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How do ener gy balance-related behaviors cluster in adolescents?

Tatiana Sadalla Collese, Augusto César FerreirBmes, Juan Miguel Fernandez-Alvira,Nathalie
Michels, Stefaan De HenauMannis Manios, Odysseas Androutsos, Anthony Kafafast
Widhalm, Myriam Galfo, Laurent Beghin, Michael Sji@sn, Raquel Pedrero-Chamizo,Heraclito
Barbosa Carvalho, Luis A. Moreno, on behalf of tie_.ENA Study Group

ABSTRACT

Objective: To delineate the clustering of energlabee-related behaviors in adolesceatsd investigate
whether thesdehaviorsare associated with the household socioeconomiasstand parental education
level. Methods: Two cross-sectional studies assessedhation on sedentary behavior, physical activity,
sugar-sweetened beverages and fruit and vegetablgumption, and sleep duration by self-reported
questionnaires in adolescents (12.5-17.5 yeardmid) Maringa/Brazil (BRACAH study; n=682), and ten
European cities (HELENA study; n=1252) from ninffatient countries. Gender-specific cluster analyses
were performed separately for each study, applgir@mbination of hierarchical and non-hierarchical
methods. Results: Girls showed equivalent behaviBedentary; Active; Unhealthy Eating; Healthy
Eating; while boys differed (BrazilianSedentary; Active; Healthy Eating; EuropeanSedentary; Healthy;
Unhealthy Eating). In Brazil, we found no association between sectmomic status or parental education.
In European girls, the high socioeconomic statuklanth parents’ university degree were associaidd w
Healthy Eating. In European boys, the high socioeconomic stats agsociated witinhealthy Eating,

and the mothers’ university degree was associaigtne Healthy cluster. Conclusions: Adolescents show

Sedentary behavior, regardless of their sex, country of origi socioeconomic condition.

Keywords: cluster analysis; energy balance-relagdthviors; adolescents; socioeconomic status; fzren
education.

INTRODUCTION

WHO defines adolescents as people between 10 yedd of age (WHO 2015). Adolescence is a
formative period in life that involves numerous pinyogical and psychological modifications, inflwémg
nutritional needs and behaviors that directly dfféfelong health (Viner et al. 2012). The early
establishment of healthy energy balance-relatechiets (EBRB) is considered to be an important
precursor of the prevention of disorders such asitp and cardiovascular diseases (Kavey RE 2003).
Nonetheless, unhealthy EBRB (e.g. sedentary behauealthy diet, and sleep deprivation) are hjighl
prevalent in youth (Johnson et al. 2009). For imstaalmost 50% of American adolescents showezhat |
one of these EBRB (Johnson et al. 2009). Additignatore than 40% of adolescents in Finland, Patug
Belgium, the United States, and Brazil exceed ¢thee time recommendation of a maximum of two hours
per day (Rey-Lopéz JP 2011). Furthermore, fruit\aegktable consumption among adolescents at this ag

is below the recommendation, regardless of cowftorigin or income status (Krolner et al. 2011).

EBRB are not isolated as they tend to cluster tdeaealthier or unhealthier combinations (Leech
et al. 2014). For example, sedentary behavior $8c@ated with the high consumption of energy-dense

foods and sugar-sweetened beverages as well asfeuiband vegetable intake (Rodenburg et al. 2013
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It seems that there are possible synergistic effeEEEBRB on health (Santaliestra-Pasias et al5p01
Consequently, there is increasing interest in aadythe clustering of these behaviors to identifg
populations that are at higher risk of developihgoaic diseases (Leech et al. 2014). Furthermbles
been observed that adolescents’ EBRB are assoaidtiececonomic and social factors within countries
(Viner et al. 2012). Neverthelesdiete is no clear consensus regardgugioeconomic status as a
determinant of these behaviors, given that suasaaciation may be attributed to the demographitestd
and characteristics of the studied populations lf&eat al. 2008). The HELENA consortium previously
published a description of EBRB clusters (Ottevastral. 2011). However, this article disregardeaddgs
differences and sleep duration. Sleep durationusial for health, and in adolescents, insufficisleep is

a risk factor of chronic diseases (Nascimento-keret al. 2015). Moreover, little is known aboengder
differences in and the socioeconomic correlat&BRB across different continents such as South Aoaer
and Europe (Elgar et al. 2015). Hence, we aim sziilee the clustering of several EBRB in adolessent
Brazil and Europe. Second, we aim to investigatetidr these identified clusters are associated with

socioeconomic status and parental education level.
METHODS
Sudy Design and Population

Data from theBrazilian Cardiovascular Adolescent Health (BRACAH) study were collected in
2007 in the city of Maringa, Brazil, which had apximately 330,000 inhabitants (15.6% of whom were
adolescents). A total of 682 adolescents (14.0-$&a5s old; 54.25% girls) who were enrolled in paibl
and private schools were selected using randomIsegrgnd evaluated on a broad range ofhealth-rdlate
behaviors and cardiovascular risk factors. Thd satmple size (n=991) and the methodology of thids
were described previously (Moraes et al. 2011 okl request to conduct this survey was subméted
accepted by the boards of all participants’ schobiés study was approved by the Ethics Commitiee o
Research Involving Human Participants of the UrsitgrCenter of Maringa, and authorized by the Ethic
Committee on Research Projects of the Universitgad Paulo, in accordance with Brazilian law. Vgritt
informed consent was obtained from participantsepts/guardians, and all research subjects agoeed t

participate in the study (Moraes et al. 2011).

