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Abstract: Background: An adequate nutritional status of antioxidant vitamins (vitamins A, C, E) and
B-carotene is essential especially during childhood and adolescence, because of their important roles
in cell growth and development. Currently, there are no physiological reference values for blood con-
centration of these vitamins and -carotene in apparently healthy European adolescents. The aim of
the current study was to obtain reliable and comparable data of antioxidant vitamins and B-carotene
in a cross-sectional study, within HELENA (Healthy Lifestyle in Europe by Nutrition in Adoles-
cence), which was conducted in a representative sample of adolescents from ten European cities.
Material and Methods: From a subsample of 1,054 adolescents (males= 501) of the HEL-
ENA Cross Sectional Study with an age range of 12.5 to 17.49 years, fasting blood sam-
ples were taken and analyzed for vitamins A, E, C, and B-carotene status. As specific ref-
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erence values for adolescents are missing, percentile distribution by age and sex is given.
Results: Mean concentrations were the following: Retinol: 356.4+107.9 cm/mL; a-tocopherol:
9.9+2.1 pg/mL; vitamin C: 10.3+3.3 mg/L; and B-carotene: 245.6+169.6 cm/mL. Females showed
higher a-tocopherol and vitamin C values compared with males and 17-year-old boys had higher
retinol levels than the same-aged girls (p=0.018). Retinol serum concentrations increased significantly
according to age in both gender, but girls had also significantly increasing B-carotene levels by age.
Conclusions: For the first time, concentrations of antioxidant vitamins and pro-vitamin 3-carotene have
been obtained in a representative sample of apparently healthy European adolescents. These data can
contribute to the establishment of reference ranges in adolescents.
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Introduction

Research in recent years has highlighted the physio-
logical importance of antioxidant vitamins A, C, E and
the pro-vitamin B-carotene, and has shown that their
biological activities are much broader than expected
[1]. In fact, they are specifically involved in multiple
cellular and tissue processes [2] that go beyond the
antioxidant function [3]. Vitamin A (retinol) is an es-
sential nutrient needed in small amounts by humans
for the normal functioning of the visual system; growth
and development; and maintenance of epithelial cel-
lular integrity, immune function, and reproduction
[4]. These dietary needs for vitamin A are normally
provided for as preformed retinol (mainly as retinyl es-
ter) and provitamin A carotenoids, i.e. B-carotene [5].
Beta-carotene is receiving increasing interest because
of its high antioxidant power [6].Vitamin C (ascorbic
acid) is necessary for an optimal immune function and
is an essential cofactor for hydroxylation of proline
and lysine, collagen synthesis, and connective tissue
integrity [6-8]. Vitamin E is the major lipid-soluble
antioxidant in the cell antioxidant defense system
and is exclusively obtained from the diet. As a chain-
reaction breaking antioxidant vitamin E prevents the
propagation of lipid-peroxidation, especially of poly-
unsaturated fatty acids (PUFAs) and other compo-
nents of cell membranes and low-density lipoproteins
(LDL) from oxidation by free radicals [5, 6].

There is increasing evidence linking antioxidant
vitamins and B-carotene with chronic diseases like
cardiovascular and cerebrovascular disease, cancer,
and diabetes in adulthood [2, 9, 10]. High oxidative
stress and free radical levels are involved in the de-
velopment of cardiovascular disease and other unde-
sirable metabolic situations in adulthood [3, 11]. But
as research has also shown in the last decade, risk
factors are already established during childhood and

adolescence [12]. In addition to the increasing needs
in nutrients and energy for an adequate growth and
development [9, 13], having an adequate vitamin status
could have an additional beneficial health effect during
adolescence. But little is known about the reference
blood levels of these vitamins during adolescence [14].
There is a general consensus in the literature that these
values are missing for the adolescent population [2,
15-17]. As we reviewed recently [18], studies per-
formed on European adolescents specifically dealing
with the above-mentioned vitamins and B-carotene
are scarce, and in several cases these studies were
performed more than 10 or 15 years ago [14, 19-21].
One of the main aims of the HELENA-Study (Healthy
Lifestyle in Europe by Nutrition in Adolescence) was
to provide, for the first time, reliable data about mi-
cronutrient status in European adolescents [4, 6, 22].
The main objective of the current study is to ob-
tain reliable and comparable data of a representative
sample of European adolescents, concerning the as-
sessment of vitamin A, C, E and B-carotene status in
adolescents, to analyze vitamin plasma concentrations
by sex and age, and to contribute to percentile distri-
bution for clinical use as reference values which are
missing for the adolescent population [23, 24].

