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Abstract

Background: Regular physical activity is associated with physical, social and mental health benefits, whilst
insufficient physical activity is associated with several negative health outcomes (e.g. metabolic problems).
Population monitoring of physical activity is important to gain insight into prevalence of compliance to physical
activity recommendations, groups at risk and changes in physical activity patterns. This review aims to provide an
overview of all existing studies that measure physical activity in youth, in cross-European studies, to describe the
variation in population levels of physical activity and to describe and define challenges regarding assessment
methods that are used.

Methods: A systematic search was performed on six databases (PubMed, EMBASE, CINAHL, PsycINFO, SportDiscus
and OpenGrey), supplemental forward- and backward tracking was done and authors” and experts’ literature databases
were searched to identify relevant articles. Journal articles or reports that reported levels of physical activity in
the general population of youth from cross-European studies were included. Data were reviewed, extracted and
assessed by two researchers, with disagreements being resolved by a third researcher. The review protocol of
this review is published under registration number CRD42014010684 in the PROSPERO database.

Results: The search resulted in 9756 identified records of which 30 articles were included in the current review.
This review revealed large differences between countries in prevalence of compliance to physical activity
recommendations (i.e. 60 min of daily moderate- to vigorous-intensity physical activity (MVPA)) measured
subjectively (5-47 %) and accelerometer measured minutes of MVPA (23-200 min). Overall boys and children
were more active than girls and adolescents. Different measurement methods (subjective n =12, objective
n=18) and reported outcome variables (n=17) were used in the included articles. Different accelerometer
intensity thresholds used to define MVPA resulted in substantial differences in MVPA between studies conducted
in the same countries when assessed objectively.
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Conclusions: Reported levels of physical activity and prevalence of compliance to physical activity recommendations
in youth showed large variation across European countries. This may reflect true variation in physical activity as well as
variation in assessment methods and reported outcome variables. Standardization across Europe, of methods to assess
physical activity in youth and reported outcome variables is warranted, preferably moving towards a pan-EFuropean
surveillance system combining objective and self-report methods.

Key words: Youth, Prevalence, Assessment method, Childhood, Health behaviour, Activity level

Background

Recommendations published by the World Health
Organization (WHO) state that children and adolescents
should accumulate at least 60 min of moderate- to
vigorous-intensity physical activity (MVPA) daily. Add-
itionally, within these 60 min, vigorous-intensity physical
activity (VPA) should be incorporated at least three
times per week [1]. Such levels of physical activity are
associated with physical, social and mental health bene-
fits [2—4]. Besides, physical activity in childhood and
adolescence is positively related to adult physical activity
[4, 5] and health [4, 6].

To establish accurate prevalence data and to monitor
changes in physical activity in youth, valid and reliable
measures are required [7, 8]. Physical activity can either
be measured objectively or subjectively. Traditionally,
physical activity is assessed by means of self-report ques-
tionnaires, especially in larger population studies [9, 10].
Because such self-report measures are prone to bias,
recently more objective assessment methods (e.g. pe-
dometers or accelerometers) are also being used [11].
However, such objective methods come with their own
challenges. For example, consensus still has to be reached
regarding the accuracy of steps recorded by different
pedometers [12], as well as the specific accelerometer
intensity thresholds [11, 13] that correspond with low
intensity physical activity (LPA), MVPA or VPA in youth.
Furthermore, pedometer and accelerometer assessments
do not provide information regarding the context of
physical activity [14].

In 2013, twelve European Member States established a
Knowledge Hub on DEterminants of Dlet and Physical
AcCtivity (DEDIPAC) through a joint Programming Ini-
tiative. One of DEDIPAC’s aims is: “enabling a better
standardised and more continuous pan-European ‘needs
analysis; i.e. to monitor dietary, physical activity and sed-
entary behaviours and changes in these behaviours across
the life course and within populations to identify targets
and target populations for (policy) interventions” [15].

Providing an overview of the existing cross-European
(i.e. more than one European country involved) studies
that monitor physical activity and sedentary behaviour
levels, and their reported population levels, was identified
as the first step towards standardisation in population

surveillance. In 2010 the WHO [16] published an ex-
tensive report, with an overview of existing national
and international studies on physical activity levels in
European countries. Unfortunately, this report did not
provide country specific physical activity levels. Also, it
was concluded that national studies used various
methods and often non-standardized instruments
which led to non-comparable data. Therefore, this sys-
tematic review gives an update of cross-European sur-
veillance systems, and reports physical activity levels
per country in order to enable comparison of physical
activity levels between countries.

