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Abstract
Background: Levels of physical activity and variation in physical activity and sedentary time by place and person in
European children and adolescents are largely unknown. The objective of the study was to assess the variations in
objectively measured physical activity and sedentary time in children and adolescents across Europe.
Methods: Six databases were systematically searched to identify pan-European and national data sets on physical
activity and sedentary time assessed by the same accelerometer in children (2 to 9.9 years) and adolescents ( 10 to
18 years). We harmonized individual-level data by reprocessing hip-worn raw accelerometer data files from 30
different studies conducted between 1997 and 2014, representing 47,497 individuals (2–18 years) from 18 different
European countries.
Results: Overall, a maximum of 29% (95% CI: 25, 33) of children and 29% (95% CI: 25, 32) of adolescents were
categorized as sufficiently physically active. We observed substantial country- and region-specific differences in
physical activity and sedentary time, with lower physical activity levels and prevalence estimates in Southern
European countries. Boys were more active and less sedentary in all age-categories. The onset of age-related
lowering or leveling-off of physical activity and increase in sedentary time seems to become apparent at around 6
to 7 years of age.
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Conclusions: Two third of European children and adolescents are not sufficiently active. Our findings suggest
substantial gender-, country- and region-specific differences in physical activity. These results should encourage
policymakers, governments, and local and national stakeholders to take action to facilitate an increase in the
physical activity levels of young people across Europe.

Introduction
There is compelling evidence that higher levels of physical activity are associated with substantial health benefits in young people [1, 2], these benefits seem to be
independent of sedentary time [3]. Young people nevertheless spend a large proportion of their waking hours
sedentary and many do not appear to be physically active according to the current public health recommendations [4]. Previous studies examining accelerometermeasured physical activity from a diverse range of European children and adolescents suggest a substantial variation in physical activity levels across studies [4–8].
Much of this variation, however, may be artefactual, explained by differences in the methodologies used to reduce, processing, and analyze the accelerometer data [9].
This limitation can be overcome by combining and
reprocessing individual-level data from existing studies
in a harmonized and standardized manner. This would
provide a more consistent and comprehensive estimate
of the levels of physical activity and sedentary time in
European youth that could inform public-health policymakers across Europe.
The International Children’s Accelerometry Database
(ICAD) [9], has already developed standardized methods
to create comparable physical activity variables from
more than 20 studies including more than 32,000 participants. Cooper et al. [4] used this database to describe
variations in physical activity and sedentary time between
seven European countries. Similarly, other large panEuropean studies have described objectively measured physical activity patterns in children [8] and adolescents [7] using
standardized methods. Results from these studies [4, 7, 8]
consistently suggest that boys are more active than girls and
that physical activity declines with increasing age. No previous study, however, has attempted to pool and harmonize
all available accelerometer-measured physical activity data in
European children and adolescents. Results from such a harmonized approach will provide a more comparable estimate
of physical activity across studies which can be used to spur
policymakers, governments, and local and national stakeholders to take action to facilitate structural changes aimed
at increasing physical activity levels. Thus, the aim of this
study was to assess the variations in physical activity and
sedentary time by place and person in European children
and youth. We used a systematic literature search and analysed personal level data using a harmonized approach including studies from 1997 to 2014.

Methods

Data sources, literature search and study selection

We identified published studies through a systematic review of six databases (PubMed, PsycINFO, EMBASE,
Web of Science, Sport Discus, and Scopus) from database inception through March 16th, 2016. Updating the
search through Sept 10th, 2017 did not reveal any new
datasets.
The following search terms were used: “physical activity” OR “physical activities” OR “physically active” OR
“physical exercise” OR “physical activity level” OR sedentary” OR Sedentari* OR “sitting” OR “physical inactivity”
OR “physically inactive” AND “Acceleromet*” OR “activity monitor” OR “motion sensor” OR “actigraph”.
All retrieved records were imported into EndNote X7
(Thomson Reuters, New York). Duplicates were handsearched and removed. Records were included if they
were written in the English language; included European
study samples aged 2–18 years; and were cross-sectional
studies, prospective cohort studies, or controlled trials
that had assessed physical activity objectively using the
ActiGraph accelerometer. In addition, studies were only
included if they provided data from more than 400 individuals. One author (JSJ) extracted the following information from each eligible article: name of the first
author, study location, number of participants, age, and
physical activity assessment details.
Data harmonization and data pooling

