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Abstract

Excessive body weight during adolescence represents a significant public health problem
worldwide. ldentifying factors associated with its development is crucial. Interactions
between factors that lead to obesity are yet to be understood; however, diet-related
behaviors and lifestyle factors can be influencing the development of obesity.

The aim of the current study was to estimate the prevalence of overweight and obesity in a
representative sample of adolescents living in Greece and explored the association with diet-
related behaviours. Self-reported data on weight, height, diet-related behaviours and habits
were used from 3,.816 adolescents (1898 boys, 1918 girls) aged 11-, 13- and 15-years-old,
participants in the Greek arm of the international Health Behaviour in School-Aged Children
(HBSC) cross-sectional study during 2018. Overweight and obesity were defined using the
2007 WHO growth charts classification. Prevalence of overweight was 19.4% in the total
sample, 24.1% for boys and 14.7% for girls, and prevalence of obesity was 5.3% in the total
sample, 7.3% for boys and 3.4% for girls, respectively. Overweight (including obesity) was
positively associated with male gender, low family affluence, skipping breakfast, being on a
diet, and inversely associated with age, and being physically active. Eating rarely with the
family was positively associated with overweight only among boys, and eating snacks/meals
in front of screens only among girls. No association was noted for eating in fast-food
restaurants, consuming vegetables, fruits, sweets, and sugar-sweetened beverages.
Prevention of overweight by promoting active lifestyles and healthy behaviors that are

modifiable should be a national public health priority.



NepiAnyin

To umepBaAAwvV ocwUaTKO BAapog thv mepiodo tng edpnPeiag amoteAel €va onUAVIKO
nPOBANUa dnuocLag uyeiag maykoopiwg. O eVIOMIOUOC TWV TAPAYOVIWY MOV oXeTilovtal e
v avamtuén tou eival kaiplag onuaciag. OL cupmepldpopeg Tou oxetilovral He TN
Slatpodn Kal oL MOPAYOVTIEG TOU TPOTIOU {WwN¢ UMopoUV va EMNPEACOUV TNV AVATTTUEN TNC
Tayuoapkiag.

JKOTOC TNC Mapouoac LEAETNG NTAV N EKTIUNON TOU EMUTOAACHOU TOU UTIEPBAPOU KL TNG
maxuoapkiag o éva aviupoowreutikd Seiypa eprifwv mou louv otnv EAAGSaA Kal n
Slepelivnon NG OUCXETIONG HE oupnepldpopéG mou oxetilovtal pe tn  Slatpodn.
XpnotwuomotnBnkav dedopéva autoavadopdg yla to Bapog, to UYog, TIc cuunepldopEc, Kal
TIG ouvnBeleg mou oxetilovtal pe tn Slatpodn 3.816 sdnPwv (1898 ayopla, 1918 kopitola)
nAkiag 11, 13 kot 15 €TWV, CUUUETEXOVTEC OTO EAANVIKO OKEAOC TNG SLEBVIC OUYXPOVLKAC
peAétng «Health Behaviour in School-Aged Children» (HBSC,) katd tn Sidpkela tou 2018. Ta
TOV OPLOWO TOU UTIEPBOPOU KaL TNE Moxuoapkiag xpnoLuomoLtionkay ot KAUMUAEG AVATTTUENG
Tou 2007 tou Maykoouiou Opyaviopol Yyeiag (WHO). O emutoAaopog Tou umépBapou rtav
19,4% oto ouvoAlkO Oelypa, 24,1% ywa ta ayopla kat 14,7% ywa ta Kopitola, Kot o
ETWMOAAOUOG TNG ToXUoapKiag ntav 5,3% oto cuvoAlko Seiypa, 7,3% yla ta ayopla kat 3,4%
yla Ta Kopitola, avrtiotowxa. To unmépPapo (ocupmephapavopévng tng maxuoapkiog) sixe
BeTIK CUOXETLON HE TO APOEVIKO PUAO, TN XAUNAN OLKOYEVELOKN €UNMEPLA, TNV TIOPAAELPN
TipwivoU, tn Slatta Kol apvnTKR CUGKETLON e TNV NALKIa KoL TNV cwpatiky Spaoctnpldtnta.
H omdvia KatavAaAwon OLKOYEVELAKWY YEUUATWY CUCXETIOTNKE OeTIKA Pe TO UTEPBOALKO
Bapog povo ota ayopLa KoL N KATAVAAWGCN OVOK/YEUUATWY UIPOooTd oTLg 000VEG HOVo oTa
Kopitolo. Aev onUelwONKe Kapio cUCYXETION HE TNV KATAVAAWGN YEUUATWY OE €0TLOTOPLA
fast-food, tnv kotavaAwon Aaxoavikwv, ¢poUTwy, YAUKWV Kol TOTwv He {axapn.

H mpoAnyin eudaviong unépBapou PECW TPOTIOMOLACLUWY TTAPAYOVIWY OTWG N ULOBETNOoN



evog Spaotnplou TPoOmMou {WwAC KOL UYLEWVWY OUUMEPLOPWY, TIPEMEL VA  OTOTEAEL

TMPOTEPALOTNTA YLa T Snudaola uyeia.
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Introduction

Over the years, excess body weight during childhood and adolescence has emerged as one
of the most serious public health problems globally (Di Cesare et al., 2019). Obesity epidemic
is on the rise and, at the same time, major shifts in dietary patterns are occurring around the
globe. World Health Organization (WHO) defines overweight and obesity as an abnormal or

excessive fat accumulation that may impair health (“WHO | Overweight and obesity,” 2020).

The burden of childhood Obesity

Childhood obesity has reached epidemic proportions, both in high and low-income
countries, with the number of overweight and obese children having doubled or even tripled
since 1970 (Wang and Lobstein, 2006). According to the World Health Organization (WHO),
in 2016, 18% of children and adolescents, aged 5-19 years, were overweight and obese
worldwide, while significant geographical variations in obesity rates were noted (“WHO |
Overweight and obesity,” 2016). The growing prevalence of childhood obesity has many
implications for public health, and a higher risk of developing non-communicable chronic
diseases (Lakshman et al., 2012). Childhood obesity has been associated with significant
negative health issues, both in childhood and adulthood. Most importantly, overweight and
obesity have important short and long-term adverse consequences on physical, mental and
emotional health of the child and future adult (Di Cesare et al., 2019).

Time trends

The most recent data in regards to childhood obesity are found in the global NCD-RisC
database, which was published in 2017 based on 2416 data sources (Abarca-Gémez et al.,
2017). According to the cumulative analysis, between 1975 and 2016, the prevalence of
obesity in children aged 5-19 years, increased from 0.7% to 5.6% in girls and from 0.9% to
7.8% in boys. It is emerging that obesity had an eight-fold increase between 1975 and 2016
(NCD-RisC. NCD Risk Factor Collaboration., 2017). In 1975, there were 5 million obese girls

and 6 million obese boys aged 5-19 worldwide, while by 2016, the number of obese children
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and adolescents aged 5-19 rose to 50 million girls and 75 million boys (Abarca-Gémez et al.,
2017; Di Cesare et al.,, 2019). In addition, the estimation for 2016, was that 213 million
children between 5-19 years were overweight (Abarca-Gémez et al., 2017).

Geographic distribution

The highest levels of obesity are observed mainly in English-speaking regions, with the
United States and New Zealand to have the highest prevalence of obesity for girls and boys,
followed by the Mediterranean countries (Di Cesare et al., 2019). Countries that are
surrounding the Mediterranean Sea, traditionally appear to have particularly high
prevalence rates of overweight and obesity in children and adolescents (Tzotzas et al., 2008).
According to data from the COSI (European Childhood Obesity Surveillance Initiative)
epidemiological surveillance study, which examined trends in the prevalence of obesity in
children aged 6-9 years in 21 European countries over time, it seemed that Southern
European countries have the highest rates of severe obesity, with over 4% of the children
(Spinelli et al., 2019). Particularly Greece appeared to have the highest rates of overweight
and obesity compared to other countries (Nittari et al., 2020). One in two children was found
to be either overweight or obese when the prevalence was calculated taking into account all
three cycles of the COSI study conducted in 2007/2008, 2009/2010, and 2012/2013 (Spinelli
et al., 2019).

Prevalence of childhood obesity in Greece

In Greece, overweight and obesity have reached epidemic proportions, to a greater extent
than other European countries both among children and adolescents (Di Cesare et al., 2019;
Nittari et al., 2020; Roditis et al., 2009; Spinelli et al., 2019; Tzotzas et al., 2008). With
respect to adolescents, studies based on nationally representative samples are few, and the
majority are not very recent (Georgiadis and Nassis, 2007; Kanellopoulou et al., 2021;
Karayiannis et al., 2003; Kostopoulou et al., 2021; Patsopoulou et al., 2016; Roditis et al.,

2009). During 2003, data from a representative sample of 14,456 adolescents aged 13-19
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years showed that overweight and obesity reached 29.4% in boys and 16.7% in girls (Tzotzas
et al., 2008), whereas in 2009, in data from 4786 children aged 10-12 years, overweight and
obesity reached 42.8% among boys and 39.8% among girls (Farajian et al., 2011). In the
context of the Health Behaviour in School-Aged Children (HBSC) survey, prevalence of
obesity among adolescents in Greece had doubled in 2014 (3.9%) in comparison to 2002
(2.0%), whereas a slight decrease in comparison to 2014 was evident especially among the
11-old-year girls in 2018 (Inchley et al., 2020, 2017; Kokkevi, et al., 2015).

Definition and assessment of Childhood Obesity

Obesity derives from a positive energy balance between energy intake and energy
expenditure over a prolonged period, with consequent accumulation of excess fat. Potential
risk factors contribute to the cause of obesity, through one or more of the three following
pathways. A greater caloric intake than children’s requirements for normal growth; a lower
calorie expenditure due to physical inactivity; or an alteration in metabolism that causes a
caloric imbalance (Agras et al., 2004).

The assessment of childhood obesity is done by simple anthropometric indicators (Body
Mass Index and waist circumference) (Barreira et al., 2014; Cole et al., 2000; Freedman et
al., 1999), as direct body fat measurement methods are not available in daily practice. Body
Mass Index (BMI) is a clinically valid index; it strongly correlates with adiposity (Field et al.,
2003), adult adiposity (Freedman et al., 2005), cardiovascular disease factors (Freedman et
al., 2007), and all-cause mortality (“American Heart Association Childhood Obesity Research
Summit Report | Circulation,” 2009). As height and weight are widely available
measurements in daily practice, BMI is the most commonly used index for indirect measure
of adiposity in children and adolescents (Katzmarzyk et al., 2007; Rolland-Cachera, 2011).
However, it is way more challenging and complicated to establish a standard BMI
classification system for children than is for adults (Roberts et al., 2012; Rolland-Cachera,

2011). Spectacular changes in anthropometrics, fluctuations in growth rates during
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maturation, differences in race and gender, are factors to be considered for the
identification of childhood obesity. Thus, the classification systems that have been
developed are age-specific and sex-specific for a more precise estimation of the adiposity
status in children and adolescents (Katzmarzyk et al., 2007; Roberts et al., 2012).

There is a lack of standard definition of overweight and obesity in children, in terms of
references, cut-offs, and terminology used (Rolland-Cachera, 2011). Using different
approaches to classify obesity often leads to misinterpretation, and therefore, ambiguous
information in the literature, making comparisons between different countries estimations
more complicated (Katzmarzyk et al., 2007). Two definitions of obesity are widely used to
assess the prevalence of childhood overweight and obesity: The International Obesity Task
Force (IOTF) definition (Cole et al., 2000; de Onis et al., 2007), and the World Health
Organization (WHO) cut-offs.

In 2007, WHO issued a set of age-sex-specific classification cut offs for children and
adolescents aged from 5 to 19. WHO growth charts are commonly used in individual level to
examine children’s’ growth status (Roberts et al., 2012). The WHO growth reference reflects
the normal development of children based on how they should grow under ideal conditions,
regardless of nationality, socio-economic status, and the environment that they are exposed
(Katzmarzyk et al., 2007; Onis, 2006). The classification of overweight and obesity relies on
BMI centiles or standard deviation (SD) scores, both age and sex specific. Overweight is
defined as more than 1SD above the median to 2SD above the median (equivalent to BMI 25
kg/m? at 19 years), and obesity as more than 2SD above the median (equivalent to BMI 30
kg/m? at 19 years) (de Onis et al., 2007).

The International Obesity Task Force (IOTF), in 2000, released BMI centiles to define
childhood overweight and obesity, obtaining data from six large nationally representative
cross-sectional surveys on growth. Cole and colleagues proposed a new methodology based

on international data for BMI, and linked to the adult obesity cut off point of 25 and 30
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kg/m? (Cole et al., 2000). The IOTF references constructed for ages 2-18-year-olds, by values
of BMI at age 18 (Cole and Lobstein, 2012). A follow up paper few years later, added cut offs
for three grades of thinness using similar methodology (Cole et al., 2007). Up until 2011,
unlike WHO standards, IOTF cut offs could not be expressed as centiles (Cole and Lobstein,
2012). To tackle it, Cole and Lobstein, generate the cut offs based on the underlying LMS
curves. As a result, the new cut offs were slightly different from the originals. Differences
were limited to estimates of thinness in youngest age groups, however, did not considerably
impact the estimates of prevalence of overweight and obesity. The new cut offs could then
be expressed as BMI centiles or SD scores, enabling a direct comparison with other BMI
references. Additionally, a new category of BMI>35kg/m? for morbid obesity was derived by
the extended IOTF cut offs (Cole and Lobstein, 2012). The extended International (IOTF) BMI
cut-offs for thinness, overweight and obesity in children at 18 years are listed in Table 1,
while the new cut offs derived from Cole and Lobstein (2012) for exact ages by month in
children from 2-18 years, are available at the website of the International Association for the

Study of Obesity. (“Obesity Classification,” 2012).