Within DEDIPAC, four systematic literature reviews
have been conjointly performed to study the variation in
population levels of 1) physical activity in youth (the
current review) 2) sedentary behaviour in youth [17], 3)
physical activity in adults [18] and 4) sedentary behav-
iour in adults [19]. The purpose of this systematic review
is to provide an overview of existing cross-European
studies on physical activity in European youth (<18 years),
to describe the variation in population levels of physical
activity in European youth and in assessment methods
used to assess physical activity in cross-European studies,
and to define challenges regarding the assessment and
reporting methods. These results will be discussed in
relation to possible harmonization of physical activity
measurement and monitoring across Europe.

Methods

As described in the introduction this systematic litera-
ture review is part of a set of four reviews. Because the
four systematic reviews originate from the same project,
have similar objectives (although for different behaviours
and/or age groups) and share their methodology, the
introduction-, methods- and discussion sections of the
review articles have obvious similarities. The search, ar-
ticle selection, data extraction and quality assessment
were conducted conjointly for all four reviews. Subse-
quently, the included articles were allocated to the
appropriate review. One article could be included in
multiple reviews. If an article included both youth
(<18 years) and adults (=18 years) and presented strati-
fied results, those stratified results were used in the ap-
propriate review. If the article did not present stratified
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results, the article was allocated to the most appropriate
review, based on the mean age (and age distribution) of
the study sample. Before the search commenced, review
protocols were written based on the “Centre for Reviews
and Dissemination’s guidance for undertaking reviews in
health care” [20], and registered in the PROSPERO data-
base [21]. The review protocol of this review on physical
activity in youth is published under registration number
CRD42014010684. The reporting of this systematic re-
view adheres to the preferred reporting items of the
PRISMA-P checklist (Additional file 1).

Search strategy

The search was conducted in June 2014 and updated
in February 2016. Six databases (PubMed, EMBASE,
CINAHL, PsycINFO, SportDiscus and OpenGrey) were
searched using similar search strategies, adapted to
each database. The following search terms were used:
‘Physical activity’ OR ‘Sedentary behaviour’ AND ‘Europe’
(including all individual country names) AND ‘Countries’/
"Multi-country’/International’. Both the index terms and
the title and abstract were searched and synonyms (e.g.
for physical activity: physically active and physical exer-
cise) were used. The complete search string can be found
in Additional file 2. Based on the in- and exclusion criteria
described below, search filters of the databases were used
when possible, for example to select the appropriate publi-
cation period or language.

In addition, complementary search strategies were
used. After the full-text review phase, the reference lists
of the included articles were scanned (backward track-
ing) and a citation search was performed for the in-
cluded articles (forward tracking) to identify potentially
appropriate articles. Also, several experts in the field of
physical activity and sedentary behaviour were contacted
to provide additional articles. Finally, all authors in-
volved in the four reviews were asked to search their
own literature databases for appropriate articles. All add-
itionally retrieved articles underwent the same selection
process as the original articles - as described below.

Article selection

All retrieved records were imported into Reference
Manager 12 (Thomson Reuters, New York). Duplicates
were hand-searched and removed. Records were in-
cluded if they were journal articles, reports or doctoral
dissertations (further referred to as ‘articles’) written in
English. To be included articles needed to report on ob-
servational studies conducted after 01-01-2000 (to avoid
reporting outdated data) in the general, healthy popula-
tion. In addition, articles were only included if they pro-
vided data for two or more European countries (as
defined by the Council of Europe) [22]. With regard to
physical activity, articles were included if they reported
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total physical activity (e.g. minutes/day or meeting rec-
ommendations), and/or physical activity in leisure time.
Articles that only reported on transport, occupational or
household physical activity were excluded. Both subjec-
tive (e.g. questionnaires) and objective (e.g. accelerome-
ters) measures were included.

Three researchers (AL,LVH,MV) were involved in the
article selection, data extraction and quality assessment.
For the title selection, the three researchers each inde-
pendently reviewed 1/3 of the titles of the retrieved ar-
ticles. For the abstract and the full-text selection, data
extraction and quality assessment, the three researchers
each covered 2/3 of the articles, so that each article was
independently reviewed, extracted and assessed by two
different researchers. Disagreement between the two re-
searchers was resolved by the third researcher.

Data extraction

A standardized data extraction file was used to extract
data regarding the study characteristics, the study sample,
the assessment methods, the reported outcomes, and
the findings. We did not obtain the original data. The
complete data extraction file can be found in Additional
file 3. To present the data more clearly and to allow for
comparisons between age groups, the results are pre-
sented and discussed separately for children (age 0-12)
and adolescents (age 13—18). When a study reported on a
sample that covered both childhood and adolescence (e.g.
9-15 year olds), the data was presented in both sections
in this manuscript.

