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Zusammenfassung

Hintergrund:

In den letzten Jahrzehnten haben sich die Lebensbedingungen fir Kinder in der Schweiz stark
verdndert. Es besteht deshalb eine weit verbreitete Besorgnis, dass die korperliche Aktivitdt von
Kindern abgenommen hat, vor allem weil Bewegungsmangel mit gesundheitlichen Folgen wie
Ubergewicht, Insulinresistenz, spiterer Osteoporose und cardiovaskuliren Risikofaktoren
assoziiert ist. Aus der Schweiz existieren aber nur wenige wissenschaftliche Daten zum
Bewegungsverhalten von Kindern und Jugendlichen, und weder aus der Schweiz noch aus
andermn westlichen Liandem sind Daten zu langeren zeitlichen Verldufen bekannt. Der
Hauptgrund liegt darin, dass das Messen der kindlichen Bewegung eine grosse Herausforderung
ist. Das Bewegungsverhalten von Kindem ist unstrukturiert und besteht aus vielen kurzen
Aktivitdtsperioden, welche mit Befragungsinstrumenten schwierig abzubilden sind. Zudem sind
viele Fragebogen auf die sportliche, strukturierte Aktivitdt ausgerichtet. Fragen, die den
unstrukturierten Teil des kindlichen Bewegungsverhaltens erfassen, wurden noch kaum
entwickelt und validiert. Objektive Messinstrumente wie Accelerometer
(Beschleunigungsmesser) sind zwar genauer, liefern aber keine qualitativen Informationen. Diese
Informationen wadren gerade im Hinblick auf die Planung von Interventionen und die
Interpretation von Verdnderungen erforderlich.

Um das Bewegungsverhalten von Kindern nicht nur zu messen, sondern auch zu verstehen, ist
es wichtig, die verschiedenen Einflisse und Zusammenhange fur aktives und inaktives Verhalten
zu kennen. Obwohl die Zahl der Studien, die solche Zusammenhange untersuchen, seit Anfang
dieses Jahrhunderts stark angestiegen ist, gelten nur wenige Determinanten als gesichert. In
jingster Zeit sind neben personlichen Faktoren auch Umweltfaktoren im Sinne der physischen
und sozialen Wohnumgebung (Art der Bebauung und Sicherheit) als Einflussfaktoren in den
Mittelpunkt des Interesses gerlickt. Unterschieden werden subjektive Erfassungsmethoden, die
auf Fragebogenerhebungen basieren, und objektive Erfassungsmethoden, welchen meist GIS-
Daten (Geographische Informationssysteme) zugrunde liegen.

Hauptfragestellung:

Die der Dissertation zugrunde liegende SCARPOL-Studie verfolgte zwei Hauptziele. Beim
ersten Ziel wurde getestet, welche Tatigkeiten zu einem aktiven und welche zu einem inaktiven
Lebensstil von Kindern und Jugendlichen beitragen. Darauf aufbauend wurde untersucht, ob sich
diese Aktivititen auch als Fragebogenitems eignen, um die korperliche Aktivitdt in
epidemiologischen Studien zu erfassen. Diese Analyse war die Grundlage fir die zweite
Fragestellung, bei der untersucht wurde, wie sozio-kulturelle Faktoren, die objektiv gemessene
Umgebung (GIS-Daten) und die subjektiv wahrgenommene Umwelt mit dem alltdglichen
Bewegungsverhalten von Kindern zusammenhdngen. Weiter wurden longitudinale Daten aus
dem ,Mikrozensus Verkehr" analysiert, um die Ergebnisse der SCARPOL-Querschnittstudie in
einen zeitlichen Kontext zu setzten.



Zusammenfassung

Methode:

In der vorliegenden Studie wurde bei 1345 Kindem und Jugendlichen aus drei Altersgruppen
(6/7-)ahrige, 9/10-Jdhrige und |3/14-Jahrige) und drei Gemeinden (Bern, Biel und Payerne)
mittels Eltemfragebogen das Bewegungsverhalten im Alltag untersucht. Ebenfalls erfragt wurden
die Adressen der Kinder. Diese Adressen (n=1'081) dienten als Grundlage fur die Zuordnung
objektiver Verkehrs- und Umweltdaten zur jeweiligen Wohn- und Schulwegsumgebung. |73
Kinder haben zusdtzlich wahrend je einer Woche im Herbst/Winter und im Frihling 2004/5
Beschleunigungsmesser getragen und gleichzeitig an vier Tagen ein Bewegungstagebuch geftihrt.

Fur die Analyse des zeitlichen Trends beim aktiven Zurlicklegen von Schulwegen wurde auf
Daten des ,Mikrozensus Verkehr zurlickgegriffen. Dieser wird alle 5 Jahre im Auftrag des
Bundesamtes fur Statistik und des Bundesamtes fir Raumentwicklung durchgefihrt und erfasst
seit 1994 auch die Fortbewegung von Kindern zwischen 6 und 4 Jahren.

Resultate:
Messen der korperlichen Aktivitdt von Kindern

Der Vergleich von Tagebuchangaben und Accelerometerdaten ergab, dass ,Aktives Spiel
draussen” und ,,Zu Fuss unterwegs sein” auf Grund der Intensitdt, der Dauer und der Zahl
beteiligter Kinder am meisten zu einem aktiven Bewegungsverhalten von Schilerinnen und
Schilern beitrdgt. Beim Sporttraining wurde zwar die hdchste Intensitdt der korperlichen
Aktivitdt gemessen, aber die Zeit, die damit verbracht wurde, war relativ kurz und die Zahl der
involvierten Kinder verhaltnismassig tief. Knaben waren nicht nur insgesamt korperlich aktiver als
Madchen, sondern ihre durchschnittlich gemessene Intensitdt Ubertraf auch bei jeder einzelnen
Aktivitdt diejenige von Maddchen. Die Abnahme der korperlichen Aktivitdt von der Kindheit bis
zur Adoleszenz scheint komplexeren Mustern zu folgen. Wahrend Jugendliche mehr Zeit mit
den intensivsten Aktivitditen wie Sporttraining verbrachten, spielten sie weniger Zeit aktiv
draussen. Einen entscheidenden Unterschied scheint es bei der inaktiv verbrachten Zeit zu
geben. Jugendliche waren nicht nur mehr Zeit inaktiv, sondemn auch die durchschnittlich
gemessene Intensitdt war wahrend dieser Zeit tiefer als bei Primarschulkindern in inaktiven
Phasen.

Die Verwendung von Aktivitditsdauermn als Fragebogenitems zeigte eine altersabhdngige
Korrelation mit Accelerometerdaten. Einerseits waren die wesentlichen Fragen je nach
Altersgruppe  verschieden. Andererseits verschwand bei mehreren Aktivititen der
Zusammenhang mit objektiven Daten, wenn die Korrelation fur das Alter adjustiert wurde. Dies
kdnnte ein Hinweis sein, dass das Alter eine Korrelation vortduschte, die in Wirklichkeit gar
nicht existierte. Nach der Berlcksichtigung des Alters im Modell erwiesen sich sowohl die
Einzelfragen als auch die Fragenkombinationen als zu wenig valid, um die kindliche
Gesamtaktivitdt befriedigend abzubilden. Die Elten gaben die Zeit, die ihre Kinder mit
spezifischen Aktivitdten verbrachten, auch bei erneuter Befragung nach einigen Wochen relativ
konsistent an. Hingegen tendierten sie dazu, aktives Verhalten und positiv besetzte Inaktivitaten,
wie z.B. Musizieren, eher zu Uberschdtzen. Fernsehen als negativ besetzte Aktivitdit wurde
dagegen unterschatzt.
vi



Zusammenfassung

Einflussfaktoren auf das Bewegungsverhalten von Kindemn

Basierend auf dem ersten Teil der Analyse wurden die Art und Weise, wie der Schulweg
zurlickgelegt wird, und die mit aktivem Spiel draussen verbrachte Zeit als Indikatoren fr aktives
Bewegungsverhalten gewadhlt und deren Zusammenhang mit Einflussfaktoren getestet. Bei den
Analysen wurde deutlich, dass gewisse Einflussfaktoren auch untereinander zusammenhangen.

Beim Zurlcklegen des Schulweges wurden die ,Hauptfortbewegung auf dem Schulweg” und
die , Haufigkeit des Autogebrauchs™ unterschieden. Ob ein Kind hauptsdchlich aktiv (zu Fuss, mit
dem Velo, Trottinett, Inline Skates) oder nicht aktiv (Auto, &ffentlicher Verkehr) zur Schule ging,
wurde vor allem durch objektive Pradiktoren beeinflusst. Dies waren die Distanz und die
gemdss GIS-Daten vorhandenen Hauptstrassen, die gekreuzt werden missen. Bei den
regelmassigen Autofahrten in die Schule spielten hingegen subjektive, personliche
Lebensstilfaktoren wie Fremdbetreuung, die Einschatzung der Gefahrlichkeit eines Schulweges
durch die Eltemn, die Zahl der Autos in einem Haushalt und der franzdsischsprachige
Kulturhintergrund eine wesentliche Rolle. Der Unterschied zwischen Franzésisch und Deutsch
sprechenden Kindemn war auch innerhalb der zweisprachigen Gemeinde Biel-Bienne vorhanden,
wo die bebaute Umgebung im Wesentlichen dieselbe ist.

Mit zunehmender Hauptstrassendichte am Wohnort verkirzte sich auch die Zeit, die Kinder
und Jugendliche mit aktivem Spiel draussen verbrachten. Allerdings war dieser Zusammenhang
nur im stadtischsten Tertil der untersuchten Stichprobe statistisch signifikant. Daneben
offenbarten sich unterschiedliche Assoziationen in verschiedenen Altersgruppen: ein zu den
objektiven Umweltdaten zusdtzlicher negativer Effekt durch subjektiv empfundene Hindernisse
wie Strassenverkehr, Mangel an Grinflichen oder Kriminalitdit war nur bei jingeren Kindem
(<10 Jahren) sichtbar, nicht jedoch bei Jugendlichen. Wie bei den Schulwegen wurde auch bei
der draussen mit aktivem Spiel verbrachten Zeit ein kultureller Unterschied deutlich: Deutsch
sprechende Bieler Kinder verbrachten signifikant mehr Zeit aktiv draussen als Franz&sisch
sprechende.

Langzeituntersuchungen zur Gesamtaktivitdt von Kindern gibt es aus der Schweiz nicht, hingegen
sind aus den Daten des ,Mikrozensus Verkehr” Entwicklungen im aktiven Zurlicklegen des
Schulweges ableitbar. Im Zeitraum zwischen 1994 und 2005 hat der Anteil derjenigen, die aktiv
in die Schule gelangten, von 78.4% auf 71.4% abgenommen. Dies ist vor allem auf eine
Abnahme des Velogebrauchs zurlickzufihren. Gleichzeitig wurde eine Zunahme beim
offentlichen Verkehr und bei den Autofahrten beobachtet. Die durchschnittliche Distanz
zwischen Wohnort und Schulhaus verdnderte sich zwischen 1994 und 2005 nicht signifikant.
Allerdings hat die Veloverfigbarkeit in der untersuchten Zeitspanne ab- und die
Autoverfigbarkeit zugenommen.

Schlussfolgerungen:

Obwohl durch den Vergleich von Bewegungstageblichem und Accelerometerdaten die
Aktivitdten identifiziert werden konnten, die am meisten zu einem aktiven Bewegungsverhalten
von Kindern und Jugendlichen beitragen, wurden keine Fragen gefunden, die die korperliche

Aktivitdt in einem Fragebogen befriedigend abbilden. Dies liegt einerseits daran, dass je nach
vii



Zusammenfassung

Alter unterschiedliche Aktivititen gute Indikatoren flir die korperliche Aktivitdt waren.
Andererseits beeinflusst die soziale Winschbarkeit die Zeitangaben der Befragten. Ein dritter
Grund ist, dass insbesondere jlingere Kinder vor allem wahrend unstrukturierten Aktivitaten
korperlich aktiv sind. Obwohl versucht wurde, auch diese unstrukturierten Aktivititen zu
erfragen, zeigte der Vergleich mit objektiven Bewegungsdaten keine befriedigende Korrelation.
Die wichtigste Erkenntnis ist deshalb, dass Befragungen alleine nicht ausreichen, um die
Gesamtaktivitit von  Kindem  zu  quantifizieren und  vergleichbar zu  machen.
Fragebogenerhebungen missen mit objektiven Messmethoden erganzt werden.

, Aktives Spiel draussen” und ,,Zu Fuss unterwegs sein” waren die Aktivitdten, die am meisten zu
einem aktiven Lebensstil beitrugen, und unsere Analyse zeigte, dass Kinder mit einer
unglinstigeren Umgebung weniger Zeit mit diesen beiden Aktivitaten verbringen. Die
SCARPOL-Resultate sollten nun als Grundlage dienen, um gezielt bewegungsfreundliche
Anpassungen in der physischen und sozialen Umgebung vorzunehmen und damit
Bewegungsmangel vorzubeugen. Da ein grosser Teil der Kinder diesem Risiko ausgesetzt ist,
profitiert eine grosse Anzahl von den Massnahmen und es handelt sich um eine gesellschaftlich
relevante Intervention.

Basierend auf objektiven GIS-Daten konnte in der Dissertation aufgezeigt werden, dass
insbesondere stadtische Kinder von strukturellen Massnahmen bei Hauptstrassen profitieren
wilrden. Auf der anderen Seite wurde auch klar, dass vor allem fUr jingere Kinder ein
bewegungsfreundliches Umfeld Uber bauliche Massnahmen hinausgeht, und dass die personlich
empfundene Umwelt sowie die soziokulturelle Umgebung der Kinder ebenfalls entscheidend
sind. Die persdnlich empfundene Sicherheit variiert regional stark und unterscheidet sich
objektiv nicht in gleichem Masse. In der Schweiz sind insbesondere Angste vor Kriminalitit auf
dem Schulweg, aber auch vor dem Strassenverkehr weit weniger ausgepragt als in England oder
Australien. Um gleichen Situationen wie in England und Australien vorzubeugen, sind bei
Interventionsprogrammen nicht nur raumplanerische Massnahmen wichtig, sondem auch solche,
die den Eltern Sicherheit vermitteln ohne zusitzliche Angste zu schiiren. Gerade Letzteres muss
in der Gesundheitsférderung beachtet werden, wenn man in der Schweiz den Anteil besorgter
Eltern klein halten und damit férdern mochte, dass Kinder ihre kdrperliche Aktivitdt autonom im
Alltag austiben kénnen.

Zusammenfassend zeigt sich, dass sowohl in der objektiv vorhandenen Umwelt als auch in der
subjektiven Wahrnehmung der Umgebung und bei kulturellen Gewohnheiten Hindemisse
abgebaut werden mussen, wenn man die Zahl der Kinder, die sich zu wenig bewegen, auf ein
Minimum reduzieren will.
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Summary

Background:

The living conditions of children in Switzerland have changed in the last decades. Hence, there is
a widespread concern that physical activity of children has decreased. This concem is basically
due to the fact that sedentary behaviour is associated with health outcomes such as overweight,
insulin resistance, later osteoporosis and cardiovascular risks. In Switzerland the scientific data on
children's and adolescents’ physical activity is scarce, and neither from Switzerland nor from
other countries children’s physical activity data over a long period are available. The main reason
for this lack of scientific data is that the measurement of children’s physical activity is a challenge.
It is unstructured and consists of short intermittent bouts, which are difficult to assess by self-
reports. Yet, existing questionnaires focus only on organized sports. Questions, which assess the
unstructured part of children’s active behaviour, are scarce and rarely validated. Accelerometer
measurements provide valid overall estimates of intensity of physical activity. However, they
neither determine which activities contribute most or least to children’s physical activity nor the
variation in the type and duration of habitual activities over time. Yet, this information is of great
importance for public health authorities in order to efficiently guide physical activity promotion.

In order to not only register children’s physical activity but also understand its pattemns, it is
important to know the various influencing factors and their relation to active and sedentary
behaviour. Although the number of studies assessing determinants of physical activity has
increased since the beginning of this century, only a few factors have been accepted to be valid.
Recently the interest in environmental factors as the physical and the social environment (built
environment and safety) has increased considerably. Normally either the perceived environment
assessed by self-report or the objective environment, mainly based on GIS data (geographic
information system), is used.

Aim:

The SCARPOL-study on physical activity had two aims. The first aim was to test, which activities
contribute to an active and which to an inactive lifestyle in children and adolescents. Based on
this analysis it was tested if those activities were appropriate indicators to measure physical
activity by self-report in an epidemiological questionnaire study. This analysis served a basis for
the second aim, in which the research question was if socio-cultural factors, the objective
environment (GIS-data) and the subjectively perceived environment correlate with children’s
habitual physical activity. In addition longitudinal data from the “Mikrozensus Verkehr”
(Microcensus on Mobility) were analyzed in order to put the SCARPOL-results into a temporal
context.

ix



Summary

Methods:

The present study included 1345 children and adolescents from three different age groups (6/7-
year olds 9/10 year olds and 13/14 year olds) and three communities (Bem, Biel an Payeme).
The parents filled in a questionnaire on their child’s physical activity. 1081 parents also provided
a home address, which could successfully be linked to environmental data using a geographic
information system (GIS). 173 children participated at an in depth assessment with
accelerometers and diaries during one week in winter and one week in summer.

The analysis on a longitudinal trend for active commuting to school was based on data of the
“Mikrozensus Verkehr” (Micro-census on Mobility). This study is organized every 5 years on
behalf of the Swiss Federal Statistical Office and the Federal Office for Spatial Development
ARE. Since 1994, these micro-censuses also includ children 6 to 14 years old.

Results:
Measurement of physical activity in children and adolescents

The comparison between diaries and accelerometer data disclosed that based on the intensity,
the duration and the number of involved children, “vigorously playing outdoors” and “walking”
were the activities which contributed most to an active lifestyle. Organized sport was the most
intensive activity, but the duration was short and the proportion of children who were involved
was relatively small. Overall, girls were less active than boys. The results of the present study
indicate that girls systematically collected less counts/min for the full range of everyday activities.
The decrease in physical activity with age followed a more complex pattern. On one hand,
more adolescents were engaged in high intensity activities such as structured sports, spending
significantly more time in these activities than younger children. On the other hand, younger
children spent more time playing vigorously than adolescents. In addition, adolescents spent
significantly more time in sedentary activities but accumulated less accelerometer counts/min
during sedentary activities than younger children. The combination of these factors resulted in
significantly less mean counts/min for adolescents.

In a second step, it was tested how children’s physical activity can be assessed by questionnaire.
The analysis showed that the correlations between accelerometer data and specific physical
activity items were age dependant. On one hand, questions which best agreed with
accelerometer data, differed by age groups. On the other hand the discriminations between
several activities were considerably reduced within ages, suggesting that the parallel biological
decrease of physical activity and changes in behaviour with age could wrongly increase the
validity of some questions. After adjustment for age, none of the questions remained valid in
order to be representative of overall physical activity. The repeatability of the questions was
satisfactory. However, the comparison between contemporary measures of the diary and
average indications in the questionnaire showed that active behaviour and positively associated
sedentary behaviour such as playing a music instrument are overestimated, and negatively
associated sedentary behaviour such as watching television was underestimated.

X



Summary

Determinants of physical activity in children and adolescents

Based on the first part of the study, “active commuting” and “vigorously playing outdoors” were
selected as indicators for physical activity. It became evident in this analysis, that some of the
influencing factors were correlated.

Two approaches were used to assess the mode of traveling to school. First, parents reported
how their child usually traveled to and from school and second, parents were asked how often
they drove their child to school. Objective predictors (distance between home and school and
the GIS based number of crossings of main-streets) were main deciding factors for active
commuting to school as main mode of transport. Children were classified as active, if their main
mode of transport was “walking” or “cycling” and as non-active, if they commuted by public
transport or car. On the other hand lifestyle factors such as day care attendance, parental safety
concerns, number of cars in the household and belonging to the French-speaking population
were significantly associated with increased regular car trips. The difference between French and
German speaking children was also evident within the bilingual city Biel, where environmental
differences can be reduced to a minimum.

GIS-derived main street density in a buffer of 100 m around the home was inversely associated
with time playing outdoors in adolescents and younger children, but only in more urbanized
areas. In addition and independently of GIS-based main street density, parental concern about
traffic safety, a lack of green spaces and crime were associated with less time playing outdoors in
primary school children. As for commuting to school a cultural difference within Biel became
apparent. Children from the French speaking part of the country spent less time playing
outdoors.

There are no other Swiss data over a long period on children’s overall physical activity but those
from the “Mikrozensus Verkehr" (Micro-census on Mobility) to assess temporal trends in
active commuting to school. The proportion of children actively commuting to school
significantly decreased from 78.4 in 1994 to 71.4% in 2005. The decrease was mainly due to a
reduction of bike use over time. Concomitantly, some increase was observed for using public
transportation and the percentage of children riding a car significantly increased. The mean
distance to school did not change significantly and across all three surveys a large proportion of
children lived within one mile (1.6 km) from school. The number of cars per household
significantly increased over time, whereas bike availability significantly decreased.

Conclusions:

Although the comparison of diaries with accelerometers provided an insight into which activities
contributed most to an active lifestyle, no satisfying question posed in the parental questionnaire
on children’s physical activity was found. The reason is that on one hand the importance of
activities vary by age, on the other hand social desirability influenced the time indications in the
questionnaire. A third reason was that especially young children were mainly active during
unstructured play. Afthough time spent in such unstructured periods was assessed in the
questionnaire the comparison with objective measures did not show a good correlation. Thus,
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the most important finding was, that self reports have to be combined with objective measures
if overall physical activity has to be quantified or compared.

“Active play outdoors” and “walking” contributed most to an active lifestyle. For both activities
an association with environmental factors was evident. The results of the SCARPOL-study could
be used to efficiently implement adaptations in the physical and the social environment in order
to prevent sedentary behavior. The higher the number of people whose active behavior is
affected by barriers, the higher the benefit and the social relevance of an intervention.

Based on objective GIS data, it was shown that especially urban children profit from structural
interventions on main streets. On the other hand it became evident that especially for younger
children the perceived environment as well as the socio-cultural environment had an additional
effect on children’s physical activity behavior. Parental perceptions about their environment
showed a broad variability, which was not explained to the same degree by objective data. Not
only parental concem with crime but also perceived traffic danger was lower in Switzerland
than in countries like England and Australia. To avoid an increase in concemed parents,
interventions should not only focus on structural changes but also provide security and avoid
parental anxiety. This is an important basis to promote children’s independently performed
physically activity. In summary, it was shown that if the number of children who are insufficiently
physically active should be reduced to a minimum, barriers to the objectively measured
environment, to the subjectively perceived environment and to cultural habits , have to be
removed.
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Bewegungsverhalten im Alltag
Kinder und Umwelt
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I.l1. Die kérperliche Aktivitat von Kindern und Jugendlichen

I.1.1. Hintergrund

In den letzten Jahrzehnten haben sich die Lebensbedingungen fir Kinder in der Schweiz stark
verdndert: der Strassenverkehr (1) und die Bevolkerungsdichte (2) haben zugenommen, die
unbebauten Fldchen wurden vermindert (3) und technische Geradte haben auch im Alltag von
Kindern an Bedeutung gewonnen. Es besteht deshalb eine weit verbreitete Besorgnis, dass die
korperliche Aktivitdt von Kindermn abgenommen hat. Diese Beflirchtung ist jedoch kaum durch
wissenschaftliche Daten belegt. Es gibt nur wenige Messungen der kdrperlichen Aktivitdt bei
Schweizer Kindern und Jugendlichen, und weder aus der Schweiz noch aus anderen westlichen
Ldndern sind Daten zu ldngeren zeitlichen Verldufen bekannt Die Besorgnis wegen eines
zunehmenden Bewegungsmangels wird jedoch indirekt dadurch gestiitzt, dass in derselben Zeit
die Zahl der Ubergewichtigen Kinder deutlich zugenommen hat (4) und die kdrperliche Aktivitat
neben der Erndhrung einen relevanten Einfluss auf den Energiehaushalt hat.

Das Ziel der vorliegenden Dissertation war, die Wissenslicken im Bewegungsverhalten von
Kindern zu verringern. Dazu wurde 2004/2005 die bereits etablierte SCARPOL-Studie (Swiss
Study on Childhood Allergy and Respiratory Symptoms with respect to Air Pollution (5))
verwendet, um eine Erhebung zum Bewegungsverhalten von Kindermn in der Schweiz
durchzufihren. Die SCARPOL-Studie diente urspriinglich als Surveillance-System zur Erfassung
von Allergien und respiratorischen Symptomen bei Kindern. Die Erhebungen fanden jeweils in
enger Zusammenarbeit mit zehn Schweizer Schularztdiensten statt. Diese Kontakte wurden
genutzt, um die in dieser Dissertation beschriebene  Querschnittsstudie  zum
Bewegungsverhalten durchzufihren. Die Studie verfolgte zwei Hauptziele: Im ersten Schritt
wurde getestet, welches Instrument respektive welche Fragen sich am besten eignen, um in
epidemiologischen Studien die korperliche Aktivitdit bei Kindem zu erfassen und welche
Aktivitdten zu einem aktiven beziehungsweise zu einem inaktiven Lebensstil beitragen. Daftr
wurden sowohl Bewegungstagebliicher als auch Fragebogenitems mit Accelerometermessungen
verglichen. Im zweiten Schritt wurde untersucht, wie verschiedene Aspekte des alltdglichen
Bewegungsverhaltens mit sozio-kulturellen Faktoren, der objektiv anhand von Daten eines
Geographischen Informationssystems (GIS) gemessenen und der subjektiv. wahrgenommenen
Umwelt zusammen hangen.

Aus einer Querschnittsstudie wie SCARPOL kénnen keine zeitlichen Trends abgeleitet werden.
Deshalb wurde auf die bereits existierenden longitudinalen Daten aus dem ,,Mikrozensus
Verkehr" zurlickgegriffen, um die zeitliche Entwicklung der aktiven Fortbewegung auf Schweizer
Schulwegen aufzuzeigen und mdgliche Einflussfaktoren auf diese Entwicklung zu identifizieren.
Damit kdnnen die SCARPOL-Resultate in einen zeitlichen Kontext eingebettet werden.
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|.1.2. Der gesundheitliche Nutzen der korperlichen Aktivitdt

Korperliche Aktivitdit bewirkt bei Kindemn und Jugendlichen einen kurzzeitigen und einen
langfristigen gesundheitlichen Nutzen. Ein kurzzeitiger Nutzen konnte flr das psychische
Wohlempfinden und schulische Leistungen gezeigt werden (6). Der Nachweis fir einen
Langzeitnutzen ist bei Kindern und Jugendlichen hingegen komplizierter als bei Erwachsenen.
Krankheiten wie koronare Herzkrankheit, Osteoporose, Hypertonie und insulinunabhdngiger
Diabetes mellitus, die durch korperliche Aktivitat positiv beeinflusst werden, treten meist erst
bei Erwachsenen auf. Die Entwicklung dieser Krankheiten ist aber ein langer Prozess, der hdufig
schon im Kinder- und Jugendalter beginnt. Deshalb darf auch fir Kinder von einem protektiven
Effekt durch korperliche Aktivitdt ausgegangen werden (7).

Am hdufigsten werden der praventive und der therapeutische Nutzen der kérperlichen Aktivitat
im Zusammenhang mit Ubergewicht bei Kindern und Jugendlichen genannt. Ubergewicht selbst
ist mit zahlreichen gesundheitlichen Problemen wie cardiovaskuldren Risiken (8), orthopddischen
Erkrankungen (9), Diabetes mellitus (10) und psychosozialen Beschwerden (1) assoziiert.
Zudem erhdhen Ubergewicht und Fettleibigkeit im Kindes- und Jugendatter die
Wahrscheinlichkeit fiir Ubergewicht im Erwachsenenalter (12). Entsprechend hiufig wurden
bereits Interventionen durchgeflhrt mit dem Ziel, das Kérpergewicht durch eine Zunahme der
korperlichen Aktivitdit zu senken. Leider wurde nur ein geringer Teil dieser Projekte
wissenschaftlich evaluiert, und von den Studien, die Messungen durchgefihrt haben, zeigten
viele keine Verdanderung des Kérpergewichtes durch die Intervention (13). Ein Grund drfte die
hdufig sehr kurz gewdhite Interventionsdauer sein (13), und dass die meisten Studien bei
normalgewichtigen Kindern durchgefihrt wurden. Bei Ubergewichtigen Kindemn und
Jungendlichen zeigten Interventionen erfolgreichere Resultate (7). Rowland (7) merkt jedoch
auch an, dass das typische Bewegungsmuster von Kindern aus haufigen, aber kurzen
Aktivitdtsperioden besteht und Interventionen mit Trainingseinheiten nicht ihrer kognitiven und
physischen Entwicklung entsprechen. Es ist deshalb fraglich, ob gezielte strukturierte Aktivitdt in
Form eines Trainings einen Ruckgang in der Alltagsaktivitit kompensieren konnte. In der
Schweiz und in weiteren europdischen Liandemn scheint die Sensibilisierung fir das Thema
Ubergewicht erste Auswirkungen zu haben: in den letzen Jahren hat sich die
Ubergewichtspravalenz bei Kindem und Jugendlichen auf hohem Niveau stabilisiert, ohne gleich
hohe Werte wie in den USA zu erreichen (14).

Bei Erwachsenen dienen Arteriosklerose und Hypertonie als Marker fir die cardiovaskuldre
Gesundheit. Bei Kindemn sind diese Parameter noch kaum messbar, aber Arteriosklerose und
Hypertonie reflektieren Prozesse, die im friihen Lebensalter beginnen. Darauf weisen auch post-
mortem Untersuchungen hin (15, 16). Am etabliertesten ist bei Kindem die des
Serumlipidprofils. So konnte gezeigt werden, dass stark aktive Kinder im Schnitt mehr vom
bevorzugten HDL-Cholesterin und weniger Totalcholesterin aufwiesen (17). Interventionen bei
normalgewichtigen Kindern mit normalen Blutdruck- und Blutfettwerten zeigten bis anhin kaum
eine Verbesserung der Werte in die gewlnschte Richtung. Hingegen senkt korperliche Aktivitat



[. Einleitung

das cardiovaskuldre Risiko bei denjenigen Kindern und Jugendlichen, die bereits erhdhte Werte
aufweisen und zdgert wahrscheinlich das Auftreten der Krankheiten hinaus (7).

Der offensichtlichste Nutzen von kérperlicher Aktivitdt bei Kindem ist der Knochendichteaufbau
wdhrend des Wachstums. Die Knochendichte erreicht zwischen dem 20. und dem 30.
Lebensjahr ihr Maximum und nimmt danach wieder kontinuierlich ab. Diese maximale
Knochendichte erlaubt eine gute Vorhersage Uber die Knochengesundheit im Atfter. Der
Knochendichteaufbau ist abhdngig von der Kalziumaufnahme und der korperlichen Aktivitdt.
Letzteres wird insbesondere bei Tennisspielern deutlich. Bei ihnen ist die Knochendichte im
dominanten Arm deutlich hdher (7). Allerdings muss die korperliche Aktivitdit mit einer
physikalischen Krafteinwirkung einhergehen, Schwimmen trdgt zum Beispiel kaum etwas zum
Knochendichteaufbau bei.

Der nicht insulinabhdngige Diabetes mellitus (NDDM, friher Diabetes mellitus Typ 2) ist in der
Schweiz bei Kindern und Jugendlichen zwar noch selten, er hat aber international parallel zum
Ubergewicht bei Kindem zugenommen. Interventionen zur Férderung kérperlicher Aktivitit
zeigten bei bereits erkrankten Kindern eine Verbesserung der Blutzuckerwerte (18), was in
Zukunft fUr die Prdvention und die Therapie wichtig werden kann.

