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Abstract

Dietary fatty acids (FA) play a role in several (patho)physiological processes at any age, and different FA have different effects on lipid
status and health outcome. The present study aims to describe the FA intake and its main food sources in a population of healthy European
adolescents and to assess the variation in intake as a function of non-dietary factors. FA intake was assessed with 24 h recall interviews in
1804 adolescents aged 12:5-17-5 years. Usual intakes were calculated using the multiple source method. Multilevel analyses, adjusting for
study centre, were used to investigate the influence of non-dietary factors. The mean total fat intake was 333 (sp 1:2) % of total energy
intake (%E). The mean SFA intake was 13-8 (sp 1-2) %E, with 99-8% of the population exceeding the recommendations. SFA was
mainly delivered by meat and cake, pies and biscuits. In most adolescents, the PUFA intake was too low, and 35-5% of the population
did not achieve the minimum recommended intake for a-linolenic acid (ALA). The main determinants of FA intake in the present study
population were age and sex, as well as physical activity in the male subgroup. No contributions of body composition, socio-economic

Abbreviations: ALA, a-linolenic acid; BLS, Bundeslebensmittelschliissel (German Food Code and Nutrient Data Base); DPA, docosapentaenoic acid;
%E, percentage of energy; FA, fatty acid; HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence; LA, linoleic acid; MSM, multiple
source method; Ps, 5th percentile; Pos, 95th percentile.
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t See the Appendix for a full list of the HELENA study group members.
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status or sexual maturation to the variance in FA intake were observed. In conclusion, the most important public health concerns regarding
FA intake in this adolescent population were the low intake of ALA and the high intake of SFA, mainly seen in the younger-aged boys. In

this group the major contributor to SFA was meat.
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Diet and more specifically intake of fats and fatty acids (FA)
have been extensively correlated with CVD risk™. Although
CVD usually manifests in adulthood, cardiometabolic risk
factors (such as hypertension, hyperlipidaemia, insulin resist-
ance, obesity, etc.) may appear as early as childhood and
adolescence™®. These risk factors may track into adulthood®,
demonstrating the importance to direct research and interven-
tion for CVD towards younger age groups such as adolescents.
Apart from this well-documented association with CVD, diet-
ary fats also play a role in the modulation of immune functions
and inflammatory processes™™”, growth and development‘é),
mental and neurodegenerative diseases and possibly in certain
forms of cancer™®.

Studies assessing the intake of fats generally show that too
high amounts of SFA and too low amounts of PUFA are
consumed compared with current dietary guidelines” ',
Although blood lipids and FA are not only determined by
their individual intake, most studies only assess the intake of
total fat, SFA, PUFA, MUFA and cholesterol. However, it has
been shown that different FA may have different effects on
lipid status and health outcome. Whilst SFA with twelve to
sixteen carbon atoms tend to increase plasma total and LDL-
cholesterol levels, stearic acid (18:0) does not have a
cholesterol-raising effect™”. Replacement of SFA in the diet
by both 7-6 or 1n-3 PUFA reduces the risk of cvD*? but the
biological pathways behind these effects differ’®. Regarding
their influence on lipid status, 7-6 FA have an LDL-choles-
terol-lowering effect"® whilst 1-3 FA reduce TAG levels'®,
In contrast, replacement of SFA by carbohydrates can even
increase the risk of CVD"®. Also sex differences have been
reported regarding effects of dietary fat on CVD by lowering
the HDL-cholesterol and increasing the levels of TAG"”. As
such, it is accepted that the food sources and type of fat con-
sumed is most probably of greater importance than the total
amount of fat, although the optimal intake of different FA
remains unsettled!®'®

Numerous dietary surveys have been conducted across
Europe at national and local level; however, only a little infor-
mation exists on the usual dietary intake of healthy adolescents.
Furthermore, comparison between these studies is often diffi-
cult because of differences in dietary intake assessment
methods™®, failure to exclude under-reporters, lack of anthro-
pometric data and varying age categories"'”. Besides, in differ-
ent countries, various food composition tables are used for the
conversion of food intake data into the estimated nutrient
intakes, making comparisons difficult and inaccurate™®?.

To our knowledge, few studies have examined the influ-
ence of certain determinants on the intake of fat and individ-
ual FA. The objective of the present study was to describe the
FA intake and its main food sources in a population of healthy

European adolescents and to study the variation in intake
as a function of non-dietary factors such as sex, age, body
composition, sexual maturation, socio-economic status and
physical activity.

Subjects and methods
Study design

The ‘Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) Cross-Sectional Study’ was set up to get an insight
into the nutritional status and lifestyle habits of adolescents in
order to permit further investigation of the associations between
dietand health. The study aimed to obtain standardised, reliable
and comparable data from a sample of European adolescents on
a broad battery of relevant nutrition and health-related par-
ameters®>*"_ Data collection took place from November 2006
until December 2007, in ten conveniently selected European
cities (Vienna, Ghent, Lille, Dortmund, Athens, Heraklion,
Pécs, Rome, Zaragoza and Stockholm). A detailed description
of the HELENA Cross-Sectional Study sampling and recruitment
procedures, standardisation and harmonisation processes, data
collection, analysis strategies and quality-control activities has
been published elsewhere®?.

Subjects

The adolescents, aged 12:5-17-5 years, were recruited from
randomly selected schools in ten European cities. After receiv-
ing complete information about the aims and methods of the
study, all adolescents and their parents or guardians signed,
fully informed, a written consent. Participants were excluded
a posteriori from the database if they met one of the exclusion
criteria, namely age <125 or =175 years, absence of data
on weight and/or height, completion of <75% of the tests,
participating simultaneously in another clinical trial or
having an acute infection lasting less than 1 week before the
inclusion'””. The total eligible HELENA Cross-Sectional
Study population consisted of 3528 adolescents (response
rate 61-3%). For the purpose of the present study, only adoles-
cents with two 24 h dietary recall assessments were included
in the analyses, resulting in 2330 cases. As such, all partici-
pants from Heraklion (Greece) and Pécs (Hungary) (1 678)
were excluded from these analyses as no nutrient intake infor-
mation could be calculated for these two cities. Therefore,
only eight HELENA centres were included in the present
study. Furthermore, exclusion of under-reporters resulted in
a valid sample of 1804 adolescents (53% females). Under-
reporting was considered when the individual ratio of
energy intake:estimated BMR was lower than 0-96, as pro-
posed by Black®®. In this sample, information on physical
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activity was only available in 800 boys and 893 girls, resulting
in a total, final study population of 1693 adolescents.