Quality assessment

A quality score was used to provide a general overview
of the quality of the included articles. The ‘Standard
quality assessment criteria for evaluating primary research
papers from a variety of fields’ [23] was used for the as-
sessment. The checklist consists of fourteen items to be
scored ‘Yes' (2 points), ‘Partial’ (1 point), No’ (0 points)
and ‘Not applicable’. The summary score was calculated
as follows: Total sum ((number of ‘Yes’ x 2) + (number of
‘Partial’ x 1))/Total possible sum (28 — (number of ‘Not
applicable’ x 2)). This instrument was chosen because it
provides the opportunity to assess and compare the qual-
ity of different study designs, focuses on both the research
and the reporting, and allows researchers to indicate that
an item is not applicable, without affecting the total
quality score. The complete quality assessment file can
be found in Additional file 4.

Results

Overview of the existing cross-European studies on
physical activity in youth

Our search (original and update combined) resulted
in 9756 articles, after exclusion of duplicates. After
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the titles and abstracts were screened, 581 full texts
were obtained and reviewed. This resulted in 80 ar-
ticles, of which 30 articles reported data on physical
activity in youth [24-53]. The three main reasons for
exclusion for the four reviews together were: (a)
fewer than two countries involved (7 =183), (b) out-
come not reported per country (n=144), and (c)
suitability of the reported outcome variables, for ex-
ample when only active transportation was reported
(n=135) (Fig. 1).

We only included articles published between 2000
and 2016 but 80 % (n = 24) were published after 2008.
All articles except two had a cross-sectional design:
Ortega et al. [37] used a longitudinal design, but only
follow up data of this study were included in the review,
because baseline data were collected before 2000 and
Ekelund et al. [47] pooled data from cross-sectional and
longitudinal studies. The number of European countries
included in these articles, ranged from 2 to 36. All arti-
cles included data from boys and girls and sample size
ranged from 301 to 479,674 participants. The quality
score ranged from 0.68 to 1 (maximum score=1). A
short summary of the articles including demographic
characteristics of the sample, assessment methods and
reported outcome variables per article is presented in
Table 1.
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Variation in population levels of physical activity in
European Youth

Levels of physical activity are presented by European
country for children (0—12 years) in Table 2 and for ado-
lescents (13—18 years) in Table 3. Most articles included
in this review provided data from datasets of larger
European studies such as the ENERGY-, EPAPA-, EYHS,
HBSC-, ICAD-, IDEFICS, ISCOLE- or TOYBOX-study.
To describe the variation in population levels of physical
activity in youth (Tables 2 and 3; Figs. 2 and 3), not all
articles were included to avoid presenting results from
the same data twice. If there was more than one article
per study reporting exactly the same outcome variable in
a similar way in the same sample, the article with the
largest amount of information was chosen [28-30, 32,
38, 39, 42, 44, 46, 47, 49, 50]. No data were available for
the following countries: Andorra, Azerbaijan, Bosnia and
Herzegovina, Cyprus (no data for adolescents), Georgia,
Liechtenstein, Monaco, Montenegro, San Marino and
Serbia. These countries (n = 10) represent 21 % of the 47
European countries but less than 3 % of the European
population [54]. For clarity, values presented in the ta-
bles are for the total sample numbers, except where the
articles reported data for boys and girls separately. For
the Health Behaviour in School Children (HBSC study),
the most recent data was presented in the tables
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Fig. 2 Average daily counts per minute in children across countries based on different articles. When data were reported separately for boys and
girls [30, 38], the mean was reported. Ekelund et al. [47] reported on pooled data from different studies and cleaned and processed the data
together. In the Figure the original study is mentioned in the legend: ENERGY = European energy balance research to prevent excessive weight
gain among youth; EYHS = European Youth Heart Study; ICAD = International Children’s Accelerometry Database; CSCIS = Copenhagen School
Child Intervention Study; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and Environmental Associations with
Children’s Health; SPEEDY = Sport, Physical activity and Eating behaviour, Environmental Determinants in Young People; MAGIC = Movement and
Activity Glasgow Intervention in Children; KISS = Kindersportstudie; Verloigne et al. [30] reported counts per 15 s, to harmonize results, this was
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(survey13/14). The values of the 11 year olds were included
in Table 2 and the values for the 15 year olds in Table 3.
Generally, boys were more active than girls independ-
ent of the measurement method or reported outcome
variables, and children tended to be more active than ad-
olescents (Tables 2 and 3). Moreover, in most European
countries, less than 50% of children and adolescents
complied with the recommended levels of physical activ-
ity, regardless of the measurement method. However,
there was a large variation between countries. The HBSC
study was arguably the best option to compare PA levels
in youth between European countries, because it in-
cluded data from 36 countries. Self-reported data from
HBSC 2016 [46] indicated that among 11-year-olds Italy
(13 %), Denmark (15 %) and Greece (16 %) had the low-
est prevalence of children meeting recommended phys-
ical activity levels, while Finland (41 %), Ireland (38 %)
and Bulgaria (36 %) had the highest prevalence. How-
ever, self-report data are likely to provide less valid data
of compliance to physical activity recommendations [55].

