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Abstract

Background

Recent research and literature reviews show that, among schoolthitdnme specifi
energy balance-related behaviors (EBRBs) are relevant forweigiit and obesit
prevention. It is also well known that the prevalence of overweigitk @besity is
considerably higher among schoolchildren from lower socio-economic toacids. This
study examines whether sugared drinks intake, physical acteitgen time and usual slgep
duration cluster in reliable and meaningful ways among Europetdreshiand whether the
identified clusters could be characterized by parental education.

)
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Methods

The cross-sectional study comprised a total of 5284 children (46%), nficden sever
European countries participating in the ENERGY-project (“Européaiérgy balanc
Research to prevent excessive weight Gain among Youth”). Infermat sugared drinks
intake, physical activity, screen time and usual sleep duratisnobained using validated
self-report questionnaires. Based on these behaviors, gender-spkcfer analysis was
performed. Associations with parental education were identifiedyugirsquare tests and
odds ratios.

=

Results

Five meaningful and stable clusters were found for both genderscluitier with high
physical activity level showed the highest proportion of participaiitis highly educate
parents, while clusters with high sugared drinks consumption, higbnstnee and low slee
duration were more prevalent in the group with lower educated pa€uids. ratio showe
that children with lower educated parents were less likelgtallocated in the active clusi
and more likely to be allocated in the low activity/sedentary pattern cluster.

D QLT =

Conclusions

Children with lower educated parents seemed to be more likehgsemt unhealthier EBRBs
clustering, mainly characterized by their self-reported tspent on physical activity and
screen viewing. Therefore, special focus should be given to loweateduparents and their
children in order to develop effective primary prevention strategies.
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Background

Despite a leveling-off of obesity prevalence in some countnigbe last years, childhood
obesity still shows an unacceptable high prevalence [1], withiaetrends to higher fat mass
and more central fat distribution, even in non-obese children and aduteggle Moreover,
evidence shows that overweight and obesity track from childhood to adulthood [3,4].

Even if genetic factors may influence the susceptibilityarhe individuals to gain weight
[5], there is a general consensus that lifestyle factorgl@ving the obesity epidemic [6].
Recent research and literature reviews show that, among schoolthitdnme specific
energy balance-related behaviors (EBRBs) are at leastiassbavith overweight and
obesity prevalence and may be important for obesity prevention [7fhE&se behaviors
comprise, among others, the intake of sugared drinks, screen viewingop€ha viewing
and sedentary computer activities) and regular physical aesivitke active commuting to
school, participation in sports and recreational physical activitaddition, recent evidence
suggests that sleeping habits may also be relevant for energy balance [12,13].

It is also well known that the prevalence of overweight and tbesiconsiderably higher
among youth from lower socio-economic backgrounds [14-18].

Parental education has been associated with several EBRBs drechénd adolescents,
showing higher sugared drinks consumption [19,20], lower physical adevigys [21] and

higher sedentary behavior levels [22] among children with lowlecaed parents, while
mixed results have been found regarding the association between lpatemation and

sleep duration [23-25]. The majority of the literature focused om edcthese EBRBs
separately, sometimes also including reports on its socio-demographetates [22,26-28].
However, there is little information about the co-occurrence ofethEBRBs and the
association with socio-demographic factors. Specifically ckasspean studies providing
insight about EBRBs clustering and their socio-demographic correlatésciing.

EBRBs clustering refers to a combination of behaviours which is morealent than
expected based on the prevalence of the separate behaviours [29]. dgalpsynergy
between EBRBs should be taken into account in obesity prevention mtteng as the
combination of several unhealthy behaviors could lead to a multiplicaif the risk.
Furthermore, a better insight in the clustering of multiple viehs in relation to socio-
demographic correlates could help to identify subgroups at increadednrideveloping
overweight and obesity. Since childhood and adolescence are criticalspeuring lifetime
in adopting health behaviors, the study of multiple health indices dt@ub public health
priority.

In addition to the recently published report on EBRBs differenceBrhy et al. [26], in
which children of lower educated parents reported less favorabkesntagarding softdrinks
and fruitjuice, higher total screentime and lower participatiopants than those from higher
educated parents, cluster analysis was applied in this study.

