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Highlights

e Dietary patterns explain moderate variance of B-vitamins in European adolescents.
e The percentage of explained variance is higher for intakes than for biomarkers.
e Contributing food items to the patterns are quite different for males and females.

Abstract

Objective: To determine dietary patterns (DPs) explaining the highest variance of
vitamin Bg, folate, and B, intake and related concentrations among FEuropean
adolescents.

Methods: 2,173 adolescents participating in the HELENA (Healthy Lifestyle in Europe
by Nutrition in Adolescence) study met the eligibility criteria for B-vitamins intake
analysis (46 % boys) and 586 did it for biomarkers analysis (47 % boys). Two non-
consecutive 24-h dietary recalls were used to assess mean intakes. Concentrations were
measured by chromatography and immunoassay. Reduced rank regression was applied
to elucidate the combined effect of food intakes in B-vitamins intakes and
concentrations.

Results: Identified dietary patterns (one per each B-vitamin intake and biomarker and
by sex) explained a variability between 34.2 % and 23.7% of the B-vitamin intakes and
between 17.2 % and 7% of the biomarkers. In the reduced rank regression models, fish,
eggs, cheese, and white and buttermilk intakes, loaded positively for B-vitamins intake
in both sexes; in contrast, soft drinks and chocolate, loaded negatively. For biomarkers,
there was higher variability in terms of loads of foods in the identified patterns, like in
the case of alcoholic drinks, sugars and soft drinks. Some food items loaded differently
between intakes and biomarkers, like fish products which, in girls, loaded positively for

intakes, but negatively for plasma folate.

Conclusion: The identified dietary patterns explained up to 34.2% and 17.2 % of the
variability of the B-vitamins intakes and plasma concentrations of European
adolescents, respectively. Further studies are needed to elucidate the factors determining

such patterns.
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Introduction

The global burden of micronutrient deficiencies worldwide is enormous and it includes
also industrialized countries and affects all population groups (1). According to WHO,
micronutrient deficiencies are relevant for public health, not only in relation to specific
clinical manifestations, but also as responsible for a wide range of non-specific
manifestations such as infections, metabolic disorders, and delayed or impaired physical

and psychomotor development (2).

In this regard, much attention has been paid to B-vitamins as key micronutrients for the
maintenance of optimal health and prevention of diseases (3). Besides, there is
increasing evidence of sub-deficient folate, vitamin B6, and vitamin B12 status in
several population groups, including also children and adolescents (4). In fact, previous
research from the HELENA study showed that 25 % of the adolescents had insufficient
values of PLP (biomarker of the vitamin B6), 50 % insufficient values of folate, and 5

% of vitamin B12.

Socioeconomic family trends, (i.e., longer work hours), have changed the way
adolescents obtain their meals (5) and fast food restaurants are more commonly the
choice for food away from home for them (6). In fact, about a third of children and
adolescents in the United States consume fast food on a typical day and they seem to
visit fast food restaurants approximately twice a week (7). And these trends are
similarly observed in Europe (8, 9). However, it is already known that frequent
consumption of fast food may have adverse effects on their nutritional status because of
excessive content of energy and fat and low nutritional value (10). All this, might be
among the causes of the inadequate biomarkers values of the cited vitamins. The current
public health crisis in relation to childhood obesity, demands increased funding for
research. As this epidemic was not caused by inherent biological defects, the research
must be focused in improving the environment with new dietary, physical activity,
behavioural, environmental, and pharmacological approaches and intervention

programmes. (11).

Deficiency of vitamin B6, folate and vitamin B12 can manifest in different population

groups at different life stages when requirements are increased, such as during growth in

4
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children and adolescence (4). Deficiency of these three vitamins at early stages of life
has been related to developmental delay, feeding problems, failure to thrive, irreversible
neurological damage (12), severe or recurrent headache or migraine (13), or potential

implications for an altered risk for chronic disease in later life (14).

Nutrition research has favoured a reductionist approach emphasizing the role of single
nutrients in diet-health relationships. As a matter of fact, human diet is a complex
behavior. Foods are not consumed isolated and for this reason, in observational studies,
it is very difficult to derive any outcome or consequence from one single food.
Therefore, statistical approaches describing diet in a more holistic way have been
applied to explore dietary patterns in relation to health outcomes. Among the most
commonly applied techniques (namely Principal Component Analysis (PCA), Reduced
Rank Regression analysis (RRR) and Cluster Analysis (CA)), RRR seems to be more
flexible and powerful than other methods such as PCA (15) it uses prior knowledge
(from biologic evidence, dietary intervention studies, epidemiologic studies with
biomarkers, and large prospective cohort studies) in combination with the strength of
PCA in considering the correlation of dietary components and the advantage of diet-

quality scores to account for current scientific evidence (15).

A previous analysis based on the HELENA study (16), has investigated the relationship
between the consumption of individual food items in this sample of European
adolescents in relation to the cited B-vitamins intakes and plasma concentration levels
(biomarkers). However, to our knowledge, apart from a German study (17)
investigating the associations between PCA-derived dietary patterns (DPs) and the
intake of some nutrients including vitamin Bg, folate, and vitamin By, there is no other
study addressing also B-vitamins concentrations in parallel in relation to dietary
patterns. Besides, up to date, there is no publication addressing the relationship between
the dietary patterns obtained throughout RRR analyses method and both the intakes and
status of vitamin B6, folate and vitamin B, in European adolescents, which is precisely

the aim of this study.

Material and methods

Sampling
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3,528 adolescents (47% boys) from 10 European cities in 9 countries were recruited to
participate in The Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-
Sectional Study (HELENA-CSS). The cities participating in this multi-centre study
were Athens and Heraklion (Greece), Dortmund (Germany), Ghent (Belgium), Lille
(France), Pecs (Hungary), Rome (Italy), Stockholm (Sweden), Vienna (Austria), and
Zaragoza (Spain). The average participation rate in our study was 67%, which is
acceptable for this demanding epidemiological study (18). As inclusion criteria, they
must be 12.5-17.5 years old, not participating simultaneously in a clinical trial and not
having any acute infection occurring < 1 week before inclusion (19). To provide
rigorous quality assurance regarding ethical issues, a protocol was prepared by a
HELENA study centre based on its previous experience in these topics (20). It
conformed the good clinical practices (GCP) described at the International Conference
on Harmonisation (ICH), and based on concepts about ethics in biomedical research that
originated from the Nuremberg Code and the Declaration of Helsinki (21, 22). Informed
consent was obtained from all participants and their parents, and the protocol was
approved by the Human Research Review Committees of the corresponding centres

(cities) (20).

From the initial number of 3,528 adolescents, 2,173 (46% boys) were included based on
the availability of the variables of interest: complete data on two non-consecutive 24-
hour dietary recalls (24H-DR), maternal education as marker of socioeconomic status,
BMI z-score (Body Mass Index standardized values and adjusted by age and sex of the
adolescents), and total energy intake. Similarly, only a third (1,089, 47% boys) (19) of
the initial sample of 3,528 adolescents participated in blood drawings. From those, only
586 adolescents (45% boys) were included based on compliance with the previously
cited variables of interest. The first 24H-DR was completed on the same day of the
blood drawing while the second one was filled a fortnight after considering weekends
and weekdays. If the first 24H-DR was completed on Monday (weekend recall), the
second, was completed from Tuesday to Friday (weekday recall). Trained staff was

present during the assessments (23).

