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Abstract
The aim of this study was to assess physical &gt{fAA) awareness of adolescents
and to identify anthropometric and psychosociatdiescthat can lead to under or
overestimation of PA. This study included 2044 adoénts. Participants wore a
uniaxial accelerometer for 7 days to measure PA eochpleted a self-rated
guestionnaire about PA. Adolescents were classifrdd four PA awareness
subgroups (realistically active, overestimatorsdarastimators, and realistically
inactive) according to the self-rated and objecagsessment of PA. Characteristics
and psychosocial factors of the self-rated physicattive groups were compared
using bivariate and multivariate mixed logistic regsion models. Forty-five percent
of adolescents reported their PA levels correc8%.§% realistically active and
10.1% realistically inactive). Among the 59.4% wih@re objectively inactive,
82.9% tended to overestimate their PA level. Admess who overestimated their
PA level were olderH < .05), had more support from mother and a beshdiP <
.05), and had higher cardiorespiratory fitneéB8s<(.001) compared with those who
were realistically active. A significant number adflolescents believe that they are
physically active when they are not. Improving aevesss, especially in the high-risk
groups identified here, might help to bring aboah#vioral changes in physically

inactive adolescents.



I ntroduction

Physical activity (PA) is recognized as an impdrtdaterminant of health in
children and adolescents. Increasing participationmoderate-to-vigorous PA
(MVPA) has important health benefits, such as desirgy risk factors for obesity,
cardiovascular and pulmonary diseases, cancerdemession, and improving bone
health (Halla, Victora, Azevedo, & Wells, 2006).\Bital inactivity in children and
adolescents is associated with low physical abditand increase morbidity and
mortality in adulthood (Garcia Cruz et al., 2014).

Adolescence is a crucial period for the developnwértealthy lifestyle habits.
However, this period is marked by a decline in P&ty by reducing the time spent
in MVPA (Zook, Saksvig, Wu, & Young, 2014; Olds @t, 2009; Bélanger, Gray-
Donald, O’Loughlin, Paradis, & Hanley, 2009; Van dhielen, Twisk, Post, Snel, &
Kemper, 2000; Telama & Yang, 2000). Moreover, wations to promote PA in
children and adolescents have had limited sucd@sbhins, Husson, DeCorby, &
LaRocca, 2013; Van Sluijs, McMinn, & Griffin, 20Q7)he hypothesis most often
used to explain the limited effectiveness of inégons or promotion programs is
the lack of awareness of adolescents about thaithhetatus (Hebert et al., 1997,
Oenema & Brug, 2003). The perception of being ptalki active or inactive is
difficult for children and adolescents to appreeidiherefore, adolescents may think
they are achieving healthy lifestyle habits, but@stimate their PA levels. Only two
studies on PA awareness have been performed mrehibnd adolescents, and these
have shown that a substantial number of adoleseswtshildren believe themselves
to be more physically active than they really aerfler et al., 2011; Corder et al.,

2010). Data from adolescents are scarce and atedino British adolescents.



The aim of the present study was to examine awaseoePA in a large sample
of European adolescents and to identify anthropoeahd psychosocial factors that

can lead to a misreporting of PA.

Materials and Methods

Study Design

The current report is based on data from the Hedlifiestyle in Europe by Nutrition
in Adolescence (HELENA) study. The aim of the HELANtudy was to obtain a
broad range of standardized, reliable, and companalirition- and health-related
data from a random sample of European adolescgad #2.5-17.5 years. Data
were collected in 2006 and 2007 in 10 Europear<itVienna (Austria), Ghent
(Belgium), Lille (France), Athens (Greece), Herahkli(Greece), Pecs (Hungary),
Rome (Italy), Dortmund (Germany), Zaragoza (Spaany Stockholm (Sweden). In
total, 3528 adolescents (1844 girls and 1684 baysgting the inclusion criteria
completed all examinations. A detailed descriptioh the HELENA study
methodology and sampling has been published elsewf®éghin et al.,, 2012;
Moreno et al., 2008a; Moreno et al., 2008b).

The aims and objectives were explained carefullgdaoch adolescent and their
parents. Written, informed consent was obtainednfrihe adolescent and their
parents. The HELENA study was approved by the lethics committee for each
country, and all procedures were performed in ataoce with the ethical standards
of the Helsinki Declaration of 1975 as revised @02 and with the European Good
Clinical Practices (Béghin et al., 2008).

From the total population of 3528 adolescents, 2044 complete data for self-

rated PA and objectively assessed PA were includéte present study.



M easur ements

Anthropometric Characteristics. Body weight was measured with the subjects
wearing light clothes and without shoes to the @gtad.1 kg using an electronic scale
(SECA 871; SECA, Hamburg, Germany). Height was mmemkwithout shoes to the
nearest 0.1 cm using a telescopic height-measumstigument (SECA 225; SECA).
Body mass index (BMI) was calculated as weight /figpht (m?). The nutritional
status was assessed using the International Obessty Force scale (Cole, Bellizzi,
Flegal, & Dietz, 2000). Body composition (fat massas assessed using the
bioelectrical impedance method (BodyGram V. 1.3kery Bioresearch, Florence,

Italy) as described previously (Vicente-Rodrigueale 2012).

