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1. Abbreviations 

  

BMI  Body mass index 

CHOP  Childhood Obesity Project 

FMI  Fat mass index 

PA  Physical activity 

SB  Sedentary behavior 

MVPA  Moderate-to-vigorous physical activity 

KA  Körperliche Aktivität 

ST  Sitzende Tätigkeit 
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2. Publications 

This thesis consists of the following publications: 

Publication I:  

Physical Activity and Sedentary Behavior From 6 to 11 Years. 
Schwarzfischer, P., Gruszfeld, D., Stolarczyk, A., Ferre, N., Escribano, J., Rousseaux, D., 
Moretti, M., Mariani, B., Verduci, E., Koletzko, B., Grote, V. Pediatrics, 2019, 143(1): 
e20180994.  
 

Publication II:  

Longitudinal analysis of physical activity, sedentary behaviour and anthropometric 
measures from ages 6 to 11 years. 
Schwarzfischer, P., Gruszfeld, D., Socha, P., Luque, V., Closa-Monasterolo, R., 
Rousseaux, D., Moretti, M., Mariani, B., Verduci, E., Koletzko, B., Grote, V. The 
International Journal of Behavioral Nutrition and Physical Activity, 2018; 15(1): 126.  
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3. Introduction 

In the last decades, there was a steady progress in information technologies and 

entertainment electronics, which substantially influence our daily life. These inventions 

especially affect our daily movement behavior, which consists of physical activity (PA) 

and sedentary behavior (SB) during waking hours. In adulthood, office work is 

dominated by SB and a limited amount of PA. An extended duration of education 

(school, university) shapes the time spent in PA and SB in childhood and adolescence. 

Long sitting hours have become the norm. Additionally, leisure time and commuting are 

spent predominantly in sitting positions. This led to a substantial increase of physical 

inactivity, which plays a major role in the worldwide epidemic of non-communicable 

diseases [1]. Lee et al. estimated on basis of an extensive literature review that physical 

inactivity is responsible for 6-10% of major worldwide non-communicable diseases [2]. 

As a result of this contribution to global disease, physical inactivity is responsible for a 

substantial economic burden [3]. Despite this alarming evidence, large proportions of 

the world’s population remain inactive [4]. To fight this epidemic, it is a major public 

health interest to promote PA and to reduce SB [5]. Since PA showed strong tracking 

into adulthood [6] promotion of PA in childhood and adolescence is especially 

important. 

PA and SB in childhood are characterized by changes with age. During preschool age, 

motor development is ongoing and everyday life offers many possibilities for 

movement. During this period, parents have a great impact on their child’s PA and SB 

[7]. In primary school age, children start to sit on a regular basis during school hours and 

with the start of adolescence SB during school hours further increases. With increasing 

age, peer groups start to play the major role in PA engagement during leisure time [8].  

Due to this transient period of different influencing factors, it is important to understand 

the development of PA and SB in each age period to ensure an effective intervention 

planning. So far, school-based interventions are thought to be the most effective way, 

as the biggest decline of PA is happening during this time when children spent most of 

their time in school [9]. In the last years the focus shifted towards younger age groups, 

targeting both parents and their children. This is a promising approach for increasing 
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preschoolers' PA [10]. In order to improve intervention quality and to identify the best 

age period to tackle the problem of extensive physical inactivity, continuous 

measurements and quantification of PA and SB is needed. 

Measurement methods of physical activity and sedentary behavior  

Measurement of PA started in the late 1960s and early 70s. First methods relied on 

unstandardized recall questionnaires in epidemiologic studies [11]. The comparison of 

activity levels in different populations was difficult and recommending an appropriate 

amount of PA per day was not possible. First standardized questionnaires – the 

international PA questionnaire and later the global PA questionnaire – were developed 

in the late 1990s [12, 13]. These standardized methods helped greatly in the 

development of today’s PA guidelines. Those recommend a daily amount of 30 min per 

day in PA for adults and 60 min in moderate-to-vigorous PA (MVPA) for children from 5 

to 17 years of age [14, 15].  

