
 

Aus der Kinderklinik und Kinderpoliklinik im Dr. von Haunerschen Kinderspital  

Klinik der Universität München 

 

Direktor: Prof. Dr. Dr. Christoph Klein 

 

 

 

 

Chrono-Nutrition - The impact of regularity, time-of-day 
and frequency of energy and energy from 

macronutrient consumption on body mass index in 
children. Results of the Childhood Obesity Project 

Study 

 

 

 

 

 

Dissertation  

zum Erwerb des Doktorgrades der Humanbiologie 

an der Medizinischen Fakultät der 

Ludwig-Maximilians-Universität zu München 

 

 

 

vorgelegt von 
 

Vanessa Jäger 

 

aus  

Tettnang 

 

2024 
 

 

 

 

 

 

 
  



 

Mit Genehmigung der Medizinischen Fakultät  

der Universität München 

 

 

 

 

 

 

 

 

 

Berichterstatter: Prof. Dr. med. Dr. hc. Berthold Koletzko 

  

Mitberichterstatter: Prof. Dr. Olaf Adam  

 PD. Dr. Julia Seiderer-Nack 

Mitbetreuung durch den 

promovierten Mitarbeiter: 

 

Dr. med. Veit Grote, M.Sc. 

Dekan: Prof. Dr. med. Thomas Gudermann 

 

Tag der mündlichen Prüfung: 

 

 

21.02.2024 

 



 

Contents 

List of Abbreviations.................................................................................................................... 2 

1. Introduction ...................................................................................................................... 3 

1.1 Background ........................................................................................................................ 3 

1.2 Outline ................................................................................................................................ 6 

2. Summary ........................................................................................................................... 9 

3. Zusammenfassung ........................................................................................................11 

4. Publication I ....................................................................................................................14 

5. Publication II ...................................................................................................................25 

6. Publication III ..................................................................................................................40 

References ..................................................................................................................................56 

Acknowledgment ........................................................................................................................59 

Affidavit .......................................................................................................................................60 

 



List of Abbreviations 2 

List of Abbreviations 

BMI  Body Mass Index 

CHOP  Childhood Obesity Project 

CoDA   Compositional data analysis 

EF  Eating frequency 

EO  Eating occasion 

SCN  Suprachiasmatic nuclei 



Introduction 3 

1. Introduction 

1.1 Background 

Overweight and obesity prevention in childhood is of high public health relevance as it is 

associated with many adverse short- and long-term health consequences [1]. The prevalence 

of children with overweight and obesity has been levelled off at a high rate in Germany in 

recent years [2]. Worldwide, the childhood obesity prevalence has been stagnated or even 

increased [3]. The reasons for the obesity development are likely multifactorial, but diet is 

one important and modifiable factor [4].  

It has been suggested that dietary patterns of our modern society have been changing due 

to a higher exposure to artificial light and hence, food intake and bed times have been delayed 

to later time points [5]. Furthermore, regularity and time of food intake may be less consistent, 

varying from day to day [6] such as breakfast skipping, eating out or night eating. These 

characteristics of a modern diet may contribute to the high overweight and obesity 

prevalence. Those thoughts along with the observation that timing of food intake resulted in 

greater weight loss in overweight adults [7] have led to the definition of a new and increasing 

research area in nutritional sciences called Chrono-Nutrition. Chrono-Nutrition does not only 

take into account “what” and “how much” is eaten, but “when” food is eaten and it is the 

intersection between two domains, namely chronobiology and nutritional sciences [8,9]. Not 

all dietary aspects of a modern lifestyle are similarly attributable in children compared to 

adults. However, the updated position paper of the European Society for Paediatric 

Gastroenterology, Hepatology and Nutrition [4] includes, apart from dietary factors, also food 

habits and lifestyle factors for preventing childhood obesity. This emphasizes the possible 

role of dietary habits and lifestyle factors such as breakfast skipping or a regular overall eating 

pattern with meals and snacks in preventing childhood obesity.  

