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ABSTRACT
Background. Antioxidant vitamins such as alpha-tocopherol (vitamin E), ascorbic acid (vitamin C), and beta-carotene 
(provitamin A), play a significant role in protecting the body from an excess of free radicals. The vitamin content of the 
diet is thus very important. 
Objective. To assess whether the dietary intake of vitamins A, C and E is adequate in a selected group of adolescents living 
in Warsaw.
Material and methods. The mean vitamin consumption was estimated using three-day dietary records whilst vitamin contents 
of selected foodstuffs were obtained from Food Composition Tables. Both were related to Polish nutrition standards applied 
to adolescents; i.e. EAR (Estimated Average Requirement) for vitamins A and C and AI (Adequate Intake) for vitamin E.
Results. Dietary vitamin C in adolescents and vitamin E in girls were around 18-25% lower than that recommended. Diets 
that were deficient in vitamins C and E were recorded in 47% to 67% adolescents.
Conclusions. It is therefore necessary to increase the consumption of vegetables and fruit which provide a valuable dietary 
source for these vitamins.
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STRESZCZENIE
Wprowadzenie. Witaminy antyoksydacyjne – alfa-tokoferol (witamina E), kwas askorbinowy (witamina C) i beta-karoten 
(prowitamina A) pełnią istotną rolę w ochronie organizmu przed wolnymi rodnikami, dlatego odpowiednia zawartość tych 
witamin w diecie ma istotne znaczenie.
Cel. Celem badań była ocena poziomu spożycia witamin A, C i E z produktami spożywczymi w wybranej grupie młodzieży 
zamieszkałej na terenie Warszawy.
Materiał i metody. Średnie spożycie witamin oszacowano na podstawie badań przeprowadzonych metodą trzydniowego 
bieżącego notowania spożycia produktów spożywczych oraz przy zastosowaniu tabel wartości odżywczej produktów 
spożywczych i odniesiono do polskich norm dla młodzieży ustalonych na poziomie średniego zapotrzebowania (EAR) dla 
witamin A i C oraz na poziomie wystarczającego spożycia (AI) dla witaminy E. 
Wyniki. Zawartość witaminy C w diecie młodzieży oraz witaminy E w diecie dziewcząt była o około 18-25% niższa od 
zalecanej. Diety ubogie w witaminę C i E spożywało około 47-67% młodych osób.
Wnioski. Istnieje potrzeba zwiększenia spożycia warzyw i owoców, jako ważnych źródeł tych witamin w diecie.

Słowa kluczowe: witaminy, antyoksydanty, spożycie, młodzież, składniki odżywcze

INTRODUCTION

Vitamins A, C and beta-carotene (a vitamin A pre-
cursor) are considered as being antioxidant nutrients 
and are widely found in plant or plant derived food-
stuffs. Their potential health promoting properties are 
well recognised and they play a major role in affording 

the body protection against an excess of free radicals 
in plasma [2, 14, 32]. It is also well documented that 
diet-derived antioxidants have a significant impact on 
human health. Lowering the prevalence of some forms 
of cancer has been demonstrated to be another important 
and beneficial effect of a diet rich in fruit and vegetables 
containing these vitamins i.e. alpha-tocopherol ascorbic 
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acid and beta-carotene [9, 14, 15]. Furthermore, effecti-
ve antioxidant action has been shown to be dependent on 
the concentrations and different combinations of these 
vitamins present [2]. It is therefore vital, that appropriate 
doses of these substances are consumed from the diet. 
Most early studies in Poland have yielded inconsistent 
results, where findings have differed according to region 
[21, 26]. These suggested that vitamin C intake was 
deficient in some of these regions [18, 21], however the 
vitamin E data was conflicting [18, 21, 26]. It had also 
been suggested that the dietary content of such vitamins 
depended on the region, nutritional habits/behaviour and 
financial status of those subjects studied. The presented 
study thus aimed to extend this research in order to gain 
a clearer and more complete picture. Study objectives 
were to assess the dietary content of the antioxidant 
vitamins (i.e. A, C and E) in a selected group of ado-
lescents residing in Warsaw as well as determining the 
dietary sources of these vitamins. 

