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[epiinyn

Ewoyoyn: O emmolacudg g mOdKNG vrepPoapdtntos/moyvoopkiog omoKTé EMONUKEG
dotdoelg Kot Bewpeitan £va omd to onuovtikotepa tpoPfAnuota dnuoctag vyeiag. H mpdinym
™G etvan vyiomng onuaciag, TG omoing GNUOVTIKO GLGTOTIKO €IVOL O TPOGOOPICUOS TMV TLO
ONUOVTIKOV TOPpayOVI®V KIVOUVOU.

Ykomog: O eviomopds TV KuPlOTEP®Y TAPUYOVI®V KIVOUVOL OUTNG TG VOGOL, OVAUESH G
TNOOPO  TEPIYEVVNTIKADV, KOWMVIKOINUOYPAPIKAOYV, TApoyoviwv Tov Tpdmov (ong Kot
TPOKTIKOV GITIONG TOV YOVEDV € Eva LEYOAO delypa amd €61 eVPOTATKESG YDPES.

MeBodoroyia: 12211 moudid (49,4% ayopw) nixioag 4-12 etodv, amd meployés yopuniov
KOW®MVIKOOIKOVOULKOV EMMESOV GE YMPES LYNAOL €1600MpHaTo¢ (BELY10-OvAavdia), amd yopeg
VYNAOD €1600NUaTOG Ol omoieg Ppiokovtar oe owkovouikn kpion (EAAGSa-Iomavia) wor omd
YOpeG youniot/ pecaiov gwwodnuatog (Bovdyapia-Ovyyopia) (cuyypovikd dedopéva amd
peAétn FeeldDiabetes).

Amnotehéopata: H vrepfapotnta (OR, 95%CI 1,57(1,10-2,24)) kor 1 Toyvoapkia (OR, 95%Cl
3,14(1,89-5,22)) ¢ untépac, n vaepPapdtnra (OR, 95% CI 1,79(1,28-2,52)) kar 1 moyvoapkio
(OR, 95%CI 3,06(2,08-4,51)) tov matépa kabng kot N dapovh otnv Avatoikn (OR, 95%Cl
3,79(2,12-6,78)) wou Notww Evpomn (OR, 95%CIl 6,14(3,39-11,14)) ocvoyetiomnkov e
peyoAvtepo kivouvo moudikng vrepPopotntoc/mayvoapkiog. IModid and pntépec vaépPapeg
(OR, 95%CI 1,45(1,01-2,09)) | moyvoapkeg (OR, 95%CI 2,16(1,56-3,00)) 1 pe dapntn mpv
and v komon (OR, 95%CI 6,68(1,00-44,59) ) giyav emiong peyaivtepo kivévvo. Opoimg, ta
Toudd mov yevwnOnkav mpoéwpa (<37 Bdonadeg)(OR, 95%CI 1,02(0,71 1,47)) xou exeivo pe
avénuévo Papog yévwnong (OR, 95%CI 1,43(1,00-2,04)) e&iyav upeyolvtepo Kivouvo
vrepPapdmrac/royvoapkiog. Avtifeta, ta wadid mov 1 avénon Tov PAPOvg KATA TOVG TPDTOVS
6 univeg Long (WAZ) frav etoyn (<-0,67 SD) (OR, 95%C.1. 0,52(0,36-0,75)) eiyov younAdtepo
Kivéuvo vrepPapdtnrag/Toyvoapkiog.

Yvpurepaoporto: H vrepPapdmra/mayvoapkio tov yovéwv, 1n OSWOUOVH O YDPEG YOUNAOD
EL00ONITOC KOl O YMPEG GE OKOVOULKT Kpiom, 0 dtoprtng kou 1 vaepPapdtnra/moyvoapkio
™G UNTEPOS TPV TNV KLUNGN, N TPOPN YEvvnon Kot 1o avénuévo Papog yévvnong Ntav ot
Kuplopyol mopdyoviec KvOOVOL NG TOWOIKNG VIepPopdTrTas/Tayvoapkiog, &vod, 1 OTOYM
avénon tov Papovg Tovg TPOTOVG 6 PUNveg oyetileton pe yaunAdtepo kivovvo. I'a avtd kpiveton
avaykoio ot otpatnylkés mpodbnong g vyelog Ko To mpoypaupote mapéufocnsg vo
amevfHvovTol 6TV OKoyEVELD Kot Vo E6TIALOVV 6TV KATAGTOOT PAPOVG TV YOVE®MV KOl GTNV

vyela NG UNTEPOS TPV ATTO TNV EYKLLLOGUV).
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Abstract

Background: The prevalence of childhood overweight and obesity has reached epidemic
proportions and it is recognized as a major public health challenge. Therefore its prevention is of
utmost importance, whose crucial component is the identification of the most dominant
childhood overweight/ obesity risk factors.

Objectives: The aim of this study is to identify the predominant correlates of children
overweight and obesity, among a variety of perinatal, socio-demographic, lifestyle factors and
parental practices in a large sample from six European countries.

Methods: 12211 children (49.4% boys) 4-12 years old participated in the study from low-
socioeconomic areas in high-income countries (HICs) (Belgium-Finland), HICs under economic
crisis (Greece-Spain) and low/middle-income countries (LMICs) (Bulgaria-Hungary) (baseline
data from the Feel4Diabetes study).

Results: Maternal overweight (OR, 95% C.I. 1.57 (1.10-2.24)) and obesity (OR, 95% C.I. 3.14
(1.89-5.22)) along with paternal overweight (OR, 95% C.I. 1.79 (1.28-2.52)) and obesity (OR, 95%
C.l. 3.06 (2.08-4.51)) as well as living in Eastern (OR, 95% C.I. 3.79 (2.12-6.78)) and in
Southern Europe (OR, 95% C.I. 6.14 (3.39-11.14)) were associated with higher risk of childhood
overweight/ obesity. Children whose mothers were overweight (OR, 95% C.I. 1.45 (1.01-2.09)) or
obese (OR, 95% C.I. 2.16 (1.56-3.00)) or had diabetes before pregnancy (OR, 95% C.1.6.68
(1.00-44.59)) were associated with a greater risk. Likewise pre-term children (<37 weeks) (OR,
95% C.I. 1.02 (0.71-1.47)) as well as those that were born large for gestational age (OR, 95%
C.I. 1.43 (1.00-2.04)) had a higher overweight/ obesity risk. On the contrary, children whose
weight gain during the first 6 months (WAZ) was poor (< -0,67 SD) (OR, 95% C.I. 0.52 (0.36-
0.75)) had a lower overweight/ obesity risk.

Conclusions: Parental overweight/ obesity, living in low-income and countries under economic
crisis, maternal diabetes and overweight/ obesity before pregnancy, premature birth and high
birth weight were the predominant factors of increased childhood overweight and obesity risk,
while, poor infant weight gain in the first six months is associated with lower risk. Thereby, it is
essential that future health promotion strategies should be family oriented that will focus on

parental weight status and maternal health before pregnancy.

Key words: childhood overweight/obesity; risk factors; Feel4Diabetes; prevention
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1. Introduction

1.1. Introduction to childhood overweight/ obesity and its definition

Childhood obesity is recognized as a new pandemic of the new millennium. Excess weight
during childhood and adolescence remains one of the most crucial issues in global health,
although it has emerged several decades ago (1). The increasing prevalence of childhood obesity
has led to multiple serious obesity-related comorbidities that threaten human health and place a
large strain on the health care system. Additionally, obesity in childhood tracks strongly into
adulthood, especially in those with severe obesity and/or a family history of obesity (2,3).
Obesity is characterized by abnormal or excessive fat accumulation that presents a risk to health
(4). It should be noted that there are two definitions of obesity in childhood: the IOTF definition
that has developed an international standard growth chart which enables comparison of
prevalence globally (5) and one based on the WHO growth reference (6). According to the latest
clinical practice guidelines on pediatric obesity, children and adolescents between 2-20 years
with a BMI over the 85" but less than the 95™ percentile for age and gender are considered
overweight and those with a BMI greater than the 95" percentile are considered obese. Children

and adolescents with a BMI greater than the 99" percentile are considered severely obese (6-8).

1.2. Epidemiology of childhood overweight/ obesity worldwide

Childhood overweight/ obesity are considered as a public health crisis. The prevalence has
doubled in more than 70 countries since 1980 and has approximately tripled in some developing
countries (9). Although obesity rates vary among countries, its prevalence has continuously
increased regardless of socio-demographic strata over the past 40 years (10). The prevalence of
overweight and obesity has escalated in developed countries at 23.8% for boys and 22.6% for
girls, in 2013 compared with 16.9% for boys and 16.2% for girls, in 1980 (10). In 2015, 107.7
million children were considered obese worldwide (3,11) while this prevalence was more than
10% in developing countries and even more than 20% in developed countries (3).

The most recent evaluations of trends in overweight and obesity revealed that 38.3 million of
children under 5 years old around the world were overweight in 2020 (4,12) and over 340
million children and adolescents aged 5-19 were overweight or obese. Overall, the prevalence of
overweight and obesity among children and adolescents aged 5-19 has risen dramatically from
4% in 1975 to over 18% in 2016. More specifically, in 2016, 18% and 6% of girls were
overweight and obese, respectively and 19% and 8% of boys were overweight and obese,

respectively (4).
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1.3. Epidemiology of childhood overweight/ obesity in Europe

In the WHO European Region one child out of three, is overweight or obese. Children and
adolescents, 5-19 years old have shown rising obesity rates in almost all nations, including those
where the rates were far from alarming 40 years ago (13). The prevalence of overweight/obesity
in 1975 in the majority of European countries was less than 10% and obesity less than 5%, while
no European country had overweight prevalence higher than 30% and obesity higher than 10%.
In 2016 the trend reversed, showing an alarming increase of overweight (over 30%) and obesity
(over 10%) (1,14).

A recent review of Garrido-Miguel et al. in 2019 on children aged 2-7 years during a 10-year
period (2006-2016) showed that about 17.9% of children were overweight or obese and 5.3%
were obese according to the I0TF definition criteria (5). Southern European countries showed
the highest prevalence of overweight and obesity especially those surrounding the Mediterranean
Sea. More specifically, the highest prevalence was observed in Italy (32.4%), Greece (29.6%)
and Portugal (26.4%). On the contrary, the lowest prevalence was found in Estonia (8.3%),
France (11.0%) and Netherlands (13.4%). The observed prevalence in Eastern Europe was 21-
24% (15).

The most accurate comparable data on the prevalence of childhood obesity are provided by the
WHO European Childhood Obesity Surveillance Initiative (COSI) (13). Data were collected
from 41 countries on 2015-2016 from children 6-9 years old. The prevalence of both overweight
and obesity ranged from 17.6% to 41.9% for boys and from 20.1% to 38.5% for girls while the
prevalence of obesity alone was 4.9-21% among boys and 5.1-14.9% among girls, while the
highest prevalence of overweight and obesity were in Southern Europe (13). This very high
prevalence in some European countries could be somehow explained by the gradual changes
from the healthy traditional diets to a more westernized diet rich in animal proteins, fats and
sugars and poor in complex carbohydrates and fiber (16,17) along with an increase in sedentary

behaviors and a decrease in physical activity (18).

1.4. Complications of childhood overweight/ obesity
Childhood obesity is associated with comorbidities affecting almost every system in the body
including, the endocrine, gastrointestinal, pulmonary, cardiovascular, and musculoskeletal

system and has serious consequences, such as hypertension, dyslipidemia, insulin resistance,
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prediabetes, type 2 diabetes mellitus, fatty liver disease and steatohepatitis, obstructive sleep
apnea and psychosocial complications including low self-esteem and depression (2,19).
Furthermore, it can cause not only neurological (idiopathic intracranial hypertension) and
dermatological disorders (acanthosis nigricans, intertrigo, furunculosis) but also growth and
puberty related issues including PCOS and early menarche, in girls and reduced circulating

androgens and later pubertal onset, in boys (20-22).

1.5. Risk factors of childhood overweight/ obesity

Obesity is a complex, multifactorial condition affected by genetic and non-genetic factors.
Several parameters that have a major influence of children’s eating behavior and weight status
and can increase childhood obesity risk have been separately identified (19).