The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study is a multicenter
cross-sectional study based on a random samplesitrs of European adolescents (12.5-17.5 yedjs ol
who were tested on a wide range of nutrition araltheelated parameters using standardized proesdur
(Moreno et al. 2008). The data were collected i@&28nd 2007 in ten European cities (Athens, Greece,
Dortmund, Germany, Ghent, Belgium, Heraklion, Crdt#le, France, Pecs, Hungary, Rome, ltaly,
Stockholm, Sweden, Vienna, Austria, and Zaragozmir§. A detailed description of the HELENA
sampling and recruitment strategies, harmonizafwocesses, data collection procedures, analytic
strategies, and quality control activities was si#d elsewhere (Moreno et al. 2008). After recgjvi
complete information about the aims and methodb@fstudy, all parents/guardians signed an informed
consent form, and the adolescents agreed to geaticin the study (Moreno et al. 2008). The prateas

approved by the Human Research Review Committeethenfcenters involved. In HELENA, 3528
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adolescents were recruited. However, only 12527¢8. girls) of them completed the food frequency
guestionnaire and provided all the information tedato sedentary behavior, physical activity, slegp
duration, socioeconomic status and parental educétivel. Therefore, just these 1252 adolescerits wi

complete information were included in the presewtysis.



Clusters of Energy Balance-Related Behaviors (EBRB)
The EBRB were assessed using self-report quesii@sna both studies.

Individual ExposuresThe questionnaire that was employed to assesstsegé¢ime was found to
be a reliable tool for use with adolescents (Repdaet al. 2012). This questionnaire included itémns
determine the amount of time spent on habitualesetmsed activities (e.g., television, the Intgemigkeo
games) in daily minutes. In both studies, the qoesaire included questions such &ufing weekdays,
how many hours do you usually spend watching television?” — “During weekdays, how many hours do
you usually spend on computers?” — “During weekdays, how many hours do you usually spend playing
video games?” The same information was collected for weekengsddahe average time spent per day on

these activities was calculated (separately fomtbek and the weekend).

Physical activity in the last week was assessedguan adapted version of the International
Physical Activity Questionnaire (IPAQ-A). The IPA@as originally developed to allow participants to
self-report their physical activity and inactiviayd is a valid and reliable tool for use with Ewgap adults
(15-69 years) (Craig et al. 2003). To adapt thisstjonnaire for use with adolescents, questionsitabo
physical activity “at work” were replaced by “atrgml”, and activities in “the household domain” wer
shortened. To avoid over-reporting, the intensftploysical activity was adapted (Craig et al. 2003)e
IPAQ-A was validated with accelerometer data (ajective measure) in adolescents (Hagstromer et al.
2008).

Sugar-sweetened beverage and fruit and vegetabiiogption were assessed using a qualitative
food frequency questionnaire (FFQ) that was adafoted the Health Behavior in School Children, which
has been tested for reliability and validity (Verken and Maes 2003). This FFQ was administerelan t
classroom (under the supervision of a researchrethe present study, we considered only the falhgw
food groups of interest: 1) Sugar-sweetened beesrd®d) Fruits; 3) Vegetables and greens. For exampl
one question on the FFQ asksjo many times did you ingest fruit last week?” Therefore, research
subjects were classified according to the numbeseofings consumed per week (Fewer than 1, 1-2, 3-4
5-6, and 7 servings/week). No specific amount wesomded. That is, only the frequency (weekly

consumption) associated with each food group wamnténto account.

Habitual sleep duration was estimated using anaihestionnaire with items, includindgtring
weekdays: How many hours (and minutes) do you usually sleep?” and ‘During weekend days. How many
hours (and minutes) do you usually sleep?” The reliability of this questionnaire was assesin the
HELENA study (with a subsample of 183 adolescestspwing almost perfect agreement (0.81 and 0.96
for weekdays and weekends, respectively). In anteoeta-analysis of the validity and reliability siéep
time gquestionnaires in children and adolescentsatithors identified a positive effect on the datren
coefficients of sleep duration between the questmes and accelerometers (objective measure)

(Nascimento-Ferreira et al. 2015).



The internal validity of all applied questionnainesre also tested in the BRACAH study (physical
activity: Kappa coefficient = 0.91; sedentary babavKappa coefficient = 0.91; FFQ: Kappa coeffitie

= 0.91; sleep time: Kappa coefficient = 0.81 aritb@n weekdays and weekend, respectively.
Socioeconomic Status

The Brazilian Criterion of Economic Classificatisras employed in the BRACAH studpBEP
2006). This questionnaire assessed parental edoclatvel and the presence and number of domestic
appliances, vehicles, and rooms in the househoith #is information, a specific score (range 0—4@)s
computed and, the family was classified into on¢heffollowing seven categories: (Al [the wealttjies
A2, B1, B2, C, D and E [the poorestpBEP 2006). Finally, we grouped these categories inteeth
socioeconomic levels: high (A1, A2, and B1), medi{B2 and C), and low (D and E).

