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Abstract

Childhood obesity is a worldwide public health concern. Obesity in children is linked to
cardiometabolic complications that are already present during childhood. This condition could
be triggered by high energy-dense (ED) food consumption, in conjunction with other

obesogenic risk factors, such as a sedentary lifestyle and insufficient physical activity.

The effect of food portion sizes (PS) on total energy intake has been already observed with
different types of foods and beverages, mainly high ED foods, regardless of demographic
characteristics such as age, gender, income level, or body mass index (BMI). Although a direct
causal link between PS and obesity remains controversial, some health and dietetic
organizations recommend moderate food PS.

Therefore, the general objectives of this Doctoral Thesis are; 1) To clarify food PS concept,
estimation method, and to discuss previous research on their relation with obesity, and related
metabolic complications in children and adolescents. 2) To assess the relation between
psychosomatic and emotional status and selected food PS. 3) To identify which foods PS
mainly influence on nutrients intake and total energy intake. 4) To analyze the influence of

large food portions size on development of obesity in childhood and adolescence. 5) To analyze
the effect of foods PS on insulin resistance and other metabolic complications.

This Doctoral thesis has been performed considering two large European studies: IDEFICSI.
Family study (Identification and Prevention of Dietary- and Lifestyle induced Health Effects
in Children and Infants) and HELENA study (Healthy Lifestyle in Europe by Nutrition in

Adolescence).

In our first article, which aims to review the available evidence for the impact of food PS on
the development of obesity in children and adolescents; we found that there are no long-term,
randomized, controlled trials to assess the exposure to large portions of food and its ef fects on
adiposity. Therefore, there is an urgent need to develop a well-articulated research framework
that systematically test the interaction between a selection of food PS and the development of

obesity, insulin resistance, and metabolic syndrome in both children and adolescents.

In the IDEFICS/I. Family study, information from more than 16.000 children aged between 2
to 10 years, from eight European countries (Belgium, Cyprus, Estonia, Germany, Hungary,
Italy, Spain, and Sweden) was obtained in 2007. These children were re-evaluated two times

after the beginning of the study in the year 2009, and 2013. In the second article performed
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with data from the IDEFICS/I. Family study, the aim was to assess the association between
psychosomatic and emotional status and selected food PS, we found that in cross-sectional
analysis, higher well-being, was associated with consumption of smaller PSfrom ‘sweet bakery
products’, ‘savory snacks’, and ‘fruit and vegetable juices’ at the age 2-10 years, in both
genders. In the longitudinal analysis (T3-T0), we found that females with higher emotional and
peer problems tend to consume higher PS from sugar-fatty food products. Moreover, higher

peer problems were associated with large PS from ‘bread and rolls’, ‘margarine and lipids’,
and ‘dairy products’ in all genders and age groups.

Inthe HELENA study, performed between 2006 and 2007, more than 3.000 adolescents from
ten European cities (Athens, Heraklion, Dortmund, Ghent, Lille, Pecs, Rome, Stockholm,
Vienna and Zaragoza), were assessed. The age of participants ranged between 12.5 to 17.5.
With data from this study, the associations between food PS and nutrients intake, obesity and

related metabolic complication were evaluated.

Results from the third article aim to examine the relationship between food PS from various
food groups with the intake of macronutrients and micronutrients in European adolescents.
Results suggest that large portions from ‘rice and other grains’, ‘starch roots and potatoes’ and
‘meat substitutes, nuts, and pulses’ were associated with increased carbohydrates and fiber
intake. Larger portions from ‘cheese’ and ‘butter and animal’s fat’ were significantly associated
with higher fat intake. Lower intakes of some vitamins and micronutrients were noticed when
larger portions of high energy-dense foods such as ‘desserts and pudding’, ‘margarines and

vegetable oils’ and ‘butter and animal fats’ were consumed.

Inthe fourth article, which aim to investigate the associations between PS from most frequently
consumed high-ED foods and obesity, it was observed that in male plausible reporters’, PS
from ‘Breakfast cereals’ showed a significant and positive association with BMI. Also, it was
found that PS from ‘Carbonated soft drinks’ in males and ‘Bread and rolls’ in females were
associated with higher probability of having obesity, while ‘Sweet bakery products’ were

associated with lower probability of having obesity in females.

In the fifth article, the main objective was to investigate the potential effect of food PS on IR
and a quantitative score of metabolic risk in European adolescents. A clear association between
larger PS from ‘vegetables’ in both genders, and ‘milk, yoghurt, and milk beverages’ in males
were associated with higher VO2 max, while large PS from ‘margarines and vegetable oils’

were associated with lower VO2 max. Moreover, it was observed that males who consumed

18



larger PS from “fish’; ‘meat substitutes, nuts, pulses’; ‘cakes, pies, biscuits’; and ‘sugar, honey,
jams, chocolate’ have a higher metabolic risk score. In addition, males with low HOMA-IR
values consumed large PS from ‘vegetables’, and ‘milk, yoghurt, and milk beverages’. Also, it
was found that females with low HOMA-IR values consumed large PS from ‘breakfast
cereals’, while those with high HOMA-IR values, consumed large PS from ‘butter and animal
fats’.

In summary, findings from this Doctoral Thesis suggest that PS had the strongest effect on the
amount of food consumed and energy intake, obesity and development of metabolic
complications in children and adolescents. The effect of PS on total energy intake has been
observed with different types of foods and beverages, especially with high ED foods.

Moreover, the influence of large PS was persistent and happened regardless of demographic
characteristics such as age, gender, and income level.

Psychosomatic and emotional status could be a trigger to consume large PS from sweet-fatty
ED foods in childhood and adolescence life stage. Also, energy intakes increase with elevated
energy content of food as provided by the major sources of dietary energy: carbohydrates,
proteins, and fat. Among food items with high fat content, larger portions of ‘cheese’ and
‘butter and animal fat” were significantly associated with a higher fat intake. Also, lower
intakes of some vitamins and micronutrients were observed when larger portions of high ED
foods were consumed. Moreover, we found that large PS from ‘carbonated soft and isotonic
drinks’ and ‘bread and rolls’ were associated with higher probability of having obesity in
adolescents independently of gender. In addition, we found that large PS from ‘vegetables’,
“fruits’, ‘dairy products’ were associated with higher VO2 max and lower probability of having
obesity. The results show no significant association between food PS and HOMA-IR index,
and all of metabolic risk score components. Children and adolescents should be trained in their
emotional coping skills such as problem-solving thinking or asking help instead of seeking
solace in food. These findings call for consideration of individual psychological states when
aiming to decrease unhealthy dietary habits. In addition, to enhance the nutritional status of
children by educating parents about the role of large PS on nutrients intake and obesity.
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Resumen

La obesidad infantil es una preocupacion de salud publica mundial. La obesidad en los nifios
estad relacionada con complicaciones cardiometabdlicas que ya estan presentes durante la
infancia. Esta condicion podria ser desencadenada por el consumo de alimentos de alta
densidad energética (DE), junto con otros factores obesogénicos, como un estilo de vida
sedentario y una actividad fisica insuficiente.

El efecto del tamafios de las porciones de alimentos (PA) en el consumo total de energia ya se
ha observado con diferentes tipos de alimentos y bebidas, principalmente alimentos dealta DE,
independientemente de las caracteristicas demograficas como la edad, el género, el nivel de
ingresos o el indice de masa corporal (IMC). Aunque un vinculo causal directo entre PA 'y

obesidad sigue siendo controvertido, algunas organizaciones de salud y dietética recomiendan
un tamafio moderado de las porciones de alimentos.

En el estudio IDEFICS /1. Family, se obtuvo informacion de mas de 16.000 nifios de entre 2 y
10 afios, de ocho paises europeos (Bélgica, Chipre, Estonia, Alemania, Hungria, Italia, Espafia
y Suecia) en 2007. Estos nifios fueron reevaluados dos veces después del comienzo del estudio
en 2009 y 2013. Enel segundo articulo realizado con datos del estudio IDEFICS /1. Family, el
objetivo fue evaluar la asociacion entre el estado psicosomatico y emocional y el tamafio de las
porciones de alimentos seleccionados, encontramos que en el analisis transversal, un mayor
bienestar estaba asociado con el consumo de porciones mas pequefias de "productos dulces de
panaderia”, "snacks salados" y "jugos de frutas y verduras" a la edad de 2-10 afios, en ambos
géneros. En el andlisis longitudinal (T3-TO), encontramos que las mujeres con mayores
problemas emocionales y de pares tienden a consumir porciones mas grandes de alimentos con
azucar y grasa. Ademas, los mayores problemas de pares estaban asociados con porciones

grandes de "pan y rollos", "margarina y lipidos" y "productos lacteos" en todos los géneros y

grupos de edad.

Enel estudio HELENA, realizado entre 2006 y 2007, se evaluaron a mas de 3.000 adolescentes
de diez ciudades europeas (Atenas, Heraklion, Dortmund, Gante, Lille, Pecs, Roma,
Estocolmo, Viena y Zaragoza). Laedad de los participantes oscilaba entre 12.5y 17.5. Con los
datos de este estudio, se evaluaron las asociaciones entre el tamafio de las porciones de

alimentos y el consumo de nutrientes, la obesidad y las complicaciones metabolicas
relacionadas.
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Los resultados del tercer articulo tienen como objetivo examinar la relacién entre el PA de los
alimentos de varios grupos alimenticios con el consumo de macronutrientes y micronutrientes
en adolescentes europeos. Los resultados sugieren que las porciones grandes de "arroz y otros
granos", "raices y patatas almidonadas" y "sustitutos de carne, nueces y legumbres" estaban
asociadas con un mayor consumo de carbohidratos y fibra. Porciones mas grandes de "queso"
y "mantequilla y grasas animales” se asociaron significativamente con un mayor consumo de
grasa. Se observaron ingestas mas bajas de algunas vitaminas y micronutrientes cuando se
consumieron porciones mas grandes de alimentos de alto contenido energético, como "postres

y pudines”, "margarinas y aceites vegetales" y "mantequilla y grasas animales".

En el cuarto articulo, que tiene como objetivo investigar las asociaciones entre el PA de los
alimentos de alto contenido energético mas consumidos y la obesidad, se observd que en los
informadores plausibles masculinos, el PA de "cereales para el desayuno” mostré una
asociacion significativa y positiva con el IMC. Ademas, se encontré que el PA de "bebidas
gaseosas carbonatadas™ en los hombres y "pan y rollos™ en las mujeres estaban asociados con
una mayor probabilidad de tener obesidad, mientras que los "productos dulces de panaderia™

estaban asociados con una menor probabilidad de tener obesidad en las mujeres.

En el quinto articulo, el objetivo principal fue investigar el posible efecto del PA de los
alimentos en la IR y una puntuaciéon cuantitativa de riesgo metabdlico en adolescentes
europeos. Se observo una clara asociacion entre porciones mas grandes de "verduras” en ambos
sexos Yy "leche, yogur y bebidas lacteas" en los hombres con un mayor VO2 max, mientras que
porciones mas grandes de "margarinas y aceites vegetales” se asociaron con un menor VO2
max. Ademas, se observé que los hombres que consumieron porciones mas grandes de
"pescado™; "sustitutos de carne, nueces y legumbres”; “pasteles, tartas, galletas” y "azlcar,
miel, mermeladas, chocolate" tenian una mayor puntuacion de riesgo metabdlico. Ademas, se
encontrd que los hombres con valores bajos de HOMA-IR consumian porciones mas grandes
de "verduras" y "leche, yogur y bebidas lacteas". También se descubri6 que las mujeres con
valores bajos de HOMA-IR consumian porciones mas grandes de “cereales para el desayuno”,
mientras que aquellas con valores altos de HOMA-IR consumian porciones mas grandes de

"mantequilla y grasas animales".

En resumen, los hallazgos de esta tesis doctoral sugieren que el PA tuvo el mayor efectoen la
cantidad de alimentos consumidos y la ingesta de energia, la obesidad y el desarrollo de

complicaciones metabdlicas en nifios y adolescentes. El efecto del PA en la ingesta de energia

22



total se ha observado con diferentes tipos de alimentos y bebidas, especialmente con alimentos
de alto contenido energético. Ademas, la influencia de las porciones mas grandes fue
persistente y ocurrié independientemente de las caracteristicas demograficas como la edad, el

género y el nivel de ingresos.

El estado psicosomético y emocional podria ser un desencadenante para consumir porciones
mas grandes dealimentos dulcesy grasos de alto contenido energético en la etapa de la infancia
y la adolescencia. Ademas, las ingestas de energia aumentan con el contenido energético
elevado de los alimentos proporcionados por las principales fuentes de energia dietética:
carbohidratos, proteinas y grasas. Entre los alimentos con alto contenido de grasa, porciones
mas grandes de "queso™ y "mantequilla y grasas animales” se asociaron significativamente con
un mayor consumo de grasa. Ademas, se observaron ingestas mas bajas de algunas vitaminas
y micronutrientes cuando se consumieron porciones mas grandes de alimentos de alto
contenido energético. Ademas, encontramos que las porciones mas grandes de "bebidas
gaseosas carbonatadas™ y "pan y rollos" estaban asociadas con una mayor probabilidad detener
obesidad en los adolescentes independientemente del género. Ademas, encontramos que las
porciones mas grandes de "verduras”, "frutas”, "productos lacteos" estaban asociadas con un
mayor VO2 max y una menor probabilidad de tener obesidad. Los resultados no muestran
ninguna asociacion significativa entre el PS de los alimentos y el indice HOMA-IR, ni todos
los componentes de la puntuacion de riesgo metabdlico. Los nifios y adolescentes deben ser
entrenados en sus habilidades de afrontamiento emocional, como el pensamiento de resolucion
de problemas o pedir ayuda en lugar de buscar consuelo en la comida. Estos hallazgos llaman
la atencién sobre el estado psicologico individual cuando se trata de disminuir los habitos
alimenticios poco saludables. Ademas, para mejorar el estado nutricional de los nifios educando
a los padres sobre el papel de las porciones mas grandes en la ingesta de nutrientes y la

obesidad.

23



1. Introduction

According to the World Health Organization (WHO), nearly over 340 million children and
adolescents aged between 5-19 years were diagnosed as having overweight or obesity in 2016
(1). The prevalence of overweight and obesity within these ages has risen dramatically from
just 4% in 1975 to over 18% in 2016 (1). In children, obesity is considered as the most common
cause of insulin resistance (2), dyslipidemia (3), and type 2 diabetes (4). Obesity results from
a combination of factors, including the reduced opportunity for physical activity (PA), the
increase of sedentary time, and increased availability of high ED foods. A healthy diet is
essential for both good health and nutritional status as in the context of obesity prevention

strategies, by choosing an adequate amount of food from various food groups (5).

A large body of evidence shows that the PS of some foods, especially those consumed in
restaurants, has increased dramatically over the last 30 years, synchronous with the recent rise
in obesity prevalence in children (6) and in adolescents (7). Clearly, individuals need effective
strategies to better requlate their energy intake in the face of the widespread highly palatable,
high ED foods (8). Increased PS of foods commonly served are consider as a major component
of the food environment that has contributed to the excess of energy consumed and the
development of obesity (9). The consumption of large PS, especially from high ED foods, has
been identified as a major cause of excessive total energy intake (10). Abundant clinical studies
show that increasing PS leads to increased energy intake in children and adolescents (11, 12),
mostly from high ED foods (13). This finding is called as “portion sizes effect” or “portion
sizes response”. Noteworthy, this impact has been observed with packaged snacks (14), high
ED casseroles (12), unit foods like sandwiches (15), and beverages (16). Additionally, the PS
effect has been shown in restaurants and offices (17), also it has been noticed even if

participants are served unpalatable foods or with manipulation of plate size (18).

Also, food PS could be a trigger to develop cardiometabolic disorders, insulin resistance,
impaired glucose tolerance and type 2 diabetes which are considered as ominous public-health
issues in all age groups (2, 4). As previously mentioned, studies found that childhood obesity
is also associated with hypertension, dyslipidemia, chronic inflammation, increased blood
clotting tendency, endothelial dysfunction, and hyperinsulinemia (3, 19). These clustering of

cardiovascular diseases risk factors, is also known as the insulin resistance syndrome or
metabolic syndrome, which has been identified in pre-pubertal children (20).
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Even though, insulin resistance is a key component of the metabolic syndrome; recently an
increasing trend of metabolic syndrome prevalence in children and adolescents has been well-
recognized, and its association with obesity has been studied extensively (21, 22). The relation
between diet and metabolic syndrome among children and adolescents remains poorly
understood. In adults, studies have shown that following dietary patterns high in fruits and
vegetables are generally associated with lower prevalence of the metabolic syndrome (23, 24).
Although the development of obesity in genetically stable populations was accelerated rapidly
(4), unfortunately, studies examining the association between diet, especially PS, and insulin
resistance, metabolic syndrome in children and adolescents are not available. 1t is still not clear
whether individual dietary components, or diet in general can independently affect metabolic
syndrome in this age group.

1.1. Food portion sizes definition and estimation

A portion is defined as the amount of food that a subject choose to eat for a meal or snack or
the amount of a food that they decidetoeat, or serve toan individual, in asingle eating occasion
(25). The size of a food portion can be identified as the weight or volume of household
measures such as: tablespoons, hand measures or size, of a reference object (26). The concept
of PS widely vary between countries, across different population groups and according to both
individual and environmental factors (26). For example, a PS may reflect a person’s own
choice, the choice of the food producer in a restaurant, or it may be the recommendation from
a health professional, or even the governments. PS also reflects ways of eating; for instance, in
some cultures the hand-based portion is used to self-serve or measure portions of foods for
others (27).

Various methods are used to assess dietary intake such as, single or multiple 24-hour dietary
recalls, estimated dietary records, diet history and food frequency questionnaires. However,
since these methods rely on individual’s memory, there is a certain challenge in determining
food intake, especially in relation with the accurate estimation of food PS. For this reason, to
estimate PS, there are several options: direct weigh of the amount of food consumed by the
participant or the estimation of the sizes of food portions via visual comparisons to household

measures, food models or photographs.
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Direct weighing of food portions

Because foods must be weighed before consumption, weighing methods, for determining PS,
can be only used with prospective dietary assessment methods and using properly calibrated
scales (28). Weighing should be done by investigators or by participants. Although weighed
food records are an accurate traditional dietary assessment method, it is time consuming,
cumbersome for participants and costly to implement, so it is not usually done in large
epidemiological studies.

Visual estimation of weights and size

Direct observation, using visual estimation, is a non-intrusive method of estimating food
portions providing an acceptable alternative (29). To apply this method, researchers should be
trained to estimate PS by monitoring the weights of foods consumed by participants. Accuracy
of estimation could vary by type and quantity of food (30). Several studies revealed a good
correlation between visual estimates and actual weight (30). In Belgium-Flanders, the Young
Adolescents’ Nutrition Assessment on Computer (YANA-C) was developed to account for the
diet and estimate the PS (31). In this tool, standardized photographs were available to assist in
PS estimation, they found that photographs of food items can serve as a good aid in ranking
subjects (31); Even though, observers could differ on their ability to estimate food weights
visually, as they tend to overestimate the weight of the foods consumed and to underestimate
plate wastes which could induce to potential bias in estimating the sizes of foods with high
volume but low weight (29). Noteworthy, a wide range of methods have been described to
quantify outcomes related to PS in research studies, including surveillance and epidemiological
analyses, clinical and nutritional studies and research on eating behaviour (32). The most

frequently used measurements are food models, photographs or household measures (33).

Household measures

Even though some foods, like eggs, oranges, or soft drinks, can be recorded in units, other
food items are often measured in volume such as cups or tablespoons (33). These measures are
familiar and easy to use. However, volume measures could produce considerable error and
individual variability in estimating portion’s weights (34), as foods can be packed tightly or
loosely and certain foods, such as meats and pastries, and not conform to measuring devices

(35). Household food measures have led to significant under- or over-estimations of actual
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portion’s weight (33). Consequently, household measures are not accurate for individuals, but

they are still used to produce acceptable data for group estimations in epidemiological studies.
Food models

The food models are also known as fake food models; they are geometric shapes of food
samples. Some studies found that having realistic models closer to real food is a better option
for children (36). On the other hand, a systematic underreporting of intake was found when
three-dimensional plastic food models are used to represent servings, and the magnitude of this

underreporting varied across food items. In contrast, when larger-sized food models were used,
participants tend to be more accurate in reporting their intake of foods (37).

Photographs

In studies that involve telephone recalls or self-administrated dietary surveys the two-
dimensional pictures of food shapes were as effective as three-dimensional models in
supporting participants to estimate PS (38). Food photographs of various PS have been reported
to be useful in some studies (39), but poor correlations to actual measurements were detected
in others (40).

1.2. Factors affecting food portion sizes estimation.

Several studies have been conducted to examine the influence of some specific characteristics
of foods, study subjects and interviewers on the accuracy of PS estimations.

Food Characteristics

- Food type: It is important to know which foods are more reliable to estimate the size of
their portions. High errors have been reported for some foodssuch as, cakes, salads and
butter on toasts (41), amorphous foods, such as spaghetti or apple sauce (42), or fish,
rice, steak, and cheese (37). However, some studies indicate no consistent association
between size estimations and food type (43).

- Food size: Some studies found greater difficulties in estimating PS as the size of the

portions increased (44). In addition, some investigators reported that large plates are
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harder to estimate (18), but others did not report any difference related to plate size
(43).

Subject characteristics

- Age: It plays an important role in the estimation of PS. Previous studies suggested that
children are not able to estimate PS very accurately, even when prompted with visual
aids (45). In contrast, recent studies found that children can estimate food PS with an
accuracy approaching that of adults (46). However, high school and college students
have also reported difficulties when estimating PS (47).

- Gender: the influence of gender on PS estimation has been argumentative, even though
some studies report that women are better estimators (28), others report minimal or no
differences (37). These differences among genders may reflect a skill attributed to their
greater experience in measuring food as a function of their reference system, or a
biological response to the higher energy needs of men versus women (48).

- Cultural background: Cultural background can influence how people perceive and

estimate PS. People from cultures that emphasize larger portions may overestimate PS
more than those from cultures that emphasize smaller portions, for example, some

cultures the hand-based portion is used to self-serve or measure portions of foods for
others in order to ensure that everyone gets an equal portion of food (27).

1.3. Psychosomatic and emotional status and selection of food portion sizes

Metabolic needs are not the only factor that influences food intake (49), but emotional states,
motivations, and self-regulatory processes also play an important role (50). In this sense,
negative affect and cognitive control can override the body's natural energy balance, leading to
either reduced or increased food intake in order to cope with stress and negative emotions (51,
52).

In 2005, the Mental Health Foundation acknowledged that diet can have a considerable effect
on mental health, which is often overlooked (53). Stressors during childhood may arise from
multiple events in the daily life environment such as school and family (54). Regular exposure
to stressful situations may influence a child's behaviour and have consequences on both their
physical and mental health (54). It has been observed that an inability to cope with or suppress

negative emotions is linked to increased food consumption, particularly of sugary and fatty
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foods (55). Moreover, a two-way relationship has been proposed between emotion and eating,

where emotions control eating and vice versa (52).

Emotional eating, which is defined as the tendency to overeat in response to negative emotions
such as anxiety or irritability (56), has been observed to be on the rise. This concept is derived
from the psychosomatic theory (57), which suggests that emotional eaters are unable to
differentiate hunger from the physiological state accompanying negative emotions. This
emotion-driven impulsiveness has been linked to the type of snack food consumed (sweet and

fat) rather than the energy intake of food consumed per snacking occasion (58).

External factors and emotional states can have an effect on food intake (59). It was observed
that those who had higher scores in terms of dietary restraint or emotional disinhibition ate
more when presented with larger PS (59), implying that both positive and negative moods can
be linked to greater food and calorie consumption in different groups (59). Following this,
during meal planning, individuals experiencing elevated psychosomatic status may select
larger PS, given that expectations of satiety delivered from a food is one of the strongest
predictors of PS (60).

Prior studies in adults suggest the contributions of psychosomatic to unhealthy eating
behaviours, such as increased preference for palatable higher energy foods and consumption
of a higher fat diet (61). A systematic review conducted by O’Neil et al. found a cross-sectional
association between poor psychosocial well-being and energy dense foods, such as refined
grains, processed meat and snacks, diet- and sugar rich soft drinks, fried food and foods high
in saturated fat and sugar, in children and adolescents (62). Additionally, a positive correlation
between emotional status and the frequency of consumption of sweets and fatty foods was
observed in children, which may lead to overweight, even though the study did not quantify
the portion sizes of the consumed food (63). These findings suggests that when individuals are
experiencing elevated emotional status, they may select larger portion sizes in order to achieve
sufficient satisfaction or satiety for coping with negative moods (64). This is supported by the
fact that expectations of satiety delivered from a food is one of the strongest predictors of PS
(60). However, the relationship between emotional status and dietary intake, mainly PS, has

not been examined in children and adolescents.

29



1.4. Relationships of food portion sizes with dietary patterns, energy, and nutrient intakes

Childhood and adolescence are both critical periods in which rapid cognitive development and

physical growth occurred (65). During childhood, the nutritional demands increase and the
adequate energy intake along with the consumption of nutrient-dense foods are essential (66).

Dietary patterns undergo many changes during lifespan regarding dietary diversity, nutrients
intake, and PS (67). Increased PS of foods and high ED drinks commonly served are consider
as a major component of the food environment that has contributed to the excess of energy
consumed (9, 68). In children and adolescents, larger food PS have been associated with
increased intake of specific nutrients and/or a decrease of the intake of some micronutrients as
a result of the composition from the food itself; for example, when children consume large PS
of sugary sweets, total sugar increase but, on the other hand, the intake of many micronutrients’

decrease (69).

In the same vein, children with excess of energy consumption, may suffer from nutrients
deficiency (70). For example, iron intakes decreased when more sweets, sugar-sweetened
beverages and sweetened grains products were consumed and increased with higher intakes of
non-sweetened cereals (71). Moreover, unsuitable nutritional profile in terms of foods,
macronutrients, and micronutrients during adolescence, is associated with adverse health
outcomes in later adult life (66). For example, regular consumption of cow’s milk is very
important during childhood due to their high content of protein, fat, calcium, and vitamin D
that help to maintain good health (72). Noteworthy, micronutrient deficiencies like vitamin D,
calcium, and potassium, can lead to a wide range of health problems, such as

hyperparathyroidism, rickets, osteomalacia (73), and hypertension (74) in children and
adolescents.

Since most European countries met under half of the WHO recommended nutrient intake (RNI)
for micronutrients, such as iron or vitamin D), widespread nutrition issues could exist across
Europe (70). Macronutrients compliance to RNI was globally poor, meanwhile micronutrients
compliance was slightly better; however, girls and children over 10 years showed less
attainment (70). On the other hand, selected micronutrients intake has been examined in Central
and Eastern European countries and it has been found that these countries lacked intake
information across all ages, particularly in children, as compared with other European countries

(75). Also, a recent review showed that less than a third of European countries reported the
energy and nutrient intakes for their children and adolescents (76).
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Most studies focus on the effect of PS from high ED foods on energy intake and on BMI to
manage the obesity epidemic (25, 77); the effect of food PS on nutrients intake is not usually
addressed. Knowledge on adolescents’ association between PS and intakes of energy,
macronutrients and micronutrients is essential for monitoring trends as well as for nutritional

interventions.

1.5. Food portion sizes, energy density, obesity and related metabolic complications.

1.5.1. Food Portion Sizes and Obesity

Apart from increasing sports activities, there are several components of the food environment
supporting energy over nutrition (78), being food PS probably one of the most relevant factors
(68). Previous studies have found that the PS of some pre-packed foods, as well as menu sizes
consumed in restaurants, have increased dramatically over the last 30 years, concurred withthe
recent increase in obesity prevalence (13, 79). Specifically, increased PS of foods commonly
served in restaurants and market is considered as a major component of the food environment
that contributes to the excess energy consumption particularly from high ED foods (9, 68).
Energy density (ED) refers to the amount of energy in each weight of food and/or beverage
(kcal/g) (80), and mainly depends on the fat and water content of the food (81). The World
Cancer Research Fund has classified food that contain 60150 kcal/100 grams as low ED foods
characterized through high water and fibre content. Medium ED foods are containing 100—225
kcal/100 g and high ED foods are containing more than 225-275 kcal/100 g (82). This
classification is one of the most commonly used by several studies (25, 83) to group specific
food items by its energy content.

Epidemiologic studies in European adults have found only a limited relationship between PS
from high ED foods and the actual BMI (84). Rippin et al. (84) also found limited evidence on
the association between PS of ED foodsand BMI in subgroups of adults analysed from the
French and UK national dietary surveys. An intervention study focusing on the effect of large
PS on body weight by a midday meal manipulation in adults noticed that the weight changes
were not significant over time or between test periods (85). In this study, a midday meal
manipulation with a four-week trial, showed that larger portions were associated witha 0.64 £
1.16 kg weight gain whereas the change on the standard portions group was 0.06 £+ 1.03 kg

(85); the weight changes were not significant over time or between test periods.
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Inchildren, a cross-sectional study found that PS of milk, bread, cereal, juice, and peanut butter,
had a high contribution to children’s daily energy intake; moreover they found that the high PS
z-scores were positively linked with both, energy intake and body weight (86). Moreover, in
British adolescents, PS of high ED foods from high-fibre breakfast cereals, cream and
carbonated soft drinks were positively associated with a higher BMI (25).

Another study conducted in children and adolescents found that PS and energy content
consumed per meal were significantly associated with BMI percentile in boys 6 to 11 years and
in children 12 to 19 years. However, no relationships were found in children 3 to 5 years and
girls aged 6 to 11 years (87). Moreover, a French cross-sectional study focused on children,
aged between 3-11, observed that overweight in children aged 3-6 years was positively
associated with PS of biscuits and sweetened pastries. Also significant positive trends were
observed for PS of croissant-like pastries and meat (88). In the same vein, in children, it was
observed that when girls consumed large portions of snack foods in the absence of hunger at 5
and 7 years of age, they had 4.6 times more probabilities of having overweight at both ages
than boys (89).

Although, several studies observed a positive relationship between increasing PS and obesity
in children (86, 89), these studies cannot be taken as proof of causality in children, mainly
because most of them are a cross-sectional studies, and they are not reflecting eating in a free-
living context. Consequently, long-term studies are needed to determine the potential causal

link between increasing PS and obesity.

1.5.2. Food portion sizes and cardiometabolic health

Dietary factors are environmental determinants of both adiposity, insulin resistance, and the
components of metabolic syndrome (MS) (90). In adults, studies have shown that dietary

patterns characterized by high intakes of fruits and vegetables are generally associated with a
low prevalence of the metabolic syndrome (23, 24).

Diet composition, in particular, carbohydrate type and amount of fat intake may also influence
insulin resistance (91). In children it has been found that total energy, fat, saturated fat, and
protein intakes were significant predictors of fasting insulin and quantitative insulin-sensitivity
check index (QUICKI), independent of age and body mass index (BMI) (92). Studies found
that increased consumption of margarine, sweets (candies, lollipops, jellies, traditional fruit in

heavy syrup) and savoury snacks (chips, cheese puffs and not home-made popcorn) was
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associated with high homeostasis model assessment of insulin resistance (HOMA-IR) index
value in children and adolescents (93, 94). Additionally, it was previously shown that sugar
intake in the form of sugar-sweetened beverages was associated with insulin resistance in
adolescents (95). Data from children indicated that short absorption time which follows the
consumption of sugar may impair blood glucose control and may result in hyperinsulinemia
and peripheral insulin resistance (96). Frequent intake of obesogenic foods such as crackers,
chips, and cooked ham was observed in adolescents with MS (97). Moreover, a ‘Western’
dietary pattern was associated with a greater risk for metabolic syndrome, among female
adolescents (98). However, there is no studies focus on PS and its relationship with insulin
resistance and metabolic syndrome in children and adolescents.
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2. Objectives

The general objectives of this Doctoral Thesis are to explore, in previous research, the
connection between food portion sizes and energy intake, obesity and metabolic complications
in children and adolescents. To explore how psychosomatic and emotional status effect on food
portion sizes selection. Moreover, to identify which portion sizes of food groups mainly
influence total energy intake in childhood and adolescence and to assess the effect of large food
portion sizes on the development of obesity. Additionally, to analyse the effect of food portion

sizes on insulin resistance and other metabolic complications.

The specific objectives of each of the five articles included in this Doctoral Thesis are the

following:

Manuscript 1: Food portion sizes, obesity, and related metabolic complications in
children and adolescents.

Objectives: The main objective of this narrative review was to provide evidence for the impact
of food portion sizes on obesity development, in children and adolescents. Specifically, in this
narrative review we focus on the relation between food portion sizes, total energy intake,

obesity, and some metabolic syndrome features such as insulin resistance in children and
adolescents.

Manuscript I1: The association between psychosomatic and emotional status and selected

food portion sizes in European children and adolescents: IDEFICS/I. Family study.

Obijectives: To investigate the cross-sectional and longitudinal influence of psychosomatic and

emotional status on food portion sizes from different food groups. Also, to investigate which
food groups are the most associated with psychosomatic and emotional status.

Manuscript I11: Food portion sizes and their relationship with energy, and nutrient
intakes in European adolescents: the HELENA study.

Objectives: To examine the relationship between food portion sizes from various food groups
with the intake of macronutrients and micronutrients, and to identify which food groups mainly

influence total energy intake in a sample of European adolescents.

Manuscript 1V: The Association between Portion Sizes from High-Energy-Dense Foods
and Body Composition in European Adolescents: The HELENA Study.
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Objectives: To investigate the association between portion sizes from most frequently
consumed high ED foods and obesity in a sample of European adolescents considering a set of
relevant confounders.

Manuscript V: Associations between food portion sizes, insulin resistance, VO2 max and
metabolic syndrome in European adolescents: the HELENA study.

Objectives: To investigate the influence of food portion sizes on insulin resistance and a

quantitative score of metabolic risk in European adolescents.
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2. Objetivos

Los objetivos generales de esta Tesis Doctoral son explorar, en investigaciones previas, la
conexion entre el tamafio de las porciones de alimentos y el consumo de energia, la obesidad y
las complicaciones metabdlicas en nifios y adolescentes. Valorar como el estado psicosomatico
y emocional afecta la seleccién del tamafio de las porciones de alimentos. Ademas, identificar
qué tamafio de las porciones de los grupos de alimentos influyen principalmente en la ingesta
total de energia en la infancia y la adolescencia y evaluar el efecto de las porciones grandes de
alimentos en el desarrollo de la obesidad. Ademas, analizar el efecto del tamafio de las

porciones de comida sobre la resistencia a la insulina y otras complicaciones metabdlicas.

Los objetivos especificos de cada uno de los cinco articulos incluidos en esta Tesis Doctoral

son los siguientes:

Manuscrito I: Tamafio de las porciones de alimentos, obesidad y complicaciones

metabdlicas relacionadas en nifios y adolescentes.

Objetivos: EI objetivo principal de esta revision narrativa fue proporcionar evidencia del
impacto de las porciones de alimentos en el desarrollo de la obesidad en nifios y adolescentes.
Especificamente, en esta revision narrativa se describe la relacion entre las porciones de

alimentos, la ingesta energética total, la obesidad y algunas caracteristicas del sindrome
metabdlico como la resistencia a la insulina, en nifios y adolescentes.

Manuscrito Il: Asociacion entre el estado psicosomatico y emocional y el tamafio de las
porciones de alimentos seleccionados, en nifios y adolescentes europeos: IDEFICS/I.

Family.

Objetivos: Investigar, en el analisis transversal y longitudinal, la influencia del estado
psicosomatico y emocional en el tamafio de las porciones de diferentes grupos de alimentos.
Ademas, investigar qué grupos de alimentos son los mas asociados con el estado psicosomatico

y emocional.

Manuscrito 111: Tamafo de las porciones de alimentos y su relacion con la ingesta de

energia y nutrientes en adolescentes europeos: el estudio HELENA.

Objetivos: Examinar la relaciéon entre las porciones de varios grupos de alimentos, con la

ingesta de macronutrientes y micronutrientes, e identificar qué grupos de alimentos influyen
principalmente en la ingesta total de energia, en una muestra de adolescentes europeos.
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Manuscrito 1V: Asociacion entre el tamafio de las porciones de alimentos de alta densidad

energética y la composicion corporal en adolescentes europeos: el estudio HELENA.

Objetivos: Investigar la asociacion entre las porciones de alimentos con elevada densidad
energética consumidos con mayor frecuencia y la obesidad, en una muestra de adolescentes

europeos considerando un conjunto de factores de confusion relevantes.

Manuscrito V: Asociaciones entre el tamafio de las porciones de alimentos, la resistencia
a la insulina, el VO2 max. y el sindrome metabdlico en adolescentes europeos: el estudio
HELENA.

Objetivos: Investigar la influencia de las porciones de alimentos en la resistencia a la insulina
y una puntuacion del riesgo metabdlico en adolescentes europeos.
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3. Material and methods
3.1. Narrative methodology (article 1)

The strategy for bibliographic search focused on articles published in the English language
from 1952 to December 2019 (including online). The databases used included PubMed, Web
of Knowledge, Scopus, Science Direct, and online books. In addition, citations in reviews and
paths within databases were also incorporated. Key terms included: portion sizes, food size,
food type, dietary estimation method, portion sizes estimation, food photography, food model,
household measures, obesity, food choice, dietary intake, body mass index (BMI), energy-
dense food, energy intake, emotional eating, insulin resistance, diabetes, children, adolescents,
satiety, appetite, exposure, reward, model, and pressure to eat. Inclusion criteria were
manuscripts from all age groups, and cross sectional, longitudinal and clinical trials. The
methodology is based on analysis, synthesis, interpretation, and relevant comparisons. We
identify some key areas for further investigation, propose assumptions based on prior studies
that provide detailed views of how food PS affects obesity, and related metabolic

complications, and explore the main factors that influence these relationships.

3.2. IDEFICS/I. Family study (Article 1)
3.2.1. Study design and sampling

The analysis was conducted using data from the “Pan-European IDEFICS/I. Family children
cohort”, the IDEFICS (Identification and prevention of Dietary and lifestyle induced health
EFfects in Children and infantS) recruited a total of 16,229 children aged between 2 and 9.9
years old at baseline (TO) (99). They were examined from autumn 2007 to spring 2008 in a
community based baseline survey (T0) in eight European countries (Belgium, Cyprus, Estonia,
Germany, Hungary, ltaly, Spain, and Sweden) and follow-up in 2009-2010 (T1) and 2013-
2014 in the “Investigating the determinants of food choice, lifestyle and health in European
children, adolescents and their parents” (I. Family) (T3) study (100, 101). The final included
samples in the follow-up comprised 11,041 and 6,055 children from the original IDEFICS
cohort in T1 and T3, respectively (101). The general purpose of both studies IDEFICS and I.
Family was to understand the mechanisms of childhood obesity and how to prevent it and to
identify determinants of eating habits, lifestyles, and health in European children and their
families (101). More details about study design, sampling, and procedures of IDEFICSI/I.
Family have been described elsewhere (100, 101).
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Out of the total sample 7,355 in TO, 3869 in T1, and 2971 children in T3 (in each measurement
time new participants were added) met the criteria of availability of at least one 24-HDR with
plausible reporters, and the full variables for this study: body mass index (BMI), parental
education, emotional well-being and self-esteem of the child during the last week score

(KINDL), and data about emotional and peer problems over the last 6 months. A flow chart for
the selection of the total sample can be found in Figure 1.

Full Survey Sample
T0=16,229
T1=13,587

T3=10,681 children

Have at least completedone 24-

HDR with full required variables
Excluded: T0=9573 Excluded:
Over-reporters Tlf5655 Not completed information
TO=334 T3=5257 on psychosomaticand
T1=213 emotional status variables:
T3=58 v T0=953
Under-reporters Included in the cross-sectional T1=302
T0=931 analysis T3=399
T1=592 TO0= 7355
T3=1825 T1=3869
T3=2971

Included in longitudinal analysis
T1-T0=2043
T3-T0=1165

Fig. 1 Study flowchart. TO: Baseline measurement of IDEFICS. T1: Follow up measurement
of IDEFICS. T3: Follow up measurement of I. Family.

3.2.2. Ethics committees

The IDEFICS/I. Family study was carried out in accordance with the Declaration of Helsinki
(1975), and the ethical guidelines of the Edinburgh review of 2000. Approval was obtained
from all the local ethical committees in the centres where the study was carried out. All the
children were informed and gave their oral consent while the parents read an information letter
and signed a consent to participate in the study. In Aragén, the Ethics Committee (CEICA)
approved the performance of all the measures.
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3.2.3. Socioeconomic and demographic factors

Data on parental education and income was collected from the parental questionnaire. The
education level is based on the International Standard Classification of Education (102) for
cross-country comparability and was used to determine the highest level of either parents’
education (103). Levels 1-3 represent upper secondary education (classified as lower education
level) and levels 4-6 represent post-secondary education (classified as higher education level).
Country-specific income levels were assigned with reference to the average net equivalence
income, considering the median income and poverty line. Levels 1-5 represent lower income

level and levels 6-9 represent higher income level.

3.2.4. Evaluation of psychosomatic and emotional symptoms

Psychosomatic and emotional symptoms (104) in children were described by two variables:
emotional well-being and self-esteem of the child during the last week, emotional problems

and frequent occurrence of headaches, stomach-aches or sickness over the last 6 months.

1. Emotional well-being and self-esteem of the child during the last week: Parents were

asked to complete the emotional and self-esteem subscales of the ‘KINDL
Questionnaire for Measuring Health-Related Quality of Life in Children and
Adolescents’, a questionnaire which assesses the child’s quality of life in multiple
dimensions (physical well-being, emotional well-being, self-esteem, family, friends
and everyday functioning subscale) and which was incorporated in the IDEFICS
parental questionnaire (105). The questionnaire had previously been tested for its
reliability and validity (105). The items of the emotional and self-esteem subscales were
scored from 1 (never) to 4 (often or always) with reversals according to the wording of
the question and summed to a total score with a high value indicating high well-being
(105, 106).

2. Emotional and peer problems over the last 6 months: Assessed using the Emotional

Symptoms Scale of the SDQ. The peer problem score included: to what extent do the
following characterizations apply to your child? (1) rather solitary, tends to play alone,
(2) has at least one good friend, (3) generally liked by other children (4) picked on or
bullied by other children, and (5) gets on better with adults than with other children.
The emotional problem score included: To what extent do the following
characterizations apply to your child? (1) often complains of headaches, stomach-aches
or sickness, (2) many worries or often seems worried, (3) often unhappy, depressed or

tearful, (4) nervous in new situations, easily loses confidence, and (5) many fears, easily
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scared. Items were scored from 0 ‘not true’ to 2 ‘certainly true’ and summed to total
scores ranging from 0 to 10 where a high value indicated more difficulties or life
struggles. In accordance with the SDQ manual the emotional and peer problem scores
were divided into: ‘inconspicuous’, ‘borderline’ and ‘abnormal’. Thereafter, a
dichotomized variable was created consisting of poor well-being (including both
‘borderline’ and ‘abnormal’ groups) versus the remaining children with no detectable
(‘inconspicuous’) poor wellbeing (107). Cut-off values for No detectable emotional
problems were < 3 and, and for No detectable peer problems < 2. The internal

consistency of the scale in the present study was good (Cronbach’s a.= 0.87).

3.2.5. Dietary evaluation and calculation of the food portion sizes.

Dietary intake of the previous 24 h was assessed using the computer-assisted 24-h dietary
recalls (24-HDR), called SACINA (‘Self- Administered Children and Infant Nutrition
Assessment’) in TO and T1 and SACANA (“Self-Administered Children, Adolescents, and
Adult Nutrition Assessment”) in T3 (108). SACANA was the revised and extended web-based
version of the SACINA online 24-HDR.

The SACINA software was based on the previously designed and validated ‘YANA-C
(“Young adolescents’ nutrition assessment on computer’) developed for Flemish adolescents
and further adapted to European adolescents in the HELENA study (109). SACINA was
developed to assess the children’s absolute energy and nutrient intake, the percentage
contribution from food and drinks to total energy and nutrient intake, as well as portion sizes
and food groups during the previous 24 h. In a subsample, in TO and T1, two 24-HDR were
recorded, but to not lose participants in this study, only the first 24-HDR was considered in
each child (also in T3). Parents or other caregivers as proxy respondents for children’s diet
gave information on amount (g) and type of all foods and drinks that were consumed during
the previous day, starting with the first intake after waking up in the morning. In T3, this was
done by the children themselves with the help of a parent from the age of 8 y. The required
time frame for one interview was 20—30 min (108). School meals, drinks and snacks consumed
the day prior to the 24-HDR were assessed using a standardized observer sheet, completed by
trained personnel, attending the school canteen the day of the recall. School meal data were
merged with the parentally reported 24-HDR data to enhance the completeness of dietary
recalls (110). Incomplete interviews were excluded if the proxy did not know about at least one
main meal or in case of missing school meal information.
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The validity of proxy-reported energy intake from the 24-HDR was tested using the doubly
labelled water technique in young children. SACANA was validated twice. The instrument was
found to be valid to assess energy intake at group level (111). Accurate estimation of PS was
assisted using standardized photographs. SACINA was structured according to six meal
occasions (with possibility to add more snack occasions): breakfast, mid-morning snack, lunch,
afternoon snack, evening meal and evening snack, together with questions related to a range of

chronological daily activities to help to remember (110).

Misreporting (over and underreporting) is a well-known problem in dietary assessment. In this
study misreporting were measured by calculating the individual ratio of the energy intake and
the basal metabolic rate (EI/BMR) and comparing this ratio with the age- and sex-specific
EI/BMR for children using Goldberg cut-offs which considered of good predictive value and
thus they are an appropriate alternative for characterizing misreporting in the absence of

objective validation data; more information’s were described elsewhere (112).

Portion sizes calculation and food group selection

All nutrients and energy values were expressed per 100 g edible portion. Standard units were
taken from McCance and Widdowson’s (113) food composition tables. The methodology used
in this study to calculate the PS of a food group was to divide the total intake of items in grams
consumed in a 24h-recall by the number of eating occasions. This same approach has been used
in several studies of food PS in children and adolescents (25, 77) and it provides data on a per-
consumer basis, rather than per-capita. To analyse a specific food group, only participants who
consumed this food group were included in the analysis. For the purpose of this study, in the
case of mixed dishes, each dish was re-classified by the main food component according to the
ingredient present in the highest proportion, after cooking. Alcoholic drinks and soya beverages

were excluded from the analysis due to infrequent consumption (more than 85 % of the sample
did not report consumptions).

In accordance with the World Cancer Research Fund (82), which identified foods with an
energy density of 225-275 kcal/100g as high-ED foods, we chose food items that had been
previously identified as having the greatest contribution to energy intake and a positive
association with BMI in Europe and other countries (25, 77)

In this study food items were selected based on their ED, clustered in groups and each food
groups containing subgroups according to their nutritional values: 1) cereals and cereal

products, 2) sugar and sugar products 3) fats and savoury snacks 4) non-alcoholic beverages
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and soups 5) dairy products and similar. Dietary datawere analysed for average energy intake

in kilocalories (kcal) and kilojoules (kJ), macronutrients (g), and percentages of energy (114).

3.2.6. Anthropometric measurements

Weight, in kilograms, and height, in centimetres, were measured by trained personnel
according to a standardized protocol with participants barefoot and in underwear. Body weight
was assessed in fasting status on a calibrated scale (Tanita electronic scale model BC 420 SMA
with an adapter; Tanita Europe GmbH) to the nearest 0.1 kg. Height of the children was
measured with a calibrated stadiometer (Seca telescopic height-measuring stadiometer model
225; Seca) to the nearest 0.1 cm (115). Finally, BMI was calculated as body weight in
kilograms divided by the square of height in meters. BMI Z-scores and BMI categories were

estimated according to Cole et al (116).

3.3. HELENA study (articles 111-V)

3.3.1. Study design and sample

The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study was a cross-
sectional multi-centre study (CSS) that took place in 2006-2007 and was designed to evaluate
the nutritional status of the European adolescent population. Adolescents were aged between
12.5-17.5 years and were recruited in 10 European cities: Heraklion and Athens (Greece),
Ghent (Belgium), Dortmund (Germany), Pécs (Hungary), Rome (Italy), Lille (France), Vienna
(Austria), Stockholm (Sweden), and Zaragoza (Spain) (117). The main objective of HELENA-
CSS was to obtain reliable and comparable data from randomly selected European adolescents
(n=3528, 52.3% qirls), using wide relevant health and nutrition-related parameters which
included: anthropometric measurements, physical activity, dietary intake, food choices and
preferences, lipid and glucose metabolism, serum vitamins and minerals status, physical fitness
and genetic markers (118). The inclusion criteria for the main study were participants who did
not involve concurrently in another clinical trial, ages less than 17.5 or greater than 12.5 years,
and being free from any acute infection lasting less than 1 week before the inclusion process,
have complete weight and height measurements, and have completed at least 75% of the rest
of the tests (119).
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A subgroup of 1,089 adolescents, from the 10 participant cities were randomly chosen to
participate in the blood extraction. As blood parameters have much less variability than the rest
of the variables, a smaller sample is sufficient to be representative. The size of the subgroups
(approximately 100 adolescents in each city) was chosen taking into account the means of the
57 immunological parameters, since they were the blood measurements that presented a greater

variability among all the parameters included in the study.