Chrono-Nutrition is based on chronobiologic findings that circadian rhythms are responsible 

for our daily biological rhythms, which synchronize physiological and behavioural aspects to 

our 24-hour day. External cues such as the light-dark cycle provide signals to synchronize 

the circadian clocks (biological timing system) [8]. The main pacemaker (central clock) is 

located in the suprachiasmatic nuclei (SCN) in the hypothalamus and it is stimulated by light 

received through our eyes. In addition, there are further clocks in peripheral tissues and in 

the brain, which are linked to the central clock and hence, to the light-dark cycle. This system 

of central and peripheral clocks regulate rhythmic control of almost the entire body such as 

behavioural (e.g. sleeping/wakefulness, feeding/fasting) or physiological factors (e.g. 

hormone release). However, peripheral clocks can be additionally stimulated by factors 

independent from the SCN to adapt to our surrounding such as feeding time [6,8,10]. It has 

been suggested that not synchronized peripheral and central clocks, behaviour and SCN or 

behaviour and peripheral clocks may increase the risk of overweight/obesity and other health 

related outcomes [5,9]. Thus, the time of energy and energy from macronutrient intakes 

aligned to the circadian rhythms of metabolic processes may be beneficial for body weight 

control and general metabolic health [9]. For instance, it has been shown that insulin and 
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glucose exhibit a circadian rhythm with a reduced insulin sensitivity and glucose tolerance 

throughout the day and a nadir in the evening [11,12]. According to this theory, higher food 

intakes in the morning might be beneficial for weight control and general health, whereas 

higher food intakes in the evening might be less beneficial as indicated by epidemiological 

studies in adults [13,14]. Besides that, irregular eating pattern or eating at different temporal 

times may negatively affect body weight control. Circadian rhythms have been evolved to 

facilitate adaption of all living organisms to the daily change from day to night. Circadian 

rhythms are predictable as they are repeated daily and provide regularity to all organisms 

[8,15]. Irregular or inconsistent eating pattern varying in time or frequency, which are not 

aligned with metabolic processes, may contradict these assumptions. Thus, Chrono-Nutrition 

generally comprises three dimensions: regularity, time-of-day and frequency of eating 

[6,15,16]. Some authors additionally suggest duration of the eating period and duration of the 

fasting period, respectively, as the fourth dimension of Chrono-Nutrition [8]. However, we did 

not include the aspect of “duration” as it was not applicable in children, especially in young 

children where night feeding is common.  

Regularity of eating as the first dimension of Chrono-Nutrition is usually examined in 

epidemiological studies as irregular consumption of meals and snacks on health outcomes 

(meals and snacks are summarized to eating occasions (EO) in the following). Particular in 

children, breakfast skipping has been examined in previous studies with conflicting results. 

Some studies found a beneficial effect of regular breakfast consumption on body mass index 

(BMI) and body composition [17], but others did not [18]. A systematic review by Monzani et 

al. [19] concluded that further studies are needed to examine the association between 

breakfast skipping and weight due to heterogeneous results of existing studies using 

standardized methods. However, the regularity of other EOs than breakfast have rarely been 

investigated in children.  

The second dimension of Chrono-Nutrition, the time-of-day of eating on overweight 

development in children has been investigated in only a small number of studies. The 

available studies reported varying results. In particular, higher food intakes at supper [20] or 

evening/night snack [21,22] have been associated with higher weight in children; higher food 

intake at breakfast [23] has been associated with neutral effects, whereas higher food intake 

at lunch was associated with lower overweight risk [24]. Time of macronutrient intake has 

been rarely examined. One study found a higher fat intake at lunch to be detrimental for 

weight status [21], but another study found that lower fat and carbohydrate intake in the 

morning to be associated with a higher body fat mass index [25]. These contradicting results 

indicate the need for further studies, particularly of studies with longitudinal design to 

decrease the probability of chance findings.  

