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Abstract

Purpose We aimed to characterize the distribution of energy and macronutrient intakes across eating occasions (EO) in
European children from preschool to school age.

Methods Data from 3-day weighed food records were collected from children at ages 3, 4, 5, 6 and 8 years from Belgium,
Germany, Italy, Poland and Spain. Food intakes were assigned to EO based on country-specific daytimes for breakfast,
lunch, supper and snacks (morning, afternoon). The average energy and nutrient intakes were expressed as percentage of
total energy intake (%E). Nutrients were additionally expressed as percentage per EO (%Egg). Foods were assigned to food
groups; variation in intake was calculated via coefficient of variation (CV). We analyzed age trends in diurnal intake using
mixed-effects beta regression.

Results The 740 healthy children included in the analysis consumed the largest proportion of daily energy at lunch (31%E + 8,
M + SD) and supper (26%E + 8), followed by breakfast (19%E +7) and snacks [afternoon (16%E + 8); morning (8%E +7)],
with the most variable intake at morning snack (CV =0.9). The nutrient composition at lunch and supper was highest for fat
(36 £ 9%E yen; 39 + 11%Eg,,,) and protein (18 £ 5%Ey ,cp; 18 £ 6%Eg,,,.,) and at breakfast and snacks for carbohydrates
(54 + 12%Eg,caxasts 02 = 12%Eq.«s)- High-sugar content foods were consumed in relatively large proportions at breakfast
and snacks. Food intakes varied significantly with age, with lower snack intakes at later ages (p <0.001).

Conclusion Possibly unhealthy EOs with high-fat intakes and high-sugar-content foods were observed. Changes in nutrient
composition of EOs may be beneficial for health.

Trial registry: ClinicalTrials.gov: NCT00338689; 19/June/2006.

Keywords Children - Chrono-nutrition - Time-varying - Energy - Macronutrients - Dietary pattern
Abbreviations EO  Eating occasion

BMI Body Mass Index TEI  Total energy intake
CV  Coefficient of variation
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Introduction

Chrono-nutrition is an emerging field in nutrition science
which does not only study what is eaten but also takes the
timing, regularity and frequency of eating into account [1].
Research in children and adolescents has focused on break-
fast skipping [2, 3] or late night eating [4, 5] and its possible
health effects.

The diet of young children is markedly influenced by the
family’s eating behaviour [6]. Eating behaviour develops
already during the first and second year of life, particularly
after introduction of complementary feeding, and is likely
to track into mid-childhood and older ages [7]. Infants and
young children typically eat more frequently than older chil-
dren and adults [8]. When children get older, eating occa-
sions (EO) in western countries are usually three main meals
per day (breakfast, lunch and supper) and an additional one-
to-three snacks between main meals. The quantity and com-
position of food as well as the time when food is consumed
varies markedly across countries [9—11]. Furthermore, first
results of studies examining time-varying food intake sug-
gest that dietary intakes at different times of the day might
have differential effects on weight gain [12, 13].

Studies investigating eating behaviour in children have
focused mainly on one [3, 14] or few EOs [15]. In particu-
lar, breakfast consumption and its health consequences have
been studied [16, 17]. Food and nutrient intake at one meal is
affected by the meal and snacks eaten before. Also, how food
intake is distributed within a day may vary with age. Better
understanding of eating habits across the day might con-
tribute to strategies for improving dietary habits and health
in children. Therefore, we aimed to describe the energy and
macronutrient (total fat, carbohydrate and protein) intake at
different EOs over the day in children aged 3 to 8 years in
five European countries. Differences between countries, sex
and age groups and skipping of EOs are analyzed.

Materials and methods
Study design and population

This study used dietary data collected as part of the Euro-
pean Childhood Obesity Project (CHOP) randomized
intervention trial. The intervention examined the effect
of different protein content in infant formula on growth
and later obesity risk [18, 19]; apart from the interven-
tion groups, one-third of all included children were fully
breastfed for at least 3 months of life. Between 2002 and
2004, 1678 infants in Belgium (Li¢ge and Brussels), Ger-
many (Munich and Nuremburg), Italy (Milano), Poland
(Warsaw) and Spain (Tarragona and Reus) were enrolled
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during their first 8 weeks of life (median 2 weeks) and fol-
lowed up until 11 years of age. Only healthy, full-term and
singleton infants were included in the trial. The trial was
conducted in accordance with the Declaration of Helsinki,
approved by the ethical committee from each participat-
ing site, and registered (NCT00338689, clinicaltrials.gov).
Parents provided written informed consent before enrol-
ment. At the age of 8 years, children also provided assent
to further follow-up.

Dietary assessment

Dietary data with predefined EOs were collected at the
ages 3, 4, 5, 6 and 8 years using weighed and estimated
dietary records for three consecutive days (2 weekdays
and 1 weekend day) completed by parents or caretakers.
Food and leftovers were weighed using food scales (Unica
66006; Soehnle, Murrhardt, Germany). In case no weigh-
ing was possible, an atlas of food pictures was used to
support the estimation of portion sizes.

Dietary records were entered in a software specifically
developed and designed for this study. Nutritional products
and their content were primarily based on the German food
composition database BLS 2.3 (Bundeslebensmittelschliis-
sel) and were enriched by information from product labels,
manufacturers or national food databases of participating
countries, if necessary. For analysis, nutritional values of
products were updated to BLS 3.01. Quality checks of col-
lected dietary records were executed by trained dieticians
on several stages following standard operating procedures
[20, 21]; all records were checked by a dietician together
with the parents at each study visit. Foods and bever-
ages reported by parents were assigned to food groups
and summarized to main groups. A list with the types of
foods in each food group are detailed in the Supplementary
Table S1.

Misreporting of energy intake was considered based on
the ratio of reported energy intake and estimated energy
requirements as described in detail elsewhere [22]. Misre-
ports were identified but not excluded as recommended [23].

