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Estimated energy intake, macronutrient intake and
meal pattern of Flemish adolescents

C Matthysl*, S De Henauw!, C Devos? and G De Backer!

'Department of Public Health, Ghent University, Ghent, Belgium; and *Medical School Service Marialand, Ghent, Belgium

Objective: To describe the energy and macronutrient intake and the meal patterns of Flemish adolescents, aged 13-18y.
Methods: A 7 day estimated food record was administered to the whole sample.

Setting: Secondary schools in the city of Ghent, Belgium.

Subjects: A total of 341 adolescents (13 -18y) selected by a multistage clustered sampling (participation: 72.7%).

Main results: A significant increase with age was observed in total energy intake in adolescent boys (P < 0.01), but not in girls.
The energy distribution over the macronutrients showed no significant difference between boys and girls. On average, 35.7%
(s.d. 4.81%) of energy came from total fat and 15.4% (s.d. 2.46%) from saturated fatty acids; 49.0% (s.d. 5.28%) from total
carbohydrates with 25.1% (s.d. 4.49%) from complex carbohydrates and 23.9% (s.d. 5.86%) from free sugars. The energy
contribution of alcohol in the 16-18 y-old-group was significantly higher as compared with the 13-15y-old-group, for both
boys and girls. Snacks between meals accounted for almost 20% of the total energy intake. Lunch and dinner were characterized
by high total fat content.

Conclusion: These students consumed a diet high in total fat and in saturated fatty acids and also high in mono- and
disaccharides. Observed mean intakes deviate considerably from the Belgian dietary guidelines. A low energy intake at breakfast
was observed, while a higher proportion of energy was derived from snacks.
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Introduction

Adolescence is a particularly unique period in life as it is
characterized by intense physical, psychosocial and cogni-
tive development. From nutritional point of view, this tran-
sition period from childhood to adulthood deserves special
attention in view of the dramatic physical changes of the
body. Increased nutritional needs relate predominantly to
the fact that adolescents gain up to 50% of their adult

*Correspondence: C Matthys, Department of Public Health, Ghent
University, UZ - 2 Blok A, De Pintelaan 185, B-9000 Ghent, Belgium.
E-mail: christophe.matthys@rug.ac.be

Guarantor: C Matthys.

Contributors: CM analysed and interpreted the data and wrote the
initial draft of the manuscript. SDH designed the study, interpreted
the data and assisted in the preparation of the manuscript. CD assisted
in collecting medical data and assisted in the preparation of the
manuscript. GDB designed the study, and assisted in the preparation
of the manuscript.

Received 22 March 2002; revised 14 May 2002;

accepted 16 May 2002

weight, more than 20% of their adult height and 50% of
their adult skeletal mass during this period (World Health
Organization, 1995).

Moreover, there is evidence that an unfavourable nutri-
tional profile—in terms of foods, meals, macronutrients,
micronutrients, non-nutrients, etc—during adolescence, is
related to adverse health outcomes in later adult life.

The EURODIET project (a European effort to enable a
coordinated EU and member state health promotion pro-
gramme on nutrition, diet and healthy lifestyles; Kafatos &
Codrington, 1999) has recently summarized the potentials of
healthy lifestyles, particularly diet, weight control, physical
activity and non-smoking, in the prevention of chronic
diseases. Diet-related lifestyles are considered to be respon-
sible for about 10% of the so-called disability adjusted life
years lost (DALYs) and therefore they also have a consider-
able impact on public health costs.

On the basis of this knowledge, it is clear that monitoring
dietary habits in different subgroups of the general popula-
tion is of great interest for public health. Until now, there has
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been almost no epidemiological data on nutrient intake of
adolescents available in Belgium. The latest Flemish survey,
based on a one day food record, dates from 1978 (Verdonk
et al, 1982) and the latest Walloon survey, based on a food
frequency questionnaire, dates from 1995 (Paulus et al,
2001).

The aim of the present study, therefore, was to estimate
food consumption and nutrient intake in a random sample
of Flemish adolescents aged 13 -18y. In this paper results are
presented on the daily energy and macronutrient intake of
teenagers and on their meal patterns; a comparison is made
with other European studies and with the recommendations
from the National Nutrition Council.

Materials and methods

The present study was part of an international project,
including Ireland, Finland, Germany, Italy and Belgium,
looking at methodological aspects of dietary assessment in
the context of food safety monitoring (Lambe et al, 2000).
For Belgium, the data were analysed in more depth in order
to allow for a cross-sectional description of the dietary habits
in this subgroup of the population (boys and girls aged
13-18y).

The study was carried out between March and May 1997.
Subjects were residents in the region of Ghent, a medium
sized (n=+£225000) city in Flanders, the northern Dutch-
speaking part of Belgium.

A random sample of 13 -18-y-old adolescents was drawn
on the basis of a multistage cluster sampling technique. In a
first step, local schools from both the private and public
school-network were randomly selected. All contacted
schools (n=35) agreed to participate. In a second step, a
stratification according to the learning option ascertained
that all social backgrounds were represented. In Belgium,
students can essentially choose between a ‘classical’ educa-
tion (mainly theoretical courses) or vocational training (in
which 25-75% of the time is focussed on practical skills).
These different educational options were proportionally
represented in the sample.