Neben dem direkten gesundheitlichen Nutzen profitieren Kinder und Jugendliche durch die
korperliche Aktivitat auch indirekt fur ihre Gesundheit. Kérperliche Aktivitdt ist mit einer tieferen
Raucherpravalenz und einer gesiinderen Emahrung assoziiert, hingegen hat sie kaum einen
Einfluss auf den Alkoholkonsum (19).

|.1.3. Aktuelle Bewegungsempfehlungen

Wie lange und wie intensiv sich Kinder und Jugendliche pro Tag bewegen sollen, um einen
gesundheitlichen Nutzen zu erlangen, ist Gegenstand der Diskussion (20). Da klinische Folgen
erst Jahrzehnte spater manifest werden, gibt es kaum Mittel, um eine Dosis-Wirkungs-Kurve zu
definieren (7). Dies wadre aber die Voraussetzung, um einen verniinftigen Grenzwert festzulegen,
der zwischen genlgend und ungenlgend aktiv unterscheidet. Trotzdem gibt es mehrere
Empfehlungen (21-26), die mit Querschnittsvergleichen zu cardiovasculdren Risikofaktoren (20),
cardiovasculirer Fitness (27) oder Ubergewicht (28) legitimiert werden. Die meisten
Empfehlungen besagen, dass ein Minimum von 60 Minuten moderater bis starker Aktivitdt pro
Tag erreicht werden misse. Der Grenzwert fir moderat wird meist bei 3 METs (metabolic
energy equivalen), selten bei 4 METs festgelegt, wobei ein MET dem Grundumsatz in Ruhe
entspricht. Drei METs entsprechen etwa zlgigem zu Fuss unterwegs sein. Viele Empfehlungen
gehen Uber die reine Angabe einer aktiven Zeitdauer hinaus. So berlicksichtigen einige nur
aktive Perioden mit einer minimalen Zeitdauer (meist 5 bis |0 Minuten) (24, 25) oder sie
empfehlen Perioden, an denen man stark aktiv (=6 METs) sein soll (25, 26). Andere
Empfehlungen geben maximale Zeitrdume flr inaktive Phasen an, die tagsiber nicht
Uberschritten werden soliten (23). Die Empfehlungen der Health Education Authority (HEA)

(22), der WHO (26) und des BASPOs (25) berlcksichtigen zudem, dass der
3
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Knochendichteaufbau eine andere Art von korperlicher Aktivitdt erfordert als die Reduktion
cardiovaskuldrer Risiken. Sie empfehlen deshalb mdglichst vielseitige Arten von Bewegung.

Ein anderer Praventionsansatz zielt darauf ab, mdglichst viele aktive Gewohnheiten in den Alltag
von Kindern und Jugendlichen zu integrieren, in der Erwartung, dass diese bis ins
Erwachsenenalter bestehen bleiben (7). Studienresultate zeigen aber, dass dieses ,,Tracking” bei
aktiven Verhaltensweisen nur bescheiden ist (29). Als "Tracking" wird die Persistenz eines
Verhaltens oder einer Eigenschaft Uber die Zeit bezeichnet (30). Ein ,, Tracking” von inaktivem
Verhalten wie z. B. Femnsehen konnte hingegen eher nachgewiesen werden (7, 31).

|.2. Messung der korperlicher Aktivitdt bei Kindern

|.2.1. Messung der Gesamtaktivitdt

Korperliche Aktivitdt wird definiert als jede Korperbewegung, die durch eine Kontraktion der
skelettalen Muskulatur verursacht wird. lhre Erfassung in Studien — sei es als Einflussvariable oder
als Zielvariable — ist von grosser Bedeutung und sollte moglichst exakt sein. Als Einflussvariable
wird Bewegung im Zusammenhang mit gesundheitsrelevanten Faktoren untersucht. Als
Zielvariable ist sie von Bedeutung bei der Evaluation von Interventionen, bei einem Monitoring
oder wenn man wie in unserer Studie untersuchen méochte, ob Umweltfaktoren das Verhalten
von Kindem beeinflussen. Bis anhin wurden verschiedenste Messinstrumente entwickelt und
eingesetzt. Grob kdnnen diese in drei Gruppen eingeteilt werden: in Befragungsinstrumente
(Fragebogen und Tagebticher), in direkte Beobachtung und in objektive Messinstrumente
(Herzfrequenzmesser, Pedometer oder Beschleunigungsmesser). Zusatzlich gibt es die Methode
des ,,doppelt markierten Wassers", welche den Energieverbrauch misst und als Goldstandard
gilt. Diese Methode ist zwar genau, gibt aber keine Auskunft Uber das Muster und die Intensitdt
der korperlichen Aktivitdt wahrend eines bestimmten Zeitfensters. Obwohl es eine Vielzahl an
Messmethoden gibt, gilt es insbesondere bei Kindem als grosse Herausforderung, die
korperliche Aktivitdit addquat zu erfassen. Das Bewegungsverhalten von Kindermn st
unstrukturiert und besteht aus vielen kurzen Aktivitdtsperioden (32, 33), welche mit
Befragungsinstrumenten schwierig abzubilden sind. Studien zur Validierung von Fragebogen (34-
36) und Bewegungstageblchern (37, 38) haben bei Kindern und Jugendlichen in der Regel nur
geringe Korrelationen mit objektiven Messwerten gezeigt. Allerdings sind viele Fragebogen auf
die sportliche, strukturierte Aktivitat ausgerichtet, obwohl mehrfach festgehalten wurde, dass die
draussen verbrachte Zeit das Bewegungsverhalten von Kindem am besten abbildet (39-41).
Fragen, die diesen unstrukturierten Teil des kindlichen Bewegungsverhaltens erfassen, wurden
aber noch kaum entwickelt und validiert.

Dank des technischen Fortschritts hat in den letzen zwanzig Jahren der Gebrauch von
objektiven Messmethoden stark zugenommen. Bei Kindern werden vorwiegend Accelerometer
(Beschleunigungsmesser) verwendet. Sie sind einfach in der Handhabung und erlauben es, die
Intensitdt der Aktivitdt pro Zeiteinheit zu bestimmen. Hingegen ist ihr Gebrauch in grésseren
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epidemiologischen Studien viel teurer und aufwendiger als der Einsatz von Fragebogen oder
Tageblchern. Hinzu kommt, dass sie keine Angaben liefern, durch welche Tatigkeiten und
Settings das aktive respektive inaktive Verhalten gefdrdert wird. Dieses Wissen ist aber die Basis,
um sinnvolle Interventionen zu planen. Die Messung der Aktivitdt nur mit objektiven Methoden
ist deshalb fiir viele Fragestellungen zu wenig differenziert.

Neben dem Messinstrument ist bei der Erfassung der kdrperlichen Aktivitdt auch der Zeitpunkt
der Untersuchung wichtig. Die meisten Studien zeigen, dass Kinder im Sommer aktiver sind als
im Winter (42), und dass auch meteorologische Parameter die kdrperliche Aktivitdt beeinflussen
(43, 44).

|.2.2. Indikatoren fUr korperliche Aktivitdt

Kinder und Jugendliche sind in ganz unterschiedlichen Bereichen koérperlich aktiv. Bei den
meisten Untersuchungen haben sich die Forscher auf spezifische Aktivititen wie die aktive
Fortbewegung oder organisierten Sport konzentriert. Insbesondere zeitliche Trends sind bei
spezifischen Aktivitditen bedeutend besser dokumentiert. Aus verschiedenen Landemn sind z.B.
zeitliche Entwicklungen zum aktiven Zurlcklegen des Schulweges bekannt. Diese Studien
zeigten haufig eine Abnahme des Anteils an Kindern und Jugendlichen, die zu Fuss oder mit dem
Fahrrad in die Schule gelangen, zu Gunsten derer, die mit dem Auto in die Schule gefahren
werden (45-47). Die Fortbewegungsgewohnheiten sind allerdings regional sehr unterschiedlich
(45). Aus der Schweiz sind deskriptive Auswertungen des ,,Mikrozensus Verkehr® vorhanden,
welche einen prozentualen Rickgang des Velogebrauchs zeigen (48). Diese Entwicklung wurde
aber noch nicht in multivariaten Modellen ausgewertet, und mdogliche Einflussfaktoren fur diese
Verdnderung werden mit dem Mikrozensus praktisch nicht erfasst.

Spezifische Aktivitditen wie das aktive Zurlicklegen von Wegen oder das Spielen im Freien
kdnnen ein Schltssel sein, um den Zusammenhang zwischen der Umwelt und der kdrperlichen
Aktivitdt zu erforschen (49). Da nicht erwartet werden kann, dass die Umwelt samtliche
Bereiche der korperlichen Aktivitdt gleichermassen beeinflusst, ist die Gesamtaktivitdt als
Zielvariable mdoglicherweise zu wenig sensibel.

|.2.3. Monitoring zum Bewegungsverhalten von Kindern und Jugendlichen in der Schweiz

In den Strategiepapieren der EU und der WHO zum Bereich Erndhrung, Bewegung und
Ubergewicht wird ein Monitoring als wichtige Grundlage fiir evidenzbasiertes Vorgehen
genannt. Ein Monitoring soll die nationale und internationale Vergleichbarkeit ermd&glichen und
Uberprifen, ob angestrebte Ziele erreicht werden (50). In der Schweiz ist die Datenlage in den
Themengebieten Emdhrung und Bewegung von Kindem und Jugendlichen noch lickenhaft.
Deshalb soll im Rahmen des ,,Nationalen Programms Erndhrung und Bewegung 2008-2012"
(NPEB) des BAGs in  Zusammenarbeit mit dem BASPO, dem Schweizerischen
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Gesundheitsobservatorium (OBSAN) und der Stiftung Gesundheitsforderung Schweiz ein
nationales Monitoring mit interationalen Austauschmdoglichkeiten entwickelt werden (51). In
einem ersten Schritt wurde untersucht, welche Anknlpfungspunkte fir ein solches Monitoring
schon existieren (52) und inwiefern auf bestehende oder geplante Datenerhebungen
zurlckgegriffen werden kann. In der heutigen Form deckt keine der Studien das Erndhrungs-
respektive das Bewegungsverhalten umfassend ab. Deshalb wurde als kurzfristiges Ziel definiert,
dass der Aufbau des Monitoringsystems fur Kinder und Jugendliche auf der Grundlage
bestehender Studien und in Koordination mit den existierenden Monitoringsystemen von
Gesundheitsférderung Schweiz, Obsan und Sportobservatorium vorgenommen wird. Dazu
werden relevante Indikatoren auf der Grundlage und der Zielsetzung des NPEB selektioniert,
damit baldmdoglichst erste Resultate vorliegen. Langerfristig sollen Licken identifiziert und neue
Datenerhebungen geplant werden. Dazu gehdrt auch die Abkldrung der Machbarkeit
erganzender Datenerhebungen.

|.2.4. Kérperliche Fitness (cardiorespiratorische Fitness und Koordination)

Wihrend die korperliche Aktivitdt ein Verhalten beschreibt, versteht man unter korperlicher
Fitness die Leistungsfahigkeit. Folgende Komponenten werden bei der kdrperlichen Fitness
unterschieden: morphologisch (z.B. Koérpergewicht, Knochendichte), muskuldar (z.B. Kraft,
Ausdauer), motorisch (z.B. Gleichgewicht, Koordination), cardiorespiratorisch (z.B. VO, ..,
Blutdruck) und metabolisch (z.B. Glukosetoleranz, Lipide) (19). Haufig wird in Studien jedoch
die cardiorespiratorische Fitness als Indikator fir korperliche Fitness verwendet und synonym
gebraucht.

Bei Erwachsenen korreliert die kdrperliche Aktivitdt relativ gut mit der cardiorespiratorischen
Fitness, dies scheint aber bei Kindem nicht der Fall zu sein (53-55). Fitness und korperliche
Aktivitdt wirken mdglicherweise auch auf unterschiedliche Endpunkte: kdrperliche Aktivitat auf
Adipositas (Energieverbrauch), Osteoporose (Gravitation) und die Psyche, kdrperliche Fitness
dagegen auf Rickenschmerzen (Flexibilitit), als Verletzungsvorbeugung (Muskelstarke) oder
gegen systemische Hypertonie (reduzierte Sympathikusaktivitdt) (19). Eine Metaanalyse aus dem
Jahre 2003 zeigte zwischen 1980 und 2000 eine signifikante Abnahme der kdrperlichen Fitness
bei Knaben und Madchen, speziell in den dlteren Altersgruppen (14 Jahre und dlter) (56).

Unter Koordination wird das Zusammenwirken von Zentralnervensystem und Muskulatur
innerhalb eines gezielten Bewegungsablaufs verstanden (57). Auch hier gibt es Hinweise, dass
die Koordinationsleistung von Kindern und Jugendlichen in den letzten Jahren abgenommen hat
(58). Umstritten ist hingegen, wie stark koordinative Fahigkeiten im Kindesalter Auswirkungen
auf das Jugend- und Erwachsenenalter haben. Wahrend McKenzie (59) keine Korrelation
zwischen den Messungen im Alter von 4 bis 6 Jahren und sechs Jahre spater fand, beobachtete
Malina (60), dass motorische Fahigkeiten, die wadhrend der Kindheit erlangt werden,
wahrscheinlich das Bewegungsverhalten von Erwachsenen beeinflussen. Sicher ist hingegen, dass
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Kinder in ihrem Alltag und speziell im Strassenverkehr auf gute koordinative Fahigkeiten
angewiesen sind.

|.3. Einflussfaktoren auf das Bewegungsverhalten von Kindern und Jugendlichen

Um das Bewegungsverhalten von Kindern nicht nur zu messen, sondem auch verstehen zu
kdnnen, ist es wichtig, die verschiedenen Einflisse und Zusammenhange fur aktives und inaktives
Verhalten zu kennen. Nur so kdnnen sinnvolle Interventionen geplant werden. Unterschieden

wird zwischen personlichen Faktoren, soziokulturellen Einflissen und Umweltfaktoren. Obwohl
die Zahl der Studien, die solche Zusammenhdnge untersuchen, seit Anfang dieses Jahrhunderts
stark angestiegen ist (61), gelten nur wenige Einflussfaktoren als gesicherte Determinanten.

Die Ergebnisse sind bei den personlichen Faktoren am konsistentesten. Knaben sind kdrperlich
aktiver als Madchen, und mit dem Alter nimmt die korperliche Aktivitat ab (62). Die Reduktion
der korperlichen Aktivitdt von der Kindheit Uber die Jugend in das Erwachsenenalter ist ein
biologischer Prozess, welcher auch bei Tieren beschrieben ist (63), und mit einer Abnahme des
Grundumsatzes einhergeht (64). Dieser Verlauf ist jedoch nicht fix (7) und hat mdglicherweise
Uber die Zeit zugenommen. Das Ziel ist deshalb, extrinsische Faktoren zu identifizieren, welche
den Kurvenverlauf der kdrperlichen Aktivitdt heben und die Abnahme verlangsamen.

Die Zusammenhdnge zwischen soziokulturellen Faktoren und kdrperlicher Aktivitdt werden
weniger einheitlich beurteilt. Wahrend einige Studien eine negative Assoziation zwischen
niedrigem Sozialstatus und der korperlichen Aktivitdt ergaben, finden andere keinen solchen
Zusammenhang (61). Eine hollandische Studie (65) ergab sogar, dass Kinder aus einer hdheren
Sozialschicht aktiver waren, wenn man die korperliche Aktivitat mittels Fragebogen erfasste, dass
es aber gerade umgekehrt war, wenn man in derselben Stichprobe Beschleunigungsmesser
einsetzte. Die Autoren der Studie erkldren diesen Unterschied damit, dass Eltern mit einer
langeren Ausbildung eher dazu neigen, sozial erwlnschte Antworten zu geben. Eine andere
Erklarung konnte sein, dass das Bewegungsverhalten von Jugendlichen aus der tieferen
Sozialschicht weniger strukturiert ist und somit in der Befragung schlechter abgebildet wird. Dass
die Zeit, die mit korperlicher Aktivitdit resp. mit Inaktivititen wie Fernsehen und
Computerspielen  verbracht wird, auch vom kulturellen Hintergrund abhdngt, zeigen
Landervergleiche (66). Von der Schweiz ist aus der Gesundheitsbefragung bekannt, dass
Deutschschweizer Erwachsene kdrperlich aktiver sind als Romands oder Tessiner. Bei Kindern
liegen noch keine solchen Daten aus der Schweiz vor.

Seit Anfang dieses Jahrhunderts sind Umweltfaktoren im Sinne der physischen und der sozialen
Wohnumgebung (Art der Bebauung und Sicherheit) als Determinanten der kdrperlichen
Aktivitdt in den Mittelpunkt des Interesses gerlickt. Wenn man den Einfluss des Wohnumfeldes
auf das Bewegungsverhalten versteht, birgt dies das Potential, grosse Bevolkerungsgruppen in
ihrem Verhalten zu beeinflussen. Damit verbunden ist natlrlich auch die Frage, wie man
Umweltfaktoren am besten misst. Unterschieden werden subjektive Erfassungsmethoden, die
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auf Fragebogenerhebungen basieren, und objektive Erfassungsmethoden, welchen meist GIS-
Daten zugrunde liegen. Die subjektiv wahrgenommene Umgebung erlaubt detailliertere
Angaben und ist moglicherweise eher die Entscheidungsgrundlage fir bestimmte
Verhaltensweisen (67). Hingegen ist die Vergleichbarkeit dieser Angaben schwierig und fihrt
manchmal zu erstaunlichen Ergebnissen. So ergab eine australische Studie (68), dass Eftern,
deren Kinder zu Fuss oder mit dem Fahrrad unterwegs sind, die Umgebung als gefdhrlicher
einstuften als Eftemn, die lhre Kinder vorwiegend herumchauffierten. Die Autoren schliessen
daraus, dass Eltemn, deren Kinder sich selbstindig fortbewegen, stirker fir Gefahren in der
Umgebung sensibilisiert sind. Diese Hypothese konnte aber mangels objektiver Umweltdaten
nicht Uberprift werden. Eine gleichzeitig subjektiv und objektiv erfasste Wohnumgebung wirde
die Vorteile beider Methoden kombinieren und die Abschdtzung der einzelnen Effekte erlauben.
Bis anhin gibt es aber nur wenige Studien, die eine solchen Kombination eingesetzt haben.

Wihrend der Zusammenhang zwischen dem Wohnumfeld und der kérperlichen Aktivitdt bei
Erwachsenen schon mehrfach untersucht wurde (69-71), wurde der Fokus seltener speziell auf
Kinder gelegt (67). Eine Ubertragung der Ergebnisse von Erwachsenen auf Kinder ist aber nicht
moglich, denn wie Krizek et al. (72) hervorheben, haben Kinder mehr Freizeit, sie nutzen eher
das Spiel, um korperlich aktiv zu sein, sie kénnen nicht Auto fahren und sie werden in der
Auswahl ihrer Aufenthaltsorte von Erwachsenen fremdbestimmt. Es ist sogar wahrscheinlich,
dass Zusammenhdnge sehr altersspezifisch sind und teilweise verdeckt werden, wenn die
Alterskategorien der Untersuchungsgruppe zu breit gewahlt werden (67).

Bisher konnte noch kein Umweltfaktor identifiziert werden, der die Gesamtaktivitat von Kindem
eindeutig beeinflusst. Gewisse Zusammenhdnge wurden aber fUr spezifische Aktivitaten, wie die
,aktive Fortbewegung” gefunden (73). Allerdings muss einschrankend bemerkt werden, dass
praktisch alle Studien, die bis jetzt einen Zusammenhang zwischen Umweltvariablen und der
korperlichen Aktivitdt respektive deren Indikatoren untersucht haben, aus den USA und
Australien stammen. Deren Daten sind weder in Bezug auf die Einwohnerdichte, noch auf die
bebaute Umgebung, noch bezlglich der personlichen Einstellungen auf (Mittel-)Europa
Ubertragbar.

Die altersspezifischen und regionalen Differenzen ndhren die Forderung neuster Publikationen,
Einflussvariablen nicht isoliert auf ihren Zusammenhang mit der k&rperlichen Aktivitdt zu
untersuchen. Das Verhalten wird laut Saelens (74) von einer Mischung aus intra- und
interpersonellen Faktoren, Richtlinien und Umweltfaktoren beeinflusst. Deshalb mussen
Analysen umfassend sein und insbesondere auch Interaktionen zwischen persénlichen,
soziokulturellen und Umweltvariablen bericksichtigen. Diese Interaktionen zu untersuchen, ist
mindestens so wichtig wie der Zusammenhang selbst (75). Laut Maddison wurden
moglicherweise durch die mangelnde Differenzierung Assoziationen tUbersehen (75).
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1.4. Hauptfragestellung:

Auf Grund der vorangehenden Erlduterungen ergeben sich zwei Fragenkomplexe, die in der
vorliegenden Dissertation untersucht wurden:

A.) Welche Fragen oder Indikatoren eignen sich am besten, um die kdrperliche Aktivitdt von
Kindern in epidemiologischen Studien zu erfassen?

Al.) Welche Aktivitdten tragen bezlglich Intensitat, Dauer und Anteil am meisten zu
einem aktiven respektive inaktiven Lebensstil der Schweizer Kinder bei?

A2)) Wie gut eignen sich einzelne Fragen, um die kdrperliche Aktivitdt von Kindern in
Studien zu messen?

B.) Welche Rolle spielt die Wohnumgebung fiir das Bewegungsverhalten von Kindern, wenn
soziale und familidre Faktoren berlcksichtigt werden!?

BI.) Welche psychosozialen Faktoren sind mit dem Bewegungsverhalten von Kindern
assoziiert?

B2.) Welche subjektiven und objektiven Umweltfaktoren sind mit dem
Bewegungsverhalten von Kindern assoziiert?

B3.) Gibt es Interaktionen zwischen psychosozialen Faktoren und subjektiven oder
objektiven Umweltfaktoren?

B4.) Gibt es zeitliche Trends im Bewegungsverhalten von Kindern? Wenn ja, durch
welche Einflussfaktoren werden sie erklart?
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2.1. SCARPOL-Studie

2.1.1. Stichprobenbeschreibung

Aus den 10 seit 1992 regelmadssig untersuchten SCARPOL-Gemeinden (23) wurden Bemn, Biel
und Payerne als Untersuchungsorte ausgewadhlt. Sie unterscheiden sich hinsichtlich ihrer Grosse
und der Sprache.

Kantone und Sprachregionen der Schweiz
Les cantons et les régions linguistiques de la Suisse

Sprachregionen
Régions linguistiques
# 5 4 Deutsch

A ‘ Allemand

- Franzosisch
Frangais

talienisch
B8 caion

~  Ritoromanisch
Romanche

\

Quello: Eidgondssische Volkszihlung 1990, BFS
© Bundesamt #ir Statistik / Office féddral do la statistique, ThemaKart, Neuchitel 2002 / X00.13 Source: Reconsement féddral de la population 1990, OFS

Thematische Karten m Cartes thématiques
-

Grafik |: SCAROPL-Studienorte

Das SCARPOL-Surveillance-System beruht auf einer langjdhrigen Zusammenarbeit mit den
schuldrztlichen Diensten, Uber welche auch Schulen kontaktiert und Fragebogen verteilt werden
konnten. Fur die Fragebogenerhebung wurden 1345 Kinder berlcksichtigt, welche im Schuljahr
2004/2005 in den entsprechenden Gemeinden routinemdssig den schuldrztlichen Dienst
aufsuchten (Kindergarten resp. |. Klasse, 4. Klasse und 8. Klasse), und deren Eltem sich bereit
erkldrten, einen Elternfragebogen auszufillen. Auf jedem Fragebogen konnten die Eftern
fakultativ auch ihre Wohnadresse angeben, die dann geokodiert wurde. Basierend auf diesen
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geografischen Informationen hat die Firma Meteotest 1081 Kindern Umweltdaten zum
Wohnumfeld und zur Schulwegumgebung zugeordnet.

Aus jeder Gemeinde und jeder Altersgruppe wurden Klassen flr Zusatzuntersuchungen mit
Beschleunigungsmessermn und Bewegungstageblichern angefragt. Dadurch konnte die Angaben
von |74 Kindem im Fragebogen und im Tagebuch mit objektiven Beschleunigungsmessem
verglichen werden.

3.1.2. Untersuchungsinstrumente

Unser Datensatz basiert auf folgenden Untersuchungsinstrumenten:

Elternfragebogen

Der Fragebogen wurde neu entwickelt, allerdings wurde hauptsdchlich auf Fragen aus bereits
verwendeten, meist validierten Fragebogen zuriickgegriffen (76) und es wurden, wo notwendig,
Anpassungen an Schweizer Verhdltnisse vorgenommen.

Die Fragen zum Bewegungsverhalten beziehen sich u. a. auf die Teilnahme am Sportunterricht,
auf das organisierte Sporttraining, auf den Transport zu und von der Schule, auf ruhige
Beschaftigungen und Freizeitaktivititen nach der Schule sowie am Wochenende. Erganzend
wurden Fragen zum Wohnumfeld, zur Einstellung und zum Verhalten der Eltemn betreffend
korperlicher Aktivitdt, zu Restriktionen beim selbstandigen Zurlicklegen von Wegen und zu
ihren Rauchgewohnheiten gestellt.

Beschleunigungsmesser (Accelerometer)

Activity 41 /x\ ctiGraph

7000

6000

5000

4000

Activity

3000
2000
ModErate

1000

Grafik 2: Accelerometermessung an einem Samstag bei einem /-jdhrigen Knaben (Grenzwerte nach
Ekelund)
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Der Accelerometer Actigraph (Modell 7164, Manufacturing Technology Incorporated (MTI)
Fort Walton Beach, FL, USA) misst in eindimensionaler Richtung die Kérperbeschleunigungen,
welche bei korperlicher Aktivitdit gegen die Gravitation entstehen. Das Gerdt fuhrt 40
Messungen pro Sekunde durch und summiert die Beschleunigungen in Form von ,,Counts" Uber
eine programmierbare Zeitdauer, z.B. Minuten.

Bewegungstagebuch

Das Tagebuch wurde neu entwickelt und soll helfen, die Angaben zum Bewegungsverhalten von
Kindern aus den Fragebogen zu prézisieren.

Wohnumfeldbeschreibung mittels Umweltbelastungskarten

Im Fragebogen wurden die Eltern gebeten, ihre Wohnadresse und die Postleitzahl anzugeben.
Zudem wurde die Adresse des Schulhauses erfasst. Basierend auf diesen geographischen
Informationen wurde von der Firma Meteotest fUr jedes Kind individuell der Abstand zur
ndchsten Strasse, die Strassenklassen in der Wohnumgebung, die Arealnutzung sowie Angaben
zum Zonenverkehr am Wohnort und fUr den Schul-/Kindergartenweg berechnet.

Meteorologische Daten

Meteorologische Daten fUr die jeweiligen Messperioden und —orte kénnen bei Meteo Suisse
bezogen werden. Konkret interessieren die Temperatur, der Regen und der Wind zum
Zeitpunkt der Bewegungsmessung und der Tagebucherfassung.

2.2. Mikrozensus Verkehr

Mittels Mikrozensus Verkehr untersucht das Bundesamt fur Statistik (BFS) und das Bundesamt
fur Raumentwicklung (ARE) seit 1974 regelmdssig das Verkehrsverhalten der Schweizer
Bevolkerung. Die Personen werden zu den folgenden Schwerpunkten befragt: Besitz von
Fahrzeugen, FUhrerausweisen und Abonnementen des oOffentlichen Verkehrs; tagliches
Verkehrsaufkommen  (Anzahl Wege, Zeitaufwand, Distanzen); Verkehrszwecke und
Verkehrsmittelbenutzung; Tagesreisen und Reisen mit Ubernachtungen sowie die Einstellungen
zur Verkehrspolitik der Schweiz.

Seit 1994 wurden auch Kinder ab 6 Jahren in die Studie eingeschlossen. Somit kann das
Verkehrsverhalten von Kindern und Jugendlichen aus den Jahren 1994, 2000 und 2005
verglichen werden. Die Angaben basieren auf computergestitzten telefonischen Interviews
(CATI), die in zufdllig ausgewdhiten Haushalten bei jeweils | bis 2 Personen ab 6 Jahren an
einem Stichtag durchgeflhrt werden. Insgesamt verteilen sich die Interviews Uber das ganze Jahr.
Bei Kindem unter 16 Jahren sowie bei Menschen, die aufgrund einer Behinderung oder
Krankheit nicht in der Lage waren, ein Interview zu geben, sind Proxy-Interviews zugelassen.
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Die Angaben im Mikrozensus basieren seit 1994 auf dem Weg-Etappenkonzept:

Ein Weg besteht aus einer oder mehreren Etappen und wird definiert durch den Zweck, d.h.
die Tatigkeit am Wegziel. Ist der Zielort erreicht, ist der Weg zu Ende. Wechselt der Zweck
unterwegs, beginnt ein neuer Weg

Jede Etappe (mindestens 25m, ausgenommen Ortsverdnderungen in privaten und geschaftlichen
Raumen) wird durch die Benutzung eines bestimmten Verkehrsmittels definiert; wechselt das
Verkehrsmittel, beginnt eine neue Etappe, aber nicht ein neuer Weg (48).

14
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activities in Swiss school children: a cross-sectional analysis of
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Abstract

Background: Appropriately measuring habitual physical activity (PA) in children is a major
challenge. Questionnaires and accelerometers are the most widely used instruments but both have
well-known limitations. The aims of this study were to determine activity type/mode and to
quantify intensity and duration of children's everyday PA by combining information of a time activity
diary with accelerometer measurements and to assess differences by gender and age.

Methods: School children (n = 189) aged 6/7 years, 9/10 years and 13/14 years wore
accelerometers during one week in winter 2004 and one in summer 2005. Simultaneously, they
completed a newly developed time-activity diary during 4 days per week recording different
activities performed during each 15 min interval. For each specific activity, the mean intensity
(accelerometer counts/min), mean duration per day (min/d) and proportion of involved children
were calculated using linear regression models.

Results: For the full range of activities, boys accumulated more mean counts/min than girls.
Adolescents spent more time in high intensity sports activities than younger children (p < 0.001)
but this increase was compensated by a reduction in time spent playing vigorously (p = 0.04). In
addition, adolescents spent significantly more time in sedentary activities (p < 0.001) and
accumulated less counts/min during these activities than younger children (p = 0.007). Among
moderate to vigorous activities, children spent most time with vigorous play (43 min/day) and
active transportation (56 min/day).

Conclusion: The combination of accelerometers and time activity diaries provides insight into age
and gender related differences in PA. This information is warranted to efficiently guide and evaluate
PA promotion.
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Background

Childhood overweight and obesity are increasing in many
countries including Switzerland [1] and there is growing
concern that decreasing levels of physical activity (PA)
may contribute to this development. Still, appropriately
measuring PA in children is a major challenge. Question-
naires and accelerometer measurements are the most
widely used instruments [2,3]. Self- or proxy reports pro-
vide information about mode/type and duration of PA
but show limited validity in assessing PA levels and are
susceptible to reporting bias by social desirability [4]. On
the other hand, accelerometer measurements provide
valid overall estimates of intensity of PA [5,6]. Neverthe-
less, they neither determine which activities contribute
most or least to PA in children nor the variation in the
type and duration of habitual activities over time. Yet, this
information is of great importance for public health
authorities in order to efficiently guide PA promotion and
to evaluate changes in PA levels over time, by gender or
with age. So far, only few studies have combined acceler-
ometer measurements with self-report data, taking advan-
tage of the unique pieces of information that each
instrument provides [7-9]. However, the self-report part
in the above cited studies is based on questionnaires or
activity logs but not on continuous physical activity
records which, based on the exact time specification, can
be compared minute by minute to accelerometer outputs.
This allows to calculate the mean intensity for each activ-
ity and the summed time spent in it and thus to evaluate
which activity contributes most or least to physical activity
by gender and age.

In the framework of a pilot study for a monitoring pro-
gramme of PA levels in Swiss school children, we devel-
oped a time-activity diary including a list of 21 typical
everyday activities and asked parents (or adolescents) to
allocate to each of 15-minute intervals of the child's (or
their) day a specified activity. Concomitant to completion
of the diary, the children wore an accelerometer device.
The aims of this study were to determine activity type/
mode and to quantify intensity and duration of children's
everyday PA by combining information of a time-activity
diary with accelerometer measurements and to assess dif-
ferences by gender and age.

Methods

Sample

Participants were part of a larger cross-sectional study [10]
which included three age groups of children (kindergar-
ten/1st grade, 4th grade and 8th grade) living in three com-
munities (Bern, Biel-Bienne and Payerne). For the present
study, children in a random sample of 19 school-classes
(at least two classes per grade and per community) were
invited to wear an accelerometer device and to complete a
time-activity diary. A participation flow chart is shown in

http://www.ijbnpa.org/content/6/1/50

figure 1. Personal and social characteristics of the children
in invited classes did not differ significantly from those in
non-invited classes. The study protocol was approved by
the ethics committee of the University of Bern, and par-
ents gave written consent.

Accelerometer

Objective assessment of PA was obtained over two seven
day periods, one in winter 2004 and one in spring/sum-
mer 2005, using Actigraph accelerometers (Model
AM7164, formerly Computer Science and Applications
(CSA), now Manufacturing Technology Inc. (MTI), Fort
Walton Beach, FL). The device measures the change in
body position taking 40 measurements per second and
integrates acceleration signals continuously (epoch time 1
minute). The summed values (activity counts) were stored
in the device memory and downloaded to a computer.
Participants were instructed to wear the accelerometer rig-
idly fixed at the waist with a belt. It was not worn during
sleeping hours, bathing or other water activities.