The study was performed following the ethical guidelines of
the Declaration of Helsinki, the Good Clinical Practice rules,
and the legislation about clinical research in human subjects
in each of the participating countries. The protocol was
approved by the Human Research Review Committees of

the centres involved?®.

Dietary intake assessment

Following recommendations of the European Food Consump-
tion Survey method (EFCOSUM) project, two non-consecutive
24 h recalls were completed by the adolescents”®”. The dietary
intake assessment was performed by a computer-based tool
for self-reported 24 h recalls, the HELENA Dietary Assessment
Tool. This tool was based on a previous version developed for
Flemish adolescents, called the Young Adolescents’ Nutrition
Assessment on Computer (YANA—C)(%), which has been
shown to provide a valid measurement of food consumption
compared with an interview by a dietitian®”. Food intake
refers to the day before the 24h recall assessment and is
divided into six meal occasions. For each occasion the user
is invited to select all the consumed food items and beverages
from a standardised food list. Foods and beverages not
included in the list can be added at all times. Information on
quantities is gathered by use of household measurements or
pictures of portion sizes. The self-administration took place
in a computer classroom where the participants completed
the program autonomously whilst field workers were present
to give assistance if necessary®”. The use of supplements was
not evaluated as dietary intake.

Consumed foods were translated to nutrients by use of the
German Food Code and Nutrient Data Base (Bundeslebens-
mittelschliissel (BLS), version I1.3.1)%®. Although most of the
recipes had been decomposed into ingredients, some com-
plex foods that were available in the food composition table
have been linked to the complex food directly (for example,
coffee or tea with milk were linked to these complex foods
directly, without disaggregation in coffee or tea and milk).
The multiple source method (MSM), a statistical modelling
technique, was used to estimate the usual dietary intake of
nutrients and foods®>*?. Comparison of the MSM to other
conventional methods to estimate usual intake distributions
(for example, Iowa State University method, National Cancer
Institute method, Statistical Program for Age-adjusted Dietary
Assessment) showed no important differences®”. For nutri-
ents, all estimates of the percentiles and mean were within
5% of each other®. As such, the European MSM was
chosen, developed in the frame of the European Food Con-
sumption Validation (EFCOVAL) project. This method has
the advantage that the software is freely available and that
covariates can be included. The MSM calculates dietary
intake for individuals first and then constructs the population
distribution based on the individual data. The method can
make use of supporting data on consumption frequency; how-
ever, as only nutrient intakes were evaluated, and given that
the same nutrients derive from different food sources, all

participants can be considered daily consumers. Study
centre, age, sex and its interaction term were taken into
account in the calculations.

Physical examination

The protocol used to collect anthropometric data has been
previously described®®. Participants were barefoot and in
underwear. Weight was measured with an electronic scale
(SECA 861) to the nearest 0-1kg. Height was measured in the
Frankfort plane with a telescopic stadiometer (SECA 225) to
the nearest 0-1cm. BMI was calculated as body weight (kg)
divided by the square of height (m). In addition, BMI was
adjusted for age and sex to give a BMI standard deviation score
using British 1990 growth reference data from the Child
Growth Foundation®. Body fat percentage was calculated
from the triceps and subscapular skin folds using the Slaughter

(54), which seem to be the most suitable to be used in
(35)

formulae
adolescents

Pubertal status (stages I-V) was assessed by a medical
doctor according to Tanner & Whitehouse®®, based on
breast development and pubic hair status in females and
genital and pubic hair development in males.

Socio-economic status and physical activity

Self-reported questionnaires were used to collect data on
socio-economic status and physical activity. Maternal edu-
cation level (lower education, secondary education and
higher or university education) was chosen as a measure of
socio-economic status of the adolescents. A measure for physi-
cal activity was obtained by the International Physical Activity
Questionnaire for Adolescents (IPAQ-A). The validity of this
questionnaire has been published previously®”. The TPAQ-A
covers four domains of physical activity: school-related physi-
cal activity (including activity during physical education
classes and breaks), transportation, housework and activities
during leisure time. Activities were afterwards classified into
low, moderate and vigorous activity according to the guide-
lines for data processing and analyses of the IPAQ®®. Total
time spent on moderate and vigorous activity was summed

and truncated in order to avoid overestimations>”.

Statistical analyses

PASW 18.0 for Windows (SPSS, Inc.) was used. Characteristics
of the study sample are presented as mean (standard devi-
ation), stated. Baseline characteristics
between the sexes were compared using a Student’s ¢ test
or Mann—-Whitney U test for continuous variables and the
Pearson y? test for categorical variables.

Associations between the usual FA intake and its determi-
nants (sex, age, body composition, sexual maturation, maternal
education and physical activity) were tested with multilevel
analysis to correct for the study design (clustering of cases
within cities). FA intake was expressed as percentage of
energy (%E) to correct for the varying total energy intake
between different age groups and sex. Tests for normality

unless otherwise

were performed using the Kolmogorov—Smirnov test. Variables
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on usual intake were logarithmically transformed and geometri-
cal means and 95 % CI were reported. Because of physiological
differences occurring during puberty, all
presented stratified by sex. Differences between sexes within
the same age group were assessed with a multilevel analysis
stratified for age group. To correct for multiple testing a Bonfer-
roni correction was applied; as such, a P value of 0-003 (0-05/
18=0-003) was used as the threshold of significance and P
values between 0-003 and 0-01 were denoted as borderline
significant. Two-sided significance levels were quoted.

The usual daily intakes of total fat, SFA and PUFA were
compared with recommended population goals in adolescents.
According to the recommendation of the FAO™, the selected
goals were as follows: total fat, 25-35% of total energy
intake (%E); SFA, <8%E; PUFA, 6—11%E; linoleic acid (LA),
>2:5%E; a-linolenic acid (ALA), > 0-5 %E. Differences between
groups were assessed with a Pearson y * test.

The population proportion formula was used to determine
the percentage contribution of food groups to the intake of
fats and FA. This was done by summing the amount of the
component provided by the food for all individuals divided

by the total intake of that component from all foods for the
(8,40,41)

values were

entire study population

Results

The mean age was 14-7 (sp 1-2) years, with a median BMI of
20 kg/m?; most participants (92 %) were categorised in Tanner
stage 3 or higher. Significant sex differences were found for
Tanner stage, with more males having a prepubertal Tanner
stage. Characteristics of the study population for both sexes
separately can be found in Table 1.