Eating occasions (EO)

An EO is any event when foods or beverages are consumed.
The term EO is a neutral definition to examine eating pat-
terns including meals and snacks. In this analysis, EOs were
predefined (before data collection) according to typical time
slots and typical foods in each country in 3 meals (breakfast,
lunch and supper) and 3 snacks (morning, afternoon and
evening). All food intakes were then assigned to one of the
six EOs above. Thus, also country-specific distinctions of
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times of EOs on weekends and weekdays were taken into
account.

Skipping of EOs was defined as subjects who have not
eaten an EO throughout all days of a food record. Intake
from subjects skipping an EO was included in the analysis
with zero calories.

Covariates

At each time point, weight and height were measured by
trained study personal. Sex, smoking during pregnancy and
parental education were collected by questionnaire at base-
line. The latter was classified according to the International
Standard Classification of Education [24] into low, medium
and high level of education. Maternal body mass index
[BMI; weight (kg)/height (m?)] was calculated from self-
reported pre-pregnancy weight and from height measured
at baseline. BMI was classified in weight groups according
to the World Health Organisation [25].

Statistical analysis

Subjects with dietary data on at least one out of five time
points (3,4, 5, 6 and 8 years) were included in the analysis as
described previously [18]. The average intake (kcal/day) was
calculated for energy and energy from macronutrients (car-
bohydrate, protein and fat) from the dietary records for each
time point. Each nutrient was expressed either as percentage
contribution towards total daily energy intake (TEL;%E) or
as its percentage contribution towards total energy intake for
each EO (%Egg). The nutrient composition in%Eg, facili-
tated the assessment of nutrient composition at each EO
independent of the amount of energy each EO is contribut-
ing towards TEI. The average intakes for energy and energy
from nutrients were summarized by age and country unless
otherwise indicated.

Data are presented as arithmetic mean (standard devia-
tion) for continuous variables and as counts (%) for cate-
gorical variables. CV (standard deviation/mean) was used
to assess variability independent of size of meal consumed.

Age effects for energy and nutrient intakes were esti-
mated using mixed-effects beta regression which is suitable
to model continuous proportional outcomes with repeated
measurements. Intake from subjects skipping an EO was
transformed according to (Y X (n-1)+0.5)/n, where n is the
sample size and Y energy intake, as recommended [26]. Age
effects for afternoon and morning snacks were combined
to “snacks” due to a higher number of subjects skipping
an EO. Mixed-effects models with a logit link were used
with child-specific random intercept and slope over age.
Age was added as fixed effects either as continuous vari-
able or in case of non-linearity as piecewise linear splines
(energy and fat: splines for lunch with knots at 5 and 6 years;

carbohydrate: splines for lunch with knot at 5 years; protein:
splines for lunch with knot at 4 year and snacks with knot at
5 years). Energy and energy from nutrients for each EO (%
and %E, respectively) were used as outcomes. The models
were adjusted for misreporting, TEIL country and the interac-
tion of TEI and country. The interaction was included as the
increase in TEI over age differed by country. For macronu-
trients TEI was replaced by energy from total carbohydrate
(kcal), total protein (kcal) and total fat (kcal), respectively.
Model specifications were checked graphically by depiction
of residuals. Sensitivity analyses were performed by exclu-
sion of 2.5% of highest and lowest intake for each EO and
energy or energy from nutrients. Regression results were
plotted using predicted values. Sex differences in energy and
nutrient intakes (in %E) at each EO were tested by t-test
with food intakes averaged over age for each subject to
avoid dependent observations. All statistical analysis were
performed by R studio version 4.0.4 [27], and the package
“glmmTMB”, “DHARMa” and “ggeffects” were applied.
Statistical testing was defined as significant for p < 0.05 with
Bonferroni adjustment.

Results

We included 740 healthy subjects (53% girls) with 2563 food
records in this analysis. Subjects participated on average in
3.5 out of 5 time points, whereas 33% of subjects partici-
pated in all 5 time points. 97% of all food protocols were
recorded for 3 days as intended. Most of the subjects were
recruited in Spain (28%), followed by Italy (27%), Poland
(17%), Germany (14%) and Belgium (13%). The average
participation rate was highest in Italy (4 out of 5 visits) and
lowest in Poland (2 out of 5 time points). A third of the chil-
dren belonged to the initial observational breastfed group
and 68% to the intervention group. Half of subject parents
had a medium education level and participation rate at all
5 time points was higher if parents had a medium or high
education level. Maternal pre-pregnancy BMI was classified
as normal-weight in 63% of the mothers, as overweight in
20% and obese in 8% of all mothers. One-third of the moth-
ers smoked during pregnancy. Twenty-four percent of the
subjects were at risk of overweight or obesity with a BMI
z-score above 1, with highest rate at 8 years of age (30% of
subjects). Average EO frequency decreased from 3 to 8 years
from 5.7 EOs to 5.1 EOs per day (excluding EOs consisting
of water or unsweetened tea).