Diary (physical activity record)

The diary, highly structured, required the continuous
record of activities performed during each 15-minutes
intervals between 6:00 and 22:00 h and each hour
between 23:00 and 6:00 h. Its format has been adapted
from an existing diary used for the sleeping and feeding
time assessment in babies [11]. An English version of the
time-activity diary is presented in Additional file 1. It has
been suggested that physical activity records provide more
detail about the type, intensity and patterns of activity
completed during the day than physical activity logs [12].
In addition, the given continuous timeline facilitates the
recording of time spent in a specific activity, thus reducing
potential recall bias. Activities, which were expected to
represent low intensity levels [13] included: watching TV,
sitting at a computer, playing a music instrument, reading,
attending class, performing homework, playing quietly,
eating, travelling by car, travelling by public transport and
going out. Activities expected to be of moderate intensity
[13] included: cycling, walking, attending recess, moder-
ately intense playing indoors and outdoors. Finally, activ-
ities assumed to represent vigorous intensities [13] were:
attending physical education (PE) classes, sports training
indoors and outdoors and vigorously playing indoors and
outdoors. A first selection of activities based on existing
diaries [13]has been pre-tested in two primary school
classes with different social background and in 10 adoles-
cents. After an interview with these children, the list of
activities was adopted to capture activities, which differ
among age groups. Less specific activities such as attend-
ing recess or attending PE-class describe contexts where
children are expected to be active. "Attending recess"
means the time (15 to 30 minutes) between lessons spent
in the school recreation area. As in the Swiss school sys-
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236 invited children

accelerometer measurement

1888 days of diary recording and

A 4

189 (80%) children with written con,

accelerometer measurement

sent

1512 days of diary recording and

Theft of instruments in summer
56 diaries & accelerometer data
14 children

A 4

accelerometer measurement
available for quality testing

1372 (91%) days of diary and

Drop out / technical problems
40 diaries & accelerometer data
8 children

44 diaries without corresponding

l

A

A

accelerometer data

1069 (78%) days of
diary recording
with at least 80% of required
plausible entries

1185 (86%) days of
accelerometer registration
for 2 8 hours excluding all
periods with = 20 minutes of

consecutive zeros

A

169 children

972 (71%) days with valid accelerometer
recording and corresponding diary entries.

Figure |
Schematic of the study design.

tem the number of lessons per week increases with age,
also time attending recess increases. PE classes are inte-
grated in the class schedule. By law, all school children
(but not those in the kindergarten) receive three 45 min
PE classes per week. In contrast to training (which in Swit-
zerland is organized completely independent of the
school activities) PE classes do not focus on a specific
sport.

Students (8th grade) or parents (kindergarten, 1st grade
and 4th grade) were instructed to mark at least one activity
for any given 15 minutes interval. The diary also allowed
marking sleeping time, an activity difficult to classify and
the removal of the accelerometer. The diary was com-
pleted during two week days and a weekend, concomitant
to the accelerometer recording periods.

Questionnaire

Information on children's age, sex, nationality, parental
education, weight and height and leisure time habits were
extracted from the main survey parents' completed ques-
tionnaire. Parents filled in the questionnaire two months
before the accelerometer measurements and completi-
tions of diaries.

Meteorological data

For each community and time periods of accelerometer
and diary recording, daily meteorological data were pro-
vided by MeteoSwiss [14]. Measurements included mean,
maximum and minimum temperatures (range -9.5 to
17.1°C), atmospheric pressure (945-971 hPa), relative
humidity (57-97%), sun radiation (10-318 watt/km?2),
sum of sunshine duration (0-798 min), and sum of pre-
cipitation (0-18.2 mm).
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Procedure

The study was conducted during the school year 2004/
2005 and was organized within the framework of the
School Health Services. Children and their families
received written instructions on how to use the accelerom-
eter and how to fill in the diary. In addition, trained staff
instructed the children at school. The 13-14 years olds
completed the diary on their own, the younger ones with
their parents.

Data processing

The completeness and plausibility of all diary entries and
MTTI outputs were checked. If two or more activities indi-
cated during the same 15 min interval were logically not
compatible (e.g. sleeping and eating), they were set to
missing. If data were missing between 23:00 and 6:00 h,
the activity was considered to be 'sleeping'. Diaries having
80% of the 15 minutes blocks filled in with logically plau-
sible entries were considered valid for analyses. If two or
more activities were indicated the more intense was con-
sidered.

The length of an accelerometer-recording day was individ-
ually defined. A day started if 10 consecutive minutes had
at least one value of 800 counts/min and not more than
one value with zero counts/min. The individual day
stopped if after the measurement, which was considered
to be the last of the day, there was an inactive period of
four consecutive hours. MTI outputs equal to zero for
more than 20 continuous minutes were excluded, assum-
ing that the device was not worn during this period. Spe-
cial attention was given to artefacts in accelerometer
measures, which can occur if accelerometers are hit result-
ing in extremely high counts/min. Therefore, all values
above 30,000 counts/min were substituted by the mean
counts/min of the respective age group. Only days with at
least 8 hours of registration were considered valid for the
analyses.

For the analysis of the intensity of single activities valid
diary and accelerometer days were matched by exact point
in time. The information about the duration of specific
activities is based on the diary.

Validation of the diary

Total time spent in moderate to vigorous physical activity
(MVPA) assessed by the time-activity diary was validated
using accelerometer measurements. Metabolic equiva-
lents (MET) based on accelerometer counts were calcu-
lated using the cut off levels of Freedson/Trost [15]. MET
levels equal or above 3 were defined as MVPA. Spearman
correlation between total time spent in MVPA per day
based on an a priori classification of specific activities in
the diary and total time with MET levels > 3 was moderate
(r = 0.52) and statistically significant (p < 0.001).

http://www.ijbnpa.org/content/6/1/50

Statistical Analysis

All analyses were conducted with STATA 9.0 [16]. Univar-
iate logistic regression models were used to examine dif-
ferences in personal and social factors between
participants and non-participants.

Mixed linear regression analysis was used to determine
the association between accelerometer counts/min and
socio-demographic and environmental characteristics.
The models included age, sex, maternal education,
nationality, the day of the week (weekday/weekend), sea-
son (winter/summer), mean daily temperature, the sum
of precipitation and a random effect for subject.

For each child, the mean intensity for every given activity
(counts/min) over all 15 minutes were calculated. Differ-
ences in intensity of a specific activity between age groups
and between gender as well as interactions between age
and gender were assessed by linear regression analysis.

Mixed linear regression models with a random effect for
subject were generated to evaluate age and gender differ-
ences in mean duration spent in a given activity while
simultaneously taking into account the effect of the day of
the week, the season and meteorological factors. As the
distribution of the residuals was skewed, standard errors
of regression estimates were determined using a bootstrap
(with 1000 replications) [17]. The final multivariate
model to estimate activity duration (min/day) included
the following variables: sex, age, maternal education, sum
of precipitation above a threshold of 4 mm, and maxi-
mum temperature.

Results

Study population

Of the189 participants, 164 completed diaries in both
seasons, 3 only in summer and 22 only in winter. If par-
ents were non-Swiss (53.9% vs. 85.7% valid diaries) or
less educated (62% vs. 82%), more diaries had to be
excluded because of low quality.

Sociodemographic characteristics

Sociodemographic and environmental characteristics and
their association with mean counts/min are shown in
table 1. Mean counts/min decreased significantly with age
and were significantly lower in girls. The small number of
overweight children in this sample (n = 12) did not allow
the evaluation of overweight related differences in activity
levels. In addition, PA increased with temperature (7.8
counts/min per 1°C increase) and decreased with the sum
of precipitation (-6.2 counts/min per 1 mm of precipita-
tion over a threshold of 4 mm/day).
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Table I: Socioeconomic and environmental characteristics and their association with accelerometer counts/min

Social and environmental factors Total n (%) Accelerometer counts/min: adjusted$ mean (95%Cl)

Grade (Age)

I'st (6/7 years) (reference group = ref.) 47 (28)
4th (9/10 years) 60 (36)
8th (13/14 years) 62 (38)
Sex

Boys (ref.) 81 (48)
Girls 88 (52)

Education Mother

Low (ref.) 22 (14)
Middle 80 (49)
High 61 (37)
Nationality

Swiss (ref.) 129 (78)
Non Swiss 37 (22)

Day of the week

Weekend (ref.) 414 (44)
Weekday 532 (56)
Season

Winter (ref.) 502 (53)
Summer 444 (47)

§ Mutually adjusted estimates based on multivariate regression models i
temperature, sum of precipitation, and a random effect for subject
*p <0.05,*p <001, ** p <0.001; compared to reference group

Intensity

Intensities varied significantly among activities. Highest
raw mean counts/min were achieved when children were
involved in sports training outdoors (1513 counts/min)
and lowest when playing a music instrument (392 counts/
min). Watching television (407 counts/min) yielded sim-
ilarly low counts/min as sedentary activities such as read-
ing (467 counts/min).

Figure 2 gives the adjusted mean counts/min for each spe-
cific activity by gender. For all activities, boys' mean
counts/min clearly exceeded those of girls. These differ-
ences were statistically significant for 10 out of 21 activi-
ties. The variation of intensity was smaller in sedentary
activities and higher in more active ones as well as such,
that are mainly a description of the context (as recess).
There was no interaction between age and gender with
respect to intensity. The three self-reported intensity levels
of playing in the diary corresponded to accumulated
accelerometer counts/min in both sexes. Outdoors activi-
ties were associated with higher counts/min (1017 (935-
1080) and 1259 (971-1586) for playing moderately and
vigorously outdoors) than the corresponding indoor
activity (734 (582-867) and 1097 (718-1629) for play-
ing moderately and vigorously indoors).

751 (712-790)
662 (626-698)**
546 (508-583)**

737 (706-767)
569 (539-599)*+*

636 (584-717)
672 (638-698)
633 (599-668)

649 (624-675)
661 (602-720)

631 (603-659)
670 (645-696)*

638 (604-671)
670 (634-706)

ncluding all variables presented in the table as well as mean daily

Figure 3 displays adjusted mean intensities by age group.
Individual activities were summarized into broader cate-
gories (see legend figure 3). For screen recreation and the
other quiet activities, 8t graders accumulated significantly
(p < 0.001) less mean counts/min when compared to the
youngest age group. However, during sports training, they
achieved significantly higher counts/min (p = 0.002). In
the two younger age groups, mean counts/min accumu-
lated during walking and vigorously playing indoors/out-
doors were similar to those achieved during physical
education classes at school. In the youngest age group
walking (1296 counts/min) and vigorously playing
(1358.2 counts/min) yielded higher mean counts/min
than sports training indoors (894 counts/min) or out-
doors (1031 counts/min).

Duration and prevalence

Next, the mean time spent in a given activity (table 2) and
the prevalence of children engaged in the respective activ-
ity were evaluated. Most time was spent with sedentary
activities. Among moderate to vigorous activities, children
spent most time in active transportation or playing out-
doors. Only 37% of the children attended sports training
during the four diary reporting days, hence, mean dura-
tion of sports training over all children was very short.
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Figure 2

Age adjusted intensities for specific activities by gender. (* p < 0.05; Sonly assessed in 8th graders; $only assessed in the
two younger age groups; £cycling not appropriately measured by accelerometer). Some inaccuracy estimating the intensity of
each activity may have occurred because the start and end of the activities were based on the activity log.

Boys spent significantly more time sitting at a computer
than girls (adj. mean duration (95% CI): 38.3 (33.7-
42.8) min/day and 18.0 (14.5-21.4) min/day, p < 0.001,
respectively). Girls, on the other hand reported a longer
duration of playing quietly than boys (102.8 (95.4-
110.3) min/day and 82.7 (75.3-90.1) min/day, p < 0.001,
respectively). Significantly more boys (85.2%) reported
vigorously playing outdoors compared to girls (59.1%)
and they spent more time with this activity than girls
(47.9 (40.1-55.8) min/d and 18.5 (14.1-23.0) min/day p
< 0.001, respectively).

With increasing age, the duration of screen recreation and
school related quiet activities increased significantly and
there was a shift from unorganized PA (vigorously play-
ing) to organized PA (PE classes or attending sports)
(table 2). Furthermore, eighth graders spent significantly
more time in active modes of transportation and in
attending recess at school.

With decreasing level of maternal education, children's
time watching TV increased (adj. mean duration (95%
CI): 66 (60-72) min/day, 79 (71 -88) min/day, and 98
(80-115) min/day, respectively for low, middle and high
levels of maternal education) whereas time spent reading
books decreased (31 (26-35) min/day, 23 (19-26) min/
day and, 17 (11-24) min/day, respectively). Further, chil-
dren of mothers with low educational levels spent less
time playing vigorously intense compared to children of
mothers with high educational levels (adj. mean duration
(95% CI): 45 (36-53) min/day, 45(38-52) min/day, and
27 (16-37) min/day, respectively, for high, middle and
low level of maternal education). Yet, mean counts/min
did not differ significantly by maternal education (table

1).

The duration of many activities was influenced by season,
the day of the week and meteorological parameters. There
was a significant decrease in time spent vigorously playing
outdoors (-1.7 (-2.7 to -0.7) min/day per 1 mm rainfall, p
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Gender adjusted intensities for specific activities by age group. Screen recreation: watching television andsitting at a
computer. Quiet activities: playing a music instrument, reading, in class, homework, eating, playing quietly and travelling by car.
Moderately intense play: moderately intense play indoors and moderately intense play outdoors. Vigorously intense play: vigor-
ously intense play indoors and vigorously intense play outdoors. Sport training: indoors sports training andoutdoors sports
training. Cycling was excluded, as it can't be measured by accelerometer in an appropriate mode.

< 0.001), biking (-0.88 (-1.3 to -0.5) min/day per mm
rainfall, p < 0.001) and going out (-2.4(-4.6 to -0.2) min/
day per mm rainfall (activity assessed in adolescents
only), p < 0.03) with the sum of precipitation whereas
activities typically performed indoors such as sitting at a
computer increased (1.0 min/day per mm rainfall, p =
0.037). In summer, children spent significantly more time
playing vigorously outdoors (42.3 (32.9-51.7) min/day)
than in winter (25.2 (17.0-33.4) min/day; p = 0.02). On
weekends, significantly more time was spent in quiet lei-
sure activities (284.4 (271.0-297.9) min/day and 191
(182.5-200.4) min/day for weekends and weekdays
respectively, p = 0.001), and in vigorous play (54.0 (44.8-
63.3) min/day and 34.2 (28.4-39.4) min/day for week-
ends and weekdays respectively, p < 0.001) than on week-
days.

Discussion
The present study combined objectively measured acceler-
ometer data with a detailed assessment of the exact time

point and the duration of single activities in a time-activ-
ity diary (physical activity record), allowing precisely esti-
mated intensity and duration of specific activities. This
combination enabled the unique pieces of information
that each instrument provides to be integrated and
showed significant differences in intensity and duration of
specific activities by gender and age. Compared with phys-
ical activity logs [13] the registration of each activity along
a time-line provided more in-depth insight into physical
activity patterns of school-aged children.

In line with other research, the present study found girls
to be less active than boys [7,18-20]. It has previously
been reported that during PE classes [9,21] and during
recess [22], boys accumulate more counts/min than girls,
yet, the results of the present study indicated that girls col-
lected systematically less counts/min for the full range of
everyday activities. However, the observed gender differ-
ence in PA was also due to differences in activity patterns
such as girls spending significantly less time playing vigor-
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Table 2: Adjusted§ mean duration of specific activities by age group
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Activity duration in min/day

Activity All Children Kindergarten/Ist 4th grade 8th grade Ps
grade (9/10 years old) (9/10 years old)
(6/7 years old)
Mean$ (95% Cl) Mean$ (95% Cl) Mean$ (95% Cl) Mean$ (95% Cl)
Screen recreation 104.4 (98.8-110.1) 71.0 (62.3-79.7) 105.9 (96.9-115.0) 135.8 (123.2-148.5) < 0.001
Television 76.2 (71.2-81.0) 56.8 (49.1-64.5) 77.0 (68.5-85.5) 94.3 (83.1-105.5) <0.00l
Computer 28.2 (25.3-31.1) 14.2 (10.7-17.6) 28.8 (24.2-33.4) 41.4 (35.0-47.7) <0.001
Any other quiet 391.7 (384.0-399.3) 364.1 (350.3-378.0) 391.6 (378.9—404.2) 418.9 (403.9-434.0) 0.002
activity
Leisure time 2384 (231.2-245.7) 2499 (237.1-262.7)  247.3 (235.6-259.1)  216.9 (203.9-230.0) < 0.001
activitiest
Attending school/ 261.2 (254.0-268.5) 200.2 (189.3-211.1)  256.1 (244.9-267.2) 327.5 (313.7-341.3) < 0.001
homework#
Active 56.0 (52.3-59.7) 54.9 (48.7-61.1) 51.1 (45.4-56.7) 62.52 (54.8-70.3) 0.029%
Transportation
Walking 40.6 (37.3-42.8) 41.9 (36.547.4) 33.5 (28.6-38.4) 47.2 (40.1-54.4) 0.198
Cycling/inline skating 15.4 (13.3-17.6) 13.0 (9.6-16.4) 17.6 (13.6-21.5) 15.4 (11.4-19.3) 0.394
Recess# 25.1 (22.6-27.7) 9.9 (7.2-12.7) 27.5 (23.6-31.4) 37.6 (31.0-44.3) <0.001
Vigorously intense 42.9 (38.0-47.8) 42.7 (34.7-50.7) 49.6 (41.4-57.7) 35.7 (27.4-44.0) 0.035%
unstructured play
Indoors 9.7 (7.5-11.8) 14.1 (9.7-18.6) 7.1 (3.7-10.4) 8.1 (45-11.8 0.037
Outdoors 33.3 (28.9-37.7) 28.5 (21.6-35.5) 42.5 (34.4-50.6) 27.6 (19.5-35.7) 0.853
Attending PE® 274 (23.1-31.7) 21.2(13.2-29.2) 24.8 (19.3-30.2) 36.3 (28.5-44.2) 0.008
classes#
Sports training 10.7 (8.3—-13.0) 4.7 (2.3-7.1) 10.8 (6.7-15.0) 16.5 (11.3-21.7) <0.001

§ Estimates adjusted for sex, maternal education, season, day of the week, mean daily temperature, sum of precipitation and subject (as random

effect)
$ Test for trend

£ Leisure time activities: playing a music instrument, reading, quietly playing and riding a car

# Duration calculated excluding weekends
&8th graders compared to kindergarten/|st graders and 4th graders
° Physical education

ously. In contrast to a previous study [7], the present study
did not observe significant gender differences in the prev-
alence or duration of structured sports or PE classes.

The decrease in PA with age followed a more complex pat-
tern. On one hand, more adolescents were engaged in
high intensity activities such as structured sports, spend-
ing significantly more time in these activities than
younger children. On the other hand, younger children
spent more time playing vigorously than adolescents. In
addition, adolescents spent significantly more time in sed-
entary activities but accumulated less accelerometer
counts/min during sedentary activities than younger chil-
dren. The combination of these factors resulted in signifi-
cantly less mean counts/min for adolescents.

Younger children accumulated high count values predom-
inantly during unstructured moderate and vigorous
intense play whereas structured sports activities were less
important. This is consistent with previous studies
[18,23], reporting that time spent playing outdoors was
an important contributor to PA in children

Walking was another important activity contributing to
PA in all age groups. The present study underlines the
importance of active commuting for PA levels of children
[10,24,25]. In the Swiss context and most likely in other
European countries, it would thus not be sufficient to only
focus on playing outdoors to assess PA in younger chil-
dren as has been suggested by Burdette et al. [23].

The detailed assessment of different activities with the
time-activity diary also provided insight into subtle activ-
ity differences related to the educational background of
the child's mother. Total mean counts/d did not vary sig-
nificantly with maternal education, but the type of passive
activities (TV and reading books) varied. Watching televi-
sion is not only problematic because of its low intensity
but also because of its association with overweight
[26,27]. This association might not only be due to the lack
of PA, but also result from poorer eating habits [28].

Consistent with previous findings [29,30], the present
analyses also illustrate the importance of meteorological
conditions for the assessment of different outdoor activi-
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ties. Moreover, it is noteworthy that self-reported intensi-
ties of playing corresponded well with accelerometer
measurements and differentiating between playing
"indoors" and "outdoors" added useful information to
the activity assessment.

Compared to previous studies [7,8] the combination of
the time-activity diary with simultaneous accelerometer
measurements provided precisely estimated intensity and
duration of a large range of everyday activities and
allowed to detect systematic differences in intensity
between gender or between age-groups. In contrast to PA
questionnaires and to physical activity logs, the fixed 24-
hour timeline of our time-activity diary facilitated the
assessment of specific activities by the parents and their
children. Repeating such accelerometer measurements
along with a time-activity diary as part of a monitoring
programme will allow to determine changes in physical
activity pattern and the relative contribution of specific
activities to overall childhood physical activity levels over
time.

Although the use of the time-activity diary in the present
study provided valuable information about children's
activity pattern, several limitations became apparent.
First, it has to be acknowledged that the proportion of
good quality filled diaries depended on maternal educa-
tion and nationality, thus leading to an under-representa-
tion of lower social classes and non-Swiss populations
limiting the generalizability of our findings. Second, for
future use of the diary, it is suggested to assess exactly the
same activities for all children, as comparisons across age
groups are otherwise limited. Third, the sample size was
rather small for stratified analyses. Fourth, attending
recess or attending PE class are a description of a context
which is expected to be active but we did not collect exact
data on the type of activity for this period. Last, the docu-
mentation of only four days of the week potentially
underestimates activities like sports training. In the par-
ents' questionnaire, 59% of the children were reported to
attend sports training whereas only 37% indicated this
activity during the 4 days of diary recording.

Conclusion

The combination of accelerometer and time activity dia-
ries allowed the precise quantification of both the inten-
sity and the duration of children's everyday PA and
provided insight into age and gender related differences.
This information is warranted to efficiently guide and
evaluate PA promotion. Moreover the results underline
the relevance of providing opportunities for unstructured
play to promote PA in young children and to promote
structured sports activities to increase PA in adolescents. It
also emphasizes the important contribution of active
forms of commuting.

http://www.ijbnpa.org/content/6/1/50

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

BB, UM, FHS and CB contributed to the study conception
and design. BB, NR, and UM collected the data and were
responsible for the collaboration with the school health
services and teachers. UM and NR prepared the acceler-
ometer data for analyses. BB, LG and CB conducted statis-
tical analyses and interpreted the data. BB and CB wrote
the paper. All authors critically revised the draft versions
of the manuscript, provided critical feedback and
approved the final version.

Additional material

Additional file 1

Time activity diary. An English version of the described time activity
diary.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1479-
5868-6-50-S1.pdf]

Acknowledgements

The authors are grateful to their many colleagues in the School Health Serv-
ices of Bern, Biel and Payerne who organized the survey. We should also
like to thank the children, parents and teachers for their enthusiastic co-
operation, which made this investigation possible. The study was supported
by a grant of the Federal Commission of Sport (ESK).

References

I. Zimmermann MB, Gubeli C, Puntener C, Molinari L: Overweight
and obesity in 6~12 year old children in Switzerland. Swiss
Med Wkly 2004, 134:523-528.

2. Corder K, Ekelund U, Steele RM, Wareham NJ, Brage S: Assess-
ment of physical activity in youth. | Appl Physiol 2008,
105:977-987.

3. Rowlands AV: Accelerometer assessment of physical activity
in children: an update. Pediatr Exerc Sci 2007, 19:252-266.

4.  Sallis JF, Saelens BE: Assessment of physical activity by self-
report: status, limitations, and future directions. Res Q Exerc
Sport 2000, 71:S1-14.

5. Janz KF: Validation of the CSA accelerometer for assessing
children's physical activity. Med Sci Sports Exerc 1994,
26:369-375.

6. Trost SG, Ward DS, Moorehead SM, Watson PD, Riner W, Burke JR:
Validity of the computer science and applications (CSA)
activity monitor in children. Med Sci Sports Exerc 1998,
30:629-633.

7.  Jago R, Anderson CB, Baranowski T, Watson K: Adolescent pat-
terns of physical activity differences by gender, day, and time
of day. Am J Prev Med 2005, 28:447-452.

8.  Telford A, Salmon J, Timperio A, Crawford D: Examining physical
activity among 5- to 6- and 10- to 12-year-old children: The
Children's Leisure Activities study. Pediatric Exercise Science
2005, 17:266-280.

9. McKenzie TL, Marshall §), Sallis JF, Conway TL: Student activity
levels, lesson context, and teacher behavior during middle
school physical education. Res Q Exerc Sport 2000, 71:249-259.

10. Bringolf-Isler B, Grize L, Mader U, Ruch N, Sennhauser FH, Braun-
Fahrlander C: Personal and environmental factors associated
with active commuting to school in Switzerland. Prev Med
2008, 46:67-73.

Page 9 of 10

(page number not for citation purposes)



International Journal of Behavioral Nutrition and Physical Activity 2009, 6:50 http://www.ijbnpa.org/content/6/1/50

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Largo RH: Babyjahre. Die friihkindliche Entwicklung aus biologischer Sicht
Piper Verlag GmbH; 2001.

Welk GJ: Physical Activity Assessments for Health-Related Research New
York: Oxford University Press; 2002.

Weston AT, Petosa R, Pate RR: Validation of an instrument for
measurement of physical activity in youth. Med Sci Sports Exerc
1997, 29:138-143.

MeteoSwiss [http://www.meteoschweiz.admin.ch/web/en/
weather.html]

Freedson P, Pober D, Janz KF: Calibration of accelerometer out-
put for children. Med Sci Sports Exerc 2005, 37:5523-530.

STATA: Statistical Software. Book Statistical Software (Editor
ed."ds.), Release 9 edition. City 2005.

Kirkwood B, Stern |: Essential Medical Statistics 2nd edition. Oxford:
Blackwell Science; 2003.

Sallis JF, Prochaska JJ, Taylor WC: A review of correlates of phys-
ical activity of children and adolescents. Med Sci Sports Exerc
2000, 32:963-975.

Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, Sir-
ard J: Age and gender differences in objectively measured
physical activity in youth. Med Sci Sports Exerc 2002, 34:350-355.
Horst K Van Der, Paw M], Twisk JW, Van Mechelen W: A brief
review on correlates of physical activity and sedentariness in
youth. Med Sci Sports Exerc 2007, 39:1241-1250.

Nader PR: Frequency and intensity of activity of third-grade
children in physical education. Arch Pediatr Adolesc Med 2003,
157:185-190.

Ridgers ND, Stratton G, Fairclough S): Assessing physical activity
during recess using accelerometry. Prev Med 2005, 41:102-107.
Burdette HL, Whitaker RC, Daniels SR: Parental report of out-
door playtime as a measure of physical activity in preschool-
aged children. Arch Pediatr Adolesc Med 2004, 158:353-357.
Merom D, Tudor-Locke C, Bauman A, Rissel C: Active commuting
to school among NSW primary school children: implications
for public health. Health Place 2006, 12(4):678-87.

Timperio A, Ball K, Salmon ], Roberts R, Giles-Corti B, Simmons D,
Baur LA, Crawford D: Personal, family, social, and environmen-
tal correlates of active commuting to school. Am | Prev Med
2006, 30:45-51.

Andersen RE, Crespo CJ, Bartlett S), Cheskin LJ, Pratt M: Relation-
ship of physical activity and television watching with body
weight and level of fatness among children: results from the
Third National Health and Nutrition Examination Survey.
Jama 1998, 279:938-942.

Marshall S), Biddle S), Gorely T, Cameron N, Murdey I: Relation-
ships between media use, body fatness and physical activity
in children and youth: a meta-analysis. Int | Obes Relat Metab
Disord 2004, 28:1238-1246.

Barr-Anderson D, Story M, Neumark-Szainer D: Longitudinal
trends in television viewing and dietary intake of older ado-
lescents and young adults: Findings from Project EYT (Eat-
ing Among Teens). 2nd ICPAPH; Amsterdam 2008.

Duncan JS, Hopkins WG, Schofield G, Duncan EK: Effects of
weather on pedometer-determined physical activity in chil-
dren. Med Sci Sports Exerc 2008, 40:1432-1438.

Belanger M, Gray-Donald K, O'Loughlin }, Paradis G, Hanley J: Influ-
ence of weather conditions and season on physical activity in
adolescents. Ann Epidemiol 2009, 19:180-186.

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10

(page number not for citation purposes)



4. Validity and repeatabllity of leisure time physical activity questionnaire
items tested in children — a cross-sectional Study

Dieser Artikel wurde beim Journal , International Journal of Behavioral Nutrition and Physical
Activity “ eingereicht:

Bringolf-Isler B, Mader U, Ruch N, Kriemler S, Grize L, Braun-Fahrlander C: Validity and

repeatability of leisure time physical activity questionnaire items tested in children, submitted:
10/2010

27



28



Validity and repeatability of a leisure time physical activity
questionnaire tested in children of different age-groups: a
cross-sectional study

Bettina Bringolf-Isleri2s$, Urs Maders3, Nicole Ruch3, Susi Kriemler!2, Leticia Grizel?, Charlotte
Braun-Fahrldnder?2

1 Swiss Tropical and Public Health Institute, Basel, Switzerland
2University of Basel, Basel, Switzerland

® Federal Institute of Sport, Magglingen, Switzerland

§Corresponding author

Email addresses:

E-Mail: BB (bettina.bringolf@unibas.ch)
UM (urs.maeder@baspo.admin.ch)
NR (nicole.ruch@baspo.admin.ch)
SK (susi.kriemler@unibas.ch)
LG (leticia.grize@unibas.ch)

CB (c.braun@unibas.ch)

29



Abstract

Background

Accurate assessment of physical activity and sedentary behaviour in children remains
challenging. The present study aimed at assessing the validity and the repeatability of specific
questionnaire items related to physical activity and inactivity in children, taking age, sex and

maternal education into consideration.

Methods

Parents of 189 Swiss school children aged 6 to 14 years completed a physical activity
questionnaire structured as a list of leisure time activities and other habitual physical activities.
The validity of the questionnaire was tested using accelerometer based time spent in moderate
to vigorous activity (MVPA) and sedentary activity (SA) and against time-activity diaries.
Parents were asked to complete the questionnaire again two and six months later to assess

repeatability.

Results

Parents were fairly consistent in reporting the usual time their children spent in different
activities (intra-class correlation coefficient ranging from 0.32 to 0.67, p<0.001). The correlation
between reported activities including sedentary behaviour and accelerometer data was
acceptable to good when tested across age groups. Yet, the strength of the associations
decreased markedly when adjusting for age, sex and maternal education. Significant associations
remained between MVPA and active behaviour such as "time spent playing vigorously outdoors"
(p=0.01), "parental assessment of the child being more physically active than other children"
(p<0.02) and “time spent with sports training” (p=0.04). “Playing vigorously outdoors” was the
best indicator of physical activity in primary school children, whereas “attending sports
training” became more important in adolescents. Sedentary activities were not significantly

associated with accelerometer data when controlling for age. Compared to time recorded in the
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diary socially desirable sedentary activities tended to be over-reported whereas TV watching

was under-reported.

Conclusions
Physical activity questionnaires intended to relate physical activity to health or to report secular
trends need to be designed for specific age-groups and have to be combined with objective

measurements.
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Background

It is widely accepted that children’s regular physical activity is beneficial for health [1] whereas
sedentary behaviour is a risk factor for chronic diseases [2], independent of physical activity
levels. However, accurately measuring children’s physical activity and their sedentary behaviour
remains challenging. Compared to adults, children perform more spontaneous movements resulting
in brief bouts of varied activities with frequent rest periods [3], which are difficult to capture with
questionnaires. Accelerometers are the preferred instrument to objectively assess the amount of
physical activity, but their use in large samples is time-consuming and expensive. In addition,
they do not provide information about the type of activity that contributes to children’s active
and sedentary behaviour [4]. Yet, knowledge about these behavioural patterns is of great

importance to efficiently guide physical activity promotion.

