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NepiAnyn

Etcaywyn: H mawdikn mayvoapkia ival éva Baotkd mpofAnua Snuoctag vyeiog mou
€xeL AaBel Slaotaoelg emdnuiag kat emnpealel modla kot eprifoug ava tov KOGHO.
Q¢ amotéleopa, eilval kaipla¢ onuacioag n  Snuoupylad  OMOTEAECUATIKWVY
oTpATNYIKWV TPOANYNG. EPOCOV TA XAPAKTNPLOTIKA TNG OKOYEVELAG Stadpapatilouy
éva Baowko polo otn Stapodpdwon Tou BAPOUG CWHATOG TWV amoyovwy, dlaitepo
evllapépov €xel va SlepeuvnBolV 0L OCUYKEKPLUEVOL KOLWVWVLKO-dnuoypadikol
TIAPAYOVTEG TNC OLKOYEVELAC ToU eudavilouv BeTIK) CUCXETION ME TNV TOLSIKNA
naxvoapkia. EmutAéov, epooov n enimtwon tng mMatdlkAg maxvoapkiag dtadépet
OVOAOYWC TNG KOWVWVLKO-OLKOVOULKAG KOTAOTACNG TNG XWPAC, £VOL ONUAVIIKO va
SlepeuvnBel n EMIMTWON TOU KOWVWVIKO-OLKOVOULKOU ETIIMESOU TNG XWPOCG OTOV

ETUMOAQOUO TNC.

Zkomag: O oKomog TG mapoloag HEAETNG elval va e€etaoel TNV TuBavr) cuoxEtion
HETAED KOLVWVIKO-OLKOVOULKWY XOPOKTNPLOTIKWY TNG OLKOYEVELOG ME TNV TALSIKN
naxvoapkia, KaBwg kol TNV enintwon tng maldilkng maxvoapkiog avaldyws tou
$UAOU, TNG TTAXUOAPKLOG TWV YOVEWV KaL TN KOWVWVLKO-OLKOVOULKNG KATAOTAONG TNG

XWpPaG o€ Eva peyalo delypa amo 6 Eupwraikes XwWPEG.

Mé£0odoi: 9576 atopa cupnepAndOnkav otnv mapovoa peAéTn (dedopéva amo
HeAETn Feeld4Diabetes). AoyloTikr aAlvdpopnon XpnoLULOmoLiOnKe yLa va EKTLUNOEL
TIC TOAVEG OUOXETIOELS UETOED KOLWWVIKO-ONUOYPAPLKWY XAPOKTNPLOTIKWY TNG
OLKOYEVELAG E TNV TALSLKA Ttaxuoapkia, Kabwg Kal va UTIOAOYLOEL TNV EMMTTWON TNG
matdLkn¢ maxvoapkiag avaAoywc tou $pUAOU, TNG TOXUCOPKIOC TWV YOVEWV KAl TNG
OLKOVOULKAG Katdataéng tng xwpag oe dUo xapnAol/pecaiov €l008AUATOG XWPES
(BouAyapia, Ouyyapia), 500 uPnAou eloodrpatog xwpeeg (BEAylo, DwvAavdia) kat Suo
XWPEC pe epappoyn HETpwY Attotntag (EAAada, lomavia).

AnoteAéopata: Mapatnpouvtal SladopEC oTNV EMIMTWON TAXUOAPKIOG avaloywg
Tou ¢UAOU, He TEPLOOOTEPO Kopitola va eilval uTEpBapa CUYKPLTIKA HE TA
ouvounAwka ayopta. Ocov adopd TNV KOWWVIKO-OLKOVOULKI) KATAOTAON TNG XWPAS,
naldld and Xxwpeg VPNAOU KOLVWVLKO-OLKOVOULKOU ETILIMESOU €XOUV TIG MLOEG

mOavotnNTeEC va mAoyouv amd moldikn Taxvoapkio. Avaloywg TwV KOLVWVLKO-
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SNUOYPOPLKWY XOPOKTNPLOTIKWY TNG OLKOYEVELAG, TIALOLA OO OLKOYEVELEG UE TILO
HOKPOXPOVN TOTPLKA eKmaidevon eiyav TIC MLOEG TUOAVOTNTEC Vol TTAGYOUV Ao
TaLSLKN axuoapkia, maldld e TouAaxLotov éva maxVoopKo yovea Ntav 2,5 dopég
o mlavo va eival maxloopka evw TadlA Twv omoiwv Kol oL 2 yovelg eival
naxvoapkol £xouv 7 PopEG peyaAltepn mBavotnta yla matdikn moyvoapkio. OAa ta
QVWTEPW QTMOTEAECUOTA TIOPEUELVAV OTATLOTIKA LETA TNV TIPOCAPOYN TOUG WG TIPOG

TLG UTLOAOLTTEG LETOPANTEG.

Tuunepacpata: H mapovoa peAEtn avadelkvuel tn Stadopd otnv EMIMTIWON TNG
TaLdIkn g mayxvoapkiog avaAoyws tou ¢pUAoU, HE MEPLOCOTEPA Kopitola va eival
TIAXUOAPKO CUYKPLTIKA HE Ta ayopla. Avédelle emiong otL ta matdid and vPnAou
XWPEG LPNAOU gL0OBHUATOG £XOUV ALYyOTEPEC TILOAVOTNTEC VAL TACYOUV Ao Motk
TLOXUOQPKIOl CUYKPLTLKA LE TOUG OUVOUNALKOUG TOUC OO XWPEC XOUNAOU ELCOSAUATOC
N omo Xwpeg He edapuoyn HETPWV Awtdotntag. Ocov adopd TA KOLVWVLKO-
SnUoypadLKA XOPAKTNPLOTIKA TNG OLKOYEVELAC, N UEYAAUTEPNG SLAPKELAC TTATPLKNA
eknaidevon ouoxetiletal apvnTKA PE TNV TaldIk maxvoapkia, evw n mapoucia
TOUAQXLOTOV €VOC TtaxVoOPKOU Yovéa epdavilel BeTikn ouoxétion. Epooov n maldikn
maxvoapkia gival éva amd to onpavikotepa mpoPAnupata Snuoolag Uyeiag Twv
NUEPWV UG, oL TapeUBATEL; oPpelAOUV VA ETIKEVIPWVOVTAL OTNV OLKOYEVELA KOl VOl
OTOXEUOUV OE OUYKEKPLUEVOUG TIANBuopoug uPnAol KwSUVOU TPOKELUEVOU VO

auénbel n evatloBnToMoinon OXETIKA e TN onuacia Twv aAAaywv otov Tpomo {wNG.