Finally, classes were randomly selected as final cluster
units. Selection of classes was aimed at establishing a uni-
form distribution of teenagers over the age range 13-18y
in both sexes. All students from the selected classes were
considered eligible for the study.

Information letters were sent to directors, parents and the
adolescents, who were all asked to give their written consent.
The recruitment and the fieldwork were carried out in
collaboration with the local Medical School Services. These
medical services have medical records of all registered stu-
dents on the basis of repeated obligatory medical examina-
tions in the schools.

The described sampling procedure yielded a sample of 656
students, who were officially registered in the 48 sampled
classes. Non-eligible students (n=91) were either on sickness
leave or had moved to other schools, so eventually only 565
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students were considered eligible. Of these, 411 individuals
(72.7%) actually participated.

Dietary assessment was done on the basis of a 7 day
estimated food record method, using a semi-structured
diary. Students were informed about the aim of the study
and were given necessary instructions for accurate comple-
tion of the food diary. Special attention was thereby given
to the issue of estimation of portion sizes of food items
and this was demonstrated with a number of standardized
examples.

In the diaries, days were truncated into six eating occa-
sions, namely breakfast, lunch, dinner and snacks (divided in
morning, afternoon and late-evening snacks). Information
on the type (including brand names) and amount of food
consumed was collected through an open entry format. For
each eating occasion, the time of the day was recorded.

For each day, specific information on the type of fat used
for cooking and frying was collected on a separate sheet,
along with recipes for home-made dishes. Every 2 days, the
diaries were checked for quality and completeness by experi-
enced dieticians. After completion, the diaries were pro-
cessed into food quantities and codes by experienced
dieticians on the basis of a standard protocol, including a
standard manual on food portions and household measures
(Vakgroep Humane Voeding en TNO Voeding, 1997). Food
codes from the Dutch Food Composition Tables (NEVO,
1993) and from the Belgian Food Composition Table from
1992 and 1995 (NUBEL, 1992; NUBEL, 1995) were used.
Calculation of nutrients was done by means of a nutritional
software package developed by the Unilever company in the
Netherlands (Unilever, 1992).

It was decided beforehand that only good quality food
diaries with a full 7 days record would be considered. There-
fore, the food diaries of 70 students had to be excluded from
analysis. Most of the rejected food diaries were excluded on
the basis of incompletely recorded days. Others had very
unrealistic data which could not be corrected in a reliable
way. The standardization of the exclusion procedure was
guaranteed by the fact that the evaluation of the food diaries
was done by the same dietician, who has a long-standing
experience in nutritional epidemiologic fieldwork. Hence,
results are reported for 341 students. Considering the number
of students that were originally invited, the number of full
7 day records represents 60.3% participation.

Average energy intake and nutrient intakes were calcu-
lated as the mean of the 7 day intake period; the same
procedure was followed for the estimation of the meal
specific energy and macronutrient intake. Breakfast can be
defined as the first meal in the morning. Lunch and dinner
can either be cold or hot meals; lunch is a meal in the middle
of the day before 3 pm and dinner is served after 3 pm. The
snacks refer to a summation of the morning, afternoon and
late-evening snacks.

Statistical analysis was done with the SPSS software (SPSS,
1999). Descriptive statistics used means and standard
deviations for continuous data. Tests for normality were
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performed, using a Kolmogorov-Smirnov test. Student’s t-
tests were used to compare the means of the different groups.
Chi-square test was used to compare proportions. A P-value
of <0.05 was taken as threshold for significance.

In this paper, a distinction is made between ‘included
individuals’ and ‘non-included individuals’, referring to,
respectively, full participants and subjects who either refused
or who have been excluded on the basis of quality control
procedures.

Members of the research-unit measured heights and
weights of all ‘included’ subjects. The measurements were
carried out according to the standardized method as
described in WHO, Technical Report Series 854 (World
Health Organization, 1995). Data on measured heights and
weights were completed in the same period (within 1 week)
as the dietary diary. For a random sub-sample of the ‘non-
included’ subjects—respectively 48 boys and 64 girls—
heights and weights were obtained from medical records
from the local School Medical Services. The body mass
index (BMI) was computed as weight (kg) divided by the
square of height (m?). No standard definitions of overweight
or obesity in adolescents are defined in Belgium. Instead, the
internationally accepted age- and sex-specific cut-off points
for body mass index related to overweight and obesity in
children (using dataset specific centiles linked to adult cut-
off points, developed by Cole et al, 2000) were used. The
reference population in this method is based on six large
nationally representative cross-sectional surveys on growth
from Brazil, the UK, Hong Kong, the Netherlands, Singapore
and the United States. Estimates of basal metabolic rate
(BMR) have been derived from standard equations based
on weight, age and sex (Schofield et al, 1985). The formulas
used in this study are shown for males and females aged
10-18y:

male BMR (M]) = 0.0732 x (weight (kg)) +2.72
female BMR (M]) = 0.0510 x (weight (kg)) + 3.12

A comparison of energy intake with estimated BMR can be
used to estimate the number of respondents in a dietary
survey who might be under-reporting their energy intake.
For individuals in a non-dieting population, it is suggested

that a ratio between energy intake and BMR of less than 1.35
(cut-off 1) is unlikely to reflect habitual intake. To detect if
the reported energy intake is a plausible measure of the
actual diet during the measurement period, a second cut-
off value (cut-off 2) was introduced. The derivation of the
cut-off 2 is based on the assumption of energy balance and
takes into account several parameters (Goldberg et al, 1991).
The calculation of cut-off 2 in this study was done under the
following conditions: data on an individual level; 7 days per
subject; estimated values for BMR taken from Schofield
equations and the lower limit of the 95% confidence inter-
val. On the basis of these calculations, the value of the
second cut-off value was 1.1.