Sampling selection procedures are shown in figure 1. Further study details were

published elsewhere (19).
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Assessment of vitamin Bg, folate and vitamin B, intakes

Dietary food intake was estimated by means of two self-administered computerized 24
HDR using the HELENA-Dietary Assessment Tool (HELENA-DIAT), adapted for
European adolescents (23) from a previous software (called Young Adolescents’
Nutrition Assessment on Computer (YANA-C)). Pitfalls were found to obtain
comparable measures of energy density of each food across countries by using country
specific food composition tables. Therefore, the obtained data was linked to the
German Food Code and Nutrient Data Base (BLS -Bundeslebensmittelschliissel-,
version I1.3.1, 2005), including 12,000 coded foods, and with up to 158 nutrient data
points available for each product. Afterwards, every country developed in local
language its own database file adapted to the respective food culture (special dishes,
food items, beverages, food amounts and picture links). The recorded data was linked to
the country-specific food codes to assign food composition data (recipes, ingredients,
and nutrients) from the respective national food composition databases to calculate
energy and nutrient intake (23, 24). Finally, the Multiple Source Method (MSM) (25)
was used to calculate usual nutrient intake removing the effect of day-to-day within-
person variability (using the adapted version of the FFQ from HBSC as a propensity
tool to do this) and random error in the recalls, adjusted by age, sex, and centre or

country (26).

Beverage and food groups

All reported 4,179 foods and beverages were categorized initially in 29 food groups
based on the European Food Groups classification system (23, 27). As part of the
general HELENA analysis, these foods were disaggregated into 43 food groups. For the
aim of the current analysis and based on their nutritional composition some of these
food groups were again aggregated. For instance, beer, wine, and spirits were
aggregated into alcoholic drinks; pasta, rice, and flour into complex carbohydrates;
honey and other sugar products into sugar products, oily fruits included nuts, seeds,
avocado and olives; milk products grouped yogurt, white cheese, milk and yogurt
beverages; and finally, other milk products merged desserts, milk-based puddings and
creams. Besides, ‘products for special nutrition use’, ‘soya beverages’, and
‘miscellaneous’ were eliminated from the current analysis based on their very low

consumption (0 median and mode and more than the 85% of the sample did not report
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consumption). The final number of food groups for the current analysis was 31 food
groups (table 2). Nevertheless, the resulted amount of B-vitamins intake corresponds to
the sum of the B-vitamin belongs to all the original food groups (even the one contained

in the excluded food groups in the current analyses).

Assessment of vitamin Bg, folate and vitamin B, biomarkers concentrations

Blood was obtained after an overnight fast according to a standardized blood collection
protocol. Further details on sample transport and quality assurance can be found
elsewhere (28). Briefly, to assure an adequate sample handling, storage and subsequent
analysis, logistics of sample transport and major parts of the analytics were centralized
at the Analytical Laboratory from the University of Bonn (IEL, Bonn, Germany) and
field-workers were previously trained. The time span between sampling and processing
was up to 24 h. However, a novel handling and transport system following the Good
Clinical Practices (29), and a novel traceability system developed at the Clinical
Investigation Centre in Lille based on printed documents and an electronic database,
together with the realization of a pilot study, confirmed the absence of any stability
problem (28).

Based on previous experiences of the research group, and after performing the pilot
study, it was agreed upon 30 ml of blood in order to be able to analyse all proposed
parameter (2 x 7.5 ml tubes for serum, 2.6 ml tube for heparin plasma, 4ml tube and 2.7
ml tube for EDTA for hematology) (30).

Concretely, pyridoxal 5’phosphate (PLP), was measured as a marker of vitamin B6
status, by high performance liquid chromatography (HPLC) (Varian Deutschland
GmbH, Darmstadt, Germany; CV = 1%) with a modified method of Kimura et al (4,
31). Plasma and RBC-folate and plasma vitamin Bj,, were measured in the central
laboratory at the University of Bonn (IEL-Institut fiir Erndhrungs und
Lebensmittelschaften-, Germany) by means of a competitive immunoassay using the
Immunolite 2000 analyzer (DPC Biermann GmbH, Bad Nauheim, Germany) (28).
Holotranscobalamin (HoloTC) was analysed in the biochemical lab at the Universidad
Politécnica de Madrid by microparticle enzyme immunoassay (Active B, Axis-Shield
Ltd, Dundee, Scotland, UK) with the use of AxSym (Abbot Diagnostics, Abbott Park,
IL, USA) (32).
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Covariates

As a marker of socioeconomic status of the families, maternal education was selected
from all the available socioeconomic related variables due to its documented association
with vitamin intakes and biomarkers (33). Maternal education was categorized into low,
medium-low, medium-high, and high, based on the information provided by the

adolescents through a self-administered questionnaire.

Weight was measured in underwear conditions with an electronic scale (Type SECA
861) to the nearest 0.05 kg, and height was measured barefoot in the Frankfort plane
with a telescopic height measuring instrument (Type SECA 225) to the nearest 0.1 cm.
After calculation of body mass index (BMI), z-scores of BMI were calculated via LMS

growth (34), and used as a covariate in the analysis, together with total energy intake.

Statistical analysis

The assumption of normality was assessed with visual inspection (histograms, boxplots
and Q-0 plots) and then with Kolmogorov-Smirnov test. All statistical tests were two-
sided, and p<0.05 was the threshold considered statistically significant. Statistical
analysis was sex stratified because most of the variables involved in this study presented
statistically significant differences and provided the fact that dietary patterns have been
shown to be different in this sample of adolescent boys and girls in Europe (35).
Descriptive data are presented as means and standard deviations (SD) for continuous
variables, and frequencies and percentages for categorical variables.

In the correlation analysis, non-parametric Spearman coefficient was used since dietary
intake data and blood values were not normally distributed. Food and beverages intakes
were expressed as grams or milliliters per day (g or ml/day) and B-vitamins intakes and
biomarkers were expressed in their corresponding units as specified in the tables.
Reduced rank regression (RRR) was applied using the partial least square (PLS)
procedure in SAS (15). RRR assumes a linear function of responses (i.e. B-vitamins
intakes and statuses) with the predictors (i.e. food groups) and creates a response score
that will then be projected onto the space of predictors to produce a factor score, that is,

a linear function of predictors. Assessment of factors extracted by RRR are based on

9
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response scores rather than on factor scores. Factor loadings indicate the association
between the food groups and the derived factor and thus indicate which food groups
load highly onto the factor which explains variation in the B-vitamins intakes and
statuses. Factor loadings are equivalent to correlation coefficients (in contrast to
regression coefficients which are equivalent to quantifiable weights). Consequently,
positive factor loadings indicate that the food group is positively associated with the
factor, and negative ones show that the food group is inversely related to the factor.
Higher factor loadings indicate a greater contribution of that food group to the factor.
Data on food intake was firstly adjusted for several covariates (BMI z-scores, maternal
education and total energy intake) using mixed model analysis with a random intercept
for centre and then entered as residuals into the RRR analyses. Using RRR, the number
of extracted factors is equal to the number of selected responses, thus, one factor was
obtained for each B-vitamin (either intake or biomarker). Only food groups with factor
loadings[>0.20| were considered as relevant for the factors or patterns as has been
previously used (36). Statistical analyses were performed with SAS 9.3 for Windows
(SAS Institute Inc., Cary, NC) and SPSS 20.0 for Windows (SPSS Inc., Chicago, IL,
USA). Radar plots were performed with Excel (Microsoft).

Results

Sensitivity analyses were performed comparing participants included vs. not included in
the study (data not shown). The proportion of boys in relation to girls included in these
analyses was 46% for the analyses with B-vitamins intake and 45% for the B-vitamins
biomarkers while for the general HELENA study sample was 47% of boys. For the
dietary analyses, included boys did not differ from those excluded in terms of age, but
had significantly lower BMI (p=0.002) and lower energy intake (p<0.05), while
included girls were significantly younger and presented higher BMI than those excluded
(p<0.05). Regarding the biomarkers analyses, included boys had significantly lower
BMI (p<0.05). Included boys and girls, significantly differed from those excluded in
terms of maternal education (p<0.05), representing mothers placed in higher categories
of education higher percentage in comparison to the ones placed in other categories than

in those excluded.
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Table 1 presents the adolescents’ characteristics for both the intake and the biomarkers
groups stratified by sex. In the intake group, BMI z-score, energy intake and B-vitamins
intake were significantly higher (p<0.05) in boys than in girls. However, in the
biomarkers group, there were significant differences for total energy intake, PLP, and

plasma vitamin B, between sexes.