Né€elc-kKAeldLd:  maldiky mayxvoapkio; mapayovieg kwvduvou; FeeldDiabetes;

maxuoapkia yovéwv



Abstract

Background: Childhood obesity is a major public health issue which has reached
epidemic levels globally and is affecting children and adolescents worldwide. As a
result, building effective preventive strategies is of outmost importance. Since family
characteristics play an important role in affecting the offspring’s weight status, it is of
special interest to investigate the specific socio-demographic characteristics of the
family are positively associated with childhood obesity. Furthermore, since obesity
prevalence varies greatly according to country’s socio-economic position, it is
imperative to explore the impact of country’s socio-economic status on obesity

prevalence.

Objectives: The aim of the present study is to examine possible association between
socio-economic factors of the family and childhood obesity, as well as the prevalence
of childhood obesity according to sex, parental obesity status and country’s economic

classification in a large sample from 6 European countries.

Methods: 9576 people were included in the study (data from the Feel4Diabetes
study). Logistic regression analysis was used to assess the possible association
between sociodemographic characteristics of the family with childhood obesity, and
to calculate the prevalence of childhood obesity according to sex, parental obesity
status and country’s economic classification in two low/middle-income countries
(Bulgaria, Hungary), two high-income countries (Belgium Finland) and two countries

under austerity measures (Greece, Spain).

Results: There are gender differences between obesity prevalence with more girls
being overweight than their male counterparts. As far as country’s socio-economic
status is concerned, children from high-income countries are half as likely to suffer
from childhood obesity. When family’s socio-demographic characteristics are taken
into consideration, children from families with longer paternal education are half as
likely to suffer from childhood obesity, whereas children with at least one obese
parent are 2.5 times as likely to be obese and children whose both parents are

affected by obesity are approximately 7 times more likely to be obese. All of the



above stated facts remained of statistical significance when adjusted for all other

variables.

Conclusions: The present study highlighted the difference on childhood obesity
prevalence according to gender, with more girls being obese than boys. It also
indicated that children from high-income countries are less likely to be afflicted by
childhood obesity than their peers from low-income or countries under austerity
measures. As far as family’s socio-demographic characteristics are concerned, longer
paternal education is negatively associated with childhood obesity, whereas the
presence of even one obese parent is positively associated with childhood obesity.
As childhood obesity is one of the most pressing public health problems of our time,
interventions should be family-centered and targeted to specific in-risk populations

in order to increase awareness on the importance of lifestyle changes.

Key words: childhood obesity; risk factors; Feel4Diabetes; parental obesity
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1.Introduction

1.1Introduction to childhood obesity and its definition

Childhood obesity has emerged as one of the most pressing medical and public health
problems of our day (1). It is a leading cause of disability and is associated with
increased all-cause mortality globally (2). Recent estimates suggest that
approximately 40 million children under the age of 5 years and more than 330 million
children and adolescents aged 5 to 19 years were overweight or obese in 2016,
whereas childhood obesity has dramatically increased since 1975, namely 8- to 8.7-
fold (8, 3). The number of school-aged children and adolescents living with obesity is

predicted to rise to over 250 million by 2030 (4).

A recent review with data from 27 European countries and a total sample of 197,755
children about prevalence of overweight and obesity among European pre-school
boys and girls highlighted the fact that prevalence of overweight and obesity in
children in Europe, aged 2 to 7 years, during the period 2006-2016 was as high as
17,9% (5).

World Health Organization (WHO) defines overweight and obesity as abnormal or
excessive fat accumulation that may impair health (6). The most widely accepted
method to screen for excess adiposity is calculation of body mass index (BMI), a
mathematical formula of weight-for-height index (7). A BMI between the 85th and
94th percentiles is defined as overweight, and a BMI 295th percentile is defined as
obesity (8). Severe obesity is defined as BMI of 120% of the 95th percentile (9). For
children younger than 2 years of age, BMI percentiles are not available; thus, obesity

is defined as a weight >95th percentile for height (10).

Itis of great importance to note that BMI can sometimes be inaccurate because it does
not quantify total body adiposity, does not distinguish between fat and muscle, nor
does it predict body fat distribution (11). Therefore, it is possible that there might be

an adiposity overestimation in a child with increased muscle mass, as may be the case
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in an athletic child, or an adiposity underestimation in a child with reduced muscle

mass, such as a sedentary child (11).
1.2 Etiology of childhood obesity

Obesity is a multifactorial condition which has also been described as a phenotype of
numerous pathologies (12). It is the consequence of an interaction among a complex
set of factors that are related to the environment, genetics, and ecological effects such

as the family, community, and school (13).
1.2.1 Environmental factors
1.2.1.1 Intrauterine and postnatal factors

Substantial evidence from epidemiologic and experimental animal studies suggests
that fetal and early postnatal environmental exposures impact significantly on the
development of obesity (14). The “developmental origins of health and disease
(DOHaD)” hypothesis posits a stimulus or insult to an organism during a critical period
of development can alter gene expression via epigenetic modifications (15). For
example, being either small or large for gestational age is associated with an increased

risk of developing childhood obesity (15).