The mean dietary intake for the study population strati-
fied by age group and the total population is described in
Table 1. The average daily energy consumption increased
from 1160 kcal at 3 years to 1547 kcal at 8 years, while
the energy intake per kg body weight decreased consider-
ably, but the contribution of macronutrients to energy were
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Table 1 Mean energy and
macronutrient intake of children
aged 3 to 8 years

Age in years 3(n=570) 4{m=533) 5(”n=489) 6({n=525) 8((n=446) Total (N=740)"
Energy
Kcal/day 1160+£240 1268+235 1343+249 1432+249 1547+288 1340+284
Kcal/kg® 8018 76+ 16 71+15 66+ 14 56+13 70+17
Carbohydrates
g/day 150+46 160+37 172 +49 183 +43 192 +49 170+47
%E* 52+16 51+10 51+13 51+10 50+11 51+12
Protein
g/day 45+12 48+12 50+13 54+13 59+15 51+14
%ES 16+3 15+3 15+3 15+3 15+3 15+3
Fat
g/day 45+12 50+13 53+13 56+14 62+17 53+15
%E° 35+6 35+6 35+6 35+6 36+6 35+6

Values are presented as mean =+ standard deviation.
#740 subjects with 2563 observations in total
®48 subjects had no weight measurements

“Percentage values are based on total energy intake per day

very similar for each age group. The highest average total
energy was consumed in Poland (1449 +239 kcal) followed
by Spain (1403 +293 kcal), Italy (1305 4273 kcal), Bel-
gium (1253 +250 kcal) and Germany (1237 +297 kcal).
The total amount of energy from carbohydrate was

Table 2 Energy and macronutrient intake by eating occasion in per-
centage of daily total energy intake and of total energy intake from
macronutrient with coefficient of variation (CV) in 740 children with

highest in Germany (756 +352 kcal; 61%E) and for protein
(246 + 59 kcal; 18%E) and fat (559 + 149 kcal; 40%E) in
Spain (Supplementary Table 2 and 3). Dietary data were
identified as under-reported in 13% and as over-reported in
12% of all observations. The number of plausible reports was

food protocols (N=2563) at 3, 4, 5, 6, and 8 years of age and from 5
countries (Belgium, Germany, Italy, Poland, and Spain)

Energy Carbohydrates Protein Fat

Mean + SD (%) (6% Mean + SD (%E) (&\% Mean + SD (%E) (&\% Mean +SD (%E) ([&\%
Breakfast 18.9+6.8 0.4 20.3+8.0 0.4 17.7+7.5 0.4 17.9+8.7 0.5
Morning snack 79+74 0.9 9.9+8.8 0.9 53+6.1 1.1 63+7.6 1.2
Lunch 309+8.4 0.3 28.0+9.2 0.3 36.5+10.3 0.3 324+11.1 0.3
Afternoon snack 16.4+7.6 0.5 19.9+8.9 0.4 104+64 0.6 14.3+9.1 0.6
Supper 25.8+8.1 0.3 22.0+8.9 0.4 30.0+10.5 0.4 29.0+11.1 0.4
CV coefficient of variation, SD standard deviation
Fig. 1 Average energy intake Energy

in percentage of total intake per
eating occasion in children fol-
lowed at 3, 4, 5, 6, and 8 years
of age in Belgium (n=97), Ger-
many (n=106), Italy (n=201),
Poland (n=126), and Spain
(n=210). The dashed lines
indicate the mean of each eating
occasion across all countries
(N=1740)

50 4

40 -

Energy intake in %

Breakfast

® Belgium ™ Germany
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highest in Germany with 81% of dietary records. Highest
percentages of over-reporting and under-reporting were seen
in Poland (16% and 11% of dietary records, respectively)
and Spain (14% and 13% of dietary records, respectively).

The relative contribution of energy and energy from
macronutrients at each eating occasion is summarized in
Table 2. Most energy was consumed at lunch, followed by
supper and breakfast. The snack during afternoon provided
more energy than the morning snack. Snack intakes con-
tributed 24% of TEI and, hence, a greater contribution than
breakfast (19%). The highest variation in mean intake (CV)
was seen at morning snacks, especially for protein and fat.

In Fig. 1 the average intake of energy is displayed for
each country. Breakfast (22 +6%) was larger than supper
(19 £6%) in Poland, whereas in Belgium, lunch and sup-
per were consumed with similar size. Morning snack in
Italy was very small (3 £4%), but lunch (35 +8%) and
supper (26 = 7%) were higher than in the other countries.

Overall and country-specific average nutrient distribu-
tion for each EO over age is depicted in Fig. 2. Lunch
and supper were characterized by high intakes of fat
(lunch: 36.3 £9.1%E, ,cp; supper:39.1+ 10.9%Eg ;)
and protein (lunch: 18.1 +5.2%E; ,.,; supper:
17.7+£5.6%Egpper), Whereas breakfast and snacks were
characterized by high proportions of carbohydrates (break-
fast: 53.7 + 11.7%Eg caxfuses SDacCks: 61.9 +12.2%Eg . «o)-
In Spain, carbohydrate intakes were less than in the
other countries, especially at lunch (39%E ), supper
(34%Egypper) and in snacks (55%Eg;,s)- In contrast, in
Spain, more protein-containing foods were consumed
at lunch (21%E_ ), supper (21%Eg,,.,) and snacks
(12%Egp,ks) than in most other countries. Greater amounts
of fat-containing foods were more often consumed in
Spain at all EOs and in Poland at breakfast (37 %Egcxfast)
and lunch (39%E; ;) than in the remaining countries.

The most frequently consumed food groups per EO are
presented in Table 3. Breakfast was characterized by high-
sugar-content products, milk products and cereals; snacks
had similar characteristics, but fruits and beverages were
often additionally consumed. Vegetables, cereals, fats and
meat were typically eaten at lunch and supper.

In Table 4, the frequency of skipping an EO is presented.
Morning snack showed the highest frequency of skipping.
Around 24% of dietary records reported no morning snack.
All other EOs showed only a small number of skipping.