It allows to specifically detect co-ocurrence of risky EBREBvels. Additionally, it is
possible to evaluate if these combinations of risky EBRBs are preralent in some groups
characterized by parental education level.



More precisely, the first aim of the analysis was to examinether EBRBs assessed in the
cross-European study (i.e. sugared drinks intake, physical actadtgen time and usual
sleep duration) cluster in a reliable and meaningful way among Earophildren,
characterized by healthy or unhealthy EBRBs combinations. The sesiondvas to
investigate whether these identified clusters could be chaemsceby parental education,
taking into account other important correlates, like gender and Body Mass Bi&x (

Methods

Study population

Data were obtained from the cross sectional study of the “Ealbdenergy balance
Research to prevent excessive weight Gain among Youth” (ENBER@Yect. This cross-
sectional study was carried out between March and July 2010 giuBglGreece, Hungary,
the Netherlands, Norway, Slovenia and Spain, among pupils in the &aed wf primary
education (aged 10-12 years). The aim of the survey was to providedagetinformation
on the prevalence of overweight and obesity, on the most importarBE&RI their social,
cognitive and school environmental determinants.

Based on previous cross-European studies, a minimum sample of 1000 stdreolqber
country and one parent/caretaker for each child were aimed3@r The schools were
randomly selected concerning the degree of urbanization of theedifferovinces and the
socioeconomic status (SES) of the different areas within tleetsdl provinces. Samples
were national representative in Greece, Hungary, the Nethersai$Slovenia. In Spain,
schools of the region of Aragon were selected; Belgium selscteabls from Flanders and
Norway selected schools from the southern regions of the country [31].

A description of the rationale, design, procedures and methodologg &NEBRGY school-
based survey is published elsewhere [32]. A first paper on prevaleongerefeight, obesity
and engagement in different EBRBs as well as differentéiseise prevalence according to
parental education, has been published elsewhere [26]. The studieappeseed by the
corresponding local ethics committees. School recruitment letiene sent to the
headmasters or principals of the sampled schools, and after scmpeksnent, parents were
asked for written consent for their child’s and own voluntary participation.

Data collection

Information on children’s EBRBs and parental education was obtained self-reported
guestionnaires. Anthropometric measures were performed by tra@sedrchers/research
assistants following a according to standardized protocols. The childoenpleted
guestionnaires and anthropometric measurements were performed during sodool i

Energy balance-related behaviors

Children provided data on dietary, physical activity and screen vieléhgviors via the
child questionnaire, while sleep duration was reported by the pareotts.cBildren and
parental questionnaires showed a good test-retest reliability addrate to good construct
validity for the large majority of items [33].



Dietary behaviors

Intakes of soft drinks and fruit juices were assessed with bwd frequency questions.
Children were asked how many days per week they drank the bevareyeering on a
seven-point scale from never to more than once every day. Afigswhey were asked to
indicate how much they drank by ticking the number of glassesall bottles (e.g. 250 ml),
cans (i.e. 330 ml) and large bottles (i.e.500 ml) for soft drinks, osegésnall cartons
(i.e.250 ml) and regular cartons (330 ml) for fruit juices. The quesdire included pictures
of the serving sizes. Mean intake in milliliter (ml) per daysvealculated from these two
guestions. In addition, children were asked to fill in how much of the lgs®rhey had
consumed on the day before, following the same classification. Fopuilp®ses of this
analysis, ml/day of sugared drinks (soft drinks + fruit juices) were taken inbarecc

Physical activity behaviors

Active transportation to school was assessed by two questions labboutnany days per
week the child cycled and/or walked to school, ranging from nevedty&week, and two
guestions on the duration of biking or walking to school, with 4 answegaas ranging
from 1-5 minutes to more than 15 minutes. Total active transportatienper week was
calculated by adding up total bike and walk times and multiplyiegnumber of days with
the mean time of the answering category times 2. Organizets g@oticipation was assessed
with specific questions about how many hours per week childrenipatéd in one or two
sports. Based on the answers, average time of sports panicipati week was calculated.
Finally, min/day of total physical activity (active transptida + sports participation) were
included in the analysis.