Prenatal exposure to gestational diabetes mellitus (hyperglycemia, hyperinsulinemia),
maternal smoking, and high maternal adiposity are correlated with increased

incidence of childhood obesity, independent of birth size (16).

On the contrary, breast-feeding correlates with a lower incidence of childhood obesity
asitis depicted clearly in a recent meta-analysis including 25 studies (17). A decreasing

risk of obesity with increasing duration of breastfeeding was also observed (17).

1.2.1.2 Nutrition/feeding behaviors and physical activity

In children and adolescents, the overweight status is in general caused by a lack of
physical activity and unhealthy eating patterns resulting in excess calorie intake, or a

combination of the two resulting in energy excess (12). Several dietary factors
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including higher caloric food intake during infancy, higher consumption of sweetened
drinks (juice, soda), increased fast food consumption, eating while watching television
(TV), skipping breakfast, reduced family meal times eating together, and lower
vegetable and fruit intake have all been associated with increased rates of childhood

obesity (18).

In addition, sedentary behavior, in particular time spent at the TV or computer screen,
is also associated with higher BMls (19). The above stated effect of increased screen
time is depicted clearly on a recent systematic review and meta-analysis including 16
studies, which showed that when compared with screen time of less than 2 hr/day, an
increased overweight/obesity risk among children is prevalent in screen time of above

than 2 hr/day (20).

As far as physical activity is concerned, most guidelines recommend 60 minutes of
moderate to vigorous daily physical activity for children and adolescents (19). Data
from a recent review which included 153 RCTs from USA and Europe highlighted that
interventions focusing on physical activity can effectively reduce the BMI of children

aged 6 to 12 years and adolescents 13 to 18 years (21).

1.2.1.3 Obesity and sociodemographic influences

Socioeconomic status (SES) plays a significant role on the prevalence and effect of
multiple risk factors for the development and persistence of obesity in childhood (22).
There are several main consequences of low SES that are of particular relevance to
obesity: mental health (depression, anxiety), low self-esteem and self-worth,
insecurity, stress, negative belief systems, and negative emotions (anger, apathy,

hopelessness, frustration, shame, guilt, etc.) (23).

Another hallmark of low SES is financial hardship, making healthy lifestyle choices less

accessible, indirectly promoting unhealthy lifestyle choices, such as consuming more

calorie-dense foods and less physical activity (24). Another stamp of low SES is also a
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lack of critical thinking and higher education, which promotes susceptibility to junk

food marketing (27).

The most common SES measures in the literature are parental education, income,
occupation and parental BMI, although many different variables are used with no real

standardization across the literature (28).

A recent review including 33 studies from the past decade shows that adiposity and
socioeconomic position are negatively associated in high-income countries and
positively associated in medium to low-income countries, meaning that SES groups
with greater access to energy-dense diets (low-SES in industrialized countries and
high-SES in developing countries) are at increased risk of being obese than their

counterparts (28).

As far as parental BMI is concerned, a recent systematic review of 28 studies
highlighted that elevated parental BMI is an important mediator of the association
between socioeconomic position and adiposity, with elevated parental weight being

an important risk factor of obesity in children (29).

Referring to socioeconomic position when parental education is concerned, a recent
systematic review which included 158 papers and covered the period 1990 to 2005
showed that the majority of studies observed an inverse relationship between weight
status and family SES, i.e. the measure of weight status registered the highest and
lowest magnitudes in participants of low and high SES, respectively, and the SES
indicator that yields the highest proportion of inverse relationships is parents’

education (30).

When household income is taken into consideration, a recent meta-analysis of a
representative sample of US children and adolescents showed that children and
adolescents from middle- and high-income households were less likely to be

overweight and obese compared to their low-income peers, whereas analyses within
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each income stratum indicated that race/ethnicity was not related to the prevalence

of overweight and obesity in low-income households (31).

1.2.2 Pathologic causes of obesity
1.2.2.1 Genetic factors

Heritable factors are responsible for 30% to 50% of the variation in adiposity, as
common genetic variants associated with greater adiposity and obesity have been
identified by a variety of studies (32). Over the previous decade, genome-wide
association studies have been used to identify various genetic markers that increase
predisposition to weight gain, with the ultimate goal of explaining the biological
mechanisms leading to obesity (33). For example, the FTO gene is recognized as being
of great importance to the regulation of energy intake, with variants predisposing

individuals to greater caloric intake and reduced feelings of satiety (33).

Although polygenetic obesity is the most commonly observed, several single gene
defects and syndromes associated with obesity have been identified as well, such as
Prader Willi syndrome (34). However, these account for less than 1% of childhood
obesity (34). Rare single gene defects, which specifically result in obesity, are those

that affect the leptin-melanocortin regulating pathway (35).

However, the above stated obesity-associated genes cannot explain the rapid onset
and magnitude of the current obesity epidemic, even if genetic predisposition makes

some individuals more susceptible to the obesogenic environment (33).

1.2.2.2 Endocrine causes

Endocrine disorders, such as hypothyroidism, Cushing syndrome, growth hormone

deficiency, and pseudohypoparathyroidism, can present with weight gain and delayed
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growth (36). Of these, only Cushing syndrome typically presents with severe obesity;

however, all disorders may lead to a more central pattern of weight deposition (36).

Endocrine causes of obesity are rare and are found in less than 1% of children and
adolescents with obesity, with hypothyroidism being the most common cause of

endocrine-related weight gain (36).

1.2.3 Other causes of obesity

Central nervous system tumors located in the hypothalamic region can result in
reduced satiety, resistance to insulin and leptin, and enhanced insulin secretion due
to autonomic dysregulation (16). The result of these physiologic changes leads to rapid
and unrelenting weight gain (16). Lastly, medication-induced obesity can occur from
the use of a variety of medicines, such as antipsychotics and high-dose glucocorticoids

(18).

