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SUMMARY

This study explored the proportion of European youth who are sufficiently active according
to physical activity (PA) recommendations, based exclusively on objective assessment
through accelerometers. A systematic electronic search of studies published up to March
2012 was conducted. PubMed was used to identify accelerometry-assessed PA studies that
involved European youth. Within the 131 European studies, only 35 clearly reported the
proportion of youth meeting the PA recommendations. Different thresholds lying between
1000 and 4000 counts/min (cpm) were used to define moderate-to-vigorous PA (MVPA).
Overall, up to 100% of youth may be sufficiently active when using a threshold of
approximately >1000—1500 cpm. With the most cited cut-off point (i.e. >2000 cpm), up to
87% of European youth might be considered physically active with reference to the current

Guidelines recommendations. Alternatively, with a cut-off point >3000 cpm, no more than 3—5% of
Paediatrics them appeared to achieve these recommendations. The large discrepancy in outcomes
Europe released by accelerometer data is mainly due to the variety of cut-off points for MVPA
among youth, hindering the definition of a clear goal towards PA promotion in Europe.

Standardization of methods is urgently required.
© 2013 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction diabetes and hypertension, have a direct relationship with
paediatric obesity.! In most Westernized countries, the num-
Among children and adolescents (4—12 and 13—18 year olds), ber of overweight and obese youth has more than doubled in
physical inactivity may increase the risk of numerous non- the past 20 years.” The establishment of healthy patterns of
communicable chronic diseases. Many of these diseases, physical activity (PA) during childhood and adolescence ap-
including metabolic syndrome/insulin resistance, type 2 pears to be an important contributor to the prevention of
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obesity and its related diseases. As PA is gaining recognition
for its impact on the health of populations, stakeholders and
governmental organizations have increasingly echoed PA
recommendations for children. These recommendations state
that children aged 5—18 years should engage in moderate-to-
vigorous PA (MVPA) for a minimum of 60 min on a daily
basis.? Published in 2005, these guidelines stem from a sys-
tematic review of data by an expert panel, and are in line with
existing and/or updated guidelines from several countries,
including Australia,* Canada,”® the UK’™® and the USA.'°
These recommendations are currently endorsed by the Euro-
pean Commission'’ and the World Health Organization
(WHO).*? Obviously, the next step beyond writing the guide-
lines is to quantify the number of children who actually meet
these recommendations. Given the investment of millions of
Euros on prevention programmes or health-enhancing PA
strategies, long-term surveillance and evaluation are required.
These are needed to facilitate adjustment of the targeted goals.

Together with monitoring the prevalence and incidence of
physical-inactivity-related diseases and with the determi-
nation of behavioural determinants of PA, a central function
in PA epidemiology is assessment of the prevalence of and
changes in PA patterns.”® In particular, policy makers require,
at least, prevalence estimates as a prime answer to funda-
mental questions in public health, such as: ‘How many chil-
dren and adolescents need to be targeted for physical
inactivity and its related morbid conditions?’, ‘Is that number
being significantly reduced by funded interventions such as
education, prevention, screening, training and treatment?’
Such data are important to boost promotional efforts, to
allocate limited resources and to develop policies.* As
reported previously, the question about the utility of fre-
quency estimates for policy decisions is complex.’*** Aside
from the issues related to the joint consideration of the
severity of a health condition or a morbid state, prevalence
estimates are threatened by difficulties for policy makers in
clearly defining the presence or absence of PA behaviour in
youngsters. Consequently, public health decisions and prac-
tices may be hampered or biased by inaccuracies in the
measurement of PA, as found with the use of a PA ques-
tionnaire in the UK surveillance system.'® In fact, reporting
one’s own activity through questionnaires is cognitively dif-
ficult for adults and much more so for children or adolescents,
even in large-scale studies where large sample sizes are
expected to compensate for weaknesses associated with
subjectivity.!” Thus, even the most popular and sophisticated
PA questionnaires, such as those used in the WHO Health
Behaviour in Schoolchildren Survey®® or the Youth Risk
Behaviour Survey in the USA,*®?° may be prone to recall bias,
social desirability and misinterpretation. Ideally, question-
naires should be involved in the assessment of perceptual
dimensions and/or the context of the activities that children
perform. However, given the technological progress made
over the last 5-10 years, questionnaires appear much too
imprecise in the assessment of activity behaviour per se*61723
to be favoured in large-scale studies or for surveillance sys-
tems.?*% Alternatively, indirect calorimetry and double-
labelled water (DLW), heart rate monitors, pedometers or ac-
celerometers are feasible objective methods, with acceler-
ometers used in large-scale epidemiological studies as