Table 1: The revised international child cut-offs (IOTF) corresponding to the following body mass index (BMI) cut-
offs at 18 years.

BMI (kg/m?) BMI classification
16 thinness grade 3
17 thinness grade 2
18,5 thinness grade 1
25 overweight

30 obesity

35 morbid obesity

Numerous definitions are used to estimate childhood obesity, which vary significantly in
terms of references, cut offs, and terminology used. Yet, none of them is ideal (Rolland-
Cachera, 2011). An internationally accepted definition is, undoubtedly, required to form a
global perspective of the childhood obesity epidemic. However, the adoption of a standard

reference across the globe is not expected until the near future (Rolland-Cachera, 2012).



14
Aetiology of Childhood Obesity

Childhood obesity is the byproduct of the interaction among a complex set of factors;
genetics, environment, and ecological impact such as the family, community, and school

(Kumar and Kelly, 2017).

The role of genetics and epigenetics

Evidence suggests that genetic background and parental overweight are central in
determining obesity risk (Cheung and Mao, 2012; Sahoo et al.,, 2015). Studies in twins
estimate heritability of BMI, waist circumference, and other anthropometric measures to be
40-70% in children and adults (Malis et al., 2005; Turula et al., 1990; Wardle et al., 2008).
Notably, genetics alone cannot explain the increased prevalence of childhood obesity in
recent decades (Anderson et al., 2014). Obesity rates are growing much faster than would be
possible with genomic alterations. Therefore, the contribution of epigenetics suggested to
play a critical role in the development of obesity.

Epigenetics is the study of heritable alterations which influence gene function without
modifying the DNA sequence (Herrera et al., 2011). The microbiome, our «second genome»,
has higher plasticity than one’s genome, which could be of benefit for tackling obesity to
future generations through epigenetic mechanisms (Chang and Neu, 2015). Along with
microbiome, neuroendocrine, and metabolic systems, epigenetics may have a key role in the
development of obesity and Metabolic Syndrome (MetS) (Chang and Neu, 2015), with
potential pathways not yet clearly identified. Microbial flora is more likely to be formed
during fetal life and early infancy, than in adult life (Chang and Neu, 2015). Maternal weight
before pregnancy and weight gain during pregnancy may trigger alterations in maternal
microbiota, influencing the colonization in infants, and resulting in increased risk for being
overweight (Collado et al., 2010). Whether the mode of delivery is vaginal or by cesarean
section, seemed to have a major effect on the microbial flora and metabolic mechanisms of

intestinal track, and a strong association with BMI in later life. Cesarean delivery is



15

associated with a greater risk of developing obesity in adulthood (Chang and Neu, 2015;
Chavarro et al., 2020; Darmasseelane et al., 2014). Another exposure in early life that could
affect the development childhood obesity is nutrition (Ma et al., 2020). Breastfeeding is
shown to have a protective effect against obesity (Ma et al., 2020; Rito et al., 2019; Yan et
al.,, 2014). Breastfed infants found to have 5 times lower risk to develop obesity in later
childhood, compared with those who were never breastfed, suggesting a protective role of
breastfeeding in childhood obesity (Yan et al., 2014). The association is stronger when
breastfeeding is provided for 7 months or longer, suggesting that duration of breastfeeding
is inversely associated with the risk of overweight in adult life (Harder et al., 2005).
Environmental and ecological impact

Besides genetic predisposition, environmental factors including socio-demographic
determinants and modifiable lifestyle factors, are related to the aetiology of childhood
obesity (Dupuy et al., 2011). As Hippocrates first stated, health is a product of environmental
factors, emphasizing the need for harmony between the individual, social, and natural
environment. The built environment contributes to the level of self-regulation of the
peoples’ decision on physical activity and dietary behaviors at individual and community
levels (Hobbs & Radley, 2020). These environmental aspects may contribute to the
escalating obesity rates and the so called «obesogenic» environment (Townshend and Lake,
2017). Individuals or populations living in certain environments that are more «obesogenic»
than others, may be more prone to weight gain and development of obesity (Swinburn et al.,
1999). Interaction with various «micro-environments» that affect nutrition and physical
activity (school, super-market, home, internet, television, promotions) may have an impact
on weight.

Processed and energy dense foods

Food industry practices such as increased availability and affordability of processed and

energy dense foods, along with effective marketing strategies, are important drivers for the
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obesity epidemic globally (Swinburn et al.,, 2011; Weihrauch-Bliher and Wiegand, 2018).
Food marketing in children was recognized as a significant contributor to childhood obesity,
influencing their food preferences, food requests, and hence, their consumption (Kelly et al.,
2010). Children are a vulnerable audience that may not be able to recognize the sale tactics
such as the hero’s advertisements and the free toys rewards.

Increased availability of affordable, palatable, and energy-dense foods promotes the excess
energy intake and weight gain from young age (Swinburn et al., 2011). Higher consumption
of snacks, sugar-sweetened beverages, fast foods that contain excess fat, and foods with a
high glycemic index, are food habits developed as a result of the «obesogenic» environment
and globalization of food (Scharf and DeBoer, 2016; St-Onge et al., 2003). In addition, large
portions and higher energy-dense foods, are shown to have an effect on the total energy
intake of young children at meals (Fisher et al., 2007).

Food availability at schools play a key role in children’s consumption patterns, therefore can
provide an opportunity for childhood obesity prevention. Focusing on nutritious food and
healthier options must be of a highest priority on every school agenda considering the
possible impact in children’s health and wellbeing (Welker et al.,, 2016). School-based
nutrition policies and interventions in European countries targeting at healthy nutrition have
been suggested by WHO since 2006 (WHO/Europe, 2006). Similarly, in USA, a significant
process has been made through the years in terms of food and beverages quality provided at
schools (Welker et al., 2016). Yet, there is a lot of work to be done in terms of an effective
implementation of food policies at schools, besides, changing food habits in children it is
incredibly challenging.

Studying the role of diet-related behaviours and dietary habits in the aetiology and
prevention of overweight and obesity during childhood and adolescence has become
increasingly important, since these behaviours and habits are formed early in life but also

have the potential to be modified, if necessary, in the future.
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Increased fast food consumption and eating out of home
Over the past few decades, eating habits and home environments have changed
significantly. The increased fast food consumption and the trend of food away from home
occurred simultaneously with higher childhood obesity rates (Mancino et al., 2014). More
families in which both parents work, and lack of time, have led to an increased fast-food
consumption and to a shift towards «convenience food», with an increased pre-packaged
processed food consumption (St-Onge et al., 2003; WHO/Europe, 2006). Fast foods and
foods away from home are often served in large portions, are high in added sugars and fats,
and are less nutritious than home prepared food (Lin and Guthrie, 2012; Young and Nestle,
2002). The modern eating environment and, therefore, the greater tendency to eat out,
affects the way the children eat. As a result, many children and adolescents get to be
familiar with larger than appropriate portions, higher in fat and sugar foods, and high-
energy-dense foods. That has an impact in their future eating behavior, as they grow up
without learning or developing skills of how to prepare a meal or provide a healthy diet
(WHO/Europe, 2006).
Frequency of eating fast food has also found to be associated with BMI and excessive fat in
children (Krebs et al., 2007; St-Onge et al., 2003). Adolescent girls who ate fast food twice a
week or more were found to be at a higher risk to increase their relative BMI over time
(Thompson et al., 2004). In contrast, in a community based sample of 4746 adolescent
students, French et al. did not find any association between frequency of fast food
consumption and overweight status (French et al.,, 2001). Similarly, being overweight or
obese was not associated with frequency of fast-food consumption in a school-aged
children and adolescents in Greece (Tambalis et al., 2018). However, frequent fast-food
consumption was strongly associated with other unhealthy dietary habits, such as skipping
breakfast, and eating sweets or candy on a regular basis (Tambalis et al., 2018). Although not

consistent, there is an increasing evidence suggesting an association between consumption
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of food away from home, particularly fast food, with the risk of obesity among children

(Krebs et al., 2007; Mancino et al., 2014).

Eating behaviors
With respect to eating behaviors, skipping breakfast is reported to be an important risk

factor for weight gain (Croezen et al., 2009), while habitual breakfast consumption,
especially among children, is found to be a protective eating behavior against overweight
and obesity (Blondin et al., 2016; Dupuy et al., 2011; Farajian et al., 2014). A vast literature
suggests that skipping breakfast is associated with increased risk of becoming overweight or
obese, and with elevated BMI (Croezen et al.,, 2009; Haug et al., 2009; Koca et al., 2017;
Szajewska and Ruszczynski, 2010). Notably, a Swedish longitudinal study in adolescents with
a 27-year follow up, showed that breakfast skipping in adolescence was an important
predictor for development of MetS, central obesity and high fasting glucose in adulthood.
Breakfast skippers found to have 2.18 times greater risk of central adiposity compared with
breakfast consumers (Wennberg et al., 2015). Similar findings were reported in a
longitudinal study with Australian 9-15-y-old children, were skipping breakfast was found to
be associated with larger waist circumference, higher BMI, and higher cardiometabolic risk
factors (Smith et al., 2010).

Frequency of family meals found to be protective against the development of overweight
and obesity in adolescents and 10 years later (Berge et al., 2015). Having frequent family
meals was associated with increased consumption of healthier food groups such as fruits
and vegetables, with less unhealthy diet as it provides opportunities for parental modeling of
healthier eating habits and behaviors, and with lower children’s BMI (Dallacker et al., 2018;

Larson et al., 2013).

Fruit and vegetable intake

Fruit and vegetable intake has shown to have a protective role in cardiovascular diseases

and several cancers, and to reduce the adiposity level, as they are rich in fiber and
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micronutrients, and low in energy (Newby, 2009; Stea et al., 2018). However, the evidence
concerning the association between overweight and fruit and vegetable intake is
inconsistent (Janssen et al., 2005; Serra-Majem et al., 2006; Stea et al., 2018). A recent
review concluded that the available data failed to support a protective role of fruit and
vegetable intake to the risk of developing childhood obesity (Newby, 2009). However, the

opposite has been shown to hold true (Roseman et al., 2007; Serra-Majem et al., 2006).

Sweets intake

The contribution of sweets intake to childhood obesity is not well established. Candies and
confectionery are high in sugar and carbohydrates (“Top Food Sources of Dietary
Components | EGRP/DCCPS/NCI/NIH,” 2019), while chocolate is often high in fat,
particularly saturated fat. Cocoa, which is a component of chocolate, is also rich in flavonoids
and may result in some health benefits such as reduced risk of developing cardiovascular
disease or stroke(Buitrago-Lopez et al., 2011), decreased levels of systolic and diastolic blood
pressure, decreased levels of LDL cholesterol, and higher HDL cholesterol levels (Shrime et
al., 2011). Recent meta-analyses suggested to consistent inverse associations of
sweets/confectionery consumption with overweight and obesity (Gasser et al.,, 2016). A
systematic review that compared estimates of the prevalence of overweight and obesity in
school-aged youth from 34 countries, revealed a significant negative correlation between
the frequency of sweets intake and likelihood of overweight in 91% of the countries
examined (Janssen et al., 2005). That was statistically controlled for being on a weight loss
diet, so findings are unrelated to participants’ weight loss attempts (Janssen et al., 2005).
Under-report of sweet intake by overweight individuals compared to normal weight
counterparts or eating sweets less often but in greater portions are some of the possible

explanations for those results.
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Sugar-sweetened beverages intake
The risen prevalence of childhood obesity coincided with a dramatically increase in the
consumption of sugar-sweetened beverages (SSBs) during childhood (Keller and Bucher
Della Torre, 2015; Nelson et al., 2009; Scharf and DeBoer, 2016). SSBs include a wide variety
of drink types such as carbonated sweet beverages, fruit drinks, hot/cold beverages with
sugar, sodas, and soft drinks. Soft drinks consumption adds to soft drinks consumers
188kcal/day more to their energy intake compared to non-consumers (St-Onge et al., 2003).
As evidenced from cross-sectional, longitudinal, interventional studies, and systematic
reviews, there is a positive association between SSBs consumption and increased risk of
obesity, or unhealthy weight gain in children (Bucher Della Torre et al., 2016; Malik et al.,
2013). In a study conducted in school aged children with a mean age of 11.7 + 0.8 years in
public schools in Massachusetts communities, for every additional daily serving of sugar-
sweetened drink consumed, children found to have 1,6 times greater risk of becoming obese
(Ludwig et al., 2001). Similarly, the odds ratio for being overweight or obese was 1.55 (1.32
to 1.82) in children with a high SSBs’ intake compared with those with low intake, after one
year of follow-up in prospective studies (Morenga et al., 2013). Additionally, adolescents
who increased the consumption of SSBs from the prior year experienced higher weight gain
compared with those who did not (Berkey et al., 2004). High added sugar content, low
satiety, and increased intake of «liquid» calories are the main contributors to weight gain
through SSBs consumption.
Lack of physical activity
Another driver for the obesity epidemic is the reduced levels of physical activity as well as
the increased time of sedentary behavior (Croezen et al., 2009; Sigmund et al., 2015;
Swinburn et al., 2011; Townshend and Lake, 2017). Physical activity plays an essential role in
children and adolescents’ growth and development, as well as for the prevention of

overweight and obesity and the reduction of health complications (Hills et al., 2011, 2007).
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Recent reports suggested that life expectancy is likely to fall in today’s generation of children
as of lack of physical activity in one’s early years (Hills et al., 2007). For children and
adolescents aged 5-17 years old, in order to achieve benefits for physical, social, and mental
health, it is recommended to take part in at least 60 minutes of moderate to vigorous
physical activity (MVPA) per day (Janssen and LeBlanc, 2010). The more physical activity, the
greater the health benefit (Hills et al., 2011; Janssen and LeBlanc, 2010). A pooled analysis of
298 population-based surveys with 1,6 million participants in 2016, found that more than
80% adolescents aged 11-17 years old, do not meet current physical activity guidelines
(Guthold et al., 2020).

