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Zusammenfassung

Korperliche Aktivitat hat sich mittlerweile als ein Schllsselfaktor fiir die Gesundheit im Kindes-
und Jugendalter sowie als zentraler Aspekt des Gesundheitsverhaltens etabliert. Trotz des
hohen Stellenwertes von korperlicher Aktivitat fir die Gesundheitsforderung und Pravention
— institutionalisiert durch international anerkannte Bewegungsempfehlungen (mindestens 60
Minuten moderate bis intensive korperliche Aktivitat pro Tag) — mangelt es nach wie vor an
ausreichender Evidenz fir praventive Zusammenhange zwischen korperlicher Aktivitat und
Ubergewicht. Zudem bewegt sich der GrofRteil aller Kinder und Jugendlichen nicht

ausreichend, also entsprechend der Bewegungsempfehlungen.

Um im Rahmen der vorliegenden Arbeit einen Beitrag zum o.g. Forschungsgegenstand zu
leisten, wurden auf der Datenbasis eines pan-europaischen sowie zweier nationaler Projekten
vier Artikel mit unterschiedlichen Schwerpunkten verfasst. Die Ziele der Artikel lagen darin,
die longitudinalen Zusammenhange von kérperlicher Aktivitat und Gewichtstatus naher zu
beleuchten und das Bewegungsverhalten im Tagesverlauf von Schulkindern detailliert zu
untersuchen, sodass erfolgversprechende Ansdtze fiir Bewegungsforderung identifiziert

werden konnen.

Der atiologische Teil der Arbeit befasst sich mit den longitudinalen (und bi-direktionalen)
Zusammenhangen zwischen kérperlicher Aktivitdt und Ubergewicht. Dazu wurden im Rahmen
der IDEFICS/I.Family Studie mehrere Tausend Kinder (Folgeuntersuchungen nach 2 Jahren
[N=3.393] und nach 6 Jahren [N=1.899]) in acht europdischen Landern untersucht. Die
korperliche Aktivitat wurde mittels Akzelerometrie gemessen und die unterschiedlichen
Gewichtstatus (Normal- und Ubergewicht) anhand des Body-Mass-Index (Kérpergewicht in

kg/KdrpergroRe in m2) kategorisiert.

Die Ergebnisse zeigen, dass Kinder, die sich entsprechend der Bewegungsempfehlungen
ausreichend bewegt haben, ein deutlich geringeres Risiko hatten, Gbergewichtig zu werden.
Eine exzessive Gewichtszunahme kénnte daher bereits im Kindesalter vorgebeugt werden.
Dieser Zusammenhang zwischen Aktivitatslevel und Gewichtsstatus konnte allerdings bereits
bei mindestens 45 Minuten moderater bis intensiver kdrperlicher Aktivitat pro Tag beobachtet

werden —wenngleich der praventive Effekt etwas schwacher ausgepragt war.

Der vorrangig methodische Teil der Arbeit basiert auf Aktivititsdaten aus zwei

unterschiedlichen Projekten und evaluiert das domanenspezifische Bewegungsverhalten, d.h.
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die korperliche Aktivitat, die im Tagesverlauf und an bestimmten Orten stattfindet, wie z.B.
Schulwege oder der Vereinssport. Ein Projekt fokussierte sich hauptsachlich auf die Beitrage
der Bewegungskontexte im Tagesverlauf und deren Beitrag zu den Bewegungsempfehlungen,
wahrend im zweiten Projekt hdhenverstellbare Schreibtische eingesetzt wurden, um zu
untersuchen, ob die Sitzdauer zugunsten der Stehdauer wahrend der Schulzeit reduziert
werden kann.

Um diese detaillierte Analyse des Bewegungsverhaltens zu ermdéglichen, wurden objektive
Erfassungsmethoden von korperlicher Aktivitat (z.B. Akzelerometer) zeitgleich mit subjektiven
Methoden (Bewegungstageblicher und Stundenpldne) eingesetzt und in den Auswertungen
kombiniert. Beobachtet wurde dabei, dass Kinder zwar in der Schule Uber die Halfte ihrer
gesamten Sitzdauer des Tages akkumulieren, aber auch fast die Halfte der moderaten bis
intensiven korperlichen Aktivitat im Schulkontext erreicht wird. Einen wichtigen Beitrag dazu
liefert der Schulsport, dhnlich wie der Vereinssport in der Freizeit. Bezugnehmend auf die
Bewegungsempfehlungen bedeutet dies, dass Kinder, die mindestens zwei Mal pro Woche an
sportlichen Aktivitaten teilnehmen (verglichen mit Kindern, die keinen Sport treiben)
durchschnittlich eine knapp vier Mal héhere Chance haben, die Empfehlungen zu erreichen.
Wenig bewegungsférdernd wirkte der Einsatz von héhenverstellbaren Schreibtischen — dieser
fihrte lediglich zu einer kurzfristigen Reduktion der Sitzdauer, nicht aber zur Steigerung der

moderaten bis intensiven kérperlichen Aktivitat.

Das Ubergeordnete Ziel der Arbeit, Ansdatze fir Bewegungsférderung und Pravention von
Ubergewicht im Kindes- und Jugendalter zu identifizieren, ergibt sich aus der Synergie der
atiologischen und methodischen Fragestellungen der verschiedenen Studien. Einerseits
bestarken die gewonnenen Erkenntnisse die notwendige und flachendeckende Férderung von
moderater bis intensiver korperlicher Aktivitat und sprechen dafiir, dass die regelmaRige
Teilnahme am Schul- und Vereinssport geeignete Strategien sind, Schulkinder bei der
Erreichung des Ziels ausreichender Bewegung zu unterstiitzen. Andererseits verdeutlichen die
Erkenntnisse, dass Akzelerometer als objektive Erfassungsmethode zwar die beste Wahl sind,
um Bewegungsverhalten im Kindes- und Jugendalter zu messen, doch dass auch diese
Methode gewisse Limitationen aufweist, die bestenfalls durch ergdnzende subjektive

Methoden wie Bewegungstagebiicher kompensiert werden sollten.



Zusammenfassung, englischsprachige (Abstract)

Physical activity is currently known as a key factor for child health and has established as an
important aspect of health behavior. Despite the high importance of physical activity for
health promotion and prevention and established international physical activity guidelines (at
least 60 minutes of moderate-to-vigorous physical activity per day), sufficient evidence for
preventive associations between physical activity and obesity is still lacking. In addition, the
majority of all children and adolescents does not achieve the physical activity

recommendations.

In order to contribute to current research gaps and needs, four articles addressing different
research questions have been written on the basis of data from a pan-European and two
national projects. Aims of the articles were to evaluate longitudinal associations between
trajectories of physical activity and weight status. Moreover, physical activity in schoolchildren
during the day was investigated in detail to enable the identification of promising approaches

for physical activity promotion.

The etiological part of this work investigates the longitudinal (and bi-directional) associations
between physical activity and overweight. To this end, data was analysed from the
IDEFICS/I.Family study examining several thousand children (follow-up at 2 years [N=3,393]
and at 6 years [N=1,899]) in eight European countries. Physical activity was measured by
accelerometry and different weight status (normalweight and overweight) were categorized

using body mass index (body weight in kg/body height in m?).

The results show that children who were sufficiently active according the physical activity
guidelines had a significantly lower risk for becoming overweight. Hence, excessive weight
gain might be prevented in early childhood. However, this relationship between activity level
and weight status was already observed in children who engaged at least 45 minutes of

moderate-to-vigorous physical activity per day - although the preventive effect was weaker.

The methodological part of this work is based on activity data from two different projects and
evaluates domain-specific physical activity, i.e., physical activity occurring during the course
of the day, such as commuting to school or organized sports activities. One project focused
primarily on the contribution of different domains during the day and their contribution to
physical activity guidelines, while the second project used height-adjustable desks to

investigate whether sitting during school hours could be decreased.
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To enable this detailed and domain-specific investigation of physical activity, objective
assessment methods of physical activity (e.g., accelerometers) were used simultaneously with
subjective assessment methods (physical activity diaries and schedules) and finally combined
in the analysis. Although children were observed to accumulate more than half of their total
sedentary time per day during school hours, almost half of the moderate-to-vigorous physical
activity is also achieved at school. To this end, physical education is essentially contributing,
similar to organized sports activities do regarding during leisure time. Regarding the physical
activity guidelines, children who participated in sports activities at least twice a week
(compared with children who do not participate in sports), had an almost four times higher
chance to achieve the recommended physical activity levels. The use of height-adjustable
desks did not notably increase physical activity — but led to a short-term reduction of sitting

time during school lessons.

The overall aim of this work, to identify approaches for physical activity promotion and
prevention of overweight in school children, arises from the synergy of the etiological and
methodological issues of the different studies. On the one hand, the findings highlight the
importance of promoting moderate-to-vigorous physical activity and that regular participation
in physical education and organized sports activities are appropriate strategies to enable
school children to be sufficiently physically active. On the other hand, the findings point out
that accelerometers are currently the best choice for measuring physical activity in children
and adolescents, even though this method has certain limitations that could be solved by using

supplementary subjective methods such as physical activity diaries.
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1. Einleitung

Physiologisch betrachtet ist kdrperliche Aktivitat (KA) jede muskelgesteuerte Bewegung des
Korpers, die zu einem gesteigerten Energieverbrauch fihrt (1). Sie ist jedoch weit mehr —und
zwar die Grundlage fir Mobilitat jedes Menschen in seiner Lebenswelt. Die Lebens- und
Umweltbedingungen bedingen ihrerseits den Radius der individuellen KA, insbesondere bei
Kindern und Jugendlichen. Da KA sich sowohl auf kognitive Faktoren als auch auf die
physiologische Verfassung des menschlichen Korpers positiv auswirkt (2), spielt sie eine
tragende Rolle bei der gesunden Entwicklung von Heranwachsenden. Daher ist es eine
zentrale Forschungsfrage in der Gesundheitsforschung, ob Kinder und Jugendliche

ausreichend aktiv sind oder nicht.

Dazu hat die Weltgesundheitsorganisation (engl. World Health Organization [WHO])
Empfehlungen veroffentlicht — mindestens 60 Minuten von moderat bis intensiver KA (engl.
moderate-to-vigorous physical activity, [MVPA]) sind laut der WHO notwendig, um gesund
aufzuwachsen und praventiv nicht-lbertragbaren Erkrankungen entgegenzuwirken (3-5).
Bisherige Studienergebnisse zeigen, dass nur etwa ein Drittel aller Kinder und Jugendlichen
diese Bewegungsempfehlungen erreichen (6, 7). Grundlage fir die Empfehlungen der WHO
sind die Zusammenhange von KA und diversen Gesundheitsparametern/Indikatoren (z.B.
Knochengesundheit, Wohlbefinden), die in unterschiedlichen Reviews beobachtet wurden (8,

9).

Da bislang nur wenige Langsschnittstudien existieren, die sowohl KA als auch
Gesundheitsparameter zuverldssig und standardisiert erfassen (10-12), kann zwar von
zuverlassigen Querschnittszusammenhangen gesprochen werden, jedoch nicht von kausalen
Zusammenhangen. Es mangelt daher fiir wichtige Gesundheitsparameter an ausreichender
Evidenz, insbesondere fiir die Zusammenhinge von KA und Ubergewicht im Kindes- und
Jugendalter. Aus zahlreichen Querschnittsstudien ist erwiesen, dass Ubergewichtige Kinder
sich durchschnittlich weniger bewegen (13-16). Demgegeniiber wurde aber nur in sehr
wenigen, kleineren Langsschnittstudien (17-19) untersucht, ob der Zusammenhang von KA
und Ubergewicht bi-direktional ist, d.h. nicht nur ibergewichtige Kinder weniger aktiv sind,
sondern das Aktivitatslevel auch Einfluss auf eine ibermaBige Gewichtszunahme bzw. das
Ubergewicht haben kann. Die bisherigen Studien zu diesem Thema hatten jedoch nicht nur

geringe Stichprobenumfange (N<600), sondern zeigten zudem inkonsistente Ergebnisse. Da



sowohl KA als auch die Korperzusammensetzung im Kindes- und Jugendalter
altersspezifischen Schwankungen unterliegen (6, 20), ist die longitudinale Erfassung von
prazise gemessenen KA-Daten notwendig (12). Zuverlassige Daten, ob und wie viel KA

notwendig ist, um Ubergewicht vorzubeugen, sind bislang nicht ausreichend vorhanden.

Dariber hinaus sind fiur die zielgerichtete Planung von Praventions- bzw.
Interventionsstrategien detaillierte Daten U(ber das tagliche Aktivitdtsniveau hinaus
erforderlich (21, 22). Wann und wo Kinder und Jugendliche im Tagesverlauf KA akkumulieren,
wird nur in wenigen Studien objektiv gemessen (22-24). Zuverldssige KA-Daten kénnen
demnach lediglich realisiert werden, indem objektive Messdaten durch subjektiv erfasste
Kontexte wie z.B. Schulwege oder Vereinsaktivitditen angereichert werden (25). Nur auf diese
Weise kdnnen die sogenannten Domanen, d.h. die Bewegungskontexte und -orte identifiziert
werden, die wichtige bzw. ausreichende Beitrage zur gesamten KA leisten und wo KA zukiinftig

gefordert werden kann.

Ziel dieser Arbeit ist es sowohl neue Erkenntnisse zum Zusammenhang von KA und
Ubergewicht im Kindes- und Jugendalter zu liefern als auch den Forschungsstand zum
domaéanenspezifischen Bewegungsverhalten von Heranwachsenden zu erweitern, indem

verschiedene Erfassungsmethoden zeitgleich angewandt und Messdaten kombiniert werden.



2. Korperliche Aktivitat im Kindes- und Jugendalter

Im Folgenden wird das Konzept KA im Kindes- und Jugendalter skizziert. Das menschliche
Bewegungsverhalten umfasst alle Aktivitaten, die im Tagesverlauf stattfinden kénnen. Dazu
gehoren neben Alltagsaktivitaten wie z.B. Sitzen, Stehen, Gehen, Laufen oder Fahrradfahren
mit erhohtem Energieumsatz (21 metabolic equivalent of task [MET]) auch Ruhephasen mit
sehr niedrigem Energieverbrauch wie Liegen und Schlafen (<1 MET) (26). Der Fokus in der
vorliegenden Arbeit liegt auf Alltagsaktivititen im Tagesverlauf abseits der Schlaf- und

Ruhephasen.

In diversen Studien wurden Ruhe-, Sitz- und Schlafphasen als Inaktivitdt bezeichnet (27).
Allerdings werden mit ,inaktiv” in den meisten Studien diejenigen Menschen bezeichnet, die
sich entgegen der Empfehlungen fir KA nicht ausreichend bewegen (17, 27). In diesem Fall

wird haufig auch vom sogenannten Bewegungsmangel gesprochen.

2.1.Domadnen und Dimensionen
KA wird in sogenannte Domdnen und Dimensionen unterteilt (Abbildung 1). Domanen sind
Orte an bzw. der Kontext in dem KA im Tagesverlauf stattfindet. Zu den grundlegenden
Domaénen zahlen bei Kindern und Jugendlichen jegliche (Transport-)Wege, Schule und Freizeit
(28, 29). Bei genauerer Betrachtungsweise konnen diese in weitere Sub-Domé&nen unterteilt

werden, wie Schulwege, Pausen, Sportunterricht, Vereinssport und Haushalt.

Domanen Dimensionen

@ Frequenz
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00 T

Abbildung 1: Domdnen und Dimensionen von kérperlicher Aktivitét. Eigene Darstellung
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Die KA in jeder Domane wird in verschiedenen Dimensionen gemessen. Zu den Dimensionen
von KA gehoren Frequenz, Dauer, Art der Bewegungsform und Intensitat (28, 29). Letztere
wird grundlegend in sitzende Tatigkeiten/Sitzdauer (engl. sedentary behaviour), leichte KA
und MVPA unterteilt, zunehmend ergdnzt durch stehende Tatigkeiten/Stehdauer.
Grundlegend sind aber zahlreiche Operationalisierungen von KA moglich, die auch
verschiedene Dimensionen kombinieren, wie z.B. die Minuten in MVPA pro Tag (Dauer und

Intensitat).

2.2.Bewegungsempfehlungen
MVPA

Die MVPA findet sich auch in den Empfehlungen zu gesundheitsférderlicher KA fiir Kinder und
Jugendliche wieder, die neben der WHO (3-5) auch von anderen internationalen Institutionen
veroffentlicht wurden, darunter beispielsweise die Centers for Disease Control and Prevention
(CDC) (30). Um verschiedenen nicht-Ubertragbaren  Erkrankungen wie z.B.
Herzkreislauferkrankungen vorzubeugen oder deren Folgeschaden zu reduzieren, wird
empfohlen, dass sich Kinder und Jugendliche pro Tag 60 Minuten in MVPA bewegen (4, 5, 8,
9, 30). Bei dieser steigt die Atemfrequenz an und das Schwitzen beginnt. Mittlerweile wurden
nationale Empfehlungen in Deutschland veréffentlicht, nach denen sich Kinder und

Jugendliche taglich 90 Minuten in MVPA bewegen sollen (31).

MVPA wdhrend sportlicher Aktivitéiten

Es existieren gesonderte Empfehlungen dazu, wieviel MVPA wahrend des Schulsports erreicht
werden soll. Mindestens die Halfte der gesamten Dauer des Schulsports sollen Kinder und
Jugendliche in MVPA verbringen (30). Entsprechende Empfehlungen fiir den Vereinssport

existieren demgegeniiber nicht.

Sitzdauer

Eine kirzlich veroffentlichte Aktualisierung der WHO-Empfehlungen hebt insbesondere die
Reduzierung der Sitzdauer im Kindes- und Jugendalter hervor (3, 5). Die Evidenz sei zwar noch
nicht ausreichend, um klare Dosis-Wirkungs-Beziehungen abzuleiten, jedoch weisen bereits
die bisherigen Ergebnisse darauf hin, dass ,nicht zu lange” ununterbrochen gesessen werden
soll. Konkrete Empfehlungen, im Sinne von bezifferten Grenzwerten werden jedoch nur fir

die Sitzzeiten in Verbindung mit elektronischen Medien genannt (z.B. max. zwei Stunden pro
4



Tag im Jugendalter). Hierzu wird noch diskutiert, ob diese empfohlenen Grenzen noch nach
oben angehoben werden, da viele Kinder und Jugendliche elektronische Medien auch zu
Bildungs- und Entspannungszwecken nutzen (3, 5). Die Diskussion um Empfehlungen zur
Sitzdauer wird voraussichtlich noch zu weiteren Aktualisierungen fiihren, da es noch nicht
ausreichend Evidenz dazu gibt, in welchen Domanen zu viel bzw. zu lange gesessen wird und

wie dies mit Gesundheitsparametern zusammenhangt.

2.3.Pravalenz
Aktivitdtslevel von Kindern in Deutschland

Reprasentative Daten zur KA fir Kinder und Jugendliche (6-17 Jahre) in Deutschland wurden
erstmals im Rahmen der KiGGS-Studie objektiv erfasst. Die Daten zeigten, dass etwa ein Drittel
(36,6%) der Jungen die Empfehlungen zu MVPA erreichten. In der Altersgruppe der 6-10-
Jahrigen bewegten sich fast zwei Drittel (65,5%) aller Jungen ausreichend. In dieser
Altersgruppe erfiillten jedoch nur etwas mehr als ein Drittel (38,5%) aller Madchen die
Empfehlungen. Altere Madchen bewegten sich sogar noch deutlich weniger: 17,4% der 10-13-
jahrigen Madchen und 7,4% der 14-17-jahrigen Madchen akkumulieren das empfohlene Mal}
an MVPA (32). Ahnliche Tendenzen fiir Kinder aus Deutschland wurden in der européischen
Kohortenstudie IDEFICS/I.Family beobachtet: Bei den 2-10-Jdhrigen erreichten 14% aller
Maddchen und 34% aller Jungen die Empfehlungen zu MVPA. Hinsichtlich der Sitzdauer lassen
sich kaum Unterschiede zwischen Jungen und Madchen beobachten, jedoch nimmt
geschlechtsunabhangig die Dauer des Sitzens pro Tag von ca. vier Stunden bei den unter 6-
Jahrigen kontinuierlich mit dem Alter zu bis hin zu Uber sechs Stunden pro Tag bei den 10-

Jahrigen (6).

Aktivitdtslevel von Kindern in Europa

Eine gepoolte Datenanalyse von europdischen Kohortenstudien mit 47.497 Kindern und
Jugendlichen im Alter von 2-18 Jahren hat ergeben, dass maximal zwei Drittel aller in Europa
lebenden Kinder und Jugendlichen die Empfehlungen zu MVPA (60 Minuten pro Tag)
erreichen (7). Kinder aus stidlich gelegenen europaischen Landern (z.B. Italien) sind weniger
aktiv als Kinder in nordlich gelegenen Liandern wie Belgien oder Schweden. Auch im
europaischen Kontext zeigt sich, dass Madchen insgesamt weniger MVPA akkumulieren und

mehr Zeit des Tages sitzend verbringen als Jungen (6, 7). Die hochste MVPA pro Tag wurde bei



6-7-Jahrigen beobachtet (durchschnittlich ca. 60 Minuten bei Jungen und ca. 50 Minuten bei
Madchen), die im Mittel etwa 3 Minuten pro zwei Lebensjahre abnimmt, je dlter Kinder
werden. Die durchschnittliche Dauer, die 2-7-jahrige Kinder sitzend verbringen, liegt bei
hochstens sechs Stunden pro Tag. Jugendliche im Alter von mindestens 14 Jahren hingegen

verbringen etwa acht Stunden taglich im Sitzen (7).



3. Erfassung des Bewegungsverhaltens von Kindern und
Jugendlichen

3.1. Herausforderungen in grof3en Populationsstudien

Die Erfassung von KA steht unter natiirlichen (Lebens-)Bedingungen immer zwei

grundlegenden Herausforderungen gegeniber:

1. In der Regel miissen Kosten von Projekttragern und der Aufwand fiir die Probanden
gegeniiber der Messgenauigkeit abgewogen werden.

2. Bei der Messung von KA besteht meist der Anspruch, das habituelle, d.h. das typische
Bewegungsverhalten, zu identifizieren. Dieses Ziel kann bei objektiven Methoden
meist nur durch langere Messperioden (mindestens 1 Woche) oder wiederholte
Messungen erreicht, bei subjektiven Methoden ebenfalls durch haufigere Befragungen

und den Einsatz umfangreicher Fragebdgen realisiert werden.

Hinzu kommt, dass bei Kindern und Jugendlichen neben den typischen und regelmaRigen
Bewegungsmustern wie Schulwegen und sportlichen Aktivitaten auch spontane oder
intermittierende Aktivitaten auftreten kdnnen, wie z.B. Sprinten, Spielen oder Klettern (29,
33, 34). All diese Faktoren miissen bei der Wahl und Anwendung der adaquaten

Erfassungsmethode beriicksichtigt werden.



3.2.Die Auswahl von Erfassungsmethoden

Grundlegend lasst sich sagen: Je valider bzw. praziser KA-Daten sein sollen, umso komplexer
die Erfassungsmethodik und umso grofRer der Erhebungsaufwand (35). Ein gutes Beispiel fur
aufwendige Erfassungsmethoden sind Labormethoden wie die Doubly Labeled Water
Methode oder die indirekte Kalorimetrie, die sehr prazise den Energieverbrauch als Indikator

fir KA messen (Abbildung 2).

Bewegungstagebuch

Fragebogen
Schrittzahler

Herzfrequenzmessung
Akzelerometer

Direkte Beobachtung

Anwendbarkeit

Indirekte Kalorimetrie
Doubly Labeled Water

Validitat

Abbildung 2: Anwendbarkeit und Validitdt von Erfassungsmethoden kérperlicher Aktivitdt. Eigene

Darstellung in Anlehnung an: Miiller et al. (2010) (35)

Diese Methoden sind aufgrund der hohen Kosten jedoch nicht in groRen Studienkollektiven
umsetzbar und erfassen zudem nicht den Kontext von KA. Die direkte Beobachtung ist
ebenfalls aufwendiger: Zwar identifiziert sie am genausten alle Aktivitaten und deren Kontext
im Tagesverlauf, allerdings kann die Beobachtung meist aufgrund personeller Ressourcen
hochstens wenige Stunden lang durchgefiihrt werden (34, 36). Demgegeniiber hat sich die
Anwendung von objektiven Methoden wie Schrittzahlern oder Akzelerometern, die lber
mehrere Tage oder Wochen hinweg getragen werden, auch in groRen Studienkollektiven
etabliert (6, 37-39). Insbesondere die Akzelerometrie erfasst verlasslich den GroRteil der
unterschiedlichen Intensitdten von KA im Tagesverlauf (25), ohne diese zu Giberschatzen, was
bei Fragebogen haufig der Fall ist (40, 41), wenngleich auch die Akzelerometrie einige

Limitationen aufweist (37).



Zu den Nachteilen der Akzelerometrie zahlt ihre Unfahigkeit, statische Aktivitaiten wie
Krafttraining oder Fahrradfahren als ausreichend intensiv (ggf. MVPA) einzuordnen, da die
meisten Akzelerometer nur Beschleunigungen an der Hifte oder am Handgelenk messen
sowie konstante Beschleunigungen wie Fahrrad- oder Autofahren herausfiltern. Ein weiterer
Nachteil der Akzelerometrie ist, dass die Vergleichbarkeit von Studienergebnissen limitiert ist,
weil es nicht nur viele unterschiedliche Hersteller gibt, sondern zudem diverse
Messeinstellungen zur Auswahl stehen sowie unterschiedliche Auswertungsalgorithmen
verwendet werden (42, 43). Diese Problematik besteht ebenfalls bei den Akzelerometern, die
zusatzlich Inclinometer sind und somit neben KA auch die Kérperhaltung messen, um das

Stehen vom Sitzen zu unterscheiden (44, 45).

Aullerdem erfassen Akzelerometer nicht den Kontext von KA, der (auBer durch direkte
Beobachtung) nur durch subjektive Methoden wie Fragebdgen oder umfassende Tageblicher
identifiziert werden kann. Dabei entstehen mitunter lange Ausfiillzeiten und der Aufwand fiir
die Untersuchten steigt, was die Compliance verringert — insbesondere im Kindes- und
Jugendalter. Daher setzen nur wenige Studien sowohl subjektive als auch objektive Methoden

ein und werten diese gemeinsam aus.

3.3.Subjektive und objektive Erfassungsmethoden

In der Vergangenheit wurde das Bewegungsverhalten selbst in groRen Kohortenstudien zur
Kindesgesundheit (21, 46-48) lediglich subjektiv erfasst (z.B. die Frage nach der Haufigkeit von
regelmalligen Aktivititen pro Tag). Die Intensitdit wurde meist nur indirekt aus dem
abgefragten Kontext der KA abgeleitet, d.h. die Dauer des Sports wurde als indirekter Indikator
fir die Dauer der MVPA genutzt (49). Insgesamt weisen subjektiv und objektiv erfasste KA-
Daten geringe Korrelationen auf (40). Dennoch wird die Sitzdauer in vielen Studien weiterhin
anhand des Medienkonsums gemessen, bei denen Messfehler jedoch zu den typischen
Limitationen gehoren (50). Demgegeniiber quantifizieren objektive Messgerate wie z.B.
Akzelerometer durchaus prazise die Gesamtaktivitat und die Dauer in den unterschiedlichen
Intensitaten von KA (auch die Sitzdauer) — was zunehmend in nationalen und internationalen

Kohortenstudien umgesetzt wird (6, 25, 51-53).