Several physical activity questionnaires for youth have been developed [5-7] but only few of
them also focus on sedentary behaviour [7]. Most of the physical activity questionnaires showed
limited validity especially in children below the age of ten years [8, 9]. Younger children
accumulate high levels of physical activity predominantly during unstructured play [10], which
is more challenging to capture with a questionnaire than structured sports activities.
Questionnaires focussing mainly on structured sports might thus overlook other relevant
sources of physical activity [11]. It has further been observed that children from low-income
families have less access to sports facilities but are not less physically active [12]. This
contributes to disagreement between self-reports of time spent in moderate to vigorous physical
activity (MVPA) and accelerometer measurements as recently reported by a study of Dutch

adolescents with different educational background [13].
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We have previously shown that the combination of accelerometer measurements with a time
activity diary provided an accurate assessment of the intensity, prevalence and duration of
everyday activities of school-aged children [10]. However, for large-scale epidemiological
studies such a time-consuming approach is not suitable. We therefore developed a parents’
completed questionnaire including a list of leisure time activities estimating the child’s time

spent in these activities.

The aim of the present analyses was to assess the validity of each questionnaire item by
comparing it to minutes of MVPA and of sedentary activity (SA), respectively, and to test the
relevance of each item for different age-groups of children. In addition, the questionnaire
answers were compared to the time-activity reports obtained from diaries. Finally repeatability
was tested by asking parents to complete the questionnaire again two and six months after the

first survey.

Methods

Study population

Participants were part of a larger cross-sectional study [14], which included children from
primary school (including kindergarten, 1st grade and 4th grade, aged six to ten years) and
adolescents (8t grade, aged 13 to 14 years) living in three communities (Bern, Biel-Bienne and
Payerne). A flow-chart of the study design is shown in fig. 1. In a random sample of 19 school
classes (at least two classes per grade and community) all children with a parent’s completed
questionnaires (n=236) were invited to wear an accelerometer device and to complete a time-
activity diary [10]. 189 (80%) parents gave written consent for additional measurements of

which 173 (91.5%) children provided valid accelerometer data and 125 (66.1%) children
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returned valid diaries (for a detailed description of the data inclusion criteria see [10]).For the
present analyses all children with valid data on at least 3 weekdays and 1 weekend were
included. 147 parents completed the questionnaires again after two and six months. Personal
and social characteristics of the children invited or not invited for the additional measurements

did not differ significantly

The study protocol was approved by the ethics committee of the canton of Bern.

Physical activity questionnaire

The questionnaire inquiry was conducted in autumn 2004 as a parental proxy-report mainly
using an activity based approach [15]. Questions asking for activity behaviour on a usual day
were structured around a list of activities. Respondents reported how much time (minutes per
day) the child performed a specific activity. The following leisure time activities were included:
watching television/Video/DVD, sitting at a computer/playing Nintendo/electronic games,
doing homework, playing a music instrument, reading, playing quietly or performing other quiet
activities, playing vigorously indoors, playing vigorously outdoors, and time spent sweating or
breathing hard. The list of activities was pre-tested in 50 children and the most commonly
reported activities were included in the final questionnaire. Answers were categorized as: never,
less than 30 minutes, 30 minutes to one hour, one hour to two hours, two hours to four hours
and more than four hours. To obtain an overall estimate of time spent in a specific activity on
weekdays and on the weekend, the categorized time-intervals were transformed into a
continuous variable using the intervals' midpoints and an assumed maximum of 8 hours. First, a
weekly time and then a daily average was calculated. A sensitivity analysis indicated that results
did not change when the minimum or maximum value of each time-interval was used for the

calculations instead of the midpoint of the interval [16]. Parents were also asked how many
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hours per day the child spent outdoors, and how many hours of sports training per week the
child attended outside school (in Switzerland all children attend three physical education classes
per week at school, but sports trainings take place in clubs usually after schools). Parents also
indicated on how many days a week they performed physical activities together with their

» o«

children. Moreover, parents had to evaluate whether their child was “much more active”, “more

» o«

active”, “equally active”, “less active” or “much less active” than other children of the same age

and sex. The categories were subsequently collapsed into “more active”, “equally active”, and
“less active” as the distribution was skewed. Finally the usual mode of transport to school was
assessed and categorized as ‘active’ if children walked or biked to school and as ‘non active’ if

public transport or a car was used. All questions asking for usual time spent in leisure time

activities were asked again after two month and half a year in order to test repeatability.

Accelerometer Measurements

Actigraph accelerometers (Model AM7164, formerly Computer Science and Applications (CSA),
now Manufacturing Technology Inc. (MTI), Fort Walton Beach, FL) were worn during two seven
day periods, one in winter 2004 and one in spring/summer 2005 to assess average physical
activity. The device measures the acceleration of the body in the vertical axis by taking 40
measurements per second and integrating these acceleration signals continuously to the chosen
epoch time of one minute. To compare questionnaire responses with accelerometer
measurements metabolic equivalents (MET) were calculated using a published age-dependant
equation [17]. MET levels equal or above three were defined as MVPA. As this equation does not
provide a cut-off for sedentary behaviour an arbitrary threshold of <100 counts/min was
defined which has been used in previous studies in children [18-20]. Minutes of sedentary

behaviour between 6 am and 9 pm were considered for analysis. To obtain mean minutes of
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MVPA or SA per day, a weighted average of weekday MVPA/SA (multiplied by 5) and of weekend

MVPA/SA (multiplied by 2) divided by 7 was calculated.

Time-activity diary (physical activity record)

The newly developed and validated diary [10] required the recording of the same leisure time
activities as asked in the questionnaire. For each 15-minutes interval between 6:00 and 22:00 h
and each hour between 22:00 and 6:00 h, parents had to indicate the child’s activity. The diary
was completed during two four day periods one in winter and one in summer, including two
weekdays and the weekend. Diary recording occurred concomitantly to the accelerometer
measurements. In order to be representative for the whole week, weighting methods for

weekdays and the weekend were used as described above.

Data analyses

All analyses were conducted with STATA 9.0 [STATA, 2005 #388]. To test the validity, first,
Spearman correlation coefficients across all age-groups were calculated between the reported
time spent in each type of physical activity as indicated in the questionnaire and MVPA and SA,
respectively. Then, regression models were used to evaluate the association between
accelerometer data (dependant variable) and the amount of time indicated for each
questionnaire item (explanatory variables). Univariate models and multivariable models
adjusting for grade, sex and maternal education were computed. The regression analyses were

further stratified by age-group (primary school children and adolescents). Since the distribution
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of the residuals was skewed, the standard errors of all regression estimates were determined
using a bootstrap (1000 replications). Interaction terms were computed to test whether grade,
sex or maternal education modified the association between MVPA/SA and questionnaire based
time spent in an activity. In a second step, we evaluated whether a combination of active or
sedentary behaviours as reported in the questionnaire better predicted total MVPA/SA than
single activities. The ‘active behaviour score’ included the sum of vigorously playing indoors and
outdoors, cycling and sports training, the ‘sedentary behaviour score’ combined watching
television, sitting at a computer, doing homework, reading, playing a music instrument, other

quiet activities and travelling by car/public transport. Again, analyses were stratified by age-

group.

The repeatability of the questionnaire items was tested by calculating the mean difference and
the Intra-class correlation coefficients between the weekly number of minutes spent in a given

activity reported at baseline and two and six months later.

Time indications in the questionnaire were then compared to the diary reports. Separate
analyses were run for weekdays and the weekend. For each time category of a given activity as
reported in the questionnaire the corresponding mean duration according to the diary was
calculated. The results were displayed graphically unless the time category included less than

three children.

Results

The study population consisted of 189 children, including 92 (48.7%) boys and 97 (51.3%) girls.
112 (64.7%) were primary school children (28 in kindergarten, 18 1st graders, 70 4th graders)

and 71 (35.3%) adolescents (8t grade).
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Table 1 shows the average time children spent in MVPA and in SA according to socio-
demographic characteristics. Boys were more active than girls and activity levels decreased by
grade. No clear patterns were observed among the levels of maternal education. Minutes spent

in accelerometer based sedentary behaviour showed a similar, but reciprocal pattern.

Table 2 shows the questionnaire reported duration and frequency of different leisure time
activities across all age-groups and stratified by primary school children and adolescents. In
general, primary school children reported spending more time with activities contributing to an
active lifestyle, whereas adolescents spent more time with sedentary activities. On average,
children reported to spend more than 3 hours outdoors but much less time was devoted to

vigorous play outdoors.

Table 3a presents the comparison of parent’s reported time spent in sedentary activities with
SA. Across all age-groups and in unadjusted regression analysis the majority of questionnaire
items was significantly associated with total SA. However, when the analyses were adjusted for
age (four grades), sex, and maternal education this association decreased considerably and none
of the individual items or the sedentary activity score were significantly associated with SA. Age
had the strongest impact on attenuating the associations with accelerometer data. Questionnaire
items such as sitting at a computer, playing quietly or travelling by car/public transport were
inversely associated with SA, although the confidence intervals of the associations were very
wide. The analyses stratified by age-group showed differential associations between SA and
several of the questionnaire items. A formal test of interaction by age-group was statistically
significant for the association of SA and watching television, sitting at a computer, doing
homework and reading. In addition, we found an effect modification by sex for the association
between watching television and SA: -8.4 min/day, (95%ClI: -26.3 to 9.5) and 19.3 min/day
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(95%CI: -3.1 to 41.8) for boys and girls, respectively. No significant effect modification was

noted for maternal education,

Table 3b shows the comparison of parents’ reported time spent in active behaviour with MVPA.
Time spent vigorously playing outdoors, time spent with sports training, the active behaviour
score and physical activity assessment compared to other children were the only questionnaire
items remaining significantly and positively associated with total MVPA in multivariable models.
There was also an indication of effect modification by age for cycling: in children at kindergarten
age cycling was inversely association with MVPA (-14.6 min/day, 95% CI: -37.5 to 8.2 min/day)
whereas a positive association was observed in all other children, significant for 8th graders

(27.9 min/day, 95% CI: 8.1 to 47.7).

For active behaviour of adolescents, a combination of time spent vigorously playing indoors and

outdoors, attending sport training and cycling improved the model compared to single activities.

Several physical activity measures were significantly correlated with each other. The strongest
correlations were observed between time spent “breathing hard and sweating” and “time spent
outdoors (r=0.47), “cycling” (0.46) and “vigorously playing outdoors” (r=0.41), respectively and
between “cycling” and “vigorously playing outdoors” (r=0.44). Among sedentary activities,
“playing a music instrument” was correlated with “sitting at a computer” (r=0.33), “doing
homework” (r=0.28) and “reading” (0.25). “Watching TV” was positively correlated with “sitting
at a computer” (r=0.23) and negatively correlated with “playing vigorously active outdoors” (r=-

0.18) and “attending a sports club” (-0.17) (for more information see online repository table e1).
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The repeatability of reported usual time spent with specific activities at baseline and two
months and six months later is shown in Table 4. For most activities the mean time difference
was small and non-significant. Two months after the first survey children were reported to
spend significantly more time watching television and reading, and less time playing vigorously
outdoors. Six months after the first survey no significant differences in reported usual time
spent in specific activities was noted except for time spent vigorously playing indoors. For most
activities the intra-class correlation coefficients were medium to high and statistically
significant. Taken together, the results indicate that parents are fairly consistent in reporting
usual physical activity behaviour, although some variations due to seasonal influences are to be

expected.

The comparison between questionnaire-reported and diary based time spent with specific
activities is illustrated in Fig.2. For each category of time indicated in the questionnaire the
mean duration spent in this activity according to the diary is shown. Analyses were stratified by
weekday/weekend and are separately displayed for active and sedentary behaviour. For most
sedentary activities an increase in questionnaire reported time was paralleled by an increase in
mean time reported in the diary, indicating good agreement in relative terms, an exception being
“quiet activities”. Questionnaire and diary reports agreed less for “actively playing indoors” and
“cycling”. In absolute terms, questionnaires tended to underestimate time spent watching TV
and quiet activities and to over-report the duration of playing a music instrument, doing
homework, actively playing indoors and cycling. The duration of reading, sitting at a computer

and actively playing outdoors was fairly accurately reported by the questionnaires.
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Discussion

Accurate assessment of physical activity and sedentary behaviour is important to understand
the association between physical activity and health, to monitor secular trends and to evaluate
the effectiveness of interventions. The present study aimed at validating a parent’s completed
questionnaire about usual physical activity behaviour for use in large epidemiological studies.
When the questionnaire responses were compared to MVPA and SA significant associations
were found for many of the items when children of all age-groups were considered. Yet,
adjustment for age markedly attenuated these associations in particular for items assessing
sedentary activities, suggesting concomitant influences of biological and behavioural processes
linked to age. Questionnaire items related to active behaviour such as the active behaviour score
and single items such as playing vigorously outdoors and attending sports training performed
better and remained significantly related to MVPA after adjustment for age, sex and maternal
education. The results also indicate that parents were fairly consistent in reporting the
children’s activities over time. Comparison of questionnaire responses to activities reported in
the diaries were fairly good for reported active play outdoors whereas reports of sedentary

behaviour seemed to be influenced by social desirability.

In recent years, many different physical activity questionnaires have been developed and
reliability and validity has been assessed. A recent systematic review concluded that none of
them showed both acceptable reliability and validity [9]. The results of the present study
support the findings of this review and in addition it highlights the importance of age in a

validation study. When comparing questionnaires with accelerometer measurements across a
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wide age-range as is often done [21, 22] a high correlation coefficient might arise because both a
biological decline in physical activity [23] as well as behavioural changes occur with increasing
age of the children. Yet, questionnaire items assessing active and sedentary behaviour should be
valid within and across age-groups. In the present study, single and combined items relating to
active behaviour were significantly associated with average MVPA within and across age-groups,
whereas items assessing sedentary behaviour were only correlated with SA across age-group
and thus likely to be confounded by age. In addition, there was evidence of effect modification by
age. Taken together, the results indicate that assessment of sedentary behaviour with widely
used items such as time spent watching TV is not accurate and better indicators need to be

developed.

“Vigorously playing outdoors” was the activity, which showed the strongest association with
MVPA, especially in primary school children. This is in line with data from previous studies
showing that younger children’s physical activity levels are mainly made up of unstructured play
[24, 25] if it is of sufficient intensity [10]. “Time spent outdoors”, which was a useful physical
activity measure in younger children in American [26, 27] and Australian studies [28], was less
strongly associated with total MVPA than in the present study. Most likely such questions are
very context depended. The patterns of leisure time activities seem to differ between Swiss
children and US or Australian children. Wen [28] reported that more than one third of the 10-12
year old children from Sidney, Australia, spent less than half an hour playing outdoors and more
than 40% spent more than two hours watching television or playing computer games after
school. In the present study parents reported that their children spent on average more than
three hours playing outdoors (including weekends) and few spent more than one hour watching
TV. Thus, asking parents about their children’s time playing outdoors may have a different

meaning in different countries.
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Organized sport plays a more important role for overall MVPA in adolescents compared to
younger children as has been reported by others [24], yet, it's absolute contribution to average

MVPA in adolescents was modest.

Time spent playing indoors or outdoors was significantly correlated with time spent cycling or
attending sports training. More time spent in these activities as captured in the activity score is
likely to be an indicator of an active lifestyle and thus may explain why time spend cycling was

significantly associated with MVPA although cycling is underestimated by accelerometry [29].

Active commuting to school has been associated with increased MVPA in some [30, 31] but not
in other studies [32, 33]. In the present study the group of children actively commuting to school
were those who walked or biked to school. This is still the main mode of transport of the large
majority of Swiss school children [14, 34]. Those using public transport were classified as ‘non-
active’, even though they might have walked partly. Younger children who do not walk or bike to
school are more likely to be driven by car and in this age group the association between passive
commuting to school and MVPA was negative, although non-significant. ‘Passive commuting’
adolescents are more likely to take a bus which also implies some walking. In this age-group the
association between passive commuting to school and MVPA was positive, but again with a wide
confidence interval. In general, mode of transport to school did not contribute much to overall

MVPA in our sample.

Comparing the child’s physical activity level with that of other children as a relative measure of
physical activity discriminated between more and less active children. The item has been found

to be valid in adults when evaluated against health outcomes [35] and maximal oxygen uptake
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[36]. However, as a relative measure it does not allow quantification of physical activity and it is

not suitable to assess secular trends.

Screen activities such as watching television or sitting at a computer have been used in several
surveys as an indicator for inactive behaviour [37]. In the present study, the assessment of
sedentary behaviour with single items or combined as a “sedentary behaviour score” was not
associated with SA within age-groups. In addition, there was a strong indication of differential
under- and over-reporting of single sedentary activities due to social desirability. Taken
together the findings suggest that assessing sedentary behaviour by questionnaire to capture

‘inactivity’ does not seem to be appropriate.

The study had some inherent limitations. First, the sample size for stratified analyses was
relatively small. Second, the transformation of interval data into a time-score can only be
considered an approximation, which was necessary to obtain an overall measure of physical
activity. It was, however, reassuring to note that the calculations were not sensitive to the

assumptions made.

Conclusions

The questionnaire developed for this study was designed to measure physical activity and
inactivity in a broad age-range of children through proxy reports of their parents. The reliability
of parental reports was acceptable and items relating to active behaviour were significantly
associated with MVPA and SA with different items being relevant for different age-groups.
Physical activity questionnaires thus have to be specifically designed for different age-groups.

Inactivity, an important public health problem was not well captured by questions assessing
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sedentary_behaviour. Thus, future studies intended to relate physical activity to health or to
monitor secular trends cannot rely on questionnaires only but need to combine questionnaires

with objective measurements.
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Fig. 1: Schematic of the study design
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Tables

Table 1 Accelerometer base moderate to vigorous physical activity (MVPA) and
sedentary activity (SA) accordant to sociodemographic factors

Total (n=189)

Grade:
Kindergarten (n= 30)
1% grade (n= 18)
4™ grade (n= 70)
8" grade (n=71)

Sex
Boys (n=92)
Girls (n=97)

Maternal education
Low (n= 28)
Medium(n= 87)
High (n= or 67)

Time spent in MVPA

(min/day)
mean (95% CI)

Time spent in SA
(min/day)
mean (95% CI)

153.4 (144.8 to 166.5)

267.3 (250.4 to 284.3)
212.8 (180.7 to 244.9)
149.4 (140.8 to 157.3)
86.2 (79.1 to 93.3)

169.4 ( 152.7 to 186.1)
137.3 (123.4 to 151.1

125.4 (97.3 to 153.6)
162.4 (146.5 to 170.3)
149.8 (130.9 to 168.8)

493.5 (482.8 to 504.3)

413.8 (399.3 to 485.1)
457.4 (427.5 to 487.1)
479.1 (466.2 to 492.1)
558.3 (545.9 to 570.8)

479.0 (463.6 to 494.3)
508.3 (494.7 to 522.9)

488.6 (474.1 to 503.0)
501.4 (482.8 to 520.0)
457.3 (420.1 to 494.5)
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Table 2 - Duration and frequency of questionnaire reported leisure time activities in
school aged children, stratified by age-group

a.) Duration

Total
(n=189)

Mean (95% CI)

Primary school
children

(n=118)
Mean (95% CI)

Adolescents

(n=71)

Mean (95% CI)

Sedentary
behaviour:

Watching
television

Sitting at a
computer

Doing homework
Reading

Playing a music
instrument
Playing quietly
Travelling by

car/public
transport

Active
behaviour:

Time spent
outdoors

Playing
vigorously active
indoors

min/day

min/day

min/day

min/day

min/day

min/day

min/day

min/day

min/day

59.0 (52.5 to
65.5)

29.1 (23.8 to
34.5)

39.7 (34.2 to
44.3)

35.2 (29.4 to
41.1)

15.2 (11.6 to
18.9)

55.2 (48.2 to
62.2)

17.9 (14.6 to
21.2)

195.0 (184.3 to

207.4)

35.0 (27.7 to
42.2)
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49.4 (42.3 to 56.4)

18.9 (14.6 to 23.1)

28.2 (21.7 to 34.6)

26.9 (21.5 to 32.4)

14.7 (9.7 to 19.7)

58.3 (48.5 to 67.9)

14.9 (11.5 to 18.3)

213.9 (199.6 to
228.1)

42.3 (32.0 to 52.7)

74.7 (62.9 to 86.5)

44.9 (34.0 to 55.9)

57.0 (48.3 to 65.6)

47.7 (36.1 to 59.5)

16.0 (10.5 to 21.6)

50.3 (40.5 to 60.1)

22.2 (15.9 to 28.6)

165.4 (148.3 to
182.4)

24.2 (14.9 to 34.5)



Playing min/day 63.2 (55.1to 80.8 (69.9t091.6) 37.5(28.21046.8)
vigorously active 71,3)
outdoors
Cycling min/day 35.6 (30.6 to 45.0 (37.0t0 53.0) 21.1 (15.9t0 26.3)
41.2)
Sport activities:
Time spent min/day 69.0 (63.0 to 73.2(65.3t081.2) 61.6(52.7t0 70.5)
breathing hard 75.1)
and sweating
Attending Sport min/day 12.6 (10.3 to 10.8 (8.4 to 13.3) 15.5(10.9 to 20.1)
training (outside 14.)
school)
b.) Frequency of categorical n (%) n (%) n (%)
physical activity measures
Sports activity never 60 (33.3) 32 (28.6) 28 (41.2)
with parents
once a week 69 (38.3) 43 (38.4) 26 (38.2)
two or more 51 (28.3) 37 (33.0) 14 (20.6)
times a week
Comparison with  less active 24 (13.8) 12 (10.9) 12 (19.5)
other children of
the same age
and sex
as active as 84 (48.6) 61 (55.5) 23 (36.5)
the others
more active 65 (37.6) 37 (33.6) 28 (44 .4)
Active yes 135 (76.3) 91 (82.7) 44 (65.7)

commuting to
school
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Table 3a Comparison of parent’s reported inactivity with accelerometer based SA

Sedentary
behaviour

Watching
television/video/DVD

Sitting at a
computer/playing
Nintendo/Electronic
games

Doing homework

Reading

Playing a music
instrument

Playing quietly/other
quiet activities

Travelling by
car/public transport

Mean (95% CI)

Sedentary activity (min/day) associated with a 1 h change in parent’s reported activity

All

Spearman r

All

Crude

All

Adjusted for school

grade, sex and maternal

education

Primary School
Children

Adjusted for school
grade, sex and
maternal education

Adolescents

Adjusted for sex and
maternal education

0.33***

0.33***

0.52***

0.33***

0.12

-0.11

0.05

26.3 (9.7 to 43.0)**

27.9 (2.5 to 53.4)**

52.7 (32.7 to 72.8)***
33.3 (17.3 to 49.2)***

15.6 (-11.0 to 42.2)

-12.0 (-25.1t0 1.1)™*

17.9 (-18.3 to 54.1)

1.24 (-10.83 to 13.31)

-7.11 (-25.12 to 10.90)

7.01 (-6.64 to 20.65)
0.43 (-10.31 to 11.16)

2.08 (-17.76 to 21.92)

-0.83(-11.14 to 9.48)

-2.52 (-24.46 to 19.42)

1.8 (-12.8 to 16.3)

7.9 (-19.9 to 35.7)

1.7 (-16.7 t0 20.1)
2.6(-19.3 to 24.5)

9.0 (-10.1 to 28.1)

6.5 (-24.0 to 11.1)

-3.9 (-38.0 to 30.2)

-0.3 (-20.9 to 20.4)

-10.6 (-34.1 to 12.8)

14.7 (-9.7 t0 39.1)
1.6 (-13.4 to 10.3)

-15.2 (-62.6 t0 32.2)

10.9 (-11.8 to 33.6)

-3.7 (-32.9 to 25.4)



Sedentary behavior
score’

Table 3b Comparison of parent’s reported physical activity with accelerometer based MVPA

Active behaviour:

Time spent outdoors

Playing vigorously
active indoors

Playing vigorously
active outdoors

Cycling
Sport activities:

Time spent breathing
hard and sweating
Attending sports
training (outside
school)

Active behaviour
score®®

0.54 ***

16.9 (10.9 to 23.0)***

0.10 ( 4.10 to 4.40)

-2.9 (-8.4 to 2.6)

3.3 (-5.1 to 11.8)

Accelerometer based physical activity (min/day) associated with a 1

Mean (95% CI)

h change in parent’s reported activity

All All All Primary School Adolescents
Children

Spearman r Crude Adjusted for school Adjusted for school Adjusted for sex and
grade, sex and maternal grade, sex and maternal education
education maternal education

0.33*** 19.2 (10.7 to 27.7)*** 4.3 (-0.6 to 9.1)(*) 4.2 (-2.2 to 10.6) 2.6 (.4.91010.0)

0.31*** 28.7 (11.2 to-46.1)*** 4.9 (-2.1to 11.9) 0.2 (-8.1 t0 8.5) 13.8 (-3-3 to 30.9)

0.52*** 38.5 (28.2 t0-48.8)*** 8.8 (2.1 to 15.4)*** 8.5 (0.2 to 16.9)* 6.6 (-6.5 to 19.8)

0.24** 22.2 (-5.7 to 38.6) 4.3 (-6.8 to 15.6) 3.1(-9.2t0 15.4) 18.8 (-1.4to 40.0)‘*’

0.17* 15.3(-1.2to 31.8)‘*’ 5.38 (-4.31to 15.1) 4.3 (-7.0 to 15.6) 8.4 (-4.7 to 21.5)

-0.09 -53.8 (-90.9 to - 19.2 (1.6 to 36.9)* 17.6 (-19. to 54.7) 22.9 (3.6 t0 42.1)**

16.7)**
0.51*** 17.8 (11.4 to 24.2)*** 5.6 (2.0 to 9.1)** 4.2 (-0.7 to 9.2) (% 8.2 (2.1 to 14.3)**



Categorical
variables

Frequency of physical
activity bouts with
parents

Active commuting to
school

Comparison with
other children of the
same age and sex

Accelerometer based MVPA (min/day) associated with each category of activity compared to reference

Mean (95% CI)

Never

Once a week
Two or more times a

week
Yes

No

Less active

As active as the
others
More active

All All Primary School Adolescents
Children
Crude Adjusted for school Adjusted sex and
grade, sex and Adjusted for school maternal education
maternal education grade, sex and
maternal education
Ref Ref Ref Ref

6.2 (-17.2 to 29.5)
49.5 (20.5 to 78.4)***

Ref

-29.4 (-50.2 to -8.6)**

Ref

61.3 (31.8; 90.8)***

32.6 (6.1 t0 59.1)*

5.4 (-5.0 to 15.8)
13.1 (-0.5 to 26.8)*

Ref

3.1 (-9.3 to 15.4)

Ref

15.1 (2.7 to 27.4)*

20.8 (8.9 to 32.8)***

3.4 (-11.7 to 18.5)
20.2 (3.3 to 37.1)*

Ref

-10.7 (-25.3 to 3.9)

Ref

22.7 (3.3 t0 42.2)*

14.7 (-6.9 to 36.4)

1.5 (-8.2 to 19.9)
-0.3 (-4.5 to 23,9)

Ref

9.7 (-4.5 to 23.9)

Ref

-3.6 (-18.1 to 10.8)

25.9 (14.2 to 27.7)***

? combination of all sedentary activities



> combination of time spent vigorously playing indoors, vigorously playing outdoors, cycling and sport training

(€] p<0.1
* p<0.05
* ok p<0.01

* p <0.001



Tab. 4: Repeatability of questionnaire reported duration of leisure time activities two and six months later

Watching television

Sitting at a computer

Doing homework

Reading

Playing a music instrument

Playing quietly

Playing vigorously active indoors
Playing vigorously active outdoors

Travelling by car/public transport

Cycling

After two months

Mean difference

ICC (95% Cl)

After six months

Mean difference

ICC (95% Cl)

6.8 (0.8 to 12.7)*
2.9 (-1.8107.7)
2.3 (-7.3t02.7)
6.1 (0.2 to 11.9)*
1.9 (-3.7 10 7.6)
2.1 (-0.6 to 10.3)

8.7 (-17.6 0 0.1)

-10.0 (-19.2 to -0.8)*

-0.1(-3.6 t0 3.3)

1.4 (-7.2 t0 4.5)

0.60 (0.49 — 0.70)
0.61 (0.50 — 0.71)
0.56 (0.45 — 0.67)
0.64 (0.54 — 0.73)
0.34 (0.20 — 0.49)
0.42 (0.29 — 0.55)
0.41 (0.27 - 0.55)
0.43 (0.29 — 0.57)
0.49 (0.36 — 0.62)

0.64 (0.54 — 0.74)

4.6 (-3.3 to 12.5)
2.2 (-3.6 to 8.0)
-3.0 (-8.5 to 2.5)
-0.6 (-5.5 to 4.3)
-0.9 (-4.6 to 2.9)

1.1 (-8.3 to 10.4)

-8.3 (-14.2 to -2.4)*

3.1 (-11.3t0 5.1)
3.7 (-0.8 t0 8.3)

2.6 (-4.4 10 9.7)

0.49 (0.36 — 0.62)
0.44 (0.30 - 0.57)
0.59 (0.48 -0.70)

0.54 (0.42 — 0.66)
0.59 (0.48 — 0.71)
0.32 (0.17 — 0.47)
0.67 (0.58 — 0.75)
0.60 (0.49 — 0.71)
0.43 (0.29 - 0.57)

0.45 (0.31 — 0.58)

The significance of all intra-class correlations (ICC) was <0.001
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Abstract

Objective. To assess whether prevalence of active commuting and regular car trips to school varies across communities and language regions in

Switzerland and to determine personal and environmental correlates.

Methods. During the school year 2004/2005, 1345 parental questionnaires (response rate 65%) of children attending 1st, 4th and 8th grades
were completed, 1031 could be linked to a GIS environmental database. A German-speaking, a French-speaking and a bilingual study area were
included. Usual mode of transportation and frequency of regular car trips to school were assessed. Associations with personal and environmental

factors were evaluated with multivariate regression models.

Results. Seventy-eight percent of the children actively traveled to school. Twelve percent were regularly driven at least once a week by car.
Major road crossings and distance were significantly related to usual mode of transportation, but not to regular car trips. Age, daycare attendance,
parental safety concerns, number of cars in the household and belonging to French-speaking population were significantly associated with

increased regular car trips.

Conclusion. Objective predictors are main deciding factors for active commuting to school as main mode of transport whereas personal and
lifestyle factors are important factors associated with frequency of car use. Not only objective but also differing cultural attitudes should be

considered when promoting non-motorized travel.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Active mode of transportation; Children; Cultural factors; Environment

Introduction

Active commuting to school is an opportunity for children
to achieve regular daily physical activity and may thus
decrease the risk of several health conditions later in life
(Biddle et al., 2004; Andersen et al., 2006). In children and
adolescents, walking and cycling to school has been associated
with increased daily energy expenditure and increased

* Corresponding author. Fax: +41 61 270 22 25.

E-mail address: Bettina.Bringolf@unibas.ch (B. Bringolf-Isler).

! C. Bezengon, C. Braun-Fahrlinder, B. Bringolf-Isler, M.I. Carvajal, P.A.
Eigenmann, M. Gassner, L. Grize, U. Heininger, U. Neu, P. Schmid-
Grendelmeier, F.H: Sennhauser, D. Stamm, P. Staehl, T. Stricker, K. Takken-
Sahli, B. Wiithrich.

0091-7435/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2007.06.015

cardiovascular fitness compared with those traveling by car
(Sirard et al., 2005; Mackett et al., 2005; Tudor-Locke et al.,
2002; Cooper et al., 2006). The proportion of children walking
and cycling to school varies considerably across countries
(Roberts et al., 1997, Hillman et al., 1990): in the United
States, approximately 50% of children travel to school by car,
with only 10% walking (Dellinger, 2005), whereas the
majority of children walks or bikes to school in Scandinavian
countries (Cooper et al., 2006; Roberts et al., 1997). Data from
Australia, the US and the United Kingdom suggest active
commuting to school to be on the decrease (Department for
Transport, 2006; Salmon et al., 2005; Ham et al., 2005).

In Switzerland, there is growing concern about the increase
in childhood obesity (Zimmermann et al., 2004) but little data
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exist on children’s physical activity levels, their mode of
transportation to school and factors influencing commuting
behavior. Results from Swiss transportation research indicates
that physical activity and active mode of transportation in adults
as well as children’s active commuting to school are less
prevalent in the French and Italian-speaking regions of
Switzerland compared to the German-speaking part, suggesting
a role of cultural factors (Stamm and Lamprecht, 2005; Martin-
Diener and Sauter, 2006).