Self-perception PA. Self-perception PA was assessed before the obged?ii
assessment. The adolescents answered a singleoguéBto you think you are

physically active?” The possible answers were “vergctive,” “fairly inactive,”

“moderately active,” “fairly active,” and “very dge.” The adolescents were
classified into two categories: inactive when theveer was “very inactive”, “fairly

inactive” or “moderately active” and active where tanswer was “fairly active” or

“very active” (Corder et al., 2011).

Objective PA Assessment. The ActiGraph GT1M monitor (ActiGraph, Pensacola,
FL, USA) was used to assess the participants’ PAra@r-living conditions. The
device is a uniaxial accelerometer that measures &llx 15 mm and weighs 43 g.
Accelerometry assesses PA by measuring mechanicaément. This device has

been validated against oxygen consumption and hetarfor the assessment of PA



levels (Treuth et al., 2004). The interinstrumegiiability of this device is high for
both sedentary activities than for vigorous aatgit(Vanhelst, Baquet, Gottrand, &
Béghin, 2012; McClain, Sisson, & Tudor-Locke, 2Q0¥he epoch interval for the
ActiGraph GT1M monitor was set at 15 s. The adolescents woradbelerometer
on the lower back with an elastic belt and adjustéluckle. The adolescents were
then asked to follow their normal daily routine.ejhwere instructed to remove the
accelerometer during swimming, showering, and bagthiThe accelerometer
recorded activity for 7 consecutive days and whsrtaff at night.

Data were uploaded from the monitor to a computier ahe completed 7-day
registration period. Participants who did not relcat least 3 days of recording with a
minimum of 8 h of activity per day were excludedn the analyses. Zero activity
periods of 20 min or longer were interpreted ast‘morn time,” and these periods
were removed from the summation of activity. Theeasment of time spent in
sedentary, light, moderate, and vigorous PA wagdas cutoff points of 0-500,
501-1999, 2000-2999, and >2999 counts/min, rey@bgt(Riddoch et al., 2004;
Ekelund et al., 2007). Adolescents were classiigdactive or inactive using the
thresholds of 60 minutes per day of MVPA, accordioghe world health public

recommendations on PA (Cale & Harris, 2001).

Psychosocial Factors. Parental educational level (PEL) was classified iohe of
four categories using a specific questionnaire eahgrom the International

Standard Classification of EducatiorfiSCED) (http://www.uis.unesco.org/

Library/Documents/isced97-en.pdf). PEL was scored,grimary and lower

education (levels 0, 1, and 2 in the ISCED clasaiion); 2, higher secondary (levels



3 and 4 in the ISCED classification); and 3, teytilevels 5 and 6 in the ISCED
classification).

Socioeconomic status was assessed according tdntémational Standard
Classification of Occupations (ISCO:
http://unstats.un.org/unsd/class/family/family2 28p=224). The ISCO categories of
1 (highest level) to 9 (lowest level) were scoredhagh (ISCO categories 1 and 2),
medium (ISCO categories 3-5), and low (ISCO cafiegd@—9).

Encouragement by relatives and friends to be phifgiactive was assessed in
the questionnaire. The adolescents were askeddll®ving question about the
encouragement about PA they received from familymimers (father, mother,
brothers, and sisters) and best friend: “How offemes your relative encourage you
to be physically active?” There were separate questfor father, mother, brothers,
sisters, and best friend. Answers were also cladsifito two levels (categories) of
encouragement: no, if the answer was “not at atigt much,” or “sometimes,” and

yes if the answer was “often” or “very often.”

Cardiorespiratory fitness. 20m shuttle run test assesses the cardiorespiratory
fitness. The adolescents performed the test asridedcearlier (Léger, mercier,
Gadoury, & Lambert, 1988). Participants are reqluteerun between two lines 20 m
apart, while keeping pace with audio signals emhiftem a pre-recorded CD. The
initial speed is 8.5 km-hk which is increased by 0.5 kmi*miri? (1 min equals one
stage). Participants are instructed to run in aigitt line, to pivot on completing a
shuttle, and to pace themselves in accordance twéhaudio signals. The test is
finished when the participant fails to reach the é&nes concurrent with the audio

signals on two consecutive occasions. Otherwisetdht ends when the participant



stops because of fatigue. All measurements wergedaout under standardized
conditions on an indoor rubber-floored gymnasiumhe Tparticipants were
encouraged to keep running as long as possibleghout the course of the test. The

last completed stage or half-stage at which thegyaant drops out was scored.

Statistical Analysis

The qualitative variables are expressed as frequema percentage. The
continuous variables are reported as meatandard deviation (SD).