On the other hand an instrument to detect the over-
reporters in a dietary survey does not exist.

The study was approved by the Ethical Committee of the
Faculty of Medicine and Health Sciences of the Ghent
University.

Results

The characteristics of the study population are shown in
Table 1. In both boys and girls, the loss of subjects (due to
non-participation or incomplete diary) was significantly
higher in students from vocational education as compared
with students from theoretical education. A similar phenom-
enon was observed for age with higher proportional drop-out
in older age groups as compared with younger age-groups
(this could however not be tested in a formal way because of
missing values, cf. Table 1).

In Table 2, anthropometrical data from the study popula-
tion are compared with the data from a random sub-sample
of the ‘non-included’ subjects. In both boys and girls, weight
was not significantly different between participants and non-
included individuals, whereas height was significantly
higher in non-included boys as compared with participating
boys. The proportion of boys who suffer from overweight
does not differ between the included and the non-included
subjects. In girls, the difference between overweight and
non-overweight subjects is almost 6%, although not signifi-
cant. In Figure 1 the distribution of the ratio of the reported

Table 1 Characteristics of included and non-included subjects by sex: effects of education level and age group

Boys Girls
Included Non-included Included Non-included Total invited

n 129 104 212 120 565
Education type

Theoretical (n (%)) 112 (62%) 68 (38%) 101 (78%) 28 (22%) 309

Vocational (n (%)) 17 (32%) 36 (68%) 111 (55%) 92 (45%) 256
Age groups

13-15y (n) 74 132 89 287 204°

16-18y (n) 55 67% 123 63? 308*

“Birthday data of 24 boys and 29 girls are missing.
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Table 2 Height, weight and overweight of the study population

Boys Girls
Included Non-included Included Non-included
Height (in cm) (s.d.) 174.2 (8.9) 177.6 (7.9)° 165.8 (6.1) 165.6 (6.5)?
Weight (in kg) (s.d.) 60.7 (10.7) 63.6 (10.1)? 59.1 (10.9) 60.7 (10.1)?
Overweight (%) 6.2 6.3 14.4 20.3

Measurements of 48 boys and 64 girls were included in the non-included sub-sample.

energy intake (EI) and estimated BMR and the percentage of
respondents with energy intake/BMR values less than 1.35
and 1.1, respectively, are shown. The average EI/BMR ratio in
boys and girls is, respectively, 1.56 and 1.36. The proportion
of adolescents below cut-off 1 is 19.4% for boys and 46.7%

Boys

16
14 1 % EI/BMR <1.35=19.4 T
-+ I
12

101 % E/BMR<1.1=7.8 ]

Frequency
N

Ll :

81 1,0 1,31 1,56 1,81 2,06 2,31
94 1,19 1,44 1,69 1,94 2,19
EI/BMR
Girls
25
% EUBMR < 1.35 =46.7
20 h M
15 1 % EUBMR < 1.1 =20.3 —
10 1
)
e 57
()
&
P oom i
LS 0 T T T T T T T T T T T T T T T T
Gy % % % S G {o@ 70 %3, ’z, %% e 70, Z 9»06, elo
EI/BMR
Figure 1 Comparison of energy intakes (El) with estimates of basal

metabolic rate (BMR) in adolescent boys and girls. (Based on estimates
by Schofield et al (1985)).

for girls. The percentage of respondents with a EI/BMR ratio
below cut-off 2 is 7.8% for male subjects and 20.3% for
female subjects.

In Table 3, the mean energy intake is shown by sex and
age-group. The mean energy intake in the 13-15-y-old
group was 10.6+2.12 (s.d.) M] for boys and 8.0+1.92M]
for girls, while in the 16-18-y-old group, it was respectively
11.7+£ 2.1 MJ for boys and 8.4+ 2.01 MJ for girls. In both age
groups, the energy intake in boys was significantly higher as
compared with girls (P <0.001). A significant increase in
total energy intake over the age groups was observed in
boys (P<0.01), while in girls no significant differences
were found between the age groups.

Table 3 also shows the mean overall energy contribution
from proteins, carbohydrates, fats and their sub-fractions,
and alcohol. The overall picture of energy contribution from
macronutrients is very similar in boys and girls from both
age groups. Protein contributed on average 14.5% to the
energy intake, fat 36% and carbohydrates 49%. Saturated
fatty acids represented the largest fraction of the total
ingested fat. The energy contribution of alcohol in 16-18-
y-old group was significantly higher as compared to the 13-
15-y-old group, although the contribution of alcohol to the
total energy intake was limited. Except from alcohol, there
were no statistical differences between the two sexes and the
two age-groups, in relative energy contribution from any of
the other macronutrients. Fibre intake is also included in
Table 3; in absolute figures boys had a significant higher
intake than girls in both age groups and the youngest boys
had a significant lower fibre intake than the older ones. In
relative figures (expressed as g/10MJ), female adolescents
had a higher intake than their counterparts. There was
only a significant difference between boys and girls of the
youngest age group.

