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Abstract

Background: The aim of this study is to analyse prevailing dietary patterns among German adolescents and their
associations with biomarkers of nutrient status and cardiovascular risk factors.

Methods: Analyses were based on data from the nationwide, representative Health Interview and Examination
Survey for Children and Adolescents in Germany, conducted between 2003 and 2006 (KiGGS baseline). Dietary
habits of 12 to 17 year olds (2646 boys and 2551 girls) were determined using 34 food groups assessed with a
food frequency questionnaire. Principal component analysis was applied to determine the major dietary patterns.
The associations between dietary patterns and biomarkers were analysed using linear regression analyses.

Results: We identified three major dietary patterns among boys and two among girls. Higher scores of the
‘healthy’ patterns (fruits, salad vegetables, wholemeal bread) were associated with higher levels of serum folate
and lower levels of homocysteine among both sexes and higher levels of serum vitamin B, among girls.
Conversely, higher scores of the ‘western’ pattern among boys (salty snacks, burger, French fries) were
associated with a lower ferritin level and lower diastolic blood pressure. The ‘traditional’ pattern among boys
(white bread, processed meat, meat) was associated with a lower folate level and the ‘western and traditional’
pattern among girls (salty snacks, burger, French fries) with lower folate and higher homocysteine levels. No
associations between dietary patterns and blood lipids, HbA1c and uric acid were found. The mean age of boys with
higher scores in the ‘western’ pattern was higher, whereas the mean age of girls with higher scores in the ‘western and
traditional’ dietary patterns was lower.

Conclusions: Adolescents with higher scores in the ‘healthy’ dietary patterns had a better nutrient profile. Therefore,
healthy dietary patterns should be promoted early in life, with a special focus on the sex differences.
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Background

Adolescence is a life phase where nutrient intake is
particularly important and may also change because
of hormonal, cognitive, and emotional changes and
an accelerating growth rate [1]. Since adolescents are
becoming less dependent on the food choices and
purchases of their parents, dietary patterns may change in
this stage of life. There are several studies indicating that
adolescents often do not meet the recommendations for a
healthy diet in Western countries [2-8], including in
Germany [9, 10]. Nutrition early in life has an impact
on long term health, especially concerning cardiovascular
diseases [11-15]. This is probably related to the fact that
food and taste preferences develop during childhood and
adolescence and often persist into adulthood [16-21].

A better insight in eating habits is necessary to focus
public health policies and nutritional intervention in this
life stage.

Analysis of dietary patterns can be used to describe the
eating behavior in a population. This can be accomplished
by investigating a priori-defined healthy eating indices,
which are based on a judgement of appropriateness of the
food intake. Previously, we analyzed the association
between such dietary indices and biomarkers in the same
population [22]. For the current study, we applied princi-
pal component analysis (PCA), which is a data driven
method and results in patterns that more objectively
represent prevailing eating habits of the population.

Many previous studies among adults have shown that
dietary patterns are related to biomarkers of cardiovascular
risk [23-26]. In contrast to this, analyses of dietary patterns
and biomarkers, including biomarkers of nutrient status,
among adolescents are scarce. Most are based on cohort
studies [27-29], with only two being based on representa-
tive health surveys, conducted in Australia [30] and Tunisia
[31]. Thus, little is known about dietary patterns and mea-
sured biomarkers in adolescence.

Therefore, the aim of this study is to determine dietary
patterns among a representative sample of German ad-
olescents using PCA and to examine the associations
between dietary patterns and biomarkers of nutrient
status and cardiovascular risk factors.

Methods

Study design and study population

The target population of the German Health Interview
and Examination Survey for Children and Adolescents
(KiGGS baseline study) consists of all children and ado-
lescents aged 0 to 17 years, with the exception of those
in hospitals, state institutions, or foster homes. The survey
was conducted by the Robert Koch Institute. The design,
sampling strategy, and study protocol have been described
elsewhere in detail [32]. Briefly, the sample was drawn using
a two-stage clustered and stratified sampling procedure. In
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the first stage, 167 sample points representative of German
communities were selected with regard to community size
and federal state. In the second stage, for every age, partici-
pants were randomly selected from the local population
registries. The survey was approved by the Federal Office
for Data Protection and the Charité-Universititsmedizin
Berlin ethics committee. Participants aged 14 years or older
and all parents provided written informed consent before
the interview and examination procedures. The overall
response rate was 66.6% [32].

Data collection

The 167 sample points were covered by four study
teams between May 2003 and May 2006. Parents and
participants older than 11 years of age were asked to
complete different self-administered questionnaires in
the study centres [33]. These included questions on
socio-demographic characteristics as well as health
and health related behaviours. In addition, participants
underwent a computer-assisted medical interview and
a physical examination (e.g. body weight and height
measurement) conducted by trained staff. Lastly, non-
fasting blood and urine samples were also obtained [34].