To access the selection bias related to missirg aasself-rated PA or objective
PA assessment, the main patients’ characteristez® wompared using Student’s t
test for quantitative variables, Chi-Square testdoalitative nominal variables and
Mantel-Haenszel trend test for qualitative ordimaltiables between included and
excluded adolescents. To evaluate the magnituddifigrences between included
and excluded adolescents, we calculated the alesshlandardized differences; a
standardized difference higher than 20% denotesimgfal imbalance.

Adolescents were classified into four PA awarenssgbgroups (realistically
active, over-estimators, under-estimators, andstezllly inactive) according to the
comparison between their perception of PA and obgly assessed PA. We
compared the characteristics and psychosocial factoadolescents firstly between
over-estimators and realistically inactive adolesse(active adolescent analysis),
and secondly between under-estimators and realigtiactive adolescents (inactive
adolescent analysis). Between-group comparisons vperformed using mixed
logistic regression models including center asraloan effect. For both active and
inactive adolescents analyses, variables assoamatkdnisreporting of PA with &

< .10 were considered as candidates predictors indtvariable logistic regression



analysis, except brother and sister support PAessmmne adolescents were single
children. Moreover, since fat mass, BMI and nuwnal status were highly
correlated, only nutritional status were consideaasd¢andidate. The full models were
simplified with a backward selection procedure wativalue ofP < .05 used as the
cutoff for retention in the model. To avoid casdetlen in multivariable analyses
due to missing data on candidate predictors, ngsdata were treated by multiple
imputation using regression switching imputatiohajoed equations approach, with
m = 10 imputations using all adolescent’'s and psgohial characteristics except
brother and sister support) with predictive meartciniag method for continuous
variables, logistic regression model for binary iables, and ordinal logistic
regression for ordered categorical variables (VamrBn et al., 2011). Odds ratios
(ORs) with their 95% confidence intervals (95% Clsgre calculated using
realistically active as the reference in the actidelescents analysis and realistically
inactive as reference in the inactive adolescenédyais. We further evaluated the
impact of brother and sister support PA on misrepgr of PA in separate
multivariable analyses including the independemdmtors identified in backward
stepwise regressions analyses.

All statistical tests were performed at the twdetdia level of .05. Data were

analyzed using SAS software (version 9.4; SAStimstiinc., Cary, NC, USA).

Results

Of 3528 adolescents meeting the inclusion crite2ia44 (57.9%) were finally
included in the statistical analysis after exclgdthose with missing data on self-
rated PA or objective PA assessment. Characterisfiche population studied are

presented in Table 1. We found differences betviedlnded and excluded



adolescents on characteristics but with no meanindifferences regarding the
absolute standardized differences.

Forty-five percent of the adolescents estimatedr tiA correctly: 34.8%
realistically active and 10.1% realistically inaeti(Table 2). By contrast, 55% of the
adolescents perceived their PA levels incorreatlgstly by overestimating their PA.
Of the 59.4% of adolescents who were inactive, B20®erestimated their PA levels
(49.3% of all participants). Very few of the adaests who were active
underestimated their PA levels (5.8% of all papiits).

Among the active adolescents, compared with thdassified as realistically
active, those who underestimated their PA levelewsdder, had a greater nutritional
status, fat mass and BMI, had lower ISCO mothertustareceived less
encouragement about PA from their father, motherthier, sister and best friend and
had lower cardiorespiratory fitness (Table 3). Inltmariable analysis, having a
greater nutritional status, a lower ISCO mothertustaand not receiving
encouragement about PA from their mother and basbhd were independently
associated with PA underestimation (Table 4). Fwlescents who have a brother,
not receiving encouragement about PA from them wassociated with
underestimation (OR= 0.39; 95%CI = 0.16 — 0.96; .640). For adolescents who
have a sister, not receiving encouragement aboutrétA them was not associated
with underestimation (OR = 0.48; 95%CIl = 0.20 -61 4 = 0.10).

Among the inactive adolescents, compared with tlobassified as realistically
inactive, those who overestimated their PA levelavesceived more encouragement
about PA from their father, mother, sister and b&stnd and had higher
cardiorespiratory fithess (Table 5). In multivaf@banalysis, having a higher

cardiorespiratory fitness, being older and recgvitore encouragement about PA

10



from their mother and best friend were indepengerdksociated with PA
overestimation (Table 6). For adolescents who havebrother, receiving
encouragement about PA from them was not &#sdc with overestimation
(OR = 0.98; 95%CI = 0.56 — 1.72; p = 0.95). Forladocents who have a sister,
receiving encouragement about PA from them was Bnesociated with

overestimation (OR = 1.22; 95%CI = 0.63 — 2.37;(@55).

Discussion

To our knowledge, only one study has addressed W#&remess in adolescents
(Corder et al., 2011). Our study is the first teastigate this topic in a large sample
of European adolescents and to try to identifyahthropometric and psychosocial
factors that may lead to their misreporting PA. Tésults of the present study show
that >50% of adolescents have an overestimatioheaf PA habits.