Age trends are shown in Fig. 3. Predicted energy intake
at snacks decreased significantly from 26 to 22% from 3 to
8 years (p <0.001), along with a decreasing carbohydrate
intake (p <0.001). Predicted intake of energy from carbo-
hydrate at lunch increased significantly over time from 24 to
28% (p <0.001), whereas predicted intakes of energy from
protein and fat at breakfast decreased from 19° to 17% and

Carbohydrates
80 o
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Fig.2 Average macronutrient intake as percentage of total energy
intake per eating occasion (%EO) of children followed at 3, 4, 5,
6, and 8 years of age in Belgium (n=97), Germany (n=106), Italy
(n=201), Poland (n=126), and Spain (n=210). The dashed lines
indicate the mean of each eating occasion across all countries

from 19 to 16%, respectively (p <0.001). Numerical data to
all figures are presented in the Supplementary Tables 4, 5, 6
and 7. Sensitivity analyses yielded similar results, except for
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Table 3 Frequency of the five most often consumed food groups as percentage of total food groups at each eating occasion

Breakfast Morning snack Lunch Afternoon snack Supper
Food group %  Food group %  Food group %  Food group %  Food group %
High-sugar-content 31 High-sugar-content 22 Vegetables & vegeta- 17 High-sugar-content 30 Cereals 16
products products ble products products
Milk & milk products 30 Cereals 16 Cereals 16 Milk & milk products 16 Fats 16
Cereals 21 Beverages 14 Fats 16 Beverages 14 Milk & milk products 14
Fats 6 Fruits 14 Meat 11 Cereals 13 Meat 12
Beverages 5 Milk & Milk products 12 Milk & milk products 11 Fruits 11 Vegetables & vegeta- 12
ble products

Food groups and food items are listed in Supplementary online material—Table S1. Data of 2563 dietary records are used from 740 children at
3,4,5, 6, and 8 years of age and from 5 countries (Belgium, Germany, Italy, Poland, and Spain)

Table 4 Frequency of skipping an eating occasion on all record days
based on total number of dietary protocols (Npco1=2563) of all
comprised subjects (N=740) and time points (3 to 8 years)

Nirotocol %
Breakfast 14 0.5
Morning snack 607 23.7
Lunch 3 0.1
Afternoon snack 40 1.6
Supper 3 0.1

energy intake at lunch and supper with significantly higher
intakes at later ages (p <0.0125; data not shown).

Boys and girls differed in energy and energy from macro-
nutrient intakes, with boys over all ages consuming on aver-
age 73.6 kcal more than girls. However, no relative differ-
ence was noticed at each EO (all p > 0.05; data not shown).

Discussion

The time-related distribution of energy and macronutrient
intakes throughout the day of 740 healthy European chil-
dren followed from 3 to 8 years of age showed highest mean
energy intakes at lunch and supper. Breakfast and snacks had
high proportions of carbohydrates, whereas lunch and sup-
per were characterized by high-fat and protein intakes. Food
intakes changed with age, with lower intakes for snacks and
higher intakes for lunch and supper at later ages. No sex dif-
ferences between EOs were observed.

The average energy intake consumed in this study popu-
lation was in line with the recommended intakes (RI) for
energy and nutrients defined by the European Food Safety
Authority [28], except for total fat. For children aged 4 years
and older, a total fat intake of 20-35%E is recommended
[29, 30]. In the current cohort, total fat intake was at the
upper limit or above the recommended range. Fat intakes
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above RI might contribute to a high-energy intake and to
promotion of weight gain and an increased risk of over-
weight and obesity [29]. In this study population, energy
intake from fat was highest during lunch and supper, where
particular opportunities for reducing or changing fat intake
may exist. Especially in Spain, fat %E was above the ref-
erence intake, and correspondently, carbohydrate %E was
at the lower end of the recommended range, which agrees
with result of another study examining Spanish children and
adolescents [31]. The Spanish diet as part of the Mediter-
ranean diet is usually characterized by high total fat intakes
with high consumption of olive oil and a low proportion
of saturated fats [32]. A Mediterranean diet supplemented
with olive oil or nuts was found to be beneficial for health
[33], and thus, the high fat intake Spanish children may not
be an indicator for an unhealthy eating pattern. Since the fat
profile was not examined, the present study does not support
conclusions about quality of fat intake.

The timing, frequency and kind of food consumed depend
on social and cultural aspects [9]. Furthermore, there is no
unique definition of what is considered a meal or a snack
[9, 34]. These aspects need to be taken into consideration
when results of time-varying food intake are compared. A
similar energy and nutrient (%E) distribution as in our study
was also reported in other reports on Spanish children and
adolescents [12] and Belgian adolescents [35]. However,
Belgian children observed in our study consumed foods at
lunch and supper of similar size. The different distribution
could be due to the different age groups studied. In other
countries not examined in our analysis, energy intake for
lunch was reported lower than for supper in New Zealand
[15, 36] and USA [37].

Snacking in younger children was prevalent in our study
and contributed 24% of TEIL. In other studies, snacking con-
tributed from 20 to 24% [35] to 30.5% [38]. Vatanparast
et al. [39] reported that younger children do not only snack
more frequently but also consume more energy at snacks
than adults. Snacking is an easy way for children to achieve
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Fig.3 Mean predicted percentage energy and macronutrient energy
percentages for eating occasions by age in children followed at 3,
4,5, 6, and 8 years of age (N=740). Data are based on beta regres-
sion (logit link) and applied to generalized linear mixed-effects mod-

energy balance. Young children have the highest energy and
nutrient requirements based on their body weight than in
any other phase of the lifespan [40]. Therefore, snacking
may help young children to meet their relatively high-energy
needs when gastric capacity is limited. The high carbohy-
drate portion at snacks (%Eg,,) related to frequent con-
sumption of high-sugar-content foods observed in our study
population seems to be concerning; however, total carbohy-
drate intake (%E) is within the recommended intake ranges
of 45-60%E [30].

Although energy intake between girls and boys varied,
we found no proportional differences either in daily energy
intake or in the macronutrient distribution at each EO. Given
that the energy difference between girls and boys was larg-
est at 8 years of age, differences might evolve in older age
groups. However, other studies also observed no sex differ-
ences in time-varying energy intake [15, 41].