1.5.1 Genetic factors

Several genome-wide association studies have identified genetic markers that increase
predisposition to weight gain (1). The most relevant epigenetic mechanisms involved in gene
activity control are histone modifications, non-coding RNAs (ncRNA) and DNA methylation
(23). Obesity has been associated with the epigenetic modulation of several genes such as
HIF3A, RXRA, micro RNA (miR)-122 and miR-519d (24-27). Moreover, the FTO gene is
recognised as an important factor to the regulation of energy intake, with variants predisposing
individuals to greater caloric intake and reduced feelings of satiety (28). Mutations in the
melanocortin 4 receptor are the most common single gene defects in children with severe obesity
(29,30). Other genetic associations with obesity include defects in leptin, leptin receptor,

proopiomelanocortin, and proprotein convertase (3).

1.5.2 Perinatal factors

Among the risk factors of childhood obesity in the first 1000 days of life, maternal overweight
and obesity before pregnancy as well as gestational weight gain are the strongest perinatal
predictors of offspring obesity (31-33). Obese women have increased insulin resistance, which
may lead to glucose intolerance and gestational diabetes during pregnancy and consequently to
fetal overgrowth (34). Gestational diabetes and maternal type 1 and type 2 diabetes may also
serve as risk factors for higher body fat accumulation and for childhood overweight/obesity (35,
36). Birth weight is also associated with increased body fat mass and childhood obesity (37, 38).
A systematic review and meta-analysis showed that high birth weight (>4,0009) is correlated
with an increased risk of obesity (39), while low birth weight (<2,5009) leads to abnormal fetal

development and in a rapid catch-up growth in early infancy, which results in higher fat mass
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later in life (40-42). Moreover, there is robust evidence on the association between maternal
smoking during pregnancy and childhood obesity. One meta-analysis of 16 observational studies
found that maternal smoking during pregnancy was related to an increased risk of offspring
overweight at age >3 years old (43). Other similar studies have examined maternal age at
gestation and breastfeed in relation with childhood overweight and obesity. In two large
European cohort studies (44, 45) maternal age did not consist a risk factor for childhood
overweight, while Risvas et al in a cross-sectional study in Greece has shown that high maternal
age at gestation was inversely associated with children’s overweight and obesity (46). Also, a
recent meta-analysis demonstrated that breastfeeding is associated with a 13% reduction of
overweight and obesity (47) and Harder et al in a meta-analysis of 17 cohort studies conducted in
children 4 months to 14 years old showed that each additional month of breastfeeding was
associated with a 4% reduction in the prevalence of overweight as infants that breastfeed
exclusively during the first 6 months of life are less likely to have excess weight during late
infancy (>6 months) (48). Another important perinatal risk factor is the introduction of solid
foods at weaning. The effect of the timing of introduction of solid foods is a much contested area
as some studies claim that those having solid food introduced to their diet after 5 months were
significantly more likely to be obese compared with children that had an early introduction of
solid foods (<4 months) (32), while other studies support that introduction before 4 months is a
risk factor for obesity, and this may be particularly true for children who are formula-fed (49).

1.5.3 Sociodemographic characteristics

Over the last few years a variety of sociodemographic variables linked to childhood obesity have
been detected, especially among population groups with lower income or educational attainment.
People of low SES live in environments where the described determinants of obesity are present
to a larger extent and they are less equipped to counteract obesogenic influences. Indeed, low
SES seems to be correlated with poor dietary choices (lower consumption of fruits, vegetables,
fish and whole grain products, skipping breakfast and higher intake of energy dense foods and
beverages, rich in sugars and saturated fats) (50). Moreover, the sharp price increase for the low-
energy-density foods (fruits, vegetables, whole grains, lean meats, low-fat dairy products)
suggests that economic factors may pose a barrier to the adoption of a more healthful diet and so
restrict the impact of dietary guidance (4). This phenomenon has shown an outburst in
Southern/Eastern Europe (especially in countries surrounding the Mediterranean) and
particularly in children from low SES families which are at greater risk of being

overweight/obese than children from Northern Europe and from high SES families (33,51-53).
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“Low SES” families have been characterized those whose at least one parent has less years of
education (<14 vyears), is unemployed or works part time and those families whose annual
income is low (54,55). Previous studies in children and adolescents, revealed a positive
association between parental and children’s weight status, with the risk of overweight/obesity
being higher in children with overweight/obese parents compared to their peers whose parents
have normal weight (53,56). Furthermore, a variety of studies has shown that the prevalence of
obesity until the age of 11 years old is approximately the same between boys and girls, but after
that age the prevalence is much higher for boys than for girls mainly because in that period, girls
tend to be more concerned about their body image and start to follow weight-loss diets. This
could explain the reduction in overweight and obesity in girls after 11 years of age (57).
Furthermore, ethnicity is associated with differences in food-related beliefs, preferences,
behaviours, and cultural influences, which may contribute to the higher risk of obesity among

children and adolescents in minority populations (56).

1.5.4 Lifestyle factors

Obesity generally results from adopting an unhealthy lifestyle. Diet and physical activity are the
cornerstones of obesity prevention and weight management (58). Dietary factors and their
contribution to obesity rates have been extensively studied and it was found that are strongly
associated with obesity among school children (59,60). Children tend to refuse nutritious foods
such as, whole grains, milk products, vegetables and fruits and as a result they decrease their
daily consumption (61). On the other hand, they increase consumption of SSBs, calorie dense
snacks and meals out of home (62). Regarding the SSBs, their high energy density, frequency of
consumption, at the expense of water consumption, and large portions lead to obesity
development (63). In addition, the calories provided by free sugars, especially in liquid form, do
not provide a sense of satiety therefore do not reduce the intake of food. A prospective study
which enrolled 548 ethnically diverse school children, has shown that for each additional serving
of SSBs, BMI increased by an average of 0.18 kg/m? (64). Many studies found that junk food
consumption, that has a high content of calories, salt, saturated fat and low content of iron,
calcium and fiber, is linked with obesity (65,66). Another factor that has been identified as a
possible contributor to childhood overweight/obesity is skipping breakfast (66). Children who
skip breakfast have double risk of becoming obese than children who consume breakfast every
day (67), as this omission is often associated with a decrease in diet quality during the day, since
they replace breakfast with frequent snacking and they tend to choose sweet, salty and fatty

foods rather than healthier options (68).
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Moreover, a range of environmental factors including less active transport (69) and the
changing nature of school-ground facilities (70) have resulted in the reduction of many
physical activities from a child’s contemporary lifestyle and therefore contributed to the
childhood obesity epidemic. Physical inactivity can lead to energy imbalance and can increase
the risk of becoming overweight or obese (71,72). A cohort study that has been carried out for 32
years on twins in order to investigate the role of physical activity on body weight while
controlling for genetic cofactors, revealed that a twin on regular physical activity has
significantly lower body weight than the inactive co-twin (73).

A sedentary lifestyle which is characterized by increased duration of watching television, playing
video games and using the internet can augment the prevalence of obesity (66). Increased daily
screen time can promote obesity among children in several ways: reducing time for physical
activity, increasing the intake of more calories (especially sugar sweetened beverages,
chocolates, sweets, potato chips and nuts) and even interfering with adequate sleep time (74).
Several trials indicated that reducing screen time could improve BMI, body fat and other obesity-
related measures among children (72,75).

Furthermore, insufficient sleep is associated with overweight and obesity among children and
adolescents (66,76). Sleep deprivation may influence ghrelin and leptin levels, which
consequently can cause disturbances on food intake, including rise of appetite and increase of
calories consumption (76). Moreover, Tambalis et al. investigated the association between sleep
duration and lifestyle profile on 177,091 children aged 8-17 years and showed that children with
inadequate sleeping hours (=7h/day) had a poorer physical activity, dietary habits and increased

risk of overweight/obesity (77).

1.5.5 Parental practices

Children learn what, when, and how much to eat from their direct experience with food as well
as by observing their parents, that influence them through a variety of mechanisms including role
modeling, availability and accessibility of nutritious foods at home and development of attitudes,
values and preferences (78,79). Parenting style is characterized by the degree of parental
demandingness and responsiveness (80). The four parenting styles most commonly studied are:
authoritative, authoritarian, permissive, and neglectful (81). Cross-sectional studies conducted in
children aged 3-10 and adolescents 10-17 year old from diverse ethnic groups have consistently
found that authoritative parenting style was associated with children’s and adolescents’ lower
BMI, availability of fruit and vegetables at home, child consumption of fruit, vegetables and

dairy products, lower consumption of SSBs and higher levels of physical activity (80, 82-85). On
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the contrary, authoritarian and neglectful parenting styles were positively associated with child
and adolescent BMI, availability of sweets and unhealthy foods at home and negatively
associated with vegetable consumption and physical activity (80,86). Parental practices such as
feeding styles (restriction, pressure to eat, monitoring/control of dietary intake), instrumental
behaviours (use food as a reward), availability, role modeling and nutritional knowledge are
associated with child eating, physical activity habits and weight status (87,88). Pressure to eat
has been associated with lower child BMI whereas restriction of foods has been related to
increased child weight and emotional eating (89). The intention of controlling child’s feeding has
been associated with both underweight and overweight during childhood. Additionally, children
are more likely to consume a healthy diet and accept new foods when parents model healthy
eating themselves and provide children with healthy food options (54). In a comprehensive
review of physical activity correlates, one of the strongest and most consistent correlates of
physical activity in children was the time spent outdoors, a factor mostly determined by parents
(90). Parental encouragement, support and involvement as well as modeling of physical activity
have been shown to positively predict activity in children (91).

1.6. Research gap

As already mentioned, the prevalence of childhood and adolescence obesity is escalating and has
reached epidemic proportions. Obesity-related complications are being diagnosed with
increasing frequency in children and in certain cases can persist in adulthood and lead to life-
threatening diseases. Consequently, prevention of obesity is a critical topic whose vital
component is the identification of childhood and adolescence obesity risk factors.

To our knowledge, nationally representative European wide studies collecting data on
behaviours related to sociodemographic, perinatal, lifestyle factors and parental practices, as well
as using a common data collection protocol, are scarce and do not allow generalizability since
most of those were conducted in single countries. Moreover, a variety of risk factors of
childhood and adolescence obesity has not yet been investigated.

1.7. Research question

Aiming to counteract childhood overweight/ obesity as well as develop appropriate prevention
programs, risk factors that provoke this health disease need to be better investigated. Therefore,
the purpose of this study is to identify the predominant correlates of children overweight and

obesity, among a variety of perinatal, socio-demographic, lifestyle factors and parental practices,
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in a large sample of six European countries (Greece, Spain, Bulgaria, Hungary, Belgium and
Finland).
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2. Methods

2.1. Study design and sampling procedure

The Feel4Diabetes study (National Clinical Trial number, NCT 02393872) was a large school
and community-based intervention. The purpose was to promote a healthy lifestyle including
healthy eating and enhancing physical activities intending to alleviate the negative outcomes of
obesity and obesity-related metabolic risk factors in vulnerable families in Europe.

Recruitment was conducted within the provinces of six European countries, including
low/middle income countries (Bulgaria, Hungary), countries under austerity measures (Greece,
Spain) and high income countries (Belgium, Finland). In aim to target “vulnerable” population
groups at high risk of developing T2DM a standardized multi-stage sampling procedure was
applied. In Bulgaria and Hungary all the municipalities were considered eligible to participate in
the study, while in Belgium, Finland, Greece and Spain families only from low SES
municipalities were recruited. The categorization was made according to official resources and
local authorities, within each country and “vulnerable” areas were randomly selected only from
the tertile with the lowest education level or the highest unemployment rate (33, 92).

After the necessary approvals were obtained from the local authorities, in the “vulnerable” areas
of all countries, lists of all primary schools were created in order to randomly select and recruit
children attending the first three grades of compulsory education and their families. In the
screening procedure, for the identification of the “high-risk families” based on the risk
possibility of developing T2DM they were invited to fill in the FINDRISC questionnaire (93).
The final sample after a 20% exit rate was 11,511 families ("all families"), of which 2,230 were
"high risk families”, in which at least one parent had a high FINDRISC score. The design of the
study started in 2015, the recruitment began in January 2016 and the initial measurements were
carried out between April-June while in three countries (Finland, Hungary, Bulgaria) the

measurements were carried out during August-September 2016 (92).