The high rate of misperception about their PA Isvahy be explained by social
desirability (the tendency to respond in such a asyo avoid criticism) and social
approval (the tendency to seek praise), which ces lanswers in structured
guestionnaires (Hebert et al., 1997). Our findiegpport the previous observations
in the literature, which suggest that adolesceatseta worst perception of their PA
than are children (Corder et al., 2010). The Euaopadolescents included in our
study appeared to overestimate their PA levels @vatpwith the British adolescents
included in an earlier study (Corder et al., 201h).our study, 50% of inactive
European adolescents believed themselves to bacphysactive compared with
60.3% and 64.8% in the British adolescents girld bays, respectively (Corder et
al., 2011). These differences might be actual @amed by differences in sample

size (larger in our study) and/or methodology teeas PA (cutoffs for PA intensity).
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Indeed, methodological issues relating to calibratof the accelerometer might
explain the discrepancies we found in the presamdys Several studies showed
clearly that the differences in accelerometer @itys in the published references
can lead to a large discrepancy in the assessnfidhf gatterns (Vanhelst et al.,
2014; Trost, Loprinzi, Moore, & Pfeiffer, 2011; (Gouya et al., 2006). The
percentages of adolescents relative to the totalulption studies fulfilling the
recommendation of 60 min of MVPA per day can toyvhetween 5.9% to 37%
according to the method used (Vanhelst et al., 014

We identified some characteristics and psychosdaizbrs as associated with
the overestimation of PA. First, we found that agiences the overestimation of
PA. Adolescents who overestimated their PA levetenalder than those realistic
about their inactivity. This finding is in agreememith previous studies performed
in British children and adolescents separately ¢€oret al.,, 2011; Corder et al.,
2010). Authors found in children aged 9 to 10 ydahet 40% of inactive children
perceived themselves as actives while in adolescaged 14 to 15 years, 60% of
inactive adolescents perceived themselves as adttverder et al., 2011; Corder et
al., 2010). Therefore, the adolescents appear ttesseaware than children about
their PA levels. Our results with previous studsesw the age might have an impact
on the PA awareness. The first possible explanationld be due to social
desirability bias, more important in adolescent pared to the children who can be
unaware of PA benefits on health. Another explamatiould be the fact that the PA
declines with age (Ortega et al., 2013; Cordet.e2@15).

Adolescents were more likely to overestimate th&k levels when they had
more support from their best friend and their matl@ur results are in agreement

with the previous study performed in British adckssts (Corder et al., 2011).

12



Although several studies highlighted the positieée rof social encouragement on
adolescents' PA levels (Martin-Matillas et al., 20B5allis, Prochaska & Taylor,
2000), our data unexpectidely show that peer aménpasupport are negatively
associated with PA awareness. We have no cleaaexjpbn for these findings but
on a practical point of view, this should be takato account when designing
interventions involving family and friends wherestpositive influence on PA levels
could be counterbalance by a negative PA awareness.

Adolescents who overestimated their PA levels rteggoinigher cardiorespiratory
fitness than those realistic about their inactivitike peer support, although a higher
cardiorespiratory fithess appears to be associattda lack of PA awareness, the
aerobic fitness has other health benefits, suchremiiced risk factors for
cardiovascular disease, to have fewer mental, tional, gastroenterological,
cardiac, and respiratory diseases (Ortega, Ruilida& Sjostrom, 2008). Our data
show that cardiorespiratory fitness was positiveedgociated with overestimation of
PA while a good agreement between cardiorespirdtrgss measured objectively
and self-reported physical fitness has been preiyaeported in adolescents (Ortega
et al.,, 2011; Marsh et al., 1993). This finding gest that overestimators might
assume that they are enough active due to theardale physical fithess

Our finding that 50% of the adolescents misrepottedr PA level emphasizes
the importance of improving awareness of PA asfitts¢ step in interventions to
improve PA and the need to focus on the risk factdentified. If adolescents feel
they are physically active when in fact they are¢, mMloey may be less sensitive to
interventions aiming to increase PA. In this respthe use of new technology (e.qg.,
smartphone applications) may help (Nolan, Mitch&ll,Doyle-Baker, 2014; Wu,

Dasgupta, Ramirez, & Norman, 2012).
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The current study has strengths and limitationg Jtrengths of the study are the
large sample size of adolescents with gender-gpdaiformation in 10 European
cities, the use of standardized procedures, thengtmethodology to assess PA
objectively (accelerometry), and the assessmentaodiorespiraory fitness which
was not included in previous studies. The limitagi@f the study include the cross-
sectional design and that the observed associat@amsot be interpreted to reflect
causal relationships. Missing data on self-ratedoPAbjective PA assessment led to
exclusion of 42% of adolescent enrolled in HELENAdy. Although there was no
meaningful differences between included and nduded adolescents, we could not
exclude that missing data could introduce a s@edtias. In addition, the thresholds
used for the PA assessment might have affectedethdts, as previously described
(Vanhelst et al., 2014). Variations in weather (@vimain and sunshine) during the
PA assessment were not recorded in our study agtitmaiso have affected our
results. Moreover, the PA was assessed during arek while the questionnaire
provided no time interval. We did not inform the olbcents about PA
recommendations before the questionnaire was applihis can lead to a
misunderstanding on the assessment of the awarehkes, as this study was
performed ten years ago (2006-2007), we can naube our results represent the

present situation.