The usual daily total fat intake ranged from 17-8 to 589 %E
(5th percentile (Ps) 257 %E, 95th percentile (Pgs) 41-6 %E),
with the lowest intake observed in the male study population
and the highest intake in the female study population. The
mean total fat intake was 33-3 (sp 1-2) %E, with a mean
SFA intake of 138%E (sp 12; Ps 10-1%E, Pos 182%E),
MUFA intake of 12:2%E (sp 1-2; Ps 9-2%E, Pos 16:3%E), and
PUFA intake of 4-6%E (s 1-3; Ps 3-2%E, Pos 7-0 %E). MUFA
intake consisted mainly of oleic acid (mean 10-7 %E; sp 1-2;
Ps 8:0%E, Pys 14-4%E). The geometric mean intake of lipids
and FA in the male and female study population can be
found in Table 2. In absolute amounts, the daily intake of
fat and FA was, in general, significantly higher in the boys
compared with the girls, except for EPA (boys = 56mg/d
and girls = 51 mg/d; P=0-020) and DHA (boys = 133 mg/d
and girls = 129 mg/d; P=0-383). However, when considering
the %E intake from fats and FA, the girls had significantly
higher %E intakes for all PUFA (boys=44%E and
girls = 48 %E; P<0-001) and had higher total fat intake of
borderline significance (boys = 33'1%E and girls = 33-7 %E;
P=0-009). No sex differences in MUFA and SFA intake were
found, except for a borderline higher intake of lauric acid
(12:0) (boys = 0-7%E and girls = 0-7%E; P=0-:005) in the
female study sample. For the PUFA a higher intake of 7-6
FA as well as n-3 FA was observed in the female study
sample. The usual daily PUFA:SFA ratio was 0-33 in boys

Table 1. Basic characteristics of the study population

(Number of subjects and percentage; mean values and standard devi-
ations; medians and ranges)

Boys Girls
n % n % P
Subjects 855 474 949 526
Age (years)*
Mean 14.8 14.7 0-312
sD 1.3 1.2
BMI (kg/m3)t
Median 199 20-2 0-084
Range 14.2-35-2 14-1-40-8
SDS BMI*
Mean 0-4 0-2 0-001
sD 11 1-0
Body fat percentagett
Median 16-0 24.2 <0-001
Range 6-3-64-6 10.7-54.8
Physical activity (min/week)1§
Median 680-0 455.0 <0-001
Range 0-0-2520-0  0-0-2520-0
Tanner||Y
Stage 1 and 2 94 114 45 4.9  <0-001
Stage 3 200 242 232 251
Stage 4 329 39-8 403 436
Stage 5 204 247 245 265
Education of mother||**
Lower 268 327 283 313 0-139
Secondary 238 29 302 334
Higher 314 383 319 353

SDS, standard deviation score.

* Differences between the sexes were assessed with a Student’s t test.

1 Differences between the sexes were assessed with a Mann—Whitney U test.
1 Boys, n 822; girls, n 942.

§ Boys, n 800; girls, n 893.

|| Differences between the sexes were assessed with a X2 test.

i Boys, n 827; girls, n 925.

**Boys, n 820; girls, n 904.

and 0-36 in girls (P<0-001). The ratio of n-6:n-3 FA intake
was 595 in the total study sample and did not differ signifi-
cantly between boys and girls; the intake of LA compared
with ALA was 6-9:1.

Up to 57-4% of the study population (58-4% of the boys;
56-5% of the girls; P=0-420) met the recommendations of
the FAO for total fat intake. In 39% of the adolescents, total
fat intake was higher than 35%E, and 3-6% had a usual
intake lower than 25%E. SFA intake generally exceeded
the dietary guidelines of <8%E in almost all adolescents
(99-8%) whilst PUFA intake was mostly too low, with only
12:7% of the adolescents adhering to the recommendations
(6—-11%E). More girls than boys were in compliance with
the PUFA guideline (10:3% of the boys; 15% of the gitls;
P=0-003). Whilst most adolescents (957 %) had an adequate
intake of >2-5%E of LA to prevent deficiency symptoms,
only 64:5% of the adolescents (58:5% of the boys; 70% of
the girls; P<0-001) achieved the minimum intake values for
ALA (>0-5%E), with the lowest intake in the study population
being 0-24 %E.

Table 3 presents the percentage contributions of the major
food groups to the usual lipid and FA intake in the total study
population. The major source of total fat was meat (23-7 %), fol-
lowed by cakes, pies and biscuits (12:8 %), and cheese (7-4 %).
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Table 2. Usual fatty acid intake of European adolescents

(Geometric means and 95 % confidence intervals)

Boys (n 800) Girls (n 893)
Mean 95 % Cl Mean 95% ClI P*
Total fat (g/d) 98-73 93-75, 103-96 78-59 74-65, 82.74 <0-001
SFA (g/d) 41.05 38.91, 43-32 3227 30-59, 34-05 <0-001
Lauric acid (12: 0) (g/d) 2.05 1.88, 2:25 1.67 1.52, 1.82 <0-001
Myristic acid (14 : 0) (g/d) 4.41 4.16, 4-67 3.52 3.32,3.74 <0-001
Palmitic acid (16: 0) (g/d) 20-37 1935, 21-45 16-02 15.22, 16-86 <0-001
Stearic acid (18:0) (g/d) 9.12 8-48, 9-81 7.07 6-58, 7-60 <0-001
MUFA (g/d) 36-26 33-83, 38-86 28-87 26-94, 30-93 <0-001
OA (18:1n-9) (g/d) 31-61 2940, 33-99 25-20 23-44, 27-09 <0-001
PUFA (g/d) 13.09 12.18, 14.06 11.09 10-32, 11-91 <0-001
Total n-6 PUFA (g/d) 11.06 10-29, 11-88 9-39 8-74, 10-09 <0-001
LA (18:2n-6) (g/d) 10-65 9-88, 11-48 9-08 843, 9-79 <0-001
AA (20:4n-6) (g/d) 0-32 0-27, 0-37 0-24 0-21,0-28 <0-001
Total n-3 PUFA (g/d) 1-89 1.72, 2.07 1.60 1.46, 1.75 <0-001
ALA (18:3n-3) (g/d) 1.60 1.44,1.79 1.33 1.19, 1-49 <0-001
EPA (20:5n-3) (g/d) 0-06 0-05, 0-07 005 0-04, 0-06 NS
DPA (22:5n-3) (g/d) 0-02 0-01, 0-02 0-01 0-01, 0-01 <0-001
DHA (22:6n-3) (g/d) 0-13 0-11, 0-17 013 0-10, 0-16 NS
Cholesterol (mg/d) 402-10 368-72, 438-51 317.23 290-92, 345-91 <0-001
Total fat (%E) 3312 31.91, 34.37 3373 32-51, 35-01 NS
SFA (%E) 13.77 13.37, 14-18 13.85 13:45, 14.26 NS
Lauric acid (12: 0) (%E) 0-69 0-64, 0-74 072 0-67, 077 NS
Myristic acid (14 : 0) (%E) 1.48 1.41,1.55 1.51 1.45, 1.58 NS
Palmitic acid (16: 0) (%E) 6-83 6-61, 7-.07 6-87 6-65, 7-11 NS
Stearic acid (18:0) (%E) 3.06 2.92, 3-20 3.04 2.90, 3-18 NS
MUFA (%E) 1217 11.37, 13-02 12.39 11.59, 13.26 NS
OA (18:1n-9) (%E) 10-61 9.88, 11-39 10-82 10.08, 1161 NS
PUFA (%E) 4.39 4.16, 4-64 4.76 4.51, 5.03 <0-001
Total n-6 PUFA (%E) 371 3-52, 3-91 4.03 3-82, 4.25 <0-001
LA (18:2n-6) (%E) 3:57 3.38, 3-77 3-90 3-69, 4-12 <0-001
AA (20:4n-6) (%E) 0-11 0-09, 0-13 0-11 0-09, 0-12 NS
Total n-3 PUFA (%E) 0-63 0-58, 0-69 0-69 0-63, 0-74 <0-001
ALA 18:3n-3 (%E) 0-54 0-49, 0-59 0-57 0-52, 0-63 <0-001
EPA (20:5n-3) (%E) 0-02 0-02, 0-02 0-02 0-02, 0-03 <0-001
DPA (22:5n-3) (%E) 0-01 0-00, 0-01 0-00 0-00, 0-01 <0-001
DHA (22:6n-3) (%E) 0.05 0.-04, 0-06 0-06 0-04, 0-07 <0-001
Cholesterol (mg/1000 kcal)t 149-99 134.66, 167-07 151.3 135.87, 168-55 NS