Sedentary behaviors

Screen time (i.e. TV and computer time) was assessed wdpdoa weekdays and weekend
days by two questions about time spent watching TV (includingovaied DVD) and
computer activities. Mean TV, computer and total screen timelgpemwere calculated. For
the analyses, total min/day of screen time (TV watching phaspater use) were taken into
account.

Seep duration

Child’s sleep habits reported by the parents included the numbeurs the child sleeps per
night on average, reported separately for weekdays and weekend daie. pumpose of this

paper, only weekdays (hours/day of sleep duration) were taken caardas sleep during
weekdays is likely to be more representative of usual sleepahyrdtie to the more regular
bed- and get-up routine [13].

Parental education

Parents were asked to report their own level of education, aasvtle level of education of
the other parent/caregiver. The possible answers were; ahéasg years b) 7-9 years ¢)
10-11 years d) 12-13 years e) 14 years or more. These years takecoiat the different
educational levels since preschool. Thus, the category “c” initiésnational dataset
approximately distinguishes families with a caregiver who loaspteted medium or higher



vocational, college or university training from other families.eAfpreliminary analyses of
the distribution of the variable, it was concluded that to recategoria low, medium and
high parental education level was not possible due to the smallesamelincluded in the
low category. Both scores (maternal and paternal education)levete combined, and
dichotomized into low (0, both parent/caregivers with fewer than a#dsya education) and
high (at least one parent/caregiver with 14 or more years of education).

Anthropometric measurements

Body height and weight were measured by trained researdtaassi The children were
measured in light clothing without shoes. Body height was measutbdSeca Leicester
Portable stadiometer (to the nearest 0.1 cm). Weight was measitte a calibrated

electronic scale SECA 861 (to the nearest 0.1 kg). Two readingsloi@@asurement were
performed. When readings differed more than 1%, a third readingakes. Body Mass

Index (BMI) and overweight status (overweight, obesity) basethernnternational Obesity
Task Force criteria (IOTF) [34] were calculated.

Data analysis

To identify clusters with similar dietary, physical activagd sedentary habits, a combination
of hierarchical and non-hierarchical clustering analysis wed [85]. Gender-specific cluster
analyses were performed, due to the significant influence of gémdbe EBRBs means
(Table 1). Z-scores of all variables were calculated todstalize the data set before
clustering. This prevents variables measured in larger ramges dontributing to the
distance largely than variables with smaller ranges. Univariate artivamniate outliers (more
than 3 standard deviations) were removed. In a first step, Herarcluster analysis was
applied using Ward’'s method, based on squared Euclidian distances [38iis Attage,
comparison of several possible cluster solutions was performed. UWsengesulting
centroids, a non-hierarchical k-means cluster analysis wasmpedopin order to further fine-
tune the preliminary hierarchical cluster solution. ANOVA tests and post hoeiBomniftests
were used to investigate the differences between each cluster on all indices.



Table 1Gender-specific means (SD) of energy balance related behaviors in se#@mopean countries participating in the ENERGY

study

Sugared drinks Physical activity Screentime Sleep duration

(ml/day) (min/day) (min/day) (hours/day)

Country N boys girls boys girls boys girls boys
Belgium 654 639(32.1) 597(28.1) 37(1.3) 37(1.2) 196(5.5) 173(4.7) 9.6(0.04) 9.7(0.04)
Greece 958 409(17.9)t 329(12.7) 33(1.1)t 26(0.9) 214(5.0)t 177(3.6) 8.5(0.04) 8.5(0.04)
Hungary 811 843(35.9)t 735(29.0) 46(1.5)t 39(1.1) 231(5.7)t 194(4.7) 8.8(0.04) 8.9(0.04)
the 362 844(47.7) 799(38.1) 41(1.6)1 35(1.5) 210(9.0)t 172(7.4) 9.6(0.06) 9.7(0.06)
Netherlands
Norway 750 482(23.6)t 323(16.1) 57(1.4)t 50(1.2) 197(5.1)% 162(4.2) 9.1(0.04) 9.1(0.04)
Slovenia 856 740(32.3)t 531(23.6) 48(1.3) 42(1.2) 210(5.4)t 167(4.6) 9.0(0.04) 9.0(0.04)
Spain 893 465(21.5)t 331(16.1) 44(1.2)t 30(1.0) 193(4.9)1 158(4.0) 9.2(0.04) 9.2(0.04)
Total 5284 606(11.4)t 490(9.1) 44(0.5)1 36(0.5) 207(2.1)t 172(1.7) 9.1(0.01) 9.1(0.01)

t Significant differences between gender p < 0.05.