In HELENA, the Family Affluence Scale, which measdithe family structure, living conditions,
and household goods, was used (lliescu et al. 20083 scale has been found to be a valid indicator
socioeconomic status in adolescents (Currie eR@08). The family was classified into one of three
categories (range 0-8A score from 0-3 indicates low socioeconomic stais reflects medium

socioeconomic status, and 6-8 indicates high sooim@mic status.
Parental Education Level

In both studies, data on mother and father edut#tieel were reported by the adolescents via a
guestionnaire (lliescu et al. 2008). Although thare some differences in the classification of etioa
level between Brazil and Europe, it was categorirgéd four groups (in the two studies): elementary

education, lower secondary education, higher seargretlucation, and tertiary education.
Potential Confounders

The potential confounders that were consideredim study were survey center (in HELENA
study) and school (both studies) as a contexteébfaand these factors were used in the adjustmtels
to control the variability of the associations beén them. The variables age (in years), the Chyster

socioeconomic status and parental education leeahdividual factors.
Satistical Analyses

To identify clusters of similar behaviors, a condiion of hierarchical and non-hierarchical
clustering analyses was used (Fernandez-Alviral.eR@L3). Gender-specific cluster analyses were
performed separately for each study due to sigmiticlifferences in EBRB levels. Additionally, z-ses
of all variables were calculated to standardizedéaset before clustering. This standardizati@vemts
variables with larger ranges from contributing lisster solutions to a greater extent than thoske svitaller
ranges. Univariate and multivariate outliers (mtiten 3 standard deviations) were removed. First, we
chose the Ward’'s method for applying hierarchidakter analyzes based on the squared Euclidian
distances (Ward 1963). Consequently, a compari$se\eral possible cluster solutions was performed.
Using the resulting centers, nonhierarchical k-rseclnster analyses were employed to fine-tune the
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preliminary hierarchical solution. ANOVA and Bonfeni post hoc tests were conducted to investidage t

differences between clusters on all the variables.

The descriptive analyses are presented as the n{gamnstitative variables) or percentages
(qualitative variables) and 95% confidence intesv@5% CIl). We used Poisson multilevel regression
models with fixed effects intercepts to estimate fievalence ratios (PR), their respective confiden
interval of 95% (Cl 95%), and to analyze the relaship between each socioeconomic and parental
education level with the clusters of EBRBs. We idaed two levels of data organization: (i) clustgr
of EBRBs separately in each of the four groupsafdied by gender and region) and (ii) potential
confounders (not shown) (Victora et al. 1997). Tdwntext variable that was used was the school.
Homoscedasticity was graphically assessed in agtession models to meet the analyses’ criteria.
Furthermorep-values of <0.20 were adopted in the univariatdyaea (Victora et al. 1997) since they
were necessary to include variables in the mult@ranalyses and the hierarchical model accortditige
aforementioned levels. Moreovegryalues <0.05 or those representing >10% modibeain thep of any

variable that was already in the model were comsitio be significant.

The multilevel analyses were performed with twoeakives: to test the associations between
socioeconomic status, parental education level,ratidators of behaviors (z-scores) and to tesettient
in which country-specific characteristics and cattal variables influence the associations between
socioeconomic status, parental education level aldters of EBRB.The associations between
socioeconomic status and parental education leitlelthe clusters were estimated using Poisson e
regression models with mixed effects interceptqsitering theSedentary cluster as the reference
categoryWe also verified if there were differences betwtenincluded and excluded adolescents in both

of our samples.

Stata 12.0 (Stata Corp., College Station, TX, U&A} employed for the statistical calculations.
All analyses were adjusted for the clustered natfirthe sample using the “svy” set of commands and
stratified by gender, as interactions between geade the studied variables were obseryed(001). To
avoid the effect of multiple tests, the Bonferroairection was applied to assess the associatemgebn
theclusters of EBRB and socioeconomic stafus0(017) and parental education levpk(.013).

RESULTS
Characteristics of the Sample

Table 1 presents the characteristics of the ppatits (n=1,934) in the twoross-sectional studies.
We have found no significant difference betweenitictuded and excluded adolescents form both of our
samples.
In BRACAH, adolescents had a longer period of stadgrtime and shorter periods of physical
activity and sleeping than adolescents in the HEREtudy. However, the mean fruit and vegetable
consumption was higher in BRACAH than in HELENAdyu

Description of Clusters of EBRB



Figure 1 highlights the estimated clusters of EBRBe main outcome measures are on the
horizontal axis and their related standard deviatiscores on the vertical axis. Each cluster mbered
and named at the bottom of the graphic (differémé Icolors), with their respective prevalence in
parentheses. We identified four comparable clusieEEBRB for girls (Figures 1 A, B: 1Sedentary; 2.
Active; 3. Unhealthy Eating; 4. Healthy Eating), regardless of differences in prevalence. Thisnitahe
case in boys. Different clusters were found in BR¥C(Figure 1 C: 1. Sedentary; 2. Active;Bealthy
Eating) and in HELENA (Figure 1 D: 1Sedentary; 2. Healthy; 3. Unhealthy Eating).