OA, oleic acid; LA, linoleic acid; AA, arachidonic acid; ALA, a-linolenic acid; DPA, docosapentaenoic acid.
*Comparison of geometric means between boys and girls, assessed with a multilevel analysis corrected for study centre,
including age and physical activity as independent variables (NS, P>0-003).

11000 kcal = 4184 kJ.

This same order applied for SFA and MUFA intake. Furthermore,
sauces were an important contributor for lauric acid, milk for
myristic acid, and chocolate for stearic acid. For all these FA
the most important food sources were identical and of similar
magnitude for boys and girls (Supplemental Tables 1 and 2;
see supplementary material available online at http://www.
journals.cambridge.org/bjn). Generally, meat was a slightly
higher contributor to these FA in boys whilst cakes, pies and bis-
cuits as well as nuts and seeds seemed to be of a higher import-
ance in girls. PUFA were mostly delivered by the group of meat,
fish, eggs and its substitutes as well as by low-nutrient, energy-
dense foods (mainly cakes, pies and biscuits, savoury snacks
and chocolate). A similar contribution pattern was seen for
the essential FA, LA and ALA. However, where dairy products
contributed only 5-7% to the LA intake, they supplied 13-4 %
of the ALA intake.

The intake of arachidonic acid was mainly provided by
meat (46-2%) followed by cakes, pies and biscuits. For EPA
and DHA the major contributors were fish products followed

by meat. In the female sample these foods contributed 70-2
and 22:9% of the EPA intake, respectively, whilst in the male
population they contributed 56:7 and 33-6%, respectively. In
contrast, the major food source of docosapentaenoic acid
(DPA), another long-chain 7-3 PUFA, was meat (65:6% in
boys and 50-9% in girls) followed by fish products (28:9%
in boys and 43-6% in girls). The major contributors to choles-
terol were meat, eggs, and cakes, pies and biscuits.