Additionally, the changes on the build environment and in their parents’ work lives have
resulted in less walking or biking and more car driving, with a substantial decrease in
children’s daily physical activity. Children that walk or bike to school nowadays are less than
a quarter compared to few generations ago (Anderson and Butcher, 2006). Physical
environment may play an important role into the physical activity and sedentary behaviors
of children and adolescents. For 9- and 11-years old children living in rural areas, a higher
physical activity and a less prevalent screen time behavior was reported compared to their
counterparts in urban areas (Ng et al., 2019).

Sedentary behaviors

The use of devices such as television, tablets, phones, and computers during leisure time
leads to decreased levels of physical activity, increased consumption of low-quality foods,
and increased quantity of foods consumed (Kumar and Kelly, 2017; Lipsky and lannotti,
2012). Television viewing has increased dramatically in recent years among school-aged
children and adolescents. Obesity prevalence was found to increase by 2% with each
additional hour of television per day (Anderson and Butcher, 2006). When television viewing

is a routine while eating with family, eating pattern of children found to include less fruits
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and vegetables and more salty snacks, pizza, and sodas, in children from 8 to 11 years of age

(Coon et al., 2001).

Consequences of Childhood obesity
Childhood obesity is associated with psychosocial problems, adverse health outcomes

(Ebbeling et al., 2002) and persistence into adulthood (Guo et al., 2000; Roberts et al., 2012).
The wide range of serious complications of excess weight in childhood, can occur both in the
short-term and in the long-run (Di Cesare et al., 2019). This has raised concern on the impact
of obesity epidemic on the current generation of children’s life expectancy (American Heart
Association Childhood Obesity Research Summit Report | Circulation, 2009).

Psychosocial consequences of Childhood Obesity

There is an established association between overweight and obesity in childhood, and
detrimental effects on the psychosocial domain (Rankin et al., 2016). Overweight or obese
children and adolescents are more likely to experience teasing and bullying (Hayden-Wade
et al., 2005; Spinelli et al., 2019), as opposed to their normal-weight counterparts. This
entails children with excess weight are on a higher risk of obesity stigmatization. Obesity
stigma seriously impacts emotional and physical health (Rankin et al., 2016), weakens self-
esteem, increases sadness and loneliness, and encourages high-risk behaviors (Ebbeling et
al., 2002; Uzogara, 2017). Additionally, discrimination and social exclusion of overweight or
obese children is also reported by health care providers (Ebbeling et al., 2002; Wilfley et al.,
2010). Obese children tend to perform lower at school, and participate less in activities
(Uzogara, 2017). Impaired academic performance in one due to school absenteeism,
especially when children or adolescents suffer from chronic diseases such as asthma or
diabetes (Sahoo et al., 2015).

Therefore, overweight or obese children and adolescents experience higher risk of
developing psychological comorbidities including depression (Quek et al., 2017), anxiety, low

self-esteem, and other behavioral disorders (Rankin et al., 2016). Negative self-image can be
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developed as early as five years old in overweight children (Davison and Birch, 2001). Body
dissatisfaction and low self-esteem in overweight and obese children may trigger the onset
of an eating disorder (ED) from young age, given that EDs start to develop well before the
actual clinical diagnosis (Kevin, 2001; Lundstedt et al., 2006; Wilfley et al., 2010). All in all,
these detrimental consequences in psychosocial aspect may result in diminished social well-
being and overall reduced quality of life (Griffiths et al., 2010; Rankin et al., 2016; Sahoo et

al., 2015; Wilfley et al., 2010).

Medical consequences of Childhood Obesity
Childhood obesity is also linked to numerous medical consequences. These health

consequences may cause metabolic effects, involving the cardiovascular, endocrine,
gastrointestinal and renal systems, and mechanical effects, involving the pulmonary,
skeletal, and central nervous systems (Banerjee and Schuster, 2012). Increased BMI in
childhood is associated with a higher incidence of chronic diseases such as type 2 diabetes,
hypertension, fatty liver disease (Berardis and Sokal, 2014; Ranucci et al., 2017),
cardiovascular disease, various forms of cancer, sleep problems such as sleep apnea (Redline
et al., 1999) and musculoskeletal disorders in adulthood (“WHO | Overweight and obesity,”
2020).

Obese children found to have increased metabolic and cardiovascular risk factors such as
insulin resistance and glucose intolerance, high blood pressure, dyslipidemia, and early
markers of cardiovascular disease (CVD) (Di Cesare et al., 2019; “WHO | Overweight and
obesity,” 2020). In fact, two-thirds of obese children have at least one CVD risk factor and
over a third have two or more (Freedman et al.,, 2007). The increasing prevalence of
overweight and obesity in children has been associated with the rising prevalence of MetS in

early life. MetS is a cluster of conditions involving hypertension, hyperglycemia,
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dyslipidemia, and obesity with truncal fat and insulin resistance to be the main concerns
(Banerjee and Schuster, 2012).

The risk of developing glucose intolerance increases with excess weight. Obesity adversely
affects various associated alterations in the glucose/insulin axis and on lipid metabolism
(Banerjee and Schuster, 2012). The prevalence of impaired glucose tolerance (glycated
hemoglobin greater than 5,7 mg/dL) or fasting glucose greater than or equal to 100mg/dL
was found to be 1,87% in overweight adolescents. A gradual increase to 13,19% was
reported in adolescents with markedly severe obesity (class Il obesity, BMI > 40
kg/m?)(Skinner et al., 2015). Hypertension, particularly higher systolic pressure, in children
and adolescents was found to be associated with adiposity (Parker et al., 2016). Adolescents
with class Ill obesity, had 2,5-7,6 times greater risk to develop high blood pressure, both
systolic and diastolic, compared to those with class | obesity (230 BMI <35 kg/m?), when
controlling for sex, age, and race. Childhood obesity may also alter the lipidemic profile.
Children and adolescents with markedly severe obesity found to have higher risk of low HDL
cholesterol levels and high triglyceride levels, compared to those with class | obesity (Skinner
et al., 2015).

Increased BMI in early life and during adolescence, is also associated with higher risk of
developing several malignancies in adulthood, regardless of the timing of obesity. A large
multiethnic study with 45 years follow-up period revealed an association between increased
BMI during adolescence and higher risk for leukemia (Shamriz et al., 2017), Non-Hodgkin
lymphoma (Leiba et al., 2016), gastroesophageal adenocarcinoma (Levi et al.,, 2013),
pancreatic (Levi et al., 2012) , colorectal (Levi et al., 2011) and breast cancer, renal cell
carcinoma (Leiba et al.,, 2013), and acute myeloid leukemia (Poynter et al., 2016) in
adulthood (Weihrauch-Bliher et al., 2019).

Endocrine abnormalities, hyperandrogenism and excess adiposity as a result of increased

BMI, are shown to impact the hypothalamus-hypophysis-gonadal axis and fertility in both
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genders (Davidson et al., 2015; Sanchez et al., 2018). Excess weight in males affect their
testosterone levels and causes a chronic inflammatory state with increased formation of
reactive oxygen species (ROS). ROS may harm the sperm DNA and membrane, and elevate
stress on the testicular environment (Du Plessis et al., 2010; Sanchez et al., 2018). Young girls
with increased BMI also experience menstrual abnormalities, and polycystic ovary syndrome
in adult life (PCOS) (Anderson et al., 2014; Sahoo et al., 2015). In a longitudinal population-
based study was found that obesity in 14-years old girls was associated with a 61% higher
risk of having PCOS symptoms at the age of 31 (Laitinen et al., 2003). Infertility in women
during adult life was also found to be associated with childhood obesity before their 12t
birthday in a 25 year follow-up study (He et al., 2018). Obesity is associated not only with
early onset of puberty in girls, but also with lower age at menarche (Currie et al., 2012; Li et
al., 2017).

Excess weight is associated with increased incidence of pediatric asthma in overweight, and
particularly, obese children which are at a higher risk of experiencing difficulties in breathing
and developing asthma onset during childhood (Egan et al., 2013; Lang et al., 2018). Lower
ability to exercise leads to the persistence and the progression of obesity and to a vicious
cycle. Childhood and adolescent adiposity were found to be associated with increased risk of
asthma in adulthood, thus increasing the need of chronic medication (Banerjee and
Schuster, 2012).

Long term effects of Childhood Obesity

Obesity in childhood is associated with a higher risk of adulthood obesity, premature death
(Must et al., 1992; Park et al., 2012), and disability in adult life (“WHO | Overweight and
obesity,” 2020). The excess of adiposity during childhood is one of the main factors that
contributes to the persistence of obesity into adulthood, and to the onset of medical
complications (Simmonds et al., 2016; Yanovski, 2015). Overweight or obese children had

five times higher risk to carry this status in adult life, compared to normal-weight children
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(Simmonds et al., 2016). It is striking that, 4 out of 5 obese adolescents will still be obese in
adulthood, while 7 out of 10 will be obese over their thirties. This suggests that weight in
puberty is a strong predictor of adult obesity (Di Cesare et al., 2019; Freedman et al., 2004;
Simmonds et al., 2016).

Aim of this study

Based on the above, the aim of this study was to estimate the current prevalence of
overweight and obesity in a nationally representative sample of school-aged adolescents
living in Greece and to further explore its association with diet-related behaviours and habits
with the ultimate goal of contibuting to the development of evidence-based
recommendations for the prevention and management of overweight and obesity in this age

group.

Materials and Methods

Study Participants
Data for present analyses were collected using standardized protocols for the 2018 Greek

arm of the HBSC study, conducted by the University Mental Health, Neurosciences and
Precision Medicine Research Institute quadrennially since 1998. The HBSC study is a WHO
multinational survey aimed to increase our knowledge into health and health behaviors of
school children (Currie et al., 2009). In Greece, the study received ethical approval from the
Ministry of Education. A nationally representative sample of 11, 13, and 15-year old
students was selected using a multistage stratified random cluster sampling procedure with
the school class as the sampling unit was employed. Stratification was based on a)
administrative region (NUTS Il in the European Union’s classification) (10 out of 13 Greece’s
regions, excluding the lonian and North and South Aegean islands for logistical reasons), and
b) school type (comprehensive/technical/private) (Benetou et al., 2020). Parental consent

was required according to the study’s protocol, and students’ participation was voluntary
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and anonymous. Questionnaires were administered in class by trained assistants during two
consecutive regular class periods. Data were collected from 238 schools. For the present
analyses 8% of the filled-in-student questionnaires were excluded due to a high proportion
of missing values or for being out of the age limits imposed by HBSC survey methodology.

The final number of students was 3863 (1927 boys and 1936 girls).

Data on anthropometry

Body weight (in kilograms) and height (in centimeters) without clothes and shoes, were
based on self-reports. Body Mass Index was calculated as the ratio of weight divided by the
square of height (kg/m?). Z-scores were then calculated and overweight and obesity were
defined using age- and gender-specific cut-offs recommended by the WHO growth charts
(WHO) (de Onis et al., 2007). Overweight is defined as more than 1SD above the median to
2SD above the median (equivalent to BMI 25 kg/m? at 19 years), and obesity as more than
2SD above the median (equivalent to BMI 30 kg/m? at 19 years)(de Onis et al., 2007).

Diet related behaviours and food consumption

Information related to diet-related behaviours and consumption of selected food groups and
beverages were collected through standardised questionnaires. Diet-related behavioural
data was collected on the frequency of: a) breakfast consumption on weekdays, b) eating
snacks while watching TV or video, c) eating snacks while sitting in front of a screen for
homework or games, d) eating meals while watching TV, e) eating in fast-food restaurants
and f) eating meals with their family. To assess regular breakfast consumption students were
asked to estimate on how many days during the week they had breakfast (defined as having
more than ona glass of milk or fruit juice), with responses from “never” to “all five days”.
Subjects were further grouped according to their response into fewer categories: “never”,
“1-4 days”, “always (5 days)” for eatimg breakfast. The possible responses for the questions
on eating meals/snacks in front of TV/screen were six, ranging from "never” to ”"every day”.