Chi-square tests were performed to investigate the differemceduster distribution by
country, BMI category, and parental education level. Odds ratidsefog allocated in one
specific cluster by parental education level were also eakull(adjusting for age, country
and BMI z-scores).

All statistical analyses were performed using the PredicAnalytic Software (PASW)
version 18.0 (SPSS inc., Chicago, IL, USA).

Results

Table 2 describes the characteristics of the participakiihdren (n = 5284). The mean age of
children was 11.6 (0.73) years, 54.3% qgirls. As defined by at least oe@/paregiver with

at least 14 years of education, 67.5% of the participants were édcladthe high parental
education group. Across the countries, 20.4% and 4.8% of children were overweig
(including obese) and obese respectively. The sample size variegehetauntries, mostly
because of differences in parental response rates.

Table 2 Characteristics of the total sample

Mean (SD)
Age 11,6 (0.73)
Gender N (%)
Boys 2413 (45.7)
Girls 2871 (54.3)
BMI status
Normal weight 3930 (74.4)
Overweight 1030 (20.4)
Obese 248 (4.8)
Parental education level
Low 1686 (32.5)
High 3497 (67.5)
Country
Belgium 654 (12.4)
Greece 958 (18.1)
Hungary 811 (15.3)
the Netherlands 362 (6.9)
Norway 750 (14.2)
Slovenia 856 (16.2)
Spain 893 (16.9)

Based on the four EBRBs indices, the five-cluster solutiong Weemd to be adequate and
meaningful regarding the different patterns for both genders, but Itis¢ers differed
somewhat between boys and girls. The reliability and stabifitth® created five-cluster
solutions were examined by randomly dividing the samples into two repbss in which
the same clustering procedure was repeated. Kappa degrees of aoceoirtecluster
membership were calculated by comparing membership of both subsaepéeately with
these of the total gender-specific sample, showing exceltgeement for both girls (k =



0.97 and 0.98 for the first and second subsample respectively), and bogs9g& and 0.97
for the two subsamples).

Description of the clusters

Four of the five clusters received the same labels for bagsgals due to the similar
characteristics for both sexes, although cluster mean value®diffehese four clusters were
labeled as active pattern; long sleepers inactive pattern; aggengared drinks consumers;
short sleepers inactive pattern. The fifth cluster differed batwgirls and boys and was
labeled as “low activity pattern” for girls and as “sedentaattern” for boys. Distinguishing
characteristics of each cluster are indicated by high or {ewores. Final cluster centers and
labels are presented in Figures 1 and 2. Row mean values (nmstandard deviation) are
presented in Table 3.

Figure 1 Standard deviation scores of clusters on energy balance-related behavioos f
girls.

Figure 2 Standard deviation scores of clusters on energy balance-related behavioos f
boys.




Table 3EBRBs in the final clusters (absolute values), ANOVA and results of Béerroni test

Active pattern Long sleepers inactive Sedentary sugared Short sleepers inactive Low activity/ Sedentary F
pattern drinks consumers  pattern pattern
GIRLS n =641 n==615 n =436 n=>529 n =650
Sugared drinks 408 +15.6" 467 £ 18.0 975+ 30.9™ 367 £ 15.6 367 +13.9™ 161.416*
X £ SE (ml/day)
Physical activity 69 +0.6*" 26+0.6°" 34 +1.0°M 26 +0.7%" 22 +0.5° " 892.090*
X = SE (min/day)
Screen time 578.650*
X = SE (min/day) 143 + 2.8" 140 + 2.7 " 316 +3.6°™ 168 + 3.7 138 + 2.3
Sleep duration 9.0+0.03 1841.197*
X + SE (hours/day) 9.1+0.6% 10.2 £ 0.02' 7.9 +0.0°°" 9.0 +0.00°™
BOYS n = 540 n =479 n = 240 xn = 753 n =401
Sugared drinks 476 +16.0° 482 +17.9 1858 + 27.0 390 +11.3 586 + 19.8 791.487*
X £ SE (ml/day)
Physical activity 76 £0.7° 35 +0.8" 45 + 1.6° 28 + 0.6° 39+1.0° 596.419*
X = SE (min/day)
Screen time 173 £3.2° 160 + 3.3 256 + 6.4 163+2.3 362+ 3.7 646.535*
X = SE (min/day)
Sleep duration 9.0+0.0% 10.1 £ 0.02 9.1 +0.05 8.5+ 0.0 8.8 £ 0.04 492.828*