Sedentary (Figures 1 A, B, C, D: n°1; represented by the filipe) was the only pattern identified
in all four groups. It was characterized by z-ssabove zero for screen time (e.g., watching T¥yipg
video games) and for sugar-sweetened beveragesin&ks in both studies showed similar prevaleince
the clusters. In Brazilian boys, tBedentary cluster was dominant among the three clusters, edsat was

the least prevalent cluster in European boys.

The Active cluster (Figures 1 A, B, C: n°2; represented bygteen line)was determined by z-
scores above 1.5 for physical activity and negatigeores for screen time. This cluster was obskirve

girls in both studies and in boys in BRACAH, butvias the least prevalent cluster in those threepgo

The Healthy cluster(Figure 1 D: n°2represented by the blue linegas exclusively identified in
European boys with respect to low screen time sughr-sweetened beverage intakel high physical

activity, fruit and vegetable consumption, and gldaration.

The Unhealthy Eating cluster (Figures 1 A, B, D: n°3; represented by the redk)liwmas
characterized by positive z-scores $ogar-sweetened beverage intake negative z-scores for fruit and
vegetable consumption and sleep duration. Uhnisealthy Eating behavior was the most prevalent among
the girls in the BRACAH study. Inversely, théealthy Eating cluster (Figures 1 A, B: n°4; C: n°3;
represented by the pink lingjas defined by positive z-scores for fruit and tegke consumption and
negative z-scores faugar-sweetened beverage intakieeHealthy Eating cluster was the most prevalent

cluster among girls in the HELENA study.
Clusters of EBRB and Associations with Socioeconomic Status and Parental Education Level

The clusters of EBRB by socioeconomic status anémal education level in BRACAH and
HELENA studies are presented in Table 2. Furtheemihvep-values for these associations are provided in
the supplementary material (Table 3). The clustiwat were significantly associated with either
socioeconomic status or parental education are showable 3 with an asterisk, and Figures 2 and 3
illustrate their respective prevalence ratios (FR)he BRACAH study, we did not identify any sifjoant
association between the clusters and socioeconstatias or parental education. However, in HELENA
study, higher socioeconomic status (PR: 3.38; 959 .68 — 7.21) was associated with thealthy Eating
cluster among girls (Figure 2 A), while higher smtonomic status (PR: 2.78; 95% CI: 1.28 — 6.04 wa
positively associated with thénhealthy Eating cluster in boys (Figure 2 B).



Regarding parental education, in the HELENA stutig, mother’s (PR: 6.98; 95% CI: 2.55 —
19.09) and father’'s (PR: 6.48; 95% CI: 2.26 — 1Buiflversity degree was significantly associatethwi
the Healthy Eating cluster in girls (Figure 3A). Moreover, the motleudniversity degree (Figure 3B) was
directly associated with theealthy cluster (PR: 3.18; 95% CI: 1.38 — 7.35) in Europkays.

DISCUSSION

We identified four equivalent EBRB clusters forlgiand three different clusters for boys. One of
the major findings is that tHaedentary cluster (mainly characterized by a high level oésn time and low

level of physical activity) was common across stgdind genders.

It is notable that, although they lived in geogriaphly distant regions, surrounded by distinct
types of physical, economic, socio-cultural, antitigal environments (Delany-Moretlwe et al. 201§iy]s
in both studies had equivalent EBRB clusters (iéigas of the distribution of their prevalence), el
most prevalent clusters were those that were pifynalated to eating behaviothealthy andHealthy).
This similarity in dietary behavior is in line wifirevious studies (Ottevaere et al. 2011; Sabhk 2008).
Hill (Hill 2006) showed that girls tend to be mazencerned with their appearance than boys becduse o
the media’s prominent role in setting “beauty idéalhus, they become more critical of their nigrial
habits and pursue diets (that are not necessardithy) due to body image dissatisfaction (Djoritjev
Nikic and Dopsaj 2013). In boys, no such trend amelyzed. Most Brazilian boys were categorizedhén t
Sedentary cluster, whereas most European boys were itdsdthy cluster. Regarding dietary intake, the
observed clustering in the two studies diverdéeh(thy Eating andUnhealthy Eating in boys from Brazil
and Europe, respectively). These results among &oggest that their behaviors may be more assdciate

with individual-level (e.g., school and neighbordddéactors than those of girls (Sirard et al.2013)

Even though adolescents from the HELENA study hadigher prevalence of healthier clusters
(girls: 35.7%Healthy Eating; boys: 42.7%Healthy), in both studies and gendeasher unhealthy-related
behaviors occurre@ndSedentary was the only cluster found in all of them. Thigdiimg requires attention,
as studies indicate that time spent on screen-bastdties is associated with high energy intala (
energy-dense snacks and sugar-sweetened bevesagds}s fruit and vegetable consumption, rathear th
low energy expenditure (Hobbs et al. 2014). Furtitoe, the Active cluster (which was mainly
characterizedby z-scores above 1.5 for physical activity andatieg@ z-scores for screen tim@ps the

least prevalent cluster in girls in both studied anboys in the BRACAH study.