The results of the multilevel analyses, investigating the con-
tribution of potential socio-demographic determinants to the
variance in fat intake, are presented in Table 4. In the male
study sample, a significantly higher %E intake from total fat
and PUFA was seen in the older age group compared with
the younger age group, leading to an equal intake of total
fat in boys and girls between 15 and 175 years old
(boys = 33-6 %E and girls = 34-0%E; P=0-997). In the older
boys higher %E intakes of the essential FA (LA and ALA)
and lower intakes of DPA intake were observed. In girls a sig-
nificantly lower arachidonic acid and cholesterol intake was
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Table 3. Percentage contributions of food groups to the intake of fats and fatty acids in European adolescents
Total fat SFA Lauric acid Myristic acid Palmitic acid Stearic acid MUFA Oleic acid Cholesterol
Food group % R % R % R % R % R % R % R % R % R
Beverages 2.43 2.34 2:29 2:24 2-56 213 2-20 216 2-14
Water 0-00 0-00 0-00 0-00 0-00 0-00 0.00 0.-00 0-00
Coffee and tea 0-25 0-34 0-32 0-49 0-31 0-24 0-21 0-20 0-17
Fruit and vegetable juices 0-40 0-20 0-09 0-05 0-34 0-09 0-18 0-18 0-00
Carbonated, soft, isotonic drinks 0-06 0-03 0.02 0.01 0-05 0.-02 0.-01 0.01 0-00
Alcoholic beverages 0-03 0-04 0-20 0-06 0-02 0-02 0.02 0-02 0-02
Soups and bouillons 1.69 1.73 1.66 1.63 1.84 1.76 1.78 1.75 1.95
Bread and cereals 6-32 5.25 6-49 5.23 5.37 4.52 6-40 6-39 2-93
Bread and rolls 4.94 7 4.27 8 5-69 7 4-59 7 4.28 8 3-38 7 4-69 7 4-49 7 2-33 10
Breakfast cereals 0-66 0-40 0.05 0-08 0-47 0-68 077 0-88 0-01
Flour 0-72 0-58 075 0-56 0-62 0-46 0-94 1.02 0-59
Potatoes and grains 5.37 3-91 4-88 3-62 4-33 3-13 4-65 4-69 7-98
Rice and other grains 1.23 0-90 0.72 0.-82 1.05 0-74 1-59 1.72 0-63
Starchy roots, potatoes 2.25 1-63 314 9 1-40 1.70 1-39 1.65 1-60 0-58
Pasta 1.89 1-38 1.02 1-40 1.58 1.00 1-41 1.37 6-77 4
Vegetables and fruits 3.37 2.55 2-53 2:24 2:94 2.07 3-58 3.78 1.54 =
Vegetables 2.58 9 214 10 2.38 10 212 10 2:28 9 1.87 10 2-90 9 3-04 9 1.51 tm
Fruits 0-54 0-30 0-14 0-09 0-49 0-14 0-21 0-22 0-02 <
Olives and avocados 0-25 0-11 0-01 0-03 017 0-06 0-47 0-52 0-01 5
Dairy and soya products 16-93 23.07 22-39 32-86 20-38 17.70 14.64 14.15 13:59 2
White milk and buttermilk 4-89 8 6-86 6 7-05 5 10-22 3 6-00 6 4.83 6 418 8 3-95 8 4.57 6 g
Yogurt and fromage blanc 1.31 1-85 1.79 2.76 9 1.62 1-30 111 1-04 1.09 ‘g
Milk and yogurt beverages 1.71 241 9 1.82 2.81 8 211 10 2-67 9 1.49 1-48 1.14 =~
Soya beverages 0-33 0-12 0.02 0.03 0-16 0-12 0-21 0-23 0-01
Cheese 7-44 3 10-21 3 985 3 14.94 2 902 3 7-41 4 6-56 3 6-38 4 4-50 7
Desserts and puddings, milk based 1.21 1.57 1.82 2.03 1.42 1.33 1.05 1-03 2.22
Desserts and puddings, soya based 0-01 0-01 0-00 0-01 0-01 0-01 0-01 0-01 0-00
Other milk products 0-03 0-04 0-04 0-06 0-04 0-03 0-03 0-03 0-06
Fat and oil 7-73 8-36 8-04 10-99 7-92 6-66 7-83 7-03 3-83
Margarine and lipids of mixed origins 2-33 10 1-49 1-49 1.34 1-69 1.52 2.78 10 241 10 0-63
Butter and animal fats 5-40 5 6-87 5 6-55 6 9-65 5 6-23 5 5-14 5 5.05 6 4.62 6 3-20 9
Meat, fish, eggs, meat alternative 28.74 23.22 12.93 12.78 28:12 2772 33.43 34.01 48.87
Meat 23-69 1 19-84 1 7-81 4 10-11 4 24-36 1 24.91 1 2814 1 28-56 1 31.98 1
Fish products 1.49 119 4-11 8 1.54 1.05 0-69 1-14 0-95 4.75 5
Eggs 1.82 1.54 0-77 0-91 1.91 1.51 1.93 2.01 1200 3
Meat substitutes and vegetarian products 0-17 0-10 0-06 0-07 0-13 0-08 0-13 0-14 0-06
Nuts and seeds 1.43 0-47 0-14 0-11 0-56 0-44 1.97 2.22 0-00
Pulses 0-14 0-08 0-04 0-04 0-11 0-09 012 0-13 0-08
Low-nutrient, energy-dense foods 29-11 31.33 40-46 30-05 28-39 36-06 27-30 27.77 19-11
Cakes, pies, biscuits 12.76 2 14.47 2 20-01 1 18-29 1 12-86 2 12.03 3 12.16 2 11.28 2 12.20 2
Savoury snacks 1.99 1-11 2:25 0-41 1.38 0-89 0-62 0-63 0-07
Sugar, honey, jam and syrup 0-22 0-30 0-29 0-43 0-27 0-22 0-18 0-17 0-13
Confectionery, non-chocolate 0-20 0-10 0-18 0-07 0-09 0-11 0-32 0-36 0-02
Chocolate 6-34 4 774 4 1.63 1.86 6-81 4 17-31 2 6-34 4 719 3 0-68
Sauces 5.06 6 5.05 7 13-39 2 6-02 6 4.47 7 3-32 8 5.08 5 5.48 5 3-35 8
Creams 0-43 0-59 0-68 0-87 0-52 0-42 0-36 0-34 0-47
Miscellaneous 211 1.97 2.03 2-10 1.99 1.76 2:24 2.32 219
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Table 3. Continued