Comparison of physical activity levels among youth in
European countries using objective measurement methods
For effective comparison of physical activity levels among
youth between articles, the same physical activity outcome

variables have to be reported and data have to be cleaned
and processed the same way. The best comparable out-
come reported in the included articles (i.e. not influenced
by the specific intensity thresholds that are used), was
accelerometer measured average daily counts per minute
(CPM). In Figs. 2 and 3, accelerometer derived average
daily CPM are presented for children and adolescents.
Average daily counts per minute varied between 492 CPM
and 804 CPM for children and between 486 and 647 CPM
for adolescents. Some differences between countries can
be observed for the data in children, for example within
one study [38] an average CPM of 804 was reported for
Norway compared with an average CPM of 670 for
Denmark. Furthermore, some variation within countries
can be observed, for example one study [47] reported an
average CPM of 711 for 9-10 year old Norwegians,
whereas another study [38] reported an average CPM of
804 for Norwegian 9-year-olds. In adolescents more
similar results between and within countries were found.

The objectively measured outcome that was reported
most frequently was “minutes of MVPA per day”. Figure 4
shows minutes of MVPA per day in children for articles
reporting accelerometer derived data. Different intensity
thresholds for converting accelerometer-based CPM to
minutes per day of MVPA were used across the articles.
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Fig. 3 Average daily counts per minute in adolescents across countries based on different articles. When data were reported separately for boys
and girls [37, 38], the mean was reported. Ekelund et al. [47] reported on pooled data from different studies and cleaned and processed the data
together. In the Figure the original study is mentioned in the legend: EYHS = European Youth Heart Study; ICAD = International Children’s
Accelerometry Database; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and Environmental Associations with

Children’s Health; KISS = Kindersportstudie

These cut-off decisions resulted in different classifications
of activity levels. For example Riddoch et al. [38] reported
179 min of MVPA in children per day in Portugal,
compared to 29 min reported by Ekelund et al. [47].
This resulted in a difference of 150 min of MVPA per day
in the same country, even though these articles used the
same dataset from the EYHS study. The high values of
MVPA across any country reported in the articles of
Riddoch et al. [38] and Nilsson et al. [36] can be attri-
buted to the low intensity thresholds that were used to
define MVPA (respectively >1000 CPM and >2000
CPM) compared to the intensity threshold used in the
other articles [30, 31, 47] (>3000 CPM).

Figure 5 shows minutes of MVPA per day in adoles-
cents for articles reporting accelerometer derived data.
The same pattern can be observed as in children. Mi-
nutes of MVPA per day in the articles of Riddoch et al.
[38] and Nilsson et al. [36] were markedly higher in
each country than the values reported in the article of
Ekelund et al. [47] due to the intensity thresholds that
were used (respectively >1000 CPM and >2000 CPM
and >3000 CPM). However, Ortega et al. [37] and Nilsson
et al. [36] used the same intensity threshold (>2000
CPM) but did not report similar levels of MVPA due to
differences in age of participants and period of data col-
lection: participants in the article of Nilsson et al. [36]

were 15 years old compared to 18 years in the article of
Ortega et al. [37] and data used by Nilsson et al. [36]
was collected between 1997 and 2000 and the data re-
ported by Ortega et al. [37] was collected in 2007. This
indicates that variation in levels of physical activity
reported in different articles is not only due to the in-
tensity thresholds that were used, but also to sample
characteristics and data collection periods.

Comparison of physical activity levels among youth in

European countries using subjective measurement methods
In Fig. 6 subjectively measured percentage of children
meeting the guidelines is presented for 5 countries.
ENERGY data reported by Jimenez-Pavon et al. [29] and
data from the most recent HBSC report 2016 [46] (survey
09/10) are compared. Data from both studies included
about 50 % girls and age groups were comparable (11 year
olds [44] and 10-12 years olds [29]). The HBSC study
[46] included one single item question on the number of
days over the ‘past’ week that participants were physically
active for a total of at least 60 min per day. This included
sport participation, active transportation, physical activity
at school and physical activity at home. The ENERGY
study [29] on the other hand included questions on
sports participation (2 questions) and active transport
(4 questions) in a ‘usual’ week. The two studies reported
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balance research to prevent excessive weight gain among youth, EYHS = European Youth Heart Study; ICAD = International Children’s Accelerometry
Database; CSCIS = Copenhagen School Child Intervention Study; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and
Environmental Associations with Children’s Health, SPEEDY = Sport, Physical activity and Eating behaviour, Environmental Determinants in Young
People, KISS = Kindersportstudie; ISCOLE = The international study of childhood obesity, lifestyle and the environment