The general methodology of the study as well as the procedures developed to carry it out have
been previously described (119). A detailed manual of operations was thoroughly read by all
the researchers involved in fieldwork before the data collection process, in addition the
instructions and questionnaires that were given to participants for every measurement were

translated into their local language (120).

3.3.2. Ethics committees

The HELENA study was conducted in accordance with the ethical guidelines of the Helsinki
Declaration (1975), in its 2000 Edinburgh revision, and in accordance with the epidemiological
research legislation of each of the participating countries. All the local ethics committees of
the centres where the study was developed approved the protocol and study development. In
Aragon, permission to carry out the study was obtained from the Ethics Committee (CEICA).

Informed consent was obtained from the participating adolescents and their parents/guardians.

3.3.3. Socioeconomic and demographic factors

A general questionnaire with socioeconomic status (SES), health outcomes, and nutritional
status were fulfilled by the participants. Family affluence scale was used as indicator of the
adolescents’ material affluence and a predictor of their health outcomes, the FAS is typically
scored on a scale of 0 to 8, with higher scores indicating higher levels of affluence then re-
categorization into three levels include: low (from 0 to 2), medium (from 3 to 5) and high (from
6 to 8). The education level of the adolescent parents was reported as primary education, lower
secondary education, higher secondary education, or higher education/university degree. More
detailed description about the SES has been reported elsewhere (121).
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3.3.4. Dietary evaluation and calculation of the food portion sizes.

The HELENA Dietary Assessment Tool (HELENA-DIAT) was used to assess adolescent’s
dietary consumption. This software was used as a self-administered computerized 24-h recall,
and it was developed and validated originally in Flemish adolescents and, then, in the
HELENA-CSS (109). HELENA-DIAT comprised the intake from six meal occasions:
breakfast, morning snack, lunch, afternoon snack, evening meal and evening snack. It included

two non-consecutive 24h recalls based on a weekday and one weekend day, one week apart. A
well-trained dietitian assessed the adolescents and helped them to complete the 24-hr recall.

In total, about 800 photographs were available in the program. The participants could select
visually from photographs the consumption amount and indicate the one closer to their actual
intake. Furthermore, they could type in a textbox their intake amount from each food item.
However, the participants can remove or modify the selected items at any time. Also, for foods
that could be sizing by household measurements like cups, several portions appeared on the
screen and the participants choose their consumption amount by clicking directly on the
portion. In case of foods eaten in combination with other food items such as ‘French fries and
mayonnaise’, a box was shown on the screen to remind them to include this additional food
item (122). To calculate energy and nutrient intakes, data from HELENA-DIAT were linked
to the German Food Code and Nutrient Database (Bundeslebensmittelschliissel, version 11.3.1)
(123). Taking into account occasionally consumed foods, the usual dietary intake of foodsand
nutrients were estimated by the multiple source method (MSM) (124). The MSM, firstly
calculated individual’s dietary intake and then build the population distribution based on the
data. After applying the MSM method, dietary data were analysed for average energy intake in
kilocalories, kilojoules, and macronutrients (carbohydrates, proteins, and fat) in grams.

Based on European food groups classification system, about 4179 foods and beverages, in the
form of recipes or as individual food, were aggregated to 29 food groups (109, 125). As part
of the general HELENA analysis and based on the nutritional composition of food groups some
of them were further re-aggregated for PS analysis according to their nutritional value; for
example, all types of meat were combined into the ‘Meat’ group. However, four food groups
were excluded from the analysis such as ‘soya beverages’, due to very low consumption (more

than the 85 % of the sample did not report consumption).

PS were established by the total intake of items in grams included in each food group and

consumed in the 24h-recall, divided by the number of eating occasions of these consumed
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items. In this thesis, the average amount was calculated from the two days included in the 24h-
recall by each meal occasion. For example, if an individual consumed 200g of meat for lunch
in the first day and 200g in the lunch of the second day, then his/her PS at lunch from this food
item was 200g, and if an individual consumed 200g of meat only in lunch and did not consume
meat in any other meal, his/her PS was 200g. Various studies have adapted the same
methodology, such as the study of food PS effect on overweight in children and adults (88,

126). Thus, these data represent per-consumer averages, not per capita averages.

3.3.5. Anthropometric Measurements

All anthropometric measurements were collected by standard methodology and by trained
employees (120). Telescopic height-measuring instrument (model 225; SECA, Germany) was
used to measure height to the nearest 0.1 cm, barefoot with the head oriented in the Frankfurt
plan. Body weight was measured in underwearand without shoes by an electronic scale (model
871; SECA, Hamburg, Germany) to the nearest 0.1 kg. The BMI was calculated by dividing
body weight in kilograms by squared body height in meters. International Obesity Task Force
criteria was used to classify the obesity status (116). Children were classified into the normal-
weight, overweight and obesity categories. Also, skinfold thicknesses were measured in
triplicate with a Holtain Caliper (Crymmych, UK) from six body sites (triceps, subscapular,
right side at biceps, suprailia, thigh, and medial calf) to the nearest 0.2 mm, and then, the
average of the three measures was used (127). In order to obtain total body fat, the six-skinfold
thicknesses were summed. Body fat percentage was estimated from skinfold measurements,
using the formula of Slaughter et al. (127). The fat mass index (FMI) has been calculated by
dividing body fat mass (kg) by the square of height in meters (128). Waist (WC) and hip (HC)
circumferences were also measured in triplicate, to the nearest 0.1 cm with an anthropometric
tape (SECA 200, Germany); the average of the three measures was used. WC was measured at
the midpoint between the lowest rib and the iliac crest (129) and considered a marker of

abdominal fat. HC was measured at a level parallel to the floor, at the largest circumference of
the buttocks.

3.3.6. Physical activity measurement

Accelerometers (Actigraph MTI, model GT1M, Manufacturing Technology Inc., Fort Walton
Beach, FL, USA) were used to obtain an objective measurement of physical activity. The
devices were placed on the lower back of the participants, under the clothes using an elastic
belt, for seven consecutive days. The participants were given instructions to wear the

instrument when they wake-up and to remove it for water-based activities and sleeping (130).
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Using manufacturer software, data were downloaded to a computer and analysed later by
software based on Visual Basic. Time spent in moderate and vigorous PA (MVPA) was
determined using the cut-off point of 2000 cpm, to generate the various indices, the number of

days per week were multiplied by minutes per day to produce minutes per week for each
activity (131). More detailed information has been reported elsewhere (130).

3.3.7. Cardiorespiratory fitness

Cardiorespiratory fitness was measured by the progressive 20-m shuttle run test (132). This
testrequired subjects to run back and forth between two lines set 20 m apart following a running
pace determined by audio signals and with an initial speed of 8.5 km h-1 increasing by 0.5 km
h-1 every minute (1 min equals 1 stage). The test was finished when the adolescent failed to
reach the end lines concurrent with the audio signals on two consecutive occasions and the
final score was computed as the number of stages completed (precision of 0.5 stages). Maximal

oxygen uptake (133) was estimated using the formula described by Léger et al. (1984).

3.3.8. Blood samples

Briefly, fasting blood samples were collected by venepuncture at school between 8:00 and
10:00 after a 10-h overnight fast. Whole blood samples for the hemogram were sent directly to
the local laboratory of each country to be analysed. Concentrations of triglycerides, total
cholesterol (134), high-density lipoprotein cholesterol (HDLc), and glucose were measured in
fresh serum enzymatically on the Siemens Dimension RxL Max Integrated Chemistry System
(Dade Behring, Schwalbach, Germany) using the manufacturer's reagents and instructions at
the University Hospital in Bonn (Germany). TC/HDLc ratio was calculated. Insulin (135) was
measured by a solid-phase two-site chemiluminescent immunometric assay with an Immulite
2000 analyzer (DPC Biermann GmbH, Bad Nauheim, Germany). More details about blood
handling procedures have been described elsewhere (136). The intra-assay coefficients of

variation were <3.3% and the inter-assay coefficients <3.9% for all parameters.

3.3.9. Metabolic risk score

The HOMA-IR index was calculated as (fasting insulin (pmol/1)/6.945 * fasting glucose
(137)/22.5) (138). The cut-off value for HOMA-IR was based on the 90th percentile by sex
and age. A quantitative insulin sensitivity check index (QUICKI) was calculated as QUICKI =
1/log insulin (I1U/mL) + log glucose(mg/dl) (139). Systolic blood pressure was measured with
an automatic oscilometric device (M6, HEM-7001-E, Omron). A continuous clustering

metabolic risk score was computed using the following variables: systolic blood pressure,
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triglycerides, TC/HDL-c ratio, HOMA-IR index, and the sum of six skinfolds and VO2max
based on the one by Andersen et al (140), that has been used in previous HELENA studies (94,
141). VO2max was multiplied by -1 to indicate higher metabolic risk with increasing value. Z-

scores were calculated for each risk factor variable by gender, and then all individual Z-scores

were summed to create a clustered risk score. The lower the metabolic risk the better the overall

CVD risk factor profile.

The summary of the included articles of this Doctoral Thesis are described below. Samples

were selected based on having all necessary information in each article (Figure 2).

N total in IDEFICS study: 16.228

Article Il
The association between
psychosomatic and emotional status
and selected food portion sizes, in
European children and adolescents:
IDEFICS/L.Family study.

Article lll
Food portion sizes and their
relationship with energy, and
nutrient intakes in European
adolescents: the HELENA study.

N at T0= 7355 (51.2% males)
N at T1=3869 (51.8% males)
N at T3= 2971 (53.7% females)

Used variables:

[ At least one completed 24-hours
dietary recall (24-HDR) with

plausible reporting of energy intake.

U Full set of exposure: emotional well-

being and self-esteem of the child

during the last week score (KINDL),
data about emotional and peer
problems over the last 6 months.

1 Co-variate information: body mass
index and parental education.

N=1631(54.2% females)

Used variables:

U Twice completed 24-hr recall
with plausible intake.

[ Co-variate information: body
mass index and maternal
education.

Figure 2: Summary of thesis framework.

N total in HELENA Study: 3.528
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Article IV
The Association between Portion
Sizes from High-Energy-Dense Foods
and Body Composition in European
Adolescents: The HELENA Study.

Article V
Associations between food portion
sizes, insulin resistance, VO2 max
and metabolic syndrome in
European adolescents: the HELENA
study.

N=1889 (54.4% females)

Used variables:

[ Twice completed 24-hr recall with
plausible intake.

U Full information about body mass
index, fat mass index, physical

activity, and socioeconomic status.

N= 495 (53.5% females)

Used variables:

{1 Twice completed 24-hr recall with
plausible intake.

U Full information about glucose,
insulin, HOMA-IR index, skinfold
thickness, systolic blood pressure,
triglycerides, maximal
Oxygen uptake (VO2max)

U Co-variate information: Maternal
education, and physical activity




3.4. Statistical analysis

The statistical analysis of all articles included in this Doctoral Thesis has followed a similar
scheme. Inan exploratory manner, a Kolmogorov-Smirnov test was initially carried out on all
the articles, to assess the normality of the distribution of the continuous variables and, in the
event of non-compliance, the pertinent transformation to the normality of the variable was
carried out. Similarly, in all articles a descriptive table is presented with the main characteristics
of the participants stratified by sex except for the fifth manuscript. These tables show the mean
values with standard deviation for those continuous variables or percentages for those
qualitative of all the markers and variables that have been used in the rest of the analyses.
Student's t-test was used to assess gender differences in continuous variables, while the chi-

square test was used to assess differences in qualitative variables.

Article I was a narrative review, so no statistical analysis was applied.

In article 11, to explore the association between psychosomatic and emotional measurements
(KINDL and SDQ), and food PS cross-sectionally, multivariable multilevel linear regression
models were performed for the period TO, T1 and T3 using psychosomatic and emotional status
as independent variables, and food PS as dependent variables, considering country as random
effect.

Moreover, subjects with complete information in the three measurement times underwent
longitudinal analysis to measure the association between psychosomatic and emotional status
(delta value) and food PS (delta values) between TO and T1 as well as between TO and T3. The
association between psychosomatic and emotional status variables and these delta values were

analysed via multivariable multilevel linear regression models and considering country as
random effect.

All of regression models were stratified between age and gender for period (T3-TO) and only
by gender for period (T1-TO) also, adjusted by parental education and BMI. The Holm-
Bonferroni adjustment method was employed to reduce the likelihood of type 1 errors. This
method is more powerful than the single step Bonferroni. The procedure involves ordering the
significant results from the smallest to the largest P-value, testing the smallest probability, and
applying a simple equation (alpha/ (number of tests performed-rank after ordering+1). If the
first test is significant, the second smallest probability is tested, and so on. The procedure ends

when the first nonsignificant test is generated. A significance level of p<0.017 was used after
adjusted for multiple testing.
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Analyses were carried out using IBM-SPSS (v25, SPSS Inc., Chicago, IL, USA), and Stata
(v13.0, College Station, TX: StataCorp LP, USA). P-values of 0.05 were used as representing
statistical significance forall tests. The figures and graphics have been made with power point
(Microsoft).

In article 111, to assess the relation between the amount of PS from food groups and energy,
macronutrients and micronutrients, multivariable linear regression analysis was carried out,
with food PS amount as independent variables and nutrients intake as the dependent variable,
adjusting for age, gender, maternal education, BMI and using country as a level. PS data for
each food item were split by tertiles to create relatively ‘small’ (T1), ‘medium’ (T2) and ‘large’
(T3) PS categories. In order to avoid bias caused by differences in energy intake, all nutrients’
intakes were energy adjusted to easily compare the intake per 10 megajoule (MJ). The non-
significant differences between gender for PS intake from food groups and nutrients intake

using Student’sttest justify why we did not separate the analysis by gender. For all food groups
consumed, mean values were compared across PS tertiles (T1 vs. T2 vs. T3).

A one-way between-groups analysis of covariance (ANCOVA) was used to test for significant
differences in means across tertiles adjusting for gender, age, BMI and using maternal
education as covariable. Tukey post-hoc comparison test was used for normally distributed (p
< 0.05). Moreover, Kruskal-Wallis test with Mann—Whitney U test comparisons were used for
the data were not normally distributed (p < 0.05). Finally, in order to reduce the probability of
Type 1 errors, the Holm-Bonferroni adjustment method was applied manually to significant
results by ordering them from the smallest to the largest p-value and testing the smallest
probability then applied a simple equation (i.e., o / (number of tests performed — rank after
ordering + 1). If the first test was significant, then the second smallest probability was tested,
and so on. When the first non-significant test had been generated the procedure ended. This

method is more powerful than the single-step Bonferroni.

In article 1V, to assess the relation between food PS from high ED food groups and BMI, and
fat mass index (FMI), multivariable linear regression analysis was carried out, using BMI and
FMI as the dependent variables and food PS as the independent variable in both genders.
Ordinal logistic regression models were carried out to determine the association between BMI
categories (normal weight vs. overweight and obesity, combined) as dependent variable and
PS from ED food groups between gender. Finally, a sensitivity analysis was carried out for all

samples in order to detect any potential differences in the results after adjustment for
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misreporting. All regression analyses were adjusted for age, total energy intake (TEI), physical

activity, and SES, because it was considered as important predictors of the outcome.

In article V, ANCOVA was used to determine the mean differences and standard deviations
of food PS from the studied food groups by HOMA-IR cut off categories and metabolic risk
score median cut off categories between gender, using maternal education as covariable forall

participants.

The association between PS from food groups, as independent variables, and HOMA-IR,
systolic blood pressure, triglycerides, TC/HDL-c ratio, the sum of six skinfolds and VO2 max,
and the metabolic risk score, as dependent variables, was assessed by multilinear regression
analysis. All regression models were adjusted for age, maternal education, PA, total energy
intake, BMI and city as dummy variable. To avoid multiple testing all analysis were performed
individually.
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4. Results

The results of this Doctoral Thesis are shown in the form of scientific articles in the following

order:

Article I: Food portion sizes, obesity, and related metabolic complications in children and

adolescents. (Narrative review)

Article I1: The association between psychosomatic and emotional status and selected food

portion sizes, in European children and adolescents: IDEFICS/I. Family study.

Article 111: Food portion sizes and their relationship with energy, and nutrient intakes in
European adolescents: the HELENA study

Article IV: The Association between Portion Sizes from High-Energy-Dense Foods and
Body Composition in European Adolescents: The HELENA Study.

Article V: Associations between food portion sizes, insulin resistance, VO2 max and
metabolic syndrome in European adolescents: the HELENA study.
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Abstract

The purpose of this narrative review is to provide evidence for the impact of food portion sizes on the development of obesity in children and
adolescents. Strategies are needed on portion size estimation and on the relationship of portion size with certain health problems such as obesity,
insulin resistance, and emotional eating in all age groups, in order to provide information for parents, teachers, and health professionals aiming
to promote healthy eating. A wide range of controlled laboratory studies have found that portion size (PS) had the strongest effect on the amount
of food consumed. The effect of PS on total energy intake has been already observed with different types of foods and beverages, especially with
energy-dense foods. The influence of large PS was persistent and happened regardless of demographic characteristics such as age, gender,
income level, or body mass index. Although a direct causal link between PS and obesity remains controversial, some health and dietetics organi-
zations recommend to moderate PS, especially for energy-dense foods. Research studies in both laboratory and free-living contexts are needed
to determine the causal link between increased PS, obesity, and related metabolic complications in children and adolescents.

Resumen

El objetivo de esta revision narrativa es proporcionar evidencia actual sobre el impacto del tamafio de las porciones de alimentos sobre el desarrollo
de la obesidad en nifios y adolescentes. Son necesarias estrategias sobre la estimacion del tamafio de las porciones y su relacion con ciertos
problemas de salud como la obesidad, la resistencia a la insulina y la alimentacion emocional en todos los grupos de edad, a fin de proporcionar
una comunicacion efectiva para los padres, los profesores y los profesionales de la salud, teniendo por objetivo promover una alimentacion
saludable. Varios son los estudios que encontraron asociaciones positivas entre el tamafio de la porcion y la cantidad de alimentos consumidos.
También se ha observado que el tamafio de la porcion influye en la ingesta total de energia, especialmente en el caso de los alimentos de elevada
densidad energética, siendo este efecto independiente de las caracteristicas demograficas, como la edad, el género, el nivel socioeconémico o
el indice de masa corporal. La relacion causal entre el tamafio de las porciones y la obesidad sigue siendo controvertida; algunas organizaciones
de salud y dietética recomiendan moderar los tamafios de las porciones, especialmente tratandose de alimentos de elevada densidad energética.
Por ello se necesitan mas estudios a corto y largo plazo que puedan determinar la relacion causal entre el aumento del tamafio de las porciones,
la obesidad y las complicaciones metabdlicas asociadas en nifios y adolescentes.
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INTRODUCTION

The key of healthy eating seems to consist in choosing an appro-
priate and adequate amount of food from various food groups. A
healthful diet is essential for both good health and nutritional status,
and represents a key component of obesity prevention strategies.
According to WHO, nearly over 340 million children and adolescents
aged between 5 and 19 years were diagnosed with overweight or
obesity in 2016 (1). In addition, the prevalence of overweight and
obesity within these population groups has risen dramatically from
4 % in 1975 to over 18 % in 2016 (1). A large amount of evidence
shows that the portion size (PS) of some foods, especially those
consumed in restaurants, has increased dramatically over the last
30 years, along with the prevalence of obesity (2,3), a trend that
started in the 1970s and persists nowadays. With a view to invert
this situation, individuals need effective strategies to regulate their
energy intake in spite of the widespread availability of highly pala-
table, energy-dense foods (4). Increased PS of commonly served
foods is considered a major factor that has contributed to excessive
energy consumption and, consequently, to the development of obe-
sity (3,5). Obesity is considered the most common cause of insulin
resistance in children (6), as well as of dyslipidemia (7) and type-2
diabetes (8). In the public health setting, research data about food
intake, both in individuals and populations, serve as the basis for
nutrition monitoring and food policies (5). In this narrative review we
focus on the relation between food PS, total energy intake, obesity,
and some metabolic syndrome features such as insulin resistance
in children and adolescents.

SCOPE AND METHODOLOGY OF THIS REVIEW

The strategy for bibliographic search focused on articles publi-
shed in the English language from 1952 to December 2019
(including online). The databases used included PubMed, Web of
Knowledge, Scopus, Science Direct, and online books. In addition,
citations in reviews and paths within databases were also incorpo-
rated. Key terms included: portion size, food size, food type, dietary
estimation method, portion size estimation, food photography, food
model, household measures, obesity, food choice, dietary intake,
body mass index (BMI), energy-dense food, energy intake, emo-
tional eating, insulin resistance, diabetes, children, adolescents,
satiety, appetite, exposure, reward, model, and pressure to eat.

FOOD PORTIONS. DEFINITION AND
ESTIMATION

A portion is defined as the amount of food that we choose to eat
for a meal or snack, or the amount of a food that we decide to eat
or serve to an individual on a single eating occasion (9). The size
of a food portion can be identified as the weight or volume of hou-
sehold measures such as: tablespoons, hand measures, or size of
a reference object (10). The concept of PS varies widely between
countries, across different population groups, and according to
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both individual and environmental factors (10). For example, a PS
may reflect a person’s own choice, the choice of the food producer
in a restaurant, or a recommendation by a health professional or
the government. PS also reflects ways of eating—for instance,
in some cultures the hand-based portion is used to self-serve or
measure portions of foods for others (11).

Various methods are used to assess dietary intake, such as sin-
gle or multiple 24-hour dietary recalls, estimated dietary records,
diet history, and food frequency questionnaires. However, since
these methods rely on an individual’s memory, there is a cer-
tain challenge in determining food intake, especially in relation to
accurate estimation of food PS. To estimate PS several options are
available: directly weighing the amount of food consumed by the
participant or estimating the size of food portions via visual com-
parisons to household measures, food models, or photographs.

Directly weighing food portions

Because foods have to be weighed before consumption, wei-
ghing methods for determining portion sizes can only be used
with prospective dietary assessment methods and using properly
calibrated scales (12). The weighing should be done by investi-
gators or by participants. Although weighed food records are an
accurate traditional dietary assessment method, it is time con-
suming, cumbersome for participants, and costly to implement.

Visual estimation of weights and size

Direct observation using visual estimation is a non-intrusive
method of estimating food portions that provides an acceptable
alternative (13). To apply this method, observers should be trained
to estimate PS by monitoring the weights of foods consumed by
participants. The accuracy of estimations may vary according to
the type and quantity of food (14). Several studies revealed a good
correlation between visual estimates and actual weight (14). Even
S0, observers may differ on their ability to estimate food weights
visually, as they tend to overestimate the weight of the foods
consumed and to underestimate plate wastes, which may result
in potential bias when estimating sizes of foods with a high volume
but low weight (13). Of note, a wide range of methods have been
described to quantify outcomes related to PS in research studies,
including surveillance and epidemiological analyses, clinical and
nutritional studies, and research on eating behaviors (15). The
most frequently used measurements are food models, photogra-
phs, and household measures (16).

Household measures
Even though some foods, like eggs, oranges, or soft drinks,
can be recorded in units, other food items are often measured

in volumes such as cups or tablespoons (16). These measures
are familiar and easy to use. However, volume measures may

[Nutr Hosp 2021;38(1):169-176]



FOOD PORTION SIZES, OBESITY, AND RELATED METABOLIC COMPLICATIONS IN CHILDREN AND ADOLESCENT

produce considerable error and individual variability in estima-
ting portion weights (17) because foods can be packed tightly
or loosely, and certain foods, such as meats and pastries, do not
conform to measuring devices (18). Household food measures
have led to significant under- or over-estimations of actual portion
weight (16). ConsOequently, household measures are not accurate
for individuals, but they are still used to produce acceptable data
for group estimations in epidemiological studies.

Food models

Food models are also known as fake food models; they are geo-
metric shapes of food samples. Some studies found that having
realistic models closer to real food is a better option for children
(19). On the other hand, a systematic underreporting of intake
was found when three-dimensional plastic food models were used
to represent servings, and the magnitude of this underreporting
varied across food items. In contrast, when larger-sized food
models were used, participants tended to be more accurate in
reporting their intake of foods (20,21).

Photographs

In studies that involve telephone recalls or self-administrated
dietary surveys, two-dimensional pictures of food shapes were as
effective as three-dimensional models in supporting participants
to estimate PS (22). Food photographs of various PSs have been
reported to be useful in some studies (23), but poor correlations
to actual measurements were detected in others (24).

FACTORS AFFECTING FOOD PORTION SIZES
ESTIMATIONS

Several studies have been conducted to examine the influen-
ce of some specific characteristics of foods, study subjects, and
interviewers on the accuracy of PS estimations.

Food characteristics

Food type

It is important to know which foods are more reliable to estimate
the size of their portions. Significant errors have been reported for
some foods such as cakes, salads, butter on toast (25), and amor-
phous foods such as spaghetti or apple sauce (26), as well as for
fish, rice, steak, and cheese (20). However, some studies indicate no
consistent association between size estimations and food type (27).

Food size
Some studies found greater difficulties in estimating PS as por-

tion size increases (28). In addition, some investigators reported
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that large plates are harder to estimate (29), but others did not
report any differences related to plate size (27).

Subject characteristics
Age

Previous studies suggested that children are not able to estima-
te PS very accurately, even when prompted with visual aids (30).
In contrast, recent studies found that children can estimate food
PS with an accuracy approaching that of adults (31). However,
high-school and college students have also reported difficulties
when estimating PS (32).

Gender

The influence of gender on PS estimation has been argumen-
tative, even though some studies report that women are better
estimators (12), others report minimal or no differences (20). The-
se differences between genders may reflect a skill attributed to
the greater experience of women in measuring food as a function
of their reference system, or a biological response to the higher
energy needs of men versus women (33).

RELATIONSHIP BETWEEN FOOD PORTION
SIZE AND TOTAL ENERGY INTAKE

The consumption of large PSs, especially from high ener-
gy-dense foods, has been identified as a major cause of exces-
sive total energy intake (34). Laboratory studies show that
increasing PS leads to increased energy intake in adults (35-37),
mostly for high energy-density (HED) foods (2,3,34), in children
and adolescents over 3 years of age (38-42). This finding is
called the “portion size effect” or portion size response. This
association has been observed in both laboratory and free-living
studies, binding the consumption of large PSs with increased
energy intakes across a variety of foods, ages, and body weights
(3,43). Interestingly, this impact has been observed with packa-
ged snacks (35), energy-dense casseroles (36,40), unit foods
like sandwiches (44) and beverages (45), and even with low
energy-dense foods like fruits and vegetables. Additionally, the
effect of PS has been also observed in restaurants and offices
(46,47), even if participants were served unpalatable foods (48)
or with manipulation of plate size (49). To systematically assess
the effect of PS on energy intake, several studies were conduc-
ted (Table I). A study assessed four US nationally representative
surveys from 1977 to 2006 for three age groups (2-6-, 7-12-,
and 13-18-year-olds), and found that, in all age groups, larger
PSs of pizza were linked with higher energy intakes at eating
occasions, whereas in 7-12- and 13-18-year-olds higher energy
intakes at meals correspond with larger PSs of sugar-sweetened
beverages (SSBs), French fries, or salty snacks (38). In another
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Table I. Studies assessing PS and its effect on total energy intake in children
and adolescents

Participant . .
Author/year Country characteristics Study design Main outcome
59 low-income Hispanic | A within-subjects B SD::cbllIZZrthijzsur?; silzrj_lhent;gz Eiir:]cdr:ase d
Fisher JO, et al. (2007). Ref (42) | USA and African American experimental : g P
reschool-aged children | desian energy intake from those foods by 23 %
P g g (180 keal) among children (o < 0.0001)
— Effects of PS (p < 0.0001) and ED
(p < 0.0001) on entrée energy intake
Fisher JO, et al. (2007). USA 53 children aged A 2 x 2 within- were independent but promoted meal
Ref (39) between 5 and 6 years | subjects design consumption
— FEffects did not vary by sex, age, entrée
preference, or body mass index z-score
— Doubling an age-appropriate portion of an
Orlet Fisher J, et al. (2003). USA 30 children with an age | A within-subjects entrée increased entrée and total energy
Ref (40) range of 2.9-5.1 years crossover design intakes at lunch by 25 % and 15 %,
respectively
Rolls BJ, et al. (2000). 32 pre-school children Within-subject — Older children consulmed a greater gmount
USA aged between 3 and 4.3 of energy when serving a large portion
Ref (41) crossover
years (p < 0.002)
Four US nationally — Inall gge grolups,'a larger PS qf pizza
) was linked with higher energy intakes at
representative surveys eating occasions during which pizzas were
Piernas C, Popkin B. (2011). from 1977 to 2006 were | Cross-sectional g 9 P
USA consumed
Ref (38) analyzed (n = 31,337); study )
— In7-12 and 13-18 year-olds, higher energy
age groups: 2-6, 7-12, . .
and 13-18 year-olds) intakes at meals corresponded with larger
y PSs of SSBs, French fries, or salty snacks

study, when a PS of 250 or 500 g of a macaroni and cheese
entrée was served at a dinner meal to children, the effects of
the entrée’s PS (p < 0.0001) and energy density (p < 0.0001)
on energy intake were independent but promoted meal con-
sumption (39). The same result was noticed with a large portion
(p < 0.002), when serving three different sizes (small, medium,
large) of macaroni and cheese to children at lunchtime (41).
In the study by Fisher JO et al., when preschool-aged children
doubled the PS of several entrées (breakfast, lunch, dinner) and
a snack during a 24-h period, there was an increase in energy
intake from those foods by 23 % (180 kcal) (p < 0.0001) (42).
Consequently, these studies showed that the PS effect was
strongly and consistently observed across food types, environ-
mental conditions, and study populations.

FOOD PORTION SIZES AND EMOTIONAL
EATING

There are several factors that affect food intake, including
metabolic needs (50), emotional states, motivations, and self-re-

o7

gulatory processes (51). To maintain energy balance, cognitive
control responds by reducing or increasing food intake in order
to cope with stress and negative emotions (52,53). However, it
seems likely that consumption of large food portions, with high
energy density, facilitates the increase of energy intake (54).
Some studies found that external factors and emotional states,
and their scores for dietary curb, were significant predictors
of food intake. They also found that subjects who scored high
on dietary restraint or emotional disinhibition increased their
food intake in the presence of larger PSs, which means that
a negative or positive mood was significantly associated with
greater food and calorie intake across groups (51). In children,
a positive association was observed between emotional eating
and the frequency of sweet and fatty food consumption, which
may contribute to the development of overweight (55), even
though the study did not quantify the PS of the consumed food.
The relationship between emotional eating and dietary patterns,
mainly PS, has not been examined in young children. More stu-
dies are needed to analyze the possible influence of emotional
eating on food intake in response to dietary manipulations of
food PS and energy density.
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FOOD PORTION SIZES AND OBESITY,
RELATED METABOLIC COMPLICATIONS

FOOD PORTION SIZES AND OBESITY

Although PS has been increasing over time, the effect on weight
has not been clearly predictable. Several short-term controlled
feeding trials, and epidemiological studies, assessed the associa-
tion between food PS and body weight, as well as some adiposity
indices, showing mixed findings.

In adults, several studies were performed. A midday meal mani-
pulation with a four-week trial showed that larger portions were
associated with a weight gain of 0.64 + 1.16 kg, whereas this
change in the standard portions group was 0.06 + 1.03 kg (56);
these weight changes were not significant over time or between
test periods. Even so, Rippin et al. (57) found limited evidence on
the association between the PS of energy dense foods and BMI
in subgroups analyzed from the French and UK national dietary

Table Il. Studies assessing PS effect on BMI
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surveys. To assess body weight changes during PS manipula-
tion, an intervention study observed a non-significant increase
in body weight after providing a 50 % larger lunch for 1 month
(56). However, possibly the PS effect was too small to result in
weight change due to the small sample size of the study, and
the fact that only one meal of the day was manipulated with
controlled PS throughout the intervention period. In another short-
term study, a significant increase in mean body weight, for men
and women, was observed after larger portions were served on
all eating occasions (58). However, these findings are based on
cross-sectional analyses, and it still remains unclear whether the
association between PS and obesity is causal or associative only.
Meanwhile an effective weight loss was well documented with
meal replacement products and portion-controlled entrées (59).

Several studies observed a positive relationship between increa-
sing PS and obesity in children (60,61) and adolescents (9,62)
(Table Il). Fisher JO and Birch LL study on girls, aged between 5
and 7 years, found that those who ate large amounts of snack

and obesity in children and adolescents

. . Dietary
Participant tu .
Author/year | Country articipant E d V' | assessment Main outcome
characteristics | design
method
— In the plausible sample, reported El, meal PS,
Children and and meal energy were positively associated
Huang TT, et al. Cross- Two 24-hour with BMI percentile in boys 6 to 11 years old
USA adolescents (3t0 19 i ) .
(2004). Ref (63) sectional dietary recalls and in children 12 to 19 years old
years old, n = 8048) ) : o
— No relationships were found in children 3 to
5 years and girls 6 to 11 years old
— Overweight in children aged 3-6 years was
positively correlated to PS of croissant-like
Lioret S, et al. France 748 French children Cross- A 7-day food pastries and other sweetened pastries
(2009). Ref (64) aged 3to 11 years sectional record — PS of liquid dairy products were inversely
associated with overweight in children aged
7-11 years
192 dirls. assessed Child Feeding The girls who ate large amounts of snack
Fisher JO, Birch LL. USA whengthey were 5 and Experimental | Questionnaire. foods in the absence of hunger at 5 and 7
(2002). Ref (60) y study Standard ad years of age were 4.6 times more likely to be
7 years of age. o .
libitum lunch overweight at both ages
Gradual increases in portions of milk, bread,
1100 children from Two cereal, juice, qnd peanut bgtter, \,Nh'Ch, .
) . together contribute the major children’s daily
McConahy KL, et al. USA two national samples | Cross- nonconsecutive enerav intake
(2002). Ref (61) aged from 1 to sectional 24-hour dietary o i,
9 vears recalls Average PS Z-scores were positively related to
Y both body weight and energy intake, but not
number of eating occasions and/or foods
The PS of a limited number of high energy-
A representative Multivariable dense foods (high-fibre breakfast cereals,
Albar SA, et al. UK sample of 636 rearession A 4-day estimated cream and high-energy carbonated soft drinks
(2014). Ref (9) adolescents aged 11 J ) food diary were positively associated with a higher BMI
analysis .
to 18 years among all adolescents after adjusting for
misreporting
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foods in the absence of hunger were 4.6 times more likely to be
overweight (60). This was confirmed by another study conducted
in children and adolescents, which found that PS and energy
content per meal were significantly associated with BMI percen-
tile in boys 6 to 11 years of age and in children 12 to 19 years
of age. However, no relationships were found among children 3
to 5 years and girls 6 to 11 yearsof age (63). Another French
study on children aged between 3 and 11 years, taken from the
1998-1999 cross-sectional study, observed that overweight in
children aged 3 to 6 years was positively associated with the PS
of biscuits (p = 0.0392) and sweetened pastries (p = 0.0027).
Also significantly positive trends were observed for PSs of crois-
sant-like pastries (p = 0.0568) and meat (p = 0.0574) (64). In UK
adolescents, there was also a positive association between PS of
biscuits and cakes and BMI (9).

Unfortunately, these studies cannot be taken as proof of cau-
sality in children, mainly because they are not reflecting their
eating in a free-living context. Consequently, long-term studies
are needed to determine the causal link between increasing PS
and obesity. However, these studies concluded that reducing
PS may be an effective tool for weight control.

FOOD PORTION SIZES, GLYCEMIC INDEX,
AND INSULIN RESISTANCE

In 1981 the glycemic index (Gl) concept was proposed by Jen-
kins and colleagues to describe the rate of carbohydrate absorp-
tion after a meal (65). Gl is defined as ‘the area under the glucose
response curve after consumption of 50 g of carbohydrates from
atest food divided by the area under the curve after consumption
of 50 g of carbohydrates from a control food, either white bread or
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glucose’ (66). Food PS has a major effect on the glycemic index
value because glycemic responses are related to carbohydrate
load (65). The usefulness of glycemic load (GL) is based on the
idea that a high Gl food consumed in small portions would have
the same effect on blood sugar as larger portions of a low Gl
food (66,67). Although the effect of PS on GI was mentioned from
1981, there are no experimental studies measuring the effect of
PS on Gl in children and adolescents.

Insulin resistance, impaired glucose tolerance, and type-2
diabetes are considered ominous public-health issues in all age
groups (6,8). Studies found that childhood obesity causes hyper-
tension, dyslipidemia, chronic inflammation, a tendency to increa-
sed blood clotting, endothelial dysfunction, and hyperinsulinemia
(7,68-70). The clustering of cardiovascular disease risk factors,
known as the insulin resistance syndrome, has been identified in
pre-pubertal children (71).

Insulin resistance is a key component of the metabolic syn-
drome, in turn a cluster of cardiometabolic factors with increa-
sing prevalence in children and adolescents, and associated with
obesity (72,73). The relationship between metabolic syndrome
and diet among children and adolescents remains poorly unders-
tood. In adults, studies have shown that dietary patterns cha-
racterized by high intakes of fruits and vegetables are generally
associated with a lower prevalence of the metabolic syndrome
(74,75). Although the development of obesity in genetically stable
populations has been increasing (8), studies examining insulin
resistance, metabolic syndrome, and their association with diet,
especially PS in children and adolescents, are still scarce. It is still
unknown whether individual dietary components, or overall diet
can independently affect metabolic syndrome in this age group.

The flow diagram of the underlying factors affected by PS are
found in figure 1. High PS is related to obesity and other metabolic

Food portion
size

Increase energy
intake
Increase BMI
Overweight
Obesity

Figure 1.

Summary of factors that affect PS and lead to the development of obesity.
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complications, whereas many factors such as sociodemographic
parameters (gender, age), dietary patterns including energy-dense
food, skipping breakfast, and sedentary lifestyle, alongside with
psychological factors like emotional eating, were found to have
a direct effect on the consumption of large food PSs. As illus-
trated in figure 1, there is an interchangeable relation between
dietary patterns and food PS. For example, the consumption of
energy-dense foods was linked with large PSs and vice versa.
Furthermore, once a larger portion is chosen, energy intake
and—consequently—BMI will increase. Similarly, high food PSs
increase glycemic index levels, thus contributing to both insulin
resistance and metabolic syndrome. Of note, increasing energy
intake could cause an increase in BMI and the development of
overweight and obesity, which in turn could contribute to insulin
resistance and metabolic syndrome.

CONCLUSION

Food and drink PS has been increasing in recent years. However,
it has not been possible to establish a direct causal link between lar-
ge food PS, especially in the case of energy-dense foods, and obesi-
ty as well as certain metabolic syndrome features. To date there are
no long-term, randomized, controlled trials to assess the exposure
to large portions of food and its effects on body weight. Clearly, there
is an urgent need to develop a well-articulated research framework
that systematically tests the interaction between selection of food
PS and development of obesity, insulin resistance, and metabolic
syndrome in both children and adolescents.
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Abstract

objective: This study aims to investigate the influence of psychosomatic and emotional status on food
portion sizes (PS) consumption, from high energy dense food groups, in European children and

adolescents.

Methods: 7,355 aged between 2-9.9 years at baseline (T0) (48.8% females); 3,869 after 2 years (T1)
(48.2% females), and 2,971 (51.8% females) after 6 years of follow-up (T3) participants meeting the
criteria from the IDEFICS/I. Family study were included. Psychosomatic and emotional status was
measured using emotional and peer problems from the Emotional well-being during the last week
score (KINDL) and Strengths and Difficulties Questionnaire (SDQ). PS were established by the
amount of foods eaten per day (grams) in the 24 h-recall. The cross-sectional and longitudinal
associations between emotional status indicators and PS from selected energy dense food groups were

assessed by multilevel linear regression models.

Results: In (TO) cross-sectional analysis, higher KINDL score was associated with consumption of
smaller PS from sweet bakery products, savoury snacks, and fruit and vegetable juices in both

genders. In both the cross-sectional T3 and longitudinal analysis (T3-T0), we found that females with
higher emotional and peer problems score tend to consume higher PS of sugar-fatty food products
mainly in the age 10-17 years (p<0.05). In the longitudinal analysis, higher peer problem score was
associated with large PS from bread and rolls, margarine and lipids, and dairy products in all genders

and age groups (p<0.05).

Conclusion: In adolescents, psychosomatic and emotional status could be a trigger to consume large
PS from sweet-fatty energy dense foods with generally stronger associations in females. Thus,
nutritional interventions should focus on emotional status when aiming decreasing unhealthy dietary

habits.

Keywords: food portion size, dietary intake, psychosomatic, emotional status, children, adolescents
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Introduction

Metabolic needs are not the only factor that influences food intake [1], but Emotional states,
motivations, and self-regulatory processes also play an important role [2]. In this sense,
negative affect and cognitive control can override the body's natural energy balance, leading

to either reduced or increased food intake in order to cope with stress and negative emotions

2, 3].

In 2005, the Mental Health Foundation acknowledged that diet can have a considerable effect
on mental health, which is often overlooked [4]. Stressors during childhood may arise from
multiple events in the daily life environment such as school and family [5]. Regular exposure
to stressful situations may influence a child's behaviour and have consequences on both their
physical and mental health [6]. It has been discovered that an inability to cope with or
suppress negative emotions is linked to increased food consumption, particularly of sugary
and fatty foods [7]. Moreover, a two-way relationship has been proposed between emotion

and eating, where emotions control eating and vice versa [3].

Emotional eating, which is defined as the tendency to overeat in response to negative
emotions such as anxiety or irritability [8], has been observed to be on the rise. This concept
is derived from the psychosomatic theory [9], which suggests that emotional eaters are unable
to differentiate hunger from the physiological state accompanying negative emotions. This
emotion-driven impulsiveness has been linked to the type of snack food consumed (sweet and

fat) rather than the energy intake of food consumed per snacking occasion [10].

Research has indicated that external factors and emotional states can have an effect on food
intake [11]. It was observed that those who had higher scores in terms of dietary restraint or

emotional disinhibition ate more when presented with larger portion sizes (PS) [11], implying
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that both positive and negative moods can be linked to greater food and calorie consumption

in different groups [11].

A systematic review conducted by O’Neil et al. found a cross-sectional association between
poor psychosocial well-being and energy dense foods, such as refined grains, processed meat
and snacks, diet- and sugar rich soft drinks, fried food and foods high in saturated fat and
sugar, in children and adolescents [12]. Additionally, a positive correlation between emotional
status and the frequency of consumption of sweets and fatty foods was observed in children,
which may lead to overweight [13], This suggests that when individuals are experiencing
elevated emotional status, they may select larger portion sizes in order to achieve sufficient
satisfaction or satiety for coping with negative moods [14]. This is supported by the fact that
expectations of satiety delivered from a food is one of the strongest predictors of PS [15].
However, the relationship between emotional status and dietary intake, mainly PS, has not
been examined in children and adolescents. Therefore, this study investigates the cross-
sectional and longitudinal influence of psychosomatic and emotional status on selection of

food PS from energy dense food groups.

Material and methods

Study design

The analysis was conducted using data from the European IDEFICS ‘Identification and
prevention of Dietary and lifestyle induced health EFfects in Children and infantS’ and
[.Family ‘Investigating the determinants of food choice, lifestyle and health in European
children, adolescents and their parents’ cohort; 16,229 children aged between 2 and 9.9 years
old at baseline (T0, 2007) were recruited from eight European countries [16]. These children

were followed up in 2009-2010 (T1) and 2013-2014 (T3) within the [.LFamily project [16].
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In order to ensure ethical standards, each country obtained ethical approval from the local
authorities as established in the 1964 Declaration of Helsinki and its later amendments [17].
Parents signed an informed consent and children were asked to give verbal assent. More
details about study design, sampling, and procedures of IDEFICS/I. Family have been

described elsewhere [16, 18].

Study sample

Out of the total sample 7,355 in TO, 3,869 in T1, and 2,971 children in T3 met the criteria of
availability of at least one complete 24-hours dietary recall (24-HDR) with plausible
reporting of energy intake and the full set of exposure: (emotional well-being and self-esteem
of the child during the last week score (KINDL), data about emotional and peer problems
over the last 6 months); and co-variate information: (body mass index (BMI) and parental

education). A flow chart for the selection of the total sample can be found in Figure 1.

Full Survey Sample
T0=16,229
T1=13,587 (68% from TO & 2555 newly recruited)
T3=10,681 children (55% from T1 & 2512 newly recruited)

l

Have at least completed one 24-HDR
with full required variables
Excluded: T0=9573 Excluded:
Over-reporters T1f5655 Not completed information
T0=334 T3=5257 on psychosomatic and
TTl?,=25183 emotional status variables:
- v T0=953
Undirozgcirters Included in the cross-sectional analysis T1=302
T1=592 TO= 7355 T3=399
731825 T1=3869
T3=2971

L

Included in longitudinal analysis
T1-T0=2043
T3-TO=1165

Fig. 1 Study flowchart
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Assessment of psychosomatic and emotional symptoms

Psychosomatic and emotional symptoms in children were described by two variables:
‘emotional well-being and self-esteem of the child during the last week’, and ‘emotional
problems and frequent occurrence of headaches, stomach-aches or sickness over the last 6

months’.

Emotional well-being and self-esteem of the child during the last week: Parents were
asked to fill out the emotional and self-esteem subscales of the 'KINDL Questionnaire for
Measuring Health-Related Quality of Life in Children and Adolescents' [19], which had
previously been tested for its reliability and validity. This questionnaire assesses the child's
quality of life in multiple dimensions and was included in the IDEFICS parental
questionnaire [19]. The items of the emotional and self-esteem subscales were scored from 1
(never) to 4 (often or always) with reversals depending on the wording of the question and

added up to a total score, with a high value indicating high well-being [19, 20].

Emotional and peer problems over the last 6 months: Emotional and peer problems were
evaluated using the Emotional Symptoms Scale of the Strengths and Difficulties
Questionnaire (SDQ) [21, 22] a validated tool developed for children aged 4 to 16 years. The
IDEFICS study used the informant-rated version, which has been found to be highly
correlated with the child-rated version [22]. The peer problems score included five questions:
1) Is your child rather solitary and tends to play alone? 2) Does your child have at least one
good friend? 3) Is your child generally liked by other children? 4) Is your child picked on or
bullied by other children? 5) Does your child get on better with adults than with other

children?

The emotional problems score included five items, which were scored from 0 ‘not true’ to 2

‘certainly true’ and summed to total scores ranging from O to 10. A high value indicated more
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difficulties or life struggles [22]. The items assessed were: 1) often complains of headaches,
stomach-aches or sickness, 2) many worries or often seems worried, 3) often unhappy,
depressed or tearful, 4) nervous in new situations, easily loses confidence, and 5) many fears,
easily scared. Cut-off values for No detectable emotional problems were < 3 and, and for No

detectable peer problems < 2. The internal consistency of the scale in the present study was

good (Cronbach’s a = 0.87).

Dietary assessment method

For the purpose of this study, dietary intake of the previous 24 h was assessed using the
computer-assisted software for 24-HDR, called SACINA (‘Self- Administered Children and
Infant Nutrition Assessment’) in TO and T1 and SACANA (“Self-Administered Children,
Adolescents, and Adult Nutrition Assessment”) in T3 [23]. SACANA was the revised and

extended web-based version of the SACINA online 24-HDR [24].

SACINA and SACANA were developed and validated to assess the children’s and
adolescents’ absolute energy and nutrient intake, the percentage contribution from food and

drinks to total energy and nutrient intake, as well as PSs and food groups during the previous

24 hr [25].

The issue of misreporting (both over and underreporting) is a well-documented phenomenon
in dietary assessment [26]. In this study, misreporting was measured by calculating the
individual ratio of energy intake and basal metabolic rate (EI/BMR) and comparing it to the
age- and sex-specific EI/BMR for children using Goldberg cut-offs. These cut-offs are
considered to have a good predictive value, making them an appropriate alternative for
characterizing misreporting in the absence of objective validation data [27]. Further details

can be found in the referenced source.
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Portion sizes calculation and food group selection

The methodology used in this study to calculate the PS of a food group was to divide the total
intake of items in grams consumed in a 24h-recall by the number of eating occasions. This
same approach has been used in several studies of food PS in children and adolescents [28,
29]. and it provides data on a per-consumer basis, rather than per-capita. To analyse a specific
food group, only participants who consumed this food group were included in the analysis.
For the purpose of this study, in the case of mixed dishes, each dish was re-classified by the
main food component according to the ingredient present in the highest proportion, after
cooking. Alcoholic drinks and soya beverages were excluded from the analysis due to

infrequent consumption (more than 85 % of the sample did not report consumptions).