Um die Mdngel von subjektiven und objektiven Methoden zu kompensieren, miissen beide
Methoden  zeitgleich angewendet werden, sodass mehr Erhebungs- und

Auswertungsaufwand entsteht. Beispielsweise kdnnen Akzelerometer mit Tagebiichern
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kombiniert werden, in denen die Probanden festhalten, wann und wo sie sich im Tagesverlauf

aufhalten.
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4. Forschungsliicken und abgeleitete Fragestellungen
Die vorliegende Arbeit zielte darauf ab, wichtige Beitrage zu den folgenden drei
Forschungsthemen im Kindes- und Jugendalter zu leisten und dazu beizutragen, bislang

bestehende Forschungsliicken in folgenden Bereichen zu schlieRen:

e KA und Ubergewicht
e Domanenspezifisches Bewegungsverhalten

e Auswirkungen von héhenverstellbaren Schreibtischen auf Sitz- und Stehdauer

Die zugrundeliegenden Fragestellungen, die in den Publikationen bearbeitet wurden, werden
an dieser Stelle kurz erlautert. Die Fragestellungen waren sowohl methodischer Art, d.h. zur
Evaluation von Akzeptanz und Validitdt der angewandten Methoden, als auch inhaltlicher
Natur. Das bedeutet, dass die kombinierte und zeitgleiche Anwendung verschiedener
Methoden dazu eingesetzt wurde, das Bewegungsverhalten von Kindern und Jugendlichen
unter natlrlichen Lebensbedingungen zu messen und im Hinblick auf bewegungsférderliche

Aspekte zu analysieren.

4.1.Zusammenhinge von kérperlicher Aktivitit und Ubergewicht (Studie 1)

Etwa 20% aller Kinder sind mittlerweile lbergewichtig oder adipds und der grundlegend
angenommene Zusammenhang von KA und Ubergewicht wurde in zahlreichen
Querschnittsstudien ausreichend nachgewiesen. Aufgrund der geringen Anzahl von hoch-
gualitativen Langsschnittstudien konnte bislang keine verlassliche Dosis-Wirkungs-Beziehung

von KA und Ubergewicht identifiziert werden.

Um bi-direktionale Zusammenhange zu untersuchen, wurden Aktivitdts- und
Gewichtstrajektorien von 2-<16-Jahrigen aus acht europdischen Landern analysiert, die im
Rahmen der IDEFICS/I.Family Studie mit standardisierten Methoden untersucht wurden (51).
Die Analysen stammen aus drei Erhebungszeitpunkten — der Basisuntersuchung (TO:
2007/2008), einer Folgeuntersuchung nach zwei Jahren (T1: 2009/2010) und einer
Folgeuntersuchung nach sechs Jahren (T3: 2013/2014).

Um zu untersuchen, wieviel MVPA notwendig ist, um ein spateres Ubergewicht vorbeugen zu
konnen, wurden die Zusammenhange der MVPA-Level bei Basis- und Folgeuntersuchungen

(jeweils nach zwei und nach sechs Jahren) und dem Ubergewicht bei der jeweiligen
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Folgeuntersuchung anhand von Odds ratios (OR) kalkuliert. Zugrundeliegende
Referenzkategorie zur Kalkulation der OR waren jeweils Kinder die weder bei der Basis- noch
bei der Folgeuntersuchung den entsprechenden Schwellenwert der MVPA erreicht haben.
Entsprechend wurden ebenfalls ORs geschatzt, um zu untersuchen, wie sich unterschiedliche
Gewichtsstatus (bei Basis- und Folgeuntersuchungen jeweils nach zwei und sechs Jahren) auf
die MVPA bei der jeweiligen Folgeuntersuchung auswirkten. Referenzkategorie sind hierbei

Kinder, die bei Basis- und Folgeuntersuchungen normalgewichtig waren.
Abgeleitete Fragestellungen und gewonnene Erkenntnisse
Fragestellung 1: Wieviel KA ist notwendig, um Ubergewicht vorzubeugen?

Hinsichtlich der Empfehlung von mindestens 60 Minuten MVPA pro Tag wurde festgestellt,
dass Kinder, die sowohl bei der Basis- als auch bei der Folgeuntersuchung (nach zwei Jahren)
die Empfehlung erreichten, eine um 45% geringere Chance (OR: 0,546; 95%-Cl: 0,378; 0,789)
hatten, bei der Folgeuntersuchung nach zwei Jahren Ubergewichtig zu sein. Bei der
Folgeuntersuchung nach sechs Jahren waren diese Zusammenhange noch deutlicher
ausgepragt (OR: 0,393; 95%-Cl: 0,242; 0,638). Allerdings konnte fiir den Schwellenwert von 45
Minuten MVPA pro Tag ebenfalls ein protektiver Effekt, Gbergewichtig zu werden, festgestellt
werden (OR bei der Folgeuntersuchung nach zwei Jahren: 0,628; 95%-Cl: 0,460; 0,859; OR bei
der Folgeuntersuchung nach sechs Jahren: 0,545; 95%-Cl: 0,382; 0,779).

Fragestellung 2: Sind die Zusammenhinge zwischen KA und Ubergewicht bi-direktional?

Wie oben beschrieben, kann ausreichend MVPA das Risiko reduzieren, lGibergewichtig zu
werden. Demgegeniiber wurde beobachtet, dass Kinder, die sowohl bei der Basis- als auch bei
der Folgeuntersuchung nach zwei Jahren Ubergewichtig waren, eine etwa 15% niedrigere,
wenn auch nicht statistisch signifikant niedrigere, Chance hatten, taglich 45 Minuten (OR:
0,864; 95%-Cl: 0,695; 1,074) oder 60 Minuten (OR: 0,857; 95%-Cl: 0,676; 1,087) MVPA zu
erreichen. Deutlich unginstiger schien jedoch die Chance, ausreichend MVPA (hier: 60
Minuten MVPA pro Tag) zu akkumulieren, bei Kindern, die bei der Basisuntersuchung
normalgewichtig waren und bei den Folgeuntersuchungen (ibergewichtig waren (OR bei der
Folgeuntersuchung nach zwei Jahren: 0,634, 95%-Cl: 0,460; 0,875, OR bei der
Folgeuntersuchung nach sechs Jahren: 0,459; 95%-Cl: 0,322; 0,655). Zusammenfassend kann

gleichsam von einem Teufelskreislauf gesprochen werden, da Kinder, die sich zu wenig bewegt
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haben, ein héheres Risiko haben, ibergewichtig zu werden und wenn ein Ubergewicht erst
einmal entwickelt ist, die Chancen niedriger sind, ausreichend hohe MVPA-Level zu erreichen,

die wiederum protektiv gegen Ubergewicht wirken kénnten.

4.2.Domanenspezifisches Bewegungsverhalten (Studie 2 und 3)
Zahlreiche Studien haben die Vergleichbarkeit von subjektiven und objektiven Methoden
untersucht, um den Einsatz vergleichsweise aufwendiger, objektiver Messinstrumente zur
Erfassung der taglichen KA zu ersetzen. Selten hingegen wurde der komplementare Einsatz
verschiedener Messmethoden zur detaillierten Beschreibung von KA im Tagesverlauf genutzt,
sodass wenig dariber bekannt ist, welche objektiv gemessenen Anteile die einzelnen
Domanen von KA zur Gesamtaktivitat im Tagesverlauf beitragen. Ohne dass der tatsachliche
Nutzen ausreichend quantifiziert wurde, wird dem Schul- und Vereinssport eine hohe
Bedeutung beigemessen, da viele Interventionsstudien sportliche Aktivitaten zur Steigerung

von KA nutzen.

Damit die Sitzdauer, die leichte KA und MVPA nicht nur durchschnittlich pro Woche oder Tag,
sondern auch fiir einzelne Orte im Tagesverlauf (Doméanen) analysiert werden konnte, wurden
zusatzlich zur objektiven Messung (Actigraph Akzelerometer) auch Fragebdgen und
Tagebiicher eingesetzt. Dadurch konnten sowohl objektive und subjektive Daten
domanenspezifisch verglichen werden als auch anhand objektiv gemessener Werte beurteilt
werden, wann Kinder sich z.B. auf dem Weg zur Schule oder im Sportunterricht befanden und

wie intensiv die KA tatsachlich wahrend dieser Zeitfenster war.

Abgeleitete Fragestellungen und gewonnene Erkenntnisse

Fragestellung 1: Wie valide sind subjektive Angaben in den unterschiedlichen Domdnen,

verglichen mit objektiv gemessenen KA-Daten?

Insgesamt konnte festgestellt werden, dass subjektive Angaben zur taglichen KA eine geringe
Ubereinstimmung mit den objektiv gemessenen Werten aufwiesen (r fiir leichte KA= 0,09;
95%-Cl: -0,03-0,20; r fir MVPA= 0,21; 95%-Cl: 0,10; 0,32). In zwei Doméanen und spezifische
Intensititen konnten moderate Ubereinstimmungen von subjektiven Angaben und objektiven
Werten beobachtet werden: fiir leichte KA wahrend des Schulweges (r= 0,59; 95%-Cl: 0,49;
0,67) und MVPA wahrend des Vereinssports (r= 0,54; 95%-Cl: 0,38; 0,67). Die

durchschnittlichen Anteile einzelner Domanen fir die Sitzdauer waren weitgehend
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vergleichbar. Beispielsweise lag der Anteil der Sitzdauer wahrend der Schulzeit an der
gesamten taglichen Sitzdauer laut subjektiven Angaben bei 52%, laut Akzelerometer bei 55%.
Allerdings wurden die (subjektiv angegebene) leichte KA und die MVPA wahrend der Schulzeit
deutlich unterschatzt (27% und 20%), verglichen mit den Akzelerometer-Daten (53% und
46%).

Fragestellung 2: Welchen Beitrag zur Gesamtaktivitéit leisten die einzelnen Domdnen laut

Akzelerometrie?

Die Schule leistet zwar mit tGber der Halfte den groRten Anteil der taglichen Sitzdauer (55%),
aber tragt auch zu etwa der Halfte der taglichen leichten KA (53%) sowie MVPA (46%) bei.
Weitere wichtige Beitrage leisten die Freizeit zur taglichen leichten KA (29%) und MVPA (23%).
Gemeinsam tragen sportliche Aktivitaten (Schulsport: 8% und Vereinssport: 16%) etwa ein

Viertel der durchschnittlichen MVPA pro Tag bei.

Fragestellung 3: Welchen Anteil haben die unterschiedlichen Intensitéten von KA wéihrend des

Schul- und Vereinssports?

Insgesamt Uberwiegt bei Kindern (6-10 Jahre) der aktive Anteil (Summe aus leichter KA und
MVPA) wahrend sportlicher Aktivitaten (Schulsport: 57%, Vereinssport: 63%) und bei
Jugendlichen (11-17 Jahre) zumindest wahrend des Vereinssports (56%). Im direkten Vergleich
der drei Intensitaten (sitzend, leichte KA, MVPA) wird durchschnittlich der groSte Anteil der
sportlichen Aktivitdten sitzend verbracht (46% wahrend des Schulsports, 95%-Cl: 44-47; 40%
wahrend des Vereinssports, 95%-Cl: 38-42). Jugendliche Madchen verbringen sogar bis zu 61%
sitzend (95%-Cl: 57-64) wahrend des Schulsports und nur 15% in MVPA (95%-Cl: 13-18).

Fragestellung 4: Liefern Schul- und Vereinssport entscheidende Beitréige zum Erreichen der

Bewegungsempfehlungen von 60 Minuten MVPA pro Tag?

Obwohl der Anteil der MVPA wahrend sportlicher Aktivitaten durchschnittlich bei etwa einem
Drittel liegt, leisten sowohl der Schulsport als auch der Vereinssport einen wichtigen Beitrag,
damit Kinder und Jugendliche die Bewegungsempfehlungen erreichen. Dies zeigt sich
einerseits daran, dass die MVPA an den Tagen mindestens 20 Minuten pro Tag hoher liegt, an
denen nur Schulsport (Grundschule: 87 Minuten MVPA [SD=29]), Oberschule: 72 Minuten
MVPA [SD=29]) oder nur Vereinssport (Grundschule: 90 Minuten MVPA (SD=29), Oberschule:
71 Minuten MVPA [SD=30]) getrieben wird, verglichen mit Tagen, an denen kein Schul- oder
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Vereinssport getrieben wird (Grundschule: 75 Minuten MVPA [SD=34], Oberschule: 53
Minuten MVPA [SD=33]). Andererseits konnte ein direkter Zusammenhang zwischen der
Haufigkeit und Dauer der sportlichen Aktivititen pro Woche sowie der Chance, die
Bewegungsempfehlungen zu erreichen, gezeigt werden. Kinder und Jugendliche hatten eine
Uber dreifach hohere Chance die Bewegungsempfehlungen zu erreichen wenn sie mindestens
zweimal pro Woche Schulsport (OR: 3,60, 95%-Cl: 2,05; 6,31) oder Vereinssport (OR: 3,83,
95%-Cl: 2,09; 6,99) trieben, verglichen mit Kinder und Jugendlichen, die keinen Schul- oder
Vereinssport trieben. Vergleichbare ORs sind fiir die Dauer der sportlichen Aktivitdt zu
beobachten (Schulsport von mindestens 90 Minuten Dauer und Vereinssport von mindestens

120 Minuten Dauer pro Woche).

4.3. Auswirkungen hohenverstellbarer Schreibtische auf Sitz- und Stehdauer
(Studie 4)

Heutzutage sitzen Kinder bereits bis zu neun Stunden taglich. Die WHO empfiehlt, dass lange
Sitzzeiten, und nicht nur die vor dem Bildschirm bzw. elektronischen Medien, verhindert
werden sollten (3, 5). Um Sitzzeiten zu reduzieren und Kinder einen Grol3teil der Tageszeit in
der Schule verbringen, wurden in den vergangenen Jahren verschiedene Interventionen zur
Bewegungsforderung untersucht. Ein struktureller Interventionsansatz zur Férderung von KA
und Reduktion der Sitzzeiten von Kindern ist der Einsatz von hdhenverstellbaren
Schreibtischen wahrend des Unterrichtes. Allerdings ist noch wenig dariiber bekannt, ob die
Sitzzeiten dadurch nachhaltig reduziert werden kénnen und welche Faktoren die Wirksamkeit
dieses Interventionsansatzes beeinflussen. Zudem mangelt es an Daten, wie lange Kinder
durchschnittlich in den einzelnen Doméanen des Schultages sitzen, d.h. ob nur der Unterricht

oder auch Pausen zur langen Sitzdauer in der Schule beitragen.

Abgeleitete Fragestellungen und gewonnene Erkenntnisse

Fragestellung 1: Wird durch die Installation von héhenverstellbaren Schreibtischen die

Sitzdauer zugunsten des Stehens wéhrend der Schulzeit reduziert?

Bei der Basiserhebung (TO) verbrachten die Grundschiiler durchschnittlich etwa 60% der
Unterrichtsstunden und etwa 30% der Schulpausen sitzend. Nach der Installation der
hohenverstellbaren Schreibtische (T1) wurde der Anteil der Sitzdauer wéahrend der

Unterrichtsstunden um 13,1% (95%-Cl: -20,5; -5,72) in der Interventionsgruppe und 9,78%
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(95%-Cl: -17,3; -2,28) in der Kontrollgruppe reduziert. Im direkten Vergleich zur Basiserhebung
wurde in den Interventionsgruppen lediglich wahrend der Schulpausen eine signifikante

Reduzierung der Sitzdauer um etwa 10% erzielt.

Fragestellung 2: Wie verteilen sich die Anteile von Sitz- und Stehdauer sowie der KA wdhrend

der Unterrichtstunden, Schulpausen und in der Freizeit an Schultagen?

Die Unterrichtsstunden und die Freizeit an Schultagen verbrachten Grundschiiler groStenteils
sitzend (58,2% SD: 14,0 und 50,4 SD: 11,4). Der Anteil der Stehdauer wédhrend der
Unterrichtstunden, Schulpausen und in der Freizeit lag durchschnittlich bei etwa einem Drittel
(30,8%, 34,1% und 30,5%). Der Anteil der KA hingegen unterschied sich und lag in der Freizeit

bei etwa 20% und wahrend der Schulpausen sogar bei fast 40%.

Fragestellung 3: Wirkt sich die kérperliche Fitness auf die Nutzung der héhenverstellbaren
Schreibtische aus und beeinflusst sie die Anteile der Sitz- und Stehdauer sowie die KA wéhrend

der Schultage?

Es konnten keine unterschiedlichen Interventionseffekte zwischen Kindern mit geringerer und
hoherer korperlicher Fitness festgestellt werden. Kinder mit hoherer korperlicher Fitness
salen wahrend der Schulpausen und in der Freizeit zwischen vier und sechs Prozent weniger
zugunsten der KA als Kinder mit niedrigerer korperlicher Fitness. Wahrend der

Unterrichtsstunden wurden keine Unterschiede im Bewegungsverhalten beobachtet.

4.4, Uberblick der wesentlichen Merkmale der angewandten Methoden

In allen Studien wurde das Bewegungsverhalten standardisiert — wie in vielen internationalen
Studien mit Akzelerometern, d.h. objektiven Messinstrumenten — gemessen (6, 25, 51-53). In
drei von vier Studien der vorliegenden Arbeit wurden zusatzlich subjektive Messmethoden
gleichzeitig angewendet, um diese Daten mit den objektiven Daten zu verknipfen. Nur in
einer der Studien wurde ein Inclinometer eingesetzt, d.h. ein Gerdt das neben der
Beschleunigung in unterschiedlichen Messintervallen (epochs) die Position des Gerates misst
und daher die Haltung des Probanden erkennt (Tabelle 1). Die epochs kénnen in den meisten
Geraten zwischen einer und 60 Sekunden gewahlt werden, wodurch bereits vor der Messung
maligeblich die Messgenauigkeit der Daten beeinflusst wird (25). Je niedriger das
Messintervall eingestellt wird, umso praziser die Messung, da die Verweildauer in den
unterschiedlichen Intensitaten von KA differenzierter aufgezeichnet wird. Zugleich wird
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jedoch umso mehr Speicher und Akkukapazitat aufgebraucht. Studie 2 und 3 haben fiir Kinder
und Jugendliche empfohlene Einstellungen verwendet. In Studie 1 wurden in einigen
Untersuchungszentren der europaweiten Studie 60 statt 15 Sekunden als Messintervall

gewahlt, was jedoch zum damaligen Zeitpunkt der Studie weit verbreitet war.

Ein weiteres, sehr entscheidendes Kriterium fir die Aussagekraft von objektiven Messdaten
ist die Messdauer (25, 37, 38, 54). Diese wird einerseits anhand der Anzahl der Messtage pro
Proband bzw. Erhebungsphase (bei mehreren Messungen pro Proband) definiert und
andererseits durch die Tragedauer der Gerdate im Tagesverlauf begrenzt. Beide Kriterien
gemeinsam betrachtet geben Auskunft (iber die Aussagekraft einer objektiven Messung fir
die jeweilige Fragestellung. Steht beispielweise die KA einer gesamten Woche im Fokus der
Studie, empfiehlt es sich, mindestens vier Tage Messdauer inklusive eines Wochenendtages
als Mindest-Einschlusskriterium zu definieren. Demgegeniber ist die Anzahl der Tage zu
vernachldssigen, wenn die KA wahrend eines definierten Zeitraumes am Tag, wie zum Beispiel
wahrend des Schulsports, untersucht werden soll. Daher unterscheidet sich auch die Anzahl
der Tage, die als Einschlusskriterium in den dargestellten Studien herangezogen wurde (hier
ein bis drei Tage). Hinsichtlich der Mindest-Tragedauer pro Tag konnten hingegen in den
Studien 2-4 die empfohlenen zehn Stunden eingehalten werden. Dass ebenfalls deutliche
Unterschiede bereits bei der geplanten Tragedauer vor der Erhebung (bis zu zehn Tage in
Studie 4) eingerechnet werden, hat meist logistische Griinde, die den Zeitpunkt der
Gerateaus- und Rickgabe betreffen. Da haufig die geplante Anzahl der Messtage und/oder
die geplante Messdauer pro Tag von der tatsachlichen Tragedauer der Geradte abweicht, kann
es vorkommen, dass der Anspruch an Messgenauigkeit gegeniiber der Reduktion der
eingeschlossenen Anzahl der Probanden abgewogen werden muss. Im Beispiel von Konstabel
et al. (2014) wurde entschieden, die KA von 7.684 Kindern mit mindestens einem Wochen-
und einem Wochenendtag und 8 Stunden Mindest-Tragedauer als Referenzwerte zu nutzen
(6), anstatt 3.667 Kinder mit zwei Wochen- und einem Wochenendtag und 10 Stunden
Mindest-Tragedauer zu analysieren — wie haufig empfohlen (37). Eine entsprechend offene

Darstellung der Einschlusskriterien wird selten veroffentlicht.

Betrachtet man die eingesetzten subjektiven Methoden, fillt auf, dass sowohl Eltern- als auch
Kinderfragebogen verwendet wurden. Erstere werden lediglich eingesetzt, wenn die
Probanden hochstens zehn Jahre alt sind, da bis zu diesem Alter die Einschatzung von

Bewegungsdauer und -intensitdt als wenig verldsslich bewertet wurde (40, 41).
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Bewegungstagebiicher wurden in der Vergangenheit haufig angewandt, damit Aktivitaten, bei
denen die Gerate abgelegt werden, schriftlich festgehalten wurden und die gemessenen
Daten mittels der sogenannten Imputation, d.h. durch Hinzufligen von geschatzten KA-
Werten in bestimmten Intensitdaten, angereichert werden konnen. Dieses aufwendige
Verfahren wurde in Studie 1 wie empfohlen umgesetzt (55). In den Bewegungstagebiichern
der Studien 2 und 3 wurde abgefragt, in welchem Zeitfenster die Kinder und Jugendlichen
beim Schul- oder Vereinssport waren, damit die Akzelerometer-Daten dieser Zeitfenster
separat ausgewertet werden konnten.

Um Uber die sportlichen Aktivitaten hinaus das domanenspezifische Bewegungsverhalten
moglichst effizient zu erfassen, wurden in den entsprechenden Studien (Studien 2-4) die
Stundenpldne genutzt und hierdurch die schulspezifischen Domanen wie Unterricht oder

Pausen identifiziert.
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Tabelle 1: Charakteristika der Erfassungsmethoden von Studien 1-4

Studie 1

Studie 2

Studie 3

Studie 4

Objektive Methoden

Art des Instruments

Akzelerometer

Akzelerometer

Akzelerometer

Inclinometer

Geratetyp (Hersteller)

GT1M, ActiTrainer, GT3X+

GT1M, ActiTrainer, GT3X+

GT1M, ActiTrainer, GT3X+

activPAL 3 (PAL

(Actigraph) (Actigraph) (Actigraph) Technologies)

Messdauer (Anzahl Tage pro Messung)

Geplant 3-7 7 7 10

Mindesttragedauer 2 3 1 2
Messdauer (Minuten pro Tag)

Geplant nur Wachzeit nur Wachzeit nur Wachzeit 24 Stunden

Mindesttragedauer 360 600 600 600
Messintervall/epoch (Sekunden) 15-60 3 3 15

Subjektive Methoden

Elternfragebogen v 4 v v
Kinderfragebogen x v v x
Bewegungstagebuch v v v x
Stundenplane x v v v
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5. Diskussion und Schlussfolgerungen fiir die zukiinftige
Aktivitatsforschung

Aufgrund des Bewegungsmangels von vielen Kindern und Jugendlichen sowie der hohen
Pravalenz von Ubergewicht im Kindes- und Jugendalter besteht dringender Handlungsbedarf
flir bewegungsfordernde Strategien, die flaichendeckend und langfristig umgesetzt werden
kdnnen (56). Die vorliegende Arbeit liefert sowohl Fakten zu den praventiven Effekten fir
Ubergewicht durch KA als auch Erkenntnisse dazu, wodurch Kinder und Jugendliche dabei
unterstutzt werden konnen, sich mehr bzw. ausreichend entsprechend der
Bewegungsempfehlungen zu bewegen. Dariiber hinaus konnte umfassend untersucht
werden, welche methodischen Uberlegungen zur prazisen und umfassenden Messung von KA
getroffen werden sollten. Diese Erkenntnisse werden in diesem Kapitel zusammengefasst, in
Verbindung mit anderen Studienergebnissen diskutiert und Empfehlungen fir zukinftige

Studien in der Aktivitatsforschung abgeleitet.

5.1.Privention von Ubergewicht durch Bewegungsforderung

Der Anteil von Ubergewichtigen Kindern und Jugendlichen nimmt zwar seit ein paar Jahren
nicht weiter zu, ist aber bereits auf einem hohen Level angelangt (57, 58), da etwa jedes flinfte
Kind Gbergewichtig ist — sowohl in europdischen Landern (59, 60) als auch in den USA (57).
Aus diesem Anlass werden weltweit Studien durchgefiihrt, um der UbermaRigen
Gewichtszunahme von Kindern und Jugendlichen entgegenzuwirken. Bislang verzeichneten
nur wenige Studien langfristige Erfolge (61), wie z.B. eine signifikante Abnahme des
Korperfettanteils Uber langere Zeitrdume von mindestens einem Jahr. Ein entsprechendes
Beispiel fir eine erfolgreiche bewegungsfordernde Intervention ist die in Schottland von
Chesham et al. (2018) durchgefihrte Studie, in der vier- bis zwolfjahrige Kinder taglich 15
Minuten spazieren oder joggen gehen sollten — zusatzlich zu ihrem bisherigen bzw. typischen
Bewegungsvolumen (62). Die gesamte Dauer der Interventionsstudie betrug ein Jahr,
wahrenddessen die Interventionseffekte anhand der durchschnittlichen KA (Akzelerometrie),
der Entwicklung der Korperkomposition (Messung der Hautfaltendicke) sowie der
korperlichen Fitness (Shuttle-Run-Ausdauerlauf) evaluiert wurden. Im Mittel akkumulierten
die teilnehmenden Kinder zusatzlich 9,1 Minuten MVPA pro Tag (95%-Cl: 5,1; 13,2) und
verbesserten zudem ihre Korperkomposition sowie ihre korperliche Fitness (62). Die

Ergebnisse von Chesham et al. (2018) decken sich in dem Sinne mit den Beobachtungen aus
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Studie 1, da bereits zusatzliche 15 Minuten MVPA pro Tag das Risiko fiir Ubergewicht
reduzierten (OR nach 2 Jahren: 0,628 [95%-Cl: 0,460; 0,859], OR nach 6 Jahren: 0,545 [95%-
Cl: 0,382; 0,779]), im Vergleich zu 30 Minuten MVPA pro Tag (OR nach 2 Jahren: 1,003 [95%-
Cl: 0,592; 1,698], OR nach 6 Jahren: 0,829 [95%-Cl: 0,430; 1,600]). Es muss allerdings bedacht
werden, dass lediglich von 391 Kindern vollstindige Daten zur Evaluation der Intervention

verfligbar waren.

