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Abstract

Background: In 2014 the Danish Government introduced a wide-ranging school reform that applies to all public
schools in Denmark. The reform involves changes in several aspects of the school structure and content. In a
physical activity promotion perspective, a distinctive feature of the school reform is that it has become mandatory
to integrate an average of 45 min of daily physical activity in the regular school day. The overarching objective of
the PHASAR study is to evaluate the implementation and effect of this ambitious policy-driven physical activity
promotion initiative on physical activity and overweight. This paper describes in detail the study protocol.

Methods: The evaluation is divided into a quantitative effect evaluation and a combined quantitative and
qualitative process evaluation. A total of 31 schools are enrolled in the PHASAR study including more than 2,000
school-aged children. Objectively measured physical activity data are obtained in the PHASAR study in 2017/18 and
compared to repeated cross sectional data collected in four historical school-based studies from 1998 to 2012. Body
mass index data from 2012 to 2018 will be collected from The Child Database, which includes repeated cross-
sectional assessments on approximately 100,000 children annually. In the absence of a control group, interrupted
time-series analysis will be used to evaluate pre- and post-reform physical activity and body mass index levels and
trends. A characterization of the school environment for physical activity promotion on a political, environmental,
organizational and individual level and school implementation processes will be conducted to evaluate the
implementation process. Data will be collected using interviews, surveys, document analyses and observations.

Discussion: The PHASAR study is a rare opportunity to evaluate the effectiveness of a nation-wide policy-driven
school-based physical activity promotion initiative. The use of objectively measured pre- and post-reform physical
activity and body mass index data combined with a characterization of the school implementation processes for
physical activity promotion will provide a comprehensive source to evaluate the school reform. The study findings
have the potential to influence national and international policy makers, health professionals and school staff.
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Background

Physical inactivity is a global public health threat causing
more than 3 million preventable deaths yearly [1, 2]. The
health benefits associated with regular engagement in
physical activity (PA) among children and adolescents in-
clude improved cardiorespiratory- and muscular fitness,
bone health, body composition, and cardiovascular- and
metabolic risk factor levels. In addition, benefits of PA also
comprise mental aspects of health such as improved phys-
ical self-perceptions and enhanced self-esteem [3]. Despite
the realization of the importance of PA, young peoples’
and adults’ lifestyle have changed over the last several de-
cades in most societies around the world. Today a large
proportion of children and adolescents are not sufficiently
physically active to achieve optimal health benefits [4].
These changes have been accompanied by rising trends in
obesity; from 1975 to 2016, children’s and adolescents’
age-standardized mean body mass index (BMI) increased
globally and in most regions [5].

School-aged children spend 30-35 h per week in
school corresponding to approximately 40% of their
waking hours [6, 7]. In Denmark, public (state) schools
are free of charge and mandatory for children between 6
and 16 years of age, who do not attend private schools;
therefore children from all social classes are numerously
represented in this setting [8]. Moreover, schools have
the potential to provide infrastructure, facilities, and staff
to support PA promoting initiatives making these insti-
tutions a key setting for PA promotion [6, 7, 9]. Inter-
nationally, various interventions have been conducted to
promote PA in schools [10-12]. These include providing
extra physical education (PE) lessons, health education,
after-school programs, parental engagement, newsletters,
and sports equipment [10, 11]. Previous efforts have
been unilateral and there is a need for intervention at all
levels to target insufficient levels of PA [13].

In 2014 the Danish Government introduced a new and
unique legislative PA promoting initiative as a part of a
national school reform (Fig. 1). The school reform was
introduced in all municipal primary and lower secondary
public schools. The school reform entailed a longer and
more varied school day intending to alternate between
regular classes and activities such as play, movement,
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projects, and workshops [14]. The overall aim of the
school reform was to ensure that all children meet their
full learning potential in order to counterbalance social
background impacting academic performance, and to
ensure well-being among all children and adolescents at-
tending public schools [14]. In a PA promoting perspec-
tive, a distinctive feature of the school reform is the
incorporation of 45 min of PA and movement in the
regular school day [14].

From 2011 and onwards it has been compulsory for
school nurses to report height and weight on
school-children to The Child Database (In Danish:
Bornedatabasen) making it possible to evaluate the ef-
fect of increased PA in schools on body composition. No
corresponding national routine surveillance of object-
ively measured PA exists. At University of Southern
Denmark, however, objectively measured PA data have
been collected in several population-based school-based
research projects since 1998 and onwards providing
pre-reform PA data. This PA data, The Child Database
and the introduction of the Danish school reform pro-
vide a unique opportunity for evaluating the implemen-
tation and effects of a nationwide school-based health
initiative on PA and body composition, which is the
overarching aim of the Physical Activity in Schools After
the Reform (PHASAR) study. The objective of the
present paper is to present the study protocol of the
PHASAR study.

Methods

Study design and objectives

An effect evaluation of a nation-wide policy presents
several scientific challenges, as it is impossible to have a
randomized comparison group or to undertake compari-
son to a matched contemporary control group. As a
consequence, bias and confounding may threaten the
validity of the causal inference attributing any observed
differences to the policy change alone. In the absence of
a contemporary comparison group, a quasi-experimental
design using interrupted time-series (ITS) analysis [15]
is a valuable alternative that has been used previously to
examine the effectiveness of nation-wide policy changes
[16-19]. A basic pre-post analysis based on one
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Fig. 1 Elements of the Danish school reform. A total of eight elements were introduced in the 2014 school reform; exercise and movement was one of
them. Open school is an element of the reform that focus’ on cooperation with the local community, e.g. sports associations, companies or museums
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assessment before and after the reform would fail to ac-
count for any trends in PA and BMI before the reform.