Dietary assessment

Participants aged 12-17 years were further asked to
complete a self-administered, semi-quantitative food fre-
quency questionnaire (FFQ) as well. To cover the most
relevant food groups for this population group, the
semi-quantitative FFQ was developed by the Robert Koch
Institute in consultation with several experts in the field of
dietary assessment among children and adolescents. The
development of the FFQ is described in detail elsewhere
[35]. The FFQ was validated against the modified dietary
history method DISHES (Dietary Interview Software for
Health Examination Studies) and showed fair to moderate
ranking validity for food intake amounts for most of the
food items (Spearman correlation coefficients from .35 to
.69 with most values above .50) [22]. The FFQ included
questions on the average food consumption frequency, as
well as the average consumed portion size, for 45 food
items in the last few weeks. Categories for frequencies
were identical for all food items: never; once per month;
2-3 times per month; 1-2 times per week; 3—4 times per
week; 5-6 times per week; once per day; 2-3 times per
day; 4-5 times per day; more than 5 times per day. Food-
specific portion sizes were assessed by five categories and
often illustrated with pictures, e.g. using standard house-
hold measures (cups, spoons, etc.). Food frequency infor-
mation was recoded into frequency consumption of these
foods per month (1 month was set equal to 4 weeks; for
example, once per week = 4, once per day = 28, more than
five times per day = 168). For frequency bands such as one
or two times per day, the arithmetic mean was used.
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Portion sizes were converted into equivalent gram
amounts using the standard portion sizes provided in
the FFQ. The average food intake was then calculated
by multiplying the recoded frequencies and portion
sizes (average food intake = food frequency (per month) x
portion size (g)).

If the frequency of consumption was given, but infor-
mation on portion size was missing, the middle category
of portion size provided in the FFQ was imputed as it
represents the most frequently chosen portion size for
this age group. If the food frequency was missing, then
the food item was considered as not having been con-
sumed (average food intake = zero).

Food items were grouped into 34 food groups, according
to a former dietary pattern analysis based on a modified
diet history interview (DISHES) in a subgroup of this study
population [36].

Total energy intake was calculated by multiplying the
intake and mean energy contents of the FFQ food items.
The energy content of every food group was calculated
based on weighted estimates of consumption frequencies
of specific foods within the food groups based on the
comprehensive DISHES data (e.g. several different breads
on the total amount of bread).

Assessment of biomarkers

Several biomarkers were measured using the blood and
urine samples collected in KiGGS. Venous blood samples
were obtained from the participants if the parents and the
adolescents themselves gave consent. Serum was sepa-
rated and transported on dry ice to a central laboratory
according to a standardised protocol. Samples were kept
at -40 °C until analysed. Pre-analytic and analytic stan-
dards have been previously described in detail [34].

For the present analysis, the available indicators of
nutrient status were selected, such as serum vitamin B;,,
serum folate and serum ferritin. These were analysed using
electrochemiluminescence-immunoassay (Elecsys E 2010,
Roche Mannheim, Germany). During the survey, the
manufacturer changed the method for measuring folate. A
conversion factor could not be applied; therefore, separate
analyses were performed for the two measurement methods
(serum folate 1, serum folate 2).

Furthermore, for this analysis, biochemical and physio-
logical cardiovascular risk factors including blood pressure,
total serum cholesterol, low density and high density
lipoprotein cholesterol (LDL-C and HDL-C), homocysteine,
uric acid, and HbAlc were also selected. Standardised mea-
surements of systolic and diastolic blood pressure were
obtained using an automated oscillometric blood pressure
device (Datascope Accutorr Plus) [32, 34, 37]. The means
of two independent readings for systolic and diastolic blood
pressure were used. Total cholesterol was analysed
using an enzymatic assay (cholesterol oxidase-PAP
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method, Roche Mannheim, Germany). LDL-C and HDL-C
were determined directly with a homogenous enzymatic col-
orimetric assay (Roche Mannheim, Germany). Homocyst-
eine was measured with fluorescent particle immunoassay
(Abbot, Wiesbaden, Germany). Uric acid was deter-
mined by the uricase-PAP method (Hitachi 917; Roche
Mannheim, Germany). HbAlc was analysed using high-
performance liquid chromatography (Diastad; Biorad,
Munich, Germany) [34].

Assessment of anthropometric markers

Body height was measured without shoes, with an accuracy
of 0.1 cm, by trained staff using a portable Harpenden
stadiometer (Holtain Ltd.; Crymych, UK). Body weight was
measured while participants were only wearing underwear
and no shoes, with an accuracy of 0.1 kg, using a calibrated
electronic scale (SECA, Birmingham, UK). Body mass index
(BMI) was calculated as body weight (in kilograms) divided
by body height squared (in meters) [32].