Eating frequency (EF) as the third dimension of Chrono-Nutrition has been described in 

relation to weight development in children in a relatively large number of studies. A meta-

analysis examined the association between EF and overweight in children and adolescents 

and found a higher EF (highest vs. lowest EF category) to be beneficial on body weight, which 

was significant only in boys [26]. The studies included in the meta-analysis are all cross-

sectional and either use 24h-recalls or questionnaires, mainly filled out by parents. EF is a 
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behaviour, which is likely to vary from day to day and hence, several days of dietary reporting 

are needed to receive a glimpse of a regular eating habit.  

In summary, the studies reported above indicate clearly that for each of the three dimensions 

of Chrono-Nutrition more high-quality evidence is needed. As clinical trials are often difficult 

to conduct in nutritional epidemiology, particularly for eating behaviour (e.g. difficulties in 

blinding) [27,28], longitudinal studies often represent the highest evidence. As the regularity, 

time of eating and frequency are all aspects related to eating behaviour, data collected over 

several days are needed to mimic and visualize regular eating patterns. Furthermore, intake 

from one EO is likely to influence intake of subsequent or prior EOs. For instance, if a snack 

between meals is eaten, the following meal ought to be smaller than without that snack. 

Hence, it is important to examine the dietary intake over a complete 24 hour day.  

As described in the beginning, the “when” of food intake is similarly important in Chrono-

Nutrition compared to the “what” and “how much” was eaten as the “what” and “how much” 

represent the quality and quantity of foods consumed. We examined the “what” was eaten 

by looking at the macronutrient composition, namely the total protein, total fat and total 

carbohydrate intake. As indicated above, only very few studies have examined the timing of 

macronutrient intake on overweight development in children [21,25] and most of the studies 

focused on a particular EO such as regularity of breakfast consumption and nutrient intake 

[29]. The “how much” was eaten has been examined by looking at the energy intake 

consumed at each EO. The “what” and “how much” of food intake are inherently linked to 

“when” was eaten and hence, are part of the Chrono-Nutrition definition [6]. 

We have limited our analyses to infants and children as this is a sensitive time period, when 

dietary habits [30], but also overweight and obesity start to develop [2], which may provide 

potential for prevention and public health interventions. Most of the research on Chrono-

Nutrition has been reported in adults, but it is not yet known, if results obtained from adults 

apply similarly to children. Furthermore, we have limited our analyses to examine overweight 

and obesity by BMI in children, as BMI is a good indicator for overweight development. 

However, BMI is not a diagnostic tool and does not discriminate between body compositions 

with higher or lower body fat contents [31]. As Chrono-Nutrition and particularly, the analysis 

of Chrono-Nutrition in children is in the beginning, we believe that the BMI is a good first 

indicator to examine, if a potential association exist.  

There are potential factors, which might bias or modify the association between Chrono-

Nutrition and BMI in children, besides quality and quantity of food consumed. Possible factors 

were identified by literature research and expert opinions and include the age of children, 

country of residence, sex and feeding mode. Firstly, the age of investigated children is an 

important factor as younger compared to older children have different dietary and 

developmental needs, which probably influence the regularity, frequency and distribution of 

EOs throughout the day. For instance, infants receive breastmilk or formula as sole food 

during the first 4- to 6-months of life. After that, complementary foods are added as an 

addition. Twelve-months-olds are able to eat similar foods as the other family members and 

with increasing age, children acquire further motor, cognitive, social and language skills, 

which may influence their eating behaviour [32]. In older children, the influence of peers might 
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influence the eating behaviour as children want to be similar to their peer group [33]. 