2.2. Ethical approvals and consent forms

The Feel4Diabetes study adhered to all the conditions set out in the Helsinki Declaration and the
Council of Europe conventions on human rights and biomedicine. In all participating countries
ethical clearances were obtained, before initiating the intervention, from the relevant ethical
committees and local authorities. More specifically, in Belgium the study was approved by the
Medical Ethics Committee of the Ghent University Hospital; in Bulgaria the study was approved
by the Ethics Committee of the Medical University of VVarna and the Municipalities of Sofia and

Varna, as well as the Ministry of Education and Science local representatives; in Finland the
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study was approved by the hospital district of Southwest Finland ethical committee; in Greece
the study was approved by the Bioethics Committee of Harokopio University and the Greek
Ministry of Education; in Hungary the study was approved by the National Committee for
Scientific Research in Medicine); and in Spain the study was approved by the Clinical Research
Ethics Committee and the Department of Consumers’ Health of the Government of Aragon. All
parents and caregivers gave signed consent before enrolling in the study. Prior to entering the
study, all parents/guardians independently completed and signed a specific consent form (92).

2.3. Measurements
Trained research assistants have transacted all the measurements using standardized procedures
and calibrated portable equipment.

2.3.1 Perinatal characteristics

A structured questionnaire to collect information on children’s perinatal data was developed and
administered to parents via the schools. The collected data included information on maternal age
at child’s birth, maternal pre-pregnancy BMI, which was calculated based on the mother’s self-
reported weight before pregnancy and current height and was categorized as underweight,
normal-weight, overweight or obese according to the WHO cut-offs (94). Also self-reported
gestational weight gain, which was categorized as less, within or above the weight gain
recommended by the Institute of Medicine (95), maternal smoking during pregnancy that was
classified as smoking during any trimester or non-smoking throughout pregnancy, maternal
diabetes during pregnancy, according to which mothers were ranked as those with pre-existing or
gestational diabetes and those with a normal glycemic profile, birth weight and gestational age in
order to classify infants as small for gestational age (SGA<10th percentile), appropriate for
gestational age (AGA 10-89th percentile), or large for gestational age (LGA>90th percentile)
(96). Finally, children’s growth from birth to 6 months, based on the change in weight-for-length
z-scores (A z-score), which were used to classify growth velocity as slow (A z-score<-0.67),
gradual/ normal (A z-score =—0.67 to +0.67), or rapid (A z-score>0.67) (97), breastfeeding that
was used to categorize infants as those exclusively or non-exclusively breastfed during the first 6
months and time of introduction of solids that classified children as those to whom solid food
was introduced before 4 months, at 4-6 months, or after 6 months.

2.3.2. Anthropometry
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Height measurement was conducted without the shoes or any other clothing/object that could
obstruct the procedure. The nearest tenth of a centimetre (i.e. 0.1 cm) was recorded using
telescopic stadiometers: SECA 213, SECA 214, SECA 217 and SECA 225. Weight
measurement was conducted with light clothing and without the shoes. The nearest 0.1 kg was
recorded using electronic weight scales: SECA 813 and SECA 877. All volunteers were
categorised by the BMI cut off points according to their body weight. The waist circumference
measurement was conducted without any heavy or tight clothing that could change the shape of
the waist. The nearest tenth of centimetre (i.e. 0.1 cm) was recorded using a non-elastic

measuring tape (SECA 201) and the WHO cut-off points were used for their classification (94).

2.3.3. Socio-demographic and behavioural characteristics

Standardized questionnaires were used for collecting information about basic socio-demographic
characteristics (date of birth, tribe, education level, occupation, income insecurity) along with
information about the person's eating habits. Moreover, information concerning parents’ and
children’s drinking, eating, physical activity, sedentary behaviors, smoking, sleep duration as
well as their determinants, were self-reported using standardized questionnaires. All
questionnaires were developed, validated and standardized between the participating countries

before the study.

2.3.4. Diet

The usual dietary intake of the participants was evaluated via standardized questionnaires in
which were included questions about the main meals, snacking habits, the frequency of
consumption of particular food items (i.e., dairy, bread, fruits, vegetables, pulses, meat, fish,
salty snacks, nuts/seeds, tea, coffee, soft drinks with or without sugar and alcoholic beverages)

using a semi-quantitative food frequency questionnaire.

2.3.5. Physical activity

Physical activity was assessed by the parents via standardized questionnaires and physical
activity monitors (pedometers or accelerometers). The questionnaires included questions
regarding the frequency, intensity and type of exercise of the participant during the previous 7
days, the contribution of other people in the decision of physical activity as well as the time and

the reason for adopting a sedentary life as a habit.

2.3.6. Parenting Practices
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The questionnaire on parenting practices contained a variety of parenting practices, derived from
previously validated questionnaires including the Parental Support for Physical Activity Scale
(test-retest reliability: ICC = 0.81) (98), the Parenting Strategies for Eating and Activity Scale
(99) and the Parental Feeding Style Questionnaire (test-retest reliability: ICC = 0.76-0.83) (100).
In the questionnaire applied for the present study, parenting practices were specifically related to
fruit consumption, physical activity, screen-time and were therefore used in the analyses. All
items were assessed on a five-point Likert scale: (1) Never, (2) Mostly Not, (3)
Sometimes/Sometimes Not, (4) Mostly, (5) Always. For some questions, ‘Not Applicable’ was
an alternative answer category, for which the results were set as missing values. For all variables,

a higher mean value represents a higher form of the variable.

2.4. Statistical analysis

A descriptive statistical analysis was performed by using the Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL, USA), version 21.0. Continuous variables are presented as
mean + standard deviations and categorical values as proportions (%). Differences in continuous
variables were assessed by parametric (One-Way Analysis of Variance) or nonparametric tests
(Kruskall-Wallis), according to the distribution of the variables (Kolmogorov-Smirnoff test),
while Pearson’s Chi-square test was used to evaluate the differences in proportions. Univariate
regression analyses were employed to examine associations between several perinatal, socio-
demographic and lifestyle indices (independent variables) with childhood obesity (dependent
variables). In addition, multivariate regression analyses were performed of those risk factors that
were found to have a significant association with childhood obesity at the univariate level. All
statistical tests were two-tailed and the level of statistical significance was set at p < 0.05.
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3. Results

Table 1 displays the main characteristics of the 12211 participants enrolled in the study, of which

50.6% were girls and the 64.6% were 7-9 years old. In total, the 18.0% of all children were

overweight and the 7.5% were obese.

Table 1: Characteristics of the study sample.

Variables (%) Total sample
N=12211
Boy 49.4
S Girl 50.6
4-7 years 12.7
Age 7-9 years 64.6
9-12 years 22.6
High-income countries 26.9
Region Under economic crisis countries 32.5
Low-income countries 40.6
Underweight/Normal weight 745
Weight status Overweight 18.0
Obese 7.5
< 14 years 43.7
Maternal education >14 years 56.3
Unemployed 28.1
Maternal occupation Employed 71.9
Maternal weight Normal weight 66.8
S Overweight 22.3
Obese 11.0
Paternal education < 14 years 54.0
> 14 years 46.0
Paternal occupation  Unemployed 13.0
Employed 87.0
Paternal weight Normal weight 31.5
SRS Overweight 475
Obese 21.0
Income insecurity Very difficult 8.7
Difficult 16.0
Fairly difficult 24.8
Fairly easy 28.7
Easy 17.4
Very easy 4.4
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Table 2 presents the univariate associations of socio-demographic, perinatal, parental practices
and lifestyle correlates with the risk of overweight/ obesity in childhood. The analysis showed
that children whose mother (OR, 95% C.I. 0.85 (0.75-0.97)) or father (OR, 95% C.1.0.77 (0.68-
0.88)) had >14 years of education had lower risk of being overweight or obese. On the contrary,
maternal overweight (OR, 95% C.1.1.85 (1.64-2.09)) and obesity (OR, 95% C.1.2.53 (2.17-2.95))
as well as paternal overweight (OR, 95% C.I. 1.68 (1.47-1.92)) and obesity (OR, 95% C.I. 2.85
(2.46-3.31)) were strongly associated with offspring overweight/ obesity. Moreover, children
living in Southern (OR, 95% C.l. 2.47 (2.11-2.89)) and Eastern Europe (OR, 95% C.I. 1.60
(1.38-1.86)) had higher risk of being overweight/ obesity compared to those living in Northern
Europe. Concerning the perinatal factors, maternal pre-pregnancy overweight and obesity, pre-
pregnancy diabetes, gestational weight gain above the IOM guidelines along with smoking
during any trimester of pregnancy had a positive association with offspring overweight/ obesity.
Rapid infant weight gain during the first six months according to WAZ (OR, 95% C.I. 1.37
(1.08-1.74)) and WHZ (OR, 95% C.I. 1.30 (1.04-1.63)) recommendations was strongly
associated with higher overweight/ obesity risk in childhood, while poor infant weight gain
(WAZ) (OR, 95% C.I. 0.57 (0.43-0.75)) was found to be protective regarding overweight/
obesity in comparison with normal weight gain. In addition, children that were born small for
gestational age had lower overweight/ obesity risk while those that were born large for
gestational age had a higher risk. Regarding children’s lifestyle behaviours, higher fresh fruit
juices consumption, breakfast omission some days during the week and the adoption of a
sedentary lifestyle (lower levels of physical activity and increased screen time) were positive
associated with higher overweight/ obesity risk. Surprisingly, children who consume >3 portions
of sweets per week had a negative association with overweight/ obesity risk compared to those
consuming 1/or less portions per week. Last but not least, parental practices such as limited
permission of computer, mobile or tablet was negatively associated with offspring overweight/
obesity risk while rare engagement to physical activity with the child is strongly associated with

higher overweight/ obesity risk compared to very often/ often.
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Table 2 Univariate associations of several perinatal, socio-demographic, parental practices and

lifestyle correlates (independent variables) with children’s overweight/ obesity (dependent
variables). Total sample N=12211
Independent variables % of total Odds ratio (95% confidence interval)
Overweight/Obesity

Socio-demographic factors
Maternal education

< 14 years 43.7 1.00

>14 years 56.3 0.85 (0.75-0.97)
Maternal occupation

Unemployed 28.1 1.00
Employed 71.9 1.05 (0.93-1.18)
Maternal weight status

Normal weight 66.8 1.00
Overweight 22.3 1.85 (1.64-2.09)
Obese 11.0 2.53 (2.17-2.95)
Paternal education

<14 years 54.0 1.00

> 14 years 46.0 0.77 (0.68-0.88)
Paternal occupation

Unemployed 13.0 1.00
Employed 87.0 1.05 (0.90-1.23)
Paternal weight status

Normal weight 31,5 1.00
Overweight 475 1.68 (1.47-1.92)
Obese 21.0 2.85 (2.46-3.31)
Income insecurity

Very difficult 8.7 1.00
Difficult 16.0 0.89 (0.72-1.11)
Fairly difficult 24.8 0.98 (0.79-1.20)
Fairly easy 28.7 0.95 (0.76-1.18)
Easy 17.4 0.83 (0.65-1.06)
Very easy 4.4 0.69 (0.48-1.00)
Region

Northern Europe (High-income 26.9 1.00
countries)

Southern Europe (Under economic 325 2.47 (2.11-2.89)
crisis countries)

Eastern Europe (Low-income countries) 40.6 1.60 (1.38-1.86)

Perinatal factors
Maternal age at birth

25-30 years 34.0 1.00
< 25 years 36.0 1.01 (0.72-1.44)
> 30 years 50.0 1.15 (0.93-1.42)
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Maternal pre-pregnancy weight
status

Underweight/Normal weight
Overweight

Obese

Gestational weight gain
Within IOM recommendations
Below IOM recommendations
Above IOM recommendations
Gestational age

Full-term (> 37 weeks)
Pre-term (< 37 weeks)

Maternal smoking during pregnancy

No smoking

Smoking at any trimester
Maternal diabetes

No

Before pregnancy

Gestational diabetes

Infant weight gain in the first 6
months (WAZ)

Normal

Poor (< -0,67 SD)

Rapid (> 0,67 SD)