Skipping of an EO is usually determined through ques-
tionnaires [2] or dietary records [14, 42]. Breakfast skip-
ping in children was investigated in several previous studies,
and a wide variation in prevalence was observed [43]. The

els adjusted for misreporting, total energy intake (TEI), country and
interaction of country, and TEI (for nutrients, TEI replaced by total
nutrient intake)

variation in prevalence is also influenced by different defi-
nitions of breakfast skipping. When comparing our results
with studies using a similar definition [3], breakfast skipping
in children tends to be low. The percentage of persons skip-
ping breakfast seems to increase in adolescence and adult-
hood [3, 14, 42].

Eating behaviour and macronutrient composition of
EOs by age have been reported. A cross-sectional study
performed in the UK showed similar energy and nutrient
intakes during the life course (children, adolescents, adults
and older adults) for breakfast [42]. Another cross-sectional
study in New Zealand children found a larger proportion of
daily energy intake during evening and a smaller propor-
tion during afternoon in older children (11-14 years) com-
pared to younger children (5-10 years) [15]. However, to
our knowledge, age trends in a longitudinal setting and with
the use of inferential statistics have not been examined. The
decreased snack intake at later ages might be in line with
decreased energy requirements based on body weight where
less-frequent intakes are needed and more is eaten at main
meals. Additionally, we found statistically significant results
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for breakfast (protein and fat); the effect sizes over time are
small (e.g., mean predicted values vary from 3 to 8 years
between 2 and 3 percentage points) indicating relatively sta-
ble eating habits over time.

Strength and limitations

The strength of this study is its longitudinal design with a
follow-up of children from 3 to 8 years of age. This design
enabled us to study between and within subject variation.
For data collection, 3-day weighed dietary protocols fol-
lowing standardized procedures were used, which allowed
for a more accurate description of dietary intake than other
methods. Furthermore, the present study comprised children
from five European countries which increased the external
validity of the study results and allowed studying cultural
variation of eating habits. On the contrary, different cultural
eating habits and time slots for typical EOs were challeng-
ing to standardize. All EOs were named the same for each
country, although actual time points of the consumed meal
might differ greatly. These standardisations were necessary
for data analysis, but might hamper comparison between
countries and eating pattern.

Conclusion

The present study examined diurnal energy and energy from
macronutrient intakes from early childhood to school age
and revealed additional insights in the eating behaviour of
children. Food was consumed regularly throughout the day
and size of EOs seemed to be relatively stable at each age
with highest intakes at lunch and supper. Possibly unhealthy
EOs with high-fat intakes at lunch and supper and high-
sugar-content foods at breakfast and snacks were observed,
which may indicate potential for intervention. Practical
approaches for a healthier diet may be achieved by substitut-
ing high-sugar-content foods with fruits, and by increasing
the vegetable consumption at lunch and supper. Future stud-
ies should consider taking more detailed characterization
of diet quality and critical nutrients across eating occasions
into account.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-022-02944-6.

Acknowledgements We thank the participating families and all pro-
ject partners for their enthusiastic support of the project. Furthermore,
thanks to the European Childhood Obesity Trial Study Group, who
designed and conducted the study, entered the data, and participated in
the data analysis. The European Childhood Obesity Trial Study Group:
Philippe Goyens, Clotilde Carlier, Joana Hoyos, Pascale Poncelet, and
Elena Dain (Free University of Belgium, Brussels, Belgium); Fran-
coise Martin, Annick Xhonneux, Jean-Paul Langhendries, and Jean-
Noel Van Hees (Christian Hospital Center, St Vincent, Li¢ge-Rocourt,

@ Springer

Belgium); Ricardo Closa-Monasterolo, Joaquin Escribano, Veronica
Luque, Georgina Mendez, Natalia Ferre, and Marta Zaragoza Jordana
(Rovira i Virgili University, Pere Virgili Health Research Institute, Tar-
ragona, Spain); Marcello Giovannini, Enrica Riva, Carlo Agostoni, Sil-
via Scaglioni, Elvira Verduci, Fiammetta Vecchi, and Alice ReDionigi
(University of Milan, Milan, Italy); Jerzy Socha and Piotr Socha (Chil-
dren’s Memorial Health Institute, Department of Gastroenterology,
Hepatology and Immunology, Warsaw, Poland); Anna Dobrzéanska and
Dariusz Gruszfeld (Neonatal Intensive Care Unit, Children’s Memorial
Health Institute, Warsaw, Poland); Anna Stolarczyk and Agnieszka
Kowalik (Department of Pediatrics, Children’s Memorial Health Insti-
tute, Warsaw, Poland); Roman Janas and Ewa Pietraszek (Diagnostic
Laboratory, Children’s Memorial Health Institute, Warsaw, Poland);
Emmanuel Perrin (Danone Research Center for Specialized Nutrition,
Schiphol, The Netherlands); Riidiger von Kries (Division of Pediatric
Epidemiology, Institute of Social Pediatrics and Adolescent Medicine,
Ludwigs-Maximilians-University of Munich, Munich, Germany); Hel-
fried Groebe, Anna Reith, and Renate Hofmann (South Nuremberg
Hospital, Nuremberg, Germany); Berthold Koletzko, Veit Grote, Mar-
tina Totzauer, Peter Rzehak, Sonia Schiess, Jeannette Beyer, Michaela
Fritsch, Uschi Handel, Ingrid Pawellek, Sabine Verwied-Jorky, Iris
Hannibal, Hans Demmelmair, Gudrun Haile, and Melissa Theurich
(Division of Nutritional Medicine and Metabolism, Dr von Hauner
Children’s Hospital, LMU University Hospitals, Munich, Germany)

Author contributions VI analyzed the data, drafted, and finalized the
manuscript. VL, NF, DG, KG, EV, GZ, AX, and PP conducted the
study, entered data at study sites, and critically reviewed the manu-
script. BK designed the research and critically reviewed the manu-
script. VG designed the research, participated in the data analysis, and
critically reviewed the manuscript. All authors read and approved the
final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The study reported has been carried out with partial financial
support from the Commission of the European Community; specific
research, technological development, and demonstration program
"Quality of Life and Management of Living Resources", within the
European Union’s Seventh Framework Programme (FP7/2007-2013);
Project Early Nutrition under Grant Agreement No. 289346; the Euro-
pean Research Council Advanced Grant META-GROWTH (ERC-
2012-AdG: n0.322605) and partial financial support from the Polish
Ministry of Science and Higher Education (2571/7.PR/2012/2). BK is
the Else Kroner Senior professor of Paediatrics at LMU—University of
Munich, financially supported by Else Kroner-Fresenius-Foundation,
LMU Medical Faculty and LMU University Hospitals. This article
does not necessarily reflect the views of the Commission and in no
way anticipates the future policy in this area. No funding bodies had
any role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Declarations

Conflict of interest The authors report no conflicts of interest in rela-
tion to the content of this article.