The evaluation will be based on routine-collected
health data, historic- and newly collected researcher-led
population-based quantitative data, and a
mixed-methodology part that also include gathering of
qualitative data. Thus, the evaluation consists of two
overall parts: a quantitative effect evaluation and a com-
bined quantitative and qualitative process evaluation.
The effect evaluation is conducted to examine the effect
of the school reform on total-; school- and leisure time
PA and BMI. The process evaluation is conducted to ob-
tain an understanding of the schools’ implementation
processes, and to examine how different school charac-
teristics potentially may influence PA levels of
school-aged children.

Recruitment and participants

To be able to evaluate the effects of the Danish public
school reform on PA levels it is imperative to have re-
peated cross-sectional data before (pre-reform) and after
(post-reform) the introduction of the reform. PA data de-
riving from four historical studies completed from 1998 to
2012 are used to evaluate pre-reform PA levels and trends.
PA data collected from August 2017 — September 2018
are used to evaluate post-reform PA levels (Fig. 2).

Pre-reform study populations

As previously stated, there are no routine surveillance
systems of PA in Danish school children; therefore, we
identified individual studies with information on these
variables. The validity of self-report as a sole source of
information is limited in this age group and may poten-
tially also drift over time, which would defeat the pur-
pose of our investigation [20]. Thus, objectively
measured PA data collected in four school-based studies
before 2014 comprise the historical data used to evaluate
pre-reform PA levels and trends. The four studies are 1)
The European Youth Heart Study (EYHS) conducted in
1997-98, 2003-04 and 2009-10, 2) When Cities Move
Children (WCMC) conducted in 2010 and 2012, 3)
Childhood Health, Activity, and Motor Performance
School Study Denmark (CHAMPS-DK) conducted in
2009, 2010 and 2012, and 4) School site, Play Spot, Ac-
tive transport, Club fitness and Environment (SPACE)
conducted in 2010 and 2012. Accelerometry was used to
assess PA in all four studies. Sampling and recruitment
of children and adolescents included in these four stud-
ies have been described elsewhere [21—-24]. These studies
comprise PA data on approximately # = 2,500 1st to 9th
grade children from 44 schools in 7 municipalities in the
Region of Southern Denmark and the Capital Region of
Denmark. An overview of the historical studies and
study populations is presented in Fig. 2.
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Post-reform study population

To enable evaluation of post-reform PA levels it is im-
perative to conduct an additional data collection after
the introduction of the school reform in 2014. Thus, a
new cross-sectional data collection was initiated in 2017
including school-aged children and adolescents that
broadly represent the source population of the four his-
torical studies (Fig. 2). Consequently, the same schools
and age-groups as in the four historical studies were in-
vited to participate in the PHASAR study. Two of the
historical studies (CHAMPS-DK and SPACE) introduced
PA promoting initiatives as part of their study; to
minimize any influence from participation in these inter-
ventions we chose only to include and recruit control
schools from these studies (Fig. 2). The schools were
contacted continually in 2017 and invited to participate
in the study. A total of 36 schools were invited in 2017
and 31 schools accepted the invitation to participate.

All parents or guardians of the invited children received
an invitation that explained the objective, content and pro-
cedures of the study. Children received similar oral infor-
mation at the schools provided by the research team. If
parents or guardians, or the child, did not want to partici-
pate, they were able to withdraw at any stage. A child or an
adolescent was found eligible to participate if 1) the child
attended one of the public schools and age groups (grades)
that had already been included in one of the four
pre-reform studies, and 2) the child did not suffer from any
physical disabilities or injuries preventing physical activity.

Study procedures
Post-reform data were collected at the schools from
August 2017 till September 2018. Since PA levels in
Danish school children are characterized by seasonal
variation it was important to take such variation into ac-
count [25]. Consequently, the post-reform data collec-
tion was matched for season to their respective
historical sources when possible. PA data matching the
sampling of the EYHS population were collected during
the entire school year, data matching the CHAMPS
population were collected during fall/winter, and data
matching the SPACE and WCMC population were col-
lected during spring and fall. An overview of the 2017/
18 data collection period is presented in Fig. 3.
Standardized testing protocols were made to ensure data
quality, and trained research assistants collected all data.
Prior to the initiation of the PHASAR study a pilot
study was conducted to optimize all study procedures.
Three school classes from one private school partici-
pated in the pilot study (n = 55).