Table 2 shows the Spearman rank correlation coefficients between the food and
beverage intakes and the B-vitamins intake and biomarkers, respectively. Correlations
ranged from weak (rs= 0.06 for pasta, rice & flour for vitamin B, intake in boys, and -
0.06 for coffee & tea and vitamin Bj, intake in girls) to moderate (r&= -0.70 for
margarine & lipids of mixed origins and vitamin B12 intake in boys). Food and
beverage intakes were mainly correlated with B-vitamins intake. For vitamin B intake,
both in boys and in girls, higher, significant, and positive correlations were found for
vegetables excluding potatoes, starch roots and potatoes, fruits, and meat; for folate
intakes, with bread and rolls, vegetables excluding potatoes, fruits, and cheese; and, for

vitamin B, intakes, with meat, fish products, and white and buttermilk.

In case of B-vitamins biomarkers, the foods and beverages which correlated higher,
significantly and positively with them were: margarine with PLP both in boys and girls
and breakfast cereals also in girls; breakfast cereals both in boys and girls with plasma
folate, and in girls also chocolate, vegetable oils, margarine and mixed origin lipids,
fruits, coffee and tea, and vegetable and fruit juices; for RBC-folate, potatoes were
correlated to in boys, and yogurt & milk, breakfast cereals, and water in girls; plasma
vitamin Bj, correlated in boys with butter & animal fats, breakfast cereals, white &
buttermilk, and savoury snacks, and in girls, with chocolate, yogurt and milk, and with
white & buttermilk; and finally, with HoloTC, pulses and white & buttermilk correlated
in boys, and pasta, rice and flavour, yogurt and milk, and white & buttermilk correlated

in girls.

The proportions of variation in B-vitamins intake and biomarkers explained by the
dietary patterns are shown in Table 3. Regarding B-vitamins intake, dietary patterns
could explain between 34.2 % of the variance for folate in girls to 23.7 % of the
variance for vitamin B, also in girls. For B-vitamins biomarkers, the variance
explained by the different dietary patterns ranged from17.2% for PLP in boys and 7.0 %

for plasma vitamin B, in girls. Regarding food and beverage intakes, fish, eggs, cheese,

11
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and white and buttermilk, were the only food items showing consistent and positive
loadings in the identified patterns, and soft drinks and chocolate, showed consistent and
negative loadings in the identified patterns, both in boys and girls.

For biomarkers, results were less consistent in terms of foods loading direction, even
loading oppositely for boys and girls in some cases. For instance, alcoholic drinks
showed positive loadings for boys and negative for girls; sugars, and soft drinks both
showed positive loadings for girls and negative for boys. Besides, not only differences
between sexes have been found but also between intakes and biomarkers. For instance,
fish products loaded positively in the identified patterns for intakes, both in boys and

girls, but negatively for biomarkers, also in both sexes.

The factor loadings of each food group to the corresponding derived pattern for each B-
vitamin (table 3) are representing in supplementary material as radar plots when it is
possible to easily appreciate the different shapes of the patterns for boys and girls.
Besides, the obtained patterns, and due to the food groups, which characterized them,
might be named as follows: traditional pattern for both boys and girls in relation to
vitamin B¢ intake, Mediterranean and protein-based pattern for boys and girls
respectively in relation to folate intake, breakfast pattern for both boys and girls in
relation to vitamin B, intake, breakfast pattern and traditional pattern for boys and
girls respectively in relation to PLP, fast-food pattern and snack pattern for boys and
girls respectively in relation to plasma folate, healthy-conscious pattern and desserts
pattern for boys and girls respectively in relation to RBC-folate, ltalian-cuisine pattern
and fast-food pattern for boys and girls respectively in relation to plasma vitamin By,
and finally, a breakfast dietary pattern for both boys and girls in relation to

Holotranscobalamin.

Discussion

To our knowledge, there are no previous studies investigating the dietary patterns
determining both the intake and the status of vitamin Bg, folate and vitamin Bj, in
adolescents. Up to now, this is also the first time that RRR is used to elucidate the
dietary patterns best explaining the variability in vitamin B, folate, and vitamin B,

intake and status in a large sample of European adolescents.
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The dietary patterns derived in this study were considerably different for boys and girls
and the stratification of their computation was done due to previous results obtained in
this respect in the literature. For instance, in Germany, Richter et al (37) it was found
that there were gender differences in relation to the found dietary patterns explaining the
levels of biomarkers of folate and vitamin B12. Besides, another author (35) had found
statistically significant differences in the consumption of almost all the food groups in

the HELENA study.

The RRR-derived dietary patterns could account for higher variability (up to 34.2 %) of
the B-vitamins intake than for the B-vitamins concentrations (up to 17.2 %). In a recent
manuscript (16) we also observed fewer and weaker associations for B-vitamins
biomarkers than for their intakes, in relation with food groups, based also in HELENA
study.

The different proportions of the variance explained by dietary patterns, when
considering either B-vitamins intake or their biomarkers might be due to the fact that
biomarkers concentrations could be related with long-term food consumption patterns,
whereas the available information related to B-vitamins intake was recorded using two
24H-DR. Pointing in this direction, in a previous analysis by Vandevijvere et al.,
considering different biomarkers of micronutrients intake (vitamin C, [-carotene,
docosohexaenoic acid, eicosapentaenoic acid, vitamin B, and folate), correlations were
higher when considering the food and beverage consumption frequencies (from the food
frequency questionnaire -FFQ-) as compared to mean food and beverages intakes (from
the 24H-DR) and the same concentration biomarkers (38). But sometimes, the
differences can be due to the time lap between intakes and the blood drawings, mainly

for food groups which are not consumed often such us fish products, for instance.

In another study from Germany by Ritcher et al. (17), in a similar population group,
dietary patterns were obtained using Principal Components Analyses (PCA) and, in
boys, vitamin Bg diet density increased with increasing scores of the ‘healthy’ pattern.
Folate diet density was also related to this “healthy” pattern in both sexes (17). This
“healthy pattern” consisted of high consumption frequencies of fruits, vegetables,
legumes, mushrooms, chicken, rice, vegetable oil, soup, and grains in boys; and of rice,

vegetable oil, soup, chicken, legumes, vegetables, fruits, vegetarian dishes, eggs, fish,
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water, warm sauces and mushrooms in girls. In our study, the intake of this B-vitamin
was mainly explained for a traditional dietary pattern both in boys and girls, containing
some of the food groups which determine the healthy pattern in the German study. In
our study, boys’ patterns presented some similarities, at least regarding vitamin B¢ and
folate, as the observed patterns related with these vitamins consisted of vegetables
excluding potatoes, starch roots and potatoes, fruits, meat, fish products, and white and
buttermilk in detriment of chocolate, soft drinks for vitamin Bg; and of vegetable oils,
pulses, vegetables excluding potatoes, fruits, and fruit and vegetable juices in detriment

of meat for folate. These patterns also featured foods considered to be healthy.

Besides, the German study reported a traditional pattern that related to vitamin B,
intake density in boys (17), consisted of processed meat, potatoes, white bread,
margarine, meat (except chicken), eggs, cheese, and fish, while in our study, vitamin
B, intake was related to a breakfast pattern consisted mainly of white and buttermilk,
cheese and eggs. In girls, vitamin B, intake density was associated with the so-called
traditional and western’ pattern in the cited German study by Ritcher et al. (17), which
involved potatoes, warm sauces, meat (except chicken), white bread, processed meat, as
well as pizza, French fries, sausages, soft drinks, confectionary, cake/cookies and
negatively correlated with water. In our study, vitamin B, intake in girls was
determined also by breakfast pattern like in boys, characterized by the consumption of
bread and rolls, yogurt and milk, eggs, white and buttermilk, and cheese. It is worth to
highlight the fact that in our study, meat, which is consider one of the main sources,
scores negatively in the patterns that precisely explained the highest variance in the
vitamin B, intake both in boys and girls. These differences might be obtained due to
the difference in the statistical approach to derive the dietary patterns (in PCA used in
this German study, the linear combination of the food groups is explained, but not the

variation in a response variable -B-vitamins-).