Assessment of other variables

Within KiGGS, health related information was assessed
through self-administered questionnaires. Regular alcohol
consumption was defined as drinking at least one glass of
beer, wine, or liquor per week. Smoking habits were
assessed with the following question: ‘Do you currently
smoke?’ ‘daily, ‘several times a week] ‘once a week] ‘more
seldom’ or ‘no’ [38]. This variable was categorized into
‘yes’ or ‘no’ (with only those adolescents who never smoke
being categorized into “no”). Regarding physical activity,
adolescents were asked: ‘In your leisure time, how often
are you physically active in such a way that you start to
sweat or become slightly out of breath?. The subsequent
question: ‘How many hours per week? was used in this
analysis.

Medication and supplement use during the last 7 days
prior to the interview was determined with a standar-
dised computer-assisted interview conducted by trained
physicians. Adolescents were present at the standardised
computer-assisted interview where primarily the parents
were asked: ‘Has your child taken any medications in the
last 7 days? Please also mention the use of any ointments,
liniments, contraceptive pills, vitamin and mineral supple-
ments, medicinal teas, herbal medicines or homoeopathic
medicines’. Parents were asked in advance to bring pre-
scriptions or original containers to the study centre for
the purpose of verification [39, 40].

Study population

For the present analysis, all adolescents between 12 and
17 years were selected from the KiGGS survey sample (a
total of 2953 boys and 2801 girls). Of these, 292 participants
were excluded because they did not provide a blood
sample. 263 participants were further excluded because
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they had no, incomplete (more than twenty missing
values), or implausibly high total food intake data. That is,
if the estimated total food intake exceeded 10 kg/day, the
total beverage intake exceeded 15 l/day, or food intake
exceeded 4 kg/day, combined with beverage intake above
6 1/day. Lastly, two girls who were pregnant were also ex-
cluded because pregnancy influences the biomarker profile.
Therefore, the final analysis is based on a total sample of
5197 adolescents (2646 boys and 2551 girls).

For specific analyses, persons with missing values (for
specific serum variables, for instance) were excluded.
Moreover, persons with diabetes mellitus or taking
diabetes medication were excluded from the analysis
of HbA1c (9 participants); persons taking cardiovascu-
lar medication from the analysis of blood pressure
(179 participants); persons with vitamin supplement
use from the analysis of folate and vitamin Bj, (296
participants); and persons with mineral supplement
use from the analysis of ferritin (115 participants). Because
hormonal contraceptives influence blood lipids [41], girls
with hormonal contraceptive use were excluded from the
analysis of blood lipids (397 participants).

Statistical analyses

Statistical analyses were conducted for boys and girls
separately using the SAS version 9.4 (SAS Institute Inc.,
Cary, USA).

To correct for non-response and disproportional sam-
pling, a weighting factor was used for all analyses. Since the
sample is based on a clustered and stratified design, all
analyses were performed with complex survey procedures.
Differences with p-values <0.05 were considered statisti-
cally significant.

Selected study characteristics were calculated using
PROC SURVEYMEANS and PROC SURVEYFREQ. Linear
regression models with PROC SURVEYREG were used to
examine mean values (with 95% CI) of biomarkers accord-
ing to dietary pattern scores. For the analysis, dietary pat-
terns were divided into quintiles and acted as independent
variables. The first model (Model 1) was only adjusted for
age. The second model (Model 2) was adjusted for age,
physical activity (hours per week, continuous), smoking
status (yes/no), regular alcohol consumption (yes/no), and
mean caloric intake in kcal/day (continuous). The analyses
concerning blood lipids and blood pressure were addition-
ally adjusted for BMI in kg/m? in Model 2. Socioeconomic
status influences eating behaviour and, consequently, bio-
marker status. Therefore, socioeconomic status is part of
the chain of causation and was, thus, not considered as a
confounder. To examine age differences, additional analyses
were conducted stratified by two age groups (12—-14 years,
15-17 years) and adjusted according to Model 2. Trend
tests were conducted by including the mean score of each
pattern quintile as a continuous variable into the models.
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Dietary patterns were identified separately for boys
and girls using principal component analysis (in SAS:
PROC FACTOR method = prin) on 34 food groups. For
each food group, the mean amount of grams per day
was standardised to a mean of 0 and standard deviation
of 1 (z-transformation).

The resulting components were linear combinations of
the included variables and explained as much of the
variation in the original variables as possible. The com-
ponents were rotated by an orthogonal transformation
(resulting in uncorrelated components) to achieve a simpler
structure with greater interpretability. To identify the num-
ber of principal components to be retained, the following
criteria were used: the criterion of eigenvalues exceeding 1
(the interpretation of this criterion being that each compo-
nent should explain a larger amount of variance than a
single standardised variable in order to be retained), the
scree plot (a graphical presentation of eigenvalues), and the
interpretability of each component (dietary pattern) [42].
For good interpretability of each component, an adequate
number of food groups with high loadings within a com-
ponent were necessary. According to Hatcher 2007, com-
ponents with at least 3 ‘significant’ loadings, which were
loadings greater than or equal to |0.4|, were selected [42].
Each obtained component represents a linear combination
of all food groups, which were weighted by their factor
loadings. Higher factor loadings indicate that the food
variable contributes more to the development of the com-
ponent. Each participant had a score for all identified diet-
ary patterns, which were standardised to a mean of 0 and
a standard deviation of 1. These scores rank individuals
according to the degree to which they conform to each
food consumption pattern. The pattern scores were la-
belled according to the food groups with high loadings.