In accordance with the World Cancer Research Fund (WCRF) [30], which identified foods
with an energy density of 225-275 kcal/100g as high-ED foods, we chose food items that had
been previously identified as having the greatest contribution to energy intake and a positive

correlation to BMI in Europe and other countries [28, 29]

In this study food items were selected based on their ED, clustered in groups and each food
groups containing subgroups according to their nutritional values: 1) cereals and cereals
products, 2) sugar and sugar products 3) fats and savoury snacks 4) non-alcoholic beverages

and soups 5) dairy products and similar. Dietary data were analysed for average energy intake

in kilocalories (kcal) and kilojoules (kJ), macronutrients (g), and percentages of energy [31].

Parental education

Information regarding the parents' education and income was obtained from the parental
questionnaire. The education level was based on the International Standard Classification of

Education [32] which was used to determine the highest level of either parent's education
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[33]. Levels 0-2 were classified as lower education level; 3-5 were classified as medium

education level; and 6-8 were classified as higher education level.

Anthropometric measurements

Trained personnel measured the weight (in kilograms) and height (in centimetres) of
participants in a standardized protocol while they were barefoot and in underwear. Body
weight was assessed in a fasting state using a calibrated Tanita electronic scale model BC 420
SMA with an adapter (Tanita Europe GmbH) to the nearest 0-1 kg. Height was measured with
a calibrated Seca telescopic height-measuring stadiometer model 225 (Seca) to the nearest
0-1 cm. BMI was calculated by dividing body weight in kilograms by the square of height in

metres. According to Cole et al [34]. BMI Z-scores and BMI categories were then estimated.

Statistical analysis

Descriptive characteristics are presented as mean + standard deviation for continuous
variables (age, BMI, energy intake, emotional well-being and self-esteem of the child during
the last week score (KINDL), emotional and peer problems over the last 6 months (SDQ)),
and as number and percentage for categorical variables (gender, BMI categories and parental

education).

To explore cross-sectionally the association between psychosomatic and emotional
measurements (KINDL and SDQ), and food PS, multivariable multilevel linear regression
models were performed for the period TO, T1 and T3 using psychosomatic and emotional
status as independent variables, and food PS as dependent variables, considering country as

random effect.

Moreover, longitudinal analysis was performed in subjects with complete information in the
three measurement times, to evaluate the association between psychosomatic and emotional

status (delta value) and food PS (delta values) between T1 and TO as well as between T3 and
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T0. The association between psychosomatic and emotional status variables and these delta
values were analysed via multivariable multilevel linear regression models, considering
country as random effect. The Holm-Bonferroni adjustment method was employed to reduce
the likelihood of type 1 errors. This method is more powerful than the single step Bonferroni.
The procedure involves ordering the significant results from the smallest to the largest P-
value, testing the smallest probability, and applying a simple equation (alpha/(number of tests
performed-rank after ordering+1). If the first test is significant, the second smallest
probability is tested, and so on. The procedure ends when the first nonsignificant test is

generated.

All regression models were stratified by age and gender for period (T3-TO) and only by
gender for period (T1-T0). The models were adjusted by parental education and BMI. P-value
of < 0.05 was considered the cut-off level for statistical significance. All analyses were
performed with the IBM SPSS package v.25 (IBM Corp., New York, USA) and STATA

software v.13 (College Station, TX, USA).

Results

General characteristics of study participants

Sample descriptive characteristics are presented in Table 1. A total of 7,355 in TO, 3,869 in
T1, and 2,975 in T3 aged between 2 and 17 years old were included in this study. In baseline
and T1 follow up more than half (51.0%) of the participants were males, while in T3 51.8 %
were females. At baseline and T3 follow up more than 57% of the children had parents with

lower educational level. Regarding psychosomatic and emotional status variables, all

indicators were stable between baseline and follow -up.

Association between psychosomatic and emotional variables and portion size from

specific food groups (cross-sectional analysis TO; T1; T3)
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Table 2 illustrates the results of psychosomatic and emotional status and PS mean intake
from the main contributing food groups in the period of TO. Higher KINDL scores were
associated with consumption smaller PS from bread and rolls, sweet bakery product, savoury
snacks, sauce, fruit and vegetables juices in both genders (p<0.05). Higher emotional
problem score was positively associated with consumption larger PS from bread and rolls in
males and chocolates in females, while was inversely associated with milk and yoghurt
(p<0.05). Higher peer problem score was associated with consumption larger PS from bread
and rolls, breakfast cereals, sweet bakery products, fruit and vegetable juices and milk and
yoghurt in both genders (p<0.05). Moreover, higher peer problem score was associated with

consumption larger PS from carbonated soft drinks in females.

In T1 (Table S1), a higher emotional problem score was associated with consumption larger
PS from margarine and lipids in females (p<0.05), while higher peer problem score was

associated with consumption larger PS from cheese in males and vegetable oils in both

genders (p<0.05).,

Table S2 illustrates the results of psychosomatic and emotional status variables and PS mean
intake from the main contributing food groups in T3. Higher KINDL score were associated
with consumption smaller PS from sweet bakery products, savoury snacks, and fruit and
vegetable juices in both genders in age 2-9.9 years. Moreover, higher KINDL score were

associated with consumption smaller PS from chocolate in males and bread and rolls in

females in the same age group (p<0.05).

Higher SDQ, which is a marker of emotional and peer problems score, was inversely
associated with consumption larger PS from bread and rolls, pasta, breakfast cereals, and
cheese in both genders and only in age 2-9.9 years. Meanwhile, higher emotional score was

associated with consumption of larger PS from fruit and vegetable juices in males and

73



chocolate in females in same age group (p<0.05). In females aged 10-17 years, higher
emotional problems score was associated with consumption larger PS from bread and rolls,
carbonated soft drinks, and dairy products group (p<0.05). In age 10-17 years, higher peer
problem score was associated with larger PS from bread and rolls, sauces and dairy products
group in both genders (p<0.05). In the same age group higher peer problem score was
associated with larges PS from breakfast cereals, margarine and lipids, and carbonated soft

drinks only in females.

Association between psychosomatic and emotional status variables and portion size

from various food groups (longitudinal analysis T1-T0 and T3-T0).

In TI-TO, a higher KINDL score was associated with larger reported PS from milk and
yoghurt in both genders, while higher emotional problem score was associated with

consumption larger PS from chocolate, butter and animal fats in females (p<0.05) (Table 3).

In T3-TO, higher KINDL score was associated with consumption larger PS from milk and
yoghurt in both genders aged 2-9.9 years (p<0.05). Moreover, higher emotional problem
score was associated with consumption larger PS from bread and rolls, margarine and lipids

and dairy products in females aged 10-17 years (Table 4).

Higher peer problem score was associated with consumption larger PS from bread and rolls
and margarine and lipids, and dairy products in both genders and all age groups. In males
aged from 2-9.9 years, higher peer problem score was associated with consumption larger PS
from pasta, sugar, honey and jam, in males (p<0.05). In females of same age groups, higher
peer problem score was associated with consumption larger PS from breakfast cereals and
chocolate. At age 10-17 years, higher peer problem score was associated with consumption
larger PS from butter and animal fats and sauces in both genders (p<0.05). In females of same

age group, higher peer problem score was associated with consumption larges PS from
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breakfast cereals, sugar, honey and jams, non-chocolate confectionary and carbonated soft

drinks.

Discussion

The main results suggest that there is an association between psychosomatic and emotional
status and larger PS consumption of some food groups, both in children and adolescents.
Cross-sectionally we found that higher emotional well-being was associated with
consumption of smaller PS from high energy dense foods, mainly sweet-fatty foods and soft
drinks, in school age children. Higher SDQ score, was inversely associated with consumption
larger PS from bread and rolls, pasta, breakfast cereals, and cheese in both genders and only

in school age children in T3-TO.

In cross-sectional and longitudinal analysis, we found that females with more emotional
problems and more peer problems tend to consume more sugar-fatty food products at school
age adolescents. However, in longitudinal analysis, a higher emotional well-being was
associated with consumption of larger PS from milk and yoghurt in both genders in school
age children. On the other hand, having more peer problems was associated with
consumption of larger PS from bread and rolls and margarine and lipids, and dairy products
in both genders and all age groups. These results were obtained after considering the

adjustment for potential confounders BMI, parental education, and country as random eftect.

Psychosomatic and emotional status and food portion sizes

The theory of emotional eating suggests that people may overeat in response to negative
emotions [35]. Clinical studies have found that adults with higher emotional status tend to
consume more high-fat snack foods [36] and more sweet-and-fatty foods [37] in response to
their psychosomatic state, compared to those who are not as emotionally charged [36, 38]. It

has been observed that emotional status is linked to greater intakes of high-density snack
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foods, such as cakes/biscuits/pastries, and breakfast cereals in most subgroups of adult

participants [36, 38].

In adolescents, higher healthy diet scores at baseline predicted higher emotional scores at
follow-up, while higher unhealthy diet scores at baseline predicted lower emotional scores at
follow-up [39]. These findings are consistent with the results of another study which showed
that, a high intake of fried foods, cakes, chocolate, biscuits, and soft drinks were associated
with poorer behavioural and emotional problems scores in 14 year old adolescents [40].
Additionally, a previous I. Family analysis revealed that a higher perception of warmth at
home was linked to a 16 % increase in fruit and vegetable consumption frequency [41] and
energy-dense food consumption [10]. These results support our finding in which adolescent

females with higher emotional and peer problems score tend to consume more sugar-fatty

food products.

In our study we found that higher peer problem score was associated with large PS from
bread and rolls, margarine and lipids, and dairy products in all genders and age groups. The
same finding were observed in previous studies which found that participants who were in the
top 33% on the SDQ hyperactivity sub-scale at age 7 years were eating a diet high in “junk
food” in early childhood [42]. Moreover, positive associations were observed between
problems and both sweet and fatty foods consumption, while a negative association was
observed between life events and fruit and vegetables consumption in children [13]. Previous
I. Family study found that emotion-driven impulsiveness is linked to the type of snack food
consumed, regardless of age, sex, socio-economic status and BMI [10]. Therefore, it is
proposed that the association between emotion-driven impulsivity and snacking behaviour
may be influenced by transient self-control deficits, such as ineffective reaction inhibition and

emotion regulation methods [10].
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Cross-sectionally, we found that a higher KINDL score in children, was inversely associated
with consumption of large PS from high energy dense foods, mainly sweet-fatty foods and
non-alcoholic drinks. Recent longitudinal studies have suggested that the association between
emotional status and depression and unhealthy eating habits over a long period of time is
unlikely to be caused by the former leading to the latter [43] . This is in contrast to previous
assumptions that emotional status and depression could be a contributing factor to unhealthy

eating habits [43].

There are several potential explanations for our results; for instance, energy-dense foods that
are typically high in fat and often contain added sugars are palatable, easily accessible, and
convenient [44]. It has been demonstrated that consuming palatable foods can reduce
negative mood in the short term, particularly among those with a high emotional status [45].
The mechanism behind this could be a difference in sensitivity to the reward properties of
food between emotional eaters and non-emotional eaters [46, 47]. However, it is still unclear
whether emotional eaters have a deficit of perceived reward [47] or heightened sensitivity to
palatable food reward when in a negative mood [46]. It is also possible that emotional eaters
consume such foods due to their ability to distract from negative emotions [48]. “Comfort
foods” have been suggested to counteract the influence of the physiological effects of
psychosomatic status [48] with emotional eaters having blunted hypothalamic—pituitary—
adrenal axis reactivity and cortisol stress responses [49]. Finally, emotional eaters'
preferences for energy-dense foods could be explained by the fact that pleasure may be

derived from eating “forbidden” foods when cognitive control is impaired by negative affect

[50].

Gender and age differences
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In the current study, associations between emotional status and consumption of energy-dense
snack foods were observed in both genders, with stronger associations in females. Adults of
the female gender generally had higher emotional status scores than males [38, 51], and
higher mean portion consumption of all energy-dense food groups, except for cheese and
processed meat in response to emotional status [38]. Additionally, significant associations
were found between emotional status and both salted fast food/pizza/quiches and sweetened
cream desserts in adult males [38]. However, all previous studies in children and adolescents
did not take into account gender differences, even though it is well known that males and
females grow in different dietary patterns, especially during adolescence. Boys tend to
increase their energy intake to increase satiety, while a significant percentage of females
control their energy intake to control body weight [52]. Moreover, in the adolescent age
group, meal size decreased among females, while it remained stable or increased among

males, emphasizing the need to stratify by gender. One possible explanation is that comfort

food preferences are influenced by gender, with females preferring sweet snack foods [53].

Our study revealed various associations between psychosomatic and emotional status and PS,
depending on age. Several factors may explain the observed differences. For instance, the diet
of primary school children is still largely determined by their parents [54], which could lead
to psychosomatic children having a greater desire to eat, but not necessarily having access to
the food [55]. Studies have demonstrated that children's diet and emotional behaviour are
linked to their parents' [55, 56]. Additionally, a recent meta-analysis has indicated that there is
a trend of diminishing influence from changing environments such as school and peers [57].
These findings explain our results of an inverse association between higher SDQ score and
larger PS consumption from high energy dense foods in children only. In this context, age
could be a significant factor, as in school age, children who perceive parental eating

restriction could be more affected emotionally than the older group [56].
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Strengths and limitations

This study is the first to explore the relationship between psychosomatic and emotional status
and PS consumption from different food groups among European children and adolescents,
while taking into account potential confounders such as BMI and parental education. The
study's strength lies in its large, international sample of eight European countries, as well as
its longitudinal nature which allows for a more comprehensive examination of emotional
status and their relationship with food PS than has been done previously. To ensure accuracy,
highly standardized and validated procedures were used to collect the sample and assess
anthropometric measurements. However, there were some methodological issues. For
instance, the study only assessed a limited number of psychosomatic and emotional
outcomes, which were exclusively parent-reported and did not consider children’s
perspectives, which could lead to a large bias. Additionally, the IDEFICS/I. Family parental
questionnaire did not allow for the examination of the severity of the psychosomatic and
emotional status. Furthermore, selection or non-participation bias related to education or
income level, as well as a response bias cannot be ruled out and may have influenced

prevalence results in both directions [18].

Conclusion

According to the main results, emotional status may be a factor that leads to larger portion
sizes of unhealthy food groups, particularly in female adolescents, which could be linked to
overweight. Generally, children and adolescents tend to eat smaller portions of energy-dense
food, which may be due to parental control of their food choices. However, it is important to
teach children and adolescents how to cope with their emotions in a healthy way, such as
problem-solving thinking or asking for help instead of using food as a source of comfort.

These findings suggest that individual psychological states should be taken into account when
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attempting to reduce unhealthy dietary habits, particularly in females. Further research is
needed to determine the causal links and investigate the mechanisms that connect emotional

status, larger food portion sizes, and weight status.
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Table 1. Descriptive characteristics at baseline (T0) and follow-up (T1 and T3) in study

sample.
Baseline TO Followup T1 Follow up T3

N=7355 N=3869 N=1139 N=1832
Age range 2-9 years 2-11 years 2-9 years 10-17 years

6.1(1.8) 7.9(1.8) 8.3(1.1) 11.6 (1.4)
Sex
Male 3764 (51.2%) 2006 (51.8%) 558 (49.0%) 868 (47.4%)
Females 3591 (48.8%) 1863 (48.2%) 581 (51.0%) 964 (52.6%)
BMI categories (n, %)
Underweight 792 (10.8%) 337 (8.7%) 89 (7.8%) 248 (13.5%)
Normal weight 5046 (68.6%) 2473 (63.9%) 812 (71.3%) 1164 (63.5%)
Overweight 1005 (13.6%) 697 (18.0%) 177 (15.5%) 321 (17.5%)
Obesity 512 (7.0%) 362 (9.4%) 61 (5.4%) 99 (5.5%)
Parental education (n, %)
Lower education level 594 (8.1%) 292 (7.5%) 57 (5.0%) 123 (6.7%)
Medium education level 3410 (46.4%) 1725 (44.6%) 451 (39.6%) 756 (41.3%)
Higher education level 3351 (45.5%) 1852 (47.9%) 631 (55.4%) 953 (52.0)
Energy intake (Kcal/day) 1563.61 (428.37) 1729.6 (436.5) 1650.9 (272.8) 1781.6 (272.3)
Emotional well-being during the 2.4 (1.0) 2.3(1.0) 2.6(1.1) 2.4(1.0)
last week score (KINDL)P
Emotional problems score 1.5(1.6) 1.6 (1.7) 1.3(1.4) 1.2(1.3)
(SDQ)°
Peer problems score (SDQ)° 3.2(13) 43(1.2) 3.2(1.7) 3.1(1.6)

Continuous variables are displayed with mean + standard deviation, and categorical variables with absolute frequencies and

percentage.

8 BMI: body mass index.

b KINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range:1-4,
Interpretation: High value = high well-being

¢ SDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable

peer problems <2
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Table 2: Cross-sectional associations between the psychosomatic and emotional status variables and the selected food portion sizes at TO.

(T0) N= 7355
Emotional well-being during the last week score Emotional problems score (SDQ)® Peer problems score (SDQ)P
(KINDL)?
Males Females Males Females Males Females
Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower
/Upper /Upper Upper Upper Upper /Upper
Bread and rolls -0.101* -11.966/ -0.104* -11.800/ 0.059* 1.346/ 0.016 -0.986/ 0.085* 3.513/ 0.080* 3.233/
-5.925 -5.857 5.115 2.634 8.249 8.326
Breakfast cereals -0.011 -1.996/ -0.057 -4.342/ 0.019 -0.682/ -0.009 -1.569/ 0.119* 1.633/ 0.106* 1.660/
1.331 0.010 1.428 1.133 4.367 5.548
Pasta 0.001 -4.776/ 0.014 -3.492/ 0.023 -1.733/ -0.026 -4.426/ -0.074* -8.807/ -0.077* -9.648
5.032 6.124 4.610 1471 -1.648 /-1.859
Rice and other cereals -0.047 -11.033/ -0.073 -11.865/ -0.017 -5.134/ 0.012 -2.963/ 0.031 -2.843/ 0.028 -3.053/
2.017 -0.267 3.110 4.231 7.669 7.137
Sweet bakery product -0.114* -15.955/ -0.095* -12.487/ 0.035 -0.349/ 0.018 -1.242/ 0.112* 5.538/ 0.096* 4.163/
-7.706 -4.984 4.842 3.117 11.666 10.244
Savoury snacks -0.119* -12.100/ -0.208* -18.035/ -0.023 -4.200/ 0.020 -2.184/ 0.054 -1.160 0.100* 0.843/
-2.463 -8.014 1.789 3.5681 5.980 8.354
sugar, honey, jam and 0.041 -0.298/ 0.031 -0.712/ 0.006 -0.851/ -0.026 -1.594/ 0.050 -0.004/ -0.018 -2.033/
syrup 2.746 2.810 1.098 0.537 2.408 0.994
confectionery non -0.029 -4.247/ -0.064 -4.108/ 0.014 -1.714/ 0.019 -1.049/ 0.071 -0.467/ -0.029 -2.770/
chocolate 2.153 0.546 2.347 1.681 4.628 1.336
Chocolate -0.068* -4.214/ -0.048 -3.382/ 0.032 -0.353/ 0.071* 0.410/ 0.002 -1.258/ 0.038 -0.349/
-0.708 0.102 1.749 2.391 1.382 2.487
vegetable oils 0.144* 0.426/ 0.034 -0.363/ 0.082 -0.024/ 0.076 -0.061/ 0.048 -0.209/ 0.094 0.021/
1.678 0.814 0.821 0.642 0.746 0.928
margarine and lipids -0.002 -1.282/ -0.007 -1.253/ 0.048 -0.230/ 0.065 -0.018/ 0.005 -0.907/ 0.022 -0.703/
1.217 1.020 1.389 1.474 1.055 1.454
butter and animal fats 0.180* 1.832/ 0.046 -0.871/ 0.092 0.000/ -0.041 -1.544/ -0.010 -1.604/ -0.025 -2.002/
5.559 2.717 2.374 0.584 1.252 1.111
Sauces -0.099* -9.079/ -0.081* -7.996/ -0.032 -3.166/ -0.065* -4.343/ 0.029 -0.989/ 0.049 -0.058/
-3.018 -1.878 00.734 -0.456 3.612 5.127
fruit and vegetable juices -0.146* -71.921/ -0.087* -53.615/ -0.015 -15.437/ -0.043 -21.906/ 0.095* 12.483/ | 0.090** 10.527/
-34.230 -11.951 8.688 3.046 42.284 44.442
carbonated/soft/isotonic -0.029 -27.145/ -0.053 -41.714/ -0.038 -18.884/ -0.008 -14.635/ 0.040 -3.458/ 0.070** 5.839/
drinks 8.060 0.363 3.448 10.804 24.567 41.227
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Milk, yogurt 0.003 -12.202/ -0.040 -26.238/ -0.027 -15.035/ -0.052* -18.282/ 0.073* 10.211/ 0.123* 24.516/
14.475 -0.935 2.383 -2.650 30.848 45.706
Cheese 0.009 -2.370/ 0.044 -0.315/ 0.004 -1.808/ 0.023 -1.053/ 0.003 -2.174/ -0.045 -5.196/
3.490 6.040 2.161 2.896 2.465 .0.234

N= number of participants. B: regression coefficient. CI: confidence interval; Adjusting for confounders: parental education, BMI and country as random effect. Level of significance was set to
0.05.

aKINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range: 1-4, Interpretation: High value = high well-being
b SDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable peer problems < 2

*: Represent the significant values accepted after Holm-Bonferroni adjustment method.
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Table 3: Longitudinal associations between psychosomatic and emotional status variables and selected food portion sizes at T1-TO.

DELTA (T1-T0) N=2043

DELTA (T1-T0)

Emotional well-being during the last week score

Emotional problems score (SDQ)®

Peer problems score (SDQ)P

(KINDL)?
Males Females Males Females Males Females

Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower

/Upper /Upper Upper Upper Upper /Upper

Bread and rolls 0.291/ -1.476/ -0.291/ -1.587/ -1.596/ -2.247/
2.126 3.961 0.321 2.118 0.783 1.858 -0.563 0.462 -0.210 1.175 -0.778 0.690

Breakfast cereals -0.588/ -0.528/ -0.471/ -0.541/ -0.464/ -0.474/
0.013 0.614 0.119 0.766 -0.119 0.233 -0.172 0.197 -0.011 0.443 0.055 0.584

Pasta -1.426/ -1.903/ -1.726/ -1.484/ -1.200/ -1.532/
0.662 2.750 0.112 2.126 -0.503 0.72 -0.336 0.812 0.377 1.953 0.114 1.761

Rice and other cereals -1.545/ -1.321/ -1.419/ -0.497/ -1.713/ -1.380/
0.183 1.910 0.339 1.999 -0.406 0.606 0.450 1.396 -0.409 0.895 -0.023 1.334

Sweet bakery product -1.914/ -2.462/ -1.096/ -0.150/ -0.65/ -0.712/
0.116 2.146 -0.586 1.29 0.093 1.282 0.919 1.988 0.883 2.415 0.821 2.354

Savoury snacks -1.194/ -1.043/ -0.631/ -0.566/ -0.937/ -0.839/
-0.480 0.233 -0.328 0.388 -0.213 0.205 -0.159 0.249 -0.399 0.140 -0.254 0.330

sugar, honey, jam and syrup -0.120/ -0.559/ -0.294/ -0.340/ -0.033/ -0.618/
0.415 0.950 0.031 0.621 0.020 0.334 -0.004 0.332 0.371 0.775 -0.136 0.346

confectionery non chocolate -0.584/ -0.641/ -0.198/ 0.009/ -0.139/ -0.401/
-0.181 0.222 -0.290 0.061 0.038 0.274 0.210 0.410 0.165 0.469 -0.115 0.172

Chocolate -1.079/ -1.091/ -0.181/ 0.373/ -0.993/ 0.002/
-0.421 0.237 -0.432 0.227 0.204 0.590 0.750* 1.125 -0.496 0.001 0.542 1.080

vegetable oils -0.023/ -0.057/ -0.058/ -0.018/ -0.076/ -0.098/
0.083 0.190 0.046 0.149 0.004 0.066 0.041 0.100 0.004 0.084 -0.014 0.071

margarine and lipids -0.351/ -0.371/ -0.256/ -0.075/ -0.093/ -0.215/
-0.035 0.280 -0.076 0.220 -0.071 0.113 0.093 0.262 0.145 0.383 0.026 0.268

butter and animal fats -0.148/ -0.134/ -0.110/ -0.356/ -0.284/ -0.217/
0.097 0.342 0.112 0.357 0.034 0.177 0.216* 0.075 -0.099 0.086 -0.016 0.185

Sauces -0.706/ -0.684/ -1.050/ -0.998/ -0.835/ -0.961/
0.510 1.726 0.563 1.810 -0.337 0.376 -0.287 0.425 0.083 1.001 0.059 1.078

fruit and vegetable juices -1.762/ -4.821/ -3.553/ -2.768/ -9.134/ -6.102/
-1.415 0.933 1.591 8.003 0.167 3.887 0.888 4.544 -4.342 0.451 -0.861 4.381
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carbonated/soft/isotonic -0.908/ -7.262/ -5.592/ -2.496/ -10.065/ -7.622/
drinks 0.672 1.252 -0.001 7.260 -1.736 2.120 1.644 5.783 -5.097 -0.128 -1.687 4.248
Milk, yogurt -0.400/ -0.180/ -8.611/ -5.575/ -6.407/ -6.697/
1.386* 1.372 0.605* 1.028 -3.931 0.748 -1.341 2.894 -0.374 5.659 -0.625 5.446
Cheese -1.273/ -0.620/ -1.762/ -1.355/ -0.974/ -2.495/
0.269 1.811 0.918 2.456 -0.858 0.046 -0.478 0.399 0.191 1.355 -1.239 0.018

N= number of participants. B: regression coefficient. CI: confidence interval; Adjusting for confounders: parental education, BMI and country as random effect. Level of significance was set to

0.05.

aKINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range: 1- 4, Interpretation: High value = high well-being

bSDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable peer problems < 2

*: Represent the significant values accepted after Holm-Bonferroni adjustment method.
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Table 4: Longitudinal associations between psychosomatic and emotional status variables and selected food portion sizes at T3-TO.

DELTA (T3-T0) N=1165

Emotional well-being during the last week score (KINDL)?

Emotional problems score (SDQ)P

DELTA (T3-T0)

Age (2-9.9) years

Age (10-17) years

Age (2-9.9) years

Males Females Males Females Males Females
Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower
/Upper /Upper Upper Upper Upper /Upper
Bread and rolls -1.132/ -2.262/ -6.781/ -9.316/ -6.382/ -1.532/
1.663 4.458 0.270 2.802 3.596 13.973 -0.061 9.193 -2.839 0.704 1.727 4.986
Breakfast cereals -0.987/ -1.136/ -7.146/ -2.614/ -1.219/ -1.171/
-0.047 0.893 0.112 1.360 -2.895 1.357 0.497 3.609 -0.034 1.151 0.442 2.055
Pasta -3.032/ -3.086/ -15.822/ -2.917/ -3.532/ -4.165/
-0.060 2.913 -0.206 2.675 -2.661 10.499 7.758 18.433 0.232 3.996 -0.467 3.23
Rice and other cereals -3.040/ -2.275/ -4.404/ -3.628/ -0.522/ -1.495/
-0.360 2.320 0.030 2.334 6.313 17.03 4.717 13.061 2.860 6.243 1.457 4.410
Sweet bakery product -3.065/ -3.733/ -6.206/ -7.827/ -4.611/ -4.781/
-0.165 2.735 -1.104 1.524 5.108 16.422 2.710 13.247 -0.951 2.709 -1.414 1.953
Savoury shacks -1.39/ -2.079/ - -3.152/ -1.85/ -1.787/ -1.207/
-0.364 0.663 -1.066 0.053 0.259 3.67 1.911 5.672 -0.499 0.789 0.081 1.368
Sugar, honey, jam and syrup -0.620/ -0.855/ -0.704/ -2.258/ -2.156/ - -2.134/
0.218 1.057 0.002 0.859 2.135 4.975 1.033 4.324 -1.115 0.074 -1.051 0.032
Confectionery non chocolate -1.011/ -1.049/ -1.588/ -2.901/ -0.591/ -0.343/
-0.380 0.251 -0.522 0.004 0.556 2.701 -1.020 0.861 0.196 0.984 0.316 0.975
Chocolate -1.968/ -1.169/ -3.100/ -6.359/ -1.728/ -1.051/
-0.940 0.088 -0.198 0.773 1.135 5.371 -2.451 1.456 -0.428 0.873 0.191 1.433
Vegetable oils 0.023/ -0.146/ -0.379/ -1.123/ -0.159/ -0.289/
0.162 0.301 0.018 0.183 0.232 0.842 -0.460 0.203 0.017 0.192 -0.078 0.134
Margarine and lipids -0.370/ -0.517/ -1.949/ -2.429/ -1.137/ -0.446/
0.089 0.549 -0.029 0.459 -0.029 1.891 -0.696 1.038 -0.556 0.024 0.181 0.808
Butter and animal fats -0.373/ -0.142/ -2.048/ -2.104/ -0.415/ -0.528/
0.010 0.393 0.207 0.556 -0.077 1.894 -0.533 1.038 0.066 0.548 -0.082 0.363
Sauces -1.425/ -1.079/ -8.742/ -6.830/ -2.22/ -2.260/
0.319 2.062 0.755 2.590 -2.378 3.985 -1.544 3.743 -0.039 2.141 0.070 2.399
Fruit and vegetable juices -0.811/ -5.997/ -0.219/ -0.738/ -14.266/ 0.584/
0.661 -1.510 3.173 12.343 0.449 1.117 1.774 3.285 -2.803 8.660 1.316% 1.046
Carbonated/soft/isotonic -6.271/ -12.671/ -2.497/ -0.966/ -1.626/ -18.023/
drinks 3.676 13.623 -1.346 9.979 0.798 1.094 0.130 1.225 -0.107 1.412 -3.518 10.987
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Milk, yogurt 0.205/ 0.127/ -1.998/ -1.614/ -0.582/ -1.125/
1.472* 2.738 1.398* 1.669 0.235 1.467 0.574 0.762 -0.127 1.328 -0.735 0.654

Cheese -4.197/ -3.054/ -17.336/ -14.554/ -2.883/ -1.394/
-1.301 1.594 -0.106 2.841 1.282 19.901 2.484 19.522 0.797 4.477 2.410 6.214

DELTA (T3-T0) N= 1165
Emotional problems score (SDQ)® Peer problems score (SDQ)P
DELTA (T3-T1) Age (10-17) years Age (2-9.9) years Age (10-17) years
Males Females Males Females Males Females

Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower

/Upper /Upper Upper Upper Upper /Upper

Bread and rolls -0.143/ 0.05/ 1.591/ 1.614/ 0.63/ 0.074/
1.014 1.171 0.435* 1.819 3.626* 5.659 3.565* 5.515 1.827* 2.023 1.625* 1.175

Breakfast cereals -2.694/ -1.637/ 0.107/ 0.878/ 0.288/ 0.318/
3.940 10.575 3.210 8.057 0.789 1.470 1.844* 2.809 2.835 5.382 0.203* 3.088

Pasta 0.872/ -2.122/ 0.872/ 0.148/ 0.031/ 0.505/
0.342 1.812 1.539 1.199 3.034* 4.196 2.363 4,578 1.861* 2.690 1.016 1.526

Rice and other cereals -1.538/ -0.583/ 1.074/ 0.402/ -0.818/ -0.777/
1.182 2.903 1.433 2.449 3.016* 4.958 2.170* 3.937 1.619 12.056 1.317 9.411

Sweet bakery product -16.232/ -1.786/ -0.883/ -0.02/ -0.664/ 1.292/

1.426 19.085 14.636 31.059 1.219 3.322 1.996 4.013 0.118 12.9 1.708 14.123

Savoury shacks -4.869/ -4.438/ -1.276/ -0.66/ -0.577/ 0.004/
0.455 5.779 1.427 7.292 -0.538 0.201 0.110 0.879 1.465 3.507 2.292 4.580

Sugar, honey, jam and syrup -1.267/ -0.411/ 0.307/ -0.552/ 0.300/ 0.718/
3.166 7.598 4,714 9.84 0.909* 1.510 0.097 0.746 2.000 3.698 2.719* 4,718

confectionery non -4.701/ 0.067/ -0.23/ -0.49/ -0.528/ 0.685/
Chocolate -1.355 1.992 2.999 5.931 0.222 0.673 -0.099 0.293 0.757 2.042 1.829* 2.971

Chocolate -4.725/ -5.008/ -0.832/ 0.519/ -1.685/ -1.715/
1.884 8.492 1.101 7.211 -0.086 0.661 1.264* 2.007 0.861 3.407 0.674 3.064

Vegetable oils -0.572/ -0.688/ -0.074/ -0.190/ 0.137/ -0.333/
0.381 1.333 0.348 1.385 0.027 0.127 -0.063 0.063 0.503* 0.868 0.072 0.477

Margarine and lipids -1.070/ 0.806/ 0.172/ 0.106/ -0.726/ 1.423/
1.922 4.914 3.505* 6.202 0.506* 0.839 0.482* 0.857 0.427* 1.580 2.470* 3.517

Butter and animal fats -1.484/ -0.430/ -0.009/ -0.048/ 0.700/ 0.229/
1.589 4.662 2.020 4.470 0.268 0.544 0.219 0.485 1.878* 3.056 1.186* 2.143
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Sauces -1.304/ 0.588/ -0.828/ -0.403/ 2.073/ 2.423/
1.613 2.530 8.819 17.049 0.424 1.676 0.992 2.386 5.869* 9.664 5.629* 8.834
Fruit and vegetable juices -1.644/ -41.548/ -4.564/ 0.872/ -0.421/ -7.423/
2.646 4,937 -6.359 28.829 2.017 8.599 7.894 14.915 17.363 35.147 6.337 20.098
Carbonated/soft/isotonic -2.155/ 1.374/ -13.843/ -7.589/ 1.398/ 3.848/
drinks 4.157 12.468 2.238* 7.100 -6.661 0.522 1.095 9.779 2.219 5.039 5.131* 7.413
Milk, yogurt -3.237/ 0.419/ 0.077/ 0.546/ 2.122/ 4,576/
2.431 8.100 1.595* 3.769 1.952* 2.826 1.164* 2.782 1.915* 6.707 6.152* 8.728
Cheese -1.143/ 16.663/ -0.017/ 0.616/ 1.828/ 2.991/
2.872 5.886 43.086* 69.507 2.097* 4.210 2.896* 5.175 2.900* 3.971 3.109* 4.226

N= number of participants. B: regression coefficient. CI: confidence interval; Adjusting for confounders: paternal education, BMI and using country as random effect. Level of significance was

set to 0.017.

3 KINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range: 1-4, Interpretation: High value = high well-being.

bSDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable peer problems < 2

*: Represent the significant values accepted after Holm-Bonferroni adjustment method.
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Table S1: Cross-sectional associations between the psychosomatic and emotional status variables and the selected food portion sizes at T1.

(T1) N=3869

Emotional well-being during the last week
score (KINDL)?

Emotional problems score (SDQ)®

Peer problems score (SDQ)P

Males Females Males Females Males Females

Food groups B Lower/ B Lower /Upper B Lower/ B Lower B Lower/ B Lower
Upper Upper /Upper Upper /Upper

Bread and rolls 0.024 -1.529/ -0.009 -3.268/ 0.058 0.098/ 0.011 -1.341/ -0.012 -2.815/ -0.049 -4.816/
4.076 2.376 3.425 1.994 1.760 0.144

Breakfast cereals -0.026 -3.903/ 0.014 -2.222/ -0.039 -2.573/ 0.015 -1.332/ 0.073 -0.588/ 0.007 -2.186/
2.283 2.858 1.155 1.732 4.688 2.501

Pasta -0.073 -11.370/ | 0.088 -1.095/ -0.079 -7.573/ 0.116 0.311/ 0.110 1.050/ -0.017 -6.544/
1.203 12.725 0.728 10.079 11.456 4.660

Rice and other cereals -0.134 -28.379/ | 0.119 -4.341/ -0.080 -14.113/ 0.169 -0.068/ 0.141 -3.342/ 0.006 -14.673/
3.069 27.417 5.378 19.996 25.569 15.803

Sweet bakery product -0.014 -5.975/ 0.022 -3.774/ 0.019 -2.469/ 0.042 -1.691/ 0.062 -0.915/ 0.033 -2.712/
4.159 6.551 3.980 4.829 7.768 6.490

Savoury shacks -0.172 -14.052/ | -0.034 -8.614/ 0.026 -4.315/ -0.012 -5.645/ 0.032 -5.327/ -0.073 -9.453/
0.284 5.811 5.556 4.974 7.455 3.899

Sugar, honey, jam and syrup | 0.078 -0.684/ 0.094 -0.567/ -0.102 -2.950/ 0.010 -1.807/ 0.045 -1.267/ -0.016 -3.124/
4.528 5.559 0.111 2.124 3.272 2.328

Confectionery non chocolate | 0.027 -5.891/ 0.322 2.944/ -0.014 -4.738/ 0.228 0.532/ 0.112 -3.506/ -0.114 -5.778/
7.651 11.188 4.219 5.001 11.027 0.964

Chocolate 0.013 -1.990/ -0.019 -3.076/ -0.011 -1.624/ 0.106 0.108/ 0.034 -1.282/ 0.016 0.330/
2.669 2.053 1.275 3.220 2.837 4.692

Vegetable oils -0.070 -1.684/ 0.017 -0.843/ 0.030 -0.628/ 0.129 0.052/ 0.181* 0.320/ 0.192* 0.398/
0.555 1.085 0.946 1.233 2.353 2.063

Margarine and lipids -0.079 -5.155/ | 0.175* 0.321/ -0.058 -2.701/ 0.269 0.871/ 0.081 -1.282/ -0.129 -3.782/
1.649 4.229 1.210 3.309 4.580 0.130

Butter and animal fats 0.040 -3.397/ -0.019 -3.718/ 0.131 -0.847/ -0.210 -4.635/ -0.045 -4.583/ 0.226 0.852/
4.983 3.046 3.850 -0.188 2.818 7.178

Sauces -0.053 -5.603/ 0.000 -3.235/ 0.013 -1.884/ -0.016 -2.375/ 0.041 -1.565/ 0.020 -2.227/
1.321 3.228 2.504 1.705 4.385 3.485

Fruit and vegetable juices -0.099 -31.095/ | 0.049 -9.933/ 0.020 -8.225/ 0.123 0.205/ 0.001 -14.326/ -0.005 -16.803/
1.189 24.345 11.873 22.082 14.544 15.230

Carbonated/soft/isotonic 0.101 -1.114/ 0.015 -24.198/ 0.040 -11.044/ 0.063 -8.004/ 0.048 -13.226/ 0.036 -17.467/
drinks 57.723 31.354 24.530 25.633 36.710 34.188
Milk, yogurt 0.063 -1.045/ 0.044 -5.126/ -0.070 -17.562/ -0.030 -11.136 0.064 -0.533/ 0.018 -8.330/
27.381 20.476 0.087 4.994 24.010 13.919
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Cheese

-0.001

-8.062/
7.946

0.065

-1.422/
12.500

-0.064

-9.116/
1.291

0.050

-1.931/
7.248

0.170*

7.798/
21.672

0.003

-5.827/
6.323

N= number of participants. B: regression coefficient. CI: confidence interval; Adjusting for confounders: parental education, BMI and country as random effect. Level of significance was set to

0.05.

aKINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range: 1-4, Interpretation: High value = high well-being

bSDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable peer problems < 2

*: Represent the significant values accepted after Holm-Bonferroni adjustment method.

Table S2: Cross-sectional associations between the psychosomatic and emotional status variables and the selected food portion sizes at T3.

(T3) N=2971

Emotional well-being during the last week score (KINDL)?

Emotional problems score (SDQ)P

Age (2-9.9) years Age (10-17) years Age (2-9.9) years
Males Females Males Females Males Females
Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower
/Upper /Upper Upper Upper Upper /Upper
Bread and rolls -6.176/ -7.479/ -8.005/ -10.929/ -0.481/ -2.013/
-3.121 -0.065 -4.613* -1.745 2.728 13.461 -1.216 8.497 1.435 3.352 -0.320 1.373
Breakfast cereals -0.822/ -1.155/ -8.177/ -3.215/ -1.291/ -1.886/
0.108 1.039 0.193 1.541 -3.868 0.442 -0.028 3.159 -0.708* -0.124 -1.092* -0.296
Pasta -1.425/ -1.528/ -18.761/ -7.848/ -6.905/ -7.387/
1.778 4.980 1.555 4.639 -4.992 8.777 3.320 14.487 -4.902* -2.898 -5.576* -3.764
Rice and other cereals -7.185/ -5.23/ -20.093/ -15.653/ -3.443/ -1.592/
-4.436* -1.687 -2.866 -0.501 -8.566 2.961 -6.740 2.172 -1.718 0.007 -0.196 1.199
Sweet bakery product -12.208/ -12.101/ -8.221/ -11.982/ -1.237/ -1.687/
-9.117* -6.025 -9.256* -6.409 3.335 14.89 -0.905 10.172 0.709 2.656 0.000 1.687
Savoury snacks -3.568/ -4.65/ -3.626/ -3.071/ -0.946/ -0.662/
-2.542* -1.515 -3.621* -2.591 -0.211 3.203 0.776 4.623 -0.301 0.345 -0.052 0.558
Sugar, honey, jam and -0.900/ -1.164/ -2.068/ -4.492/ -0.852/ -0.787/
syrup -0.075 0.751 -0.313 0.538 0.773 3.615 -1.096 2.300 -0.335 0.183 -0.285 0.217
Confectionery non -0.881/ -0.844/ -2.567/ -4.376/ -0.500/ -0.110/
chocolate -0.268 0.345 -0.329 0.185 -0.409 1.749 -2.412 -0.449 -0.116 0.269 0.193 0.497
Chocolate 1510% -2.536/ -0.930 -1.897/ -0.508 -4.973/ -4.349 -8.534/ 0.328 -0.315/ 0.781* 0.210/
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-0.483 0.037 3.957 -0.163 0.972 1.352
Vegetable oils 0.028/ -0.122/ -0.397/ -1.012/ -0.153/ -0.164/
0.172 0.315 0.047 0.216 0.218 0.834 -0.320 0.372 -0.063 0.027 -0.064 0.036
Margarine and lipids -0.194/ -0.035/ -2.828/ -3.05/ -0.354/ -0.277/
0.279 0.751 0.475 0.985 -0.820 1.188 -1.220 0.609 -0.057 0.239 0.023 0.324
Butter and animal fats -0.410/ -0.177/ -3.855/ -2.942/ -0.251/ -0.358/
-0.026 0.359 0.176 0.528 -1.775 0.305 -1.282 0.378 -0.010 0.231 -0.151 0.057
Sauces -1.700/ -1.687/ -11.022/ -11.397/ -2.280/ -2.235/
0.003 1.707 0.121 1.929 -4.648 1.727 -5.937 -0.477 -1.212 -0.143 -1.169 -0.102
Fruit and vegetable juices -4.659/ -3.965/ -15.854/ -22.584/ 2.819/ -3.440/
-3.261* -3.862 -2.327* -1.688 14.313 44.48 1.299 25.182 8.746* 14.671 2.259 7.958
Carbonated/soft/isotonic -15.379/ -19.084/ -21.402/ -40.778/ -7.022/ -3.902/
drinks -5.300 4.779 -7.453 4.178 26.407 74.216 -6.950 26.878 -0.698 5.625 2.960 9.823
Milk, yogurt -20.224/ -21.969/ -46.945/ - -43.262/ -13.691/ -8.932/
-7.370 5.484 -9.941 2.087 -7.527 31.891 10.854 21.553 -5.629 2.433 -1.834 5.265
Cheese -1.974/ -1.200/ -22.957/ -17.342/ -7.771/ -7.012/
1.185 4.344 1.999 5.198 -4.372 14.213 0.109 17.559 -5.797* -3.822 -5.131* -3.250
(T3) N=2971
Emotional problems score (SDQ)® Peer problems score (SDQ)
Age (10-17) years Age (2-9.9) years Age (10-17) years
Males Females Males Females Males Females
Food groups B Lower B Lower B Lower/ B Lower/ B Lower/ B Lower
/Upper /Upper Upper Upper Upper /Upper
Bread and rolls 1.147/ 0.657/ -1.644/ -0.848/ 0.889/ 0.402/
11.740 22.331 1.290* 2.921 0.166 1.975 0.923 2.693 1.312* 2.735 1.050* 2.698
Breakfast cereals 0.197/ -0.812/ -1.771/ -1.958/ 0.127/ 1.284/
4.460 8.721 1.711 4.233 -1.222* -0.671 -1.128* -0.296 2.727 5.327 3.171* 5.058
Pasta 1.172/ -2.883/ -11.697/ -11.287/ 0.589/ -1.840/
2.685* 3.198 5.961 14.804 -9.825* -7.951 -5.406* -7.525 1.841* 2.091 4.806 11.451
Rice and other cereals -7.802/ -5.968/ -3.673/ -2.440/ -4.901/ -4.944/
3.618 15.038 1.104 8.176 -2.045 -0.416 -0.980 0.479 2.065 9.031 0.371 5.687
Sweet bakery product -7.877/ -4.880/ -1.630/ -0.987/ -3.516/ -1.965/
3.558 14.993 3.896 12.671 0.207 2.045 0.777 42541 3.457 10.430 4.627 11.218
Savoury snacks -2.442/ -1.229/ -0.582/ -0.035/ -0.889/ -0.310/
0.936 4.314 1.818 4.864 0.027 0.636 0.603 1.241 1.170 3.230 1.978 4.265
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Sugar, honey, jam and syrup -2.545/ -0.318/ -1.065/ -1.119/ -0.106/ 0.382/
0.267 3.079 2.369 5.056 -0.577 -0.088 -0.594 -0.068 1.606 3.317 2.400 4.416
Confectionery non chocolate -2.410/ -1.191/ -0.597/ -0.760/ -0.660/ 0.261/
-0.275 1.861 0.369 1.930 -0.234 0.129 -0.443* -0.125 0.641 1.943 1.431* 2.601
Chocolate -3.137/ -0.570/ -1.844/ -0.832/ -1.283/ -2.174/
1.280 5.698 2.750 6.070 -1.237* -0.629 -0.235 0.362 1.410 4.104 0.325 2.824
Vegetable oils -0.111/ -0.695/ -0.243/ -0.355/ -0.033/ -0.565/
0.496 1.104 -0.147 0.401 -0.159* -0.073 -0.251* -0.146 0.337 0.708 -0.153 0.259
Margarine and lipids -1.628/ 0.389/ -0.214/ -0.583/ -0.581/ 1.669/
0.360 2.347 1.836* 3.283 0.065 0.345 -0.268 0.046 0.631 1.842 2.745* 3.821
Butter and animal fats -1.739/ -0.667/ -0.456/ -0.233/ 0.067/ -0.173/
0.322 2.384 0.649 1.965 -0.229 0.005 -0.015 0.202 1.322 2.576 0.815 1.803
Sauces -0.722/ 0.883/ -3.817/ -3.140/ 1.536/ 1.432/
5.582 11.886 5.208 9.532 -2.812* -1.806 -2.026* -0.911 5.371* 9.206 4.679* 7.925
Fruit and vegetable juices -1.733/ -19.578/ -0.374/ 3.562/ -2.087/ -4.099/
0.074 1.880 -0.649 18.280 5.222 10.819 1.516* 15.469 1.100 3.287 1.113 2.325
Carbonated/soft/isotonic -1.784/ 0.064/ -14.963/ -5.035/ 0.633/ 0.886/
drinks 1.524 1.832 0.693* 1.321 -5.001* 3.037 2.143 9.320 0.440 1.246 1.737* 1.588
Milk, yogurt -13.301/ 0.488/ -8.199/ -8.069/ 0.007/ 0.284/
0.672 6.645 1.001* 2.512 -0.587 7.025 -0.645 6.779 1.669* 1.331 1.272* 1.259
Cheese -1.786/ 1.327/ -1.922/ -1.823/ - 0.639/ 0.748/
1.573 3.932 1.006* 4.684 -1.109* -0.294 -1.904* 1.985 1.785* 2.930 3.900* 4.051

N= number of participants. B: regression coefficient. Cl: confidence interval; Adjusting for confounders: paternal education, BMI and country as random effect. Level of

significance was set to 0.05.
2 KINDL: Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents, Range: 1-4, Interpretation: High value = high well-being

bSDQ: Strengths and Difficulties Questionnaire. Cut-off values for No detectable emotional problems < 3 and, No detectable peer problems < 2

*: Represent the significant values accepted after Holm-Bonferroni adjustment method.
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Results: Energy intake increased with elevated intakes of energy-dense foods. Large portions of rice and other
grains, starch roots and potatoes, and meat substitutes, nuts, and pulses were associated with increased car-
bohydrate and fiber intake. Larger portions of cheese and butter and animal fat were significantly associated
with a higher fat intake. Lower intakes of some vitamins and micronutrients were noticed with consumption
of larger portions of high energy-dense foods, such as desserts and pudding, margarine and vegetable oil,

and butter and animal fat.