Acelerometer based MVPA in adolscents

a5
92 o
70 69
63 =
56
| 29 I 30 29

Estonia Portugal Denmark Norway Unighted Kingdom

MINUTES/DAY

m Riddoch et al. (2004) [38] (15 years): >1000cpm EYHS m Nilsson et al.(2009) [36] (15 years): >2000cpm EYHS
M Ekelund et al. (2012) [47] EYHS (S-16 years): >3000cpm ICAD B Ortega et al. (2013) [37] (18 years): >2000cpm EYHS
M Ekelund et al. (2012) [47] ALSPAC (10-15 years): »3000cpm ICAD = Ekelund et al. (2012) [47] PEACH (10-13 years): >3000cpm ICAD

Fig. 5 Minutes per day of accelerometer based MVPA in adolescents across countries based on different articles. When data were reported
separately for boys and girls [37, 38] or week and weekend day [36], the mean was reported. Ekelund et al. [47] reported on pooled data from
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different amounts of children meeting the guidelines of
60 min of daily MVPA within each European country.
For Spain, Greece, Belgium, Hungary (only girls), The
Netherlands (only girls) and Switzerland (only girls)
the HBSC study [46] reports higher percentages of
compliance to physical activity guidelines compared to
the ENERGY study [29], whereas for Norway, Slovenia,
Switzerland (only boys) and Hungary (only boys) the
ENERGY study [29] reports higher percentages of children
meeting guidelines compared to the HBSC study [46].

Variation in assessment methods and reported outcome
variables

Because there was a large variation in measurement
methods and reported outcome variables, an overview is
presented in Table 4. Measurement of physical activity
was done either objectively (with accelerometers) or sub-
jectively (e.g. with questionnaires or ecological momen-
tary assessment). More than half (n =16) of the articles
included in this review used accelerometers, two used
pedometers, ten articles used a questionnaire and two
articles used ecological momentary assessment. All ques-
tionnaires were self-administered. Eight articles asked
questions regarding physical activity in the seven days
prior to questionnaire administration and two asked

questions regarding an “average week”. The outcomes
were reported in seventeen different ways (for example
one article [35] reported “% of total time spent in
MVPA”, whereas another [37] reported “MVPA in mi-
nutes per day”). Of these reported outcomes “% meeting
the guidelines on physical activity” (n = 15) and “minutes
per day of MVPA” (both measured objectively and sub-
jectively) (n = 11) were used most often. Five different in-
tensity thresholds were used to define MVPA measured
with accelerometers in children ranging from >1000 CPM
to >3000 CPM and four different intensity thresholds were
used in adolescents ranging from >1500 CPM to >2296
CPM. Several accelerometer models were used in the
included articles: the EYHS study [34—38] used an older
ActiGraph model (MTI7164), whereas in the EPAPA
study [32, 33], study by Ramirez-Rico et al. [26] and
ISCOLE study [52] more recent ActiGraph models were
used (GT1M and GTX3). In the ENERGY study [30, 31],
IDEFICS study [49-51] and ICAD study [47, 48] a com-
bination of different models was used: the ENERGY-study
used one old (Actitrainer) and two new (GT1M, GT3X)
ActiGraph models, the IDEFICS-study used one old (Acti-
trainer) and one newer ActiGraph model (GT1M) and the
ICAD-study pooled studies that used three different
models (two older models: 7164, 71256 and one newer
model: GT1M).
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Table 4 Assessment methods and reported outcome variables in the articles included in the systematic review

Study N Article number reference list
Not part of an international study 4 [24-27]
ENERGY 4 [28-31]
EPAPA 2 [32,33]
EYHS 5  [34-38]
HBSC 8  [39-46]
ICAD 2 [47,48]
IDEFICS 3 [49-51]
ISCOLE 1 [52]
TOYBOX 1 [53]
Assessment method
Accelerometer 16 [26], ENERGY [30, 31], EPAPA [32, 33], EYHS [34-38],
ICAD [47, 48], IDEFICS [49-51], ISCOLE [52]
Pedometer 2 [25], TOYBOX [53]
Questionnaire 10  ENERGY [28, 29], HBSC [39-46]
Ecological momentary assessment 2 [24,27]
Accelerometer model
ActiGraph
GTTM 8  [26], ENERGY [30, 31], IDEFICS [49-51], ICAD [47, 48]
GT3X 5 ENERGY [30, 31], EPAPA [32, 33], ISCOLE [52]
Actitrainer 5 ENERGY [30, 31], IDEFICS [49-51]
7164 7 EYHS [34-38], ICAD [47, 48]
71256 2 ICAD [47, 48]
Pedometer model
Yamax Digiwalker SW-200 1 [25]
Omron Walking Style Pro pedometers (HJ-720IT-E2) 1 TOYBOX [53]
Name of questionnaire
ENERGY questionnaire 2 ENERGY [28, 29]
HBSC questionnaire (Prochaska et al. (2001) [67]) 8  HBSC [39-46]
Mode of questionnaire administration
Self-administered 10 ENERGY [28, 29], HBSC [39-46]
Timing physical activity measurement
Average per week 2 ENERGY [28, 29]
Last seven days/week 8  HBSC [39-46]

