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Abstract
Objective: The present study aimed to examine the association between different
breakfast consumption patterns and vitamin intakes and blood vitamin concentra-
tions in European adolescents.
Design: Breakfast consumption was assessed by a questionnaire. Vitamin intake
was calculated from two 24 h recalls. Blood vitamin and total homocysteine (tHcy)
concentrations were analysed from fasting blood samples.
Setting: The European Commission-funded HELENA (Healthy Lifestyle in Europe
by Nutrition in Adolescence) Study.
Subjects: Participants were 1058 (52·8% females) European adolescents (aged
12·5–17·5 years) from ten cities.
Results: Lower vitamin D and vitamin C concentrations were observed in male and
female breakfast skippers than in consumers (P< 0·05). Female breakfast
consumers presented higher holo-transcobalamin and lower tHcy (P< 0·05),
while males had higher cobalamin concentrations, compared with skippers
(P< 0·05). Higher vitamin D and total folate intakes were observed in adolescents
who consumed breakfast compared with skippers (P< 0·05). Likewise, female
consumers had higher intakes of vitamin B6 and vitamin E than occasional
consumers (P< 0·05).
Conclusions: Regular breakfast consumption is associated with higher blood
vitamin D and cobalamin concentrations in males and with higher vitamin D
and holo-transcobalamin and lower tHcy concentrations in females. Moreover,
breakfast consumption is associated with high intakes of vitamin D and total folate
in both sexes, and with high intakes of vitamin B6 and vitamin E in females.
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Although breakfast is widely promoted as essential for the
nutritional well-being of young people, breakfast skipping
is relatively common among adolescents in developed
countries(1,2). The breakfast meal and the frequency with

which it is consumed, together with genetic and environ-
mental factors, may influence appetite, dietary intake and
food choices. These factors may have important implica-
tions for body weight regulation and to prevent diseases(3).
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There is some evidence that breakfast skipping behaviour
is related to higher BMI in adolescents(1,4–6). In addition,
regular breakfast consumption has been associated with a
healthier cardiovascular profile in European adolescents(5).

Breakfast has been documented to make an essential
contribution to nutrient intakes(1,7,8), due to its contribution of
approximately 20% to total daily energy intake and content
of specific nutrients such as vitamins(9). Adolescents who
consume breakfast are more likely to meet recommended
intakes of Ca, Fe, Mg, Zn, Cu, folate, vitamins A, D, B6, B1, C
and E, and total energy than those who skip breakfast(1).
Likewise, breakfast consumption may reduce the risk of
chronic diseases due to its potential impact on overall diet
quality(10–13). Consequently, breakfast is considered an
important key component of a healthy diet contributing to
adequate growth and adolescent development.

On the other hand, previous reports from the HELENA
(Healthy Lifestyle in Europe by Nutrition in Adolescence)
Study have stated that deficient blood vitamin concentra-
tions, at least at the subclinical level, are prevalent in
European adolescents: plasma folate (PF; 15%), vitamin D
(25-hydroxyvitamin D (25(OH)D); 27%), vitamin B6

(pyridoxal phosphate (PLP); 5%), β-carotene (25%) and
vitamin E (5%)(14–16). Likewise, some vitamin deficiencies
could be associated with fatness and other diseases(17). In
addition, in Europe, there is a lack of comparable data on
vitamin intakes and blood concentrations(18). Therefore, a
balanced breakfast could be a good strategy to avoid these
blood vitamin deficiencies. However, there are no studies
analysing the relationship of blood vitamin levels with
breakfast patterns. Thus, the aim of the present study was
to examine the association between vitamin intakes, blood
vitamin concentrations and different patterns of breakfast
consumption in European adolescents participating in the
HELENA Study.

Participants and methods

Study design, recruitment and participants
The HELENA Study was a multicentre cross-sectional study
aiming at obtaining reliable and comparable data from a
random sample of 3000 European adolescents, aged
between 12·5 and 17·5 years, from ten different cities,
on a broad range of nutrition and health-related para-
meters(19,20). Selection of cities was based on two criteria:
regional distribution and presence of an active research
group assuring sufficient expertise and resources to
successfully perform epidemiological studies. Within the
study, Stockholm (Sweden), Athens and Heraklion
(Greece), Rome (Italy), Zaragoza (Spain), Pécs (Hungary),
Ghent (Belgium), Lille (France), Dortmund (Germany)
and Vienna (Austria) were included. On a regional basis,
diversity of the sample with respect to cultural and socio-
economic aspects was achieved by selecting a random
proportional distribution of all schools taking into account

the site of the school (district/zone of the city) and the
type of school (public or private). One partner centrally
performed the school and class random selection proce-
dure for all study centres, including the subset of classes
for blood sampling. In case a selected school refused to
participate, a school with comparable characteristics from
a list of substitutes was chosen. The number of adoles-
cents to be studied was estimated at 3000 using variance of
BMI. BMI has the greatest dispersion in the study popu-
lation with regard to the hypotheses under consideration.
The sample size was calculated with a confidence level of
95% and with ± 0·3 error in the parameter BMI. Error of
0·3 was chosen as a worst-case scenario for precision level
as described by the HELENA Study(19,20). One-third of the
classes were randomly selected for blood collection,
resulting in a total of 1089 blood samples for the sub-
sequent clinical biochemistry assays. After validating data
on breakfast assessment and blood samples, 1058 (52·8%
females) adolescents were included in the present study.