When looking at these guidelines, the problem of quantifying intensity levels of PA 

becomes apparent. PA is commonly classified into three intensity levels: light PA, 

moderate and vigorous PA. The latter two are often combined into moderate-to-

vigorous PA. However, cut-offs for these intensity levels are not standardized and thus 

remain rather ambiguous. A common classification is done by the use of metabolic 

equivalents of task. One metabolic equivalent of task is defined as metabolic energy 

expenditure during one minute of sitting activity. Different activities are classified based 

on this reference level and summed in different compendiums [16, 17]. It is being 

discussed if this definition for metabolic equivalents of tasks holds true for children [18]. 

Their metabolism can differ substantially from adults, resulting in different cut-offs for 

intensity levels of PA. An adaption of cut-offs for children was developed, but is not 

applied throughout studies [19, 20].  

In order to measure PA by questionnaire, the above mentioned biological definitions of 

intensity levels have to be transferred into subjective categories. Therefore, intensity 

levels are generally described by subjective “symptoms” and feelings, which are 

transferred into semantic expressions (e.g.: “moderate-intensity activity: causes small 

increases in breathing or heart rate” [21]) or scales (e.g.: the Borg scale [22]). A limitation 
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of this approach is the dependence on the subject’s experience or attitude towards PA 

[23]. Additionally, when answering a questionnaire about their activity levels, people 

tend to answer more positively, which results in an overestimation of PA levels [24]. 

Despite these caveats of PA questionnaires, they remain a valid tool for assessing 

context-specific activities, like time spent in front of a screen. 

From the 1980s onwards device-based measures with the help of accelerometer 

technology were progressively developed and adapted in order to objectively asses PA 

and SB levels [25]. These devices measure with the assumption, that PA equals a certain 

acceleration of the body. This acceleration is recorded and cut-offs for intensity levels 

are developed in validation studies based on different activities [25]. This method 

eliminates the recall bias and social desirability of answers in PA questionnaires. 

Furthermore, this method enables continuous monitoring over several days, giving 

measurements of volume of total daily PA and SB. Even though device-based 

measurements produce more consistent results than questionnaires, they have also 

some limitations [26]. The acceleration specific cut-offs – reflecting the biological 

defined intensity levels of PA – are not standardized across studies [19]. This limits the 

comparability across study populations and overall objectivity, as the choice of cut-off 

to define intensity levels is up to each researcher [18]. Additionally, with common 

accelerometers it is difficult to take into account weight bearing activities, posture of 

the user and movement of different body parts [27]. In order to improve quality of 

measurement, devices were developed, which combine accelerometers with additional 

sensors. These include e.g. posture measuring, heart rate, body temperature and heat 

flux [28]. With the additional data from these sensors the assessment of energy 

expenditure can be improved by applying activity-specific algorithms. However, cut-off 

determination for intensity levels often remains a problem.  

In summary, there are three different kinds of measurement: device based 

accelerometry, multi-sensor devices and questionnaires. They can be used for different 

study outcomes (MVPA, light PA, screen time, overall daily SB) and research questions.  
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Outline of this doctoral thesis 

In this work, I investigate PA and SB in children from 6 to 11 years and their association 

to anthropometric measures. Previous studies have shown that PA and SB play a key 

role in the prevention of overweight and obesity in children [29-31]. I use longitudinal 

data to investigate the development of PA and SB and its associated factors. This time 

dependent analysis gives useful insight for intervention planning, as to identify the best 

time point to intervene. Further, I investigate associations of PA and SB with 

anthropometrics with the hypothesis that the amount of activity or inactivity influences 

the energy expenditure and subsequently the body weight of children. Additionally, I 

will look at possible bi-directional effects of PA and SB with anthropometrics. There is 

no clear consensus in the literature whether PA and SB influence anthropometrics or if 

a specific body size predispose specific activity levels.  