1.3 Comorbidities of childhood obesity

Obesity-related comorbidities start as early as in childhood: about half of obese
children and adolescents have at least one biochemical or clinical cardiovascular risk
factor and one quarter of them have more than two (37). Childhood obesity is a
proinflammatory state associated with comorbidities affecting almost every system in
the body including the endocrine, gastrointestinal, pulmonary, cardiovascular, and
musculoskeletal systems and many obese adolescents remain obese into adulthood,

with increased morbidity and mortality (37, 38).

Many of the comorbidities encountered in children with obesity, including
dyslipidemia, type 2 diabetes mellitus (T2DM), steatohepatitis and obstructive sleep
apnea (OSA) used to be considered “adult” diseases (39). The severity of these

comorbidities typically increases with the severity of obesity (39).
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Children with obesity are at an increased risk of hyperinsulinemia, insulin resistance,
prediabetes, and subsequently T2DM (40). A recent review and meta-analysis of 63
studies in children 5 to 15 years old in developed countries showed that overweight
and obese children have higher systolic and diastolic blood pressure, higher total
cholesterol and triglycerides, increased insulin resistance and a significant increase in

left ventricular mass (41).

As far as endocrinological disorders are concerned, obesity may be associated with
early onset of sexual maturation in girls and with accelerated linear growth and

advanced skeletal maturation (42).

Moreover, obese children have a considerably higher prevalence of OSA than do
healthy weight children (43). Childhood obesity has also been shown to be associated
with asthma (44).

Nonalcoholic fatty liver disease (NAFLD) in children is strongly associated with obesity
(45). The spectrum of NAFLD can range from simple steatosis to progressive

steatohepatitis and cirrhosis (45).

In addition, childhood obesity increases the risk of various musculoskeletal problems

including impairment in mobility and increased prevalence of fractures (46).

Psychosocial consequences of childhood obesity are common and include poor self-
esteem, anxiety, depression, and decreased health-related quality of life (47).
Additionally, children with obesity are more likely to become victims of bullying and
discrimination (48). Poor school performance, including difficulty concentrating,
homework completion and missed school days, are significantly more often in an
adolescent obese population when compared with a healthy control sample (36).
Furthermore, clinical populations of overweight/obese adolescents also show higher
lifetime rates of eating disorders, especially bulimia nervosa, than population-based

samples (49).
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1.4Long term risks of childhood obesity
The ages between 0 and 5 years have been shown to be a critical period in the
development of overweight and obesity, and that childhood overweight and obesity is
highly predictive of adult obesity (50). The majority of adiposity-related comorbidities
are not evident until adulthood but still reflect the accrual of the systemic effects of

excess fat over time (50).

Children whose obesity persists into adulthood have an increased risk of T2DM,
dyslipidemia, hypertension, and carotid-artery atherosclerosis than do adults who were
never afflicted with obesity (51). Increased BMI during childhood has also been
associated with a significantly increased risk of fatal and nonfatal cardiovascular events
during adulthood in both men and women, though this may be partially mediated by

the association between childhood obesity and adult obesity (52).

The harmful effects of childhood obesity are depicted clearly on a recent systematic
review and meta-analysis containing 37 longitudinal cohort studies, where higher
childhood BMI was associated with an increased incidence of adult diabetes, coronary

heart disease and the odds of cancer (53).

As far as death from coronary heart disease is concerned, data from a large cohort study
which observed 2.3 million Israeli adolescents into adulthood from 1967 through 2010
showed that BMI between 50 and 74th percentiles during adolescence (which is
regarded as normal) was associated with significantly increased risk for cardiovascular
disease and death from coronary heart disease compared to people with BMI values

between the 5th and 24th percentile during the 40-year follow up period (54).

On the other hand, an older review with data from four prospective cohort studies
which measured childhood and adult BMI with a follow-up period of up to 20 years
showed that reduction of body weight towards normal weight range, i.e., decreasing
severity of obesity, between childhood and adulthood, is associated with significant
reduction of features of the metabolic syndrome such as arterial hypertension, type 2
diabetes or dyslipidemia (55).
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Finally, obesity in childhood has important economic and social costs, with increase

burdens on health systems as well as later reduced economic productivity (33).

1.5Research gap
As stated above, the problem of childhood obesity has reached epidemic levels globally
(56). It has proven to be one of the most serious public health challenges of the 21st
century and the prevalence keeps on increasing at an alarming rate (56). As childhood
obesity has been linked to numerous medical conditions that could persist into adulthood
and is proven to have a significant impact on children's social and emotional health, it is
of outmost importance to develop effective preventive strategies. In order to accomplish

that, obesity risk factors should be promptly identified.

Although the etiology of childhood obesity seems to be multifactorial, socioeconomic
and specific demographic characteristics of the family seem to play a pivotal role in in
defining the children’s weight status. Many different variables of family’s socioeconomic
status are used across the literature, but only a number of them seem to be of special
interest, namely parental education, income, occupation and parental BMI. Yet there
seems to be an inconsistency in the associations noted between various risk factors and
childhood obesity, mostly due to the wide variety of risk factors taken into consideration
in various studies in order to define socioeconomic status, the small sample size or the
cross-sectional design of the studies. Thus, further research is necessary in order to
effectively recognize the risk factors that can eventually affect the offspring’s weight

status and provide early intervention and treatment in high-risk families.

1.6 Research question
Since the problem of childhood obesity is affecting families globally, it is of great
importance to better understand the specific socio-demographic characteristics of the
family that lead to increased risk for obese and overweight to the offspring and explore
how parental obesity can affect children, in order to develop appropriate prevention

strategies. Because of the above-mentioned facts, the aim of the present study is to
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evaluate the prevalence of childhood obesity in a large, multi-country sample of families
in Europe and examine the association between family’s socio-demographic

characteristics and parental obesity.