In Figure 2 the energy contribution of macronutrients is
compared to the Belgian dietary recommendations (Natio-
nale Raad voor de Voeding, 1996). The National Nutrition
Council advises a mean population protein intake of about
10% of the total energy intake. Almost all boys and girls had
a higher intake than 10%. As for total carbohydrates (derived
by the ‘difference’ method), the National Nutrition Council
advises a lower limit of 55% to cover the carbohydrate
requirement of adolescents. Around 20% of the adolescents
had a total carbohydrate intake lower than 45% of the total
energy intake. Only 10.1% of the boys and 11.8% of the girls
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370 Table 3 Mean energy intake (s.d.) (k]), mean intakes (s.d.) of macronutrients (as energy percentage) and fibre (in g/day and g/10 M| per day) by sex

and age group

13-15y 16-18y
Boys Girls P-value Boys Girls P-value P-value, boys® P-value, girls®
Energy 10625 (2120.2) 8030 (1973.8) ** 11744 (2062.4) 8400 (1813.7) ** ** NS
Protein 14.7 (2.05) 15.3 (2.52) NS 14.0 (1.97) 14.6 (2.66) NS NS NS
Carbohydrates, total 49.1 (4.62) 49.1 (5.37) NS 48.3 (5.45) 49.3 (5.54) NS NS NS
Free sugars 24.3 (4.90) 24.3 (4.95) NS 23.3 (6.48) 23.8 (6.69) NS NS NS
Complex CH 24.8 (4.37) 24.8 (4.56) NS 25.0 (4.11) 25.5 (4.69) NS NS NS
Fat, total 36.1 (4.54) 35.5 (5.01) NS 36.3 (4.57) 35.4 (4.95) NS NS NS
SFA 15.7 (2.46) 15.4 (2.67) NS 15.3 (2.53) 15.3 (2.29) NS NS NS
MUFA 14.4 (2.25) 14.1 (2.44) NS 14.8 (2.12) 14.2 (2.57) NS NS NS
PUFA 6.1 (1.59) 5.9 (1.29) NS 6.2 (1.59) 5.9 (1.57) NS NS NS
Alcohol 0.2 (0.40) 0.2 (0.57) NS 1.5 (2.52) 0.7 (1.39) NS ** **
Fibre (in g) 19.0 (5.89) 15.8 (5.22) ** 21.3 (5.73) 15.9 (5.46) ** * NS
Fibre (in g/10 M)) 18.0 (4.83) 20.2 (6.24) * 18.4 (5.14) 19.1 (5.43) NS NS NS

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
?Difference between 13-15- and 16-18-y-old boys.

PDifference between 13-15- and 16-18-y-old girls.

*Significant at the 0.05 level. **Significant at the 0.001 level.

NS, not significant.

[ Boys @ Girls
80% Proteins 80% Total Carbohydrates
’ RDA: RDA:
Y 11.55% o
0% B +10en% 60% - Table 4 Mean overall energy contribution (as energy percentage) from

macronutrients: recommended values as compared with the results of
this study and a Belgian study of 25y ago

40% 40%

20% 20% r Belgian nutritional
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0% | —e=—=mm 0% J .
<10% between10  >15% <45%  betweend5  >=55% Period 1997 1978-1979
and 15 % and 55% Survey method 7 day EDR 1 day EDR
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RDA: n 129 235
60% ul. 30% 0% Energy (kcal) 2653+516.2 3029 +1000 Age-dependent
Energy (%)
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£ = Complex CH 24.9+4.24 271 I.I. 50
oo LML o LEAM £ Fat, total 36.2+4.54 36.7 ul. 30
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PUFA 6.1+1.58 5.0 3-7
PUFA SFA )
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60% g Energy (%)
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<3%  betweend  >7% <=10% between10 >15% SFA 15.4+2.45 21.6 ul. 10
and 7% and 15% MUFA 14.2+£2.51 11.0
PUFA 59+1.46 5.6 3-7

Figure 2 Energy contribution of some macronutrients compared with
the lower and upper limits of the Belgian dietary recommendations. EDR, estimated dietary record; SFA, saturated fatty acids; MUFA,
PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; L.I., lower monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; I.l., lower
limit; u.l., upper limit. limit; u.l., upper limit.
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had a relative carbohydrate contribution higher than 55%.
In more detail, the recommended relative contribution of
complex carbohydrates (combination of all polysaccharides)
amounts at least 50%. Only 12.4% of the boys and 15.1% of
the girls had a relative contribution higher than 30%. Con-
cerning total fat intake, a maximum limit of 30% is recom-
mended. More than 90% of the participants had a relative fat
intake higher than 30%. About 20% of both sexes even had
an intake of more than 40% of the total energy. About 79%
of the boys and 72% of the girls fell within the recom-
mended range for polyunsaturated fatty acids (PUFA)
intake (3-7%). The saturated fatty acid (SFA) intake is

B Lunch

[ Breakfast

- > > >
2 2 2 @
5 o s o
g 2 2 £
b (4] a 0]
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Figure 3 Mean proportional contribution from individual meals to the total intake of selected nutrients and to total energy intake by sex and age group.
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recommended to be less than 10% of the total energy
intake. Only 1.5% of the boys and girls met this advice.
More than 50% of the boys and the girls had an SFA intake
higher than 15% of the total energy intake.