Material and Methods
Study design and subject recruitment

A European multicenter cross-sectional study (CSS)
was performed in adolescents aged 12.5-17.49 years
(HELENA, www.helenastudy.com). The general
methodology has been described in detail elsewhere
[24, 25]. Briefly, 3,000 apparently healthy adolescents
were recruited in ten cities of more than 100,000 habi-
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tants across Europe, selected on the basis of two cri-
teria: (a) regional distribution (Northern, Southern,
Western, Eastern, Central Europe), and (b) presence
of an active research group assuring sufficient expertise
and resources to successfully perform this epidemiolog-
ical study. Study centers were in Stockholm (Sweden),
Athens and Heraklion (Greece), Rome (Italy), Zara-
goza (Spain), Pecs (Hungary), Ghent (Belgium), Lille
(France), Dortmund (Germany), and Vienna (Aus-
tria). Subjects were recruited by school-based, multiple-
step, stratified random, and cluster sampling selections.
Exclusion criteria were limited to subjects who were
unable to speak the local language and participating
simultaneously in another clinical trial. Blood sampling
was performed in representative subsamples of 1,089
adolescents between October 2006 and October 2007.

All protocols and informed consents for this study
were reviewed and approved by an Ethics Review
Committee in each country according to the Decla-
ration of Helsinki 1964 (revision of Edinburgh 2000)
and the International Conferences on Harmonization
for Good Clinical Practice [26]. Quality control was
assured throughout the whole project as described by
Beghin et al. [27]. Prior to the start of the HELENA-
CSS, all methods had been tested in a pilot study to
assure adequate sampling and to optimize transport
logistics and analytics. These results have been de-
scribed in detail previously [28].

Anthropometric measurements

Various anthropometric measures were performed
using validated methods and standardized approaches
as described previously [29]. Briefly, body weight was
measured after blood sampling in underwear and with-
out shoes using an electronic scale (Type SECA 861)
to the nearest 0.1 kg, and height was measured bare-
foot in the Frankfort plane with a telescopic height
measuring instrument (Type SECA 225) to the nearest
0.1 cm. The Body Mass Index (BMI) of the adolescents
was calculated from their measured height and weight
[BMI = weight divided by height squared (kg/m?)].

Maturity was assessed by means of Tanner stage
[30]. If maturity revealed different results when as-
sessing gonads/breasts and pubic hair, the higher grade
was chosen. Graduation into five grades of biological
maturity ranging from no development (Tanner stage
I) to complete development (Tanner stage V) was
made to assess the influence of biological maturity on
vitamin status [30].

Sample pre-treatment and transport

The blood sampling procedure and sample logistics
within the HELENA-CSS have been described in de-
tail [28]. Briefly, fasting blood sampling generally took
place between 8 and10 a.m. Approximately 30 mL
of blood were collected from an antecubital vein in
serum, lithium heparin, and EDTA tubes (Sarstedt
AG & Co., Niimbrecht, Germany) for assessing the
different biomarkers and blood parameters, includ-
ing vitamin C, a-tocopherol, retinol, and B-carotene.
In order to coordinate the field work between the
centers and the central laboratory at the University
of Bonn (IEL), a blood-sampling calendar was de-
veloped. Blood-sampling date was dependent from
local field work planning, agreement of the school
and availability and capacity of the lab at IEL.