2.Methodology

2.1 Study design

The Feel4Diabetes Study was a school- and community-based intervention with cluster-
randomized design, aiming to promote a healthier lifestyle and prevent type-2 diabetes
among families from vulnerable population groups. This intervention took place in 2016—
2018 and included families (primary-school children, their parents and grandparents)
from the overall population in two low/middle-income countries (Bulgaria, Hungary),
from low socio-economic areas in two high-income countries (Belgium, Finland) and from

two countries under austerity measures (Greece, Spain).

This intervention included two components, the ‘all-families’ component, provided to all
children and their families via a school- and community-based intervention, and an
additional component, the ‘high-risk families’ component, provided to high-risk families
for diabetes as identified with the FINDRISC questionnaire, a validated tool to assess
future diabetes risk which has been used in several studies in this field. The
Feel4Diabetes-intervention reached to 30.309 families from 236 primary schools in the

above-mentioned countries.

2.2 Ethics and consent

The Feel4Diabetes-study adhered to the Declaration of Helsinki and the conventions of
the Council of Europe on human rights and biomedicine. Prior to initiating the
intervention, all participating countries obtained ethical clearance from the relevant
ethical committees and local authorities. More specifically, in Greece the study was
approved by the Bioethics Committee of Harokopio University and the Greek Ministry of
Education. All parents/caregivers provided a signed consent form before their enroliment

in the study.
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2.3 Study sample

The sample of the study consisted of families from “vulnerable” social groups from six
European countries. In Bulgaria and Hungary, the two low/middle income countries, all
areas within the selected provinces were considered “vulnerable” and thus eligible to
participate in theFeel4Diabetes-study. On the contrary, in Spain, Belgium, Greece and
Finland, the municipalities, school districts or other equivalent units were grouped in
tertiles according to socio-economic indices and “vulnerable” areas were randomly
selected only from the lowest tertile, which was defined by the lowest education level or

the highest unemployment rate.

Children attending the first three grades of primary school, their parents and
grandparents were recruited to participate to the study. The study sample at baseline
included 12193 “all families” and 2230 “high-risk families”. High risk families were
identified by using the FINDRISC questionnaire.

2.4 Measurements

A series of anthropometric indices, blood pressure measurements and blood tests were
conducted by trained research assistants, using standardized protocols and equipment.
To evaluate the impact of the Feel4Diabetes-intervention, children’s and adults’ drinking,
eating, physical activity and sedentary behaviors were self-reported by the parents via
standardized questionnaires and physical activity monitors. Data related to the socio-
economic status of the families (e.g., paternal and maternal years of education and age)

participating in the intervention were also collected.

2.5 Statistical analysis

In the present study categorical variables are presented as relative frequencies. To
assess the possible associations between sociodemographic factors with childhood
obesity, logistic regression was performed to extract crude odds ratios (Crude OR, 95%

Cl). Moreover, multiple logistic regression was performed after adjusting for all
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variables to extract adjusted odds ratios in order to identify all factors independently

associated with childhood obesity (Adjusted OR, 95% Cl).

3.Results

3.1Prevalence of childhood overweight and obesity

Prevalence of childhood overweight and obesity in the total sample and by sex is shown

on Figure 1.

The total sample size for which the “childhood obesity” variable was calculated/created
is 9576 people from the “all families” group.

About 25% of the children in the total sample were overweight and obese. The obesity
percentages were similar between boys and girls, namely 7.4-7.6% of them were obese.
On the contrary, there is a statistically significant difference (p<0.05) between boys and
girls overweight status with 19.7% of the girls being overweight in comparison to 16.4%
of the boys. Furthermore, there was also a statistically significant difference as far as
under- and normal- weight children are concerned, with more boys having normal or

lower BMI values than girls.
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Children's Weight Status in the total sample and by sex
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Figure 1 Children’s weight status in the total sample and by sex

* T: Statistical significant difference (p<0.05) between boys and girls, in the pairwise comparison of

percentages that share the same superscript symbol based on the ¥? test.

3.2 Children’s weight status by parental obesity status

Children’s weight status by parental obesity status is shown on Figure 2. It is depicted
clearly that even one obese parent in the family increased the prevalence of childhood
obesity and overweight greatly, whereas when obesity affects both parents the effect
on childhood obesity and overweight is even stronger. Specifically, when both parents
were obese approximately half of the children were overweight or obese as well. All of

the above stated effects were of statistical significance.

24



Children's weight status by parental obesity
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Figure 2 Children’s weight status by parental obesity status

*t1,1,%,%,8,9,%: Statistical significant difference among parental weight status groups, in the

comparison of percentages that share the same superscript symbol based on the 2 test (p<0.001).

3.3 Parental socio-demographic characteristics and obesity status by country’s

economic classification

Parental socio-demographic characteristics and obesity status in the total sample and
by country’s economic classification is shown on table 1. All differences in examined

variables by country’s socioeconomic status were of statistical significance.
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Total By economic classification *
sample | ow Income Under economic crisis High income  p-value