Bisher konnte keine andere Studie mit einer ahnlich groRen Stichprobe (wie Studie 1) den bi-
direktionalen Zusammenhang von KA und Ubergewicht untersuchen, was die inkonsistenten
Schlussfolgerungen einiger Langsschnittstudien erklaren konnte (17-19, 63-66), Eine einzige,
kirzlich veroffentlichte Studie, die Langsschnittdaten von 430 Kindern aus funf verschiedenen
Landern (Deutschland, Italien, Polen, Belgien und Spanien) tUber einen Zeitraum von 5 Jahren
erfasst hat, berichtete ebenfalls den in Studie 1 beobachteten bi-direktionale Zusammenhang
von KA und Ubergewicht (67). Allerdings wurde in der Studie nur untersucht, ob die von der
WHO empfohlene MVPA den Body Mass Index und den Fat Mass Index beeinflusst (beide
Parameter wurden nur als kontinuierliche Variable erfasst), ohne zu evaluieren, wie sich das
auf Gewichtskategorien bzw. ein potentielles Ubergewicht auswirkte. Zur Erfassung der KA
wurde ein anderes Gerat, das Sensewear Armband 2 verwendet, was die hohen MVPA Werte
erklart (Minuten in MVPA der 6-Jahrigen: 114,6 [SD 59,5], der 8-Jahrigen: 122,1 [SD 72,3], der
11-J3hrigen: 83,9 [SD 53,6]), da Uberschitzungen von hochintensiven Bewegungen am

Handgelenk getragene Akzelerometer beobachtet wurden (68, 69).

Die wichtigste Erkenntnis aus Studie 1 ist, dass der Zusammenhang von KA und Ubergewicht
losgelost von InterventionsmalRnahmen, d.h. durch nicht-modifizierte KA unter natirlichen
Lebensbedingungen, Bestand hat, wenn Kinder sich ausreichend bewegen. Allerdings wurde
nur ein sehr geringer Anteil der untersuchten Kinder, die bei der Basiserhebung tibergewichtig
waren, bis zur Folgeerhebung normalgewichtig (2,6% der Kinder nach 2 Jahren und 4,6% nach
6 Jahren). Hinzu kommt, dass sich die tagliche KA von Kindern, die bei der Basiserhebung
normalgewichtig und erst bei der Folgeerhebung libergewichtig waren, um mehrere Minuten
taglich reduziert (B nach 2 Jahren: -4,612 [95%-Cl: -7,548; -1,676], B nach 6 Jahren: -7,512
[95%-Cl: -10,700; -4,323]), verglichen mit Kindern, die bei beiden Messzeitpunkten
normalgewichtig waren. Folglich kann das praventive MaB an MVPA schwerlich erreicht
werden, sodass ein Ubergewicht, das erstmal manifestiert ist, nicht mehr allein durch

Bewegung beseitigt werden kann. Umso wichtiger ist es daher, dass Kinder moglichst in sehr

21



jungen Jahren ausreichend Bewegung haben. Neben KA als wichtigem Faktor fiir die
Energiebilanz und damit fir die Entwicklung des Gewichtsstatus spielt Erndhrung bzw. die
Energiezufuhr eine wichtige Rolle (70, 71). Dieser Forschungsbereich wird jedoch im Rahmen
dieser Arbeit nicht ndaher beleuchtet, da diese sich explizit und ausschlieBlich mit dem

Bewegungsverhalten auseinandersetzt.

Schlielich muss noch betont werden, dass das von der WHO empfohlene Aktivitatslevel (60
Minuten MVPA pro Tag) laut der Ergebnisse aus Studie 1 tatsachlich einer ibermafRigen
Gewichtszunahme vorbeugen kdnnte (OR: 0,546), wenn diese mindestens zwei Jahre lang
beibehalten wird. Erfreulicherweise deuteten sich auch bereits ab 45 Minuten MVPA pro Tag
praventive Effekte an (OR: 0,628), verglichen mit Kindern, die sich bei sowohl bei der Basis- als
auch bei der Folgeerhebung unzureichend bewegt hatten. Da das Risiko, libergewichtig zu
werden, allerdings geringer war, wenn Kinder langfristig 60 Minuten taglich in MVPA aktiv

sind, stellt sich die Frage, wie dieses gesunde MaR zu fordern bzw. zu halten ist.

Die grundlegende Frage bei der Bewegungsférderung ist, wo diese ansetzen soll. Entweder
dort, wo bereits viel Bewegung vorhanden ist, weil viel Bewegung in diesen Kontexten
offensichtlich realisierbar ist — oder sollten Interventionsmallnahmen Domanen bzw.
Bewegungskontexte adressieren, in denen bislang kaum MVPA stattfindet? Klar hingegen ist,
dass es sich zwar empfiehlt, bewegungsfordernde MaBnahmen an vulnerable Zielgruppen, die
im Alltag weniger aktiv sind, zu richten, wie im Falle von jugendlichen Madchen, bei denen der
Anteil der ausreichend Aktiven sehr geringist (17 - 21%). Aber im praventiven und integrativen
Sinne sollten Strategien flir Bewegungsforderung an alle Kinder und Jugendliche adressiert
werden, da der Anteil der ausreichend Aktiven mit etwa einem Drittel insgesamt ungeniligend

ist.

Zumal bei erfolgversprechenden Strategien zur Bewegungsforderung auch gewahrleistet sein
muss, dass diese langfristig umgesetzt werden kdnnen und daher mit wenig Aufwand wie z.B.
zusatzlichem Personal in Settings wie der Schule funktionieren sollten (56). Ein
flachendeckender Ansatz zur erfolgversprechenden Bewegungsforderung ist der Ausbau bzw.
die Erhohung von Schulsportstunden: Ohne zusatzliche Strategien der Bewegungsférderung
entwickeln zu mussen, konnten Kinder und Jugendliche haufiger Sport in der Schule treiben
und somit ihre Chance steigern, die Bewegungsempfehlungen zu erreichen. Dies konnte in
Studie 3 gezeigt werden — die Chance, die Empfehlungen zu erreichen, ist bei Kindern, die
mindestens zwei Mal pro Woche am Schul- oder Vereinssport teilnehmen, signifikant um fast
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das Vierfache erhéht (AOR fir Schulsport: 3,60 [95%-Cl: 2,05; 6,31], AOR fir Vereinssport:
3,83 [95%-Cl: 2,09; 6,99]), verglichen mit Kindern, die keinerlei sportliche Aktivitaten
durchfihren. Und das obwohl durchschnittlich nur etwas mehr als die Halfte, jeweils 54% des
Sportunterrichtes und 61% des Vereinssports, aktiv verbracht wurde (Summe aus leichter KA
und MVPA). Um die férderlichen Effekte von sportlichen Aktivitaten zur Steigerung des MVPA-
Niveaus noch zu verstarken, sollte insbesondere beim Schulsport darauf geachtet werden,
dass der Anteil der MVPA (exklusive leichte KA) noch méglichst bis auf den empfohlenen Anteil
von mindestens 50% ausgebaut wird. Dass der Anteil der MVPA wahrend des Schulsports in
Studie 2 und 3 nicht ausreichend hoch war, ist jedoch keine Beobachtung, die nur fir weitere
deutsche Schulen gilt (72, 73), sondern auch in anderen europdischen Landern und den USA
zutrifft (74, 75). Moglicherweise ist der erfolgversprechendere Ansatz zur
Bewegungsforderung, dass der Anteil der MVPA wahrend des Sportunterrichtes gesteigert
wird anstelle von mehr Sportunterricht pro Woche. Letzterer Forderung wirde jedoch
sicherlich eine schulpolitische Herausforderung darstellen, da die Anzahl der gesamten
Schulstunden begrenzt ist und daher konkurrierende Anspriiche anderer, nicht-sportlicher

Unterrichtsfacher bestehen (76).

Generell scheint die Schulzeit, wie sich in Studie 2 herausstellte, einen hohen Beitrag zur
taglichen Gesamtdauer in leichter KA (53%) und in MVPA (46%) zu leisten, wenngleich der
Beitrag zur gesamten Sitzdauer pro Tag ebenfalls hoch ist (55%). Da zwar Schulbeginn und

-ende, aber nicht die Pausen separat vom allgemeinen Unterricht erfasst wurden, konnte in
Studie 2 lediglich vermutet werden, was in Studie 4 gezeigt wurde: Der Anteil der Pausen, der
nicht im Sitzen verbracht wurde (hier: Summe aus ,Standing” und ,,Stepping®), war in Studie
4 ebenfalls sehr hoch (71% - 83%). Das bedeutet, der aktive Anteil in Schulpausen war sogar
hoher als wahrend des Schulsports bei den Sechs- bis Zehnjahrigen (57%) in Studie 3 (hier:
Summe aus leichter KA und MVPA). Allerdings muss angemerkt werden, dass die aufwendige
Intervention mit den hohenverstellbaren Schreibtischen zwar kurzfristig die Sitzdauer
zugunsten der Stehdauer reduziert hat, aber keine bewegungsféordernden Auswirkungen der
héhere Intensitaten KA (hier ,,Stepping”) verzeichnet wurden. Eben dieser Effekt wurde in der
Interventionsstudie von Silva et al. (2018) erzielt, in der jedoch die Nutzung der Tische aktiv

angeleitet und zu Bewegung motiviert wurde (77).
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5.2.Unterschiedliche Pravalenzen

Es existieren nicht nur Diskrepanzen zwischen dem empfohlenen und tatsachlichen
Bewegungsniveau vieler Kinder und Jugendlicher, sondern auch zwischen den Aktivitatslevels
in verschiedenen Studien zur Pravalenz von KA, selbst wenn die gleiche Erfassungsmethode
(z.B. Akzelerometer) und sogar das gleiche Instrument (z.B. Actigraph GT1M) angewendet
wurde. Weshalb die Vergleichbarkeit erschwert ist, wird im Folgenden sowohl fiir das

allgemeine als auch fiir das domanenspezifische Bewegungsverhalten erortert.
Allgemeine und domdnenspezifische Prédvalenz im Vergleich

In allen Studien (1-4) wurde festgestellt, dass Jungen insgesamt und insbesondere hinsichtlich
der hochintensiven MVPA aktiver sind als Madchen, was aus fast allen Studien zum
Bewegungsverhalten bekannt ist (6, 7, 78-81). Ebenfalls vergleichbar mit vielen Studien ist die
Beobachtung in den Studien 1-3, dass Grundschiiler (6-10-Jahrige) weniger sitzen und aktiver
sind als mindestens 11 Jahre alte Kinder. Hinsichtlich der Bewegungsempfehlungen decken
sich die Ergebnisse der Studien 1-3 mit bisherigen Studienergebnissen (6, 7, 78, 80, 81), mit
Ausnahme der sechs- bis zehnjahrigen Jungen und Madchen aus Studie 2, von denen mit 70%

bzw. 52% aullergewdhnlich viele Kinder die Bewegungsempfehlungen erreichten.

Was das domanenspezifische Bewegungsverhalten anbetrifft, |asst sich festhalten, dass die
Schule den groRten Beitrag zur Gesamtdauer der taglichen MVPA in Studie 2 liefert, was
ebenfalls bei Bailey et al. (2012) beobachtet wurde (23). Ein dhnlich hoher Anteil an MVPA
wurde in Studie 3 wahrend des Schulsports (15% - 28%) und des Vereinssports (23% - 31%)
gemessen. In einer schottischen Studie hingegen war der héchste Anteil an MVPA wahrend
der Schulwege zu verzeichnen (22). Bis zu 70% verbrachten Kinder wahrend der Schulpausen
in MVPA in der Studie von Guinhouya et al. (2009) (42), was sich deutlich von den Ergebnissen
aus Studie 4 unterscheidet (36,6% - 40,6%).
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5.3.Methodische Ursachen fiir unterschiedliche Pravalenzen

Bereits beim Betrachten der Ergebnisse der Studien 1-4 sowie der angewendeten Methoden
(Tabelle 1) fallen Diskrepanzen auf, durch die die Vergleichbarkeit der Aktivitatsdaten
verschiedener Studien erschwert wird. Daflir gibt es mehrere Griinde, die meist methodischer

Natur sind.
Methodische Entscheidungen vor der Messung

Zunachst werden haufig verschiedene Gerdte-Generationen verwendet, da vorhandene
Gerate i.d.R. moglichst lange genutzt werden, aber diese aufgrund technischer Defekte ersetzt
oder fir grofRere Studien durch Anschaffung neuer Gerate aufgestockt werden miissen. Die
unterschiedlichen Generationen eines Herstellers sind in der Regel weitgehend vergleichbar
(82-84). Weiterhin fihrt die Nutzung géanzlich anderer Gerdte zu unterschiedlichen
Messwerten, wie in Studie 4, in der die KA mit einem neueren und daher seltener (als z.B.
Actigraph GT1M) verwendeten Gerat bzw. Instrument, dem activPAL Inclinometer, gemessen
wurde. Der activPAL misst ebenfalls drei Intensitatsbereiche, jedoch sind diese das Sitzen, das
Stehen und das sogenannte ,Stepping” (44, 45), sodass allein der Vergleich mit den drei
gemessenen Intensitdten (die Sitzdauer, leichte KA und MVPA) des Actigraph Akzelerometer
in Studie 1-3 limitiert ist. Um die gemessenen Daten von Studie 4 trotz der Nutzung eines
anderen Instruments noch moglichst mit den Bewegungsdaten der Studien 1-3 vergleichen zu
konnen, wurde in Studie 4 ebenfalls das Schwellenmodell nach Evenson et al. (2010)
angewendet (85). In manchen Fallen wie beim activPAL (86, 87) oder Sensewear Armband (67)
wird durch das Gerat schon die Trageposition am Korper vorgegeben, die aber bei vielen
Geraten wie auch Actigraph Akzelerometern willkiirlich festgelegt werden kann, was ebenfalls

die Messergebnisse beeinflussen kann (88).

Ein weiterer Faktor, der die Vergleichbarkeit der Ergebnisse mafgeblich beeinflusst, ist die
Einstellung des Messintervalls, das vor der Messung festgelegt wird, sowie die Wahl der
Schwellenmodelle zur Einordnung der Messwerte in die unterschiedlichen Intensitaten von
KA. Auch wenn die Nutzung kurzer Intervalle seit vielen Jahren bei der Untersuchung von
Kindern und Jugendlichen empfohlen wird (33, 43, 89), werden weiterhin in einigen Studien
im Kindes- und Jugendalter héhere Messintervalle verwendet (7, 24, 33, 43), obwohl bekannt
ist, dass hohere epochs dazu fiihren kénnen, dass weniger MVPA von Akzelerometern

gemessen wird (43, 90, 91).
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Schlussendlich muss noch entschieden werden, ob mehrere Methoden eingesetzt werden
sollen, wie z.B. Fragebodgen oder Bewegungstagebilicher, um weitere Informationen zum
Bewegungsverhalten zu erfassen oder KA-Daten wie in Studie 2 zu evaluieren. In Letzterer
konnte gezeigt werden, dass subjektive Angaben zum Schulweg und zum Vereinssport
verldssliche Aussagen liefern, da die Korrelationen von subjektiv und objektiv gemessener KA

in diesen Domanen zumindest moderat waren.
Methodische Entscheidungen vor der Auswertung

Wenn die Vergleichbarkeit verschiedener Studien im Vordergrund steht, kann es vorkommen,
dass auch KA-Daten durch die Re-Integration in héhere Intervalle miteinander vergleichbar
gemacht werden, wie im Falle einer gepoolten Datenanalyse aus 30 verschiedenen Studien
(7). Dabei wurden mittels Akzelerometer erfasste Daten von insgesamt 47.497 Kindern und
Jugendlichen zwischen 2 und 18 Jahren aus 18 Landern einheitlich ausgewertet. In diesem Fall
musste das Messintervall von 60 Sekunden als kleinster gemeinsamer Nenner genutzt
werden. In der Analyse von Steene-Johannessen et al. (2020) wurde fiir die Einordnung der
Bewegungsdaten das Schwellenmodell von Evenson et al. (2008) angewendet, das
insbesondere fir die Altersgruppe der 5-8-Jahrigen empfohlen wird (85) und auch in den

Studien 1-3 genutzt wurde.

Grundsatzlich gibt es hinsichtlich der Schwellenmodelle nach wie vor keine einheitliche
Verwendung — selbst fir die gleiche Altersgruppe werden noch regelmaBig unterschiedliche
Referenzen herangezogen (39, 91, 92). In einem der Reviews von Akzelerometer-Studien aus
dem Jahre 2013 wurden die verschiedenen Schwellenmodelle fiir MVPA aus 35 europdischen
Studien in drei unterschiedliche restriktive Kategorien von Schwellenwerten unterteilt. Der
Anteil der Kinder und Jugendlichen, die ausreichend MVPA laut der WHO erreichten, unterlag
einer Spanne zwischen 3% und 100% (39). Entsprechend hohe Diskrepanzen kénnen kaum auf
regionale Unterschiede zurlickzufiihren sein, da die MVPA aus europdischen Landern sich

zwar unterscheidet, aber nicht in diesem Maf3e (6).

SchlielRlich missen spatestens im Rahmen der Auswertung noch Ein- bzw. Ausschlusskriterien
fir ,valide” Daten festgelegt werden, wie in Kapitel 4.4 bereits an einem Beispiel erlautert
wurde. Dies kann lediglich die Mindest-Tragedauer pro Tag betreffen (meist in Stunden pro
Tag) und wie viele dieser Tage pro Proband bzw. Messung mindestens vorhanden sein

muissen, damit eine Akzelerometer-Messung in die Analyse einflieRen darf. Bei
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Langsschnittstudien ist es (blich, dass pro Proband mindestens zwei ,valide” Messungen
bereitgestellt werden (67), damit die unabhdngige Variable moglichst aussagekraftig

abgebildet wird wie Studie 1.

Zur Erfassung des domanenspezifischen Bewegungsverhaltens wurden deutlich weniger
Studien durchgefiihrt. Bei diesem speziellen Ansatz treffen die o.g. methodischen
Abwagungen flr die Erfassung der KA gleichermalien zu, missen jedoch durch mindestens
eine weitere Methode (z.B. Fragebogen, Standortmessung, Bewegungstagebuch) erganzt
werden, fir die ebenfalls methodische Entscheidungen getroffen werden miissen. Neben der
Verknipfung von objektiven KA-Daten mit subjektiven Angaben aus z.B.
Bewegungstagebiichern verwendeten wenige Studien Standortmessungen und kombinierten
diese mit der Akzelerometrie (22, 23, 93). Der Vorteil davon ist, dass beide Systeme ,,objektiv”
sind und die Probanden kein Tagebuch ausfiillen miissen, sodass keine Messfehler durch
subjektive Erinnungsverzerrungen entstehen koénnen, die ein typisches Problem von

subjektiven Methoden sind (40, 41).

5.4.Vergleich von Starken und Limitationen der durchgefiihrten Studien
Stichproben und Studiendesigns

Studie 1 untersuchte Kinder aus acht europaischen Landern und bis zu sechs Jahre lang, wobei
primdr Zusammenhdnge mit dem Gewichtstatus analysiert wurden. Der groRe
Stichprobenumfang mit longitudinaler Betrachtungsweise (N bei 2-Jahres-Follow-up: 3.393, N
bei 6-Jahres-Follow-up: 1.899) und die erfolgreiche Koordination der multinationalen,
standardisierten Untersuchungsweise sind sicherlich die groRten Starken von Studie 1. Jedoch
muss angemerkt werden, dass anhand der Einschlusskriterien (z.B. mindestens zwei
Beobachtungen pro Proband und Mindesttragedauer der Akzelerometer) viele der
urspriinglich verfligbaren Beobachtungen ausgeschlossen werden mussten. Beispielsweise
hatten 8.429 Kinder bei der Basiserhebung valide Datensatze, aber da fir die longitudinale
Analyse die zweite Messung notwendig war, mussten 5.036 Kinder von der Analyse
ausgeschlossen werden. Insbesondere bei solch groRen Langsschnittstudien (Studie 1) ist der
Verlust von Teilnehmern und Daten ein bekanntes Problem (65, 66). An dieser Stelle ist
anzumerken, dass die Zusammenhinge von MVPA und Ubergewicht aus Studie 1 nur fir
Ubergewicht untersucht wurden und nicht zwingend fiir andere nicht-lbertragbare

Erkrankungen wie z.B. Bluthochdruck oder Diabetes zutreffen missen. Dazu sind weitere
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hochqualitative  Langsschnittstudien notwendig, um Zusammenhange zwischen
verschiedenen objektiv gemessenen MVPA-Level und Gesundheitsparametern im Kindes- und

Jugendalter zu analysieren.

In den Studien 2-4 war sowohl die sogenannte Response besser, d.h. die erneute
Teilnahmerate, als auch die Verfligbarkeit von ,validen” Datensatzen fiir die Analyse —
allerdings war der Abstand zwischen den Erhebungsphasen deutlich kirzer als in Studie 1. In
Studie 4 kam ein spezielles Studiendesign zum Einsatz (94), bei dem wahrend der zwei
Interventionsphasen die hohenverstellbaren Schreibtische jeweils der Halfte jeder Klasse
zugeordnet wurden. Ausschlaggebend fiir diesen Ansatz war, dass gleiche
Umgebungsbedingungen (z.B. Wetter, Abweichungen vom Stunden-/Lehrplan) die
Vergleichbarkeit der Daten von Kontroll- und Interventionsgruppe beeinflusst hatten, wenn

die Intervention klassenweise durchgefiihrt worden ware.
Methoden und Instrumente

Ob die Methoden und Instrumente adaquat gewahlt sind, hdngt von der jeweiligen
Fragestellung ab, anhand derer methodische Starken und Limitationen bewertet werden.
Grundlegende Starke aller durchgefiihrten Studien ist die Anwendung objektiver
Erfassungsmethoden, um das Bewegungsverhalten abzubilden. Zudem kann es wie in Studie
1 notwendig sein, zusitzliche Parameter wie Ubergewicht zu erfassen. Letzteres war fiir die
anderen Studien irrelevant, da der Fokus der Studien 2-4 auf der Analyse des
domanenspezifischen Bewegungsverhaltens lag und weniger bzw. gar nicht auf potentiellen
Zusammenhangen mit Gesundheitsparametern. Diese drei Studien erzielten im Gegensatz zu
Studie 1 langere Tragezeiten (pro Tag und die Anzahl der gemessenen Tage) und erganzend
wurden Bewegungstageblicher und Stundenpldne genutzt, um das Bewegungsverhalten
detailliert zu untersuchen. Insbesondere Studie 4 konnte durch die Erkenntnisse aus Studie 2
und 3 methodisch verbessert werden, indem die Erfassung von Schulpausen inkludiert und
Stehen durch ein geeignetes Gerat (activPAL Inclinometer) erfasst wurde. In Studie 2 und 3
hingegen konnte nicht differenziert werden, ob die anhand der Akzelerometrie (Actigraph
Akzelerometer) gemessene Sitzdauer, lediglich sitzende oder auch stehende Aktivitaten ohne
nennenswerte Beschleunigungen gemessen hat. Dies ware insbesondere fir
Schlussfolgerungen, wieviel Zeit wadhrend des Sportunterrichtes sitzend bzw. stehend

verbracht wurde, von Interesse.
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5.5. Empfehlungen fiir zukiinftige Aktivitatsforschung und Ausblick

Empfehlungen fiir die Erfassung des Bewegungsverhaltens im Kindes- und Jugendalter

Die subjektive Einschdatzung von Bewegungsdauer und -Intensitat fihrt haufig zu Unter- oder
Uberschatzungen von KA (verglichen mit objektiven Werten), insbesondere bei Kindern und
Jugendlichen (40, 41). Daher sollte das Bewegungsverhalten moglichst objektiv, z.B. mittels
Akzelerometrie gemessen werden. Aus diesem Grund resiimierte eine kiirzlich erschiene
Ubersichtarbeit, die den aktuellen Erkenntnisstand und zukiinftige Perspektiven der
Akzelerometrie zusammengefasst hat, dass Akzelerometer nach wie vor die beste Methode
sind, um Bewegungsverhalten in Populationsstudien zu erfassen, aber nach Moglichkeit durch
subjektive, domanenspezifische Angaben ergdnzt werden sollten (25). Letztere scheinen
einzig verlassliche Informationen zu generieren, wenn regelmaRige Aktivitaten wie Schulwege
und sportliche Aktivitaten abgefragt werden, wie in Studie 2 gezeigt wurde. Wenn lediglich
diese Doméanen von KA untersucht werden sollen, kénnten notfalls subjektive Methoden

eigenstandig eingesetzt werden.

Seit einigen Jahren riickt die Erforschung des taglichen Sitzverhaltens — auch bereits im Kindes-
und Jugendalter — zunehmend in den Fokus der Aktivitatsforschung. Dementsprechend steigt
der Anspruch an Messinstrumente und subjektive Angaben zur Sitzdauer werden im Vergleich
zu objektiven Messmethoden als unzuverlassig angesehen (40, 41). Daher ist die Nutzung
objektiver Messmethoden grundlegend fiir zukiinftige Studien empfohlen, insbesondere
dann, wenn Zusammenhange von KA und Gesundheit im Vordergrund stehen und die gesamte

MVPA erfasst und die Bewegungsempfehlungen beriicksichtigt werden konnen.

Die Aktivitatsmessung mittels sogenannter Wearables (z.B. Smartwatches, Fitnesstracker), ist
seit wenigen Jahren nicht mehr nur ein Fitnesstrend (95), sondern fiihrte sogar dazu, dass
Wearables mittlerweile in verschiedenen Surveillance Studien eingesetzt wurden (25). Ob sich
die Nutzung entsprechender Gerdate in der zuklnftigen Aktivitditsmessung in
wissenschaftlichen Studien dauerhaft etablieren wird, wird sich in den kommenden Jahren

zeigen.
Ausblick fiir die zukiinftige Bewegungsforderung

Die vorliegende Arbeit liefert wichtige Erkenntnisse dazu, welches Aktivitatslevel ausreichen
kénnte, um Ubergewicht vorzubeugen und welche Doménen des Tages dazu beitragen, dass

ausreichend Bewegung erreicht werden kann. Es kann jedoch nicht abschliefend beantwortet
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werden, ob die Ziele, den GroRteil der Kinder und Jugendlichen zu ausreichend MVPA zu
motivieren und Ubergewicht flichendeckend zu reduzieren, tatsichlich erreicht werden
konnen. Dazu hat auch ein kiirzlich veroffentlichter, systematischer Review die Erkenntnisse
aus 39 Reviews zusammengefasst, die Interventionen zur Bewegungsforderung in
unterschiedlichen Settings analysiert haben. Neben Interventionen, bei denen Eltern
miteinbezogen wurden und die daher aufwendiger sind, wurde ebenfalls die Effektivitat von
schulbasierten Interventionen begutachtet. Die Ergebnisse dieser Studien untermauern die
Beobachtungen aus Studie 2 und 3, dass durch langeren und haufigeren Sportunterricht die

Gesamtaktivitat effektiv und nachhaltig gesteigert werden kann (56).