For vitamin C measurements the heparin tubes
were put immediately on ice and were centrifuged
within 30 minutes (3,500 x g, 15 minutes). For stabiliza-
tion heparin plasma was precipitated with a 6 % (w/w)
perchloric acid solution spiked with metaphosphoric
acid (1:1). Serum samples for retinol vitamin E and
B-carotene analysis were clotted at room temperature
for at least 30 min and then centrifuged (3500 rpm,
for 15 min) and the supernatants were transported at
room temperature to the central laboratory and stored
at —80 °C until analysis. For a-tocopherol, retinol, and
B-carotene analysis EDTA plasma was used, therefore
the EDTA tubes were sent at room temperature to
the central laboratory and centrifuged 15 minutes at
3,500 x g at 4°C and the supernatants were stored
at —80 °C until analysis. For all samples freeze-thaw
cycles were avoided until analysis.

Biochemical analyses

Retinol, a-tocopherol, and B-carotene were analyzed
in serum using RP-HPLC (Sykam Gilching Germany)
using UV-detection (UV-ViS 205, Merck Darmstadt,
Germany). The separation was carried out on a Li-
Chrosper Si 100 RP-18 column (125 mm x 4 mm, 5 pm
Merck, Darmstadt) with an isocratic mobile phase
consisted of hexane/isopropanol (98/2; wt/wt). The
coefficient of variation (CV) of the method was 2.9 %.

Plasma vitamin C was analyzed in plasma by re-
verse phase-HPLC (Sykam Gilching Germany) using
UV-detection (UV-ViS 205, Merck Darmstadt, Ger-
many). Separation was carried out on a LiChrosper
Si 100 RP-18 column (125 mm x 4 mm, 5 um Merck,
Darmstadt) and an isocratic mobile phase. The mobile
phase consisted of 0.045 mmol/L sodium dihydrogen-
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phosphatel-hydrate buffer adjusted at pH 2.0 with
orthophosporic acid (14 %, w/w). The CV of method
was: 1.7 %.

Statistical analysis

Statistical analyses were performed using the SPSS
statistical software package (version 17.0, SPSS Inc.,
Chicago, IL, U.S.A.). To assess the influence of age,
adolescents were stratified into 4 gender-specific age
groups ranging from 12.5-13.99, 14-14.99, 15 15.99,
and 16-17.49 years, respectively. All the analyses
conducted on the HELENA data are adjusted by a
weighing factor to balance the sample according to the
theoretical sample in order to ensure true representa-
tion of each of the stratified groups.

Descriptive statistics were performed and values
are shown as mean + standard deviation (SD) and per-
centiles. The differences between sex and age groups
were analyzed using one-way ANOVA. The Bonfer-
roni post-hoc test was used for sub-group analysis.

To provide percentile values for European adoles-
cents, we analyzed vitamin A, C, a-tocopherol, and
B-carotene data by maximum penalized likelihood us-
ing the LMS statistical method for boys and girls sepa-
rately [31, 32]. We derived smoothed centile charts
using the LMS method. This estimates the measure-
ment centiles in terms of three age—sex-specific cubic
spline curves: the L curve (Box-Cox power to remove
skewness), M curve (median), and S curve (coefficient
of variation). For the construction of the percentile
curves, data were imported into the LmsChartMaker
software (V. 2.3; by Tim Cole and Huiqi Pan) and the
L, M, and S curves estimated.

Results

Subjects’ characteristics and mean retinol, B-carotene,
a-tocopherol, and vitamin C concentrations for the
total sample and by sex are shown on Table 1. Girls
had significantly higher vitamin C (p=0.003) and o~
tocopherol (p <0.001) plasma values than boys.

Retinol concentrations increased with age in both
genders (p <0.001), but only girls had higher B-caro-
tene levels as they increased in age (p=0.033). Alpha-
tocopherol concentrations were significantly higher
in girls aged 16 years compared to 13-year-old girls
(p=0.006) (data not shown).