exemplified by several recent data from the USA,**%” Can-
ada,?®? the UK®***! and Europe.>’>* Among these objective
methods, the DLW technique is recognized as the reference
method or ‘gold standard’ for measuring energy expenditure
under free-living conditions.>® However, energy expenditure
is only a physiological result of PA, and not all dimensions of
PA should be summed up into energy expenditure. As shown
in earlier studies, PA and energy expenditure are two distinct
constructs and not synonymous.>**” For instance, PA may
cause an elevation in metabolic rate that persists long after
cessation of observable movement.*® Furthermore, the DLW
technique is limited by its excessive cost for use in large-scale
studies. Finally, the DLW is blind to information related to the
pattern of PA behaviour.®® Thus, although accelerometers are
less accurate for the estimation of PA-related energy expen-
diture compared with DLW, they are better in depicting the
pattern of PA in terms of assessing the frequency, intensity
and duration of PA.*® For monitoring and surveillance pur-
poses, this technique seems to provide a reasonable trade-off
between validity/reliability, ease of administration, ethics and
cost.®® Accelerometry is presently viewed as the reference
method for measuring movement behaviours of children in
free-living conditions.*® Nonetheless, due to the long-
standing lack of objective data in Europe, the most impor-
tant official reports and fact sheets*"*? about activity levels in
European youth have been based on data obtained through
questionnaires. Despite the merit of these reports, self-
reported activity data are prone to hinder and/or distort de-
cisions regarding the establishment of priorities for promoting
PA among youth.

The aim of this study was to describe the published data on
compliance of children and adolescents in Europe with PA
recommendations using data measured objectively through
accelerometry.

Methods
Search strategy

A systematic electronic database search was conducted for
studies published up to March 2012. This computerized search
was performed using PubMed. A two-level search strategy was
set up (see Fig. 1). The first level included all studies published
about accelerometry-assessed PA in the world. The second
level consisted of published studies that involved European
youth. The search terms included the following: (1) ‘children’,
‘adolescents’ or ‘youth’ used for the youth; (2) ‘physical ac-
tivity’, ‘exercise’ or ‘sport’ used for PA; (3) ‘accelerom® or
‘acceleromet”, alternately used for accelerometry or accel-
erometer; and (4) ‘Europe® or ‘Europ” for Europe. Terms from
(1) were primarily combined with those from (2) and (3) using
‘AND’ as the link. Next, terms from (1), (2), (3) and (4) were
combined to identify studies performed solely in Europe,
including multicentre studies. In all cases, duplicates were
removed. In addition to the computerized literature search,
the reference lists of relevant papers were searched manually
for other pertinent articles. If multiple articles were identified
from the same cohort study, they were all considered for
inclusion.
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Reference retrieved from electronic
search on PubMed database
(n=871)

Studies excluded based on title and

v

v

Full-text articles
(n=131)

abstract (n=740)

Did not meet the eligibility criteria for
following reasons (n=96)

v

Studies included in this review
+ Sample of children (n=26)
+ Sample of adolescents and mixed sample (n=10)
+ Multicentric studies (n=4)

+ Non-European studies

+ Only provide raw MVPA values

+ Did not provide primary data (review articles)
+ Intervention studies

v

Fig. 1 — Process through the stages of study selection.

Eligibility criteria

Only studies about youth that were published in English and
met the following criteria were included in this review. The
studies were required to have been carried out in one or more
countries (e.g. multicentre studies) from the European con-
tinent. Participants consisted of children (age <12 years) and
adolescents (age 13—18 years) living in Europe. Eligible studies
included cross-sectional observations and prospective cohort
studies. In the prospective studies, prevalence values were
considered at each measurement point as long as the chil-
dren’s ages conformed to the inclusion criteria. Conversely,
intervention studies were not included in this review due to
potential bias related to the sample selection (e.g. inactive
children).

Studies were only included in the review when they
explicitly reported the proportion of children who met the PA
guidelines. In other words, the main outcome from the
included studies was the proportion of children who engaged
in MVPA for at least 60 min/day. Otherwise, the prevalence of
PA was drawn from the primary authors’ comments. Com-
monly, as the average time spent in MVPA greatly exceeded
100 min/day, 100% of children involved in the targeted studies
were deemed as meeting the PA recommendations in such
cases. Studies were not included if the mean, median and
standard deviations of MVPA were the sole reported statistics,
and the proportion of children achieving the PA guidelines
was not described.