In Table 4 data from this study are compared with results
from a similar survey in Flemish adolescents (Verdonk et al,
1982), carried out almost 25y ago in a region close to Ghent
and with the Belgian dietary recommendations (Nationale
Raad voor de Voeding, 1996). The major differences can be
summarized as follows: the mean energy intake is lower
today than 25y ago; the mean relative contribution of
carbohydrates has remained constant, although the mean

] Dinner ] Snacks
Proteins
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relative intake of free sugars has increased; the mean relative
contribution of proteins has increased. The decrease in mean
relative saturated fatty acids intake between 1978 and 1997
was apparently compensated for by an increase in the mean
relative unsaturated fatty acid intake, resulting in a steady-
state situation in the total fat intake. On the whole, the energy
intake and the macronutrient profile in the present study are
more in accordance with the Belgian dietary guidelines.

Figure 3 shows the mean proportional contribution from
individual meals to the total intake of selected nutrients and
to total energy intake. On average between 15 and 16% of
the total energy intake comes from breakfast and about 32%
comes from lunch; dinner represents on average 30.5%. The
contribution of snacks varies between 20 and 24%. For most
nutrients shown in these figures, the contribution from the
different meals shows roughly the same pattern as the
proportional energy contribution from these respective
meals. An outlying observation concerns the very high
supply of total carbohydrates and especially of free sugars
from snacks (on average 42% of the total intake of free sugars
vs about 22% energy from snacks), resulting in a relatively
lower supply of fat and protein from snacks. Compared with
the boys, girls obtain proportionally more energy from
snacks; this pattern is representative for all nutrients.
Figure 3 also indicates an increasing contribution of free
sugars from snacks with age, at least among boys, but there
were no significant differences. The contribution of breakfast
to the total intake of nutrients and to the total intake of
energy decreases with age (13-15 vs 16-18-y-old).

Discussion

On the basis of the random sampling procedure and the
reasonably high participation rate, the results in the present
study can be considered representative for 13 - 18-y-old ado-
lescents living in the region of Ghent. In both boys and girls,
the participation rate among the vocational students was
significantly lower than the participation rate of theoretical
students (Table 1). It is not clear in what way this may have
affected the results of the study. However, the anthropome-
trical data suggest a very small difference, if any, between the
included and non-included subjects in overall nutritional
status (Table 2).

In the present study a 7 day estimated dietary record was
chosen because of the high respondent burden and time-
consuming characteristic of weighed dietary food records.
Estimated records are less accurate than weighed records of
individuals’ diets, but they have the same order of accuracy
when ranking subjects into thirds or fifths (Bingham et al,
1988). On the other hand some validation studies express
doubts about the use of a 7 day diet record as the method of
choice for assessing total energy and nutrient intake in
adolescents. The results of three studies (Bandini et al,
1990; Bratteby et al, 1998; Livingstone et al, 1992) indicate
that the energy intake of adolescents is underestimated by
~20% by the diet record method. The most common reason
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for the observed bias in self-reported dietary intake methods
is that the procedure is regarded as a burden, which probably
promotes under-reporting of dietary intake (Bratteby et al,
1998). To avoid the issue of under-reporting, Goldberg, Black
and colleagues (Black et al, 1991; Goldberg et al, 1991)
developed a tool to detect the under-reporters. They calcu-
lated cut-off values based on the ratio of mean reported
energy intake and basal metabolic rate, as estimated from
weight and height using equations (Schofield et al, 1985),
with the WHO recommended physical activity level for light
activity (World Health Organization, 1985). Following the
most specific method (cut-off 2) 15.5% of the study popula-
tion, 7.8% of the boys and 20.3% of the girls, could be
classified as probable under-reporters. Nevertheless the
authors did not reject those subjects for the following
reasons. Firstly, in the assumption that over-reporting is
also present in the results, exclusion of the presumed
under-reporters can bias the results as well (Black et al,
1991). An upper cut-off value exists but was derived rather
arbitrarily (Livingstone et al, 1992) and was not used in this
survey. Secondly, the calculation of the specific cut-off value
requires specific information about the physical activity level
of children or adolescents, which is not available in this
study. In a recent study Black (2000) reports that, to identify
diet reports of poor validity using the Goldberg cut-off, it is
desirable to measure energy expenditure by doubly labelled
water, heart rate monitoring or activity diary, and to make a
direct comparison of energy intake and energy expenditure,
thus avoiding the limitations of the cut-off value. Thirdly, it
has been suggested that low energy reporting may be just as
common amongst those with plausible energy intakes as
amongst those classically defined as under-reporters
(Macdiarmid & Blundell, 1997), so that selectively excluding
only those with implausible energy intakes could bias the
results. Fourthly, the cut-off values are only appropriate for
individuals who are in energy balance. Horwath (1991)
reported that 13% of the investigated population, young
female students, followed a weight-reduction diet at the
time they were recording the diets. It is likely that at any
time a proportion of the subjects will be dieting, and
may therefore provide diet records, which reflect their
under-eating.

The sampling period was limited to 3 months, therefore it
is not possible to describe seasonal effects.