Exclusion criteria were limited to adolescents who were
not able to speak the local language, those who were
participating in another clinical trial at the same time, those
aged <12·5 or >17·5 years and adolescents having suf-
fered from infection one week before the visit. Exclusions
from the study were done a posteriori, without the
knowledge of the affected individuals. All procedures
involving human participants were approved by the ethics
committee of each city involved and have therefore been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments. Informed written consent was obtained
from adolescents and parents or guardians. A complete
description of ethical issues and good clinical practice
within the HELENA Study is given elsewhere(21).

Breakfast consumption patterns assessment
The ‘Food Choices and Preferences’ questionnaire was
developed based on forty-four focus groups which
explored attitudes and issues of concern among adoles-
cents regarding food choices, preferences, healthy eating
and lifestyle(22). This questionnaire has been used in pre-
vious research(5). Adolescents reported their breakfast
habits by responding to the following statement: ‘I often
skip breakfast’. There were seven possible answers
ranging as ‘strongly disagree’ (= 1), ‘moderately disagree’
(= 2), ‘slightly disagree’ (= 3), ‘neither agree nor disagree’
(= 4), ‘slightly agree’ (= 5), ‘moderately agree’ (= 6) and
‘strongly agree’ (= 7). Adolescents were categorized into
three groups: (i) consumers (answered ‘1’ or ‘2’);
(ii) occasional consumers (answered ‘3’, ‘4’ or ‘5’); and
(iii) skippers (answered ‘6’ or ‘7’).

Supplement use
Information on vitamin supplement use was obtained via
the clinical recall of the adolescents (case report form).

1394 J Mielgo-Ayuso et al.

https://doi.org/10.1017/S1368980016003645 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980016003645


Adolescents were asked about taking any micronutrient
supplement and were classified into two groups: (i) sup-
plement users; and (ii) non-supplement users.

Socio-economic status
The complete description of the self-reported socio-eco-
nomic questionnaire is provided elsewhere(23). The Family
Affluence Scale (FAS) is based on the concept of material
conditions in the family as the basis for the selection of
items. Currie et al. chose a set of items which reflected
family expenditure and consumption that were relevant to
family circumstances(24). FAS was used in the present
study as an index of socio-economic status (SES)(25) and
included four questions answered by the adolescent:
(i) ‘Do you have your own bedroom?’ (‘no’ (= 0); ‘yes, one’
(= 1)); (ii) ‘How many cars are there in your family?’
(‘no’ (= 0); ‘yes, one’ (= 1); ‘yes, two’ (= 2); ‘yes, more than
two’ (= 3)); (iii) ‘How many PCs [personal computers] are
there in your home?’ (‘none’ (= 0); ‘one’ (= 1); ‘two’ (= 2);
‘more than two’ (= 3)); and (iv) ‘Do you have Internet
access at home?’ (‘no’ (= 0); ‘yes, one’ (= 1)). We defined
low, medium and high SES based on the final score
obtained from the four questions. We gave a numerical
value to each possible answer in the four questions and
then we summed the final score from all the questions,
which ranged from 0 to 8. Finally, we grouped these
scores into three levels: low (from 0 to 2), medium (from 3
to 5) and high (from 6 to 8).

Family structure
We obtained information about family structure through
the aforementioned questionnaire. Family structure was
defined as ‘traditional family’ when the adolescent was
living at home with two parents (parents and/or step-
parents) or ‘single/shared-care’ when the adolescent was
living in a single-parent family or had ‘shared care’
between parents. Those living in other family structures
(e.g. in a foster home or with grandparents) were cate-
gorized into the ‘single/shared-care’ family structure(5).