Results

Sample characteristics

Table 1 illustrates the sample characteristics, stratified
by sex. Mean age for the entire sample was 15.1 years.
29.0% of the boys and 16.5% of the girls drank at least
one glass of beer, wine, or liquor per week. 22.3% of boys
and 22.8% of girls reported being current smokers. Mean
duration of physical activity per week was 8.2 hours
among boys and 5.3 hours among girls. 6.6% of the boys
and 4.8% of the girls used vitamin supplements in the
last 7 days, whereas only 3% of the boys and 1.5% of the
girls used mineral supplements.

Dietary patterns

Through PCA, three prevailing components (dietary
patterns) among boys and two among girls were deter-
mined (Table 2). The two components explained 21.5%, of
total variance in food group intake among boys and 15.5%
among girls.
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Table 1 Sample characteristics by sex (mean values or percentages and 95% Cl)

Boys Girls

N = 2646 N=2551

Mean 95% Cl Mean 95% Cl
Age (years, mean) 15.1 (15 5.1) 15.1 (15.0-15.1)
Regular alcohol consumption (%)? 29.0 (26.7-31.3) 16.5 (14.7-18.4)
Current smoking (%) 223 (20.4-24.1) 228 (21.1-24.5)
Physical activity (hours per week, mean) 82 (7.8-8.5) 53 (5.0-5.5)
Vitamin supplement use (9%)° 6.6 (56-7.7) 48 (3.8-5.7)
Mineral supplement use (%)° 30 (2.3-36) 15 (1.0-2.0)
BMI (kg/m?) 212 (21.0-21.4) 215 (213-217)

adrinking at least one glass of beer, wine, or liquor per week
Pduring the last 7 days

Among boys, the first pattern was characterized by
higher factor loadings of salty snacks, burger/sausages/
doner kebab, French fries, nuts, desserts/ice cream,
pancakes, eggs, and cake/cookies and was, therefore,
labelled ‘western’ dietary pattern. The second pattern
among boys was characterized by a typical German
diet, with higher factor loadings of white bread, processed
meat, meat, margarine, butter, soft drinks, jam, and cheese;
hence, it was labelled ‘traditional’. The third dietary pattern
among boys was labelled ‘healthy’ because of higher factor
loadings of wholemeal bread, fruits, salad vegetables, and
other vegetables.

Among girls, the first dietary pattern was characterized
by higher factor loadings of salty snacks, burger/sausages/
doner kebab, French fries, dessert/ice cream, pancakes,
eggs, cake/cookies similar to the ‘western’ pattern among
boys; it also showed higher loadings of confectionery,
potatoes and white bread and was, therefore, labelled
‘western and traditional’. The second pattern among
girls was associated with higher factor scores of wholemeal
bread, fruits, cheese, salad vegetables, and other vegetables
and was, thus, labelled ‘healthy’.

Dietary patterns and age

Dietary pattern scores were divided into quintiles, with
higher quintiles indicating a higher adherence to this
pattern. To characterize the adolescents according to the
dietary patterns, mean age per quintile 1, 3, and 5 for
every dietary pattern is shown in Table 3. Boys with
higher ‘traditional’ pattern scores had a higher mean age
(Q1: 14.1, Q5: 15.1 years, p < =0.0001). There were also
age differences concerning the other patterns, but these
differences were smaller. Boys with higher ‘western’ pattern
scores were older (Q1: 14.6, Q5: 14.9 years p =0.001). In
contrast to this finding, girls with higher ‘western and trad-
itional’ dietary pattern scores were characterized by a lower
mean age (Q1: 14.9, Q5: 14.5 years, p = 0.009), whereas girls
with higher ‘healthy’” pattern scores had a higher mean age
(Q1: 14.5, Q5: 14.8 years, p = 0.005).

Dietary patterns and biomarkers

Tables 4 and 5 present adjusted means of biomarker
levels according to quintiles of dietary patterns scores.
Significant p-values indicate differences in biomarker
levels between dietary pattern quintiles.

Trend tests for the associations between dietary pat-
terns and biomarker profile were conducted in two
different models (Table 6). Among boys, in Model 2,
the ‘western’ dietary pattern was negatively associated
with ferritin serum concentrations (p = 0.006) and diastolic
blood pressure (p =0.002). The ‘traditional’ dietary pattern
was negatively associated with serum folate 1 (p =0.001).
The ‘healthy dietary pattern was positively associated with
serum folate 1 (p = 0.001) and negatively with serum homo-
cysteine concentrations (p = 0.0003).