Conclusions

A high proportion of adolescents believe that tlaeg physically active when
they are not really. The adolescents with a higlaediorespiratory fitness, receiving
more support by their peers and being older marguiently inaccurately estimate

they are active. The results from our study sugteshealth promotion programs

14



should consider adolescents’ awareness of theirlé®8l and that this may not
necessarily be accurate. Increasing their awaresfeB& might help to bring about
behavioral changes and might have positive effecttheir health status. Our results
support the idea that the first step of any inteti® program on PA should focused
on awareness, especially in the at risk groups @metd. Any intervention without

first being aware of actual PA levels should fail.

Conflict of interest

The authors do not have any competing interests.

Funding

The HELENA study is made possible by the finansigbport of the European
Community Sixth RTD Framework Programme (Contra0tOB-CT-20056007034)
and the Spanish Ministry of Science and InnovafieiC-2010-05957 and RYC-
2011-09011). The content of this paper reflectsydhk authors’ views, and the
European Community is not liable for any use thayrbhe made of the information

contained therein.

15



References

Béghin, L., Castera, M., Manios, Y., Gilbert, C.Bersting, M., De Henauw, S.,

Kafatos, A., Gottrand, F., Molnar, D., Sjostrom,,Nleclercq, C., Widhalm, K.,

Mesana, M.I, Moreno, L.A., & Libersa, C. (2008). &ity assurance of ethical issues
and regulatory aspects relating to good clinicalcpces in the HELENA Cross-

Sectional Study. International Journal of ObesS8;, S12-S12.

Béghin, L., Huybrechts, I., Vicente-Rodriguez, Ge Henauw, S., Gottrand, F.,
Gonzales-Gross, M., Dallongeville, J., Sjostréom,, Meclercq, C., Dietrich, S.,
Castillo, M., Plada, M., Molnar, D., Kersting, MGilbert, C.C., Moreno, L.A.
(2012). Main characteristics and participation m@t&uropean adolescents included

in the HELENA study. Archives of Public Health, 7}

Bélanger, M., Gray-Donald, K., O'Loughlin, J., Rlisa G., & Hanley, J. (2009).
When adolescents drop the ball: sustainability loyspcal activity in youth. Am J

Preventive Medicine, 37, 41-9.

Cale, L., & Harris, J. (2001). Exercise recommeimtet for young people: An

update. Health Education Journal, 101, 126-38

Cole, T.J., Bellizzi, M.C., Flegal, K.M., & DietzN.H. (2000). Establishing a

standard definition for child overweight and obgsiorldwide: international survey.

British Medical Journal, 320, 1240-43.

16



Corder, K., van Sluijs, E.M., Goodyer, I., Ridgw&/L., Steele, R.M., Bamber, D.,
Dunn, V., Griffin, S.J., & Ekelund, U. (2011). Plgal Activity Awareness of

British Adolescents. Archives of Pediatrics & Adedent Medicine, 165, 603-09.

Corder, K., van Sluijs, E.M., McMinn, A.M., Ekelund., Cassidy, A., & Griffin,
S.J. (2010). Perception versus reality awareneghydical activity levels of British

children. American Journal of Preventive Medicigg, 1-8.

Corder, K., Sharp, S.J., Atkin, A.J., Griffin, $.Jones, A.P., Ekelund, U., & van
Sluijs, E.M. (2015). Change in objectively measupd/sical activity during the

transition to adolescence. Britsh Journal of Spidkslicine, 49, 730-6.

Dobbins, M., Husson, H., DeCorby, K., & LaRoccal R(2013). School-based
physical activity programs for promoting physicatieity and fitness in children and
adolescents aged 6 to 18. The Cochrane Databasgystématic Reviews, 28,

CDO007651.

Ekelund, U., Anderssen, S.A., Froberg, K., SardinhB., Andersen, L.B., & Brage,
S. (2007). Independent associations of physicaliacand cardiorespiratory fitness
with metabolic risk factors in children: the Eurapeyouth heart study. Diabetologia,

50, 1832-40.

Garcia Cruz, A., Figueroa Suarez, J., Osorio ClrpRodriguez Chavarro, N., &
Gallo Villegas, J. (2014). Association between itiomal status and physical
abilities in children aged 6 to 18 years in Medate(lColombia). Anales de Pediatria,

81, 343-51.

17



Guinhouya, C.B., Hubert, H., Soubrier, S., Vilhelth, Lendani, M., & Durocher, A.
(2006). Moderate-to-vigorous physical activity amochildren: Discrepancies in

accelerometry-based cut-off points. Obesity, 14-777.