Dietary intake assessment
Dietary consumption was assessed using the self-adminis-
tered, computerized 24h recall (24HR), HELENA Dietary
Assessment Tool (DIAT), which is based on the Young
Adolescents’ Nutrition Assessment software validated in
European adolescents(26) (rs= 0·86–0·91) for all nutrient and
energy intakes. The adolescents completed the 24HR twice
(within 2 weeks) during school time; both times, trained
staff including a dietitian were present. The HELENA-DIAT
used special techniques to support and enhance respon-
dents’ memory, which allowed a more detailed description
and quantification of the foods consumed. The European
Food Consumption Survey Method project indicated the
repeated 24HR as the most suitable method to obtain

population means and distributions(27). To calculate energy
and nutrient intakes, data from HELENA-DIAT were linked
to the German Food Code and Nutrient Database (BLS
(Bundeslebensmittelschlüssel), version II.3.1, 2005)(28). The
use of the German Food Code and Nutrient Database has
been evaluated and was considered equally valid as using
the local food composition databases from each individual
country(29). The Multiple Source Method was used to esti-
mate the habitual dietary intake of nutrients and foods(30).
This statistical modelling technique takes into account
within-person variability. Likewise, this technique calculates
habitual intakes taking into account age, sex and study
centre. Participants from Heraklion and Pécs were excluded
from these analyses as no nutrient intake information was
calculated for these two cities due to logistical problems
(insufficient local staff available). Therefore, eight out of the
ten study centres were included in the 24HR analyses,
resulting in a sample size decrease. Moreover, under-
reporters were excluded from all analyses. The BMR was
calculated from age-specific FAO/WHO/United Nations
University equations(31). Under-reporting was considered
when the ratio of energy intake to estimated BMR was
<0·96, as proposed by Black(32).

Medical examination
The day prior to the study day, participants were asked to
abstain from eating and drinking after 20.00 hours. On the
study day, a medical doctor visited the school classes and
interviewed all participants for medical history and acute
diseases. A blood sampling questionnaire was used to
assess fasting status, acute infections, allergies, smoking,
vitamin and mineral supplements, and medication. Maturity
was assessed by means of Tanner stage(33).

Specimen collection and biochemical analyses
A specific handling, transport and traceability system for
biological samples was developed for the HELENA Study
as described by González-Gross et al.(34). Blood samples
were obtained at the same time as dietary intake assess-
ment. Fasting blood samples were collected by vene-
puncture at school between 08.00 and 10.00 hours in the
morning. PF, cobalamin (CBL) and red-blood-cell (RBC)
folate were measured by competitive immunoassay
(Immulite 2000; DPC Biermann GmbH, Bad Nauheim,
Germany; CV for PF= 5·4%, RBC folate= 10·7%, CBL=
5·0%)(35). PLP was measured by HPLC (Varian Deutsch-
land GmbH, Darmstadt, Germany; CV= 1%) with the
modified method of Kimura et al.(36). Serum holo-
transcobalamin (a marker of vitamin B12 status; holo-TC)
was measured by microparticle enzyme immunoassay
(Active B12; Axis-Shield Ltd, Dundee, UK; CV= 5·1%)
with the use of an AxSYM analyser (Abbott Diagnostics,
Abbott Park, IL, USA)(37).

Plasma 25(OH)D was analysed using an ELISA kit
(OCTEIA 25(OH)D; IDS Immunodiagnostic Systems
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Deutschland GmbH, Frankfurt am Main, Germany)
and measured with a Sunrisee photometer (TECAN,
Männedorf, Germany). The CV for the method was less
than 1%(14). Plasma vitamin C, retinol, α-tocopherol and
β-carotene were analysed using reversed-phase HPLC
(Sykam GmbH, Gilching, Germany) with UV detection
(UV-Vis 205; Merck, Darmstadt, Germany). The CV of the
method was 2·9% for retinol, α-tocopherol and β-carotene,
and 1·7% for vitamin C(16).

Body composition measurements
The anthropometric methods used within the HELENA
Cross-Sectional Study were described by Nagy et al.(38).
Briefly, body weight was measured in kilograms using a
standard beam balance scale (type SECA 861, UK; preci-
sion 100 g, range 0–150 kg). Height was measured in
centimetres using a precision stadiometer (type SECA 225,
UK; precision 0·2 cm, range 70–200 cm). BMI was calcu-
lated as weight in kilograms divided by the square of
height in metres (kg/m2). Adolescents were classified
according to the international BMI cut-off values as non-
overweight or overweight/obese(39).

Statistical analyses
Associations between sex and BMI status (non-overweight
and overweight/obese), SES (low, medium and high),
family structure (traditional family and single/shared-care)
and breakfast consumption categories (consumer, occa-
sional consumer and skipper) were assessed by the χ2 test.
Mean vitamin intakes and serum vitamin levels were
compared across breakfast consumption categories using
one-way ANCOVA with breakfast consumption category
as the fixed factor, vitamin intakes or blood vitamin
concentrations as the dependent variables and age, BMI,
supplement use, centre, sex, SES and family structure as
covariates(22). The analyses were stratified by sex. On the
other hand, the associations between breakfast pattern
categories and different statuses of vitamin concentrations
(sufficiency, insufficiency or deficiency) were analysed by
the χ2 test. Likewise, adolescents were grouped in rela-
tionship with their vitamin blood status according to
accepted reference values and as previously published by
Moreno et al.(40). All analyses were performed using the
statistical software package IBM SPSS Statistics for Windows
Version 22.0 and the level of significance was set at 5%.