Reported outcome variables

Total physical activity 12 [24, 25], ENERGY [28, 30, 31], EYHS [34-36, 38],
ICAD [47, 48], TOYBOX [53]

Accelerometer measured (cnts/min/day) 6 EYHS [34-36, 38], ICAD [47, 48]
Accelerometer measured (cnts/15 s/day) 2 ENERGY [30, 31]
2
2

Steps/day [25], TOYBOX [53]
Self-report diary/questionnaire (min/day) [24], ENERGY [28]
MVPA (min/day) 11 [26], ENERGY [30, 31], EPAPA [32, 33],
EYHS [36-38], ICAD [47, 48], ISCOLE [52]
MPA (min/day) 1 [26]
VPA (min/day) 2 [26], ISCOLE [52]

% of total time LPA/MVPA/VPA 2 EYHS [35], IDEFICS [49]
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Table 4 Assessment methods and reported outcome variables in the articles included in the systematic review (Continued)

LPA (500-2000 CPM) 1 EYHS [35]
MVPA (>1680 CPM) 1 IDEFICS [49]
MVPA (>2000 CPM) 1 EYHS [35]
VPA (>3000) 1 EYHS [35]
% of participants meeting recommendations 15 [27], ENERGY [29, 30], EPAPA [32],
HBSC [39-46], IDEFICS [50, 51], TOYBOX [53]
260 min on 2 5 days 4 HBSC [39-41, 43]
260 min on 27 days 10 [27], ENERGY [29, 301, EPAPA [32] HBSC [42, 44-46], IDEFICS [50, 51],
=180 min on = 7 days 1 TOYBOX [53]
physical activity accumulated in 10 min bouts 2 60 min on =7 days 1 EPAPA [32]
% of participants 2 2 days/week VPA 5  HBSC [41-44, 46]
Mean number of days active2 1 h 1 HBSC [40]
10 min bouts MVPA(min/day) 1 EPAPA [32]

Intensity thresholds used for:

MVPA children (0-12 years old)

> 1000 CPM 1 EYHS [38]
> 1680 CPM 1 IDEFICS [49]
> 2000 CPM 4 EYHS [34-37]
> 2296 CPM 4 [26], IDEFICS [50, 511, ISCOLE [52]
>3000 CPM 4 ENERGY [30, 31], ICAD [47, 48]
MVPA adolescents (13-18 years old)
> 1500 CPM 1 EYHS [38]
> 2000 CPM 3 EYHS [34,36,37]
> 2296 CPM 4 [26], EPAPA [32, 33], ISCOLE [52]
> 3000 CPM 2 ICAD [47, 48]
Guidelines mentioned in article
260 min physical activity on at 25 days 4 HBSC [39-41, 43]
260 min of physical activity at 27 days 18 [26, 27], ENERGY [29, 30], EPAPA [32, 33], EYHS [34-36, 38],
HBSC [42, 44-46], ICAD [47], IDEFICS [50, 51], ISCOLE [52]
2180 min of physical activity at 27 days 1 TOYBOX [53]
No guidelines reported 7 [24, 25], ENERGY [28, 311, EHYS [37], IDEFICS [49], ICAD [48]
Results reported separately for
Study (article pooled multiple studies) 3 ICAD [47, 48], HBSC [45]
Gender 19 [24, 25, 27], ENERGY [28-30], EPAPA [32], EYHS [34-38],
HBSC [40-44, 46], IDEFICS [50]
Week and weekend day 6 [24], [26], EYHS [36, 37], EPAPA [32], TOYBOX [53]
Age group 9 EYHS [34, 36-38], HBSC [40, 42, 44, 46], IDEFICS [51]
Weight status T IDEFICS [51]
School time/non-school time/after school time 1 [26]
Full time employed/part time-employed/non employed 1 IDEFICS [49]
School-travel-time/school time/non-school-time/ 1 EPAPA [33]

weekend-night-time/weekend-morning-time/weekend afternoon-time

ENERGY European energy balance research to prevent excessive weight gain among youth, EPAPA Evaluation and Promotion of Adolescent Physical Activity, EYHS
European Youth Heart Study, HBSC health behaviour in school-aged children, ICAD International Children’s Accelerometry Database, IDEFICS identification and
prevention of dietary and lifestyle induced health effects in children and infants, CPM counts per minute, min minutes, LPA light-intensity physical activity, MPA
moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate- to vigorous-intensity physical activity
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Another notable feature was, that all accelerometers
used in studies included in this review were from one
manufacturer (ActiGraph). This shows that research is
making progress to more standardized measures, and
these data from the same accelerometer may be more
easily comparable [56].