Hallal, P.C., Victora, C.G., Azevedo, M.R., & Well3.C. (2006). Adolescent

physical activity and health: a systematic revi@worts Medicine, 36, 1019-30.

Hebert, J.R., Ma, Y., Clemow, L., Ockene, |.S., 8ap G., Stanek, E.J., Merriam,
P.A., & Ockene, J.K. (1997). Gender differencessatial desirability and social
approval bias in dietary self-report. American dalirof Epidemiology, 146, 1046-

55.

Léger, L.A., Mercier, D., Gadoury, C., & Lambert, (1988). The multistage 20

metre shuttle run test for aerobic fitness. Jouoh&ports Sciences, 6, 93-101.

Marsh, H.W. (1993). Physical fithess self-concaptations of physical fithess to
field and technical indicators in boys and girlse@dg9-15. Journal of Sport &

Exercise Psychology, 15, 184-206.

Martin-Matillas, M., Ortega, F.B., Ruiz, J.R., Madgz-GOmez, D., Marcos, A.,
Moliner-Urdiales, D., Polito, A., Pedrero-ChamizR,, Béghin, L., Molnér, D.,
Kafatos, A., Moreno, L.A., De Bourdeaudhuij, I., &jostrom M. (2011).
Adolescent's physical activity levels and relatiy@sysical activity engagement and

encouragement: the HELENA study. European Jourf@lblic Health, 21, 705-12.

18



McClain, J.J., Sisson, S.B., & Tudor-Locke, C. (2ZDOActigraph accelerometer

interinstrument reliability during free-living indalts. Medicine & Science in

Sports & Exercise39, 1509-14.

Moreno, L.A., De Henauw, S., Gonzalez-Gross, M.rskeg, M., Molnér, D.,

Gottrand, F., Barrios, L., Sjostrom, M., Manios,, Gilbert, C.C., Leclercq, C.,
Widhalm, K., Kafatos, A., & Marcos, A. (2008). Dgriand implementation of the
Healthy Lifestyle in Europe by Nutrition in Adolesace Cross-Sectional Study.

International Journal of Obesity, 32, S4-11.

Moreno, L.A., Gonzalez-Gross, M., Kersting, M., Mat, D., de Henauw, S.,
Beghin, L., Sjostrom, M., Hagstromer, M., Manios, &Gilbert, C.C., Ortega, F.B.,
Dallongeville, J., Arcella, D., Warnberg, J., Haltg, M., Fredriksson, H., Maes, L.,
Widhalm, K., Kafatos, A.G., & Marcos, A. (2008). gessing, understanding and
modifying nutritional status, eating habits and sb& activity in European
adolescents: the HELENA (Healthy Lifestyle in Eugdpy Nutrition in Adolescence)

study. Public Health Nutrition, 11, 288-99.

Nolan, M., Mitchell, J.R., & Doyle-Baker, P.K. (201 Validity of the Apple
iPhone/iPod Touch® as an Accelerometer-Based Pddyg\ctivity Monitor: A

Proof-of-Concept Study. Journal of Physical Acingt Health, 11, 759-69.

Oenema, A., & Brug, J. (2003). Feedback stratepamise awareness of personal

dietary intake: results of a randomized controtléal. Preventive Medicine, 36, 429-

39.

19



Olds, T., Wake, M., Patton, G., Ridley, K., WatdEs, Williams, J., & Hesketh, K.
(2009). How do school-day activity patterns diffeith age and gender across

adolescence? The Journal of Adolescence Healtt§4442.

Ortega, F.B., Ruiz, J.R., Castillo, M.J., & SjostrOM. (2008). Physical fitness in
childhood and adolescence: A powerful marker oflthednternational Journal of

Obesity, 32, 1-11.

Ortega, F.B., Ruiz, J.R., Espafia-Romero, V., Vieddwdriguez, G., Martinez-
Gbémez, D., Manios, Y., Béghin, L., Molnar, D., Wam, K., Moreno, L.A.,
Sjostrom, M., & Castillo, M.J. (2011). The Interivaial Fitness Scale (IFIS):
usefulness of self-reported fitness in youth. imi¢ional Journal of Epidemiology,

40, 701-11.

Ortega, F.B., Konstabel, K., Pasquali, E., RuiR, JHurtig-Wennlo6f, A., Maestu, J.,
L6f, M., Harro, J., Bellocco, R., Labayen, I., Velthum, T., & Sjostrom, M. (2013).
Objectively measured physical activity and sedgntame during childhood,

adolescence and young adulthood: a cohort studySRMne, 23, 8e60871.

Riddoch, C.J., Bo Andersen, L., Wedderkopp, N.,rélak., Klasson-Heggebg, L.,
Sardinha, L.B., Cooper, A.R., & Ekelund, U. (200Pnhysical activity levels and
patterns of 9- and 15-yr-old European children. Idieé¢ & Science in Sports &

Exercise, 36, 86-92.