Data extraction

All retrieved references were screened for possible inclusion
using the title and abstract. References that met the inclusion
criteria based on the abstract were retained if they were
deemed appropriate. A structured form was developed to
collect information related to the country (or set of countries
for multicentre studies) where the study had been

implemented, the data collection period(s), the sample char-
acteristics (age of participants, sample size and sex ratio), the
PA measurement procedure [type of accelerometer, selected
epoch length, data reduction criteria and cut-off point(s) to
define MVPA]. To facilitate the interpretation and com-
parability of the selected studies, the cut-off points for MVPA
expressed in metabolic equivalent tasks (METs) in the papers
have been converted to their nearest values in counts/min

(cpm).

Results

Fig. 1 displays the process of study selection. Based on titles
and abstracts retrieved from the electronic search strategy,
131 European references were judged to merit further evalu-
ation and were therefore assessed as full-text articles. Of
these 131 publications from Europe, 96 did not meet the eli-
gibility criteria, and only 35 clearly reported the proportion of
youth meeting the PA recommendations. Within the suitable
studies that were included in this review, 26 studies involved
a sample of children exclusively*®***=5? or both children and
adolescents analysed separately,®>®® and five studies
involved adolescents or a mixed analysis of children and
adolescent pooled together (Table 1).”~’* Notably, 11% of the
studies were multicentre studies encompassing several Eu-
ropean countries (Table 2) 33347273

Variability in the cut-off points for MVPA and the selection
of epochs

Almost all the studies included in this review used the MTI
Actigraph accelerometer (MTI Actigraph LLC: Pensacola, FL,
USA) (Models 7164, GT-256, GT1M or GT3X). Only one study also
considered another model of accelerometer.”® Using the same
model of accelerometer may be perceived as facilitating the
comparison between the studies, but the selected cut-off points
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to define MVPA and the epoch definition still differed between
studies. Seven studies>**447:48.58:67.70 ;5ed the age- and gender-
specific equation by Freedson et al’* that translates into
approximately 1000 cpm for children and approximately
1500 cpm for adolescents with three METs as the energy
requirement for moderate-intensity PA. Fifteen stud-
ieg33:45:49,53,55,56,59,60,62-65.68,72,75 yrare based on a cut-off point of
approximately 2000 cpm, four studies used a cut-off point
>3000 cpm,*>**636 and one study used a cut-off point of
4000 cpm.”® Only five studies*®>1>*5%71 ysed multiple cut-off
points for a comparison purpose. Overall, five different
epochs (i.e.60s,30s,15s,10s and 5 s) were adopted in studies to
collect activity data. The most commonly used epoch interval
was 60 s (48% of cases), followed by 15 s (24% of cases). The
lowest epoch (5 s) was only used in 19% of cases. More precisely,
six studies*>9°6:5960.64 collected data using a 5-s epoch, three
studies used a 10-s epoch,*’**®5? six studies used a 15-s
epoch,633436263.73 gne study used a 30-s epoch,®’ and 16
studies used a 60-s epoch 31:3%44:46.51755,58,65-67.70,7276 1 gne
study, data were collected with a 60-s epoch and then with a 10-
s epoch (Table 1).>?

Proportion of children engaged in sufficient PA

The proportion of children (age <12 years) who met the PA
recommendations ranged from 1% to 100% depending mainly
on the cut-off point(s) used to define their activity level.
Approximately 78—100% of children were found to comply
with the PA recommendations of a cpm cut-off point equiv-
alent to three METs (Tables 1 and 2). Fewer children (36—87%)
achieved the PA recommendations with a cut-off point of
approximately 2000 cpm. Between 3% and 9% of European
children were found to meet these guidelines when MVPA
was computed using a cut-off point >3000 cpm. Only 1% of
children were sufficiently active according to guidelines with
a cut-off point of 4000 cpm (Table 1).”® Apart from data
obtained with the 1000 cpm cut-off point, boys met the rec-
ommendations more frequently (between 1.3 and 12.8 times)
than girls. Finally, a study found that children suffering from
chronic conditions (e.g. obesity, juvenile idiopathic arthritis
or type 1 diabetes) adhered to the guidelines less often than
their healthy peers.>®