Boys in the HELENA study did not show thAstive pattern. However, only they had tHealthy
cluster.This infrequent cluster suggesisat several lifestyle trends do not always disgrate in the same
direction Previous studies demonstrated that teenagers h#fieilty meeting multiple recommended
health guidelines concurrently because people aftinere to one healthy behavior to compensatetier o
unhealthy habits (Ottevaere et al. 2011).

In terms of usual sleep duratiaregative z-scores primarily were related toltimbealthy Eating

cluster. A recent study noted that sleep restricincreases the time available for eating and premot



fatigue, reducing engagement in physical activitlyiyel et al. 2015). In other research with adodeds, a
later bedtime upregulated appetite, favoring higimargy intake (approximately 425 kcal/day) in tagers
with a low sleep duration than in those with ancadde sleep time (Adamo KB 2013).

The results pertaining to the second goal, theadltarization of the clustering of EBRB with
socioeconomic status and parental education lexebaled that associations were different accorting
the study and gender. Unexpectedly, no signifieamsbciation was found in the BRACAH study, while
high socioeconomic status was associated with timbyclusters in the HELENA studyHgalthy Eating
andUnhealthy Eating in girls and boys, respectively). This associabetween high socioeconomic status
and Unhealthy Eating cluster is controversial, however previous studits found difficulties while
associating socioeconomic status with behaviordicpdarly in adolescents (Beck CC 2011; Elgarlet a
2015; Ferrar and Golley 2015). This lack of an aisdimn in the BRACAH study could be due to several
reasons, including that adolescents’ behaviorsliffierently impacted by socioeconomic indicatorsl &y
peer-group influences (Michels et al. 2018), theABRH sample had an economic distribution that was
more concentrated in the medium class (approxima&@do), the methods used to estimate socioeconomic
level in the two studies were distinct (Beck CC 20Jnd the way that educational level is clasdifie
Brazil is different from the European classificati@ BEP 2006; lliescu et al. 2008).

In the HELENA study, both parents’ university dezgewere significantly associated with the
Healthy Eating in girls, and the mother’s university degree wamamted with thélealthy cluster in boys.
These associations between higher parental edocatiol adolescents’ healthier behaviors seem to
influence mediators such as parents’ attitudestetiéfs, availability and accessibility, self-casitrand
knowledge, which are modifiable mediators that nfeyd promise for the development of obesity
interventions (Ferrar and Golley 201%)/e suppose that these associations were unconmmBrazil
because of the BRACAH’s sample characteristicsh wit important concentration of parents with upper
secondary education (more than 40%). Stikmphasizes that improved education is essentjadmote
health (Gakidou et al. 2010).

Limitations

Our studies with Brazilian and European adolescehtsild be cautiously extrapolated to the
corresponding overall populations; hence, we admgainto account geographic areas that have differ
peculiarities and environmental elements that mesyapresent the influence of socioeconomic status o
clustering behaviors(Beck CC 2011). In additioris important to notice that we have considerey tme
weekly consumptiorof two food groups (fruits and vegetables and sisgaretened beverages) in our
analysis since they are reported by the AmericamrtHéssociation as components of the Ideal
Cardiovascular Health in Children and Adolesce8tifberger et al. 2016). Furthermore, data were
obtained by self-report questionnaires, which ddawe bias such as social desirability and underfove
reporting of information (Ottevaere et al. 2011pwéver, every assessment method comes with its own
set of limitations, and no specific tool can beramkledged as the best option (Corella and Ordo0asR

Furthermore, questionnaires are frequently appfiesknters with low financial resources, becausgth



are more feasible and inexpensive than objectitbads and are associated with relatively low pgaiat
burden (Murakami et al. 2016).

Despite a few methodological differences (e.g.i@mnomic questionnaire) between studies,
one strength of our research is the possibilitgahparing adolescents’ EBRB between Brazil and some
European countries. This is an innovative studyhwituster analysis and their associations with

socioeconomic factors in adolescents.
Conclusions

Adolescents sho®edentary behavior, regardless of their sex, country of origi socioeconomic
condition. Girls showed equivalent energy balaredated behaviors, while boys differed, suggestirag t
boys’ behaviors are more associated with individea¢l factors than those of girls. In this serisés

highly important that public health policies targifterent interventions for girls and boys.