All in all, while for boys, B-vitamins intakes were determined by similar patterns in
both studies, we found larger differences in girls. However, providing that the statistical
techniques to extract the dietary patterns in these two studies have different purposes,

we must be cautious in comparing the results: PCA searches for the highest variability
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among the food intake, while RRR looks at the highest variability in explaining the

differences for each outcome variable (39).

Up to now, there is no similar study performed to which compare our results for B-
vitamins biomarkers. In Indian children in a study by Kehoe et al. (40), a lacto-
vegetarian dietary pattern was related to folate status and negatively related to vitamin
B, status. In USA Health-Professionals, folate status was negatively correlated with a
‘Western’ dietary pattern (41). However, food accessibility and food preferences in the
first case, and the population group in the second one, made these results non-

comparable to ours.

Surprisingly, we have identified different patterns determining B-vitamins biomarkers
for boys and for girls, apart the 'breakfast pattern' which explained a variance of 17.2 %
and 10.7 % for boys and girls, respectively for PLP.

For instance, a dietary pattern that could be considered as fast-food and snack patterns
might explain between 12.8 % and 9.0 % of the variance in plasma folate concentrations
in boys and girls, respectively. In boys, a healthy-conscious dietary pattern determined
RBC-folate, while in girls it was determined by a dessert dietary pattern including
several snacking food items. Similarly, a dietary pattern characterized by food items
typical of the 'ltalian cuisine' and another one characterized by food served in fast-food
restaurants explained the variance of the plasma vitamin B, in boys and girls,
respectively. A dietary pattern characterized by food items served at breakfast explained

the variance for HoloTC in both sexes.

Around 16 % of the girls, of the 584 adolescents which had blood drawings, (42) used
contraceptives, and B-vitamins status might be affected from them as was suggested for
the literature, at least for vitamin Bg (PLP). However, it is precisely for this vitamin for

which we have obtained more similar patterns between boys and girls.

Different dietary patterns were obtained for B-vitamins intakes and for their
corresponding biomarkers as already expected owing to previous results obtained for
the same sample when analysing only food items individually with these B-vitamins
(16). Reasons for these differences might be attributed to differences in metabolism,

interference with other nutrients, and physiologic status, nutrients variation in same
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food items depending on where or how the food was grown or how it was processed,
and lack of data regarding supplements use or fortified food items, as previously
suggested (16). In addition, two types of biomarkers were used in our study: those
which reflect the recent intakes (such us plasma folate and plasma vitamin Bj,), but also
PLP, RBC-folate, and HoloTC which are more focused on detecting the corresponding
vitamins storages (12). In general, dietary patterns are considered to reflect long-term
food intake rather than short-term food intake, and consequently might better explain
biomarkers’ storage rather than punctual intake markers, as this was the case for folate
in our study, but not for vitamin B, biomarkers.

The fact that the dietary patterns obtained in this study had been adjusted for centre,
could prevent to obtain higher proportions of the variance explained as compared with
studies performed in single countries. However, identifying common dietary patterns
independently of the different countries and socioeconomic status, could facilitate the
approach for future interventions trying to ameliorate the nutritional status or avoiding
deficiencies of young population groups.

The characterization of adolescents based on their dietary patterns while accounting for
their socioeconomic status, helps to address adolescents with higher risk of inadequate
intakes and vitamin status and to highlight the priorities for health promotion and, also,

provides a better understanding of the role of diet in relation to disease.

Strengths and limitations

In this instance, what empowered considerably this study is the use of RRR, instead of
the traditional a posteriori methods like PCA or cluster analyses, to determine the
dietary patterns which best explain the variability in the B-vitamins intakes and statuses
of European adolescents for the first time in the literature. The dietary patterns derived
from a posteriori methods explain the variation in food groups intake, which may be
appropriate to characterize existing basic dietary patterns in a population but may not
optimally represent patterns relevant for the aetiology of specific diseases (43, 44);
however, a priori methods do not consider the correlated aspects of some food groups
(45). New hybrid methods use a combination of a priori knowledge on nutrient intake
or risk factors for disease and the underlying dietary data to derive dietary patterns (46),

and RRR is among them (15).
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Apart from that, the use of a large and culturally diverse sample of European
adolescents from 9 European countries is also another important strength (19).
Moreover, the questionnaires used to assess maternal education, were previously
validated (47). Another important strength of the study is the correction procedures used
to avoid the limitations of the 24H-DR. These were, for instance, the use of the MSM
method to correct the crude intake data values for within-person variation (48), and the
use of the correspondent vitamins biomarkers. However, correlations between
biomarkers and usual food intakes obtained from the recalls were low in this sample
(38). This could be due to the fact that dietary intakes correlate better with biomarkers
when the number of days covered by the reference method increases (49). On the other
hand, due to standardization reasons, the use of the German food composition table
provides differences in comparison with national food composition tables, small, and
for most nutrients negligible, which implies to be a reliable approach (26). Blood
biomarkers were analysed in the same centre, strengthening the reliability of the lab-

results (28).

As a limitation, food fortification was not included in the German food composition
database, and the analyses were not controlled for dietary B-vitamins supplement use.
However, only 5% of our sample was shown to use them, so no important differences in
the interpretation of our results would be expected.

The nature of this cross-sectional design of HELENA study, does not allow establishing

causality in the associations found.

Conclusion

Dietary patterns obtained by reduced rank regression analyses explained between 23.7
% and 34.2 % of the variability of B-vitamins intake, and between 7.0 % and 17.2 % of
the variability of B-vitamins concentrations in European adolescents. Apart from the
patterns obtained to determine plasma folate and plasma vitamin Bj,, which were
mainly unfavorable, the dietary patterns determining the levels (both intake and status)
of vitamins Bg, folate and vitamin B,;, included mainly healthy food groups. In
consequence, there is an urgent need for classifying vulnerable population groups in

terms of dietary patterns, such as adolescents, to identify those at increased risk of low
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557  B-vitamin levels and to determine what are the main determinants of these dietary

558  patterns.

559

18

Page 18 of 38



560

561
562
563
564

565
566
567

568
569
570

571
572

573
574

575

576

577

578
579

580
581
582
583

584

585

Acknowledgements

HELENA study received funding from the European Union’s Sixth RTD Framework
Programme (Contract FOODCT-2005-007034). Additional support from the Spanish
Ministry of Education (AGL2007-29784-E/ALI), Axis-Shield Diagnostics Ltd (Oslo,
Norway), Abbot Cientifica S.A. (Spain).

This analysis was also supported by the Spanish Ministry of Science and Innovation
(JCI-2010-07055) with the contribution of the European Regional Development Fund
(FEDER).

The first author is supported by a grant from the Spanish Carlos III Health Institute:
RDO08/0072/0025 (Red SAMID: Maternal, Child Health and Development Research
Network).

The authors would like to acknowledge all the adolescents and their families who made

possible the HELENA study with their participation.

Many thanks to Petra Pickert, Rosa Torres and Ulrike Albers for their contribution to

laboratory work.

*HELENA Study Group

Co-ordinator: Luis A. Moreno.

Core Group members: Luis A. Moreno, Fréderic Gottrand, Stefaan De Henauw,

Marcela Gonzalez-Gross, Chantal Gilbert.

Steering Committee: Anthony Kafatos (President), Luis A. Moreno, Christian
Libersa, Stefaan De Henauw, Sara Castello, Fréderic Gottrand, Mathilde Kersting,
Michael Sjostrom, Dénes Molnar, Marcela Gonzéalez-Gross, Jean Dallongeville,

Chantal Gilbert, Gunnar Hall, Lea Maes, Luca Scalfi.