As yet, current transportation research in Switzerland does
not incorporate personal, familial or environmental correlates
of children’s commuting to school although a growing body
of literature suggests that these factors strongly influence
children’s commuting behavior (Dellinger, 2005; Ewing et
al., 2004; Timperio et al., 2006; Merom et al., 2005; Kerr et
al.,, 2006; DiGuiseppi et al., 1998). However, in order to
guide target-specific public health interventions, examination
of such correlates is warranted. The Swiss surveillance prog-
ram on childhood allergy and respiratory symptoms with
respect to air pollution, SCARPOL (Braun-Fahrlander et al.,
1997), has therefore been expanded to include questions on
children’s physical activity and journeys to school and linked
to environmental data using a geographic information sys-
tem. To address differences in commuting behavior across
levels of urbanization and across language regions, the pre-
sent study included urban and rural sites from the German
and French-speaking part of the country, as well as a bi-
lingual study site.

The primary purpose of the analyses was to assess whether
the prevalence of active commuting to school varies across
communities and to determine personal, familial and environ-
mental factors related to active commuting to school. As
children in Switzerland usually return home for lunch and
therefore travel up to four times a day to or from school,
isolated but regular car trips might not be considered when
reporting main mode of transport. Therefore, this more subtle
form of non-active traveling to school and its correlates were
also evaluated.

Methods

Study population

For the present cross-sectional study, three out of ten original SCARPOL
centers (Braun-Fahrlander et al., 1997) were selected: Bern, a German-speaking
city with about 130000 inhabitants, Payerne a French-speaking rural town with
about 8000 inhabitants and Biel/Bienne a town with about 50000 inhabitants
speaking German or French. The study was conducted during the school year
2004/2005 and organized within the framework of the School Health Services.
The children visit the Services routinely at the ages of 6—7 years (kindergarten or
Ist class), 9—10 years (4th class) and 13—14 years (8th class). In Bern and Biel, a
representative sample of children of all three age groups was invited to
participate in the surveillance study. In Payerne, all children of the respective age
group were asked to participate. A letter explaining the purpose of the study was
distributed in school and parents were asked to fill in a detailed questionnaire at
home.

A completed written parental questionnaire was available for a total of
1345 (65%) invited children. One thousand sixty (79%) of the children
provided a home and a school address that could successfully be linked to
environmental data using a geographic information system (GIS) (Geographic

information system (GIS) Vector25 and version, 2004). Furthermore, 29
children spending four or more days a week away from the current home
address were excluded. The present analyses are restricted to this subset of
1031 children. The study protocol was approved by the ethics committee of
the University of Bern.

Assessment of main mode of transport and regular car trips to school

Two approaches have been used to assess factors, which could determine the
mode of traveling to school. First, parents reported how their child usually
travels to and from school, during winter and summer. Response categories
included walking, traveling by bicycle/kick scooter/inline skates, traveling by
car, using bus/tram/train or ‘others’. Active commuting was defined as usually
walking or cycling (including kick scooter and inline skates) to and from school
both in winter and summer. This restrictive definition was chosen since active
commuting is very common in Switzerland and factors affecting any form of
non-active mode of transport — even if it is only partial or seasonal — are of
interest. Second, parents were asked how often they were driving their child to
school. Regular car trips were defined as such if parents drove their child to
school at least once a week.

Personal and family factors

The questionnaire further included questions about the child’s sex and
nationality, maternal education (low: less than two years of professional training,
medium: 2 to 4 years of professional training, high: college or university
education), family structure (single versus dual parent family), regular day care
attendance after school and the number of cars in the household. In addition,
parents indicated their child’s height and weight. High agreement was found
between parental answers and height and weight measurements taken by the
School Health Service of Bern (correlation coefficient »=0.98 for weight and
r=0.99 for height). International age- and sex-specific cut-points were applied
to body mass index to define overweight (Cole et al., 2000). Parents were further
asked whether they perceived the way to school as safe, slightly unsafe or very
unsafe, whether the child was in general allowed to go out after dark, whether
the child was allowed to travel by bus by himself and whether they accompanied
the child to school.

Environmental data

Environmental data were linked to the child’s home and school addresses
using a geographic information system (GIS) software package (Geographic
information system (GIS) Vector25 and version, 2004; TwixRoute Tele Atlas,
2001). Distance to school was defined as the straight-line distance between
home and school in meters. It was assessed whether this crossed a motorway,
a main street or a side street. Since safety perception can also be influenced if
children have to walk or cycle along busy roads, the total length (in meters)
of each type of street segment in a buffer of 200 m around the straight-line
distance was calculated. The altitude difference between home and school and
the population density defined as the number of inhabitants in a square of
9 ha around the home address of each child (based on census data) were
determined.

Statistical analysis

For statistical analysis, the reciprocal term of active mode of transport, non-
active, was used so results could be easily comparable to these of regular car
trips. The one-to-one association of personal, familial and environmental
characteristics with non-active mode of transport to school and with regular car
trips was evaluated using logistic regression analyses. Factors significantly
associated with one of the outcome variables were included in the multivariate
models. After graphical inspection of the data, it was observed that the relation
of distance between home and school and non-active mode of transport was not
linear; therefore, a quadratic term was tested.

In addition, there was evidence of an interaction between community and
distance to school for the association with non-active mode of transport to
school. To illustrate this, the prevalence of non-active mode of transport to
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school, adjusted for covariates included in the multivariate model was plotted
versus distance to school for each community using local non-parametric
smoothing with a span of 0.7.

All analyses were done with STATA version 8.0 (STATA Statistical
Software, 2005), and local non-parametric smoothing was performed with S-
PLUS (S-PLUS, 2002).

Results

The study population consisted of 528 girls and 503 boys. Of
the children, 34.6% were living in Bern, 25% in Biel/Bienne
(German-speaking), 28% in Biel/Bienne (French-speaking)
and 12.3% in Payerne. Table 1 gives the sociodemographic
characteristics of the study population by age group and
community.

Table 2 presents the distribution of personal, familial and
environmental variables according to age group and commu-
nity. With increasing age of children, the journey to school
became longer and involved the crossing of more major roads
but children were less often accompanied to school. French-
speaking children in Biel/Bienne and those living in Payerne
had longer journeys to school and the straight-line distance
between home and school crossed more often a main street.

Among all families, 77.8% indicated that their child usually
travels to school using only active modes of transportation.
Table 3 shows the main mode of transport by sex, age and
community in detail. Children engaged in active transport less
frequently in Payerne (51.3%) compared with the other study
areas (Bern 90.7%, Biel/German 76:7% and Biel/French 72.9%,
»<0.001), but no significant difference was observed between
the two language groups within Biel/Bienne (p=0.31). Active
commuting was significantly more common in 9/10 years olds
(88.2%) than in 6/7 years olds (75.6%) and 13/14 years olds
(68.9%) (p<0.001). Although only very few children were
driven to school by car as the usual mode of transportation, 120
(11.8%) traveled to school by car at least once a week (Table 2).

Table 4 shows the results of the logistic regression evaluating
the factors associated with non-active commuting as the usual

Table 1

mode of transportation (column 1) and those with regular car
trips (column 2). Sex, maternal education, nationality, family
structure and parental restrictions were not significantly asso-
ciated with outcome variables and thus excluded from the final
model.

Beside the child’s age and the number of cars in the
household, non-active commuting to school was mainly
associated with distance of the way to school and crossings of
main streets. As there was indication of an interaction between
distance to school and community, community-specific effects
for non-active commuting are also shown in Table 4. The
community-specific association between non-active commuting
and distance is illustrated in Fig. 1. At a distance of 500 m, the
adjusted prevalence of non-active commuting was lowest in
Bern (3.2%) followed by Biel/Bienne (13.1% (Biel French) and
14.2% (Biel German)) and highest in Payerne (27.3%).

Factors associated with regular car trips were quite different.
Distance between home and school and crossings of major
roads were not significantly associated with regular car trips.
Yet, parents of French-speaking children, those who were
concerned about the safety on the way to school, those with two
or more cars and those whose children were at day care were
more likely to regularly drive their children to school. The
difference between language groups for regular car trips was
also significant within Biel/Bienne (OR=2.7, p=0.005 for Biel/
Bienne French speaking, taking Biel/Bienne German speaking
as reference).

When asked about the reason for driving their children to
school, parents listed distance (13.3%), having the same way to
20 (20.8%), bad weather (20.8%) and/or the child being late
(12.5%) as the main motives.

In general, most of the parents perceived their children’s way
to school as being safe (63.5%). Those who considered it to be
unsafe were mostly afraid of dangers from traffic (84.9%), and/
or of violence or harassment by other children (14.0%) or by
adults (12.1%) and were significantly more likely to accompany
their children to school (p<0.001). Yet, only about half of the

Characteristics of study population by age group and community (children in Switzerland, school year 2004/2005)

Characteristic Age group, n (%)

Community, n (%)

6/7 years, 9/10 years, 13/14 years, P Bern Biel Biel Payerne 2
n=24 n=393 n=395 p-value (German), (German), (French), (French), p-value
(23.6%) (38.1%) (38.3%) n=357 n=258 n=289 n=127
(34.6%) (25.0%) (28.0%) (12.3%)
Sex: female 112 (46.1) 201 (51.2) 215 (54.4) 0.12 175 (49.3) 132 (51.2) 154 (53.3) 67 (52.8) 0.72
Maternal education
Low 29 (12.1) 69 (18.0) 78 (20.2) 0.11 35(9.9) 41 (16.3) 75 (26.8) 25 (20.3) <0.001
Medium 119 (49.8) 181 (47.1) 184 (47.8) 156 (44.2) 132 (52.4) 125 (44.6) 71 (57.7)
High 91 (38.1) 134 (34.9) 123 (32.0) 162 (45.9) 79 (31.3) 80 (28.6) 27 (22.0)
Nationality
Non-Swiss 42 (17.3) 91 (23.3) 90 (23.0) 0.16 56 (15.7) 60 (23.3) 86 (30.1) 21 (16.7) <0.001
Child lives with 204 (84.7) 306 (79.1) 268 (68.9) <0.001 279 (78.8) 190 (74.5) 204 (72.6) 105 (82.7) 0.08
both parents: yes
Regular after-school 64 (26.8) 68 (17.8) 48 (12.7) <0.001 83 (23.9) 38 (15.2) 43 (15.5) 16 (12.7) <0.01
daycare attendance: yes
Overweight:* yes 20 (9.9) 38 (11.1) 42 (12.0) 0.73 39 (12.3) 21 (9.6) 31 (12.0) 99.1) 0.65

? Age- and gender-specific definition of overweight according to Cole et al. (2000).



Table 2
Distribution of personal, familial and environmental variables by age group and community (children in Switzerland, school year 2004/2005)
Variable Age group, n (%) Community, n (%)
6/7 years, 9/10 years, 13/14 years, p-value® Bern Biel Biel Payerne p-value®
n=243 n=393 n=395 (German), (German), (French), (French),
n=357 n=258 n=289 n=127
Parental safety assessment of the way to school
Safe 123 (51.0) 245 (63.1) 279 (71.5) <0.001 215 (60.4) 163 (64.7) 188 (66.0) 81 (64.3) 0.16
Slightly unsafe 99 (41.1) 129 (33.3) 106 (27.2) 127 (35.7) 79 31.4) 83 (29.1) 45 (35.7)
Very unsafe 19 (7.9) 14 (3.6) 5(1.3) 14 (3.9) 10 (4.0) 14 (4.9) 0 (0.0)
Children accompanied to school ®
Daily/almost daily 129 (53.7) 29 (7.5) — <0.001 58 (25.3) 36 (20.9) 35(23.8) 29 (35.8) 0.07
Once per week 23 (9.6) 14 (3.6) - 13 (5.7) 7(4.1) 9 (6.1) 8(9.9)
Almost never/never 88 (36.7) 346 (88.9) - 158 (69.0) 129 (75.0) 103 (70.1) 44 (54.3)
Allowed to go by bus by himself:® yes 4 (1.7) 237 (61.1) - <0.001 85 (37.6) 85 (49.1) 64 (43.5) 7 (8.9) <0.001
Allowed to go out alone after dark 6 (2.5) 43 (11.1) - <0.001 17 (7.5) 19 (11.1) 7 (4.8) 6(7.3) 0.22

in general:® yes
Number of cars in the household

None 51211 79 (20.2) 70 (17.9) 0.08 99 (28.0) 54 (21.2) 43 (14.9) 4(3.2) <0.001

One 152 (62.8) 254 (65.0) 234 (59.9) 222 (62.7) 164 (64.3) 186 (64.6) 68 (53.5)

Two or more 39 (16.1) 58 (14.8) 87 (22.2) 33(9.3) 37 (14.5) 59 (20.5) 55(43.3)
Regular car trips to school

At least once a week 48 (20.1) 40 (10.3) 32(8.2) <0.001 20 (5.7) 17 (6.7) 42 (14.6) 41 (33.6) <0.001
Motorway crossing: yes 1(0.4) 10 (2.5) 29 (7.4) <0.001 19 (5.3) 1(0.4) 16 (5.5) 4(3.2) <0.01
Main street crossing: yes 90 (37.0) 147 (37.4) 278 (71.3) <0.001 136 (38.6) 111 (43.0) 179 (61.9) 89 (70.1) <0.001
Side street crossing: yes 215 (88.5) 369 (93.9) 386 (97.7) <0.001 345 (96.6) 239 (92.6) 274 (94.8) 112 (88.2) <0.01
Straight-line distance between home and school ~ 317 (7-4705) 406 (7-4919) 775 (65-11388) 393 (10-4012) 472 (7-8092) 538 (8—10744) 769 (51-11388) <0.001

in meters: median (range)
Length of street segments in a buffer area of 200 m around the way to school

Motorway, mean (range) © 17.2 (0-934) 39.7 (0-1353) 89.7 (0-1891) <0.001  83.6 (0-1891) 16.1 (0-1211) 55.4 (0-829) 40.5 (0-1354)  <0.001
Main street, median (range) 488 (0-2638) 436 (0-3909) 1102 (0-6548) <0.001 447 (0-4197) 565 (0—6548) 782 (0-5319) 1208 (0-4047)  <0.001
Side street, median (range) 3154 (0-10735) 3696 (792—12381) 5412 (1398-22290) <0.001 4291 (1014-22290) 3821 (421-19936) 4476 (1267-17750) 3031 (0-11638) <0.001
Altitude difference between home and school in 3.5 (0-110) 5.3 (0-141) 4.6 (0-552) <0.001 5.3 (0-110) 4.3 (0-552) 3.5 (0-302) 3.7 (0-222) 0.88
meters, median (range)
Population density in a square of 9 ha around 599 (7-1731) 584 (15-1942) 589 (18-1856) 0.68 722 (7-1942) 554 (15-1306) 596 (19-1233) 155 (10-852)  <0.001

home in number of inhabitants, median (range)

* Chi-square test of significance between groups for categorical and Kruskal-Wallis test for continuous variables.
® Question asked only in the two younger age groups.
¢ Arithmetic mean given instead of median since less than 10% of the children have a segment of a motorway in their buffer area.
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Table 3

Main mode of transportation by sex, age and community (children in Switzerland, school year 2004/2005)

Any mode of active transportation

Non-active mode of transportation

Walking Bike/kick Combination of walking Car Public Combination of car/public
scooter/inline and biking/kick transportation transportation with any other
skates scooter/inline skates mode of transportation

By sex
Male 246 (50.4%) 41 (8.4%) 84 (17.2%) 4 (0.8%) 38 (7.8%) 75 (15.4%)
Female 297 (57.6%) 29 (5.6%) 84 (16.3%) 7 (1.4%) 33 (6.4%) 66 (12.8%)
By age
6/7 years 166 (69.8%) 7 (2.9%) 7 (2.9%) 7 (2.9%) 13 (5.5%) 38 (16.0%)
9/10 years 245 (64.1%) 25 (6.5%) 67 (17.5%) 2 (0.5%) 15 (3.9%) 28 (7.3%)
13/14 years 132 (34.3%) 38 (9.9%) 95 (24.7%) 2 (0.5%) 43 (11.2%) 75 (19.5%)
By community
Bern (German) 220 (62.3%) 25 (7.1%) 78 (22.1%) 1 (0.3%) 4 (1.1%) 25 (7.1%)
Biel/Bienne (German) 131 (52.6%) 13 (5.2%) 46 (18.5%) 1 (0.4%) 24 (9.6%) 34 (13.7%)
Biel/Bienne (French) 153 (53.9%) 21 (7.4%) 34 (12.0%) 6 (2.1%) 22 (7.8%) 48 (16.9%)
Payerne (French) 39 (32.8%) 11 (9.2%) 11 (9.2 %) 3 (2.5%) 21 (17.7%) 34 (28.6%)
Total 543 (54.0%) 70 (7.0%) 169 (16.8%) 111%) 71 (7.1%) 141 (14.0%)

kindergarten/1st grade children and about 7% of the 4th grade
children were accompanied to school.

Discussion

Compared to countries like the US (Dellinger, 2005) and
Australia (Merom et al., 2005), the number of children walking
or cycling to school in Switzerland is still high and comparable
to that in Scandinavian countries (Cooper et al., 2006; Roberts
et al., 1997). The vast majority of Swiss children attend schools
that are easily accessible from home via active transport.
Consequently, the median straight-line distance between home
and school in this study was below 500m and considerably
shorter than reported, for example, by other studies form the UK
(DiGuiseppi et al., 1998) or Australia (Merom et al., 2005). The
relatively high proportion of parents (63%) perceiving their
children’s way to school to be safe is likely to further contribute
to the high levels of active commuting. Safety concerns of
parents were mostly related to dangers from traffic (85%) and
less often to violence and harassment (23%). This is in contrast
to reports, e.g. from the UK, where 90% of the parents of 6- to
10-year-old children were worried about abduction or molesta-
tion and 89% because of traffic (DiGuiseppi et al., 1998). An
earlier study conducted in the UK showed that over 40% of
English parents restricted schoolchildren aged 7—11 years from
coming home alone from school because of traffic danger, while
around 20% of parents enforced this restriction due to fear of
assault or molestation by an adult (Hillman et al., 1990).

In line with previous reports (Dellinger, 2005; Ewing et al.,
2004; Timperio et al., 2006; Merom et al., 2005), distance to
school and objectively measured busy road barriers were
significantly associated with non-active commuting. The
present study found the association between distance and non-
active commuting to significantly vary between the commu-
nities. At relatively short distances to school (500 m), children
in urban areas with denser neighborhoods were more likely to
walk or cycle to school than in the more rural area of Payerne. A
recent study from Melbourne (Timperio et al., 2006) reported

that children living in neighborhoods with many other children
were more likely to walk or cycle to school suggesting that
opportunities to travel to school in the company of other
children supports active commuting. The possibility of
socialization for children may increase parental perception of
safety. In keeping with this argument, we found more children
in Payerne to be accompanied to school by their parents than in
the urban areas.

Despite the high proportion of children actively traveling to
school, transport research from Switzerland indicates that
between 1994 and 2000 the use of motorized transportation
among primary school children in the French-speaking part of
the country (Sauter, 2005) has increased. Thus, the 12%
children regularly driven to school in the present study may
represent the beginning of a development from active to passive
commuting in Switzerland that has already occurred in other
countries (Department for Transport, 2006; Salmon et al., 2005;
Ham et al., 2005). For public health interventions aiming to
prevent an increase in children using regular car trips, it is
important to understand the underlying reasons for these
parental habits. The results of the present study suggest that a
variety of factors affect parental behavior namely the age of the
child, safety concerns, the availability of two and more cars in
the household as has been reported by others (Dellinger, 2005;
Kerr et al., 2006; DiGuiseppi et al., 1998), maternal employ-
ment (indirectly estimated as the child attending day care) and a
cultural factor associated with belonging to the French-speaking
part of the population. The difference in built environment
between Bern and Payerne may to some extent explain the
frequency of regular car trips. However, the significantly higher
prevalence of driven children to school in Biel/French to Biel/
German, which have the same level of urbanization, argues in
favor of a cultural factor influencing parental behavior. It is
known from previous surveys in Switzerland that subjects living
in the German-speaking part of the country differ in many
lifestyle ways from those living in the French or Italian-
speaking part. They report less smoking, less alcohol consump-
tion, healthier dietary habits, less exposure to environmental
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Table 4
Predictors for non-active commuting as main mode of transport and for regular
car trips, adjusted associations (children in Switzerland, school year 2004/2005)

Variables Non-active commuting Regular car trips
as main mode of
transportation
Adjusted OR® Adjusted OR?
(95% CI) (95% CI)
Age group
6/7 years olds (ref.) 1.0 1.0

9/10 years olds
13/14 years olds

0.2 (0.1,0.4)*++
0.2 (0.1,0.4)**

0.5 (0.3,0.9)**
0.2 (0.09,0.4)%**

Community

Bern (ref.) 1.0 1.0

Biel (German) 0.5 (0.1,1.7) 1.2 (0.6,2.6)

Biel (French) 0.9 (0.3,2.7) 3.2 (1.6,6.1)***

Payerne 1.6 (0.5,5.4) 9.1 (3.4,24.2)***
Number of Cars

None (ref.) 1.0 1.0

One 1.0 (0.5,1.7) 2.8 (1.2,6.6)*

Two or more 3.1 (1.5,6.4)** 6.9 (2.7,17.4)%**
Regular day care attendance: yes 1.1 (0.6,2.0) 2.0 (1.1,3.4)*
Parental assessment of the way to school

Safe (ref.) 1.0 1.0

Slightly unsafe 1.0 (0.6,1.5) 3.1 (2.0,5.1)***

Very unsafe 1.5 (0.5,3.9) 4.8 (1.8,12.9)**

Distance between home -
and school ©
Community-specific effect of the distance between home and school ¢

1.0 (0.9,1.1)

Bern 3.5 (2.4,6.3)%+ -
Biel (German) 5.1 (2.1,12.8)%** -
Biel (French) 2.0 (1.0,4.0)* -

Payerne 0.8 (0.4,1.7) -

Motorway crossing: yes 1.7 (0.2,11.4) 2.4 (0.4,13.2)
Main street crossing: yes 2.2 (1.3,4.0)** 1.3 (0.7,2.3)
Side street crossing: yes 0.9 (0.3,2.7) 2.9 (0.9,9.8)

Length of street segments in a buffer area of 200 m around the way to
school in m:

Motorway © 1.0 (0.8,1.2) 1.0 (0.8,1.2)
Main street 1.3 (1.0,1.9) 1.0 (0.7,1.4)
Side street” 0.6 (0.4,1.1) 1.3 (0.9,1.9)
Altitude difference between home 1.0 (0.9,1.1) 1.0 (1.0,1.1)
and school ®
Population density in a square of 0.9 (0.6,1.2) 1.0 (0.7,1.5)

9 ha around the domicile"

*p <0.05; **p <0.005; ***p <0.001.
CI, confidence interval; OR, odds ratio; KG, kindergarten.

? To make the OR for “main mode of transport” and “regular car trips”
comparable, non-active commuting has been used. Non-active commuting
includes all children who did not exclusively walk or use a bike/kick scooter/
inline skates as main mode of transportation to school.

® Mutually adjusted odds ratio.

¢ Calculated for the increase of the interquartile range of the distance:
268-824 m.

4 Calculated from the terms of the interaction between community and
distance to school (for the increase of the interquartile range of 268—824 m).

¢ Calculated for an increase of 100 m (less than 10% of the children have a
segment of a motorway in their buffer area).

T Calculated for the increase of the interquartile range of the length of the
segments: 347—1146 m for main street and 2821-5891 m for side streets.

¢ Calculated for the increase of the interquartile range of the altitude
difference: 1.4-12.4 m.

" Calculated for the increase of the interquartile range of the population
density: 393—827 inhabitants.
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Fig. 1. Smoothed plot of the adjusted prevalence of non-active mode of transport
to school and distance from home to school for each community (span of 0.7).
(Children in Switzerland, school year 2004/2005).

tobacco smoke and higher levels of physical activity (Calmonte
etal., 2005; Lamprecht and Stamm, 2005). Yet, research into the
underlying reasons for these lifestyle differences is only at its
beginning and no definite explanations have emerged so far.

Study strength and limitations

Strengths of this study are the inclusion of GIS-based
environmental data as well as sociocultural data to examine
children’s active transport within a socioeconomically homo-
geneous country. Nevertheless, there are also several limitations
that have to be considered: the straight-line distance between
home and school used as our measure of distance is only an
approximation because in reality, children may travel longer
distances. Yet, it is likely that the effective distance and the
straight-line distance are closely correlated. In addition, non-
Swiss parents are underrepresented compared to Swiss families
limiting the generalization of the findings to the whole
population living in Switzerland (proportion of non-Swiss
people in Bern: 22.8%; in Biel: 26.1%; and in Payerne: 28.3%)
(Bundesamt fiir Statistik, 2002). Further, it would have been
desirable to include communities with different levels of the
built environment of both language areas. Nevertheless, the
study design allowed to assess cultural differences within the
bilingual community of Biel/Bienne, a town with uniform
environmental conditions and thus to separate to some degree
the effect of the built environment from cultural influences.
Another limitation is that personal and family factors had to rely
on parental reporting. An influence thorough social desirability
cannot be totally excluded. Finally, the present study is cross-
sectional in design so causality may not be inferred.

Conclusions

Objective predictors as the distance and major road crossings
are main deciding factors for active commuting to school as
main mode of transport. To maintain high levels of active mode
of transportation in Switzerland and to prevent declining levels
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observed in other countries, distances between home and school
have to be kept short and children’s safety as pedestrians or
cyclists has to be improved. In contrast, personal and lifestyle
factors are important factors associated with frequency of car
use. Campaigns promoting non-motorized travel to school have
to make allowance for differing cultural attitudes of the res-
pective populations.
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Objectives. To evaluate the combined effects and relative importance of socio-cultural factors as well as
parents' subjectively perceived and objectively assessed environment on time children spent vigorously playing

Methods. Cross-sectional study conducted in Berne, Biel-Bienne, and Payerne (Switzerland) during the
school year 2004/2005. Included 1345 parental questionnaires from children out of three age groups (6/7,9/10,
and 13/14years). A total of 1081 (80%) provided a home address, which could be linked to environmental data
using a geographic information system (GIS).

Results. GIS-derived main street density in a buffer of 100 m around the home was inversely associated with

time playing outdoors in adolescents and younger children, but only in more urbanized areas. In addition and
independently of GIS-based main street density, parental concern about traffic safety was associated with less
time playing outdoors in primary school children. Girls, adolescents, and children from the French speaking part
of the country spent less time playing outdoors. A non-Swiss nationality and having younger siblings increased

time playing vigorously outdoors in adolescents.

Conclusion. In addition to socio-cultural factors, parents' perceptions and objectively measured
environmental factors were significantly associated with the time spent vigorously playing outdoors. These
associations differed by age group.

© 2010 Elsevier Inc. All rights reserved.

Introduction

In the context of the widespread overweight epidemic, the relation
between children's physical activity (PA) and the social and physical
environments as potentially modifiable factor have been attracting
increasing attention. Comprehensive reviews (Ferreira et al., 2007; Van
Der Horst et al,, 2007) identified several personal and environmental
variables which were associated with children/adolescent's physical
activity, such as gender, parental education, or crime incidence. Previous
research in Switzerland indicated relevant differences in health-related
behavior between French- and German speaking parts of the popula-
tion, suggesting a role of cultural factors (Bringolf-Isler et al., 2008;
Calmonte et al., 2005). Ecological models postulate that behaviors have
multiple levels of influence, including intrapersonal, interpersonal,
policy, and environmental variables (Maddison et al., 2009; Saelens
etal.,2003). A combination of psychosocial and environmental variables

* Corresponding author. Bettina Bringolf, Swiss TPH, P.O. Box, 4002 Basel, Switzerland.
Fax: +41 61 284 81 05.
E-mail address: Bettina.Bringolf@unibas.ch (B. Bringolf-Isler).

0091-7435/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2010.03.008

should best explain physical activity behavior (Maddison et al., 2009).
Such analysis is complex (Panter et al., 2008), and understanding the
interaction of an individual with the environment might be just as
important as measuring the environment itself (Maddison et al., 2009).

Environmental attributes can be assessed by self-reports or by using
objective data provided by geographic information systems (GIS). Only
a few studies (Gomez et al., 2004; Jago et al., 2006) have combined and
compared both methodologies.

It has been suggested that research should include both subjectively
perceived and objective characteristics of the environment, since
parental perception of the environment may influence children's use of
the physical environment (Davison and Lawson, 2006).

As most of the research literature in the field originates from
research in the USA and Australia (Davison and Lawson, 2006), and
given the large variations in the physical environment between different
parts of the world (e.g., USA and Europe), international generalization of
the results is problematic (de Vries et al., 2007). Thus, more research
from Europe is warranted so as to include a wider range of settings and
environmental conditions.

Children's PA consists generally of short intermittent bouts (Bailey
et al., 1995) resulting from unstructured play rather than organized
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sports (Bringolf-Isler et al, 2009). Time spent outdoors has been
proposed and validated as a surrogate measure of PA in children
(Burdette et al., 2004; Cleland et al., 2008; Sallis et al., 1993) to capture
unstructured play, which is of particular importance in younger
children. Recent evidence from an Australian study in 10/12 year-old
children suggests that, longitudinally, more time playing outdoors was
associated with increased moderate-to-vigorous PA and inversely
related to overweight (Cleland et al., 2009).

In our previous work (Bringolf-Isler et al., 2009), which compares
accelerometer data with a time activity diary in a subgroup of 167
children, time spent vigorously playing outdoors contributed signifi-
cantly to children's and adolescents’ PA. We therefore used this
measure in the present analyses. It cannot be expected that all activities
are similarly influenced by the environment (Giles-Corti et al.,, 2005).
Yet, as the neighborhood environment is a key setting for children's
playing outdoors, outdoor play can be expected to be sensitive to en-
vironmental influences.

The aim of this study was thus to evaluate the combined effects
and the relative importance of socio-cultural factors, the parents'
perceived and the objectively assessed environment on outdoor play.

Methods
Study population and setting

A cross-sectional study on the influence of the environment on children's
health was performed in three communities in Switzerland (SCARPOL)
(Bringolf-Isler et al., 2008). The children, of age 6/7, 9/10, and 13/14 years,
were living in Berne (German speaking), Biel-Bienne (German/French-
speaking), and Payerne (French-speaking). The study sites were chosen to
reflect an urban-rural gradient as well as the two main language groups of
Switzerland. The study was conducted during the school year August 2004/

Table 1

June 2005 and was organized within the framework of the School Health
Services. A letter explaining the purpose of the study was distributed in the
school, inviting parents to complete a detailed questionnaire in the language
spoken at home. Parents consented to the study by completing the parental
questionnaire. A completed questionnaire confirmed participation for 1345
children (65% of those invited). Of these, 1081 (80%) provided a home address,
which was successfully linked to environmental data, using a GIS. The study
protocol was approved by the ethics committee of the Canton of Berne.

Measurements

Time spent vigorously playing outdoors

In the questionnaire, parents indicated how much time their child spent on
average viOgorously playing outdoors on weekdays and weekends. Similar
information was requested for quiet and moderately intensive play. Answer
categories were: zero minutes, <30 minutes, 30 minutes to one hour, one to
two hours, two to four hours, and >4 hours. To obtain an overall estimate of
time spent vigorously playing outdoors on weekdays and on the weekend, the
categorized time-intervals were transformed into a continuous score using the
intervals' midpoints and an assumed maximum of 8 hours. First, a weekly time
and then a daily average were calculated. A sensitivity analysis of the time-
scores indicated that results did not change if the minimum or maximum value
of each time-interval was used. In addition, the comparison of the score with
accelerometer data in a subsample of 167 children showed an acceptable
correlation (r=0.52).

Personal characteristics and socio-cultural factors

Information on demographic characteristics and factors regarding the social
environment were extracted from the parental questionnaire. These included
age, sex, and nationality of the child; residential location; maternal education
(low: <2 years of professional training, medium: 2 to 4 years of professional
training, high: college or university education); number of younger and older
siblings; family type (two parents or single parent); day care attendance; and
number of cars at home.

Distribution of sociocultural characteristics and their association with time children and adolescents spend vigorously playing outdoors in Switzerland, 2004/2005.

Characteristic Primary school children (n=680) Adolescents (n=401)
n (%) Outdoor play in min/day n (%) Outdoor play in min/day
Relative difference (95% CI) Relative difference (95% CI)

Sex Boys 348 (51.2) Ref. 183 (45.6) Ref.

Girls 332 (48.8) —18.5 (—28.0 to —9.0)" 218 (54.3) —33.6 (—44.2 to —23.1)"
Age® 6 to 7 years 262 (24.2) Ref. - —

9 to 10 years 418 (38.7) —23.1 (329 t0 13.2)* = =

13 to 14 years 401 (37.1) —53.4 (—63.3 to —43.5)" = =
Community Berne 239 (35.2) Ref. 128 (31.9) Ref.