X = SE (hours/day)

abedegignificant differences. A cluster mean is significantly diffefesn another mean if they have different capitalB.< 0.001.

t significant differences between gender p < 0.05.
t1 significant differences between gender p < 0.001.



The active pattern was characterized by z-scores above 0 feicahgctivity and z-scores
below O for sugared drinks consumption and screen time. The physiwély atore was
significantly higher in the boys’ cluster (z-score = 1.41) congdoethe girls’ cluster (z-
score = 1.13). The long sleepers inactive pattern clustecheaacterized by high values on
sleep duration (z-scores >1.23) and low scores on the rest of behaim sedentary
sugared drinks consumers group presented high values for sugaredcdrnismption and
for screen time. However, the sugared drinks score was mghkarhn the boys’ cluster (z-
score = 1.82) compared to the girls’ cluster (z-score = 0.50), wigalsecreen time score was
higher in the girls’ cluster (z-score = 1.20) compared to the bayster (z-score = 0.62).
The short sleepers inactive pattern cluster showed very low Valugieep duration and low
values on the rest of behaviors. Girls included in this cluster niegséwer sleep duration
values (z-score = —1.34) compared to boys (z-score = —0.60). Loxtyapattern cluster in
girls was characterized by low values on all the behaviorde whe sedentary pattern cluster
in boys presented a very high score on screen time (z-score = 1.65) andeakenage values
for the rest of the behaviors.

Cluster group characteristics

The associations between the five clusters and the socio-demogvapiaicles (country,
BMI and parental education level) are presented in Table 4.fi8ami chi-squares were
found for country, BMI and parental education level.



Table 4Percentage of girls and boys in each cluster, according to socio-demograpfactors

GIRLS BOYS
N Active  Long Sedentary  Short Low Chi-square N Active Long Sedentary Short Sedentary Chi-square
pattern sleepers sugared sleepers activity pattern sleepers sugared drinks sleepers pattern
inactive  drinks inactive inactive  consumers inactive
pattern consumers pattern pattern pattern

Country (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Belgium 356 8.6 27.5 15.1 3.0 7.7 923.297* 298 5.9 305 13.8 7.2 8.2 606.361*
Greece 532 7.8 8.3 11.0 46.5 21.1 426 7.6 7.1 5.0 31.9 24.7
Hungary 458 16.1 7.2 28.7 17.0 14.8 353 16.5 6.5 8.82 12.9 16.7
the Netherlands 190 3.3 15.6 8.5 15 4.3 172 37 291 13.3 4.1 6.7
Norway 404 28.9 9.3 7.6 8.3 131 346 28.9 10.2 7.1 9.8 125
Slovenia 463 24.2 104 18.6 13.0 14.5 393 19.6 711. 246 154 14.0
Spain 468 11.2 21.8 10.6 10.6 24.6 425 17.8 211 5 7 18.7 17.2
Total 2871 2413
BMI
Normal weight 2198 824 85.7 74.9 68.8 74.6 78.338* 1732 80.9 78.7 74.8 64.9 68.6 55.800*
Overweight 509 155 12.0 19.1 22.4 21.7 521 164 731 20.1 27.7 24.8
Obese 122 2.1 2.3 5.9 8.7 3.7 126 2.6 4.0 5.1 74 6.6
Parental
education
Low 820 24.4 28.2 42.4 42.4 30.0 64.283* 665 25.3 6.02 39.2 32.7 38.8 29.133*
High 1713 75.6 71.8 57.6 57.6 70.0 1461 74.7 74.0 60.8 67.3 61.2

* P <0.001.