Among girls, in Model 2, the ‘western and traditional’
dietary pattern was negatively associated with serum
folate 2 (p =0.003) and positively with homocysteine (p =
0.003) concentrations. The ‘healthy’ dietary pattern was
positively associated with folate (p = 0.017) and vitamin B,
concentrations (p =0.044) and negatively associated with
homocysteine (p = 0.0003).

In the models adjusted only for age (Model 1), there
were additional significant associations between dietary
patterns and biomarkers: vitamin B;, was negatively as-
sociated with the ‘western’ and positively associated with
the ‘healthy’ pattern among boys (p = 0.049/0.017). The
‘healthy’ patterns among both sexes were positively asso-
ciated with systolic blood pressure (p =0.045/0.015) and
negatively with HDL-C (p = 0.034/0.010). In contrast to
this, ferritin was not associated with any of the dietary
patterns in Model 1.

Dietary patterns and biomarker in different age groups
Due to the differences in mean ages concerning dietary
pattern quintiles, a subgroup analysis for adolescents aged
12 to 14 years and 15 to 17 years was conducted, adjusted
according to Model 2 (Additional file 1: Table S1).
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Table 2 Dietary patterns among 12- to 17-year-old adolescents in Germany. Factor loadings for food groups*

Dietary patterns

Boys (N =2646) Girls (N =255T1)

‘Western' Traditional’ ‘Healthy' ‘Western and traditional’ ‘Healthy'
Salty snacks 0.66 0.57
Burger/Sausages/Doner kebab 0.64 0.54
French fries 0.61 0.57
Nuts 0.59 -0.20
Dessert/Ice-Cream 0.49 0.54
Pancakes 0.49 0.47
Eggs 0.39 0.42
Cake/cookies? 0.38 022 0.41
Soup 0.34 027 0.24 0.25
Pasta/Rice 033 0.26 0.22 028
Chicken 031 0.25 028
Confectionery® 030 0.25 0.41
Other vegetables* 0.27 0.41 0.39
Potatoes 0.22 0.27 0.39
Fish 022 027
Meat 021 0.44 0.28
White bread" 0.55 0.36
Processed meat 0.55 0.21 0.30
Margarine 043 0.32
Butter 0.42 0.22
Soft drinks® 0.39 -0.25 032
Jam' 0.39 032
Cheese? 0.36 034 0.48
Ketchup 035 0.25
Milk 0.26 0.25
Breakfast cereals 026 024
Wholemeal bread 0.25 0.48 0.52
Fruits” 0.58 0.49
Salad vegetables 0.54 0.47
Water 033 030
Yoghurt other milk products 031 033
Ted 031 031
Juices 0.25 0.29
Coffee
Variance explained 1.3 58 47 9.90 560

*Factor loadings with absolute values < 0.2 are not shown for clarity, absolute values > 0.35 are bold
“cake, pastries, cookies

Bchocolate, other sweets like candy or fruit gums
‘cooked fresh vegetable, canned or frozen vegetable
dwheat bread, mixed bread, bread rolls

flemonade, energy drinks

fiam, honey, hazelnut spread

9cheese, cream cheese

Pfresh and canned fruits

imineral water, tap water

Jherb tea, fruit tea
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Table 3 Age by dietary pattern quintiles (mean and 95% Cl) among 12- to 17-year-old adolescents in Germany

Q1 Q3 Q5 B P for trend
Dietary patterns among boys (N = 2646)
‘Western'’ 14.6 (144-14.7) 14.5 (14.3-14.6) 14.9 (14.7-15.0) 0.23 0.001
Traditional’ 14.1 (13.9-14.2) 14.6 (144-14.7) 15.1 (15.0-15.3) 047 <.0001
‘Healthy' 14.7 (14.6-14.9) 14.6 (144-14.7) 14.8 (14.6-14.9) 0.06 0.197
Dietary patterns among girls (N =2551)
‘Western and traditional’ 149 (14.7-15.0) 146 (14.5-14.8) 145 (144-146) -0.14 0.009
‘Healthy' 145 (144-14.7) 145 (14.3-14.6) 14.8 (14.7-15.0) 0.12 0.005

Among boys, significant associations in both age groups
were observed between the ‘traditional’ pattern and folate
1 (p=0.009/0.014) and between the ‘healthy’ pattern and
homocysteine (p = 0.008/0.005). The associations between
the ‘western’ and the ‘healthy’ pattern and vitamin
B1>(p =0.04, p=0.015) and between the ‘traditional’ pat-
tern and homocysteine (p = 0.014) were only significant in
the younger age group. In contrast to this, the associa-
tions between the ‘healthy’ pattern and folate 1 (p =
0.007) and between the ‘western’ pattern and ferritin (p =
0.018), as well as diastolic blood pressure (p = 0.024), were
only significant in the older age group.