Secondly, the country of residence is a further probably important factor as it is known that 

time of eating, kind of foods consumed and the importance of specific EOs are different in 

different European countries [34]. Thirdly, sex of the children might be a modifying factor as 

previous studies have been reported that for instance, girls tend to skip breakfast more often 

than boys [19]. Fourthly, the choice of feeding mode (breastfeeding vs. formula feeding) might 

be an influential factor as for instance gastric emptying is faster in breastfed compared to 

formula-fed infants, probably due to a different nutrient composition [35]. This might have 

effects on the EF and the distribution of EOs throughout the day.   

The available evidence outlined, indicate the need for examining the potential association 

between Chrono-Nutrition in children and BMI development. In particular, longitudinal 

studies, which mimic a regular eating pattern over a time period of several, complete 24h-

days in children are needed. Furthermore, it is important to take into account all aspects of 

Chrono-Nutrition (“when”, “what” and “how much” was eaten) and to consider potential 

influential factors to receive coherent results.   

1.2 Outline 

The overarching aim of this cumulative thesis is to examine the effect of Chrono-Nutrition 

with its dimensions regularity, time-of-day and frequency of energy and macronutrient 

consumption on BMI in children. Secondary aims of this thesis are to examine the modifying 

factors country of residence, developmental age, sex and feeding mode in relation to Chrono-

Nutrition and BMI in children. For all analyses, data from the European Childhood Obesity 

Project (CHOP) [36] are used. This cumulative thesis is based on three publications listed as 

follows:  

(I) Jaeger, V., Koletzko, B., Luque, V., Ferré, N., Gruszfeld, D., Gradowska, K., 

Verduci, E.,Zuccotti, G.V., Xhonneux, A., Poncelet, P., Grote, V. Distribution of 

energy and macronutrient intakes across eating occasions in European children 

from 3 to 8 years of age: The EU Childhood Obesity Project Study. Eur J Nutr 62, 

165–174 (2023). https://doi.org/10.1007/s00394-022-02944-6   

(II) Jaeger, V., Koletzko, B., Luque, V., Gispert-Llauradó, M., Gruszfeld, D., Socha, 

P., Verduci, E., Zuccotti, G.V., Etienne, L., Grote, V. Time of Dietary Energy and 

Nutrient Intake and Body Mass Index in Children: Compositional Data Analysis 

from the Childhood Obesity Project (CHOP) Trial. Nutrients, 14, 4356 (2022). 

https://doi.org/10.3390/nu14204356  

(III) Jaeger, V., Koletzko, B., Luque, V., Gruszfeld, D., Verduci, E., Xhonneux, A., 

Grote, V. Eating Frequency in European Children from 1 to 96 Months of Age: 

Results of the Childhood Obesity Project Study. Nutrients, 15, 984 (2023). 

https://doi.org/10.3390/nu15040984 

The overall and secondary aims are discussed in the three listed publications, whereby in 

each publication a different aspect of Chrono-Nutrition is covered. In the following, the 

https://doi.org/10.1007/s00394-022-02944-6
https://doi.org/10.3390/nu14204356
https://doi.org/10.3390/nu15040984
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specific aims of the publications are detailed. A graphical summary with all aspects of 

Chrono-Nutrition and the contribution of each publication to the overall aim is presented in 

Figure 1. The full publications and the contribution of the applicant to the publications are 

provided in chapters 4 to 6.    

(I) The aims of publication I are to examine the total energy intake and energy intake 

from macronutrient (total fat, carbohydrate and protein) at different EOs over the 

day in children aged 3 to 8 years in five European countries. Furthermore, 

differences between country of residence, sex and age groups as well as skipping 

of EOs are examined.  

(II) The aims of publication II are to examine the time-of-day energy and energy from 

macronutrient (total carbohydrate, protein, and fat) intakes in relation to the 

overweight status of European children aged 3 to 8 years. In addition, the effect 

of meal timing by analysing the (re-) distribution of energy and energy from 

macronutrients throughout the day (breakfast, lunch, supper, and snacks) on BMI 

z-score were examined in a longitudinal study. 