Results

Table 1 presents anthropometric and body composition
data, blood vitamin status and vitamin intake data; and
also displays BMI status, SES, family structure and dis-
tribution of breakfast consumption patterns in the study
sample. There were significant differences between sexes
in serum PLP, CBL, vitamin C, β-carotene, α-tocopherol,

retinol and tHcy (P< 0·05). In addition, there were dif-
ferences between breakfast consumers compared with
occasional consumers and breakfast skippers according to
sex (P< 0·001).

Table 2 presents vitamin intake data according to dif-
ferent breakfast patterns, by sex, after controlling for
centre, age, BMI, supplement use, SES and family struc-
ture. Higher vitamin D (cholecalciferol) and total folate
intakes were observed in adolescent breakfast consumers
compared with breakfast skippers (P< 0·05). Likewise,
female breakfast consumers had higher intakes of vitamin
B6 (pyridoxine) and vitamin E (tocopherol equivalents)
than skippers (P< 0·05).

Table 3 presents differences in blood vitamin con-
centrations across breakfast consumption categories,
stratified by sex, after controlling for centre, age, BMI,
supplement use, SES and family structure. Male adoles-
cents who regularly consumed breakfast presented higher
blood concentrations of 25(OH)D, CBL and vitamin C than
breakfast skippers. Higher BMI was also observed in male
breakfast skippers compared with occasional consumers
and consumers (P< 0·05). Female breakfast consumers
had higher blood concentrations of 25(OH)D, holo-TC
and vitamin C compared with skippers (P< 0·05). More-
over, BMI and tHcy were lower in female breakfast
consumers in contrast to skippers (P< 0·05).

Table 4 presents the frequency and percentage of differ-
ent blood vitamin concentration statuses by breakfast con-
sumption pattern in the study sample. Adolescent breakfast
skippers presented higher 25(OH)D, CBL and PF deficiency
prevalence compared with habitual breakfast consumers.

Discussion

To the best of our knowledge, the current study is the first
to analyse the associations among vitamin intakes, blood
vitamin concentrations and different patterns of breakfast
consumption in European adolescents, taking into account
several potential influential factors such as centre, age, sex,
BMI, supplement use, family structure and SES. The main
results showed that regular breakfast consumption is asso-
ciated with a healthier profile for only some blood vitamins
in European adolescents and for tHcy only in females.

In agreement with our data, other articles have shown
that only half of European adolescents are breakfast
consumers, while 25% of males and 33% of females
are breakfast skippers(40,41), similar to other areas in the
world(42). Age influences breakfast consumption, with the
older adolescents being more likely to skip breakfast
(4–8 years: 2%; 9–13 years: 9%; 14–18 years: 18%)(2,43).
Another interesting fact is that although habitual breakfast
consumers have higher energy intake, those skipping
breakfast are more likely to be obese(1). In agreement, our
data showed that male and female breakfast skippers had
higher BMI compared with consumers.
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Breakfast consumption has been consistently associated
with a more favourable nutrient intake profile and
improved diet quality (i.e. favourable nutrient and energy
intakes) in children and adolescents(43), as we have
observed in the present study. Thus, skipping breakfast
has been proposed to indirectly influence BMI by over-
compensating intake later in the day, consuming more
snacks and fewer meals(44). Further, including low-fat
dairy foods, wholegrain breads and cereals, and citrus
fruits, other fruits and juices for breakfast could possibly
have a positive influence on body mass(45).

Moreover, in order to assess an individual’s nutritional
status, vitamin, food and nutrient intake data should be
complemented with biochemical data(46), owing to the fact
that micronutrient intake data are not always associated
with blood concentrations(47). Our results showed an
association of regular breakfast consumption with
greater vitamin D (cholecalciferol), vitamin B9 (total folate)
and vitamin B6 (pyridoxine) intakes and blood vitamin C,
vitamin D (25(OH)D), vitamin B12 (CBL, holo-TC),
folate (PF, RBC folate) and tHcy concentrations, after
controlling for centre, age, BMI, supplement use, SES
and family structure. However, both vitamin D and folate

intakes were considerably below average requirements
for adolescents (e.g. as estimated for the USA and Canada
in the Dietary Reference Intakes). Specifically, the average
requirements for vitamin D and folate for adolescents
are ~10 µg/d and 320 µg/d, respectively, whereas mean
intakes were only 2–3 µg/d (vitamin D) and <250 µg/d
(folate), even among breakfast consumers(48,49). Thus,
the intakes of breakfast consumers cannot be considered
to be optimal. Nevertheless, this association between
breakfast eating, higher vitamin intakes and higher
concentrations of some vitamins and tHcy in females
may be due to some specific foods consumed at
breakfast, rather than eating breakfast per se(6).
In addition, intakes of other foods in the remaining meals
consumed during the rest of the day could explain the
association.