MATERIAL AND METHODS

Dietary vitamin intakes were estimated from 3-day 
dietary records. Volunteer pupil subjects were recruited 
from junior high schools (middle schools) and high 
schools in various districts of Warsaw (i.e. Mokotów, 
Ursynów and Bielany). Pupils from each school were 
divided into 4 age groups and also by gender. The stu-
dy was performed during the autumn and winter. The 
survey was anonymous and 360 questionnaires were 
distributed, of which 96 replies were received; 17 were 
however rejected because of being incorrectly filled in. 
The total sample was thus 78 subjects who were aged 
13-18 years. Of these there were 62% girls and 38% 
boys and the largest group were girls aged 16-18 years 
constituting 33% of total. Table 1 provides the anthro-
pometric data for the girl and boy pupils. 

Table 1.	 The anthropometric characteristic of girl and boy 
subjects (mean ± standard deviation)  

Parameters Girls  (n = 48) Boys (n = 30)
Age [years] 
Body weight [kg] 
Height [cm] 
BMI [kg/m2] 

15.21 ± 1.53
52.27 ± 8.63
164.38 ± 7.08
19.29 ± 2.50

15.63 ± 1.52
68.58 ± 10.24
177.07 ± 10.41
21.85 ± 2.60

The mandatory proportion of working days to ho-
lidays were observed in all cases. Food Composition 
Tables were used to calculate vitamin content. The obse-
rved dietary intakes were related to ratios, derived from 
Polish Nutritional Standards applied to the adolescent 
population, of the EAR for vitamins A and C and the AI 
for vitamin E (Table 2). The observed weighted-mean 
vitamin intakes in the adolescent subjects were com-
pared to Polish Nutritional Standards from which 90% 
of the EAR/AI ratios were determined and found to be 
borderline [11]. The percentage of subjects consuming 
vitamin deficient diets (i.e. below 90% of the EAR/AI) 
were also compared to the Standards. In addition, the 
main dietary sources of the test vitamins are presented 
as estimated from analysing the dietary composition of 
the subjects’ menu.

RESULTS

The average dietary content of vitamin A in girls was 
found to be 634.77 µg whilst that for boys was 871.08 
µg (Table 2). These both exceeded the average requ-
irement by 29.5% and 38.3% respectively (Figure 1). 
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Figure 1.	Average content of dietary vitamins in adolescent 
subjects surveyed in Warsaw as compared to EAR*/
AI** standards 

The average dietary intake of vitamin E in girls was 
6.59 mg which was therefore 17.6% less than the AI. 
For boys, the corresponding value was 10.63 mg which 

Table 2.	 The nutrient intake in daily diets of girl and boy subjects (mean ± standard deviation) and Nutritional Standards 
for vitamins for the Polish population for girls and boys aged 13-18 

Component Girls EAR / AI Boys EAR/AI
Energy [kcal] 1603.16 ± 469.16 2369.87 ± 713.61
Vitamin A* [µg]
Vitamin E** [mg]
Vitamin C* [mg]

634.77 ± 347.61***
6.59 ± 2.52***
41.48 ± 26.79

490
8
55

871.08 ± 518.97***
10.63 ± 5.47***
52.44 ± 35.04

630
10
65

* Estimated Average Requirement (EAR) 
** Adequate Intake (AI) 
*** p<0.001
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was sufficiently close to be adequate. A low intake of 
vitamin C was observed when the subjects’ menus were 
analysed; 41.48 mg for girls (i.e. 24.6% below the EAR) 
and 52.44 mg for boys (19.3% below the EAR). 

In general, the girl subjects consumed significantly 
less vitamin A and E than boys (Table 2), however there 
were no trends observed for vitamin C. The percentage 
of subjects eating vitamin deficient diets are shown in 
Figure 2. Here it was found that 67% of all subjects 
consumed vitamin C deficient diets below the 90% 
EAR and that 60% girls and 47% boys ate vitamin E 
deficient diets below 90% of the AI.  
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Figure 2.	The percentage of adolescent subjects with vitamin-
-deficient diets 

Vegetables were found to be the main dietary so-
urce of vitamin C (53%), followed by fruit (31%),with 
other foodstuffs supplying the remaining 16%. Dietary 
vitamin E was derived from fats (26%), vegetables 
(21%), meat and its products (15%), fruit (12%), con-
fectionery (12%) and other products (14%). Vitamin A 
in the diet originated from vegetables (39%), milk and 
dairy products (18%), fats (12%), meat and its products 
(11%), whilst other foodstuffs such as eggs, fruit and 
cereals supplied the remainder (20%). The low dietary 
intakes of vitamin C observed was from consuming 
not nearly enough vegetables or fruit of any kind. The 
high dietary levels of vitamin E seen in boys was due 
to high fat consumption. Nevertheless, the relatively 
high vitamin A intakes were mostly derived from a 
substantial consumption of fats, offal and vegetables 
rich in beta-carotene. 

