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Abstract: Polyphenols are compounds derived from plants found in foods with potential health
benefits due to their antioxidant properties. The aim of this study was to establish the consumption
of polyphenols in university students and the relationship between the amount of polyphenols
consumed and their health-related habits. For this, 270 university students answered a validated
food consumption frequency questionnaire (FFQ), a physical activity questionnaire (IPAQ), and a
health and lifestyle questionnaire. From the FFQ, the daily consumption of classes and subclasses
of polyphenols was calculated. Then, the population was classified in terciles according to the
polyphenol consumption, and the physical activity, smoking habits, and the prevalence of allergy
and obesity in each tercile was established. The consumption of polyphenols was about 1.5 g/day,
being flavonoids and phenolic acids the most consumed. The main sources of polyphenol
consumption were cocoa, coffee, and to a lesser extent, fruits. There were no significant differences
in consumption according to sex, BMI, health status, or physical activity. The smoking habit was
related to a high consumption of polyphenols, mainly those that came from coffee and cocoa.
Students who smoke had a higher consumption of polyphenols with respect to nonsmokers,
especially those derived from coffee.
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1. Introduction

Polyphenols are compounds from plants’ secondary metabolism that are ingested in small
quantities in many edible plants [1,2]. They are classified into flavonoids, phenolic acids, lignans, and
stilbenes [3]. In addition, flavonoids can be classified into flavonols, flavones, isoflavones, flavanones,
flavanols, and anthocyanidins.

Overall, polyphenols have a chemical structure that provide them with antioxidant activities.
Due to this property, among others, they have been extensively studied in order to ascertain their
possible beneficial role in the mitigation or prevention of various diseases, as evidenced by the large
number of studies focused on the effect of polyphenols on health status during the last decade [1,2].
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The available dietary assessment tools to analyze population intake include the 24 h dietary
recalls (24HDR) and food records (3 to 7 days) [4,5]. In addition, the food frequency questionnaire
(FFQ) is a valuable, cost-effective, and easily applied dietary assessment tool that allows the
estimation of the intake of a food, food group, or food component in a population and also to go in
depth concerning its association with health parameters or disease risk [6,7].

Many different questionnaires exist to estimate polyphenol intake, and they include a varied list
of fruits and vegetables as well as drinks such as tea, coffee cocoa, and wine, in different populations
[8-11]. However, not many of them have been applied to young people and even less aiming to
establishing their relationship with health status.

Thus, we aimed to study the relationship between the amount of polyphenols consumed by
university students and their health status along with their physical activity habits.

2. Materials and Methods

2.1. Participants

The study population consisted of 270 university students (199 women and 71 men) with an
average age of 22.5 + 3.9 years. The mean BMI was about 22 kg/m?, only 7% of the participants had a
BMI lower than 18.5 kg/m? and 11.5% had a BMI higher than 25 kg/m?2. Around 70% of the students
lived with their family, 28% with flatmates, and only 2.6% lived alone. The study was conducted
according to the guidelines laid down in the Declaration of Helsinki and the study protocol was
approved by the Ethical Committee of the University of Barcelona (IRB 00003099) and by the Egas
Moniz Ethical Commission (ref. 331). Written informed consent was obtained from all participants
after the aims and procedure of the study were explained by members of the research team.

2.2. Collection of Data

Participants answered a validated food consumption frequency questionnaire (FFQ), a physical
activity questionnaire (IPAQ), and a health and lifestyle questionnaire [4]. Briefly, the FFQ inquired
about the frequency of consumption from 1 (never) to 12 (3 or more times per day of vegetables,
fruits, and drinks such as wine, tea, or coffee. The IPAQ consisted of 7 general questions about
physical activity (frequency, duration, intensity for at least 10 min) in the previous 7 days. The health
status questionnaire which was based on the “Enquesta nutricional de la poblacié Catalana
(ENCAT)” [12] included questions about smoking habits, chronic diseases, and acute diseases during
the previous month.

2.3. Polyphenol Consumption Assessment

From the data obtained in the FFQ, the amounts of polyphenol intake as well as their main
sources were calculated based on the Phenol Explorer Database [13]. When several data were suitable
for the same food, those obtained from chromatography study were considered. After applying
Phenol Explorer Database, the consumption was assessed by multiplying the amount of polyphenol
in each food by the respective consumption frequency.

After establishing the polyphenol intake of each student, the sample of 270 participants was
divided into three groups of equal size and with different levels of polyphenol consumption

2.4. Physical Activity Assessment

From the data obtained in the IPAQ, the time dedicated to physical activity per participant as
well as the metabolic equivalent of task (MET) were calculated. These data allowed the classification
of students in three levels of activity: inactive (<600 METs/week), moderate activity (600-1500
METs/week), and very active (>1500 METs/week).
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2.5. Statistical Analysis

For statistical analysis, the Statistical Package for the Social Sciences (SPSS v22.0) (IBM, Chicago,
IL, USA) was used. Homogeneity of variance and normality distribution were tested by the Levene’s
and Shapiro-Wilk tests, respectively. When data were homogeneous and had a normal behavior, a
Student’s t-test was used to analyze statistical differences. Otherwise, the Mann—-Whitney U test was
performed. Finally, the chi-square test was used to compare percentages of individuals displaying
the variable in a particular tercile. Significant differences were established when p < 0.05.

3. Results and Discussion

3.1. Polyphenol Consumption: Classes and Subclasses

The total ingestion, the class, and subclass of polyphenol was established (Table 1). From all
polyphenols, 49% belonged to the flavonoid family, 46% were the phenolic acids, 2% were lignans,
and 3% were classified as other polyphenols.