Family socioeconomic conditions are more associatddEuropeans’ than Brazilians’' behaviors.
However, both studies emphasize that improved diucas essential to promote health and that
identifying these energy-balanced behaviors may tedevelop new interventions for the preventién o

obesity.
LIST OF ABBREVIATIONS

 EBRB: Energy Balance-Related Behaviors

 BRACAH Study: Brazilian Cardiovascular Adolescergdtth Study

» HELENA Study: Healthy Lifestyle in Europe by Nutoih in Adolescence Study
* IPAQ-A: International Physical Activity Questionnai

* FFQ: Food Frequency Questionnaire

* PR: Prevalence Ratio

COMPLIANCE WITH ETHICAL STANDARDS

Data from theBrazlian Cardiovascular Adolescent Health (BRACAH) Study was approved by
the Ethics Committee on Research Involving Humantid¢daants of the University Center of Maringa, and
authorized by the Ethics Committee on ResearcheBi®jof the University of Sdo Paulo, in accordance
with Brazilian law. TheHealthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) Study was
approved by the Human Research Review Committea#i tife European centers involved. Both studies
were conducted according to the guidelines laidrdowthe Declaration of Helsinki, and a formal requ
to conduct the survey was submitted and acceptéaedyoards of all participant schools. Writteronmied

consent was obtained from all adolescents as wdiban their parents/guardians.
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Figure 1. clusters solutions according to the standard deviation (SD) z-scores on energy balance-
related behaviors (EBRB) for the Brazilian Cardiovascular Adolescent Health (BRACAH) and the
Healthy Lifestylein Europeby Nutrition in Adolescence (HEL ENA) studies. Brazil and Eur ope,2007.
Clusters of EBRB are presented in different linlbors Clusters of EBRB are numbered, named, anid wit

their respective prevalence (in parenthesis) abtttom of each graphic.

Figure 2 A and B: Clusters of energy balance-related behaviors (EBRB) that were significantly
associated with socioeconomic statusand their respective prevalenceratio. Brazilian Cardiovascular
Adolescent Health (BRACAH) and the Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) studies. Brazil and Europe, 2007. Clusters of EBRB are indicated in different cdoxes.

Figure 3 A and B: Clusters of energy balance-related behaviors (EBRB) that were significantly
associated with parental education level and their respective prevalence ratio. Brazilian
Cardiovascular Adolescent Health (BRACAH) and the Healthy Lifestyle in Europe by Nutrition in
Adolescence (HELENA) studies. Brazil and Europe, 2007. Clusters of EBRB are indicated in different

color boxes.
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Table 1. Characteristics of the samples of adolescents fhenBrazilian Cardiovascular Adolescent Health (EF) and the Healthy Lifestyle in Europe by Nutitiin
Adolescence (HELENA) studiesBrazil and Europe2007.

BRACAH GIRLS BRACAH BOYS HELENA GIRLS HELENA BOYS

Variables (n=370) (n=312) (n=660) (n=592)

Mean* or % (95% CI) Mean* or % (95% CI) Mean* or % (95% CI) Mean* or % (95% CI)
Age (year s)* 16.3 (16.2 - 16.4) 16.5 (16.4 - 16.6) 14.7 (1418 8) 14.8 (14.7 - 14.9)
Sedentary time (min/day)* 412.2 (395.8 — 428.7) 340.8 (326.1 — 355.5) 15852 2 -164.3) 231.0 (223.8 — 238.1)
Physical activity (min/day)* 45.0 (40.9- 49.0) 58.1 (52.4 — 63.7) 53.1(51.6.3p 67.3 (64.6 — 70.5)
Sweetened beverages (>1 serving/day) 33.9 (29.7 — 38.0) 29.3 (24.9- 33.6) 37.9 (34.14% 25.4 (22.4 — 28.5)
Fruit& vegetable (>1 serving/day) 47.0 (36.8 — 48.9) 36.8 (32.2-41.4) 36.6 (3144.:6) 32.1(28.0 —38.4)
Sleep (hour s/day)* 76 (7.4-17.8) 76 (7.4-1.8) 8.0(7.9-8.1) @8.0-8.2)
Socioeconomic status
Low 9.2 (6.2-12.2) 4.3 (2.0-6.6) 10.5(8.1-13.0) 10.2 (7.7 -12.8)
Medium 77.5(73.2-81.8) 82.5(78.1 - 86.8) 53.0 (496X .0) 56.6 (52.4 - 60.7)
High 13.3(9.8-16.9) 13.3(9.4-17.1) 36.5 (32.6 340 33.2(29.3-37.1)
Mother education
Elementary 8.5(5.6-11.4) 7.1(4.2-9.9) 6.0(4.1-7.8) 9 @.8-8.9)

Lower secondary
Upper secondary

University degree
Father education
Elementary
Lower secondary
Upper secondary

University degree

25.8 (21.2 -30.3)
42.7 (37.6 - 47.8)

23.0 (18.7 - 27.4)

8.3 (5.5-11.2)

28.3 (23.7 - 33.0)
44.4 (39.3 - 49.6)
18.9 (14.8 - 23.0)

26.4 (21.4 -B1.3
40.8 (35.3 )31.3

25.7 (20.8630

7.0 (4.1-9.8)
23.5 (18.7 3p8.
48.7 (43.04)54.
20.9 (16.3.5p

26.1 (22.7 - 29.5)
31.4(27.8 - 35.1)

36.5 (32.7 - 40.2)

6.1 (4.2 - 8.0)
29.7 (26.1 - 33.4)
25.8 (22.3 - 29.3)
38.4 (34.6 - 42.3)

29.3 (25.5 - 33.0)
32.8(28.9 - 36.7)

31.0 (27.2 - 34.9)

28.4-7.1)
32.0 (28.1 - 35.8)
30.2 (26.3 - 34.0)
32.7 (28.8 - 36.6)

BRACAH: Brazilian Cardiovascular Adolescent Health Study; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescence Study; n: Sample Sze;

CI: Confidence Interval.