Conclusions: Large food PSs may be associated with positive energy, as well as macro- and micronutrient
intake. Moreover, the findings from this study may help the future development of dietary guidance in gen-
eral and specific to PSs, and support targeted strategies to address intakes of certain nutrients in European

adolescents.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

Introduction

Childhood and adolescence are both critical periods during
which rapid cognitive development and physical growth occurs
[1]. During childhood, nutritional demands increase, and adequate
energy intake along with the consumption of nutrient-dense foods
are essential [2]. However, being overweight or obese from
energy-dense, low-nutrient content diets is a critical and growing
worldwide problem [3].

Dietary habits undergo many changes during a lifespan with
regard to dietary diversity, nutrient intake, and portion size (PS)
[4]. A portion is how much food one chooses to eat for a meal or
snack, or the amount of food to eat or serve to an individual for a
single eating occasion [5]. Increased PSs of food and energy-dense
drinks commonly served are considered a major component of the
food environment contributing to the excess of energy consumed
and the development of obesity [6]. In children and adolescents,
larger food PSs have been associated with the increased intake of
specific nutrients and/or a decrease in intake of some micronu-
trients as a result of the composition of the food itself. For example,
when children consume large PSs of sugary sweets, total sugar
increased but the intake of many micronutrients decreased [7].

However, children with excess energy consumption may suffer
from nutrient deficiency [8]. Moreover, unsuitable nutritional pro-
files in terms of food, as well as macro- and micronutrients, during
adolescence is associated with adverse health outcomes later in
adult life [2]. For example, the regular consumption of cow milk is
very important during childhood due to its high content of protein,
fat, calcium, and vitamin D to maintain good health [9]. Of note,
vitamins and micronutrient deficiencies, such as vitamin D, cal-
cium, and iron, can lead to a wide range of health problems, such
as hyperparathyroidism, rickets, osteomalacia [10], and anemia
[11], in children and adolescents.

Most European countries met under half of the World Health
Organization’s (WHO) recommended nutrient intake (e.g., iron,
calcium, vitamin D, and vitamin C); thus, widespread nutrition
issues could exist across Europe [8]. Macronutrient compliance to
recommended nutrient intake was poor globally, but micronutri-
ent compliance was slightly better, although girls and children age
>10 y showed less attainment [8]. On the other hand, selected
micronutrient intake has been examined in Central and Eastern
European countries, but these countries lacked intake information
across all ages, particularly in children, compared with other Euro-
pean countries [12]. Also, a recent review showed that less than a
third of European countries reported the energy and nutrient
intakes of children and adolescents [13].

Most studies focus on the effect of PS from energy-dense foods
on energy intake and body mass index (BMI) to manage the obesity
epidemic [5,14], but the effect of food PS on nutrient intake is

usually not addressed. Knowledge of adolescents’ association
between PS and intake of energy and macro- and micronutrients is
essential to monitor trends and nutritional interventions. There-
fore, the present study aimed to examine the relationship between
food PS from various food groups and the intake of macro- and
micronutrients.

Methods
Study design

The analysis was conducted using data from the Healthy Lifestyle in Europe by
Nutrition in Adolescence Cross-Sectional Study (HELENA-CSS), which is a cross-
sectional multicenter study (2006—2007) focused on the evaluation of nutritional
status in European adolescents [15]. Recruited adolescents were age 12.5to 17.5y
from 10 European cities: Heraklion and Athens (Greece), Dortmund (Germany),
Ghent (Belgium), Lille (France), Pécs (Hungary), Rome (Italy), Vienna (Austria),
Stockholm (Sweden), and Zaragoza (Spain) [15].

The main objective of the HELENA-CSS was to obtain reliable and comparable
data from randomly selected European adolescents (n=3528; 52.3% women),
using widely relevant health- and nutrition-related parameters, including dietary
intake, food choices and preferences, serum vitamin and mineral status, lipid and
glucose metabolism, immunologic markers, anthropometric measurements, phys-
ical activity, and fitness and genetic markers [16]. The inclusion criteria were par-
ticipants age <17.5 y or >12.5 y who were free from any acute infection lasting
<1 wk before the inclusion process, and not concurrently involved in another clin-
ical trial.

The study was approved by the research ethics committees in each involved
city, and followed the ethical guidelines of the Declaration of Helsinki 1964 (revi-
sion of Edinburgh 2000) [17]. Moreover, written informed consent was obtained
from participating adolescents and their parents [17].

Study sample

Of the total sample of the HELENA-CSS, the present study included 1631 ado-
lescents (54.2% girls). The specific inclusion criteria were participants who twice
completed a 24-h recall with plausible intake. In this study, data on complete
nutritional intake from eight European countries (Greece, Germany, Belgium,
France, Italy, Austria, Sweden, and Spain) have been included. Approximately
1198 adolescents were excluded from the study, because they did not meet the
inclusion criteria. Adolescents considered overreporters (n=173; 4.9%) and under-
reporters (n=526; 14.9%) according to the approach by Goldberg et al. [18] were
excluded from this analysis.

Sociodemographic data

The education level of the adolescents’ mothers was obtained using the Inter-
national Standard Classification of Education [19], and reported as primary educa-
tion, lower secondary education, higher secondary education, and higher
education/university degree. In this study, the two lowest levels were merged into
one group called lower level, in addition to medium and higher level.

Dietary assessment

The HELENA Dietary Assessment Tool (HELENA-DIAT) was used to assess ado-
lescents’ dietary consumption. This software is a self-administered, computerized
24-h recall, which was developed and originally validated in Flemish adolescents
and then in the HELENA-CSS [20]. The HELENA-DIAT is based on previous day
assessments of the intake from six meal occasions (breakfast, morning snack,
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lunch, afternoon snack, evening meal, and evening snack). The two nonconsecu-
tive 24-h recalls were performed on 1 convenient weekday and 1 weekend day. A
well-trained dietitian was present to assess the adolescent in case they needed
help to complete the dietary 24-h recall.

A total of 800 photographs were available in the HELENA-DIAT program. Par-
ticipants were able to select one of the amounts in a photograph or indicate that
they had consumed more or less than the amount appearing on the computer. In
addition, the adolescents were able to type the consumed amount for each food
item in a text box. Moreover, participants had the option to remove or modify the
selected items at any time. For foods that could be measured with household tools,
such as cups, several portions appeared on the screen, so participants could select
the consumption amount by clicking directly on the portion. In cases of foods usu-
ally eaten in combination with other items, such as French fries and mayonnaise, a
reminder box was shown on the screen to include this item [20].

Dietary assessment of energy and macro- and micronutrients

First, all consumed foods and beverages were selected autonomously by par-
ticipants from a standardized food list in the HELENA-DIAT. Then, the consumed
food amounts were translated into nutrients using the German Food Code and
Nutrient Data Base (Bundeslebensmittelschliissel, version I1.3.1), which includes
12 000 coded foods and approximately 158 nutrient data available for each prod-
uct [21]. The multiple-source method was used to estimate the usual nutrient
intake, including occasionally consumed foods, to eliminate day-to-day influence
within individual variability and random error in the recalls [22]. When the multi-
ple-source method was applied, the dietary data provided average energy intake
in (kilojoules and kilocalories), as well as average intake of macronutrients (carbo-
hydrates, proteins, and fat in g) and micronutrients (vitamins A, E, C, and B12, and
calcium, iron, sodium, potassium, and zinc in mg; vitamin D in p.cg) [23].

Portion size calculation

PS was established by dividing the total intake of items in grams included in
the food group and consumed in the 24 h-recall by the number of eating occasions
of these consumed items. In this study, the average amount of PS was calculated
from the two days included in the 24-h recall by each eating occasion. For instance,
if an individual consumed 30 g of bread for breakfast on the first day and 30 g for
breakfast on the second day, then their PS at breakfast from this food item was
30 g. If the individual consumed 60 g of bread only for breakfast and not for any
other meal, their PS was 60 g. Several studies of food PS effect on overweight chil-
dren and adults have used the same methodology [24,25]. Thus, these data repre-
sent per-consumer, not per-capita, averages, and show the average change on PS
for those who consume a certain item. Therefore, to analyze a specific food group,
only participants who consumed this food group were included in the analysis.

Selection of foods and nutrients

Based on the European food groups classification system, approximately 4179
food and beverages, in the form of recipes or as individual foods, were aggregated
into food groups [26]. To determine the key items for analysis, foods were ranked
by frequency of consumption (i.e., number of eating occasions). In our study, we
excluded foods that were very infrequently consumed from the analysis. Further-
more, the daily diet was divided into 11 food groups based on the nutritional com-
position of the food groups: 1) water; 2) bread and cereal; 3) grains and potatoes;
4) fruit; 5) vegetables; 6) milk, milk desserts, and yogurt; 7) cheese; 8) meat/fish/
eggs/nuts and vegetarian substitutes; 9) spread and cooking fat; 10) low-nutrient,
energy-dense foods (e.g., chocolate, sugar products, biscuits, pies, savory snacks,
creams, confectionery); and 11) low-nutrient, energy-dense drinks (e.g., carbon-
ated soft drinks, juices).

Milk products and cheese were allocated to different food groups because of
the important difference in fat content. However, three food groups were excluded
from the analysis (products for special nutrition use, soya beverages, and alcoholic
drinks) due to infrequent consumption (>85 % of sample did not report consump-
tion). For the analysis, we considered energy-adjusted intakes of macronutrients
(carbohydrate, protein, fat), fiber, total sugars, vitamins (vitamins C, B12, A, D, and
E), and minerals (calcium, iron, sodium, potassium, and zinc). These nutrients
were selected due to their public health importance in the diets of European ado-
lescents, as highlighted in a previous analysis using data from the same cohort
[27] and in other studies [28,29].

Statistical analysis

Normality was assessed using the Kolmogorov—Smirnov test. The descriptive
analysis of mean and SD for general characteristics and lifestyle data are pre-
sented, and Student’s t and 2 (for categorical variables) tests were used to com-
pare means of continuous variables by sex.

PS data for each food item were split by tertiles to create relatively small (T1),
medium (T2), and large (T3) PS categories. To avoid bias caused by differences in
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energy intake, all nutrients’ intakes were energy adjusted per total intake percent-
age for macronutrients (carbohydrate, protein, fat, and sugar) and per 10 mega-
joule (M]) for micronutrients (vitamins and minerals). Therefore, energy-adjusted
values were calculated using the nutrient-density method, which involved com-
puting the amount of PS in each food group consumed daily per 10 MJ of daily
energy intake. The nonsignificant differences between sex for PS intake from food
groups and nutrient intake using the Student ¢ test justify why the analysis was
not separated by sex.

Mean values for each of the macro- and micronutrients were compared across PS
tertiles (T1 vs T2 vs T3) for the days on which portions of a particular food were con-
sumed. A one-way between-groups analysis of covariance was used to test for signif-
icant differences in means across tertiles adjusting for sex, age, and BMI, and using
maternal education as a covariable. A Tukey posthoc comparison test was used for
normal distribution (P < 0.05). Moreover, Kruskal—Wallis tests with Mann—Whitney
U-test comparisons were used for data not normally distributed (P < 0.05).

To assess the relation between the amount of PS from food groups and energy,
as well as macro- and micronutrients, a multivariable linear regression analysis
was carried out, with food PS amount as independent variables and nutrient intake
as the dependent variable, adjusted for age, sex, maternal education, and BMI, and
using country as a level. Finally, to reduce the probability of type 1 errors, the
Holm—Bonferroni adjustment method was applied manually to significant results
by ordering them from the smallest to the largest P value, testing the smallest
probability, and applying a simple equation (i.e., alpha / (number of tests perform-
ed-rank after ordering + 1). If the first test was significant, the second smallest
probability was tested, and so on. When the first nonsignificant test was gener-
ated, the procedure ended. This method is more powerful than the single-step
Bonferroni.

All analyses were carried out using IBM-SPSS (version 25; SPSS Inc.; Chicago,
IL). P=0.05 was used to represent statistical significance for all tests.

Results

General characteristics of study participants and portion size
characteristics

Sample descriptive characteristics, lifestyle data, energy, and
nutrient intake are presented in Table 1 by sex. In general, boys
had significantly higher percentages of being overweight and
obese than girls (18.8% combined and 14.2%, respectively; P <
0.001. With regard to total energy and macro- and micronutrients,
boys had a significantly higher mean intake than girls (P < 0.005).
Median PS in grams consumed and categorized by their corre-
sponding tertiles of small (T1), medium (T2), and large (T3) for
foods groups and subgroups included in this study are described in
Table 2.

Associations between nutrient intake and portion-size tertiles of food
groups

Supplementary Table S1 describes the mean daily nutrient
intakes by tertiles of PS food groups consumed by European ado-
lescents. Mean carbohydrate intakes were higher when larger ter-
tile portions of desserts and puddings were consumed. With
regard to protein, a higher mean intake was noted when large ter-
tile portions of meat substitutes, nuts, and pulses, as well as cakes,
pies, and biscuits were consumed. Lower mean fat intakes were
observed when large tertile portions of rice and other grains; fruit;
milk, yogurt and milk beverages; and meat substitutes, nuts, and
pulses were consumed, but a higher mean fat intake was noted
when larger tertile portions cheese, eggs, butter and animal fat,
and cake, pies, and biscuits were consumed. Dietary fiber mean
intakes were lower when a larger PS tertile of bread and rolls was
consumed.

Higher vitamin A consumption was noted when a larger tertile
portion meat and poultry was consumed. Vitamin D mean intake
was higher when larger tertile portions of cheese and sauces and
creams were consumed. Vitamin E mean intake decreased when
larger tertile portions of fruit and vegetable juices were consumed.
With regard to vitamin B12, a high mean intake was noted when



4 S.M. Flieh et al. / Nutrition 106 (2023) 111893

Table 1
Baseline demographic characteristics, lifestyle data, total energy, and nutrient
intake for study sample of adolescents ages 12.5to 17.5y

Table 2
Median food portion size consumed according to corresponding tertiles of total
intake for food groups and subgroups in this study

All participants (N=1631)

General characteristics Boys (n=747) Girls(n=884) Pvalue

Food groups Tertile medians, g*

T1 T2 T3 Interquartile range

Age, y, mean (SD) 14.7(1.3) 14.7 (1.2) 0.145
Body mass index, kg/m?, mean (SD) 20.8(3.5) 20.8(3.3) 0.131
Body mass index categories, n (%)

Underweight 45(6.1) 75(8.5) < 0.001
Normal weight 562 (75.1) 683 (77.3)
Overweight 107 (14.4) 103 (11.7)

Obesity 33(44) 23(2.5)

Maternal education, n (%)

Low 231(32.2) 257 (30.6) 0.202
Medium 211(29.4) 278(33.2)

High 275 (38.4) 304 (36.2)

Total energy, Kcal/d, mean (SD) 2690.6 (438.7) 2133.6(302.8) < 0.001
Carbohydrate, g/d, mean (SD) 323.8(70.3) 261.7 (51.7) < 0.001
Protein, g/d, mean (SD) 103.1(23.5) 79.5(15.9) <0.001
Fat, g/d, mean (SD) 105.9 (25.3) 85.1(18.2) <0.001
Total sugar, g/d, mean (SD) 150.5 (57.4) 123.8(45.2) < 0.001
Fiber, g/d, mean (SD) 20.1(6.1) 18 0(5.3) < 0.001
Vitamin A retinol equivalent without 1.1(04) .0(0.4) 0.002
beta carotene, mg/d, mean (SD)

Vitamin D, pg/d, mean (SD) 2.2(0.9) .9(0.8) < 0.001
Vitamin E, mg/d, mean (SD)* 10.6 (2.9) .3(2.3) < 0.001
Vitamin C, mg/d, mean (SD) 110.2 (61.9) 108 6 (56.5) 0.035
Vitamin B12, mg/d, mean (SD) 6.4(2.1) 1(2.1) < 0.001
Calcium, mg/d, mean (SD) 874.2 (471.3) 689 6(374.9) <0.001
Iron, mg/d, mean (SD) 14.4 (3.5) 11.8(2.8) < 0.001
Sodium, mg/d, mean (SD) 2641.5(737.3) 2110.7(595.6) < 0.001
Potassium, mg/d, mean (SD) 3007.3(766.9) 2532.9(602.4) < 0.001
Zinc, mg/d, mean (SD) 13.5(2.9) 10.7 (2.1) <0.001

Boldface values indicate significance, P value < 0.05. Differences of mean values by
sex were considered using student’s t test analysis for continuous variables and 2
for categorical variables.
*Only alpha tocopherol.

larger tertile portions of eggs and cake, pies, and biscuits were con-
sumed, and a lower mean intake was noted when larger tertile
portions of starch roots and potatoes, as well as vegetables, were
consumed.

With regard to iron, the mean intake increased when larger ter-
tile portions of eggs, as well as meat substitutes, nuts, and pulses
were consumed, and decreased with the consumption of larger ter-
tile portions of bread and rolls and butter and animals fat. Calcium
mean intake was lower when large tertile portions of sugar, honey,
and jams were consumed. Moreover, sodium mean intake was
lower when larger tertile portions of milk, yoghurt, and milk bev-
erages, as well as meat substitutes, nuts, and pulses were con-
sumed. With regard to potassium mean intake, larger portions of
fish, eggs, and meat substitutes, nuts, and pulses were noted when
consuming larger tertile portions. Mean intakes of zinc were higher
when larger tertile portions of meat substitutes, nuts, and pulses
were consumed, and a lower mean intake was noted with the con-
sumption of a larger tertile portion of vegetables and fruit and veg-
etable juices.

Association between food portion size and nutrient intake

Tables 3, 4, and 5 show the association between food PS and
nutrient intake in this selected sample of European adolescents.
With regard to macronutrients and fiber, large portions of break-
fast cereals, cheese, and eggs were inversely associated with carbo-
hydrate intake, but large portions of rice and other grains, starch
roots and potatoes, and carbonated soft drinks were significantly
associated with increased carbohydrate intake. Larger portions of
milk, yoghurt, and milk beverages, as well as fish were significantly

Bread and cereals

Bread and rolls 64 100 154 90
Breakfast cereals 28 42 63 35
Grains and potato

Rice and other grains 90 150 210 120
Starch roots, potatoes 80 120 193 113
Pasta 120 180 270 150
Fruit 130 180 280 150
Vegetables 46 91 163 117

Milk, milk desserts, and yogurt
Milk, yoghurt, and milk beverages 187 287 450 263
Desserts and puddings (milk-based) 55 80 130 75

Cheese 24 40 67 43
Meat/poultry/fish/eggs

Meat and poultry 71 150 274 203
Fish 60 120 173 113
Eggs 17 50 85 68

Meat substitutes, nuts, and pulses 20 44 120 100
Spread and cooking fat

Margarine and vegetable oil 8 15 29 21
Butter and animal fat 10 17 30 20
Low-nutrient, energy-dense food

Cakes, pies, biscuits 47 88 150 103
Savory snacks 20 35 50 30
Sugar, honey and jams, chocolate 22 47 90 68
Sauces and creams 30 55 91 61

Low-nutrient, energy-dense drinks
Carbonated soft/isotonic drinks 250 400 650 400
Fruit and vegetable juices 200 300 450 250

*Medians of portion weights (g) from food groups according to small (T1), medium
(T2), and large (T3) food portion-size tertiles.

associated with increased protein intake. Larger portions of cheese
and butter and animal fat were significantly associated with a
higher fat intake. On the other hand, fish and fruit and vegetable
juice PSs were inversely associated with fat intake. Sugar intake
increased when larger portions of sugar, honey, and jam were con-
sumed. Finally, larger portions of rice and other grains, vegetables,
and meat substitutes, nuts, and pulses were significantly associated
with a higher fiber intake.

With regard to vitamins and micronutrient intake, vitamin A
intake increased when larger portions of vegetables, as well as sau-
ces and cream, were consumed, but larger portions of bread and
rolls; milk, yoghurt, and milk beverages; dessert and pudding; and
sauce and cream were associated with higher vitamin D intake.
Larger portions of starch roots and potatoes, as well as meat and
poultry, were associated with a higher intake of vitamin E. Larger
portions of vegetables and fruit and vegetable juices were associ-
ated with a higher vitamin C intake. Last, larger portions of milk,
yoghurt, and milk beverages; cheese; and meat and poultry were
associated with a higher vitamin B12 intake, but larger portions of
milk, yogurt, and milk beverages were associated with a higher cal-
cium intake.

With regard to minerals, larger portions of breakfast cereals,
rice and other grains, vegetables, meat and poultry, and eggs were
associated with a higher iron intake, but larger sugar, honey, and
jam PSs were associated with a lower intake of iron. Sodium
intakes decreased when larger portions of bread and rolls, break-
fast cereals, and meat and poultry were consumed. On the other
hand, PSs of rice and other grains and carbonated soft drinks were
inversely associated with potassium intake, but larger milk, yogurt,
and milk beverages, as well as meat and poultry, PSs were
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Table 3
Association between portion size from various food groups and energy-adjusted intake of macro- and micronutrients using multiple linear regression model: macronutrients
(carbohydrate, protein, fat, total sugar, fiber)

Food groups, g Carbohydrate, %TE Protein, ¥TE Fat, %TE Total sugar, %TE Fiber, g/10 M]
B 95% CI B 95% CI B 95% Cl B 95% CI B 95% CI
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper

Bread and rolls -0.121" -0.173 -0.068 0.279 -0.426 0985 0.289 -0.014 0593 -0.016 -0.044 0.011 -0.219 -1430 1.147
Breakfast cereals —0.113"* -0.160 —0.067 —0.964" —0.442 —-0.980 0.318 -0.726 0.091 —-0.001 -0.006 0.004 —0.324 -0.752 0.104
Rice and other grains 0.188* 0.101 0.275 0956 0.099 1.075 0441 -0.193 1.201 -0.015 -0.061 0.032 0.969° 0.796 1.341
Starch roots, potatoes 1.061* 1.010 1.113 -0.961" —-0.827 -1.695 —-0.765" —1.280 —0.251 0.018 -0.003 0.039 1.652 -0914 1.317
Pasta —0.005 -0.094 0.084 1407 -0.054 1.868 —0.046 -1.444 1352 0.001 -0.032 0.034 -0.299 -1.335 0.736
Fruit -0.574" -0.854 —-1.295 1.676 -0.963 1315 1.231 -1.441 1903 -0.001 -0.018 0.015 -0.636 -1.376 0.105
Vegetables 0303 -0351 0.957 0.688 0014 1362 0852 -0.547 1.250 —0.003 -0.008 0.002 0.267° 0.089 0.445

Milk, yoghurt, and milk beverages 0.691 0246 1.136 0.908° 0273 1543 1.103 -0.164 1371 -0.015 -0.033 0.002 -0.766 —-1.869 0.337
Desserts and puddings (milk-based) 0.521 0936 1.106 1.092 0.571 1.812 0.867 0794 1939 -0.011 -0.052 0.030 0504 -1.175 1.182

Cheese —0.565" —0.953 -0.176 —-0.596" —0.996 —0.197 0.269* 1.135 1.403 0.008 -0.008 0.024 0.182 -0.003 0.367
Meat and poultry -1528 -0.897 1.159 -0439 -1.745 0.133 -1.908 -0.680 —-1.136 —0.063 -0.114 -0.012 —1.589" —-0.588 —1.589
Fish 0.082 -0239 0402 0489° 0.182 0.796 —0.690° —-0.971 —-0.406 —-0.011 -0.155 0.134 -1.095 -0.656 1.466
Eggs -0.117* -0.159 -0.075 0.043 -0.716 0.801 0.127 -0.190 0.444 -0.003 -0.029 0.024 -1.551 -1.056 0.955
Meat substitutes, nuts, pulses 0.076 -0234 0387 0.129 -0214 0472 0338 -0323 0998 1074 1.030 1.117 0.556° 0.876 1.236
Margarine and vegetable oil -0.026 -0.058 0.006 0.265° 0.114 0416 -0.033* —-0.058 -0.023 —-0.400 -0.018 0.010 0.645° 0289 1.001
Butter and animal fat -0.029 -0.065 0.006 —0.365 -0.704 —0.026 0.080* 0.053 0.106 —0.900 -0.029 0.011 0.111 -0.694 0.917
Cakes, pies, biscuits -0.077 -0.868 0.715 0.873 -0.009 1.754 0.132 -1.587 1.851 -0.008 -0.022 0.007 1.001* 0575 1.428
Savory snacks —-0.005 -0.036 0.026 -0.266 -1.257 0.726 -0.119 -0471 0233 0400 -0.026 0.034 —-1.223 -1.004 -0.442
Sugar, honey, jams, chocolate 0.183 -0.508 0874 -0.193 -1.101 0.716 0394 -1.138 1927 0.062° 0.023 0.101 0.117 -1.111 1.346
Sauces and creams 0.148 0043 0.253 0.121 -0.096 0.338 0276 0.050 0.502 -0.003 -0.006 0.001 -0.367 -0.825 0.092
Carbonated soft/isotonic drinks 0.575* 0274 0.876 0.031 -0494 0.555 1506 -0.086 1.099 0284 -0.003 0.003 0376 0.076 0.676
Fruit and vegetable juices —0.584" -0.319 -1.848 —-0.966" —1.606 —0.326 —0.277* -1.278 -0.276 —0.300 -0.023 0.018 0.979° 1.661 1.296

%TE, energy adjusted per total intake percentage; [3, regression coefficient; Cl, confidence interval.

Adjusted for confounders: Age, sex, maternal education, body mass index, and using country as level. Boldface values indicate significance accepted after Holm—Bonferroni
adjustment method.

*Significant results.

Table 4
Association between portion size from various food groups and energy-adjusted intake of macro- and micronutrients using multiple linear regression model: Vitamins (A, D,
E, C,and B12)

Food groups, g Vitamin A, mg/10 M] Vitamin D, jg/10 MJ Vitamin E, mg/10 M] Vitamin C, mg/10 MJ Vitamin B12, mg/10 M]
B 95% CI B 95% CI B 95% CI B 95% CI B 95% CI
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Bread and rolls -0.013 -0.025 -0.001 0.677° 0433 0920 0941 0.267 1.615 0484 -0.002 0970 0961 -1.250 1.172
Breakfast cereals 0.001* —-0.011 0.003 0.888 -0.404 -1.372 —-0.021 -0305 0.264 -0.016 -0.081 0.049 0.680 -0.369 1.728
Rice and other grains 0.004 0.000 0.009 —0.291 -0958 1.679 —-1.537 -1.649 -0.414 -0.027 -0.215 0.161 -0.121 -1.088 —0.155
Starch roots, potatoes -0.745 -0.001 0.000 -1.764 -0.106 1.577 0.781° 0.369 1.193 -0.598" -0.833 -0.362 0367 -1.061 1.794
Pasta -0.005 -0.016 0.007 0.544 -0.237 1325 1.625 -1.953 0.203 0.776 0.190 1363 1.156 0.402 1.909
Fruit —0.001 -0.003 0.000 1.746 -1.194 1.686 1.328 0.277 1378 0.038 -0.004 0.080 —1.971 -1.855 1.912
Vegetables 0.151* 0.000 0.000 —0911 -1.332 -0.489 0.089 -0.029 0.207 0.010° 0.017 1.102 -1.286* —1.007 —0.565

Milk, yoghurt, and milk beverages —0.001 -0.003 0.002 0.207° 0306 1.108 —-0.184 -1.115 0.746 —-0.113 -0.248 0.022 1.303" 0352 1.254
Desserts and puddings (milk-based) —0.001 -0.006 0.003 0.421° 0.199 0.643 0.083 -0.555 0.72 -0.130 -0.392 0.131 -0.383 -1.222 0.456

Cheese 0.002 0.000 0.003 0275 -0826 1376 0304 0.082 0.527 0.019 -0.008 0.046 0.813® 0943 1.682
Meat and poultry 0.003 -0.001 0.006 —0.582 -0.791 1.627 1.014° 0.328 1701 0.076 -0.079 0.232 0.042° 0444 1.639
Fish —0.003 -0.010 0.004 -0.035 -0.189 0.119 -0.478 -0.843 -0.114 0.032 -0.644 0.708 —-0.164 -0.473 0.146
Eggs —0.003 -0.008 0.002 -0.685 -1.468 1.098 —0.596" —0.991 -0.201 0.051 -0.218 0.32 1272 -0.982 0.527
Meat substitutes, nuts, pulses —0.003* —0.004 —0.001 —-0.699 -1.134 0.735 —-0.220 -0.185 0.141 0.053 -0.095 0.202 —-0.820 -1.278 1.638
Margarine and vegetable oil —0.653 0.000 0.000 0.252 -0.088 0593 0.014 -0.035 0.063 0.026 -0.001 0.053 —0.958 -1.891 -0.025
Butter and animal fat 0.000 -0.001 0.002 0.754 -0215 1.722 -0.201 -0.343 -0.059 0.026 -0.129 0.181 -0.445 -2.537 1.648
Cakes, pies, biscuits 0455 0.000 0.001 0.828 -1.983 3.639 —-0.184 -0414 0.046 —0.134 -0.280 0.013 3.110 -0.233 6.460
Savory snacks 0320 0009 0.055 -1.271 -0.139 -0.403 0.693* 0.230 1.157 0.673 0060 1285 1.096 -1.289 1.482
Sugar, honey, jams, chocolate —-0.800 -0.022 0.006 1909 1.866 1.952 —-0.265 -0.595 0.065 0.075 -0.007 0.156 —-1.060 -1.441 —-0.677
Sauces and creams 0.001* 0.001 0.002 0.949" 1.636 1.262 —0.032 -0.104 0.040 0.009 -0.046 0.064 0299 -0495 1.093
Carbonated soft/isotonic drinks 0.006 0.001 0.012 -1.692 -1.752 1.368 -0.349 -1.723 1.025 -0.009 -0.064 0.046 0312 -1.790 1.413
Fruit and vegetable juices —0.003" —-0.004 —-0.001 1271 -0.604 2.146 —-1.453" -1.961 —-0.945 0.279° 0452 1.105 1.857 -1.117 1.831

{3, regression coefficient; CI, confidence interval.

Adjusted for confounders: Age, sex, maternal education, body mass index, and using country as level. Boldface values indicate significance accepted after Holm—Bonferroni
adjustment method.

*Significant results.
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Table 5

Association between portion size from various food groups and energy-adjusted intake of macro- and micronutrients using multiple linear regression model: Minerals (cal-

cium, iron, sodium, potassium, and zinc)

Food groups, g Calcium, mg/10 MJ

Iron, mg/10 M]

Sodium, mg/10 MJ Potassium, mg/10 MJ Zinc, mg/10 MJ

B 95% CI B

95% Cl

B 95% CI B 95% Cl B 95% Cl

Lower Upper Lower

Upper

Lower Upper Lower Upper Lower Upper

Bread and rolls 0.002 -0.026 0.031 -0.191 -0.646
Breakfast cereals 0.037 0.008 0.067 0.443* 0.169
Rice and other grains 0.053  0.000 0.106 0.904° 0.134
Starch roots, potatoes 0.105° 0.064 0.146 —1.943* —0.928
Pasta -0.031 -0.124 0.061 1322 -1.088
Fruit 0.003 -0.047 0.053 -1.722 -0.079
Vegetables -0.009 -0.017 -0.001 0.955" 0.532

Milk, yoghurt, and milk beverages 0.015* 0.010 0.021 -1.637 -0.666
Desserts and puddings (milk-based) —0.023 -0.042 —0.004 —0.468 —1.642

Cheese 0.000 -0.002 0.002 -0.973 -1.045
Meat and poultry —-0.003 -0.042 0.037 0.665 0.877"
Fish 0.020 -0.023 0.063 1.060 -0.283
Eggs 0.010 -0.012 0.032 0.720 0.387"
Meat substitutes, nuts, pulses -0.110 -0.029 0.007 0.254 -1.014
Margarine and vegetable oil 0.000 0.000 0.021 0.281 -0427
Butter and animal fat —0.002 -0.013 0.008 0.400 -1.413
Cakes, pies, biscuits 0300 -0.015 0.021 -0.355 -0.833
Savory snacks 0.023 -0.031 0.076 0.890 1.152
Sugar, honey, jams, chocolate 0900 -0.034 0.052 -1.917 -0.351"
Sauces and creams 0.006 0.000 0.012 0984 0.480"
Carbonated soft/isotonic drinks -0.021 -0.055 0.012 0932 -0.635
Fruit and vegetable juices 0.076 -0.034 0.186 0.799 0479

0.736 —0.024" —0.031 -0.016 —0.003 -0.039 0.033
1.317 —0.006" —0.011
1.674 —0.009 -0.023
-1.958 0.000 -0.006 0.006 0.011 -0.002 0.025 0.005 -0.001 0.011
0.731 -0.038 -0.065 —0.012 -0.134 -0.250 —-0.018 —0.004 -0.013 0.005
1636 0.164 -0.044 0371 0.007 -0.004 0.018 —0.002 -0.008 0.004
1.377 0.001 -0.001 0.003 0.000 -0.001 0.001 —-0.001 -0.003 0.000
-1.608 0.001 -0.009 0.011
1.706 —0.018" —0.029 —0.007 0.003 -0.012 0.018 0.004 0.000 0.008
—-0.902 0.000 —-0.001 0.001 —-0.004 -0.008 0.000 0.001 0.002 1.001
1.452 -0.009" —0.011 —0.007
1.395 0.002 -0.002 0.005 -0.011 -0.025 0.004 —0.002 -0.004 —0.001
1.058 0.005 -0.003 0.013 0.004 -0.017 0.025
1.522 0.000 -0.001 0.001 0.009 0.003 0.015 -0.001 -0.003 0.001
0988 —0.712 —-0.002 0.002 —0.008" —0.012 —0.004 —0.002* —0.003 —0.001
1.692 0200 -0.002 0.005 —0.002 -0.009 0.004 0.002 0.000 0.004
0.122 -0.001 -0.005 0.003 0.011 -0.001 0.023 —0.600° —0.010 —0.002
1.571 0.100 -0.004 0.006 —0.026 -0.053 0.001 —-0.006 -0.020 0.007
—1.483 0.001 -0.003 0.004 0004 -0.025 0.032 1.120 -0.008 1.016
1.488 -0.001 -0.001 0.000 —0.002 -0.004 0.001 0.000 -0.001 0.001
2,500 0.001 -0.009 0.011 -0.025* —-0.040 —0.010 0.003 0.001 0.005
1.120 0.039 0.010 0.067 0.009 -0.013

0.060" 0.194 1.127
0.000 —0.001 -0.018 0.016 0.000 -0.002 0.002
0.004 —0.063* —0.089 —0.037 —0.009" —0.013 —0.005

0.038* 0.029 0.047 —-0.003 -0.010 0.003

0.023* 0.009 0.037 0.003° 0.005 1.002

0.004* 0.006 1.001

0.031 -0.009 -0.016 —0.002

B, regression coefficient; CI, confidence interval.

Adjusted for confounders: Age, sex, maternal education, body mass index, and using country as level. Boldface values indicate significance accepted after Holm—Bonferroni

adjustment method.
*Significant results.

associated with a higher potassium intake. Zinc consumption
increased with larger portions of bread and rolls, meat and poultry,
and eggs.

Discussion

The present study describes the associations between food PSs
and intake of energy, as well as macro- and micronutrients, in ado-
lescents. Previous HELENA and other European studies found that
carbohydrate and fat intake were similar to those of the European
food-based dietary guidelines [30], but protein intake was twice as
high [27,31]. The findings of our study are in line with those of the
current dietary guidelines by the WHO [32] and the European
food-based dietary guidelines [30], which recommend choosing
cereals, roots, fruit and vegetables, nuts and seeds, and dairy prod-
ucts as a principal source for carbohydrates intake. These food
groups have higher fiber (except dairy) content, and are considered
low carbohydrate-content food and low glycemic index, in addi-
tion to having higher water content [30,32].

In our study, we found that protein intake increased when PSs
of fish, as well as meat substitutes, nuts, and pulses, increased.
These food groups are considered a good source of protein [33]. Of
note, large portions of cakes, pies, and biscuits, as well as sauces
and creams, were associated with a higher protein intake due to
the contents of milk, cheese, eggs, and sometimes nuts in their
ingredients. Moreover, we found that protein intake decreased
when large portions of rice and starch roots, fruit, margarine and
vegetable oil, and butter and animal fat were consumed. In general,
animal protein has high saturated fat and cholesterol content, but
plant protein sources are high in fiber and carbohydrates [34].
Therefore, the increase in protein consumption was influenced by
the specific protein food source, resulting in different macro- and
micronutrient contents [35].

Lower intakes of fat were observed when larger portions of des-
sert and pudding; margarine and vegetable oil; sugar, honey, jam;
and fruit and vegetable juice were consumed. A possible explana-
tion for this finding is the sugar—fat see-saw phenomenon (i.e.,
when energy percentages from sugar intakes increase, fat intakes
decrease) [36]. Of note, the findings of this study support the cur-
rent dietary guidelines from the WHO [32] and the European food-
based dietary guidelines [30], which recommend replacing butter,
lard, and ghee with oils rich in polyunsaturated fatty acid, in addi-
tion to limiting the consumption of baked and prepackaged snacks
and foods, such as cakes, pies, cookies, and biscuits that contain
high trans-fat [37]. The importance of this dietary guidance must
be taken into account carefully, because the reduction of energy
coming from saturated fat (mainly trans-fat and sugar) may be dif-
ficult to achieve in children and adolescents due to inappropriate
dietary habits [38,39].

Previous studies found that European adolescents had lower
dietary fiber intake compared with the WHO recommendation of
25 g/d, mainly due to high intakes from animal sources [40,41].
The present study showed that dietary fiber intakes decreased
with increasing PSs of bread and rolls, suggesting that the con-
sumed foods within this category were not whole grain, unlike
what European public health authorities [30] recommend (i.e.,
choose whole grain breads, pulses, and nuts for digestive health),
which is in line with our findings.

In our study, we found that large portions of margarine and vege-
table oil, as well as butter and animal fat, were associated with lower
intakes of several vitamins, such as vitamins C and B12, and minerals,
such as calcium, iron, potassium, and zinc. One possible explanation
is that when fat content increases, water-soluble vitamin content
(including niacin, folate, and vitamins B12 and C) decreased, as well
as minerals (e.g., iron, and potassium) [42]. In addition, fat and oil
itself are not a source of these nutrients, but only a source of fatty
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acids and vitamin E [43]. Of note, low consumption of energy-dense
foods has been found to be associated with better nutritional quality
of a diet, including higher intakes of fiber and micronutrients, in addi-
tion to a better balance of macronutrients [44].

A U.S. dietary survey of children and adolescents noted an asso-
ciation between some dietary sources of sugar with intakes of
folate, calcium, and iron, as well as that the source of added sugars
resulted in different dietary patterns [45,46]. For example, iron
intakes decreased when more sweets, sugar-sweetened beverages,
and sweetened grains products were consumed, and increased
with higher intakes of nonsweetened cereals. In our study, large
portions of meat substitutes, nuts, and pulses were associated with
higher intakes of iron, potassium, and zinc. As expected and given
the nutritional composition of this food group, their higher level of
protein, fiber, folate, iron, potassium, and zinc could help address
some dietary shortness that affects developed and developing
countries [47]. Of note, plant proteins and plant-based meat alter-
natives have been in the top 10 global food trends since 2014.
Obtaining a greater proportion of protein intake from plant sour-
ces, such as nuts, whole grains, and legumes, in addition to unsatu-
rated plant oils, could help address some current health and
environmental challenges [48].

The same results as those in our study have been found in Irish
children and adolescents. Their vitamin D intake increased when
large portions of cheese were consumed, but iron intakes were sig-
nificantly increased on days that larger portions of baked beans
were eaten [7]. Of note, when dietary energy-dense food consump-
tion in children and adolescents increased, intakes of vitamins A, C,
D, and B12, as well as folate, riboflavin, calcium, potassium, zinc,
sodium, and iron, were decreased [44].

Among the possible explanation of our results is food displace-
ment. For instance, adolescents who consumed large portions of
dessert and puddings had decreased intakes of many macro- and
micronutrients on days these portions were consumed. Dessert and
puddings cannot be responsible for decreased micronutrient intake
per se, but possibly the consumption of large portions from this
food group displaced other, more nutrient-dense, snacks, such as
fruit or vegetables, from the diet on those days. Moreover, larger
food PSs may be associated with the increased intake of a nutrient
as a consequence of the composition of the food itself. For example,
larger portions of cheese were associated with significantly
increased vitamin D intakes on days they were consumed. Finally,
food fortification or enrichments may play an important role in
increasing the intake of special nutrients, such as increasing vitamin
D intake when large portions of bread and rolls were consumed.

The current analysis has several strength points. First, the data
are based on two 24-h recalls of food intake that were collected
from a wide geographic spread with large cultural dietary diver-
sity. To our knowledge the work is novel for its focus on examining
a wide range of foods rather than just energy-dense foods, which
are typically more involved in discussions on food PS. The main
limitation of the current work is that self-reported questionnaires
were used to collect the food consumption data; therefore, a recall
bias must be considered. Moreover, a high percentage of under-
and overreporters were detected, and the exclusion could have
introduced a secondary selection bias to this work. The intake data
for vitamin D are difficult to assess, because of the high amount of
fortified foods that was not included in the food databases, in addi-
tion to skin production from sunlight exposure.