Comparing results by gender and age groups,
significant differences were observed for retinol,

a-tocopherol, and vitamin C concentrations. Females
showed in general significantly higher a-tocopherol
values compared with males (p<0.001, data not
shown) and higher vitamin C levels in the age group
14.0-14.99 years (p=0.019). Males had a higher reti-
nol status in the oldest age group compared to girls
(p=0.018). Percentile distribution for each vitamin
presented by age groups is shown on Tables I1-VII.

Centile curves (Ps, P2s, Pso, P75, Pos)
Retinol, B-carotene, a-tocopherol, and vitamin C in European
adolescents
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Figure 1: Smoothed (LMS method) centile curves (from
the bottom to the top: P5. P25. P50. P75. P95) of retinol, 3-
carotene, a-tocopherol, and vitamin C in apparently healthy
European adolescents.
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Table I: Characteristics of the HELENA study population of 12.5-17.49 y-old adolescents by sex’

total male female p

1053 501 553
Age (y) 149+1.2 149+1.3 149+1.2 NS
Height (cm) 165.9+9.4 170.3+9.8 161.9+7.0 0.001
Weight (kg) 593+12.7 62.6+14.2 5624102 0.001
BMI (kg/m?) 21.4+37 215+4.0 214 +3.4 NS
Tanner stage (%) Stages VII/II/IV/V 1/6/19/44/32 1/7/18/43/31 0/4/20/44/32 NS
Retinol (ng/mL)* 356.4+107.9 362.6+104.3 350.7+110.8 NS
B-carotene (ng/mL)* 245.6 +169.6 236.5+180.3 254.0+159.1 NS
a-Tocopherol (ug/mL)! 99+2.1 9.5+2.0 10.3+2.1 0.001
Vitamin C (mg/L) 10.3+3.3 10.0+3.3 10.6+3.3 0.003

'n =933 (male = 444, female =489), >n =942 (male = 449, female = 493)

Table II: Percentile distributions for retinol (ng/mL), beta-carotene (ng/mL), a-tocopherol (ug/mL), and vitamin C (mg/L)
of apparently healthy male European adolescents aged 12.5-17.49 y

Retinol [-carotene a-tocopherol Vitamin C
(ng/mL) (ng/mL) (ug/mL) (mg/L)
n 444 449 444 501
2.5 196.70 54.74 6.00 2.53
5 216.03 71.06 6.34 343
10 243.10 90.01 7.03 5.38
. 25 285.56 131.36 7.97 8.18
Percentile
50 353.72 192.47 9.39 10.36
75 417.18 275.44 10.76 12.09
95 550.71 578.49 13.06 14.85
97.5 629.50 707.21 13.92 16.61

Table III: Percentile distributions for retinol (ng/mL), beta-carotene (ng/mL), a-tocopherol (pug/mL), and vitamin C
(mg/L) of apparently healthy female European adolescents aged 12.5-17.49 y

Retinol B-carotene a-tocopherol Vitamin C
(ng/mL) (ng/mL) (pg/mL) (mg/L)
n 488 493 488 553
2.5 194.07 71.17 6.49 3.35
5 210.85 80.52 7.10 4.90
10 236.90 100.29 7.76 6.19
) 25 277.02 148.37 8.74 8.65
Percentile
50 326.94 215.56 9.98 10.87
75 405.59 311.60 11.58 12.63
95 566.76 600.25 14.30 15.97
97.5 622.61 712.57 15.16 16.81
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Table IV: Percentile distributions for retinol (ng/mL) of apparently healthy European adolescents presented by age groups

Retinol male
(ng/mL
Age groups n P25 P5S P10 P25 P50 P75 P95 P97.5
12.5-13.99 112 145.2 188.1 203.8 251.4 3104 366.7 461.0 496.6
14.0-14.99 110 197.4 222.8 242.8 277.4 331.0 392.6 520.4 610.9
15.0-15.99 118 218.9 235.5 262.3 307.4 371.0 416.3 550.4 6114
16.0-17.49 104 223.1 281.9 285.5 335.0 4234 491.0 679.8 692.6
female

n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 129 189.3 200.9 224.8 270.7 309.3 361.6 484.2 589.8
14.0-14.99 125 174.3 202.8 220.8 274.2 314.2 403.8 525.6 601.3
15.0-15.99 130 195.6 211.7 238.0 278.4 333.2 421.7 558.2 629.5
16.0-17.49 113 200.5 237.5 254.7 288.4 351.8 449.3 666.1 785.8

