h recalls were linked to the German Food Code and Nutrient Data Base 96 

(Bundeslebensmittelschlüssel, BLS, version II.3.1) [23] to assess energy and nutrient intakes.  97 

Collected demographic data included information on sex, age, city and socio-economic status which was examined by 98 

parental education and by the Family Affluence Scale (FAS). Parental education level of mother and father were 99 

reported using the International Standard Classification of Education (ISCED) classification [24] as “lower education”, 100 

“higher secondary education” and “university education”. A refitted version of the FAS [24] was used as an indicator 101 

of the adolescent’s material conditions in family. FAS was scored from 0-4 (low FAS score) and 5-8 (high FAS score) 102 

based on adolescents’ report on internet availability at home (0 no, 1 yes), family car ownership (0-3 depending on 103 

amount), computer ownership (0-3 depending on amount) and having one’s own bedroom (0 no, 1 yes). Based on 104 

questionnaire data, smoking status, alcohol status and physical activity (hours/week) were computed. . Weight status 105 

was classified following the International Obesity Task Force [25] based on measured weight and height. The cities 106 

(Athens in Greece, Roma in Italy, and Zaragoza in Spain) were considered as Mediterranean (MED), while Dortmund 107 

in Germany, Ghent in Belgium, Lille in France, Stockholm in Sweden, and Vienna in Austria were considered as non-108 

MED. 109 

Estimation of polyphenol intake 110 

Data on the polyphenol content in food were assessed using the Phenol-Explorer database (www.phenol-explorer.eu), 111 

which contains four main polyphenol classes: flavonoids, phenolic acids, stilbenes, lignans and a number of minor 112 

polyphenols (described as “other polyphenols” in this manuscript) like tyrosols, alkylphenols (mainly alkylresorcinols), 113 

and alkylmethoxyphenols [12,26]. Polyphenol content values described in the Phenol-Explorer database are obtained 114 

by different analytical methods. For most compounds, data used for this work were obtained by ‘chromatography’, 115 

except for lignans and for phenolic acids in some specific foods (cereals, walnuts, olives and legumes) that were 116 
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measured by ‘chromatography after hydrolysis’. Some foods that could contain polyphenols that were present in 117 

HELENA-DIAT, but not in the Phenol-Explorer database, such as margarine, palm oil and coconut milk were excluded 118 

from the database. Complex foods were calculated according to their ingredients in the recipes. Some processed foods 119 

are already food entries in the Phenol-Explorer database, such as tea infusion and fruit juices so no additional retention 120 

factors were needed for those processed foods. Processed foods, which are not in the Phenol-Explorer database, such 121 

as canned foods and pre-packaged meals were estimated based on the percentages of ingredients. Vegetable oil was 122 

estimated as the combination of sunflower oils, corn oils and soy oils. Composition of coffee, herbal tea and olive oil 123 

was calculated based on common brands in the country of study. Individual polyphenol intake was calculated by 124 

multiplying individual polyphenols content in each food item by the daily consumption of each food. Total polyphenol 125 

intake was estimated as the sum of intakes of the individual polyphenols.  126 

Statistical analyses 127 

Data were presented as means, standard errors, percentages, medians and the 25th and 75th percentiles, as appropriate. 128 

The dietary polyphenol intakes were described as absolute intake (mg/day), whereas the contribution of each 129 

polyphenol class and subclass to the total polyphenol intake was reported as percentage of total polyphenol intake. 130 

Median and the 25th and 75th percentiles were used as measures of central tendency and variability of total polyphenol 131 

intake. The general linear models were used to compare differences in polyphenol intakes by sex, age, European region, 132 

BMI, maternal education, paternal education, FAS, smoking status, alcohol use, and physical activity. Using energy-133 

adjusted polyphenol intake in testing determinants of polyphenol intake retrieved similar results (data not shown). 134 

Regression adjustment for sex, age, European region, energy intake, and month of 24-hour recall was performed. 135 

Square root-transformation of polyphenol intakes was performed to fit normality when required. Differences in daily 136 

consumption of food groups were tested by Mann-Whitney U-test. Reported P-value <0.05 (two-tailed) was considered 137 

significant. Analyses were processed using Statistical Package for Social Science (SPSS, version 23).  138 