Hinsichtlich der Bewegungsempfehlungen kdénnte aufgrund der Erkenntnis aus Studie 1, dass
bereits 45 Minuten MVPA pro Tag einer starken Gewichtszunahme entgegenwirken kénnten,
in Erwdgung gezogen werden, ob zwar 60 Minuten als optimales MVPA-Niveau angesehen
werden kénnen, aber in zuklnftigen Studien bereits 45 Minuten als ausreichendes MVPA-
Niveau betrachtet werden kénnen. Ohnehin werden die empfohlenen 60 Minuten MVPA pro
Tag nur von einem geringen Anteil der Kinder und Jugendlichen erreicht. Entsprechende
Uberlegungen miissten in zukiinftigen Interventionsstudien untersucht werden, um zu priifen,
ob eher 45 Minuten als primadres und realistischeres Ziel avisiert werden sollten, um
Ubergewicht vorzubeugen. Des Weiteren muss untersucht werden, ob der priventive Nutzen
dieses Aktivitatslevels (45 Minuten MVPA pro Tag) ebenfalls fir weitere
Gesundheitsparameter wirksam ist. Demgegentiber steht aktuell in Deutschland zur Debatte,
ob Bewegungsempfehlungen nicht auf mindestens 90 Minuten MVPA pro Tag angehoben
werden sollten. Da jedoch die Diskrepanz zwischen den aktuellen Bewegungsempfehlungen
(60 Minuten MVPA pro Tag) und der tatsachlichen Pravalenz von MVPA von Kindern und
Jugendlichen bereits jetzt groR ist, stellt sich die Frage nach der Sinnhaftigkeit einer

entsprechenden Anpassung.

Unglinstig flir die Bewegungsforderung ist die Tatsache, dass die Mediennutzung im Kindes-
und Jugendalter seit der Entwicklung von mobilen Endgeraten deutlich zugenommen hat (96).
Es scheint unwahrscheinlich, dass dieser Trend in absehbarer Zeit aufhoren wird. Vereinzelte
digitale Spiele und Applikationen hatten in jingster Zeit gleichwohl sogar zur Steigerung von
KA gefiihrt (97-99), teilweise ohne dies zu beabsichtigen (97). Daher kdnnte ein —

moglicherweise notwendiger — Ansatz darin liegen, digitale Medien in Studien zur

30



Bewegungsforderung einzubinden, wobei dabei darauf zu achten ist, dass die Mediennutzung

nicht deutlich zunimmt (100).
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Abstract

Background

Longitudinal studies are inconclusive regarding the degree PA can prevent excess weight
gain. Moreover, evidence is limited on how childhood cverweight determines PA during
childhood. Therefore, we analyzed longitudinal trajectories of objectively measured PA and
their association with weight trajectories of children at 2- and 6-year follow-ups.
Methods

Longitudinal data of three subsequent measurements from the IDEFICS/I.Family cohort
study were used to analyze the association between moderate-to-vigorous PA (MVPA) and
weight status by means of multilevel regression models. Analyses comprised 3393 (2-year
follow-up) and 1899 (6-year follow-up) children aged 2—<16 years from eight European
countries with valid accelerometer data and body mass index (BMI) measurements.
Results

Children engaging in at least 60 minutes MVPA daily at baseline and follow-up had a lower
odds of becoming overweight (odds ratio {OR) at 2-year follow-up: 0.546, 95% Cl: 0.378;
0.789 and 6-year follow-up: 0.393, 95% Cl: 0.242; 0.638), compared to less active children.
Similar associations were found for 45 minutes MVPA daily. On the other side, children who
became overweight had the lowest chance to achieve 45 or 60 minutes MVPA daily

(ORs: 0.459 to 0.634), compared to normal weight children.

Conclusions

Bi-directional associations between MVPA and weight status were observed. In summary, at
least 60 minutes MVPA are still recommended for the prevention of childhood overweight.
To prevent excess weight gain, 45 minutes MVPA per day also showed preventive effects.
Moreover, overweight children were less likely to achieve PA levels that are often

recommended to prevent excess weight gain.

Key words
Health-enhancing physical activity, pediatric overweight, obesity prevention, dose-response

relationship, physical activity recommendations
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Background

About 20% of children and adolescents in developed and developing countries are
overweight or obese [1-3]. Although some studies have found no further increase in
prevalence in recent years, the proportion of children and adolescents having overweight
and obesity has reached a plateau at a high level [1, 4]. Childhood obesity and overweight
are a major public health problem [2, 4] since cardiometabolic health is adversely affected
by excessive fat mass [5, 6]. Furthermore, higher fat mass in childhood increases the risk of
having obesity in adolescence and adulthood [7, 8]. The assumption that sufficient MVPA
prevents excessive fat mass has become widely accepted since numerous cross-sectional
studies have shown an inverse association between the level of high physical activity {PA)
intensities such as moderate-to-vigorous PA (MVPA) and the prevalence of overweight and
obesity in children [8-12]. Hence, national and international Health Care Institutions
recommend MVPA of at least 60 minutes per day for children and adolescents and 150
minutes of MVPA per week for adults [13, 14] to prevent obesity and other chronic diseases

and to maintain metabolic health.

However, causal inferences about the direction of the association between PA and weight
status can only be drawn from longitudinal studies using objective measurements of PA and
age- and sex-adjusted body weight [15-17]. Up to now, only few longitudinal studies have
been conducted with appropriate study designs - most of them with only small sample sizes
(N<300) [10, 15, 18], either confirming the well-known cross-sectional association between
PA and weight status [10] or finding an inverse association between body fat at baseline and
MVPA at follow-up [15]. Furthermore, a recent review highlighted that “dose-response
evidence” of PA for the prevention of childhood overweight and obesity is still lacking [19]
and the recommended MVPA levels supposed to prevent metabolic diseases such as obesity
need to be scrutinized. This issue was also raised recently by Warburton and Bredin (2018)
highlighting that dose-response-relationships in health studies are not always translated
correctly. The authors pointed out that while some of the recommended health-improving
doses of PA such as the MVPA level of 60 minutes per day may prevent chronic diseases,
smaller amounts of PA may also improve several health parameters to an appreciable extent
[20]. Qur study offers the unique opportunity to investigate the bi-directional association
between objectively measured MVPA and weight status in a large international sample (the

IDEFICS/I.Family cohort), and moreover, to analyze whether MVPA less than the generally
3
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recommended 60 minutes per day may already have a positive effect on weight status of

children.

Methods

Study population

More than 16000 participants aged 2—<10 years were initially recruited at baseline (TO:
2007-2008) across eight European countries {Belgium, Cyprus, Estonia, Germany, Hungary,
Italy, Spain, and Sweden) in the IDEFICS study. This study is currently the largest prospective
study in European children investigating health-related behavior and metabolic outcomes in
children and their families. Comprehensive examinations included physical examinations,
blood samples, assessment of dietary and PA patterns at baseline, the first follow-up (T1:
2009-2010) and the second follow-up (T3: 2013-2014). It needs to be acknowledged that a
further in-between follow-up (T2) was conducted as mail survey only and thus, was not
considered in the present study. Parents gave written informed consent. Additicnally, oral
consent was obtained from children just before the examination. Ethical approval was
obtained from the responsible authority of each participating study center. Further details of

the study design and examination protocol have been reported elsewhere [21, 22].

PA measurement

Intensities of PA were assessed by uniaxial accelerometry using Actigraph models (GT1M,
GT3X and ActiTrainer; Actigraph, Pensacola, Florida, USA). The sample interval was set to an
epoch of 15 seconds. During the first survey in Italy, an epoch length of 60 seconds was
selected in most cases. We accounted for this by using the correction factor recommended
by Colley and colleagues [23]. The accelerometers were attached to the right hip with an
elastic belt. Each child was verbally instructed to wear the device for at least three days
during waking hours, except when bathing or swimming. Additionally, all parents received
written instructions on accelerometer usage and on how to record non-wear time of the
device in diaries provided by the study personnel. About 13% of all children took off the
device at least once during sports or water-based activities and recorded this in the non-
wear diaries. If the recorded activities qualified as MVPA according to the Ainsworth
Compendium for Youth [24], we imputed the recorded duration as MVPA, corrected by a
factor of 0.5 as recently recommended [25]. Evenson cutoff-points typically applied for

school-aged children were used to categorize MVPA [26]. Non-wear time was defined as at
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least 90 minutes of consecutive zeros and was removed frem the data, as recommended
[27]. To be included in the analysis, a minimum of six hours wear-time per day for at least
three days {at least two weekdays and one weekend day) was required. Children with at
least an average of 60 minutes MVPA per valid day were categorized as sufficiently active
according to the WHO recommendations [13]. We consciously decided to use the absolute
minutes of daily MVPA rather than proportions (%/day), since PA guidelines are also

expressed in minutes per day.

Anthropometric measurements

All physical examinations were conducted by trained study personnel according to the
IDEFICS/I.Family study protocol in all three survey periods (TO/T1/T3). Waist circumference
as well as body height and weight were measured at the local study centers. Details of the
anthropometric measurements have been described elsewhere [22, 28]. Anthropometric

values were included as percentiles for waist circumference and BMI, respectively.

Waist circumference
Waist circumference was measured in a standing position using an elastic belt {Seca 200),

precision 0.1 cm, range: 0—150 cm.

Body mass index (BMI)

To calculate the BMI, body weight (kg) was divided by the square of body height (m).
Children wore underwear and a T-shirt for weighing. Weight was measured to the nearest
0.1 kg using an electronic scale (Tanita BC 240 SMA, Tanita Europe, Sindelfingen, Germany).
Height was measured barefoot with a telescopic height measuring instrument (Seca 225

stadiometer, Seca, Birmingham, UK) to the nearest 0.1 cm.

Statistical analyses

Different strategies were followed to investigate the association between PA and weight
status. For the main analyses, the weight status of children was modeled continuously by
means of BMI percentile based on the International {IOTF) BMI percentile curves updated by
Cole & Lobstein [29]. For categorized analyses, this variable was dichotomized and children
with a BMI above the 90" percentile were considered having overweight or obesity. PA was
modeled continuously as average daily minutes of MVPA. For categorized analyses, this
variable was dichotomized at the generally recommended MVPA cutoff, i.e. 60 minutes per

day. In order to explore whether even a smaller amount than this 60 minutes daily are

5
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efficient to prevent overweight and obesity, we stepwise reduced this cutoff (to also 45 and

30 minutes per day) to categorize children as ‘sufficiently active’ in minutes of MVPA.

Based on these variables and cutoffs, associations between MVPA and weight status were
analyzed by means of multilevel linear and logistic regression models (with country as
random effect). This allows to analyze both directions, i.e. the effect of the trajectory of PA
(from baseline to follow-up) on weight status at follow-up (adjusted for baseline values) and
vice versa. All regression estimates (beta coefficients, odds ratios and 95% confidence
intervals (95% Cl)} were determined using the SAS procedures MIXED and GLIMMIX {V9.3;
SAS Institute Inc., Cary, North Carolina, USA), additionally adjusted for the duration between
baseline survey (TC) and follow-up (T1/T3), age, sex, and socio-economic status (SES), the
latter based on the “International Standard Classification of Education (ISCED)” contrasting
low (ISCED levels 0-2) and medium (ISCED levels 3-5) parental education against high (ISCED
levels 6-8) parental education as a proxy for SES [30]. In sensitivity analyses all regression
analyses were repeated using the study-specific percentiles of waist circumference (instead
of BMI percentiles) according to Nagy and colleagues [31]). For the sake of simplicity, we will

use the term ‘overweight’ instead of overweight/obesity in the following.

Results

Of 16229 initially participating children at baseline, PA of more than nine thousand children
was measured by accelerometry and valid PA was available in 8429 children (Figure 1).
Amongst those, 3393 children were included for the final analysis of the 2-year follow-up
(providing valid PA data at both, TO and T1). Regarding the analysis of the association
between baseline and the 6-year follow-up a total of 1899 children could be included

(providing valid PA data at both, TO and T3).
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Figure 1: Study sample and exclusion criteria

2-year follow-up 6-year follow-up

N=16229 children at baseline (T0)

T
Y

| 7207 children without accelerometer data (T0) |

¥

9022 children with accelerometer data (T0)

v
| 593 children excluded (no valid PA data (TO) for at least 3 days)

M

8429 children with valid PA data (T0)

AAAAAAA > 2646 children lost to first 5283 children lost to first P
follow-up (T1) follow-up (T3)

5783 with valid PA data 3146 with valid PA data
(T0) that alse (T0) that alse
participated at T1 participated at T3
______ = 2107 children without 1131 children without e e
accelerometer data (T1) accelerometer data (T3)

3676 with valid PA data 2015 with valid PA data
(T0) and accelerometer (T0) and accelerometer
data (T1) data (T3)

283 children excluded 116 children excluded
—————— = >| (novalid PA data (T1) for (no valid PA data (T3) for [€ = = = = = = o
at least 3 days) at least 3 days)

3393 children with valid 1899 children with valid
PA data (TO and T1) PA data (TO and T3)

Abbreviation: TO, baseline survey; T1, 2-year follow-up; T3, 6-year follow-up; PA, physical activity.

About 50% of all children included in the 2-year and 6-year follow-up were male (Table 1). In
both follow-ups, Sweden, Belgium and Cyprus provided the lowest and Estonia and Spain the
largest number of valid observations. Only a small proportion of the children included had a
low parental education (3.4-6.0%). The average age of all included children ranged between
5.9 and 6.3 years at baseline and was about two and six years higher at 2-year and 6-year

follow-up, respectively.
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Table 1: Sociodemographic and anthropometric data, physical activity variables for 2-year
and 6-year follow-up

2-year follow-up 6-year follow-up
{N=3393} (N=1899)
Boys Girls Boys Girls
(N=1692) (N=1701) {N=946) (N=953)
Country N % N % N % N %
Italy 178 10.5 176 103 139 14.7 112 118
Estonia 346 204 372 219 219 23.2 216 22.7
Cyprus 73 43 73 43 25 2.6 31 33
Belgium 127 7.5 126 74 32 34 35 3.7
Sweden 77 4.6 30 53 63 6.7 57 6.0
Germany 256 15.1 250 14.7 120 12.7 149 15.6
Hu ngary 161 9.5 154 9.1 177 18.7 176 18.5
Spain 474 280 460 27.0 171 18.1 177 18.6
Parental education
{ISCED levels)
Missing 5 03 1 0.1 3 0.3 3 03
Low {levels 0-2) 101 6.0 102 6.0 32 34 2 3.4
Medium (levels 3-5) 770 455 742 236 402 425 416 237
High (levels 6-8) 816 48.2 856 50.3 509 53.8 502 527
Age {years) Mean sD Mean SD Mean SD Mean sD
... at baseline 6.1 1.8 6.3 1.7 5.9 18 6.1 1.8
... at follow-up 8.1 18 8.2 18 11.7 18 119 1.8
BMI percentile’
... at baseline 573 296 59.0 29.1 56.3 295 58.1 289
... at follow-up 60.2 30.0 60.3 29.9 64.5 285 62.2 29.0
Accelerometer wear
time (min./day)
... at baseline 704.5 120.4 699.6 126.1 708.8 137.4 707.3 135.4
... at follow-up 695.8 1101 £98.5 109.5 754.9 114.5 757.3 101.3
MVPA {min./day)
... at baseline 55.5 22,5 47.6 19.9 53.4 229 46.2 19.3
... at follow-up 57.6 25.0 482 217 58.5 246 478 204

Abbreviations: ISCED, International Standard Classification of Education; BMI, body mass index; MVPA, moderate-to-vigorous physical
activity.
? Based on the (IOTF) BMI percentile curves updated by Cole & Lobstein [29] .

Across all surveys, the average wear time of accelerometers was at least eleven hours and
the time spent in MVPA per day ranged from 53 to 58 minutes in boys and 46 to 48 minutes

in girls.
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Association between MVPA levels and subsequent weight status

The longitudinal association between MVPA levels on subsequent weight status was
analyzed according to different trajectories of MVPA levels (i.e. the change of MVPA levels
from baseline to follow-up) as exposure for the change in BMI percentiles at 2-year and 6-
year follow-up (reference category: low MVPA levels at baseline and follow-up) by varying
MVPA levels (<30, 45 and 60 minutes per day, Table 2). At 2-year follow-up, the proportion
of children who were categorized as sufficiently active (230, 45 and 60 minutes MVPA) at
baseline and follow-up, decreased continuously ranging from 75% for the 30-minute MVPA
cutoff to 15% for the 60-minute MVPA cutoff. Similarly, 74% and 12% of the children were
found to be sufficiently active for the 30- and 60-minute MVPA cutoffs, respectively, at 6-

year follow-up.
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Table 2: Association between combinations of different MVPA levels at baseline and follow-
up with BMI percentile at 2-year (N=3393) and 6-year follow-up (N=1899)

BMI pern:entils:a at 2-year follow-up BMI pe:n:e:ntile:a at 6-year follow-up
Exposure: N B° N B°
e p-value p-value
MVPA categories {%) (95% CI1) (%) {95% €I}
Cutoff: 30 min./day
(baseline / follow-up)
176 65
Ref. - [ - 0 0
ef.-/ (5.2%) / (3.4%) /
= 307 0229 0.879 241 1.780 G
{9.0%) {-2.876;3.335) (12.7%) (-4.179;7.738) )
+/- 359 1.288 0377 195 3.541 -
{10.6%) (-1.679;4.256) (10.3%) (-2.533;9.615) <
/4 2551 0337 0.789 1398 -0.265 S
(75.2%) (-2.252;2.926) (73.6%) (-5.728;5.197) )
Cutoff: 45 min./day
(baseline / follow-up)
828 434
-] - o] if 0
Ref. -/ (24.4%) (22.9%) /
-/+ 652 0.120 466 -3.390
0.887 0.025
{19.2%) (-1.614;1.853) (24.5%) (-6.298;-0.482)
$fe 558 0114 319 1.595
0.896 0.307
{16.4%) (-1.683;1.912) (16.8%) (-1.572;4.762)
+/+ 1355 -1.195 7 680 -4.511 T
{40.0%) (-2.712;0.323) ' (35.8%) (-7.273;-1.749) ’
Cutoff: 60 min./day
(baseline / follow-up)
Ref.-/ - 1772 2 / 987 i /
(52.2%) (52.0%)
= / + 622 -0.374 0.618 402 -3.92% 0005
{18.3%) (-1.914;1.165}) (21.2%) (-6.512;-1.338) ’
+/- 491 -0.538 0516 289 -0.532 @i
{14.5%) (-2.229;1.153) (15.2%) (-3.431;2.367) ’
+/+ 508 -1.266 0135 221 -4.184 BT
{15.0%) (-2.957;0.425) (11.6%) (-7.861;-0.908) ’

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; Cl, confidence interval.
? Based on the (IOTF) BMI percentile curves updated by Cole & Lobstein [29].
Estimates were adjusted for age, sex, parental education, baseline BMI percentile, duration between baseline and follow-up survey, and
country.
© & MVPA > cutoff {minutes per day), - : MVPA < cutoff {minutes per day).

During the 2-year follow-up, the BMI percentile at follow-up was not significantly affected by
different MVPA trajectories. Only children who engaged at least 45 or 60 minutes in MVPA
at baseline and 2-year follow-up, tend to have lower BMI percentiles at 2-year follow-up (B: -
1.195, 95% Cl: -2.712; 0.323 and B: -1.266, 95% Cl: -2.957; 0.425) than children who did
never achieve the 45 or 60 minutes MVPA per day. During 6-year follow-up, children who did

engage less than 45 or 60 minutes at baseline but became sufficiently active at follow-up
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(245 or 60 minutes per day), had lower BMI percentiles of -3.390 (95% Cl: -6.298;-0.482) and
-3.925 (95% Cl: -6.512;-1.338) for the 45-minute and 60-minute MVPA cutoff, respectively,
compared to children whe were insufficiently active in both survey periods. The strongest
association between MVPA on BMI percentiles at follow-up was found in children who
engaged at least 45 minutes per day at baseline and 6-year follow-up (B: -4.511, 95% Cl: -
7.273;-1.749).

Analogously, the odds ratios for becoming overweight at 2-year and 6-year follow-up were
calculated for the different MVPA cutoffs {30, 45 and 60 minutes per day). At both follow-
ups, the lowest chance for becoming overweight was observed in children who were

sufficiently active in both survey periods - regardless of the MVPA cutoff (Figure 2).

Compared to children who were insufficiently active in both survey periods (ref.), the chance
for becoming overweight at 2-year follow-up was 31% lower in children who were
insufficiently active at baseline but became sufficiently active at follow-up for the 45-minute
MVPA cutoff as well as for the 60-minute MVPA cutoff (Figure 2). Even smaller odds ratios
for becoming overweight at 2-year follow-up were found in children who were sufficiently

active in both survey periods (45-minute cutoff: OR= 0.628; 60-minute cutoff: OR= 0.546).

11

53



250
251

252
253

254
255

256

257

258

259

260

Figure 2: Association between combinations of different MVPA levels® at baseline and follow-up and being overweight® at
2-year follow-up (N=3393) and at 6-year follow-up (N= 1899) in terms of odds ratics and 95%-confidence intervals®
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At the 6-year follow-up, the lowest chance for becoming overweight has been found in
children who were sufficiently active at both surveys with an OR of 0.545 {95% Cl: 0.382;
0.779) for the 45-minute MVPA cutoff and an OR of 0.393 (95% Cl: 0.242; 0.638) the 60-
minute cutoff (as compared to children who did not achieve the 45 or 60 minutes MVPA per
day, neither at baseline nor at follow-up). The chance for becoming overweight at 6-year
follow-up in children who were insufficiently active at baseline but became sufficiently active
at follow-up, was approximately 31% lower for the 45-minute MVPA cutoff (OR: 0.686, 95%
Cl: 0.471; 0.999) and 48% lower for the 60-minute MVPA cutoff (OR: 0.524, 95% CI: 0.365;
0.752), compared to children who were insufficiently active in both survey periods. Table 4
and Table 5 in the Annex show all odds ratios and 95% confidence intervals graphically

presented in Figure 2.

Association between weight status and subsequent MVPA levels

The longitudinal association between weight status and subsequent MVPA levels was
analyzed using different combinations of weight status at baseline and 2-/6-year follow-up,
respectively as exposure for the change in MVPA at 2-year and 6-year follow-up compared
to the reference category (normal weight at both baseline and follow-up).

Table 3: Association between the combinations of different weight status according BMI

percentiles at baseline and follow-up with average duration of MVPA per day at 2-year
(N=3393) and 6-year follow-up (N=1899)

MVPA (min./day) MVPA {min./day)
at 2-year follow-up at 6-year follow-up
Exposure:
> . N p° p°
Weight categories %) p-value p-value
(baseline = follow-up) (95% ci) (95% ci}
2512 1349
NW > NW (Ref.)  ~rne 0 / (71.0%) 0 /
249 -4.612 219 7.512
NW > oW (7.3%)  (-7.548;-1.676) onod (115%)  (-10.700;4.323) S0
87 0.917 87 1.790
OW = NW (2.6%) (-3.887;5.721) 0.696 (4.6%) (-3.055:6.635) 0.450
545 -2.103 244 -3.657
oW > ow (16.1%) (-4.297:0.091) e (12.8%)  (-6.838;-0.475) R0

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; Cl, confidence interval; OW, overweight children
(>§J0‘h percentile of BMI); NW, normal weight children (590“‘ percentile of BMI) based on the (IOTF) BMI percentile curves updated by Cole
& Lobstein [29].

? Estimates were adjusted for age, sex, parental education, baseline MVPA, duration between baseline and follow-up survey, and country.
Most children remained categorized as either normal weight (2-year follow-up: 74%

(2512/3393); 6-year follow-up: 71% (1349/1899)) or overweight (2-year follow-up: 16%
13
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(545/3393); 6-year follow-up: 13% (244/1899) during follow-ups. In contrast, only 2.6% (T1)
and 4.6% (T3) changed from overweight to normal weight and 7.3% (T1) and 11.5% (T3)
became overweight in the time between baseline and follow-up surveys. In particular,
children who were normal weight at baseline but overweight at the 6-year follow-up,
decreased their MVPA per day by on average 7.5 minutes (95% Cl: -10.700;-4.323) on

average compared to the reference category (normal weight at baseline and follow-up).

Analogously to the approach described above, odds ratios for being sufficiently active
according to the three different MVPA cutoffs (>30/45/60 minutes per day) at 2-year and 6-

year follow-up were calculated for different weight trajectories at baseline and follow-up.
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Figure 3: Association between the combination of different weight status according to BMI percentiles at baseline and follew-up and sufficient
engagement according to different cutoffs in MVPA at 2-year follow-up (N=3393) and at 6-year follow-up (N=1899} in terms of odds ratios and

95%-confidence intervals®
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Regarding to the 30-minute cutoff, the most notable result was that children who were
overweight at both surveys had a 27% lower chance to even achieve 30 minutes MVPA per
day at 2-year follow-up (Figure 3). Regarding the aim to reach at least 45 or 60 minutes
MVPA per day, the lowest chance was observed in both follow-ups for children who changed
their weight status from normal weight {(baseline) to overweight (follow-up) with ORs
ranging from 0.46 to 0.63 (Figure 3). Moreover it was seen, that during the 6-year follow-up,
children who were overweight at both surveys had a 38% lower chance to be sufficiently
active according the WHO recommendation of 60 minutes MVPA per day (OR: 0.624; 95%-Cl:
0.434; 0.896), compared to the reference category of children of normal weight at both

baseline and 6-year follow-up (Figure 3).

Discussion

The present study aimed to investigate the bi-directional association between objectively
measured MVPA and weight status in a large sample, and tc analyze whether less than 60
minutes MVPA per day may also prevent childhood overweight. To the best of our
knowledge, until now, a solid data base (i.e. reliable measurements in a large longitudinal
sample of children) for analyzing the association of changes in PA levels and weight status
(and vice versa) was missing. Regarding the first aim, our results showed that children being
sufficiently active at baseline and follow-up reduced the chance of becoming overweight at
follow-up and that being overweight was associated with a lower chance of achieving the
generally recommended MVPA levels in the following years of childhood. In particular, our
data showed that the MVPA levels recommended by the WHO (at least 60 minutes per day)
is evident regarding the prevention of childhood overweight. However, concerning the
second aim, we found a comparable protective effect even for a threshold of 45 minutes
daily MVPA. Therefore, future studies promoting MVPA should target to motivate children to
engage at least 45 minutes in MVPA which might be more easily to achieve as well as for
normal and overweight children — without losing the preventive effect.

We further found that only a small proportion of children who were overweight at baseline
became normal weight during the following 2 or 6 years (2.6% and 4.6%, respectively). In
contrast, more normal weight children at baseline were overweight at follow-up (2-year
follow-up: 7.3%, 6-year follow-up: 11.5%, Table 3). Thus, once overweight was established, it

was harder to reverse this development since high MVPA levels shown to be preventive for
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overweight were hard to achieve for overweight children. In summary, the observed bi-
directional association between MVPA and BMI highlight a vicious circle regarding excess
weight gain. On a positive note, the number of children who were insufficiently active at
baseline but became sufficiently active at both follow-ups was higher than the number of
children who were active enough at baseline but insufficiently active at follow-up, regardless
whether the MVPA cutoff was 45 or 60 minutes per day.

Sensitivity analyses

As different markers for weight status have been used in studies investigating associations
between PA and overweight, we alsc ran our analyses with percentiles of waist
circumference. We found only small discrepancies in terms of smaller/wider confidence
intervals, but neither did the direction of association change nor did appear or disappear.
Moreover, we conducted two sensitivity analyses to evaluate whether the observed
associations differed for boys and girls or by region within Europe (North: Germany, Belgium,
Sweden, and Estonia; South: Spain, Italy, Cyprus, and Hungary), since recent studies reported
that children from Northern Europe were more likely to achieve the recommended MVPA
levels compared to children living in Southern Europe [32]. However, we did not reveal

notable differences either regarding different regions or for boys and girls.

Comparing the present findings with other studies

Comparing our results was challenging since, to our knowledge, no study analyzed bi-
directional associations between objectively measured MVPA and BMI in such a large
international sample so far. Despite the large data base, cross-country comparisons were not
possible due to loss of observations in each country. In general, our results were in line with
the consistent findings of recent studies which found that PA levels were lower in children
with overweight compared to normal weight children and that boys accumulate more MVPA

than girls (Table 1) [17, 33, 34].