For the three behaviours related to eating snacks/meals in front of TV/screens (b-d) we
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further developed a combined score for eating ranging from 0-6. The higher the score, the
higher the frequency of eating in front of TV/screens. To determine the frequency of eating
in fast-food restaurants the available responses were seven, ranging from “never” to "five or
more days/week”, and five with respect to family meals, ranging from “every day” to
"never”. Subjects were further grouped according to their response into fewer categories:
“never”, “less than once/month”, “1-3 days/month”, “weekly” for eating in fast-food
restaurants, and “every day”, “almost every day”, “rarely” for family meals.

Students’ weight-reduction behaviour measuring their attempts to lose weight was also
recorded. The possible answers were “No, my weight is fine”, “No, but | should lose some
weight”, “No, because | need to put on weight”, and "Yes”. A dichotomous variable was
further created to classify students according to whether or not they were on a diet ”"No” /
"Yes”.

In relation to food consumption, students were asked to report their frequency of
consumption during a typical week of the year for the following food groups and beverages:
a) fruits, b) vegetables/salads, c) sweets (candies, chocolates), d) non-diet soft drinks and
sugar-sweetened beverages. The possible responses for each group were seven and ranged
from ”"never” to “more than once a day”. Subjects were further grouped according to their
response into fewer categories: “less than once/week”, “1-4 days/week”, “5-6 days/week”,
“every day” for fruit, vegetable, sweet consumption, and “less than once/week”, “1-4
days/week”, “>5 days/week” for non-diet soft drinks and sugar-sweetened beverages intake.
Information related to food consumption of selected food groups and beverages and diet-
related behaviors were collected through standardized questionnaires. More specifically,
students were asked to report their frequency of consumption during a typical week of the
year for the following food groups and beverages: a) fruits, b) vegetables/salads, c) sweets

(candies, chocolates), d) non-diet soft drinks and sugar-sweetened beverages, e) coffee and
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f) energy drinks (the last two being national items). The possible responses were seven and
ranged from «never» to «more than once a day».

In relation to diet-related behaviors data on the frequency of a) breakfast consumption on
weekdays, b) eating snacks while watching TV or video, c) eating snacks while sitting in front
of a screen for homework or games, d) eating meals while watching TV, e) eating in fast-food
restaurants and f) eating meals with their family, was collected. To assess regular breakfast
consumption students were asked to estimate how many days during the week they had
breakfast (defined as having more than a glass of milk or fruit juice), with responses from
«never» to «all five days». The possible responses for the questions eating meals/snacks in
front of TV/screen were six ranging from «never» to «every day».

Other Variables

Students were asked to report their gender, month, and year of birth. School-level data was
also collected on the area where the schools were located. Age groups, age in months, and
in years were computed. A family affluence scale (FAS) score was calculated using a six-item
assessment of common material assets or activities. Responses were scored and summed to
form an HBSC FAS summary score, which was then categorized into groups of young people
in the lowest 20% (low affluence), middle 60% (medium affluence), and highest 20% (high
affluence) (Inchley et al., 2020). Physical activity was assessed by asking students to report
the number of days over the past week during which they were physically active for a total
of at least 60 minutes. Physical activity was defined as “any activity that increases your heart
rate and makes you get out of breath some of the time”, with examples of such activities.
Subjects were further grouped according to these response into fewer categories: “0-1
days”, “2-3 days”, “4-5 days”, “6-7 days”.

Missing values

Following an investigation of the extent of missing data on all variables included in the

analysis, (Appendix 1), 4.6% missing values concerned BMI. Data are missing at random
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(MAR) when the probability that data are missing depends on the observed data (Sterne et
al., 2009). Multiple imputation is generally used if that assumption holds, as it provides a
flexible and transparent means of imputing missing data (Sterne et al., 2009). We conducted
multiple imputation by age category (11-, 13-, and 15-year-olds), and we created multiple
copies of datasets (n=10) with imputed values. Imputation was stratified by region (18
clusters). We then calculated the BMI, the z-scores, and the BMI category. A flowchart
depicting missing values in each variable and the final number of participants after the
imputation process, as well as a similar flowchart with complete data are shown in Appendix
1. The final sample of the study after the imputation was 3.816 adolescents, 1898 (49.7%)
boys and 1.918 (50.3%) girls.

Statistical analysis

Participants’ data were summarized by frequencies and percentages for categorical
variables, and by mean and standard deviation for continuous variables. The ¥*test was used
to compare differences between boys and girls, and the t-test to identify differences for
continuous parameters. Prevalence of non-overweight (normal weight including
underweight), overweight, and obesity was estimated in the imputed data sample (n=3.816)
as well as in the complete data sample (n=3.366). Odds ratios (OR) and 95% confidence
intervals (ClI) derived from logistic regression models assessing the association between
overweight status (overweight vs non-overweight) diet-related behaviours and food
frequency intake were estimated. The overweight category included both overweight and
obese students.

A total of three models were used, the crude model (Model 1), a model where all variables
entered in the model simultaneously adjusting for sex, age category, physical activity and
family affluence score (Model 2), and the fully adjusted model, where in the Model 2 was

additionally added the variable dieting (Model 3). We chose to construct this third model in
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order to be able to assess separately the influence of being on a diet or implementing any
other weight reduction behaviour on the associations under study.

The significance level was defined at p<0.05. Multicollinearity was assessed using the
variance inflation factor (VIF) and no problem was detected (overall VIF = 1.11). All analyses
took into account for the survey design -i.e. geographical stratified sampling by regions (Nuts
II) and cluster effect for school classes- via the svy commands of Stata. Analyses were

performed using STATA 13.1 (STATA Corporation, College Station, TX, USA).

Results

From the initial sample of 3863 school-aged adolescents, 15 were excluded due to
unknown/missing values related to the place of birth and 32 were excluded due to missing
values in age category (Appendix 1: Flowchart). Thus, the final sample of this study
consisted of 3816 school-aged adolescents, 1898 (49.7%) boys and 1918 (50.3%) girls, aged
11-, 13-, and 15-year-old. The great majority were born in Greece (96.3%) while half of them
were residing in two prefectures of Greece where the largest cities are situated, 37.4% in
Attica (where the capital of Greece, Athens is situated) and 14.6% in Thessaloniki (where the
city of Thessaloniki is situated). Participants were evenly distributed across predefined age

groups and grade at school by design(Table 2).

Table 2: Sociodemographic characteristics of 3816 participants in the 2018 Greek arm of the HBSC* study

Gender, n (%)

Boys 1898 (49.7%)
Girls 1918 (50.3%)

Age Group, n (%)
11-years-old 1216 (31.9%)
13-years-old 1299 (34.0%)
15-years-old 1301 (34.1%)

Region/municipality, n (%)

Attica 1427 (37.4%)
Thessaloniki 557 (14.6%)
Other 1832 (48.0%)

Place of birth, n (%)

Greece 3675 (96.3%)
Other 141 (3.7%)
Grade, n (%)
6t 1241 (32.5%)
gth 1307 (34.3%)
10t 1268 (33.2%)




32

Family Affluence scale (FAS) score 2, n(%)

Low 20% affluence 545 (14.6%)
Middle 60% affluence 2392 (64.0%)
High 20% affluence 803 (21.4%)

9: Quantiles were calculated based on FAS score distribution of FAS score by gender and age group
* HBSC: Health Behavior in School-aged Children study

Diet-related behaviors and dieting
In Table 3, the diet-related behaviors and dieting as well as, physical activity during the past

7 days of study participants, are presented for the available data for the total sample and by
gender. Overall, 48.0% reported having daily breakfast consumption during weekdays with
statistically significant difference between gender (p<0.001), with boys eating breakfast
more regularly than girls (51.4% boys vs 44.6% girls reported daily consumption). The
frequency of having family meals differed significantly by gender with boys eating every day
with their family more often compared to girls (51.4% vs 44.6%).

One out of five adolescents (22.0%) reported eating a snack while watching TV five or more
days per week, with no statistically significant difference between genders (p=0.22). One
third of the total sample (32.3%) reported eating snacks in front of PC/tablet/laptop almost
every day, with boys reporting this behavior more often than girls (38.4% vs 26.4%,
p<0.001). Watching TV while eating meal five or more days per week was reported by 26.1%
of the adolescents, with no statistically significant difference between gender (p=0.065).
Eating in fast food restaurants on a weekly basis was reported by almost 1 out of 4
adolescents (23.9%), with more boys than girls to report eating fast food so frequently
(26.9% vs 20.8%, p<0.001). One in five adolescents (20.3%) reported being on a diet or
anything else to lose weight, with a statistically significant higher percentage of girls to be in
a weight loss attempt/pattern compared to boys (24.7 vs 15.8%, p<0.001). A greater
proportion of adolescents reported being physically active 4 or 5 days in the past seven days
(31.4%). Boys reported higher physical activity compared to girls as increased proportion

was physically active 6 or 7 days in the past week (33.3 vs 21.5, p=<0.001).
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Frequency of food and beverage intake
With respect to food and beverage intake nearly one third of students reported daily intake
of fruit (31.1%) and vegetables (33.34%), with boys consuming fruits and vegetables every
day significantly less than girls (29.6 vs 32.7%. p=0.034 and 29.9 vs 36.9%, p<0.001). Daily
intake of sweets was more common in girls (16.6%) as compared to boys (14.4%) (p<0.001).
In contrast, boys were significantly more frequent consumers of soft drinks or sugar
sweetened beverages, compared to girls (p<0.001). A sugar-sweetened beverage
consumption of five or more days per week was reported by 10.7% of the adolescents. Boys

reported a high consumption (>5 days/week) of sugar-sweetened beverages more often

than girls (12.7% vs 8.7%, p<0.001) Table 4.

Table 3 Describes diet-related behaviors, dieting, and physical activity levels among 3816* participants in the

2018 Greek arm of the HBSC study in the total sample and by gender

Variables All ages
Total Boys Girls
n (%) n (%) n (%)
Eating breakfast on weekdays (85 missing values) p<0.001
Never 1054 (28.2) 496 (26.9) 558 (29.6)
1-4 days 888 (23.8) 400 (21.7) 488 (25.8)
Always (5 days) 1789 (48.0) 946 (51.4) 843 (44.6)
Family meals (40 missing values) p<0.001
Every day 1793 (47.5) 963 (51.7) 830 (43.4)
Almost every day 1221 (32.3) 559 (30.0) 662 (34.6)
Rarely 762 (20.2) 342 (18.3) 420 (22.0)
Eating snacks while watching TV (17 missing values) | p=0.22
Never 453 (11.9) 239 (12.7) 214 (11.2)
<1 days/week 851 (22.4) 402 (21.3) 449 (23.5)
1-4 days/week 1660 (43.7) 820 (43.4) 840 (43.9)
>=5 days/w 835 (22.0) 426 (22.6) 409 (21.4)
Eating snacks in front of PC/tablet/laptop (38
missing values) p<0.001
Never 687 (18.2) 268 (14.3) 419 (22.0)
<1 days/week 599 (15.9) 251 (13.3) 348 (18.3)
1-4 days/week 1270 (33.6) 638 (34.0) 632 (33.3)
>=5 days/w 1222 (32.3) 721 (38.4) 501 (26.4)
Eating meals while watching TV (13 missing values) p=0.065
Never 652 (17.1) 329 (17.4) 323 (16.9)
<1 days/week 735 (19.3) 332(17.5) 403 (21.0)
1-4 days/week 1425 (37.5) 723 (38.3) 702 (36.6)
>=5 days/w 991 (26.1) 503 (26.7) 488 (25.5)
Eating in fast-food restaurants (2 missing values) p<0.001
Never 219 (5.7) 117 (6.2) 102 (5.3)
Less than once/month 1079 (28.3) 514 (27.1) 565 (29.5)
1-3 days/month 1606 (42.1) 755 (39.8) 851 (44.4)
Weekly 910 (23.9) 510 (26.9) 400 (20.8)
Diet or other patterns to lose weight (28 missing
values) p<0.001
No 3019 (79.7) 1580 (84.2) 1439 (75.3)
Yes 769 (20.3) 298 (15.8) 471 (24.7)
Physical activity in the past 7 days (38 missing
values) p<0.001
0-1 days 440 (11.6) 193 (10.3) 247 (12.9)
2-3 days 1120 (29.7) 458 (24.5) 662 (34.7)
4-5 days 1185 (31.4) 595 (31.9) 590 (30.9)




6-7 days 1033 (27.3) 622 (33.3) 411 (21.5)
Family Affluence scale (FAS) score (76 missing

values) p=0.335

Low 545 (14.6) 271 (14.6) 274 (14.6)
Medium 2392(64.0) 1170 (63.0) 1222 (64.9)
High 803 (21.4) 417 (22.4) 386 (20.5)

* from complete case analysis n=3816.
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Table 4: Describes food and beverage intake among 3816 participants in the 2018 Greek arm of the HBSC study

in the total sample and by gender

Food/Beverage intake All ages
Total Boys Girls
n (%) n (%) n (%)
Fruits (10 missing values) p=0.034
Less than once/week 322 (8.5) 162 (8.6) 160 (8.3)
1-4 days/week 1692 (44.5) 837 (44.3) 855 (44.6)
5-6 days/week 608 (15.9) 331(17.5) 277 (14.4)
Every day 1184 (31.1) 558 (29.6) 626 (32.7)
Vegetables (15 missing values) p<0.001
Less than once/week 387 (10.2) 225 (11.9) 162 (8.4)
1-4 days/week 1361 (35.8) 710 (37.6) 651 (34.0)
5-6 days/week 784 (20.6) 388 (20.6) 396 (20.7)
Every day 1269 (33.4) 563 (29.9) 706 (36.9)
Sweets (16 missing values) p<0.001
Less than once/week 646 (17.0) 372 (19.8) 274 (14.3)
1-4 days/week 2072 (54.5) 983 (52.2) 1089 (56.8)
5-6 days/week 492 (13.0) 257 (13.6) 235 (12.3)
Every day 590 (15.5) 272 (14.4) 318 (16.6)
Sugar-sweetened beverage (6 missing values)
Less than once/week p<0.001
1-4 days/week 1832 (48.1) 761 (40.2) 1071 (55.8)
>5 days/week 1572 (41.2) 891 (47.1) 681 (35.5)
406 (10.7) 240 (12.7) 166 (8.7)

* from complete case analysis n=3816.