Between 4% and 100% of adolescents were found to achieve
the PA recommendations, once again depending on the cut-
off point(s) used (Tables 1 and 2). With the three METs cpm
equivalent from Freedson et al.,”*
cents (range 44—66%) complied with the PA guidelines. This
proportion was in the range of 20—71% with a cut-off point of
approximately 2000 cpm, and was <10% (range 4—9%) with
a cut-off point >3000 cpm. On the whole, adolescent boys met
the recommendations more frequently (between 1.1 and 11.3
times) than adolescent girls. However, as a paradox, in one
study involving Swedish adolescents, girls achieved the rec-
ommendations 1.3 times more often than boys (Table 1).”°
Finally, and just as among children, chronic conditions such
as overweight status and obesity have been found to impair
the ability of adolescents to achieve the recommendations.>?
Forty-two percent of normal-weight adolescents met the PA
recommendations compared with 38% and 32% of their
overweight and obese counterparts, respectively (Table 2).>3

at least four in 10 adoles-

Discussion

This study sought to draw attention to the proportion of Eu-
ropean youth who are sufficiently active according to the
current PA recommendations, and whose activity is based
exclusively on accelerometry data. In total, approximately
20,000 children and adolescents in Europe have been involved
in local non-representative studies, and >4000 have been
involved in the current two important European multicentre
studies (the ENERGY, EYHS and HELENA studies). A more
stringent the low end to define moderate-intensity PA, the
lower the proportion of youth meeting the PA recommenda-
tions. For instance, up to 100% of youth may be sufficiently
active when their MVPA is computed with a cut-off point of
approximately three METs (or its corresponding counts con-
version, i.e. ~1000—1500 cpm), while proportions as high as
93% and 14% are obtained with the higher cut-off points of
>2000 cpm and >3000 cpm, respectively. The second lesson
from these European data is that regardless of the MVPA cut-
off point, the results confirm the lower probability of girls
being physically active (as low as 0.4%) compared with boys
(as low as 5.1%). Finally, the association between age and
achievement of PA recommendations is not clear, although
previously, age was thought to be related to a decline in PA. In
fact, the proportions of active children (<12 years) were as
high as 100%, 87% and 9% with cut-off points of >1000 cpm,
>2000 cpm and >3000 cpm, respectively. The corresponding
values for adolescents (13—18 years) were 100%, 66% and 9%
with similar cut-off points (Tables 1 and 2).

One particular feature of these European data is the use of
the same type of accelerometer, models of the Actigraph,
which may theoretically enhance and/or ease comparability
of findings. However, the most appropriate lower limit cut-off
point of MVPA of children and adolescents is currently deba-
ted. This issue has been addressed by several previous studies,
which have suggested favouring cut-off points between 3000
and 3600 cpm among children.””””® A recent analysis also
proposed the use of cut-off points in the range between 2000
and 3500 cpm.”® Meanwhile, Guinhouya et al.®® suggested that
caution should be exercised when using cut-off points
<3000 cpm among children due to biomechanical and physi-
ological specificities of the growing bodies of youth. Never-
theless, until a consensus is reached on the basis of further
robust validation studies, the use of multiple cut-off points as
suggested by Ekelund et al.”® may represent a reasonable an-
alytic trade-off for the interpretation of accelerometer data.