Effect evaluation
Data used to evaluate the effect of the school reform on
PA and BMI levels are described in the sections below.
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Physical activity gt3x binary files and process the files in ActiLife. The

PA is assessed objectively by waist-mounted accelero-
metry. ActiGraph monitors (am7164, gtlm, and gt3x)
were used in the four historical studies and Axivity
AX3 monitors are used in the present study. The Acti-
Graph monitors have previously been validated in both
children and adolescents against various criteria and
have been found to be a valid method (r = 0.54—-0.66) to
assess habitual PA levels [26, 27]. All monitors measure
acceleration; however, the only output available with
devices used in the four historical studies is counts per
unit time, whereas Axivity AX3 monitors store raw ac-
celeration data in g, typically in 100 Hz resolution.
ActiGraph counts can be generated from Axivity AX3
raw acceleration by exporting the data into the ActiLife

ActilLife gt3x binary files generated from the Axivity
AX3 raw acceleration use a 30 Hz sampling frequency
to avoid the known bias observed with sampling fre-
quencies like the 100 Hz [28]. The OmGUI software
available with the Axivity AX3 device is used to
down-sample data into 30 Hz sampling frequency and a
special in-house software is used to export the raw
acceleration into the gt3x binary files. The integrity of
the data files was evaluated by comparing the
sample-by-sample raw acceleration stored in the Axiv-
ity AX3 data files with raw acceleration exported into a
CSV file using the ActiLife software. The in-house de-
veloped software Propero is used for the final data re-
duction and quality control.



Pedersen et al. BMC Public Health (2018) 18:1245 Page 5 of 11
p
Data source
¢ Weight and height from The
w
5 Child Database
.:i’a ¢ The parents’ educational level
2 and ethnicity from Statistics
; Denmark
b= * Teacher, pedagogue and
2 school leader questionnaire
_8 * Interviews with selected
5 teachers, pedagogues and
< school leaders
S e Parental questionnaire
g
] * School class interviews
@ + Anthropometrics
3 * Obijectively measured physical activity
(%] . 2
‘ » Student questionnaires
2017 2018 2019
Fig. 3 Overview of the post-reform data collection period

Body mass index

BMI calculated as weight divided by height-squared is col-
lected via the nationwide surveillance database The Child
Database. In Denmark, all school-aged children are of-
fered a preventive health examination obtained by either
school nurses or medical doctors according to law. In
2011, it became compulsory for all Danish municipalities
to annually report data on height and weight to The Child
Database via the Danish Board of Health Electronic Re-
port System. Data are considered complete from 2012 and
onwards, and from this time data on approximately
100,000 children aged 6-7 years (pre-preparatory classes),
9-13 years (intermediate classes) and 14—15 years (lower
secondary education) are available annually. In the
pre-preparatory classes the first assessment obtained is

reported to The Child Database. If several measurements
are conducted during the intermediate classes the mea-
surements obtained closest to the child’s 11th birthday will
be reported. In the lower secondary education classes the
last measurement obtained before the child finishes school
will be reported. Data from 2012 to 2018 will be extracted
from The Child Database in 2019 (Fig. 4).

In addition, height, weight and waist circumference
are assessed on the study population included in the
PHASAR study data collection in 2017/18 (Fig. 2). These
anthropometric data were also collected in all four his-
torical studies. Thus, it is possible to use the body com-
position data for the purpose of providing descriptive
data and stratification when examining PA before and
after the introduction of the school reform.

Pre-reform Introduction of Post-reform
The Danish
[ o} o] o o o °
2011 2012 2013 2014 2015 2016 2017 2018
Fig. 4 Time points of body mass index data collections. Data is collected via The Child Database
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National registers

For all participants civil registration number is collected
making it possible to extract additional data from na-
tional registers (ethnicity, socioeconomic status etc.).
These additional data will be useful for stratification pur-
poses and in minimizing selection bias (if necessary).

Process evaluation

Data used to complete the process evaluation and to
evaluate the implementation of the school reform are
described in the sections below. The process evaluation
is primarily based on post-reform data. However, some
historical survey data are included to compare pre- and
post-reform data.

Questionnaires

Four different questionnaires were completed: a student
questionnaire, parental questionnaire and one for school
teachers and pedagogues, and one for the school manage-
ment. All questionnaires were completed electronically.

Student questionnaire
Children in 5th—-9th grade were asked to complete the
questionnaire. The student questionnaire contained ques-
tions on leisure-time PA, sedentary behavior, transporta-
tion habits, living conditions, school satisfaction,
well-being, screen time, sleep duration and assessment of
neighborhood characteristics (physical environment, facil-
ities, access to facilities etc.), and conditions for being
physically active in school and the surrounding neighbor-
hood. Some of the question items have previously been
used in the historical studies and other national and inter-
national surveys concerning children’s PA level and health.
The children completed the questionnaire on tablets
during a school lesson (45 min) the last day of wearing
the accelerometer. Two or three trained research assis-
tants were present during the session and instructed the
children in how to complete and access the question-
naire using unique ID-numbers. Research assistants
assisted if any questions arose during the questionnaire.
If one or more children had difficulties reading and un-
derstanding the questions a research assistant assisted
these children in a separate room. All children were
instructed to complete the questionnaire individually
without talking to classmates.

Parental questionnaire

All parents or guardians were asked to complete a ques-
tionnaire containing questions on living conditions, edu-
cational level, assessment of neighborhood, possibilities
for being physically active in their neighborhood and
children’s leisure time activities. Moreover, parents of
children in 1st to 4th grade were asked to answer ques-
tions containing facilities in their neighborhood, access

Page 6 of 11

to facilities, children’s transportation habits and chil-
dren’s sleep duration.

Only one parent was asked to complete the question-
naire. After the data collection at the school the school
administration sent out the questionnaire link to the
parents. An estimated 15-20 min were projected to
complete the questionnaire. To increase the response
rate reminders were sent out twice via schools’ parental
email list to those parents who lacked filling out the
questionnaire.