Table 1. Dairy consumption of polyphenols (1 = 270).

Class Mean + SDM
Polyphenols (mg) 1447.3 +1069.9 1
Flavonoids (mg) 718.5+770.3

Antocyanins 422 +84.3
Chalcones 0.0+£0.0
Dihydrochalcones 6.4+275
Dihydroflavonols 1.53 +18.15
Flavanols 576.4 +760.3
Flavanones 56.8 + 50.6
Flavones 6.81 +6.48
Flavonols 26.55 +£19.18
Isoflavonoids 1.86 +£8.13
Lignans 28.66 +20.53
Non-Phenolic Metabolites 0.02+0.38
Other Polyphenols 38.5+£47.6
Phenolic Acids 661.2 + 603.8
Stilbenes 0.39 +0.77

! amount (mg) per day.

3.2. Main Sources of Polyphenol and Their Main Classes

Considering the intake of fruits, cereals, vegetables, cocoa, coffee, tea, and alcoholic drinks, it
was established which food provided more polyphenols, flavonoids, flavanols, and phenolic acids
(Table 2). Cocoa and coffee appeared as very important sources of polyphenols, cocoa and coffee
being the main sources of flavonoids and phenolic acids, respectively.
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Table 2. Percentage of polyphenol and their main classes according to food group sources in the
sample of study.

Source Polyphenols ! Flavonoids Flavanols Phenolic Acids

Fruits 19.73 +18.96 33.05 +£26.25 12.75+18.58 12.57 +16.48
Vegetables 3.95 +4.56 4.24+6.13 0.14+1.14 5.94 +9.37

Coffee 32.73+30.17 0.00 £ 0.00 0.00 £ 0.00 55.04 + 37.89

Cocoa 32.35+30.74 47.70 + 34.52 65.04 + 33.00 20.94 +27.09
Cereals 3.80 £6.75 0.82+3.12 1.58 +5.12 0.15+1.16

Tea 6.58 +12.33 12.52 +19.61 18.26 £26.92 4.44+10.79
Alcoholic drinks 0.86 +1.92 1.67 +4.92 2.24 + 6.94 0.89 +2.25

! percentage considering the entire polyphenol family category (polyphenol, flavonoids, or phenolic acids).

3.3. Distribution of Students According to Their Polyphenol Consumption

According to their daily polyphenol consumption, students were distributed into three groups
with the same number of participants: those with low consumption (lower than 839 mg, group L),
those with medium consumption (between 839 and 1665 mg, group M), and those with high
consumption (higher than 1665 mg, group H). The mean consumption of polyphenols differed
between groups, and no difference in the distribution of females and males in the three categories
was observed (Table 3).

Table 3. Characteristics of the participants according to the polyphenol consumption.

L. Low Medium High
Characteristics . . .
Consumption Consumption Consumption
Polyphenol consumption 488.9 +£219.62 1275.0 + 245.5° 2578.0 £1048.4¢
Num. females/males (%) 65/25 (72/28%) 72/18 (80/20%) 62/28 (69/31%)
Physical activity (METS) 2355.6 +1965.42  3052.7 +2684.0° 2668.3 + 2886.6L
Body mass index (kg/m?) 221+3.0 21.8+24 21.9+29
Num. overweight individuals (%) 13 (14%) 11 (12%) 7 (8%)
Num. non-smokers/smokers (%) ! 74/5 (94/6%) 2 69/5 (93/7%) 2 62/17 (78/22%) ®
Mean blood pressure 87.6+9.4 85.0+£8.9 88.4+7.9
Num. hypertensive individuals (%) 2 6 (11%) 3 (6%) 7 (14%)
Num. participants with fever (last 4 wk) (%) 6 (7%) 4 (4%) 12 (13%)
Num. participants with cold (last 4 wk) (%) 29 (32%) 27 (30%) 28 (31%)
Num. participants with chronic diseases (%) 53 (59%) 54 (60%) 49 (54%)
Num. participants with allergy (%) 13 (14%) 13 (14%) 17 (19%)

1 Ex-smokers were excluded; 2inside those that provided blood pressure values. Different letters mean
statistical difference.

When considering the physical activity, METS/week were higher in the group of medium
consumption than that of low consumption (p < 0.05, Table 3), while those with high polyphenol
intake had an intermediate activity that did not differ from the other two groups.

The BM], as well as the proportion of overweight individuals, did not show differences between
the three groups.

The distribution of smoker and non-smoker participants, including those ex-smokers, was
determined in each polyphenol consumption group. A higher percentage of smokers were found in
the people with high consumption of polyphenols (p = 0.0034).

Participants were inquired about their blood pressure values and about 60% (158/270) of the
students gave their values. From these, the mean blood pressure was calculated (Table 3); no
differences were observed between groups according to polyphenol consumption. The percentage of
hypertensive individuals (with systolic blood pressure > 140 mm Hg and or diastolic blood pressure
> 90 mm Hg) was also established and again, no differences were observed.

The presence of fever in the last 4 weeks was also inquired among students, and 4-13% students
stated that they have had a higher temperature; however, no differences were found with regard to
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their polyphenol consumption. Likewise, cold was suffered by 30-32% students in the last month,
and these values did not differ between the three student categories.

Finally, more than a half of the participants stated that they suffered from a chronic disease, and
among them, about 14-29% of the students claimed to have a type of allergy. No differences were
detected between groups.

4. Conclusions

Overall, the present study shows that cocoa and coffee are the most important sources of
polyphenols in university students and that the overall polyphenol consumption does not seem to be
clearly associated with a particular health status.
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