(III) The aims of publication III are to study the EF of European children during the age 

from 1 to 96 months of age. Moreover, the EF trajectory evolution with age, during 

the time-of-day, and potential associations with infant feeding mode 

(breastfeeding vs. non-breastfeeding), sex, country of residence and weight 

status were examined. 

 

 

 

 

  



Introduction 8 

  

Figure 1: Overview of factors examined within this cumulative thesis and overview of how these 

factors were assigned to each of the three publications. First level: columns of Chrono-Nutrition 

(“when”, “what” and “how much” was eaten) with the dimensions regularity, time-of-day and 

frequency of eating; second level: identified and examined influential factors; third level: 

publications. 
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2. Summary 

Epidemiological studies have increasingly shown that the time of food intake might be 

similarly important for the development of overweight than the amount and composition of 

foods consumed. Within this thesis, I have aimed to examine the effect of Chrono-Nutrition 

with its dimensions regularity, time-of-day and frequency of eating on the risk of developing 

overweight in European children. In addition, I have examined factors, which have the 

potential to influence the association between Chrono-Nutrition and BMI in children. These 

influential factors are the feeding mode during the first year of life, country of residence, age 

evolution and sex. This thesis is based on three publications, with each publication 

comprising one of the three dimensions of Chrono-Nutrition and several potentially influential 

factors. Publication I examined the regularity of eating and the distribution of energy and 

energy from macronutrients throughout the day; publication II investigated the daytime effect 

of energy intake and energy intake from macronutrients on BMI; publication III examined the 

frequency of eating, its distribution throughout the day and the possible association between 

frequency of eating and overweight development.  

We used for all publications data of the CHOP study. The CHOP study was initiated as a 

randomized clinical trial including an additional observational study arm of breastfed children. 

The study comprised in total 1678 healthy children from Belgium, Germany, Italy, Poland and 

Spain recruited during the first two months of life. The infants were followed-up in regular 

time intervals until 11 years of age. In all publications we used valid nutritional data collected 

as three-day weighed and/or estimated dietary records. The dietary records were collected 

monthly during the first nine months of life and at 12, 18, 24, 36, 48, 60, 72 and 96 months of 

age. The time of eating was differently defined before study start in infants/toddlers and in 

children to collect eating patterns for both age ranges and to be able to compare eating 

patterns between countries. The time of eating was entered as exact time until 24 months of 

age and thereafter as pre-defined categories (breakfast, lunch, supper and snacks during 

morning, afternoon and evening). The daytime distribution of meals and snacks as well as 

the EF have been examined by adding all daily EOs averaged over three days. The regularity 

of food intake has been identified by the frequency of each EOs in the three-day dietary 

records. In addition to dietary records, we used all time points from anthropometric 

measurements (BMI and BMI cut-offs, respectively), which were available at 24, 36, 48, 60 

and 72 months of age. Influential factors were collected by questionnaire. We used for all 

analyses mixed effects models, as mixed effects models are capable of handling 

dependencies, which arise by measuring the same subject repeatedly. The mixed effects 

models were adapted for each research question. In publication I, we used mixed effects beta 

regression as the outcome variable was present as continuous proportional data, while in 

publication III, we used generalized additive mixed effects models to estimate non-linear 

models. In publication II, we combined mixed effects models with compositional data analysis 

(CoDA) to investigate firstly, the effect of time-of-day of eating separately from the energy 

intake and secondly, to investigate all EOs simultaneously. CoDA is a method, which haven´t 

been used in nutritional epidemiology previously. All models were assessed with respect to 

BMI development in children, if statistically plausible. We performed several sensitivity 
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analyses for each model to verify the robustness of the results. Statistical model assumptions 

have been checked by inspection of residuals. All analyses were performed in R Studio.  

Depending on the research question, data have been comprised from 740 (publication I), 729 

(publication II) or 1244 (publication III) subjects aged between 36 and 96 months of age 

(publications I and II) and 1 and 96 months (publication III), respectively. The composition of 

the study population in all publications is similar: children originate to 25% each from Spain 

and Italy, followed by 20% from Poland as well as 15% each from Germany and Belgium. 