Table 2. Clusters of energy balance related behaviors aswptd socioeconomic status and parental educatitime Brazilian Cardiovascular Adolescent Health (BRACAH) and the
Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) studies. Brazil and Europe2007.

Study

BRACAH GIRLS

BRACAH BOYS

Clustersof EBRB

1. Sedentary
% (95% CI)

2. Active
% (95% CI)

% (95% CI)

3. Unhealthy Eating 4. Healthy Eating

% (95% Cl)

2. Active
% (95% CI)

1. Sedentary
% (95% CI)

3. Healthy Eating

% (95% Cl)

Socioeconomic status

Low

Medium

High

Mother education
Elementary
Lower secondary
Upper secondary
University degree
Father education
Elementary
Lower secondary
Upper secondary
University degree

7.5 (1.1-13.8)
77.6 (67.5-87.7)
14.9 (6.3 — 23.6)

6.2 (0.3 - 12.1)
18.5 (8.9 — 28.0)

55.4 (43.2 — 67.6)
20.0 (10.2 — 29.8)

3.0(-1.1-7.1)

20.9 (11.1 - 30.7)
52.2 (40.2 — 64.3)
23.9 (13.6 — 34.2)

11.3 (2.7 - 20.0)
75.5 (63.7 — 87.2)
13.2 (4.0 — 22.4)

9.4 (1.5-17.4)

8.3 (3.63:0)
8% T - 87.2)
11.3 (636.7)

9.2 (414.0)

26.4 (14.4 -)38.4 28.0 (20.3 — 35.7)

50.9 (37.3 6)64.
13.2 (34.@-4p

13.5 (4.1 - 22.9)
26.9 (14.7 1)39.
48.1 (34.3 8)61.
11.5 (2.7 3P0

41.7 (33.2-50.1)

21.2 (14.2 - 28.2)

10.8 - 15.3)
32.6 (24.4 — 40.7)
40.3 (31.8 - 48.8)
17.1 (10.5 — 23.6)

11.1 (5.4 - 16.9)

75.2 (67.3 - 83.1)

13.7 (7.4 - 19.9)

8.7 (3.5 - 13.9)

27.0 (18.8 - 35.1)
33.0 (24.4 — 41.7)
31.3 (22.8 - 39.8)

7.1 (2.3-12.0)

28.6 (20.1 — 37.0)
42.9 (33.6 - 52.1)
21.4 (13.8 -29.1)

3.6 (0.5 - 6.7) 2.9 (0.711)
85.0 (79.0 - 91.0)82.1 (72.8 - 91.4)

6.7 (01.9 - 11.5)
77.1(69.0 - 85.2)
16.2 (09.1 - 23.3)

7.6 (2.5-12.7)

25.7 (17.3 - 34.1)
35.2 (26.0- 44.4)
31.4 (22.5 - 40.4)

6.9 (1.9-11.8)

19.6 (11.8 — 27.4)
47.1 (37.3 - 56.8)
26.5 (17.8 - 35.1)

Study

HELENA GIRLS

Clustersof EBRB

1. Sedentary
% (95% CI)

2. Active

% (95% Cl)

3. Unhealthy Eating 4.

% (95% Cl)

Healthy Eating
% (95% CI)

11.4 (06.1-16.7) 14830 23.6)
6.5 (2.4- 10.6) 7.3 (113.8)
25.9 (:88.2)  28.4(17.4-39.2)
48.9 (4653)  32.8(21.5-44.2)
18.74t25.2)  31.3(20.1- 42.6)
5.9 (1.9 -9.9) 24 ¢ 16.6)
26.5(1939.9) 23.4 (12.9 — 33.9)
50.0 (415B.5)  48.4 (36.0 — 60.8)
17.74124.1)  18.8 (9.1 — 28.4)

HELENA BOYS

1. Sedentary 2. Healthy

% (95% CI) % (95% Cl)

3. Unhealthy Eating

% (95% CI)

Socioeconomic status

Low

Medium

High

Mother education
Elementary
Lower secondary
Upper secondary
University degree
Father education
Elementary
Lower secondary
Upper secondary
University degree

14.5 (8.6 — 20.4)
58.7 (50.4 — 67.0)
26.8 (19.4 — 34.2)

9.9 (4.7 - 15.0)

33.3 (25.3 — 41.4)
34.9 (26.7 — 43.0)
22.0 (14.9 — 29.1)

9.4 (4.3 - 14.6)

33.9 (25.6 — 42.1)
30.7 (22.6 — 38.8)
26.0 (18.3 — 33.7)

15.0 (8.2 — 21.8)
56.1 (46.6 — 65.5)
29.0 (20.3 — 37.6)

5.9 (1.3 - 10.6)

24.8 (16.3 2)33.
37.6 (28.1 1)47.