Most existing comparative prevalence data are from North
America. Thus, with a similar model of accelerometer (i.e.
Actigraph) and by adopting a cut-off point >2000 cpm, only
42% of 6—11 year olds and 8% of 12—15 year olds in the USA
have been found to have accumulated at least 60 min of MVPA
per day.? This is lower than was observed in the current study
in European youth of comparable age. Using an Actical accel-
erometer on Canadian children aged 6—19 years, Colley et al.?®
reported that 7% (9% of boys and 4% of girls) accumulated
60 min of MVPA on at least 6 days/week. These findings are
difficult to compare directly with the current study due to
a difference in the type of accelerometer used, but the results
are close to data obtained among European youth with cut-off
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points >3000 cpm. Nevertheless, comparisons may improve
when using the corresponding cut-off points for the two types
of accelerometers. In a calibration study during which children
wore two accelerometers (i.e. Actigraph and Actical) simulta-
neously when exercising, values >2296 cpm and >2032 cpm
were found as the lower limit for MVPA with the Actigraph and
Actical accelerometers (Phillips — Respironics, Oregon, USA),
respectively.®? If this association is applied to the currently
available data, it may be suggested that European youth meet
the PA recommendations more frequently (up to 12 times)
than their Canadian peers. However, one should take into ac-
count the fact that the Canadian study used a lower cut-off
point (i.e. >1600 cpm).?®#2 just as for the Actigraph accel-
erometer, there is also concern about the non-equivalence of
cut-off points with the Actical accelerometer. Indeed, the cut-
off point reported by Colley and Tremblay®? is in agreement
with that of Puyau et al.,®3 who set the lower end of moderate-
intensity PA at 3200 cpm using a similar study design.?* It may
be obvious that comparisons between studies using the same
accelerometer are difficult, but comparisons between studies
using different accelerometers are even more dangerous. Such
a debate, however, is beyond the scope of the current article.
When assessing youth PA through accelerometry, the se-
lection of epoch length may also be an important consideration.
Although there are few studies on this topic to date, some
earlier data underscored differences in PA estimates between
short (e.g. 1 s) and longer (e.g. 60 s) epochs at high in-
tensities.®>® More recently, a difference of approximately
16 min (62%) was found in the time that preschoolers spent in
MVPA when a 5-s epoch was considered in comparison with
a 60-s epoch.®” Among the studies included in the current
analysis, the only study that used both short and long epochs
during a five-year longitudinal follow-up revealed an increase
in the time spent in MVPA and in the proportion of children
meeting the recommendations (+5%), especially the boys.>?
The authors hypothesized that the average activity level of
these children had increased over years,52 while such an
increase may also simply be the result of using a shorter epoch
length during the second wave of evaluation. On the other
hand, when the issue related to epoch length definition has
been tested empirically among school-aged children,’® the re-
sults have indicated a significant difference in MVPA (i.e. a dif-
ference of 65% in MVPA with a 15-s epoch compared with MVPA
with a 60-s epoch) that may not be of biological meaningful.
Thus, these authors concluded that ‘despite a widespread
perception that shorter epochs are essential to measure PA in
children, the empirical evidence on the topicislimited and does
not support the notion that ‘short’ epochs are essential. One
exception to this conclusion might be in circumstances where
the outcome of interest is vigorous-intensity PA’”® Going
against this reassuring statement, the impact of the epoch
length definition on the MVPA of youths should not be ruled out
completely as it is capable of amplifying the effect due by the
cut-off point selection in one direction or the other. This is
exemplified by recent findings, which suggested that the
importance of the effect of epoch length increases with the
stringency of the selected cut-off point.®8#° In children, when
MVPA obtained with short epochs (e.g. 10 or 15 s) is compared
with MVPA with a 60-s epoch, differences of 7% (10 vs 60 s)®® to
up to 38% (15 vs 60 s)®° have been found with an Actigraph-

based cut-off point >2000 cpm. The corresponding differ-
ences with a cut-off point >3000 cpm were approximately 26%
(10vs 60s)® and 62% (15 vs 60s).2° Even if, with the current data,
no clear pattern flowed from data processed with different
epoch lengths and using a given cut-off point on children of
comparable age group (e.g. cut-off point >2000 cpm on 6—11-
year-old children), the epoch length definition should be
viewed as being as important as the cut-off point selection.

One of the strengths of the studies included in this review is
the relatively heterogeneous and high number of youth
involved in all the studies pooled together. This strength may
allow this study to present the most realistic picture of activity
behaviour in European youth. However, only 15 countries (i.e.
Austria, Belgium, England, Estonia, France, Greece, Hungary,
Iceland, Italy, Norway, Portugal, Spain, Sweden, Switzerland
and The Netherlands) in all of Europe provided some data about
the compliance of youth with PA recommendations; England
produced more than 40% of the data about children, and Por-
tugal produced 30% of the data about adolescents or mixed
sample studies. Thus, generalization of the current findings to
other paediatric populations in Europe should be performed
with caution. Data from Eastern Europe are severely lacking.
Likewise, objective data on the PA of young people are still
lacking at national level in some Western Europe countries,
such as Luxembourg,®*® which is characterized by a multi-
ethnic population with potentially interesting variability in PA
behaviour. Nevertheless, it should be acknowledged that the
dearth of PA prevalence data does not mean that no studies
have been performed in some countries. For instance, PA data
exist on preschoolers from Germany,” although no PA preva-
lence data canbe gathered. This discrepancy may simply reflect
the fact that this parameter (i.e. PA prevalence) is not yet
unanimously viewed as one the most powerful decision sup-
port indicators in PA epidemiology, and is not systematically
computed as it should be. Thus, researchers from Europe and
throughout the world should be encouraged to systematically
add the proportion of individuals who meet PA guidelines, even
as a secondary statistic, when reporting their surveys.