Teacher questionnaire

Danish-, math-, English- and assistant teachers from par-
ticipating classes were asked to complete a questionnaire
concerning their education level, time of employment, use
of PA when teaching, kinds of physical activities used in
classroom teaching, school’s physical environment, use of
open school, their PA level and transportation habits.
Teachers were asked to complete the questionnaire imme-
diately after the data collection at the school. The comple-
tion took approximately 20 min.

School management questionnaire

The questionnaire for school management included
questions on school’s physical environment, school facil-
ities for PA, school policies regarding PA and health,
open school, initiatives for PA and general health for
children, and questions on implementation of the ‘45
minutes of PA per day’ initiative. School principals or a
similar administrative person with knowledge about the
implementation process were asked to complete the
questionnaire. The concerned respondent was asked to
complete the questionnaire immediately after the data
collection at the school. An estimated 45-60 min was
projected to complete the questionnaire.

Health policies

The school administration was asked to forward relevant
papers on health policies, schools principles or other pa-
pers relevant for identifying school’s implementation of
45 min PA per day.

Timetables

The administration was further asked to forward detailed
timetables for the participating classes for the week when
data collection was taking place. Timetables contributed
information on organization of the school day for use in
combination with the objective assessment of PA.

Interviews

To gain knowledge about the organization of PA during
teaching, and to examine the type of PA that is prac-
ticed, all participating classes were asked to take part in
a class-interview regarding physical activities during
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recess and lessons. The class-interviews lasted for ap-
proximately 10-15 min and were conducted during the
first visit at the schools.

To gather in-depth data of the implementation of
45 min PA per day on a teacher- and school management
level, 11 representative schools were selected for inter-
views. The interviews were semi-structured and were
based on the Ecological framework for understanding
effective implementation and the Practical, Robust Imple-
mentation and Sustainability Model (PRISM) as theoret-
ical starting point [29, 30]. The interview included
identification and assessment of specific school-based PA
programs, school’s physical environment for PA and
health policies. Moreover, interviews were used to get
in-depth data on the organization of non-scheduled PA,
integration of PA during classroom teaching, and as a tool
for identifying differences in health policies and PA pro-
grams across different tiers. One school representative
from each school with in-depth knowledge of the imple-
mentation process was asked to participate. The inter-
views lasted for approximately 60 min.

Observational data

To detect and evaluate the built environment as a deter-
minant for PA, observational data were collected at the
schools that participated in the interviews. The built envir-
onment was evaluated using two measures: the surface of
each school playground (m?) and the number of perman-
ent play facilities. The area of the schoolground was
mapped in detail using Geographic Information System
(GIS). GIS was further used to map school vegetation,
open green spaces and outdoor play facilities [31-34].
Moreover, GIS was used to examine access to open public
spaces (parks, green areas), street patterns and vegetation
in the school neighborhood [31]. Inspired by Nielsen et.
Al (2010) all facilities for PA were registrated. Facilities
were counted as physical structures if they previously had
been observed to be used by the children for play and/or
sports activities during recess [35]. The number of facil-
ities at each school was counted twice during the day of
observation while the children were at play [35].

Statistical methods

Descriptives of the cohort will be obtained for
characterization and representativeness. Interrupted
time-series (ITS) analysis will be used as the overall stat-
istical method. Based on at least two repeated
cross-sectional assessments before and after the intro-
duction of the school reform, ITS estimates the
pre-reform slope, the change in level around the time of
introduction of the reform accounting for the
pre-reform trend, and the change in slope after the re-
form. The results of the change in level and the change
in slope represent the estimates of the effect of the
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reform assuming a linear before- and after time trend.
With regard to BMI, The Child Database provides suffi-
cient pre- and post-reform data points to investigate
trends. With respect to PA, pre-and post reform analysis
will be conducted.

Multi-level regression and significance tests will be uti-
lized for analyses in both parts of the study (the effect
and process evaluation), as qualitative analyses will be
used for analyses with respect to the process evaluation.

Justification of sample size

With n=~100,000 in each BMI time point before and
after the school reform, we have 80% power (alpha level
=0.05) to detect a difference of 0.04 BMI points assum-
ing a standard deviation of 3.2 BMI points (data from
EYHS). With n = 2,000 in each PA time point before and
after the reform, we have 80% power (alpha level = 0.05)
to detect a difference in moderate-vigorous PA of ap-
proximately 2 min/day assuming a standard deviation of
24 min/day (data from SPACE).

Reporting statements

The REporting of studies Conducted using Observa-
tional Routinely-collected health Data statement (REC-
ORD) will be used when reporting results from the
effect evaluation. Cochrane Qualitative and Implementa-
tion Methods Group guidance series—paper 6: reporting
guidelines for qualitative, implementation, and process
evaluation evidence syntheses will be used to report re-
sults with respect to the process evaluation.