Data is drawn from the “Childhood Obesity Project” trial (CHOP), a European multicenter 

double blind randomized control trial. Healthy term infants were recruited at birth and 

randomized either into higher or lower protein content formula [32-34]. An additional 

observational breastfed group was recruited. Possible effects of the intervention are 

tested and all analyses were accounted for intervention type. The three publications, 

research questions, and statistical approaches will be outlined in more detail in the 

following.  

Publication I + II – Development of PA and SB in primary school age and its association 

with anthropometric measures 

High levels of childhood overweight and obesity are an important public health problem 

worldwide. The latest fact sheet from the World Health Organization’s Childhood 

Obesity Surveillance Initiative shows that prevalence of overweight and obesity amongst 

preschool children can reach up to 43% in certain European countries [35]. Childhood 

obesity is related to many co-morbidities and adverse health outcomes in later life [36, 

37]. Obesity and overweight is caused by an energy imbalance between calories 

consumed and calories expended [38, 39]. One way to change this imbalance is altering 

the energy expenditure by being physical active [40]. Subsequently it is hypothesized 
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that an inactive lifestyle can lead to an increase in weight, whereas high levels of PA 

could reduce body size. Various studies have shown an association of PA and SB with 

anthropometric measures [29, 31, 41]. However, it is not clear whether PA and SB 

influence anthropometric markers like BMI and FMI or if higher weight or body fat 

percentage lead to lower levels of PA [42]. Understanding these bi-directional effects is 

necessary for an adequate public health planning. Additionally, research in activity levels 

of children and its change over time could bring insight, when to intervene by increasing 

PA levels and reducing SB in order to prevent childhood obesity. For example, a study 

by Basterfield et al. found an earlier onset of PA decrease and SB increase than most 

invention studies assume. Therefore, research questions for the two papers of my thesis 

were: 1) How does total PA, MVPA, LPA and SB change from 6 to 11 years and which 

factors are associated with this age development? 2) Are there associations between 

total PA, light PA, MVPA, SB and the development of body mass index (BMI) and fat mass 

index (FMI) from 6 to 11 years of age? 3) Do bi-directional effects between body size 

and PA and SB occur?[43, 44] 

In the CHOP trial, physical activity was measured at the ages 6, 8 and 11 years with the 

Sensewear Armband 2, a reliable device-based tool for the assessment of PA and SB in 

children [45-47]. The longitudinal setup of the study and the long-term follow-up to the 

age of 11 years provided an optimal basis for an examination of PA and SB during the 

course of school age.  

The key findings are that total PA showed a steady decline and SB a steady increase 

between the ages of 6 to 11 years. The development in intensity levels of PA showed sex 

differences: Boys showed higher levels of MVPA and girls higher levels of LPA. Total PA 

and SB showed no sex differences. Higher time in SB was associated with an increased 

BMI during preschool age, regardless of time spent physical active. However, 

associations with anthropometric measures and PA and SB were bi-directional: PA and 

SB were associated with a different body size and body size was associated with different 

levels of PA and SB. 
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With regard to the research questions I can conclude: 1, There is a clear decline of PA 

and increase of SB from preschool age onwards. This implicates that activity levels of 

children should be tackled by interventions as early as possible, when levels of activity 

are still high. 2, The consistent associations of SB with higher BMI indicate that a 

reduction of sitting activities might play an important role in the prevention of obesity. 

3, In the light of the present bi-directional associations and the fact that results are from 

an observational study, the role PA and SB play in the development and prevention of 

childhood obesity is not clear yet and more research is needed.  