This review has a few limitations. The first relies on the
impossibility to include several European studies due to the
lack of prevalence data. This may hinder the generalization of
the present observations to the whole European paediatric
population. Additionally, apart from a robust validation study
and/or a consensus conference based on evidence regarding
the most appropriate cut-off point to define the lower limit of
moderate-intensity PA among young people, no clear estimates
of the proportion of sufficiently active children can be provided.
Accordingly, support for public health decisions towards the
promotion of PA among youth may still be debatable. Mean-
while, as recommended elsewhere,”® using multiple cut-off
points for MVPA in epidemiological studies may be wise.

At best, with the most used cut-off point for MVPA among
youth (i.e. 2000 cpm), 87% of European children and adoles-
cents meet the PA recommendations. The corresponding
prevalence with cut-off points >3000 cpm is 71%. At worst,
only 3—5% of young people in Europe may reach these rec-
ommendations. Standardization of accelerometry data treat-
ment regarding both cut-off point selection and epoch
definition is needed urgently to provide more solid founda-
tions for decisions towards PA promotion policies in Europe.
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Table 1 — Local studies in Europe describing the adherence of children and adolescents in Europe to physical activity (PA) guidelines.

Country Region  Authors  Data collection Sample characteristics Characteristics of PA measurement Prevalence
(date) period - : A
Age Sample Sex ratio: Accelerometer Epoch  Inclusion MVPA Overall Boys Girls
(vears) size male/female criteria cut-off
point(s)
Sample of children (<12 years)
Belgium West Cardon and Dec. 2005—]an. 4—6 76 0.95 Actigraph MTI 7164 15-s 4 days/week >3248/3564 8% = =
(Flanders) Bourdeaudhuij 2006 and >8.6 h/day cpm
(2007)*2
England North Fisher et al. = 8-10 100 1.04 Actigraph MTI GTIM ~ 60-s >3 days/week = >4000 cpm 1% = =
(2011)>° and >10 h/day
Basterfield Oct. 2006—Dec. 6—8 405 0.98 Actigraph MTI GT1M 15-s >3 days/week >3200 cpm 6% - —
et al. (2008)'¢ 2007 and >6 h/day
Corder et al. Apr.—July 2007 9-10 844 0.71 Actigraph MTI GTIM ~ 5-s >3 days/week  >2000 cpm 70% = =
(2010)* and >8 h/day
Fairclough and Oct.—Dec. 2008  10-11 175 0.80 Actigraph MTIGTIM  5-s 5 days/week >2000 cpm 45% 63% 30%
Ridgers (2010)* and >10 h/day
McLure et al. = 9-10 255 0.76 Actigraph MTI GT-256 60-s >3 days/week  >1100 cpm 97% 97% 97%
(2009)>* and >10 h/day  >3200 cpm 7% 13% 2%
Owen et al. Jan. 2006—Feb. 9-10 2071 0.92 Actigraph MTI GT1M 5-s >1 day/week >2000 cpm 64% 76% 53%
(2009)>¢ 2007 and >10 h/day
Steele et al. Apr.—July 2007 9-10 1862 0.77 Actigraph MTI GT1M 5-s >3 days/week  >2000 cpm 69% 82% 59%
(2009)>” and >8 h/day
MetCalf et al. Jan. 2000—Jan. 5 212 1.14 Actigraph MTI 7164 60-s 7 days/week >2500 cpm 28% 42% 11%
(2008)°° 2001 and 13 h/day
Van Sluijs April-July 2007  9-10 1868 0.79 Actigraph MTI GTIM  5-s >3 days/week  >2000 cpm 69% 80% 60%
et al. (2008)%° and >8 h/day
Riddoch etal.  Jan. 2003—Jan. 11-12 5595 0.91 Actigraph MTI 7164 60-s >3 days/week  >3600 cpm 3% 5% 0.4%
(2007)** 2005 and >10 h/day
Trayers et al. Mar. and July 8-12 52 1.00 Actigraph MTI 7164 60-s >4 days/week  >1000 cpm 100% 100% 100%
(2006)°8 2004 and >10 h/day
Cooper et al. May—Jjune 2002 10 114 1.07 Actigraph MTI 7164 60-s >4 days/week  >1000 cpm 91% 98% 83%
(2003)** and 10 h/day
France West  Apété et al. Sept. 2005—Mar. 8-11 252 1.19 Actigraph MTI 7164 30-s >3 days/week  >1000 cpm 99% 99% 99%
(2012)%* 2006 and Nov. and 13 h/day =~ >3200 cpm 9% 14% 3%
2007—Mar. 2008 >3600 cpm 5% 8% 1%
Blaes et al. = 4-5 94 0.88 Actigraph MTI GT1M 5-s >6 days/week  >2170 cpm 83% 95% 73%
(2011)%* 9 156 0.90 and 13 h/day 87% 99% 76%
Guinhouya Sept. 2004— 8—11 45 1.37 Actigraph MTI 7164 60-s 3 days/week >1000 cpm 100% = =
et al. (2006)°* and 13 h/day =~ >3200 cpm 9% - -
Iceland North Magnusson Sept. 2003 and ) 176 0.85 Actigraph MTI 7164 60-s >3 days/week  >3400 cpm 5% 9% 2%
etal. (2011)%®  Jan. 2004 and >10 h/day -
Norway North Kolle et al. 2005—2006 9 1291 1.16 Actigraph MTI 7164 60-s >2 days/week  >2000 cpm 83% 91% 75%
(2010)° and >8 h/day
Kolle et al. 1999—-2000 9.7 340 1.07 Actigraph MTI 7164 60-s >3 days/week  >2000 cpm 81% 87% 76%
(2009)>7> 2005 9.8 378 1.24 10-s and >8 h/day 87% 93% 79%
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Portugal