Prevalence of overweight and obesity
Table 5 presents the percentages of non-overweight,

3.816 adolescents based on the WHO growth charts classification.

overweight, and obese among the

In the total sample, prevalence of overweight was 19.4%; 24.1% among boys and 14.7%

among girls, whereas prevalence of obesity was 5.3%; 7.3% among boys and 3.4% among

girls. In the complete data sample (n=3366) prevalence of overweight was 19.2%; 24.2%

among boys and 14.6% among girls, whereas prevalence of obesity was 5.2% in the total

sample, 6.9% among boys and 3.6% among girls. The relevant percentages for the complete

and the imputed data are presented in Appendix 3, were we observed that the prevalence

rates were practically the same.

Table 5. Prevalence of Overweight and Obesity by gender and age category from imputed analysis (n=3816) in

the 2018 Greek armof the HBSC study.



35

UNDERWEIGHT NORMALWEIGHT OVERWEIGHT OBESE
ALL AGES (n=3816)

Total 3.5% 71.8% 19.4% 5.3%
Boys 3.2% 65.4% 24.1% 7.3%
Girls 3.7% 78.2% 14.7% 3.4%
11-YEAR-OLDS (n=1216)

Total 5.0% 67.7% 21.6% 5.7%
Boys 3.7% 63.0% 26.1% 7.2%
Girls 6.4% 72.3% 17.1% 4.2%
13-YEAR-OLDS (n=1299)

Total 3.9% 71.3% 19.9% 4.9%
Boys 4.2% 66.2% 23.0% 6.6%
Girls 3.5% 76.3% 16.8% 3.4%
15-YEAR-OLDS (n=1301)

Total 1.6% 76.1% 16.9% 5.4%
Boys 1.8% 66.7% 23.4% 8.1%
Girls 1.4% 85.6% 10.4% 2.6%

Abbreviations: HBSC study: Health Behaviour in School-Aged Children study, *Based on imputed data, Underweight: <-25D, Overweight: >+1SD,
Obesity: >+25D as per WHO growth charts.

Univariable and multivariable logistic regression

For the following statistical analysis overweight youth included those who were obese,
therefore students were categorized as non-Overweight and Overweight.

Table 6 shows results from the unadjusted (Model 1) and adjusted models (Models 2-4)
exploring the association between overweight, diet-related behaviours and frequency of
food consumption in both sexes. Tables 7 and 8 present results from the same analyses
separately among boys and girls, respectively.

Skipping breakfast was positively associated with being overweight in the total sample and
among girls in the fully adjusted model. More specifically, those who never consumed
breakfast on weekdays had 30% higher odds of being overweight compared to their
counterparts who always ate breakfast (OR:1.30, 95%Cl: 1.07-1.57) (Table 6).

Eating rarely with the family was associated with being overweight in the total sample
(OR:1.34, 95%Cl: 1.07-1.67, in Model 2) and among boys (OR: 1.50, 95%Cl: 1.14-1.97, in
Model 2), but the association remained significant only among boys after controlling for

dieting (Model 3) (Tables 6,7,8).
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A positive statistically significant association was found between the combined score of
eating snacks/meals in front of screens and being overweight among girls. More specifically,
one unit increase in the total score was associated with 12% higher odds of being
overweight in the fully adjusted model (OR: 1.12, 95%Cl: 1.03-1.22) (Table 8). No statistically
significant association was found in the total population and among boys.

No association was evident between frequency of eating in fast food restaurants and
overweight in the total sample and by gender (Tables 6,7,8).

Regarding intake of selected food and beverages, eating fruits less than 5 days per week
compared to every day increased the odds of being overweight among boys (OR:1.52,
95%Cl: 1.03-2.26) in the crude model but the association was no longer significant after
controlling for age, sex, family affluence score and physical activity (Table 7). No association
was evident between the frequency of vegetable intake and overweight in the total sample
and by gender (Tables 6,7,8). Eating sweets every day compared to eating sweets less than
once per week was associated with being overweight in the total sample (OR:0.69, 95%Cl:
0.51-0.94) and among boys (OR:0.67, 95%Cl: 0.46-0.99) in Model 2, which was no longer
evident in Model 3 (Table 6). With respect to sugar-sweetened beverages, a moderate
consumption (1-4 days per week) in comparison to consumption of less than once per week
(OR:1.20, 95%Cl: 1.03-1.41) was associated with 20% higher odds of being overweight in the
crude model (Table 6). However, associations did not remain significant in the fully adjusted
model.

Being on a diet or something else to lose weight was strongly and significantly positively
associated with a 4-fold increase in odds of being overweight in the total sample (OR:4.47,
95%Cl: 3.68-5.43), among boys (OR:4.32, 95%Cl: 3.25-5.74), and among girls (OR:5.39,
95%Cl: 4.00-7.25) after adjusting for all other variables (Tables 6,7,8).

Girls had 65% lower odds of being overweight compared to boys in the fully adjusted model

(OR: 0.35, 95%Cl: 0.29-0.42). Being overweight was negatively associated with age in the
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total sample and among girls, where 13-years-old and 15-years-old had lower odds of being
overweight compared to 11-years-old in the fully adjusted model (Tables 6,8). Lastly,
increased frequency of moderate to vigorous physical activity reported for the last 7 days

was strongly and inversely associated with being overweight.



Table 6. Odds ratios (OR) and associated 95% confidence intervals (CI) from logistic regression models exploring the association of Overweight with diet-related behaviours and habits among 3816
participants in the 2018 Greek arm of the HBSC study*

Model 1 Model 2 Model 3
Non-Overweight Overweight- OR (95% CI) p-value aOR? (95% ClI) p-value aOR® (95% Cl) p-value
Variables n (%) Obese n (%)
/meanzsd /meanztsd
Eating breakfast on weekdays
Never 768 (71.2) 311 (28.8) 1.35(1.14-1.59) 0.001 1.31(1.08-1.57) 0.005 1.30 (1.07-1.57) 0.007
1-4 days 693 (76.4) 214 (23.6) 1.06 (0.87-1.28) 0.565 1.09 (0.89-1.33) 0.417 1.04 (0.85-1.28) 0.701
Always (5 days) 1409 (77.0) 421 (23.0) Ref. Ref. Ref.
Family meals
Every day 1365 (75.2) 451 (24.8) Ref. Ref. Ref.
Almost every day 949 (77.1) 281 (22.9) 0.90 (0.76-1.08) 0.257 1.02 (0.85-1.22) 0.807 0.97 (0.81-1.17) 0.765
Rarely 556 (72.2) 214 (27.8) 1.19 (0.96-1.48) 0.113 1.34 (1.07-1.67) 0.011 1.22 (0.96-1.54) 0.098
Total score for behaviour of eating
snacks/meals in front of screens 27317 2.81+1.6 1.04 (0.99-1.10) 0.103 1.02 (0.97-1.08) 0.422 1.02 (0.96-1.08) 0.469
(TV/PC/tablet)
Eating in fast-food restaurants
Never 166 (75.8) 53(24.2) Ref. Ref. Ref.
Less than once/month 786 (72.8) 294 (27.2) 1.14 (0.82-1.60) 0.430 1.25(0.87-1.80) 0.225 1.29 (0.87-1.89) 0.203
1-3 days/month 1223 (76.1) 383 (23.9) 0.96 (0.69-1.35) 0.831 1.08 (0.75-1.56) 0.690 1.07 (0.72-1.59) 0.751
Weekly 695 (76.3) 216 (23.7) 0.96 (0.67-1.37) 0.826 1.04 (0.69-1.55) 0.861 1.02 (0.67-1.57) 0.918
Fruits intake
Less than once/week 233 (71.9) 91 (28.1) 1.31(0.96-1.78) 0.088 1.05 (0.75-1.46) 0.793 1.17 (0.83-1.65) 0.356
1-4 days/week 1260 (74.2) 438 (25.8) 1.16 (0.98-1.37) 0.075 1.05 (0.86-1.27) 0.651 1.09 (0.89-1.33) 0.413
5-6 days/week 466 (76.6) 142 (23.4) 1.00 (0.81-1.24) 0.987 0.93 (0.74-1.16) 0.522 0.93 (0.74-1.18) 0.564
Every day 911 (76.8) 275 (23.3) Ref. Ref. Ref.
Vegetables intake
Less than once/week 283 (72.8) 106 (27.2) 1.23 (0.95-1.59) 0.110 0.92 (0.70-1.22) 0.576 0.92 (0.69-1.22) 0.554
1-4 days/week 1017 (74.4) 350 (25.6) 1.09 (0.90-1.31) 0.364 0.92 (0.75-1.12) 0.407 0.98 (0.80-1.21) 0.846
5-6 days/week 601 (76.4) 186 (23.6) 0.97 (0.79-1.20) 0.810 0.90 (0.73-1.12) 0.354 0.96 (0.77-1.19) 0.681
Every day 969 (76.1) 304 (23.9) Ref. Ref. Ref. Ref.




Sweets intake

Less than once/week 474 (73.0) 175 (23.0) Ref. Ref. Ref.

1-4 days/week 1555 (74.8) 525(25.2) 0.89 (0.73-1.08) 0.245 0.98 (0.79-1.21) 0.826 1.02 (0.81-1.28) 0.873
5-6 days/week 372 (75.4) 121(24.6) 0.86 (0.66-1.12) 0.270 0.92 (0.68-1.24) 0.580 1.12 (0.82-1.54) 0.473
Every day 469 (79.0) 125 (21.0) 0.68 (0.52-0.90) 0.008 0.69 (0.51-0.94) 0.017 0.84 (0.60-1.18) 0.312
Sugar-sweetened beverage intake

Less than once/week 1417 (77.3) 417 (22.7) Ref. Ref. Ref.

1-4 days/week 1158 (73.5) 418 (26.5) 1.20 (1.03-1.41) 0.022 1.09 (0.91-1.29) 0.345 1.08 (0.90-1.29) 0.416
>5 days/week 295 (72.7) 111 (27.3) 1.29 (0.98-1.70) 0.071 1.17 (0.86-1.60) 0.323 1.18 (0.86-1.62) 0.316
Being on a diet or doing something else

to lose weight

No 2442 (80.3) 599 (19.7) Ref. Ref. <0.001
Yes 428 (55.2) 347 (44.8) 3.33 (2.77-4.00) <0.001 4.47 (3.68-5.43)

Gender

Boys 1303 (68.7) 595 (31.3) Ref. Ref. Ref.

Girls 1567 (81.7) 351 (18.3) 0.48 (0.41-0. 57) <0.001 0.43 (0.36-0.51) <0.001 0.35 (0.29-0.42) <0.001
Age group

11-year-olds 879 (72.3) 337 (27.7) Ref. Ref. Ref.

13-year-olds 980 (75.4) 319 (24.6) 0.88 (0.73-1.06) 0.186 0.84 (0.68-1.02) 0.075 0.78 (0.63-0.97) 0.024
15-year-olds 1011 (77.7) 290 (22.3) 0.76 (0.62-0.94) 0.009 0.69 (0.57-0.85) <0.001 0.62 (0.50-0.77) <0.001
Family Affluence Scale (FAS)

Low 20% affluence 369 (66.4) 187 (33.6) Ref. Ref. Ref.

Middle 60% affluence 1858 (76.2) 580 (23.8) 0.61 (0.50-0.75) <0.001 0.64 (0.51-0.79) <0.001 0.61 (0.48-0.77) <0.001
High 20% affluence 643 (78.2) 179 (21.8) 0.55 (0.42-0.71) <0.001 0.59 (0.45-0.78) <0.001 0.57 (0.43-0.76) <0.001
Physical activity (past 7 days)

0-1 days 304 (68.5) 140 (31.5) 1.83 (1.40-2.38) <0.001 2.12 (1.61-2.81) <0.001 2.53(1.88-3.40) <0.001
2-3 days 810(71.9) 317 (28.1) 1.59 (1.29-1.97) <0.001 1.89 (1.51-2.35) <0.001 1.98 (1.58-2.49) <0.001
4-5 days 917 (76.7) 278 (23.3) 1.24 (0.99-1.54) 0.057 1.33 (1.06-1.67) 0.014 1.37 (1.08-1.73) 0.010
6-7 days 839 (79.9) 211 (20.1) Ref. Ref. Ref.