We contacted the principal investigators of the studies
eligible for inclusion and asked whether they were willing to participate in this study, reminding them once or
twice if they did not respond. Data-sharing agreements
were subsequently signed for studies that agreed to take
part and raw accelerometer data files (e.g. .dat, GT3X)
and descriptive data (country, age, sex, height, and
weight) were transferred to the analytical team. For
those studies already included in ICAD, data were made
available according to the ICAD applications and
authorship agreement (http://www.mrc-epid.cam.ac.uk/
research/studies/icad/).
The included studies had assessed physical activity
using both uniaxial and triaxial hip-worn accelerometry
(ActiGraph models 7164, GT1M, Actitrainer and GT3x/
3X+). For consistency across studies, we extracted data
from the vertical axis only, reintegrated all files to 60s
epochs, and processed all data according to the
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suggested settings from ICAD 2.0 (http://www.mrc-epid.
cam.ac.uk/research/studies/icad/) using the commercially available software KineSoft (v3.3.80, Loughborough, UK, http://www.kinesoft.org). Non-wear time was
defined as 60 min of consecutive zeros allowing for 2
min of non-zero interruptions. To overcome challenges
with different wear time protocols we excluded data recorded from 23:59 to 06:00 and all non-wear time, we
considered days with 480 min of activity recordings as
valid. Repeated measurements of a child were regarded
as multiple individuals.
Average counts per minute (CPM) were used as a
measure of total physical activity. Evenson cut-points
[10] were used to define light- (101 to 2295), moderate( 2296 CPM), and vigorous-intensity ( 4012 CPM)
physical activity. These cut points show the best overall
performance across all intensity levels [11] and suggested as the most appropriate cut points for youth [12].
For descriptive purposes, we defined time spent sedentary as all-time (min) spent 100 CPM. The numbers of
minutes per day in different intensities were determined
by summing all minutes where the activity count were
equal to and greater than the threshold for that intensity,
divided by the number of valid days. Irrespective of age,
participants achieving on average 60 min of MVPA per
valid day were defined as being sufficiently physically
active.
Anthropometry

Trained personnel measured height and weight using
standardized techniques across studies. We calculated
body mass index (BMI) as weight (in kilograms) divided
by height (in meters) squared. For descriptive purposes,
we further categorized individuals as normal weight,
overweight, and obese based on age- and sex-specific
cut-offs [13]. A small number of participants was categorized as underweight (8%) and combined with the normal weight group.
Local ethics committee approval, parental/legal guardian
consent, and child assent were obtained in all studies.
Statistical analyses

All analyses were conducted in Stata 13.1 (StataCorp.,
2013. Stata Statistical Software: TX: StataCorp LP). Descriptive statistics were used to assess sample characteristics as well as levels of physical activity and sedentary
time. Multivariable regression analyses, stratified by children (age < 10 y) and adolescents ( 10 y), were used to
compare total physical activity levels (CPM), MVPA, and
sedentary time between countries and across European
regions (i.e. north, west, east and south) as demarcated
by the United Nations (https://unstats.un.org/unsd/
methodology/m49/). Due to lack of countries (only
Hungary) to cover the eastern region we merged west
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and east to central Europe. Multivariable logistic regression analyses were conducted to estimate the odds ratios
(ORs) for those defined as sufficiently physically active
across sexes, BMI categories, and regions of Europe. To
obtain an overall European weighted prevalence estimate
we used prevalence estimates from each country
weighted by the square root of number of participants
within each country. We performed sensitivity analyses
by excluding participants from the two largest cohorts
one at a time (ALSPAC and IDEFICS) and subsequently
participants from the UK and repeated analyses. As participants were recruited from different studies across different countries, we used “study” as a cluster variable in
all models to obtain robust variance estimations. Moreover, sex, age, country, season, study year, ActiGraph
model, and wear time (where appropriate) were included
as covariates in all analyses. Statistical significance was
set at p < .05.
Role of founding source

The study sponsors were not involved in study design; in
the collection, analysis, and interpretation of data; in the
writing of the report; and in the decision to submit the
paper for publication. The corresponding author had full
access to data in the study and had final responsibility
for the decision to submit for publication.