Infant weight gain in the first 6
months (WHZ)

Normal

Poor (< -0,67 SD)

Rapid (> 0,67 SD)

Birth weight for gestational age
AGA

SGA

LGA

Breastfeeding

Exclusive

Non-exclusive

Never

Introduction of solids

4-6 months

< 4 months

> 6 months

Children’s Lifestyle

Fruit juices fresh consumption
<1 cups/week

> 1-3 cups/week

> 3 cups/week

Soft drinks diet consumption
<1 cups/week

> 1-3 cups/week

> 3 cups/week

Sweets consumption

< 1 portion*/week

> 1-3 portions'/week

> 3 portions'/week

82.2
13.7
4.1

33.1
33.9
33.0

79.4
20.6

87.6
12.4

94.9
0.5
4.6

43.7
26.9
29.4

45.0
15.8
39.2

72.3
6.5
21.2

26.3
59.6
141

62.3
9.4
28.4

36.2
221
41.7

84.6
7.6
7.8

7.6
22.9
69.5

1.00
1.54 (1.19-1.99)
2.51 (1.57-4.00)

1,00
1.09 (0.85-1.40)
2.00 (2.59-2.53)

1.00
1.23 (0.94-1.60)

1.00
1.59 (1.20-2.10)

1.00
4.92 (1.31-18.38)
1.48 (0.97-2.24)

1.00
0.57 (0.43-0.75)
1.37 (1.08-1.74)

1.00
1.01 (0.74-1.38)
1.30 (1.04-1.63)

1.00
0.57 (0.36-0.89)
1.49 (1.15-1.92)

1.00
1.26 (0.99-1.61)
1.01 (0.71-1.44)

1.00
0.90 (0.62-1.30)
1.17 (0.92-1.47)

1.00
0.97 (0.83-1.13)
1.28 (1.13-1.45)

1.00
1.16 (0.94-1.42)
1.03 (0.83-1.27)

1.00
0.93 (0.74-1.18)
0.75 (0.60-0.93)
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Salty snacks consumption

< 1 portion?/week 41.1 1.00

> 1-3 portions?/week 33.3 0.96 (0.84-1.09)
> 3 portions®/week 25.7 1.12 (0.96-1.30)
Breakfast consumption

Everyday 88.6 1.00

Not everyday 11.4 1.37 (1.17-1.61)
Physical activity for 1hr

Everyday 34.9 1.00

Not everyday 65.1 1.40 (1.24-1.58)
Screen-time activities

< 2 hours/day 63.9 1.00

> 2 hours/day 36.1 1.23 (1.09-1.39)

Parental practices
Consumption of fruit with child

Very often/Often 60.6 1.00
Sometimes 28.4 0.97 (0.86-1.10)
Rarely/Never 11.0 1.04 (0.87-1.24)
Physically active with child

Very often/Often 41.6 1.00
Sometimes 39.5 1.26 (1.10-1.43)
Rarely/Never 19.0 1.43 (1.21-1.69)
TV watching with child

Very often/Often 39.5 1.00
Sometimes 42.1 0.91 (0.80-1.03)
Rarely/Never 18.4 0.93 (0.80-1.09)
Allow TV or DVD watching

Very often/Often 29.6 1.00
Sometimes 39.5 1.00 (0.86-1.18)
Rarely/Never 30.9 1.15 (0.95-1.40)
Allow use of computer, mobile or

tablet

Very often/Often 26.3 1.00
Sometimes 34.9 0.94 (0.80-1.11)
Rarely/Never 38.9 0.81 (0.67-0.98)
Reward with TV watching

Very often/Often 11.8 1.00
Sometimes 25.2 0.82 (0.67-1.00)
Rarely/Never 63.0 1.00 (0.83-1.20)
Reward with physical activity

Very often/Often 37.8 1.00
Sometimes 39.8 0.77 (0.68-0.88)
Rarely/Never 22.4 0.77 (0.66-0.91)

*Adjusted for all statistically significant lifestyle factors and parental practices, and also for maternal education,
child’s sex and age.

IOM: Institute of Medicine, AGA: Appropriate for Gestational Age, SGA: Small for Gestational Age, LGA:
Large for Gestational Age, WAZ: weight-for-age z-scores, WHZ: Weight-for-height z-scores, SD: Standard
Deviation

ty, cup

21 small hamburger, 1 small bag of chips, 1 slice of pizza

Bold font indicates statistically significant OR (P < 0.05).
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Table 3 displays the multivariate associations of those socio-demographic, perinatal, parental
practices and lifestyle factors found to be associated with children’s overweight/ obesity at the
univariate level. Maternal and paternal weight status, region, maternal pre-pregnancy weight
status, gestational age, maternal diabetes, birth weight and infant weight gain in the first 6
months were found to have the strongest association with offspring overweight/ obesity. More
specifically, maternal overweight (OR, 95% C.I. 1.57 (1.10-2.24)) and obesity (OR, 95% C.I. 3.14
(1.89-5.22)) along with paternal overweight (OR, 95% C.I. 1.79 (1.28-2.52)) and obesity (OR, 95%
C.l. 3.06 (2.08-4.51)) were associated with higher risk of overweight/ obesity in childhood in
comparison with children whose parents had normal weight status. Moreover, children living in
Eastern Europe (low-income countries) had a 3-fold higher risk (OR, 95% C.I. 3.79 (2.12-6.78))
of being overweight or obese, while those living in Southern Europe (under economic crisis
countries) had a 6-fold higher risk (OR, 95% C.I. 6.14 (3.39-11.14)) compared to children living
in Northern Europe (high-income countries). Children whose mothers before pregnancy were
overweight (OR, 95% C.I. 1.45 (1.01-2.09)) or obese (OR, 95% C.I. 2.16 (1.56-3.00)) had a
higher overweight/ obesity risk compared to children whose mothers were underweight/normal
weight before pregnancy. Furthermore, maternal diabetes before pregnancy increased almost 7
times the risk of children’s overweight/ obesity (OR, 95% C.1.6.68 (1.00-44.59)) compared to no
maternal diabetes. Pre-term children who were born before the 37 weeks of pregnancy (OR, 95%
C.l. 1.02 (0.71-1.47)) as well as those that were born large for gestational age (OR, 95% C.I.
1.43 (1.00-2.04)) had a higher overweight/ obesity risk compared to those that were born full-
term and those that had a normal birth weight, respectively. On the contrary, children whose
weight gain during the first 6 months (WAZ) was poor (< -0,67 SD) (OR, 95% C.I. 0.52 (0.36-
0.75)) had a lower overweight/ obesity risk compared to those with a normal weight gain during
the first 6 months.
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Table 3 Multivariate associations of several perinatal, socio-demographic, parental practices and

lifestyle correlates (independent variables) with children’s overweight/ obesity (dependent
. Total sample N=12211
Independent variables % of total Odds ratio (95% confidence interval)
Overweight/Obesity

Socio-demographic factors

Gender

Boy 494 1.00

Girl 50.6 1.01 (0.77-1.33)
Age

4-7 years 12.7 1.00

7-9 years 64.6 1.25 (0.85-1.83)
9-12 years 22.6 1.38 (0.83-2.29)
Maternal education

<14 years 43.7 1.00

> 14 years 56.3 0.96 (0.69-1.34)
Maternal occupation

Unemployed 28.1 1.00
Employed 71.9 1.26 (0.91-1.74)
Maternal weight status

Normal weight 66.8 1.00
Overweight 22.3 1.57 (1.10-2.24)
Obese 11.0 3.14 (1.89-5.22)
Paternal education

<14 years 54.0 1.00

> 14 years 46.0 0.95 (0.69-1.29)
Paternal occupation

Unemployed 13.0 1.00
Employed 87.0 0.93 (0.61-1.41)
Paternal weight status

Normal weight 315 1.00
Overweight 475 1.79 (1.28-2.52)
Obese 21.0 3.06 (2.08-4.51)
Income insecurity

Very difficult 8.7 1.00
Difficult 16.0 0.78 (0.43-1.41)
Fairly difficult 24.8 0.91 (0.52-1.59)
Fairly easy 28.7 0.89 (0.50-1.59)
Easy 17.4 1.10 (0.57-2.12)
Very easy 4.4 1.16 (0.40-3.30)
Region

Northern Europe (High-income 26.9 1.00
countries)

Southern Europe (Under economic 325 6.14 (3.39-11.14)
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crisis countries)
Eastern Europe (Low-income countries)

Perinatal factors

Maternal age at birth

25-30 years

< 25 years

> 30 years

Maternal pre-pregnancy weight
status

Underweight/Normal weight
Overweight

Obese

Gestational age

Full-term (> 37 weeks)

Pre-term (< 37 weeks)

Maternal smoking during pregnancy
No smoking

Smoking at any trimester
Maternal diabetes

No

Before pregnancy

Gestational diabetes

Infant weight gain in the first 6
months (WAZ)

Normal

Poor (< -0,67 SD)

Rapid (> 0,67 SD)

Birth weight for gestational age
AGA

SGA

LGA

Breastfeeding

Exclusive

Non-exclusive

Never

Introduction of solids

4-6 months

< 4 months

> 6 months

Children’s Lifestyle

Fruit juices fresh consumption
<1 cups/week

> 1-3 cups/week

> 3 cups/week

Soft drinks diet consumption
<1 cups/week

> 1-3 cups/week

> 3 cups/week

Sweets consumption

< 1 portion*/week

> 1-3 portions'/week

> 3 portions'/week
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40.6

34.0
36.0
50.0

82.2
13.7
4.1

79.4
20.6

87.6
12.4

94.9
0.5
4.6

43.7
26.9
29.4

72.3
6.5
21.2

26.3
59.6
141

62.3
9.4
28.4

36.2
221
41.7

84.6
7.6
7.8

7.6
22.9
69.5

eudaviong matdikng mayvoapkiag/KovroyplotonouAou

3.79 (2.12-6.78)

1.00
1.32 (0.80-2.17)
0.87 (0.64-1.17)

1.00
1.45 (1.01-2.09)
2.16 (1.56-3.00)

1.00
1.02 (0.71-1.47)

1.00
1.02 (0.67-1.57)

1.00
6.68 (1.00-44.59)
1.28 (0.74-2.19)

1.00
0.52 (0.36-0.75)
1.24 (0.90-1.71)

1.00
0.87 (0.45-1.59)
1.43 (1.00-2.04)

1.00
1.14 (0.79-1.63)
1.08 (0.76-1.55)

1.00
0.29 (0.77-1.33)
1,17 (0,92-1,47)

1.00
1.30 (0.87-1.95)
1.27 (0.88-1.82)

1.00
1.20 (0.59-2.42)
1.28 (0.69-2.35)

1.00
1.79 (0.98-3.29)
1.26 (0.72-2.17)



Salty snacks consumption

< 1 portion?/week 41.1 1.00

> 1-3 portions®/week 33.3 1.26 (0.93-1.72)
> 3 portions®/week 25.7 1.01 (0.68-1.50)
Breakfast consumption

Everyday 88.6 1.00

Not everyday 11.4 1.22 (0.80-1.88)
Physical activity for 1hr

Everyday 34.9 1.00

Not everyday 65.1 1.29 (0.94-1.78)
Screen-time activities

< 2 hrs/day 63.9 1.00

> 2 hrs/day 36.1 1.06 (0.78-1.44)

Parental practices
Consumption of fruit with child

Very often/Often 60.6 1.00
Sometimes 28.4 1.18 (0.86-1.62)
Rarely/Never 11.0 1.10 (0.71-1.72)
Physically active with child

Very often/Often 41.6 1.00
Sometimes 39.5 1.03 (0.74-1.43)
Rarely/Never 19.0 1.19 (0.79-1.78)
TV watching with child

Very often/Often 39.5 1.00
Sometimes 42.1 1.00 (0.73-1.36)
Rarely/Never 18.4 1.08 (0.73-1.60)
Allow TV or DVD watching

Very often/Often 29.6 1.00
Sometimes 39.5 0.82 (0.53-1.28)
Rarely/Never 30.9 0.75 (0.45-1.24)
Allow use of computer, mobile or

tablet

Very often/Often 26.3 1.00
Sometimes 34.9 1.10 (0.70-1.75)
Rarely/Never 38.9 1.22 (0.73-2.03)
Reward with TV watching

Very often/Often 11.8 1.00
Sometimes 25.2 1.09 (0.64-1.85)
Rarely/Never 63.0 1.16 (0.72-1.87)
Reward with physical activity

Very often/Often 37.8 1.00
Sometimes 39.8 0.96 (0.70-1.32)
Rarely/Never 22.4 1.14 (0.77-1.69)

*Adjusted for all statistically significant lifestyle factors and parental practices, and also for maternal education,
child’s sex and age.