Abbreviations: HBSC study: Health Behaviour in School-Aged Children study, aOR: adjusted odds ratio, Cl: Confidence interval. *Based on imputed data

Model 1:unadjusted, Model 2: included all diet-related behaviours and dietary variables simultaneously adjusted for sociodemographic variables (sex,age category, family affluence score FAS), and physical activity (aOR?) Model 3: Model 2

included the variable dieting (aOR®).
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Table 7. Odds ratios (OR) and associated 95% confidence intervals (CI) from logistic regression models exploring the association of Overweight with diet-related behaviours and habits among 1898 school-
aged boys participants in the 2018 Greek arm of the HBSC study.

Model 1 Model 2 Model 3
Non-Overweight Overweight- OR (95% CI) p-value aOR? (95% Cl) p-value aOR® (95% Cl) p-value
Variables n (%) Obese n (%)
/mean (sd) /mean (sd)
Eating breakfast on weekdays
Never 321 (62.9) 189 (37.1) 1.38 (1.09-1.76) 0.008 1.24 (0.95-1.61) 0.112 1.22 (0.93-1.59) 0.150
1-4 days 295 (71.1) 120 (28.9) 1.01 (0.78-1.30) 0.960 0.98 (0.75-1.27) 0.864 0.94 (0.72-1.23) 0.639
Always (5 days) 687 (70.6) 286 (29.4) Ref. Ref. Ref.
Family meals
Every day 686 (69.8) 297 (30.2) Ref. Ref. Ref.
Almost every day 402 (70.9) 165 (29.1) 0.97 (0.77-1.22) 0.807 1.05 (0.83-1.33) 0.687 1.02 (0.80-1.30) 0.884
Rarely 215 (61.8) 133 (38.2) 1.49 (1.14-1.96) 0.004 1.54 (1.16-2.04) 0.003 1.42 (1.05-1.91) 0.023
Total score for behaviour of Eating
snacks/meals in front of screens 2.95 + 1.65 2.81+1.58 0.96 (0.90-1.03) 0.224 0.97 (0.90-1.04) 0.341 0.96 (0.89-1.03) 0.276
(TV/PC/tablet)
Eating in fast-food restaurants
Never 82(70.1) 35(29.9) Ref. Ref. Ref.
Less than once/month 341 (66.2) 174 (33.8) 1.18 (0.75-1.86) 0.464 1.30(0.80-2.11) 0.283 1.44 (0.87-2.39) 0.158
1-3 days/month 517 (68.5) 238 (31.5) 1.08 (0.69-1.67) 0.748 1.26 (0.77-2.05) 0.355 1.35 (0.81-2.25) 0.240
Weekly 363 (71.0) 148 (29.0) 0.96 (0.60-1.54) 0.871 1.14 (0.67-1.94) 0.628 1.23 (0.71-2.13) 0.457
Fruits intake
Less than once/week 97 (59.1) 67 (40.9) 1.52(1.03-2.26) 0.035 1.28(0.80-2.03) 0.298 1.48 (0.93-2.35) 0.096
1-4 days/week 577 (68.5) 266 (31.5) 1.03 (0.81-1.30) 0.834 0.98 (0.75-1.29) 0.898 1.02 (0.77-1.35) 0.900
5-6 days/week 247 (74.6) 84 (25.4) 0.75 (0.57-0.99) 0.049 0.77 (0.57-1.04) 0.087 0.76 (0.56-1.05) 0.091
Every day 382 (68.2) 178 (31.8) Ref. Ref. Ref.
Vegetables intake
Less than once/week 150 (66.1) 77 (33.9) 1.05 (0.75-1.46) 0.795 0.83 (0.56-1.21) 0.331 0.81 (0.55-1.20) 0.303
1-4 days/week 496 (69.5) 218 (30.5) 0.90 (0.71-1.15) 0.397 0.82 (0.63-1.08) 0.155 0.83 (0.62-1.10) 0.185
5-6 days/week 279 (71.4) 112 (28.6) 0.80 (0.61-1.04) 0.098 0.77 (0.58-1.02) 0.066 0.81 (0.61-1.08) 0.147
Every day 378 (66.8) 188 (33.2) Ref. Ref. Ref.
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Sweets intake

Less than once/week 248 (66.1) 127 (33.9) Ref. Ref. Ref.

1-4 days/week 672 (68.0) 317 (32.0) 0.92 (0.72-1.17) 0.476 0.95 (0.73-1.24) 0.694 0.99 (0.75-1.31) 0.945

5-6 days/week 184 (71.3) 74 (28.7) 0.78 (0.56-1.09) 0.149 0.83 (0.57-1.19) 0.300 0.98 (0.67-1.45) 0.933

Every day 199 (72.1) 77 (27.9) 0.72 (0.51-1.02) 0.068 0.67 (0.46-0.99) 0.046 0.77 (0.50-1.17) 0.221

Sugar-sweetened beverage intake

Less than once/week

1-4 days/week 523 (68.5) 240 (31.5) Ref. Ref. Ref.

>5 days/week 620 (69.3) 275 (30.7) 0.95 (0.77-1.18) 0.650 0.98 (0.78-1.23) 0.851 0.96 (0.76-1.21) 0.723
160 (66.7) 80 (33.3) 1.08 (0.77-1.51) 0.648 1.19 (0.81-1.76) 0.374 1.18 (0.79-1.75) 0.423

Being on a diet or doing something

else to lose weight

No 1181 (74.0) 416 (26.0) Ref. Ref.

Yes 122 (40.5) 179 (59.5) 4.18 (3.18-5.48) <0.001 4.32 (3.25-5.74) <0.001

Age group

11-year-olds 399 (66.2) 204 (33.8) Ref. Ref. Ref.

13-year-olds 455 (70.8) 188 (29.2) 0.84 (0.65-1.08) 0.170 0.83 (0.64-1.09) 0.186 0.85 (0.63-1.13) 0.255

15-year-olds 449 (68.9) 203 (31.3) 0.92 (0.69-1.21) 0.549 0.86 (0.64-1.16) 0.337 0.86 (0.63-1.18) 0.356

Family Affluence scale (FAS)

Low 20% affluence 172 (61.9) 106(38.1) 364 Ref. Ref. Ref.

Middle 60% affluence 829 (69.5) (30.5) 0.70 (0.54-0.92) 0.011 0.75 (0.56-1.01) 0.054 0.72 (0.54-0.98) 0.037

High 20% affluence 302 (70.7) 125 (29.3) 0.67 (0.49-0.91) 0.012 0.77 (0.55-1.08) 0.129 0.78 (0.55-1.11) 0.168

Physical activity (past 7 days)

0-1 days 114 (57.9) 83 (42.1) 2.21 (1.59-3.05) <0.001 2.08 (1.47-2.94) <0.001 2.20 (1.53-3.16) <0.001

2-3 days 280 (60.5) 183 (39.5) 2.06 (1.58-2.69) <0.001 2.07 (1.58-2.72) <0.001 2.11 (1.60-2.78) <0.001

4-5 days 431 (71.5) 172 (28.5) 1.26 (0.95-1.68) 0.105 1.27 (0.96-1.68) 0.091 1.33 (1.00-1.78) 0.051

6-7 days 478 (75.3) 157 (24.7) Ref. Ref. Ref.

Abbreviations: aOR: adjusted odds ratio, Cl: Confidence interval.

Abbreviations: HBSC study: Health Behaviour in School-Aged Children study, aOR: adjusted odds ratio, Cl: Confidence interval. *Based on imputed data
Model 1:unadjusted, Model 2: included all diet-related behaviours and dietary variables simultaneously adjusted for sociodemographic variables (age category, family affluence score FAS), and physical activity (aOR?) Model 3: Model 2 included

the variable dieting (aORP).
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Table 8. Odds ratios (OR) and associated 95% confidence intervals (CI) from logistic regression models exploring the association of Overweight with diet-related behaviours and habits among 1918 school-
aged girls participants in the 2018 Greek arm of the HBSC study*

Model 1 Model 3
Non-Overweight Overweight- OR (95% ClI) p-value aOR? (95% Cl) p-value aOR® (95% Cl) p-value
Variables n (%) Obese n (%)
/meanzsd /meantsd

Eating breakfast on weekdays
Never
1-4 days 447 (78.6) 122 (21.4) 1.48 (1.12-1.95) 0.006 1.45 (1.08-1.93) 0.013 1.47 (1.09-1.98) 0.011
Always (5 days) 398 (80.9) 94 (19.1) 1.30 (0.97-1.74) 0.083 1.27 (0.93-1.74) 0.124 1.22 (0.88-1.71) 0.235

722 (84.3) 135 (15.7) Ref. Ref. Ref.
Family meals
Every day 679 (81.5) 154 (18.5) Ref. Ref. Ref.
Almost every day 547 (82.5) 116 (17.5) 0.93 (0.69-1.24) 0.602 0.97 (0.70-1.33) 0.833 0.89 (0.64-1.23) 0.464
Rarely 341 (80.8) 81(19.2) 1.04 (0.76-1.43) 0.795 1.13 (0.81-1.59) 0.478 1.01 (0.71-1.44) 0.964
Total score for behaviour of eating
snacks/meals in front of screens 2.55+1.67 2.80+1.62 1.11 (1.04-1.20) 0.003 1.11(1.03-1.21) 0.008 1.12 (1.03-1.22) 0.011
(TV/PC/tablet)
Eating in fast-food restaurants
Never
Less than once/month 84 (82.3) 18 (17.7) Ref. Ref. Ref.
1-3 days/month 445 (78.8) 120 (21.2) 1.21(0.67-2.17) 0.528 1.18 (0.63-2.20) 0.601 1.07 (0.56-2.03) 0.839
Weekly 706 (83.0) 145 (17.0) 0.92 (0.53-1.61) 0.778 0.85 (0.47-1.55) 0.594 0.71(0.38-1.32) 0.276

332 (83.0) 68 (17.0) 0.91 (0.50-1.66) 0.764 0.87 (0.45-1.68) 0.671 0.71(0.35-1.43) 0.340
Fruits intake
Less than once/week 136 (85.0) 24 (15.0) 0.95 (0.53-1.69) 0.865 0.79 (0.43-1.45) 0.439 0.89 (0.48-1.65) 0.711
1-4 days/week 683 (79.9) 172(20.1) 1.34 (1.02-1.75) 0.033 1.18 (0.88-1.59) 0.270 1.23 (0.90-1.68) 0.196
5-6 days/week 219(79.0) 529 58 (21.0) 1.36 (0.95-1.94) 0.090 1.28 (0.89-1.85) 0.185 1.30(0.89-1.90) 0.171
Every day (84.5) 97 (15.5) Ref. Ref. Ref.
Vegetables intake
Less than once/week 133 (82.1) 29 (17.9) 1.19 (0.75-1.89) 0.456 1.12 (0.68-1.85) 0.657 1.13(0.67-1.90) 0.658
1-4 days/week 521(79.8) 322 132 (20.2) 1.24 (0.92-1.66) 0.155 1.09 (0.78-1.51) 0.621 1.25(0.89-1.77) 0.200
5-6 days/week (81.3) 74 (18.7) 1.15 (0.81-1.64) 0.419 1.16 (0.81-1.66) 0.426 1.26 (0.87-1.82) 0.227
Every day 591 (83.6) 116 (16.4) Ref. Ref. Ref.




Sweets intake

Less than once/week 226 (82.5) 48 (17.5) Ref. Ref. Ref.

1-4 days/week 883 (80.9) 208 (19.1) 1.04 (0.73-1.48) 0.832 1.10 (0.75-1.61) 0.636 1.20 (0.79-1.82) 0.386

5-6 days/week 188(80.0) 270 47 (20.0) 1.11 (0.71-1.74) 0.640 1.16 (0.71-1.90) 0.562 1.52 (0.89-2.61) 0.126

Every day (84.9) 48 (15.1) 0.77 (0.49-1.20) 0.252 0.72 (0.44-1.18) 0.194 1.04 (0.62-1.74) 0.881

Sugar-sweetened beverage intake

Less than once/week

1-4 days/week 894 (83.5) 177 (16.5) Ref. Ref. Ref.

>5 days/week 538 (79.0) 143 (21.0) 1.30 (1.01-1.66) 0.041 1.23(0.94-1.61) 0.127 1.23(0.93-1.64) 0.148
135 (81.3) 31(18.7) 1.20 (0.77-1.85) 0.415 1.05 (0.65-1.70) 0.826 1.07 (0.64-1.80) 0.784

Being on a diet or doing

something else to lose weight

No 1,261 (87.3) 183 (12.7) Ref. Ref.

Yes 306 (64.6) 168 (35.4) 3.87 (2.94-5.09) <0.001 5.39 (4.00-7.25) <0.001

Age group

11-year-olds 480 (78.3) 133 (21.7) Ref. Ref. Ref.