Biel-Bienne (German) 177 (26.0) 0.2 (—12.6—13.0) 84 (21.0) —12.8 (—26.1 to 0.5)™

Biel-Bienne (French) 155 (22.8) —25.5 (—36.8;—14.2)" 142 (35.4) —17.1 (=31.0 to —3.2)"**

Payerne 109 (16.0) —6.1 (—195t07.3) 47 (11.7) —20.0 (—32.0 to —7.9)"**
Maternal education Low 105 (15.8) Ref. 9 (20.3) Ref.

Medium 322 (48.4) 15.6 (0.3 to 30.9)"** 187 (48.0) —33(—18.7 to 12.1)

High 238 (35.8) —4.8 (—10.8 to 19.6) 124 (31.8) —10.9 (—25.5 to 3.7)
Nationality Swiss 534 (78.8) Ref. 307 (77.1) Ref.

Non-Swiss 144 (212) —14.4 (—26.0 to —2.8)"** 1(22.9) 20.8 (4.1 to 37.5)™*
Day care No 506 (76.1) Ref. 331 (86.0) Ref.

Yes 159 (23.9) 99 (—1.2t021.1)"" 4 (14.0) —2.6 (—16.1 to 11.0)
Family Two-parent family 536 (79.8) Ref. 272 (68.9) Ref.

Single parent family 136 (20.2) 9.9 (—2.6 to 22.4) 123 (31.1) —0.1 (—12.7 to 12.6)
Number of cars None 136 (20.1) Ref. 71 (17.9) Ref.

One 429 (64.5) 33 (—8.7 to 15.3) 237 (59.9) 0.9 (—13.9to 15.7)

Two or more 111 (16.4) —52 (—20.7 to 10.2) 88 (22.2) 1.8 (—14.9 to 18.5)
Number of younger siblings None 349 (51.3) Ref. 181 (45.1) Ref.

One 252 (37.1) 20 (—7.7 to 11.7) 158 (39.4) 54(—6.4 to 17.2)

Two and more 79 (11.6) 2.5 (—14.0 to 18.9) 62 (15.5) 16.9 (0.66 to 33.1)™***
Number of older siblings None 335 (49.3) Ref. 189 (47.1) Ref.

One 251 (36.9) —1.0 (—11.1 t0 9.0) 142 (35.4) —28(—1491092)

Two and more 94 (13.8) —8.8 (—22.5 to 4.9) 70 (17.5) 2.8 (—11.6 to 17.1)
* P<0.001.
* p<o.1.

* P<001.

FHEE p<0.05.

2 Calculations done using all age categories to examine their differences.
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Subjectively perceived environment

The parental questionnaire also provided information regarding the
perceived environment. Parents of all children indicated if there was a problem
which prevented their child from playing outdoors, and if ‘yes’, which of the
following were the reasons: ‘traffic’, ‘no garden/green space available’, or
‘crime’. Parents of primary school children (6/7 and 9/10 years old ) were asked
where, out of ten different locations, their child could play regularly. Choices
ranged from own garden and neighbors' garden, playground nearby, to field or
wood more than 500 m away. If the children were 6/7 years old, parents were
also asked how well their child could reach friends unaccompanied.

Objectively assessed environment

Environmental data were linked to children's home addresses using a GIS
software package (Geographic information system Vector25, 2004; TwixRoute
Tele Atlas, 2001). The following environmental factors were selected for
analyses: total length (in meters) of each type of street segment within 100 m,
200 m, and 500 m buffers around the place of residence (street density);
number of inhabitants and buildings within 9 ha of the place of residence
(population and building density); and number of hectares of green space out
of a square of 25 ha around the place of residence. A hectare was assigned as
green space if the land use at its center was park/woods/agriculture.

Statistical analyses

All analyses were conducted with STATA v.9.0 (STATA, 2005). Categorical
factors were summarized as percentages, and continuous factors were
summarized as means and inter-quartile ranges. Linear regression models
were used to test the association between outdoor play and all potential
influencing factors. Since the distribution of the residuals was skewed
(skewness of the score =1.37), the standard errors of all regression estimates

Table 2

were determined using a bootstrap (1000 replications). First, the significance of
socio-cultural characteristics was tested in univariate models. Then, individual
associations of each of the environmental factors adjusted for significant socio-
cultural factors were examined using multivariable regression models. As most
factors showed interactions with age group, analyses were stratified by primary
school children (6/7 and 9/10 years old) and adolescents (13/14 years old).
Those factors significantly associated (alpha level <0.10) with outdoor play in
one of the basic models for primary school children or adolescents, were
included in a final model. If significant variables were correlated (Spearman
correlation coefficient>0.3 and p-value<0.05), only the variable with the
highest unadjusted regression coefficient was used. Differences between
objectively measured main street density and parents' perceived traffic danger
as well as between objectively measured green spaces and their perceived
absence were assessed using the Kruskal-Wallis test.

In the final model, there was evidence of an interaction between age and sex
in primary school children, and between population density and main street
density in both age groups. To model the effect of these interactions,
combinations of the respective factors were included in the multivariable
models.

The modifying effect of the level of urbanization on the association
between main street density and outdoor play was illustrated by plotting it
for three population density categories (defined using terciles). Local non-
parametric smoothing with a span of 0.8 was used.

Results

On average, children yielded a score of 81.8 min/day and adoles-
cents 42.4 min/day of outdoor play. Children and adolescents' socio-
cultural characteristics and their association with outdoor play are

Distribution of perceived? and objectively assessed environmental factors, and their adjusted association with the time children and adolescents spend vigorously playing outdoors

in Switzerland, 2004/2005.

Perceived environment

Primary school children (n=680)

Adolescents (n=401)

n (%) Outdoor play in min/day n (%) Outdoor play in min/day
Relative difference® (95% CI) Relative difference® (95% CI)
Problem to play outdoors because No 575 (84.6) Ref. 369 (92.0) Ref.
of traffic Yes 105 (15.4) —244 (—-37.1to —11.6)* 32 (8.0) 6.5 (—15.9 to 28.9)
Problem to play outdoors because Garden and park 615 (90.4) Ref. 371 (92.5) Ref.
of nonavailability of garden or park ~ Garden or park 50 (7.4) —21.4 (—40.5 to 72.4)** 24 (6.0) —0.3 (—16.7 to 17.3)
Neither garden nor park 15 (2.21) —39.7 (—62.0 to —17.5)™* 6 (1.5) 15.8 (—52.6 to 84.1)
Problem to play outdoors because No 664 (97.7) Ref. 392 (97.8) Ref.
of crime Yes 16 (2.35) —34.1 (—57.2 to —11.1)"** 9 (2.2%) —6.4 (—42.8 to 30.0)
Child plays regularly in neighbors’ No 280 (41.2) Ref. Not available -
garden Yes 400 (58.8) 19.2 (9.8 to 28.6)* Not available —
Child plays regularly in fields/woods No 446 (65.6) Ref. Not available —
further away than 500 m Yes 234 (34.4) 22.5 (12.7 to 32.4)* Not available —
Objectively assessed environment Mean Change in outdoor play Mean Change in outdoor play
(interquartile range) (min/day/interquartile (interquartile range) (min/day/interquartile
range) range)
Any problem to play outdoors No 526 (77.4) Ref. 337 (84.0) Ref.
Yes 154 (22.7) —20.5 (—31.7 to —9.2)" 64 (16.0) —8.9 (—24.5106.8)

Main street density
Side streets density
Small routes density
Population density

(level of urbanization)
Building density

Meters in a radius of
100 m around residence
Meters in a radius of
100 m around residence
Meters in a radius of
100 m around residence
Persons in a square of

9 ha around residence
Buildings in a square of
9 ha around residence

149.2 (0 to 209)
357.6 (198 to 498)
68.1 (0 to 102)
626.2 (403 to 827)

77.8 (50 to 104)

Hofokok

—6.7 (—13.9t0 0.5)
—1.9 (—83 to 4.4)
—0.9 (—54103.7)
—8.7 (—14.7 to —2.7)"**
—79 (155 to —0.2)™*

Hookok

5.7 (—0.4 to 11.9)

150.1 (0 to 247)
345.9 (193 to 498)
813 (0 to 121)
609.6 (340 to 816)

73.5 (45 to 98)

53 (2to7)

—63 (—15.6t0 3.1)
41 (—34t011.7)
—09 (—4.8t03.1)
2.1 (—6.7 to 10.9)
—0.2 (—7.0t07.2)

—1.7 (—62 t0 2.8)

Green spaces Per 25 ha around 52 (2to 8)
residence

* P<0.005.

** p<0.05.

** p<0.01.

HEE p<0.1.

2 Each factor's relative difference or relative change adjusted for sociocultural characteristics (sex, age, maternal education, community, nationality, number of younger siblings,

and day care).
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presented in Table 1. Girls, older children, and children with a French
speaking background spent less time vigorously playing outdoors than
their counterparts. Being non-Swiss and having younger siblings
increased the time adolescents spent playing outdoors.

Table 2 shows the distribution of perceived and objectively
assessed environmental factors and their association with outdoor
play adjusted for socio-cultural factors. Significant inverse associa-
tions between outdoor play and parental perception of problems due
to traffic, crime, and garden/park non-availability were observed in
primary school children. Increases in main street, population, and
building densities were associated with less outdoor play. Using
buffer areas of 100 m or >100 m showed comparables results. Out of a
choice of ten locations where children might regularly play, only
playing in neighbors' garden and in fields/woods further away were
significantly associated with outdoor play. Children aged 6/7 years
who lived close to their friends spent more time vigorously playing
outdoors (101 min/day) than children whose friends lived further
away but could visit unaccompanied (86 min/day, p=0.3) or than
those who could not reach their friends on their own (81 min/day,
p=0.05).

Perceived absence of green spaces and gardens was negatively
correlated with GIS-based number of green spaces (r=-0.19; p<0.001)

Table 3

and perceived traffic danger was positively correlated with the
objectively measured main street density (r=0.19, p<0.001). The
mean main street density perceived as dangerous by parents increased
with children's age (201 m, 218 m, and 267 m, respectively, for 6/7
years, 9/10 years, and 13/14 years old).

Table 3 shows mutually adjusted effects of all factors significantly
associated with outdoor play in one of the basic models. In adolescents,
associations with socio-cultural factors remained statistically significant
and outdoor play was inversely associated with main street density in
more urbanized areas. A buffer area of 100 m radius was used to
quantify street density. The association decreased with an enlargement
of the buffer area. It was still significant for adolescents in a buffer area of
200 m, but no longer in children up to 10 years. All examined perceived
environmental factors remained significantly associated with outdoor
play in primary school children. Whereas 6/7 year old boys and girls
spent similar time vigorously playing outdoors, 9/10-year-old girls
spent significantly less time than boys on vigorous outdoor play. The
interaction between age and sex was significant (p =0.03). For both
sexes, outdoor play was shorter for adolescents than for primary school
children.

Fig. 1 illustrates the modifying effect of population density on the
association between outdoor play and main street density. In

Mutually adjusted® associations between environmental factors and time children and adolescents spend playing vigorously outdoors in Switzerland, 2004/2005.

Primary school children (n=680) Adolescents (n=401)

Outdoor play in min/day P Outdoor play in min/day P

Adjusted mean (95% CI) Adjusted mean (95% CI)

Sociocultural factors
Sex/age combination Boys, 6/7 years (ref.)

Girls, 6/7 years

Boys, 9/10 years

Girls, 9/10 years

Boys, 13/14 years (ref.)

Girls, 13/14 years

Berne (ref.)

Biel-Bienne German

Biel-Bienne French

Payerne

Swiss (ref.)

Non-Swiss

Low (ref.)

Medium

High

None (ref.)

One

Two and more

No (ref.)

Yes

Community

Nationality

Maternal education

Number of younger siblings

Day care

Perceived environmental factors”
Problem to play outdoors because of traffic No (ref.)
Yes
Garden and park (ref.)
Garden or park

Neither garden nor park

Problem to play outdoors because of nonavailability
of garden or park

Problem to play outdoors because of crime No (ref.)
Yes
Child plays regularly in neighbor's garden No
Yes
Child plays regularly in fields and woods farther No
away than 500 m Yes

Objectively assessed environmental factors
Population density (level of urbanization)

Population density-specific effect of main street
density© on physical activity

Population density low
Population density medium
Population density high

Low: 7 to 454 inhabitants/9 ha (ref.)
Medium: 458 to 740 inhabitants/9 ha
High: 743 to 1942 inhabitants/9 ha

96.3 (86.0 to 106.6) -
91.9 (79.4 to 104.4) 08 -
83.4 (75.4 to 91.4) 006 —
60.9 (54.0 to 67.8) <0001 —
- - 60.4 (49.7 to 71.1)
= = 27.3 (222 to 32.4) <0.001
86.7 (79.0 to 94.4) 52.2 (42.1 to 62.4)
85.8 (75.7 to 95.8) 08 43.4 (32.2 to 54.5) 02
67.5 (58.8 to 76.1) 0001 363 (25.8 to 46.7) 0.02
75.9 (63.7 to 88.0) 0.1 34.9 (22.5 to 47.2) 0.05
80.4 (75.5 to 85.3) 35.4 (293 to 41.4)
81.1 (69.8 to 92.5) 0.9 67.1 (45.0 to 89.1) 0.01
82.8 (69.0 to 96.7) 41.6 (274 to 55.9) 0.7
86.2 (79.7 to 92.8) 06 459 (36.0 to 55.8) 0.7
72.1 (653 to 78.9) 02 37.5 (294 to 45.7)
78.9 (72.3 to 85.4) 37.0 (28.9 to 45.0)
82.0 (74.7 to 89.3) 05 42.7 (342 t0 51.2) 04
83.5 (70.8 to 96.2) 04 57.8 (432 to 72.3) 0.02
78.6 (73.78 to 83.5) 434 (37.4 to 49.4)
86.8 (77.5 to 96.1) 02 36.5 (24.6 to 48.5) 03
82.4 (77.5 to 87.4) 41.5 (36.0 to 46.9)
70.3 (58.2 to 82.4) 0.01 534 (22.7 to 84.1) 06
81.1 (76.5 to 85.6) 41.8 (35.9 to 47.6)
79.8 (62.5 97.2) 06 47.9 (246 to 71.2) 08
63.6 (39.3 to 87.8) 0.09 59,5 (—10.6 to 129.5) 08
81.0 (76.6 to 85.4) 425 (37.1 to 47.9)
63.5 (35.5 to 91.5) 0.1 39.9 (4.6 to 75.2) 0.7
73.5 (66.4 to 80.5) - -
85.3 (79.8 to 90.9) 0003 — =
74.1 (68.6 to 79.6) = =
92.5 (85.0 to 100.0) <0001 — -
74.0 (63,1 to 85.0) 33.9 (23,8 to 43.9)
81.9 (71.4 to 92.3) 04 454 (32.7 to 58.1) 02
85.6 (74.8 to 96.4) 03 49,5 (333 to 65.7) 03
9.4 (—42 to 22.9) 02 5.9 (—7.2 to 19.0) 04
—134 (=314 t0 47) 02 —212 (=415 to —0.9) 0.04
—19.1 (=370 to —1.1) 004 —19.1(—38.7 to 0.4) 0.06

@ Given associations are the results from linear regression models where all presented factors were included.

b As reported in parental questionnaire.

¢ Calculated from the terms of interaction between population density categories and main street density (change for the increase of an interquartile range of 0-218).



B. Bringolf-Isler et al. / Preventive Medicine 50 (2010) 251-256 255

100 I I I I

90 a —

80 _.‘m [Yrrrey "vo@moﬂ°"w —
Y
70 M"‘"-

P |
ocas
0050 ameco %M%Q“MM
- ., .q‘
™

o,

B

o

Time spent vigorously
playing outdoors (min/day)

60 R —
. toa

50|~ P R
Population density categories -
o Low *.

40 4 Medium —
+ High N

30 | I | | I |

0 100 200 300 400 500 600 700

Main street density (m)

Fig. 1. Smoothed plot of the association between time spent vigorously playing
outdoors and main street density by population density categories (adjusted for
sociodemographic characteristics and using a span of 0.8) in Switzerland, 2004/2005.
Main street density is given in meters of street segments (highway, main road, or main
street) within a circumference of 100-m radius around residence. Population density
categories: low = 0 to 454, medium =455 to 740, and high = 741 to 1942 inhabitants
per 9 ha? around residence.

adolescents, this was the only environmental factor significantly
associated with outdoor play.

Discussion

The present study evaluated how objectively assessed (GIS-
based) environmental factors and environmental factors as per-
ceived by parents influenced children and adolescents' outdoor play,
taking into account aspects of the children's socio-cultural
environment.

Many studies have identified lack of neighborhood safety as a
potential barrier to children's PA (Carver et al., 2008). In contrast to
reports from England (DiGuiseppi et al., 1998), Australia (Timperio
et al, 2004), and inner-city areas of the USA (Weir et al., 2006),
Swiss parents reported less concern about ‘stranger’ danger but did
worry about ‘traffic’ danger (Bringolf-Isler et al., 2008). The positive
correlation between GIS-based main street density and parental road
traffic concerns indicates that parental worries may be valid.
However, the association of GIS-based main streets density with
outdoor play is complex as it interacts with population density and
requires different intervention strategies by degree of urbanization.
In contrast to the GIS-based traffic indicator, perceived traffic danger
only affected time spent playing outdoors of primary school
children. Adolescents' perception of traffic problems in their
neighborhood might differ from parental views (Timperio et al.,
2005) and thus explain the lack of association. On the other hand,
traffic negotiation skills improve with increasing age (Ampofo-
Boateng and Thomson, 1991).

Perceived traffic danger in primary school-aged children was
associated with time playing outdoors independently and in addition
to objectively assessed length of main street segments. This indicates
that parents' perceptions may in fact motivate their children's behavior
more than the true nature of the situation.

Neighborhood greenness has been associated with more PA (de
Vries et al., 2007) and lower BMI scores over a two-year period (Bell et
al., 2008). Several studies found proximity to parks and playgrounds to
be associated with more PA (Gomez et al., 2004; Sallis et al., 1993;
Timperio et al., 2004), yet others did not (Adkins et al., 2004; Sallis et al.,
2002). In the present study, only a relatively crude GIS-based indicator
of greenness was available, and thus, additional parental information
about neighborhood attributes was included in models applied to
primary school children. Among a choice of different locations

(including playgrounds and sports facilities), only playing regularly in
neighbors' gardens as well as in fields and woods further than 500 m
away from home were associated with more outdoor play. However, it
is arguable whether these locations are indicators of greenness. More
likely, they result from increased PA related to social interactions —
either with neighboring children or with parents or caregivers who
usually accompany younger children to fields and woods distant from
home.

As reported by others (Cleland et al., 2009; Milne et al., 2007), age
was inversely associated with outdoor play. It might become a less
important activity for adolescents (Bringolf-Isler et al., 2009) than for
younger children, since time spent in school or with homework
increases with age. Being male and having younger siblings were
positively associated with outdoor play. Interestingly, this sex
difference was not very pronounced in 6/7 years olds but emerged
with increases in children's age. The finding that non-Swiss
adolescents spent more time vigorously playing outdoors than
Swiss adolescents is difficult to interpret. It is in contrast to the
observed higher prevalence of overweight in non-Swiss adolescents
(Stamm et al., 2007) but might be related to differences in leisure
activities.

Itis interesting to note that French speaking children spent less time
vigorously playing outdoors than their German peers. This was also
observed within the bilingual community of Biel-Bienne, although no
significant differences in GIS-derived environmental indicators were
noted between German- and French speaking children within Biel-
Bienne, suggesting an important role of culturally influenced behaviors.
This observation is consistent with previously reported higher fre-
quency of car use for commuting to school in French-speaking parts of
the country (Bringolf-Isler et al., 2008).

Strengths and limitations

A strength of this study is the simultaneous inclusion of a broad
spectrum of factors potentially influencing outdoor play in youth,
particularly the combined effects of objectively measured environ-
mental conditions and parents' perceptions of such conditions. In
addition, it is one of the few studies conducted in central Europe,
which used a previously validated indicator of unstructured PA
(Bringolf-Isler et al., 2009). However, the study also has some
obvious limitations that could be addressed by follow-up research.
First, it is cross-sectional in design and has limited power for sub-
group analyses. Second, the GIS-data available in Switzerland are
limited with respect to assessment of child-specific micro-environ-
ments, since they are more designed to describe commercial
activities. Particularly, the collected information about green spaces
was relatively crude, because it does not reflect the micro-
environment of the children. Third, the calculation of a time-
score based on time interval data can only be considered an
approximation that is necessary to obtain an overall score,
although a sensitivity analysis showed little influence of the
assumptions made for its calculation.

Conclusion

These findings suggest that, in addition to socio-cultural factors,
parents’ perceptions and objectively measured environmental
factors were significantly associated with time children spent
vigorously playing outdoors. The association differed by age group.
Results indicate that structural measures to increase road safety in
neighborhoods are particularly important for children living in
urban areas. Yet, interventions in the physical environment also
need to take into account parental perception to promote physical
activity.
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Abstract

Background: Giving the rising trend in childhood obesity in many countries including Switzerland, strategies to
increase physical activity such as promoting active school travel are important. Yet, little is known about time trends of
active commuting in Swiss schoolchildren and factors associated with changes in walking and biking to school.

Methods: Between 1994 and 2005, information about mobility behaviour of children aged 6-14 years was collected
within three Swiss population based national travel behaviour surveys. Mode of transport to school was reported for
4244 children. Weighted multivariate logistic regression analyses were used to assess active school travel time trends
and their influencing factors.

Results: More than 70% of Swiss children walked or biked to school. Nevertheless, the proportion of children biking to
school decreased (p = 0.05, linear trend), predominately in urban areas, and motorized transportation increased since
1994 (p = 0.02). Distance to school did not change significantly over time but availability of bikes decreased (p < 0.001)
and number of cars per household increased (p < 0.001). The association between survey year and bike use was
significantly modified by living in an urban area (OR (95%Cl): 1.0, 0.63 (0.44-0.90), 0.71 (0.49-1.03), respectively for 1994,
2000 and 2005) and by distance to school (OR (95%Cl): 1.0, 0.65 (0.40-1.05), 0.50 (0.23-0.79) for the same years and for
children who lived more than a mile away from school).

Conclusions: Programs to encourage safe biking and to limit car use as mode of transport to school are warranted to

stop this trend.

Background
Walking, bicycling, or using other modes of active travel
to school provides an opportunity to incorporate regular
physical activity into the lives of today's children [1].
Studies have shown active transportation to be associated
with increased daily energy expenditure and increased
cardiovascular fitness when compared to travelling by car
[2,3]. Given the rising trend of childhood obesity in many
countries including Switzerland [4], strategies to increase
children's physical activity are of great public health rele-
vance.

The proportion of children walking and cycling to
school varies considerably across countries [5]. A recent
analysis of personal and environmental factors associated

* Correspondence: leticia.grize@unibas.ch

1 Swiss Tropical and Public Health Institute, Socinstrasse 57, 4002 Basel,
Switzerland

Full list of author information is available at the end of the article

with active commuting to school in Switzerland has
shown that the proportion of active commuters is still
high (77.8%) but varies within the country [6]: for single
trips to school, French speaking children were signifi-
cantly more likely to be driven by car than their German
speaking peers. In line with other studies [7,8], the Swiss
study found major road crossings and distance to school
to act as the main barriers to walking or biking to school.

Despite the potential health benefits of active commut-
ing, studies from Australia, Canada, the US and the
United Kingdom reported declining proportions of chil-
dren walking and biking to school over the past decades
[9-15]. However, little is known about the details of this
decline as most of the known barriers to walking have not
been studied over time. A recent analysis of the US
National Personal Transportation Survey data has sug-
gested that distance to school has increased over time

- © 2010 Grize et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
( BloMed Centra| Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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and may account for half of the decline in active transpor-
tation to school [13].

In Switzerland, the problem is widely discussed in mass
media and among public health professionals. Initiatives
such as KidsWalk-to-School programs (Pédibus [16])
have been implemented in many regions of Switzerland
but so far no analyses of time trends have been published
in the peer-reviewed literature. Previous descriptive anal-
yses of the 6 to 20 years old participating in the presented
surveys showed that although the degree of motorization
among adolescents declined, there was a marked drop in
bicycle use. An increase in the proportion of children
driven to school was also observed [17].

The present study fills this gap by analyzing the data
from three consecutive Swiss Transport Surveys con-
ducted in 1994, 2000 and 2005. The primary aim of the
study was to document time trends of active transporta-
tion to school in children and young adolescents (6 to 14
years old) and to evaluate if sociodemographic and envi-
ronmental factors are associated with a change in walking
and biking to school.

Methods

The Swiss Microcensus on Travel Behaviour is a popula-
tion-based national survey conducted every five years
since 1974 by the Swiss Federal Statistical Office and the
Federal Office for Spatial Development. Since 1994,
mobility behaviour of children aged 6 years and older is
included in the survey. The present analyses are thus
based on the travel surveys from 1994, 2000 and 2005.

The surveys collected information by one-day retro-
spective telephone interviews on trips undertaken by
members of a selected household on a randomly assigned
survey day. Interviews were distributed over the whole
year. Household members were asked to provide infor-
mation on mode of transportation for all stages of a trip
(e.g. walking from home to the bus stop, taking the bus
and walking from bus stop to school). In addition, the
purpose of a trip and the travel distance were enquired,
and data on the demographic characteristics of the
household members were collected. Proxy respondents
were interviewed if children were below the age of 14
years in 2005 and 60% of the 10-14 years old responded
themselves in the earlier surveys.

The participation rate of the selected persons was
69.9% (18020), 70.5% (29407) and 64.7% (33390) in 1994,
2000 and 2005, respectively. About 10% of the persons
refused to participate; most others could not be reached
by phone or did not speak one of the local languages.

The present analyses are restricted to schoolchildren
aged 6-14 years, to trips to and from school and to days
on which children actually went to school, and include a
total of 4244 children.

Page 2 of 8

Because different modes of transport could be used for
different stages of a trip, we defined the following mutu-
ally exclusive categories of mode of transportation: 'foot
only' (all stages of a trip to and from school performed by
foot), 'bike' (including bike-only trips and combinations
of walking and biking), 'public transport' (all combina-
tions of public transportation with walking and/or biking,
excluding combinations with car use), 'any car use' (car-
only trips as well as all combinations including a stage
travelled by car).

In addition, we defined 'active transportation to school'
as a combination of trips either by 'foot only' or by 'bike'.

Statistical analysis

Statistical analysis was performed with SAS version 9.1
(Cary, N.C.: SAS Institute 2002). Sample weighted preva-
lence of the four different modes of transport to school
(by foot only, bike use, public transport use and any car
use) were calculated. Differences among sample weighted
proportions of characteristics of the study population in
the different surveys were tested using the Rao-Scott x2
test. Weights accounting for age, sex, nationality, region,
day of the week and season were provided by the Swiss
Federal Office of Statistics [18]. Unadjusted trends were
calculated using logistic regression models for discrete
response survey data.

To determine the relative change over time with a cer-
tain mode of transport to school and the factors which
could influence this change, multiple logistic regression
models for survey data were used. Models included sur-
vey year, socio-demographic characteristics (sex, age,
nationality, region type and language) and environmental
factors (distance to school, number of cars at home and
bike availability). Interactions between the survey years
and other factors were tested.

Results

Figure 1 displays the weighted proportion of children
who actively commuted to school (walking and/or biking)
by year of survey. This figure also shows the specific pro-
portion of children who walked, biked, used pubic trans-
port or rode a car. The proportion of children actively
commuting to school significantly decreased from 78.4%
in 1994 to 72.1% in 2000 and 71.4% in 2005 (p = 0.002,
linear trend). The decrease was mainly due to a reduction
of bike use over time (p = 0.05, linear trend), and less pro-
nounced to a reduction in walking to school. Concomi-
tantly, some increase was observed for using public
transportation and the percentage of children riding a car
significantly increased (p = 0.02, linear trend). This
increase was mainly due to car use for some stages of a
trip, as the weighted percentage of children driven in all
trips to and from school was only 3.1%, 4.9%, and 2.8% in
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1994, 2000 and 2005, respectively. Some changes in the
socio-demographic composition of the sample were also
noted over time (table 1). Between 1994 and 2005 the
proportion of German speaking children and of children
living in urban areas significantly decreased. Across all
three surveys, the proportion of actively commuting chil-
dren was significantly different among the three language
regions of the country (80.2%, 55.8% and 51.7% (p <
0.001) in the German, the French, and the Italian speak-
ing part, respectively).

Table 1 also shows the distribution of environmental
and household characteristics potentially influencing the
development of active commuting over time. The mean
distance to school did not change significantly and across
all three surveys a large proportion of children lived
within one mile from school (70.9%, 69.1% and 67.6% in

Table 1: Characteristics of the study population over time
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1994, 2000, and 2005, respectively). Yet the proportion of
children living within 1 km significantly decreased
(60.7%, 59.7% and 55.2%; p = 0.0155). The number of cars
per household significantly increased over time (p <
0.0001), whereas bike availability significantly decreased
(p < 0.001).

To evaluate whether any of these environmental factors
influenced the trend of bike and car use over time, multi-
ple regression models were run first adjusting for socio-
demographic variables and then additionally for environ-
mental variables. The results are summarized in table 2.

Across all three surveys, older children were signifi-
cantly more likely to bike to school, whereas children liv-
ing in urban areas, and French and Italian speaking
children were less likely to bike. Adjusting for these socio-
demographic variables did not explain the decrease in

1994 2000 2005 Test for linear
(n=956) (n=1535) (n=1753) trend
p-valuewt
Characteristic %wt %wt %wt
Sociodemograp
hic
Sex: boys 53.5 52.8 52.8 0.8081
Age: mean,; + se,,; 10.2+0.10 10.1+0.08 10.2+0.08 0.6582
Nationality: Swiss 81.2 81.6 789 0.2590
Area type: urban 63.8 59.4 57.0 0.0042
Regional German 75.6 723 70.0 0.0058
language:
French 214 234 24.8
Italian 3.0 43 5.2
Environmental
Distance to in Km 2.2+0.19 25+0.25 24+0.14 0.5721
school: mean,,, + se,
within < 1 Km 60.7 59.7 55.2 0.0155
within < 1 milet 70.9 69.1 67.6 0.1342
Number of cars at none 9.0 6.2 5.8 < 0.0001
home:
1 64.5 52.6 525
2 229 359 37.1
>3 3.0 53 4.6
Bicycle always 91.1 86.2 85.1 0.0008
availability:
need to ask 34 38 9.1
Never 55 10.0 5.8

1 mile = 1.609 Km
wt = sample weighted
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Figure 1 Weighted prevalence of mode of transport to school according to survey year.

bike use over time (unadjusted OR (95% CI): 1.0, 0.78
(0.61 - 1.00), 0.77 (0.60 - 0.90), and adjusted for sociode-
mographics: 1.0, 0.79 (0.61 - 1.03), 0.75 (0.57 - 0.98),
where the 1994 survey was the reference). Adding dis-
tance to school or number of cars at home did not change
the trend of biking (adjusted for sociodemographics) but
addition of bike availability did (1.0, 0.84 (0.65 - 1.10),
0.81 (0.61 - 1.06); respectively for 1994, 2000 and 2005).

Across all surveys, driving children to school by car was
significantly less common in older children but much
more popular among French and Italian speaking chil-
dren. Car use as mode of transportation to school
increased significantly with distance from school and
when families owned two or more cars. The association
of car use with survey year remained significant when
adjusting for sociodemographic factors and was attenu-
ated by the additional adjustment for environmental vari-
ables (table 2). The odds ratio of using a car remained
significantly elevated for the 2000 survey as compared to
1994 (OR:1.45, 95%CI:1.06 - 1.99).

We then evaluated whether variables included in the
multiple regression models significantly modified the
association between survey year and car and bike use as
mode of transport to school. No significant interactions
were observed for car use and survey year for any of the
tested variables. Yet, the association between survey year
and bike use was significantly modified by urban living
(OR:0.58, 95%CI: 0.34 - 1.00, for the interaction of urban
area and survey year 2000) and distance to school
(OR:0.93, 95%CI: 0.87 - 1.00 and OR:0.88, 95%CI: 0.82 -
0.94, for the interaction of distance to school and survey
years 2000 and 2005 respectively).