IOM: Institute of Medicine, AGA: Appropriate for Gestational Age, SGA: Small for Gestational Age, LGA:
Large for Gestational Age, WAZ: weight-for-age z-scores, SD: Standard Deviation

ty, cup

21 small hamburger, 1 small bag of chips, 1 slice of pizza

Bold font indicates statistically significant OR (P < 0.05).
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4. Discussion

The present study aimed to identify the predominant correlates of children overweight and
obesity, among a variety of perinatal, socio-demographic, lifestyle factors and parental practices
in a large sample of six European countries. It was evidenced that children from Southern and
Eastern Europe and those whose parents are overweight or obese have an increased overweight/
obesity risk. Additionally, maternal overweight/ obesity and maternal diabetes before pregnancy,
pre-term children and those with elevated birth weight for gestational age have a greater
childhood overweight/ obesity risk. On the contrary, children that had a poor infant weight gain in
the first 6 months according to WAZ have a lower childhood overweight/ obesity risk. These
findings further enlighten the knowledge and can facilitate the design of cost-effective future
intervention programs, appropriate to their needs aiming to impede and counteract childhood
overweight/ obesity.

As already previously reported (53,56,101-103), children with at least one overweight or obese
parent have greater odds of being overweight or obese. Which could be explained by genetic as
well as environmental and behavioural factors since parents play a direct role in shaping
children’s eating and activity habits (56, 104). In a previous study performed in Greece it was
also shown that parental BMI status had the greatest effect on children’s BMI classification, as
children with two obese parents had 11.6 times higher likelihood of being overweight or obese
than their peers with normal-weight parents (105). Moreover, in another study that was
conducted in 2294 schoolchildren aged 9-13 years from four Greek counties it was disclosed
that maternal overweight/ obesity was associated with 25% higher childhood obesity risk while
the risk was 14% higher for paternal overweight/ obesity (32). A cross-sectional study of 2274
girls and 2237 boys 7.0-9.5 years old in Portugal showed that children with an obese father had a
7-fold increase of overweight/ obesity risk while children with an obese mother had a 18-fold
increase of overweight/ obesity risk (106). Many neurological and hormonal factors are
implicated in weight regulation. The number of genes, factors and chromosomal markers
associated with obesity has been more than 250 (107). However, besides inheritance of genes
that confer susceptibility to obesity, parental overweight is also a proxy for shaping children’s
eating and activity environment, as they learn eating behaviours not only through their own
experiences but also by their parents, who act as role models (32,101). A growing body of
evidence demonstrates similarities between parents’ and children’s food acceptance, preferences
and intake. In most cases, overweight parents create and sustain an “obesogenic” environment
(high energy diets and physical inactivity) not only for themselves but also for their children

(106). Finally, another possible explanation is the fact that overweight mothers misperceive their
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children’s excess weight problems compared to normal weight mothers (108). Due to this
mistaken maternal perception of offspring weight status they do not acknowledge the need to
change and adopt a healthier lifestyle as the attempts to combat childhood obesity might be

successful if mothers could recognize their “at risk of being overweight” children (109,110).

Regarding SES in the present study it was disclosed that children from Southern (under
economic crisis countries) and Eastern Europe (low-income countries) have a greater risk of
being overweight or obese in comparison with children from Northern Europe (high-income
countries). More specifically, children from countries under economic crisis with austerity
measurements have a two-fold risk compared to children from low-income countries. Our results
come to an agreement with numerous previous studies that have investigated the association
between SES and childhood overweight/ obesity (33,111,112). In a multi-centre population-
based intervention study on childhood obesity that was carried out in selected regions of eight
European countries comprising Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and
Sweden, it was shown that SES, characterized by parents education, occupation and income had
an inverse association with the prevalence of childhood overweight (113). In the Toy-box study,
that was conducted in 7554 preschool children 3.5-5.5 years old and their parents in six
European countries (Belgium, Bulgaria, Germany, Greece, Poland and Spain), it was revealed
that the prevalence of overweight/obesity was higher in Southern/Eastern European countries
compared to Central/North European countries and higher prevalence was recorded among "low-
SES" families (53). Finally, in another cross-sectional study in which 18745 children from eight
European countries participated revealed that the combined prevalence of overweight/ obesity
ranges from more than 40% in Southern Europe to less than 10% in Northern Europe (51). Low
SES may be associated with poorer diet quality as a recent review showed that the consumption
of refined grains and added fats has been associated with lower SES, whereas the consumption
of lean meats, fish, whole grains, low-fat dairy products and fresh vegetables and fruit has been
associated higher SES (114). Another review revealed that children from low SES families eat
fewer family meals, are more likely to skip breakfast and to be food-insecure, have parents with
less authoritative feeding practices or parents that are less concerned about their weight, have
less available healthy foods at home and less healthy food habits. Moreover, they are more likely
to eat fast food and SSBs more often during the week and finally they have excess screen time

and are less physically active (115).
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With regard to maternal weight status before pregnancy in the current study we revealed that
children with overweight or obese mothers before pregnancy have an increased overweight/
obesity risk compared to children with underweight or normal weight mothers before pregnancy.
Previous studies, reviews and meta-analyses have confirmed that higher maternal pre-pregnancy
BMI increases the risk of childhood overweight/ obesity (31,44,46,116). The Avon Longitudinal
Study of Parents and Children in the United Kingdom conducted in 8234 children, with a mean
age of 7 years old, disclosed that maternal pre-pregnancy obesity was associated with offspring
obesity (117). A meta-analysis of 45 studies found that, compared to women with normal BMI,
pre-pregnancy maternal overweight/ obesity increased the risk of overweight and obesity in
offspring from infancy to adolescence (118). Another meta-analysis of 20 studies indicated that,
compared to infants of women with normal pre-pregnancy BMI, infants born to overweight and
obese women had higher fat mass and percent of body fat (119). The relationship of maternal
overweight/ obesity with greater offspring adiposity may be mediated by increased DNA
methylation (36). Earlier studies have shown a positive association between mother’s pre-
pregnancy abdominal obesity and child’s subcutaneous and visceral fat (32,33,120). Overweight
and obese pregnant women are more likely to have insulin resistance, even those with normal
glucose tolerance, compared to their normal weight counterparts (33). Subsequently, that
intrauterine exposure to an excess of fuels such as glucose and lipids and their disturbed
regulation causes permanent fetal changes and creates an adverse metabolic status (121).

Furthermore, maternal pre-pregnancy diabetes was associated with a greater offspring
overweight/ obesity risk. Previous studies verify the present outcome as in a systematic review
and meta-analysis of twenty observational studies it was shown that the offspring of TIDM
mothers had significantly higher BMI z-scores from pre-pubertal to adolescence than offspring
of non-diabetic mothers independently of maternal obesity. It was also revealed that BMI z-
scores of the offspring of TLDM mothers were significantly higher than those of controls and
this means the intrauterine exposure to hyperglycemia can affect directly offspring higher BMI
z-scores despite hereditary determinants (122). Moreover, there is evidence that the long-term
consequences of exposure to diabetes in utero on future obesity are independent of mother’s
diabetes type (123,124). The underlying mechanisms that increase the risk of offspring
overweight/ obesity are not fully understood. Firstly, exposure to maternal diabetes is associated
with excess fetal growth in utero, that may be due to an elevation in fetal fat mass and alterations
of fetal hormones (125-127). Moreover, the fetal hyperinsulinemia, caused by high maternal

glucose levels may not only be transported excessively to the fetus, but also can impact the fetal
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pancreas, causing B-cell hyperplasia and hypersensitivity. Fetal insulin that acts as a growth

hormone, leads to LGA and subsequently to later childhood obesity development (128).

Regarding other perinatal factors, in the current study it was shown that pre-term (<37 weeks)
children and those that had an increased birth weight, have a greater overweight/ obesity risk in
comparison with children that were full-term (>37 weeks) and had a normal birth weight,
respectively. Our results are consistent with those of previous cohort studies which indicated that
premature birth and high birth weight are associated with overweight/ obesity during childhood
(31, 40, 129, 130). The WHO European COSI study that was conducted in 22 European
countries in children 6-9 years old revealed that a high birth weight was also associated with a
higher risk of being overweight and higher odds of being obese were also observed in cases of
pre-term birth (42). However, there are several studies reporting a ‘U’-shaped relationship
between birth weight and childhood overweight, thereby proposing a more composite association
between fetal size at birth and obesity later in life. Population-based studies and systematic
reviews have identified that high birth weight (>4,000g) is associated with a greater risk of
obesity while low birth weight (<2,5009) leads to abnormal fetal development and in a rapid
catch-up growth in early infancy, that results in higher fat mass later in life (131, 132). The
relationship between these perinatal factors and later obesity may be attributed to disturbances
during critical periods of development (such as intrauterine growth and infancy), which may
provoke permanent metabolic, physiological and structural adaptations (42,44,133). Moreover,
regarding pre-term birth, a study that was conducted in 38 infants born <32 weeks and 29 full-
term infants disclosed that the pre-term infants had a highly significant decrease in subcutaneous
adipose tissue and significantly increased intra-abdominal adipose tissue that may lead to future

overweight/ obesity (134).

Last but not least, in the present study a lower risk of childhood overweight/obesity was reported
for children with poor infant weight gain in the first 6 months in comparison with children that
had a normal infant weight gain. To the best of our knowledge, there is a lack of relevant studies
investigating the association of poor infant weight gain. On the contrary,
rapid weight gain in the first year of life has consistently been associated with an increased risk
of obesity in childhood (135-137). In a meta-analysis and systematic review of 19 retrospective
and prospective studies it was found that accelerated weight gain was a critical risk factor for
childhood obesity and more specifically, in preterm infants, accelerated weight gain significantly

increased the risk of obesity in middle childhood (8-11 years old). Although the mechanism by
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which rapid weight gain leads to childhood obesity is yet unclear, several hypotheses have been
proposed, including perinatal programming, genetic factors, nutritional factors, parental feeding
practices, and others (138). In addition, Baird et al. in a systematic review observed that the
relative risks of obesity in infants growing more rapidly in the first year compared to those who
had a more slowly growth ranged from 1.06-5.70 (135). The effect of early growth on later body
composition has also been investigated. Particularly, studies that have focused on the first six
months of life as is the period that body mass gain is primarily gain in fat mass, while fat free
mass increases after this age, have shown that rapid weight gain from birth to 5 months is
associated with higher fat mass, but not fat free mass (139). It should be noted that in certain
population groups, such as SGA, intrauterine growth restriction or pre-term infants, rapid weight
gain or catch-up growth is considered beneficial in terms of morbidity and mortality in the short
term, but increases the risk of chronic diseases later in life. After the first year of life when the
adipose tissue is growing, there is a slimming of the child until 6 years of age. Then the adipose
tissue starts to increase relatively again and this is named as the adiposity rebound (140). A very
early adiposity rebound is considered a determinant of obesity at later ages (141).

To the best of our knowledge, this is the first study that examines childhood overweight/ obesity
in the viewpoint of several perinatal, socio-demographic, lifestyle factors and parental practices,
in a very large sample of six European countries. This study has certain strengths and
weaknesses. The large study sample, the standardized protocols and procedures followed across
all centers and the objectively collected data (i.e. anthropometric indices) ensure more objective
and reliable assessment and improve the generalizability of the findings. Inversely, most of the
collected data is self-reported thus prone to recall and social desirability bias. Additionally, due
to the cross-sectional design of the present analysis, no temporal relationship and hence causal
inferences can be established. Despite the limitations mentioned above, the reported findings
deserve further attention for the development of effective strategies to fight childhood
overweight/ obesity.