13-year-olds 525 (80.0) 131 (20.0) 0.93 (0.71-1.23) 0.623 0.89 (0.67-1.18) 0.428 0.73 (0.54-0.98) 0.039

15-year-olds 562 (86.6) 87 (13.4) 0.55 (0.40-0.76) <0.001 0.50 (0.35-0.70) <0.001 0.36 (0.26-0.52) <0.001

Family Affluence scale (FAS)

Low 20% affluence 197 (70.9) 81(29.1) Ref. Ref. Ref.

Middle 60% affluence 1029 (82.6) 216 (17.4) 0.51 (0.37-0.70) <0.001 0.51 (0.37-0.71) <0.001 0.50 (0.35-0.71) <0.001

High 20% affluence 341 (86.3) 54 (13.7) 0.38 (0.25-0.58) <0.001 0.39 (0.25-0.61) <0.001 0.35 (0.22-0.56) <0.001

Physical activity (past 7 days)

0-1 days 190 (76.9) 57(23.1) 2.02 (1.30-3.14) 0.002 2.14 (1.30-3.53) 0.003 3.14 (1.86-5.28) <0.001

2-3 days 530 (79.8) 134 (20.2) 1.71 (1.19-2.46) 0.004 1.69 (1.15-2.47) 0.008 1.89 (1.28-2.81) 0.002

4-5 days 486 (82.1) 106 (17.9) 1.48 (1.00-2.19) 0.052 1.51 (1.01-2.26) 0.043 1.58 (1.05-2.37) 0.029

6-7 days 361 (87.0) 54 (13.0) Ref. Ref. Ref.

Abbreviations: aOR: adjusted odds ratio, Cl: Confidence interval.

Abbreviations: HBSC study: Health Behaviour in School-Aged Children study, aOR: adjusted odds ratio, Cl: Confidence interval. *Based on imputed data
Model 1:unadjusted, Model 2: included all diet-related behaviours and dietary variables simultaneously adjusted for sociodemographic variables (age category, family affluence score FAS), and physical activity (aOR?) Model 3: Model 2 included

the variable dieting (aORP).
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Discussion

Discussion of the results

In this representative sample of adolescents aged 11-, 13-, and 15-years-old living in Greece
almost 1 in 4 adolescents were overweight/obese. Skipping breakfast in the total sample and
among girls, eating rarely with the family among boys and eating frequently snacks/meals in
front of screens among girls, were all positively associated with being overweight. Being on a
diet was positively associated with overweight in the total population and in both genders.
Also, being a boy, having a low family affluence score and being physically inactive were all
associated with higher odds of being overweight. An inverse association was seen between
age and overweight in total sample and among girls. Eating in fast-food restaurants and
intake of fruit, vegetables, sweets, and sugar-sweetened beverages were not associated with
being overweight.

The prevalence of overweight and obesity among adolescents in this study is in line with
previously reported findings from regional, national and cross-national studies (Farajian et
al., 2014; Spinelli et al., 2019; Tzotzas et al., 2008), although some have reported lower rates
(Georgiadis and Nassis, 2007; Karayiannis et al., 2003; Patsopoulou et al., 2016). Differences
in prevalence rates between studies may be attributed to differences in the age of study
participants and time periods, differences in the methodology used such as the source of
information on body weight and height as well as the reference populations and cut-offs
used to define overweight and obesity. In this study we have used the WHO growth charts as
reference and the equivalent cut-off points to define overweight and obesity. The WHO
growth reference 2007 for school-aged children and adolescents, provides a suitable
reference for the 5 to 19 years age group and is recommended by WHO for both clinical and
epidemiological use. Currently it is also used as the official growth reference for children and

adolescents in Greece (Inchley et al., 2020).
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Boys had a greater probability of being overweight compared to girls which is in agreement
with previous studies showing that obesity prevalence is greater among boys aged 5-19
years, especially in high and upper middle-income countries worldwide(Dupuy et al., 2011;
Georgiadis and Nassis, 2007; Patsopoulou et al., 2016; Shah et al., 2020). Boys tend to have
greater prevalence of obesity than girls and that partly maybe be driven by biological factors.
Differences in body composition, hormone biology, and certain environmental factors, are
causing differences in prevalence of obesity between sexes. Females have higher fat mass
and less fat-free mass than males, which is associated with lower body weight and lower
body mass index, and with lower energy intake and fewer calorie needs (Wells, 2007;
Wisniewski and Chernausek, 2009). Due to higher adiposity, females have increased
circulating concentrations of leptin, which is a hormone suppressing appetite and promoting
energy utilization. At the same time, higher androgen concentration in males contributes to
lower leptin serum concentrations compared to females (Blum et al., 1997; Shah et al.,
2020). The role of brown adipose tissue (BAT) might also be linked in the development of
obesity. BAT found to be more prevalent in women than in men when examined in adult
population, however, more research is needed to better understand the pattern in
childhood obesity (Karastergiou et al., 2012). Regarding environmental factors, boys tend to
have a higher consumption of soft drinks and calorie-dense foods compared to girls that may
prefer lower energy dense foods, such as vegetables and fruits (Benetou et al., 2020; Caine-
Bish and Scheule, 2009; Wang et al., 2018). Additionally, girls report higher levels of weight-
related concerns more frequent compared to boys, including desire to lose weight or
feelings of guilt overeating, a byproduct of the thin ideal and gender-based stereotypes.
Parental behavior and perception seem to impact children self-perception of weight, where
boys tend to underestimate their body weight, while girls are more likely to overestimate
their weight compared to boys(Bauer et al., 2009; Shah et al., 2020; Wang et al., 2018).

Lastly, even though boys have higher physical activity levels than girls, boys tend to watch
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more television or play video games than girls which might lead to higher risk to develop
obesity.

Older adolescents were less likely to be overweight/obese in the total sample and among
girls, as shown in other studies also (Dupuy et al., 2011; Haug et al., 2009). It could be
explained, at least partially, by the fact that as adolescents grow older they become more
body-conscious and more vulnerable to sociocultural pressures conforming with specific
body stereotypes.

Among diet-related behaviours examined, skipping breakfast was found to be positively
associated with overweight in the total sample and among girls. Substantial evidence exists
suggesting that breakfast consumption is negatively associated with overweight (Blondin et
al., 2016; Dupuy et al., 2011; Farajian et al., 2014; Haug et al., 2009; Monzani et al., 2019;
Smith et al., 2010; Szajewska and Ruszczynski, 2010). A recent narrative review highlighted
the benefits of regular breakfast consumption on cardiorespiratory fitness, cardiovascular
profile, cardiometabolic factors, and quality of life, and resulted to a protective role against
childhood obesity (Champilomati et al., 2019). Notably, a Swedish longitudinal study in
adolescents with a 27-year follow up, showed that skipping breakfast in adolescence was an
important predictor for development of Metabolic Syndrome (MetS), central obesity, and
high fasting glucose in adulthood. Breakfast skippers were found to have 2.18 times greater
risk of central adiposity compared with breakfast consumers (Wennberg et al., 2015).
Additionally, eating breakfast once or less often during weekdays was also associated with
poor diet quality in the Greek arm of the HBSC study (Benetou et al., 2020).

A negative association was found between eating family meals and overweight only among
boys. This finding is in line with previous studies suggesting that family meals are protective
against the development of overweight and obesity during adolescence (Berge et al., 2015;
Farajian et al., 2014; Larson et al., 2013). Family meals encourage the social interaction

between family members, the consumption of healthier food choices and higher quality
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foods, and parental dietary modeling, and control the quality and quantity of a child’s meal
(Farajian et al., 2014; Hammons and Fiese, 2011; Scaglioni et al., 2008).

Eating snacks or meals in front of screens (while watching TV, or while playing on a
computer or tablet), measured by an index combining all these behaviours, was not
associated with overweight in the whole sample, although a positive statistically significant
association was observed among girls. A number of studies have shown that sedentary
behaviours such as television, video, or computer use can contribute to overweight, as well
as to associated unhealthy snacking (Lipsky and lannotti, 2012; Utter et al., 2003).

Frequency of eating in fast food restaurants was not associated with overweight and obesity
in this sample. This is in agreement with another study conducted in Greece using data from
a large representative sample of children and adolescents aged 8-17 years during 2015
(Tambalis et al.,, 2018). Similarly, French et al. did not find any association between
frequency of fast food consumption and overweight status (French et al., 2001). However,
frequency of eating fast foods has been associated with higher BMI, excessive fat in children,
and elevated risk of childhood obesity in several studies (Krebs et al., 2007; Mancino et al.,
2014; St-Onge et al., 2003).

Among the dietary variables examined, frequency of consumption of SSB was not associated
with overweight status in the multivariate analysis, a result which is in line with the findings
of an analysis based on the 2001-2002 HBSC study using data from 34 participating countries
(Janssen et al., 2005). Soft drinks include a variety of drinks that include high amount of
sugar, and may lead to an increased energy intake to soft drinks consumers compared to
non-consumers (St-Onge et al., 2003). On the other hand, this finding is not in accordance
with a substantial body of evidence linking regular consumption of SSB with higher risk of
obesity (Bucher Della Torre et al., 2016; Ludwig et al., 2001; Malik et al., 2013). It should be
noted that the HBSC questionnaire does not fully capture the range of sugary beverages

available on the market, especially fruit juices and smoothies which are quite popular among
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adolescents. Current WHO guidelines concerning sugar intake for adults and children
recommend reducing intake of free sugars to less than 10% of total energy intake. Sugar-
sweetened beverages are among those beverages the regular consumption of which should
be avoided (Kastorini et al., 2019; World Health Organization, 2015).

No associations were observed between fruit and vegetable consumption and overweight in
the current study. Many studies have shown similar findings (Dupuy et al., 2011; Haug et al.,
2009; Janssen et al., 2005; Stea et al., 2018), although not all (Serra-Majem et al., 2006). A
recent review by Newby on the role of plant-based diets and foods in the prevention of
obesity concluded that available data on the role of fruit and vegetables specifically are
inconsistent or generally null, and at the same time have several methodological limitations
(Newby, 2009). According to Stea et al., when children were given a free school fruit for one
year that did not seem to affect their weight status or birth weight of their offspring, 14
years after the intervention (Stea et al., 2018). Nevertheless, the lack of a consistent
association with overweight and obesity does not justify any deviation from the
recommendation to consume a variety of fruits and vegetables every day.

It is interesting that although a significant negative relationship between overweight and
sweets intake (candies and chocolates) was observed in the total sample, the association
was no longer statistically significant after controlling for weight-reduction behaviours. This
in one of the possible explanations given for the reverse association of sweets intake with
obesity found in many studies (Janssen et al., 2005). Underreporting of unhealthy food
intake of overweight children compared to their non-overweight counterparts and lack of
portion size information are among others.

Being on a diet or doing something else to lose weight was positively associated with
overweight in both genders. Children that reported being on a diet or doing anything else to
lose weight appeared to have four times higher odds of being overweight compared to the

non-dieters. That is a particularly important finding showing that overweight children are
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subject to dieting from the sensitive age of adolescence. Teasing, bullying, discrimination,
and social exclusion of overweight or obese individuals may trigger an increased
engagement with healthy eating from young age, obsession with diet culture, and thus
sometimes leading to eating disorders (Ebbeling et al., 2002; Kevin, 2001; Lundstedt et al.,
2006; Wilfley et al., 2010). Body dissatisfaction and low self-esteem are also some of the
psychosocial complications of childhood obesity that could also enhance a behaviour of
dieting to lose weight.

Regular physical activity of moderate to vigorous intensity was negatively and significantly
associated with overweight in both girls and boys, a finding consistent with previous
knowledge highlighting the importance of regular physical activity in the prevention and
management of overweight and obesity throughout the lifetime (Croezen et al., 2009;
Sigmund et al., 2015; Swinburn et al., 2011; Townshend and Lake, 2017). Physical activity has
been previously addressed as a risk factor of obesity, and particularly abdominal obesity,
during adulthood (Pietildinen et al., 2008).

Lastly, a negative association was evident between family affluence score and overweight, a
generally consistent finding highlighing the existence of social inequalities in overweight and
obesity among adolescents in Greece(Inchley et al., 2017). Children of low family affluence
may have limited opportunity for physical activity, lower quality of diet and a misperception
of ideal body weight. This finding is in line with other studies (Costarelli and Manios, 2009;
Dupuy et al., 2011; Stamatakis et al., 2010; Thibault et al., 2010)

Strengths and limitations of the study

Our study has several limitations. Its cross-sectional design does not allow us to infer
causality for the observed associations. Secondly, all information retrieved was self-
reported, thus introducing a degree of information bias into the study. In particular
regarding the use of self-reported body weight and height, we assume that the prevalence

of overweight has been underestimated compared to calculations based on actual height
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and weight measurements, an underestimation which could be attributed to recall or social
desirability bias and is generally greater among girls and as age and BMI values increase
(Himes et al., 2005; Inchley et al., 2017; Sherry et al., 2007). On the other hand, self-reported
data of height and weight are commonly used in large epidemiological studies both to derive
prevalence estimates and to identify valid relationships (Wang et al., 2002). Furthermore,
although the use of BMI alone for classifying obesity has its limitations, BMI has been widely
acknowledged as a valid indirect measure of adiposity among children and adolescents
worldwide (de Onis and Lobstein, 2010; Rolland-Cachera, 2011). Assessment of fruit,
vegetable, sweets and SSBs intake was based on a non-quantitative, self-reported, food
frequency questionnaire which did not allow a more detailed and in-depth study, also in
terms of quantity, of the association of these food items with excess weight. Also, no
information was available for the study of other important food groups, such as meat, dairy,
or cereals. Advantages of this study are the representative sample of adolescent participants
which allow us to generalise the prevalence of overweight to the general population of
adolescents living in Greece, the standardised international protocol of an established
multinational survey, the use of WHO growth charts which also allows comparisons between
countries, and the large sample size. An additional advantage is the performance of multiple
imputation techniques in order to treat missing values (11.8% of the sample had missing
values, among which 4.6% on BMI), which allowed us to minimise the possibility of selection
bias and reduce the loss of valuable data caused by missing data.