Results 139 

Overall polyphenol intake 140 

Mean, median, lower quartile and upper quartile of polyphenol intakes for the whole population were 329 (adjusted 141 

for sex, age European region, energy intake and month of 24-hour recall), 326, 167 and 564 mg/day, respectively. The 142 

5th and 95th percentiles were 42 and 1163 mg/day, respectively (Supplemental Figure 1). Mean energy-adjusted 143 

polyphenol intake was 160 mg/day/1000 kcal. The highest total polyphenol intake was in Ghent (in boys 588 mg/day) 144 

and in Vienna (in girls 508 mg/day), whereas the lowest intake in both sexes was in Zaragoza (in boys 212 mg/day and 145 

in girls 203 mg/day) (Figure 1).  146 

Socio-demographic and lifestyle determinants 147 

The mean intakes of total polyphenols and polyphenol classes are shown according to socio-demographic and 148 

lifestyle characteristics in Table 1. Total polyphenol intake was depending on age, sex, European region, BMI, maternal 149 

education, paternal education, FAS, smoking status and alcohol intake. The intake of total polyphenols and flavonoids 150 

was higher in girls than in boys. Increases by age (independent of energy intake) were seen for total polyphenols, 151 



5 
 

phenolic acids and other polyphenols. Non-MED countries (457 mg/day) had a higher intake of total polyphenols than 152 

MED countries (275 mg/day), due to higher flavonoid and phenolic acid intake but the intake of lignans and stilbenes 153 

were higher in MED countries than non-MED countries. Adolescents with underweight, a higher parental education, 154 

low FAS score or who drank alcohol showed the highest intakes of total polyphenols, mainly due to higher flavonoid 155 

intake.  156 

Food group contributions 157 

Daily consumption of food groups is presented in table 2 to compare food intakes between MED countries and 158 

non-MED countries. Many food groups were significantly different, except stalk vegetables, sprout, stone fruits, dairy 159 

products, sugar, honey, jam and syrup, other non-alcoholic beverages, wine, and soy products. The contribution of 160 

food groups to total polyphenols and each polyphenol class is shown in Table 3. In MED and non-MED countries, the 161 

main dietary sources for total polyphenols were fruit (24 % and 22 %, respectively), chocolate products (21 % and 162 

19 %, respectively); fruit and vegetable juices (18 % and 15 %, respectively). In the fruit group, apple/pear was the 163 

largest contributor to total polyphenol intake (14-17 %). Other important contributors were cereal products, 164 

cakes/biscuits and coffee/tea (tea was a larger contributor in non-MED while coffee in the MED countries).  For 165 

flavonoids, all trends were the same. Coffee was the primary food source to phenolic acids intake in both MED 166 

countries (26 %) and non-MED countries (29 %). The major food sources of lignans were bread, crisp bread, rusks 167 

and crackers in all European regions (58-71 %). Wine was the main source of stilbenes in all regions, with a 168 

contribution of 51-57 %. Cereal products were the most important dietary source of other polyphenols, especially 169 

alkylphenols in all regions (54-80 %).   170 

Polyphenol classes and subclasses 171 

Table 4 shows the contribution of classes and subclasses to total polyphenol intake. The main polyphenol classes 172 

were flavonoids (75-76 % of total intake of polyphenols) and phenolic acids (17-19 % of total intake of polyphenols) 173 

in all sexes, in both MED countries and non-MED countries. Stilbenes and lignans contributed <1 % of total polyphenol 174 

intake with mean intakes ranging from 0.03 to 0.04 mg/day and 0.6 to 1 mg/day, respectively, in all regions. The top 175 

three main contributors of polyphenol subclasses were flavanols (ranging from 48% in girls from MED countries to 176 

54 % in girls from non-MED countries), flavanones (ranging from 16 % in girls from non-MED countries to 21 % in 177 

boys from MED countries) and hydroxycinnamic acids (ranging from 16 % in boys from MED countries to 17 % in 178 

boys from non-MED countries), whereas alkylphenols, flavones and flavonols accounted for 1-3 % of total polyphenol 179 

intake. Other subclasses had lower proportions (<1 %).  180 

Individual polyphenols 181 

Of the 384 consumed individual polyphenols in the HELENA study, 20 had a mean intake higher than 1 mg/day, 58 182 

between 0.1 and 1, 90 between 0.01 and 0.1 mg/day, and 216 polyphenols between >0 and 0.01 mg/day (Supplemental 183 