Conclusions

The present study describes the association between food PS
and nutrient intake in adolescents on days the foods were
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consumed. Large food PSs may be associated with positive energy
and nutrient intake. Large portions of rice and other grains, starch
roots and potatoes, and meat substitutes, nuts, and pulses were
associated with increased carbohydrate and fiber intake. Larger
portions of cheese and butter and animal fat were significantly
associated with a higher fat intake. Lower intakes of some vitamins
and micronutrients were noted when larger portions of high
energy-dense foods, such as desserts and pudding, margarine and
vegetable oil, and butter and animal fat, were consumed. The pres-
ent work identifies which large food PSs may be associated with
positive nutrient intake. Moreover, the findings from this study
may help the future development of dietary guidance in general
and specific to PS, and support targeted strategies to address the
intake of certain nutrients in adolescents.
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Table S1. Mean daily nutrient intakes by tertiles of food groups PS for adolescents aged 12.5-17.5 years (n = 1631).

a) Macronutrients (carbohydrate, protein, fat, total sugars, fibres)

Food Carbohydrate P- Protein P- Fat P- Total sugar P- Fibre P-
Groups (g) (%TE) value (%TE) value (%TE) value (%TE) valu (9/10MJ) value
97.7 94.5 244.7 e 318

Mean value 218.7

(whole T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3

group)

Bread and 440.7 438.7 4235 0.025 779 775 774 0944 315 326 39.7 0.056 71 79.2 735 0573 309 38 36.3  <0.00

rolls 1

Breakfast 462.2 4653 4423 0013 651 656 661 0961 273 256 357 0.009 183. 123. 146. 0.678 585 529 541 0.684

cereals 9 8 8

Rice and 4158 463.7 4557 <0.001 735 567 579 0062 449 306 336 0003 85 621 808 0397 163 146 159 0516

other

grains

Starch 380.4 3947 3984 0181 717 614 559 <000 581 559 56.8 0.877 102. 155, 155. 0.105 557 557 53.6 0.671

roots, 1 6 9 2

potatoes

Pasta 4085 4242 4054 0103 919 8.3 90.7 0007 403 358 424 0203 109. 114, 988 0.831 293 287 286 0.850

5 9
Fruits 498.1 5153 5143 0.025 294 261 283 <000 147 131 118 0.001 543. 527. 507. 0.755 772 792 759 0.287
1 3 6 6

Vegetables  284.7 3075 3032 0006 128. 125. 125. 0.702 739 649 669 0020 327 571 31.0 0432 111. 125 128. 0.046
4 0 9 8 9 6

Milk, 228.3 2518 2519 0.010 153. 144, 159. 0047 916 8.3 786 0.003 332. 292. 208. 0153 134 234 183 <0.00

yoghurt, 9 8 6 6 3 8 1

and milk

beverages

Desserts 179.3 2526 268.1 <0.001 933 925 711 0169 144, 110. 113. 0.017 710 819 773 0.892 538 4.8 4.2 0.712

and 1 7 7

puddings

milk based

Cheese 1159 826 820 0.045 158. 159. 156. 0.710 142. 155, 158. <000 684 688 675 0.994 89 146 111  0.215
8 9 3 1 9 1 1

Meat and 906 801 735 0.098 199. 210. 216. 0.045 136. 136. 136. 0.013 827 877 675 0251 6.7 6.6 6.3 0.789

poultry 9 7 6 4 3 5

Fish 393 595 271 0.014 322 337. 419. <0.00 104. 879 649 <000 522 350 809 0064 22 3.9 2.3 0.038
4 5 7 1 3 1

Eggs 108.7 1159 319 <0.001 152. 155. 167. 0.027 149. 155, 178. <000 398 749 949 0057 57 6.4 1.0 <0.00
5 4 2 7 1 8 1 1
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Meat 1579 169.7 2308 0.001 637 104. 150. <0.00 163. 142. 945 <0.00 577 509 109. 0.044 429 593 800 <0.00

substitutes, 9 3 1 3 2 1 5 1

nuts, pulses

Margarines 66.8 61.1 1049 0.008 31.7 19.7 341 <000 224. 232. 206. 0364 421 302 349 0277 54 4.2 121 <0.00

and 1 7 9 1 1

vegetable

oils

Butterand 1263 449 243 <0.001 433 16.8 7.1 <0.00 191. 241, 255, 0.001 465 408 316 0456 95 3.3 2.7 0.001

animal fats 1 8 7 7

Cakes, pies, 379.6 307.3 3071 008 338 469 486 <0.00 779 105 105. 0.002 831 105. 809 0.642 151 212 209 0.008

biscuits 1 6 7 1

Savoury 3009 270.2 2522 0.157 662 61.2 59.9 0.493 100. 117. 126. 0.069 67.8 62.6 90.1 0547 239 237 221 0.793

snacks 8 1 1

Sugar, 4130 376.1 3973 0.021 272 290 285 0507 939 811 741 <0.00 618 780 727 0180 194 177 163 0.365

honey, 1

jams,

chocolate

Saucesand 1957 1972 1765 0.097 695 742 841 0.001 138. 141, 147. 0.264 345, 263. 225. 0373 237 226 243 0.765

creams 1 0 9 7 7 1

Carbonate 4324 4353 4649 0002 855 725 677 0.032 115  10.2 9.1 0.694  756. 312. 306. 0.154 914 60.7 527 0.156

d 4 3 2

soft/isotonic

drinks

Fruit and 4355 4106 4769 <0001 768 880 455 <000 269 326 205 0.003 558. 577. 728. 0.001 442 342 313 0.180

vegetables 1 7 1 9

juices

b) Vitamins (A, D, E, C, and B12)

Food Groups Vitamin A P- Vitamin D P- Vitamin E Vitamin C P- Vitamin B12 P-

(9) (mg/10MJ) value (ng/10MJ) value (mg/10MJ) value (mg/10MJ) value (mg/10MJ) value
1.5 5.6 28.8 185.5 6.8

Mean value T1 T2 T3 Tl T2 T3 Tl T2 T3 T1 T2 T3 T1 T2 T3

(whole group)

Bread and rolls 0.6 0.7 0.8 0.465 0.3 0.4 0.9 <0001 84 10.7 115 0.009 2.0 5.4 4.9 0.383 11 1.2 13 0.401

Breakfast 0.2 1.2 1.6 0200 05 04 01 0748 408 272 331 0.204 304 18.2 147  0.269 0.1 0.1 0.2 0.052

cereals

Rice and other 02 09 08 0013 07 10 05 0067 123 92 96 0.642 588 18.1 9.1 0.247 21 0.8 0.8 0.012

grains
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Starch roots, 02 01 04 0133 06 09 09 0034 208 196 221 0.021 345 33.2 329 0.243 1.9 1.0 0.4  <0.001
potatoes

Pasta 2.7 19 34 0014 07 08 09 029% 55 6.1 64 0642 4.8 3.2 8.9 0.048 24 1.4 3.3 0.009
Fruits 87 67 74 0070 01 0.02 00 0070 283 316 291 0.052 104 84 90 0.010 0.1 0.01 0.01 0.052
Vegetables 93 100 99 0.479 2.7 3.9 19 0330 885 923 101 0.852 1293 1454 146.3 0.487 3.7 2.7 18 0.001
Milk, yoghurt, 7.1 8.6 7.8 0558 106 129 149 0130 158 16.2 131 0.009 119.7 2035 1549 0.172 20.4 19.7 22.8 0.192
and milk

beverages

Desserts and 51 28 29 0009 54 71 80 0.08 239 116 113 <0.001 31.1 15.6 12.7 <0.001 126 11.9 7.6 0.286
puddings milk

based

Cheese 46 49 51 0404 27 35 36 <0001 133 155 154 0.017 2538 55.5 443  0.203 10.9 11.3 11.4  0.565
Meat and 15 21 24 0002 06 07 06 0292 109 143 152 0.004 381 41.1 43.7  0.536 13.4 15.7 145  0.010
poultry

Fish 15 138 1.6 0680 08 09 11 0376 989 46.7 417 0.003 246 32.7 359 0536 452 425 48.3  0.758
Eggs 53 55 56 0686 21.0 213 232 0409 447 376 376 0.019 7.2 14.7 3.7 0.016 18.7 19.4 23.3 <0.001
Meat 33 51 28 0052 03 09 02 0.010 633 593 389 0.017 275 51.1 39.1 0.064 1.1 11 0.8 0.032
substitutes,

nuts, pulses

Margarines 75 34 4.1 0.112 4.8 4.0 4.5 0.144 512 549 509 0.284 11.1 7.1 27.1 0.002 2.4 1.3 14 0.001
and vegetable

oils

Butter and 48 61 59 <0001 49 59 55 0068 19.1 251 227 0.009 281 10.6 22 <0.001 31 1.4 0.6 0.002
animal fats

Cakes, pies, 4.3 55 3.0 0.484 2.1 34 2.2 0.034 233 241 213 0432 22.2 31.6 18.2 0.387 0.6 11 14 0.001
biscuits

Savoury snacks 1.9 2.1 1.8 0786 1.7 11 14 0477 348 406 427 0.218 67.1 62.6 83.7  0.447 2.8 2.6 2.7 0.954
Sugar, honey, 0.4 0.7 0.4 0.164 0.2 0.6 05 <0001 112 121 85 0.181 8.8 42.9 13.9 0.478 0.9 1.3 12 0.014
jams, chocolate

Sauces and 68 1.3 17 <0.001 12 18 20 0.002 59.0 43.6 495 0.003 13.9 13.7 159  0.641 4.8 4.7 5.7 0.145
creams

Carbonated 23 38 21 0147 01 01 01 0552 118 155 9.7 0.307 10.5 23.7 13.9  0.189 0.9 0.8 0.6 0.749
soft/isotonic

drinks

Fruit and 11 79 69 0049 00 00 00 0235 396 328 257 <0.001 4039 3919 3327 0.073 3.4 2.8 1.2 0.008
vegetables

juices
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c) Minerals (Calcium, iron, sodium, potassium, and zinc)

Food Groups Calcium P- Iron P- Sodium P- Potassium P- Zinc P-

(9) (mg/10MJ) value (mg/10MJ) value (mg/10MJ) value (mg/10MJ) value (mg/10MJ) value
875.1 175 2765.4 3763.9 12.0

Mean value T1 T2 T3 Tl T2 T3 Tl T2 T3 T1 T2 T3 T1 T2 T3

(whole group)

Bread and 309.7 3109 3348 0431 136 155 149 <0.001 4182 4179 3934 0.001 1287 1566 1524 <0.001 106 123 123 <0.001

rolls

Breakfast 587.1 4639 5254 0.603 19.1 206 214 0316 3302 3083 2346 0.010 2864 2916 3069 0.935 103 106 12.0 0.148

cereals

Rice and 2713 2425 259.2 0.582 128 125 126 0935 1918 1399 1339 0.045 1656 1101 1056 0.001 112 94 9.2  0.009

other grains

Starch roots, 4259 336.3 3432 0.014 18.7 150 137 0.009 2912 2454 2502 0.029 9526 9122 9061 0.174 122 100 89 <0.001

potatoes

Pasta 3175 2754 3421 0.124 111 101 108 0.023 1429 949 1275 0.082 1167 1020 1151 0.013 122 111 121 0.125
Fruits 749.7 609.1 6983 <0.001 189 183 175 0.119 923 961 925 0.278 8042 7511 7798 0.001 59 57 54 0.036
Vegetables 2480 2144 2055 0.137 603 59.7 608 0951 3958 3914 3943 0.993 14448 14328 13972 0.858 26.8 239 229 0.001
Milk, 3423 3040 7041 0.489 111 142 122 0.051 2355 1855 1777 <0.001 6089 6610 6958 0.142 169 164 16.7 0.416
yoghurt, and

milk

beverages

Desserts and 1265 1327 1288 0.194 7.7 7.9 6.6 0335 2042 1028 944 <0.001 2329 2547 2082 0.176 99 89 83 0.108
puddings

milk based

Cheese 4243 4513 4189  0.025 7.7 7.4 6.5 0.206 5548 6149 5306 0.024 1441 1425 1311 0.648 203 215 19.7 0.021
Meat and 408.1 2918 2888 <0.001 146 169 179 0.001 6651 5445 3900 <0.001 2677 3043 3158 <0.001 212 233 218 0.036
poultry

Fish 702.8 655.6 796.8 0.015 21.3 189 19.8 0.679 6446 4832 3713 0.114 4789 5354 6620 <0.001 22.7 16.1 183 0.028
Eggs 831.3 779.4 8208 0.572 178 205 238 <0.001 2152 2463 3132 <0.001 1439 1736 1750 <0.001 16.6 16.9 169 0.817
Meat 889.0 7511 7787 0.052 203 26.8 376 <0.001 7266 5371 1860 <0.001 2972 3867 5278 <0.001 10.7 145 19.2 <0.001
substitutes,

nuts, pulses

Margarines 170.5 140.8 292.6 0.016 4.9 3.0 6.7 <0.001 1314 831 1338 <0.001 662 393 948 <0.001 46 24 45 0.042
and vegetable
oils

Butter and 405.4 2049 1035 <0.001 5.8 2.1 1.2 <0.001 1532 928 470 <0.001 1152 461 233 <0.001 54 2.3 1.5 <0.001
animal fats

Cakes, pies, 3458 5354 498.3 0.015 10.2 122 109 0.346 1424 1370 1219 0.787 1120 1390 1305 0.188 4.4 5.9 6.1 0.002
biscuits
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Savoury
snacks

611.7

598.8 523.5

0.572

8.3

8.0

9.0

0.103

3375

3403

2866

0.248

2981

3172

3948

0.051

9.1

8.8

8.6

0.863

Sugar, honey,
jams,
chocolate

377.0

479.1 460.9

0.001

10.1

9.7

9.0

0.403

2059

1156

535

0.65

1680

1736

1625

0.628

6.3

5.9

6.1

0.672

Sauces and
creams

699.1

761.2 914.6

0.001

145

185

20.8

0.034

8664

8296

6974

0.115

4658

5060

5454

0.190

10.0

11.9

13.3

<0.001

Carbonated
soft/isotonic
drinks

156.9

142.6 143.0

0.815

29.8

271.7

26.1

0.748

1225

1152

975

0.624

3201

2767

1846

0.050

9.0

8.3

8.3

0.891

Fruit and
vegetables
juices

995.1

946.9 851.1

0.223

43.1

351

341

0.043

772

570

533

0.044

1287

1566

1524

<0.001

10.6

12.3

12.3

<0.001

T1, T2 and T3 describe mean values of the dietary quality indicator being examined for each of PS tertiles; ANCOVA was used to calculated differences across tertiles with a
Tukey post-hoc test for normal data or Kruskal-Wallis with a post hoc Mann-Whitney U Test for non-normal data; Significance accepted after applied Holm-Bonferroni
adjustment method.
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study (HELENA-CSS) study were included. Most ED foods (e.g., cheese) were selected according
to higher fat and/or sugar content and low fiber and water. Linear and ordinal logistic regression
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models were adjusted for age, physical activity, total energy intake (TEI), and socioeconomic status
(SES). Analysis was performed both in those adolescents reporting plausible energy intake according
to the approach of Goldberg et al. and in the whole sample. In male plausible reporters, PS from
“breakfast cereals” showed a significant and positive association with BMI (3 = 0.012; 0.048). PS
from “carbonated soft drinks” in males (OR = 1.001; 95% CI 1.000; 1.002) and “bread and rolls” in
females (OR = 1.002; 95% CI 1.000; 1.004) were associated with higher probability of having obesity,
while “sweet bakery products” were associated with lower probability of having obesity (OR = 0.996;
95% CI0.991; 0.999) in females. The present study suggests association between PS of ED foods and
obesity in European adolescents. Prospective studies are needed to examine the effect of prolonged
exposure to large PS and obesity development.

Keywords: energy dense food; food portion size; body mass index; fat mass index; obesity; adoles-
cent; Europe

1. Introduction

According to WHO reports, overweight and obesity prevalence in children and ado-
lescents aged between 5 and 19 years continuously rose from just 4% in 1975 to over
18% in 2016, corresponding with over 340 million affected persons worldwide [1]. Youth
obesity is classified as chronic, noncommunicable disease that could lead to acute as well
as long-lasting health problems at a younger age [2], cardiovascular diseases [3], insulin
resistance [4] and type 2 diabetes [5] and, since obesity tracks from youth to adulthood,
a greater risk of early morbidity and premature mortality [6,7]. Adolescence is a critical
period in which dietary habits are in transition into adulthood. Several studies suggested
that adolescents with obesity tend to eat more ED foods compared with normal-weight
adolescents [8].

Overall, weight gain is the result from an imbalance between daily nutritive energy
intake and energy expenditure as a sum of resting energy expenditure and physical exer-
cise [9]. Apart from increasing sports activities, there are several components of the food
environment supporting energy overnutrition [9], food portion sizes (PS) being proba-
bly one of the most relevant factors [10]. A portion is described as the amount of food
that we choose to eat for a meal or snack or the amount of a food that we decide to eat
or serve to an individual at a single eating occasion [11]. Previous studies found that
the PS of some prepacked foods, as well as menu sizes consumed in restaurants, have
increased dramatically over the last 30 years, concurred with the recent increase in obesity
prevalence [12,13]. Specifically, increased PS of foods commonly served in restaurants and
market is considered as a major component of the food environment that contributes to
the excess of energy consumption and the development of obesity in all age groups [10,14].
Even though PS have been increasing over time, its association with weight would be
predictable. In children and adolescents, several short-term controlled feeding trials found
that serving PS and the amount of energy consumed per meal were associated significantly
with a higher body mass index (BMI) percentile in school-aged males and adolescents of
both genders but not in the youngest children (3 to 5 years) [15-17].

Energy density (ED) refers to the energy amount in each weight of food and/or
beverage (kcal/g) [18] and mainly depends on the fat and water content of the food [19].
The World Cancer Research Fund has classified food containing 60-150 kcal/100 g as
low-ED foods, characterized by high water and fiber content. Medium-ED foods contain
100-225 kcal /100 g, and high-ED foods contain more than 225-275 kcal /100 g [20]. This
classification is one of the most commonly used by several studies [11,21] to group specific
food items by its energy content.

Previous epidemiologic studies in European adults found only a limited relationship
between PS from ED foods and with the actual BMI [22]. An intervention study focusing
on the effect of large PS on body weight by a midday meal manipulation in adults noticed
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that the weight changes were not significant over time or between test periods [23]. On
other hand, studies in young children found that PS and ED increased the energy intake
at meals [24,25]. However, a cross-sectional study found that PS of milk, bread, cereal,
juice, and peanut butter were associated with higher contribution to daily energy intake in
children; moreover, they found that the PS z-scores were positively linked with both energy
intake and body weight [26]. In the same vein, another study in children found that, when
large portion of snack foods were consumed in the absence of hunger in females aged 5
and 7 years old, they had 4.6 times more probability of being overweight at both ages [27].
Finally, in British adolescents, PS of high ED foods from cream, high-fiber breakfast cereals,
and soda were positively associated with a higher BMI [11].

Given the scarce previous literature, more information on the relationship between
consumption of large food PS, specially of high-ED foods, and body composition are
needed. Therefore, the aim of this study is to investigate the association between PS from
most frequently consumed high-ED foods and obesity in a sample of European adolescents.

2. Materials and Methods
2.1. Study Design

The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) cross-sectional
multicenter study (CSS) took place in 2006-2007 and aimed to evaluate the nutritional
status of adolescent in Europe. The age of adolescents was between 12.5 and 17.5 years
and were recruited from ten European cities: Heraklion and Athens (Greece), Ghent (Bel-
gium), Dortmund (Germany), Rome (Italy), Pécs (Hungary), Stockholm (Sweden), Lille
(France), Vienna (Austria), and Zaragoza (Spain) [28]. The HELENA-CSS basic objective
was to obtain comparable and reliable data from selected European adolescent groups
(n = 3528, 52.3% girls) using widely relevant health and nutrition-related parameters, in-
cluding mensuration for anthropometric, physical activity, dietary information, choice and
preferences of food, metabolism of lipid and glucose, vitamin and mineral serum status,
physical fitness, and genetic indicator [29]. The inclusion norms for the main study were
participants who were not involve concurrently in other clinical experiments, aged greater
than 12.5 years and not exceeding 17.5, and finally, have not suffered from any acute illness
less than 1 week before the inclusion procedure [30]. More detailed information about
sampling and recruitment procedure were described elsewhere [30].

The Research Ethics Committees in each participant city approved this study, followed
by the ethical guidelines of the Declaration of Helsinki 1964: revision of Edinburgh 2000 [31];
moreover, a written consent form was obtained from all participating adolescents and their
parents [31].

2.2. Study Sample

From the total sample of the HELENA-CSS, about 1889 adolescents (54.4% females)
were included in our study. The inclusion benchmarks were participants who have full
two measurements of the 24-h recall and complete data for weight and height and rep-
resented (53.5%) of from the whole sample. In total, 140 adolescents were excluded, as
they were classified as underweight, because there were too few in this category to provide
adequate power. In this study, nutritional intake data from 8 European countries were
included; however, data from Pecs (Hungary) and Heraklion (Greece) were not included,
because only one 24-hr recall was available. The approach of Goldberg et al. [32] was used
to classify adolescents to under-reporters (ratio of energy intake to basal metabolic rate
<0.96) and over-reporters (ratio of energy intake to basal metabolic rate >2.40). However,
the reason of using this approach is that it is considered to be the most practical method
and individualized method of assessing plausibility of self-reported energy intake [33].
Moreover, it has been found that taking into consideration the reporting group and in-
clusion of a propensity score for misreporting was a useful tool to counteract attenuation
of effect estimates [34]. According to this method, about 24.8% of the adolescents were
considered as under-reporters and were included in the present study [33]. In addition,
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adolescents who were considered as over-reporters, 173 (4.9%), were excluded. According
to the Goldberg et al. method [32], participants classified as underweight were excluded
from analyses, as there were too few in this category to provide comparable information.
Finally, 128 participants were also excluded due to missing data on confounders, such as
moderate-to-vigorous physical activity level (MVPA).

2.3. Anthropometric Measurements

All anthropometric mensuration were collected using standard methodology [35].
Telescopic height-measuring instrument (model 225; SECA, Hamburg, Germany) was used
to measure height to the nearest 0.1 cm, barefoot with the head oriented in the Frankfurt
plan. Body weight was measured in underwear and without shoes by electronic scale
(model 871; SECA, Hamburg, Germany) to the nearest 0.1 kg. The BMI was calculated
by dividing body weight in kilograms by squared body height in meters. International
Obesity Task Force criteria was used to classify the obesity status [36]. Children were
classified into the normal weight, overweight, and obesity categories, based on pooled
international data for BMI, and linked to the widely used adult obesity cut off point of 25
and 30 kg/m? [36]. Additionally, skinfold thicknesses were measured in triplicate with a
Holtain Caliper (Crymych, Wales, UK) from six body sites (triceps, subscapular, right side at
biceps, suprailiac, thigh, and medjial calf) to the nearest 0.2 mm, and the average of the three
measures was used [37]. To obtain total body fat, the six skinfold thicknesses were summed.
Body fat percentage was estimated from skinfold measurements, using the formula of
Slaughter et al. [37]. The fat mass index (FMI) was calculated by dividing body fat mass
in (kg) by the square of height in (m) [38]. Waist (WC) and hip (HC) circumference were
also measured in triplicate to the nearest 0.1 cm with an anthropometric tape (SECA 200,
Hamburg, Germany), and the average of the three measures was used. WC was measured
at the midpoint between the lowest rib and the iliac crest [39] and considered a marker of
abdominal fat. HC was measured at a level parallel to the floor, at the largest circumference
of the buttocks.

2.4. Physical Activity Measurement

Accelerometers (Actigraph MTI, model GT1M, Manufacturing Technology Inc., Fort
Walton Beach, FL, USA) were used to obtain an objective measurement of physical activity.
The devices were placed on the lower back of the participants under the clothes using an
elastic belt for seven sequent days. Instructions were given to participants when they wake
up to wear the instrument and remove it for water-based activities and sleeping [40]. Data
were downloaded to the computer using manufacturer software and analyzed later by
software based on Visual Basic. Time spent in moderate and vigorous PA (MVPA) was
determined using the cutoff point of 2000 cpm, to generate the various indices the number
of days per week were multiplied by minutes per day to produce minutes per week for
each activity [41]. More detailed information has been reported elsewhere [40].

2.5. Socioeconomic Status

A general questionnaire with socioeconomic status (SES), health outcomes, and nu-
tritional status was fulfilled by the participants. Family affluence scale (FAS) was used as
indicator of the adolescents” material affluence; a recategorization into three levels included
low, from 0 to 2; medium, from 3 to 5; and high, from 6 to 8 categories. In this study, FAS
is considered a marker of SES. More detailed description about SES has been reported
elsewhere [42].

2.6. Dietary Assessment

In order to determine the adolescent’s dietary intake, the HELENA Dietary Assess-
ment Tool (HELENA-DIAT) was used. It is a self-administered computerized 24-h recall
software, and it was developed and validated originally in Flemish adolescents and then
in the HELENA-CSS [43]. HELENA-DIAT comprised the consumption from six meal
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occasions: breakfast, morning snack, lunch, afternoon snack, evening meal, and evening
snack. It included two nonconsecutive 24 h recalls based on a weekday, with one week
apart. A well-trained dietitian assessed the adolescents and helped them to complete the
24-h recall.

In total, about 800 photographs were available in the program. The participants
could select visually from photographs the consumption amount and indicate the one
more accurate with their actual intake. Furthermore, they could type in a textbox their
intake amount from each food item. However, the participants can remove or modify
the selected items at any time. In addition, for foods that could be sized by household
measurements, like cups, several portions appeared on the screen, and the participants
chose their consumption amount by clicking directly on the portion. In case the foods
were eaten in combination with other food items, such as “French fries and mayonnaise” a
box was shown on the screen to remind them to include this additional food item [44]. To
calculate energy and nutrient intakes, data from HELENA-DIAT were linked to the German
Food Code and Nutrient Database (Bundeslebensmittelschliissel, version I1.3.1) [45]. Taking
into account occasionally consumed foods, the usual dietary intake of food and nutrients
were estimated by multiple source method (MSM) [46]. The MSM first calculated the
individual’s dietary intake and then built the population distribution based on the data.
When the MSM method was applied, the dietary data were analyzed for average energy
intake in kilocalories, kilojoules, and macronutrients (carbohydrates, proteins, and fat)
in grams.

2.7. Food Grouping and Portion Size Calculation

Based on European food groups classification system, about 4179 foods and beverages,
in the form of recipes or as individual food, were aggregated into 29 food groups [43,47].
As part of the general HELENA analysis, and based on the nutritional composition of
food groups, some of them were further reaggregated for PS analysis, according to their
nutritional value; for example, milk products and cheese were split to different food groups,
due to the difference in their fat content. However, four food groups were excluded from
the analysis: “products for special nutrition use,” “soya beverages,” “miscellaneous,” and
“meat substitutes,” due to very low consumption (more than the 85% of the sample did not
report consumption).

PS was established by the total intake of items in grams included in food group and
consumed in the 24 h-recall divided by the number of eating occasions of these consumed
items. In this study, the average amount was calculated from the two days included in
the 24 h-recall by each meal occasion. For example, if an individual consumed 200 g of
meat for lunch in the first day and 200 g in the lunch of the second day, then his/her PS
at lunch from this food item was 200 g, and if individual consumed 200 g of meat only
in lunch and did not consume meat in the lunch of second day, his/her PS was 200 g.
Various studies have adapted the same methodology, such as the study of food PS effect
on overweight in children and adults [48,49]. Thus, these data represent per-consumer
averages, not per capita averages and are aimed to show the average change on the PS for
those who consume a certain item. Thus, only participants who consumed a specific food
group were included in the analysis.

2.8. Energy Dense Food Selection Criteria

PS were estimated for the 20% most frequently consumed food groups per eating
occasion, and then we selected the food items that had been identified as high-ED foods,
according to World Cancer Research Fund (containing 225-275 kcal /100 g) [20], and
identified in previous research as the foods with the greatest contribution to energy intake,
with positive associations to BMI in Europe and the rest of countries [11,48]. Eleven food
groups were selected in this analysis and include 1—"breakfast cereals”; 2—"bread and
rolls”; 3—"sweet bakery products”; 4—"confectionary nonchocolate”; 5—“chocolate”;
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6—"sugar, honey, and jam”; 7—"cheese”; 8—"“meat”; 9—"meat and poultry products”;
10—"vegetable oils”; and 11—"carbonated soft and isotonic drinks.”

2.9. Statistical Analysis

Normality was tested using the Kolmogorov—Smirnov method. Descriptive analyses
of mean intakes (g) and standard deviation (SD) for general characteristics, energy, and
macronutrients intake were presented. Student’s - and chi-square (for categorial variables)
tests were used to compare means of continuous variables by gender. Males and females
develop different dietary patterns during the adolescent period, and males increase en-
ergy intake in order to increase satiety [50]. Another reason for splitting the analyses by
gender is that changes in body composition are different, as males increase lean mass and
females increase fat mass during their pubertal development. A stratified analysis was
also carried out by splitting the sample into two groups, plausible reporters and under-
reporters, to measure any potential differences of under-reporting on the associations
under examination. In children, it was observed that consideration of the reporting group
for misreporting turned out to be the most useful tool to counteract attenuation of effect
estimates [34]. Student’s t-tests were performed to describe food PS for plausible reporters
and under-reporters, and adolescents were stratified by weight status and between gender.
To assess the relation between BMI, fat mass index (FMI), and food PS from each ED food
group, multivariable linear regression analysis was carried out, using BMI and FMI as the
dependent variables and food PS as the independent variable in both genders. Ordinal
logistic regression models were carried out to determine the association between BMI
categories (normal weight vs. overweight and obesity, combined) as dependent variable
and PS from ED food groups between gender. Finally, a sensitivity analysis was carried out
for all samples in order to detect any potential differences in the results after adjustment
for misreporting. All regression analyses were adjusted for age, total energy intake (TEI),
physical activity, and SES, because it was considered as important predictors of the out-
come. Analyses were carried out using IBM-SPSS (v25, SPSS Inc., Chicago, IL, USA), and
Stata (v13.0, College Station, TX: StataCorp LP, USA) was used for the multilevel logistic
regression. P-values of 0.05 were used as representing statistical significance for all tests.

3. Results
3.1. General Characteristics of Study Participants

Sample descriptive characteristics by gender are presented in Table 1. A total of
1889 adolescents aged between 12.5 and 17.5 years old were included in this study. The
plausible reporters number was n = 1421, and the under-reporters’ was n = 486. The
majority (54.4%) of the participants were females. Generally, in all splitting groups, males
had significantly higher waist circumference (p < 0.001), higher percentage of overweight
(19.8%), and obesity (7.9%) (p < 0.001), and higher physical activity level (p < 0.001) than
females. In contrast, females had significantly higher hip circumference (p = 0.002) and
higher FMI, compared to males (p < 0.001). Furthermore, the results indicated that males
had a significantly higher mean of TEI and higher mean intake from macronutrients
(carbohydrate, protein, fat, and total sugar) than females (p < 0.001).
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Table 1. Characteristics of all participants, plausible reporters, and under-reporters in study sample and mean daily intake of energy and macronutrient. Differences of mean values by
gender were considered using Student’s {-test analysis.

All Participants (n = 1889)
Males (n = 862) Females (n = 1027)

Plausible Reporters (n = 1421)
Males (1 = 659) Females (n = 761)

Under-Reporters (1 = 468)
Males (n = 202) Females (1 = 266)

General Characteristics p-Value p-Value p-Value
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Age 14.8 (1.3) 14.7 (1.2) 0.181 14.7 (1.3) 14.7 (1.2) 0.408 14.8 (1.3) 14.8 (1.2) 0.199

Weight (kg) 63.6 (14.4) 57.2 (9.8) <0.001 61.2 (12.9) 55.9 (9.1) <0.001 71.2 (16.2) 60.8 (10.6) <0.001
Height (cm) 170.2 (9.3) 162.3 (6.7) <0.001 170.0 (9.3) 162.2 (6.9) <0.001 170.8 (9.4) 162.8 (6.1) <0.001

WC (cm) 75.1(9.3) 71.1 (7.6) <0.001 73.6 (8.4) 70.4 (7.0) 0.001 80.0 (10.4) 73.1 (8.8) 0.004

HC (cm) 91.3 (8.7) 93.7 (7.7) 0.002 89.9 (8.0) 92.8 (7.5) 0.040 95.9 (9.1) 96.2 (7.5) 0.003

BMI (kg/m?2) 21.8 (3.8) 21.7 (3.3) 0.001 21.0 3.3) 21.2 (3.1) 0.068 24.2 (4.3) 22.9 (3.5) 0.014

BMI Categories (1, %)

Normal weight 623 (72.3%) 814 (79.3%) <0.001 530 (80.4%) 642 (84.4%) <0.001 92 (45.6%) 172 (64.7%) <0.001

Overweight 171 (19.8%) 172 (16.7%) . 97 (14.7%) 96 (12.6%) - 74 (36.6%) 76 (28.5%) -

Obese 68 (7.9%) 41 (4.0%) 32 (4.9%) 23 (3.0%) 36 (17.8%) 18 (6.8%)

FMI (kg/m?) 7.8 (6.4) 9.6 (4.2) <0.001 6.9 (5.5) 9.1(3.9) <0.001 10.8 (8.1) 10.9 (4.5) <0.001
MVPA (min/week) 804.50 (607.26) 642.75 (523.07) <0.001 801.42 (599.30) 618.24 (518.46) <0.001 816.97 (634.58) 712.90 (530.89) 0.006
SES categories (1, %)

ow 74 (8.6%) 119 (11.7%) 0207 48 (7.3%) 92 (12.1%) 0.051 26 (13.0%) 27 (10.2%) 0291
Medium 487 (56.8%) 558 (54.5%) : 382 (58.2%) 419 (55.2%) : 105 (54.5%) 139 (52.6%) :
High 296 (34.6%) 346 (33.8%) 226 (34.5%) 248 (32.7%) 69 (34.5%) 98 (37.2%)
Total energy intake 2691.33 1267.16
(ke 2348.00 (653.05) 1848.01 (487.20) <0.001 (24093 2128.10 (301.58) <0.001 1578.39 (312.04) (22176 <0.001
Carbohydrates (g) 285.58 (89.65) 228.13 (68.43) <0.001 323.85 (71.23) 260.14 (52.36) <0.001 195.25 (49.64) 158.86 (36.33) <0.001
% of energy from
carbohycirates 48.79 (7.62) 49.49 (7.47) 0.657 48.06 (6.35) 48.80 (6.15) 0.633 49.45 (7.85) 50.20 (7.68) 0.865
Proteins (g) 92.86 (28.20) 70.99 (20.13) <0.001 103.13 (23.43) 79.78 (15.97) <0.001 69.32 (18.48) 52.92 (13.07) <0.001
% OfPGrI;iregh{sfmm 16.11 (3.50) 15.61 (3.12) 0.004 15.38 (2.79) 15.02 (2.43) 0.004 17.69 (3.72) 16.81 (3.41) 0.616
Fat (g) 91.79 (32.02) 73.04 (24.14) <0.001 106.11 (24.92) 84.94 (18.16) <0.001 59.23 (17.35) 48.47 (12.29) <0.001
% of energy from fat 34.99 (6.46) 34.99 (6.46) 0.455 35.35 (5.15) 35.84 (5.03) 0.585 33.80 (7.27) 34.41 (6.22) 0.348
Total sugars (g) 136.52 (57.69) 111.24 (45.12) <0.001 152.25 (55.33) 124.99 (43.54) <0.001 93.95 (37.36) 79.59 (28.51) <0.001
% of energy from total 23.42 (7.64) 24.32 (7.87) 0.611 22.62 (7.06) 23.48 (7.28) 0.369 23.76 (7.97) 25.26 (8.04) 0.453

sugars

M: mean, SD: standard deviation, BMI: body mass index, WC: waist circumference, HC: hip circumference, MVPA: moderate-to-vigorous physical activity level, FMI: fat mass index, socioeconomic status (SES):
socioeconomic status, Boldface values indicate significance, p-value < 0.05.
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3.2. Portion Size Intake from Food Groups between BMI Categories in Both Genders

Table 2 shows the mean intake of food PS from ED food for plausible reporter and
by BMI, normal weight or overweight/obesity in males and females. In males, the results
indicate that plausible reporters with overweight/obesity had significantly higher portion
mean intake from “cheese” and “carbonated soft drink,” compared with normal weight,
while females with overweight/obesity had a higher portion mean intake from “bread
and rolls,” and “confectionary nonchocolate,” compared with normal-weight females; In
contrast, normal-weight females had a higher portion mean intake from “sweet bakery
product,” compared with females with overweight or obesity. However, when misreport-
ing was not considered in males, the results indicated that overweight/obesity participants
had significantly higher portion mean intake from “cheese,” “meat and poultry products,”
and “carbonated soft drink,” compared with normal weight. In females, when misre-
porting was not considered, normal weight had higher portion mean intake from “bread
and rolls” and “sweet bakery products,” compared with overweight/obesity; meanwhile,
females with overweight/obesity had significantly higher portion mean intake from “meat”
and “confectionary nonchocolate,” compared with normal weight, when misreporting
was not considered. Regarding under-reporters (Supplementary Table S1), males with
overweight/obesity had significantly higher portion mean intake from “chocolate,” com-
pared with normal weight males, while females with overweight/obesity had higher mean
portion intake from “bread and rolls,” compared with normal weight.

3.3. Association between BMI and Portion Size of the Most Energy-Dense Foods

A positive association was observed between PS and BMI for some ED foods (Table 3).
Consumption of higher PS from “breakfast cereals” was significantly associated (3 = 0.012;
0.048) with BMI for males who were plausible reporters. When dietary misreporting was
not considered, PS from “carbonated soft drink” was positively related with BMI (3 = 0.002;
p = 0.012), while PS from “sweet bakery products” were inversely associated with BMI
(B = —0.04; p = 0.028). In females who were reported as plausible reporters dietary intake,
PS from “sweet bakery product” were inversely associated with BMI (3 = —0.004; p = 0.014).
However, when dietary misreporting was not considered, PS from “sweet bakery product”
and “chocolate” were inversely associated with BMI (3 = —0.005; p = 0.002), (3 = —0.007;
p = 0.035), respectively. In under-reporters (Supplementary Table S52), higher PS of “bread
and rolls” (3 = 0.006; p < 0.001), “chocolate” ( = 0.029; p = 0.028) and “sugar, honey, and
jam” ( = 0.007; p = 0.012) were significantly associated with BMI in males. However, the
results did not change when sensitivity analysis was carried out for all participants and
with adjusting for misreporting.

3.4. Association between FMI and Portion Size of the Most Energy-Dense Foods

Table 4 shows the associations between FMI and PS of ED food groups by gender. In
females who were plausible reporters and when misreporting was not considered, only
PS from “sweet bakery product” (p < 0.050) were inversely related with FMI, while, in
males and when misreporting was not considered, PS from “bread and rolls” (3 = —0.006;
p = 0.005) and “sweet bakery product” ( = —0.009; p = 0.002) showed an inversely sig-
nificant relation to FMI. Regarding under-reporters (Supplementary Table 53), adolescent
males showed a significant association between PS of “chocolate” and FMI (3 = 0.061;
p =0.031). Meanwhile, in females, PS from “meat and poultry product” showed an in-
versely significant relation to FMI (f = —0.013; p = 0.023). When sensitivity analysis
was carried out for all participants and with adjusting for misreporting, the results did
not change.
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Table 2. Mean portion size of energy-dense (ED) foods by BMI status in both genders, for consumers of different food categories, using t-test.

Plausible Reporters (n = 1421)

All Participants (1 = 1889)

ioi:g,dl\e/{(‘ass Males Females Males Females
T Normal . . Val-ue Normal . . Val-ue Normal . . Val-ue Normal . . Vfl-ue
Weight Over‘(/\rlle;gilzté?besﬂy Weight Over‘(/\:le;gilllgbesuy Weight Over‘(«:le;gzlgté?besuy Weight Overme;g;ltg)besuy
(n = 530) (n = 642) (n = 623) (n = 814)
F°°d(§)r°“Ps n (é‘]")) n M (SD) n (g‘]’[)) n M (SD) n (51\143) n M (SD) n (51\1/1)) n M (SD)
NG 151 (gg;gg) 24 (ggﬁgg) 0.680 175 (42%3;) 20 (ggﬁgg) 0.275 167 (géﬁgg) 40 (géfgi) 0.066 198 éﬁé;) 41 (%.';é) 0.442
Bread and rolls 487 (11712‘_17%) 114 &gg:ﬁg) 0709 611 (11%%)'%%) 111 &%25) 0.003 562 (11%%_%% 209 (19599'9619) 0435 756 (19%2_f79) 195 &8%2) 0.003
ey me s MW o w @B e QB wx om BE » 85 owe w B3 v 55 o
igﬁiehci%r;:trg 77 (igfgg) 12 (ég%) 0.879 181 é%g) 29 ééé% 0.001 90 (2:1;38) 20 (S?fgg) 0240 209 ééﬁgg) 49 (iéfgg) 0.033
Chocolate 161 (32:‘9*?) 33 (5781'?1989) 0745 216 é{:‘zl(l)) 29 é}sjgg) 0387 178 (ggz?é) 45 (g;jgg) 0922 251 (g’:g%) 19 éf:gé) 0.132
Sugifi Eﬁey’ o8 (ggfgg) 25 (%gﬁ%) 0.911 135 éZ:ZZ> 30 (gfgg) 0226 110 (%g;g) 36 (ggf(l)g) 0260 156 égﬁgg) 41 (%gfgg) 0.251
Cheese 208 (‘éﬁ% 41 (gg:é;;) 0.007 217 ég:gi) 38 éggg) 0990 230 (gg:% 72 (gg:ﬁ) 0.024 265 (ggj‘;) 60 (gé:fg) 0.761
"EENE WEN. N U EY W RN N
hﬁi?h?ﬁ}d 395 1258 g3 14926 o158 452 2243 83 839 o461 w5 1222 g7 18544 g017  s45 8836 45y 7871 0236
LA (123.40) (125.03) (85.89) (71.46) (121.60) (153.84) (83.06) (71.81)
Vegetable oils 111 (%51;:32) 43 égﬁ’) 0.891 149 (g:};g) 34 (%3:% 0159 123 &;ég) 58 (}2:8% 0858 188 &2133) 65 &g:{’;) 0.316
Camorated 9 é‘%ﬁg) 49 (ggg:‘;;) 0.009 250 (%91%)%‘5) 27 (322%) 0570 253 é%iéz) 82 (igg:g) 0.001 284 (322‘;%2) 50 éég:g;) 0.912

isotonic drink

n: number of consumers, M: mean, SD: standard deviation, Boldface values indicate significance, p-value < 0.05.
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Table 3. The association between BMI and portion sizes (PS) of most ED food using multiple linear regression model.
Body Mass Index * Plausible Reporters (n = 1421) All Participants (1 = 1889)
Males Females Males Females
Food G " 95% CI il 95% CI il 95% CI val 95% CI val
00 roups -value -value -value -value
o8 b Upper Lower b b Upper Lower b P Upper Lower P b Upper Lower b
Breakfast cereals 0012 0000 0023 0048 —0001 —0016 0014 0892 0006 —0.002 0017 0154 —0003 —0019 0013  0.698
Bread and rolls 0.001 —0001 0004 0223 0002 0000 0004 0069 0000 —0002 0003 0880  —0001 —0003 0001 0978
Sweet bakery product  —0.001 —0.004 0002 0548  —0.004 —0008 —0.001 0014 —0004 —0008 0000  0.028 —0.005 -0.008 —0.002  0.002
Confectionary 0004 —0001 0018 0613 0006 —0006 0017 0318 0001 —0014 0015 0923 0003 —0.009 0015 0597
nonchocolate
Chocolate —0.001 —0007 0005 0819  —0003 —0009 0003 0291 0003 —0.006 0006 099  —0007 —0014 0000  0.035
Sugar, honey,andjam  —0.001 —0.031  0.028 0922  —0013 —0.034 0008 0218 0026 0000 0052 0051 —0.014 —0034 0007  0.186
Cheese 0.004 —0003 0011 0246 0001 —0011 0013 0905 0001 —0.002 0005 0357 —0004 —0016 0008 0550
Meat 0.001 —0001 0003 0300 0001 —0002 0003 0663 0000 —0002 0002 0874 0000 —0005 0002 0366
Mea;ﬁgfg“my 0001 0001 0004 0213  —0001 —0.004 0002 0493 0000 0000 0001 039  —0001 —0.004 0001 0327
Vegetable oils 0.004 —0031 0039 0812 —0007 —0044 0030 0692 —0004 -0038 0030 0825  —0002 —0034 0030 0914
Carbonated softand =501 goog 0002 0067 0001 0000 0002 0241 0002 0000 0003 0012 000 0000 0002 0122

isotonic drink

f3: regression coefficient. CI: confidence interval, BMI: body mass index. * Adjusting for confounders: age, Moderate-to-vigorous physical activity (MVPA), and total energy intake (TEI) and SES. Boldface values

indicate significance, p-value < 0.05.
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Table 4. The association between FMI and portion size of most ED food between gender using multiple linear regression model.
Fat Mass Index * Plausible Reporters (n = 1421) All Participants (1 = 1889)
Males Females Males Females
95% CI 95% CI 95% CI 95% CI
Food Groups (g) p-Value B p-Value B p-Value B p-Value
Upper Lower Upper Lower Upper Lower Upper Lower
Breakfast cereals 0011 0080 0029 0246 —0008 —0.026 0009 0345 0006 —0008 0019 0417 0014 -0.033 0005  0.156
Bread and rolls ~0.003 -0007 0001 0165 0000 —0002 0003 0817 —0006 -0010 —0.002 0005 —0.002 -0.005 0001  0.122
Sweet bakery product  —0.005 —0.011  0.000  0.064  —0.006 —0010 —0.002 0005 0009 -0.015 —0003 0002 —0007 -0.011 —0.003  0.001
Confectionary 0013 —0010 003 0281 0009 —0005 0024 0194 0014 —0010 0038 0240 0008 —0.006 0023 0257
nonchocolate

Chocolate —0.004 —0014 0006 0408 —0002 -0010 0005 0554 —0.002 -0012 0008 0756 —0.004 -0.013 0004 0328
Sugar, honey, andjam  —0.007 —0.046 0032 0730  —0.020 -0045 0006 0124 0013 -0.048 002 0471 —0018 —0.044 0008  0.173
Cheese 000  —0011 0013 0883 0004 —0012 0021 0605 0003 —0002 0008 0305 0001 —-0017 0015  0.900
Meat 0002 —0001 0005 0144 0002 —0001 0005 0176 0001 —0002 0004 0518 0002 —0.001 0005 0225
Mea;ﬁgfg“my ~0001 —0.005 0003 0695 0000 —0.004 0005 0820 0000 —0001 0001 0587  —0.003 -0007 0001 0.9
Vegetable oils 0007 —0059 0073 0836 0006 —0041 0053 0815 —0006 -0069 0057 0847 0019 —0.023 0062 0372
Carbonated softand 507 _go01 0003 0167 0001 -0001 0002 029 0001 —0001 0002 0585 0001 —0001 0002 0427

isotonic drink

B: regression coefficient. CI: confidence interval, FMI: fat mass index. * Adjusting for confounders: age, physical activity (MVPA), TEI, and SES. Boldface values indicate significance, p-value < 0.05.
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3.5. Association between BMI Categories and Portion Size of the Most Energy-Dense Foods

Table 5 illustrates the results of ordinal logistic regression model by gender, using
BMI categories (normal weight vs. overweight and obesity) as a dependent variable
and PS of the most ED foods as independent variables. The model was adjusted for
age, physical activity, TEI, and SES. Consumption of higher PS from “carbonated soft
drinks” is associated with higher probability of having obesity in males who were plausible
reporters (OR = 1.001; 95% CI 1.000; 1.002) and when misreporting was not considered
(OR =1.000; 95% CI1.000; 1.001). Moreover, “sweet bakery products” is associated with
lower probability of having obesity in males (OR = 0.996; 95% CI 0.993; 1.000) when
misreporting was not considered. Consumption of higher PS from “bread and rolls”
is associated with higher probability of having obesity in females who were plausible
reporters (OR = 1.002; 95% CI 1.000; 1.004) and when misreporting was not considered
(OR =1.002; 95% CI 1.000; 1.003), while “sweet bakery products” is associated with lower
probability of having obesity in females who were plausible reporters (OR = 0.996; 95%
CI 0.991; 0.999) and when misreporting was not considered (OR = 0.996; 95% CI 0.992;
1.000). For under-reporting males (Supplementary Table S4), dietary intake of higher PS of
“breakfast cereals” is associated with higher probability of having obesity (OR = 1.012; 95%
CI 1.002; 1.024). However, the results did not change when sensitivity analysis was carried
out for all participants and with adjusting for misreporting.
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Table 5. Ordinal logistic regression model, the association between BMI categories and ED food portion groups between gender.

BMI Categories *

Plausible Reporters (n = 1421)

All Participants (n = 1889)

Males Females Males Females
95% CI 95% CI 95% CI 95% CI
Food Groups (g) p-Value B p-Value B p-Value B p-Value
Upper Lower Upper Lower Upper Lower Upper Lower
Breakfast cereals 1.002 0989  1.015 0751 0999 0978  1.020 0912  1.004 0998  1.010 0152 0998  0.981 1.015 0.802
Bread and rolls 1.000 0999  1.002 0608  1.002  1.000  1.004 0012 1001 0999  1.002 0358  1.002  1.000  1.003 0.047
Sweet bakery product 0997 0994  1.000 0150 099 0991  0.999 0.046 099 0993  1.000 0.049 099 0992  1.000 0.032
Confectionary 1.004 0992  1.017 0506  1.008  0.999 1.018 0123  1.006  0.995 1.016 0.305 1.006 0997  1.015 0.174
nonchocolate

Chocolate 0999 0993  1.004 0666 0999 0990  1.008 0854  1.000 0996  1.006 0782 0997 0989  1.006 0.488
Sugar, honey, andjam 0993 0972  1.014 0514 0975 0941 1.010 0.161 1.009 0995  1.023 0233 0981 0955  1.008 0.165
Cheese 1.001 099  1.006 0665  1.003 0991 1.015 0659  1.000 0999  1.002 0238  1.001 0990  1.012 0.886
Meat 1.000 0999  1.002 0613  1.001 0999  1.002 0525  1.000 0999  1.002 0535  1.001 0999  1.003 0.284
Mea}i‘(‘)j fc‘:“ltry 1.001 0999  1.003 0102 0999  099%  1.002 0.531 1.000  0.999 1.000 0292 0999  0.99% 1.002 0.440
Vegetable oils 0995 0974  1.016 0.651 1.006 0982  1.031 0636 0995 0975  1.015 0603  1.012 0993  1.032 0.221
Carbonated softand 4 09 1509 1002 0.032  1.000 0999  1.002 0636  1.000  1.000  1.001 0.035  1.000  0.999 1.002 0.262

isotonic drink

OR: odd ratio. CI: confident interval. * Adjusting for confounders: age, moderate-to-vigorous physical activity (MVPA), and TEI and SES. Boldface values indicate significance, p-value < 0.05.
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4. Discussion

The main results suggested that there is an association between PS of specific ED
foods and BMI in adolescence. Specifically, in plausible reporters, “carbonated soft drinks”
in males and “bread and rolls” in females are associated with a high probability of having
obesity. Meanwhile, PS from “sweet bakery products” were associated with lower proba-
bility of having obesity in females, considering potential confounders, like physical activity
level, TEI, and SES. This study also provides useful descriptive information on PS from ED
food groups between gender and BMI categories in European adolescents.

Our results indicate that plausible reporters males with overweight or obesity had
significantly higher portion mean intake from “cheese” and “carbonated soft drink,” com-
pared with normal weight males. Plausible reporters’ females with obesity had higher
mean portion intake from “bread and rolls” and “confectionary nonchocolate,” compared
with normal weight females. Contrarily, a previous study based on adolescents showed that
average PS of chocolate confectionery; cheese; and buns, cakes, and pastries were higher
among normal weight than among adolescents with overweight or obesity [11]. Moreover,
one study in adolescents noticed that energy intake from candy, packed goods, and ice
cream was significantly greater in normal weight than in participants with obesity [51]. A
study of adults from two national surveys found that mean PS of cakes, reported by French
individuals with overweight/obesity, were 44% larger than normal-weight individuals; in
contrast, adults with overweight/obesity reported smaller food PS from biscuit, crisps, and
chocolate subgroups than normal-weight French adults [22]. However, food PS of biscuits
reported by UK adults with overweight/obesity were 30% larger than those reported by
normal-weight ones [22]. The possible reason of these results is that lean active subjects
tend to select high energy and sugar diets, while subjects with overweight seem to prefer
diets high in fat and restrict dietary sugars [52,53].

In this study, we adjusted for SES in all analyses. It is noteworthy that SES is considered
as one of the strongest predictors of obesity development in all age groups and of living in
a deprived area with oversized portions of unhealthy food [54]. In this context, a study in
children reported larger food PS consumption of meat when the annual household income
was higher [55]. Moreover, in adults, there has been found a small reliable relation between
lower SES and consumption of large portions of unhealthy foods [54]. However, in our
study, the observed associations were independent of SES, suggesting a strong association
between PS from ED and BML. It is also noteworthy that lower SES families are less likely
to realize that their child is overweight and may believe that they should not impede the
eating and activity behaviors of their child [56].

In this study, a positive association was observed between PS and BMI for some ED
foods, and there were differences between plausible reporters and under-reporters. In
another cross-sectional study in children, it was showed that overweight was positively cor-
related with the PS of sweetened pastries and biscuits [48]. Similarly, a positive correlation
was found for PS of cakes, biscuits, and cheese and BMI in plausible reporter adolescents
but not in the under-reporters. Meanwhile, the PS of high-fiber breakfast cereals was
positively associated with BMI in under-reporters and among all adolescents [11]. The
possible explanation of the positive association between breakfast cereals and BMI may
be that some types of breakfast cereals contain nuts, sugars, honey, and fruit, which make
the food more ED. In addition, we found that large PS from “bread and rolls,” “chocolate,”
and “sugar, honey, and jam” groups were associated with higher BMI in under-reporter
males. However, it was noticed that under-reporter children and adolescents were more
likely to have overweight or obesity than normal reporters [57]. In addition, subjects with
obesity tend to underreport their consumption to provide sociable desirable answers, even
in adolescence [58]. It is noteworthy that several studies in children and adolescents found
that one of the main reasons of dietary assessment errors was misreporting, mainly because
of underreporting [59,60], which happens frequently in adolescents [61,62]. In this age,
under-reporters generally provide lower intakes of ED foods and snacks than plausible
reporters, because they tend to give socio-desirable answers [63], easily forget what they
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consumed, or/and they tend to have lower ability to report their own dietary intake [64]. In
addition, adolescents tend to omit their food consumption by following a dietary restriction
as a step to reduce their weight [64]. Moreover, it has been noticed that the exclusion of
under-reporters or introducing them as covariates can strongly enhance the associations
between dietary factors, including ED food and obesity [34].