Country specific representation varied in the different clustEns. active pattern cluster
comprised significantly more Norwegian and Slovenian boys and tjwsjong sleepers
inactive cluster included the highest proportion of Belgian paratgpawhile the short
sleepers inactive pattern included the highest proportion of Greek dwsgirls; the
sedentary sugared drinks consumers were more prevalent in thgarkdmnsample and,
finally, the fifth cluster was mainly represented by Spanisth Greek girls (low activity
pattern), and by Greek and Spanish boys (sedentary pattern).

The long sleepers inactive pattern had the lowest proportions of ogbtvesid obese girls
(12%; 2%), while the active pattern had the lowest proportions ofveigint and obese boys
(16%; 3%). The short sleepers inactive pattern comprised the highgsortpn of
overweight and obese girls (22%; 9%) as well as boys (28%; 7%).

The active pattern and long sleepers inactive pattern cligdtevged the highest proportion
of participants with parental (76% and 72% for girls; 75% and 74% fa) emucation level.

The sedentary sugared drinks consumers cluster and the shortssieapive pattern cluster
comprised the highest proportions of girls with lower parental (42& 42%) educational
level, while the sedentary pattern and the sedentary sugared donksmers clusters
presented the highest proportion of boys with lower parental (39%32%J educational

level.

After exploring the associations of gender, country and BMI withcthster distribution,
odds ratios were calculated for being allocated in a speciigtes] by parental education
level, adjusted for the other socio-demographic characteriStaisg 5). The results show
that girls (OR: 0.58; 95% CI: 0.46-0.74) and boys (OR: 0.69; 95% CI: 0.540i817ower
educated parents were significantly less likely to be alldaatéhe active pattern. Girls (OR:

0.78; 95% CI: 0.65-0.94) and boys (OR: 0.69; 95% CI: 0.55-0.87) with lower educated

parents were also less likely to be allocated in the sheepsts inactive pattern. On the
contrary, girls (OR: 1.93; 95% CI: 1.40-2.66) and boys (OR: 1.45; 95%.09-1.92) with
lower educated parents were more likely to be allocated ilothactivity/sedentary pattern.
Finally, girls with lower educated parents were more likelybe allocated in the long
sleepers inactive pattern (OR: 1.37; CI: 1.07-1.76) and in the sedentgayed drinks
consumers pattern (OR: 1.35; 95% CI: 1.08-1.70).



Table 50dds ratios (OR) and 95% confidence intervals (Cl) for being allocated in a
specific cluster by parental education levels (Ref: High; adjustedybcountry, BMI z-

scores and age) for girls and boys

Low parental education

Girls(n = 3025)
Active pattern
Long sleepers inactive pattern
Sedentary sugared drinks consumers
Short sleepers inactive pattern
Low activity pattern

Boys(n = 2604)
Active pattern
Long sleepers inactive pattern
Sedentary sugared drinks consumers
Short sleepers inactive pattern
Sedentary pattern

OR
0.58t
1.37*
1.35*
0.78*
1.93%

0.69t
1.24
0.96
0.69*
1.45*

Cl
0.46-0.74
1.07-1.76
1.08-1.70
0.65-0.94
1.40-2.66

0.54-0.87
0.99-1.56
0.74-1.27
0.55-0.87
1.09-1.92

*p < 0.05;P < 0.01.



Discussion

The first goal of this paper was to explore the existencdusters of EBRBs in a large
sample of school-age children across Europe. Five reliable EBRB&rs showing good
stability were identified for both boys and girls. Meaningful @dustwere found while
correlations between the EBRBs were low, showing that low ctoe$ado not exclude co-
occurrence of health-related behavioral indicators within cegenps. One of the major
findings is that none of the clusters showed marked healthy or unhéahds for all the
included EBRBs. This fact implies that health-related behaviors do not alveaysniinate in
the same direction. Children with specific healthy habits areex¢ssarily predisposed to be
involved in other specific healthy behaviors. Similar results wietend in previously
published studies [37,38]. Cluster prevalence was not equal for each subip@uppst
prevalent were patterns characterized by low physical activity.