Child sex (%) boy 294 485 50.0 50.0 0.260
girl 50.6 51.5 50.0 50.0
Age of Mother (%) < 45 years old 90.4 93.12 85.6%¢ 91.9¢ <0.001
> 45 years old 9.6 6.9 14.43¢ 8.1° '
Age of Father (%) < 45 years old 7 81.3? 68.6%¢ 83.3¢ <0.001
> 45 years old 22.3 18.7% 31.43¢ 16.7° '
Education of Mother (%) ** <9 years 8.4 11.92P 7.73%¢ 4,1bc
9 - 14 years 35.3 34.32 39.22¢ 32.6° <0.001
> 14 years 51.9 53.8 53.1° 63.320
Education of Father (%) ** <9 years 9.7 10.9° 11.3° 6.2°¢
9 - 14 years 44.4 48.3° 37.9%¢ 455° <0.001
> 14 years 46.0 40.8%0 50.8° 48.3°
Occupation of Mother (%)  unemployed/other # 29.5 32.1%0 35.58¢ 19.3¢
employed full-time 57.5 62.0°? 48.23¢ 60.9¢ <0.001
employed part-time 131 6.0%P 16.5%¢ 19.8°¢
Occupation of Father (%) unemployed/other # 14.1 19.230 11.9%¢ 9.40¢
employed full-time 81.5 75.4%0 83.18¢ 88.6°¢ <0.001
employed part-time 43 5.4° 5.0° 2.0°¢
BMI of Mother (%) < 25 kg/m? 66.8 70.0% 65.4° 63.5° <0.001
25-29.9 kg/m? 22.3 20.1° 23.0° 24.5b¢
> 30 kg/m? 11.0 9.8° 11.6° 11.9¢ <0.001
BMI of Father (%) < 25 kg/m? 315 27.5° 30.3° 39.0°¢
25-29.9 kg/m? 47.5 47.0 49.5° 45.8°
> 30 kg/m? 21.0 25,520 20.13¢ 15.20¢
Both parents without 72.1 68.23b 72.9%¢ 77.0°¢ <0.001
Parental BMI classification  obesity
(%) (BMI< 30 kg/m?)

Table 1 Parental socio-demographic characteristics and obesity status in the total

sample and by country’s economic classification*

p-value derived from x? test.

BMI=body mass index.

* Countries classified in three economic brackets as “low income” (Bulgaria and Hungary), “under
economic crisis” (at the time the data were collected - Greece and Spain), “high income” (Belgium and
Finland).

** Having completed less than 9, 9 to 14, or more than 9, years of education.

# Never employed, or previously employed, or retired, etc.

3.4 Children’s weight status by country’s economic classification and parental

socio-demographic characteristics

Weight status of participating children by economic classification of country and

parental socio-demographic characteristics is shown on Table 2.
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Differences on children’s weight status according to country’s economic classification,
maternal age, parental education and parental occupation were of statistical

significance.

Overweight and obesity were more prevalent in counties of low economic status or
under economic crisis, as compared to countries of high income. Of note, overweight
was more prevalent in countries under economic crisis, as compared to countries of
low income. Compulsory education only (<9 years) was more prevalent to the mother

and the father of obese children, but not overweight children.
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Children’s with weight status
Under- & normal

weight overweight obesity
Country economic
classification* % % %
Low Income 74520 17.430 8.2
Under economic crisis 68.0%¢ 22.73¢ 9.3¢
High income 82.4b¢ 13.40¢ 4.2%¢
p-value <0.001
Age of mother
< 45 years old 75.0° 17.8 7.28
> 45 years old 72.1% 18.8 9.1*
p-value 0.037
Age of father
< 45 years old 75.3 17.7 7.0
> 45 years old 73.7 19.2 7.1
p-value 0.231
Education of mother **
< 9years 71.4° 17.9 10.7°
9-14 years 69.9° 20.0° 10.0¢
> 14 years 78.6°¢ 16.3° 5.1b¢
p-value <0.001
Education of father **
<9 years 69.5° 18.5 1130
9-14 years 72.1° 19.4° 8.43¢
> 14 years 79.60¢ 15.9¢ 4,5b¢
p-value <0.001
Occupation of mother
unemployed/other # 71.6%P 19.4° 9.13b
employed full-time 75.7% 17.4 6.82
employed part-time 78° 16.2° 5.8°
p-value <0.001
Occupation of father
unemployed/other # 734 18.5 8.1
employed full-time 75.8 17.6 6.6°
employed part-time 70.9 18.7 10.4¢
p-value 0.007

Table 2 Weight status of participating children by economic classification of country

and parental socio-demographic characteristics

p-value derived from x? test.

abe: Statistical significant difference (p<0.05) in the pairwise comparison of percentages that share the
same superscript symbol within the same column (under-, normal, or overweight) and factor of analysis
(e.g. age of mother), based on the ¥ test.

* Countries classified in three economic brackets as “low income” (Bulgaria and Hungary), “under
economic crisis” (at the time the data were collected - Greece and Spain), “high income” (Belgium and
Finland).

** Having completed less than 9, 9 to 14, or more than 9, years of education.

# Never employed, or previously employed, or retired, etc.
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3.5 Multivariate associations between childhood obesity and country’s
economic classification, parental socio-demographic characteristics and

parental obesity

Multivariate logistic regression analysis for the associations between childhood
obesity with country’s economic classification, parental socio-demographic

characteristics  and parental obesity is  shown on Table 3.

When adjusting for all other variables, only country’s economic classification,
paternal education and parental weight status remained of statistical significance. In
more detail, in high income countries there seems to be an approximately 50% less
chance for obesity in children. Furthermore, children whose fathers have had
education longer than 14 years have approximately half the odds of being obese. On
the contrary, when parental weight status is taken into consideration, children from
families with at least one obese parent are 2.5 times more likely to be obese, whereas
children whose both parents are affected by obesity are approximately 7 times more

likely to be obese.
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Dependent variable:
childhood obesity

Independent variables OR 95% ClI
Sex

boys 1.00

girls 0.99 0.83,1.17
Country economic classification®

Low Income 1.00

Under economic crisis 1.17 0.97,1.42

High income 0.48 0.37,0.62
Age of mother

< 45 years old 1.00

> 45 years old 1.17 0.88, 1.55
Education of mother **

<9 years 1.00

9-14 years 1.22 0.88,1.71

> 14 years 0.78 0.54,1.14
Education of father **

<9years 1.00

9-14 years 0.75 0.56, 1.01

> 14 years 0.46 0.33, 0.65
Occupation of mother

unemployed/other # 1.00

employed full-time 1.07 0.88,1.31

employed part-time 0.88 0.64, 1.20
Occupation of father

unemployed/other # 1.00

employed full-time 1.09 0.85, 1.40

employed part-time 1.25 0.83, 1.89
Parental weight status

Both parents without obesity (BMI < 30kg/m?) 1.00

At least one parent with obesity (BMI > 30 kg/m?) 2.49 2.07,2.99

Both parents with obesity (BMI > 30 kg/m?) 6.83 5.15, 9.05

Table 3 Multivariate logistic regression analysis for the associations between

childhood obesity with country’s economic classification, parental

demographic characteristics, and parental obesity

95% Cl=95% confidence interval; BMI=body mass index; OR=odds ratio; ref=reference
category.