Figure 2 displays the association between survey year
and biking stratified by urbanisation and distance to
school. In non-urban areas bike use did not significantly
change over time, whereas in urban areas bike use was
lower in 2000 (OR:0.63, 95%CI: 0.44 - 0.90) and 2005
(OR:0.71, 95%CI: 0.49 - 1.03) compared to 1994. Children
living more than 1 mile away from school used their bikes
clearly less often in 2000 (OR:0.65, 95%CI: 0.40 - 1.05)
and again in 2005 (OR:0.50, 95%CI: 0.23 - 0.79) whereas
this time trend was less obvious in children living closer
to school.

The possibility that the high percent of children who
did not have a proxy interview in the 2000 survey would
influence the results was examined. There was not a sta-
tistically significant difference between children with and
without a proxy interview nor an influence on the consid-
ered factors in the multiple regression models presented
above.

Discussion

This analysis of time-trends in active transportation to
school (ATS) based on data of the Swiss travel survey
indicate that although active commuting is still very
prominent, a significant decrease in the proportion of
children biking to school was noted concomitant with a
significant increase in children riding a car on the way to
school. Most of the changes occurred between 1994 and
2000. During the same time period significantly more
cars were available per household while bike availability
decreased. Distance to school did not change signifi-
cantly. The decrease in bike use was more pronounced in
urban areas and among children living more than 1 mile
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Table 2: Factors associated with bike and car use as mode of transport to school during 1994-2005

Bike use Car use

Model adjusted Model adjusted Model adjusted Model adjusted
for socio- for socio- for socio- for socio-
demographic demographic demographic demographic
factors +environmental factors +environmental
factors factors
Factor ORwt ORwt ORwt ORwt
(95% Clwt) (95% Clwt) (95% Clwt) (95% Clwt)
Survey year: 1994 1.0 1.0 1.0 1.0
2000 0.79 0.83 1.53 145
(0.61-1.03) (0.63-1.09) (1.13-2.07) (1.06-1.99)
2005 0.75 0.81 1.40 1.30
(0.57-0.98) (0.61-1.07) (1.03-1.89) (0.94-1.79)
Sex: girls 1.0 1.0 1.0 1.0
Boys 1.19 117 0.95 0.96
(0.96-1.48) (0.94-1.46) (0.76-1.18) (0.76-1.21)
Age: 6to9 1.0 1.0 1.0 1.0
10to 12 4.54 4.26 0.58 0.51
(3.37-6.10) (3.15-5.75) (0.45-0.75) (0.39-0.67)
13to 14 9.67 9.84 0.56 0.33
(7.16-13.10) (7.21-13.42) (0.42-0.75) (0.22-0.47)
Nationality: non-Swiss 1.0 1.0 1.0 1.0
Swiss 1.16 1.06 1.22 1.12
(0.82-1.64) (0.74-1.51) (0.89-1.67) (0.81-1.54)
Region: non-urban 1.0 1.0 1.0 1.0
urban 0.69 0.70 1.09 1.18
(0.55-0.86) (0.56-0.87) (0.87-1.38) (0.92-1.51)
Language: German 1.0 1.0 1.0 1.0
French 0.18 0.19 2.51 2.18
(0.12-0.25) (0.13-0.270) (1.99-3.17) (1.71-2.79)
Italian 0.42 0.45 3.42 3.20
(0.21-0.82) (0.23-0.86) (2.24-5.22) (2.05-5.00)
Distancetoschool - 0.93 - 1.16
(Km): (0.89-0.96) (1.12-1.21)
Cars at home: None or 1 car - 1.0 - 1.0
2 or more cars - 1.10 - 1.72
(0.87-1.39) (1.35-2.18)
Bike availability: always - 1.0 - 1.0
not always - 0.13 - 1.09
(0.07-0.23) (0.77-1.53)

away from school and was significantly related to
decreased bike availability. The increase in car use over
time was not fully explained by changes associated to the
number of cars per household.

The large differences in the proportion of active com-
muting to school between children from German-speak-

ing as compared to French or Italian-speaking parts of
the country highlights the importance of cultural factors
for health relevant behaviour. The results provide a base-
line for interventions of public health practitioners and
urban planners.
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Figure 2 Association between survey year and biking to school stratified by urbanisation and distance to school. Adj. OR = odds ratios ad-
justed for sex, age, nationality, language, cars at home, bike availability and for distance to school or region.

“~—— Distance to school —

The observed decrease in ATS in Switzerland is modest
and is based on a very strict definition of active travel.
The reported levels of ATS are still high when compared
to those of the US [12,13], Australia [9,10], Canada [11] or
the UK [14,15].

In the US, data suggest declines in ATS ranging from
48% to 13% since the late 1960 [13], in Australia from 44%
to 22% since 1971 [10], in Canada from 53% to 42.5%
since 1986 [11] and in the UK from 71% walking among
5-10 year olds in 1975 to 62.3% in 1989-94 [14].

Changes in distance to school have been shown to
account for half of the decline in ATS in the US [13]. In
Switzerland, the proportion of children living within 1
mile from school did not change significantly between
1994 and 2005 and among those who live within 1 mile
from school 93.6%, 89.6%, and 90.7% actively commuted
to school in 1994, 2000, and 2005, respectively. These
rates are comparable to the respective proportion (86%)
of US students in 1969, a number that dropped to 50% in

2001 [13]. The relatively short distances to school in Swit-
zerland are likely to be related to the fact that more than
95% of Swiss children attend public schools and that there
is no school choice. Children are usually assigned to the
school located closest to their homes. In addition, factors
other than distance have been shown to contribute to the
choice of transport mode to school [8] including facilities
to assist active travel or personal safety of the children. In
Switzerland, sidewalks generally exist and 'stranger' dan-
ger is not a major concern for most of the Swiss parents
[6]. Both aspects might contribute to the relatively high
proportion of children actively commuting to school.

Yet, although the levels of ATS in Switzerland are less
worrisome than in other countries, we note similar devel-
opments of ATS over time such as a significant decrease
in biking to school and an increase in motorized trans-
portation.

Concomitant with the decrease in bike use for travel-
ling to school, children's easy access to bikes also
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decreased and when included in the analysis attenuated
the time trend. Most likely, 'traffic' safety concerns of the
parents which ranked high as a barrier to ATS in a previ-
ous Swiss survey [6] underlay both bike availability and
bike use. The fact that the decrease in bike use occurred
predominately in urban centres, a development which
has also been reported from the Netherlands [19], sup-
ports this notion. From an environmental public health
perspective this is unfortunate as cycling to school is a
pollution-free mode of transport and provides specific
health benefits as has been shown in a recent Danish
study [2]. Children and adolescents who cycled to school
were nearly five times more likely to be in the top quartile
of cardio respiratory fitness than those who walked or
travelled by motorized transport. Promoting cycling as a
mode of transport to school might thus be of particular
public health relevance. Yet, the observed cultural differ-
ences in bike popularity between German-speaking
(more than 20% of children using bikes) and French- and
Italian-speaking children (less than 10%) represents a
major challenge for successful health promotion and
illustrates the importance of cultural factors for the
choice of transport mode.

Increasing number of cars in Swiss households contrib-
uted to the popularity of motorized transportation as
mode of transport to school but did not explain the time
trend completely. Choosing children's transport mode to
school is an integral part of the household decision-mak-
ing process [14] and includes many factors [8] such as the
possibility of linking the school journey with the journey
to work, convenience, parental concerns about road
safety, social and cultural norms. These aspects may play
an important role but were not assessed in the travel sur-
vey.

Strength and limitations

The present analyses are based on national transport sur-
vey data which are the only available source in Switzer-
land which capture travel behaviour details and allow to
describe the time trend in ATS in a representative Swiss
sample of children. However, this routine database has
obvious limitations as it provides only very limited infor-
mation about factors that potentially influence the choice
of children's transport mode. In addition, changes in
methodology such as in the proportion of proxy inter-
views may introduce inaccuracies limiting interpretation
of time trends. Further, it has to be noted that data on
time trends were only available for the last 11 years.

Conclusions

In conclusion policy makers and public health profes-
sionals should continue to support programs designed to
encourage children's active transportation to school such
as KidsWalk-to-School (Pédibus) initiatives and to
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increase efforts to facilitate and support the use of bikes
such as safe bike-lanes. In addition, community authori-
ties need to continue placing schools within an accept-
able walking distance from the children's homes and
improve road safety
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8. Generelle Diskussion und Ausblick

Die generelle Diskussion beginnt mit einer kurzen Ubersicht (iber die Ausgangslage und fasst die
wichtigsten Ergebnisse zusammen. In der allgemeinen Diskussion wird auf thematische
Schwerpunkte eingegangen und die Starken und Limitationen der Studie werden diskutiert. Das
Kapitel endet mit einem kurzen Ausblick auf geplante Weiterentwicklungen der Analysen.

8.1. Ausgangslage

Die Besorgnis, dass die kdrperliche Aktivitdt bei Kindern abgenommen hat wird in den Medien
breit diskutiert. Vor allem weil Bewegungsmangel mit gesundheitlichen Folgen wie Ubergewicht
(77, 78), Insulinresistenz (79-81), spatere Osteoporose (82) und cardiovaskuldre Risikofaktoren
(17, 83) assoziiert ist. In der Schweiz existieren aber nur wenige wissenschaftliche Daten zur
korperlichen  Aktivitdit  von  Kindemn  und  Jugendlichen und  Informationen  Uber
Langzeitentwicklungen fehlen sogar ganz. Um diese Llcke zu schliessen hat das Bundesamt fur
Gesundheit (BAG) im Rahmen des “Nationalen Programms Emahrung und Bewegung 2008-
2012 (NPEP) neben einem Monitoring fir Erwachsene auch speziell die EinfUhrung eines
Monitoringsystems flir Kinder beschlossen (51). Dieses soll mittels Indikatoren das
Bewegungsverhalten von Schweizer Kindern dokumentieren und das Verfolgen von Trends
ermdglichen. Zurzeit wird gepriift, welche Indikatoren sich fir ein Monitoring eignen und wie
die DurchfUhrung stattfinden soll.

Die Messung der korperlichen Aktivitdit bei Kindem ist eine grosse Herausforderung. Das
Bewegungsverhalten ist unstrukturiert und besteht aus vielen kurzen Aktivitdtssequenzen. Mittels
Befragungsinstrumenten ist dies schwierig abzubilden. Objektive Messinstrumente wie
Accelerometer sind hingegen teurer und liefern keine qualitativen Informationen, was gerade im
Hinblick auf die Planung von Interventionen und die Interpretation von Verdanderungen sinnvoll
wadre. Ein erstes Ziel der Studie war deshalb zu analysieren, welche Fragen oder Indikatoren sich
am besten eignen um die korperliche Aktivitdit von Kindern in epidemiologischen Studien zu
erfassen. Diese Analyse kann wichtige Hinweise liefern, wie ein zukinftiges Monitoring aufgebaut
werden soll.

Uber die Ursachen, die zu Bewegungsmangel fiihren, ist auch international noch wenig bekannt.
Es scheint aber plausibel, dass sich die verdnderten Lebensbedingungen wegen schwindenden
Freirdumen und wachsendem Strassenverkehr negativ ausgewirkt haben kdnnten. Wie stark das
Aktivitdtsverhalten mit der Wohnumgebung von Kindern und Jugendlichen zusammenhangt
wurde bis anhin aber nur selten untersucht. Die meisten Studien zu diesem Thema stammen
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aus den USA und Australien und sind nur sehr beschrankt auf die Schweiz Ubertragbar. Das
zweite Ziel der Studie war deshalb zu identifizieren, welche Rolle die Wohnumgebung flr das
Bewegungsverhalten von Kindern spielt und welche sozialen und familidren Faktoren damit
assoziiert sind.

8.2. Die wichtigsten Ergebnisse

Die wichtigsten Ergebnisse der Dissertation sind gemdss den in Kapitel | gestellten Fragen
strukturiert. Spezifische Resultate wurden detailliert in den entsprechenden Artikeln besprochen.

A.) Welche Fragen oder Indikatoren eignen sich am besten, um die korperliche Aktivitdt von
Kindern in epidemiologischen Studien zu erfassen?

Al) Welche Aktivitaten tragen bezlglich Intensitdt, Dauer und Zahl beteiligter Kinder am
meisten zu einem aktiven respektive inaktiven Lebensstil der Schweizer Kinder bei?

Die Analyse, welche Aktivititen am meisten zum aktiven respektive inaktiven
Bewegungsverhalten beitragen, basiert auf einem Vergleich von Tagebuchangaben mit
Accelerometerdaten. , Aktives Spiel draussen™ und ,,zu Fuss unterwegs zu sein war auf Grund
der Intensitdt, der Dauer und der Zahl beteiligter Kinder am besten mit kdrperlicher Aktivitat
von Schilerinnen und Schiilern assoziiert. Beim Sporttraining wurde zwar die hochste Intensitat
der korperlichen Aktivitdt gemessen, die Zeit, die damit verbracht wurde, war aber relativ kurz
und die Zahl der involvierten Kinder verhdltnismdssig tief. Bemerkenswert war, dass die
gemessene Intensitdt von ,zu Fuss unterwegs sein insbesondere bei jlingeren Kindem
vergleichbar mit der Intensitdt einer Turnstunde war. Knaben waren Ubereinstimmend mit
friiheren Ergebnissen korperlich aktiver als Mddchen, wir konnten aber erstmals aufzeigen, dass
die durchschnittliche Intensitdt jeder einzelnen Aktivitdt bei Knaben hdher war als bei Madchen.
Oft war dieser Unterschied sogar statistisch signifikant. Die Abnahme der kdrperlichen Aktivitat
mit dem Alter scheint komplexeren Mustern zu folgen. Wahrend Jugendliche mehr Zeit mit den
intensivsten Aktivitditen wie Sporttraining verbrachten, spielten sie weniger aktiv draussen. Ein
entscheidender Unterschied scheint es hingegen bei der inaktiv verbrachten Zeit zu geben.
Jugendliche verbrachten nicht nur mehr Zeit damit, sondern die durchschnittlich gemessene
Intensitdt war wahrend dieser Zeit auch tiefer als bei Primarschulkindem. Insgesamt bestand
kein Zusammenhang zwischen der Ausbildung der Mutter und der gesamthaft aktiv verbrachten
Zeit. Anders sah das Ergebnis aus, wenn man die Art der Inaktivitdt analysierte: Kinder von
Muttern mit einer kurzen Ausbildung schauten langer TV/DVD/Video, wadhrend ihre
Altersgenossen von Mittern mit einer langeren Ausbildung mehr Zeit mit Lesen verbrachten.
Dies ist insofern relevant, als das Fernsehen in mehreren Studien mit Ubergewicht assoziiert
war (84). In der vorliegenden Studie konnte auch aufgezeigt werden, dass bei samtlichen
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Analysen meteorologische Parameter, die Saison und der Wochentag berlcksichtigt werden
muUssen, denn sie beeinflussten die Dauer, welche mit spezifischen Aktivitdten verbracht wurde.

A2. Wie gut eignen sich einzelne Fragen um die korperliche Aktivitdt von Kindem in Studien
Zu messen?

In einem zweiten Schritt wurde untersucht, durch welche Aktivitditen das Bewegungsverhalten
von Kindemn und Jugendlichen in Fragebogen abgebildet werden kann. Die Analyse zeigte, dass
die Korrelationen zwischen Accelerometer Daten und den einzelnen Aktivitdts- und
Inaktivitdtsfragen altersabhdngig sind. Einerseits waren die Fragen, die eine signifikante
Korrelation mit den Accelerometer Daten zeigten, je nach Altergruppe verschieden. Anderseits
verschwand bei mehreren Aktivitditen der Zusammenhang mit objektiven Daten, wenn die
Korrelation fur das Alter adjustiert wurde. Dies kdnnte ein Hinweis sein, dass das Alter eine
Korrelation vortduschte, die kausal gar nicht existierte. Der Grund fur die Korrelation ist lediglich
eine parallele Zu- oder Abnahme der entsprechenden Aktivitdit zur biologisch bedingten
Bewegungsreduktion mit dem Alter. Eine andere Erkldarung ist, dass durch die Adjustierung fir
das Alter die Variabilitdt einer Aktivitdt vermindert und deshalb der Korrelationskoeffizient
reduziert wurde. Eine geeignete Frage sollte deshalb innerhalb einer Altersgruppe als auch
zwischen den Altersgruppen zwischen aktiven und inaktiven Kindern unterscheiden. Bei
jingeren Kindern wurde das Aktivitdtsverhalten vor allem durch das Erfragen von
unstrukturiertem Spiel widergespiegelt, wahrend bei den Jugendlichen der organisierte Sport
und das Velofahren an Bedeutung gewann.

Die Eltern waren bei Nachbefragungen nach zwei respektive sechs Monaten ziemlich bestandig
in ihren Zeitangaben zu den einzelnen Aktivititen. Hingegen tendierten sie dazu, aktives
Verhalten und positiv assoziierte Inaktivitditen wie ein Musikinstrument zu spielen, eher zu
Uberschatzen, wdhrend Fernsehen als negativ assoziierte Aktivitdt unterschatzt wurde. Die
soziale Winschbarkeit scheint somit die Messungen zu verzerren. Gerade bei jlingeren Kindern
konnten keine Fragen oder Fragekombinationen gefunden werden, welche die Gesamtaktivitdt
zuverldssig quantifizierten. Fir epidemiologische Studien bei Primarschilern soliten deshalb
Fragebogenangaben mit objektiven Messinstrumenten erganzt werden.

B.) Welche Rolle spielt die Wohnumgebung fiir das Bewegungsverhalten von Kindern,
wenn soziale und familidre Faktoren bericksichtigt werden?

Bl.) Welche psychosozialen Faktoren sind mit dem Bewegungsverhalten von Kindem
assoziiert?

B2.) Welche subjektiven und objektiven Umweltfaktoren sind mit dem Bewegungsverhalten
von Kindern assoziiert?

B3.) Gibt es Interaktionen zwischen psychosozialen Faktoren sowie subjektiven und objektiven
Umweltfaktoren?
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Als Indikatoren fur korperliche Aktivitdt wurden basierend auf Kap. 3 einerseits die Art und
Weise, wie der Schulweg zurlickgelegt wird, und anderseits die mit aktivem Spiel draussen
verbrachte Zeit gewdhlt und ihre Assoziation mit Einflussvariablen getestet. Bei diesen Analysen
wurde  deutlich, dass die verschiedenen Einflussfaktoren  teilweise  untereinander
zusammenhdngen und somit eine kombinierte Analyse von psychosozialen Faktoren, der
objektiv gemessenen (GIS) und der subjektiv empfundenen Umwelt sehr sinnvoll ist.

Die meisten Kinder legten den Schulweg aktiv zurlick, die Uberwiegende Mehrheit davon zu
Fuss. Der Anteil derer, die das Auto als Hauptfortbewegungsmittel angaben, war sehr klein
(1.19%). Davon abgegrenzt werden missen | 1.8%, die regelmadssig (mindestens Ix pro Woche)
mit dem Auto in die Schule gebracht wurden. Ob ein Kind hauptsachlich aktiv (zu Fuss, mit dem
Velo, Trottinett, Inline Skates) oder nicht aktiv (Auto, offentlicher Verkehr) in die Schule ging,
wurde vor allem durch objektive Pradiktoren beeinflusst (die Distanz und die gemdss GIS-Daten
vorhandenen Hauptstrassen, die gekreuzt werden mussen). Bei den regelmadssigen Autofahrten
in die Schulen spielten hingegen subjektive, persdnliche Lifestyle Faktoren wie Fremdbetreuung,
subjektive Einschatzung der Gefdhrlichkeit eines Schulweges, die Zahl der Autos in einem
Haushalt und der welsche Kulturhintergrund eine wesentliche Rolle. Der Unterschied zwischen
Franzdsisch und Deutsch sprechenden Kindemn war auch innerhalb der zweisprachigen
Gemeinde Biel-Bienne vorhanden, wo sich die bebaute Umgebung kaum unterscheidet.

Bei der draussen mit aktivem Spiel verbrachten Zeit wurde noch deutlicher als beim
Zurlcklegen der Schulwege, dass auch die Einflussfaktoren untereinander zusammenhdngen. Die
Lange von GlS-basierten Hauptstrassen innerhalb eines Radius von 100m um den Wohnort
("Hauptstrassendichte") war abhdngig vom Urbanisierungsgrad und zeigte nur im stadtischsten
Tertil eine signifikante Verklrzung der draussen aktiv verbrachten Zeit. Daneben offenbarten
sich auch unterschiedliche Assoziationen nach Atfter. Ein zusdtzlicher negativer Effekt zu
objektiven Umweltdaten durch subjektiv empfundene Hindemisse wie Strassenverkehr, Mangel
an Grunflichen oder Kriminalitdit war nur bei jingeren Kindern (<10 Jahren) sichtbar, nicht
jedoch bei Jugendlichen. Nur bei Jugendlichen verbrachten dagegen Nicht-Schweizer und solche
mit mindestens zwei jlingeren Geschwistern signifikant mehr Zeit aktiv draussen als ihre
Altersgenossen. Wie bei den Schulwegen wurde auch bei der draussen mit aktivem Spiel
verbrachten Zeit ein kultureller Unterschied sichtbar. Deutsch sprechende Kinder verbrachten
auch innerhalb von Biel-Bienne signifikant mehr Zeit aktiv draussen als Franzdsisch sprechende.

B4.) Gibt es zeitliche Trends im Bewegungsverhalten von Kindem und durch welche
Einflussfaktoren werden sie erklart?

Langzeittrends zur Gesamtaktivitdt bei Kindemn gibt es aus der Schweiz nicht, hingegen sind vom
Mikrozensus Verkehr Entwicklungen im aktiven Zurlicklegen des Schulweges ableitbar. Der
Mikrozensus wird alle 5 Jahre durchgefihrt. Seit 1994 wurden auch Kinder zwischen 6 und 14
Jahren integriert, weshalb Daten von 1994, 2000 und 2005 verglichen werden k&nnen. In
diesem Zeitraum hat der Anteil derjenigen, die aktiv in die Schule gelangen, von 78.4% auf
71.4% abgenommen. Dies ist vor allem auf eine Abnahme des Velogebrauchs zuriickzufihren.
Gleichzeitig wurde eine Zunahme beim offentlichen Verkehr und bei den Autofahrten
beobachtet. Die Abnahme in der aktiven Fortbewegung fand hauptsdchlich zwischen 1994 und
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2000 statt, wahrend sich die Anteile zwischen 2000 und 2005 nur noch marginal Richtung
,nicht aktiv"* verschoben haben. Die Schweiz liegt damit in einem Bereich, wie er in den USA

1969 dokumentiert wurde. In den USA gelangen mittlerweile nur noch um die 50% aller
Schulkinder aktiv in die Schule (47).

Die im Mikrozensus erfassten Einflussfaktoren zeigten Uber alle Jahre dieselben Muster: der
Velogebrauch stieg mit dem Alter, war hdufiger in der Deutschschweiz und seltener in urbanen
Gebieten. Beim Autogebrauch verhielt es sich bezlglich After und Sprachregion gerade
umgekehrt. Zwischen 1994 und 2005 gab es keine signifikante Anderung der durchschnittlichen
Distanz zwischen Wohnort und Schulhaus und der Anteil derjeniger, die innerhalb einer Meile
(1.6 km) zur Schule wohnten, blieb etwa gleich. Hingegen gab es eine Abnahme bei Kindern,
deren Distanz von zu Hause zur Schule weniger als einen Kilometer betragt (p=0.02). Die
Veloverfligbarkeit hatte in der untersuchten Zeitspanne ab- und die Autoverflgbarkeit
zugenommen. Beide Variablen waren signifikante Einflussfaktoren fiir Anderungen im Velo-
respektive im Autogebrauch auf dem Schulweg. Allerdings waren die Verdnderungen Uber die
Zeit nicht in allen Kategorien gleich. Die Abnahme des Veloverkehrs war vor allem in
stadtischen Gebieten und bei Kindern, die mehr als eine Meile von der Schule entfernt
wohnten, sichtbar. Mit der VerflUgbarkeit von Velos und Autos alleine konnen die
Verdnderungen in der Fortbewegung Uber die Zeit noch nicht erkldrt werden. Leider werden im
Mikrozensus nur sehr wenige Einflussvariablen erfasst. So wird nicht dokumentiert, ob sich die
personliche Wahmehmung bezlglich der Sicherheit im Strassenverkehr geandert hat. Auch ein
Wechsel in soziokulturellen Bedingungen wird nicht erfasst. Ein Beispiel hierflr kdnnte sein, dass
beide Eltern vermehrt ausser Hause arbeiten und auf dem Arbeitsweg ihr Kind mit dem Auto
zur Schule mitnehmen.
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8.3. Allgemeine Diskussion:

8.3.1. Die Erfassung der korperlichen Aktivitdt bei Kindemn:

Ein Ziel der Dissertation war es zu untersuchen, wie in epidemiologischen Studien die
korperliche Aktivitat bei Kindern und Jugendlichen am besten erfasst wird. Gleichzeitig sollten
qualitative Informationen Rickschllsse ermdglichen, welche Aktivitdten zu einem aktiven und
welche zu einem inaktiven Lebensstil beitragen. Dafir wurden sowohl Bewegungstagebtcher als
auch Fragebogenitems mit Accelerometermessungen verglichen. Die jeweiligen Vor- und
Nachteile sind in den Kapiteln 3 respektive 4 diskutiert. Ob sich Tageblcher oder Fragebogen
fur epidemiologische Studien besser eignen, kann nicht abschliessend beantwortet werden. Der
Vorteil des Tagebuches liegt einerseits im fixen Zeitraster, das fur alle Kinder 24 Stunden
betrdgt, und andererseits in der Moglichkeit, durch Vergleiche mit Accelerometerdaten die
Intensitdt verschiedener Aktivitdten zu messen. Der Nachtell ist der grossere Aufwand und die
dadurch tiefere Teilnahmebereitschaft, sowie ein mdglicher Selektionsbias zu Gunsten gut
ausgebildeter Eltern. Im Hinblick auf die kontinuierlich sinkende Bereitschaft von Kindern, Eftern
und Schulen, sich an Studien zu beteiligen, ist dies eine wesentliche Entscheidungsgrundlage fir
oder gegen ein Instrument. Inhaltlich zeigten sich sowohl in unseren Fragebogen- als auch in
unseren Tagebucherhebungen, dass Fragen zum organisierten Sport bei jingeren Kindern
schlechter mit den Accelerometermessungen Ubereinstimmten als Fragen zum aktiven Spiel. Es
wurde auch deutlich, dass je nach Alter unterschiedliche Aktivitdten gute Indikatoren fur die
korperliche Aktivitat sind. Die wichtigste Erkenntnis war aber, dass Befragungen alleine nicht
ausreichen, um die Gesamtaktivitdt zu quantifizieren oder vergleichbar zu machen. Fragebogen
mussen mit objektiven Messmethoden erganzt werden. Sowohl Einzelfragen als auch
Bewegungsscores haben sich besonders bei jingeren Kindern als zu wenig valide erwiesen.

Im Hinblick auf ein Schweizer Bewegungsmonitoring, wie es vom BAG und Partnemn geplant ist,
bedeutet das, dass fur Kinder und Jugendliche die zeitlichen Verlaufe der Gesamtaktivitdt mit
einer Kombination von Messinstrumenten  erfasst werden mussen. Wiederholte
Querschnittsstudien basierend auf dem SCARPOL-Design mit einem schlankeren Fragebogen
resp. dem Tagebuch und erginzenden Accelerometermessungen wdren hierflr eine sehr
geeignete Form. Aus finanziellen und organisatorischen Grinden ist es aber sinnvoll, die
Datenerhebung an routinemadssig durchgefihrte Studien (HBSC (85), Mikrozensus) zu knipfen.
Leider verwendet bis anhin keine dieser Untersuchungen objektiven Messmethoden (52). Fur
die Umsetzung eines Monitorings ist deshalb nicht nur die Suche nach geeigneten Indikatoren
eine Herausforderung, sondern es muss auch gepriift werden, wie die korperliche Aktivitdt bei
einer genlgend grossen Zahl an Kindern mit objektiven Messungen ergdnzt werden kann.
Weiter gilt es zu berlcksichtigen, dass z.B. Fragen der HBSC-Studie das Bewegungsverhalten
von Jugendlichen abbilden, hingegen ungeeignet sind fur Kinder unter 10 Jahren (siehe Kapitel 4).
Eine Expansion der HBSC-Studien auf jingere Kinder ist deshalb in der jetzigen Form nicht
sinnvoll.
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Ein internationaler Vergleich des kindlichen Bewegungsverhaltens sollte ebenfalls subjektive
Fragebogenangaben mit objektiven Daten kombinieren. Befragungen alleine sind sehr anfdllig auf
methodische Verzerrungen, weshalb die Interpretation ihrer Resultate schwierig ist. Dies zeigt
zum Beispiel das Resultat der letzen HBSC-Studie, wonach basierend auf subjektiven Daten die
Schweizer | |-Jahrigen bezUglich kdrperlicher Aktivitat den letzten Platz von 40 Landern und die
| 3-Jdhrigen den vorletzten Rang belegten (86). Die in der SCARPOL-Studie erhobenen
Accelerometer-Daten  relativieren  die  HBSC-Resultate  etwas. Die  gemessene
Durchschnittsintensitat (counts/day) in der SCARPOL-Studie war vergleichbar mit gleichaltrigen
Kindern aus anderen europdischen Landern (62, 87, 88) und eher hdher als bei amerikanischen
(89) und australischen Kindem (90). Allerdings muss berlcksichtigt werden, dass auch die
Vergleichbarkeit von Accelerometermessungen beschrankt ist. Bis anhin herrscht in der
internationalen Forschung weder Konsens dariber, ob Accelerometer auch wahrend der Nacht
getragen werden sollen, noch wie die Anfangs- und Endzeiten definiert sind oder wie lange eine
Messllcke sein muss, um als solche in der Analyse bericksichtigt zu werden. Auch bezlglich des
Zeitintervalls, Uber das die Accelerometer-Counts integriert werden (Epoch time), gibt es keine
einheitliche Regelung. An einer Expertenkonferenz in North Carolina im Jahre 2004 wurde
versucht, standardisierte Vorgehensweisen festzulegen (91). Diese haben sich aber noch zu
wenig durchgesetzt. Wenn man aus den Messungen die moderat bis stark aktiv verbrachte Zeit
berechnet, werden Vergleiche noch schwieriger. Der Grund daflr ist, dass es fur Kinder und
Jugendliche zahlreiche Schwellenwerte flr ,,moderate” und ,starke™ Aktivitdt gibt, die unter
unterschiedlichen Bedingungen und in verschiedenen Altersstufen definiert wurden (92). Weiter
macht es einen grossen Unterschied, ob man jede Minute, die Uber einem Schwellenwert liegt,
als aktive Zeit zahit oder nur langere, im Voraus definierte Zeitperioden (z.B. 5 Minuten). Die
Beurteilung, ob sich Kinder in einem Land genlgend bewegen, wird deshalb stark durch den
gewdhlten Schwellenwert beeinflusst. Es ist dringend notwendig, dass diesbezlglich eine
Standardmethode definiert wird. Eine wesentliche Voraussetzung daflr ist, dass zumindest die
jeweilige Auswertungsmethode in den Studien genau beschrieben wird.