Discussion

The public school reform implemented in the Autumn of
2014 by the Danish government provides a unique oppor-
tunity for evaluating the effectiveness of this ambitious
nation-wide policy-driven school-based PA promotion ini-
tiative. By international comparison, the magnitude of the
strengthened focus on PA as a key component of public
school life is exceptional. Access to historical data on ob-
jectively measured PA and body composition provides a
rare opportunity to evaluate the effect of this ambitious le-
gislation on PA- and BMI levels in school-aged children
and adolescents. Further, in combination with the process
evaluation the study aims to understand the different im-
plementation processes and thereby the expected variation
in uptake of the reform on PA. As mentioned earlier, sev-
eral randomized controlled studies have evaluated the ef-
fect of various school-based PA promotion interventions
[11]. Because many randomized controlled studies evalu-
ating the effectiveness of school-based PA have been
researcher-led interventions and typically conducted in
non-representative samples they often have poor external
validity. When possible, complementing any evidence on
effectiveness from randomized controlled studies with that
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from observations based on natural experiments are
therefore highly valuable. Thus, the present project will
significantly advance and complement the evidence on the
effectiveness of school-based PA interventions. The
school-level data characterizing how individual schools
have implemented the PA requirement prompted by the
reform will be an important resource to support and help
explain findings in the effectiveness analysis, including
variations in effect. Furthermore, these observations can
be used to establish a number of ‘best practice’ examples,
which are important for the government, municipalities,
schools and other non-governmental organizations work-
ing with promotion of PA in schools.

To our knowledge the Danish school reform is one of
the first policy-driven initiatives aiming to integrate a
substantial amount of PA in the regular school day. In
2018, similar policies will be introduced in the Norwe-
gian and Taiwanese public schools aiming to implement
an average of 60 min/day and at least 150 min/week, re-
spectively [36, 37]. In Hungary, daily PE became part of
the program of the Government in 2010. After its grad-
ual implementation, from the school year 2015/16, all
students of all grades in primary and secondary school
were supposed to take part in 5 PE classes per week,
each lasting 45 min [38]. In Scotland, the PA programme
The Daily Mile is being promoted by the the Scottish
Government. The programme aims to get the students
outside to run for 15 min (1 mile) during class each day.
An evaluation of the programme found it to be effective
in improving MVPA, cardiorespiratory fitness and body
composition [39]. Similar policy-driven initiatives have
been introduced in some of the provinces and states in
Canada and in the U.S. [9, 40-43]. However, none of
these policies have been initiated on a national political
level. To our knowledge, only a few evaluations of these
PA promoting initiatives have been conducted - primar-
ily on the initiatives in Canada. A growing number of ju-
risdictions in Canada have adopted the Daily Physical
Activity (DPA) guidelines that increase the requirement
for PA in schools [40, 44]. In Ontario, Canada, DPA
guidelines stipulate that all school boards ensure that
students attending 1st to 8th grade participate in a mini-
mum of 20 min of sustained MVPA each day during in-
structional time [45, 46]. In a cross-sectional study,
Stone et al. [45] examined the proportion of schools in
Ontario that participated in DPA and the proportion
that actually met the guidelines of 20 min of MVPA a
day assessed using accelerometry. Results showed that
the majority of children did not meet the required fre-
quency or intensity of the DPA policy indicating that the
DPA guidelines were not fully implemented at the in-
cluded schools [45]. An additional cross-sectional study
conducted by Allison et al. [46] evaluated the implemen-
tation fidelity to the DPA guidelines. The results
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concurred with the results by Stone et al. [45] as they
concluded the implementation of the guidelines to be in-
complete. None of the above-mentioned studies had ac-
cess to PA data before the introduction of the DPA
guidelines making it impossible to conclude on the effect
of the initiative. Consequently, the effect of policy-driven
PA promotion initiatives, similar to the school reform in
Denmark, is still unknown. To our knowledge, the
present study will be the first study to examine the im-
plementation and effects of a nationwide policy aiming
to promote PA in public schools.

Strengths and limitations

Study design

Conducting a randomized controlled trial (RCT) to
evaluate the nationwide school reform is not possible
in the present context, since the school reform is a
policy that applies to all public schools across
Denmark (N =1,267). Thus, it is not possible to have
a randomized comparison group or to compare with
a contemporary matched control group to prevent
bias and confounding, which is a limitation of the
current study [47, 48]. However, in the absence of a
control group, the interrupted time-series (ITS) ana-
lysis is a statistical method that serves to mimic the
control group, i.e. by statistical matching of other pa-
rameters and treating time and change time-points as
exposure variables. This technique has previously been
utilized to examine the effectiveness of nation-wide policy
changes [15, 16, 18]. Thus, this statistical method will be
utilized to evaluate pre- and post-reform PA and BMI
levels and trends.

Data is combined by pre-reform and post-reform PA
data. To enhance the comparability of the new data col-
lection with the historical source population and to
minimize potential confounding, children with the
same age will be recruited at the same schools as in the
historical studies. Thus, the recruitment is limited to
the schools represented in the four historical studies.
Since the school reform has been introduced in all pub-
lic schools in Denmark, the study population in the
present study should represent the target population,
which under optimal conditions would be all children
and adolescents in Denmark. All historical studies
aimed to be representative only for a predetermined
community and not the whole country of Denmark.
The aggregation of the four samples does, however, im-
prove the representativeness on a national level, but it
is still only a minority of all municipalities in Denmark
that are represented in the historical and new samples.
This likely will affect the external validity of the present
study with respect to the investigation of PA levels, in
contrast to the body composition data which largely
represent all children from Denmark.
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Study population

The main reason for only including control schools of
the historical intervention studies (Fig. 2) was to increase
the internal validity of our results by minimizing poten-
tial localized intervention effects. Thirty-six schools were
invited to participate in the present study. During the re-
cruitment process five schools declined to participate,
and a total of 31 schools were enrolled. Unfortunately,
most of the schools that declined were geographically lo-
cated in the same parts of Denmark, which further re-
duced the geographical representativeness.