Spain

Sweden

Switzerland

The Netherlands

Sample of adolescents (13—

Belgium
(Flanders)

France
Iceland
Norway

Portugal

Spain

Sweden

South

South

North

West

West

West

West

North

North

South

South

North

Vale et al.
(2010)>°
Baptista

et al. (2012)%3
Aznar

et al. (2010)%?
Dencker

et al. (2006)*’
Dencker

et al. (2007)
Maggio

et al. (2010)>®

De Vries
et al. (2009)*¢

Feb. 2008—May
2009
2006—2008

Aug.—Dec.

Oct. 2004—Jan.
2005

4-6

10-11

6—-11

19 years) or mixed sample (e.g. 8—15 years)

Ottevaere
et al. (2011)"*

Blaes

et al. (2011)%*
Magnusson
et al. (2011)°¢
Kolle

et al. (2010)°
Lopes

et al. (2006)
Mota

et al. (2003)%°
Baptista

et al. (2012)%3
Martinez-
Gomez

et al. (2009)%®
Aznar

et al. (2010)°?
Ortega

et al. (2008)”°

Sept. 2003 and
Jan. 2004
2005-2006

April-May 2001
2006—2008

Nov. 2007—Feb.
2008

15

12—-13

15

15

14-16

245

800

136

248

225

209

51

213

111

162

975

405

84

214

85

472

1.33

0.92

1.00

1.30

1.23

0.46

0.71

0.82

1.25

1.08

0.97

0.56

0.75

1.00

1.36

0.89

Actigraph MTI GT1M
Actigraph MTI GT1M
Actigraph MTI GTM1
Actigraph MTI 7164
Actigraph MTI 7164

Actigraph MTI 7164

Actigraph MTI 7164

Actigraph MTI 7164

Actigraph MTI GT1M
Actigraph MTI 7164
Actigraph MTI 7164
Actigraph MTI 7164
Actigraph MTI 7164
Actigraph MTI GT1M

Actigraph MTI GTM1

Actigraph MTI GTM1

Actigraph MTI 7164

15-s

15-s

10-s

10-s

60-s

60-s

15-s

60-s

60-s

60-s

15-s

15-s

15-s

60-s

>4 days/week
and >10 h/day
>3 days/week
and >10 h/day
>4 days/week
and >10 h/day
>3 days/week
and >8 h/day

>3 days/week
and >8 h/day

>4 days/week
and >10 h/day

>4 days/week
and >8 h/day

>3 days/week
and 8-10 h/day

>6 days/week
and 13 h/day

>2 days/week
and >8 h/day
7 days/week

>3 days/week
and 13 h/day

>3 days/week
and >10 h/day
>4 days/week
and >10 h/day

>4 days/week
and >10 h/day
>3 days/week
and >10 h/day

>1680 cpm Wk: 94%
We: 78%
>2059 cpm 36%
>2000 cpm 47%
>1000 cpm 100%
>1000 cpm 100%
>2000 cpm 60% (HC)
52% (OB)
38% JIA
39%
(T1DM)
>600—1000 cpm  100%
>2000—3000 cpm  16%
>1700 cpm 45%
>2000 cpm 24%
>2000 cpm 5%
>1944 cpm 44%
>3400 cpm 9%
>2000 cpm 52%
>1000—1500 cpm 100%
>1000—1500 cpm 100%
>3239 cpm 4%
>1700 cpm 71%
>2000 cpm 20%