Table V: Percentile distributions for B-carotene (ng/mL) of apparently healthy European adolescents presented by age

groups
B-carotene male
(ng/mL)
Age groups n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 111 442 69.6 91.2 128.5 205.7 296.8 529.2 879.3
14.0-14.99 116 51.5 62.3 89.2 134.2 185.5 262.6 601.8 714.3
15.0-15.99 118 46.9 64.2 84.2 116.1 181.3 251.8 574.1 615.1
16.0-17.49 104 72.9 84.8 99.4 156.1 204.9 288.5 638.6 980.9
female

n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 121 57.3 72.0 90.1 1322 197.9 299.7 579.7 728.9
14.0-14.99 126 73.7 80.5 98.4 161.7 235.0 3143 615.1 704.8
15.0-15.99 132 67.3 72.3 101.7 142.3 191.1 294.2 5125 534.7
16.0-17.49 114 74.9 88.7 105.9 159.5 2342 346.6 721.9 957.2

Figure 1 shows smoothed centile curves (P5, P25, P50,
P75, P95) for retinol, a-tocopherol, vitamin C, and
B-carotene by sex and age.

Discussion

Scientific knowledge about antioxidant vitamin sta-
tus in adolescents in both developed and developing
countries is scarce. In the review by Lambert et al. [22]
concerning the nutritional status of European adoles-
cents, antioxidant vitamins were barely mentioned. In
the more recent review performed by our research
group, we confirmed the scarcity of available data [18].

Only a few studies about antioxidant vitamins status
in adolescents have been carried out in the last decade
in some European countries, but comparison of the
data is not always possible due to the use of different
methods, age-group categories, and reduced number
of subjects [18]. As there are no representative data
on the metabolic and biochemical status of healthy
adolescents, reference values are missing for many
blood parameters. Often, reference values for adults
have been used to establish limits for vitamin levels
in adolescents [2, 9].

In order to be able to define these reference values,
data must be analyzed by both age and gender. It is
more than reasonable to suppose that growth and
development will have an influence on blood con-
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Table VI: Percentile distributions for a-tocopherol (ug/mL) of healthy European adolescents presented by age groups

a-tocopherol male
(ng/mL)
Age groups n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 112 5.8 6.1 6.6 8.0 9.3 10.6 13.2 14.2
14.0-14.99 110 6.6 6.9 7.3 8.2 9.4 10.5 12.8 14.1
15.0-15.99 118 53 6.1 7.1 7.9 9.6 11.1 13.4 14.5
16.0-17.49 104 6.2 6.6 7.1 7.9 9.4 10.4 12.6 13.3
female

n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 120 6.2 6.7 7.6 8.7 9.5 11.0 13.8 15.4
14.0-14.99 126 6.2 7.0 7.7 8.8 10.1 11.3 14.2 15.0
15.0-15.99 130 6.9 7.8 8.2 9.0 10.7 11.8 14.2 15.4
16.0-17.49 113 6.4 72 7.7 8.6 9.9 12.0 14.8 15.5

Table VII: Percentile distributions for vitamin C (mg/L) of apparently healthy European adolescents presented by age

groups
Vitamin C (mg/L) male
Age groups n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 128.0 2.5 2.8 4.0 7.6 10.4 12.4 16.1 17.8
14.0-14.99 127.0 1.7 2.8 5.0 8.0 104 124 14.5 15.6
15.0-15.99 128.0 2.8 3.4 5.6 8.3 10.2 12.0 14.7 17.1
16.0-17.49 119.0 3.8 52 6.6 8.5 10.1 11.7 14.7 16.0
female

n P25 P5 P10 P25 P50 P75 P95 P97.5
12.5-13.99 143.0 32 4.5 59 8.0 10.6 13.0 16.0 16.8
14.0-14.99 142.0 32 49 6.6 9.2 11.0 13.1 16.2 18.8
15.0-15.99 141.0 3.6 4.6 59 8.5 11.0 12.4 16.0 17.1
16.0-17.49 127.0 3.7 52 6.3 8.8 10.9 12.4 15.5 17.1

centrations. In fact, several smaller studies have dealt
with this issue.