* Countries classified in three economic brackets as “low income” (Bulgaria and Hungary),
“under economic crisis” (at the time the data were collected - Greece and Spain), “high
income” (Belgium and Finland).

** Having completed less than 9, 9 to 14, or more than 9, years of education.

# Never employed, or previously employed, or retired, etc.

Values in bold indicate statistically significant OR.

socio-
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4.Discussion

The present study aimed to examine the prevalence of childhood obesity by children’s
sex, parental obesity and socio-economic characteristics, as well as by country’s
economic classification. The results of this study highlighted some principal findings.
First, more girls seem to be overweight compared to boys, whereas more boys are
under- or normal weight. Second, when negative associations with childhood obesity
are taken into consideration, children from high-income countries and from families
with longer paternal education are half as likely to suffer from childhood obesity.
Third, when positive associations with childhood obesity are considered, children with
at least one obese parent are 2.5 times as likely to be obese, whereas children whose
both parents are affected by obesity are approximately 7 times more likely to be
obese. All of the above stated facts remained of statistical significance when adjusted

for all other variables.

In more detail, the present study highlighted differences in the prevalence of
overweight between boys and girls, with more girls being overweight than boys. The
above stated effect has been studied in the literature with mixed results. The World
Obesity Federation released the first Atlas of Childhood Obesity in 2019, presenting
the country-specific obesity prevalence by sex and age groups, as well as the
calculated risk scores for future obesity (57). A notable difference in the prevalence of
obesity by sex was reported across all age groups. Among children 5-9 years of age,
123 of 188 (65%) countries reported a greater prevalence of obesity for boys than girls
(57). For children aged 10-19, this same trend was observed for 112 (60%) countries
(57). This trend existed in the vast majority of high income and upper middle-income
countries, but was not observed among lower middle and low-income countries (57).
There has been limited discussion on the possible reasons and implications of this
difference. At first, difference in the prevalence of childhood obesity may be driven in
part by biological influences. Females generally have greater fat mass and less fat-free
mass, which is in turn associated with less energy intake and lower calorie needs for
females than males, whereas sex steroid hormones are associated with differences in
body composition in children and youth (58, 59). Furthermore, females exhibit higher

circulating concentrations of leptin, a hormone that suppresses appetite and
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promotes energy utilization (60). Differences in obesity prevalence between boys and
girls may also be driven in part by socio-cultural influences. Evidence suggests that
girls, particularly those in higher income countries, may prefer foods that are lower in
energy and nutrient-dense, such as fruits and vegetables, whereas boys tend to
consume more meat and calorie-dense foods (61). Girls may also frequently report
higher levels of weight-related concerns compared with boys, including desire to lose
weight, feelings of guilt over eating too much and lower self-esteem (62). These
differences are likely a result of gender-based stereotypes as feminine identity is
typically characterized by eating smaller portions and preferring healthier options to
maintain appearance, while a masculine eating identity is characterized by feeling full,
with a focus on optimizing physical performance (63). The greater emphasis on
‘thinness’ as a cultural ideal in girls may also lead to differences in parental feeding
practices and attitudes (63). Studies have shown that parents tend to be more
concerned about weight status in their daughters than sons, while sons are usually

encouraged to eat more (63).

On the contrary, as far as obesity prevalence in adult women and men is concerned,
there seems to be an inverse correlation than the one stated before. In a recent study,
internationally comparable obesity prevalence estimates for adult men and women
for 192 countries were retrieved from the 2010 WHO Global Infobase and it was
clearly depicted that in the majority of the countries, female obesity prevalence
greatly exceeded that of males (64). The above stated difference in obesity rates
between men and women that is primarily observed in developed countries has not
been studied extensively, but is hypothesized to be related to numerous reasons. At
first, although women are more likely to report eating or wanting to eat “healthier”
foods, they seem to prefer more foods high in added sugars than men, including
energy-dense processed foods (65). Furthermore, men consume a greater percentage
of their energy intake from protein which primarily affects fat-free mass (66).
Moreover, since women are often more sedentary than men, they are more
vulnerable to excess weight gain due to the increased consumption of energy-dense

foods high in refined carbohydrates (67).
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Moreover, the present study highlighted that children from high-income countries are
half as likely to suffer from obesity. This relationship has been studied in the literature
with mixed results. As stated above and shown by a literature review of the past
decade, there is a negative association between adiposity and SES in high-income
countries, as well as a positive association in middle to low-income countries (28). A
recent systematic review which included 158 observational studies and explored the
association between socioeconomic position and childhood weight status in rich
countries also concluded that the majority of the included papers observed an inverse
relationship between weight status and family SEP, i.e. the measure of weight status
registered the highest and lowest magnitudes in participants of low and high SEP,
respectively (68). These effects could be explained by the facts that individuals from
lower socioeconomic groups tend to be less likely to have a healthy diet than those
from higher socioeconomic groups, because affordable healthy foods are less
accessible, whereas unhealthy convenience foods are readily available in more
deprived communities (69). Moreover, data from a pooled analysis of 2416
population-based studied in 128.9 million children, adolescents and adults from 1975
to 2016 showed that the rising trends in children’s and adolescents’ BMI have
plateaued in many high-income countries, albeit at high levels, but have accelerated
in many low-income countries (70). This plateauing of children's and adolescents' BMI
in high-income countries although adult BMI continues to increase might be due to
specific initiatives by governments, community groups, schools etc. that have
increased public awareness about overweight and obesity in children, leading to

changes in nutrition and activity that are sufficient to curb the rise in mean BMI (70).