Ethical approval All research was conducted in accordance with
the Declaration of Helsinki. Local ethics committees of each study
centre approved the trial: Belgium (Comité d’Ethique de L’Hopital
Universitaire des Enfants Reine Fabiola; No. CEH 14/02), Germany
(Bayerische Landesdrztekammer Ethik-Kommission; No. 02070), Italy
(Azienda Ospedaliera San Paolo Comitato Etico; No 14/2002), Poland
(Instytut Pomnik-Centrum Zdrowia Dziecka Komitet Etyczny; No 243/


https://doi.org/10.1007/s00394-022-02944-6

European Journal of Nutrition (2023) 62:165-174

173

KE/2001), and Spain (Comité ético de investigacion clinica del Hospi-
tal Universitario de Tarragona Joan XXIII).

Consent to participate Parents and children gave their written informed
consent.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Almoosawi S, Vingeliene S, Gachon F, Voortman T, Palla L,
Johnston JD, Van Dam RM, Darimont C, Karagounis LG (2019)
Chronotype: implications for epidemiologic studies on chrono-
nutrition and cardiometabolic health. Adv Nutr (Bethesda, Md)
10(1):30-42. https://doi.org/10.1093/advances/nmy070

2. Kiipers LK, de Pijper 1J, Sauer PJJ, Stolk RP, Corpeleijn E
(2014) Skipping breakfast and overweight in 2- and 5-year-
old Dutch children—the GECKO Drenthe cohort. Int J Obes
38(4):569-571. https://doi.org/10.1038/ij0.2013.194

3. Smith KJ, Breslin MC, McNaughton SA, Gall SL, Blizzard L,
Venn AJ (2017) Skipping breakfast among Australian children
and adolescents; findings from the 2011-12 national nutri-
tion and physical activity survey. Aust N Z J Public Health
41(6):572-578. https://doi.org/10.1111/1753-6405.12715

4. Diederichs T, Rossbach S, Herder C, Alexy U, Buyken AE
(2016) Relevance of morning and evening energy and macro-
nutrient intake during childhood for body composition in early
adolescence. Nutrients. https://doi.org/10.3390/nu8110716

5. Coulthard JD, Pot GK (2016) The timing of the evening meal:
how is this associated with weight status in UK children? BrJ
Nutr 115(9):1616-1622. https://doi.org/10.1017/S000711451
6000635

6. Emmett PM, Jones LR, Northstone K (2015) Dietary patterns
in the avon longitudinal study of parents and children. Nutr Rev
73(Suppl 3):207-230. https://doi.org/10.1093/nutrit/nuv055

7. Luque V, Escribano J, Closa-Monasterolo R, Zaragoza-Jordana
M, Ferré N, Grote V, Koletzko B, Totzauer M, Verduci E, ReDi-
onigi A, Gruszfeld D, Socha P, Rousseaux D, Moretti M, Oddy W,
Ambrosini GL (2018) Unhealthy dietary patterns established in
infancy track to mid-childhood: the EU childhood obesity project.
J Nutr 148(5):752-759. https://doi.org/10.1093/jn/nxy025

8. Lobstein T, Baur L, Uauy R (2004) Obesity in children and
young people: a crisis in public health. Obes Rev 5(Suppl 1):4—
104. https://doi.org/10.1111/j.1467-789X.2004.00133.x

9. Chiva M (1997) Cultural aspects of meals and meal frequency. Br
J Nutr 77(Suppl 1):S21-28. https://doi.org/10.1079/bjn19970101

10. Bellisle F (2014) Meals and snacking, diet quality and energy
balance. Physiol Behav 134:38-43. https://doi.org/10.1016/j.
physbeh.2014.03.010

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Almoosawi S, Vingeliene S, Karagounis LG, Pot GK (2016)
Chrono-nutrition: a review of current evidence from observa-
tional studies on global trends in time-of-day of energy intake
and its association with obesity. Proc Nutr Soc 75(4):487-500.
https://doi.org/10.1017/s0029665116000306

Vilela S, Oliveira A, Severo M, Lopes C (2019) Chrono-nutri-
tion: the relationship between time-of-day energy and macronu-
trient intake and children’s body weight status. J Biol Rhythms
34(3):332-342. https://doi.org/10.1177/0748730419838908

. Palla L, Almoosawi S (2019) Diurnal patterns of energy intake

derived via principal component analysis and their relation-
ship with adiposity measures in adolescents: results from the
national diet and nutrition Survey RP (2008-2012). Nutrients
11(2):422. https://doi.org/10.3390/nul11020422

Coulthard JD, Palla L, Pot GK (2017) Breakfast consumption
and nutrient intakes in 4-18-year-olds: UK National Diet and
Nutrition Survey Rolling Programme (2008-2012). Br J Nutr
118(4):280-290. https://doi.org/10.1017/S0007114517001714
Rockell JE, Skidmore PML, Parnell WR, Wilson N (2011) What
children eat during afternoons and evenings: is it important?
Public Health Nutr 14(3):557-562. https://doi.org/10.1017/
S1368980010003277