Conclusions

In conclusion, in this representative sample of school-aged adolescents living in Greece, the
prevalence of overweight and obesity, is substantial. Diet-related behaviours, such as
breakfast consumption, eating more frequently with the family, and avoiding eating in front
of the screens, would help to promote a healthier body weight. It is very important to

address obesity early in life and avoid its adverse health effect in health and healthcare, as it
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has been demonstrated that it is more challenging to lose weight after the age of 35
(Katsoulis et al., 2021). Boys, younger age groups, and adolescents from families of lower
socioeconomic status are among the populations that need more attention in order to

prevent and tackle overweight and obesity.
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Flowchart for complete case analysis examining the association between overweight/obesity and
diet-related behaviours in the Greek arm of the international health behaviour in school-aged

children (HBSC) study during 2018.

Students recruited during
2018 (n=3863)

\ 4

v

3740 students with non-
missing values in
sociodemographic variables

\ 4

v

3503 students with non-
missing values in diet-related
behavior and food
consumption variables

b) n=3366 students with
available measurements in
Body Mass Index
Proceed with the calculation
of z-scores and analysis

Students with missing values in:

Place of Birth (n=15)

Gender (n=0)

Grade (n=0)

Age category (n=36)
Region/Municipality (n=0)
Family affluence score (n=83)

Students with missing values in:
Diet-Related Behaviors and Physical Activity

Breakfast during weekdays (n=82)

Eating with family (n=39)

Eating snacks while watching TV (n=17)
Eating snacks in front of PC/laptop/tablet
(n=38)

Eating meals while watching TV (n=12)
Visiting fast food restaurants (n=2)

Diet, or something else to lose weight at
the present (n=27)

Physical activity in the past 7 days (n=34)

Food Consumption

Fruits intake (n=9)
Vegetables intake (n=14)
Sweets intake (n=15)
Soft drinks intake (n=5)

»/  Students with missing values in body mass index

(n=137)
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Flowchart for imputed data analysis examining the association between overweight/obesity and
diet-related behaviours in the Greek arm of the international health behaviour in school-aged
children (HBSC) study during 2018

Students recruited during 2018

(n=3863)
Excluded Students with missing
. values in:
e Place of Birth (n=15)
v Assumption of MCAR

3848 students with missing values
in one or more variables

Excluded Students with missing
values in:
e Age Category (n=32)

\ 4

v

3816 students with missing values
in one or more variables

Multiple imputation
(by age category)
Stratified by region/municipality
(n=18)
Assumption of MAR

v

\ 4

3816 students with complete data
Proceed with the calculation of z-
scores and analysis
(n=3816)
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APPENDIX 2:
Multiple Imputation

We created 10 copies of datasets in which missing values of bodyweight, bodyheight,
breakfast consumption on weekdays, family meals, family affluence score, eating snacks
while watching TV, eating snacks while working/playing on a computer, watching TV while
having a meal, eating in fast food restaurants, being on a diet or something else to lose
weight at the present, physical activity the past 7 days, eating fruits, eating vegetables,
eating sweets, drinking coke/soft drinks were replaced by imputed values sampled from
their predictive distribution, through multiple imputation by chained equations, which was
applied separately in 3 age groups (11-, 13-, and 15-year-old), and we created multiple
copies of datasets (n=10) with imputed values. Imputation was adjusted by region/
municipality (18 categories). The imputation model in each age group included the following
variables that were mutually adjusted:

Bodyweight: modelled through predictive mean matching

Bodyheight: modelled through linear regression

Breakfast consumption on weekdays: modelled through multinomial logistic regression
Family meals together: modelled through multinomial logistic regression

Family affluence score (FAS): modelled through multinomial logistic regression

Eating snacks while watching TV: modelled through multinomial logistic regression

Eating snacks while working/playing on a computer: modelled through multinomial logistic
regression

Watching TV while having a meal: modelled through multinomial logistic regression

Eating in fast food restaurants: modelled through multinomial logistic regression

Being on a diet or something else to lose weight at the present: modelled through
multinomial logistic regression

Physical activity the past 7 days: modelled through multinomial logistic regression

Eating fruits: modelled through multinomial logistic regression

Eating vegetables: modelled through multinomial logistic regression

Eating sweets: modelled through multinomial logistic regression

Drinking coke/soft drinks (SSBs): modelled through multinomial logistic regression

plus, the sociodemographic variables gender (sex), region/municipality, and place of birth),
that had no missing data.
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APPENDIX 3:
Overweight and Obesity prevalence by gender and age category from complete case analysis of 3366 participants and from
the analysis performed after imputation with the total 3816 participants in the 2018 Greek-arm of the HBSC* study.

UNDERWEIGHT NORMALWEIGHT OVERWEIGHT OBESE
Complete After Complete After Complete After Complete case After
case imputation case imputation case imputation imputation

ALL AGES n=3366 n=3816 n=3366 n=3816 n=3366 n=3816 n=3366 n=3816
TOTAL N(%) 99 (2.9%) 3.5% 2446 (72.7%) 71.8% 647 (19.2%) 19.4% 174(5.2%) 5.3%
BOYS 42 (2.6%) 3.2% 1075 (66.3%) 65.4% 392 (24.2%) 24.1% 111 (6.9%) 7.3%
GIRLS 57 (3.3%) 3.7% 1371 (78.5%) 78.2% 255 (14.6%) 14.7% 63 (3.6%) 3.4%
11-YEAR-OLDS n=1013 n=1216 n=1013 n=1216 n=1013 n=1216 n=1013 n=1216
TOTAL 43 (4.3%) 5.0% 695 (68.6%) 67.7% 218 (21.5%) 21.6% 57 (5.6%) 5.7%
BOYS 15 (3.1%) 3.7% 314 (64.3%) 63.0% 127 (26.0%) 26.1% 32 (6.6%) 7.2%
GIRLS 28 (5.3%) 6.4% 381 (72.6%) 72.3% 91 (17.3%) 17.1% 25 (4.8%) 4.2%
13-YEAR-OLDS n=1173 n=1299 n=1173 n=1299 n=1173 n=1299 n=1173 n=1299
TOTAL 43 (3.6%) 3.9% 843 (71.9%) 71.3% 229 (19.5%) 19.9% 58 (5.0%) 4.9%
BOYS 20 (3.6%) 4.2% 373 (67.0%) 66.2% 127 (22.8%) 23.0% 37 (6.6%) 6.6%
GIRLS 23 (3.7%) 3.5% 470 (80.0%) 76.3% 102 (16.6%) 16.8% 21 (3.4%) 3.4%
15-YEAR-OLDS n=1180 n=1301 n=1180 n=1301 n=1180 n=1301 n=1180 n=1301
TOTAL 13 (1.1%) 1.6% 908 (77.0%) 76.1% 200 (16.9%) 16.9% 59 (5.0%) 5.4%
BOYS 7 (1.2%) 1.8% 388 (67.5%) 66.7% 138 (24.0%) 23.4% 42 (7.3%) 8.1%
GIRLS 6 (1.0%) 1.4% 520 (85.9%) 85.6% 62 (10.3%) 10.4% 17 (2.8%) 2.6%

* HBSC: Health Behaviour in School-aged Children study
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Adjusted odds ratios (OR) and associated 95% confidence intervals (Cl) from logistic regression model
for the association of Overweight with diet-related and lifestyle behaviors among 3366 participants in

the 2018 Greek-arm of the HBSC study (complete cases analysis) by gender.

ALL (n=3366)

BOYS (n=1620)

GIRLS (n=1746)

OR (95% Cl) p OR (95% Cl) p OR (95% CI) p
Gender
Boys Ref.
Girls 0.60(0.30-0.43) <0.001
Age group
11-year-olds Ref. Ref. Ref.
13-year-olds 0.78 (0.63-0.97) 0.026 0.88 (0.65-1.20) | 0.415 0.71 (0.52-0.97) 0.032
15-year-olds 0.60 (0.48-0.75) <0.001 | 0.88(0.63-1.24) | 0.480 0.35 (0.24-0.50) <0.001
Family Affluence scale (FAS)
Low 20% affluence Ref. Ref. Ref.
Middle 60% affluence 0.58 (0.45-0.74) <0.001 | 0.66(0.47-0.92) | 0.013 0.49 (0.34-0.70) <0.001
High 20% affluence 0.54 (0.40-0.72) | <0.001 | 0.69 (0.48-1.01) | 0.058 0.36 (0.22-0.58) <0.001
Physical activity (past 7 days)
0-1 days 2.62 (1.92-3.59) <0.001 | 2.18(1.47-3.25) | <0.001 3.43 (1.99-5.91) <0.001
2-3 days 2.07 (1.62-2.63) | <0.001 | 2.12(1.57-2.85) | <0.001 2.10 (1.40-3.14) <0.001
4-5 days 1.42 (1.12-1.81) 0.004 1.32(0.98-1.78) | 0.072 1.80(1.19-2.73) 0.006
6-7 days Ref. Ref. Ref.
Eating breakfast on weekdays
Never 1.28 (1.05-1.57) 0.017 1.19(0.89-1.58) | 0.239 1.47 (1.08-1.99) 0.013
1-4 days 1.00 (0.81-1.25) 0.972 0.84 (0.64-1.11) | 0.229 1.24 (0.88-1.76) 0.223
Always (5 days) Ref. Ref. Ref.
Family meals
Every day Ref. Ref. Ref.
Almost every day 1.00 (0.82-1.22) 0.993 1.07 (0.83-1.39) | 0.597 0.88 (0.62-1.24) 0.472
Rarely 1.25 (0.98-1.59) 0.071 1.47 (1.08-1.99) | 0.014 1.03 (0.71-1.50) 0.870
Total score for behavior of Eating
snacks/meals in front of screens 1.02 (0.96-1.08) 0.556 0.94 (0.87-1.02) | 0.148 1.13 (1.04-1.23) 0.003
(TV/PC/tablet)
Eating in fast-food restaurants
Never Ref. Ref. Ref.
Less than once/month 1.40 (0.88-2.23) 0.161 1.79 (0.92-3.50) | 0.087 1.18 (0.59-2.35) 0.644
1-3 days/month 1.02 (0.62-1.66) 0.947 1.43(0.72-2.81) | 0.304 0.71 (0.36-1.40) 0.322
Weekly 1.02 (0.61-1.69) 0.950 1.39 (0.68-2.84) | 0.362 0.71(0.34-1.49) 0.357
Fruits Intake
Less than once/week 1.09 (0.74-1.59) 0.668 1.39(0.82-2.35) | 0.218 0.84 (0.43-1.64) 0.616
1-4 days/week 1.11 (0.90-1.38) 0.330 1.05(0.77-1.41) | 0.772 1.26 (0.91-1.74) 0.170
5-6 days/week 0.96 (0.75-1.22) 0.715 0.72 (0.52-1.01) | 0.059 1.47 (1.00-2.18) 0.053
Every day Ref. Ref. Ref.
Vegetables Intake
Less than once/week 1.03 (0.76-1.40) 0.840 0.88 (0.57-1.34) | 0.539 1.35(1.79-2.30) 0.272
1-4 days/week 1.06 (0.85-1.31) 0.606 0.87 (0.65-1.17) | 0.360 1.37 (0.94-2.00) 0.099
5-6 days/week 0.98 (0.78-1.22) 0.823 0.78 (0.58-1.05) | 0.104 1.35(0.92-1.99) 0.122
Every day Ref. Ref. Ref.
Sweets Intake
Less than once/week Ref. Ref. Ref.
1-4 days/week 1.03 (0.81-1.30) 0.819 0.99 (0.74-1.34) | 0.964 1.23 (0.80-1.88) 0.346
5-6 days/week 1.07 (0.77-1.51) 0.676 0.89 (0.59-1.35) | 0.590 1.56 (0.90-2.70) 0.112
Every day 0.78 (0.54-1.14) 0.198 0.68 (0.42-1.09) | 0.111 1.03 (0.61-1.73) 0.923
Sugar-sweetened beverage intake
Less than once/week Ref. Ref. Ref.
1-4 days/week 1.11(0.92-1.34) 0.258 1.02 (0.80-1.31) | 0.870 1.17 (0.88-1.55) 0.272
>5 days/week 1.25 (0.89-1.76) 0.189 1.33(0.86-2.04) | 0.194 1.04 (0.60-1.81) 0.880
Diet or other patterns to lose weight
No Ref. Ref. Ref.
Yes 4.56 (3.71-5.62) <0.001 | 4.63(3.43-6.25) | <0.001 5.35(3.93-7.28) <0.001

Thank you!