European children showed a regular eating pattern of meals with the highest daily intake at 

lunch, followed by supper, breakfast and snacks. Lunch and supper were mainly composed 

of protein and fat intakes, whereas a high portion of carbohydrates characterized breakfast 

and snacks. Children being overweight or normal-weight showed different proportional 

distributions of energy and energy from macronutrients at meals and snacks. Children being 

overweight consumed higher proportional intakes of energy and energy from macronutrients 

at lunch and less at snacks. However, the differences related to the overweight development 

in children were no longer significant, when the effect of time-of-day was disentangled from 

the energy intake. Furthermore, no statistical significant differences in EF was observed 

between children being overweight and normal-weight. From the potential influential factors 

examined, country of residence was the most often observed influential factor, as the 

proportional distribution of each EO, EF and the daytime of eating was different in the 

countries examined. The child development influenced Chrono-Nutrition, where children at 

older ages proportionally ate on average more at lunch and supper, and less during snack 

times compared to younger age children. Similarly, the EF decreased significantly from 1 to 

96 months of age. The EF of breastfed compared to non-breastfed infants was higher in the 

first year of life. No differences between boys and girls were observed in any of the three 

dimensions of Chrono-Nutrition.  

The results of the here presented thesis suggest that the effect of Chrono-Nutrition on 

overweight development in children is of minor relevance. In particular, EF contributes to the 

total daily energy intake and is a notable dietary factor relevant for the overweight 

development. However, our results suggests that this seems not to be true in children. It 

might be related due to child growth and development. Children have higher nutritional 

requirements and relatively higher energy needs than adults, while gastric capacity is 

restricted at the same time, which demand children to eat more frequently. Overall, by taking 

into account, influential factors, particularly country of residence, it seems that cultural factors 

shape the time and frequency of EOs as well as the daytime distribution of energy intake and 

energy obtained from macronutrients. Cultural factors seem to be more important than purely 

physiological factors to determine the (temporal) eating pattern in children. 
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3. Zusammenfassung 

Epidemiologische studien haben vermehrt gezeigt, dass der Zeitpunkt des Essens ebenso 

einen Einfluss auf die Übergewichtsentwicklung haben könnte, wie die Menge und die 

Zusammensetzung der Nahrung. In dieser Arbeit wurden der Effekt der Chrono-Ernährung 

mit den Dimensionen Regularität, Zeitpunkt und Häufigkeit des Essens auf das Risiko der 

Übergewichtsentwicklung bei europäischen Kindern untersucht. Zudem wurden Faktoren, 

die die mögliche Assoziation zwischen Chrono-Ernährung und BMI bei Kindern beeinflussen 

könnten, überprüft. Die untersuchten Einflussfaktoren sind die Ernährungsmethode im ersten 

Lebensjahr, der Wohnsitz, die Altersentwicklung und das Geschlecht. Diese Arbeit umfasst 

drei Publikationen, die jeweils einen Aspekt der Chrono-Ernährung sowie mehrere 

Einflussfaktoren beinhalten. Publikation I untersucht die Regelmäßigkeit des Essens sowie 

die tageszeitliche Verteilung der Nahrungsaufnahme; Publikation II untersucht die Tageszeit 

der Nahrungsaufnahme auf den BMI; Publikation III untersuchte die Häufigkeit des Essens, 

deren Verteilung über den Tag und die mögliche Assoziation zwischen der Häufigkeit des 

Essens und der Übergewichtsentwicklung.  