Sievert K, Hussain SM, Page MJ, Wang Y, Hughes HJ, Malek
M, Cicuttini FM (2019) Effect of breakfast on weight and energy
intake: systematic review and meta-analysis of randomised con-
trolled trials. BMJ 364:142. https://doi.org/10.1136/bmj.142
Ma X, Chen Q, Pu Y, Guo M, Jiang Z, Huang W, Long Y, Xu
Y (2020) Skipping breakfast is associated with overweight and
obesity: a systematic review and meta-analysis. Obes Res Clin
Pract. https://doi.org/10.1016/j.0rcp.2019.12.002

Koletzko B, von Kries R, Closa R, Escribano J, Scaglioni S, Gio-
vannini M, Beyer J, Demmelmair H, Gruszfeld D, Dobrzanska
A, Sengier A, Langhendries JP, Rolland Cachera MF, Grote V
(2009) Lower protein in infant formula is associated with lower
weight up to age 2 y: a randomized clinical trial. Am J Clin Nutr
89(6):1836-1845. https://doi.org/10.3945/ajcn.2008.27091
Weber M, Grote V, Closa-Monasterolo R, Escribano J, Langhen-
dries JP, Dain E, Giovannini M, Verduci E, Gruszfeld D, Socha
P, Koletzko B, European Childhood Obesity Trial Study G (2014)
Lower protein content in infant formula reduces BMI and obesity
risk at school age: follow-up of a randomized trial. Am J Clin Nutr
99(5):1041-1051. https://doi.org/10.3945/ajen.113.064071
Luque V, Escribano J, Mendez-Riera G, Schiess S, Koletzko B,
Verduci E, Stolarczyk A, Martin F, Closa-Monasterolo R (2013)
Methodological approaches for dietary intake assessment in
formula-fed infants. J Pediatr Gastroenterol Nutr 56(3):320-327.
https://doi.org/10.1097/MPG.0b013e3182779a60
Verwied-Jorky S, Schiess S, Luque V, Grote V, Scaglioni S, Vec-
chi F, Martin F, Stolarczyk A, Koletzko B, European Childhood
Obesity P (2011) Methodology for longitudinal assessment of
nutrient intake and dietary habits in early childhood in a transna-
tional multicenter study. J Pediatr Gastroenterol Nutr 52(1):96—
102. https://doi.org/10.1097/MPG.0b013e3181{28d33

Gomes D, Luque V, Xhonneux A, Verduci E, Socha P, Koletzko
B, Berger U, Grote V (2018) A simple method for identification of
misreporting of energy intake from infancy to school age: results
from a longitudinal study. Clin Nutr 37(3):1053-1060. https://doi.
org/10.1016/j.clnu.2017.05.003

European Food Safety Authority (2014) Guidance on the EU
Menu methodology. EFSA J 12(12):3944. https://doi.org/10.
2903/j.efsa.2014.3944

UNESCO United Nations Educational SaCO (2003) International
standard classification of education, ISCED 1997. Advances in
cross-national comparison: a European working book for demo-
graphic and socio-economic variables

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/advances/nmy070
https://doi.org/10.1038/ijo.2013.194
https://doi.org/10.1111/1753-6405.12715
https://doi.org/10.3390/nu8110716
https://doi.org/10.1017/S0007114516000635
https://doi.org/10.1017/S0007114516000635
https://doi.org/10.1093/nutrit/nuv055
https://doi.org/10.1093/jn/nxy025
https://doi.org/10.1111/j.1467-789X.2004.00133.x
https://doi.org/10.1079/bjn19970101
https://doi.org/10.1016/j.physbeh.2014.03.010
https://doi.org/10.1016/j.physbeh.2014.03.010
https://doi.org/10.1017/s0029665116000306
https://doi.org/10.1177/0748730419838908
https://doi.org/10.3390/nu11020422
https://doi.org/10.1017/S0007114517001714
https://doi.org/10.1017/S1368980010003277
https://doi.org/10.1017/S1368980010003277
https://doi.org/10.1136/bmj.l42
https://doi.org/10.1016/j.orcp.2019.12.002
https://doi.org/10.3945/ajcn.2008.27091
https://doi.org/10.3945/ajcn.113.064071
https://doi.org/10.1097/MPG.0b013e3182779a60
https://doi.org/10.1097/MPG.0b013e3181f28d33
https://doi.org/10.1016/j.clnu.2017.05.003
https://doi.org/10.1016/j.clnu.2017.05.003
https://doi.org/10.2903/j.efsa.2014.3944
https://doi.org/10.2903/j.efsa.2014.3944

174

European Journal of Nutrition (2023) 62:165-174

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

World Health Organization (2021) Body mass index - BMI.
https://www.euro.who.int/en/health-topics/disease-prevention/
nutrition/a-healthy-lifestyle/body-mass-index-bmi. Accessed 12
Nov 2021

Smithson M, Verkuilen J (2006) A better lemon squeezer? Maxi-
mum-likelihood regression with beta-distributed dependent vari-
ables. Psychol Methods 11(1):54-71. https://doi.org/10.1037/
1082-989x.11.1.54

R Core Team (2017) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna
EFSA Panel on Dietetic Products Nutrition and Allergies (2013)
Scientific opinion on dietary reference values for energy. EFSA J
11(1):3005. https://doi.org/10.2903/j.efsa.2013.3005

EFSA Panel on Dietetic Products Nutrition and Allergies (2010)
Scientific opinion on dietary reference values for fats, including
saturated fatty acids, polyunsaturated fatty acids, monounsaturated
fatty acids, trans fatty acids, and cholesterol. EFSA J 8(3):1461.
https://doi.org/10.2903/j.efsa.2010.1461

EFSA Panel on Dietetic Products Nutrition and Allergies (2010)
Scientific opinion on dietary reference values for carbohydrates
and dietary fibre. EFSA J 8(3):1462. https://doi.org/10.2903/j.efsa.
2010.1462