20



Sallis, J.F., Prochaska, J.J., & Taylor, W.C. (9008 review of correlates of
physical activity of children and adolescents. Mew & Science in Sports &

Exercise, 32, 963-75.

Telama, R., & Yang, X. (2000). Decline of physieattivity from youth to young

adulthood in Finland. Medicine & Sciences in SpértSxercise, 32, 1617-22.

Treuth, M.S., Schmitz, K., Catellier, D.J., McMwr&.G., Murray, D.M., Almeida,
M.J., Going, S., Norman, J.E., & Pate, R. (2004fifing accelerometer thresholds
for activity intensities in adolescent girls. Medie & Science in Sports & Exercise,

36, 1259-66.

Trost, S.G., Loprinzi, P.D., Moore, R., & PfeiffeK.A. (2011). Comparison of
accelerometer cut points for predicting activityteimsity in youth. Medicine &

Sciences in Sports & Exercise, 43, 1360-1368.

Van Buuren, S., & Groothuis-Oudshoorn, K. (2011)CH: Multivariate Imputation

by Chained Equations in R. Journal of Statistickv&e.

Van Mechelen, W., Twisk, J.W., Post, G.B., Sne}, &.Kemper, H.C. (2000).
Physical activity of young people: the Amsterdamgidudinal Growth and Health
Study. Medicine & Sciences in Sports & Exercise, B210-16.

Van Sluijs, E.M., McMinn, AM., & Griffin, S.J. (AW/). Effectiveness of
interventions to promote physical activity in clhéd and adolescents: systematic

review of controlled trials. British Medical Jouina35, 703.

21



Vanhelst, J., Baquet, G., Gottrand, F., & Béghin, (2012). Comparative
interinstrument reliability of uniaxial and triakiaaccelerometers in free-living

conditions. Perceptual Motors & Skills, 114, 584-94

Vanhelst, J., Béghin, L., Salleron, J., Ruiz, J®tega, F.B., Ottevaere, C., Molnar,
D., Kafatos, A., Manios, Y., Widhalm, K., Casajusi., Mauro, B., Sjostrom, M., &

Gottrand, F. (2014). Impact of the choice of thaddlon physical activity patterns in
free living conditions among adolescents measusgua uniaxial accelerometer:

The HELENA study. Journal of Sports Sciences, 3P-15.

Vicente-Rodriguez, G., Rey-Lépez, J.P., Mesana,, ®dortvliet, E., Ortega, F.B.,
Polito, A., Nagy, E., Widhalm, K., Sjostrom, M., oreno, L.A. (2012). Reliability
and intermethod agreement for body fat assessmmon@ two field and two

laboratory methods in adolescents. Obesity, 20221

Wu, W., Dasgupta, S., Ramirez, E.E., Peterson, &.Norman, G.J. (2012).
Classification accuracies of physical activitiesngssmartphone motion sensors.

Journal of Medical Internet Research, 14, e130.

Zook, K.R., Saksvig, B.l., Wu, T.T., & Young, D.R2014). Physical activity

trajectories and multilevel factors among adolesceirls. The Journal of

Adolescence Health, 54, 74-80.

22



Table 1. Comparison of main characteristics between theisged and non-included adolescents

Absolute
Included Not included P-value  standardized
difference (%)

Number of adolescer 204¢ 148¢

Gender (%boys) 46.1 49.¢ 0.02¢ 7.5
Age (yr) 148+ 1. 149+ 1. 0.02t 7.8
Height icm) 165.7 £ 9.. 166.0 + 9.l 0.2z 4.2
Body masskg) 58.2 + 12.1 60.5 + 13.! <0.000: 17.€
BMI (kg-nv) 21.1+3.5 21.8+4.0 <0.0001 19.0
Nutritional status (IW/%NW/%OW/%Q  6.6/72.6/16.1/4.7 5.3/68.3/19.5/6.9 <0.0001 14.1
Pubertal status (#%6%I11/%IV/%V)° 6.4/21.9/39.3/32.4 5.7/23.2/46.7/24.4 0.014 19.2
Father education level (#86l11/%lI11 )¢ 35.8/27.8/36.4 40.8/27.7/31.5 0.001 12.0
Mother education level (¥#8%6l1/%I11 )¢ 33.7/30.7/35.6 36.9/32.3/30.8 0.006 10.9

ENutritional status: underweight (UW), normal weighW), overweight (OW), obese (O)
P Pubertal status staging according to Tanner
“Education level: lower education (1); higher secanydeducation (I1); higher education or universiggree (I11).
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Table 2. Classification of 2044 adolescents into 4 physadivity awareness groups according to
adolescent perception and the objective assessment

Objectively assessed physical activity

830 Active (40.6%) 1214 Inactive (59.4%)
Very active (n=1191) 711 realistically active 1007 over-estimators
Adolescent Fairly active (n=527) (34.8%) (49.3%)

per ception of Moderately active (n=256)
physical activity Fairly inactive (n=47)
Very inactive (n=23)