5. Conclusion

After assessing various perinatal, socio-demographic, lifestyle factors and parental practices,
parental overweight/ obesity, living in low-income and countries under crisis, maternal diabetes
and maternal overweight/ obesity before pregnancy, premature birth and high birth weight
remained the main significant predictors of childhood overweight and obesity. On the contrary,

poor infant weight gain in the first six months seems to have a protective effect on that risk.
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Subsequently, childhood overweight and obesity is an alarming public health problem
worldwide, to which a variety of different factors may have a pivotal role like the perinatal and
socio-demographic characteristics. Therefore it is recommended that health promotion strategies
and intervention programs should be family oriented, to increase awareness of the cardinal role
of parental behavior regarding childhood overweight/obesity and to highlight the importance of

its prevention before gestation.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou seAiba 38



References

1. Di Cesare M, Soric M, Bovet P, Miranda JJ, Bhutta Z, Stevens GA, Laxmaiah A, Kengne AP,
Bentham J. The epidemiological burden of obesity in childhood: a worldwide epidemic requiring urgent
action. Review. BMC Medicine 2019;17:212.

2. Kumar S, Kelly AS. Review of Childhood Obesity: From Epidemiology, Etiology, and Comorbidities
to Clinical Assessment and Treatment. Mayo Clin Proc.2017;18(7):1-15.

3. Lee EY, Yoon KH. Epidemic obesity in children and adolescents: risk factors and prevention. Front
Med 2018;12(6):658-666.

4. World Health Organization. (2021). Global database on child health and malnutrition. UNICEF-WHO-
The World Bank: Joint child malnutrition estimates - Levels and trends. Geneva: WHO; 2020. Accessed
30 Apr 2021. https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

5. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-off for thinness, overweight
and obesity. Pediatr. Obes. 2012;7: 284-294.

6. Rolland-Cachera MF. Childhood obesity: current definitions and recommendations for their use.
International Journal of Pediatric Obesity. 2011;6(5-6), 325-331. doi:10.3109/17477166.2011.607458

7. Hubbard VS. Defining overweight and obesity: what are the issues? Am J Clin Nutr 2000;72:1067-
1068.

8. Lustig RH, Weiss R. Disorders of energy balance. In: Sperling MA (ed) Pediatric Endocrinology (third
edition). Saunders Elsevier, Philadelphia, PA 2008:788-838.

9. GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of
79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016;388:1659-724.

10. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mullany EC, Biryukov S,
Abbafati C, Abera SF, Abraham JP, Abu-Rmeileh NM, Achoki T, AlBuhairan FS, Alemu ZA., et al.
Global, regional, and national prevalence of overweight and obesity in children and adults during 1980—
2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2014; 384(9945): 766—
781.

11. Weihrauch-Bliiher S, Wiegand S. Risk Factors and Implications of Childhood Obesity. Review. Curr
Obes Rep 2018;7(4):254-259.

12. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement
studies in 128.9 million children, adolescents, and adults. Lancet 2017;390:2627-42.

13. Wijnhoven TMA, van Raaij JMA, Spinelli A, Starc G, Hassapidou M, Spiroski I, Rutter H, Martos E,
Rito Al, Hovengen R, Pérez-Farinds N, Petrauskiene A, Eldin N, Braeckevelt L, Pudule I, Kunesova M,
Breda J. WHO European Childhood Obesity Surveillance Initiative: body mass index and level of
overweight among 6-9-year-old children from school year 2007/2008 to school year 2009/2010 BMC
Public Health 2014; 14:806.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou ZeAiba 39



14. Lopez-Sanchez GF, Sgroi M, D’Ottavio S, Diaz-Suarez A, Gonzalez-Villora S, Veronese N, Smith L.
Body Composition in Children and Adolescents Residing in Southern Europe: Prevalence of Overweight
and Obesity According to Different International References. Front. Physiol. 2019;10:130.

15. Garrido-Miguel M, Oliveira A, Cavero-Redondo I, Alvarez-Bueno C, Pozuelo-Carrascosa DP,
Soriano-Cano A, Martinez-Vizcaino V. Prevalence of Overweight and Obesity among European
Preschool Children: A Systematic Review and Meta-Regression by Food Group Consumption. Nutrients
2019; 11, 1698.

16. Grosso G, Galvano F. Mediterranean diet adherence in children and adolescents in southern European
countries. NFS J.2016; 3, 13-19.

17. Hruby A, Hu FB. The Epidemiology of Obesity: A Big Picture. Pharmacoeconomics 2015; 33, 673—
689.

18. Moreno LA, Pigeot I, Ahrens W. Childhood obesity: Etiology-synthesis part 11. In Epidemiology of
Obesity in Children and Adolescents. Prevalence and Etiology; Ahrens, W., Moreno, L.A., Eds.; Springer
2011: London, UK.

19. Han JC, Kimm SYS. Childhood Obesity-2010: Progress and Challenges. Lancet 2010; 375:1737-
1748.

20. Neslihan KG. Overweight and Obesity in Children and Adolescents. Journal of Clinical Research in
Pediatric Endocrinology 2014; 6(3):129-143.

21. Nicolai JP, Lupiani JH, Wolf A.J. An Integrative approach to obesity. In: Rakel D (ed). Integrative
Medicine (3rd ed). W.B. Saunders (Elsevier), Philadelphia, PA 2012:364-375

22. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic risks and severity of obesity in
children and young adults. N Engl J Med. 2015;373(14):1307-1317.

23. Egger G, Liang G, Aparicio A, Jones PA. Epigenetics in human disease and prospects for epigenetic
therapy. Review. Nature 2004;429(6990):457—63.

24. Adams BD, Arem H, Hubal MJ, Cartmel B, Li F, Harrigan M. Exercise and weight loss interventions
and miRNA expression in women with breast cancer. Breast Cancer Res Treat. 2018;170(1):55-67.

25. Dick KJ, Nelson CP, Tsaprouni L, Sandling JK, Aissi D, Wahl S. DNA methylation and body-mass
index: a genome-wide analysis. Lancet. 2014; 383(9933):1990-8.

26. Ek A, Nystrom CD, Chirita-Emandi A, Tur JA, Nordin K, Bouzas C, Argelich E, Martinez JA, Frost
G, Garcia-Perez |, Saez M, Paul C, Lof M, Nowicka P. A randomized controlled trial for overweight and
obesity in preschoolers: the More and Less Europe study — an intervention within the STOP project. BMC
Public Health 2019; 19:945.

27. Godfrey KM, Sheppard,A, Gluckman PD, Lillycrop KA, Burdge GC, McLean C. Epigenetic gene
promoter methylation at birth is associated with child's later adiposity. Diabetes. 2011;60(5):1528-34.

28. Rhee KE, Phelan S, McCaffery J. Early determinants of obesity: genetic, epigenetic, and in utero
influences. Int J Pediatr. 2012;463850.

29. Dubern B, Bisbis S, Talbaoui H. Homozygous null mutation of the melanocortin-4 receptor and
severe early-onset obesity. J Pediatr. 2007;150(6):613-617.e1.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 40



30. Vaisse C, Clement K, Durand E, Hercberg S, Guy-Grand B, Froguel P. Melanocortin-4 receptor
mutations are a frequent and heterogeneous cause of morbid obesity. J Clin Invest 2000.;106(2):253-262.

31. Baidal JA., Locks LM, Cheng ER, Blake-Lamb TL, Perkins ME, Taveras EM. Risk Factors for
Childhood Obesity in the First 1,000 Days. A Systematic Review. Am J Prev Med 2015; 6, P761-779.

32. Birbilis M, Moschonis G, Mougios V, Manios Y. Obesity in adolescence is associated with perinatal
risk factors, parental BMI and sociodemographic characteristics. European Journal of Clinical Nutrition
2013;67, 115-121.

33. Moschonis G, Kaliora AC, Karatzi K, Michaletos A, Lambrinou CP, Karachaliou AK, Chrousos GP,
Lionis C, Manios Y. Perinatal, sociodemographic and lifestyle correlates of increased total and visceral
fat mass levels in schoolchildren in Greece: the Healthy Growth Study. Public Health Nutrition
2016;20, 4, 660 — 670.

34. Zhu Y, Olsen SF, Mendola P. Growth and obesity through the first 7 y of life in association with
levels of maternal glycemia during pregnancy: A prospective cohort study. Am. J. Clin. Nutr. 2016; 103:
794-800.

35. Kim SY, Sharma AJ, Callaghan WM. Gestational diabetes and childhood obesity: what is the link?
Current opinion in obstetrics & gynecology 2012;24(6): 376-381.

36. Liao XP, Yu Y, Marc I, Bouchard L, Ouyang F. et al. Prenatal determinants of childhood obesity: a
review of risk factors. Canadian Journal of Physiology and Pharmacolo 2018; 21,5,1-22

37. Glavin K, Roelants M, Strand BH, Juliusson PB, Lie KK, Helseth S. Important periods of weight
development in childhood: a population-based longitudinal study. BMC Public Health. 2014; 14(1): 160.

38. Kang M, Yoo JE, Kim K, Choi S, Park SM. Associations between birth weight, obesity, fat mass and
lean mass in Korean adolescents: the Fifth Korea National Health and Nutrition Examination Survey.
BMJ Open. 2018; 8(2):e018039.

39. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG. Birth weight and subsequent risk of obesity: a
systematic review and meta-analysis. Obesity reviews : an official journal of the International Association
for the Study of Obesity 2011;12(7): 525-542.

40. Garnett SP, Cowell CT, Baur LA, Fay RA, Lee J, Coakley J. Abdominal fat and birth size in healthy
prepubertal children. Int J Obes Relat Metab Disord. 2001; 25(11): 1667-73.

41. Ibanez L, Ong K, Dunger DB, de Zegher F. Early development of adiposity and insulin resistance
after catch-up weight gain in small-for-gestational-age children. J Clin Endocrinol Metab. 2006; 91(6):
2153-8.

42. Rito Al, Buoncristiano M, Spinelli A, Salanave B, Kunesova M, Hejgaard T, Garcia Solano M.
Association between Characteristics at Birth, Breastfeeding and Obesity in 22 Countries: Rooney, B.L.,
Mathiason, M.A., Schauberger, C.W. (2011). Predictors of obesity in childhood, adolescence, and
adulthood in a birth cohort. Matern Child Health J 2019.; 15(8): 1166—75.

43. Oken E, Levitan EB, Gillman MW. Maternal smoking during pregnancy and child overweight:
systematic review and meta-analysis. Int J Obes (Lond)2008;32(2): 201-210.

44. Heppe DH, Jong JCK, Durmus B, et al. Parental, fetal, and infant risk factors for preschool
overweight: the Generation R Study. Pediatr Res. 2013;73(1):120-127.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 41


file:///C:/Users/Χάρης/Downloads/6
https://www.cambridge.org/core/journals/public-health-nutrition
https://www.cambridge.org/core/journals/public-health-nutrition/issue/53ADF413CF8270C935765C1060425319

45, Sutcliffe AG, Barnes J, Belsky J, Gardiner J, Melhuish E. The health and development of children
born to older mothers in the United Kingdom: observational study using longitudinal cohort data. BMJ
2012;345:e5116

46. Risvas G, Papaioannou I, Panagiotakos DB, Farajian P, Bountziouka V, Zampelas A. Perinatal and
family factors associated with preadolescence overweight/obesity in Greece: The GRECO study. Journal
of Epidemiology and Global Health 2019;2:3, 145-153,

47. Horta BL, Loret de Mola C, Victora CG. Long-term consequences of breastfeeding on cholesterol,
obesity, systolic blood pressure and type 2 diabetes: a systematic review and meta-analysis. Acta Paediatr.
2015;104(467): 30-7.

48. Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration of breastfeeding and risk of
overweight: a metaanalysis. Am J Epidemiol. 2005; 162(5): 397—403.

49. Huh SY, Rifas-Shiman SL, Taveras EM, Oken E, Gillman MW. Timing of solid food introduction
and risk of obesity in preschoolaged children. Pediatrics. 2011;127(3):e544—e551.

50. WHO Regional Office for Europe: WHO European Childhood Obesity Surveillance Initiative.
Protocol, version August 2010. Copenhagen: 2010.