PUFA Total n-6 LA AA Total n-3 ALA EPA DPA DHA
PUFA PUFA
Food group % R % R % R % R % R % R % R % R % R
Beverages 281 2-69 2-69 270 348 3.97 1.40 1.12 1.21
Water 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
Coffee and tea 0-14 0-12 0-12 0-00 0-24 0-29 0-00 0-00 0-00
Fruit and vegetable juices 1-18 1.08 112 0-00 1.74 212 0-00 0.-00 0-00
Carbonated, soft, isotonic drinks 0-18 017 0-18 0-00 0-25 0-30 0-00 0-00 0-00
Alcoholic beverages 0-01 0-01 0-01 0-01 0-01 0-02 0-00 0-00 0-01
Soups and bouillons 1.30 1.31 1.26 2-69 6 1.24 1.24 1-40 4 112 3 1.20 7
Bread and cereals 7-54 7-92 7-78 13-00 5-40 6-24 1.38 0-93 1.84
Bread and rolls 5.88 5 6-11 5 591 5 12.73 3 4-60 7 5-33 6 1.18 6 0-85 6 1-49 6
Breakfast cereals 1.09 1.22 1.27 0-05 0-34 0-41 0-00 0-00 0-00
Flour 0-57 0-59 0-60 0-22 0-46 0-50 0-20 9 0-08 0-35
Potatoes and grains 10-03 10-42 10-75 1.68 7-87 9-34 0-80 0-86 1.49
Rice and other grains 1.29 1.36 1.39 0-58 0-90 0-88 0-69 8 0-86 5 1-10 9
Starchy roots, potatoes 5.32 6 5.38 6 5.57 6 0-23 5.01 5 6-11 4 0-08 0-00 0-08 o]
Pasta 342 8 368 8 379 8 0-87 10 1.96 2.35 0-03 0.-00 0-31 =
Vegetables and fruits 4.76 4.45 4.58 1-46 6-47 7-50 1-80 0-97 1.99 f;
Vegetables 3-00 2-84 2-90 1-39 8 3-89 10 4.39 9 1-66 3 0-88 4 1.80 5 (C:_
Fruits 1.57 1.41 1.47 0-00 2.46 300 0-00 0-00 0-01 -
Olives and avocados 0-19 0-20 0-21 0-07 0-12 0-11 0-14 0-09 0-18 E»
Dairy and soya products 6-39 5.54 5.72 0.97 11.16 13-44 0-19 0-23 1.35 -3
White milk and buttermilk 1.44 1.14 1.18 0-15 306 370 10 0-01 0-01 0-26 o
Yogurt and fromage blanc 0-37 0-29 0-30 0-00 0-83 1.01 0-00 0-00 0-00 a
Milk and yogurt beverages 0-44 0-38 0-39 0-01 0-80 0.97 0.04 0-01 0-04 =
Soya beverages 1-31 1.39 1.44 0-00 0-89 1.09 0-00 0-00 0-00 A
Cheese 2.28 1.85 191 0-38 4-68 6 5.68 5 0-14 0-21 9 0-23 %
Desserts and puddings, milk based 0-51 0.45 0-46 0-42 0-86 0-94 0-00 0.00 0-80 10 §
Desserts and puddings, soya based 0-03 0-03 0-03 0-00 0-02 0.02 0-00 0-00 0-00 E
Other milk products 0-01 0-01 0-01 0-01 0-02 0-03 0-00 0-00 0-02 8
Fat and oil 7-41 7.57 7-85 0-16 6-57 7-99 0-10 0-06 0-21 &
Margarine and lipids of mixed origins 4.29 7 4.61 7 4.78 7 0-06 2.54 3-09 0-01 0-00 0-07
Butter and animal fats 312 10 2.96 10 3-07 10 0-10 4-03 8 4.90 7 0-09 0-06 0-14
Meat, fish, eggs, meat alternatives 32-81 32-63 31-68 54.16 33.78 21.51 92-34 94.93 85-82
Meat 24.34 1 25-30 1 24.38 1 46-17 1 19.02 1 16-11 1 27-80 2 58.42 1 30-81 2
Fish products 2.77 1-40 1.26 4-49 4 10-31 2 0-85 64-33 1 36-36 2 48.58 1
Eggs 1.65 1.48 1.43 331 5 2.61 2.32 0-07 0-13 10 6-38 3
Meat substitutes and vegetarian products 0-52 0-55 0.57 0-03 0-35 0-42 0-01 0-02 0-03
Nuts and seeds 323 9 3-60 9 373 9 0-08 117 1.42 0-08 0-00 0-00
Pulses 0-30 0-30 0-31 0-08 0-32 0-39 0-05 0-00 0-02
Low-nutrient, energy-dense foods 2822 2876 28-94 25.85 25-30 29.98 2.00 0-90 6-08
Cakes, pies, biscuits 9:91 2 9.93 2 9-56 2 2213 2 9.-82 3 11.47 2 0-03 0-25 8 3.95 4
Savoury snacks 6-75 3 6-43 4 6-65 4 0-51 8.57 4 10-48 3 0-00 0-00 0-01
Sugar, honey, jam and syrup 0-12 0-11 0-11 0-04 0-19 0-23 0-00 0-00 0-00
Confectionery, non-chocolate 0-20 0.22 0-23 0-00 0-06 0.08 0-00 0-00 0-00
Chocolate 2.56 288 2.99 0-07 0-77 0-93 0-00 0-00 0-13
Sauces 6-45 4 6-89 3 7-10 3 1-20 9 4.02 9 4-81 8 0-71 7 0-08 0-49
Creams 013 0-10 0-10 0-06 0-27 0-32 0-02 0-02 0-10
Miscellaneous 210 2-20 2-20 1.84 7 1.60 1.66 1.24 5 0-55 7 1.40 8

£97T

R, rank; LA, linoleic acid; AA, arachidonic acid; ALA, a-linolenic acid; DPA, docosapentaenoic acid.
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Table 4. Fatty acid intake of European adolescents (percentage of energy; %E) according to age category and sex
(Geometric means and 95 % confidence intervals)
Boys Girls
Age category (years)... 12.50—< 15-00 (n 455) 15.00—17-50 (n 345) 12.50—< 15.00 (n 518) 15.00—17-50 (n 375)
Mean 95% ClI Mean 95% ClI P~ Mean 95% Cl Mean 95% ClI P*
Total fat (%E) 32.53 3133, 33.78 33:61 32.35, 34.92 0-002 33.73 32.39, 35-13 33-99 32.63, 35-42 NS
SFA (%E) 13-64 13-19, 14-11 13-86 13-39, 14.36 NS 13-86 13-47, 14.27 13-91 13-50, 14-34 NS
Lauric acid (12:0) (%E) 0-66 0-61, 0-71 0-74 0-68, 0-80 <0-001 0-69 0-64, 0-73 075 0-71, 0-81 <0-001 ~
Myristic acid (14:0) (%E) 1.47 1.39, 1.54 149 1.42,1.57 NS 1-50 1.43,1.57 1.54 1.47,1-61 NS =
Palmitic acid (16:0) (%E) 6-76 6-53, 7-01 6-87 6-63, 7-12 NS 6-91 6-67, 7-17 6-87 6-62, 7-13 NS é
Stearic acid (18:0) (%E) 3-06 2.91, 3.22 3.08 2.87, 3-19 NS 3.07 2.95, 3-21 3.01 2.89, 3-14 NS 2
MUFA (%E) 11.97 11.23, 12.76 12.27 11.51, 13.09 NS 12-41 11.52, 13-37 12-49 11-60, 13-46 NS §
OA (18:1n-9) (%E) 10-42 9.76, 11-13 10-72 10-04, 11-45 NS 10-82 10-00, 11-71 10-93 10-10, 11-83 NS Q
PUFA (%E) 4.23 3.98, 4.50 4.58 4.30, 4-87 <0-001 4.73 4.49, 4.99 4.83 4.58, 5-10 NS N
Total n-6 PUFA (%E) 3.57 3-36, 3-79 3.87 3:65, 412 <0-001 4.01 3-81, 4.23 4.09 3-88, 4-31 NS =
LA (18:2n-6) (%E) 343 3:23, 3-64 3.74 351, 3.98 <0-001 3.88 3.68, 4-09 3-96 3.76, 4-18 NS
AA (20:4n-6) (%E) 0-11 0-09, 0-13 0-10 0-09, 0-12 NS 0-11 0-09, 0-13 0-10 0-08, 0-12 <0-001
Total n-3 PUFA (%E) 0-62 0-57, 0-67 0-65 0-60, 0-71 0-001 0-68 0-63, 0-74 0-70 0-64, 0-76 NS
ALA (18:3n-3) (%E) 0-52 0-47, 0-57 0-57 0-52, 0-62 <0-001 0-56 0-51, 0-62 0-58 0-53, 0-64 NS
EPA (20:5n-3) (%E) 0-02 0.02, 0-02 0-02 0.-01, 0-02 NS 0-02 0-02, 0-03 0-02 0-02, 0-03 NS
DPA (22:5n-3) (%E) 0-01 0-01, 0-01 0-00 0-00, 0-01 0-001 0-00 0-00, 0-01 0-00 0-00, 0-00 NS
DHA (22:6n-3) (%E) 0-05 0-04, 0-06 0-04 0-03, 0-05 NS 0-06 0-04, 0-07 0-05 0-04, 0-07 NS
Cholesterol (mg/1000 kcal)t 150-86 135-08, 168-48 147.51 132.03, 164-82 NS 155.54 138-86, 174.22 146-33 130-60, 163-95 <0-001

OA, oleic acid; LA, linoleic acid; AA, arachidonic acid; ALA, a-linolenic acid; DPA, docosapentaenoic acid.
* Comparison of geometric means between age groups within sex, assessed with a multilevel analysis corrected for study centre, including physical activity as an independent variable (NS, P>0-003).
11000 kcal = 4184 kJ.
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observed in the older age group. The %E intake of lauric acid
was significantly higher in the oldest age group of both boys
and girls (P<0-00D).