Introduction summary 

The overreaching aim of this doctoral thesis is to contribute to our understanding of the 

development of PA and SB in childhood and explore its associations with 

anthropometrics measures. To accomplish this, different analysis with different 

measurement methods have been performed. A time-dependent analysis of objectively 

measured PA and SB was performed to explore growth curves and influencing factors in 

primary school age. These results can be useful for practitioners to get a sense of normal 

development of PA and SB in childhood. Additionally, associations of overall daily PA and 

SB with anthropometric measures are looked at. This analysis follows the hypotheses, 

that the amount of activity or inactivity influences the energy expenditure and 

subsequently the body weight of children. The insights gained from this analysis add to 

the body of knowledge about which role PA and SB play in the development and 

prevention of childhood obesity. 
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4. Summary  

Objectives:  

Daily movement behavior during childhood has a great influence on children’s present 

and later health status. Higher levels of physical activity (PA) and less time spent in 

sedentary behavior (SB) during early life are positively associated with activity levels in 

adulthood. An adequate amount of PA and a reduction of inactivity could contribute to 

the prevention of childhood overweight and obesity. In this thesis, I investigated PA and 

SB in children from 6 to 11 years of age to gain a better understanding of the extent of 

change in PA and SB and its association with anthropometric measures.  

Subjects/Methods:  

The data used in this thesis were drawn from the European Childhood Obesity Project 

trial (CHOP), which was conducted in five European countries. The SenseWear Armband 

2 was used to measure PA and SB at the ages of 6, 8 and 11 years. The children’s weight, 

fat mass and height were assessed at each time point and anthropometric measures 

body mass index (BMI) and fat mass index (FMI) were calculated. 

Results:  

Total PA and moderate-to-vigorous PA (MVPA) showed a significant quadratic decline 

with age (PA: -75.3 min/day, p < 0.001; MVPA: -30.7 min/day, p < 0.001). The amount of 

SB increased significantly in the same timeframe (+107min, p = 0.001). Boys showed a 

steeper decline in light PA (p = 0.003) and MVPA (p < 0.001) than girls. Higher levels of 

total PA and MVPA (predictor) were consistently associated with lower BMI and FMI 

(outcome) and higher SB with higher BMI and FMI. When looking at the age dependent 

effects, negative associations of MVPA (p = 0.007) and positive associations of SB (p < 

0.001) with BMI increased with each year of age. In a reversed model, a higher BMI or 

FMI (predictors) showed a negative association with MVPA and a positive association 

with SB (outcomes), but no age interactions were found.  

Conclusions:  

In this thesis, I showed that PA decreased and SB increased as early as six years. Sex 

differences in intensity levels of PA were prominent. Throughout childhood, daily SB was 
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consistently associated with a higher BMI, regardless of time spent physical active. 

These results emphasize the need to tackle SB by activity interventions as early as 

possible. An integrated approach of reducing SB by replacing it with PA seems 

appropriate. Based on our results, the choice of intensity of PA in interventions should 

not be based on effects on anthropometric measures, but rather the sex of the target 

group. 
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5.  Zusammenfassung 

Ziele:  

Das tägliche Bewegungsverhalten in der Kindheit hat einen großen Einfluss auf die 

momentane und zukünftige Gesundheit von Kindern. Ein höheres Niveau an 

körperlicher Aktivität (KA) und weniger Zeit in sitzenden Tätigkeiten (ST) während den 

ersten Lebensjahren ist positiv mit dem Bewegungsverhalten im Erwachsenenalter 

assoziiert. Zudem kann ein adäquater Umfang an KA und eine Reduktion von Inaktivität 

zur Prävention von kindlichem Übergewicht und Adipositas beitragen. In dieser Arbeit 

untersuche ich sowohl KA als auch ST bei Kindern vom 6. Bis zum 11 Lebensjahr, um ein 

besseres Verständnis für die Veränderung des Bewegungsverhaltens während der 

Kindheit zu erhalten. Ein weiteres Ziel ist es, mögliche Assoziationen mit 

anthropometrischen Messgrößen zu untersuchen. 

Methoden:  

Die Daten für diese Arbeit stammen aus der europäischen Childhood Obesity Project 

Studie (CHOP), die in fünf europäischen Ländern durchgeführt wurde. Der Umfang an 

KA und ST wurde mit sechs, acht und elf Jahren mit Hilfe des Sensewear Armbands 2 

gemessen. Gewicht, Fettmasse und Größe der Kinder wurden den jeweiligen 

Messzeitpunkt erhoben und die anthropometrische Messgrößen body mass index (BMI) 

und fat mass index (FMI) berechnet. 