Table 1). The mean intake of the 25 most consumed individual polyphenols and their three main food sources are 184 

shown in Table 5. The three most consumed polyphenols in both sexes from all regions were proanthocyanidin 185 

polymers (>10 mers), hesperidin, and proanthocyanidin 4-6 oligomers which were consumed in quantities above 28 186 

mg/day. Their main food sources were chocolate products, fruit and vegetable juices, apples and pears. Coffee was the 187 

main contributor to the intake of 4-caffeoylquinic acid (88.1 %) and 3-caffeoylquinic acid (78.7 %), whereas tea was 188 

the main food source of gallic acid (57.5 %) and procyanidin dimer B1 (38.9 %). A comparison between MED countries 189 
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and non-MED countries was made for the top 10 most consumed individual polyphenols in Figure 2: all of them were 190 

higher in non-MED countries than MED countries.     191 

Discussion 192 

To our knowledge, this study is the first to describe a detailed intake of total polyphenols, their major food group 193 

and individual food sources in adolescents from different European countries. The influence of socio-demographic and 194 

lifestyle characteristics was also identified. Most previous studies were not focused on adolescence [12,17,27-30] and 195 

used a large heterogeneity of food consumption data, so the comparisons of polyphenol intake with other published 196 

population groups is difficult. Therefore, the use of a similar methodology for polyphenol assessment can facilitate a 197 

comparison of polyphenol intake in different studies [31,32].  198 

Overall polyphenol intake 199 

Reported polyphenol intake levels in literature were 1193 ± 510 mg/day in the French SU.VI.MAX [17], 820 ± 200 

323 mg/day in a Spanish population at high cardiovascular risk [29], 1757±696 mg/day in the Polish arm of the 201 

HAPIEE study [27], 989 ± 360 mg/day in Polish adults [30], 377.5 mg/day in Sao Paulo [10] and 1177 mg/day in men 202 

and 1192 mg/day in women from the European EPIC study [12]. Polyphenols intake adjusted by energy intake was 203 

also reported in previous studies, with a mean value of 377±3.2 mg/1000 kcal/day in the TOSCA.IT Study [11], 204 

1199±591 mg/1000 kcal/day in elderly of Viçosa, Brazil [33], and 854±331 mg/1000 kcal/day [27]. Compared to these 205 

other studies, the mean polyphenol intake and the mean polyphenol intake adjusted by energy in the HELENA-study 206 

sample was lower i.e. 329 mg/day and 160 mg/1000kcal/day. One reason for lower intakes might be the low 207 

consumption of polyphenol-rich food groups like fruit, vegetables and coffee/tea, which was the major food sources 208 

in previous studies. Indeed, total polyphenol intake probably reaches 1 g/day in people who eat several servings of 209 

fruit and vegetables per day [2], which is three times higher than the HELENA study as the adolescents only eat half 210 

of the recommended amount of fruit and vegetables [34]. Interesting is also the range of inter-individual differences 211 

(e.g. Supplemental Figure 1) with only few reaching the 1 mg/day intake. The same large range was seen when 212 

comparing countries e.g. mean intake of total polyphenols was three times higher in boys from Ghent (588 mg/day) 213 

than in boys from Zaragoza (212 mg/day).  214 

Food group contributions 215 

The main food contributors of polyphenols in this study were fruit (majority apple and pear), chocolate products; 216 

fruit and vegetable juices.  217 

Interestingly, fruit and vegetables intakes in this study only reached half of the daily recommendation [35]. 218 