31.7 (22.©-8)

4.2 (0.1-8.3)

29.5 (20.2 7)38.
25.3 (16.5 1)34.

41.1 (31.1-05

11.5 (636-2)
5144 — 58.9)
36.842943.9)

6.8 (310.6)
27.8 (21.2 — 34.5)
30.1 (23.3 - 36.9)
35.2 (28.1 — 42.3)

8.6 (413.2)
34.9 (27.7 - 42.2)
23.7 (17.3-30.1)
32.5 (25.4 — 39.6)

6.9 (3.6 — 10.1)
50.2 (43.8 — 56.7)

42.9 (36.5 — 49.3)*

3.1 (0.8 - 5.3)
21.2 (15.8 — 26.5)
27.8 (21.9 — 33.6)
48.0 (41.5 — 54.5)*

2.8 (0.6 — 4.9)
23.4 (17.8 - 29.0)
24.8 (19.0 — 30.5)
49.1 (42.4 — 55.7)*

15.6 (9.6 - 21.6) 11.6 @15.5)
56.7 (48.5 — 65.0)55.4 (49.2 — 61.6)
27.7(20.2-35.1)  .1%37.2 - 38.9)

11.0 (5.7 - 16.3) 5.8 (28.7)

41.9 (3350.3)  19.4 (14.4 — 24.4)
25.0 (1732.3)  38.0 (31.9 — 44.2)*
228.01-29.0) 36.8 (30.7 — 42.9)*

6.25 (2.0 - 10.5) 5.2(Z.8)

453 (366.0)  21.7 (16.4-26.9)
25.0 (1B3.5)  33.3(27.3-39.3)
23@.01-30.8)  40.0(33.8 - 46.2)

7.0 (3.5 - 10.6)
58.5 (51.6 — 65.4)

34.5 (27.9 — 41.1)*

5.3 (2.1-8.4)

32.8 (26.1 — 39.5)
31.7 (25.1 — 38.4)
30.2 (23.6 — 36.7)

4.8 (1.7-78.1)

36.0 (29.1 - 42.9)
29.6 (23.1 - 36.2)
29.6 (23.1 - 36.2)

*Significant associations based on multilevel regien test and Bonferroni Correction (P<0.017 foci@economic Status; P<0.013 for Parental Educhption
BRACAH: Brazilian Cardiovascular Adolescent Health Study; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescence Study; EBRB: Energy Balance Related Behaviors; %:
Prevalence.Cl: Confidence Interval.
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Table 3. Nominalp-values of clusters of energy balance related hetmaccording to socioeconomic status and parediatation in the Brazilian Cardiovascular Adolegdéealth
(BRACAH) and the Healthy Lifestyle in Europe by Ntibn in Adolescence (HELENA) studieBrazil and Europe2007.

Study BRACAH GIRLS BRACAH BOYS
Clustersof EBRB 1. Sedentary 2. Active 3. Unhealthy Eating 4. Healthy Eating 1. Sedentary 2. Active 3. Healthy Eating
p-value p-value p-value p-value p-value
Socioeconomic status
Low Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Medium Ref. 0.488 0.906 0.439 Ref. 0.865 0.232
High Ref. 0.490 0.571 0.464 Ref. 0.631 0.686
M other education Ref.
Elementary Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Lower secondary Ref. 0.929 0.967 0.962 Ref. 0.935 0.757
Upper secondary Ref. 0.476 0.273 0.175 Ref. 0.375 0.352
University degree Ref. 0.303 0.620 0.879 Ref. 0.553 0.519
Father education Ref.
Elementary Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Lower secondary Ref. 0.158 0.346 0.512 Ref. 0.344 0.440
Upper secondary Ref. 0.060 0.062 0.192 Ref. 0.392 0.697
University degree Ref. 0.017 0.061 0.251 Ref. 0.530 0.669
Study HELENA GIRLS HELENA BOYS
Clusters of EBRB 1. Sedentary 2. Active 3. Unhealthy Eating 4. Healthy Eating 1. Sedentary 2. Healthy 3. Unhealthy Eating
P-value P-value P-value P-value P-value P-value
Socioeconomic status
Low Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Medium Ref. 0.773 0.838 0.106 Ref. 0.382 0.025
High Ref. 0.145 0.911 0.002* Ref. 0.163 0.010*
Mother education
Elementary Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Lower secondary Ref. 0.677 0.707 0.169 Ref. 0.768 0.274
Upper secondary Ref. 0.621 0.281 0.066 Ref. 0.012* 0.035
University degree Ref. 0.067 0.117 <0.001 Ref. 0.007* 0.025
Father education
Elementary Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Lower secondary Ref. 0.831 0.285 0.110 Ref. 0.298 0.936
Upper secondary Ref. 0.659 0.333 0.060 Ref. 0.309 0.408
University degree Ref. 0.518 0.043 0.001* Ref. 0.131 0.345

*Significant associations based on multilevel regien test and Bonferroni Correctid?<Q.017 for Socioeconomic Statl®50.013 for Parental Education).
BRACAH: Brazilian Cardiovascular Adolescent Health Sudy; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescence Study; EBRB: Energy Balance Related Behaviors; Ref:
Reference.
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