Ergebnisse:  

Die gesamt-KA und moderate bis intensive KA zeigte einen quadratisch abfallenden 

Verlauf mit steigendem Alter (KA: -75.3 min/Tag, p < 0.001; moderate bis intensive KA: 

-30.7 min/Tag, p < 0.001). Der Umfang an ST stieg im selben Zeitraum signifikant an 

(+107min, p = 0.001). Jungen zeigten einen steileren Abfall an leichter KA (p = 0.003) 

und moderate bis intensive KA (p < 0.001). Ein höheres Niveau an gesamt-KA und 

moderate bis intensive KA (als unabhängige Variablen im Model) waren durchgehend 

mit einem niedrigeren BMI und FMI assoziiert, wohingegen mehr ST mit einem höheren 

BMI und FMI assoziiert war. Bei der Betrachtung von alters-abhängigen Effekte, war zu 

sehen, dass sich die negativen Assoziationen von KA (p = 0.007) mit BMI und die 

positiven Assoziationen von ST (p < 0.001) mit BMI mit jedem zusätzlichen Lebensjahr 

vergrößerten. 
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Schlussfolgerungen:  

In dieser Arbeit konnte ich zeigen, dass bereits ab dem 6. Lebensjahr die KA abnimmt 

und ST zunimmt. Geschlechterunterschiede im Intensitätsniveau der KA waren sichtbar. 

Im Verlauf der Kindheit war ST durchgehend mit einem höheren BMI assoziiert, 

unabhängig von der KA im selben Zeitraum. Diese Ergebnisse unterstreichen die 

Notwendigkeit übermäßige Sitzzeiten so früh wie möglich mit Interventionen zu 

bekämpfen. Ein integrativer Ansatz, bei dem ST durch KA ersetzt wird, erscheint dabei 

am sinnvollsten. Das Intensitätsniveau der KA sollte sich dabei nicht an den Effekten auf 

anthropometrische Messgrößen orientieren, sondern an dem Geschlecht der 

Zielgruppe. 

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    13  

6. Publication I 

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    14  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    15  

   



Publication I  

  

Dissertation Phillipp Schwarzfischer    16  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    17  

  



Publication I  

  

Dissertation Phillipp Schwarzfischer    18  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    19  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    20  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    21  

 



Publication I  

  

Dissertation Phillipp Schwarzfischer    22  

Reproduced with permission from Journal PEDIATRICS, Vol. 143, Page(s) e20180994,  
Copyright © 2019 by the AAP 



Publication II 

Dissertation Phillipp Schwarzfischer    23  

7. Publication II 



Publication II 

Dissertation Phillipp Schwarzfischer    24  

 



Publication II 

Dissertation Phillipp Schwarzfischer    25  

 



Publication II 

Dissertation Phillipp Schwarzfischer    26  

 



Publication II 

Dissertation Phillipp Schwarzfischer    27  

 



Publication II 

Dissertation Phillipp Schwarzfischer    28  

 



Publication II 

Dissertation Phillipp Schwarzfischer    29  

 



Publication II 

Dissertation Phillipp Schwarzfischer    30  

 



Publication II 

Dissertation Phillipp Schwarzfischer    31  

 



References 

Dissertation Phillipp Schwarzfischer    32  

8. References  

1. Organization WH. Global status report on noncommunicable diseases 2014. Geneva: 
World Health Organization; 2014. xvii + 280 pp. p. 

2. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of physical 
inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and 
life expectancy. Lancet. 2012;380:219-29. doi: 10.1016/S0140-6736(12)61031-9. 

3. Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk PT, van Mechelen 
W, et al. The economic burden of physical inactivity: a global analysis of major non-
communicable diseases. The Lancet. 2016;388:1311-24. doi: 10.1016/S0140-6736(16)30383-X. 

4. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. Global physical 
activity levels: surveillance progress, pitfalls, and prospects. Lancet. 2012;380:247-57. doi: 
10.1016/S0140-6736(12)60646-1. 

5. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et al. Evidence-
based intervention in physical activity: lessons from around the world. The Lancet. 
2012;380:272-81. doi: 10.1016/S0140-6736(12)60816-2. 

6. Telama R, Yang X, Viikari J, Välimäki I, Wanne O, Raitakari O. Physical activity from 
childhood to adulthood: A 21-year tracking study. Am J Prev Med. 2005;28:267-73. doi: 
10.1016/j.amepre.2004.12.003. 

7. Hesketh KR, O'Malley C, Paes VM, Moore H, Summerbell C, Ong KK, et al. Determinants 
of Change in Physical Activity in Children 0-6 years of Age: A Systematic Review of Quantitative 
Literature. Sports Med. 2016. doi: 10.1007/s40279-016-0656-0. 

8. Hearst MO, Patnode CD, Sirard JR, Farbakhsh K, Lytle LA. Multilevel predictors of 
adolescent physical activity: a longitudinal analysis. Int J Behav Nutr Phys Act. 2012;9:8. doi: 
10.1186/1479-5868-9-8. 

9. Kriemler S, Meyer U, Martin E, van Sluijs EMF, Andersen LB, Martin BW. Effect of school-
based interventions on physical activity and fitness in children and adolescents: a review of 
reviews and systematic update. Br J Sports Med. 2011;45:923-30. doi: 10.1136/bjsports-2011-
090186. 

10. Ling J, Robbins LB, Wen F, Peng W. Interventions to Increase Physical Activity in Children 
Aged 2-5 Years: A Systematic Review. Pediatr Exerc Sci. 2015;27:314-33. doi: 10.1123/pes.2014-
0148. 

11. LaPorte RE, Montoye HJ, Caspersen CJ. Assessment of physical activity in epidemiologic 
research: problems and prospects. Public Health Rep. 1985;100:131-46. 

12. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. 
International physical activity questionnaire: 12-country reliability and validity. Med Sci Sports 
Exerc. 2003;35:1381-95. doi: 10.1249/01.mss.0000078924.61453.fb. 

13. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire (GPAQ): nine 
country reliability and validity study. Journal of physical activity & health. 2009;6:790-804. 



References 

Dissertation Phillipp Schwarzfischer    33  

14. Organization WH. Global recommendations on physical activity for health. World Health 
Organization; 2010. 

15. Tremblay MS, Warburton DE, Janssen I, Paterson DH, Latimer AE, Rhodes RE, et al. New 
Canadian physical activity guidelines. Appl Physiol Nutr Metab. 2011;36:36-46; 7-58. doi: 
10.1139/H11-009. 

16. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium 
of physical activities: an update of activity codes and MET intensities. Med Sci Sports Exerc. 
2000;32:S498-504. 

17. Harrell JS, McMurray RG, Baggett CD, Pennell ML, Pearce PF, Bangdiwala SI. Energy costs 
of physical activities in children and adolescents. Med Sci Sports Exerc. 2005;37:329-36. 

18. Byrne NM, Hills AP, Hunter GR, Weinsier RL, Schutz Y. Metabolic equivalent: one size 
does not fit all. J Appl Physiol (1985). 2005;99:1112-9. doi: 10.1152/japplphysiol.00023.2004. 

19. Guinhouya CB, Hubert H, Soubrier S, Vilhelm C, Lemdani M, Durocher A. Moderate-to-
vigorous physical activity among children: discrepancies in accelerometry-based cut-off points. 
Obesity (Silver Spring, Md). 2006;14:774-7. doi: 10.1038/oby.2006.89. 

20. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer cut points for 
predicting activity intensity in youth. Med Sci Sports Exerc. 2011;43:1360-8. doi: 
10.1249/MSS.0b013e318206476e. 

21. Goode RC, Mertens R, Shaiman S, Mertens J. Voice, breathing, and the control of 
exercise intensity. Adv Exp Med Biol. 1998;450:223-9. 