Especially for vegetables, this can be a reason for the lower contribution to polyphenol intakes compared to adult 219 

populations. Indeed, the daily vegetables consumption was low (164 g/person/day), and this low contribution was also 220 

noticed for flavanols in German adolescents [13]. On the other hand, fruit was an important polyphenol contributor 221 

although the consumption was similar as for vegetables (Table 2). This is in line with the Australian population where 222 

apple was the important flavonoid source for young people [14], and the contribution of fruit to flavonoid intake was 223 

higher than vegetables’ contribution [36].  224 
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Chocolate products were the second major contributors of polyphenols in this study and adolescents consumed 225 

more sweets, which included chocolate products, than recommended [35]. Chocolate products were the third major 226 

food sources in the HAPIEE study [27], but in other studies chocolate products were not major food sources [12,17,29]. 227 

Higher chocolate consumption in the young can be because of their preferences to sweets and snacks [37].  228 

Although coffee was the major food source of polyphenols in some studies [10,12,17,33], this was not the case in 229 

the HELENA-study sample as adolescents drink less coffee. Coffee was a minor contributor of per capita fluid intake 230 

in this study, whereas water, sugar-sweetened beverages and fruit juices were the largest contributors [38]. This can 231 

also explain why fruit juices were the third major contributions of polyphenols in the HELENA-study.  232 

Classes, subclasses and individual polyphenols 233 

Interestingly, 384 different individual polyphenols have been recorded, which is a similar number as in the HAPIEE 234 

study [27] and in the French SU.VI.MAX study [17] that used the same database of polyphenols. Twenty of them were 235 

consumed in higher amount than 1 mg/day, whereas in other studies around 100 individual polyphenols were consumed 236 

in amounts greater than 1 mg/day [11,12,17,27]. Some of the polyphenols consumed by the European adolescents were 237 

different, for instance there were no 5-tricosylresorcinol and 5-heptadecylresorcionol in the top 25 most consumed 238 

individual polyphenols in previous studies [12,17,27].  239 

Flavonoids were the most consumed polyphenol class. The highest subclass contributors to total polyphenols were 240 

also in this flavonoid class: the flavanols and flavanones. The flavanols had 64 % contribution to the flavonoids intake, 241 

and more specifically by proanthocyanidin polymers, proanthocyanidin 4-6 oligomers and proanthocyanidin 7-10 242 

oligomers, which was similar as in the EPIC study [12,39]. Moreover, proanthocyanidins intake was higher in non-243 

MED countries than in MED countries, due to higher intake of chocolate products, apple and pear consumption. In 244 

contrast, flavanones intake was higher in MED countries than in non-MED countries, due to higher consumption of 245 

fruit and vegetable juices. In MED countries, fruit were the most important food sources of flavonoids [40].  246 

Intake of phenolic acids, especially hydroxycinnamic acids was higher also in non-MED countries than in MED 247 

countries, with coffee as the first rank contributor. This is consistent with previous studies [12,41], but the intake of 248 

phenolic acids was lower than in previous studies. Again, as mentioned above, coffee was not frequently consumed by 249 

adolescents.  250 

Lignans and stilbenes were higher in MED countries compared to non-MED countries, but their contribution to 251 

total polyphenols i.e. below 0.5 % was low, as observed earlier [12,17,28,29]. Lariciresinol, which was one of the three 252 

most widely consumed lignans in the EPIC study [12], was also the biggest contributor to lignans in this study, due to 253 

higher intake of bread. Current results of very low stilbenes with wine as the major contributor also agree with previous 254 

studies [11,12,29]. Consistent with an earlier study, alkylphenols (2.8-3.1 % contribution; mainly present in bread) and 255 

tyrosol (0.5-3.4 %; present in olive oil) were the main polyphenol contributors within the other polyphenols class [12].  256 

Socio-demographic and lifestyle determinants 257 

Socio-demographic (age, sex, European region, economic status) and lifestyle factors (BMI and alcohol use) 258 

influenced the intake of total polyphenols and polyphenol classes. Contrary to earlier studies in which men had higher 259 

absolute total polyphenol intake compared to women [10,12,33], especially for flavonoids [39,42], girls had a higher 260 

intake than boys in the HELENA-study, even after adjusting for total energy intake. This is due to higher consumption 261 

of fruit and chocolate products (the main contributors) in girls [35], while in a previous study, coffee consumption (the 262 
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main contributor) was higher in men. Polyphenol intake increased by age, especially phenolic acid intakes, due to 263 

differential consumption of coffee and tea. In the HELENA study, adolescents aged 15.0-17.5 years old, consumed 264 

more coffee and tea than younger adolescents [35]. This age difference was also detected in Australian adolescents 265 