In this study, we found that in females who were under-reporters on large PS from
“meat and poultry product” showed an inverse significant relation with FMI. In a Korean
study in children and adolescents, it was found that a high level of meat consumption was
associated with lower BMI [65]. Contrarily, the possible explanation of an inverse relation
between PS of “sweet bakery products” and BMI and FMI in plausible reporters females
and “meat and poultry product” with BMI in under-reporter females is that adolescents
with obesity tend to restrict their intake from sugars and fat foods as a primary step to
reduce weight [66]. A hallmark of PS from these food groups is that they belong to the
category of “convenience foods” or fast-food chains, which are sometimes packaged for
single-serving consumption, and whose PS have been reported to be increasing, such as
chocolate, bread, soda, and burgers [67]. In addition, researchers have noticed inverse
or no associations with overweight and obesity, when the data were analyzed without
adjustment for the ratio of (energy intake: estimated energy requirement), in both children
and adolescents [68]. However, more studies are needed to give insights about our finding.

Regarding PS from “carbonated soft drinks,” we found in our study that large PS from
this food group is associated with higher probability of having obesity in males. Clearly, in
the last decades, PS of some foods, especially those consumed in restaurants, such as burg-
ers and soda, have increased dramatically and concurrently with obesity prevalence [69].
Varied scientific reviews have confirmed the hypothesis that increased weight is linked with
increased intake from carbonated soft drink in cross-sectional studies [70-72]. Moreover,
it has been suggested from observational analysis that the odds of becoming obese over
5 years increased to 60% with each additional 12 ounces (340.19 g) of soda consumed per
day by children [73], which means that the main contributor to the obesity epidemic is the
elevating consumption of sweetened drinks [74]. The possible explanation of these results
is that liquid carbohydrates, such as soda or solid jelly, cause less satiety, compared with
solid carbohydrates sources; thus, increased consumption of energy-yielding fluids may
enhance the positive energy balance [75,76]. However, in children, the trial studies that aim
to reduce the effect of sugar-sweetened beverage intake on obesity are inconsistent; this
may be due to failure to control confounders and some methodological limitations [77,78].
Although the effect sizes in our study are small, further studies are needed to confirm the
association between food PS from ED food and obesity development.

In our study, a sensitivity analysis was carried out in order to detect any potential
differences in the results after adjusting for misreporting, and the results did not change.

This study has some limitations. Firstly, although studies performed some years ago
are not useful to describe the current situation, they are useful for assessing the associations
between different types of variables. The information from holidays or from Fridays
and Saturdays were not included, as the 24-h recalls were completed during school days.
Secondly, the cross-sectional nature of HELENA study does not allow us to assess the
behavior over a period of time and did not provide information in determining the cause-
and-effect association. The self-reported questionnaires were used for collecting the food
consumption data, and therefore, a social bias must be considered. However, a good
agreement between the self-reports and the interviews was found [43]. Moreover, a high
percentage of under- and over-reporters were detected. Additionally, the ED was not
calculated from the food groups, so the main selected criteria for analysis were based on
those foods identified in other studies as high sources of energy. However, there are several
strengths in this study that need to be mentioned. To our best of knowledge, the present
study is the first to investigate the association between the portion size of ED foods and
body composition among European adolescents. Although residual confounding should
be considered when interpreting the results, potential confounders such as age, total EI,

125



Nutrients 2021, 13, 954

16 of 21

physical activity, and SES were taken into account. Moreover, sample size had been selected
from a wide geographical spread, including eight European cities, with large cultural
dietary diversity. In order to increase the accuracy, highly standardized and validated
procedures were used to collect the sample and assess anthropometric measurements.

5. Conclusions

In conclusion, large PS of “sweet bakery products” were found to be associated with
a lower body composition among plausible females reporters, while increase PS from
“breakfast cereals” groups were correlated with higher BMI in males. This was significant
after adjustment for age, physical activity, TEL, and SES. Moreover, in subjects who were
considered as plausible reporters, the results showed that large PS from “carbonated soft
and isotonic drinks” in males and “bread and rolls” in females were associated with higher
probability of having obesity, while large PS of “sweet bakery products” is associated with
lower probability of having obesity in females. Further studies are needed to examine
the prolonged exposure to large PS from several ED food sources and their effect on
obesity development. If results are confirmed, this should be followed by nutritional health
promotion programs directed to European adolescents to enhance their PS food selection.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
643/13/3/954/s1, Table S1: Mean intake of food PS from ED food for plausible reporter and by
BMI, normal weight or overweight/obesity in males and females. Table S2: The association between
BMI and PS of most ED food in under-reporters, using multiple linear regression model. Table S3:
The association between FMI and portion size of most ED food between gender in under-reporters,
using multiple linear regression model. Table S4: Ordinal logistic regression model, the association
between BMI categories and ED food portion groups in under-reporters and between gender.
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Table S1: Mean intake of food PS from ED food for under-reporters and by BMI, normal weight or
overweight/obesity in males and females.

Under-reporters

Body Mass Index Males p-value Females p-value
categories *
Normal weight Overweight/ Normal weight Overweight/
(n=92) Obesity (n=110) (n=172) Obesity (n=94)
Food groups (g) n M (SD) n M (SD) n M (SD) n M (SD)

Breakfast cereals 16 32.47 16 72.44 0.068 23 36.80 21 37.14 0.520
(16.19) (132.74) (19.28) (22.56)

Bread and rolls 75 112.50 95 119.35 0.070 145 91.02 84 92.25 0.001
(73.94) (86.09) (52.61) (72.62)

Sweet bakery 33 76.35 29 62.90 0.400 60 74.16 29 65.40 0.296
product (41.20) (43.29) (55.76) (53.63)

Confectionary non 13 26.87 8 38.38 0.206 28 26.07 20 26.49 0.845
chocolate (31.74) (49.29) (22.79) (28.03)

Chocolate 17 36.82 12 68.96 0.018 35 36.70 20 25.41 0.418
(26.31) (59.18) (37.65) (25.79)

Sugar, honey, and 12 21.50 11 47.82 0.160 21 20.87 11 18.83 0.943
Jam (14.99) (48.69) (16.59) (17.09)

Cheese 22 40.39 31 105.48 0.166 48 25.44 22 24.99 0.898
(37.63) (390.96) (18.39) (17.28)

Meat 34 177.74 56 155.63 0.656 74 81.83 39 116.34 0.072
(189.62) (162.08) (94.22) (189.75)

Meat and poultry 49 94.83 74 230.91 0.182 93 68.57 51 70.15 0.718
product (81.89) (278.42) (64.45) (72.25)

Vegetable oils 12 17.06 15 16.95 0.729 39 14.45 31 17.87 0.989
(15.11) (13.26) (14.48) (11.95)

Carbonated soft 24 545.57 33 605.72 0.215 34 325.51 23 441.82 0.066
and isotonic drink (376.74) (507.02) (186.62) (325.69)

n: number of consumers, M: mean, SD: standard deviation, Boldface values indicate significance, p-
value <0.05.
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Table S2: The association between BMI and PS of most ED food in under-reporters, using multiple

linear regression model.

Body Mass Index*

Under-reporters

Males Females
Food groups (g) B 95% Cl p-value B 95% Cl p-value
Upper Lower Upper Lower

Breakfast cereals 0.002 -0.011 0.015 0.751 0.011 -0.045 0.066 0.705

Bread and rolls 0.014 0.006 0.022 <0.001 0.001 -0.005 0.005 0.805

Sweet bakery product -0.016 -0.039 0.008 0.181 -0.008 -0.020 0.005 0.238

Confectionary non -0.011 -0.057 0.035 0.614 -0.018 -0.057 0.022 0.366
chocolate

Chocolate 0.029 0.003 0.054 0.028 -0.023 -0.052 0.006 0.119

Sugar, honey, and Jam 0.007 0.018 0.135 0.012 -0.010 -0.085 0.064 0.778

Cheese 0.003 -0.010 0.028 0.525 -0.005 -0.049 0.038 0.815

Meat -0.002 -0.008 0.003 0.465 0.001 -0.004 0.005 0.774

Meat and poultry product 0.001 -0.001 0.001 0.847 0.004 -0.005 0.012 0.417

Vegetable oils -0.031 -0.152 0.090 0.604 0.032 -0.040 0.104 0.380

Carbonated soft and 0.001 -0.003 0.004 0.735 0.003 -0.001 0.006 0.108

isotonic drink

[: regression coefficient. CI: confidence interval, BMI: body mass index. *Adjusting for confounders:
age, Moderate-to-vigorous physical activity (MVPA), and TEI and SES. Boldface values indicate
significance, p-value <0.05.

Table S3: The association between FMI and portion size of most ED food between gender in under-

reporters using multiple linear regression model.

Fat Mass Index*

Under-reporters

Males Females
Food groups (g) B 95% Cl p-value B 95% Cl p-value
Upper Lower Upper Lower

Breakfast cereals 0.002 -0.022 0.026 0.874 -0.014 -0.080 0.052 0.668

Bread and rolls 0.001 -0.013 0.014 0.935 -0.005 -0.015 0.004 0.272

Sweet bakery product -0.024 -0.068 0.020 0.282 -0.012 -0.029 0.005 0.173

Confectionary non 0.028 -0.062 0.118 0.519 0.000 -0.049 0.049 0.991
chocolate

Chocolate 0.061 0.006 0.117 0.031 -0.006 -0.048 0.036 0.776

Sugar, honey, and Jam -0.030 -0.125 0.064 0.510 0.017 -0.088 0.122 0.746

Cheese 0.002 -0.005 0.008 0.584 0.004 -0.052 0.059 0.890

Meat -0.002 -0.012 0.007 0.633 0.003 -0.003 0.010 0.280

Meat and poultry product 0.000 -0.001 0.002 0.769 -0.013 -0.025 -0.002 0.023

Vegetable oils -0.036 -0.250 0.178 0.731 0.066 -0.029 0.162 0.172

Carbonated soft and -0.003 -0.008 0.002 0.197 0.004 -0.005 0.003 0.984

isotonic drink
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[3: regression coefficient. CI: confidence interval, FMI: fat mass index. *Adjusting for confounders: age,

physical activity (MVPA), TEI, and SES. Boldface values indicate significance, p-value <0.05.

Table S4: Ordinal logistic regression model, the association between BMI categories and ED food

portion groups in under-reporters and between gender.

Body Mass Index Under-reporters
categories®

Males Females
Food groups (g) OR 95% CI p-value OR 95% ClI p-value
Upper Lower Upper Lower

Breakfast cereals 1.012 1.002 1.024 0.023 0.987 0.957 1.018 0.411

Bread and rolls 1.002 0.998 1.006 0.260 0.999 0.995 1.004 0.702

Sweet bakery product 0.991 0.979 1.003 0.147 0.996 0.987 1.006 0.460

Confectionary non 0.997 0.970 1.025 0.822 1.000 0.976 1.025 0.963
chocolate

Chocolate 1.012 0.991 1.033 0.256 0.985 0.961 1.010 0.251

Sugar, honey, and Jam 1.037 0.982 1.096 0.189 0.988 0.942 1.036 0.611

Cheese 1.000 0.999 1.002 0.683 0.985 0.953 1.018 0.366

Meat 0.999 0.996 1.001 0.282 1.001 0.999 1.004 0.346

Meat and poultry product 1.000 0.999 1.000 0.822 0.998 0.993 1.004 0.545

Vegetable oils 0.996 0.941 1.055 0.902 1.032 0.993 1.073 0.113

Carbonated soft and 1.000 0.999 1.001 0.687 1.000 0.999 1.003 0.483

isotonic drink

OR: odd ratio. CI: confident interval. *Adjusting for confounders: age, moderate-to-vigorous physical

activity (MVPA), and TEI and SES. Boldface values indicate significance, p-value <0.05.

134



Nutrition, Metabolism & Cardiovascular Diseases (2022) 32, 2061—-2073

Available online at www.sciencedirect.com

Nutrition, Metabolism & Cardiovascular Diseases

journal homepage: www.elsevier.com/locate/nmcd

Associations between food portion sizes, insulin resistance, VO2 R

Check for

max and metabolic syndrome in European adolescents: The
HELENA study

S.M. Flieh ¢, M.L. Miguel-Berges >, 1. Huybrechts “¢, M,]. Castillo ¢,

M. Gonzalez-Gross 2, A. Marcos ", F. Gottrand ', C. Le Donne /, K. Widhalm *',

D. Molnar ™, P. Stehle ", A. Kafatos °, ]. Dallongeville P, E. Gesteiro !, S. Abbeddou ¢,
L.A. Moreno *"&9, E.M. Gonzalez-Gil 9, HELENA Study Group'

@ Growth, Exercise, Nutrition and Development (GENUD) Research Group, Faculty of Health Sciences, University of Zaragoza, 50009, Zaragoza, Spain
b Instituto Agroalimentario de Aragén (IA2), 50013, Zaragoza, Spain

¢ International Agency for Research on Cancer (IARC), 69372, Lyon, France

 Department of Public Health and Primary Care, Ghent University, 9000, Ghent, Belgium

¢ Department of Medical Physiology, School of Medicine, University of Granada, Granada, 18071, Spain

fImFine Research Group, Departamento de Salud y Rendimiento Humano, Facultad de Ciencias de la Actividad Fisica y del Deporte-INEF, Universidad
Politécnica de Madrid, 28040, Madrid, Spain

£ CIBER Fisiopatologia de la Obesidad y Nutricion, Instituto de Salud Carlos 1II, 28029, Madrid, Spain

" Inmunonutrition Research Group, Department of Metabolism and Nutrition, Instituto del Frio, Institute of Food Science and Technology and Nutrition
(ICTAN), Spanish National Research Council (CSIC), 28040, Madrid, Spain

Univ. Lille, CHU Lille, INSERM U1286 Infinite, F-59000, Lille, France

J Council for Agricultural Research and Economics, Research Centre for Food and Nutrition, Via Ardeatina 546, 00178, Rome, Italy

k Department of Gastroenterology and Hepatology, Medical University of Vienna, 1090, Vienna, Austria

! Austrian Academic Institute for Clinical Nutrition, A-3100, Vienna, Austria

™ Department of Pediatrics, Medical School, University of Pécs, H-7624, Pécs, Hungary

" Department of Nutrition and Food Sciences, University of Bonn, D-53115, Bonn, Germany

° Faculty of Medicine, University of Crete, GR-71003, Crete, Greece

P Department of Epidemiology and Public Health, Institut Pasteur de Lille, 59000, Lille, France

9 Instituto de Investigacion Sanitaria Aragén (IIS Aragén), 50009, Zaragoza, Spain

Received 4 February 2022; received in revised form 6 May 2022; accepted 23 May 2022
Handling Editor: A. Siani
Available online 31 May 2022

KEYWORDS Abstract Background and aims: This study aims to examine the associations of food portion size
Food portion size (PS) with markers of insulin resistance (IR) and clustered of metabolic risk score in European ad-
(PS); olescents.

V02 max; Methods: A total of 495 adolescents (53.5% females) from the Healthy Lifestyle in Europe by
Insulin resistance Nutrition in Adolescence (HELENA) study were included. The association between PS from food
(IR); groups and homeostasis model assessment of insulin resistance (HOMA-IR) index, VO2 max, and
Metabolic syndrome metabolic risk score was assessed by multilinear regression analysis adjusting for several con-

founders. Analysis of covariance (ANCOVA) was used to determine the mean differences of food

Abbreviations: ANCOVA, Analysis of covariance; BMI, Body mass index; HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence;
HOMA-IR index, Homeostasis model assessment of insulin resistance; Metabolic Syndrome, MS; PA, Physical activity; PS, Portion size;
V02 max, Maximal oxygen uptake.

* Corresponding author. Growth, Exercise, Nutrition and Development (GENUD) Research Group, Department of health and sport sciences, Uni-
versity of Zaragoza, Zaragoza, Spain.

E-mail addresses: sondosnserat991@gmail.com (S.M. Flieh), mlmiguel@unizar.es (M.L. Miguel-Berges), huybrechtsi@iarc.fr (I. Huybrechts),
mcgarzon@ugr.es (M.J. Castillo), marcela.gonzalez.gross@upm.es (M. Gonzalez-Gross), amarcos@ictan.csic.es (A. Marcos), Frederic. GOTTRAND@
chru-lille.fr (F. Gottrand), cinzia.ledonne@crea.gov.it (C. Le Donne), kurt.widhalm@meduniwien.ac.at (K. Widhalm), molnar.denes@pte.hu (D.
Molnar), p.stehle@uni-bonn.de (P. Stehle), kafatos@med.uoc.gr (A. Kafatos), Jean.Dallongeville@pasteur-lille.fr (J. Dallongeville), eva.gesteiro@upm.
es (E. Gesteiro), Souheila.Abbeddou@ugent.be (S. Abbeddou), Imoreno@unizar.es (L.A. Moreno), esthergg@unizar.es (E.M. Gonzalez-Gil).

1 The members of HELENA Study Group are listed in Acknowledgments section.

https://doi.org/10.1016/j.numecd.2022.05.017
0939-4753/© 2022 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian Society of
Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II University. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

135


mailto:sondosnserat991@gmail.com
mailto:mlmiguel@unizar.es
mailto:huybrechtsi@iarc.fr
mailto:mcgarzon@ugr.es
mailto:marcela.gonzalez.gross@upm.es
mailto:amarcos@ictan.csic.es
mailto:Frederic.GOTTRAND@chru-lille.fr
mailto:Frederic.GOTTRAND@chru-lille.fr
mailto:cinzia.ledonne@crea.gov.it
mailto:kurt.widhalm@meduniwien.ac.at
mailto:molnar.denes@pte.hu
mailto:p.stehle@uni-bonn.de
mailto:kafatos@med.uoc.gr
mailto:Jean.Dallongeville@pasteur-lille.fr
mailto:eva.gesteiro@upm.es
mailto:eva.gesteiro@upm.es
mailto:Souheila.Abbeddou@ugent.be
mailto:lmoreno@unizar.es
mailto:esthergg@unizar.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.numecd.2022.05.017&domain=pdf
https://doi.org/10.1016/j.numecd.2022.05.017
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.numecd.2022.05.017
https://doi.org/10.1016/j.numecd.2022.05.017
www.sciencedirect.com/science/journal/09394753
http://www.elsevier.com/locate/nmcd

2062

S.M. Flieh et al.

(MS);
Adolescents

PS from food groups by HOMA-IR cutoff categories by using maternal education as a covariable.
Results: Larger PS from vegetables in both gender and milk, yoghurt, and milk beverages in males
were associated with higher VO2 max, while larger PS from margarines and vegetable oils were
associated with lower VO2 max (p < 0.05). Males who consumed larger PS from fish and fish
products; meat substitutes, nuts, and pulses; cakes, pies, and biscuits; and sugar, honey, jams,
and chocolate have a higher metabolic risk score (p < 0.05). Males with lower HOMA-IR cutoff
values consumed larger PS from vegetables, milk, yoghurt, and milk beverages (p < 0.05). Fe-
males with lower HOMA-IR cutoff values consumed larger PS from breakfast cereals, while those
with higher HOMA-IR cutoff values consumed larger PS from butter and animal fats (p = 0.018).
Conclusion: The results show that larger PS from dairy products, cereals, and high energy dense
foods are a significant determinant of IR and VO2 max, and larger PS from food with higher con-
tent of sugar were associated with higher metabolic risk score.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico Il University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

During the past decades, increasing prevalence of type 2
diabetes mellitus and prediabetic stages such as insulin
resistance (IR) or impaired fasting glucose has been re-
ported in children and adolescents [1]. This increase seems
to parallel the increase in the prevalence of obesity in
these age groups [2]. Dietary factors are environmental
determinants of both adiposity, IR, and the components of
metabolic syndrome (MS) [3].

IRs improve after weight loss [4] and in the presence of
high levels of physical activity (PA) [5]. Diet composition,
in particular, carbohydrate type and amount and fat intake
may also influence IR [6]. In children, it has been found
that total energy, fat, saturated fat, and protein intakes
were significant predictors of fasting insulin and quanti-
tative insulin sensitivity check index (QUICKI), indepen-
dent of body mass index (BMI), and age [7]. Several dietary
factors could promote a positive energy balance [8] and
thereby increase the risk for obesity and diabetes,
including the following: excessive portion size (PS), with
single large meals often approaching or exceeding indi-
vidual daily energy requirements; palatability, empha-
sizing primordial taste preferences for sugar, salt, and fat;
high energy density; and high glycemic load [9]. PS of
many foods have been increasing in countries with a well-
established industrialized food supply [10].

Increased consumption of margarine, sweets (candies,
lollipops, jellies, and traditional fruit in heavy syrup), and
savory snacks (chips, cheese puffs, and not home-made
popcorn) was associated with high homeostasis model
assessment of IR (HOMA-IR) index value in children and
adolescents [11,12]. Additionally, it was shown previously
that sugar intake in the form of sugar-sweetened bever-
ages was associated with IR in adolescents [13]. Data from
children indicated that short absorption time that follows
the consumption of sugar may impair blood glucose con-
trol and may result in hyperinsulinemia and peripheral IR
[14]. Frequent intake of obesogenic foods such as crackers,
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chips, and cooked ham was observed in adolescents with
MS [15]. Moreover, a ‘Western’ dietary pattern was asso-
ciated with a greater risk for MS, among female adoles-
cents [16].

The relationship between food PS and IR and the
development of MS in children and adolescents have not
been previously examined. Therefore, this study in-
vestigates the potential effect of food PS on IR and a
quantitative score of metabolic risk in European
adolescents.

2. Methods
2.1. Study design

A European multicentre cross-sectional study was per-
formed (2006—2007) in adolescents aged 12.5—17.5 years
from 10 cities to assess a Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) [17]. The main objec-
tive of the HELENA-Cross sectional was to obtain reliable
and comparable data from randomly selected European
adolescents (n = 3528, 52.3% females) by using wide
relevant health and nutrition-related parameters that
included the following: dietary intake, food choices and
preferences, serum vitamin and mineral status, lipid and
glucose metabolism, anthropometric measurements, PA
and fitness, and genetic markers [18]. The inclusion criteria
were participants who were free from any acute infection
lasting less than 1 week before the inclusion process and
were not concurrently involved in another clinical trial
[19]. The exclusion criteria were participants not having
information on age, gender, height, and weight; partici-
pants who were concurrently involved in another clinical
trial, age more than 17.5 years or less than 12.5 years and
having any acute infection lasting more than 1 week
before the inclusion process [19]. More details about
recruitment and sampling process are described elsewhere
[19].
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2.2. Study sample

Blood samples were obtained from around one-third of
patients, following the same randomization criteria as
those for the whole sample. Out of 3528 adolescents
included in the HELENA study, blood samples were ob-
tained from one-third (1089) of the adolescents as was
foreseen in the protocol. A total of 1188 adolescents
(33.7%) did not have information for the 24-hr. Also, 1198
adolescents who were considered over-reporters (173) and
under-reporters (526), according to the approach of
Goldberg et al. [20], were excluded. Out of those with valid
dietary data, 647 participants were excluded, as they had
no data on glucose, insulin, and HOMA-IR index, skinfold
thickness, systolic blood pressure, triglycerides, maximal
oxygen uptake (VO2 max), maternal education, or PA.
Finally, 495 (265 females) adolescents were included in
the present analysis.

The study was performed following the ethical guide-
lines of the Declaration of Helsinki 1964 (revision of
Edinburgh, 2000), the Good Clinical Practice, and the
legislation about clinical research in humans in each of the
participating countries. The protocol was approved by the
Human Research Review Committees of the involved
centres [21]. Moreover, a written informed consent was
obtained from participating adolescents and their parents
[22].

2.3. Questionnaires

The education level of the adolescent’s mothers was
adapted from the International Standard Classification of
Education (ISCED) [23] and reported as primary education,
lower secondary education, higher secondary education,
and higher education/university degree. In this study, the
two lowest levels have been merged into one group called
lower level of education, in addition to higher level of
education. More details have been reported elsewhere
[24].

2.4. Physical examination

Measurements were taken 3 times by trained researchers
in each city. A training session was conducted by the
coordinator of HELENA, with the 10 field workers who
planned to perform anthropometric measurements. The
aim of the training was to familiarize researchers with the
exact protocol to be used and to perform the 1st approach
to assess the intra-observer technical error. Then, a
workshop was organized that aims to assess the intra-
observer (2nd time) and inter-observer (1st time) tech-
nical error of measurements (TEMs<1) and the reliability
(>90%) of anthropometry and BIA measurements. All the
anthropometric variables were measured in order, and the
same measurements were then repeated two more times
[25].

Weight was measured with an electronic scale (model
871; SECA, Hamburg, Germany) to the nearest 0.05 kg, and

height was measured with a telescopic height measuring
instrument (model 225; SECA, Hamburg, Germany) to the
nearest 0.1 cm. All measurements were performed in un-
derwear and barefoot [25]. BMI was calculated as body
weight (kg) divided by the height (m) squared (kg/m?).
The obesity status was classified using the International
Obesity Task Force scale [26]. Skinfold thickness was
measured to the nearest 0.2 mm in triplicate in the right
side at biceps, triceps, subscapular, suprailiac, thigh, and
medial calf with a Holtain Caliper (Crymmych, Wales, UK).
The sum of six skinfold thickness was used as an indicator
of total body fat [27].

2.5. Physical activity measurement

Accelerometers  (Actigraph ~ MTI, model GT1M,
Manufacturing Technology Inc., Fort Walton Beach, FL,
USA) were used to obtain an objective measurement of PA.
The devices were placed on the lower back of the partic-
ipants under the clothes using an elastic belt for seven
sequent days. Instructions were given to participants when
they wake up to wear the instrument and remove it for
water-based activities and sleeping [28]. Data were
downloaded to the computer using manufacturer software
and analyzed later by software based on Visual Basic. Time
spent in moderate and vigorous physical activity (MVPA)
was determined using the cutoff point of 2000 cpm to
generate the various indices; the number of days per week
was multiplied by minutes per day, to calculate minutes
per week for each activity [29]. More detailed information
has been reported elsewhere [28].

2.6. Blood samples

Briefly, fasting blood samples were collected by ven-
epuncture at school between 8:00 and 10:00 after a 10-h
overnight fast. Whole blood samples for the hemogram
were sent directly to the local laboratory of each country to
be analyzed. Concentrations of triglycerides, total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-c),
and glucose were measured in fresh serum enzymatically
on the Siemens Dimension RxL Max Integrated Chemistry
System (Dade Behring, Schwalbach, Germany) using the
manufacturer’s reagents and instructions at the University
Hospital in Bonn (Germany). TC/HDL-c ratio was calcu-
lated. Insulin was measured by a solid-phase two-site
chemiluminescent immunometric assay with an Immulite
2000 analyzer (DPC Biermann GmbH, Bad Nauheim, Ger-
many). More details about blood handling procedures have
been described elsewhere [30]. The intra-assay coefficients
of variation were <3.3%, and the inter-assay coefficients
were <3.9% for all parameters.

2.7. Cardiorespiratory fitness
Cardiorespiratory fitness was measured by the progressive

20-m shuttle run test [31]. This test required participants
to run back and forth between two lines set 20 m apart
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following a running pace determined by audio signals and
with an initial speed of 8.5 km h™! increasing by 0.5 km h-
1 every minute (1 min equals 1 stage). The test is finished
when the adolescent failed to reach the end lines con-
current with the audio signals on two consecutive occa-
sions, and the final score was computed as the number of
stages completed (precision of 0.5 stages). Maximal oxy-
gen uptake (VO2 max) was estimated using the formula
described by Léger et al. (1984).

2.8. Metabolic risk score

The HOMA-IR index was calculated as fasting insulin
[(pmol/1)/6.945] * fasting glucose [(mmol/1)/22.5] [32]. The
cutoff value for HOMA-IR was based on the 90th percen-
tile. A QUICKI was calculated as QUICKI = 1/log insulin
(IIU/mL) + log glucose (mg/dl) [32]. Systolic blood pressure
was measured with an automatic oscillometric device (M6,
HEM-7001-E, Omron). A continuous score of clustering
metabolic risk factors was computed using the following
variables: systolic blood pressure, triglycerides, TC/HDL-c
ratio, HOMA-IR index, the sum of six skinfolds, and VO2
max. Z-scores were calculated for each risk factor variable
by age and gender, and then all individual Z-scores were
summed to create a clustered risk score based on the one
by Andersen et al. [33], that has been used in the previous
HELENA study [12].

2.9. Dietary assessment

The HELENA Dietary Assessment Tool (HELENA-DIAT)
was used to assess adolescents dietary consumption; this
software was used as self-administered, computerized
24-h recall, developed and validated originally in Flemish
adolescents, and then in the HELENA-CSS [34]. HELENA-
DIAT is based on previous day assessments of the intake
from six meal occasions (breakfast, morning snack,
lunch, afternoon snack, evening meal, and evening
snack). The two nonconsecutive 24-h recalls performed
on one convenient weekday and one weekend day. A
well-trained dietitian was present to assess the adoles-
cent in case they need any help to complete the diet 24-
hr recall.

A total of 800 photographs were available in the
HELENA-DIAT program. The participants were able to
select one of the amounts that appeared in a photograph
or indicate that they consume less or more than the
amount appeared on the computer. In addition, they were
able to type the consumed amount for each food item in a
text box. Moreover, the participants were able to remove
or modify the selected items at any time. Moreover, foods
that can be measured with household tools like cups,
several portions appeared on the screen, so that the par-
ticipants can select the consumption amount by clicking
directly on the portion. In case some foods usually eaten in
combination with other items such as french fries and
mayonnaise, a box was shown on the screen to remind
them to include this item [34].
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2.10. Selection of food groups

Based on the European food groups classification system,
about 4179 foods and beverages, in the form of recipes or
as individual food, were aggregated into food groups [34].
In our study, we excluded the foods that were very infre-
quently consumed from the analysis: products for special
nutrition use, soya beverages, and miscellaneous due to
their very low consumption (reported by less than 15% of
the participants). Furthermore, the daily diet was divided
into 11 food groups based on their nutritional composi-
tion: (1) water, (2) bread and cereal, (3) grains and po-
tatoes, (4) fruit, (5) vegetables, (6) milk, milk desserts, and
yogurt, (7) cheese, (8) meat/fish/eggs/vegetarian sub-
stitutes, (9) spread and cooking fat (10) low-nutrient, en-
ergy-dense foods (e.g., chocolate, sugar products, biscuits,
pies, savoury snacks, creams, and confectionery), and (11)
low-nutrient, energy-dense drinks (e.g., carbonated soft
drinks, juices, and alcoholic drinks). Milk products and
cheese were allocated to different food groups because of
the important difference in fat content.

2.11. Portion size calculation

PS was calculated by dividing the intake in grams (g) of the
items included in the group and reported to be consumed
during the 24 h-recall, by the number of eating occasions
of these consumed items. In this study, the average
amount of PS was calculated from the two days included in
the 24 h-recall by each eating occasion. For instance, if an
individual consumed 100 g of meat for lunch in the first
day and 100 g in the lunch for the second day, then his/her
PS at lunch from this food item was 100 g, and if the in-
dividual consumed 100 g of meat only in lunch and did not
consume meat in any other meal, his/her PS was 100 g.
Several studies of food PS effect on overweight in children
and adults have used the same methodology [35,36]. Thus,
these data represent per consumer averages, not per capita
averages, and it is used to show the average change on the
PS for those who consume a certain item. Therefore, to
analyze a specific food group only participants who
consumed this food group were included in the analysis.

2.12. Statistical analysis

Descriptive analysis of mean and standard deviation for
general characteristics were presented with Student’s t-
test for continuous variables. Chi-square test was used to
assess the difference of categorical variables between
genders. To achieve normality Johnson transformation has
been performed for VO2 max, HOMA-IR index, and
metabolic risk score. Sensitivity analysis was carried out in
order to consider age or pubertal stage in adjustment.
Interaction products of gender and markers of body fat in
the association between PS from food groups with markers
of IR were calculated. Since an interaction effect was
observed for gender, all the analyses were performed
separately for females and males. Analysis of covariance
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(ANCOVA) was also used to determine the mean differ-
ences and standard deviations of food PS from the studied
food groups by HOMA-IR cutoff categories and metabolic
risk score median cutoff categories between gender by
using maternal education as covariable for all participants.

The association between PS from food groups as inde-
pendent variables and HOMA-IR, systolic blood pressure,
triglycerides, TC/HDL-c ratio, the sum of six skinfolds and
V02 max, and the metabolic risk score as dependent var-
iables was assessed by multilinear regression analysis. All
regression models were adjusted for age, maternal edu-
cation, PA, total energy intake, BMI, and city as dummy
variable. To avoid multiple testing, all analysis were per-
formed individually. The analyses were conducted using
IBM-SPSS (v25, SPSS Inc., Chicago, IL, USA), and the level of
significance was set to 0.05.

3. Results
3.1. General characteristics of study participants

Sample descriptive characteristics by gender are pre-
sented in Table 1. A total of 495 adolescents aged between

Table 1 Descriptive characteristics of the study sample.

General characteristics All participants (n = 495) p-value
Males Females
(n=230) (n = 265)
Mean (SD)  Mean (SD)
Age 14.7 (1.3) 14.7 (1.2) 0.314
Maternal 0914
education (n, %)?
Low 69 (30.0%) 90 (33.9%)
High 161 (70.0%) 175 (66.1%)
BMI (kg/m?) 20.6 (3.4) 20.8 (3.3) 0.789
BMI categories (n,%) 0.090
Normal weight 189 (82.2%) 229 (86.4%)
Overweight 30 (13.0%) 26 (9.8%)
Obesity 11 (4.8%) 10 (3.8%)
Glucose (mg/dL) 91.9 (7.2) 88.3 (6.2) 0.047
Triglycerides (mg/dL) 65.4(31.9) 70.8(30.7) 0.730
Total cholesterol (mg/dL) 152.4(25.4) 166.2 (27.1) 0.198
Insulin (plU/mL) 8.9 (6.9) 10.0 (6.8) 0.899
HOMA-IR index® 2.1(1.7) 2.2(1.7) 0.811
QUICKI 0.4 (0.03) 0.3 (0.03) 0.010
SBP (mm Hg) 119.2 (13.0) 112.2(11.5) 0.102
VO2max (ml/kg/min) 53.2(7.9) 36.5 (6.4) 0.002
Sum of skinfold 224(11.3) 30.2(11.8) 0.216
thickness (mm)
Waist circumference (cm)® 72.9 (8.3) 69.9 (7.2) 0.164
Metabolic risk score® -0.81(34) 0.75(2.7) 0.060
TC/HDL ratio 2.9 (0.6) 2.9 (0.6) 0.680

All values are mean + standard deviation, or * percentage. BMI:
body mass index; HOMA-IR index: homeostasis model assessment
for insulin resistance; SBP: systolic blood pressure; TC/HDL-c: total
cholesterol/high-density lipoprotein cholesterol; VO2max: maximal
oxygen uptake. Non transformed data are presented in this table,
but analyzes were performed with ® and € Johnson transformation.
Level of significance was set to 0.05.

12.5 and 17.5 years old were included in this study. More
than half (53.5%) of the participants were females. Males
had significantly higher mean glucose (p = 0.047),
QUICKI (p = 0.010), and VO2 max (p = 0.002), than
females.

3.2. Association between PS from various food groups
and HOMA-IR index and metabolic risk score components
(systolic blood pressure, triglycerides, TC/HDL-c ratio,
sum of six skinfolds, and VO2 max) by gender

The results are showing no significant association be-
tween food PS and HOMA-IR index (Table 2), and all of
metabolic risk score components except VO2 max in both
genders (Supplementary Tables S1—S4) after adjustment
for age, maternal education, PA, total energy intake, BMI,
and city.

3.3. Association between PS from various food groups
and VO2 max stratified by gender

The result from Table 3 shown that in males, larger PS
from vegetables (B = 0.001; p = 0.048), milk, yoghurt,
and milk beverages (B = 0.002; p = 0.026) were associ-
ated with higher VO2 max; while larger PS from marga-
rines and vegetable oils (B = -0.004; p = 0.025) were
associated with lower VO2 max. In females, larger PS from
vegetables (B = 0.001; p = 0.007) were associated with
higher VO2 max, taking in consideration the adjustment
for age, maternal education, PA, total energy intake, BMI,
and city.

3.4. Association between PS from various food groups
and metabolic risk score

Table 4 illustrates the results of multilinear regression
model by gender using metabolic risk score categories as a
dependent variable and PS of food as independent vari-
ables. The model was adjusted for age, maternal educa-
tion, PA, total energy intake, BMI, and city. The results
indicates that males with larger PS consumption from fish
and fish products (B = 0.007; p = 0.015); meat sub-
stitutes, nuts, and pulses (B = 0.018; p = 0.032); cakes,
pies, and biscuits (f = 0.005; p = 0.010); sugar, honey,
jams, and chocolate (B = 0.005; p = 0.009) have higher
metabolic risk score. Females with only larger PS from
cakes, pies, and biscuits (f = 0.005; p = 0.030) have
higher metabolic risk score.

3.5. Relationship between PS mean intake from food
groups and HOMA-IR cutoff categories by gender

PS mean intake characteristics were obtained from the
different food groups and HOMA-IR cutoff categories using
mother’s education as covariable (ANCOVA) for all partic-
ipants (Table 5). The results indicate that males with lower
HOMA-IR cutoff consumed higher mean PS from vegeta-
bles (p = 0.036) and milk, yoghurt, and milk beverages
(p = 0.040). In the same line, females with lower HOMA-
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Table 2 The association between food PS and HOMA-IR index in a selected sample of European adolescents, by gender.

Food Groups (g/day)

HOMA-IR index

Males (n = 230)

Females (n = 265)

B 95% CI P-value B 95% CI P-value
Lower Upper Lower Upper

Bread and Cereals
Bread and rolls 0.011 —0.002 0.003 0.589 —0.003 —0.007 0.001 0.102
Breakfast cereals —-0.010 —0.022 0.003 0.212 —0.007 -0.014 0.001 0.051
Grains and potato
Rice and other grains 0.050 —0.004 0.009 0.500 -0.012 —0.002 0.005 0.847
Starch roots, potatoes —0.001 —0.003 0.002 0.512 —0.001 —0.002 0.001 0.561
Pasta 0.004 —0.001 0.003 0.589 0.002 0.000 0.004 0.087
Fruits 0.051 —0.010 0.006 0.052 0.007 —0.005 0.003 0.507
Vegetables 0.002 0.001 0.003 0.066 0.002 —0.001 0.002 0.654
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.001 —0.005 0.001 0.065 0.002 —0.001 0.002 0.160
Desserts and puddings milk based —0.007 —0.012 0.003 0.067 —0.004 —0.004 0.003 0.164
Cheese 0.001 —0.002 0.005 0.792 —0.025 —0.008 0.002 0.614
Meat/poultry/fish/eggs
Meat and poultry 0.002 —0.003 0.002 0.546 0.003 —0.002 0.005 0.253
Fish and fish products 0.013 —0.004 0.001 0.298 0.005 —0.001 0.009 0.845
Eggs -0.015 —0.008 0.007 0.771 0.002 —0.003 0.002 0.524
Meat substitutes, nuts, pulses —0.045 —0.055 0.096 0.105 —0.010 —0.009 0.018 0.096
Spread and cooking fats
Margarines and vegetable oils 0.011 —0.008 0.008 0.912 0.006 —0.009 0.016 0.395
Butter and animal fats 0.023 —0.005 0.007 0.136 0.019 —0.019 0.005 0.950
Low nutrient energy- dense food
Cakes, pies, biscuits 0.012 —-0.010 0.009 0.104 0.001 —0.002 0.002 0.600
Savoury snacks —0.003 —0.004 0.004 0.507 0.006 —0.002 0.012 0.213
Sugar, honey, jams, chocolate —0.005 —0.002 0.006 0.460 —0.004 —0.001 0.006 0.105
Sauces and creams 0.003 —0.008 0.005 0.136 0.019 —0.020 0.000 0.248
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.001 —0.003 0.003 0.391 0.006 0.002 0.009 0.125
Fruit and vegetables juices 0.008 —0.004 0.009 0.235 0.003 —0.002 0.011 0.161

B: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level

of significance was set to 0.05.

IR cutoff consumed higher mean PS from breakfast cereals
(p = 0.010). Contrary, females with higher HOMA-IR cut-
off, consumed higher mean PS from butter and animal fats
(p = 0.018).

3.6. Relationship between PS mean intake from food groups
and metabolic risk score median cutoff categories by gender

The results indicate that no significant relationship be-
tween food PS and metabolic risk score median cutoff
categories (Supplementary Table S5).

4. Discussion

The main results suggest that there is an association be-
tween PS of some food groups and a metabolic risk score in
adolescence. Specifically, we identified that larger PS from
cakes, pies, biscuits in males and females were associated
with higher metabolic risk score. Meanwhile, PS from fish;
meat substitutes, nuts, and pulses; and sugar, honey, jams,
and chocolate were associated with a higher metabolic risk
score in males, considering potential confounders, such as
PA, total energy intake, BMI, city, and maternal education.
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4.1. Portion size of specific food groups and metabolic risk
score components

Out of the components of the metabolic risk score, signifi-
cant results were found only for VO2 max, a marker of
cardiorespiratory fitness. We found that larger PS from
vegetables in both genders and milk, yoghurt, and milk
beverages were associated with higher VO2 max in males,
while larger PS from margarines and vegetable oils were
associated with lower VO2 max in males. In general, fruit
and vegetables are one of the most abundant source of
natural flavonoids Quercetin [37]. Noteworthy, these com-
pounds play an important role as antioxidant and anti-
inflammatory activity, in addition to the most prominent
role which is the ability to increase mitochondrial biogenesis
in both muscle and brain in mice [38]. In adults, low doses of
the naturally occurring dietary flavonoid quercetin were
associated with a modestly higher VO2 max [39]. Similarly,
in young adult, it has been observed a significantly higher
levels of VO2 max in the vegetarian compared with omni-
vores [40]. Moreover, it has been found that adolescents
with the highest cardiorespiratory fitness are the most
active and tend to consume higher fruits and vegetables [41].



The HELENA study 2067
Table 3 The association between food PS and VO2 max in a selected sample of European adolescents, by gender.
Food Groups (g/day) V02 Max
Males (n = 230) Females (n = 265)
B 95% CI P-value B 95% CI P-value
Lower Upper Lower Upper
Bread and Cereals
Bread and rolls 0.006 —0.005 0.004 0.605 —0.002 —0.022 —0.001 0.990
Breakfast cereals 0.002 —0.002 0.002 0.150 0.003 —0.003 0.010 0.110
Grains and potato
Rice and other grains 0.006 —0.001 0.003 0.104 0.000 —0.002 0.001 0.376
Starch roots, potatoes 0.022 —0.008 0.004 0.467 0.005 —0.005 0.015 0.293
Pasta 0.031 —0.023 0.014 0.450 0.021 -0.013 0.011 0.219
Fruits 0.001 —0.002 0.005 0.232 0.002 —0.001 0.004 0.154
Vegetables 0.033 —0.002 0.015 0.038 0.026 —0.007 0.009 0.012
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.009 —-0.001 0.008 0.006 0.000 0.000 0.001 0.559
Desserts and puddings milk based 0.004 —-0.010 0.000 0.079 0.005 —0.004 0.003 0.374
Cheese 0.001 —0.009 0.002 0.090 0.002 —0.005 0.003 0.754
Meat/poultry/fish/eggs
Meat and poultry 0.009 —0.006 0.002 0.150 0.030 -0.015 0.009 0.059
Fish and fish products 0.005 -0.013 0.003 0.420 0.003 —0.005 0.009 0.400
Eggs 0.001 —0.006 0.008 0.772 0.001 —0.001 0.003 0.445
Meat substitutes, nuts, pulses 0.002 —0.003 0.007 0.205 —0.001 —0.003 0.004 0.306
Spread and cooking fats
Margarines and vegetable oils —0.008 -0.012 0.009 0.015 0.003 —0.003 0.010 0.267
Butter and animal fats 0.004 —0.001 0.012 0.508 0.002 —0.032 0.005 0.508
Low nutrient energy- dense food
Cakes, pies, biscuits 0.000 —0.001 0.002 0.692 —0.002 —0.004 0.000 0.067
Savoury snacks 0.004 —0.003 0.010 0.288 —-0.007 -0.014 0.001 0.077
Sugar, honey, jams, chocolate —0.001 —0.003 0.002 0.512 —0.001 —0.002 0.001 0.561
Sauces and creams 0.000 —0.003 0.002 0.687 —0.009 —0.003 0.002 0.937
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.000 —0.003 0.002 0.686 0.002 0.000 0.004 0.087
Fruit and vegetables juices 0.000 —0.001 0.001 0.701 0.000 —0.001 0.001 0.617

B: regression coefficient. Cl: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level

of significance was set to 0.05

4.2. Portion size of specific food groups and metabolic
risk score

Regarding metabolic risk score, we found that larger PS
from cakes, pies, biscuits in males and females were
associated with higher metabolic risk score. PS from fish
and fish products; meat substitutes; nuts, pulses, and
sugar; and honey, jams, and chocolate were associated
with higher metabolic risk score in males. In a previous
study in adolescents, significant differences were found, in
the consumption of pretzels, chips, ham, and burgers be-
tween the group with MS and those who did not have the
syndrome [15].

In adult men, it has been noticed that seafood con-
sumption was significantly associated with elevated high-
sensitivity C-reactive protein levels, after adjustment for
age, PA, and BMI [42]. However, contrary to our results, a
study found that low-fat meats and fish and fish products
consumption was negatively associated with the inflam-
matory response in adults [43]. In this study, higher intake
of fish and fish products was associated with higher
metabolic risk score. The benefits of increased fish and fish
products consumption on health have been associated to
its content of omega 3 and PUFA, but fish consumption
contributes with considerable amounts of other nutrients

that may have an effect on the metabolic score [44]. The
possible explanation of our results is that processed fish
such as fish cakes, fish balls, fish pudding, and fish fingers
are made from lean fish filet mixed with other ingredients
like: milk and flour; moreover, it has been found that these
products contain free or added sugars and saturated and
trans-fats that makes them high energy dense food, these
fish products represent nearly 40% of the total fish con-
sumption [45]. The lack of health benefits from processed
fish may partly be explained by a reduction of some of the
nutrients present during the processing such as deep-
fried, fried, boiled, or minced, and therefore, they contain
a higher amount of total fat. Additionally, these products
previously contained trans-fatty acids that are known to
be associated with lowered HDL-level [46].

Moreover, an increased frequency of consumption of
fruits and vegetables, and dairy products decreased the
probability of having MS in adolescents [47], while the
probability of having MS increased along with the con-
sumption of solid hydrogenated fat, and bread made with
white flour in both genders [47]. Similarly, a systematic
review focusing on European dietary patterns and MS
from various age groups concluded that higher intake of
meat or meat products, desserts, and sugar-sweetened
beverages, which are considered as a good source of
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Table 4 The association between food PS and a metabolic risk score in a selected sample of European adolescents, by gender.
Food Groups (g/day) Metabolic risk score

Males (n = 230) Females (n = 265)

B 95% CI P-value B 95% CI P-value

Lower Upper Lower Upper

Bread and Cereals
Bread and rolls 0.000 —0.002 0.001 0.435 0.003 —0.002 0.001 0.695
Breakfast cereals —0.003 —0.002 0.007 0.209 0.005 —0.003 0.012 0.210
Grains and potato
Rice and other grains —0.001 —0.002 0.001 0.380 0.001 —0.001 0.003 0.461
Starch roots, potatoes —0.001 —0.001 0.003 0.215 0.000 —0.002 0.001 0.522
Pasta —0.006 —0.002 0.001 0.758 0.000 —0.002 0.001 0.666
Fruits 0.003 —0.001 0.001 0.936 0.000 —0.001 0.000 0.428
Vegetables 0.011 -0.012 0.002 0.058 0.001 —0.008 0.002 0.097
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages —0.002 0.000 0.001 0.056 0.002 -0.010 0.001 0.559
Desserts and puddings milk based —0.001 —0.002 0.003 0.456 —0.002 —0.005 0.000 0.077
Cheese 0.002 —0.001 0.004 0.298 0.001 —0.003 0.004 0.285
Meat/poultry/fish/eggs
Meat and poultry 0.000 —0.001 0.000 0.157 —0.002 —0.001 0.001 0.959
Fish and fish products 0.005 -0.012 0.020 0.007 0.001 —0.003 0.002 0.593
Eggs 0.001 —0.006 0.008 0.772 0.001 —0.001 0.003 0.445
Meat substitutes, nuts, pulses 0.031 0.006 0.050 0.001 0.004 —0.004 0.014 0.307
Spread and cooking fats
Margarines and vegetable oils 0.013 —0.005 0.002 0.050 0.001 —0.003 0.010 0.267
Butter and animal fats 0.000 —0.009 0.008 0.848 —0.002 —0.012 0.008 0.698
Low nutrient energy-dense food
Cakes, pies, biscuits 0.004 0.001 0.023 0.036 0.004 -0.012 0.003 0.020
Savoury snacks 0.015 —0.004 0.019 0.147 0.025 —0.002 0.012 0.184
Sugar, honey, jams, chocolate 0.023 0.009 0.028 0.009 —0.001 —0.007 0.006 0.728
Sauces and creams —0.003 —0.002 0.002 0.974 —0.006 —0.002 0.002 0.945
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.005 —0.001 0.009 0.763 0.003 —0.004 0.001 0.254
Fruit and vegetables juices —0.000 —0.001 0.012 0.101 0.002 —0.002 0.000 0.243

B: regression coefficient. Cl: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level

of significance was set to 0.05.

saturated fatty acids, salts, and added sugars, have been
associated with higher risk of MS [48]. In contrast, higher
intake from vegetables, fruits, whole cereals, and fish and
fish products were associated with a reduced risk of MS
[48].