8.3.2. Kinder und Umwelt

.. Das bewegungsfreundliche Umfeld

Die Foérderung der korperlichen Aktivitdat bei Kindem und Jugendlichen kann grundsatzlich auf
zwei Arten erfolgen. Erstens durch individuelle Interventionen (Verhaltenspravention) wie
speziell konzipierte Tumstunden, Turnhausaufgaben oder Sporttalentforderung (Talent Eye).
Alternativ kann man die Umwelt so gestalten, dass Kinder und Jugendliche animiert werden, sich
aktiv zu verhalten, respektive dass ihr Bewegungsdrang zumindest nicht behindert wird
(Verhdltnispravention). Die Resultate der SCARPOL-Studie liefern die Grundlagen, um eine
Verhdltnispravention effizient zu planen. Verhdltnispravention ist im Zusammenhang mit
strukturellen Hindemissen, die zu Bewegungsmangel flihren, sinnvoll. Je grosser der Teil der
Kinder ist, der einem Risiko ausgesetzt ist, desto hoher ist auch die Anzahl derer, die von
Massnahmen profitieren und desto hoher ist die gesellschaftliche Relevanz der Intervention.
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Basierend auf objektiven GIS-Daten konnte in Kapitel 6 aufgezeigt werden, dass insbesondere
stadtische Kinder von strukturellen Massnahmen bei Hauptstrassen profitieren wirden. Auf der
anderen Seite wurde auch klar, dass ein bewegungsfreundliches Umfeld Uber bauliche
Massnahmen hinaus geht, und dass die persdnlich empfundene Umwelt sowie die
soziokulturelle Umwelt der Kinder ebenfalls entscheidend sind. Wahrend die Assoziation
zwischen Bewegung und objektiven Umweltdaten (GIS) Uber alle Altersgruppen etwa gleich
stark war, zeigte sie bei der subjektiv empfundenen Umgebung eine starkere Altersabhangigkeit.
Bei Kindern unter |0 Jahren verkirzte sich die aktiv draussen verbrachte Zeit, je negativer die
personliche Wahrnehmung der Umgebung durch die Eltern war. Dies passt zu einer qualitativen
Untersuchung aus England. In dieser Studie wurde festgestellt, dass Einschrankungen gegeniber
dem unlberwachten Spiel bei 8- bis | |-jahrigen Kindern hauptsdchlich auf der Angst der Eftern
gegenuber Verkehr und Verbrechen basierten und nicht darauf, ob addquate Spielmd&glichkeiten
vorhanden waren (93). In einer anderen Studie wurde gezeigt, dass Kinder seltener aktiv in die
Schule gelangten, wenn die Eltern glaubten, dass nur wenige andere Kinder in der Umgebung
wohnten (73). Diese Erkenntnisse sind wichtig, weil Angst offensichtlich passivere
Verhaltensmuster fordert (siehe Kapitel 5 und 6). Die persdnlich empfundene Sicherheit variiert
regional stark und unterscheidet sich objektiv nicht im gleichen Masse (94). In der Schweiz sind
insbesondere Angste vor Verbrechen, aber auch vor dem Strassenverkehr, weit weniger
ausgepragt als in England oder Australien (68, 95). Um Anndherungen an die englische oder
australische Situation zu vermeiden, sind bei Interventionsprogrammen nicht nur strukturelle
Massnahmen wichtig, sondern auch solche, die den Eltern Sicherheit vermitteln. Gerade
Letzteres muss in der Gesundheitsférderung beachtet werden, wenn man in der Schweiz den
Anteil besorgter Eltern klein halten und damit férdem mochte, dass Kinder ihre korperliche
Aktivitdt im Alltag autonom austben konnen.

Ebenfalls Uber strukturelle Begebenheiten hinaus geht der in der SCARPOL-Studie beobachtete
kulturelle Unterschied zwischen zwei Sprachregionen in derselben Stadt (Kapitel 5 und 6).
Wodurch dieser Unterschied entsteht, misste in einer qualitativen Studie vertieft erforscht
werden. Die Schweiz bietet diesbezlglich weltweit eine der besten Mdoglichkeiten, in einem
kleinen Gebiet mit einheitlichen strukturellen Gegebenheiten und Regelungen verschiedene
Sprachkulturen zu untersuchen.

In den Publikationen in Kapitel 5 und 6 konnte auf Querschnittsebene ein Zusammenhang
zwischen der Umwelt und dem Bewegungsverhalten von Kindern aufgezeigt werden. Bis anhin
ist aber nicht klar, in welchem Masse objektive oder subjektiv empfundene Verdnderungen
stattgefunden haben, die einen Wandel im Bewegungsverhalten von Kindem erklaren wirden.

Bei der Auswertung des ,Mikrozensus Verkehr wurde deutlich, dass neben den zeitlichen
Trends auch die Grinde der Entwicklung von entscheidender Bedeutung sind. Leider fehlen
beim Mikrozensus weitgehend entsprechende Daten, um Kausalinterpretationen zu
ermdglichen. Flr ein Bewegungsmonitoring ist es wichtig, parallel zu Aktivitdtstrends auch
Entwicklungen von Umweltfaktoren zu erfassen. Da die zeitliche Entwicklung von subjektiv
empfundenen und objektiv gemessenen Umweltfaktoren nicht zwingend Ubereinstimmt, ist es
wesentlich, dass beides dokumentiert wird.
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i, Kind-Umwelt-Verkehr

Das aktive Zuriicklegen von Wegen ist ideal, um Bewegung in den Alltag zu integrieren. In
Kapitel 3 wurde aufgezeigt, dass der aktive Transport beziglich Intensitdt und Dauer wesentlich
zu einem aktiven Lebensstil von Kindern beitrdgt. Bei jingeren Kindern ist die Aktivitatsintensitat
sogar vergleichbar mit einer Turnstunde. Wie in Kapitel 4 dargestellt, korrelierte bei
Jugendlichen die mit Velofahren verbracht Zeit signifikant mit den Accelerometermessungen,
obwohl der Accelerometer rollende Bewegungen gar nicht erfasst. Hier kdnnte ein dhnlicher
Mechanismus stattfinden wie in einer englischen Studie aus dem Jahre 2003 (96). Bei dieser
Erhebung wurde festgestellt, dass Knaben, die den Schulweg aktiv zurlicklegten, am jeweiligen
Nachmittag beim Spielen ebenfalls aktiver waren. Der Autor der Studie folgerte daraus, dass die
aktive Fortbewegung zu aktivem Verhalten im Allgemeinen animiert.

Eine Verlagerung vom motorisierten  Strassenverkehr zum Fuss- und Veloverkehr
(Langsamverkehr) bringt aber auch weitere Vorteile. So ist der CO,- und der Schadstoffausstoss
vermindert, und es entsteht weniger Ldrm. Aus Public Health-Sicht ist es deshalb sinnvoll,
Strategien zu entwickeln, die die aktive Fortbewegung fordem und den Autogebrauch
minimieren. Dazu gehdrt auch, dass Einflussfaktoren fur aktives und passives Verhalten erkannt
werden und die Umgebung entsprechend gestaltet wird. Eine Untersuchung aus dem Jahre
2003 zeigte zum Beispiel, dass Kinder aus Haushalten ohne Auto verglichen mit Kindern aus
Haushalten mit zwei oder mehr Autos die doppelte Strecke zu Fuss zuriicklegten (97). Dies ist
konsistent mit den hier gefundenen Einflussfaktoren in der SCARPOL-Studie und im
Mikrozensus. Die regelmdssigste Fortbewegung bei Kindem betrifft den Schulweg. Im
internationalen Vergleich ist der Anteil der Schweizer Kinder, die den Schulweg aktiv
zurlicklegen mit 78 %, sehr gross (98). Wie in Kapitel 5 aufgezeigt, ist dies vor allem mit den
kurzen Distanzen und der Sicherheit der Schulwege zu begriinden. Diese Situation entstand,
weil in der Schweiz die meisten Kinder die Volksschule besuchen und zentral zur
ndchstgelegenen Quartierschule eingeteilt werden. Ein Attraktivitdtsverlust der Volksschule, freie
Schulwahl oder Schulzusammenlegungen verldngern die Schulwege und wirden mit ziemlicher
Sicherheit dazu fuhren, dass weniger Kinder den Schulweg aktiv zurlcklegen und damit
regelmadssige Bewegung in ihren Alltag integrieren.

Trotz dem hohen Anteil an Kindern in der Schweiz, die aktiv unterwegs sind, geht der Trend im
Velogebrauch laut Mikrozensus in die unerwilnschte Richtung. Als grésstes Hindernis fur eine
aktive Fortbewegung gelten die objektiv existierende und die persdnlich empfundene Gefahr
durch den Strassenverkehr. Strassenunfdlle sind die hdufigste Todesursache bei Knaben und die
zweithdufigste bei Mddchen zwischen O und 14 Jahren (2). Ein Viertel aller Kinderunfille
geschieht auf dem Schulweg (2). Kinder sind eine besonders vulnerable Bevolkerungsgruppe,
weil das Verkehrsbewusstsein unter |0 Jahren noch limitiert ist (99). Bis zum 10. Lebensjahr ist
es Kindern nicht moglich, die Geschwindigkeit und die Entfernung von Fahrzeugen richtig
einzuschatzen (100). Sie koénnen rechts und links noch schlecht unterscheiden und nicht
nachvollziehen, dass ein Auto einen Bremsweg bendtigt. Im Alter zwischen 10 und 14 Jahren
nehmen die Velounfdlle markant zu (2). Welche Fortbewegungsform im Strassenverkehr fir
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Kinder am gefahrlichsten ist, wird auch wissenschaftlich diskutiert (97, 101, 102), und hangt stark
von der gewdhlten Referenzgrosse ab. In der Schweiz werden in der Gruppe der O- bis [4-
Jahrigen am meisten Fussganger verletzt oder getdtet, gefolgt von mitfahrenden Kindern im
Auto; knapp an dritter Stelle liegen die Velofahrer. Allerdings sind die Unfdlle bei Velofahrem
hdufig schwerer als bei Kindem im Auto (103). Berlcksichtigt man hingegen, dass Kinder
deutlich mehr Zeit zu Fuss unterwegs sind als im Auto, dandert sich die Reihenfolge. In den
letzen 20 Jahren hat die Zahl der Unfdlle und die Unfallschwere kontinuierlich abgenommen.
Neben all den technischen Verbesserungen an den Fahrzeugen und der Infrastruktur (z.B.
verkehrsberuhigende Massnahmen), sind fur die sinkende Anzahl verletzter oder getdteter
Kinder laut Fussverkehr Schweiz (100) zwei Faktoren verantwortlich: die Kinder halten sich
weniger im Freien auf als friher, und sie werden vermehrt von den Eftern begleitet. Fir eine
weitere Senkung der Strassenunfdlle bei Kindern sind zusatzliche einschrankende Massnahmen
bei den fahrzeugdhnlichen Gerdten (Trottinett, Inline Skates, Like a Bikes) und bei Fahrradern
auf der Strasse in Diskussion. An vielen Schweizer Primarschulen dirfen die Kinder bereits heute
den Schulweg nicht mit dem Fahrrad zurlicklegen, und in Osterreich ist es den Kindem unter 10
Jahren prinzipiell verboten, auf der Strasse zu fahren (104). Diese Massnahmen zur Senkung der
Strassenunfdlle sind aber umstritten. Wissenschaftliche Studien zeigen, dass die Zahl der
Personen, die in einer Region zu Fuss oder mit dem Velo unterwegs sind, invers ist zur Zahl der
Kollisionen zwischen Motorfahrzeugen und Fussgangern oder Velofahrern (97).

Unter Wissenschaftlern besteht im Bezug auf den gesundheitlichen Nutzen von aktivem
Transport eine weitere Kontroverse: vermehrt wird darauf hingewiesen, dass die
Feinstaubexposition innerhalb eines Fahrzeuges mdglicherweise geringer ist als ausserhalb.
Zudem ist bei der aktiven Fortbewegung das Atemzug-Volumen hdher, was die eingeatmete
Schadstoffmenge erhoht. Dass bereits eine Kurzzeitbelastung mit Feinstaub Auswirkungen auf
Gesundheitsindikatoren hat, dokumentiert eine Studie aus dem Jahr 2007. Dort gingen 60
Asthmatiker 2 mal 2 Stunden in der Londoner Innerstadt spazieren. Dabei zeigte sich, dass nach
der stark verkehrsbelasteten Oxford Street die Lungenfunktion deutlich starker eingeschrankt
und die Entziindungsparameter hdher waren als nach einem Spaziergang durch den Hyde Park
(105). Die meisten Studien, die parallel die Feinstaubbelastung in Autos und beim Velofahren
gemessen haben, bestdtisgten die anfangliche Beflrchtung einer hoheren Belastung der
Velofahrer aber nicht. Viele Studien zeigten sogar eher umgekehrte Tendenzen (106-108),
wobei die Variabilitdit zwischen den einzelnen Expositionsmessungen jeweils sehr hoch war.
Etwas kontroverser sind die Vergleiche zwischen Autofahrem und Fussgangemn. Auch hier
haben mehrere Studien sogar héhere Expositionen flr Autofahrer als fUr Fussganger gemessen
(109), andere fanden hingegen keinen Unterschied (1 10) oder gerade das gegenteilige Resultat
(I'11, 112). Parallele Messungen am gleichen Ort sind aber nur bedingt aussagekrdftig, denn sie
berlicksichtigen nicht, dass Velofahrer und Fussganger viel hdufiger als Autofahrer versuchen, die
Hauptstrassen zu meiden. Da die Feinstaubkonzentration mit dem Abstand zu stark befahrenen
Strassen rasch sinkt, kann man davon ausgehen, dass eine eventuell erhdhte Feinstaubbelastung
im Langsamverkehr verglichen mit dem Auto kaum gesundheitsrelevant ware.

Zusammenfassend kann gesagt werden, dass es aus der gesellschaftlichen Perspektive aus
verschiedenen Grinden wichtig ist, die aktive Fortbewegung zu férdern. Bringt man das eigene
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Kind aus Angst vor Unfdllen oder Feinstaubbelastungen mit dem Auto in die Schule, erhdht man
gleichzeitig die Gefahr flr andere Kinder und bewirkt, dass deren Eltern ihre Kinder ebenfalls zur
Schule fahren. Fur eine erfolgreiche Gesundheitsforderung muss aber berlicksichtigt werden,
dass individuelle Perspektiven zu anderen Schlussfolgerungen flhren kdnnen. Meist wirken
Protektionsgefilhle gegeniber dem Kind stirker als ideologische Uberlegungen. Die
Herausforderung ist deshalb, den Eltern aufzuzeigen, dass eine gesellschaftliche Strategie
langerfristig meist auch individuell den grésseren Nutzen bringt.

i, Umwelt, Fitness und Koordination

Die SCARPOL-Studie beschrankt sich in der Analyse auf die Einflisse von Umweltfaktoren auf
Bewegungsindikatoren. Wahrscheinlich greift dies zu kurz, denn kd&rperliche Fitness und
Koordination als weitere Outcomes mussten das Bild erganzen. Wahrend korperliche Aktivitdt
ein Verhalten beschreibt, versteht man unter korperlicher Fitness die Leistungsfahigkeit
(genauere Definition siehe 1.24.). Als Koordination wird das Zusammenwirken von
Zentralnervensystem und Muskulatur innerhalb eines gezielten Bewegungsablaufs verstanden
(57). Die Korrelation zwischen kdrperlicher Aktivitat, kdrperlicher Fitness und Koordination ist
bei Kindem nur gering bis massig (I 13-115). Die korperliche Fitness und die korperliche
Aktivitdt scheinen metabolische Risikofaktoren auch unabhdngig voneinander und auf
unterschiedliche Weise zu beeinflussen (114, 15). Obschon sowohl fir die cardiovaskuldre
Fitness von Kindemn als auch fir die Koordination Abnahmen Uber die letzten Jahrezehnte
beschrieben werden (56), wurde noch wenig untersucht, inwiefern Umweltfaktoren fur diese
Trends verantwortlich sind. Bis anhin ist lediglich bekannt, dass landliche Kinder eine signifikant
hohere cardiorespiratorische (I14) und muskuldre (1 16) Fitness aufweisen als stadtische Kinder.
Weiter ergab eine Metaanalyse, dass die Abnahme der cardiorespiratorischen Fitness regional
unterschiedlich ist, was die Hypothese einer exogenen Ursache stitzen wiirde (56). Daraus
kann man schliessen, dass der Nutzen von Massnahmen fiir eine bewegungsfreundliche Umwelt
der Kinder unterschdtzt wird, wenn man nur die Auswirkung auf das Bewegungsverhalten misst.
Wahrscheinlich profitieren die Kinder zusdtzlich auch noch fir ihre kérperliche Fitness und ihre
Koordination. Dieser Zusammenhang muss allerdings noch in spezifischeren Studien untersucht
werden.

8.3.3. Inaktivitat

Das Erfassen der Inaktivitat wurde in dieser Dissertation nur am Rande abgehandelt, obwohl aus
der Literatur bekannt ist, dass Aktivitdt und Inaktivitat sich nicht zwingend erganzen. Wahrend in
den amerikanischen und australischen Guidelines eine Bildschirmzeit von unter zwei Stunden
pro Tag empfohlen wird (117), (1 18) kommt Biddle in seiner umfassenden Review zum Schluss,
dass genlgend Zeit fur ein Nebeneinander von Femsehen und Sport vorhanden ist (I19).
Melkevik et. al. zeigen sogar auf, dass der Zusammenhang zwischen Fernsehen und Bewegung

regional stark unterschiedlich ist (66). Wahrend die Fernsehzeit in gewissen Studien (schwach)
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negativ mit der korperlich aktiven Zeit assoziiert war (120-122), wurde bei ,produktiven
Inaktivitditen” wie ,Hausaufgaben machen®, ,Lesen” oder ,,Am Computer sitzen" sogar eine
gegenteilige Beobachtung gemacht: je mehr Zeit die Kinder mit ,produktiven Aktivitdten"
verbrachten, desto aktiver waren sie (123, 124). Es wird interessant sein, ob sich der
Zusammenhang zwischen der Zeit am Computer und kdrperlicher Aktivitat in Zukunft dndert.
Im Moment gilt der Computerbesitz immer noch als Indikator fUr sozial privilegiertere Haushalte
(125), und Kinder resp. Jugendliche mit Zugang zu einem Computer unterscheiden sich daher
moglicherweise auch in anderen, nicht erfassten Faktoren von Kindem oder Jugendlichen ohne
Computer.

Ein interessantes Resultat der SCARPOL-Studie ist, dass die inaktiv verbrachte Gesamtzeit nicht
mit dem Ausbildungsgrad der Mutter zusammenhing, wohl aber die Art der Inaktivitit. So
verbrachten Kinder, deren Mutter eine kurze Ausbildung hatte, signifikant mehr Zeit vor dem
Fernseher als Kinder von besser ausgebildeten Mittern. Dies ist interessant, denn ein bis jetzt
unverdffentlichtes  Ergebnis  aus der SCARPOL-Studie zeigt, dass ,,produktive” und
,unproduktive” Inaktivitditen nicht nur mit der kdrperlichen Aktivitdt, sondem auch mit dem
Ubergewicht unterschiedlich assoziiert sind. Auch nach der Korrektur fiir die Ausbildung der
Mutter im multivariaten Modell zeigte ,Lesen” einen signifikant negativen, und ,Fernsehen”
einen positiven Zusammenhang mit dem Ubergewicht bei Kindern. Die Verknipfung zwischen
einer Titigkeit und dem Auftreten von Ubergewicht kann also nicht alleine von der Intensitit
der Aktivitdt abgeleitet werden. Viel mehr gibt es Hinweise, dass das ,,Snacking” vor dem
Fernseher ein Grund fUr die Assoziation mit der Gewichtszunahme ist. Unterstitzt wird diese
Hypothese durch Daten von Biddle et al. (119), die aufzeigen, dass der Fermsehkonsum in
England in den letzen 40 Jahren unverindert geblieben ist, aber die Zahl der Ubergewichtigen in
dieser Zeit deutlich zugenommen hat.

8.3.4. Limitationen und Stirken der Studie

Die wichtigsten methodischen Schwachen und Starken der SCARPOL-Studie wurden bereits in
den einzelnen Kapiteln besprochen. Diejenigen, die den Gesamtansatz der Studie betreffen,
seien an dieser Stelle nochmals erwadhnt. Die grosse Starke der SCARPOL-Studie liegt darin,
objektive und subjektive Messmethoden sowohl! fir die Zielvariable (korperliche Aktivitdt) als
auch fur die Einflussvariablen (bebaute Umgebung) zu kombinieren. Zusdtzlich wurden
personliche Faktoren der Kinder und ihrer Familien integriert, Wechselwirkungen zwischen den
Einflussfaktoren untersucht und die Auswirkungen auf verschiedene Altersgruppen erforscht.
Nur wenige andere Studien haben einen so umfassenden Ansatz gewahlt. Zudem ist SCARPOL
unseres Wissens die erste europdische Studie mit einem grossen Sample. Das Design der
SCARPOL-Studie ermdglichte ausserdem, wichtige Tatigkeiten als Indikatoren fir die
korperliche Aktivitdt zu identifizieren und Instrumente zur Erfassung der kdrperlichen Aktivitat
zu validieren.
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Zu den Schwdchen der SCARPOL-Studie zdhlen einerseits das Querschnittsdesign, welches
keine Aussagen Uber Verdnderungen im Zeitverlauf zuldsst, und anderseits die fehlende
internationale Vergleichbarkeit mangels Standardisierung der Instrumente. Es hat sich auch
unglinstig ausgewirkt, dass die Powerberechnung fir die Vertiefungsstudie (Tageblicher und
Accelerometer) Uber alle Altersgruppen hinweg durchgefihrt wurde. Wegen der notwendigen
Stratifizierung in Kinder und Jugendliche war insbesondere bei den 8. Klassen die
Studienpopulation sehr klein. Ruckblickend war zudem die Entscheidung, das Tagebuch nur an
vier statt an sieben Tagen einzusetzen, unglnstig. Obwohl ein Tagebuch laut Empfehlungen nur
drei Wochentage und einen Wochenendtag enthalten muss (126), hat der erhoffte
Compliancegewinn wahrscheinlich den Informationsverlust nicht ausgeglichen.

8.4. Ausblick

Einige der in der SCARPOL-Studie aufgetretenen Fragestellungen untersuchen wir bereits in
neuen Projekten. Diese sollen im Folgenden kurz beschrieben werden.

Messung der korperlichen Aktivitdt und Aufbau eines Monitoringprogramms_fur Kinder und

ugendliche:

Fir das vom BAG geplante Monitoring flr Kinder und Jugendliche wurden in einem Bericht
(127) erste Indikatoren definiert. Die SCARPOL-Studie diente dabei als eine der Grundlagen.
Im Anschluss daran wurde das Swiss TPH beauftragt zu evaluieren, wie neue regelmdssige
Messungen fur ein Monitoring bei Kindern und Jugendlichen am besten realisiert werden
kdnnten. Im Moment wird ein mdglicher Ablauf getestet, bei dem ein Kurzfragebogen mit einer
Accelerometermessung und einer Tagebucherhebung kombiniert wird. Von Interesse ist
insbesondere die unterschiedliche Akzeptanz der drei Instrumente, und ob eine Erhebung per
Postversand Sinn macht. Letzteres wadre eine Mdglichkeit, die Schulen bei Erhebungen nicht zu
belasten.

Zusammenhang zwischen kérperlicher Aktivitdt und Asthma:

Die Asthmaprdvalenz bei Kindern und Jugendlichen hat in den letzten 40 Jahren zugenommen
und stagniert mittlerweile auf hohem Niveau. Diese Zunahme ist ohne Zweifel multifaktoriell
begriindet. Eine Beeinflussung durch Allergenexpositionen basierend auf der Hygienehypothese
wurde schon breit erforscht (128, 129). Zunehmend gibt es aber auch Literatur, die eine
Abnahme der korperlichen Aktivitdt als mitverantwortlichen Faktor nennt (130). Ein Grund fur
diese Hypothese diirfte die parallele Zunahme der Asthma- und der Ubergewichtsprivalenz
sein. Mehrere Studien haben eine Assoziation zwischen diesen beiden Gesundheitsproblemen
beschrieben (131). Allerdings gibt es noch keine Analysen, die zeigen wirden, dass ein kausaler

101



8. Generelle Diskussion und Ausblick

Zusammenhang zwischen diesen beiden Trends besteht. Das ehemalige ISPM Basel, heute
Bestandteil des Swiss TPH, ist international bekannt fiir seine Forschung im Bereich Asthma und
Allergien. Zwei bestehende Studien sollen neu mit Fragen zur korperlichen Aktivitdit und
Accelerometermessungen erganzt werden. Die erste Studie (GABRIEL) hat zum Ziel, bei
Kindern aus sehr landlichen Regionen Unterschiede in der Allergieprdvalenz zwischen Bauem-
und Nichtbauernkindermn zu untersuchen. Im Jahre 2007 wurden erstmals Fragen zur
korperlichen Aktivitdt in den Fragebogen integriert. Zwei Jahre spdter werden nun dieselben
Fragen nochmals gestellt und bei rund 400 Kindern mit Tageblchern und Accelerometer-Daten
erganzt. Dabei wird untersucht, ob der Unterschied zwischen Bauern- und Nichtbauernkindern
in der Allergieprdvalenz durch unterschiedliches Bewegungsverhalten mitbeeinflusst sein kdnnte.
Bei der zweiten Studie handelt es sich um eine Geburtskohortenstudie (EFRAIM). Von je 200
Bauern- und 200 Nicht-Bauernkindern aus der Schweiz und Frankreich liegen aus verschiedenen
Altersgruppen mehrere detalillierte Fragebogen und biologische Proben vor, um den
Immunstatus und die Allergenexposition zu erfassen. Im Alter von 6 Jahren werden nun die
korperliche Aktivitdten dieser Kinder wahrend einer Woche mit Accelerometern gemessen.
Dadurch kann abgeklart werden, ob sich Kinder mit respiratorischen Beschwerden weniger
bewegen und ob es Hinweise auf einen Zusammenhang zwischen der Bewegung und der
klinischen Manifestation von Asthma und Allergien gibt.

Die landlichen Bevolkerungsstichproben erganzen zudem das eher urbane Kollektiv der
SCARPOL-Studie. Von Interesse ist, ob die Ergebnisse der SCARPOL-Studie reproduzierbar
sind. Ergebnisse aus dem Kapitel 6 weisen ja darauf hin, dass Assoziationen zwischen
Einflussfaktoren und Aktivitdt abhdngig von der Bevolkerungsdichte sind.

Wohnumgebung, kérperliche Aktivitdt und Koordination

Im Rahmen einer Untersuchung der IKAO zum Verkehr aus der Sicht von 6- bisl |-jahrigen
Kindern (132), wurde 2009 bei 554 Schilerinnen und Schilern aus Bemn, Rotenburg (LU) und
Laupersdorf (SO) der Untertest ,,Balancieren-rickwarts" aus dem Koérperkoordinationstest fir
Kinder (KTK) (133) durchgefihrt. Dabei schnitten die Schilerinnen und Schiler deutlich
schlechter ab als gemass Referenzverteilung aus dem Jahre 1974 zu erwarten gewesen ware.
,Sehr gut” wurde nie erreicht und ,,gut” von lediglich 3.5% der Kinder (im Vergleich: 2% resp.
14% im Jahre 1970). Hingegen wurden die koordinativen Fahigkeiten von 10.4% der Kinder als
,gestort” eingestuft (2% im Jahre 1970). Wir haben die Mdglichkeit, bei einem Teil dieser Kinder
das Bewegungsverhalten mittels Accelerometern zu messen. Gleichzeitig sind Uber die Adressen
der Kinder GIS-Daten flir deren Wohn- und Schulumgebung erhiltlich und Uber den
Fragebogen Einschatzungen der Eltern und der Kinder zur Gefdhrlichkeit des Schulweges. Ziel
dieser Analyse ist es zu untersuchen, ob das Bewegungsverhalten der Kinder und ihr Resultat im
Koordinationstest ~ zusammenhdngen und zu schauen, ob eine Assoziation mit
Umweltindikatoren und dem persénlich empfundenen Umfeld besteht.
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Internationaler Vergleich der kdrperlichen Aktivitat:

Zusammen mit dem BASPO haben wir die Md&glichkeit, an der grossen europdische Studie
"THE ENERGY-PROJECT" (www.projectenergy.eu) mitzuarbeiten und damit international
vergleichbare Daten zur Ubergewichtsprivalenz, zum Bewegungs- und Ernihrungsverhalten
sowie zum Umfeld von 10- bis |2-jahrigen Schilern in der Schweiz zu gewinnen. Geplant ist,
dass bei 8000 Kindern im Alter von 10 bis |12 Jahren aus 8 verschiedenen europaischen Landern
das Erndhrungs- und das Bewegungsverhalten mittels Fragebogen erfasst wird. Zudem soll die
Bewegung mittels Accelerometer sowie Gewicht, Grdsse und Bauchumfang standardisiert
gemessen werden. Eine internationale Studie bietet die Mdglichkeit, Umweltfaktoren, die einen
Einfluss auf das Emdhrungs- und das Bewegungsverhalten haben, zu identifizieren, da eine
genlgend grosse Variabilitit an Verhaltensweisen und Umweltfaktoren erfasst werden kann.
Innerhalb der Schweiz ist zum Beispiel die Zahl der Tumstunden pro Woche einheitlich geregelt
und die meisten Kinder nehmen das Mittagessen ausserhalb der Schule ein. Durch interationale
Vergleiche kann geprift werden, wie sich diese spezielle Situation auswirkt und welche
Entwicklungen allenfalls vermieden werden sollen.

Aufbau eines nationalen Datenpools:

Aktuell gibt es in der Schweiz neben den oben beschriebenen Studien (SCARPOL, GABRIEL,
EFRAIM, Studie der IKAO und ENERGY) weitere Untersuchungen, die das Bewegungsverhalten
von Kindern mit Accelerometemn erfassen resp. erfasst haben. Die meisten sind regional und
bezlglich der Altersgruppe begrenzt und untersuchen ganz unterschiedliche Fragestellungen. Da
aber bei allen Studien derselbe Messgeradtetyp verwendet wurde, eignen sie sich, um zu einem
Datenpool kombiniert und analysiert zu werden. Zusammen mit Urs Mdder (BASPO) und Susi
Kriemler (ehemals ISSVV, heute Swiss TPH) wurde ein Forschungskonsortium gegriindet. Das
Ziel dieses Konsortiums ist es, Daten von etwa 2000 Kindern aus unterschiedlichen
Altersgruppen, verschiedenen Deutschschweizer und zwei franzésisch sprechenden Regionen
sowie aus stddtischen und landlichen Gebieten zu einem Datensatz zusammenzufassen. Bei
vielen dieser Kinder wurden auch vergleichbare psychosoziale Faktoren, Umweltfaktoren,
Gesundheitoutcomes wie Body Mass Index (BMI) oder cardiovasculdare Risikofaktoren erfasst.
Somit kann erstmals das objektiv gemessene Bewegungsverhalten von Schweizer Kindemn und
Jugendlichen in einer genlgend grossen und fir viele Regionen reprdsentativen Stichprobe
analysiert werden. Dadurch erhdlt man Hinweise auf personliche, soziale, regionale und
umgebungsbedingte Unterschiede, die weit weniger anfdllig fir systematische Fehler (Bias) sind
als Daten aus Fragebogenerhebungen. Darliber hinaus wird angestrebt, die Daten in einen
internationalen Datenpool zu integrieren (ICAD der University of Bath), um basierend auf
objektiven Daten und identischen Analysemethoden das Bewegungsverhalten von Schweizer
Kindern mit internationalen Messungen zu vergleichen.
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Zur Entwicklung der Forschung:

Die Sensibilisierung fir das Thema Bewegung und Bewegungsmangel bei Kindem hat im letzen
Jahrzehnt enorm zugenommen. Wahrend in der WHO-Publikation “Children’s Health and
Environment. Review of the evidence” (1999) und im Handbuch ,,Pediatric Environmental
Health® der American Academy of Pediatrics (1999) korperliche Aktivitdt —als
Gesundheitsproblem noch gar nicht erwdhnt wurde, ist sie heute eines der meistgenannten
Public Health-Themen in Europa. Die Forschungstdtigkeit dazu ist in diesem Zeitraum stark
angestiegen. Die mediale Prasenz und die Bemihungen von Gesundheitsfachleuten scheinen
erste Wirkungen zu zeigen. Neuste Resultate weisen darauf hin, dass sich die Zahl
Ubergewichtiger Kinder in mehreren europdischen Landemn auf hohem Niveau stabilisiert hat
(14). Diese Stagnation hat stattgefunden, bevor die Ubergewichtspravalenzen gleich hohe
Werte wie in den USA erreicht haben. Es kann somit davon ausgegangen werden, dass nicht
die Ausschopfung aller pradisponierten Kinder und Jugendlichen fir diese Stagnation
verantwortlich ist. M&glicherweise haben wir beim Thema Bewegung eine dhnliche Situation wie
in den 80er Jahren mit der Prdvalenz asthmatischer Beschwerden und Allergien bei Kindem. Die
Ursachenforschung setzt gerade dann ein, wenn die Pravalenz nicht mehr zunimmt.

Es ist gut moglich, dass wir nach dem Aufbau des Monitorings keine relevanten Verdnderungen
im Bewegungsverhalten der Kinder mehr messen kénnen. Die Dokumentation der Entwicklung
wird dadurch nicht weniger relevant. Dazu gehdrt auch die Frage, ob eine tatsdchliche
Anderung der Umgebung das Bewegungsverhalten beeinflusst oder ob vielmehr die
Angstlichkeit in der Bevélkerung vor Verkehr oder Gewalt zugenommen hat resp. zunimmt.
Nur mit diesen Informationen k&nnen geeignete Interventionen geplant werden, von denen ein
grosser Teil der Kinder profitiert, denn das langerfristige Ziel bleibt, die Zahl der Kinder, die sich
zu wenig bewegen, auf ein Minimum zu reduzieren.
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