Among girls, significant associations were observed in
both age groups between the ‘western and traditional’
dietary pattern and homocysteine (p = 0.045, p = 0.028).
In the younger age group, significant associations between
the ‘western and traditional’ (p = 0.007) and the ‘healthy’
dietary pattern (p =0.015) and folate 2 and between the
‘healthy’ dietary pattern and vitamin By, (p = 0.008) were
observed. Associations between the ‘healthy’ dietary pat-
tern and ferritin (p = 0.027) and homocysteine (p = 0.006),
however, were only seen in the older age group.

Discussion

In a representative population of German adolescents,
we identified three major dietary patterns among boys
and two among girls. Adolescents with higher scores in
the ‘healthy’ dietary patterns had a better nutrient pro-
file. Concerning cardiovascular risk factors, only few
significant associations were found in this young popu-
lation. The most pronounced was the association with
homocysteine.

We observed age group differences (12 to 14 years
vs 15 to 17 years) in the associations between dietary
patterns and biomarkers. It also appeared that the less
healthy patterns were more common in older boys. In
contrast to this, girls with greater adherence to more
unfavourable patterns were younger and those with
greater adherence to the healthy pattern were older.
Since this was a cross-sectional study, these findings
should be further investigated in longitudinal analyses.

The higher importance of a less healthy dietary pattern
among older adolescents, similar to the German boys,
was also observed in Greece [43]. Healthier dietary
patterns among younger adolescents were observed in
Australia [30] and Greece [43]. In contrast to this, in
Brazil a ‘western’ pattern was more common among
adolescents below 15 years of age [44].

The role of homocysteine as being an independent risk
factor for the pathogenesis of atherosclerosis is contro-
versial in the literature [45]. It is well-established that
vitamin B;, and folate are required for decomposition of
homocysteine. In former studies, an inverse association
between homocysteine levels and folate, as well as
vitamin Bj,, was observed [46]. Results of our study
were in accordance with this biochemical relationship.
Those adolescents with higher folate and vitamin Bi,
concentrations had lower homocysteine concentra-
tions (Model 2, Table 6). Since vegetables, fruits, and
wholemeal bread are important sources of folate, the
higher serum concentrations among adolescents with
higher ‘healthy’ pattern scores were expected. Boys
with higher ‘western’ pattern scores were characterised
by lower vitamin B;, serum levels and girls with higher
‘healthy’ pattern scores by higher serum levels (Table 4).
This is in accordance with the higher intake of milk prod-
ucts (cheese, milk, yoghurt and other milk products) and
also of margarine (which is to some extend enriched with
vitamin Bj, in Germany) among girls with higher ‘healthy’
pattern scores. These food groups were less important for
boys with higher ‘western’ pattern scores (factor loadings <
0.2, Table 2).

Among 15 to 17 years old boys, the ‘western’ pattern
was associated with lower ferritin levels and among 15 to
17 years old girls, the ‘healthy’ pattern was associated with
higher ferritin levels. In a previous subgroup analysis, we
had determined the major food sources for ferritin intake
[47]. These were bread, sweets, juices, and meat/bowels
among boys and bread, juices, vegetables, and sweets
among girls. This is in accordance with the factor loadings
in these food groups (except for confectionary), which
were lower in the ‘western’ pattern (bread and juices <0.2,
meat 0.21, and confectionery 0.3) than in the ‘healthy’
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Table 5 Serum concentrations (mean and 95% Cl) of biomarkers by quintiles of dietary pattern scores among girls

Dietary pattern ‘Western and traditional’ ‘Healthy'