Interestingly, the associations between PS of sugar-rich
products such as cakes, pies, and biscuits and sugar,
honey, jams, and chocolate were associated with a higher
metabolic risk score. It has been confirmed that sucrose
and mainly fructose induce MS [49]. For example, in
young men, serum triacylglycerol increased when
receiving a diet supplemented with 200 g sucrose/day;
moreover, one-third of these patients developed hyper-
insulinemia [49]. In addition, consumption of sugar-
sweetened beverages has the same result on MS devel-
opment, which may be explained by less satiety-inducing
effects and a high-glycemic-index, which raises the
postprandial glucose levels [50]. The mechanism was
associated to the inability of sugar to acutely stimulate
insulin and leptin and to inhibit ghrelin that are known to
affect the satiety center in the central nervous system
[51]. Moreover, the sweetness of fructose or sucrose often
makes food more palatable, which may stimulate an in-
crease in food intake [52].
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4.3. Portion size of specific food groups and HOMA-IR
cutoff

Our results indicated that males with lower HOMA-IR
cutoff were consuming higher mean PS from vegetables,
milk, yoghurt, and milk beverages. In the same manner,
females with lower HOMA-IR cutoff were consuming
higher mean PS from breakfast cereals. In contrast, females
with higher HOMA-IR cutoff were consuming higher mean
PS from butter and animal fats. These results are in line
with other studies which observed that consumption of
vegetables, low-fat dairy, cruciferous vegetables, tomato,
chicken, and beans and low consumption of butter, red
meat, and cereals was associated with low levels of
HOMA-IR in adults [53]. On the contrary, they found that
consumption of processed meats, mayonnaise, and solid
fats was associated with a higher level of fasting blood
glucose, fasting insulin, 2-h insulin, and HOMA-IR index
[53]. A previous HELENA study also found that frequently
consumption of nuts, chocolates, burgers, and meat stick
in females and frequently consumption of burgers and
pizzas in males were directly associated with HOMA-IR
index [12]. Moreover, a marked preference for sweet and
low fruit consumption and IR were observed in other
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Table 5 Mean PS from the main contributing food groups by HOMA-IR cut off categories, in both gender (ANCOVA).

Food groups PS Males (n = 230) Females (n = 265)

(g/day) “HOMA-IR cut off<2.5 HOMA-IR cut off >2.5 p-value HOMA-IR cut off<25 HOMA-IR cut off >2.5 p-value

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)

Bread and rolls 146  134.1 (82.5) 42 144.2 (74.9) 0228 166 111.3(70.7) 67 93.1 (49.3) 0.493

Breakfast cereals 48 54.6 (30.5) 21 70.7 (50.3) 0479 63 499 (28.6) 19 28.5(10.8) 0.010

Rice and other grains 57 192.1 (1359) 15 2252 (117.5) 0.817 55 156.2 (95.7) 21 128.0 (75.1) 0.976

Starch roots, potatoes 76 159.2 (89.1) 16 158.4 (62.4) 0993 103 142.4(87.7) 45 123.8 (74.3) 0.244

Pasta 64 217.9(109.9) 14  218.7(105.7 0.698 73 178.1 (73.5) 26  215.0(113.5) 0.149

Fruits 98 244.1 (153.3) 26 239.8 (153.9 0.778 121 206.2 (125.5) 43 194.1 (130.2) 0.954

Vegetables 127 1934 (122.6) 37 136.4 (115.7 0.036 149 133.6(112.3) 63 128.2 (99.7) 0.784

Milk, yoghurt, and milk 120  434.1 (354.6) 34  348.9(217.7 0.040 137 317.1(2129) 51 279.5 (168.4) 0.188
beverages

Desserts and puddings 29 105.6 (74.1) 6 52.3 (24.8) 0.060 55 89.2 (68.9) 15 76.3 (45.7) 0.693
milk based

Cheese 119 57.4(42.9) 31 77.9 (48.36) 0314 123 443 (34.2) 52 43.6(29.9) 0.989

Meat and poultry 147  237.1 (200.6) 37 260.6 (225.3) 0265 144 161.6 (133.5) 66 178.5 (134.6) 0.331

Fish and fish products 30 2085 (172.1) 5 108.6 (54.3) 0251 30 156.3 (132.9) 13 145.9 (118.9) 0.439

Eggs 28 53.5 (41.5) 9 55.8 (34.1) 0.512 52 51.5 (42.6) 15 62.4 (50.1) 0.715

Meat substitutes, nuts, 29 61.5 (57.0) 10 27.9 (10.9) 0.120 40 82.5(76.1) 12 75.9 (56.4) 0.962
pulses

Margarines and 102  27.1(134) 26 37.4(30.1) 0.188 97 18.9 (16.4) 43 19.9 (17.1) 0.515
vegetable oils

Butter and animal fats 57 28.8 (23.5) 14  22.9(13.6) 0496 58 18.9 (13.6) 25 27.3 (24.9) 0.018

Cakes, pies, biscuits 109 115.9 (84.8) 26 106.7 (78.2) 0.798 132 98.5(78.8) 50 104.3 (101.1) 0.377

Savoury snacks 38 62.8 (51.3) 6 55.8 (42.9) 0.671 43 38.2 (25.2) 14 329 (15.5) 0.457

Sugar, honey, jams, 106 74.4(62.4) 26 68.7 (55.4) 0920 133 63.2(50.8) 57  42.6 (36.5) 0.138
chocolate

Sauces and creams 107 67.0(52.8) 22 77.9 (49.1) 0494 113 64.2(54.1) 44 739 (56.3) 0.343

Carbonated soft/isotonic 99 5299 (325.2) 26 5299 (416.1) 0.824 102 462.3(309.4) 32 4192 (262.6) 0.869
drinks

Fruit and vegetables 103  408.6 (319.7) 30  351.3(209.3) 0.162 105 332.2(241.5) 51 352.9 (180.1) 0.437
Jjuices

2 HOMA-IR cut off categorized based on the 90th percentile. SD: Standard deviation. Level of significance was set to 0.05.

study in adolescents [15]. However, to the best of our
knowledge, there are no studies addressing the relation-
ship between food PS and HOMA-IR index.

The possible explanation of these results is that vege-
tables, fruits, and cereals are a good source of antioxidants
mainly polyphenols and fibers, in addition to the signifi-
cant amount of magnesium, calcium, potassium and hav-
ing a limited amount of sodium, which play an important
role in IR in all age groups [54]. For instance, individuals
with low levels of serum magnesium have impaired blood
sugar levels [55]; it has been found that the lack of mag-
nesium can result in disordered transfer of the cellular
glucose, which influencing in insulin signaling pathways
or even reducing the pancreatic secretion of insulin [56].
Furthermore, a high amount of sodium intake has been
associated with IR and MS development in adults [57].

Moreover, the type and quality of fats in the diet play an
important role in homeostasis and insulin sensitivity [58].
It seems that the fatty acid combination or fat type can
affect independently on insulin function and lead to change
the cells sensitivity to insulin [59]. However, in adolescents
with obesity, a positive effect when consumption of
omega-3 fatty acids on insulin sensitivity has been identi-
fied [60]. Consumption of milk and yogurt is another factor
that has been examined on IR syndrome; it has been shown
that the daily consumption of dairy and calcium cause a

reduction of the IR syndrome, cardiovascular disease, blood
pressure, and stroke in young adults [53].

In this study, no significant relationship between food
PS and continuous HOMA-IR index was found, which may
be associated with the very restrictive model with various
confounders. However, some relevant results when
analyzing the results considering the HOMA-IR cutoff
values were observed, as it was discussed previously.

Several studies have attempted to explain the associa-
tion of dietary indexes on the development of IR and MS,
but most of them do not focus on PS of food items.
Although the effect sizes in our study were small, further
studies are needed to confirm the association between
food PS and the metabolic markers.

The main limitation of this study is the relatively small
sample size. Further studies with larger population sam-
ples and longitudinal observation are needed. Moreover,
the HELENA study was performed some years ago, and it is
not useful to describe the current situation. Additionally,
the cross-sectional nature of the HELENA study does not
allow us to assess the behavior over a period of time and
did not provide information in determining the cause-
—and—effect association. The self-reported questionnaires
were used for collecting the food consumption data, and
therefore, a social bias should be considered. Moreover, the
food groups did not differentiate between type of
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chocolate (black, with milk, etc) and artificially sweetened
products from sugar-sweetened products. However, there
are several strengths in this study that need to be
mentioned. To our best of knowledge, the present study is
the first to investigate the association between the PS of
different food groups and both IR and metabolic risk
among European adolescents, taking into account poten-
tial confounders such as age, total energy intake, BMI, PA,
city, and maternal education. To increase the accuracy,
highly standardized and validated procedures were used
to collect the sample and assess anthropometric mea-
surements. Despite the limitation, these results may sug-
gest useful information to promote proper selection of
healthy foods for early prevention of MS and other health
concerns.

Conclusion

Larger PS from cakes, pies, and biscuits were associated
with a higher metabolic risk score, and PS from fish and
fish products; meat substitutes; nuts, pulses, and sugar;
and honey, jams, and chocolate were associated with a
higher metabolic risk score in males. Noteworthy, these
results suggests that there are associations between PS of
sugar-based foods and metabolic risk already in adoles-
cence. Larger PS from vegetables, cereals, and dairy prod-
ucts enhance the VO2 max and might reduce developing
IR. Overall, these findings suggest that intervention studies
should focus on the food PS and not only on the potential
effect of food habits and energy density in order to prevent
IR and metabolic risk in youth.
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Table S1: Association between food portion size and triglycerides between gender in selected sample

of European adolescents.

Triglycerides
Males Females
Food Groups (g/day) B 95% CI P-value B 95% CI P-value
Lower  Upper Lower Upper
Bread and Cereals
Bread and rolls 0.000 -0.001 0.002 0.692 -0.002 -0.004 0.000 0.067
Breakfast cereals 0.004 -0.003 0.010 0.288 -0.007 -0.014 0.001 0.077
Grains and potato
Rice and other grains 0.000 -0.003 0.002 0.687 -0.009 -0.003 0.002 0.937
Starch roots, potatoes -0.001 -0.003 0.002 0.512 -0.001 -0.002 0.001 0.561
Pasta 0.000 -0.003 0.002 0.686 0.002 0.000 0.004 0.087
Fruits -0.005 -0.010 0.001 0.050 -0.006 -0.001 0.012 0.107
Vegetables -0.001 -0.009 0.002 0.059 -0.003 -0.001 0.004 0.054
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.000 -0.001 0.000 0.064 0.000 -0.001 0.000 0.162
Desserts and puddings milk based 0.005 -0.010 0.000 0.073 -0.002 -0.005 0.001 0.154
Cheese 0.000 -0.003 0.004 0.790 -0.001 -0.005 0.003 0.654
Meat/poultry/fish/eggs
Meat and poultry 0.000 -0.001 0.001 0.856 0.000 0.000 0.001 0.314
Fish and fish products 0.001 -0.001 0.003 0.398 -0.001 -0.003 0.002 0.995
Eggs -0.001 -0.009 0.008 0.877 0.000 -0.004 0.005 0.918
Meat substitutes, nuts, pulses 0.002 -0.008 0.004 0.565 0.000 -0.004 0.005 0.886
Spread and cooking fats
Margarines and vegetable oils 0.002 -0.004 0.007 0.512 -0.002 -0.012 0.007 0.633
Butter and animal fats -0.003 -0.015 0.008 0.554 0.000 -0.013 0.012 0.948
Low nutrient energy- dense food
Cakes, pies, biscuits 0.001 -0.001 0.003 0.144 0.000 -0.002 0.001 0.576
Savoury snacks -0.002 -0.008 0.004 0.467 0.005 -0.005 0.015 0.293
Sugar, honey, jams, chocolate -0.001 -0.003 0.001 0.490 -0.001 -0.003 0.001 0.203
Sauces and creams 0.001 -0.002 0.005 0.412 0.002 -0.001 0.004 0.254
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.000 -0.001 0.000 0.521 0.000 0.000 0.001 0.568
Fruit and vegetables juices 0.000 -0.001 0.000 0.345 0.000 0.000 0.001 0.301

B: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, physical activity,

total energy intake, BMI and city. Level of significance was set to 0.05.
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Table S2: Association between food portion size and systolic blood pressure between gender in

selected sample of European adolescents.

Systolic blood pressure

Males (n=230) Females (n=265)

Food Groups (g/day) B 95% CI P-value B 95% CI P-value

Lower  Upper Lower Upper
Bread and Cereals
Bread and rolls 0.000 -0.002 0.001 0.365 0.003 -0.002 0.001 0.095
Breakfast cereals 0.003 -0.002 0.007 0.129 0.005 -0.003 0.012 0.220
Grains and potato
Rice and other grains -0.001 -0.002 0.001 0.380 0.001 -0.001 0.003 0.461
Starch roots, potatoes 0.001 -0.001 0.003 0.215 0.000 -0.002 0.001 0.522
Pasta 0.000 -0.002 0.001 0.758 0.000 -0.002 0.001 0.666
Fruits 0.003 -0.001 0.001 0.936 0.000 -0.001 0.000 0.428
Vegetables -0.001 -0.005 0.002 0.058 -0.009 -0.003 0.005 0.067
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.005 0.000 0.003 0.096 0.000 0.000 0.001 0.559
Desserts and puddings milk based 0.001 -0.002 0.003 0.666 -0.002 -0.005 0.000 0.087
Cheese 0.002 -0.001 0.004 0.258 0.001 -0.003 0.004 0.785
Meat/poultry/fish/eggs
Meat and poultry 0.000 -0.001 0.000 0.157 -0.002 -0.001 0.001 0.959
Fish and fish products -0.001 -0.002 0.001 0.487 0.001 -0.001 0.002 0.421
Eggs 0.001 -0.006 0.008 0.772 0.001 -0.001 0.003 0.445
Meat substitutes, nuts, pulses 0.002 -0.003 0.007 0.404 -0.001 -0.003 0.004 0.616
Spread and cooking fats
Margarines and vegetable oils 0.003 -0.008 0.012 0.125 0.003 -0.003 0.010 0.267
Butter and animal fats 0.000 -0.009 0.008 0.848 -0.002 -0.012 0.008 0.698
Low nutrient energy- dense food
Cakes, pies, biscuits -0.001 -0.002 0.001 0.408 0.000 -0.001 0.001 0.771
Savoury snacks 0.000 -0.004 0.003 0.847 0.005 -0.002 0.012 0.184
Sugar, honey, jams, chocolate 0.000 -0.001 0.001 0.858 0.004 -0.002 0.001 0.651
Sauces and creams -0.003 -0.002 0.002 0.974 -0.006 -0.002 0.002 0.945
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks -0.005 -0.001 0.000 0.763 0.000 -0.001 0.000 0.284
Fruit and vegetables juices 0.000 -0.001 0.000 0.111 0.000 -0.001 0.000 0.283

B: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, physical activity,

total energy intake, BMI and city. Level of significance was set to 0.05.
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Table S3: Association between food portion size and TC/HDL-c ratio between gender in selected

sample of European adolescents.

TC/HDL-c ratio

Males (n=230) Females (n=265)

Food Groups (g/day) B 95% CI P-value B 95% CI P-value

Lower  Upper Lower Upper
Bread and Cereals
Bread and rolls 0.001 -0.001 0.003 0.376 0.004 -0.005 0.002 0.259
Breakfast cereals 0.006 -0.002 0.013 0.125 0.003 -0.005 0.011 0.467
Grains and potato
Rice and other grains 0.001 -0.001 0.003 0.421 0.001 -0.002 0.004 0.574
Starch roots, potatoes 0.001 -0.002 0.004 0.542 0.001 -0.001 0.002 0.583
Pasta 0.000 -0.002 0.003 0.928 -0.002 -0.004 0.001 0.197
Fruits 0.002 -0.002 0.001 0.742 0.001 -0.001 0.002 0.322
Vegetables 0.000 -0.002 0.001 0.402 0.001 -0.003 0.001 0.530
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.001 -0.002 0.001 0.861 0.000 0.000 0.001 0.664
Desserts and puddings milk based 0.002 -0.003 0.007 0.497 0.002 -0.001 0.005 0.209
Cheese -0.002 -0.006 0.003 0.475 0.005 -0.001 0.000 0.050
Meat/poultry/fish/eggs
Meat and poultry -0.001 -0.002 0.000 0.058 0.000 -0.001 0.001 0.590
Fish and fish products 0.001 -0.002 0.005 0.447 0.000 -0.002 0.003 0.765
Eggs -0.001 -0.012 0.010 0.849 -0.003 -0.007 0.002 0.222
Meat substitutes, nuts, pulses -0.005 -0.014 0.005 0.342 -0.002 -0.001 0.002 0.958
Spread and cooking fats
Margarines and vegetable oils 0.001 -0.004 0.007 0.629 -0.004 -0.015 0.008 0.538
Butter and animal fats 0.009 -0.003 0.021 0.134 -0.001 -0.015 0.013 0.906
Low nutrient energy- dense food
Cakes, pies, biscuits 0.001 -0.002 0.003 0.490 -0.001 -0.003 0.001 0.223
Savoury snacks 0.003 -0.006 0.013 0.475 -0.004 -0.017 0.009 0.551
Sugar, honey, jams, chocolate 0.000 -0.002 0.003 0.819 0.001 -0.002 0.001 0.619
Sauces and creams 0.004 -0.002 0.001 0.052 -0.002 -0.005 0.001 0.145
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.000 0.000 0.001 0.533 0.000 -0.001 0.000 0.299
Fruit and vegetables juices 0.000 0.000 0.000 0.105 0.000 -0.001 0.001 0.659

B: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, physical activity,

total energy intake, BMI and city. Level of significance was set to 0.05.
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Table S4: Association between food portion size and sum of six Skin folds between gender in

selected sample of European adolescents.

Sum of six Skin folds

Males (n=230) Females (n=265)

Food Groups (g/day) B 95% CI P-value B 95% CI P-value

Lower  Upper Lower Upper
Bread and Cereals
Bread and rolls -0.003 -0.024 0.017 0.749 -0.016 -0.042 0.017 0.204
Breakfast cereals 0.073 -0.006 0.151 0.069 -0.037 -0.123 0.048 0.387
Grains and potato
Rice and other grains 0.017 -0.006 0.040 0.159 -0.037 -0.009 0.050 0.058
Starch roots, potatoes 0.003 -0.020 0.026 0.776 0.005 -0.017 0.024 0.650
Pasta -0.013 -0.034 0.008 0.216 0.008 -0.022 0.037 0.610
Fruits -0.004 -0.017 0.009 0.515 -0.006 -0.021 0.010 0.480
Vegetables 0.001 -0.009 0.006 0.850 0.006 -0.009 0.022 0.409
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages -0.002 -0.007 0.003 0.480 -0.001 -0.009 0.007 0.827
Desserts and puddings milk based -0.022 -0.071 0.026 0.359 -0.020 -0.060 0.027 0.396
Cheese 0.040 -0.003 0.082 0.067 0.002 -0.055 0.058 0.951
Meat/poultry/fish/eggs
Meat and poultry -0.008 -0.016 0.000 0.050 0.014 -0.002 0.001 0.059
Fish and fish products -0.003 -0.024 0.017 0.734 0.019 -0.008 0.045 0.163
Eggs -0.049 -0.063 0.095 0.492 0.002 -0.039 0.042 0.938
Meat substitutes, nuts, pulses -0.024 -0.113 0.065 0.580 0.007 -0.028 0.053 0.756
Spread and cooking fats
Margarines and vegetable oils 0.038 -0.033 0.010 0.289 -0.074 -0.059 0.015 0.374
Butter and animal fats -0.041 -0.155 0.073 0.476 0.052 -0.080 0.184 0.433
Low nutrient energy- dense food
Cakes, pies, biscuits -0.023 -0.045 0.000 0.052 0.003 -0.017 0.023 0.794
Savoury snacks -0.005 -0.060 0.051 0.860 -0.003 -0.047 0.039 0.465
Sugar, honey, jams, chocolate -0.009 -0.033 0.015 0.451 -0.010 -0.039 0.015 0.503
Sauces and creams 0.004 -0.027 0.034 0.816 0.029 -0.004 0.030 0.058
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks -0.002 0.006 0.003 0.536 -0.001 -0.008 0.005 0.664
Fruit and vegetables juices 0.000 -0.005 0.002 0.890 -0.002 -0.011 0.007 0.666

B: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, physical activity,

total energy intake, BMI and city. Level of significance was set to 0.05.

151



Table S5.Portion size mean intake from the main contributing food groups by median cut off metabolic

risk score categories between gender (ANCOVA).

Males (n=230) Females (n=265)
Food groups portion size (g/day) Group 1* Group 2* p- Group 1 Group 2 p-
value value
N Mean N Mean N Mean N Mean
(SD) (SD) (SD) (SD)
Bread and rolls 117 1354 86 139.9 0.589 60 98.0 179 107.9 0.247
(78.2) 91.7) (57.8) (67.5)
Breakfast cereals 39 51.9 36 68.0 0.129 20 48.7 64 43.7 0.458
(31.2) (48.3) (23.9) (27.7)
Rice and other grains 42 186.6 36 190.1 0.882 17 154.1 60 146.8 0.779
(123.5) (146.0) (107.9) (85.6)
Starch roots, potatoes 61 159.7 41 143.6 0273 45 1446 109 1371 0.627
(90.1) (72.7) (79.2) (88.5)
Pasta 49 214.9 34 216.9 0.758 31 199.6 73 183.8 0.472
(111.1) (103.9) (101.6) (77.6)
Fruits 81 240.8 54 238.5 0.878 52 172.8 118 2116 0.083
(153.7) (149.8) (99.0) (135.0)
Vegetables 101 154.9 78 1349 0.436 54 137.3 162 132.1 0.789
(132.5) (123.7) (123.7) (109.5)
Milk, yoghurt, and milk beverages 97 417.1 70 385.5 0.620 55 308.7 140 3079 0.927
(349.2) (288.2) (197.2) (201.6)
Desserts and puddings milk based 22 100.5 16 88.8 0.927 21 82.2 50 86.7 0.748
(57.3) (82.6) (53.2) (69.5)
Cheese 93 575 66 705 0.100 43 39.2 135 459 0.234
(43.6) (50.1) (23.2) (35.4)
Meat and poultry 112 2482 85 238.9 0.769 51 1654 166 1655 0.952
(197.2) (209.2) (130.6) (133.7)
Fish and fish products 21 191.7 21 159.9 0.562 11 143.7 32 156.4 0.930
(188.6) (121.4) (105.1) (134.7)
Eggs 19 57.9 26 56.8 0.776 23 57.9 49 54.3 0.740
(35.1) (48.9) (44.5) (50.1)
Meat substitutes, nuts, pulses 22 75.1 24 44.8 0.146 13 60.1 41 88.1 0.217
(57.0) (38.1) (41.9) (77.9)
Margarines and vegetable oils 80 27.6 57 304 0.793 35 19.2 108 194 0.834
(13.4) (26.1) (16.8) (16.4)
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Butter and animal fats 40 28.1 34 312 0.487 17 22.3 66 212 0.804
(21.2) (27.6) (15.7) (18.7)

Cakes, pies, biscuits 88 112.2 56 122.8 0.456 56 126.8 133 89.1 0.377
(81.1) (95.1) (110.9) (67.6)

Savoury snacks 31 65.6 18 56.6 0.532 22 37.1 36 36.2 0.769
(55.8) (41.2) (23.4) (23.3)

Sugar, honey, jams, chocolate 82 735 60 85.9 0413 53 43.0 141 62.2 0.052
(74.2) (65.3) (39.8) (56.3)

Sauces and creams 82 66.2 58 73.3 0.370 41 68.2 120 66.1 0.854
(52.1) (53.2) (52.5) (55.3)

Carbonated soft/isotonic drinks 79 526.9 54 571.8 0.481 33 400.5 105 4739 0.236
(342.3) (354.8) (216.7) (317.9)

Fruit and vegetables juices 84 342.6 59 462.9 0.053 45 284.6 115 358.9 0.077
(227.6) (351.0) (132.9) (243.4)

Groupl and Group 2: classified according to median cut off metabolic risk score. SD: Standard deviation. p-value < 0.05.
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5. Discussion

The findings from this Doctoral Thesis suggest that psychosomatic and emotional status could
be a trigger to consume large PS from sweet-fatty energy dense foods. Large food PS may be
associated with positive energy, as well as macro- and micronutrient intake. Low intakes of
some vitamins and micronutrients were noticed when larger portions of high ED foods such as
‘desserts and pudding’, ‘margarines and vegetable oils’ and ‘butter and animal fats’ were
consumed. Moreover, we found that large PS from high ED food is associated with elevated
energy intake which leads to obesity and other metabolic complication in childhood and
adolescent. Moreover, it is the first to study the association between food portion sizes, insulin
resistance, VO2 max and metabolic syndrome, and we found that large PS from vegetables,

fruits, dairy products were associated with higher Vo2 max and lower probability of obesity.

In article 1, the review of the literature suggested that there is a need for research studies in
both, laboratory and free-living contexts, to determine the causal link between increased PS,
energy intake, obesity, and related metabolic complications in childhood and adolescents. Also,
strategies are needed on PS estimation and on the relationship of PS with certain health
problems such as obesity, insulin resistance, and emotional eating in all age groups, in order to
provide information for parents, teachers, and health professionals aiming to promote healthy
eating. A wide range of controlled laboratory studies have found that food PS had the strongest
effect on the amount of food consumed in comparison to other studied factors such as food
variety, and food palatability. The effect of PS on total energy intake has been already observed
with different types of foods and beverages, especially with high ED foods. Although a direct
causal link between PS and obesity remains controversial, some health and dietetics
organizations recommend to moderate PS, especially for energy-dense foods. The influence of
large PS was persistent and happened regardless of demographic characteristics such as age,

gender, income level, or body mass index.

5.1. Psychosomatic and emotional status and selected food portion sizes

The main results of article 11, indicate that, in cross-sectional and longitudinal analysis, females
with high motional and peer problems score tend to consume more sugar-fatty food products at
school age adolescents. However, in the longitudinal analysis, higher KINDL score, that refers
to emotional well-being and self-esteem, was associated with consumption of larger PS from

‘milk and yoghurt’ in both genders in school age children. On the other hand, higher peer
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problems score was associated with consumption of large PS from ‘bread and rolls’, ‘margarine

and lipids’, and ‘dairy products’ in all genders and age groups.

Psychosomatic and emotional status and food portion sizes

The theory of emotional eating implies that overeating can occur in response to negative
emotions (142). In 14 years adolescents, it has been found that a high intake of fried food,
cakes, chocolate, biscuits, and soft drinks were linked to poorer behavioural and emotional
problems scores (143). Moreover, previous |. Family study results found that a higher
perception of warmth at home was robustly associated with a 16 % increase in fruits and
vegetables consumption frequency (144) and ED food consumption (58). These results support
our finding in which adolescents’ females with higher emotional and peer problems score tend
to consume larger PS from sugar-fatty food products.

In our study we found that higher KINDL score in children, which meant high well-being, was
associated with consumption of smaller PS from high ED foods. The same finding were
observed in previous studies which found that participants who are in the top 33% on the SDQ
hyperactivity sub-scale at age 7 years were eating a diet high in “junk food” in early childhood
(145). Moreover, positive associations were observed between peer problems and both sweet
and fatty foods consumption, while a negative association was observed for fruits and
vegetables consumption in children (63).

There are several possible explanation for our results; firstly, high ED foods that are generally
rich in fatsand often in added sugars are palatable, easily accessible, and convenient (146). It
was shown that eating palatable foods reduced negative mood in the short run, especially
among emotional eaters (147). The underlying mechanism could be a difference in sensitivity
to the reward properties of food in emotional eaters compared with non-emotional eaters (148,
149). It is also possible that the consumption of such foods relies on their ability to distract
from negative emotions in emotional eaters (150). “Comfort foods” were also posited to
counter the influence of the physiologic effects of stress (150) with blunted hypothalamic—
pituitary—adrenal axis reactivity and cortisol stress responses in emotional eaters (151). Finally,
emotional eaters' preferences for high ED foods could also be explained by the fact that
pleasure may be derived from eating “forbidden” foods in the context of cognitive control

impairment triggered by negative affect (152).
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Gender and age differences

In the present study, associations between emotional status and consumption of PS of high ED
snack foods in both genders were found, with generally stronger associations in females.
However, all of the previous studies in children and adolescents did not take into account
gender differences even though it’s well known that males and females grow in different
dietary pattern especially during adolescence, with boys increasing energy intake in order to
increase satiety and with an important proportion of females controlling their energy intake to
control body weight (153). Moreover, in this age group meal size decreased among females,
while it remains stable or increased among males, highlighting the necessity to stratify by
gender. Among the possible explanations is that comfort foods preferences are influenced by
gender, with females preferring sweet snack foods (154); in addition, ovarian hormones that
were shown to predict changes in emotional status across the menstrual cycle, suggesting that
females would be more susceptible to engage in emotional status at some hormonal phases
(155). Another potential explanation in relation to psychosomatic and emotional status could
be due to an interaction with genetic vulnerability (156). Among older adolescents, the
serotonin-transporter gene-linked polymorphic region genotype was shown to moderate the
relation between depressive feelings and an increase in emotional status in females only (156).
In our study we found that age groups differ in their response to psychosomatic and emotional
status. Several factors may explain the difference according to age for the psychosomatic and
emotional score. Firstly, the diet of primary school children is still highly influenced and
controlled by parents (157). Therefore, psychosomatic children may have a high desire to eat,
but do eventually not get access to the food via their parents or at least not that their parents
know (158). This explains our results of an inverse relation between higher SDQ score, and

large PS consumption from high ED food in children only.

5.2. Food portion sizes, energy and nutrient intakes

In article 1l we found that energy intake increased with elevated intakes of high ED foods.
Specifically, larger portions of cheese and butter and animal fat were significantly associated
with a higher fat intake. Lower intakes of some vitamins and micronutrients were related to
consumption of larger portions of high energy-dense foods, such as ‘desserts and pudding’,
‘margarine and vegetable oil’, and ‘butter and animal fat’. Previous HELENA and other
European studies found that carbohydrate and fat intake were similar to the European food
based dietary guidelines (159), while protein intake was twice as high (121, 160). The findings
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of this study are in line with current dietary guidelines by WHO (161) and European food based
dietary guidelines (159) which recommend choosing cereals, roots, fruit and vegetables, nuts
and seeds, and dairy products as a principal source for carbohydrates intake. These food groups
have higher fibre (except dairy) content and considered as low carbohydrate content food and
low glycaemic index in addition to higher water content (159, 161). We found that lower
intakes of fat were observed when larger portions of sugar-based ED foods were consumed. A

possible explanation for this finding is the ‘sugar—fat see-saw’ phenomenon, i.e., when the
energy percentage from sugar intakes increase, the fat intakes decrease (162, 163).

Moreover, we found that large portions from ‘butter and fats’ were associated with lower
intakes of several vitamins such as vitamin C, vitamin B12 and minerals like calcium, iron,
potassium, and zinc. One possible explanation is that when fat content increased, water-soluble
vitamins content, including niacin, folate, vitamin B12 and vitamin C decreased, as well as

minerals such as iron, and potassium (164).

Inour study, large portions from ‘meat substitutes, nuts and pulses” were associated with higher
intakes of iron, potassium, zinc, and vitamin K. However, when the HELENA study was
performed, the food market of the meat substitutes was not that large and common like it is

today.

In addition, large portions from ‘cheese’ were associated with higher vitamin D intake, and
higher ‘eggs’ PS were associated with higher iron, sodium, potassium, and vitamin B12 intake.
The same results have been found in Irish children and adolescents; their vitamin D intake
increased when large portions from cheese were consumed, while their iron intakes were

significantly increased on the days larger portions of baked beans were eaten (69).

However, the possible explanation of the current observations is food displacement. For
instance, adolescents who consumed large portions from ‘dessert and puddings’ had decreased
intakes of many macronutrients and micronutrients on the days they were consumed. As the
‘dessert and puddings’ cannot be responsible for the decreased micronutrients intake per se,
but it is possible that the consumption of large portions from this food group displaced other
more nutrient-dense snacks, such as fruits or vegetables, from the diet on those days. Moreover,
larger food PS may be associated with increased intake of a specific nutrient as a consequence
of the composition of the food itself. For example, larger portions of ‘cheese’ were associated
with significantly increased vitamin D intakes on the days they were consumed. Finally, food

fortification or enrichments may play an important role in increasing intake of special nutrients,
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such as increasing vitamin D intake when large portions from ‘bread and rolls’ were consumed.

5.3. Food portion sizes and body composition

The main results in article 111 suggested that there is an association between PS of specific
high ED foods and BMI in adolescence. Specifically, ‘Carbonated soft drinks’ in boys and
‘Bread and rolls’ in girls are associated with a high probability of having obesity. Meanwhile,
PS from ‘Sweet bakery products’ was associated with lower probability of having obesity in

girls.

Inthis study, apositive association was observed between PSand BMI for some high ED foods,
and there were differences between plausible reporters and under-reporters. Similarly, a
positive correlation was found for PS of cakes, biscuits, and cheese and BMI in plausible
reporters’ adolescents but not in the under-reporters. Meanwhile, the PS of high-fibre breakfast
cereals was positively associated with BMI in under-reporters and among all adolescents (25).
The possible explanation of the positive association between ‘breakfast cereals’ and BMI is
that may be some type of breakfast cereals contain nuts, sugars, honey, and fruit which
increased the ED. However, it was observed that under-reporter children and adolescents were
more likely to have overweight or obesity than normal reporters (165). Also, subjects with
obesity tend to underreport their consumption to provide socially desirable answers, even in
adolescence (166). Noteworthy, several studies in children and adolescents found that one of
the main reasons of dietary assessment errors was mis-reporting, mainly because of
underreporting (135, 167), which happen frequently in adolescents (168, 169). In this age,
under-reporters generally provide lower intakes of ED foods and snacks than plausible
reporters because they tend to give socio desirable answers (170), easily forget what they
consumed, or/and they tend to have lower ability to report their own dietary intake (171). In
addition, adolescents tend to omit their foods consumption by following a dietary restriction as
a step to reduce their weight (171). Moreover, it has been noticed that the exclusion of under-
reporters or introduced them as covariate can strongly enhance the associations between dietary
factors, including ED foods, and obesity (172).

Contrarily, the possible explanation of an inverse relation between PS of ‘sweet bakery
products’ and BMI in plausible reporters’ girls, is that adolescents with obesity tend to restrict
their intake from sugars and fat foods, as a primary step to reduce weight (173). A hallmark of

PS from these food groups is that they belong to the category of ‘convenience foods’ or fast-
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food chains, which are sometimes packaged for single-serving consumption, and whose PS has

been reported to be increasing such as chocolate, bread, soda, and burgers (174).

Regarding PS from ‘carbonated soft drinks’ and higher probability of having obesity in boys,
it should be considered that, in the last decades, PS of some foods, especially those consumed
in restaurants such as burgers and soda, has increased dramatically concurrently with obesity
prevalence (175). The possible explanation of these results is that liquid carbohydrate such as
those contained in soda, or solid Jelly causes less satiety compared with solid carbohydrate
sources; thus, increasing consumption of energy-yielding fluids that may enhance the positive
energy balance (176, 177).

5.4. Food portion sizes, insulin resistance and metabolic syndrome

The main results of article 1V suggest that there is an association between PS of some food
groups and a metabolic risk score in adolescence. Specifically, we identified that large PS from
‘cakes, pies, biscuits’ in males and females were associated with a higher metabolic risk score.
Meanwhile, PS from “fish’; ‘meat substitutes, nuts, pulses’; and ‘sugar, honey, jams, chocolate’
were associated with a higher metabolic risk score in males.

Portion sizes of specific food groups and VO2 max

We found that larger PS from vegetables in both genders and ‘milk, yoghurt, and milk
beverages’ were associated with higher VO2 max in males, while large PS from ‘margarines
and vegetable oils’ were associated with lower VO2 max. In general, fruit and vegetables are
one of the most abundant source of natural flavonoids Quercetin (134). Noteworthy, these
compounds play an important role as having antioxidant and anti-inflammatory activity, in
addition to the most prominent role which is the ability to increase mitochondrial biogenesis in
both muscle and brain in mice (178). Similarly, it has been found that adolescents with the
highest cardiorespiratory fitness, are the most active (133) and tend to consume more fruits and
vegetables (179).

Portion sizes of specific food groups and metabolic risk score

We found that large PS from high ED foods were associated with higher metabolic risk score
in males. Inthe same vein, a systematic review focusing on European dietary patterns and MS
from various age groups concluded that, high intake of meat or meat products, desserts and

sugar-sweetened beverages, which are considered as good source of saturated fatty acids, salts,
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and added sugars (180), were associated with higher risk of MS (181). In contrast, high intake

from vegetables, fruits, whole cereals and fish were associated with a reduced risk of MS (181).

Interestingly the associations between PS of sugar-rich products such as ‘cakes, pies, biscuits’
and ‘sugar, honey, jams, and chocolate’ were associated with higher metabolic risk score.
Several clinical studies have confirmed that sucrose and mainly fructose induce MS in adults
(182, 183, 184). In addition, sugar sweetened beverages consumption has the same result on
MS development, which may be explained by less satiety-inducing effects and a high-
glycaemic-index, thus raising the postprandial glucose levels (185, 186). The mechanism was
related to the inability of sugar to acutely stimulate insulin and leptin and to inhibit ghrelin,
that are known to affect the satiety centre in the central nervous system (187). Moreover,

sweetness of fructose or sucrose often makes food more palatable and this may stimulate an
increase in food intake (188).

Portion sizes of specific food groups and HOMA-IR index

Our results indicated that males with lower HOMA-IR values, were consuming higher mean
PS from ‘vegetables’, and ‘milk, yoghurt and milk beverages’. At the opposite, females with
higher HOMA-IR values, were consuming high mean PS from ‘butter and animal fats’. These
results are in line with other studies which observed that consumption of vegetables, low-fat
dairy, cruciferous vegetables, tomato, chicken, beans and low consumption of butter, red meat
and cereals were associated with low levels of HOMA-IR in adults (189). A previous HELENA
study also found that nuts, chocolates, burgers and meat stick frequently consumption in
females, and burgers and pizzas in males, were directly associated with HOMA-IR index (94).

Moreover, a marked preference for sweet and low fruit consumption and insulin resistance
were observed in other study in adolescents (97).

The possible explanation of these results is that vegetables, fruits, and cereals are a good source
of antioxidants mainly polyphenols, and fibres, in addition to the significant amount of
magnesium, calcium, potassium and having a limited amount of sodium which play an
important role in insulin resistance in all age groups (190, 191). For instance, individuals with
low levels of serum magnesium have impaired blood sugar levels (19); it has been found that

the lack of magnesium can result in disordered transfer of the cellular glucose, which influence
in insulin signalling pathways or even reduce the pancreatic secretion of insulin (192).

Moreover, type and quality of fats in the diet play an important role in homeostasis and insulin

sensitivity (193). It seems that the fatty acid combination or fat type can affect independently
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on insulin function and lead to change the cellular sensitivity to insulin (194, 195).
Consumption of milk and yogurt is another factor that has been examined on insulin resistance
syndrome; studies have shown that the daily consumption of dairy and calcium may cause a
reduction of the insulin resistance syndrome, cardiovascular disease, blood pressure, and stroke
in young adults (24, 189). These could be explanation on our results in which males with lower

HOMA-IR values were consuming higher mean PS from milk, yoghurt, and milk beverages.
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5.5. Strengths and limitations

The articles included in this Doctoral Thesis are based on the initial (TO) and follow-up
assessment (T1) of IDEFICS and I. Family (T3) and on the HELENA cross-sectional study.

IDEFICS/I. Family study

The main objective of the design of this study was to obtain comparable regions for the
development of the intervention, also including a control group. Due to economic limitations
and practical considerations, the IDEFICS/I. Family study did not attempt to obtain a
representative sample from each country. In addition, since it was a study in which
parents/guardians were contacted through schools, it is possible that those individuals without
health problems or less aware of their children's health may have presented less motivation to
participate. Also, the participation of groups of low and high socioeconomic levels is usually
low in this type of study. Without information on non-participants in the study, this bias cannot
be guantified. These limitations must be considered when interpreting the data, stratifying by
level of education, income, immigration status, and other sociodemographic characteristics.
Regarding the socioeconomic distribution in the different participating countries, a low
representation of families of low socioeconomic status was observed in the samples of some

countries.

The strength of this study is its large, international sample comprising eight European
countries, and the longitudinal nature allowing studying emotional status and their relationship
with food PS in a larger context than has previously been done. In addition, the fieldwork in
the survey centres was performed at the same time using the same standardized protocol. In
order to increase the accuracy, highly standardized and validated procedures were used to
collect the data. Nevertheless, in article Il there were some specific methodological issues.
Firstly, this study only assessed a limited number of psychosomatic and emotional outcomes,
which were exclusively parent-reported and did not consider children’s perspectives.
Unfortunately, we could not examine the severity of the psychosomatic and emotional status
as the IDEFICS/I. Family parental questionnaire did not allow to study this objective. Also, a
selection or non-participation bias related to education or income level, as well as a response
bias cannot be ruled out and may, thus, have influenced prevalence results in both directions
(100).
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HELENA study

The adolescents’ samples in the HELENA study are representative of 10 selected European
cities. Selection of participant cities was not random, but was decided according to established
criteria, which is the existence of a research group with the capacity to carry out this study. In
addition, the cities had to have a population greater than 100,000 inhabitants and be equivalent
and comparable in relation to each of the countries and with a large enough sample to ensure
the diversity of the population. The schools were randomly selected after stratification by
school district. Once again, this mode of contact with parents/guardians and the adolescents
themselves can give rise to a bias, as only those subjects who have a real concern for the health
of their adolescent consent to participate. In order toincrease the accuracy, highly standardized

and validated procedures were used to collect the sample and assess anthropometric
measurements.

The cross-sectional design of the HELENA study does not allow us to assess the behaviour
over a period of time and did not provide information in determining the cause-and-effect
association. Moreover, the HELENA study was performed some years ago and not as accurate
as the reality now. Also, self-reported questionnaires were used for collecting the food
consumption data, and therefore, a recall bias must be considered. The information from
holidays or from Fridays and Saturdays was not included, as the 24-h recalls were completed

during school days. are considered as the main limitation of all articles (11-V)

However, there are some specific strengths and limitations that need to be taken into account

for each paper included in the present thesis:

Article (I11), in which we investigated the association between food PS, energy and nutrient
intake, there were several strengths. Firstly, the dataare based on two 24-h recall of food intake
that have been collected from a wide geographical spread and with large cultural dietary
diversity. The present study is the first to investigate the association between the food PS and
energy, macronutrients and micronutrients intake among European adolescents. The work is
novel for its focus on examining a wide range of foods, rather than just high ED foods, which
are more typically involved in discussions on food PS. The on the other hand, main limitation
of the current work is the high percentage of under- and over-reporters that were detected and
the exclusion of all under-reporters and over-reporters could have introduced a secondary
‘selection bias’ to this analysis. The intake data for Vitamin D is difficult to assess because of

the high amount of fortified foods which was not included in the food databases. In addition,
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vitamin D intake is not a strong determinant for vitamin D status; the most important factor is

the skin production within sunlight exposure.

Article (1V), was the first study that investigate the association between the PS of selected high
ED foods and body composition among European adolescents. Although residual confounding
should be considered when interpreting the results, potential confounders such as age, PA, and
SES were taken into account. However, the main limitation is that ED was not calculated from
the food groups, so the main selected criteria for analysis were based on those foods identified
in other studies as high sources of energy.

In article V, where we assessed the relationship between food PS insulin resistance, VO2 max
and metabolic syndrome, there were several strengths in this study that need to be mentioned.
To our best of knowledge, the present study is the first to investigate the association between
the PS of different food groups and both insulin resistance and metabolic risk among European
adolescents, considering potential confounders such as age, total energy intake, BMI, PA, city
and maternal education. In order to increase the accuracy, highly standardized and validated
procedures were used to collect the sample and assess anthropometric measurements. Despite
the limitation, these results may suggest useful information to promote proper selection of
healthy foods for early prevention of MS and other health concerns. However, the main
limitation of this study is the relatively small sample size. Moreover, the food groups did not
differentiate between type of chocolate (black, with milk, etc) and artificially sweetened

products from sugar-sweetened products.
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5.6. Implications for public health

The main results obtained in this Doctoral Thesis support the theory that, on one hand, large
food PS are associated with obesity and other metabolic complications in adolescence, on the
other hand, that emotional status could be a trigger to consume large PS from unhealthy food
groups especially high ED food in children and adolescents, which could be a trigger to
overweight in early stages of life.

These results justify the implementation of preventive strategies on lifestyles, with special

emphasis on diet, to prevent obesity and related health complications in adulthood.

In article | of this Thesis, it has been described that food and drink PS have been increasing in
recent years. However, it has not been possible to establish a direct causal link between large
food PS, especially in the case of high ED foods, and obesity as well as certain MS features.
This result is important to develop a well-articulated research framework that systematically
tests the interaction between selection of food PS and development of obesity, insulin
resistance, and metabolic syndrome in both children and adolescents. Article Il shows an
association between psychosomatic and emotional status and consumption of large PS from
unhealthy food groups, especially high ED foods in children and adolescents. These findings
call for a consideration of individual psychological states when aiming decreasing unhealthy
dietary habits, especially in females. Moreover, children and adolescents should be trained on

their emotional coping skills such as problem-solving thinking or asking help instead of seeking
solace in food.

The nutrient intake from an early age influenced by the food PS in which large portions
consumption can lead to positive energy, and nutrient intakes. In practice, the consumption of
nutrients is carried out in a combined way in the form of food. For this reason, conducting
studies that assess the association between food PS and macronutrient and micronutrients
intake, such as the analysis carried out in article 111 of this Thesis, is of greater clinical
relevance when designing clinical practice guidelines to prevent malnutrition. The results of
this article support the recommendations found in the guide of the Panel of Experts and the
NAOS strategy, in which it is proposed to increase the consumption of fruits and vegetables
and reduce the consumption of sugary drinks, to increase the intake of minerals, vitamins and
fibre, while reducing the energy supply.

Additionally, in article 1V of this Thesis, we have analysed associations between PS of high

ED foods and obesity in European adolescents. The results of this article have great clinical
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implication as they show that there is a relationship between food PS consumption mainly high
ED food and the risk of obesity. Thus, not only foodsindividually, but the dietas a whole, must
be considered when establishing preventive guidelines for obesity, trying to avoid the
development of insulin resistance and other metabolic disorders. When proposing prevention
strategies, the dietas a whole should be the main objective. Regarding the relationship between
food PS and IR, VO2 max and metabolic syndrome, it must be considered that food PS is a
precursor of the development of insulin resistance, and cardiorespiratory fitness which, in turn,
are also related with cardiometabolic disturbances. On other hand, article V has shown that, as
early as adolescence, larger PS from dairy products, cereals, and high ED foodsare a significant
determinant of IR and VO2 max and larger PS from food with higher content of sugar were
associated with higher metabolic risk score. These findings suggest that intervention studies

should focus on the food PS, and not only on the potential effect of food habits and ED, in
order to prevent insulin resistance and metabolic risk in youth.

A lack of articles has been found on the relationship between food PS and both of obesity, MS
development, and emotional status as exposure, so this Thesis contributes to increase the
scientific evidence on the importance of a healthy diet, from initial stages of life. In the future,
longitudinal studies that explore these associations should be promoted to confirm the results
obtained and thus be able to promote effective prevention strategies, with the aim of reducing
metabolic complications in adulthood.
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6. Main contributions of the thesis

This thesis highlights important results that can be relevant from future studies that aim to
assess PS and its associations with obesity and some cardiometabolic complications. The
articles included in the thesis add relevant information obtained on the European child and
adolescents’ population, regarding various aspects such as food PS, food intake, body

composition, eating behaviours, and other variables.
These studies will be helpful to:

Article I: Assess theactual impact of PS in children’s and adolescence’s health such as obesity,

insulin resistance and other metabolic disorders, as there are not prior reviews assessing these
associations.