Although a growing number of longitudinal studies on obesity used objective PA measures in
recent years [15, 16, 18, 33, 35-38], results were inconsistent regarding the association
between PA and weight status. One study investigated the bi-directional association
between PA and weight status and reported no association in school-aged children [35].

Another longitudinal study did not observe any association between baseline PA and the
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change in body fat percentage at follow-up but a statistically significant relationship
between baseline body fat and PA at follow-up (r=-0.16 to -0.22) [15]. In a further study,
neither MVPA nor sedentary behavior predicted a higher waist circumference at follow-up,
but higher baseline waist circumference was associated with increased sedentary behavior
at follow-up [39]. North-East England, a 2-year follow-up study showed that the decline in
MVPA was associated with greater increases of fat mass index and BMI z-scores in 7-year-old
boys, but not in girls of the same age [36]. The authors hypothesized that PA may have a
higher impact on overweight in boys than in girls. In the USA, a 6-year follow-up study
reported that MVPA at the age of nine years was negatively associated with BMI at the age
of 15 years in boys and girls having overweight (90‘h BMI percentile). In the same study,
increased sedentary behavior was associated with increases of BMI six years later,
independent of the amount of MVPA. The authors concluded that decreasing sedentary
behavior and increasing MVYPA may have independent beneficial effects on the prevalence of
overweight [37]. In contrast, another study from the USA reported that the association
between sedentary behavior and BMI z-score in preschool children disappeared after
adjustment for MVPA [38]. A 5-year follow-up study (N=600) also conducted at three
different time points and in five European countries (Germany, ltaly, Poland, Belgium, and
Spain) found a bi-directional association between PA and weight status in 430 children
having at least two measurements of objectively measured PA and BMI [41]. In contrast to
our study, PA was measured using the Sensewear Armband 2 with a sampling interval of one
minute. Nevertheless, PA and weight status were also found to be bi-directionally
associated. The authors particularly highlighted the role of sedentary behavior regarding
childhood obesity, since they found the positive association between sedentary behavior
and BMI to increase with age. Contrary to our study, PA was included without considering

current PA guidelines and hence, results are therefore not directly comparable with ours.

Strengths and limitations

One important strength of the present study is the large sample size (2-year follow-up
N=3393; 6-year follow-up N=1899) used to investigate the association between different
trajectories of MVPA levels and different trajectories of weight status. Furthermore, we
provide specific dose-response relationships of different MVPA cutoffs facilitating the
recommendation of specific MVPA levels for the prevention of childhood overweight.
Regarding PA, the used accelerometers are commonly used to quantify the amount and
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intensity of PA [42] and the applied cutoff points by Evenscn and colleagues are
recommended for young children [26]. Further, to account for times when children took off
the device during sports activities we improved accelerometer data by imputing MVPA (if
applicable) as recommended [25]. To accurately assess the sporadic PA pattern in children,
accelerometer sampling intervals shorter than five seconds are recommended [43]. Thus,
the applied sampling intervals (15 to 60 seconds) used in this study is a limitation we need to
acknowledge. At least, to account for the well-known underestimation associated with the
use of PA data based on longer epoch settings [44], we used the correction factor
recommended by Colley and colleagues [23] for the epoch setting of 60 seconds selected in

most cases in Italy during the first survey.

However, our study has a clear limitation - the attrition of the study sample is a common
problem of longitudinal studies [33]. Similar to our observation, other studies reported a
high attrition during the 6-year follow-up period, leading to a downsized study population of
about one third [33, 37]. There are also limitations regarding the PA assessment in this
study. Although a minimum accelerometer wear time of four to five days [9] and ten hours
have recently been recommended [37, 45], three days and six hours have been reported to
provide acceptable reliability of total PA, MVPA, and total sedentary time [46]. Another
limitation is the use of different Actigraph accelerometers, since inconclusive findings have
been found in validation studies. Whereas some study reported that different Actigraph
devices provided comparable measured counts across all PA intensities [47, 48], one study
highlighted differences between Actigraph models particular for lower intensities such as
light PA and sedentary time [49]. However, light PA and sedentary time have not been
addressed in the present study, since this would have gone beyond the scope of the present
study. Finally, with regard to representativeness of the data base it must be stressed that
our study not intended to be strictly nationally representative. Nevertheless, the study
provides population-based samples that were drawn from communities considered to be

typical of their geographical region.
Conclusion

An inverse, bi-directional association between objectively measured MVPA levels and BMI in
school-aged children was observed for the generally recommended 60 minutes MVPA per
day, but also for an even lower MVPA cutoff of 45 minutes. While MVPA levels (45 or 60

minutes per day) prevent overweight in later childhood, such high MVPA levels are hard to
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achieve by children having overweight. This highlights a vicious circle that should be
considered in primary prevention of childhood overweight and obesity. In summary, at least
60 minutes MVPA are still recommended for the prevention of childhood overweight, but, if
that is not possible, 45 minutes might also be sufficient. However, more high-quality studies

are needed to support our findings.
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Figure Legends:

Figure 1

Abbreviation: T0, baseline survey; T1, 2-year follow-up; T3, 6-year follow-up; PA, physical activity.

Figure 2

Abbreviations: MVPA, maderate-to-vigorous physical activity.

® 4 MVPA = cutoff {minutes per day)), - : MVPA < cutoff (minutes per day).

b >g0™ percentile based on the (IOTF) BMI percentile curves updated by Cole & Lobstein [29].

© Estimates were adjusted for age, sex, parental education, baseline BMI percentile, duration between baseline and follow-up survey, and
country, whereas the reference group comprised all children with MVPA below the corresponding cutoff {minutes per day) at both surveys

(=17

Figure 3

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; Cl, confidence interval; OW, overweight children
{>90™ percentile of BMI); NW, normal weight children {<90™ percentile of BMI) based on the (IOTF) BMI percentile curves updated by Cole
& Lobstein [29].

2 Estimates were adjusted for age, sex, parental education, baseline MVPA, duration between baseline and follow-up survey, and country,
whereas the reference group cemprised all children who were normal weight at both surveys (NW->NW)
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628  ANNEX
629 Table 4: Association between combinations of different MVPA levels at baseline and follow-up and being overweight
630  at 2-year (N=3393) and 6-year follow up (N=1899) in terms of prevalence of overweight, odds ratios and 95%-confidence intervals
Prevalence and odds ratios for becoming Prevalence and odds ratios for becoming
overweight at 2-year follow-up overweight at 6-year follow-up
Exposure; b o b 5
s N % OR 95% Cl N % OR 95% Cl
MVPA categories
Cutoff: 30 min./day
(baseline / follow-up)
Ref - /- 176 324% 0 i 65 33.8% a ¥
-+ 307 195% 1119 0582:2.152 241 31.5% 1.492 0.718:3.102
+f- 359 39.0% 1.479 0.814:2.687 195 20.2% 0.985 0.474;2.052
/4 2551 211% 1,003 0592,1.698 1398 220% 0829 0,430;1.600
Cutoff: 45 min./day
(baseline / followe-up)
Ref.- /- 828 316% 0 i 434 327% 0 li
-/ + 652 186% 0882 0.477; 1.003 486 232% 0.686 0471:0.999
+/- 558 2580% 1.043 0.724: 1.504 319 27.0% 0815 0617:1.359
+/4+ 1355 18.8% 0.628 0.460: 0.859 €80 18.7% 0.545 0.382:0.779
Cutoff: 60 min./day
(baseline / follow-up)
Ref.- /- 1772 274% a i 987 20.9% 0 !
-+ 622 190% 0.694 0.496,0.970 402 16.9% 0.524 0.365,0.752
+/- 491 22.4% 0836 0.6565:1.337 289 24.2% 0.941 0.647:1.367
+/+ 508 15.9% 0.546 0.378:0.789 21 13.6% 0.393 02420638
631 Asoroviations: MVPA, moderate-to-vigarous physical activity; OR, odds ratio; €I, confidence interva
632 ™4 :MVPAZ cutoff {minutes per day), - : MYPA < cutoff (minutes per day).
633 b aa” percentile based cn the {ICOTF) BMI percentile curves updated by Cole & Lobstein [28] .
634 i Estimates were adjusted or age, sex, parental education, baseline BMI persentile, duration between base/ne and follow-up survey, and country,
25
635  Table 5: Association between combination of different weight status according to BMI percentiles at baseline and follow-up and sufficient
636  engagement in MVPA according to different cutoffs at 2-year (N=3393) and 6-year follow-up {N=1899)} in terms of prevalences of children reaching
637  at least the cutoffs, odds ratios, and 95%-confidence intervals
638
Sufficient MVPA (min./day) at 2-year follow-up gzg
Exposure: . . . éi%
Weight categories Cutoff: 230 minutes Cutoff: 245 minutes Cutoff: 260 minutes 843
Baseline = follow-up N %" oR" 95% €I %° OR® 95% CI %’ or" 95% ugﬁé
NW > NW (Ref.) 2512 87.0% 1 ! 626% 1 I BI% 1 i 646
NW > OW 249 81.9% 0.826 0.568;1.206 48.2% 0.532 0.398,0.711 25.3% 0.634 0450;0.87%:;
OW > NW 87 86.2% 1.024 0521;,2010 59.8% 0.967 0.598;1.564 36.8% 1.197 0,742;1.9:%‘;3
OW = OW 545 71.9% 0.728 0.560;,0.946 47 5% 0.864 0.895,1.074 25.0% 0.857 0.676;1 0&’?2_1‘
65
Sufficient MVPA (min./day) at 6-year follow-up 223
£55
Exp.nsure: " Cutoff: 230 minutes Cutoff: 245 minutes Cutoff: 260 minutes ggg
Weight categories e
Baseline > follow-up N %" oR® 95% €1 % or’ 95% ClI %® oR® 95% CI559
NW > NW (Ref.) 1349 B87.4% 1 ¥ E3.4% 1 f 36.6% 1 It 861
NW > OW 219 849% 0793 0510;1.234 53.0% 0.588 0.429,0.806 228% 0.459 0.322,06662
OW = NW 87 87 4% 1618 0789;3.318 83.2% 1373 0.834,2.262 BE% 1,226 0746201564
oW > oW 244 &1.1% 1.262 0.826:1.869 48.8% 0.870 0.636;1.190 19.7% 0.624 0.434,0. ﬁﬁg
667 Aobreviations: BMI, body mass index; MVPA, moderate-ta-vigerous physical activity; DR, odes ratis; Cl, confidence Tnterval;
668 OW, overweight children (30" percentile of BMI); NW, normal weight children (<307 percentie of BMI) based on the (I0TF) BMI percentile curves updated by Cole & Lobstein [29].
669  * prevalence of children reaching at least the correspanding cutoff
g;? " Estimates were adjustec for age, sex, ecucation, baseline MVPA, duration (years) between baseline and follow-up survey, ané country

67



Studie 2



International Journal of
4 Environmental Research (\
/4 and Public Health MDP}

Article
Domain-Specific Self-Reported and Objectively
Measured Physical Activity in Children

Ole Sprengeler !, Norman Wirsik 2, Antje Hebestreit !, Diana Herrmann ! and
Wolfgang Ahrens '%*

1 Department of Epidemiological Methods and Etiologic Research, Leibniz Institute for Prevention Research

and Epidemiology—BIDPS, Achterstrafie 30, 28359 Bremen, Germany; sprengel@leibniz-bips.de (0.5);
hebestr@leibniz-bips.de (A.IL); Diana.Ilerrmann@dguv.de (D.11.)

Department of Biometry and Data Management, Leibniz Institute for Prevention Research and
Epidemiology—DBIP'S, Achterstrafie 30, 28359 Bremen, Germany; wirsik@leibniz-bips.de

Institute of Statistics, Faculty of Mathematics and Computer Science, University Bremen,

28359 Bremen, Germany

*  Correspondence: ahrens@leibniz-bips.de; Tel.: +49-421-2185-6820

Academic Editor: T.i Ming Wen
Received: 2 january 2017; Accepted: 24 liebruary 2017; Published: 1 March 2017

[}

Abstract: Little is known about the extent that different domains contribute to total sedentary (SEI2),
light (LPA) and moderate-to-vigorous physical activity (MVEA). We aimed to identify domain-specific
physical activity (PA) patterns in school-aged children who were assessed by questionnaire and
accelerometry. For the study, 298 German school children and adoelescents aged 6-17 years wore an
accelerometer for one week and completed a PA recall-questionnaire for the same period. Spearman
coefficients (r) were used to evaluate the agreement between self-reported and objectively measured
PA in five domains (transport, school hours, physical education, leisure-time, organized sports
activities). School hours mainly contributed to the total objectively measured SEI, LPA and MVPA
(55%, 53% and 46%, respectively), whilst sports activities contributed only 24% to total MVPA.
Compared to accelerometry, the proportion of self-reported LPA and MVPA during school hours was
substantially underestimated but overestimated during leisure-time. The agreement of self-reported
and objectively measured PA was low for total LI'A (r =0.09, 95% CI (confidence interval): —0.03-0.20)
and total MVPA (r = 0.21, 95% CL: 0.10-0.32), while moderate agreement was only found for total
SED (r = 0.44, 95% CI: 0.34-0.53), LPA during transport (r = 0.59; 95% CI: 0.49-0.67) and MVPA
during organized sports activities (r = 0.54; 95% CI: 0.38-0.67). Since school hours mainly contribute
to total SED, LPA and MVPA and self-reported LPA and MVPA during school were importantly
underestimated compared to objectively measured LPA and MVPA, the application of objective
measurements is compulsory to characterize the entire activity pattern of school-aged children.

Keywords: accelerometry; exercise; intermethed reliability; physical activity questionnaire; youth

1. Introduction

Physical activity (PA) is known to be beneficial for human mental and physical health. In children
and adolescents, 60 min of moderate-to-vigorous PA (MVPA) per day are recommended because
these were associated with lower cardiovascular disease risk, higher fitness levels and improved
bone strength [1-3]. Nowadays, less than a third of all children and adolescents do not meet the
current PA guidelines [4,5]. The association of sedentary behaviour (SED) with metabolic discases
has been increasingly studied in recent years [6], with particular attention being paid to children
and adolescents [7]. SEI2 may occupy increasing amounts of young people’s time, as the number,
variety, availability and attractiveness of electronic media is increasing [7]. According to the SLOTH
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(sleep, leisure, occupation, transportation, houschold) model by Pratt and colleagues, opportunitics
for children and adolescents to accumulate PA can be assigned to five domains: sleep, transportation,
school time, leisure time and home [8]. In particular, the school offers a major opportunity for
children and adolescents to be physically active as this is where they spend about half of their waking
hours [6,9,10].

In epidemiological studies, PA and SED are usually assessed using subjective methods by
asking children or their parents to report the duration of outdoor playing time, organized sports
activitics or clectronic media consumption [5]. These domain-specific PA variables are assumed to
reasonably characterize youth’s activity behaviour [8,11]. Although single activity behaviours like
commuting, playing outdoors, and organized sports activities are associated with objectively measured
MVPA [12,13], the correlation of subjectively and objectively measured PA is usually low or at best
moderate [14,15].

Thus, researchers usually have to weigh the validity against the feasibility of the available PA and
SED assessment methods, particularly in population-based field studies. To collect PA data in large
samples, questionnaires are the most feasible method, but, typically, they tend to overestimate PA and
SED [16]. Since different intensities such as MVPA and SED occur during daily activities throughout
the whole day, all intensities are prone to misreporting by self- and proxy-reports. In contrast,
accelerometry has been shown to be a valid and reliable method to estimate levels of PA and SEID [17],
their mere measurement lacks to assess the context in which they occur. Accordingly, the combined
application of subjective and objective metheds is recommended [11,15,16,18,19]. Up to now, studies
investigating which domains contribute most to total sedentary (SED), light PA (LPA) and MVPA are
rare [6,20].

In order to characterize youth’s PA behaviour and to develop and implement successful
interventions [12,21], domains that support longer duration of PA and help to decrease SED have to be
identified [15,22]. The present study aimed to investigate the contribution of four different domains
(transportation, school time, physical education, leisure time and organized sports activities) to total
SED, LPA and MVPA, assessed by accelerometry and questionnaires. Furthermore, we aimed to
evaluate the agreement of self-reported and objectively measured PA in order to determine potential
under- and overestimations that might result when questionnaires are used to characterize school
children’s PA.

2. Materials and Methods

2.1. Study Sample

This cross-sectional study was carried out in two primary and two secondary schools in the city
of Bremen, Germany, between September 2012 and February 2013. The participating schools (two
of them located in a middle-income area and two in a high-income area) were selected to cover a
broad spectrum of socioeconomic groups in each age category. The schools were initially approached
through phone calls, and, after an invitation by the principal of each school, the study was presented
to the staff personally by trained study personnel. A total of 335 children (6-10 years) from 14 classes
and 207 adolescents (11-17 years) from 10 classes were invited to participate in the study, and their
parents were asked for written informed consent. Adolescents (11-17 years) were also asked for written
consent, while younger pupils (6-10 vears) were also asked for oral consent. The study was conducted
in accordance with the Declaration of Helsinki, and the protocol was approved by the institutional
review board of the University of Bremen (06-3, approved on the 18 November 2011).

2.2. Data Collection

Subjective (7-day recall PA questionnaire, accelerometer diary) and an objective
(7-day-accclerometry) PA assessment methods were deployed in parallel to cover the same
period. Subjects were asked to complete the PA questionnaire (PAQ) for the previous seven days on
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the last day of the accelerometer wearing period. For the younger pupils (6-10 years), the times when
school started and ended for each schoolday on which they wore an accelerometer were provided by
the teachers. Finally, body-mass-index (BMI, kg/m?) was calculated based on self-reported height (m)
and weight (kg).

2.2.1. Accelerometry

PA and SED were measured using Actigraph accelerometers (GT3X+, GT1M, ActiTrainer;
Pensacola, FL, USA) for seven consecutive days, including weckdays and weekend days. PA data were
recorded at three-second epochs and computed with the Actilife 6 software (ActiGraph, Pensacola, IL,
USA). Although we applied 3 different Actigraph accelerometers, these devices have been proven to
provide comparable PA data [23-26]. The accelerometers were attached with an elastic belt and worn
on the right hip for seven consecutive days during waking hours, except when showering, bathing
and swimming. Accelerometer data were only included when PA was recorded for a minimum of
three days and 10 h per day. Periods with consecutive zero counts of 90 min and more were excluded
from the analysis [27]. To distinguish between different PA intensities, accelerometer counts were
categorized according to the cut-off points proposed by Fivenson and colleagues (SED: <100 cpm, LPA:
>100<2296 cpm, and MVPA: >2296 cpm) [28].

2.2.2. Accelerometer Diary

All participants were asked to complete a short diary to record times of going to bed and waking
up in the morning, times of sports activities (physical education classes and organized sports activities)
as well as reasons of non-wear-time. The participants were instructed verbally and in writing on how
to use the accelerometer and the diary.

2.2.3. Seven-Day Recall PA Questionnaire (PAQ)

We used a modified version of the validated German MoMo-(Motoric Module) PAQ to assess
PA [29]. The modified PAQ consists of 12 questions assessing five domains of PA (transport, school
time, physical education, leisure time and organized sports activities) for seven consecutive days.
Children up to the age of 10 were advised to complete the questionnaire together with their parents
(proxy-reports), while the older students were asked to complete the questionnaire by themselves.
Subjects were asked about frequency, duration and intensity of PA for each domain. In particular, the
intensity was assessed by asking participants about their self-perceived, typical intensity of breathing
and sweating during PA. They were asked to choose one of the following intensity categories: “without
sweating and getting out of breath”, “sweating and getting out of breath a little bit” and “sweating
and getting out of breath a lot”, which were assigned to the PA intensity level—LPA, moderate PA
(MPA) and VPA, respectively. Minutes in MPA and VPA were then combined to MVPA. SID was
measured by asking participants about the duration spent sitting during transport, school during
leisure time. While participants were asked to assign a typical intensity level to recurrent activities like
active transport, physical education and organized sports activities, they were asked to specify the
duration in each intensity category for irregular activities during school and leisure time (e.g., walking,
running). Finally, the reported time (minutes) across all activities was summed up by domain and
intensity category.

We allowed up to four questions to be skipped because not all enquired activities applied
to each child. Accordingly, self-reported PA data were considered plausible when at least 67%
of all 12 questions were completed. Extreme values—defined as lying outside the interval
(first quartile — 1.5 x interquartile range, third quartile + 1.5 x interquartile range)—were considered
as outliers and excluded from the analysis [30]. Additionally, all reported time data were proportionally
scaled so that the cumulative duration of SED, LPA and MVPA over all domains agreed with the
reported waking hours (time between getting up in the morning and going to bed at night). A scaling
factor was calculated as waking hours divided by the sum of reported A across all domains. Reported
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times in the domains was then multiplied by the scaling factor, so that of reported PA matched the
time awake. The scaling factor was calculated only after subtracting the duration of transport, physical
education and organized sports activities, and these activities were not scaled, as it is plausible that
these domains wete reported quite accurately.

2.2.4. Time-Stamping of PA Data

Originally, the SLOTII model assesses the following five domains of PA: sleep, leisure, occupation,
transportation and houschold [8]. In order to investigate the contribution of potential high-intensity
subdomains of PA, we adapted the model by excluding the domains’ sleep and household and
by including physical education as a subdomain of school time and by including organized sports
activities as a subdomain of leisure time. The start and end time of school was provided by teachers in
the form of schedules.

Based on the accelerometer diary, the PAQ and the schedules, self-reported and objectively
measured SED, LPA and MVPA were each assigned to the domains” transport, school time, physical
education, leisure time and organized sports activities. The times of physical education and organized
sports activities reported in the activity diary were each aligned with the accelerometer data. School
time was defined as the interval between the start and end of each school day, subtracting physical
education lessons. The exact time frames of transport were not recorded in the diary, but the duration
of transport in the questionnaire. In order to identify the domain transport, we took the start and end
time of school and subtracted, and respectively added the reported duration to these times plus an
additional 5 min to add a margin, assuming that students do not arrive just in time for school and
leave right away. As PA during transport, school time and physical education were not applicable
during weekend days, time intervals were classified as leisure time and organized sports activities.

The sum of all domain-specific time intervals in SED, LPA and MVPA per day was divided
by the number of valid weekdays and weekend days to obtain average PA levels on a daily basis.
Weekdays and weekend days were analyzed separately. The duration of SED, LPA and MVPA for
the domains’ transport, school and leisure time was expressed in minutes per day, whereas times of
physical education and organized sports activities were expressed in minutes per week. To calculate
the daily proportion of PA in the different domains, times of physical education and organized sports
activities were also converted to minutes per day (total duration/number of days).

2.2.5. Analysis Group

In this study, 542 children and adolescents were invited to participate. Informed consent was
obtained from 390 (72%). Though written consent of the parents was obtained, 2 pupils denied to
participate in the study. The study sample was divided into two groups because domain-specific
information was not available for all children. Figure 1 shows the composition of the study sample
and the exclusion criteria. Accelerometer and questionnaire data were provided by 371 participants.

Study sample 1 includes all participants aged 6-17 years (# = 298, 52.7% boys) having valid
self-reported and objectively measured PA data (at least two weekdays and one weekend day). Since
reliable domain-specific information on the start and end of school in the form of schedules was only
provided by teachers of children aged 6-10 years (1 = 207, 49.8% boys), the domain-specific analysis
of SED, LPA and MVPA could only be conducted for study sample 2 with valid self-reported and
ohjectively measured PA data for at least 3 weekdays (1 = 207).
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Students contacted
(n=542)

I: Non-participation of 152 students

Basic survey population (n=390)

L Exclusion due to missing questionnaire or
I” accelerometer data (n=19)

Questionnaire and accelerometer data
available (n=371)

L Exclusion due to implausible questionnaire
| or accelerometer data (n=73)

Valid questionnaire and
accelerometry data available (n=298)

I I Exclusion due to unavailability of domain-
specific information (n=91)

Study sample 1 Study sample 2
(n=298) (n=207)
Analysis Analysis

of total SED, LPA of domain-specific

and MVPA SED, LPA and MVPA

Figure 1. Number of included and excluded participants of the study population. SED = sedentary
behaviour; LPA = light physical activity; MVPA = moderate-to-vigorous physical activity.

2.3. Statistical Analysis

Self-reported and objectively measured minutes of total and domain-specific SED, LPA and MVPA
were compared using the Spearman rank correlation coefficient rg. The correlation is considered as
weak if rg < 0.39, as moderate if rg = 0.40-0.59, as strong if rg = 0.60-0.79 and as very strong to perfect
if rg > 0.80. To assess the agreement of self-reported MVPA vs. objectively measured MVPA with
regard to the WITO recommendation, Cohen’s kappa coefficient k was calculated. « has the same
range as rg and the same interpretation of the strength of agreement [31]. Additionally, two sensitivity
analyses were conducted to investigate the impact of (a) scaling the total reported PA according
the reported time awake and (b) different definitions of valid self-reported PA data (67% vs. 83%
completed questions). The level of statistical significance was set at & = 0.05. Correlation coefficients
were reported with 95% confidence interval (95% CI}. All analyses were performed with SAS 9.3
(SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Descriptive Values

Mean values and standard deviation (SD) of demographic, anthropometric and PA variables
are shown in Table 1. Self-reported and objectively measured SED, LPA and MVPA were analyzed
for 207 children aged 6-10 years and 91 adolescents aged 11-17 years (lable 1). Daily and overall
accelerometer wear-time was similar in children and adolescents and in boys and girls. In both age
groups, sclf-reported SED was lower than objectively measured SED. SED was lower in children
aged 6-10 years compared with adolescents. Generally, self-reported LPA (193 min/day) and MVPA
(116 min/day) were higher than objectively measured LPA (163 min/day) and MVPA (65 min/day).
This difference was more pronounced in adolescents aged 11-17 years. The daily duration of MVPA
was generally higher in boys than in girls. Both self-reported and objectively measured MVPA
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were higher in children aged 6-10 years (118 + 78 min/day and 75 + 20 min/day, respectively)
than in adolescents aged 11-17 years (113 + 94 min/day and 56 + 21 min/day, respectively).
Accordingly, more children aged 6-10 years than adolescents aged 11-17 years achieved the WHO
PA recommendations of at least 60 min of MVPA per day: 70% according to self-reported data
and 62% according to acceletrometry, as compared to 61% and 36%, respectively. A considerably
larger proportion of all participants achieved the recommended PA levels on weekdays than on
weekend days.

Table 1. Description of the study sample.