Breakfast is an ideal opportunity for adolescents to
begin the day by eating bread, other cereals, dairy pro-
ducts and fruits, which have been associated with better
dietary intakes of the aforementioned micronutrients(45).
Likewise, some of these breakfast products, especially
packaged foods, are fortified with vitamins and minerals
that also can contribute to achieving recommended

Table 1 Mean anthropometric indices, mean blood vitamin concentrations, BMI status, socio-economic status, sociodemographic status and
breakfast consumption patterns of the study sample by sex; adolescents (n 1058) aged 12·5–17·5 years from ten European cities, HELENA
(Healthy Lifestyle in Europe by Nutrition in Adolescence) Study

Males (n 499) Females (n 559)

Mean SD Mean SD P

Age (years) 14·9 1·3 14·9 1·2 0·519
Height (cm) 169·6 9·8 161·7 7·1 <0·001
Body mass (kg) 61·6 13·7 55·9 10·3 <0·001
BMI (kg/m2) 21·5 4·0 21·4 3·4 0·492
25-Hydroxyvitamin D (nmol/l) 56·6 21·2 58·7 21·8 0·154
Pyridoxal phosphate (nmol/l) 66·3 46·5 60·6 56·0 <0·001
Cobalamin (pmol/l) 327·8 122·8 370·8 155·7 <0·001
Holo-transcobalamin (pmol/l) 62·7 30·9 62·7 30·8 0·967
Plasma folate (nmol/l) 18·4 10·1 19·0 10·1 0·304
Whole-blood folate (nmol/l) 349·2 141·7 315·8 128·4 <0·001
Red-blood-cell folate (nmol/l) 791·8 335·3 758·7 299·5 0·299
Vitamin C (mg/l) 10·0 3·2 10·6 3·2 0·028
β-Carotene (ng/ml) 226·9 152·7 251·8 150·4 <0·001
α-Tocopherol (µg/ml) 9·5 2·0 10·2 2·1 <0·001
Retinol (ng/ml) 355·8 99·4 352·4 108·6 0·039
Total homocysteine (µmol/l) 7·7 3·8 6·8 2·5 <0·001

n % n %

BMI status
Non-overweight 427 85·5 482 86·3
Overweight/obese 72 14·5 77 13·7

Socio-economic status 0·760
Low 60 11·9 96 16·5
Medium 291 57·3 316 55·0
High 156 30·8 164 28·4 0·076

Family structure
Traditional family 403 80·7 459 82·0
Single/shared-care 96 19·3 100 18·0

Breakfast pattern 0·572
Consumer 310 62·2 293 52·4
Occasional consumer 77 15·5 102 18·2
Skipper 112 22·2 164 29·4 <0·001

Significant P values are shown in bold font.
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intakes of these micronutrients. Based on our results,
vitamin D concentrations are highly and positively affected
by breakfast in both sexes. Furthermore, vitamin D has a
major role in bone mass development. Adolescence is a
critical life stage for bone mineral accrual: peak bone mass
is acquired at approximately 18 years of age(50) and 50%
of adult total bone mass is achieved during this period of
life(51). Thus, 25(OH)D deficiency at these early ages
could be considered a risk factor for bone health (i.e.
osteoporosis), but also other diseases including diabetes,

cancer, CVD and metabolic syndrome(14,52). Moreover,
25(OH)D is identified as one of the vitamins most highly
at risk, with almost 80% of adolescents below optimal
levels(14–16,40). Dairy products at breakfast could be an
important target for improving vitamin D concentrations,
especially if these dairy products are fortified(51). Likewise,
the other very important vitamin D source is sunlight
exposure. In our study we took into account the latitude of
the adolescent’s residence, with study centre being added
as a confounding factor. However, other confounders

Table 2 Mean energy and vitamin intakes of the study sample by breakfast consumption pattern and sex; adolescents (n 1058) aged
12·5–17·5 years from ten European cities, HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) Study

Males (n 499) Females (n 559)

Mean SD P Mean SD P

Energy (kJ/d)
Consumer 11 035·3 4258·1 0·307 8011·5 2888·6 0·087
Occasional consumer 11 248·3 5137·1 8060·5 2515·4
Skipper 10 101·0 5610·4 7194·8 3002·0