The research team used the same method to recruit the
study population as in a previous study (de Henauw et al,
1997), namely a multistage cluster sampling. A random
sampling at the individual level would have been methodo-
logically better, although the authors do not have arguments
to assume that the procedure used in this study would
introduce any measurable selection bias. The used dietary
assessment method allows to characterize the study popula-
tion reliable in terms of group means (which are used in all
the tables).

Comparisons in dietary patterns of adolescents with other
European countries have to be interpreted with caution



as survey methods and populations can vary. Apparently,
substantial variability in mean total energy intake can be
observed across Europe. Swedish boys seem to have the
lowest energy intakes (mean 10.2MJ; Samuelson et al,
1996). Average intakes reported in some other Western
European countries are as follows: Belgium 11.1M] (this
study), France 12.1M] (Hercberg et al, 1991), Germany
10.9M] (Kersting et al, 1998) and England 11.4 MJ (Crawley,
1993). Differences in energy intake also seem to be accom-
panied by differences in the proportional distribution of the
macronutrients. Swedish adolescents have a relatively low fat
intake (Samuelson et al, 1996). Bergstrom et al (1993) reports
that the decrease in fat intake among Swedish teenagers is
mainly due to a shift to low energy spreads on bread and a
lower intake of fat from dairy products, at the same time as
cereal consumption is increasing.

Differences are also observed in the qualitative fat intake.
In Spanish adolescents (Cruz, 2000) a dietary pattern rich in
total fat (around 40% of the energy intake) is observed with a
majority of monounsaturated fatty acids (around 18% of the
energy intake). Meanwhile, the total fat contribution of
Swedish adolescents (Bergstrom et al, 1993) accounts on
average for 33% of the energy intake with a majority of
saturated fatty acids (around 15% of the energy intake). The
mean percentage of energy provided by total fat by Spanish
adolescents is higher than in Belgium and Sweden, but the
proportion of saturated fat is below the Flemish and Swedish
value.

The energy contribution of proteins of German (Kersting
et al, 1998) and British (Crawley, 1993) boys and girls is lower
than their Belgian counterparts, on average 12.5 vs 14.6%,
while the contribution of fat is higher than in the Belgian
population, around 40 vs 36%.

In Belgium, regional differences between a Walloon
survey (Paulus et al, 2001) and the present study (Flanders)
can be identified. Their comparison suggests that the energy
intake is higher in the Walloon part than in the Flemish part
of Belgium, respectively +14.65 vs +10.88 M] for boys and
+10.46 vs £8.37M] for girls. A lower relative contribution
of proteins (about 2 E%) was observed in Wallonia, while the
relative contribution of total carbohydrates is comparable.
The proportional total fat intake was higher (on average
2E%) in Wallonia than in Flanders, in both male and
female adolescents. Comparing the fatty acids, a higher
saturated fatty acid intake and a lower intake of unsaturated
fatty acids could be noticed in Wallonia. Although the
dissimilar methodologies in each survey (FFQ vs 7 day food
record), the differences are in line with results from a nation-
wide nutritional survey at the beginning of the eighties
(Kornitzer & Bara, 1989), in which differences were observed
between the north (Flanders) and the south (Wallonia):
saturated fatty acids intake as well as nutritional cholesterol
intake was higher in the south, whereas polyunsaturated
fatty acids intake was higher in the north.

Comparing the results of this study with the current
Belgian nutrient recommendations (Nationale Raad voor de
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Voeding, 1996) some important differences could be noted,
although the overall energy intake seems to be adequate for
both boys and girls. In both male and female adolescents,
energy supply from proteins is on average 4 E% higher than
the population recommended intake, while the relative
contribution of carbohydrates is low, especially the intake
of complex carbohydrates. In contrast, the mean intake of
free sugars is proportionally very high and the relative fat
intake is above the recommended intake, especially the
saturated fatty acids.

The free sugars enter the diet through food items mostly
of poor nutritional value, like sweets, sugar-sweetened drinks
and cakes. These food items represent 50% of the intake of
free sugars (data not shown). These poor nutritional food
items (low nutrient density) are a source of concern. First,
they have a high energy content, through free sugars, with-
out providing essential nutrients and, according to a recent
study (Ludwig et al, 2001), these kind of food items, espe-
cially sugar-sweetened drinks, are associated with obesity in
children. A second source of concern is that adolescents have
a more and more sedentary lifestyle (Deheeger et al, 1997), so
less energy intake is necessary. A combination of high intake
of these poor nutritional foods and lower energy require-
ments could lead to a low intake of essential micronutrients
and increased risk of obesity.

Due to a lack of specific Belgian recommendations on
fibre intake, an American recommendation is used, the ‘age
plus 5—plus 10’ rule (Williams, 1995). This rule reports that
the actual total fibre intake should be between the age of the
child plus 5 and the age plus 10, expressed in grams per day.
Almost 50% of the boys had an intake lower than the
recommended amount, while about 75% of the girls were
below the lowest threshold. This is in line with the low
intake of fruits and vegetables by adolescents (data not
shown).

On the basis of the current Belgian dietary guidelines,
total fat intake is considered too high, especially the intake
of saturated fatty acids. Whether a further decrease in total
fat intake is really necessary or could alternatively be
replaced by a shift towards unsaturated fatty acids, is still
under debate in scientific literature (Astrup et al, 2000; Bray
& Popkin, 1998; Willett, 2000).