51. Ahrens W, Pigeot |, Pohlabeln H, De Henauw S, Lissner L, Molnar D, Moreno LA, Tornaritis M,
Veidebaum T, Siani A. on behalf of the IDEFICS consortium. Prevalence of overweight and obesity in
European children below the age of 10. International Journal of Obesity 2014;38, S99-S107.

52. Brug J, van Stralen MM, te Velde SJ, Chinapaw MJM, De Bourdeaudhuij I, Lien N, Bere E, Maskini
V, Singh AS, Maes L, Moreno L, Jan N, Kovacs E, Lobstein T, Manios Y. Differences in Weight Status
and Energy-Balance Related Behaviors among Schoolchildren across Europe: The ENERGY-Project.
PL0oS ONE 2012;7(4): e34742.

53. Manios Y, Androutsos O, Katsarou C, Vampouli EA, Kulaga Z, Gurzkowska B, lotova V, Usheva N,
Cardon G, Koletzko B, Moreno LA., De Bourdeaudhuij I. Prevalence and sociodemographic correlates of
overweight and obesity in a large Pan-European cohort of preschool children and their families. The
ToyBox-study. Nutrition 2018;55-56.

54. Manios Y, Costarelli V. Childhood Obesity in the WHO European Region. Epidemiology of Obesity
in Children and Adolescents. Springer Series on Epidemiology and Public Health 2011;2.

55. WHO Regional Office for Europe: Vienna Declaration on Nutrition and Noncommunicable Diseases
in the Context of Health 2020. Copenhagen: 2013 [http://www.euro.who.int/en/media-
centre/events/events/2013/07/viennaconference-on-nutrition-and-noncommunicable
diseases/documentation/vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-thecontext-
of-health-2020]

56. Farajian P, Panagiotakos DB, Risvas G, Karasouli K, Bountziouka V, Voutzourakis N, Zampelas A.
Socio-economic and demographic determinants of childhood obesity prevalence in Greece: the GRECO
(Greek Childhood Obesity) study. Public Health Nutrition 2012; 16(2), 240-247

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 42



57. Yannakoulia M, _Matalas AL, _Yiannakouris N, Papoutsakis C, _Passos M, _Klimis-Zacas D.
Disordered eating attitudes: An emerging health problem among Mediterranean adolescents. Eat Weight
Disord 2004;9, 126-133

58. Hills AP, Andersen LB., Byrne NM. Physical activity and obesity in children. Br J Sports Med
2011,45:866-870.

59. Lee GY, Ham OK. Factors affecting underweight and obesity among elementary school children in
South Korea. Asian Nurs. Res. 2015;9, 298—-304.

60. Powell LM, Nguyen BT. Fast-food and full-service restaurant consumption among children and
adolescents: impact on energy; beverage and nutrient intake. JAMA Pediatr. 2013;167 (1), 14-20.

61. Garnguet D. Nutrition Findings from the Canadian Community Health Survey Overview of
Canadians' Eating Habits; Statistics; Canada. Health Statistics Division 2004;2:17-32.

62. Papandreou D, Makedou K, Zormpa A, Karampola M, loannou A, Hitoglou-Makedou A. Are dietary
intakes related to obesity in children? J. Med. Sci. 2016;2:194-199.

63. Deren K, Weghuber D, Caroli M, Koletzko B, Thivel D, Frelut ML, Socha P, Grossman Z,
Hadjipanayis A, Wyszynska J, Mazur A. Consumption of Sugar-Sweetened Beverages in Paediatric Age:
A Position Paper of the European Academy of Paediatrics and the European Childhood Obesity Group.
Review. Ann Nutr Metab 2019;74:296-302.

64. Ludwig DS, Peterson KE, Gortmaker SL. Relation between consumption of sugar-sweetened drinks
and childhood obesity: a prospective, observational analysis. Lancet 2001; 357: 505-08.

65. Bjelanovic J, Velicki R, Popovic M, Bijelica A, Jevtic M. Prevalence and some risk factors of
childhood obesity. Nutrition 2017;19 (2), 138-145.

66. Albataineha SR, Badranb EF, Tayyema RF. Overweight and obesity in childhood: Dietary,
biochemical, inflammatory and lifestyle risk factors. Review. Obesity Medicine 2019;15:1-7

67. Mushtaq MU, Gull S, Mushtag K, Shahid U, Shad MA, Akram J. Dietary behaviors; physical activity
and sedentary lifestyle associated with overweight and obesity; and their socio-demographic correlates;
among Pakistani primary school children. Int. J. Behav. Nutr. Phys. Act 2011.; 8 (1), 130.

68. Intiful FD, Lartey A. Breakfast habits among school children in selected communities in the eastern
region of Ghana. Ghana Med. J. 2014;48 (2), 71-77.

69. Bere E, Andersen LB. Why no support for an association between active commuting to school and
weight status in the literature? J Phys Act Health 2009;6:533-4.

70. Nielsen G, Bugge A, Hermansen B. School ground facilities as a determinant of children’s daily
activity — a cross-sectional study of Danish primary school children. J Phys Act Health 2011; 9(1):104-
14,

71. Hill JO, Wyatt HR, Peters JC. Energy balance and obesity. Circulation 2012;126:126-32.

72. Poorolajal J, Sahraeia F, Mohamdadi Y, Doosti-Irania A, Moradia L. Behavioral factors influencing
childhood obesity: a systematic review and meta-analysis. Obesity Research & Clinical Practice 2020;
14,109-118.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 43


https://link.springer.com/article/10.1007%2FBF03325056#auth-M_-Yannakoulia
https://link.springer.com/article/10.1007%2FBF03325056#auth-A__L_-Matalas
https://link.springer.com/article/10.1007%2FBF03325056#auth-N_-Yiannakouris
https://link.springer.com/article/10.1007%2FBF03325056#auth-C_-Papoutsakis
https://link.springer.com/article/10.1007%2FBF03325056#auth-M_-Passos
https://link.springer.com/article/10.1007%2FBF03325056#auth-D_-Klimis_Zacas

73. Leskinen T, _Kujala U. Health-Related Findings Among Twin Pairs Discordant for Leisure-Time
Physical Activity for 32 Years: The TWINACTIVE Study Synopsis. Twin Research and Human
Genetics 2015;18(03):1-7.

74. Musaiger AO. Overweight and Obesity in Eastern Mediterranean Region: Prevalence and Possible
Causes. Journal of Obesity 2011;20,1-17.

75. Epstein LH, Roemmich JN, Robinson JL, Paluch RA, Winiewicz DD, Fuerch JH. A randomized trial
of the effects of reducing television viewing and com-puter use on body mass index in young children.
Arch Pediatr Adolesc Med 2008;162:239-45.

76. Liu J, Zhang A, Li L. Sleep duration and overweight/obesity in children: review and implications for
pediatric nursing. J. Spec. Pediatr. Nurs. 2012;17 (3), 193-204.

77. Tambalis KD, Panagiotakos DB, Psarra G, Sidossis LS. Insufficient sleep duration is associated with
dietary habits; screen time; and obesity in children. J. Clin. Sleep Med. 2018;4 (10), 1689-1696.

78. _Patrick H, _Nicklas TA. A Review of Family and Social Determinants of Children’s Eating Patterns
and Diet Quality. Journal of the American College of Nutrition 2005; 24:2, 83-92

79. Van Lippevelde W, Verloigne M, De Bourdeaudhuij I. Does parental involvement make a difference
in school-based nutrition and physical activity interventions? A systematic review of randomized
controlled trials. Int J Public Health 2012; 57:673-678

80. Berge JM, Wall M, Bauer K, Neumark-Sztainer D. Parenting Characteristics in the Home
Environment and Adolescent Obesity: A Latent Class Analysis. Obesity 2010;18:818-825.

81. Baumrind D. Rearing competent children. In: Damon, editor. Child Development Today and
Tomorrow. San Francisco: Josey-Bass 1989; 349-378.

82. Arredondo EM, Elder JP, Ayala GX, Campbell N, Baquero B, Duerksen S. Is parenting style related
to children’s healthy eating and physical activity in Latino families? Health Education Research
2006;21(6):862-871.

83. Chen J, Kennedy C. Family functioning, parenting style, and Chinese children’s weight status.
Journal of Family Nursing 2004;10:262-279.

84. Gable S, Lutz S. Household, parent and child contributions to childhood obesity. Family Relations
2000;4:293-300.

85. Kremers SPJ, Brug J, deVries H, Engels RC. Parenting style and adolescent fruit consumption.
Appetite 2003;41:43-50.

86. van der Horst K, Kremers S, Ferreira I, Singh A, Oenema A, Brug J. Perceived parenting style and
practices and the consumption of sugar-sweetened beverages by adolescents. Health Education Research
2007;22(2):295-304.

87. Faith MS, Scanlon KS, Birch LL, Francis LA, Sherry B. Parent child feeding strategies and their
relationships to child eating and weight status. Obes Res 2004; 12: 1711-1722.

88. Farrow C, Blissett J. Controlling feeding practices: cause or consequence of early child weight?
Pediatrics 2008;121: 164 169.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou selida 44


https://www.researchgate.net/profile/Tuija-Leskinen?_sg%5B0%5D=i8TXanmxLVA7TXkr-jiBsf_rKiGYdKEC9D9JoTIIq0nO5AsTr2EWcjk01-_qWuzBcUkh1YA.CMxTR7nAx6Y-5akKMaabgP9eggESKR2ruXEYbG0RTOilON92woBWZN7rmE0rNl0WOa9AjBBMKuU4FOnaekb_FQ&_sg%5B1%5D=TkUiXa3EIAdje5l3xHVPPSiQfsr21lRrNrgVVnD0akSW2vSmS_vDDLYdjICV4G2b4Ly9w4I.cz_c-XVKyLGSMkbtdpS5Ik9JnybI68i6EGEedGf597rm82uyjCfLj9wed7LN1G8jwV-Dkh9u_X31F0ZFSu05AA
https://www.researchgate.net/profile/Urho-Kujala?_sg%5B0%5D=i8TXanmxLVA7TXkr-jiBsf_rKiGYdKEC9D9JoTIIq0nO5AsTr2EWcjk01-_qWuzBcUkh1YA.CMxTR7nAx6Y-5akKMaabgP9eggESKR2ruXEYbG0RTOilON92woBWZN7rmE0rNl0WOa9AjBBMKuU4FOnaekb_FQ&_sg%5B1%5D=TkUiXa3EIAdje5l3xHVPPSiQfsr21lRrNrgVVnD0akSW2vSmS_vDDLYdjICV4G2b4Ly9w4I.cz_c-XVKyLGSMkbtdpS5Ik9JnybI68i6EGEedGf597rm82uyjCfLj9wed7LN1G8jwV-Dkh9u_X31F0ZFSu05AA
https://www.tandfonline.com/author/Patrick%2C+Heather
https://www.tandfonline.com/author/Nicklas%2C+Theresa+A

89. Lobstein T, Baur L, Uauy R. IASO international obesity taskforce. Obesity in children and young
people: a crisis in public health. Obes Rev 2004; 5: 4-85.

90. Cislak A, Safron M, Pratt M, Gaspar T, Luszczynska A. Family-related predictors of body weight and
weight-related behaviours among children and adolescents: a systematic umbrella review.Child Care
Health Dev 2011;38(3):321-31.

91. Skouteris H, McCabe M, Swinburn B, Newgreen V, Sacher P, Chadwick P. Parental influence and
obesity prevention in pre-schoolers: a systematic review of interventions. Obesity 2011;12, 315-328.

92. Manios Y, Androutsos O, Lambrinou CP, Cardon G, Lindstrom J, Annemans L, et al. A school- and
community-based intervention to promote healthy lifestyle and prevent type 2 diabetes in vulnerable
families across Europe: design and implementation of the Feel4Diabetes-study. Public Health Nutr 2018;
12;21(17):3281-90

93. Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, Tuomilehto J. The
Finnish Diabetes Prevention Study (DPS): Lifestyle intervention and 3-year results on diet and physical
activity. Diabetes Care 2003; 26:12, 3230-3236.

94. World Health Organization. (2000). Obesity: preventing and managing the global epidemic: World
Health Organization

95. Institute of Medicine (2009). Weight gain during pregnancy - reexamining the guidelines. In:
Rasmussen KM, Yaktine AL, editors. Technical Guidelines.Washington (DC): Institute of Medicine and
National Research Council, The National Academies Press.

96. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, Lambert A,
Papageorghiou AT, Carvalho M, Jaffer YA. et al. International standards for newborn weight, length, and
head circumference by gestational age and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st Project. Lancet (London England) 2014;384(9946):857—-868.

97. WHO Multicentre Growth Reference Study Group (2006) WHO Child Growth Standards:
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass index-forage:
methods and development. World Health Organization, Geneva
https://mwww.who.int/publications/i/item/924154693X

98. Trost SG, Sallis JF, Pate RR, Freedson PS, Taylor WC, Dowda M. Evaluating a model of parental
influence on youth physical activity. Am. J. Prev. Med 2003; 25, 277-282.

99. Larios SE, Ayala GX, Arredondo EM, Baquero B, Elder JP. Development and validation of a scale to
measure Latino parenting strategies related to children’s obesigenic behaviors. The parenting strategies
for eating and activity scale (PEAS). Appetite 2009; 52(1), 166-172.

100. Sleddens EF, Kremers SP, De Vries NK, Thijs C. Relationship between parental feeding styles and
eating behaviours of Dutch children aged 6—7. Appetite 2010; 54, 30-36.

101. Hassapidou M, Papadopoulou SK, Frossinis A. Sociodemographic, ethnic and dietary factors
associated with childhood obesity in Thessaloniki, Northern Greece. Hormones 2009;8:53-59

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou Yehiba 45



102. Kunesova M, Vignerova J, Steflova A. et al. Obesity of Czech children and adolescents: relation to

parental obesity and socioeconomic factors. J Public Health 2007;15, 163-170.

103. Zeller MH, Reiter-Purtill J, Modi AC, Gutzwiller J, Vannatta K, Davies WH. Controlled Study of
Critical Parent and Family Factors in the Obesigenic Environment. OBESITY 2007;15:1 126-36.

104. Wardle J, Carnell S, Haworth CMA. et al. Evidence for a strong genetic influence on childhood
adiposity despite the force of the obesogenic environment. Am J Clin Nutr 2008;87, 398-404.

105. Manios Y, Angelopoulos PD, Kourlaba G. et al. Prevalence of obesity and body mass index
correlates in a representative sample of Cretan school children. Int J Pediatr Obes 2010;6, 135-141.

106. Padez C, Mourao I, Moreira P. et al. Prevalence and risk factors for overweight and obesity in
Portuguese children. Acta Paediatr 2005; 94, 1550-1557

107. Raziani Y, Raziani S. Investigating the Predictors of Overweight and Obesity in Children.

International Journal of Advanced Studies in Humanities and Social Science 2020; 9(4), 262-280

108. Evans A. Are parents aware that their children are overweight or obese? Do they care? Can Fam
Physician. 2007;53(9):1493-9.

109. Manios Y, Kondaki K, Kourlaba G, Vasilopoulou E, Grammatikaki E Maternal perceptions of their
child's weight status: the GENESIS study. Public Health Nutr. 2009;12(8):1099-105.

110. Parkinson KN, Reilly JJ, Basterfield L, Reilly JK, Janssen X, Jones AR, Cutler, LR, Le Couteur A,
Adamson AJ. Mothers' perceptions of child weight status and the subsequent weight gain of their
children: a population-based longitudinal study. Int J Obes (Lond) 2017.;41(5):801-806.

111. Costarelli V, Manios Y. The influence of socioeconomic status and ethnicity on children’s excess
body weight. Nutrition & Food Science 2014; 39: 6.

112. Moore S, Hall JN, Harper S, Lynch JW. Global and National Socioeconomic Disparities in Obesity,
Overweight, and Underweight Status. Journal of Obesity 2010;11

113. Bammann K, Gwozdz W, Lanfer A, Barba G, De Henauw S, Eiben G, Fernandez-Alvira JM,
Kovacs E, Lissner L,. Moreno LA, Tornaritis M, Veidebaum T, Pigeot I. on behalf of the IDEFICS
Consortium. Socioeconomic factors and childhood overweight in Europe: results from the multi-centre
IDEFICS study. Pediatr Obes 2013;8(1):1-12.

114. Darmon N, Drewnowski A. Does social class predict diet quality? The American Journal of Clinical
Nutrition 2008;87:5, 1107-1117

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 46



115. Rosenkranz RR, Dzewaltowski DA. Model of the home food environment pertaining to childhood
obesity. Review. Nutrition Reviews 2008;66(3):123-140.

116. Voerman E, Santos S, Golab BP, Amiano P, Ballester F, Barros H, Bergstrom A, Charles MA,
Chatzi L, Chevrier C. et al. Maternal body mass index, gestational weight gain, and the risk of overweight
and obesity across childhood: An individual participant data meta-analysis. PLoS Med 2019; 16(2):
e1002744.

117. Reilly JJ, Armstrong J, Dorosty AR, Emmett PM, Ness A, Rogers I, et al. Early life risk factors for
obesity in childhood: cohort study. Bmj 2005;330(7504): 1357.

118. Yu Z, Han S, Zhu J, Sun X, Ji C, Guo X. Pre-pregnancy body mass index in relation to infant birth
weight and offspring overweight/obesity: a systematic review and meta-analysis. PLoS One 2013;8(4):
e61627.

119. Castillo-Laura H, Santos IS, Quadros LC, Matijasevich A. Maternal obesity and offspring body
composition by indirect methods: a systematic review and meta-analysis. Cadernos de saude publica
2015;31(10): 2073-2092

120. Franca-Neto AH, Amorim MM, de Oliveira BV. et al. Is newborn abdominal adiposity associated
with maternal factors? Obstet Gynecol 2014; 123:1, 51S-52S.

121. Radaelli T, Lepercq J, Varastehpour A. et al. Differential regulation of genes for fetoplacental lipid
pathways in pregnancy with gestational and type 1 diabetes mellitus. Am J Obstet Gynecol
2009;201:209.e1-209.e10.

122. Kawasaki M, Arata N, Miyazaki C, Mori R, Kikuchi T, Ogawa Y, Ota E. Obesity and abnormal
glucose tolerance in offspring of diabetic mothers: A systematic review and meta-analysis. PLoS ONE
2018;13(1): e0190676.

123. Pettitt DJ, Bennett PH, Knowler WC, Baird HR, Aleck K.A. Gestational diabetes mellitus and
impaired glucose tolerance during pregnancy: long-term effects on obesity and glucose tolerance in the
offspring. Diabetes 1985;34 (Suppl. 2):119 -122

124. Silverman BL, Rizzo T, Green OC, Cho NH, Winter RJ, Ogata ES, Richards GE, Metzger BE.
Long-term prospective evaluation of offspring of diabetic mothers. Diabetes 1991;40 (Suppl. 2):121-125

125. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short term and long term adverse
consequences for mother and child. BMJ 2017;360:j1.

126. Dabelea D. The Predisposition to Obesity and Diabetes in Offspring of Diabetic Mothers. Diabetes
Care 2007; 30(Supplement 2): S169-S174.

127. Mihrshahi S, Baur LA. What exposures in early life are risk factors for childhood obesity? Review. J
Paediatr Child Health 2018;54(12):1294-1298.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou Telida 47



128. Mehta SH, Kruger M, Sokol RJ. Is maternal diabetes a risk factor for childhood obesity? The Journal
of Maternal-Fetal and Neonatal Medicine 2012; 25(1): 41-44

129. Pringle KG, Lee YQ, Brown LJ, Collins CE, Rae KM, Weatherall L, Keogh L, Diehm C,
Roberts CT, Eades S, Brown A, Smith R, Lumbers ER. Influence of maternal adiposity, preterm
birth and birth weight centiles on early childhood obesity in an Indigenous Australian pregnancy-
through-to-early-childhood cohort study. Journal of Developmental Origins of Health and Disease
2019;10:1,39-47.

130. Sacco MR, de Castro NP, Euclydes VL, Souza JM, Rond6 PH. Birth weight, rapid weight gain in
infancy and markers of overweight and obesity in childhood. Eur J Clin Nutr. 2013; 67(11): 1147-53.

131. Qiao Y, Ma J, Wang Y, Li W, Katzmarzyk PT, Chaput JP, et al. Birth weight and childhood obesity:
a 12-country study. Int J Obes Suppl. 2015; 5(Suppl 2):S74-9

132. Zarrati M, Shidfar F, Razmpoosh E, Nezhad FN, Keivani H, Hemami MR, et al. Does low birth
weight predict hypertension and obesity in schoolchildren? Ann Nutr Metab. 2013;63(1-2):69-76.

133. Gaskins RB, LaGasse LL, Liu J, Shankaran S, Lester BM, Bada HS, Bauer C., Das A, Higgins RD,
Roberts M. Small for Gestational Age and Higher Birth Weight Predict Childhood Obesity in Preterm
Infants. Am J Perinatol 2010;27:721-730.

134. Uthaya S, Thomas EL, Hamilton G, Doré CJ, Bell J, Modi N. Altered Adiposity after Extremely
Preterm Birth. Pediatr Res 2005;57: 211-215.

135. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C. Being big or growing fast: systematic
review of size and growth in infancy and later obesity. BMJ 2005;331(7522):929.

136. Drueta C, Stettlerj N, Sharpa S, Simmonsa RK, Cooperc C, Smithd GD, Ekelunda U, Livy-Marchalh
., Jarveline MR, Kuhf D, Ong KK. Prediction of childhood obesity by infancy weight gain: an individual-
level meta-analysis. Paediatric and Perinatal Epidemiology 2011; 26, 19-26.

137. Goodell LS, Wakefield DB, Ferris AM. Rapid Weight Gain During the First Year of Life Predicts
Obesity in 2-3 Year Olds from a Low-income, Minority Population. J Community Health 2009; 34:370—
375.

138. Yang MC, Sun Y, Liebowitz M, Chen CC, Fang M., Dai W, Chuang TW, Chen JL. Accelerated
weight gain, prematurity, and the risk of childhood obesity: A meta-analysis and systematic review. PL0oS
ONE 2020; 15(5): e0232238.

139. Ejlerskov KT, Christensen LB, Ritz C, Jensen SM, Molgaard C, Michaelsen KF. The impact of
early growth patterns and infant feeding on body composition at 3 years of age. Br J Nutr 2015; 114:316-
327

140. Rolland-Cachera MF, Deheeger M, Bellisle F, Sempé M, Guilloud-Bataille M, Patois E. Adiposity
rebound in children: a simple indicator for predicting obesity. Am J Clin Nutr 1984; 39, 129-135

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou JeAiba 48


https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Line%20B.%20Christensen%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Christian%20Ritz%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Signe%20M.%20Jensen%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Christian%20M%C3%B8lgaard%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Kim%20F.%20Michaelsen%20&eventCode=SE-AU
https://pubmed.ncbi.nlm.nih.gov/?term=Deheeger+M&cauthor_id=6691287
https://pubmed.ncbi.nlm.nih.gov/?term=Bellisle+F&cauthor_id=6691287
https://pubmed.ncbi.nlm.nih.gov/?term=Semp%C3%A9+M&cauthor_id=6691287
https://pubmed.ncbi.nlm.nih.gov/?term=Guilloud-Bataille+M&cauthor_id=6691287
https://pubmed.ncbi.nlm.nih.gov/?term=Patois+E&cauthor_id=6691287

141. Larqué E, Labayen I, Flodmark CE, Lissau I, Czernin'S, Moreno LA, Pietrobelli A, Widhalm K.
From conception to infancy - early risk factors for childhood obesity. Nat Rev Endocrinol
2019;15(8):456-478.

Meplyevvntikol, kowwvikodnpoypadlkol kol TapAyovieg Tou TPOMoU {wr¢ Tou oxeTi{ovTal Pe Tov Kivouvo
eudaviong matdikng mayvoapkiag/KovroyplotonouAou TeAiba 49


https://pubmed.ncbi.nlm.nih.gov/?term=Larqu%C3%A9+E&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Labayen+I&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Flodmark+CE&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Lissau+I&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Czernin+S&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Moreno+LA&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Pietrobelli+A&cauthor_id=31270440
https://pubmed.ncbi.nlm.nih.gov/?term=Widhalm+K&cauthor_id=31270440