Q1 (lowest) Q3 Q5 (highest) p Q1 (lowest) Q3 Q5 (highest) p
Folate 1 (ng/ml)‘ﬁ"b 10 10.2 94 0.055 9.9 94 94 0452
N=1203 (9.3-10.6) (9.5-11.0) (86-10.2) (9.1-10.7) (8.8-10.0) (8.7-10.1)
Folate 2 (ng/ml)*® 80 72 58 0017 68 74 86 0.039
N=714 (7.2-8.7) (6.7-7.7) (4.8-6.8) (6.1-74) (6.8-7.9) (7.0-10.2)
Vitamin B, (ng/l)a'b 520 498 486 0474 490 500 528 0.385
N=1920 (496-544) (477-519) (453-518) (468-512) (475-524) (498-558)
Ferritin (ug/l)* 345 316 326 0.252 315 341 356 0.092
N=1992 (31.9-37.2) (29.6-33.7) (29.8-35.5) (29.2-33.8) (31.2-36.9) (32.2-389)
Systolic blood pressure (mmHg)®© 113 114 112 0.125 112 114 113 0.255
N=2024 (112-114) (113-115) (111-113) (111-113) (112-115) (112-115)
Diastolic blood pressure (mmHg)d'e 68 68.3 67.7 0.757 67.5 679 68.3 0.669
N=2024 (67.1-68.9) (67.5-69.1)  (66.7-68.6) (66.7-68.3) (672-686)  (67.3-69.3)
Total Cholesterol (mg/dl)®f 164 161 164 0443 165 160 162 0173
N=1743 (161-168) (157-164) (160-169) (162-169) (157-163) (159-166)
HDL-C (mg/di*f 58.1 56.9 59 0355 587 584 58.2 0.665
N=1743 (56.8-59.3) (55.6-58.2) (57.1-61.0) (57.1-60.2) (57.0-59.7) (56.7-59.6)
LDL-C (mg/dh*! 933 916 92 0891 94 89 927 0112
N=1743 (90.2-984) (884-948)  (88.1-96.0) (91.0-97.0) (86.3-91.6)  (89.0-96.3)
Homocysteine (umol/l)® 76 76 8.1 0.029 8.0 7.5 74 0.002
N=2021 (7.3-7.9) (7.3-7.9) (7.7-85) (7.7-83) (7.2-7.8) (7.0-7.8)
Uric acid (mg/dl)® 44 43 43 0586 43 43 44 0.204
N=2036 (4.2-4.5) (4.1-4.4) (4.1-4.5) (4.1-4.4) (4.1-44) (4.2-4.6)
HbA1c (96)*° 4.8 49 49 0.391 48 48 4.8 0.687
N=2023 (4.8-4.9) (4.8-4.9) (4.8-5.0) (4.8-4.9) (4.8-4.9) (4.7-4.9)

Abbreviations: Cl Confidence interval, HbATc Glycohaemoglobin, HDL-C High density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol
“adjusted for age (years), hours physical acitivty per week (continuous), smoking status (yes/no), regular alcohol consumption (yes/no), and total energy

intake (continous)
Pwithout persons with vitamin supplement use
‘without persons with mineral supplement use

dadjusted for age (years), hours physical acitivty per week (continuous), smoking status (yes/no), regular alcohol consumption (yes/no), and total energy intake

(continous) and BMI

Swithout persons with cardiovascular medication
fwithout persons with hormonal contraceptive use
Swithout persons with diabetes or diabetes medication

pattern among girls (wholemeal bread 0.52, other vegeta-
bles 0.39, juices 0.29, and confectionery <0.2). In a sensi-
tivity analysis, we further adjusted for BMI, this did not
change the results substantially (data not shown).

A negative relationship between the ‘western’ dietary
pattern and diastolic blood pressure was observed in
both models with different adjustments. In age-stratified
analyses, the association was only significant for 15 to
17 year old boys. Corresponding to the food groups with
higher (red meat, confectionery, dessert/ice cream) and
lower factor loading (fruits, vegetables, whole grain, and
fish), the direction of this finding was not expected. On
the other hand, this pattern was also characterized by
nuts and chicken, food groups that were recommended

in the Dietary Approach to Stop Hypertension (DASH)
[48]. However, the absolute differences between dietary
pattern quintiles were rather small (1.5 mmHg between
the 1th and the 5™ quintile, Table 4). Furthermore, blood
pressure is not influenced by nutrition only; therefore,
some major confounders were accounted for by adjust-
ment (BMI, physical activity, alcohol consumption, age)
and by gender stratified analysis. However, measurement
of physical activity is a difficult concept and represents
energy expenditure due to body movement only par-
tially. Therefore, residual confounding could still be
present.

In a previous analysis, we considered the association
between healthy diet indices based on German Food
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Intake Recommendations and biomarkers within this
same population [49]. We found that some of the indices
were associated with biomarker profiles. The advantage
of this current analysis of dietary patterns determined by
a data driven approach is that these patterns more
objectively represent prevailing eating habits of the
population.

Among adults, many previous studies have shown that
dietary patterns are related to biomarkers of cardiovas-
cular risk [23-26, 50]. In contrast to this, analyses of
dietary patterns and biomarkers among adolescents are
rare. Associations between dietary patterns and blood
pressure have been analyzed in two representative sur-
veys among adolescents elsewhere. In Australia, a dietary
pattern that was characterized by fruits, salad, cereals,
and fish was negatively associated with diastolic blood
pressure among adolescents aged 16 to 18 years [30]. In
Tunisia, the ‘meat-fish’ pattern was positively associated
with diastolic blood pressure among boys [31]. In Finland,
a positive association between systolic blood pressure and
the ‘traditional’ pattern was found in a cross sectional ana-
lysis of cohort data [28]. Other cohort studies found no
association between dietary patterns and systolic [27, 51]
or diastolic blood pressure [27]. Thus, it seems that asso-
ciations between dietary patterns and blood pressure were
seldom observed in this young age group and were found
only in subgroups, which is in accordance with our study.