Für alle Publikationen wurden Daten des Childhood Obesity Projects (CHOP) verwendet. Die 

CHOP-Studie wurde 2002 als eine klinisch randomisierte Studie initiiert und enthielt einen 

zusätzlichen Studienarm aus beobachteten gestillten Kindern. Insgesamt wurden 1.678 

gesunde Säuglinge aus Belgien, Deutschland, Italien, Polen und Spanien in den ersten 

beiden Lebensmonaten rekrutiert. Die Säuglinge wurden in regelmäßigen Abständen zu 

Studienbesuchen bis elf Jahren eingeladen. Für alle Publikationen wurden Daten von 

Probanden mit validen Ernährungsdaten verwendet, die anhand von gewogenen und/oder 

geschätzten Tagesprotokollen an drei Tagen erhoben wurden. Die Ernährungsprotokolle 

wurden in den ersten neun Monaten monatlich, sowie im Alter von 12, 18, 24, 36, 48, 60, 72 

und 96 Monaten erhoben. Der Zeitpunkt der Essensaufnahme wurde zu Studienbeginn 

unterschiedlich für Säuglinge/Kleinkinder und Kinder definiert um das Essverhalten in beiden 

Altersbereichen und zwischen den Ländern vergleichbar zu machen. Bis 24 Monate wurden 

exakte Uhrzeiten angegeben und ab 36 Monate wurden vordefinierte Kategorien verwendet 

(Frühstück, Mittagessen, Abendessen und Zwischenmahlzeiten während des Vormittags, 

des Nachmittags und des Abends). Um die tageszeitliche Verteilung der Haupt- und 

Zwischenmahlzeiten (nachfolgend: Essgelegenheiten) sowie die Esshäufigkeit zu 

untersuchen, wurden alle Essgelegenheiten eines jeden Tages aufsummiert und der 

Durchschnitt über die drei Tage gebildet. Die Regelmäßigkeit des Essens wurde anhand der 

Häufigkeit der jeweiligen Essgelegenheiten in den einzelnen Protokollen ermittelt. Neben 

Zeitpunkten mit Ernährungsprotokollen wurden Zeitpunkte mit anthropometrischen 

Messungen (BMI bzw. BMI-Cut-offs) berücksichtigt, die mit 24, 36, 48, 60, 72 und 96 

Monaten erhoben wurden. Die Einflussfaktoren wurden via Fragebogen erhoben. Für alle 

Publikationen wurden gemischte Modelle („Mixed effects models“) verwendet, da gemischte 

Modelle Abhängigkeiten berücksichtigen können, die bei wiederholten Messungen der 

gleichen Probanden auftreten. Die gemischten Modelle wurden an die jeweiligen 

Fragestellungen angepasst. In Publikation I wurden gemischte Beta-Regressionsmodelle 

verwendet, da die Ergebnisvariable in stetigen prozentualen Werten vorlag, während in 
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Publikation III generalisierte additive gemischte Modelle verwendet wurden, um nichtlineare 

Modelle untersuchen zu können. In Publikation II wurden gemischte Modelle mit der 

zusammengesetzten Datenanalyse kombiniert, um einerseits den Effekt der Tageszeit 

getrennt vom Effekt der Energiezufuhr und andererseits alle Essgelegenheiten simultan 

untersuchen zu können. Die zusammengesetzte Datenanalyse ist eine Methode, die in der 

Ernährungsepidemiologie zuvor noch nicht verwendet wurde. Alle Modelle wurden, wenn 

statistisch plausibel, hinsichtlich BMI Entwicklung bei Kindern analysiert. Für alle Modelle 

wurden verschiedene Sensitivitätsanalysen durchgeführt, um die Robustheit der Ergebnisse 

zu prüfen. Die statistischen Modellannahmen wurden durch die grafische Inspektion der 

Residuen überprüft. Alle Analysen wurden in R Studio durchgeführt.  

Je nach Fragestellung wurden Daten von 740 (Publikation I), 729 (Publikation II) oder 1,244 

(Publikation III) Probanden im Alter zwischen 36 und 96 Monaten (Publikationen I und II) 

bzw. 1 und 96 Monaten (Publikation III) untersucht. Die Zusammensetzung der 

Studienpopulationen in allen Publikationen ist ähnlich: Die Kinder stammten zu jeweils 25% 

aus Spanien und Italien, gefolgt von Polen (20%), Deutschland und Belgien (jeweils 15%). 