119 under-estimators 207 realistically
(5.8%) inactive (10.1%)
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Table 3. Comparison of adolescent’s characteristics andhgssarial factors between adolescent classified as

realistically active and under-estimators

Under -estimator Realistically active P
Number of adolescents 119 711
Age (y) 15.0+1.2 14.7 +1.2 0.045
Girls (%) 41.2 35.4 0.33
Nutritional Status
Undernourished%) 7.6 5.6
Lean adolescen%) 63.¢ te 0.006
Overweight %) 19.c 14.¢
Obese %) 9.2 2.5
Fat mass (kg) 14.7 +10.1 125+7.0 0.003
BMI (kg/m? 21.6+4.3 20.8+3.1 0.025
Father Education L evel
Low (%) 40.6 37.4
Middle (%) 22.€ 25.€ 0.92
High (%) 36.8 37.0
Mother Education L evel
Low (%) 38.1 36.1
Middle (%) 33.€ 28.¢ 0.4:
High (%) 28.3 35.0
ISCO father
Low (%) 41.7 44.3
Middle (%) 28.7 28.¢ 0.37
High (%) 29.6 26.8
ISCO mother
Low (%) 57.8 47.2
Middle (%) 32.7 34.€ 0.021
High (%) 9.5 17.9
Father support PA (%) 42.1 57.6 0.008
Mother support PA (%) 40.9 55.3 0.005
Brother support PA (%) 11.3 30.2 0.004
Sister support PA (%) 11.7 26.3 0.018
Best friend support PA (%) 221 36.5 0.006
Cardiorespiratory fitness (ml.kg*.mir?) 41.9+8.6 447 +7.7 0.007
MVPA (min.day') 80.0 +£19.0 81.4 +19.0 0.37

ISCO: International Standard Classification of Quations; PA: Physical Activity
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Table 4. Multivariate analysis of independent factors asstecl with underestimation of
physical activity among the active adolescents

Odds-ratio 95% ClI P
Nutritional Status 1.61 1.16 —2.22 0.004
Mother Support PA 0.60 0.39-0.92 0.021
ISCO mother 0.72 0.54 - 0.97 0.028
Best friend Support PA 0.58 0.34 - 0.98 0.041

Calculated from backward-stepwise mixed logistigression after handle missing data on
adolescent’s characteristics. Candidate variablesided in the model were age, nutritional status,
ISCO mother, father, mother and best friend suppérand cardiorespiratory fithess.
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Table 5. Comparison of adolescent’s characteristics andhgsarial factors between adolescent classified as

realistically inactive and over-estimators

Over -estimator Realistically inactive P
Number of adolescents 1007 207
Age (Y) 14.8 +1.2 147 +1.1 0.06
Girls (%) 64.9 70.5 0.13
Nutritional Status
Undernourished%) 6.2 11.1
Lean adolescen%) 71.€ 66.7 n1c
Overweight %) 16.2 18.¢
Obese %) 6.0 3.4
Fat mass (kg) 151 +85 144+7.5 0.59
BMI (kg/m?3 21.3+3.6 20.9+3.7 0.18
Father Education L evel
Low (%) 33.9 36.4
Middle (%) 29.7 29.2 0.2C
High (%) 36.4 34.4
Mother Education L evel
Low (%) 31.6 32.8
Middle (%) 32.C 29.c 0.64
High (%) 36.4 37.9
ISCO father
Low (%) 43.0 44.9
Middle (%) 28.7 26.C 0.7¢
High (%) 28.3 29.1
I SCO mother
Low (%) 43.0 46.2
Middle (%) 39.€ 32.7 0.9¢
High (%) 17.4 211
Father support PA (%) 50.9 37.0 0.0005
Mother support PA (%) 57.6 43.0 0.0001
Brother support PA (%) 26.5 225 0.41
Sister support PA (%) 25.1 14.2 0.018
Best friend support PA (%) 28.1 15.0 0.0006
Cardiorespiratory fitness (ml.kg*.mirn?) 39.8 £6.6 385+6.1 0.010
MVPA (min.day?) 42.7 +10.9 42.6 +10.4 0.95

ISCO: International Standard Classification of Qations; PA: Physical Activity
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Table 6. Multivariate analysis of independent factors assted with overestimation of physical
activity among the inactive adolescents

Odds-ratio 95% CI P
Cardiorespiratory fitness* 1.43 1.15-1.77 0.001
Mother Support PA 1.67 1.20-2.32 0.002
Age 1.23 1.06 —1.42 0.006
Best friend Support PA 1.81 1.14 - 2.88 0.012

Calculated from backward-stepwise mixed logistigression after handle missing data on
adolescent’s characteristics. Candidate varialiiekided in the model were age, father, mother
and best friend support PA and cardiorespiratdne§s.

* Odds ratio calculated per one standard devidtiorease (SD=7.5).
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