: Children Adolescents .
(nC:l ;I:.l) ("B:)IY;7) (6-10 Years) (11-17 Years) ~ Weekdays V\%e:end @ -‘;‘298)
Sociodemographic - - (n=207) (=91 Y T
Data Mean
Mean (SD) Mean (SD) Mean (SD) 5
(SD)
Age (years) 10126 105 (2.8) 8.5 (1.1) 13.6 (1.3) . , 10.4 (2.9)
BMI (kg/m?) 17.2(3.1) 17.8 (3.8} 16.1 (2) 20.2(4) = Z 17.6 (3.5)
ISCED !
Low/medium (% 24.8 26.1 203 34.8 - - 25.5
High (%) 61.7 62.4 75.5 37.7 - - 62.1
Accelerometry
Woar-time (days) 61 (N 61(1.1) 6.2 (0.9) 6(1.2) 4.5 (0.8) 1.6 (0.5) 61(1)
Wear-time (min/day) 776 (53) 789 (98) 766 (71) 814 (85) 799 (80) 739 (108) 783 (80)
SED (min/day) 555 (77) 548 (116) 512 (77) 623 (96) 556 (102) 539 (117) 551 (100)
LPA (min/day) 159 (34) 166 (38) 179 (28) 134 (31 170 (37) 145 (43) 163 (36)
MVPA (min/day) 62(18) 74 (24) 75 (20) 56 (21) 73 (24) 55 (28) 65 (22)
>60 min MVPA (%0} 352 70 76 36 69 4 62
Queslionnaire
SED (min/day) 463(110) 463 (112) 435 (94) 523 (121) 477(132)  439(164) 463 (111)
LPA (min/day) 207 (81) 180 (91) 195 (88) 189 (87) 166 (91} 258 (159) 193 (87}
MVPA (min/day) 100 (81) 131 (85) 118 (78) 113 (94) 112 (81} 125 (127) 116 (84}
>60 min MVPA (%0} 62 76 74 61 71 59 70

SD = standard deviation; BMI = Body Mass Index; 1 = 12.4% not reported; ISCED = International Standard
Classification of Education; SED = sedentary behaviour; LPA = light physical activity; MVPA = moderate-to-vigorous
physical activity.

3.2. Duration and Proportion of SED, LPA and MVPA in Different Domains

Table 2 shows that school and leisure time contributed most to SED and LPA. Compared
with accelerometry, MVPA was underreported for transport and school time and overreported for
physical education and leisure time, while LFA was overreported for transport and leisure time and
underreperted for school time, sports lessons and sports activities. SED was generally underreported
except for sports activities. Together, objectively measured MVPA during physical education and
during organized sports activities contributed 24% to total MVPA, whilst self-reported MVFA in these
two domains accounted for twice as much of total MVPA (48%). Based on accelerometry, school
time, leisure time and organized sports activities contributed most to total MVPA (46%, 23% and 16%,
respectively) and to total SED (55%).

74



Int. |. Enwviron. Res. Public Health 2017, 14,242 7of 12

Table 2. Average duration and proportion of self-reported and objectively measured physical activity
(PA) in different domains in children (1 = 207).

SED PAQ SED ACC LPA PAQ LPA ACC MVPA PAQ MVPA ACC

Domain Mean % Mean % Mean % Mean % Mean % Mean %
(SD) (Day) (SD) (Day) (SD) (Day) (SD) (Day) (SD} ({(Day) (SD) (Day)

Transport 20

(min/day) 3(9) 1 13(6) 3 ) mn 1@ s 2(7) 1 7 (4} 7
School time 247 271 50 103 35 41
(min/day) (1) 2 q@m P @ ¥ @y B @y N oay ®
Physical ;
£ 36 66 17 50 116 39
education 1 2 2 4 13 8
(min /woek) 42) (44) (50) (28) 72) (23)
Leisure time 183 182 98 56 49
[
(rmin/clay) o P e Y o ¥ g9 P ey W 2O B
Organized
56 41 12 a7 100 32
sports activities 7 4 4 9 35 16
(min/week) 39 (36) (41) (27) (80) (28)

SED = sedentary behavior; LPA = light physical activity; MVPA = moderate-to-vigorous physical activity;
PAQ = self-report; ACC = accelerometer; SD = standard deviation; min = minutes.

3.3. Correlation of Self-Reported and Objectively Measured Total SED, LPA and MVPA

The correlation between self-reported and objectively measured SED, LPA and MVPA was
generally weak (Table 3). The best correlation was observed for SED (children: r = 0.28, 95% confidence
interval (CI) = 0.15-0.40; adolescents: r = .35, 95% CI = (.15-0.52). Smaller correlation coefficients
and wider Cls were observed for MVPA. The correlation was negligibly small for LPA. Using the PA
recommendations of at least 60 min MVPA per day as a cut-off, k coefficients indicated no agreement
in children aged 6-10 years and weak agreement in adolescents aged 11-17 years.

Table 3. Correlation of self-reported and objectively measured PA in children and adolescents (1 = 298).

SED LPA MVPA >60 Min MVPA
Age Group
Ig 95% CI rg 95% CI g 95% CI K 95% C1
Children (n =207) 0.28 015041 014 —0.01-0.28 0.20 0.06-034 004 -0.11-0.18
Adolescents (1 = 91) 0.35 015052 —003 —022-0.16 021 0.02-039  0.24 0.08-0.40
All (n = 298) 0.44 0.34-053  0.09 —0.03-0.20 021 0.10-032 017 0.06-0.28

SED = sedentary behaviour, LPA = light physical activity, MYPA = moderate-to-vigorous physical activity,
1y = Spearman coefficient, CI = confidence interval, k = Kappa coefficient.

3.4. Domain-Specific Correlation for SED, LPA and MVPA

The domain-specific correlations between self-reported and objectively measured SED, LPA and
MVPA were generally weak or absent with two exceptions: moderate correlations were observed
for the duration of MVPA during organized sports activities (r = 0.54; 95% Cl: 0.38-0.67) and for the
duration of LPA during transport (r = 0.59; 95% Cl: 0.49-0.67) (see Table 4).

To control if the applied cut-off for a valid questionnaire (completion of at least eight out of
12 questions) does not lead to misinterpretations, a sensitivity analyses was conducted. After raising
the cut-off for inclusion of up to 10 questions, no substantial differences of total and domain-specific
SED, LPA and MVIPA were observed.
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Table 4. Correlation of self-reported and objectively measured PA in different domains in children

(n=207).
SED LPA MVPA
Domain
I 95%, CI rs 95% CI Is 95% CI

Transport 0.24 0.11-0.37 0.59 0.49-0.67 0.12 —0.01-0.26

Schoel time 0.18 0.04-0.31 0.14 —0.01-027 016 0.02-0.29

Physical education 0.03 —-0.12-0.18 —0.03 —0.18-0.12 0.18 0.03-0.32
Leisure time 0.34 0.21-0.46 0.07 —0.07-0.21  0.12 —0.02-0.25

Organized sports activities -0.11 —0.30-0.10 —-0.01 —022-019 054 0.38-0.67

SED = sedentary behavior; 1.PA = light physical activity; MVI’A = moderate-to-vigorous physical activity;
rg = Spearman coefficient; CI = confidence interval,

4. Discussion

School time was the main contributor to total objectively measured SEI), L.LPA and MVPA.
The agreement of self-reported and objectively measured PA and SLD was generally low, with the
exception of MVPA during organized sports activities and L.LPA during transport. Compared to
accelerometry, self-reported LPA and MVPA during school hours were substantially underestimated.
Allin all, our results confirm the limited validity of internationally applied PA questionnaires [15].
To our knowledge, this is the first study assessing self-reported and objectively measured proportions
of SED, LPA and MVPA in the domains’ transport, school time, physical education, leisure time and
organized sports activities in children aged 6-10 years.

4.1. Differences of Age- and Sex-Specific PA

The observed downward trend of MVPA with increasing age in schoolchildren is corroborated by
previous studies [6,12] as is the higher amount of total MVPA in boys as compared to girls [5,6,10,20],
especially during physical education [32]. Morcover, boys spent less time sedentary during school
days than girls [6,20].

The proportion of children who were regularly active at organized sports activities in our study
(63%) was similar to that reported in a survey representative of German children and adolescents
(75%), the KIGGS (German Health Interview and Examination Survey for Children and Adolescents)
study [33]. Total and domain-specific correlations of self-reported and objectively measured MVPA
were reported for children aged 9 to 17 years in a subsample, the MoMo study (18) observing similarly
weak corrclations for total MVPA as our study (r = 0.29 and r = (.21, respectively). Similar to our
results, boys were more active than girls. However, there were some differences between our findings
and those of the MoMo study. The observed average duration of objectively measured (39 min) and
self-reported (89 min) MVPA were both lower than in our study (56 min and 113 min, respectively).
This may be due to the younger children included in our study, who typically tend to be more active
than older children [12,34]. The domain-specific correlations observed in the MoMo study were at best
low (r = 0.04 to 0.35), with the best agteement observed for organized sports activities. In contrast, we
observed moderate agreement during transport and organized sports activities. Apparently, better
correlations are observed in domains that refer to regular and well-defined activities. Such activities
may be easier to recall for respondents. A possible explanation why these correlations were found
higher than in the MoMo study may be due to the shorter sampling interval of 3 s used in our study
that is known to be more accurate than longer sampling intervals [35].

Self-reported LPA and MVPA during school time were underreported compared to accelerometry
in our study. In younger children aged 6-10 years, this finding could be attributed to the proxy
reporting. However, adolescents aged 11-17 years did not show better agreement. We conclude that
questionnaires cannot assess total PA levels with acceptable accuracy. Nevertheless, self-reports
provide information on context and type of PA and may thus be a useful complement to
objective measurements.
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4.2. Differences of Domain-Specific PA

By combining GP'S monitors and accelerometry, researchers in the past were able to investigate
the context of PA without using subjective methods [6,21,36]. These studies, however, came to different
conclusions. While Bailey and colleagues reported the highest proportions of daily SED, LPA and
MVPA to accumulate during school time (63.9%) and leisure time (25.8%) in children aged 10-14 years
from the UK [6], Rainham and colleagues measured the highest proportion of MVPA during commuting
in Scottish adolescents aged 12-16 years [21]. Particularly when physical education is added to school
time and when organized sports activities are added to leisure time, the contribution of school and
leisure time becomes 54% and 39%, respectively. Hence, our findings are in good agreement with those
of Bailey and colleagues, but not with those of Rainham and colleagues. The latter concluded that
transport contributes to a similar extent to total MVPA as home and school time in 12- to 16-year old
adolescents. In particular, adolescents living in urban and suburban areas of Halifax accumulated
most of their MVPA during transport. In contrast, school time contributed mostly to total MVPA
in adolescents living in rural areas [21]. Indeed, the study population of Rainham and colleagues
was apparently older than in our study and the domain transport involved all commuting activitics
between locations, not solely commuting to school.

In comparison to school or leisure time, physical education and organized sports activities
contribute to a lesser extent to total MVPA (8% and 16%, respectively). According to Klinker and
colleagues, these domains contribute to a lesser extent to total MVPA because they are not visited
daily [36]. Guinhouya and colleagues reported that recess at school accounted for up to 70% of
total MVPA per day, although they only included school days without structured PA (i.e., physical
education) [10].

In our study, the contribution of the domain school to total SED, LPA and MVPA was significantly
influenced by the duration of school time. Most children in our study spent 8 h per day at school
(1 = 182), which is not unusual in European primary schools [10,20]. In comparison to children who
spent 5.5 I per day at school (1 = 25), they accumulated 15%—20% more SED, LPA and MVFA during
school time. Until now, evidence is scarce as to how the duration of school time impacts PA levels.
T'uture studies should investigate to what extent school characteristics vary between countries and in
different age groups.

In contrast to other studies [6,32], we did not observe substantial differences of domain-specific
SED, LPA and MVPA between boys and gitls. These contradictory findings may be explained by the
inclusion of younger children in our study, who generally are found to be more active independent of
their sex [12,34].

4.3. Strengths and Limitations

The major strength of this study is the simultaneous application of subjective and objective
methods to assess all domains and intensities of PA [15,18,19] and to overcome the limitations of each
method [11,15,16,19,37]. Both subjective and objective methods applied in this study were previously
validated [26,29]. The Actigraph accelerometers are recommended devices to measure SEDD, LLPA
and MVPA in children and adolescents [18,26,35,38]. Moreover, to provide valid objective PA data
by accelerometry, we achicved the reccommended wearing times on at least four weekdays and one
weekend day (average wear-time: 13.4 h/day on 4.5 weekdays and 12.4 h/day on 1.6 weekend days,
respectively) [39]. The combined use of the diary and accelerometer enabled the time-stamping of
accelerometer data and the assignment of objectively measured SED, LPA and MVPA to different
domains. For instance, the adaption of the SLOTIT model (considering the subdomains’ physical
education and organized sports activities) facilitated the investigation of two potential high-intensity
subdomains of PA.

Some limitations need to be considered when interpreting our results. The identification of
the subdomains houschold, recess at school and transport other than commuting to school was not
possible. or this, a more comprehensive diary would have been needed, which would have resulted
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in a higher participant burden. In particular, transport-specific differences between subjccts and
neighborhoods require a deeper investigation in future. The overreporting of SED, LPA and MVPA in
questionnaires is a common phenomenon [16]. Regarding the domain-specific PA, we cannot preclude
that some children have missed reporting physical education or organized sports activities in their
diary, which would have led to an undetreporting of PA in these domains. Furthermore, the observed
activity levels in the different domains are limited to weekdays. Finally, we need to acknowledge that
our domain-specific findings are limited to children aged 6-10 years with no claim to be representative
for German or European children. Future studies need to evaluate domain-specific activity levels in
children older than 10 years and should investigate currently unknown factors stich as the availability
of playgrounds, sports facilities or safety concerns by parents that might affect the domain-specific
PA levels.

5. Conclusions

To summarize, as about 50% of total daily SED, LPA and MVPA in young children occurred
during school hours, full-time schools are a suitable setting to reduce SED and to promote PA in
primary school children. Furthermore, we observed that children’s self-reported PA compared to
objectively measured PA was particularly underestimated in high intensities during school hours.
In order to be able to characterize the entire activity pattern in school-aged children, the application of
objective measurements is compulsory.
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ABSTRACT

SPRENGELER, 0., C. BUCK, A. HEBESTREIT, N. WIRSIK, and W. AHIRENS. Sports Contribute to Total Moderate to Vigorous Physical
Activity in School Children. Med. Sci. Sports Exere., Vol. 51, No. 8, pp. 1653-1661, 2019. Introduction: A third of all children spend at least
60 min'd"' in moderate to vigorous physical activity (MVPA) as recommended by the World Health Organization. We investigated the dis-
tribution of objectively measured physical activity (PA) intensities achieved by schoolchildren during physical education {PT} and organized
youth sports (OY'S) and the contribution of PE and OY'S to the achievement of the PA recommendations. Metheds: In two surveys, PA of 396
children was measured using accelerometry during typical school weeks. Proportions (%) of sedentary behavior, light PA, and MVPA per day
and particularly during sports were assessed in children 6-17 yr old. Adjusted odds ratios (AOR} were calenlated to analyze the association
between frequency (d-wk ) and duration (min-wk ') of PT and OYS and meeting the PA recommendations, Results: Average proportions of
MVPA during PE and OYS ranged between 15% and 31%. Between 68% and 74% of children (6-10 yr) and between 27% and 37% of ad-
olescents {11-17 yr) met the PA recommendations. In both age-groups, PE and OYS on at least 2 dewk ! were both significantly associated
with meeting the PA recommendations (AOR for PE = 3.60, 95% confidence mterval [CI] = 2.05-6.31; AOR for OYS = 383, 95%
CI - 2.09-6.99), compared with no PE or no OYS in that week. Likewise, significant AOR values were found for >90 min of PE per week
{AOR =3.48, 95% CI =2.03-5.98) and =120 min of OYS per week {AOR =3.72, 95% Cl = 2.01-6.89), compared with no PE orne OYS in
that week, respectively. Conelusion: Schoolchildren spent less than one-third of PE and OYS in MVPA. PE and OYS were found to support
children and adolescents to engage sufficiently in MVPA as recommended by the World ITealth Organization. Key Words: ACTIVITY
BEHAVIOR, ACCELEROMETRY, ACTIVITY GUIDELINES, CLUB SPORTS, SCHOOL SPORTS, PREVENTION

hysical activity (PA) is known to have beneficial effects
on several health indicators such as cardiometabolic pa-
rameters or bone health in children and adolescents

Address for comrespondence: Wollgang Ahrens, Ph.D., Leibniz Institute for
Prevenfion Research and Ipidemiology-BIPS, Achterstralle 30, Bremen 28359,
Germany; E-mail: ahrens(@leibniz-bips.de.

Submitted for publication July 2018.

Accepted for publication January 2019.

0195-9131/19/5108-1653/0

MEDICINE & SCIENCE IN SPORTS & EXERCISEg

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
on behalf of the American College of Sports Medicine. This is an open-
access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without
permission from the journal.

DOL 10.1249/MSS.0000000000001948

(1,2). Although many intervention studies in school-age chil-
dren have been conducted to increase young pecple’s PA
(3-5), only onc-third of young peaple actually achicve at least
60 min of moderate to vigorous PA (MVPA) per day as rec-
ommended by the World Health Organization (WHO) (1).
To assess PA levels in epidemiological studies, accelerometers
have become the most frequently used objective technology
worldwide. These lishtweight devices assess accurately the
frequency, duration, and different intensitics of PA (6-10).
However, some limitations have to be considered when accel-
crometry is used to assess sedentary behavior (SB), light PA
(LPA), and MVPA. Accelerometers are unable to measure
certain high-intensity activities such as swimming, cycling,
and strength training (10,11). Another important limitation is
that cstablished devices were not previously able to asscss
the context of PA, which has only been available by the simul-
tancous application of questionnaires or diaries (7,8,10). The
latter may recerd the timing of sports activities on an
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individual level during accelerometer wearing periods. Merg-
ing information from activity diaries with objective PA data
facilitates investigation of PA intensitics during sports activi-
ties such as physical education (PE) or organized youth sports
(OYS). Because the extent to which sports activities contribute
to total PA is yet inconclusive (12—15), this approach is needed
to cnable rescarchers to reliably estimate the association be-
tween the objectively measured velume of sports activities
and their contribution to the overall volume of PA. Further,
it is used to evaluate if the specific guidelines of at least 50%
MVPA during PE classes are achieved by schoolchildren as
recommended by the Centers for Disease Control and Preven-
tion (CDC) (16).

Recent studies investigating the proportion of different PA
intensities such as SB, LPA, and MVPA during sports activi-
ties in children and adolescents have reported large discrepan-
cies of MVPA ranging from 10% to 74% (12-15,17-20). Two
reviews are available from Fairclough and Stratton (17) as
well as Hollis and collcagues (19) showing that the propor-
tion of MVPA during PE classes in young schoolchildren
(<12 yr) ranges between 37% and 45%. Thus, proportions of
MVPA are below the abovementioned guidelines during PE
(19,21). Currently, no guidelines for the proportion of MVPA

during OY'S cxist, but a reasonable argument not to apply the
PE guidelines for OYS was not found. Further, the evidence
on the proportion of MVPA during OYS in school-age chil-
dren is scarce because of the low number of studies conducted
in this field (12,13,15,18,22). The present study evaluated the
proportion of difterent PA levels during PE and OYS in 396
German children and adolescents as well as the contribution
of PE or OYS to the achievement of the PA recommendations
given by the WHO. First, durations and proportions of SB,
LPA, and MVPA during PE and OYS in children 6-10 yr
old and adolescents 11-17 yr old were measured. Second,
we analyzed the association between different frequencies
and durations of P or OYS and the achicvement of the PA
recommendations of at least 60 min MVPA per day.

METHODS

Study sample. For this study, two surveys were carried
out between Scptember 2012 and June 2013, including two
primary and two secondary schools in the city of Bremen
(Gemmany). Children (6-10 yr) from 14 classes and adoles-
cents (11-17 yr) from 10 classes were invited to participate
in the study (see Fig. 1), and their parents were asked for

and valid

eter data

Number of study partici

| Baseline measurement (T0) ‘

542 children and adolescents
were asked for study participation

provided written informed consent

!

376 participants provided
accelerometer data and diaries
225 children
(6-10 years)

‘ 390 children and adolescents ‘

151 adolescents
(11-17 years)

‘ Follow-up measurement (T1) |

280 children and adolescents
from TO participated

!

‘ 20 children and adolescents |

were newly recruited

!

300 participants provided
accelerometer data and diaries
192 children
(6-10 years)

108 adolescents
(11-17 years)

676 observations of 396 children and adolescents having valid accelerometer data (2600 minutes/day)

¥

Daily sample: > 1 valid day and timing of
sports reported in the diary

234 children
(6-10 years)

162 adolescents
(11-17 years)

h 4

Regression sample: = 4 valid weekdays including = 1

valid weekend day measured

358 observations of 211
children (6-10 years)

187 observations of 128
adolescents (11-17 years)

FIGURE 1—Number of study participants and valid accelerometer data.
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written informed consent. Adolescents were asked for written
consent, whereas primary schoolchildren were also asked for
oral consent. Further information on recruitment and measure-
ments can be found elsewhere (23). The study was conducted
in accordance with the Declaration of Helsinki, and the pro-
tocol was approved by the institutional review board of the
University of Bremen (23). For the bascline measurement
(September 2012 to February 2013), 376 participants (51%
boys) provided accelerometer data of at least 1 d up to 7 d
and completed activity diaries, resulting in 2207 objectively
measured days. In the follow-up measurement (March to
June 2013), 280 participants from baseline took part, and an
additional 20 participants were newly recruited. After exchusion
of invalid measurements, a total of N = 396 participants (51%
boys) were available for the daily sample (Fig. 1).
Accelerometry. In each survey, PA was measured at 3-s
cpochs using ActiGraph accelerometers (ActiGraph Corp,,
Pensacola, FL) and computed with the ActiLife 6 software.
In both surveys, about onc-third of thc children wore
GT3X+ (33%), whereas 25% wore the GT1M and 42% the
Actilrainer, respectively. The abovementioned ActiGraph
accelerometer models (GT1M, GT3X, and ActiTrainer) have
been widely used to assess PA in children and adolescents in
previous studies (24-28). For each survey, study participants
were instructed to wear the devices for seven consceutive
days, including weekdays and weekend days. The accelerom-
cters were attached with an elastic belt and worn on the right
hip during waking hours, except when showering, bathing,
and swimming. One week later, accelerometers and diaries
were collected by the survey personnel and without reminder.
Periods with consecutive zero counts of 90 min and more were
excluded from the analysis (29). Accelerometer counts were
categorized according to the cutoff points proposed by Evenson
and colleagues (30) (SB, <25 counts/15 s; LPA, 26-573 counts/
15 s; MVPA >574 counts/15 s). Evenson cutoff points were
divided to match the 3-s epoch setting used in our study. Most
accelerometer studics in school-age children included accel-
erometer data of 3—4 weekdays with a minimum daily wear
time of 10 h as representative for PA during a typical week,
but less than half of them required a weekend day (31). The
daily sample describes average SB, LPA, and MVPA
expressed as minutes and proportions (%) per day as well
as proportions of PA intensitics, i.c., SB, LPA, and MVPA
during total time of PE and OY 8. For the regression analyses
(regression sample), only participants were included whe
provided at least four weekdays including at least one week-
end day in any survey as recommended (31), resulting in
N = 545 observations for ¥ =339 children and adolescents.
We averaged daily information over valid days for cach sur-
vey per child to calculate the average PA intensities and the
number of days with PE and/or OYS. To classify whether
children and adolescents achieve the PA recommendations
of the WHO or not, daily MVPA was summed up and di-
vided by the number of valid days for each survey. This way,
most participants provided observations for both surveys, in-
cluding overall PA levels for baseline and follow-up. For each

survey, participants that showed average daily MVPA of at
least 60 min were categorized as sufficiently active according
to the recommendations.

Accelerometer diary and time-stamping of accel-
erometer data. All participants were asked to complete a
short paper-based diary to record time points of putting on
the device in the morning and removing it in the cvening as
well as non—wear time during the day, including the reasons
for removing the accelerometer. Participants were instructed
verbally and in writing on how to use the acceleremeter and
the diary. To evaluate objectively measured PA during PE
and OYS, the particular timing of sports activities (PE and
0YS) was rceerded in the diarics. After merging all objee-
tively measured counts during sports-related time intervals,
durations (min-wk™") and proportions (%) of SB, LPA, and
MVPA during PE and OYS were calculated.

Statistical analyses. The durations and proportions
spent in different PA levels were calculated for each measure-
ment day. Furthcrmore, proportions of SB, LPA, and MVPA
during the time intervals of PE and OYS were calculated.
We investigated the association between different frequencies
and durations of weekly PE and OY S (independent variables)
and the achievement of the PA recommendations of at least
60 min MVPA per day on average (dependent variables) in
N = 545 observations of N = 339 children and adolescents
by conducting logistic mixed models. Mixed models are capa-
ble of handling unbalanced longitudinal data, i.c., unbalanced
number of observatiens in participants, and can account for
possible clustering in the data. We considered residual-side
random effects to account for repeated measurements in par-
ticipants that provided two aggregated measures of PA in both
surveys. In addition, we modeled a random intercept to ac-
count for different measures induced by the use of different
ActiGraph models. Participants were categorized according
to the frequency of participating in sports activitics per week:
one day with PE or OYS, two or more days with PE or
0YS, and no PE or OYS (reference) (model 1). To estimate
the duration of sports activities per week in the analysis, the to-
tal time of PI: and OY'S was categorized. For PLL, one unit was
considered as 45 min because this is the typical duration of PE
classes in Giermany, whercas we considered 60 min of QYS as
one unit (model 2). Models were calculated and stratified by
age-groups and adjusted by sex. To account for possible sclec-
tion effects in the sample by the number of provided measure-
ments in days and seasonal effects, respectively, we conducted
sensitivity analyses by estimating regression models based on
observations of children, who provided at least five or six valid
weekdays for the respective observation in any survey and by
adjusting regression models for scason. Statistical analyses
were conducted with SAS (9.3 SAS Institute Inc., Cary, NC)
using the GLIMMIX procedure.

RESULTS

Table 1 describes PA levels in participants. At the base-
line measurement, the mean age was 8.5 yr for primary
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TABLE 1. Age, wear time, and PA values (mean and SD) in children and adolescents (A = 339).

Baseline Survey (n =291)

Follow-up (i = 254)

6-10yr 1117 yr 6-10yr 11-17yr
Boys Girls All Boys Girls All Boys Girls All Boys Girls Al
(n=99) (n=90) (n=189) (n=35%) (n=47) (n=102) (n=78) (2=91) (n=169) (;=44) (n=41) (n=85)
PAR (%) 86 61 74 49 2 37 a5 54 68 36 17 27
Age 86+10 83:11 85:+10 137+13 135:12 136:+13 89210 87+10 8810 143+19 138+13 14117
Valid days 5909 59:09 59:08 57:£10 57:10 57:10 60:09 58:09 65909 58:08 59:08 58:08
Wear time 1mu1-d"| 737+41 740+34 T38:37 779:50 781+ 46 780 +48 763:d6 756+50 759:48 823 + 54 807 £ 57 815 + 56
5B (min-d™') 472 +46 498 +46 484 +48 58158 603 + 56 591 +58 503+67 536+80 52176 657 + 94 657 +73 657 + 84
LPA (mind™") 183+27 174425 179+26 136+£30 129+26 133+29 175+34 157+40 165+39 113+46 104+34 109:+41
MVPA (min-d=") 82:20 67+16 75:20 62:21 5015 56 + 20 85123 64124 7326 53225 4519 49:23
PE days per week 18+10 1811 1910 07:07 09:086 0807 11:09 11x11 11z140 08:08 03:05 0607
PE minutes per week®  155+79 15494 155:86 105+ 64 128+ 84 M7+75 125:87 11563 12075 114 £ 38 11547 11541
OYS days per week 08209 07:10 08:10 1.0:£12 07:11 0911 07210 0508 06209 0911 09+156 0913
OYS minutes per week” 11270 105:90 109:80 196+100 185:135 191:115 137:113 137219 137169 218+117 227:219 222:170

Data are presented as mean + SD.
“Calculation of mean + SD included only participants who had PE or OYS.