The impact of economic crisis on children’s obesity prevalence has also been studied
in the literature with mixed results. Socio-economic changes in countries under
austerity measures modify body mass index values and dietary patterns in the affected
population. In more detail, a cross-sectional analysis with data from the Spanish
National Health Survey of 2006/07 and from the last Spanish National Health Survey
of 2011/12 showed that economic crisis in Spain increased the probability of obesity
and poor dietary habits, with unemployed people and population in the lower

educational levels having a higher obesity prevalence (71). These results could be
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attributed to the diet modification which is a result of economic crisis, as diets high in
fats and sweets represent a low-cost option to the consumer, whereas the
recommended food diversity based on healthy food consumption costs more (72, 73).
Similar results have been found in two cohort studies in Ireland and Japan. Results in
Ireland showed that obesity rates increased during economic crisis and similar effects
have also been observed in Japan, where children from low-income households were
atincreased risk for obesity after the onset of economic crisis (74, 75). On the contrary,
results from a Greek longitudinal study that followed Greek schoolchildren before and
during the early years of the Greek economic crisis demonstrated a statistically
significant decrease in the prevalence of overweight and obesity, as well as a slight
increase in the prevalence of underweight children, although not significant (76).
These outcomes could be attributed to food price increases that have been associated

with reductions in the number of meals and consuming cheap food (77, 78).

The present study also indicates that in families where paternal education was longer
than 14 years children were half as likely of suffer from family obesity. The effect of
parental education on children’s obesity has also been studied previously but is not
yet completely understood. Results from the Italian HBSC 2010 cross-sectional study
(Health Behavior in School-Aged Children) which included a nationally representative
sample of 11-15 year old students from 20 Italian regions showed that students with
both parents in the lower educational level were more likely to be overweight than
those with at least one parent with the highest educational level (79). This relationship
was significant and consistent across gender and age groups (79). On the other hand,
results from a multinational cross-sectional study which included data from children
in 12 countries around the world showed positive relationships between parental
education and child overweight in lower economic status countries as well as negative
correlation in higher economic status countries (80). These findings may be explained
by a higher level of awareness among the more educated parents in higher economic
status countries in regard to the positive effects of maintaining a healthy body weight
(80). On the contrary, as far as low-income countries are concerned, higher parental
education is associated with a higher likelihood of their children being overweight and

this may be a consequence of social norms, namely in some developing countries, a
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more overweight child may be perceived as a "healthy child", with adequate food

aspired to (80).

Moreover, the present study highlighted that the prevalence of even one obese
parent in a family increases the offspring’s chances for obesity, whereas when both
parents are obese the above stated effect is even greater. This finding is supported by
the literature. One of the first studies that highlighted the present finding was
published in 1997 and consisted of 854 children of whom 135 were obese. The
conclusion of this study was that after adjustment for parental obesity, having even
one obese parent more than doubles the risk of adult obesity among both obese and
non-obese children under 10 years of age (81). A more recent meta-analysis which
included 32 studies from 21 countries and examined the association between parental
and childhood obesity depicted that children with both obese parents have a higher
likelihood of childhood obesity (82). There are many possible explanations about this
association. At first, common genetic predisposition puts both parents and their
offspring at similar levels of obesity susceptibility (83). Furthermore, obesogenic
lifestyle and behavioral traits can be easily passed down from parents to their children
through the family socialization process (84). The living environment that parents and
their offspring share also means that they both may be exposed to common
obesogenic factors, such as unhealthy eating and a sedentary lifestyle (84). Last, from
the gene-environment interaction perspective, the parental generation’s chronic
exposure to obesogenic environments commonly found in modern societies may lead
to metabolic adaptations that produce epigenetic phenotypes more susceptible to
obesity, such as insulin- and leptin resistance (85). The fact that obesity in both parents
has an even greater effect on offspring’s obesity than obesity in only one of them
could be a consequence of the double genetic burden as a consequence from 2

overweight or obese parents (83).

The present study has certain strengths and weaknesses. As it is a large population
study, in which a large number of children from six European countries participated,
the findings of the study are reliable enough to draw significant conclusions.

Moreover, the standardized protocols and procedures followed across all centers and
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the objectively collected data ensure reliable assessment and improve the
generalizability of the findings. An important advantage is also the large number of
variables examined, and not only those used directly to derive the results, but also the
variables that were used as confusing factors, thus contributing to a better

understanding of the correlations.

On the contrary, part of the collected data is self-reported and thus prone to recall
bias and social desirability. Furthermore, due to the cross-sectional design of the
present analysis, no temporal relationship and hence causal inferences can be
established. Despite the aforementioned limitations, the present study highlights
some important findings on the difference in childhood obesity prevalence according
to family’s and country’s socio-economic status, as well as the demographic and socio-
economic factors that are associated with childhood obesity. Further research is

needed in order to develop effective preventive strategies.
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5.Conclusion

In conclusion, the present study highlighted the gender difference between obesity
prevalence, with more girls being overweight than their male counterparts. As far as
country’s socio-economic status is concerned, children from high-income countries
half as likely to suffer from childhood obesity. When family’s socio-demographic
characteristics are taken into consideration, children from families with longer
paternal education are half as likely to suffer from childhood obesity, whereas children
with at least one obese parent are 2.5 times as likely to be obese and children whose
both parents are affected by obesity are approximately 7 times more likely to be
obese. All of the above stated facts remained of statistical significance when adjusted
for all other variables. As childhood obesity is one of the most pressing public health
issues, affecting children and adolescents worldwide, interventions should be family-
centered and targeted to specific in-risk populations in order to impact the pediatric
obesity epidemic in a way that increases awareness on the importance of lifestyle

changes.
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