Energy (kcal/d)
Consumer 2637·5 1017·7 0·307 1914·8 690·4 0·087
Occasional consumer 2688·4 1227·8 1926·5 601·2
Skipper 2414·2 1340·0 1719·6 717·5

Vitamin D (cholecalciferol; µg/d)
Consumer 2·9 4·8 0·012 2·2 4·2 0·043
Occasional consumer 2·9 4·6 1·6* 1·3
Skipper 2·1*,† 3·3 1·7* 2·9

Vitamin B6 (pyridoxine; µg/d)
Consumer 1926·0 838·3 0·325 1543·2 805·6 0·001
Occasional consumer 1909·7 756·0 1468·4 634·2
Skipper 1713·5 1123·5 1217·7* 625·4

Vitamin B12 (cobalamin; µg/d)
Consumer 6·8 5·1 0·309 5·0 7·0 0·234
Occasional consumer 6·4 3·9 7·2 15·6
Skipper 5·7 4·8 4·9 10·4

Vitamin B9 (total folate; µg/d)
Consumer 224·7 95·9 0·041 188·9 76·0 0·046
Occasional consumer 236·8 104·4 186·2 88·3
Skipper 192·4* 105·5 162·2 92·7*

Vitamin C (mg/d)
Consumer 103·9 78·9 0·106 104·1 86·7 0·438
Occasional consumer 106·3 72·0 94·9 73·1
Skipper 80·0 71·2 86·1 87·4

Vitamin A (β-carotene; µg/d)
Consumer 2257·4 2366·9 0·775 2516·1 2568·0 0·117
Occasional consumer 2580·7 2605·9 2117·2 2051·3
Skipper 2320·5 2859·9 1855·5 2790·7

Vitamin E (tocopherol equivalents; µg/d)
Consumer 10 849 6285 0·348 8796 6559 0·045
Occasional consumer 11 303 6328 9113 4092
Skipper 9604 6701 7366† 4324

Vitamin E (α-tocopherol; µg/d)
Consumer 8545 5355 0·418 7472 6297 0·065
Occasional consumer 9536 5421 7399 3657
Skipper 7921 6952 6161 3721

Vitamin A (retinol equivalents; µg/d)
Consumer 1200·4 1570·1 0·373 1097·7 2370·4 0·203
Occasional consumer 1159·0 813·3 2087·9 8255·0
Skipper 1009·0 876·5 1147·9 3712·4

Vitamin A (retinol; µg/d)
Consumer 748·2 1477·3 0·303 619·1 2335·2 0·180
Occasional consumer 664·5 554·7 1673·4 8213·4
Skipper 527·3 520·5 780·0 3671·3

All analyses were adjusted for centre, age, BMI, supplement use, family structure and socio-economic status (covariables).
P values from one-way ANCOVA indicate statistical significance among different breakfast patterns; significant P values are shown in bold font.
Significant differences among breakfast consumption groups (P< 0·05) by Bonferroni post hoc test: *v. consumers; †v. occasional consumers.
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regarding vitamin D such as physical activity were not
accounted for.

Furthermore, our results illustrate that adolescents
consuming breakfast habitually had higher concentration

levels for some B-vitamin markers. CBL was higher only in
male breakfast consumers and holo-TC was higher only in
female breakfast consumers compared with breakfast
skippers. On the other hand, tHcy was lower in female

Table 3 Mean age, BMI and blood vitamin concentrations of the study sample by breakfast consumption pattern and sex; adolescents
(n 1058) aged 12·5–17·5 years from ten European cities, HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) Study

Males (n 499) Females (n 559)

Mean SD P Mean SD P

Age (years)
Consumer 14·8 1·2 0·008 15·0 1·1 0·046
Occasional consumer 14·9 1·2 14·7* 1·2
Skipper 15·3* 1·3 14·9 1·4

BMI (kg/m2)
Consumer 21·0 3·7 <0·001 21·1 3·5 0·012
Occasional consumer 21·4 3·6 21·1 2·9
Skipper 22·9† 4·7 22·0* 3·4

25-Hydroxyvitamin D (nmol/l)
Consumer 59·2 21·1 0·003 61·7 22·0 0·006
Occasional consumer 54·2 23·4 58·5 23·3
Skipper 50·5* 18·9 53·5* 19·7

Pyridoxal phosphate (nmol/l)
Consumer 66·0 48·1 0·603 62·8 67·3 0·610
Occasional consumer 71·1 47·6 59·6 45·2
Skipper 63·9 41·4 57·3 35·5

Cobalamin (pmol/l)
Consumer 341·1 123·8 0·001 371·9 149·2 0·638
Occasional consumer 313·4 115·6 373·1 168·0
Skipper 293·6* 113·7 358·5 156·0

Holo-transcobalamin (pmol/l)
Consumer 64·8 32·4 0·087 66·2 34·0 0·009
Occasional consumer 56·7 18·2 60·2 25·4
Skipper 59·7 35·4 57·2* 25·7