Using a mixed methods approach that includes qualita-
tive and quantitative methods strengthens the study, since
the different types of data complement each other [49]. A
process evaluation including different types of data should
help understand and explain the findings of the effect evalu-
ation. Moreover, observations from the present study may
be able to identify a number of “best practice” examples,
which would be highly valuable for the government, muni-
cipalities, schools and other non-governmental organiza-
tions concerned with promotion of PA in schools. However,
it is important to emphasize that the 45 min of daily PA in
schools are merely a single fragment of an ambitious and
comprehensive school reform (Fig. 1). As previously men-
tioned the Danish school reform consists of eight initiatives
that every school must adhere to. Thus, it will be wrong to
conclude that any change in PA solely is a result of the re-
quirements of 45 min of daily PA; rather, any changes in PA
levels could be a result of the entire policy implementation.

The PHASAR study provides a rare opportunity to
evaluate the effectiveness of a nation-wide policy-driven
school-based PA promotion initiative. The use of object-
ively measured pre- and post-reform PA and body compos-
ition, and the characterization of school implementation
processes for PA promotion on a political, environmental,
organizational and individual level will provide a compre-
hensive source to evaluate the school reform. Therefore,
the study findings have the potential to influence policy
makers, health professionals and school staff.

Abbreviations

BMI: Body mass index; CHAMPS-DK: Childhood Health, Activity and Motor
Performance School Study Denmark; DPA: Daily Physical Activity;

EYHS: European Youth Heart Study; GIS: Geographic Information System;
ITS: Interrupted time-series; MVPA: Moderate to vigorous physical activity;
PA: Physical activity; PE: Physical education; PHASAR: Physical Activity in
Schools After the Reform; RCT: Randomized controlled trial; SPACE: School
site, Play Spot, Active transport, Club fitness and Environment; WCMC: When
Cities Move Children

Acknowledgements
We thank the participating schools, children, teachers, principals, school
administrations and parents for their participation in the study.

Funding

The Danish Foundation TrygFonden (https://trygfonden.dk/english) are
funding the PHASAR-project (ID 115606). The work of SB was funded by the
UK Medical Research Council (MC_UU_12015/3).

Page 9 of 11

Availability of data and materials

Data will be available at the time of publication (of articles specified in this
protocol) upon application to the PHASAR Steering Committee
(ktlarsen@health.sdu.dk). If approved by the Steering Committee and the
Danish Data Protection Agency, data will be available.

Authors’ contributions

AG, PLK, JT and SB initiated the study and participated in funding acquisition,
study design and coordination. NC and KTL participated in further
development of the study design and methods. Moreover, KTL participated in
project administration and data collection. JBH contributed with statistical
guidance. JCB contributed with methodological guidance and development of
methods used to measure and compare physical activity data. NHP and SK
participated in the data collection and initiated this paper and wrote the draft.
All authors contributed to writing the manuscript and critically reviewing its
content. All authors approved the final version before submission.

Ethics approval and consent to participate

The need for ethichal approval was waived by the Regional Scientific Ethical
Committee (The Region of Southern Denmark, Regionshuset, Damhaven 12,
7100 Vejle), since no intervention was provided by the research team and
the study did not contain any human biological material (cf. the guidelines
from the National Scientific Ethical Committee). The project was notified and
approved by the Danish Data Protection Agency (2015-57-0008), who also
gave legal advice and confirmed the legal basis of the informed passive
consent (elaborated below). All data are stored and treated in accordance
with Danish law for protection and the General Data Protection Regulation.
Prior to the data collection, students and their parents or guardians received
information about the objectives, content and procedures of the study. Consent
took form of an oral and written informed passive consent from the parents and
students entailing that all students were included in the study unless parents,
guardians or students decided to withdraw from the study, which they were able
to do at any stage. Principals or teachers participating in the interviews signed a
consent prior to the interviews. Throughout the study it was emphasized that
participation was voluntary, that respondents could withdraw consent at any
time, and that data would be treated confidentially and anonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Centre of Research in Childhood Health, Research Unit for Exercise
Epidemiology, Department of Sports Science and Clinical Biomechanics,
University of Southern Denmark, Campusvej 55, 5230 Odense M, Denmark.
“Research unit for Active Living, Department of Sports Science and Clinical
Biomechanics, University of Southern Denmark, Campusvej 55, 5230 Odense
M, Denmark. >The Danish Twin Registry, Epidemiology, Biostatistics and
Biodemography, SDU eScience Centre, J. B. Winslgws Vej 9, 5000 Odense C,
Denmark. “MRC Epidemiology Unit, Cambridge School of Clinical Medicine,
Institute of Metabolic Science, University of Cambridge, Box 285, Cambridge
Biomedical Campus, Cambridge CB2 0QQ, UK.

Received: 3 August 2018 Accepted: 23 October 2018
Published online: 08 November 2018

References

1. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global
physical activity levels: surveillance progress, pitfalls, and prospects. Lancet.
2012;380(9838):247-57.

2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A
comparative risk assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis
for the global burden of disease study 2010. Lancet. 2012,380(9859):2224-€0.


https://trygfonden.dk/english

Pedersen et al. BMC Public Health

20.