Besides the differences between age groups, a higher physi-
cal activity was associated with a significant lower intake of
total fat (B —0-000015; P<0-001), total SFA (B —0-000016;
P=0:001), total MUFA (B —0-000018; P<0-001), oleic acid
(B —0000018; P<0-001), palmitic acid (B —0-000016;
P<0-:001) and stearic acid (B —0-:000017; P=0-002) in the
male population, whilst in girls no significant contribution of
physical activity to the variance in FA intake was observed
(data not shown).

Furthermore, no significant associations were found
between FA intake and the other determinants (BMI, body
fat percentage, socio-economic status and sexual maturation)
after correction for age, sex and physical activity and appli-
cation of the Bonferroni correction (data not shown).

Discussion

In accordance with previous studies, high mean intakes of total
fat and SFA and low mean intakes of MUFA and PUFA were
observed adolescent study popu-
lation” ~101942740) - Across Europe, mean total fat intakes of
25:5-442%E have been recorded, with generally higher
intakes in the Southern countries and lower intakes in the
Northern countries!”. In the present study, the usual daily
PUFA:SFA ratio was 0-33 in boys and 0-36 in girls. Only few
studies report this ratio, making comparison difficult. If ratios
were calculated from the provided means of PUFA and SFA,
often higher ratios have been observed in the female popu-
lation”® whilst Samuelson er al. reported higher ratios in the
male population®. Much higher PUFA:SFA ratios (exceeding
0-5) have been recorded in the USA and Mexico“*® The pro-
portion of 72-6 PUFA:n-3 PUFA intake in the present study popu-
lation was about 6:1 and the proportion of LA:ALA was about
7:1. These ratios were much lower than generally reported in
799 and in Mexico™®, but still much
higher than the ratio of 7-6:1-3 of 0-8 which would seem opti-
mal from an evolutionary point of view*”. However, due to
unconvincing evidence and conceptual limitation, the FAO
judged that there is no rationale for setting a recommendation
for the 7-6:71-3 or LA:ALA ratio™”. Also the meaning and useful-
ness of ratios has been questioned previously because ratios can
disguise extremely low or high intakes®”. Instead it was
recommended by the UK Food Standards Agency to focus on
the effects of absolute amounts of individual 72-6 and 7-3 FA®Y.

Compared with the recently published recommendations of
the FAO for fats and FA intake, the present results suggested
that about half of the European adolescents met the rec-
ommended intake for total fat, but for about 39 % of the ado-
lescents total fat intake was too high. According to our data,
3:6% of the study population had a usual fat intake of less
than 25%E, which could render this group prone to have an
inadequate consumption of fat-soluble vitamins®. A slightly
higher intake of total fat was observed in the female popu-
lation due to a higher intake of MUFA and PUFA in compari-
son with boys. However, mean PUFA intake did not meet

in our European

Western countries

the recommendation for either sex. Differences in intake pat-
tern between the sexes disappeared with older age except for
PUFA intake, which continued to be higher in the female
population. A high proportion (35:5%) of the adolescents
did not meet the minimum intake value for ALA (>0-5%E).
ALA is, however, indispensable since man cannot synthesise
it and major deficiencies of this essential 7-3 FA can result in
skin changes, abnormal visual function and peripheral neuro-
pathy®?. This indicates the need to further stress the import-
ance of a sufficient intake of this essential FA.

Similar to other studies"$1? , almost all adolescents (998 %)
exceeded the FAO recommendation of 8 %E for SFA intake.
Even if the old recommendation of =10%E is used, only
44% of the population was in compliance with the guideline.
It is generally accepted that an excessive intake of SFA results
in long-term health complications. However, as discussed in
the ‘Great Fat Debate’, the proportion of energy from saturated
fat has little effect on disease risk when the replacement nutri-
ent is not speciﬁed(12’15’1653’54)‘ Replacing SFA by PUFA has
been shown to reduce the risk on CVD, but replacement by
carbohydrates is unlikely to have any major effect on CVD
risk, whilst replacement with highly refined carbohydrates
may increase CVD risk"'?. Furthermore, evidence even
suggests a potentially protective effect of saturated fat con-
sumption for stroke risk®>. Also, different SFA have different
effects on plasma lipid levels and risk of CVDY®. As such,
myristic acid appears to raise total cholesterol in a more
potent way than lauric acid and even more than palmitic

acid, whilst stearic acid has no cholesterol-raising effect"" .

In the present study sample, as well as in others“™**” the
intake of palmitic and stearic acids accounted for more than
70% of the total SFA intake, making it questionable whether
these intakes might be tolerable. However, there are still insuf-
ficient data on the long-term health effects and usual intake of
these individual FA to establish guidelines for these nutrients.

Comparison of the main contributors of food groups to
nutrient intake is difficult because food groupings often
differ. However, the top three contributors to total fat, SFA,
MUFA and PUFA intake were meat, dairy products, and
cakes, pies and biscuits, which is in agreement with other
studies” 4 In contrast to the present results, Joyce et al”
reported a higher contribution of whole milk than of cheese.
The higher contribution of meat in boys compared with girls
has also been reported previously(%). As described by
GAL4D the main source of EPA and DHA came from
fish intake, followed by meat. In contrast to previous assump-
tions™°%57 the present results showed that DPA intake was

primarily provided by meat. This has also been reported by
(8,47

others

others
rate of meat compared with fish.

