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neighborhoods in the south of the Netherlands partici-
pated in the study. The control schools were located in a
different municipality, which resembled the intervention
region based on level of urbanization and socioeconomic
status of the schools’ neighborhoods. The study design,
recruitment of study participants, and data collection
tools used have been described in detail in the protocol
paper of Verjans-Janssen et al. [32]. The medical ethics
committee of Maastricht University Medical Centre pro-
vided ethical approval for the study (METC163027, na-
tional number: NL58554.068.16) and the study is
registered in the Netherlands Trial Register (NTR6716).

The KEIGAAF intervention
The KEIGAAF intervention was implemented between
April 2016 and June 2019. The general aim of the interven-
tion was to promote PA behavior and healthy nutrition be-
havior among the children. To do this, a mutual adaptation
approach was used in which top-down principles and influ-
ences interacted with bottom-up development and imple-
mentation of PA and healthy nutrition-promoting activities.
A steering committee of health behavioral experts and rep-
resentatives of local organizations (a school board, a sports
support organization, a social work organization, the muni-
cipal health service organization, and a youth work
organization) provided basic intervention principles (top-
down) to local working groups who developed local activity
plans and implemented these activities (bottom-up). In
short, these intervention principles were: (1) each school
formed an interdisciplinary working group, consisting of
school staff, local (health) professionals, parents, and a
health promotion advisor (the composition differed per
school); (2) the working groups developed and imple-
mented the intervention according to the needs of the chil-
dren and the possibilities within the community; (3) the
intervention was aimed at improving PA and nutrition be-
havior; and (4) the working groups decided which behavior
to target first, to what extent, and what order. The eight
working groups were supported by the same health promo-
tion advisor during the entireintervention period, except
for one. In total, there were four health promotion advisors.
In this mutual adaptation approach, the local context and
ownership was honored while basic intervention principles
and broader system influences were acknowledged [32–34].
This process of mutual adaptation differed per school [34].
More details on the design of this approach can be found
elsewhere [32, 34].

The health promotion advisors, and health behavioral
experts from research institutes, advised the schools in
implementing a comprehensive approach of PA and
healthy nutrition-promoting activities. A comprehensive
approach is an approach in which practice and policies
are aligned and when PA and healthy nutrition behavior
are promoted by educating children, providing a

supportive social and physical environment and stimu-
lating healthy energy balance-related behaviors before
and after school time (i.e., by involving parents and the
wider community) [29, 30, 35]. Implementation of the
intervention in the schools was a dynamic process consist-
ing of many feedback loops: the process was improved
continuously based on evaluations, advice of the health
promotion advisor and the feedback of research data. This
dynamic process resulted in different intervention activ-
ities per school. Examples of implemented activities were
the use of new PA equipment during school recess,
provision of water bottles to children, implementation of
monthly after-school sports activities, and applying a pol-
icy concerning healthy birthday treats at school. Interven-
tion activities were new or strengthened existing activities.
A list of implemented PA and healthy nutrition-
promoting activities of the schools can be found in Add-
itional file 1. Implementation of the KEIGAAF interven-
tion has been described in detail elsewhere [34].

Study participants
At baseline, all primary school children in grades four to
six (aged 7 to 10 years) were eligible for inclusion. No
additional inclusion or exclusion criteria were defined.
The primary researcher informed the children orally
about the study and provided an information letter to
their parents. Parents could ask the primary researcher
questions during planned school meetings. For a child to
participate, two parents had to provide written consent.
Children and parents participated in the baseline mea-
surements (T0) conducted in March and April 2017, and
the follow-up measurements after one (T1) and 2 years
(T2), i.e., March/April 2018 and 2019. Collecting data in
the same period reduced the risk of seasonal variation in
BMI and PA behavior [36, 37].

Measurements
The same data were collected for the intervention group
and the control group. Data were collected on the chil-
dren’s BMI z-score as primary outcome measure and SB,
PA behavior and nutrition behavior as secondary out-
come measures.

BMI z-score
To measure children’s BMI z-score, trained research as-
sistants assessed children’s weight and height using a
measurement protocol. Children were weighed and mea-
sured during a physical education lesson. Children wore
light sports clothes and shoes were taken off before mea-
surements were made. A stadiometer (Seca 213, Ham-
burg, Germany) was used to measure standing height
with an accuracy of 1 mm, and a digital weighing scale
(Seca 803, Hamburg, Germany) was used to measure the
child’s weight to the nearest 0.1 kg. Weight and height
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