Project Manager: Pilar Meléndez.

19

Page 19 of 38



586

587
588
589
590
591
592
593

594

595
596

597

598
599

600
601

602

603

604
605

606

607
608
609
610

. Universidad de Zaragoza (Spain)

Luis A. Moreno, Jesus Fleta, Jos¢ A. Casajis, Gerardo Rodriguez, Concepcion
Tomas, Maria I. Mesana, German Vicente-Rodriguez, Adoracion Villarroya,
Carlos M. Gil, Ignacio Ara, Juan Fernandez Alvira, Gloria Bueno, Aurora
Lazaro, Olga Bueno, Juan F. Ledn, Jesus M* Garagorri, Manuel Bueno, Idoia
Labayen, Iris Iglesia, Silvia Bel, Luis A. Gracia Marco, Theodora Mouratidou,
Alba Santaliestra-Pasias, Iris Iglesia, Esther Gonzalez-Gil, Pilar De Miguel-
Etayo, Cristina Julian Almarcegui, Mary Miguel-Berges, Isabel Iguacel.

Consejo Superior de Investigaciones Cientificas (Spain)

Ascension Marcos, Julia Wérnberg, Esther Nova, Sonia Gémez, Ligia Esperanza

Diaz, Javier Romeo, Ana Veses, Belén Zapatera, Tamara Pozo, David Martinez.

. Université de Lille 2 (France)

Laurent Beghin, Christian Libersa, Frédéric Gottrand, Catalina Iliescu, Juliana

Von Berlepsch.

. Research Institute of Child Nutrition Dortmund, Rheinische Friedrich-

Wilhelms-Universitit Bonn (Germany)

Mathilde Kersting, Wolfgang Sichert-Hellert, Ellen Koeppen.

. Pécsi Tudomanyegyetem (University of Pécs) (Hungary)

Dénes Molnar, Eva Erhardt, Katalin Csernus, Katalin T6rok, Szilvia Bokor,

Mrs. Angster, Enikd Nagy, Orsolya Kovacs, Judit Répasi.

. University of Crete School of Medicine (Greece)

Anthony Kafatos, Caroline Codrington, Maria Plada, Angeliki Papadaki,
Katerina Sarri, Anna Viskadourou, Christos Hatzis, Michael Kiriakakis, George
Tsibinos, Constantine Vardavas, Manolis Sbokos, Eva Protoyeraki, Maria

Fasoulaki.

20

Page 20 of 38



611
612
613

614
615
616

617

618
619
620

621

622
623
624
625
626
627

628

629

630

631
632
633

634

635
636

7.

10.

11.

12.

Institut  fir  Erndhrungs- und  Lebensmittelwissenschaften —
Ernihrungphysiologie. Rheinische Friedrich Wilhelms Universitit

(Germany)

Peter Stehle, Klaus Pietrzik, Marcela Gonzalez-Gross, Christina Breidenassel,
Andre Spinneker, Jasmin Al-Tahan, Miriam Segoviano, Anke Berchtold,

Christine Bierschbach, Erika Blatzheim, Adelheid Schuch, Petra Pickert.
University of Granada (Spain)

Manuel J. Castillo, Angel Gutiérrez, Francisco B Ortega, Jonatan R Ruiz,
Enrique G Artero, Vanesa Espafia, David Jiménez-Pavon, Palma Chillén,

Cristobal Sanchez-Mufioz, Magdalena Cuenca
Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione (Italy)

Davide Arcella, Elena Azzini, Emma Barison, Noemi Bevilacqua, Pasquale
Buonocore, Giovina Catasta, Laura Censi, Donatella Ciarapica, Paola D'Acapito,
Marika Ferrari, Myriam Galfo, Cinzia Le Donne, Catherine Leclercq, Giuseppe
Maiani, Beatrice Mauro, Lorenza Mistura, Antonella Pasquali, Raffaela
Piccinelli, Angela Polito, Romana Roccaldo, Raffaella Spada, Stefania Sette,

Maria Zaccaria.

University of Napoli ""Federico II'" Dept of Food Science (Italy)
Luca Scalfi, Paola Vitaglione, Concetta Montagnese.

Ghent University (Belgium)

Ilse De Bourdeaudhuij, Stefaan De Henauw, Tineke De Vriendt, Lea Maes,
Christophe Matthys, Carine Vereecken, Mieke de Maeyer, Charlene Ottevaere,
Inge Huybrechts.

Medical University of Vienna (Austria)

Kurt Widhalm, Katharina Phillipp, Sabine Dietrich.

21

Page 21 of 38



637

638
639
640
641
642

643

644

645

646
647
648

649

650
651
652

653

654

655

656

657

658
659

660

13.

14.

15.

16.

17.

18.

19.

20.

Harokopio University (Greece)

Yannis Manios, Eva Grammatikaki, Zoi Bouloubasi, Tina Louisa Cook, Sofia
Eleutheriou, Orsalia Consta, George Moschonis, loanna Katsaroli, George
Kraniou, Stalo Papoutsou, Despoina Keke, Ioanna Petraki, Elena Bellou, Sofia
Tanagra, Kostalenia Kallianoti, Dionysia Argyropoulou, Stamatoula Tsikrika,

Christos Karaiskos.

Institut Pasteur de Lille (France)

Jean Dallongeville, Aline Meirhaeghe.

Karolinska Institutet (Sweden)

Michael Sjostrom, Jonatan R Ruiz, Francisco B. Ortega, Maria Hagstromer,
Anita Hurtig Wennlof, Lena Hallstrom, Emma Patterson, Lydia Kwak, Julia
Wirnberg, Nico Rizzo.

Asociacion de Investigacion de la Industria Agroalimentaria (Spain)

Jackie Sanchez-Molero, Sara Castelld, Elena Pico, Maite Navarro, Blanca
Viadel, José Enrique Carreres, Gema Merino, Rosa Sanjudn, Maria Lorente,

Maria José Sanchez.

Campden BRI (United Kingdom)

Chantal Gilbert, Sarah Thomas, Elaine Allchurch, Peter Burgess.

SIK - Institutet foer Livsmedel och Bioteknik (Sweden)

Gunnar Hall, Annika Astrom, Anna Sverkén, Agneta Broberg.

Meurice Recherche & Development asbl (Belgium)

Annick Masson, Claire Lehoux, Pascal Brabant, Philippe Pate, Laurence

Fontaine.

Campden & Chorleywood Food Development Institute (Hungary)

22

Page 22 of 38



661

662

663

664

665

666

667

668

669

670

671

672

673
674
675
676

677

21.

22,

23.

24.

25.

26.

Andras Sebok, Tunde Kuti, Adrienn Hegyi.

Productos Aditivos SA (Spain)

Cristina Maldonado, Ana Llorente.

Carnicas Serrano SL (Spain)

Emilio Garcia.

Cederroth International AB (Sweden)

Holger von Fircks, Marianne Lilja Hallberg, Maria Messerer

Lantméinnen Food R&D (Sweden)

Mats Larsson, Helena Fredriksson, Viola Adamsson, Ingmar Borjesson.

European Food Information Council (Belgium)

Laura Fernandez, Laura Smillie, Josephine Wills.

Universidad Politécnica de Madrid (Spain)

Marcela Gonzalez-Gross, Raquel Pedrero-Chamizo, Agustin Meléndez, Jara
Valtueia, David Jiménez-Pavon, Ulrike Albers, Pedro J. Benito, Juan José
Gomez Lorente, David Canada, Alejandro Urzanqui, Rosa Maria Torres, Paloma

Navarro.

23

Page 23 of 38



678
679

680
681

682
683
684

685
686

687
688
689

690
691

692
693

694
695
696

697
698
699
700

701
702
703

704
705

706
707

References

1. Tulchinsky TH. Micronutrient Deficiency Conditions:Global Health Issues. Public
Health Rev2010;32(1):243-55.

2. Allen L, de Benoist B, Dary O, Hurrell R. Guidelines on food fortification with
micronutrients. Geneva: World Health Organization and Food and Agricultural Organization of

the United Nations, 2006.