Some important changes occurred between 1978 (Verdonk
study) and 1997 (this study); in both girls and boys the energy
intake seems to have decreased in time and a shift in the
proportional contribution of the macronutrients is observed.
A more sedentary lifestyle is probably one of the reasons for
the lower energy intake. On the other hand different types of
methodologies and food composition databases could induce
observed differences between the two surveys. A higher
relative contribution of protein (about 2 E%) was noticed in
the 1990s, while the relative contribution of total carbohy-
drates remained constant, although a higher contribution of
free sugars could be identified for both boys and girls. The
increase of availability of some specific food items like sweets
and sugar-sweetened drinks could explain the higher intake
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of simple sugars. The increase in protein intake could be
explained by a rise in available protein sources. The propor-
tional total fat intake was higher in the 1970s in female
adolescents and remained constant in male adolescents. On
the other hand a strong decrease between the 1970s, and the
1990s, of saturated fatty acids could be detected, while mean
MUFA and PUFA intake increased.

Currently there are no Belgian recommendations con-
cerning the distribution of energy intake over the day.
Even in scientific literature it is difficult to find clearly
described definitions of the energy contribution of each
meal. In Sweden recommendations have been developed:
breakfast 20-25% of daily energy intake, lunch and dinner
25-35% and the rest as two to three snacks between meals
(Bergstrom et al, 1993). The meal pattern in the present study
was quite different. A lower energy intake at breakfast was
found while a higher proportion of energy was derived from
snacks. Snacks are often considered to be of lower nutritional
quality than the other meals. This consideration was
reflected in the high free sugar content, but the fat content
was lower compared with lunch and dinner. The same
pattern was established in a Flemish primary schoolchildren
study (de Henauw et al, 1997). Lunch and dinner are very
rich in fat; this indicates that nutritional campaigns
aiming at altering the fat intake should focus on these
meal occasions.

In conclusion, this study shows clearly that the pattern of
macronutrient intake of Flemish adolescents differs from the
current Belgian dietary recommendations. In particular, the
mean intake of fat and free sugars is higher than recom-
mended. Snacks were found to be an important source of free
sugars and saturated fatty acids, while energy intake from
breakfast was on average very low. It can be concluded that
further efforts are needed in order to improve the dietary
habits in young Flemish adolescents.

Acknowledgements

The authors would like to thank the dieticians
Mrs M Bellemans and Mrs M De Maeyer for their important
contribution to the fieldwork and the data input. This work
was financially supported by the National Fund for Scientific
Research (fund no. 31557898), the Kellogg’s Benelux Com-
pany, Unilever Belgium, the Belgian Nutrition Information
Center and the ‘Vlaams Wetenschappelijk Fonds'.

References

Astrup A, Grunwald GK, Melanson EL, Saris WH & Hill JO (2000):
The role of low-fat diets in body weight control: a meta-analysis of
ad libitum dietary intervention studies. Int. J. Obes. Relat. Metab.
Disord. 24, 1545-1552.

Bandini LG, Schoeller DA, Cyr HN & Dietz WH (1990): Validity of
reported energy intake in obese and nonobese adolescents. Am. J.
Clin. Nutr. 52, 421-425.

Bergstrom E, Hernell O & Persson LA (1993): Dietary changes in
Swedish adolescents. Acta Paediatr. 82, 472 -480.

European Journal of Clinical Nutrition

Bingham SA, Nelson M, Paul AA, Haraldsdottir J, Bjorge Loke E &
Van Staveren WA (1988): Methods for data collection at an
individual level. In: Manual on Methodology for Food Consumption
Studies, ed. ME Cameron & WA Van Staveren, pp 53-106. Oxford:
Oxford University Press.

Black AE (2000): The sensitivity and specificity of the Goldberg cut-
off for EI:BMR for identifying diet reports of poor validity. Eur. J.
Clin. Nutr. 54, 395-404.

Black AE, Goldberg GR, Jebb SA, Livingstone MB, Cole T] &
Prentice AM (1991): Critical evaluation of energy intake data
using fundamental principles of energy physiology: 2. Evaluating
the results of published surveys. Eur. J. Clin. Nutr. 45, 583 -599.

Bratteby LE, Sandhagen B, Fan H, Enghardt H & Samuelson G (1998):
Total energy expenditure and physical activity as assessed by the
doubly labeled water method in Swedish adolescents in whom
energy intake was underestimated by 7-d diet records. Am. J. Clin.
Nutr. 67, 905-911.

Bray GA & Popkin BM (1998): Dietary fat intake does affect obesity!
Am. J. Clin. Nutr. 68, 1157-1173.

Cole TJ, Bellizzi MC, Flegal KM & Dietz WH (2000): Establishing a
standard definition for child overweight and obesity worldwide:
international survey. Br. Med. ]. 320, 1240-1243.

Crawley HF (1993): The energy, nutrient and food intakes of teen-
agers aged 16-17 years in Britain. 1. Energy, macronutrients and
non-starch polysaccharides. Br. J. Nutr. 70, 15-26.

Cruz JA (2000): Dietary habits and nutritional status in adolescents
over Europe—Southern Europe. Eur. J. Clin. Nutr. 54(Suppl 1),
$29-S35.