Plasma folate (nmol/l)
Consumer 18·5 9·7 0·488 19·7 10·9 0·074
Occasional consumer 18·8 9·4 18·6 9·8
Skipper 17·2 11·4 17·4 9·4

Whole-blood folate (nmol/l)
Consumer 349·3 135·2 0·530 327·3 133·8 0·183
Occasional consumer 341·5 151·2 303·8 117·4
Skipper 365·4 201·3 309·7 128·3

Red-blood-cell folate (nmol/l)
Consumer 795·3 325·2 0·996 788·0 303·4 0·139
Occasional consumer 794·5 383·8 732·4 289·2
Skipper 798·7 425·8 739·8 299·7

Vitamin C (mg/l)
Consumer 10·3 3·2 0·048 10·9 3·4 0·024
Occasional consumer 10·2 3·2 10·4 3·0
Skipper 9·4* 3·2 10·0* 3·3

β-Carotene (ng/ml)
Consumer 236·2 167·9 0·191 267·6 160·5 0·113
Occasional consumer 229·4 144·2 245·9 160·6
Skipper 202·6 124·9 235·8 136·3

α-Tocopherol (µg/ml)
Consumer 9·5 1·9 0·648 10·4 2·3 0·153
Occasional consumer 9·5 2·0 10·0 1·8
Skipper 9·3 2·0 10·1 1·9

Retinol (ng/ml)
Consumer 364·1 103·8 0·069 354·2 114·2 0·843
Occasional consumer 339·7 95·4 346·4 100·2
Skipper 376·6 109·0 354·0 112·0

Total homocysteine (µmol/l)
Consumer 7·6 3·6 0·156 6·5 2·2 <0·001
Occasional consumer 8·0 4·2 6·7 2·0
Skipper 8·6 5·7 7·5*,† 3·1

All analyses were adjusted for centre, age, BMI, supplement use, family structure and socio-economic status (covariables).
P values from one-way ANCOA indicate statistical significance among different breakfast patterns; significant P values are shown in bold font.
Significant differences among breakfast consumption groups (P< 0·05) by Bonferroni post hoc test: *v. consumers; †v. occasional consumers.
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breakfast consumers than in skippers. There is increasing
evidence of sub-deficient PF, PLP and CBL status in several
population groups, including children and adolescents.
Concretely, in a previous study, subclinical deficiency of PF
and PLP in about 20% of European adolescents was
reported(15). Results from the present study also showed
higher frequency of CBL and PF deficiency in breakfast
skippers than in habitual breakfast consumers. Vitamin B6,
vitamin B12 and folic acid contribute to healthy growth and
development, thus deficiency during adolescence is related
to irreversible neurological damage and several diseases,
such as CVD and cancer(18). In addition, low blood CBL
concentrations have been associated with suppressed
osteoblast activity(53) and low concentrations of PF, PLP
and CBL have also been associated with stimulated osteo-
clast activity(53). Moreover, these vitamins are determinants
of tHcy, which may also have an independent effect on
different diseases(54–57). Likewise, several studies have
shown an association between increased total tHcy con-
centration and the risk of osteoporotic fracture(54). Better
tHcy profile and higher blood B-vitamin concentrations

have been reported in young people aged 4–18 years(58)

and adults who consume breakfast cereals(59).
Moreover, retinol, α-tocopherol, vitamin C and β-

carotene are considered antioxidant nutrients and are
widely found in plant or plant-derived foods(60). It is well
recognized that dietary antioxidants play an active role in
affording protection against chronic diseases like cardio-
vascular and cerebrovascular disease, cancer and diabetes
in adulthood(16,61). Retinol and vitamin C deficiency are
not common; however, β-carotene and α-tocopherol show
significant deficiency prevalence in adolescents(40). In our
study, blood vitamin C concentration was associated with
breakfast habits. Breakfast consumers presented higher
vitamin C concentrations compared with the breakfast
skippers. However, this made no difference to the pre-
valence of deficiency or sufficiency in both groups. It
should be noted that the association between vitamin C
intake and plasma concentration in the general population
shows that in order to achieve protective plasma con-
centrations, it is necessary to increase the intake of vitamin
C up to the RDA levels(62). Daily breakfast consumption

Table 4 Frequency and percentage of different blood vitamin concentration statuses by breakfast consumption pattern in the study sample;
adolescents (n 1058) aged 12·5–17·5 years from ten European cities, HELENA (Healthy Lifestyle in Europe by Nutrition in
Adolescence) Study

Total
(n 1058)

Consumer
(n 603)

Occasional consumer
(n 179)

Skipper
(n 276)