In summary, the presented study indicated a signifi-
cant variation amongst a sample of adolescent pupils in 
their dietary intake of the studied antioxidant nutrients 
vitamins A, C and E. Excluding vitamin C, gender was 
found to be an important factor in determining the ob-
served trends. Nonetheless, the intake of vitamin C, via 
its main dietary source of fruit and vegetables, should 
be increased because of its crucial role in maintaining 
the body’s health. 

DISCUSSION

The presented vitamin A results demonstrate that 
dietary vitamin A deficiency is relatively rare, consistent 
with other Polish studies of a similar nature. In both the-
se cases, average intakes exceeded those recommended. 
Indeed, high dietary contents of vitamin A have been 
extensively observed in adolescent pupils [13, 31, 18, 
20, 25], students [6, 8, 10, 22, 29] and adults [1, 3, 4, 7, 
21, 29, 30]. Other related studies conducted on Warsaw 
students [8] and schoolchildren [31] (both females and 
males) also showed close agreement for dietary intakes 
of vitamin A compared to the presented results. It was 
generally found that the average dietary content of this 
vitamin, in girls and women of all ages, had exceeded 
recommended intakes by 20 - 50% [1, 6, 8, 18, 25, 29], 
however other studies have demonstrated even higher 
levels of vitamin A consumption in women [3, 7, 10, 
22, 30] that exceeded 1000µg. Furthermore, studies 
conducted on men and boys also showed a high dietary 
vitamin A content, often surpassing 1000 µg [3,6, 13, 
18, 20, 22, 25]. In contrast to these findings, a study 
performed by Smorczewska-Czupryńska et al. [26] fo-
und that the diets of adolescents living in the Białystok 
region of Poland had low vitamin A levels in their diets. 

The current study showed that the diets of girls were 
deficient in vitamin E, consistent with other reported 
studies [5, 25, 26, 27, 29]. However, similar studies 
indicate that the diet of girls and women sufficiently 
covers vitamin E requirements [1, 3, 6, 7, 13, 18, 20, 
21, 22]. It was found that boys obtained enough vitamin 
E from their diets according to requirements, which 
was confirmed in previous studies on the nutrition of 
schoolchildren [13, 18] and students [6, 22]. 

Deficient dietary vitamin C intakes have been 
demonstrated in some studies [4, 21], however other 
findings have been equivocal [6, 13, 18, 23, 27, 28]. 
A study by Wolnicka and Taraszewska confirmed high 
dietary vitamin deficiencies in children, where over 
half were discovered to be at risk from vitamin E and 
C deficiencies [31]. 

Results from other countries gave similar results. 
Significant dietary deficiencies in vitamin C were 
observed in Warsaw adolescents whereas in other EU 
countries the dietary content of vitamin C was much 
higher [12, 16, 17, 19, 24]. In the case of dietary vita-
min E, girls from Germany consumed higher amounts 
than Polish girls from Warsaw, however there was no 
difference between boys [24]. Adolescent diets in Gre-
ece, generally showed a relatively high content of this 
vitamin. Compared to Polish adolescents from Warsaw, 
those in the United States, Germany, Greece and Turkey 
demonstrated higher contents of Vitamin A [12, 17, 19, 
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24], whilst lower contents were observed in diets of 
equivalent subjects from Korea [19]. 

It is well recognised that dietary antioxidants deri-
ved from plants play an active role in affording protec-
tion against cancer and arteriosclerosis [9]. An adequate 
dietary intake of vitamins A, C and E has been shown 
to limit the harm caused by pro-oxidative processes 
and so may prevent various disease [9, 14]. Inadequate 
dietary intakes of these vitamins may thus significantly 
contribute towards an increased risk of cardiovascular 
disease and cancer. It is therefore important that diets 
contain sufficient quantities of these vitamins. 

CONCLUSIONS

1.	 A dietary deficiency of antioxidant nutrients was 
observed in Polish adolescent subjects under study, 
especially for vitamin C and E. These surveyed diets 
were all deficient in C, and dietary vitamin E in girls 
was lower than the Polish Nutritional Standard va-
lues. Vitamin A intakes were found to be 29 - 38%  
higher than those recommended. 

2.	 Dietary vitamin E deficiencies were observed in a 
significant number of subjects (ranging 47 - 67 %).

3.	 The observed dietary deficit in vitamin C resulted 
from a too low consumption of fruit and vegetables. 

4.	 The dietary consumption of vitamins C and E needs 
to be increased. 
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