Results
In total, 2231 articles were identified by the literature
search. We retrieved 79 papers for full-text review, of
which 37 studies were identified as eligible for inclusion
(Fig. 1). The principal authors of these studies were contacted regarding their willingness to contribute to the
harmonized pooled analyses by sharing their data.
Twenty-nine [14–37] of the 37 studies’ authors agreed,
whereas the remaining eight [38–46] either refused to
participate or did not respond to our requests. We additionally obtained data from one previously unpublished
Portuguese study. Thus, 30 studies including 18 countries and 51,828 individuals aged 2–18 years were eligible
for the harmonized pooled analyses. Of these, accelerometer data were missing from 1879 individuals.
After reanalysis, 48,242 of 49,949 eligible files (96·6%)
were deemed valid (Table 1). Reasons for exclusion included: zero days with a wear time of < 480 min and no
data on file (n = 1534) and monitor malfunction (n =
173). In addition, 745 individuals were missing descriptive data (country, sex, age, weight, or height), leaving a
total sample of 47,497 individuals included in the
present analyses. On average, the included participants
provided 5 (1·7 SD) valid days of measurement and 12·9
(1·7 SD) hours of wear time per valid day. Girls were
slightly overrepresented (52% of participants), as were
data from participants aged 7–15 years (75%) and

participants from the UK (39%). Fifteen percent of the
sample was classified as overweight and 5% as obese. Supplementary descriptive characteristics of the analytical
sample by country are summarized in Additional file 1.
Comparison across sex and age

In general, participants spent 49·2% of their measured
time sedentary, 44·4% being light physically active, and
6·4% being physically active with moderate to high intensity (MVPA). In both age groups, boys were more active
(children: 13 min MVPA/day, 95% CI: 12, 14; adolescents: 17 min/day, 95% CI: 16, 18) and spent less time
sedentary compared to girls (children: 8 min/day, 95%
CI: 6, 11; adolescents 22 min/day, 95% CI: 19, 25 for adolescents). Average CPM as well as intensity-specific activity (MVPA and sedentary time) were significantly
associated with age. Categorizing male and female participants into eight age categories (2–3, 4–5, 6–7, 8–9,
10–11, 12–13, 14–15, and 16–17) suggested substantial
age group differences in average CPM. Counts per minute were highest at ages 4–5 years and were then progressively lower in every age group until ages 14–15
years, with an average category-to-category difference of
54 CPM. The most pronounced difference was observed
between ages 6–7 and 8–9 years ( 101 CPM, 95% CI:
197, 6). Time spent in MVPA was highest at ages 6–7
years and was progressively lower by increasing age
groups, with an average difference of 2·8 min/day by age

category. Time spent sedentary (min/day) increased progressively from ages 4–5 years to 16–17 years (Fig. 2, a–
c). Females, overweight and obese participants, showed
significantly lower odds of being categorized as sufficiently physically active (Table 3).
Comparison across countries

The prevalence of being categorized as sufficiently active
(i.e. accumulating an average of 60 min/day of MVPA)
by region, country, and age group is shown in Table 2
and Fig. 3a and b. Overall, weighted estimates suggested
that 29% (95% CI: 25, 33) of children and 29% (95% CI:
25, 32) of adolescents were categorized as sufficiently
physically active as defined by an average of at least 60
min MVPA per day. In sensitivity analyses, excluding
participants from the two largest cohorts one at a time
(ALSPAC and IDEFICS) and subsequently participants
from the UK had only a minor impact on prevalence estimates (a 1–3% reduction in prevalence, data not
shown). Across regions, the highest prevalence of sufficiently active was observed in Northern European countries with significant lower estimates in SouthernEuropean countries. The prevalence of those defined as
sufficiently active was highest living in Northern Europe
(31%) compared to Central Europe (26%) and those living
in Southern Europe (23%). As illustrated in Table 2, there
were substantial differences in prevalence estimates across
countries, with the highest estimates recorded in Swiss