>1500—1800 cpm 66%

Wk: 96% Wk: 84%
We: 89% We: 78%

52% 23%
60% 34%
100% 100%
100% 100%
100% 100%
38% 6%
51% 27%
33% 11%
9% 0.8%

60% 31%

15% 2%
54% 50%
100% 100%
100% 100%
8% 1%
82% 61%
29% 9%
61% 70%

MVPA, moderate-to-vigorous physical activity; Wk, weekday; We, weekend day; HC, healthy children; OB, obesity; JIA, juvenile idiopathic arthritis; TIDM, type 1 diabetes mellitus.
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Table 2 — European multicentre studies describing the adherence of children and adolescents in Europe to physical activity (PA) guidelines.

Countries Authors (date) Data Sample characteristics Characteristics of PA measurement Prevalence
coél;ic)lc(l)n Age Sample  Sex ratio: Accelerometer  Epoch Inclusion = MVPA cut-off  Overall Boys Girls
(years) size  male/female criteria point(s)

Sample of children (<12 years)

EYHS: Denmark (D), Nilsson = 9 1184 1.01 Actigraph MTI 7164 60-s >3 days/week >2000 cpm  Wk: 60% (D) — =
Portugal (P), et al. (2009)"? and >10 h/day Wk: 65% (P)

Estonia (E), Wk: 70% (E)
Norway (N) Wk: 90% (N)
We: 45% (D)
We: 60% (P)
We: 60% (E)
We: 60% (N)

EYHS: Denmark, Riddoch = 9 = Actigraph MTI 7164 60-s >3 days/week >1000 cpm = 97% 98%
Portugal, Estonia, et al. (2004)** and >10 h/day
Norway

ENERGY: Belgium,  Verloigne Mar.—Sept. 10-12 686 0.89 Actigraph MTI GT1M/ >3 days/week >3000 cpm 10% 17% 5%
Greece, Hungary, et al. (2012)7° 2010 GT3X Actitrainer and 8—10 h/day
The Netherlands,

Switzerland

Sample of adolescents (13—19 years)

HELENA: Austria, Martinez-Gomez 2006—2007 12.5-17.5 2094 0.89 Actigraph MTI GT1M 15-s >3 days/week >2000 cpm  42% (NW) 59% (NW) 28% (NW)
Belgium, France, et al. (2010) 3% and >8 h/day 38% (OV) 51% (OV) 26% (OV)
Germany, Greece, 32% (OB) 45% (OB)  14% (OB)
Hungary, Italy,

Spain, Sweden
EYHS: Denmark (D), Nilsson 15 770 0.72 Actigraph MTI 7164 60-s >3 days/week >2000 cpm  Wk: 20% (D) — =
Portugal (P), et al. (2009)”? and >10 h/day Wk: 50% (P)
Estonia (E), Wk: 58% (E)
Norway (N) Wk: 68% (N)
We: 12% (D)
We: 38% (P)
We: 38% (E)
We: 38% (N)
EYHS: Denmark, Riddoch = 15 2185 = Actigraph MTI 7164 60-s >3 days/week >1500 cpm = 82% 62%

Portugal, Estonia,

Norway

et al. (2004)**

and >10 h/day

MVPA, moderate-to-vigorous physical activity; NW, normal-weight children; OV, overweight children; OB, obese children; D, Denmark; P, Portugal; E, Estonia; N, Norway.
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Key points
What is already known

e Among youth, physical inactivity may increase the risk of
numerous non-communicable chronic diseases that are
directly related to paediatric obesity.

e Children are commonly recommended to engage in MVPA
for a minimum of 60 min on a daily basis.

¢ In Europe, the proportion of young people who comply with
these recommendations is not actually known because
most official reports and fact sheets about activity levels of
youth are based on outcomes from subjective methods that
are prone to important errors.

What this study adds

e Within the 131 European studies involving children and
adolescents that use an accelerometer to assess PA behav-
iour, only 35 have clearly reported the proportion of youth
meeting the PA recommendations.

e Only 15 countries in Europe have provided data about the
compliance of youth with the PA recommendations. En-
gland produced >40% of data about children, and Portugal
produced >30% of data about adolescents.

e Depending on the accelerometry cut-off point used to define
MVPA, current data show that, at best, 71-87% of European
youth meet the PA recommendations. At worst, 3—5% of
young people in Europe comply with these recommendations.

e To reach a more consistent result about the proportion of
sufficiently active children in Europe, a consensus about the
actual cut-off point for MVPA for this group is urgently
required.
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