[14]. 266 

Intakes of total polyphenols and several polyphenol classes differed by European region. Non-MED countries had 267 

higher contributions of flavonoids and phenolic acids, which were the most contributing polyphenol classes to total 268 

polyphenols. This finding is similar as in the EPIC study [12], due to higher consumption of apple and pear, tea and 269 

coffee. Indeed, coffee was the major food source of polyphenols in non-MED countries [12,41].  270 

In the present study, polyphenol intakes were depending on BMI, consistent with other research [12]. Polyphenol 271 

intakes were also higher in those with higher parental education, as in previous studies [10,12]. Indeed, parental 272 

education in this population was associated with higher diet quality [43] and healthier food choices for breakfast 273 

[44,45], thus with higher intake of polyphenol rich sources like fruit and vegetables. Seemingly in contrast, adolescents 274 

who reported lower family affluence had higher polyphenol intakes, flavonoid intakes, and lignan intakes compared 275 

to those reporting greater family affluence. This might be explained by the fact that adolescents with lower family 276 

affluence consume more tea (high polyphenol content, especially flavonoids) and coffee (high polyphenol content), 277 

cakes, pies, biscuits and snacks (important polyphenol contributors in our adolescents) for breakfast [45]. Although it 278 

should be mentioned that FAS was less relevant than parental education for healthy lifestyle clustering [43,46]. Alcohol 279 

consumers also had higher polyphenol intakes. Only few adolescents consumed alcohol (23 %), but alcoholic 280 

beverages (especially wine and beer) are sources of polyphenols.  281 

Strengths and limitations 282 

The major strengths of this study are the large and heterogeneous sample size, which gives an approximation of 283 

the average situation in European cities [18], the use of reliable and validated 24-hour recalls [47] and the use of the 284 

Phenol-Explorer database as the most comprehensive database for polyphenols [12].  285 

One limitation of this study is a lack of generalizability due to the cluster selection using only urban areas [18]. 286 

Missing data of Fridays and Saturdays might have induced a small bias/underestimation for alcoholic drinks which are 287 

mainly used in weekends. Also the use of self-reported data on lifestyle [47] and the lack of dietary reference intake 288 

values for dietary polyphenols [8] are limitations in this study. Finally, polyphenol intake estimation has some small 289 

difficulties like incomplete food composition data such as thearubigins [48] or proanthocyanidins concentrations [32]; 290 

some missing details in the 24-hour recall like herbs, and specific oil type; and lacking food items in the Phenol-291 

Explorer, such as palm oil, processed foods, cassava, various types of coffee, tea and honey. However, as the 292 

consumption of coffee, tea, and honey was low in this population [38]; they are almost negligible sources of 293 

polyphenols in this study.    294 

Conclusion 295 

For this first time, this study has provided detailed information of polyphenol intakes, its main food sources and its 296 

socio-demographic and lifestyle determinants in a diverse group of European adolescents. Total polyphenol intake 297 

(mean 329 mg/day) was lower compared to intake of adults reported in previous studies (even after energy-adjustment). 298 

The major food sources of polyphenols in adolescents were fruit, chocolate products; and fruit and vegetable juices. 299 

Polyphenol intake differed largely among countries, especially with lower overall intakes in MED compared to non-300 
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MED countries, although both regions had the same major food contributors. In the major food contributors, fruit was 301 

confirmed as in adult populations but chocolate and cakes/biscuits seemed specific ones in adolescents compared to 302 

adult samples. Other important determinants were sex, age, BMI, socio-economic status and alcohol use. Overall, these 303 

results show the importance of promoting a healthier diet intake in adolescents with e.g. more fruit, vegetables and 304 

nuts to increase the currently low polyphenol intakes. The discussed determinants and polyphenol types already point 305 

to some important population groups that need to be prioritized and targeted in future public health initiatives. After 306 

all, polyphenol intake might ameliorate the future health of these youngsters. 307 
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