Discussion

The aim of this systematic literature review was to
provide an overview of the current literature on the
population levels of physical activity in youth in cross-
European studies, to present population levels of
physical activity in European youth, to provide an
overview of methods used in cross-European studies
and discuss the impact of different assessment methods.
Thirty articles were included, in which the number of
European countries included ranged from 2 to 36.

Regarding the reported levels of physical activity
across European countries, several observations can be
made. First of all, there is substantial variability between
countries in overall levels of physical activity and in the
prevalence of compliance to recommended physical ac-
tivity levels in youth. In European countries for which
data was reported in the included articles, 5 to 47% of
children and adolescents complied with the recom-
mended levels of physical activity when measured sub-
jectively, which was consistent with previous research
[55]. The objectively measured data ranged from 0 to
60% of youth meeting physical activity recommenda-
tions; depending on the intensity thresholds that were
used. In previous reviews, results suggested prevalence
data between 0 and 100% [55, 56]. Generally, boys were
more active than girls and younger children were more
active than adolescents. This is consistent with previous
literature [57].

These differences may partly be caused by differences
in assessment methods used or in sampling methods,
but may also be partly caused by true differences in na-
tional physical activity levels. This can be illustrated for
accelerometer data by the ICAD study, which cleaned,
reduced and processed data the same way (and thereby
reduced the amount of variability caused by the mea-
surement methods) and found substantial variation
between countries [47, 48]. For subjectively measured
physical activity, the HBSC study, which collected and
processed data the same way, provides an overview of
true variation of compliance to physical activity guide-
lines in 36 European countries [46]. These differences
can possibly be caused by cultural differences or differ-
ences in physical activity policies between countries (e.g.
not all European countries provide the same amount of
physical education lessons in school [58]).

A large number of assessment methods have been
used in cross-European studies, when assessing physical

Page 18 of 22

activity. The use of different methods likely explain
some, but not all, of the variability between countries in
overall levels of physical activity. For example subjective
measurements tend to overestimate measures of physical
activity compared to objectively measured physical activ-
ity [55]. Nevertheless, subjective measurement methods
remain important to measure the context in which phy-
sical activity takes place. In this systematic review the
subjectively measured data revealed some variability
when data were reported in min per day of MVPA. This
might well be due to the discrepancy in the questions
used to examine total amount of MVPA daily. For ex-
ample, to examine the total amount of physical activity
some questionnaires included more domains (such as:
leisure time physical activity, active transportation, phy-
sical activity at school) of physical activity than others.
Therefore, a minimum requirement for cross-country
comparisons include the use of validated, reliable, back-
translated, culturally adapted and standardised questions
when assessing population levels of physical activity in
youth.

Additionally the objectively measured data revealed
that when data are presented in minutes per day of
MVPA, substantial variation in the reported levels of
MVPA in youth is observed. A major factor in this vari-
ation are the different intensity thresholds used in the
different articles to define MVPA from the accelerom-
eter data. Five different intensity thresholds were used to
define MVPA measured with accelerometers in children
ranging from >1000 CPM to >3000 CPM and four differ-
ent intensity thresholds were used in adolescents ranging
from >1500 CPM to >3000 CPM. Therefore, different
conclusions will be drawn on levels of physical activity in
youth depending on which intensity threshold is used. In
a previous review a similar range, of intensity thresholds
to define MVPA, was reported [56]. Nevertheless, most
articles published after 2011 used the intensity thresholds
defined by Evenson et al. [59] which were recommended
by Trost et al. [13]. This clearly illustrates that research is
evolving to more similar methodologies regarding inten-
sity thresholds used for ActiGraph accelerometers.

Consequently, average daily counts per minute (CPM)
is a more comparable measurement outcome, as this is
not influenced by the specific intensity thresholds that
are used. However, this outcome is influenced by data
reduction methods, such as the definition of non-wear
time and wear protocol (e.g. overnight). Furthermore,
this outcome needs calibration in order to be converted
into a meaningful outcome such as minutes spent in
MVPA [60].

Additionally, different types and models of the same
type of accelerometer may produce different results for
the same acceleration which need to be considered when
interpreting accelerometer derived physical activity data
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[61]. However, others have concluded that different
models of the Actigraph accelerometer yield comparable
results [62—66].

No data were available for some countries. These coun-
tries should be included in future international studies.
Only articles based on HBSC data [39-46] included a
broad range of countries (27-36), with all other articles
reporting on less than 10 countries. This implies that the
HBSC study is the only study that reports reasonably
comprehensive data on physical activity levels of youth
across Europe. The HBSC survey (01/02) asked about
physical activity level with one question on physical activ-
ity in the previous week (i.e. “Over the past 7 days, on
how many days were you physically active for a total of at
least 60 min per day?”) and one on a typical week (i.e.
“Over a typical or usual week, on how many days are you
physically active for a total of at least 60 min per day?”).
In the HBSC studies conducted in 04/05, 09/10 and 13/
14 only one question remained (i.e. “On how many days
over the past week were you physically active for a total
of at least 60 min per day”). These questions (developed
by Prochaska et al. [67]) were stated to be a reliable (ICC:
0.77) tool to measure total MVPA in youth and were
found to relate significantly with accelerometer data (r=
0.40, p < 0.001) [67].