PAR, percentage af participants achieving the PA recommendations of at least 60 min MVPA per day on average.

schoolchildren and 13.6 yr for adolescents (Table 1). In
both measurement perieds, the mean valid wear time per
day was longer than 12 h in both age-groups, and the number
of measurement days were similar in boys and girls. Primary
schoolchildren spent approximately 2 h less SB per day and
almost about 30 and 20 min-d ' more LPA and MVPA, respec-
tively, compared with adolescents. At baseline, 74% of chil-
dren (6-10 yr) and 37% of adolescents (11-17 yr) met the
recommendation of at least 60 min MVPA per day. In particu-
lar, adolescent girls spent the least time in MVPA at baseline
and follow-up measurement. In both, baseline and follow-up,
younger children engaged more frequently (1.1-1.9 d) and
longer (120-155 min) in PL per week, compared with adoles-
cents who engaged an average of 0.6 and 0.8 d and 115 and
117 min in PE per week. Although the number of OYS days
per week was similar in both age-groups, the weekly duration
of OYS was about 80 min longer among adolescents com-
pared with children.

Of all 3656 measured days, no sports activities were re-
ported for 67% and 76% of the days in primary schoolchildren
and adolescents, respectively. PE was reported on 17% of all
days across both age-groups. The lowest proportion of active
time (sum of LPA and MVPA) as well as the highest propor-
tion of average daily SB cccurred on days without any sports
activitics with the average daily SB proportion ranging from
67% in primary school boys to 81% in adolescent girls
(Table 2). By contrast, proportions of SB were lower (59%—
68%) on days with PE and OYS in boys and girls of both
age-groups. Compared with days without sports activitics,
PE and OYS increased daily MVPA values to similar extents
for beys and girls in both age-groups.

About 60 min MVPA were accumulated on days without
sports activitics in children, with slightly lower MVPA levels
on weekend days, compared with weekdays (Fig. 2). However,
additional sports activities (PE or OYS) facilitated increasing
daily MVPA values up to 70-90 min on any day of the week.

TABLE 2. Minutes per day (mean + SD) and proportions (%) of SB, LPA, and MVPA on days either with or without sports (= 396).

6-10 yr 1117 yr
Boys (#=115) Girls (i ="119) All (= 234) Boys (n = 85) Girls (n = 77) All {n=162)
Minutes Minutes Minutes Minuies Minutes Minutes
N(d) perday %day perday % day perday % day perday %day perday %day perday % day
All days with and without sports 3656
SB 487 + 98 65 514+101 69 500100 67 6i7+122 77 633:114 79 625:118 78
LPA 179+ 48 24 166 + 50 22 173+ 49 23 125 + 56 16 117 + 48 15 12152 15
MVPA 84+35 1 86+ 30 9 75+34 10 58137 7 49 + 28 6 53133 7
Days without PE and OYS 2571
499 + 105 67 524 +110 71 5121+109 69 634+ 120 79 646 £ 114 81 640+ 117 80
LPA 171+ 50 23 157 + 52 21 1839+52 22 115+ 53 15 109 + 47 14 112+ 50 14
MVPA 76 + 35 10 59+ 29 8 66.9 + 33 9 50+ 34 6 43 +25 5 47+ 30 ]
Days with PE without OYS 623
SB 465 + 78 61 490 + 71 65 478 + 75 63 582:+114 71  586:86 74 5841102 72
LPA 192+ 41 26 185 + 36 25 188 £ 39 25 154 +43 19 142 £ 40 18 149+ 42 18
MVPA 96 + 31 13 79+ 24 10 87:29 12 78232 10 6523 8 72129 9
Days with OYS without PE 313
471+ 78 61 499 £+ 72 66 484 + 76 63 563+107 72 589:99 74 575:104 73
LPA 196 + 42 26 182 + 39 24 189+ 40 25 145 + 56 18 143:40 18 14448 18
MVPA 101 +28 13 77425 10 90+29 12 77133 10 65+25 8 71+30 9
Days with PE and 0YS 149
457 + 74 59 458 + 60 60 457 + 68 59 553+130 67 559:124 68  555:126 67
LPA 208 + 31 27 200 + 36 26 204 +34 27 168+ 65 21 163 + 32 20 166+55 21
MVPA 111+26 14 103 + 24 14 107 + 25 14 100 + 42 12 97 +29 12 99+ 37 12
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Mean moderate-to-vigorous physical activity (MVPA) per day and standard deviation

e

Tuesday (537 days) _

|
Wednesday (547 days) _ ‘

O MVPA on days without PE/OYS

O MVPA on days with PE/OYS

B MVPA during PE

B MVPA during OYS

[
Thursday (541 days) _ ‘

L
Friday (576 days) E';«

Saturday (514 days)

Sunday (374 days)

90 120

Average duration of MVPA (min/day)

FIGURE 2—Mean MVPA per day, and SD.

Primary schoolchildren spent more than half of the total
time of PE (57%) in either LPA or MVPA (Table 3), whereas
adolescents spent only 47% in LPA and MVPA. In particular,
adolescent girls achieved the lowest activity levels, spending
only 15% of total time of PE in MVPA. Independent of age
and sex, higher proportions of SB and lower proportions of
MVPA were observed during time of PE compared with time
of OYS. Similar to PE, the average duration of OYS was
shorter in primary schoolchildren compared with adolescents,
but higher propertions of LPA and MVPA were observed in
the younger age-group, The proportion of SB in total time
of OYS was indced below 50% in both age-groups and in
both sexes, with the lowest proportion observed in primary
schoolchildren, compared with adolescents.

Compared with children and adolescents without any PL or
OYS, both children and adolescents had a significantly higher
chance to meet the PA recommendations if they had either
PE (adjusted odds ratio [AOR] in children = 3.28, AOR in

adolescents = 5.52) or OYS (AOR in children = 9.38, AOR
in adolescents = 2.57) for at least two times per week
(Table 4). The chance of meeting the PA recommendatiens
was significantly higher for children and adolescents who par-
ticipated in more than 90 min-wk ' in PE (AOR = 3.48, 95%
confidence interval [Cl] = 2.03-5. 98) or in meorc than
120 minwk ' in OYS (ACOR = 3.72, 95% CI = 2.01-6.89),
compared with those who did not participate in PE or OYS, re-
spectively. In particular, children 610 yr old having more than
120 min OYS per week were 13 times more likely to meet the
PA recommendations (AOR = 13,15, 95% CI = 3.08-536.17)
than children having no OYS. The number of obscrvations
was relatively small in the highest categories of frequency
and duration of sports activities (=2 d-wk *, >90/120 min PE/
OYS per week) compared with the other categories, particularly
regarding the PE frequency of >2 d-wk ' in adolescents
(n = 23), which led to less accurate estimates. Indeed, about
one-third (both measurement perieds combined) of adolescents

ADO10IN3AIdT

TABLE 3. Proportion (%) of SB, LPA, and MVPA during total time of PE and OYS in children and adolescents.

PE (n=308)
6-10 yr 1117 yr All
Intensily (% of Tolal Boys (304 d) Girls (308 d) All (612 d) Boys (90 d) Girls (70 d) All (160 d) Al (772d)
Time in PE) Mean (95%Cl) Mean (95%CI) Mean (95%Cl) Mean (95%Cl) Mean (95%Cl) Mean (95%CI) Mean (95% CI)
SB 40 38-42 47 45-49 43 42-45 47 42-52 61 57-64 53 50-57 46 44-47
LPA 32 31-33 3 30-32 32 31-32 27 25-30 24 21-26 26 24-28 30 30-31
MVPA 28 27-29 22 20-23 25 24-26 25 22-28 15 13-18 21 19-23 24 23-25
Organized Youth Sporis (7= 199)

Intensity (% f Tolal Boys (143 d) Girls (123 d) All (266 d) Boys (107 d) Girls (89 d) All (196 d) All (462 d)
Time in 0YS) Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% Cl Mean 95% ClI Mean 95% CI
SB 34 32-43 40 37-43 37 35-39 42 3747 45 41-50 43 40-47 40 3842
LPA 34 33-34 32 30-34 33 32-34 27 25-30 31 28-35 29 27-31 32 30-33
MVPA 31 29-30 28 25-30 30 28-31 31 27-34 23 20-26 27 25-30 29 27-30
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TABLE 4. Association between frequency and duration of PE and OYS and the achievernent of PA recommendations in terms of AQR and 85% Cl against the reference category (ref.) estimated in

logistic mixed regression models stratified by age-groups.

6-10yr {n = 358) 1117 yr (7=187) All (N = 545)
n{%) ADR 95% CI (%) AOR 95% Cl (%) ROR 95 CI
Model 1 (frequency)
Age Per year 358 (100 071 0.52-0.% 187 (100) 1.12 0.87-1.46 545 (100) 091 0.74-1.01
Sex Girls 181 (51) 1.00 Ref. 88 (47) 1.00 Ref. 269 (49) 1.00 Ref.
Boys 177 (49) 5.00 2.72-9.53 99 (53) 3.79 1.51-9.47 276 (51) 382 1.28-11.40
PE {d-wk™") ] 72 (20) 1.00 Ref. 82 (44) 1.00 Ret. 194 (28) 1.00 Ref.
1 113 (32) 155 0.79-3.04 82 (44) 2.57 1.11-5.93 195 (36) 1.70 1.02-2.81
22 173 (48) 3.28 1.65-6.50 23(12) 5.52 1.64-18.61 196 (36) 3.60 2.05-6.31
OVS (dwk") 0 195 (54) 1.00 Ref 106 (57) 100 Ref 301 (55) 1.00 Ref.
1 113 (32) 2.55 1.38-4.73 26 (14) 3.51 1.21=10.21 139 (26) 2.57 1.53=4.32
22 50(14) 9.38 2.69-32.72 55 (29) 2.57 1.12-5.92 105 (19) 3.83 2.09-6.99
Model 2 (duration)
Age Per year 358 (100) 0.69 0.52-0.91 187 (100) 1.18 0.90-1.54 545 (100) 0.90 0.70-1.03
Sex Girls 181 (51) 1.00 Ref. 88 (47) 1.00 Ret. 269 (49) 1.00 Ref.
Boys (ref. girls) 177 (49) 494 2.73-8.93 99 (53) 6.04 2.13-17.13 276 (51) 4.49 2.78-1.27
PE {min-wk™") 0<45 74(21) 1.00 Ref. 82 (44) 1.00 Ret. 156 (29) 1.00 Ref.
45-90 112 (31) 178 0.91-3.33 65 (35) 171 0.65-4.21 177 (32) 1.56 0.94-261
>80 172 (48) 2.79 1.46-5.31 40 (1) 9.69 3.25-28.86 212 (39) 3.48 2.03-5.98
QYS (min-wk™) 0<60 187 (55) 1.00 Ref. 106 (57) 1.00 Ref 303 (56) 1.00 Ref.
60-120 121(34) 293 1.65-5.20 28 (19) 4.02 1.34-12.06 149 (27) 2.89 1.73-4.82
>120 40 (11) 13.16 3.08-56.17 53 (28) 2.32 0.97-5.50 93 (17) 372 2.1-6.89

Significant table entries accarding ta 95% confidence intervals are highlighted in bold

11-17 yr old were sufficiently active, and the AOR values in
models 1 and 2 showed higher chances of meeting the PA rec-
ommendations in both age-groups. Sensitivity analyses regard-
ing average information over different numbers of valid
wecekdays and scasonal cffects revealed slightly higher AOR
values but lower precision, i.e., wider confidence limits, com-
pared with the presented results, particularly due to the smaller
sample size (data not shown).

DISCUSSION

In our study, objectively measured PA data were merged
with information from activity diaries to investigate the pro-
portions of SB, LPA, and MVPA during PE and OYS in chil-
dren between 6 and 17 yr under free-living conditions.
Further, we analyzed the association between different fre-
quencies and durations of sports activitics and the achievement
of the PA recommendations. To the best of our knowledge,
this is the first study investigating proportions of different
PA intensities during PE and OYS and the contribution of
PL or OYS to the achicvement to the WHO recommendations
in primary and secondary school boys and girls. We observed
proportions around 30% of time spent in MVPA during sports
activities. Their proportions are substantially lower than the
recommended level of 50% during PE as recommended by
the CDC (21). We observed that MVPA was higher in boys
than that in girls as well as lower in adelescents 11-17 yr
old, compared with children 6—10 yr old, which is in line with
recent studies (32,33).

Proportions of PA intensities during PE and OYS.
The previously observed proportions of MVPA during PL dif-
fering between 11% and 85% (19) may be explained by the
application of different methods (accelerometry, dircet obser-
vation, and heart rate monitoring) for PA measurement
(17.19,34). The review by Fairclough and Staatton (17) re-
ported proportions of MVPA during PE of 37% for

accelerometry, 40% for heart rate monitoring, and 33% based
on direct abservation (17). Similarly, the observed propertions
of MVPA during PE of 25% in children and 21% in adoles-
cents in the current study were well below the CDC guidelines
of at Icast 50%. By contrast, higher proportions of MVPA dur-
ing PE were reported by a more recent review by Hollis and
colleagues (19), with proportions of MVPA varying be-
tween 33% for accelerometry and 58% for direct observa-
tion. Indeed, in 8 of the included 13 studies, trained PE
teachers were involved, who are known to better motivate
children to engage more intensively during sports compared
with ordinary classroem teachers (19,34). One recent study
from Germany (18) investigated the contribution of different
domains to total PA in 1403 adolescents 15 yr old on average
and reported proportions of SB, LPA, and MVPA during PE
of 23%, 43%, and 29% among adolescent boys, respectively,
and of 27%, 53%, and 16% among adolescent girls (18). The
proportions of MVPA are very similar to our findings (beys
25%; girls, 16%), whereas the differences regarding SB and
LPA may be due to the differing epoch settings (60 s) and
the usc of cutoff points proposed by Freedson and colleagues
(26). The latter are known to underestimate MVPA in children
(28). Finally, the results of our study indicate that the sex-
specific differences of MVPA levels observed in adolescents
11-17 yr old during P were smaller in younger children.
Compared with PE, there exist no international guidelines
with recommended MVPA levels that should be achieved dur-
ing OYS. The two existing reviews considering proportions of
PA intensitics during sports activitics (17,19) were limited to
PA in the school context, supporting the statement of Smith
and colleagues (15) that MVPA levels during PI: have been
well studied in contrast to MVPA during OYS (15). Moreover,
only a few studics investigating PA intensitics reported pro-
portions across the entire PA intensity continuum (including
SB and LPA) (12,13.18.35). Most studics investigating
MVPA during OYS reported between 22% and 46% MVPA
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(12,13,18,20,22). For cxample, Leck and colleagues (12) ob-
served 46% MVPA during OYS in children 7-14 yr old
(n = 200) (12). A general explanation for low proportions of
MVPA (~30%) during OYS observed by recent studies
(13,18,22) and our study is that sports activities are always ac-
companied by other activities before and after the sports activ-
itics such as changing clothes or showering that could be
regarded as part of sports activities by participants who com-
plete activity diaries. Sports activities may fiwther be interrupted
by resting breaks, waiting queues, and instructions by coaches.
Moreover, balance training and isometric muscular exercises
that are frequently included during PE and OYS are very likely
to be at least moderate PA (34) but may be categorized as sed-
entary or LPA by accelerometry because no/low acceleration
on the hip is measured during such activities. Finally, the pro-
portions of SB, LPA, and MVPA did not differ substantially
between the baseline measurement and the follow-up measure-
ment, neither for PE nor for OYS.

PA levels on days with and without sports activi-
ties. Our results align with recent studies that found the dura-
tion of MVPA to be significantly longer on days with sports
activities such as PE or OYS, compared with days without
sports activities (13—15,35-37). In one study by Wickel and
Eisenmann (13), 119 children 6-12 yr old wore accelerome-
ters during days they participated in OYS. They achicved
110 min of MVPA on average and a proportion of 23%
MVPA per day. Such long durations of MVPA were not even
reached on days children engaged in both PE and OYS in our
study. Two other studies (14,37) reported increases of MVPA
by 50%—60% on days when school-age children attended PE
classes, a result we could only confirm when comparing days
without any sports activities to days with both PE and OYS.
Regarding proportions of SB, we were able to confirm the re-
sults of Sigmund and colleagues (35) who observed a smaller
proportion of total daily SB in children 9-11 yr old on days
with PE compared with days without PE. A German study re-
ported that adolescents 15 yr old on average spent almost two-
thirds of their daytime sedentary, nearly one-third in LPA, and
under 5% in MVPA (18). In our study, such low activity levels
were only observed on days without any sports activities in the
lcast active subgroup of adolescent girls (5% MVPA),

Association between PE or OYS and the achieve-
ment of the PA recommendations. Recent studies inves-
tigating the contribution of sports to total daily MVPA
concluded that sports activities may significantly increase
MVPA levels on days with PE or OYS, but these effects were
not sustained over the entire week (12—-15). By contrast, we
observed that engaging more frequently and longer in PE or
OYS significantly increased the chance of meeting the PA rec-
ommendations of at least 60 min MVPA per day during a typ-
ical school week. Although the proportion of participants
meeting the PA recommendations was much higher in younger
children (6-10 yr) compared with adolescents (11-17 yr), the
chance of achieving an average of 60 min MVPA per day
was significantly increased in both age-groups. However, on
a daily basis, children and adolescents who engaged in OYS

showed similar MVPA levels on days without any sport activ-
ities compared with children who did not engage in OYS. Fur-
ther, both groups showed increased level of MVPA for about
20 min-d"' when engaging in PE (data not shown). Hence,
higher MVPA levels in children and adolescents with more
PE or OYS may solely be explained by the MVPA that was ac-
cumulated during sports activitics, and a gencral more active
lifestyle may not be assumed in children and adolescents
who regularly participate in OYS. Because PE is mandatory
in schools, increasing the number of PE classes may be an ef-
fective strategy to promote a more active daily life in school-
age children. In contrast to PE, factors such as membership fees
or the availability of sports cquipment need to be considered as
potential bamiers to engage in OYS for some children who
would need additional support to maintain an active lifestyle.
Strengths and limitations. An important strength of this
study is the combination of objectively measured PA with ac-
tivity diary information for two different contexts of sports ac-
tivitics under free-living conditions. Hence, we were able to
analyze the association between the frequency and the duration
of PE or OYS and the achicvement of the PA recommendations
among boys and girls in two different age-groups. Another
strength is that the large longitudinal sample of schoolchildren
that included repeated observations of two PA measurements
could be handled wsing lincar mixed models and increased
our statistical power for this analysis. Moreover, we used short
sample intervals of 3 s as recommended (35,38) because sam-
pling intervals of 15 s or longer have shown to provide signifi-
cantly lower MVPA values than shorter epoch settings (38,39).
When using different ActiGraph accelerometers, care should be
taken because of inconclusive findings in validation studies. Al-
though some studies showed that the GT 1M and the GT3X pro-
vide comparable counts across all PA intensities (26,27,40), one
of these studies highlighted significantly lower counts measured
by the ActiTrainer, when compating to counts measured by the
GTIM and the GT3X (40). Another study comparing three
ActiCGraph models only pointed out that differences occur par-
ticularly for counts at lower PA intensities such as LPA and
SB (41). To avoid potential over- or underestimations of re-
sults, future studies should consider accounting for different
ActiGraph models in the analyses similar to our approach
using random effects models to account for within moedel var-
iation by means of a random intercept. Another important lim-
itation is that we had to rely on the accuracy of time intervals
reported in the accelerometer diaries, and we were not able to
distinguish between the actual sports activities and the activi-
tics such as changing clothes, showering, and instructions by
the coach/teacher. This is indeed an issue to be considered
when assessing sports activities under free-living conditions.
Furthermore, we must acknowledge that the younger children
in this study might be a selective sample, with 68%—74% of all
children 6-10 yr old achieving the PA recommendations of
60 min-d . Another important limitation of accclerometers is
their inability to assess water-based activities such as swimming.
As aresult, the total MVPA may be underestimated because no
direct observation was applied in our study. Finally, we must
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acknowledge that our study sample does not claim to be repre-
sentative for German schoolchildren. Future research needs to
mvestigate determinants that explain and support children and
adolescents to create and maintain an overall active lifestyle.
To conclude, the proportion of MVPA during PLE and OYS
in schoolchildren was on average below 30%, with particular
low MVPA proportions of 15% and 23% obscrved in adolescent
girls during PE and OYS, respectively. However, participation in
PEorOYS en at least 2 d-wk ™" or engaging for more than 90 min
in PE or 120 min in OYS per week significantly increased the
chance to meet the PA recommendations of at least 60 min
MVPA per day in children and adolescents. More frequent and
longer mandatory PL classes and the participation in OYS can
substantially increase MVPA particularly in adolescents.
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Background: Aim of this intervention study was to evaluate whether availability of
standing desks in classrooms may reduce sitting time and enhance standing and
stepping time during lessons and breaks. Further, we evaluated if differences in standing
desk use differed by physical fitness (PF) levels of children.

Methods: To assess sitting, standing and stepping during a typical school week in 3rd
grade primary school children (N = 52), activPAL monitors were used at baseline: TO, 1st
follow-up: T1 and 2nd follow-up: T2. At baseline, PF was measured using the standing
long jump and the 6-min jog-walk to assign children as having low PF {LPF} or high PF
(HPF). Standing desks were assigned randomly to intervention and control groups at
T1 (group 1) and T2 (group 2) with a cross-over design. Changes of sitting, standing
and stepping were analyzed to investigate intervention effects at follow-up, using linear
mixed models.

Results: At baseline, children spent about 60 and 30% of time sitting during lessons and
breaks, respectively. After installing standing desks (T1), significantly lower proportions
of sitting were observed in the intervention group 1 [—-13.1%, 95%-Cl: (—20.5; —5.72)]
and the control group 2 [-9.78%, 95%-Cl: (—17.3; —2.28)]. Compared to the baseline
measurement (TO), lower proportions of sitting were particularly expressed during school
breaks in group 1 and 2 after intervention in T1 [group 1: —=10.3%, 95%-Cl: (—16.4;
—4.25)] orin T2 [group 2: —8.59%, 95%-Cl: (—156.2; —1.94)]. In general, children with
higher physical fitness were less sedentary and more active, but intervention effects did
not differ by fitness levels.

Conclusion: Standing desks provide an opportunity to reduce sedentary time during
lessons and breaks at school in primary school children, but do not directly increase PA
of high intensity such as stepping. Future studies should consider potential bandwagon
effects caused by structural interventions.

Keywords: objective measurement, lessons, breaks, leisure time activity, physical fithess
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BACKGROUND

The World Health Organization (WHOQ) recommends that
children and adolescents between 5 and 17 years should
engage in moderate-to-vigorous physical activity (MVPA) for
at least 60 min every day (1), but only one fifth of German
school children (2) meet this recommendation. Regarding
sedentary behavior, the WIIO recommends that children and
adolescents should limit the amount of time spent being
sedentary, in particular the amount of recreational screen
time. [owever, associations between sedentary behavior and
child health are still discussed controversially (3-5), but there
is evidence that sedentary behavior tracks from childhood
to adulthood underpinning importance of health promotion
activities targeting the reduction of sitting time already early in
life (6). Possible health benefits resulling [rom the reduction of
sedentary time in childhood may relate to a healthier weight
slatus, blood pressure, metabolism, litness, self-esteem and social
behavior and may even improve academic performance (7). A
large number of studies observed a gradient between time spent
sedentary and worsening of health, but evidence is inconclusive
with regard to a clear dose-response relationship. For screen
time, adverse health effects are observed from up to 2h. (8)
This is alarming insofar as primary school children are sitting
~6.5h at school (9-12), particularly German children and
adolescents spent up to 9h sedentary during a typical school
day (13) and sitting duration increases as children get older
(9-12, 14).

In recent years, multiple strategies aiming to decrease daily
sedentary time and motivate children 1o move more during the
day have been discussed (15). One strategy to reduce sitting
time during school hours was addressed but still requires deeper
investigation: the installation of height-adjustable standing desks
(in the following named simply “standing desks™). Although
some reviews have been published in this Leld (16, 17),
research findings are contradicting and do not yet allow to
draw final conclusions. Recent studies showed that implementing
standing desks in schools could significantly decrease durations
of sitting per day, without any disadvantages such as reduced
concentration during lessons at school (16-19). On the contrary,
positive effects of standing desks were observed in primary
¢hildren rather than in sccondary school children (20).

Only few high-quality studies have been conducted in this
fieldwhere only about half of them included control groups as
highlighted by Minges et al. (16). Additionally, short follow-up
duration and unreliable sensors to distinguish between sitting
and standing tlime (e.g., Acligraph accelerometers) were also
highlighted as limitations by Sherry et al. (17). In general, three
main obstacles are known in research to investigate sitting and
standing in children with standing desks provided at school. First,
recent studies can afford only alow number of standing desks due
to the high costs of this structural intervention strategy. Second,
mostly the duration of sitting/standing during the total day or
during total school hours is analyzed rather than assessing how
sitting/standing changes during lessons and breaks, respectively,
il standing desks are (un-) available. Third, researchers focused
on durations of sitting and standing until now, but did not
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investigate potential factors associated with the acceptability or
use ol standing desks.

ITence, the aim of this study was to investigate whether
the availability of standing desks in primary school children
leads to less sitting and more standing and stepping time
during school hours—yparticularly during lessons and breaks—
and whether shorter vs. longer standing time during school hours
affected leisure time activities of children after school. Further, we
explored possible diflerences in the eflects of standing desk use
with regard to the physical fitness (PF) levels of children prior to
the intervention.

METHODS
Study Sample

The study was conducted in one primary school in Ludwigsburg,
Germany. All 59 children of the entire third grade, distributed
inte three dasses, were invited o participale in the study
(Figure 1). Parents were informed during a parent evening and
by provision of study information. Parents were asked for written
informed consent; additionally, all children were asked for oral
consent prior to the assessment. In total, written informed
consent was provided by parents of 54 children. The study was
carried cout in accordance with the Declaration of Helsinki, and
the study protocol was approved by the institutional review board
of the University of Bremen (19.09.2017).

Study Design

This case-crossover study was carried out between January
and March 2018, Since the case-crossover design is useful
to evaluate brief and changing exposures, it was chosen to
ensure an identical environment and reduce confounding (e.g.,
by schedule, or weather) for intervention and control group
(21). Al baseline (TO, January 2018), all measurements were
applied in all children (Figure 1). Baseline measurements for
all children included: objective measurement of sitting, standing
and physical activity (PA), anthropometry and PF as well as
a parental questionnaire assessing socioeconomic status. After
completion of the baseline survey (10), a total of 32 standing
desks were equally distributed among the three classes. 'The
standing desks were assigned randomly to half of all children
in each class (intervention group at T1, referred to as group 1),
whilst the other half of the children worked at their traditional
working desks (control group at T1, referred as group 2). In the
third week after installing the standing desks, the first follow-
up examinalions (T1, Tebruary 2018) included the identical
measurements conducted at TO {except anthropometry and PE)
in all participating children. After the T'T measurements were
completed, standing desks were assigned to those children,
who belonged to the control group previously (group 2, now
intervention group at 'I2). 'The remaining children (group 1:
intervention group at T1, now control group at T2) were assigned
Lo the traditional working desk at this time. Again, afler a washout
period of 2 weeks, the second follow-up was conducted (T2,
March 2018), including the identical measurements from T1 and
TO. In summary, to address the crossover design in the analyses,
groups were distinguished as having the intervention, i.e., having
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Parents of 59 children were asked to participate in the study

v

Children providing written informed consent (N=54)*

Baseline

53 children measured with

activPAL monitors (N=52%)

(TO, January
2018)

J

Randomization

\

<

Follow-up (T1) (N=22%)

Control group (group 2) with
traditional working desks

Intervention group (group 1)
with height-adjustable
standing desks (N=23%)

e

Washout period

<

e

Follow-up (T2)
working desks (N=19%)

Control group with traditional

Intervention group with
height-adjustable standing
desks (N=18%)

<

FIGURE 1 | Study design and number of participants.