3. Stover PJ. Physiology of folate and vitamin B12 in health and disease. Nutr Rev2004
Jun;62(6 Pt 2):S3-12; discussion S3.

4. Gonzalez-Gross M, Benser J, Breidenassel C, Albers U, Huybrechts I, Valtuena J, et al.
Gender and age influence blood folate, vitamin B(12), vitamin B(6), and homocysteine levels in

European adolescents: the Helena Study. Nutr Res2012 Nov;32(11):817-26.

5. Jabs J, Devine CM. Time scarcity and food choices: an overview. Appetite2006

Sep:47(2):196-204.

6. Dumanovsky T, Nonas CA, Huang CY, et al. What people buy from fast-food

restaurants: caloric content and menu item selection. Obesity (Silver Spring)2009;17(1369).

7. Bowman SA, Gortmaker SL, Ebbeling CB, Pereira MA, Ludwig DS. Effects of fast-
food consumption on energy intake and diet quality among children in a national household

survey. Pediatrics2004 Jan;113(1 Pt 1):112-8.

8. Adams J, Goffe L, Brown T, Lake AA, Summerbell C, White M, et al. Frequency and
socio-demographic correlates of eating meals out and take-away meals at home: cross-sectional
analysis of the UK national diet and nutrition survey, waves 1-4 (2008-12). Int J Behav Nutr
Phys Act2015 Apr 16;12:51.

9. Burke SJ, McCarthy SN, O'Neill JL, Hannon EM, Kiely M, Flynn A, et al. An
examination of the influence of eating location on the diets of Irish children. Public Health

Nutr2007 Jun;10(6):599-607.

10. O'Donnell SI, Hoerr SL, Mendoza JA, Tsuei Goh E. Nutrient quality of fast food kids
meals. Am J Clin Nutr2008;88(1388).

11. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis,
common sense cure. Lancet2002 Aug 10;360(9331):473-82.

24

Page 24 of 38



708
709
710
711
712

713

714
715
716

717
718
719

720
721
722

723
724
725

726
727
728

729
730
731

732
733
734

735
736
737

12. Food and Nutrition Board. Institute of Medicine. 1998. Dietary Reference Intakes for
Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and
Choline, a report of the Standing Committee on the Scientific Evaluation of Dietary Reference
Intakes and its Panel on Folate, Other B Vitamins, and Choline and Subcommittee on Upper

Reference Levels of Nutrients
Washington DC: National Academy Press.

13. Nelson KB, Richardson AK, He J, Lateef TM, Khoromi S, Merikangas KR. Headache
and biomarkers predictive of vascular disease in a representative sample of US children. Arch

Pediatr Adolesc Med2010 Apr;164(4):358-62.

14. Kerr MA, Livingstone B, Bates CJ, Bradbury I, Scott JM, Ward M, et al. Folate, related
B vitamins, and homocysteine in childhood and adolescence: potential implications for disease

risk in later life. Pediatrics2009 Feb;123(2):627-35.

15. Hoffmann K, Schulze MB, Schienkiewitz A, Nothlings U, Boeing H. Application of a
new statistical method to derive dietary patterns in nutritional epidemiology. Am J

Epidemiol2004 May 15;159(10):935-44.

16. Iglesia I, Mouratidou T, Gonzalez-Gross M, Huybrechts I, Breidenassel C, Santabarbara
J, et al. Foods contributing to vitamin B6, folate, and vitamin B12 intakes and biomarkers status

in European adolescents: The HELENA study. Eur J Nutr2016 May 25.

17. Richter A, Heidemann C, Schulze MB, Roosen J, Thiele S, Mensink GB. Dietary
patterns of adolescents in Germany--associations with nutrient intake and other health related

lifestyle characteristics. BMC Pediatr2012;12:35.

18. Beghin L, Huybrechts I, Vicente-Rodriguez G, S DEH, Gottrand F, Gonzales-Gross M,
et al. Mains characteristics and participation rate of European adolescents included in the

HELENA study. Arch Public Health2012 Jun 19;70(1):14.

19. Moreno LA, De Henauw S, Gonzalez-Gross M, Kersting M, Molnar D, Gottrand F, et
al. Design and implementation of the Healthy Lifestyle in Europe by Nutrition in Adolescence

Cross-Sectional Study. Int J Obes (Lond)2008 Nov;32 Suppl 5:S4-11.

20. Beghin L, Castera M, Manios Y, Gilbert CC, Kersting M, De Henauw S, et al. Quality
assurance of ethical issues and regulatory aspects relating to good clinical practices in the

HELENA Cross-Sectional Study. Int J Obes (Lond)2008 Nov;32 Suppl 5:S12-8.

25

Page 25 of 38



738
739
740

741
742
743

744
745
746

747
748
749

750
751
752

753
754
755
756

757
758
759

760
761
762
763

764
765
766

767
768

21. Permissible medical experiments: trials of war criminals before the Nuremberg, Military
Tribunals under Control Council Law No. 10: Nuremberg October 1946—1949 US Government
Printing Office (DHEW publication): Washington, DC, 1979.

22, World Medical Association. Recommendations guiding medical doctors in biomedical
research involving human subjects. Helsinki: 18th World Assembly, 1964. Revised 52nd WMA
World General Assembly, Edinburgh, Scotland, 2000.

23. Vereecken CA, Covents M, Sichert-Hellert W, Alvira JM, Le Donne C, De Henauw S,
et al. Development and evaluation of a self-administered computerized 24-h dietary recall

method for adolescents in Europe. Int J Obes (Lond)2008 Nov;32 Suppl 5:526-34.

24. Kersting M, Sichert-Hellert W, Vereecken CA, Diehl J, Beghin L, De Henauw S, et al.
Food and nutrient intake, nutritional knowledge and diet-related attitudes in European

adolescents. Int J Obes (Lond)2008 Nov;32 Suppl 5:S35-41.

25. Haubrock J, Nothlings U, Volatier JL, Dekkers A, Ocke M, Harttig U, et al. Estimating
usual food intake distributions by using the multiple source method in the EPIC-Potsdam

Calibration Study. J Nutr2011 May;141(5):914-20.

26. Julian-Almarcegui C, Bel-Serrat S, Kersting M, Vicente-Rodriguez G, Nicolas G,
Vyncke K, et al. Comparison of different approaches to calculate nutrient intakes based upon
24-h recall data derived from a multicenter study in European adolescents. Eur J Nutr2015

Mar;55(2):537-45.

27. Ireland J, van Erp-Baart AM, Charrondiere UR, Moller A, Smithers G, Trichopoulou A.
Selection of a food classification system and a food composition database for future food

consumption surveys. Eur J Clin Nutr2002 May;56 Suppl 2:S33-45.

28. Gonzalez-Gross M, Breidenassel C, Gomez-Martinez S, Ferrari M, Beghin L, Spinneker
A, et al. Sampling and processing of fresh blood samples within a European multicenter
nutritional study: evaluation of biomarker stability during transport and storage. Int J Obes

(Lond)2008 Nov;32 Suppl 5:S66-75.

29. The International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use. www.ich.org <http://www.ich.org/>.Visited 23

November 2006.

30. Gonzalez-Gross M, De Henauw S, Gottrand F, Gilbert C, Moreno L, editors. Manual of
operation. The HELENA study. Zaragoza: Prensas de la Universidad de Zaragoza; 2013.

26

Page 26 of 38


http://www.ich.org/
http://www.ich.org/%3e.Visited

769
770
771

772
773
774

775
776
777
778

779
780

781
782
783
784

785
786
787

788
789
790
791
792

793
794
795
796

797
798
799

31. Kimura M, Kanehira K, Yokoi K. Highly sensitive and simple liquid chromatographic
determination in plasma of B6 vitamers, especially pyridoxal 5'-phosphate. J Chromatogr

A1996 Jan 26;722(1-2):295-301.