Strengths and limitations

A possible limitation of this systematic literature review
was that only articles in English were included, thereby
possibly missing on relevant articles written in another
language. The choice of the databases that were searched
and additional search strategies could have led to pos-
sible missed articles. In this review only articles report-
ing on total physical activity and leisure time physical
activity were included. A selection of other domains
such as active transportation or sport participation may
have provided a different result.

We only included studies comprising at least two
European countries, thereby excluding all national stud-
ies. This was decided as national studies often do not
use standardised self-report instruments and data reduc-
tion and processing methods are diverse, which limits
comparability between countries [16, 68]. Objectively
measured physical activity data from national studies
may have been better comparable than subjectively
measured physical activity data. However, differences
in sampling methods and data cleaning and —reduc-
tion procedures may limit cross-country comparisons.
Harmonization of data prior to comparison between
countries is possible and should be the recommended
practice [16]. Another limitation of this systematic
review was that we excluded all articles that mea-
sured physical activity in youth in multiple European
countries but did not report levels of physical activity
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separately per country. Such an example is the HELENA-
study (Healthy lifestyle in Europe by nutrition in adoles-
cence) [69].

The most important strengths of this review are its
systematic character and profound review process. The
search protocol was not adjusted throughout the entire
review process. The search was performed for the four
reviews (on physical activity in youth, physical activity in
adults, sedentary time in youth and sedentary time in
adults) together. This provided a solid search strategy
with the maximum likelihood of capturing all relevant
articles. The study selection, data extraction process, and
quality assessment were performed by two researchers, with
initial disagreement being resolved by a third researcher.

Recommendations for future research
This review shows that there is an urgent need for inter-
national consensus regarding data-cleaning, reduction
and processing rules for accelerometer data and for
standardization of questions used to assess physical ac-
tivity in youth. This can be done by building on previous
work, for example the International Children’s Accelero-
metry Database (ICAD) project pooled individual accel-
erometer data files and cleaned, reduced and processed
it using standardized methods [70]. This can be used as
a good starting point for future international guidelines
on cleaning, reducing and processing accelerometer
data, to assure that outcome variables across studies can
easily be compared. Additionally consensus regarding in-
tensity thresholds for defining different levels of physical
activity intensity based on accelerometer data is needed.
Trost et al. [13] evaluated the validity of 5 different in-
tensity thresholds used to define MVPA with ActiGraph
accelerometers in youth and used indirect calorimetry as
reference. They recommend to use the intensity thres-
hold as proposed by Evenson et al. [59] (i.e. 2296 CPM)
to define MVPA measured with ActiGraph accelerome-
ters in children and adolescents. As currently, most re-
searchers are already using this intensity threshold, this
could be a point of departure for future international
consensus on ActiGraph accelerometer intensity thresh-
olds. Furthermore, many recent accelerometers have the
capacity to store the raw acceleration data in non-
compressed form, eliminating the loss of precision
caused by data compression methods including the use
of “counts” or “epochs”. Thereby removing the need for
“counts” based intensity thresholds, and allowing the
possibility of identifying specific activities from the ac-
celerometer data using neural networking or machine
learning to identify activities followed by the use of “look
up” tables to find an associated energy cost [71, 72].
Additionally there is a wide range of questionnaires
available to assess physical activity and all questionnaires
have inherent limitations. There are still many differences
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in data administration, data cleaning and which domains
of physical activity (such as: active travel, leisure time,
physical activity at school) are questioned. Therefore
harmonization is needed and valid and reliable ques-
tionnaires should be used in future research.

When guidelines are used to define prevalence rates of
physical activity, we recommend to use the WHO [1]
guidelines of 60 min MVPA per day (including vigorous-
intensity physical activities at least three times a week).
Additionally, we recommend future research to report
data separately per country to enable comparison be-
tween countries.

Conclusion

The present review shows that the available cross-
European studies on physical activity in youth used
widely varying objective and subjective physical activity
assessment methods, different definitions of intensity of
physical activity, and various outcome variables. Sub-
stantial variation in levels of physical activity and low
compliance to physical activity recommendations in
youth between countries were reported for subjectively
and objectively measured physical activity. The object-
ively assessed physical activity data varied substantially
among articles due to the intensity thresholds used. The
results highlight the need to standardize or harmonize
data reduction methods, methods to assess physical ac-
tivity and outcome measures used in physical activity re-
search among youth across Europe. A Pan-European
surveillance system should be aimed for, combining
accelerometer-based measures of physical activity with
domain specific physical activity questionnaires to gain
information on the type and context of physical activity.
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