Lépez-Sobaler AM, Aparicio A, Rubio J, Marcos V, Sanchid-
rian R, Santos S, Pérez-Farinds N, Dal-Re MA, Villar-Villalba
C, Yusta-Boyo MJ, Robledo T, Castrodeza-Sanz JJ, Ortega RM
(2019) Adequacy of usual macronutrient intake and macronutri-
ent distribution in children and adolescents in Spain: A National
Dietary Survey on the Child and Adolescent Population, ENALIA
2013-2014. Euro J Nutr 58(2):705-719. https://doi.org/10.1007/
$00394-018-1676-3

Davis C, Bryan J, Hodgson J, Murphy K (2015) Definition of
the mediterranean diet: a literature review. Nutrients 7(11):9139—
9153. https://doi.org/10.3390/nu7115459

Estruch R, Ros E, Salas-Salvad6 J, Covas M-I, Corella D, Arés F,
Go6mez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, Lamuela-
Raventos RM, Serra-Majem L, Pint6 X, Basora J, Mufioz MA,
Sorli JV, Martinez JA, Martinez-Gonzalez MA (2013) Primary
prevention of cardiovascular disease with a mediterranean diet. N
Engl J Med 368(14):1279-1290. https://doi.org/10.1056/NEJMo
a1200303

Leech RM, Worsley A, Timperio A, McNaughton SA (2015)
Understanding meal patterns: definitions, methodology and

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

impact on nutrient intake and diet quality. Nutr Res Rev 28(1):1-
21. https://doi.org/10.1017/s0954422414000262

Matthys C, De Henauw S, Devos C, De Backer G (2003) Esti-
mated energy intake, macronutrient intake and meal pattern of
Flemish adolescents. Eur J Clin Nutr 57(2):366-375. https://doi.
org/10.1038/sj.ejcn. 1601533

Regan A, Parnell W, Gray A, Wilson N (2008) New Zealand chil-
dren’s dietary intakes during school hours. Nutr Diet 65(3):205—
210. https://doi.org/10.1111/.1747-0080.2008.00288.x

Mathias KC, Almoosawi S, Karagounis LG (2017) Protein and
energy intakes are skewed toward the evening among children and
adolescents in the United States: NHANES 2013-2014. J Nutr
147(6):1160-1166. https://doi.org/10.3945/jn.116.245621
Fayet-Moore F, Peters V, McConnell A, Petocz P, Eldridge AL
(2017) Weekday snacking prevalence, frequency, and energy con-
tribution have increased while foods consumed during snacking
have shifted among Australian children and adolescents: 1995,
2007 and 2011-12 National Nutrition Surveys. Nutr J 16(1):65.
https://doi.org/10.1186/s12937-017-0288-8

Vatanparast H, Islam N, Patil RP, Shafiee M, Smith J, Whiting S
(2019) Snack consumption patterns among Canadians. Nutrients.
https://doi.org/10.3390/nu11051152

Wang Z (2012) High ratio of resting energy expenditure to body
mass in childhood and adolescence: a mechanistic model. Am J
Hum Biol 24(4):460-467. https://doi.org/10.1002/ajhb.22246
Maffeis C, Provera S, Filippi L, Sidoti G, Schena S, Pinelli L, Tato
L (2000) Distribution of food intake as a risk factor for childhood
obesity. Int J Obes Relat Metab Disord 24(1):75-80. https://doi.
org/10.1038/sj.ij0.0801088

Gaal S, Kerr MA, Ward M, McNulty H, Livingstone MBE (2018)
Breakfast consumption in the UK: patterns, nutrient intake and
diet quality. A Study from the International Breakfast Research
Initiative Group. Nutrients 10(8):999. https://doi.org/10.3390/
nul0080999

Monzani A, Ricotti R, Caputo M, Solito A, Archero F, Bellone
S, Prodam F (2019) A systematic review of the association of
skipping breakfast with weight and cardiometabolic risk factors
in children and adolescents. What should we better investigate
in the future? Nutrients 11(2):387. https://doi.org/10.3390/nul 10
20387


https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://doi.org/10.1037/1082-989x.11.1.54
https://doi.org/10.1037/1082-989x.11.1.54
https://doi.org/10.2903/j.efsa.2013.3005
https://doi.org/10.2903/j.efsa.2010.1461
https://doi.org/10.2903/j.efsa.2010.1462
https://doi.org/10.2903/j.efsa.2010.1462
https://doi.org/10.1007/s00394-018-1676-3
https://doi.org/10.1007/s00394-018-1676-3
https://doi.org/10.3390/nu7115459
https://doi.org/10.1056/NEJMoa1200303
https://doi.org/10.1056/NEJMoa1200303
https://doi.org/10.1017/s0954422414000262
https://doi.org/10.1038/sj.ejcn.1601533
https://doi.org/10.1038/sj.ejcn.1601533
https://doi.org/10.1111/j.1747-0080.2008.00288.x
https://doi.org/10.3945/jn.116.245621
https://doi.org/10.1186/s12937-017-0288-8
https://doi.org/10.3390/nu11051152
https://doi.org/10.1002/ajhb.22246
https://doi.org/10.1038/sj.ijo.0801088
https://doi.org/10.1038/sj.ijo.0801088
https://doi.org/10.3390/nu10080999
https://doi.org/10.3390/nu10080999
https://doi.org/10.3390/nu11020387
https://doi.org/10.3390/nu11020387

	Distribution of energy and macronutrient intakes across eating occasions in European children from 3 to 8 years of age: The EU Childhood Obesity Project Study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and population
	Dietary assessment
	Eating occasions (EO)
	Covariates
	Statistical analysis

	Results
	Discussion
	Strength and limitations

	Conclusion
	Acknowledgements 
	References