*children providing valid activPAL data

standing desks designated to half of the children within each
classroom, between baseline and first follow-up (group 1) and
between first and second follow-up, for the other half of the
classroom (group 2).
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Height-Adjustable Standing Desks

T'he city of Ludwigsburg provided 32 standing desks (Rondo-
Lift-KF (N = 21) and SitAndStand (N = 11) by VS Middle
Fast, height-adjustable between 69-113cm and 70-115c¢m,
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respectively). Children were able to sit at the desks with their
usual chairs al minimum height. Desk bases had lockable castors
and were freely movable. Spatial arrangement was carried out
by the teachers so that children who choose to stand did not
bother the view of sitting children. In general, children with
standing desk were allowed to lift and lower their standing desks
at its own discretion; they were not reminded or encouraged to
stand during lessons. The height of the standing position was
not assessed.

Activity Behavior

Sitting, standing and PA were assessed by activPAL inclinometer
(PAL Technologies Ltd., Glasgow, UK). At each survey period,
the devices were distributed during physical education classes.
Study personnel instructed verbally how to use the devices and
directly helped attaching the devices at the mid-point on the
front of the right thigh. Additionally, all children received an
information sheet explaining the handling of the device, in order
lo inform their parents. All participaling children were asked 1o
wear the devices for 24h on 10 consecutive days (except during
swimming and bathing). To assess standing, silling and stepping
in primary children, activPAL monitors have been proven to be
valid and reliable (22-25). We derived PA intensities from counts
in 155 epochs within the daily time frame of 6:30 am to 8:30
pm in order to reduce bias through inaccurate estimates of get
up or sleep times. We restricted the analysis to children with PA
data of at least 2 days with at least 10 h of measured time. The
measured duration of PA was considered per domain i.c., lessons,
school breaks and leisure time and generated using exact time
stamps of the respective weekly schedule of each class for cach
child. Further, daily information on PA intensities was cleaned
with regard to extreme values in steps and sedentary time, i.e.,
days with < 1,000 steps and/or a sedentary time of more than
90% of the measured time were excluded. Eventually, we averaged
habitual PA, ie., stepping, standing, and sitting, over weekdays
(not weekend days) for children providing at least 3 days of valid
measurements at each survey. Time spent sitting, standing and
stepping was measured by the devices and later processed in
minutes per day. In order to describe the distribution of activity
intensities per day and domain, i.e., lessons, school breaks or
leisure time, minutes per day spent sitting, standing or stepping
were summed up based on all weekdays and for any specilic
domain. This duration was then divided by the total measured
minutes per weekday and domain, respectively. Accelerometry
data derived from the activPAL3-sollware (aclivPAL Professional
v7.2.29, PAL Technologies Ltd., Glasgow UK) was processed
using R Version 3.5.1 and particularly R-packages dplyr, ggplot2,
and scales.

Parental Questionnaire and School
Information

Sex and age of all participating children were obtained by
the written informed consent. The parent completing the
questionnaire answered questions about the highest level of
education and highest professional qualification of both parents,
Both were classified according to the international standard
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classification of education (ISCED) (26), which were categorized
as low (ISCED level 1 or 2), medium (ISCED levels 3 or 4), and
high (ISCED level 5 or higher) and using the maximum of both
parents (if data available) as an indicator of the family educational
status. Parents were also asked if their child participated in
organized youth sports. Teachers provided the class-specific
schedules to facilitate the assignment of objectively measured
activity and sedentary behaviors to the timing of school breaks
and lessons throughout the school day.

Anthropometry

Anthropometric measurements were carried out by trained study
personnel using standardized instruments. Height was measured
using a telescopic stadiometer (Seca 225, seca, Birmingham,
UK) to the nearest 0.1 cm (27). Body mass was measured using
the TANITA BC 420 SMA, a digital weighing scale (TANITA,
Tokyo, Japan) that was previously used in young children (28).
We calculated BMI as weight in kilograms divided by squared
height in meters and categorized weight status of children as
overweight or obese according to the German reference system
by Kromeyer-Hausschild using the 90th percentile for the age 8,
Sand 10 (29).

Physical Fitness

In order to briefly classify the participants into children with
less or more ability to stand longer as a potential confounder,
two motor tests (standing long jump and 6-min jog-walk) were
conducted to assess components of physical fitness (explosive
strength and endurance capacily).

Both PF tests were conducted after a typical warm-up at
the beginning of physical education lessons. The standing long
jump test was used to assess the lower-limb explosive strength.
Children had to jump off a marked line with both feet and toland
on both feet at the same time, if possible. 'The recorded value was
the difference (in cm) between the marked line and the last heel
mark (30). To assess endurance capacity, we applied the 6-min
jog-walk, a quick and convertible test during physical education
lessons to assess the maximal oxygen uptake. Children had to run
a 54 mround as often as possible within 6 min. They were allowed
Lo walk il they could not run anymore. The lest has proven o
moderately correlate with a spircergometry in children aged 8-10
years {31). The PF at baseline was categorized into high PF (IIPF)
for children who at least performed more than of 17 rounds in
the 6-min jog-walk or jumped more than 128 cm in the standing
long jumnp test and low PF (LPE), if none of the above applied.
Since only two motor tests were conducted and in order to enable
a specific classification within our sample, the median values of
our results was chosen as cutoffs {17 rounds, 128 cm) for low and

high PT.

Statistical Analysis

We calculated descriptive statistics, such as mean and standard
deviation (SD) as well as range for continuous variables in this
study and proportions flor categorical variables with regard to the
overall study sample and stratified by PF levels.
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We used linear mixed models to investigate the effect of the
implementation of standing desks in dassrooms on PA, ie,
sitting, standing, and stepping in children. Linear mixed models
provide the flexibility to model the time and intervention effect,
i.e., the interaction, while accounting for repeated measurements
by means of a random residual effect and particularly based on
unbalanced data, i.e., incorporating the complete sample despite
loss to follow up.

Qulcome variables, sitling, sltanding, and stepping were
considered as continuous dependent variables in the linear mixed
models. For cach PA oulcome we modeled the exposition 1o
the intervention a) for each group over time using two main
effects for the survey wave and group assignment and b) the
interaction of survey wave with group assignment (group 1
at T1 and group 2 at T2) which are presented as the actual
intervention effect. Outcome variables were modeled using total
school time data as well as considering the domain-specific
data during lessons, school breaks, and leisure time. Further, all
models were adjusted for sex, age, weight status, PF, parental
cducation and class. Mixed models were also conducted stratified
by PF to assess whether effects of the intervention differed by
children’s PT levels at TO. From cach of these lincar mixed
models, least-square means (LSM) and 95% conlidence limils
(95% CI} of dependent PA variables were estimated for each
group (k = 2) per survey (t = 3) as well as all possible fifteen
((k*t—1)!) LSM-diflerences of mean PA variables and the 95%
CI for each combination of survey wave and group assignment.
This way, both direct intervention effects (group 1: 11 - 10,
group 2: T2 - T0) and potential indirect effects, either between
group assignment or over survey waves could be identified.
Normality of outcome variables was assessed using residual and
Q-Q plots. Confidence intervals were estimated considering the
sidak adjustment for multiple testing within each regression
model. Significance level was set 1o o = 0.05, however we
did not adjust for multiple testing with regard to number of
regression models.

RESULTS

Among the total of 53 participating children at baseline, 52
participants provided valid activPAL data of at least 2 days
with at least 10h per day (Figure 1). Of those, 61.5% were
girls (N = 17) (Table 1). The average age of all parlicipating
children was 8.4 years (SD: 0.7) and the proportion participating
in organized youth sporls was 76.9%. Aboul one fourth of
the study sample was categorized as having overweight or
obesity (23%). About twice as many children were categorized
as having low fitness levels than having high fitness levels.
Further, children with higher fitness levels ran about four
rounds more during the 6 min run and achieved ~30 cm more
distance at the standing long jump than the less fit children.
In general, children spent aboutl 7h per day and about hall
of their leisure time sitting. Almost two thirds of the time in
school lessons were spent sedentary, whereas in school breaks
only one third was spent sitling. In contrast, at least 70% of
school breaks was spent active in children either with low and
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high fitness levels (Table 1). Total daily sitting time revealed
only small differences between fitness level, whereas children
with higher fitness level had 30 min longer stepping duration
per day (168.4 min/day), compared to children with lower
fitness level.

Table 2 presents results of linear mixed models showing
estimated means (Est) with 95% confidence intervals (95% CI)
of PA variables during lessons for group assignment and survey
wave as well as diflerences of survey waves per group to identily
intervention effects. Estimated proportions of sitting, standing
and stepping during lessons varied substantially per survey wave
and intervention group (Table 2).

Across survey waves, group 1 almost persistently showed less
sedentary and more active pattern during lessons, compared to
group 2. Between T0 and T1, sitting time significantly decreased
between 10 and 'I'l in the intervention group [group 1: —13.1,
95%CI (—20.5; —5.72)], but also in the control group [group
2: —9.78, 95%Cl (—17.3; —2.28)]. In addition, standing time
significantly increased after the first intervention in T1 [group 1:
11.6, 95%CI (4.85, 18.3) as well as in the control group (group 2:
8.63,95%CI (1.78; 15.5)].

Table 3 presents PA patterns during school breaks. At both
follow-ups (T1 and T2), aboul len percentage points less sitling
during breaks were found in all children in both groups.
Compared to T0, in group 1 significantly lower proportions of
sitting [—10.3%, 95%-CI: (—16.4; —4.25)] and higher proportions
of standing: [6.20%, 95%-CI: (1.37; 11.0)] were measured
during school breaks at T1. Similarly, group 2 showed lower
proportions of sitting [—8.59%, 95%-CL (—15.2; —1.94)] and
higher proportions of standing [8.08%, 95%-Cl: (2.78; 13.1)] after
the intervention in T2.

Table 4 summarizes PA patterns during leisure time. In group
1, slightly higher values (1-4 percentage points) have been
observed regarding the time standing and stepping across all
survey periods, compared to group 2. No intervention effect
was observed regarding sitting, standing or stepping during
leisure time.

Regarding overall PA per day, group 1 accumulated less sitting
time and more standing and stepping time per day, across
all survey periods, compared to group 2 (Table 5). Regarding
the total time per day spent sitling, standing and stepping,
no intervention effects were observed across survey periods
and groups,

Results of linear mixed models stratified by fitness levels are
presented in Supplemental Tables 1-4. Basically, children with
higher filness levels spent belween 44 and 47% of their leisure
time per day with sitting, whereas children with low fitness
levels spent more than half of their leisure time sedentary (53—
54%). At'T0, children with high fitness levels spent four to seven
percentage points less sitting during breaks [group 1: 26.1%, 95%-
Cl: (19.75 32.6), group 2: 24.3%, 95%-Cl: (12.0; 36.6)], compared
to children showing low fitness levels [group 1: 30.3% 95%-Cl:
(25.0; 35.7), group 2: 31,4%, 95%-CI: (26.7; 36.0)]. Children with
higher fitness levels of the intervention group at T1 (group 1)
increased their standing time about twice as much [15.7%, 95%-
CI: (4.04; 27.3)], compared to children of group 1 with low fitness
levels [7.79%, 95%-CI: (—1.20; 16.8)].
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TABLE 1 | Study characteristics and total as well as domain-specific time during spent sitting, standing and stepping on weekdays in school children at baseline (M — 52)

All (N = 52) Fitness level
Low (7 = 32) High (7 = 16)

N % N % N %
Sex
Male 20 38.5 12 333 a8 50
Fermale 32 61.5 24 66.6 8 50
Sports Club member 40 769 2B w22 14 875
Weight status
Normal weight 41 789 25 69.4 186 100
Querweight/obese 11 21.1 11 3086
ISCED categories
Low (0-2) 8 154 6 167 2 12.5
Medium (3.4) 16 30.8 13 361 3 18.8
High (5+) 28 53.9 T 47.2 " 68.8

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Age (vears) 8.4(0.7) {8-10) 8.4(07) (8-10) 8.2(04) (8.9
Body Mass Index 17.7(34) (12.3-27.5) 18538 (12.3-27.5) 16.1 (1.9) (14.1-19.2)
Fat Free Mass (kg) 24.7(4.0) (18.5-36) 25(4.3) (18.5-38) 24.0(3.3) (19.2-32.8)
Six min run (rounds) 16.0(2.6) (10-21) 147 (1.8 (10-17) 186(1.7) (16-21)
Standing long jump {cmyj 115.4211) {62-153) 104 (14.8) (62-127) 137.4(12.1) (119-153)
Qverall
Sitting time (min/day) 412.9(82.1) (294-566) 4232 (62.2) (301-556) 412.5 (63.4) (294-531)
Standing time (min/day) 232.7 (49.9) (114-354) 2341 (54.2) (114-354) 2295 (40.40) (154-299)
Stepping time (min/day) 147.6 (33.8) (58-220) 138.4 (27.6) (58-220) 168.4 (38.1) (93-216)
Domain lessons
Sitting (%) 58.2 (14.0) (30.6-83.3) 58.2 (131) (30.8-61.9) 58.3(16.2) (33.1-83.3)
Standing (%) 308 (12.4) {11.7-57.8) 30.8 (12.0) (11.8-57.6) 30.5(13.6) (11.7-54.0)
Stepping (%) 11.3(32) (4.0-20.0) 10.9 (3.1} (4.0-20 Q) 1.1 (3.4) (5.0-16.2)
Domain school breaks
Sitting (%) 28.0(83) (9.5-53.3) 29.2 (8.5) (9.5-53.3) 254 (7.2) (11.5-44.0
Standing (%) 34.1(58) (23.3-48.1) 34.2(5.6) (24.4-48.1) 34.0(8.3) (23.5-43.3)
Stepping (%) 37.8(91) (13.9-56.4) 36.6(9.1) (13.9-54.0) 406 (8.7) (26.6-56.4)
Domain leisure time
Sitting (%) 50.4 (11.4) (23.3-85.4) 51.7 (11.5) (25.8-85.4) 473 (10.8) (23.3-66.0)
Standing (%} 30.5(82) (8.1-50.2) 30.9 9.1) 8.1-50.2) 29.5(5.8) (22.2-40.8)
Stepping (%) 19.2(8.8) (3.5-36.3) 17.4(5.8) (3.9-32.2) 23.2(7.5) (11.4-36.3)

DISCUSSION

The present study aimed to investigate whether installing
height-adjustable standing desks affects proportions of sitting,
standing and stepping on typical school days and in particular
domains (lessons, breaks and leisure time). By measuring PF
levels at baseline, we were able to investigate whether potential
intervention effects in primary school children differed by
PF levels, since the latter indicales increased molivation and
capability for PA. We observed significant shorter durations
of silling and longer durations of standing during lessons at
T1 in both, the control group (group 2) and the intervention
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group (group 1). This observation that not only children with
but also children without standing desks increased standing
during lessons, might be explained by a bandwagon effect,
which is a common phenomenon in intervention studies (32).
In particular during breaks, positive intervention effects, ie,
significant lower sitting and higher standing durations were
observed in both groups after each intervention at T1 and T2,
respectively, compared to the baseline measurement (1°0).

In general, children with higher fitness levels were found
to accumulate more standing time during the day. Turther,
children having higher litness levels were more aclive (up to 7
percentage points more stepping/day) and less likely to have an
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TABLE 2 | Results of linear mixed models in terms of estimated means of sitting, standing, and stepping time in percentage (%) of total time during lessons per

intervention group and survey as well as differences of least-square means (LSM) for direct intervention effects (group 1: T1 =TO, group 2: T2 - TO) and differences across
all surveys for N — 134 cbservations of 7 — 48 children.

Sitting time in % during lessons Standing time in % during lessons Stepping time in % during lessons

Group Survey Estimate 95% Cl Estimate 95% CI Estimate 95% Cl
Group 1
T0 58.4 (51.7;65.0) 30.5 (26.6;38.3) gl (9.67; 12.7)
T 453 (38.3; 52.3) 42.0 (35.8;482) 128 (11.2,14.3)
T2 56.0 (48,8, 63.1) 315 (25.1:37.8) 126 (11.0,14.2)
Mean differences
T1-TO —134 (—20.5; —5.72) 11.6 (4.85; 18.3) 1.57 (0.10; 3.05)
T2-T0 —2.40 (-10.2,5.44) 0.99 (—6.16; 8.15) 1.45 (—0.12; 3.02)
T2-T1 10.7 (2.47; 18.9) —-10.6 (—18.1; —-3.09) 0.12 (—1.77; 1.53)
Group 2
T0 80.8 (53.4; 68.1) 287 (22.3,352) 105 (8.85; 12.2)
T 51.0 43.4, 58.8) 374 (30.7; 441 7 (2.98, 13.4)
T2 574 (49.2; 85.0) 31.8 (24.6:38.8) 112 (©.44; 13.0)
Mean differences
T1-TO -9.78 (—17.3; -2.28) 8.63 (1.78; 156.5) 1.1é (—0.34, 2.86)
T2-TO —3.69 (—11.8; 4.40) 3.02 (-4.36; 10.4) 0.69 (-0.23; 2.31)
TZ-T1 809 {(-2.08, 14.3) 561 (131;1.83) 0.47 206 1.16)

TABLE 3 | Results of linear mixed models in terms of Estimated means of sitting, standing, and siepping time in percentage (%) of total time during schoel breaks per
intervention group and survey as well as differences of least-square means (LSM) for direct intervention effects (group 1: T1 =TO, group 2: T2 = TO) and differences across
all surveys for ¥ = 134 cbservations of n = 48 children.

Sitting time in % during breaks Standing time in % during breaks Stepping time in % during breaks

Group Survey Estimate 95% CI Estimate 95% Cl| Estimate 95% Cl
Group 1
TO 287 24,7, 32.8) 347 (37.1; 44.6) 367 (32.6; 40.8)
T 184 (14.0,22.8) 40.9 (37.1; 44.6) 408 (36.4; 45.2)
T2 17.0 (12,4, 21.8) 39.8 (35.9; 43.6) 432 (38.7,47.7)
Mean differences
T™-TO -10.3 6.20 {1.37; 11.0) 412 (—1.14;9.37)
T2-T0 -11.8 {—18.2; 5.11 (—0.03;10.3) 6.52 0.92; 12.1)
T2-T —1.45 (—8.19; 5.29) 1.09 (- 6.47;4.28) 2.40 (-3.48: 8.26)
Group 2
TO 29.5 (251:34.0) 308 (27.1: 34.6) 398 (35.3; 44.2)
T 17:F (13.0,22.4) 387 (347, 42.6) 438 (39.1, 48.4)
T2 20.9 (159, 25.9) 389 (347 43.2) 402 (35.3; 45.1)
Mean differences
T1-T0 -11.8 {—18.0; -5.63) 7.82 {2.90; 12.7) 4.01 (—1.34;9.37)
T2-TO -8.59 (—15.2; —1.94) 8.08 {2.78;13.4) 0.44 (—5.38; 6.21)
T2-T1 223 (-3.52, 9.97) 0.26 (-5.11;5.63 ~BBF (~9.40; 2.26)

overall sedentary lifestyle (<50% sitting on average school days),  selection bias in terms of PA levels and body composition since

compared to children with low fitness levels. To summarize,
standing desks were able to reduce sitting, but did not enhance
PA in terms of stepping. After installing standing desks, overall
PA was not allected across survey periods and intervention eflects
did not differ by fitness levels. We also might preclude potential
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Dbasic characteristics of our study sample were comparable to
other study populations (20). [n particular, the proportion of
overweight children was around 20% which is similar to other
studies (33, 34) and most primary school children spent up to
10 h sedentary per day (17).
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TABLE 4 | Results of linear mixed models in terms of Estimated means of sitting, standing, and stepping time in percentage (%) of total time during lsisure time on
weekdays per intervention group and survey as well as differences of least-square means (LSM) for direct intervention effects (greup 1: T1 - TO, group 2: T2 - TC)and

differencas across all surveys for & — 134 observations of n — 48 children

Sitting time in % during leisure time Standing time in % during leisure time Stepping time in % during leisure time
Group Survey Estimate 95% ClI Estimate 95% CI Estimate 95% CI
Group 1
To 51.4 [4B.3; 56.8) 313 (277:34.8) 17.3 {14.4;:20.2)
™ 52.1 {46.6; 57.6) 302 (26.4; 34.0) 177 {14.6:20.8)
T2 50.9 {45.2; 56.6) 29.9 26.0;33.9) 18.2 (15.9;22.4)
Mean diffsrences
T1-TO 0.69 (—6.25;7.62) 1.04 (—571;3.64) 0.36 (-3.73; 4.46)
T2-T0 —-0.54 (—7.91: 6.84) —-1.33 (—6.31; 3.64) 1.83 (—2.53;6.19)
T2-T 1.22 (—8.94; 8.50) 0.30 (—5.51; 4.91) 1.47 (—3.09; 6.03)
Group 2
T0 55.2 (49.6;80.9) 282 {24.9; 32.8) 16.9 (12.8,19.1)
T 55.9 (50.1;61.8) 285 (24.4; 32.6) 18.5 (12.2; 18.8)
T2 58.7 (52.4;84.9) 261 21.8;30.4) 16.2 (11.7,18.7)
Mean differences
T1-TO 071 (—8.36, 7.77) —0.32 (—5.09; 4.44) —0.39 (—4.57,3.78)
T2-TO 345 (—4.16; 11.1) —2.75 (-7.88;2.30) —0.71 (~56.20; 8.79)
T2-T™ 274 (—4.98; 10.4) 2.42 (—7.€1;,2.77) 0.32 (—4.24; 4.87)

TABLE 5 | Results of linsar mixsd models in terms of Estimated means of sitting, standing, and stepping time in min./day of weekdays per intervention group and survey
as well as differences of least-square means (LSM) for direct intervention effects (group 1: T1 = TO, group 2: T2 - TO) and differences across all surveys for N = 134

observations of n — 48 children.

Average sitting time min./day Average standing time min./day Average stepping time min_/day

Group Survey Estimate 95% Cl Estimate 95% Cl Estimate 95% CI
Group 1

TO 422.9 (392.3; 453.5) 2353 (212.1; 258.5) 140.3 (126.2; 154.4)

T 3911 (358.7; 423.6) 2604 (235.9; 285.0) 144.9 (129.9; 156.0)

T2 4167 (383.5; 450.0 2319 (206.7; 257.0) 146.9 (134.4;,165.3)

Mean differences

T1-TO —31.7 (-B7.7, 4.24) 251 (—1.60;51.9) 462 (—~12.9;22.1)

T2-T0 -8.20 (—44.4,32.1) -9.78 (-56.1;35.6) 9.56 (~€.07; 28.2)

T2-T1 355 (-14.585.7) 285 [-584: 1.30) 4.94 [-14.8, 24.5)
Group 2

T0 4450 4112, 478 8) 217.7 (192.1; 243.3) 1283 (1127, 143.9)

T 4256 (390.6; 460.6) 2416 (215.1; 268.2) 131.1 (114.9; 147.3)

T2 4576 (421.0; 494.1) 212.9 (185.2; 240.6) 123.6 {106.6; 140.6)

Mean differences

T1-T0 —19.4 (—56.0; 17.3) 2389 (—3.29;51.2) 2.85 (—15.0; 20.7)

T2 -T0 12.6 (-26.9:52.0) 4.80 [(~B4.2; 24 5) 465 (-23.9: 14.6)

T2-T1 319 (=7.91,71.7) —287 (—58.3; 0.86) —7.50 (—26.9; 11.9)

Similar to our findings, Verloigne et al. recently found a short-
term intervention effect leading to decreased sitting time by
installing standing desks in primary school children, but also
highlighted that alternative study designs need to be explored and
encouraging the continuous use of standing desks is necessary
(20). In general, the observed high proportions spent sitting
during lessons are typical for school children since they were
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obviously forced to sit about twe thirds during lessons. However,
children were likely to compensate their sedentary lesson time
with activities such as standing and stepping during breaks
(<30% sedentary). However, no compensatory effects such as
lower or higher activity during leisure time was observed after
installing standing desks, which is in line with the reviews of
Kidokoro et al. (35) as well as Silva et al. (36). In contrast to
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our results, Kidokoro et al. found children to accumulate about
20 min more high-intensity PA per day, when having standing
desks (35).

Since most standing desk interventions do not integrate
strategies to increase high-intensity PA such as MVPA, such
strong increases of MVPA are uncommon if the intervention was
not focused on enhancing PA. Furthermore, the applied devices
to assess PA (Actigraph accelerometers) are not the most robust
monitor lo reliably distinguish between sitling and standing (37).

Recent studies questioned the long-term effects of cost-
cfleclive structural interventions, that aim to change behavior
without study personnel that regularly motivates to be physically
active (38). Such an intervention was conducted by Silva
et al. (36) who combined standings desks with teacher
training and maotivation sessions (36). By incorporating students
and parents, they achieved significant decreases of sitting
(—7%) and increase of standing (+30%) during school hours.
This indicates beneficial effects for complementary behavioral
strategies to maintain the use of standing desks as a change of
daily lifestvle,

Strengths and Limitations

Main strength of this study was the objective PA measurement
using activPAL monitors and the standardized study protocol.
‘These devices have recently been shown to reliably quantify
sitting and standing time in children (37). Since we wanted
to particularly investigate within-day differences in specific
domains rather than describing the “habitual” PA of a typical
week by using accelerometry, we decided to use an uncommon
inclusion criteria of 2 valid days of 10h in order not to loose
more participants. Further, we explored an alternative study
design using the cross-over design that has rarely been evaluated
(39). We may however not preclude that other intervention
effects might be observed only by the cross-over design, since
another study (N = 27) with a traditional control group (another
classroom) showed significant decreases (~10%) of sitting time
(18). Due to the cross-over study design, whose advantages have
recently been highlighted by Le et al. (39), we were able to
preclude effects by season and different teachers confounding
the intervention effects. Until now, PI' levels have not been
highlighted as a polential confounder in recent reviews on
this topic (16, 17). However, we need to acknowledge that PL
was derived by assessing important, but only two components
(explosive strength and endurance capacity) of PF. An important
limitation is the follow-up duration of 3 months that only enables
to summarize the observed effects that all children reduced sitting
and increased standing time from baseline to T1 as a case of
short-term reactivity. Finally, the small sample size was due to
the limited number of standing desks affordable, which indeed is
typical for most studies evaluating standing desks interventions
(17, 35). Since our study was only conducted in the 3rd grade of
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CONCLUSION

Providing height-adjustable standing desks in primary schools
offers the opportunity to replace sedentary time during school
hours by more aclive behavior such as standing during
lessons and particularly during school breaks, When evaluating
the compliance and cffects of standing desk interventions,
psychological (e.g., bandwagon eflect) physiological (e.g., PF)
should be taken into account in future studies. To increase
and maintain the use of standing desks in primary children
and working in a standing position during lessons needs to
accompanied by motivational strategies.
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