21.

22.

23.

24.

(2018) 18:1245

Lubans D, Richards J, Hillman C, Faulkner G, Beauchamp M, Nilsson M, et al.
Physical Activity for Cognitive and Mental Health in Youth: A Systematic
Review of Mechanisms. Pediatrics. 2016;138(3):1-13.

WHO. Global status report on noncommunicable diseases. 2014.

NCD Risk Factor Collaboration. Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis
of 2416 population-based measurement studies in 128.9 million children,
adolescents, and adults. Lancet. 2017;390(10113):2627-42.

Cohen D, Scott M, Frank Zhen W, McKenzie TL, Porter D. School design
and physical activity among middle school girls. J Phys Act Health.
2008;5(5):719-31.

Ishii K, Shibata A, Sato M, Oka K. Recess physical activity and Percieved
school environment among elementary school children. Int J Environ Res
Public Health. 2014;11:7195-206.

Kristensen PL, Wedderkopp N, Mgller NC, Andersen LB, Bai CN, Froberg K.
Tracking and prevalence of cardiovascular disease risk factors across socio-
economic classes: A longitudinal substudy of the European Youth Heart
Study. BMC Public Health. 2006;6:20.

Gladwin CP, Church J, Plotnikoff RC. Public policy processes and getting
physical activity into alberta's urban schools. Canadian J Public Health. 2008;
99(4):332-8.

Borde R, Smith JJ, Sutherland R, Nathan N, Lubans DR. Methodological
considerations and impact of school-based interventions on objectively
measured physical activity in adolescents: a systematic review and meta-
analysis. Obes Rev. 2017;18(4):476-90.

Mears R, Jago R. Effectiveness of after-school interventions at increasing
moderate-to-vigorous physical activity levels in 5- to 18-year olds: a
systematic review and meta-analysis. Br J Sports Med. 2016;50(21):1315.

Van Sluijs EM, McMinn AM, Griffin SJ. Effectiveness of interventions
topromote physical activity in children and adolescents: systematic review
of controlled trials. Br J Sports Med. 2008;42(8):653.

Sims J, Scarborough P, Foster C. The effectiveness of interventions on
sustained childhood physical activity: a systematic review and meta-analysis
of controlled studies. PLoS One. 2015;10(7):e0132935.
Undervisningsministeriet. Bekendtgerelse af lov om folkeskolen. LBK nr.
1510, §15. Kebenhavn; 2017.

Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression
based quasi-experimental approach when randomisation is not an option:
interrupted time series analysis. BMJ. 2015;350:h2750.

Campbell SM, Reeves D, Kontopantelis E, Sibbald B, Roland M. Effects of pay
for performance on the quality of primary care in England. N Engl J Med.
2009;361:368-78.

Dayer MJ, Jones S, Prendergast B, Baddour LM, Lockhart PB, Thornhill MH.
Incidence of infective endocarditis in England, 2000-13: a secular trend,
interrupted time-series analysis. Lancet. 2015;385(9974):1219-28.

Grijalva CG, Nuorti JP, Arbogast PG, Martin SW, Edwards KM, Griffin MR.
Decline in pneumonia admissions after routine childhood immunisation
with pneumococcal conjugate vaccine in the USA: a time-series analysis.
Lancet. 2007;369:1179-86.

Grundy C, Steinbach R, Edwards P, Green J, Armstrong B, Wilkinson P. Effect
of 20 mph traffic speed zones on road injuries in London, 1986-2006:
controlled interrupted time series analysis. BMJ. 2009;339:b4469.

Welk GJ, Corbin CB, Dale D. Measurement issues in the assessment of
physical activity in children. Res Q Exerc Sport. 2000;71(2 Suppl):S59-
73.

Wedderkopp N, Jespersen E, Franz C, Klakk H, Heidemann M, Christiansen C,
et al. Study protocol. The Childhood Health, Activity, and Motor
Performance School Study Denmark (The CHAMPS-study DK). BMC Pediatr.
2012;,12:128.

Riddoch C, Edwards D, Page A, Froberg K, Andersen SA, Wedderkopp N.
The European youth heart study - cardiovascular disease risk factors in
children: rationale, aims, study design, and validation of methods. J Phys Act
Health. 2005;2.

Toftager M, Christiansen LB, Kristensen PL, Troelsen J. SPACE for physical
activity - a multicomponent intervention study: study design and baseline
findings from a cluster randomized controlled trial. BMC Public Health. 2011;
1101):777.

Klinker CD, Schipperijn J, Toftager M, Kerr J, Troelsen J. When cities move
children: development of a new methodology to assess context-specific
physical activity behaviour among children and adolescents using
accelerometers and GPS. Health & Place. 2015;31:90-9.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Page 10 of 11

Kristensen PL, Korsholm L, Maller NC, Wedderkopp N, Andersen LB, Froberg
K. Sources of variation in habitual physical activity of children and
adolescents: the European youth heart study. Medicin and science in Sports.
2007;18(3):298-308.

Ekelund U, Sjostrom M, Yngve A, Poortvliet E, Nilsson A, Froberg K. Physical
activity assessed by activity monitor and doubly labeled water in children.
Med Sci Sports Exerc. 2001,33(2):275-81.

Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of
physical activity monitors in children. Obes Res. 2002;10(3):150-7.