The results pertaining to the second goal — the characterizatithre @luster solutions by
parental education level and correlates — revealed that theercldtribution was
significantly different according to parental education levelw#is clear that parental
education was relevant for children’s EBRBs patterns. Children liigher educated parents
were more likely to be allocated in the active pattern alusthile low activity/sedentary
pattern and sedentary sugared drink consumers were more preal@mg children from
lower educated parents. It is noteworthy that low acts@géntary pattern and sedentary
sugared drink consumers pattern combined unhealthy levels in morerteaf the assessed
EBRB. These results suggest that children from lower educairestp are not only more
likely to engage in less healthy behaviors [39,40], but also more lpnévia clusters
combining more unhealthy lifestyles. These results suggesteid to specifically address
the relevance of physical activity and sedentary behaviors intplpggsvention strategies
focusing on lower educated parents and their children.

The results show that children (both boys and girls) in the actister had below average
screen time levels, and those children in the sedentary rslystedentary sugared drinks
consumers for girls, sedentary pattern for boys) had also belenage physical activity
levels. This may suggest that there is some displacement besgdentary behavior and
physical activity, and vice versa, although earlier studies sudpgasty careful with this

displacement theory, as this displacement mechanism seems notumiveesal across

countries [41,42].

The cluster solutions included two groups mainly characterized bysteep duration scores
(Long sleepers inactive pattern and short sleepers inactivermjatEven if these groups
showed an association with parental education, sleep did appear tardéfetronger way
according to country with more long sleepers in northern countriesare short sleepers in
southern-east countries, in line with previous studies [13]. Thishdisbn seems to reflect
an important country-specific cultural influence on sleep duration in children.

The cluster solutions showed large gender differences. These diféferemce reflected not
only in the clustering itself (with a gender specific clustamely the low activity/sedentary
pattern cluster) but also in the behavioral levels in the resteotlusters. One of the main
differences was found for sugared drinks intake, much higher for looypared to girls, in
agreement with previous literature [43,44].



Additionally, cluster solutions were also characterized by BMindéhe short sleepers
inactive pattern cluster the one with the highest proportion of ovemvaigl obese boys and
girls. In general, previous research showed that short sleep dusasissociated with higher
risk of childhood obesity [26,45]. However, our findings should be interpretédcaiition,
taking into account the disproportionate country-specific representatitve short sleepers
inactive cluster (i.e. Greek sample).

Finally, it has to be kept in mind that this study is subjecame limitations. First, this
concerns a cross-sectional study providing evidence for assasialiut not causation.
Further, data on dietary, physical activity and sedentary belsavene based on self-reports,
and thus possibly biased. However, the measures showed good testeletbsity and
construct validity [33]. Additionally, for some behaviors both 24-h recadl &tequency
guestions were included, showing similar results. When consideringtagdbehaviors it is
also important to note that some sedentary activities, like ngaali studying were not
included in the present study. Is therefore possible that questiendalraot reflect the real,
total time spent in sedentary behaviors.

Strengths of the present study include the large multinationgdlegnom different regions
across Europe and the standardized data collection protocol acradiffetent countries.
The use of cluster analysis for the assessment of EBREdation with socio-demographic
variables allowed us to reflect a more ecological view ofatttaal children’s behaviors and
their socio demographic correlates. The described clusters prebent analysis showed a
good stability and could therefore be seen as representative <ligst&uropean children. It
could be interesting for future research to examine the eféeess of tailored obesity
prevention strategies focusing on the most prevalent combinations oftagHeBRBs, with
special attention to subgroups at higher risk, like children of lower educated parents.

Conclusions

The obtained stable cluster solutions allowed us to classifdrehilaccording to several
health behaviors that are associated with risk for overweightlaesity. None of the clusters
showed marked healthy or unhealthy trends for all the included EBR®sgever, parental
education was associated with the odds for being allocated in speltifters, mainly
characterized by their physical activity and screen ticoges that combined more than one
unhealthy EBRB. Children with lower educated parents seemed to leelikedy to present
unhealthier EBRBs clustering compared to those with highly educaieatp. Therefore,
special attention should be given to lower educated parents and Hieirert when
developing childhood obesity prevention strategies focusing on clustershaalthy
lifestyles.
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