Deheeger M, Rolland-Cachera MF & Fontvieille AM (1997): Physical
activity and body composition in 10 year old French children:
linkages with nutritional intake? Int. . Obes. Relat. Metab. Disord.
21, 372-379.

de Henauw S, Wilms L, Mertens J, Standaert B & De Backer G (1997):
Overall and meal-specific macronutrient intake in Belgian primary
school children. Ann. Nutr. Metab. 41, 89-97.

Goldberg GR, Black AE, Jebb SA, Cole TJ, Murgatroyd PR, Coward WA
& Prentice AM (1991): Critical evaluation of energy intake data
using fundamental principles of energy physiology: 1. Derivation
of cut-off limits to identify under-recording. Eur. J. Clin. Nutr. 45,
569-581.

Hercberg S, Preziosi P, Galan P, Deheeger M & Dupin H (1991):
[Dietary intake in a representative sample of the population of
Val-de Marne: II. Supply of macronutrients]. Rev. Epidemiol. Sante
Publique 39, 233 -244.

Horwath CC (1991): Dietary intake and nutritional status among
university undergraduates. Nutr. Res. 11, 395-404.

Kafatos A & Codrington CA (1999): Nutrition and diet for healthy
lifestyles in Europe: the ‘Eurodiet’ Project. Public Health Nutr. 2,
327-328.

Kersting M, Sichert-Hellert W, Alexy U, Manz F & Schoch G (1998):
Macronutrient intake of 1 to 18 year old German children and
adolescents. Z. Ernahrungswiss. 37, 252-259.

Kornitzer M and Bara L (1989): Differences between north and south
in coronary risk factors, food habits and mortality in Belgium. For
the B.LR.N.H. Study Group. Acta Cardiol. 44, 145-155.

Lambe ], Kearney J, Leclercrq C, Berardi D, Zunft HF Sulzer
S, de Henauw S, De Volder M, Lamberg-Allardt CJ, Karkkainen
MU, Dunne A & Gibney MJ (2000): Enhancing the capacity of
food consumption surveys of short duration to estimate
long-term consumer-only intakes by combination with a
qualitative food frequency questionnaire. Food Addit. Contam. 17,
177-187.

Livingstone MB, Prentice AM, Coward WA, Strain JJ, Black AE,
Davies PS, Stewart CM, McKenna PG & Whitehead RG (1992):
Validation of estimates of energy intake by weighed dietary record
and diet history in children and adolescents. Am. J. Clin. Nutr. 56,
29-35.

Ludwig DS, Peterson KE & Gortmaker SL (2001): Relation between
consumption of sugar-sweetened drinks and childhood obesity: a
prospective, observational analysis. Lancet 357, 505-508.



Macdiarmid JI & Blundell JE (1997): Dietary under-reporting: what
people say about recording their food intake. Eur. J. Clin. Nutr. 51,
199 -200.

Nationale Raad voor de Voeding (1996): Voedingsaanbevelingen voor
Belgié. Brussels: Hoge Gezondheidsraad, Ministerie van Sociale
Zaken, Volksgezondheid en Leefmilieu.

NEVO (1993): NEVO Tabel, Nederlands voedingsstoffenbestand. Zeist:
NEVO.

NUBEL (1992): Belgische Voedingsmiddelentabel. Brussels: Ministerie
van Volksgezondheid.

NUBEL (1995): Belgische Voedinsmiddelentabel, tweede uitgave.
Brussels: Ministerie van Volksgezondheid.

Paulus D, Saint-Remy A & Jeanjean M (2001): Dietary habits during
adolescence —results of the Belgian Adolux Study. Eur. J. Clin.
Nutr. 55, 130-136.

Samuelson G, Bratteby LE, Enghardt H & Hedgren M (1996):
Food habits and energy and nutrient intake in Swedish adolescents
approaching the year 2000. Acta Paediatr. Suppl. 415, 1-19. [Pub-
lished erratum appears in Acta Paediatr. Suppl. 1996; 85(11), 1392.]

Schofield WN, Schofield C & James WPT (1985): Basal metabolic rate.
Hum. Nutr. Clin. Nutr. 39(Suppl 1), 1-96.

Meal pattern of Flemish adolescents
C Matthys et al

e

SPSS (1999): Statistical Package for the Social Sciences, 10th edn.
Chicago, IL: SPSS.

Unilever (1992): Becel Voedingsprogramma. Rotterdam: Nederlandse
Unilever Bedrijven B.V.

Vakgroep Humane Voeding en TNO Voeding (1997): Maten, Gewich-
ten en Codenummers. Wageningen: Vakgroep Humane Voeding.
Verdonk G, Notte-de Ruyter A & Huyghebaert-Deschoolmeester MJ
(1982): Het maaltijdpatroon bij Vlaamse schoolkinderen en ado-

lescenten. Voeding 43, 405-411.

Willett WC (2000): Will high-carbohydrate/low-fat diets reduce the
risk of coronary heart disease?. Proc. Soc. Exp. Biol. Med. 225,
187-190.

Williams CL (1995): Importance of dietary fiber in childhood. J. Am.
Diet. Assoc. 95, 1140-1146, 1149.

World Health Organization (1985): Energy and Protein Requirements.
Technical Report Series 724, Report of a Joint FAO/WHO/UNU
Expert Consultation. Geneva: WHO.

World Health Organization (1995): Physical status: the use and interpre-
tation of anthropometry, Technical Report Series 854. Geneva: WHO.

375

European Journal of Clinical Nutrition