In the same way as in our HELENA data and con-
firmed by the LMS percentile curves (Figure 1), retinol
concentrations increased with age in both genders in
all analyzed studies [11, 14, 19, 20, 33-35]. Plasma
[ carotene levels seemed to be more stable through
the age span in several studies performed on French
adolescents [19, 20, 34]. On the contrary, in British
adolescents, B-carotene concentrations increased
with age in both sexes (p<0.01) [33]. In our study, an
increase of B-carotene concentrations with age was
observed only in girls (p<0.05). Alpha-tocopherol
concentrations remained stable with increasing age
in French [19, 20, 34] and British [33] adolescents,
whereas age was found to be a significant predictor

of plasma a-tocopherol concentrations in Swiss sub-
jects aged 0.4 to 38.7 years [11]. In this last study,
the big age-range of the analyzed subjects could have
influenced the results. In our study, only in females
a trend to increasing a-tocopherol levels can be ob-
served (Figure 1).

In relationship to gender, in the 509 French ad-
olescents studied by Herbeth et al. [14], boys had
significantly higher retinol concentrations than girls
(p<0.001), similar to what we observed for the old-
est age group. Gender differences for B-carotene and
a-tocopherol were measured in an Austrian study.
Boys had significant higher concentrations than girls
(p<0.001) [21]. These findings are contrary to ours,
as we observed significantly higher a-tocopherol con-
centrations in girls than in boys (p<0.001), but no
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differences in B-carotene concentrations.

In reference to vitamin C, our results showed higher
vitamin C concentrations in females compared with
males. Within the National Health and Nutrition Ex-
amination Survey (NHANES, 2003-2004) vitamin
C concentrations in youth were investigated and also
presented in percentiles, which were similar to our
results. They also observed significantly higher vita-
min C levels in females compared to males in the age
group 12-19 years (males vs. females: 50.7 to 54.8
umol/L, p<0.05) [7]. Hercberg et al. [19] also found
this relationship in vitamin C by sex, but on the con-
trary, Gregory et al. [36] did not find any significant
difference between males and females, but did find
a decrease of vitamin C with increasing age in boys.
Focusing on our data, the mean for vitamin Cis slightly
higher than the mean found in other studies [19, 36].

The HELENA study hasseveral strengths. A harmo-
nized and standardized methodology, which was tested
previously in a pilot study, guaranteed high-quality data.
The sampling procedure and the strict standardization
of the field work among the countries involved in the
study avoided to a great extend the kind of confounding
bias due to inconsistent protocols and different labora-
tory methods, which typically makes comparing results
from isolated studies difficult. The main contribution
of the present data is to give for the first time a global
overview of adolescent antioxidant vitamin status in
Europe. In the absence of reference values and specific
cut-off points for this age group, percentile distribution
as presented can be used in clinics and further research.
Itis important to remember that current plasma levels
of vitamins in the adolescent population do not neces-
sary mean that these levels are the most adequate ones
from the biological point of view.

Conclusions

The present study provides data on the distribution
of retinol, a-tocopherol, B-carotene, and vitamin C
concentrations in European adolescents. Differences
by gender were observed, with females showing higher
vitamin C and a-tocopherol values compared with
males, but with males showing higher retinol values
compared to females. Retinol serum concentrations
increased significantly according to age. The HEL-
ENA percentile distribution is in agreement with
data coming from smaller studies and could be used
as reference values to characterise vitamin status of
European adolescents.
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