Article 11: Estimate the association between psychosomatic and emotional status on food PS
from high ED groups in childhood and adolescence and innovate ideas that may contribute to
delay its effect on eating large food portions. This could include providing individualized
counselling, creating personalized nutrition plans, and offering support from family and
friends. Take into consideration individual psychological states when aiming to decrease
unhealthy dietary habits in children.

Article H1: This study could act as helpful guide to plan suitable nutritional and health
prevention programs for children and adolescents as we investigated the associations between
PS and macro and micronutrients. Prevent malnutrition is key to avoid comorbidities related to

dietary intake of large PS by identifying age dependent optimal amounts of foods per portion.

Article 1V: Identifying subjects at risk of having obesity or at risk of having cardiometabolic
complications by identifying their PS could help to develop tailored diet restriction plans.
Enhance nutritional status of children by educating parents about the role of large PS, high ED

foods on obesity and encourage them to change food patterns, and lifestyle.

Article V: The findings of this study suggest that intervention studies should focus on the food
PS and not only on the potential effect of food habits and high ED. Innovate ideas that may
contribute to encourage people and delay the effect of large PS on obesity, insulin resistance,
and other metabolic syndrome features according to, culture, lifestyle pattern and socio-
economic status. This could involve providing education and resources on healthy eating and

exercise habits that could help people make better decisions about their health. In addition, to
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create a supportive community of peers who are also trying to make healthier choices could

support individual choices.
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7. Conclusions

Article 1. PS of food and beverages has been increasing in the recent years. Although it has
not been possible to establish a direct causal link between large food PS, especially from high
ED foods, with obesity and certain metabolic syndrome features. To date there are no long-
term randomized controlled trials to assess the exposure to large portions and the changes on
body weight. Clearly, there is an urgent need to develop a well-articulated research framework
that systematically tests the interaction between selection of food PS and development of

obesity, insulin resistance and metabolic syndrome in both children and adolescents.

Article 1. According to the main results, emotional status may be a factor that leads to larger
PS of unhealthy food groups, particularly in female adolescents, which could be linked to
overweight. Generally, children and adolescents tend to eat smaller portions of ED food, which
may be due to parental control of their food choices. However, it is important to teach children
and adolescents how to cope with their emotions in a healthy way, such as problem-solving
thinking or asking for help instead of using food as a source of comfort. These findings suggest
that individual psychological states should be taken into account when attempting to reduce
unhealthy dietary habits, particularly in females. Further research is needed to determine the

causal links and investigate the mechanisms that connect emotional status, larger food portion
sizes, and weight status.

Article 111. Large food PS may be associated with positive energy and nutrient intake. Large
portions of ‘rice and other grains’, ‘starch roots and potatoes’, and ‘meat substitutes, nuts, and
pulses’ were associated with increased carbohydrate and fibre intake. Larger portions of
‘cheese’ and ‘butter and animal fat’ were significantly associated with a higher fat intake.
Lower intakes of some vitamins and micronutrients were noted when larger portions of high
energy-dense foods, such as ‘desserts and pudding’, ‘margarine and vegetable oil’, and ‘butter
and animal fat’, were consumed. The present work identifies which large food PS may be
associated with positive nutrient intake. Moreover, the findings from this study may help the
future development of dietary guidance in general and specific to PS, and support targeted

strategies to address the intake of certain nutrients in adolescents.

Article 1V. large PS of ‘sweet bakery products’ were found to be associated with a lower body
composition among plausible females’ reporters, while increase PS from ‘breakfast cereals’
groups were correlated with higher BMI in males. Moreover, in subjects who were considered

as plausible reporters, the results showed that large PS from ‘carbonated soft and isotonic
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drinks’ in males and ‘bread and rolls’ in females were associated with higher probability of
having obesity, while large PS of ‘sweet bakery products’ is associated with lower probability
of having obesity in females. Further studies are needed to examine the prolonged exposure to
large PS from several high ED food sources and their effect on obesity development. If results
are confirmed, this should be followed by nutritional health promotion programs directed to

European adolescents to enhance their PS food selection.

Article V. Large PS from ‘cakes, pies, biscuits’ were associated with higher metabolic risk
score, meanwhile PS from fish’, ‘meat substitutes, nuts, pulses’ and ‘sugar, honey, jams,
chocolate’ were associated with higher metabolic risk score in males. Noteworthy, these results
suggests that there are associations between PS of sugar-based foodsand metabolic risk already
in adolescence. Large PS from ‘vegetables’, ‘cereals’ and ‘dairy products’ improves the VO2
max and might reduce the risk of developing insulin resistance. Overall, these findings suggest

that intervention studies should focus on the food PS, and not only on the influence of food
habits and energy density, in order to prevent insulin resistance and metabolic risk in youth.
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7. Conclusiones

Articulo I: Las porciones de los alimentos y bebidas ha ido en aumento en los ultimos afos.
Aunque no ha sido posible establecer una relacion causal directa entre las grandes pociones de
los alimentos, especialmente de los alimentos de alta DE, con la obesidad y ciertas
caracteristicas del sindrome metabdlico. Hasta la fecha, no existen ensayos controlados
aleatorios a largo plazo para evaluar la exposicion a porciones grandesy los cambios en el peso
corporal. Claramente, existe una necesidad urgente de desarrollar un marco de investigacion
bien articulado que pruebe sistematicamente la interaccion entre la seleccion de porciones de
alimentos y el desarrollo de obesidad, resistencia a la insulina y sindrome metabdlico en nifios

y adolescentes.

Articulo I1: De acuerdo con los principales resultados, el estadoemocional puedeser un factor
que lleve a mayores PA poco saludables, especialmente en adolescentes femeninas, lo que
podria estar relacionado con el sobrepeso. En general, los nifios y adolescentes tiendena comer
porciones mas pequefias de alimentos de alta DE, lo que puede deberse al control parental de
sus elecciones alimentarias. Sin embargo, es importante ensefiar a los nifios y adolescentes a
lidiar de manera saludable con sus emociones, como el pensamiento de resolucion de
problemas o pedir ayudaen lugar de usar la comida como fuente de consuelo. Estos hallazgos
sugieren que los estados psicologicos individuales deben tenerse en cuenta al intentar reducir
los hébitos alimenticios poco saludables, especialmente en las mujeres. Se necesitan méas
investigaciones para determinar los vinculos causales e investigar los mecanismos que

conectan el estado emocional, las porciones de alimentos méas grandes y el estado de peso.
Articulo I1I:

Las grandes PA pueden estar asociadas con una ingesta energética y de nutrientes positiva.
Grandes porciones de ‘arroz y otros granos’, ‘raices y tubérculos almidonados’, y ‘sustitutos
de carne, nueces y legumbres’ se asociaron con un aumento en la ingesta de carbohidratos y
fibra. Porciones mas grandes de ‘queso’ y ‘mantequilla y grasas animales’ se asociaron
significativamente con una mayor ingesta de grasas. Se observaron ingestas mas bajas de
algunas vitaminas y micronutrientes cuando se consumieron porciones mas grandes de
alimentos de alta densidad energética, como ‘postres y budin’, ‘margarina y aceite vegetal’, y
‘mantequilla y grasas animales’. El presente trabajo identifica qué grandes PA pueden estar
asociadas con una ingesta de nutrientes positiva. Ademas, los hallazgos de este estudio pueden

ayudar al desarrollo futuro de orientacion dietética en general y especificamente para
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porciones, y apoyar estrategias dirigidas para abordar la ingesta de ciertos nutrientes en
adolescentes.

Articulo 1V: Se encontr6 que las porciones grandes de ‘productos de panaderia dulce’ estaban
asociados con una composicion corporal mas saludable entre las chicas, mientras que el
aumento de las porciones de los grupos de ‘cereales para el desayuno’ se correlaciond con un
indice de masa corporal mas alto en los chicos. Ademas, en los sujetos que se consideraban
informantes plausibles, los resultados mostraron que una gran porcién de ‘bebidas
carbonatadas e isotonicas’ en hombres y pan y panecillos’ en mujeres se asociaron con una
mayor probabilidad de tener obesidad, mientras que una gran porcién de ‘bebidas dulces’,
‘productos de panaderia’ se asociaba con una menor probabilidad de tener obesidad en las
mujeres. Se necesitan mas estudios para examinar la exposicion prolongada a grandes PA de
varias fuentes de alimentos de alta DE y su efecto sobre el desarrollo de la obesidad. Si se
confirman los resultados, esto deberia ir seguido de programas de promocién de la salud
nutricional dirigidos a los adolescentes europeos para mejorar las porciones de los alimentos y
la seleccion de éstos.

Articulo V: Las porciones grandes de ‘pasteles, tartas y galletas’ se asociaron con una
puntuacion de riesgo metabdlico mas alta, mientras que las porciones de ‘pescado’,
‘sucedaneos de la carne’, ‘nueces y legumbres’ y ‘azucar, miel, mermeladas y chocolate’ se
asociaron con una puntuacion de riesgo metabolico mas alta en los chicos. Cabe destacar que
estos resultados sugieren que existen asociaciones entre las porciones de los alimentos a base
de azucar y el riesgo metabolico ya en la adolescencia. Una porcion elevada de ‘vegetales’,
‘cereales’ y ‘productos lacteos’ mejor6 el VO2 max. y podria reducir el riesgo de desarrollar
resistencia a la insulina. En general, estos hallazgos sugieren que los estudios de intervencién
deben centrarse en las porciones de alimentos, y no solo en la influencia de los habitos

alimentarios y la densidad energética, para prevenir la resistencia a la insulina y el riesgo
metabolico en los jovenes.
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9. Appendix

Impact factor and quartile of the journals in "SI Web of Knowledge - Journal Citation Report

(JCR)™ in their corresponding area and the year of publication.
(INDEX TABLE MODE)

ARTICLE I: Food portion sizes, obesity and related metabolic complications in children and
adolescents (2021). Nutricién Hospitalaria. Impact Factor 1.169 (2021). Rank 79/90 (Nutrition
& Dietetics).

ARTICLE Il: The association between psychosomatic and emotional status and selected food
portion sizes, in European children and adolescents: IDEFICS/I. Family study. (Submitted to

nutrition)

ARTICLE Il1: Food portion sizes and their relationship with energy, and nutrient intakes in

European adolescents: the HELENA study. (2022) Nutrition. Impact Factor 4.893 (2021). Rank
33/90 (Nutrition & Dietetics).

ARTICLE IV: The Association between Portion Sizes from High-Energy-Dense Foods and
Body Composition in European Adolescents: The HELENA Study. (2021). Nutrients. Impact
Factor 6.706 (2021). Rank 15/90 (Nutrition & Dietetics).

ARTICLE V: Associations between food portion sizes, insulin resistance, VO2 max and
metabolic syndrome in European adolescents: the HELENA study. (2022). Nutrition
Metabolism and Cardiovascular Diseases. Impact Factor 4.666 (2021). Rank 52/143 (Cardiac
& Cardiovascular systems). Rank 39/90 (Nutrition & Dietetics). Rank 59/146 (Endocrinology
& Metabolism)

The articles have been carried out with data from three European projects:

- IDEFICS study (Identification and prevention of dietary- and lifestyle-induced health effects
in children and infants). The project funded by the European Union: European Union Sixth
RTD Framework Program (contract FOOD-CT-2006-016181-2). Coordinator: Wolfgang

Ahrens. www.idefics.eu .

- |. Family study (Investigating the determinants of food choice, lifestyle and health in
European children, adolescents and their parents) coordinated by the University of Bremen and
BIPS — the Institute for Epidemiology and Prevention Research under the joint leadership of

Professor Wolfgang Ahrens, Professor Iris Pigeot and Dr Alfonso Siani of ISA-CNR. This
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project has received funding from the European Union’s Seventh Framework Programme for
research, technological development and demonstration under grant agreement no 266044,

www.ifamilystudy.eu .

- HELENA study (119). Project funded by the European Union: European Union Sixth RTD
Framework Program (Contract FOOD-CT-2005-007034). Coordinator: Luis Alberto Moreno

Aznar. www.helenastudy.com .
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11. Annex

Questionnaires which this Doctoral Thesis has been based on are presented below.
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ideficsstudy Logo of

Please stick the ID_no (7 digits)
Version 2009-11-16 child’s ID here.

national institution




Dear parents

You and your child are participating in a large European study. The aim of the study is to
provide data and new insights, in order to improve the health and conditions for development
of the young generation in Europe. You were selected to represent [insert country] in this
study. In participating, you have taken on a highly responsible task, and for this, we wish to

thank you.

Your answers will be treated in accordance with the regulations regarding data protection.
Our project has been checked by the data protection authorities and the ethics committee.
The information you provide will be evaluated completely anonymously. It will not be
possible for another person to determine the name of the respondent to which the

information applies.

Not all children live with both their natural parents. You can indicate in the questionnaire
which parent the child lives with most of the time. For questions relating to the mother or
father, or the parents, we mean the people whom the child lives with in the home. The
words “mother” or “father” also describe the people who represent the child’s biological

parents, such as the father’s partner, the child’s stepfather, etc.

You are welcome to contact us at any time should you have any questions, or require further

explanation.

Institute name
Address
Phone

Website
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Instructions for filling out the questionnaire

The questionnaire contains answers and statements to be
marked with a cross. Please give one answer, unless stated O
otherwise.

If you are asked to write down text, please use the lines
provided.

For questions referring to a quantity or date, please use the L L
boxes for filling in the required data. —

Only skip a question when the following applies: «m) =P =P Please continue
with question ...”

If youwant to amend a written answer, please cross out the -
written words and enter the corrected answer above the “When my child was |« |
cancelled words. months old.”

If youwould like to correct a marked answer, please
completely cross out the wrong answer and mark the desired
answer.

1 Breakfast

2 Lunch

General information

1. What is your relationship with the selected child?
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Ol Biological parent

Oz Adoptive parent relation
Os Stepfather or stepmother

04 Parentin a foster home

Os Other, please specify: relation_t

. You are:

Ol Male sex Oz Female

How old are you?
Please give the ages of parents with whom the child is living.

Mother Father
| |years age m __| years age f

. What is your height and weight?

Please give information for parents with whom the child is living.

Mother Father
Height (cm)  height. m  |_|_|_| height_f |_|_|_|
Weight (kg)  weight m ||| weight f | _|_|_|

. What is the date of birth of the child?

Write day, month, and year.

|| [Day|__|__|Month|__|__| | __|VYear dob_dd, dob_mm, dob_yy
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6. What sex is the child?

O 1 Male sex_child Oz Female

7. How many persons live permanently in the household where your child usually

lives?
Number of persons (adults and children): |__|_| persons. househ
Number of persons below 18 years: |__|__| person(s). househ u18

8. Who does your child live with most of the time?
Please tick the answer that applies most.

Ol With his/her parents

Oz With his/her mother

Os With his/her mother and her new partner cohabit
4 With his/her father

s With his/her father and his new partner

Oe Half of the time with his/her mother and the other half with his/her father
07 With his/her grandparents or other relatives
Os With foster parents or adoptive parents

9 In an institution e.g. orphanage

Q. Elsewhere, please specify: cohabit_t

9. How many older and younger siblings does your child live with?
Countalso half brothers and sisters / siblings in-law.

My child livestogetherwith |___ | | older siblings. siblingold
My child lives togetherwith | | | youngersiblings. siblingyou
My child lives togetherwith |__|___ | siblings of the same age. jpjingsam
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Oo My child does notlive together with any siblings. siblingno
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Day-care, pre-school and school

10.Do you currently use a day care service or have a babysitter for your child?

daycare_h

Ol Yes, for approximately | | | hours per week.

daycare
Q. No =>=>=>» Please continue with question 12.

11.Which of the following types of day-care or babysitting do you mainly use
for your child?
Please tick each that applies.

daycare_1 Ol School day-care service

daycare_2 Ol Other day-care service or centre (including one located in the workplace)
daycare_3 Ol A child’s brother or sister baby-sits the child in your home

daycare_4 Ol A relative other than your child’s sibling baby-sits the child in your home
daycare_5 Ol A non-relative baby-sits the child in yourhome

daycare_6 Ol A relative baby-sits your child elsewhere

daycare_7 Ol A non-relative baby-sits your child elsewhere

12.1s your child ever left on his/her own, for example, before or after kinder-
garten, pre-school or school?

_ alone_h
Ol Yes, approximately | | | hours per week.

(:)2 No

alone

13.Does your child currently attend kindergarten, pre-school or school?

Ol He/She currently attends kindergarten/pre-school.

o school_gr
school Oz He/She currently attends school and visits the | |. grade.
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03 He/She (still) does not attend kindergarten, pre-school or school.

=>»=>=>» Please continue with question 19.

14.How often does your child usually eat kindergarten, pre-school or school

meals?

Please tick each meal that applies.

Daily during Several Once a On fewer
the week times per week occasions /
week never
smeabreak | Breakfast Q. Q. Q. Q,
smeallunch Lunch Ol Oz 03 04
smealdn | Dinner Q. Q. Qs Q.
smealot Other, please specify: Ol 02 03 04
smealot_t
smealnone
Ol My child usually does not eat kindergarten, pre-school or school meals.
15.Do you regularly give your child money to buy food before, at, or after
kindergarten, preschool or school (e.g. for vending machines, vending
trucks, kiosks)?
Ol Yes
money2buy
2 No
16.How far is your child’s kindergarten, pre-school or school located from
your home?
Ol Up to 1 kilometre
Oz From 1 kilometre to 2 kilometres
waylength

Os From 2 kilometres to 3 kilometres
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04 From 3 kilometres to 4 kilometres

Os 4 kilometres or more

17.How does your child usually get to/from kindergarten, pre-school or

school?

Please tick any applying answer for the travel back and forth.

Travel forth

Travel home

Walking

w alking_o1

Ol walki

Cycling

Y cIing_fO1

Ol cyclin

By school bus and/or public transport

blis_f Ol

Ol bus |

By car

cgr_f Ol

Ol car_h

Other, please specify:

transpo_b
1

1
trang

18.1f your child covers (parts of) the distance walking and/or cycling:
What distance has he/she to walk or cycle to kindergarten, pre-school or
school per day (please count both ways, back and forth)?

Approximately |
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Pregnancy and early childhood

cons_beer

cons_liq

cons_whis

smoke_cig

smoke_tob

The questions on pregnancy relate to the child’s biological mother.
In case that you are not the biological mother, =»=2»=®» Continue with question 23!

19.What was your age at the birth of your child?

age_birth

| was |__|__| years old at the birth of my child.

20.How often did you consume alcoholic beverages during the pregnancy with

your child?

Never

Once a
month or
less often

Several
occasions a
month

Several
occasions a
week

or similar

Beer, wine, sparklingwine

O

Qs

Q.

similar

Sherry, port, liqueur or

O

Qs

Q.

or similar

Whisky, vodka, schnapps

O

Qs

Q.

21.How often did you smoke during your pregnancy with your child?

Never

Rarely, at
maximum
oncea
month

Several
occasions
a week

Daily

Cigarettes

O

Q>

Qs

Q.

Other tobacco products

O

Q>

Qs

Q.

22.How many kilograms did you gain in total during pregnancy with your

child?

preg_w_up
| gained approximately |__| | kilograms.
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23.In which week of pregnancy was your child delivered?

weeksearly

birth term Ol My child was delivered preterm, |__|__| weeks before calculated date of birth

Oz My child was delivered in time or late.

24.\Was a C-section done?

Ol Yes c_section Oz No

25.What was the weight and height of your child at birth?

birth_w birth_h
Approximately |__|_|__|__|grams |__|__| centimetres

26.Did your child suffer from health problems during the first four weeks after
birth?

Please indicate all health problems that occurred.

hp_resp Ol Respiratory difficulties, adjustmentdisorders
hp_inf Q1 Infection
hp_jaund Ol Jaundice

hp_underw Q. Underweight, premature birth

hp_other Ol Other, please specify: hp_other _t
hp_none Ol My child did not suffer from health problems during the first four weeks
after birth.

27.At what age was your child’s diet fully integrated into the usual
household’s diet?

hd_month
When my child was |__|__| months old.

hd_not Ol My child’s diet is not yet fully integrated into the usual household diet.
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breastf

breastc

formula

feed

28.What type of feeding was used with your child prior to being fully

integrated into the usual household diet?

Please tick all applying answers and give the starting and ending age of your

child when the specified type of feeding was used.

Type of feeding Starting age Ending age
Exclusive breast-feeding hreadif sl breadtf eh
1 — —
months months
Breast-feeding in combination with other types of | | | brealtc eh
1 feeding - B
months months
Formula milk
Q] formyla_s{ formyila_epn
months months
O Other types of infant feeding — please specify: dtfeet_st| dtfeeld_ed
! otfeed_t months months
29.At what age did you first introduce...
Type of food Age of the child when this
type of food was introduced
Cereals or food containing rye, wheat or barley Atmonth|__ | |
intrcereal (<please include country-specific examples>)
intrveget Vegetables Atmonth|__ | |
intrfruit Fruit Atmonth |___ | |.
intrmeat Meat Atmonth | ||
intrcowm Cow milk Atmonth |___ | |.
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Family Lifestyle

relation_1

relation_2

relation_3

relation_4

relation_5
relation_6

relation_7

famdescr_1

famdescr_2

famdescr_3

famdescr_4

famdescr_5

famdescr_6

child?

30.To what extent would the following describe your relationship to your

Not true

Hardly
true

Rather
true

Exactly
true

| ask what my child is doing with
his/herfriends.

Qo

O

Q>

Qs

| tell my child when she/he does a
good job.

Qo

Q.

Qo

Qs

| am pleased with the behaviour of
my child.

Qo

O

Q>

Qs

| sometimes forget the rules | make
for my child.

Qo

O

Q>

Qs

| can be talked into things easily by
my child.

Qo

Q:

Q>

Qs

| am often too busy to talk to my
child.

Qo

O

Q>

Qs

| like my child just the way he/she is.

Qo

O

Q>

Qs

31.To what extent would the following describe your family?

Not
true

Hardly
true

Rather
true

Exactly
true

We get along with each other really well.

Q.

Q.

We often go on trips together.

Q.

Q.

No weekend passes without having
undertaken something.

Q.

Q.

At ourhome itis laid down quite exactly
whatis allowed and what not.

At home we are rather tolerant when
things do not succeed a hundred per
cent.

On weekendsitis often quite boring at
home.
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coneedpers

childst_01

childst_02

childst_03

childst_04
childst_05

childst_06

childst_07

childst_08

childst_09

childst_10

definitely rely on in cases of need?

Ol
OZ
Qs
O4

Nobody
1 person
2 to 3 persons

More than 3 persons

33.Below you find some statements regarding children.

32.How many persons — including your family —do you know that you can

Please indicate how much you agree or disagree with each statement.

Agree

Moderately
agree

Moderately
disagree

Disagree

When children are significantly overweight
or underweight, Social Services should
step in.

O

Q>

Qs

Q.

The school has a responsibility for making
sure my child gets enough exercise.

O

Q>

Qs

Q.

If a child is significantly overweight, it is
primarily the responsibility of the parents.

O

Q>

Qs

Q.

Parents have the main responsibility for
helping their children be fit and active.

Q;

Qo

Qs

Q.

| restrict my child’s outdoor activities for
safety reasons.

O

Q>

Qs

Q.

| don'’t like to let my child walk/cycle to
kindergarten, pre-school or school for
safety reasons.

O

Qo

Qs

Q.

| feel that the authorities don’t do enough
to support healthy eating.

O

Qo

Qs

Q.

There should be a controlled restriction on
advertising of high-fat and high-sugar
foods.

O

Q>

Qs

Q.

Very unhealthy foods should be highly
taxed while healthy foods should be
subsidised.

O

Q.

Qs

Q.

Children’s TV, electronic games and
computer use should be restricted by their
parents.

O

Q.

Qs

Q.
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healthst_1
healthst_2
healthst_3
healthst_4

healthst_5

healthst_6
healthst 7
healthst_8

healthst_9

Health and well-being

34. Each item below is a statement about your health to which you may agree

or disagree.

Please mark for each statement the extent to which you agree or disagree.

Agree Moderately Moderately Disagree
agree disagree

If | see an excellent doctor regularly, | am
less likely to have health problems. Ol OZ 03 O4
It seems that my health is greatly influenced
by accidental happenings. Ol Oz Os 04
| can only maintain my health by consulting
health professionals. Ol Oz 03 O4
Whatever goes wrong with my health is my
own fault. Ol Oz Os 04
When | feelill, | know it is because | have
not taken care of myself properly. Ol OZ OB 04
The type of care | receive from other people
!ﬁr::g)onsmle for how well | recover from an Ol Oz Os 04
[ .
Even when | take care of myself it's easy to
get sick. Ol Oz 03 04
When | becomeiill it's a matter of fate. Ol Oz 03 04
| can pretty much stay healthy by taking
good care of myself. Ol Oz 03 04

35.How would you describe the general health of your child?

Ol Very good

Oz Good

chidheath Qs Fair

04 Bad

Os Very bad

36.Do you think your child is...

Ol Much too underweight?
Oz Slightly too underweight?
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chidweight (D3 Proper weight?

04 Slightly too overweight?

Os Much too overweight?

37.How concerned are you about your child...

Unconcerned A little Concerned Very
concerned concerned
...eatingtoo much
chldconc_1 | when you are not Oo Ol 02 03
around him/her?
...havingtodiet to
chldconc_2 | maintain a desirable Qo Q. Q. Qs
weight?
chldconc_3 | ...becomin
- overweightg? Qo Q. Q. Qs
chidconc_4 | ...becoming
underweight? Qo Q. Q. OF

38.Emotional well-being

emot_wb_1

emot_wb 2

emot_wb 3

emot_wb 4

During the last week...

Not at all

Hardly
ever

Sometimes

Often or
always

... my childlaughed and had
lots of fun.

Qo

Q.

Qs

... my child did not feel much
like doing anything.

Qo

Q.

Qs

... my childfeltlonely.

Qo

O,

Qs

... my chid was insecure or
anxious.

Qo

O

Qs

39.Self-Esteem

self est 1

During the last week...

Not at all

Hardly
ever

Sometimes

Often or
always

... my child was proud of
him/herself.

Qo

Q>

Qs
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self est 2

... my childfelton top of the
world.

Qo

Qs

self est 3

... my child liked him/herself.

Qo

Qs

self est 4

... my child had many good
ideas.

Qo

Qs

40. Family

family 1

family_2

family 3

family_4

During the last week...

Not at all

Hardly
ever

Sometimes

Often or
always

... my child got on well with
usas parents.

Qo

Q.

Qs

... my child feltfine at home.

Qo

Q.

Qs

... we had heated arguments
at home.

Qo

Q.

Qs

... my childfelt patronised by
us.

Qo

Q.

Qs

41.Social Contacts

socicont_1

socicont_2

socicont_3

socicont_4

During the last week...

Not at all

Hardly
ever

Sometimes

Often or
always

... my child spenttime with
his/her friends.

Qo

Qs

... my child was liked by
other children.

Qo

Qs

... my child got along well
with his/her friends.

Qo

Qs

... my childfeltlike he/she
was differentfrom others.

Qo

Qs
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42.Which of the following events did your child encounter?

Please indicate all events your child encountered and report also how old your
child was at that time and, according to your estimation, how strongly he/she
was troubled by this event.

Event Age of the child My child was
at the time of the | troubled by this
event event ...
|ever]t]__y| ears Ol .. rather
eventi| () Divorce or separation of parents — 1Y strong eventl_tr
' Oz .. rather little
p\/pn'r')_\'/
Ol .. rather
D h f r n Stron eVentz_tr
event2 0. eath of a parent | |years g
Oz .. rather little
eyent3_y Ol .. rather
event3 Death of a sibling strong event3_tr
Ol —\years Oz rather little
N _ Q1 .. rather
cventa Addition of new family members eventd y strong eventd tr
Ol e.g. step-parent || |years
Oz .. rather little
Ol .. rather
t5 y event5_tr
Job loss of mother and/or father events_ stron -
event5 Ol | |___|years 9
Oz .. rather little
Major frustrations, e.g. at school or Ol rather
with peers, please specify: - ovbnte tr
event6,y strong _
Severe diseases or accidents of Ol rather
the child, please specify: ) evept7_tr
event7_y strong -
event7| O, || | years
event7_t Oz .. rather little
Other important events, please 1 rather
specify: events_y strong events_tr
event8 Ol | | |years

event8 t

Oz .. rather little
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43.To what extent do the following characterisations apply to your child?
Please give your answers on the basis of the child’s behaviour over the last

six months.
Not Somewhat | Certainly
true true true
Considerate of other people’s feelings OO Ol 02 childchr01
Often complains of headaches, stomach- :
. ’ hildchr02
aches or sickness Q. Q. Q. e
Shares readily with other children (toys, etc.) OO Ol 02 childchro3
Often has temper tantrums or hottempers OO Ol 02 childchroa
Rather solitary, tends to play alone OO 01 02 childchr05
Generally obedient, usually does what .
adults request Q. Q. Q. | childehros
Has many worries, often seems worried OO Ol 02 childchr07
Has at least one good friend OO Q, Q, childchros
Often fights with other children or bullies .
them g OO Ol 02 childchr09
Often unhappy, downhearted or tearful OO Ol 02 childchr10
Generally liked by other children Q, Q, Q, childchri1
Nervous or clingy in new situations, easily ,
. ! hildchr12
loses confidence Q. Q. Q. e
Kind to younger children OO Ol 02 childchr13
Picked on or bullied by other children OO Ol 02 childchr14
Often volunteersto help others OO Ol OZ childchr15
Gets on better with adults than with other :
children OO Ol Oz childchr16
Has many fears, is easily scared OO Q, Q, childchr17
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Leisure time activities and consumer behaviour

44.How much time does your child usually spend per day playing in the yard
or street around your house (or the house of a friend, neighbour or

relative)?

Please indicate for every timeframe.

0
minutes

1-15
minutes

16-30
minutes

31-60
minutes

Over 60
minutes

Wake-up time until noon

Q;

Q>

Q,

Q.

Q.

Noon until 6 PM

Q.

Q>

Q.

O4

Q.

6 PM until bedtime

Q.

Q>

Q,

Q.

OE

45.How much time does your child usually spend per day at a park,
playground, or outdoor recreation area (e.g. swimming pool, zoo or

amusement park)?

Please indicate for every timeframe. Include times while the child is at day care,

kindergarten, preschool or school.

0
minutes

1-15
minutes

16-30
minutes

31-60
minutes

Over 60
minutes

Wake-up time until noon

Q.

Q>

Q,

Q.

Q.

Noon until 6 PM

Q.

Q>

Q,

04

Q.

6 PM until bedtime

Q.

Q>

Q.

Q.

Q.

46. Think for a moment about a typical weekday for your child in the last month. How
much time would you say your child spends playing outdoors on a typical

weekday?
plweekd h

|| _Jhours |__|

plweekd m
|| minutes
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47. Now think about a typical weekend day for your child in the last month. How much

time would you say your child spends playing outdoors on atypical weekend
day?

plweeken_h plweeken _m
|| _|hours |__| | minutes

48.1s your child member in a sports club?

club_mbr

sportl

sport2

sport3

sport4

sporto

Ol Yes

Oz No =>=>=> Please continue with question 49.

How much time does he/she spend doing sport in a sports club per
week?

club_h club_m
| |__|hours |__| | minutes

What kind of sport does your child do in a sports club?
Please tick all appropriate.

O 1 <country-specific categories>
O 1 <country-specific categories>
O 1 <country-specific categories>
Ol <country-specific categories> sport5

Ol Other, please specify: sporto_t

49.1s your child able to...

Yes No

N . 2
...ride a bicycle” Q. Q.

im?
...SWIm¢+ Ol OZ

...<add country-specific relevant category> O O
1 2

50.How long does your child usually watch TV/video / DVD per day?
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Not at all Less Less Approx. Approx. More
than 30 than 1 1-2hrs. | 2—3hrs. than 3
min. per hour per day per day hours
day per day per day
Weekdays OO Ol 02 03 04 05 tv_dur_wd
Saturday/Sunday OO Ol 02 03 04 OS tv_dur_we
51.How long does your child usually sit at a computer / game console per
day?
Not at all Less Less Approx. Approx. More
than 30 than 1 1-=2hrs. | 2— 3 hrs. than 3
min. per hour per day per day hours
day per day per day
Weekdays Qo | Q.| Q.| O. ] O, | Os | pcdurwd
Saturday/Sunday Q, 0, Q, Q. Q. Q. pc_dur_we

52. Which of the following media devices are located in the bedroom your child is

using?

Please tick all applying answers.

bedrmedial Ol TV

bedrmedia2
Ol Computer

bedrmedia3 (), Internet connection

bedrmedia4 (), Video/DVD player

bedrmedia5 Ol

bedrmedian (), None of these.

Playstation / Game console
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53.With whom does your child usually watch TV?
Please mark one situation thatapplies most.

O 1 Alone

Oz With his/her parents/guardians
tv_attend (3 with his/her siblings

(. With friends

Qs My child hardly watches TV. =» =2 =® Please continue with question 57.

54. When watching TV do you discuss the programmes/ads with your child?

Ol Never
Oz Sometimes

O 3 Often

04 Always

tv_discuss

55. When does your child usually watch TV?
Please tick all applying answers.

tv_time 1 i -
- - Ol Early morning (6-9 am.) for SAS-Dataset corrected:
tv_time_2 Oz Late morning (9-12 a.m.) tv_time_1—tv_time_6

tv_time_3 (5 Noon time (12-3 p.m.)

tv_time_4 04 Afternoon (3-6 p.m.)

tv_time_5 Os Evening (6-9 p.m.)

tv_time_6 Oe Late night (9-12 p.m.)

215



56. What does your child like most when watching TV?
You can tick several answers.

tv_pref_1 Ol Cartoons
tv_pref_2 (D, Soap operas
tv_pref_3 Ol Advertisements

tv_pref_4 Ol Shopping channels
tv_pref_5 Ol Children’s programmes

(discard/include country-specific categories if necessary)
tv_pref 6 tv_pref 7 tv_pref_8

t_pref o (D, Other, please specify: tv_pref_ot

57.Below you find some statements regarding TV food advertising.
Please indicate how much you agree or disagree with each statement.

Agree Moderately Moderately Disagree
agree disagree
TV food advertising is a good source of
tvfood st1 | information for children and parents. O 1 O 2 O 3 04
TV food advertising assists parents in
tvfood st2 | their efforts to feed their child a healthy Ol Oz 03 04
- and balanced diet.
A child clearly understands just how good
tvfood_st3 | the product presented in TV advertising Ol Oz 03 04
is.
TV food advertising informs children and
tvfood st4 | parents about things they would Ol Oz 03 04

otherwise never learn about.

TV food advertising leads children and
their parents to spend their money on
tvfood_st5 | ynnecessary and sometimes even Ol 02 03 04

harmful products.

TV food advertising is largely responsible

tvfood st6 | forthe weight problems and bad teeth of O 1 O 5 O 3 04
- many children.
TV food advertising can hardly have an
tvfood st7 | influence on what children eat and drink. Ol Oz 03 04
TV food advertising directed to children
tvfood_st8 should be banned. Ol Oz Os 04
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Children’s spending

58. What is your child’s weekly amount of available money?
Please include pocket money, money gifts etc.

Ol
Q.

pocmoney 03

Q.

Q.

Up to <country-specific categories>
<country-specific categories> per week
<country-specific categories> per week

More than <country-specific categories> per week

My child does not have any money to spend on histher own. =2 =2 =» Please
continue with question 61.

59. Do you allow your child to spend his/her money on whatever he/she likes?

Q.

Yes

pocmondec
Oz No

Q.

To a certain degree

60. What are the things your child spends his/her money on?
Please tick any.

pocmonspl

pocmonsp2

pocmonsp3

pocmonsp4

pocmonsp5

Q.

Salty snacks (e.g. chips, nuts)

Sweets (e.g. chocolate bars, chewing gum, candies)
Toys / entertainment (e.g. movie theatre)

School items

Equipment for hobbies
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pocmonspo Ol Others, please specify pocmonspot

61. Do you usually take your child along to grocery shopping?

Ol | try to avoid it because it is faster alone.
grocshop | try to avoid it because he/she is pushing for treats.

Q.
Oa | enjoy choosing the food together with my child.
Q.

| have to, but don’t enjoy it.

62. Does your child ask for items he/she saw on TV?

Ol Never
Oz Sometimes

O 3 Often

04 My child hardly watches TV.

tvitemask

63. When your child asks for a specific food item which is not on your shopping list,
do you buy it?
Ol Usually not
Oz Sometimes
buyrequest
Og Often

04 Only if I have the money for extras.

Os Only if it is something healthy.
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Socio-demographic information

The following questions will help us to compare the health of your child with that of
other children with the same characteristics.

64.Was your child born in <insert country> ?

cobchild Ol Yes Oz No, he/shewasbornin: cobchild_t

Was the mother of the child born in <insert country> ?

cobmoth Ol Yes Oz No, shewas bornin: cobmoth_t

Was the father of the child born in <insert country>?

cobfath Ol Yes Oz No, No, hewas born in:  cobfath_t

65.In what language(s) do you usually speak with your child at home?

Ol <insert national language>
language

Oz Other language, please specify: language_t

66.What is the highest level of education you and your spouse/partner have?
Please indicate only one per person.

edulevel_1 edulevel_2

Me Spouse/partner
<Country-specific categories> Q. Q.
<Country-specific categories> Q. Q.
<Country-specific categories> O 3 03
<Country-specific categories> O4 04

Q. Qs
No graduation (yet) Os Os
Unknown Og Og
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67.What is the highest level of professional qualification you and your

spouse/partner have?
Please indicate only one per person.

qualific 1 qualific 2

Me

Spouse/partner

<Country-specific categories>

Q.

Q.

<Country-specific categories>

Q.

Q.

<Country-specific categories>

Q;

3

<Country-specific categories>

4

No training (yet)

8

8

Unknown

Q
Q;
Q
Q

9

olo|ololo

9

68.At the present time, which of the following does best describe your main
occupational status and that of your spouse/partner?

Please indicate only one per person.

occupst_1 occupst_2

Me

Spouse/partner

Full-time job (30 hrs. or more a week)

Q.

Q.

Part-time job (less than 30 hrs. a week)

Q.

Attend school or university

Q.

Homemaker

04

Retired (also early retirement)

OS

Temporary company leave (e.g. maternity or
paternity leave)

Q.

Unemployed, for less than one year

Q;

Unemployed, for a year or more

Q.

On welfare (social assistance)

Q.

Other, please specify:
occupst_t

OlO
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69.In what occupational position are you and your spouse/partner presently
occupied?
If you or your spouse/partneris nolongeroccupied or currently notoccupied,
please indicate the last occupational position.

worker_1 worker_2

Me Spousel/partner

Worker
Non-skilled worker Ol Ol
Semi-skilled worker Oz Oz
Skilled worker, craftsman 03 03
Master craftsman, foreman 04 O 4

Employers and self-employed (including helping

family members) employer employer_2

Self-employed agriculturist, farmer Q, Q.
Self-employed, Freelancer Q, Q,
Employers with up to 9 employees Q. Q.
Employers with 10 and more employees Q. Q.
Helping family member Q. Q.
Employee employee lemployee_2

Employee with simple tasks (e.g. salesperson,

clerk) Ol Ol

Employee with qualified tasks (e.g. accounting
clerk, dental assistant) Oz Oz

Employee with highly qualified tasks or
managementfunctions (e.g. scientist, department

manager) Os Os

Employee with comprehensive executive functions

(e.g. director, managing director, executive board) 04 04
Civil servant civil| 1 civil_2
<Country-specific categories> Ol Ol
<Country-specific categories> Q. Q.
<Country-specific categories> 03 Os
<Country-specific categories> 04 04
Never employed 01 Ol

never_1 never_2
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70.What is your monthly household income, i.e. the netincome that you

(altogether) have after taxes and deductions?

Household includes everyone living in the same residence as the selected child

and sharing expenses.
Please include also income from rent and lease, pensions, child allowances,

alimonies etc.

in
Under <Country-specific cut- Ol
points>
<Country-specific cut-  upto under <Country-specific cut- | (),
points> points>
<Country-specific cut- upto under <Country-specific cut- ()3
points> points>
<Country-specific cut-  upto under <Country-specific cut- | (),
points> points>
<Country-specific cut- upto under <Country-specific cut- 05
points> points>
<Country-specific cut- upto under <Country-specific cut- 06
points> points>
<Country-specific cut- upto under <Country-specific cut- 07
points> points>
<Country-specific cut-  upto under <Country-specific cut- | (),
points> points>
<Country-specific cut-  and more Q.

points>

Thank you for answering these questions!
Please check once more that you have answered in full.

Please note the date, when you finished filling in the questionnaire:

dofill_dd, dofill_mm, dofill_yy

| Day |__|

| Month |
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| Year
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6.6. Annex

QUICK
EUROPEAN
SOCIO-ECONOMIC
STATUS
QUESTIONNAIRE

From UL2 November 2005

Subject number :

H:1

Number of centre Number of school Number ofclass  Number of subject

Subjects initials:

O

first name/second name /family name

Evaluation date ;
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L. Béghin et al.

SOCIO-ECONOMIC STATUS QUESTIONNAIRE

Please tick the appropriate box to answer each question (Colour one
bullet for each questions unless otherwise indicated).
The term family is meaning members living together : father, mother and
Sibling) in one home. .
For some of them, if you live in two families, please give an answer

relating to the family where you live most of the time.

Please respond with honesty and sincerity

All theses information will remain confidential and be analysed
anonymously

GENERAL INFORMATIONS ABOUT YOUR LIVING CONDITIONS

1. Do you have own bedroom for yourself ?
Yes No

L@ L1(01)

2. How many cars possess your family?

0 1. 2e 20

I

3. How many computers possess your family?
0. 1- 2 .23
- L) L
Yes No
4. Do you have an internet connection at home? Coy o
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Family structure and way of life

5. How many of your sisters and brothers, including stepsisters and

stepbrothers live at home (exclude yourself)?
0 1 2 3 4 25

O O O L [ L]

6. With whom do you live most of the time? (if you live half of the time
with your mother and half of the time with your father, you may tick 2

boxes)

W YOTIE TWO PALGINS i tndibasiussonmmssssdhocesiosbsssosihsiesiissisios Ly
With your Iother AlONe e st miib bt e
With your mother and her Partier.........uuuummmmmmssmmmmmsssssssssesesen Lo
With your father alone ...simsmis bbb (e
With your father and his PArtNer ......cuuuecussssssssssssssssssssssssssssssn (e
With your grandparents or other relatives.............occcveesccsscsscssienn e
With your foster parents/adoptive parents.............cccceverierisnsninns Lo
In @ ChIlATEN’S ROMIE........vvonscrssrsssnssassassssssssesnsssssssssssassssssssssssssssssssas (e
With Someone or somewhere else D(e)
150 T AR D MNALRLE T AR T L S T
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OCCUPATION OF PARENTS

L. Béghin et al.

7. Which of the following applies to your parents (please give

information for both parents, tick one in each column)

Mother

Father

1. Managerial Staff (ex : public administration
manager, firm director, Head of department, President)

U

Uaw

2. Intellectual and scientific occupations (ex :
architects, engineers  biologist, chemist, doctor,
informatics specialist, lawyer,  university teacher,
pharmacist, psychologist, sociologist...)

L@

U@

3. Intermediate occupations (ex : Technician/
technician specialist, nurse, dietetician, clerks, teacher,

commercial representative)

e

Lo

4. Administrative/clerical (ex: Shop or ba NA officer,
policeman)

Lla

L@

5. Business services/Services workers (ex : Shop

and market sales workers, cooker)

L®

e

6. Skilled agricultural and fishery worker (ex :

Farmers, fishers, forest worker...)

Ll®

LJe

7. Craft and manual worker (ex : Hairdresser,
electrician, working man, operative, craft, mechanic, shoe
maker, cloth maker...)

U

Lo

8. Machine operators and assemblers (ex :

Industrial worker, machine operator, crane driver, track
chart)

Lle®

e

9. Workers man and elementary occupation (ex :

worker man, seller, house keeper/building, nanny

guardian, washer)

Lo

Lo

10. Army

HED)

L] o

11. other

L] ay

Uay

12. Don’t work
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15. Please indicate the kind of studies your parents have?

75

Mother Father
Elementary education L Clay
Finished lower secondary education L [l
Finished higher secondary education U Lo
Finished tertiary education e WD)
Don’t know Lleo Lles
16. PERCEIVED FAMILY WEALTH
Very well off Uy
Quite well off )
Average (o
Not very well off [
Not at all well off (o
THANK FOR YOUR REPLY HELENA !!!

END OF THE SES questionnaire
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12.4. Annex: IPAQ adapted for adolescents

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at school, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal.

PART 1: SCHOOL-RELATED PHYSICAL ACTIVITY

Please try to think about all types of physical activity you do in School (during breaks, free time

between classes and during class) Do not include transportation to and from school (this will be
asked later).

1 Do you currently attend school or participate in any other education?
D Yes
D No =P Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of
school. This does not include traveling to and from school.

2. During the last 7 days, on how many days did you do vigorous physical activities like
activities you do for fun, activities at brakes or during physical education as part of
school? Think about only those physical activities that you did for at least 10 minutes at
atime.

days per week

D No vigorous school-related physical activity _’ Skip to question 4

3. How much time did you usually spend on one of those days doing vigorous physical
activities as part of school?

hours per day
minutes per day

4, Again. think about only those physical activities that you did for at least 10 minutes ata
time. During the last 7 days, on how many days did you do moderate physical activities

like activities for fun or during physical education as part of school? Please do not
include walking.

days per week

D No moderate school-related physical activity —} Skip to question 6
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5. How much time did you usually spend on one of those days doing moderate physical
activities as part of school?

______ hours per day
minutes per day

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
at school? Please do not count any walking you did to travel to or from school.

___ days per week
|:| No school-related walking == Skip to PART 2: TRANSPORTATION

7 How much time did you usually spend on one of those days walking as part of your
school?

hours per day
minutes per day

PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These questions are about how you traveled from place to place, including to places like school,
stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a train,
bus, car, or tram?

days per week
D No traveling in a motor vehicle => Skip to question 10
9. How much time did you usually spend on one of those days traveling in a train, bus,

car, tram, or other kind of motor vehicle?

hours per day
______ minutes per day

Now think only about the bicycling and walking you might have done to travel to and from
work, to do errands, or to go from place to place.

10.  During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?

days per week

D No bicycling from place to place —} Skip to question 12
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1.

12.

13.

M. Hagstromer et al.

How much time did you usually spend on one of those days to bicycle from place to
place?

hours per day
minutes per day

During the last 7 days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?

__ days per week
E] No walking from place to place —} Skip to PART 3: HOUSEWORK,

HOUSE MAINTENANCE, AND
CARING FOR FAMILY

How much time did you usually spend on one of those days walking from place to
place?

hours per day
minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE AND GARDENING

This section is about some of the physical activities you might have done in the last 7 days in
and around your home, like housework, gardening, yard work and general maintenance work.

14.

15.

16.

Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?

days per week
D No vigorous activity in garden or yard —} Skip to question 16
How much time did you usually spend on one of those days doing vigorous physical
activities in the garden or yard?

hours per day
minutes per day

Again, think about only those physical activities that you did for at least 10 minutes at a

time. During the last 7 days, on how many days did you do moderate activities like

carrying light loads, sweeping, washing windows, and raking in the garden or yard?
days per week

D No moderate activity in garden or yard —} Skip to question 18
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17.

18.

19.

How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

_____ hours per day
_____ minutes per day

Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

___ days per week
D No moderate activity inside home ==  Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

hours per day

minutes per day

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY

This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already
mentioned.

20.

21.

22,

Not counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week
D No walking in leisure time -> Skip to question 22

How much time did you usually spend on one of those days walking in your leisure
time?

hours per day
minutes per day

Thir)k about only those physical activities that you did for at least 10 minutes at a time.
Dunng the Ias? 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

days per week

D No vigorous activity in leisure time ’ Skip to question 24
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23.  How much time did you usually spend on one of those days doing vngorous physical
activities in your leisure time?

hours per day
minutes per day

24.  Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities

like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

days per week

D No moderate activity in leisure time == Skip to PART 5: TIME SPENT
: SITTING

25.  How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time?
hours per day
minutes per day

PART 5: TIME SPENT SITTING

The last questions are about the time you spend sitting while at school, at home and during
leisure time. This may include time spent sitting at a desk, visiting friends, reading or sitting or
lying down to watch television. Do not include any time spent sitting in a motor vehicle that you
have already told me about.

26.  During the last 7 days, how much time did you usually spend sitting on a weekday?

_ hours per day
______ minutes per day

27.  During the last 7 days, how much time did you usually spend sitting on a weekend
day?

hours per day
minutes per day

This is the end of the questionnaire, thank you for participating.
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