22. Borg G. Borg's perceived exertion and pain scales. Champaign, IL, US: Human Kinetics; 
1998. viii, 104-viii, p. 

23. Shephard RJ. Limits to the measurement of habitual physical activity by questionnaires. 
Br J Sports Med. 2003;37:197-206. doi: 10.1136/bjsm.37.3.197. 

24. Lee PH, Macfarlane DJ, Lam T, Stewart SM. Validity of the international physical activity 
questionnaire short form (IPAQ-SF): A systematic review. International Journal of Behavioral 
Nutrition and Physical Activity. 2011;8:115. doi: 10.1186/1479-5868-8-115. 

25. Klesges LM, Klesges RC. The assessment of children's physical activity: a comparison of 
methods. Med Sci Sports Exerc. 1987;19:511-7. 

26. Skender S, Ose J, Chang-Claude J, Paskow M, Bruhmann B, Siegel EM, et al. 
Accelerometry and physical activity questionnaires - a systematic review. BMC Public Health. 
2016;16:515. doi: 10.1186/s12889-016-3172-0. 

27. Mindell JS, Coombs N, Stamatakis E. Measuring physical activity in children and 
adolescents for dietary surveys: practicalities, problems and pitfalls. Proc Nutr Soc. 2014;73:218-
25. doi: 10.1017/s0029665113003820. 

28. Arvidsson D, Slinde F, Larsson S, Hulthen L. Energy cost in children assessed by 
multisensor activity monitors. Med Sci Sports Exerc. 2009;41:603-11. doi: 
10.1249/MSS.0b013e31818896f4. 



References 

Dissertation Phillipp Schwarzfischer    34  

29. Tanaka C, Reilly JJ, Huang WY. Longitudinal changes in objectively measured sedentary 
behaviour and their relationship with adiposity in children and adolescents: systematic review 
and evidence appraisal. Obes Rev. 2014;15:791-803. doi: 10.1111/obr.12195. 

30. Hale L, Guan S. Screen time and sleep among school-aged children and adolescents: a 
systematic literature review. Sleep Med Rev. 2015;21:50-8. 

31. Wilks DC, Besson H, Lindroos AK, Ekelund U. Objectively measured physical activity and 
obesity prevention in children, adolescents and adults: a systematic review of prospective 
studies. Obes Rev. 2011;12:e119-29. doi: 10.1111/j.1467-789X.2010.00775.x. 

32. Koletzko B, Broekaert I, Demmelmair H, Franke J, Hannibal I, Oberle D, et al. Protein 
intake in the first year of life: A risk factor for later obesity? The EU Childhood Obesity project. 
In: Koletzko B, Dodds PF, Akerblom H, Ashwell M, editors. Early Nutrition and Its Later 
Consequences: New Opportunities. Advances in Experimental Medicine and Biology. 5692005. 
p. 69-79. 

33. Weber M, Grote V, Closa-Monasterolo R, Escribano J, Langhendries JP, Dain E, et al. 
Lower protein content in infant formula reduces BMI and obesity risk at school age: follow-up 
of a randomized trial. Am J Clin Nutr. 2014;99:1041-51. doi: 10.3945/ajcn.113.064071. 

34. Koletzko B, von Kries R, Closa R, Escribano J, Scaglioni S, Giovannini M, et al. Lower 
protein in infant formula is associated with lower weight up to age 2 y: a randomized clinical 
trial. Am J Clin Nutr. 2009;89:1836-45. doi: 10.3945/ajcn.2008.27091. 

35. World Wealth Organization. Childhood Obesity Surveillance Initiative, HIGHLIGHTS 
2015-17: World Wealth Organizaton, ; 2018 [8.1.19]. Available from: 
http://www.euro.who.int/__data/assets/pdf_file/0006/372426/WH14_COSI_factsheets_v2.pd
f?ua=1. 