Only a few studies have investigated the influence of non-
dietary factors on FA intake. The main determinants of FA
intake in the present study population were age and sex.

and is most probably due to the high consumption

Chronological age was a stronger determinant of FA intake
than sexual maturation. In the male population, fat and FA
intake were also inversely related to their level of physical
activity. Measures of body composition were not related to
the usual fat and FA intake, and no differences in fat intake
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as a function of socio-economic status, assessed by the
educational level of the mother, were observed. In contrast,
Joyce et al” found that adolescents whose parents had sec-
ondary education had significantly higher %E from MUFA
than those whose parents had tertiary education. Furthermore,
some studies showed an influence of a rural compared with
an urban lifestyle”>®. This could not be evaluated in the pre-
sent study as our total population was sampled from urban
schools. In the present study, boys had a significantly lower
intake of %E from total PUFA than girls, which has also
been described by Joyce et al.”” for Irish children and adoles-
cents. In contrast to our findings, Samuelson et al. found a
significantly higher %E intake from PUFA and LA, and
higher, although not significantly, intake of total fat, SFA and
MUFA in 15-year-old boys compared with age-matched

“2 These results were, however, based on a small

girls
sample size (forty-two and fifty-one, respectively). A signifi-
cantly higher intake of LA was also found for boys in a
group of 1117 American adolescents*®. Furthermore, in the
present study, girls had a significantly higher intake of the
n-3 precursor ALA and of long-chain-PUFA (EPA and DHA),
when expressed in %E; this difference has not been found
by others“***®_ In boys aged 15-17'5 years compared with
boys aged 12:5-14-9 years, a higher intake in %E from total
fat and PUFA was found. Other studies, on the contrary,
have shown a tendency of decreasing intakes of these FA
with increasing age in Irish and German adolescents”*>,
In addition, older boys had a higher intake of the essential FA
(LA and ALA) and lauric acid and a lower intake of the n-3
long-chain-PUFA. In summary, girls showed a more beneficial
FA intake pattern; however, differences between boys and
girls became less apparent or disappeared with increasing age.

Strengths and limitations

Being part of a multicentre European study, data were col-
lected in a standardised way, following strict procedures.
The analyses were performed on a group of adolescents of
different ethnicities, with data available on anthropometrics,
lifestyle factors and socio-economic status. The adolescents
were randomly selected in ten European cities. Based on the
HELENA key variables, no signs of selection bias were ident-
ified between participants and non-participants within these
cities (L Béghin, I Huybrechts, G Vicente-Rodriguez, S De
Henauw, F Gottrand, M Gonzilez-Gross, J Dallongeville,
M Sjostrom, C Leclercq, S Dietrich, M Castillo, M Plada, D
Molnar, M Kersting, CC Gilbert and LA Moreno, unpublished
results); thus, the study sample seems to be representative
for an urban European adolescent population. However, the
selection of the cities was done in a convenient way, based
on geographical distribution and the presence of an active
research group. This selection was representative of the aver-
age level of demography, cultural, social and economic mar-
kers. The towns were equivalent and comparable between
countries and their size was sufficiently large to ensure diver-
sity. Still, as in all epidemiological studies, selection bias is dif-
ficult to identify and therefore cannot be ruled out.

A number of validation studies have shown that misreporting
is a major problem in dietary surveys of adolescents. Following
recommendations of the European Food Consumption Survey
method (EFCOSUM), 24h recalls were preferred because
these are open-ended questionnaires in which detailed infor-
mation can be obtained. A limitation of the method used is
that only information of 2d was obtained. As such, the dietary
intake is prone to exceptional intakes. The 24 h dietary recall
method does not allow quantifying proportions of non-consu-
mers for particular food items, especially for infrequently con-
sumed foods. To decrease this influence, days of assessment
were randomly selected and nutrient intakes were corrected
for within-individual variability by applying the MSM method.
As only nutrient intakes were studied and not food intake, the
influence of non-consumption days of certain food items (for
example, fish) was attenuated. Still, as fish is a major contributor
of EPA and DHA, an underestimation cannot be ruled out. How-
ever, the present study aimed to assess the mean FA intake in
the total population and not the exact intake for each individ-
ual. Due to the high number of participants, variations by
chance in individuals’ long-chain-PUFA intake were attenuated.
Furthermore, the obtained mean intake results are in line with
the literature™®4149

Another limitation of the 24 h recalls is that data collection
relies on the individual’s ability to remember foods and bev-
erages consumed in the past 24 h; accuracy might therefore
be biased towards under-reporting. In this respect, the 24 h
dietary recalls were performed through computer-assisted
HELENA Dietary Assessment Tool software to standardise
the recall procedures as much as possible. Moreover, there
is a potential loss of dietary information from mixed dishes,
as food ingredients were sometimes counted from mixed
dishes. Also, some information on food intake is less detailed,
as adolescents are not acquainted with the applied food prep-
aration methods and thereby used cooking fats. As such, aver-
age values and types of cooking fats used were estimated
according to the countries’ habitual preparation methods.

The same food composition table for conversion of food
intake data to estimated nutrient intakes was used for all
survey centres. In this way, differences in definitions, analyti-
cal methods, units and modes of expression were overcome.
In this regard, the German food composition tables (BLS)
were chosen. The BLS is based on German, American, English,
Swedish, Danish and Dutch food composition tables, on ana-
lytical values of food-producing firms, publications and
research results of the federal research centres and univer-
sities®. The BLS includes about 11000 raw and cooked
foods and recipes and is widely used in epidemiological
studies. Furthermore, the BLS is one of the tables giving the
most complete coverage of the individual FA“?_ The FA com-
position of foods is based on analysis or estimation. Therefore,
the intake of the different FA is only an approximation for a
single individual. However, as stated above, in the present
study, only the mean intake values of FA in the complete
study sample were assessed. Therefore, the impact of poten-
tial errors is minimised due to the high number of study
participants.
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It is noteworthy that the linking between the food consump-
tion data and the BLS was done on the level of complex foods
instead of their ingredients for some particular food items or
drinks (for example, coffee or tea with milk). This should be
considered when interpreting the contribution of food items
and drinks to the different FA (for example, part of the contri-
bution of coffee and tea to the FA intakes might come from the
milk that was added to them).

Conclusion

In general, girls showed a more beneficial FA intake pattern
than boys. However, differences between boys and girls
became less apparent or disappeared with increasing age. Fur-
thermore, in boys but not in girls, physical activity appeared to
be a determinant of fat intake. The most important public
health concerns regarding fat intake in this adolescent popu-
lation were the low intake of ALA and the high intake of
SFA, mainly palmitic and stearic acids. This was primarily
seen in the younger-aged boys, where the major contributor
to SFA was meat. Changing meat consumption to fish would
substantially lower the SFA intake. However, at the same
time, meat was also an important dietary source of DPA. As
such, more information on the individual health effects of
the different FA is needed to elucidate their importance and
to set goals for these individual FA.
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