In former studies, patterns like ‘fruit and vegetable’ [27]
and ‘healthy’ among boys [29] were associated with more
favorable blood lipids concentrations. Furthermore, the
‘traditional’ pattern in Finland [28] and the ‘sugar foods’
and ‘fats and pasta’ pattern in the U.S. [27] were associated
with less beneficial blood lipids concentrations. These ana-
lyses were based on cohort studies. To our knowledge, this
is the first analysis of dietary pattern conducted with PCA
or factor analysis and blood lipids in this age group using a
nationwide representative survey. Among adolescents in
Germany, we did not observe associations between dietary
patterns and serum lipids. In contrast to previous studies
[27-29], we excluded girls with hormonal contraceptive use
in the analysis of blood lipids because they have higher
blood lipids concentrations caused by the medication [41].
Hormonal contraceptive use is not a typical confounder
because the use is not associated with the dietary patterns.
Opverall, 16% of the girls in this age group used this medi-
cation, with the highest percentage among 16 to 17 years
old girls (30%).

The negative association between healthy dietary patterns
and homocysteine concentrations was also found in a
cohort study among 9 to 24 years old female Finns [28]
and among young adults in Northern Ireland [52]. The
‘traditional’ dietary pattern was not associated with homo-
cysteine concentrations in Finland. Whereas, in Northern
Ireland, the ‘western’ pattern was positive associated with
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homocysteine [52], similar to the ‘western and traditional’
pattern in Germany.

Biomarkers are objectively measured and can be evalu-
ated as indicators of nutrient supply. To our knowledge,
there are no other studies in this age group that have ana-
lyzed the associations between dietary patterns determined
through PCA or factor analysis and vitamin and mineral
serum concentrations. In a cohort study among young
adults in Northern Ireland, higher red cell folate and
vitamin B;, serum concentrations were associated with
the ‘healthy’ dietary pattern among men and with the
‘traditional’ dietary pattern among women [53]. Thus,
the ‘traditional” dietary pattern in Northern Ireland was
characterized by a more favorable nutrient status, whereas
the ‘traditional’ dietary pattern in Germany was not. Asso-
ciations concerning the ‘healthy” pattern were in the same
direction as in our study.

Strengths of this study include data obtained from a
large, nationally-representative, population based sample.
Furthermore, KiGGS provides a broad spectrum of data
on biochemical parameters and anthropometric measures,
all assessed by trained staff, as well as further information
on participants’ behaviors, such as on physical activity
levels and medication use. In addition, we used a validated
FFQ to examine food intake. The percentage of variance
explained by the dietary patterns was within the range of
what has been previously reported in other studies that
studied dietary patterns of adolescents [30, 43, 54, 55].

However, there are several limitations which have to be
considered. With an FFQ, only a predefined selection of
foods and food groups can be assessed. Therefore, the
consumption of other foods is unknown. There may also
be a certain overlap of food groups if they are defined or
perceived too broadly. In addition, portion sizes and, thus,
energy intake can only be estimated roughly. These limita-
tions occur in all food intake data assessed with an FFQ.
However, in a sub-sample of the KiGGS study population,
a more comprehensive modified dietary history interview
(DISHES) was conducted several months after the KiGGS
survey. In this subgroup, we identified very similar dietary
patterns [56]. In comparison to this study, there were
only some differences in food groups with higher factor
loadings belonging to one pattern. These differences
can be explained by differences in the dietary assessment
methods, e.g. in the FFQ, pizza, vegetable oil, mushrooms,
and alcoholic drinks were not assessed while rice and
pasta were asked as one food item; however, with the
DISHES data, these foods were analyzed separately. Over-
all, the FFQ seems to be appropriate to determine dietary
patterns in this population. However, inclusion of some
more food groups would be useful.

Limitations of using the PCA are the prior classification
of food items into food groups, the decision of the number
of factors extracted, and the labeling of factors, which can
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be subjective decisions. To enhance comparability with
other studies, similar methodological steps were used in
the extraction of the dietary patterns as those utilized in
other studies [43, 57].

Further research is still necessary to evaluate tracking
of dietary patterns during the life course. Although the
present analysis was cross-sectional, future longitudinal
analyses are planned and data collection for the follow-up
is ongoing.

Conclusions

In conclusion, our cross-sectional analysis identified that
some associations between dietary patterns and biomarkers
of nutrient status and cardiovascular risk already become
evident among adolescents. Therefore, dietary patterns can
influence health status. Dietary patterns adopted during
adolescence may track into adulthood, and can, therefore,
be important for health outcomes later in life. Since eating
habits are a modifiable risk factor for cardiovascular
diseases, public health policies and health promotion
programs should target adolescents to establish healthy
dietary practices for life.
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analysis. (DOCX 27 kb)
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