Frequency % Frequency % Frequency % Frequency % P

25-Hydroxyvitamin D
Deficiency (<49·99nmol/l) 399 37·8 204 33·8 78 43·8 117 42·7 0·012
Insufficiency (50–75nmol/l) 446 42·1 266 44·1 77 42·9 103 37·2
Sufficiency (>75 nmol/l) 213 20·1 133 22·1 24 13·4 56 20·1

Pyridoxal phosphate
Deficiency (<20nmol/l) 55 5·2 31 5·2 8 4·3 16 5·0 0·872
Insufficiency (20–30nmol/l) 124 11·7 66 11·0 23 13·1 35 12·4
Sufficiency (>30 nmol/l) 879 83·1 506 83·8 148 82·6 225 82·6

Cobalamin
Deficiency (<149pmol/l) 23 2·2 5 0·9 6 3·1 12 4·4 0·002
Sufficiency (≥149pmol/l) 1035 97·8 598 99·1 173 96·9 264 95·6

Holo-transcobalamin
Deficiency (<30pmol/l) 47 4·4 21 3·5 12 6·6 14 4·8 0·155
Sufficiency (≥30 pmol/l) 1011 95·6 582 96·5 167 93·4 262 95·2

Plasma folate
Deficiency (<10·2nmol/l) 160 15·1 69 11·4 29 16·2 62 22·4 <0·001
Insufficiency (13·6–10·2 nmol/l) 214 20·2 131 21·7 27 15·3 56 20·2
Sufficiency (>13·6 nmol/l) 684 64·7 400 66·8 123 68·5 161 57·4

Red-blood-cell folate
Deficiency (<566nmol/l) 26 2·5 13 2·1 5 3·0 8 3·1 0·846
Insufficiency (566–906nmol/l) 729 68·9 411 68·1 123 68·8 195 70·9
Sufficiency (>906nmol/l) 303 28·6 179 29·8 51 28·2 73 26·0

Vitamin C
Deficiency (<1mg/l) 3 0·2 0 0·0 1 0·5 2 0·5 0·306
Insufficiency (1–14·99mg/l) 69 6·5 39 6·4 14 7·6 16 6·1
Sufficiency (<15mg/l) 986 93·2 564 93·6 164 91·9 258 93·4

β-Carotene
Deficiency (<0·3mmol/l) 345 32·6 182 30·2 61 34·2 102 36·9 0·124
Sufficiency (>0·3mmol/l) 713 67·4 421 69·8 118 65·8 174 63·1

α-Tocopherol
Deficiency (<12mmol/l) 4 0·3 4 0·6 0 0·0 0 0·0 0·220
Sufficiency (12–46mmol/l) 1054 99·7 599 99·4 179 100·0 276 100·0

Reference values used to analyse different blood vitamin concentration statuses in adolescents aged 12·5–17·49 years were from the HELENA Study(40).
Significant P values are shown in bold font.
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containing fruit seems to be an ideal strategy to achieve
this goal. Further to the above, β-carotene concentrations
below the normal range have been identified in European
adolescents (25%)(40).

The large sample size and the standardized methodology
are notable strengths of the present study. On the other
hand, the use of the statement ‘I often skip breakfast’ for the
assessment and categorization of breakfast consumption
habits of adolescents could be a possible limitation of our
study. The term ‘breakfast consumers’ in the literature
includes a variety of definitions, such as consuming
breakfast every day, every weekday, on the dietary survey
day, or usual or habitual consumption(1,63), which makes
comparisons difficult. In addition, there is no consensus
regarding the definition of breakfast consumption. A study
conducted by Dialektakou and Vranas found that the per-
centage of breakfast skippers varied greatly according to
how breakfast was categorized(63). An important limitation
is that we are comparing total vitamin concentrations from
only one meal per day (i.e. breakfast; requirements for the
vitamins could be completed with other meals during the
day). In addition, we are analysing consuming breakfast or
not, instead of the quality of the breakfast. Furthermore,
because of the cross-sectional nature of the study design,
no conclusion can be drawn about the directionality and
causality of the associations observed between breakfast
consumption and serum vitamin concentrations.

Conclusions

Regular breakfast consumption is associated with higher
intakes of some vitamins, higher blood concentrations of
some vitamins and lower blood concentration of tHcy in
European adolescents. Particularly, skipping breakfast is
associated with lower blood vitamin D (25(OH)D) and
CBL concentrations in males and with lower vitamin D
(25(OH)D) and holo-TC, and higher tHcy, concentrations in
females; and with low intakes of vitamin D (cholecalciferol)
and vitamin B9 (total folate) in both sexes, and with low
intakes of vitamin B6 (pyridoxine) and vitamin E (tocopherol
equivalents) in females. Consuming breakfast regularly
could be an indicator for a healthier dietary pattern overall.
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