32. Ulleland M, Eilertsen I, Quadros EV, Rothenberg SP, Fedosov SN, Sundrehagen E, et
al. Direct assay for cobalamin bound to transcobalamin (holo-transcobalamin) in serum. Clin

Chem?2002 Mar;48(3):526-32.

33, Iglesia I, Mouratidou T, Gonzalez-Gross M, Novakovic R, Breidenassel C, Jimenez-
Pavon D, et al. Socioeconomic factors are associated with folate and vitamin B12 intakes and
related biomarkers concentrations in European adolescents: the Healthy Lifestyle in Europe by

Nutrition in Adolescence study. Nutr Res2014 Mar;34(3):199-209.

34. Cole TJ, Green PJ. Smoothing reference centile curves: the LMS method and penalized

likelihood. Stat Med1992 Jul;11(10):1305-19.

35. Santaliestra-Pasias AM, Mouratidou T, Huybrechts I, Beghin L, Cuenca-Garcia M,
Castillo MJ, et al. Increased sedentary behaviour is associated with unhealthy dietary patterns in
European adolescents participating in the HELENA study. Eur J Clin Nutr2013 Mar;68(3):300-
8.

36. Vyncke K, Huybrechts I, Van Winckel M, Cuenca Garcia M, Labayen I, Gottrand F, et
al. Dietary lipid intake only partially influences variance in serum phospholipid fatty acid

composition in adolescents: impact of other dietary factors. Lipids2014 Sep;49(9):881-93.

37. Richter A, Rabenberg M, Truthmann J, Heidemann C, Roosen J, Thiele S, et al.
Associations between dietary patterns and biomarkers of nutrient status an dcardiovascular risk
factors among adolescents in Germany: results of the German Health Interview and
Examination Survey for Children and Adolescents in Germany (KiGGS). BMC
Nutrition2017;3:4.

38. Vandevijvere S, Geelen A, Gonzalez-Gross M, Van't Veer P, Dallongeville J,
Mouratidou T, et al. Evaluation of food and nutrient intake assessment using concentration
biomarkers in European adolescents from the Healthy Lifestyle in Europe by Nutrition in

Adolescence study. Br J Nutr2012 May 23:1-12.

39. Borges CA, Rinaldi AE, Conde WL, Mainardi GM, Behar D, Slater B. Dietary patterns:
a literature review of the methodological characteristics of the main step of the multivariate

analyzes. Rev Bras Epidemiol2015 Oct-Dec;18(4):837-57.

27

Page 27 of 38



800
801
802

803
804
805

806
807

808
809
810

811
812

813
814

815
816

817
818
819

820
821
822

823
824
825

826

827

828

40. Kehoe SH, Krishnaveni GV, Veena SR, Guntupalli AM, Margetts BM, Fall CH, et al.
Diet patterns are associated with demographic factors and nutritional status in South Indian

children. Matern Child Nutr2013 Jan;10(1):145-58.

41. Fung TT, Rimm EB, Spiegelman D, Rifai N, Tofler GH, Willett WC, et al. Association
between dietary patterns and plasma biomarkers of obesity and cardiovascular disease risk. Am

J Clin Nutr2001 Jan;73(1):61-7.

42. Wilson SM, Bivins BN, Russell KA, Bailey LB. Oral contraceptive use: impact on
folate, vitamin B6, and vitamin B12 status. Nutr Rev2011 Oct;69(10):572-83.

43. Hoffmann K, Zyriax BC, Boeing H, Windler E. A dietary pattern derived to explain
biomarker variation is strongly associated with the risk of coronary artery disease. Am J Clin

Nutr2004 Sep;80(3):633-40.

44, Schulze MB, Hoffmann K. Methodological approaches to study dietary patterns in
relation to risk of coronary heart disease and stroke. Br J Nutr2006 May;95(5):860-9.

45. Arvaniti F, Panagiotakos DB. Healthy indexes in public health practice and research: a
review. Crit Rev Food Sci Nutr2008 Apr;48(4):317-27.

46. Ocke MC. Evaluation of methodologies for assessing the overall diet: dietary quality
scores and dietary pattern analysis. Proc Nutr Soc2013 May;72(2):191-9.

47. Iliescu C, Beghin L, Maes L, De Bourdeaudhuij I, Libersa C, Vereecken C, et al.
Socioeconomic questionnaire and clinical assessment in the HELENA Cross-Sectional Study:

methodology. Int J Obes (Lond)2008 Nov;32 Suppl 5:S19-25.

48. Souverein OW, Dekkers AL, Geelen A, Haubrock J, de Vries JH, Ocke MC, et al.
Comparing four methods to estimate usual intake distributions. Eur J Clin Nutr2011 Jul;65

Suppl 1:592-101.

49. Henriquez-Sanchez P, Sanchez-Villegas A, Doreste-Alonso J, Ortiz-Andrellucchi A,
Pfrimer K, Serra-Majem L. Dietary assessment methods for micronutrient intake: a systematic

review on vitamins. Br J Nutr2009 Dec;102 Suppl 1:S10-37.

28

Page 28 of 38



829  Figure 1. Sampling selection process
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Table 1. Characteristics of adolescents with complete information on B-vitamins intake and biomarkers stratified by sex.

Variables in this study

Age (years old)
BMI z-scores
Energy intake (kcal/d)
Maternal LOW.

. Medium-low
education | fedium-high

V)

(levels, n (%)) High

Vitamin By intake (ug/d)
Folate intake (ug/d)
B,, intake (pg/d)

Age (years old)

BMI z-scores

Energy intake (kcal/d)

Low
Medium-low
Medium-high
High

Maternal
education
(levels, n (%))

Vitamin By
(piridoxalphosphate)(nmol/L)
(nmol/L)

Plasma folate (nmol/L)
RBC-folate (nmol/L)

Plasma vitamin By, (pmol/L)
HoloTC(pmol/L)

1Based on T-test statistics

*Based on Mann-Whitney test statistic

Males (N=999)

B-vitamins intake

Mean Standard Deviation Mean
14.8 1.3 14.7
0.6 1.2 0.3

2,482.4 808.7 1,892.6
63 (6.3) 80
274 (27.4) 306
294 (29.4) 375
368 (36.8) 423

1,782.3 613.8 1,430.3

211.3 74.8 177.4
6.0 2.3 4.6

B-vitamins biomarkers
Males (N=265)

14.4 1.2 14.4
0.5 1.2 0.3
2,549.6 876.1 1,897.3
19 (7.2) 29
60 (22.6) 76
81 (30.6) 107
105 (39.6) 109
69.1 459 62.4
18.3 9.9 18.4
806.7 350.0 762.1
335.5 132.2 380.3
60.8 36.8 62.6

Females (N=1184)
Standard Deviation

Females (N=321)

1.2
1.1
580.1
(6.8)
(25.8)
(31.7)
(35.7)
474.1
59.2
1.8

1.2
1.0
557.8
(9.0)
(23.7)
(33.3)
(34.0)

64.2

9.9
302.5
165.0

36.7

p-value
0.27

<0.001F

<0.001*

0.60°

<0.001*
<0.001*
<0.001*

0.93
0.10%
<0.001%

0.51%

0.001*

0.70%*
0.22*
0.001*
0.94*
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*Based on chi-square test statistic
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Table 2. Spearman correlations coefficients between food intake (g/d) and B-vitamins intake and biomarkers.