Europäische Kinder zeigten ein regelmäßiges Essverhalten bei den Hauptmahlzeiten auf mit 

der höchsten täglichen Zufuhr zum Mittagessen, gefolgt vom Abendessen, Frühstück und 

den Zwischenmahlzeiten. Mittag- und Abendessen setzten sich überwiegend aus Fetten und 

Proteinen zusammen, während das Frühstück und die Zwischenmahlzeiten durch einen 

hohen Anteil an Kohlenhydraten geprägt waren. Kinder mit Übergewicht und Normalgewicht 

zeigten unterschiedliche proportionale Verteilungen an Energie und Energie von 

Makronährstoffen zu den Essgelegenheiten. Kinder mit Übergewicht verzehrten proportional 

mehr Energie und Energie von Makronährstoffen zum Mittagessen und weniger zu den 

Zwischenmahlzeiten. Jedoch waren die Unterschiede auf die Übergewichtsentwicklung bei 

Kindern nicht mehr statistisch signifikant, wenn der Effekt der Tageszeit von der 

Energiezufuhr getrennt betrachtet wurde. Des Weiteren konnten keine statistisch 

signifikanten Unterschiede in der Esshäufigkeit zwischen Kindern mit Übergewicht und 

Normalgewicht beobachtet werden. Von den untersuchten Einflussfaktoren war der Wohnsitz 

der Kinder der am häufigste beobachtete Einflussfaktor. Länderunterschiede wurden 

beobachtet bei der proportionalen Verteilung der jeweiligen Essgelegenheiten, der 

Esshäufigkeit und der Tageszeit zu denen die Essgelegenheiten verzehrt wurden. Die 

Entwicklung der Kinder beeinflusst die Chrono-Ernährung, wobei ältere Kinder im Schnitt 

proportional mehr zu Mittag- und Abendessen und weniger zu den Zwischenmahlzeiten 

verzehrten als im jüngeren Alter. Zudem verringerte sich die Esshäufigkeit von 1 zu 96 

Monaten signifikant. Die Esshäufigkeit von gestillten im Vergleich zu nicht gestillten 

Säuglingen war im ersten Lebensjahr höher. Unterschiede zwischen Jungen und Mädchen 

konnten in keiner der drei Dimensionen von Chrono-Ernährung beobachtet werden.  

Die Ergebnisse der vorliegenden Arbeit implizieren, dass der Effekt der Chrono-Ernährung 

auf die Übergewichtsentwicklung bei Kindern eine untergeordnete Rolle spielt. Insbesondere 

die Esshäufigkeit ist durch den Beitrag zur Gesamtenergiezufuhr ein relevanter 

ernährungsbezogener Faktor für die Übergewichtsentwicklung. Unsere Ergebnisse deuten 

allerdings darauf hin, dass dies bei Kindern nicht der Fall zu sein scheint. Dies könnte auf 
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das kindliche Wachstum und Entwicklung zurückzuführen sein. Kinder haben einen erhöhten 

Nährstoffbedarf und einen relativ höheren Energiebedarf bei gleichzeitig eingeschränkter 

gastrischer Kapazität als Erwachsene, weshalb Kinder häufiger essen müssen. Wenn 

Einflussfaktoren, insbesondere die Herkunft der Kinder, auf das zeitliche Essverhalten 

berücksichtigt werden, scheinen kulturelle Faktoren den Zeitpunkt und die Häufigkeit der 

Essgelegenheiten sowie die tageszeitliche Verteilung von Energie und Energie von 

Makronährstoffen zu formen. Kulturelle Faktoren scheinen somit wichtiger zu sein als rein 

physiologische Faktoren, um das (zeitliche) Essverhalten von Kindern zu bestimmen.  
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