36. Lobstein T, Jackson-Leach R. Estimated burden of paediatric obesity and co-morbidities 
in Europe. Part 2. Numbers of children with indicators of obesity-related disease. Int J Pediatr 
Obes. 2006;1:33-41. doi: 10.1080/17477160600586689. 

37. Litwin SE. Childhood Obesity and Adulthood Cardiovascular Disease. Quantifying the 
Lifetime Cumulative Burden of Cardiovascular Risk Factors. 2014;64:1588-90. doi: 
10.1016/j.jacc.2014.07.962. 

38. Christiansen E, Garby L, Sørensen TI. Quantitative analysis of the energy requirements 
for development of obesity. J Theor Biol. 2005;234:99-106. 

39. Christiansen E, Garby L. Prediction of body weight changes caused by changes in energy 
balance. Eur J Clin Invest. 2002;32:826-30. 

40. Butte NF, Christiansen E, Sørensen TIA. Energy Imbalance Underlying the Development 
of Childhood Obesity. Obesity. 2007;15:3056-66. doi: 10.1038/oby.2007.364. 

41. Must A, Tybor DJ. Physical activity and sedentary behavior: a review of longitudinal 
studies of weight and adiposity in youth. Int J Obes. 2005;29:S84-S96. doi: 
10.1038/sj.ijo.0803064. 

42. Froberg A. "Couch-potatoeism" and childhood obesity: The inverse causality hypothesis. 
Prev Med. 2015;73:53-4. doi: 10.1016/j.ypmed.2015.01.018. 



References 

Dissertation Phillipp Schwarzfischer    35  

43. Schwarzfischer P, Gruszfeld D, Stolarczyk A, Ferre N, Escribano J, Rousseaux D, et al. 
Physical Activity and Sedentary Behavior From 6 to 11 Years. Pediatrics. 2019;143:e20180994. 
doi: 10.1542/peds.2018-0994. 

44. Schwarzfischer P, Gruszfeld D, Socha P, Luque V, Closa-Monasterolo R, Rousseaux D, et 
al. Longitudinal analysis of physical activity, sedentary behaviour and anthropometric measures 
from ages 6 to 11 years. Int J Behav Nutr Phys Act. 2018;15:126. doi: 10.1186/s12966-018-0756-
3. 

45. Andre D, Pelletier R, Farringdon J, Safier S, Talbott W, Stone R, et al. The development 
of the SenseWear® armband, a revolutionary energy assessment device to assess physical 
activity and lifestyle. BodyMedia Inc. 2006. 

46. Calabro MA, Welk GJ, Eisenmann JC. Validation of the SenseWear Pro Armband 
algorithms in children. Med Sci Sports Exerc. 2009;41:1714-20. doi: 
10.1249/MSS.0b013e3181a071cf. 

47. Lopez GA, Brond JC, Andersen LB, Dencker M, Arvidsson D. Validation of SenseWear 
Armband in children, adolescents, and adults. Scand J Med Sci Sports. 2018;28:487-95. doi: 
10.1111/sms.12920. 

 



Danksagung 

Dissertation Phillipp Schwarzfischer    36  

9. Danksagung 

An erster Stelle möchte ich Herrn Prof. Dr.med Dr.hc Berthold Koletzko danken, der mir 

die Chance gab am Dr. von Haunerschen Kinderspital zu promovieren. Des Weiteren 

möchte ich mich bei Dr. Veit Grote für seine exzellente Betreuung und das Engagement, 

welches er in die Betreuung steckte, bedanken. Außerdem möchte ich meinen Kollegen 

für das freundschaftliche, produktive und äußerst angenehme Arbeitsklima danken.  

Ein herzliches „Dankeschön!“ geht auch an Nicole Aumüller, Kathrin Gürlich und Martina 

Totzauer für ihre Zeit und Mühe als Korrekturleser, die konstruktive Kritik und die 

motivierenden Worte. Zu guter Letzt möchte ich auch noch meiner Freundin Lena und 

meiner Familie für die Unterstützung und den Rückhalt im Privaten dank 