Vitamin Bg Folate intake B.. intak /d . tha;m;l B6h ¢ Plasma folate RBC-folate Plasma vitamin HoloTC
intake (ng/d) (ng/d) i intake (ug/d)  (piridoxalphosphate) (nmol/L) (nmol/L) B1, (pmol/L) (pmol/L)
(nmol/L)
Food groups 3 Q 3 ? 3 Q 5) ? 3 ? ) Q 3 ? ) ?
Bread & rolls 029t  020f 042  035f  0.17f  0.15f  -0.04 003 -0.16f  -0.84  -0.15% 005  -007 -0.10 002  -0.06
Chocolate 0.08f 011  0.15F 011t 003 0% -0.03 -0.05 001 0I5t 001 006  -002 0.I2%  -007  0.00
E?)it: riee, 006 002  020f  0.12f  006*  0.07%  -017t  -001  -026f -0.11f -017f -0.04 006 007 002  0.3*
Nuts, seeds,
olives, 003 01%f  021f 021+ 001 0.03 0.03 006  -0.03 003 002 010  -003 005 000  -0.00
avocado
Alcoholic
ik 0.08%  -001 006 002 002  -0.02 0.06 0.07 2010 004 000 005  -005 -002 -023% 0.0l
Sugars 0.13f 005  007*  0.07*  0.07*  0.02 0.07 0.01 010 =007 001  -0.12* 008  -0.04
Z;sgetable 0.14F  0.09f 024 0167  0.08* 0.5 -0.04 0.15F 004 019 000 010  -0.04 002 003  -0.09
Yogurt, milk  0.14f 0.4+  0.14f 0.4t  0.I8f 018  -0.02 0.1 008 005 012 026 007 017 003 023t
Margarine &
lipids of 2005 005 005 005  -0.70%  -0.07*  0.14* 0.11* 005 022t  -0.00  -009  -0.05 -0.06 -001  0.05
mixed origins
Dairy Dessert
0.10f  0.06* 002 005  008f  0.08F  -0.06 002 -002  -003 006 005 009 011 00l 007

& cream
Butter and

: 001 008t 009 009  007*  0.05 0.04 0.07 001  -008 003 008  0.14* 010  0.I3*  0.05
animal fats
Salty sauces  0.09f 016t  0.09f  0.10f  0.I5f  0.15% 0.02 0.09 002 002  -004 -0.12% 002  -007 -001 00l
Pulses 0.08* 005  0.08%* 003  0.08f  0.08f  -0.03 20.02 011  -0.11 007 008 012 010 021t 005
Vegetables
excluding 030%  032f 047t 049 021+  0.16f  -0.05 -0.02 005 010  -0.06 -005 007 00l 003  0.06
potatoes
Starchroots,  030f 0361  0.14f 016t  0.13f  0.19%  -0.01 2017t -0.04 =003  0.14* 011 005 007 002 008

3
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842
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potatoes
Breakfast
cereals

Fruits

Soups,
bouillon
Water
Coffee, tea
Fruit & veg
juices

Soft drinks
Meat

Fish products
Eggs

White milk &
buttermilk
Cheese

Meat
sustitutes
Cakes, pies,
biscuits
Savoury
snacks
Confectionary
products

0.14+
0.32+
0.131

0.08%*
0.04

0.19

0.02
0.57+
0.14+
0.13%

0.261
0.11%

0.02

0.14+

0.12+

0.07*

0.10%
0.28+
0.06

0.01
-0.01

0.19%

0.03
0.49%
0.15%
0.08+

0.21%
0.08+

0.02

0.15%

0.08%

0.07*

0.09%
0.33%
0.03

0.08%*
0.05

0.27%

0.01
0.17%
0.06*
0.19%

0.19%
0.37%

0.06

0.18+

0.14%

0.10%

0.10%
0.331
-0.02

0.081
0.07*

0.231

0.04
0.12+
0.08%
0.21%

0.16%
0.29%

0.09%

0.15%

0.11%

0.06

0.15%
0.06
0.16%

0.05
-0.04

-0.04

-0.04
0.52%
0.261
0.19%

0.421
0.171

0.04

0.141

0.07*

-0.07

0.12+
0.05
0.09+

0.01
-0.06*

-0.01

-0.03
0.44+
0.27%
0.15%

0.341
0.20%

-0.03

0.12%

0.02

0.03

0.04

0.08

-0.07

0.02
0.10

-0.01

0.09
0.06
-0.04
-0.06

-0.03

-0.04

0.06

0.00

-0.04

0.08

0.21F
0.09
-0.00

-0.07
0.04

-0.02

0.07
-0.01
-0.07
-0.01

0.00
-0.03

0.03

-0.09

-0.02

0.09

0.18%
0.13*
-0.07

-0.05
-0.14%

0.17%

-0.12
-0.14*
0.03
0.03

-0.03
-0.03

0.00

0.06

-0.10

0.04

0.10
0.16%
-0.11

-0.07
-0.16F

0.10

-0.13*
-0.09
0.03
0.03

-0.08
-0.01

-0.24+

0.10

-0.01

0.05

0.11

-0.04

0.09

0.04
-0.04

0.04

-0.09
-0.13*

-0.04

-0.01

0.11

-0.03

-0.03

0.09

0.01

0.00

0.19%
0211
0.04

0.14*
-0.01

0.02

-0.13*
-0.01
-0.02
-0.03

0.01
0.06

-0.19%

0.07

0.02

0.08

0.14*
0.06
0.08

0.01
-0.06

-0.05

-0.01
0.12
0.04
0.03

0.24+
0.02

0.12

0.06

0.14*

0.05

0.06
0.07
0.06

-0.08
-0.14*

0.10

-0.14*
0.30
0.11
0.08

0.18%
-0.10

0.10

-0.01

0.08

0.08

0.12
0.08
0.08

-0.01
-0.22%

0.06

-0.24%
0.06
0.05
0.03

0.347F
-0.06

0.03

-0.09

-0.08

-0.03

-0.03
0.02
-0.01

-0.04
-0.12%*

-0.01

-0.16F
0.04
0.09
0.00

0.16F
0.09

-0.03

0.03

-0.01

-0.04

* p<0.05; T p<0.01
HoloTC: Holotranscobalamin
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Table 3. Percentage of variation in B-vitamins intake and biomarkers explained by dietary patterns defined by food groups with factor loadings with value

>0.2, stratified by sex.

Vitamin By Folate intake B, intake Vitamin B¢

intake (ng/d) (ng/d) (ng/d)

? g ? g

Percent
variation
accounted 27.9
for by RRR
factor
Factor
loadings of
food groups
Bread & rolls
Chocolate -0.25
Pasta, rice,
flour

Nuts, seeds,
olives,
avocado
Alcoholic
drinks

Sugars
Vegetable
oils

Yogurt, milk
Margarine &
lipids of
mixed origins
Dairy Dessert
& cream
Butter and
animal fats
Salty sauces

342 23.7 10.7

0.28

-0.21

0.22

0.53

Plasma folate

(piridoxalphosphate)(nmol/L) (nmol/L)

Plasma
R(l:ﬁ:l(;}?)t ¢ vitamin B;,  HoloTC(pmol/L)
mol/L)
9.0 9.4 7.0 9.9
-0.27
-0.24 0.30
-0.23
0.44
0.43
-0.30 2023
-0.21
-0.25
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Pulses

Vegetables

excluding 0.53
potatoes
Starch roots,
potatoes
Breakfast
cereals
Fruits 0.38
Soups,

bouillon

Water

Coffee, tea

Fruit & veg

juices

Soft drinks -0.20
Meat 0.22
Fish products 0.27
Eggs

White milk &
buttermilk
Cheese

Meat
sustitutes
Cakes, pies,
biscuits
Savoury
snacks
Confectionary
products

0.26

-0.23

RRR:Reduced-Rank regression analyses; HoloTC: Holotranscobalami

-0.22

-0.41

-0.26

-0.26

0.56
0.24

0.20

-0.43

-0.20

-0.20
-0.33

0.31
0.25
0.38

-0.28

0.22

-0.22

-0.29

0.21

-0.25

-0.28
0.31

0.27
-0.34
-0.37

-0.32

0.38

-0.27

-0.21

0.27

0.26

0.24
0.27
0.27

0.26

-0.25

0.20

0.38
0.23

-0.20

0.27
-0.21

-0.28

0.23

-0.29
0.21
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