Brand JC, Arvidsson D. Sampling frequency affects the processing of
ActiGraph raw acceleration data to activity counts. J Appl Physiol (1985).
2015;120(3):362-9.

Durlak JA, DuPre EP. Implementation matters: a review of research on
the influence of implementation on program outcomes and the
factors affecting implementation. Am J Community Psychol. 2008;41(3-
4):327-50.

Feldstein AC, Glasgow RE. A practical, robust implementation and
sustainability model (PRISM) for integrating research findings into practice.
Jt Comm J Qual Patient Saf. 2008;34(4):228-43.

Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the Built
Environment for Physical Activity: State of the Science. Am Journal Prev
Med. 2009;36(4, Supplement):S99-S123.e12.

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological
approach to creating active living communities. Annu Rev Public Health.
2006;27:297-322.

Jones NR, Jones A, van Sluijs EMF, Panter J, Harrison F, Griffin SJ. School
environments and physical activity: the development and testing of an
audit tool. Health Place. 2010;16(5):776-83.

Cervero R, Kockelman K. Travel demand and the 3Ds: density, diversity, and
design. Transp Res Part D: Transp Environ. 1997;2(3):199-219.

Nielsen G, Taylor R, Williams S, Mann J. Permanent play facilities in school
playgrounds as a determinant of children's activity. J Phys Act Health. 2010;
7(4):490-6.

Ministry of Education Taiwan. National Sports Act, Planning Division,
Sports Administration, Chapter 2: Sports Education in Schools. Taiwan;
2018.

Stortinget. Representantforslag om a innfare en ordning som sikrer elever
pa 1-10. trinn minst én time fysisk aktivitet hver dag; Stortingen; 2017 [cited
2018 June 25]. Available from: https.//www stortinget.no/no/Saker-og-
publikasjoner/Saker/Sak/?p=69702.

Government of Hungary. Act CXC of 2011 on National Public Education.
Budapest: Hungarian Educational Authority; 2011.

Chesham RA, Booth JN, Sweeney EL, Ryde GC, Gorely T, Brooks NE, et al.
The daily mile makes primary school children more active, less sedentary
and improves their fitness and body composition: a quasi-experimental
pilot study. BMC Med. 2018;16(1):64.

Olstad DL, Campbell EJ, Raine KD, Nykiforuk ClJ. A multiple case history and
systematic review of adoption, diffusion, implementation and impact of
provincial daily physical activity policies in Canadian schools. BMC Public
Health. 2015;15(1):385.

Carlson JA, Sallis JF, Chriqui JF, Schneider L, McDermid LC, Agron P. State
policies about physical activity minutes in physical education or during
school. J Sch Health. 2013;83(3):150-6.

Robertson-Wilson JE, Dargavel MD, Bryden PJ, Giles-Corti B. Physical activity
policies and legislation in schools: a systematic review. Am J Prev Med.
2012;43(6):643-9.

Buffington A, McKee C, Ragsdale K, Blanchard TC, Baggett D, Southward LH.
Impact of Mississippi healthy students act of 2007 on district- and school-
level health policies: school Officials’ perspectives. J Sch Health. 2014;84(5):
285-93.

Watts AW, Masse LC, Naylor P-J. Changes to the school food and physical
activity environment after guideline implementation in British Columbia,
Canada. Int J Behav Nutr Phys Act. 2014;11(1):50.

Stone MR, Faulkner GEJ, Zeglen-Hunt L, Bonne JC. The daily physical
activity (DPA) policy in Ontario: is it working? An examination using
accelerometry-measured physical activity data. Canadian J Public Health.
2012;103(3):170-4.

Allison KR, Vu-Nguyen K, Ng B, Schoueri-Mychasiw N, Dwyer JJM, Manson H,
et al. Evaluation of daily physical activity (DPA) policy implementation in
Ontario: surveys of elementary school administrators and teachers. BMC
Public Health. 2016;16(1):746.


https://www.stortinget.no/no/Saker-og-publikasjoner/Saker/Sak/?p=69702
https://www.stortinget.no/no/Saker-og-publikasjoner/Saker/Sak/?p=69702

Pedersen et al. BMC Public Health

47.

48.

49.

(2018) 18:1245

Harris AD, McGregor JC, Perencevich EN, Furuno JP, Zhu J, Peterson DE, et
al. The use and interpretation of quasi-experimental studies in medical
informatics. J Am Med Inform Assoc. 2006;13(1):16-23.

Van Kann DH, Jansen MW, de Vries SI, de Vries NK, Kremers SP. Active living:

development and quasi-experimental evaluation of a school-centered

physical activity intervention for primary school children. BMC Public Health.

2015;15:1315.
Frederiksen M, Gundelach P, Nielsen R. Mixed methods-forskning. Hans
Reitzels Forlag: Copenhagen; 2014.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Discussion

	Background
	Methods
	Study design and objectives
	Recruitment and participants
	Pre-reform study populations
	Post-reform study population

	Study procedures
	Effect evaluation
	Physical activity
	Body mass index
	National registers

	Process evaluation
	Questionnaires
	Student questionnaire
	Parental questionnaire
	Teacher questionnaire
	School management questionnaire
	Health policies
	Timetables
	Interviews
	Observational data

	Statistical methods
	Justification of sample size
	Reporting statements

	Discussion
	Strengths and limitations
	Study design
	Study population
	Abbreviations

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

