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Περίληψη 

Εισαγωγή: Η παιδική παχυσαρκία είναι ένα βασικό πρόβλημα δημόσιας υγείας που 

έχει λάβει διαστάσεις επιδημίας και επηρεάζει παιδιά και εφήβους ανά τον κόσμο. 

Ως αποτέλεσμα, είναι καίριας σημασίας η δημιουργία αποτελεσματικών 

στρατηγικών πρόληψης. Εφόσον τα χαρακτηριστικά της οικογένειας διαδραματίζουν 

ένα βασικό ρόλο στη διαμόρφωση του βάρους σώματος των απογόνων, ιδιαίτερο 

ενδιαφέρον έχει να διερευνηθούν οι συγκεκριμένοι κοινωνικο-δημογραφικοί 

παράγοντες της οικογένειας που εμφανίζουν θετική συσχέτιση με την παιδική 

παχυσαρκία. Επιπλέον, εφόσον η επίπτωση της παιδικής παχυσαρκίας διαφέρει 

αναλόγως της κοινωνικο-οικονομικής κατάστασης της χώρας, είναι σημαντικό να 

διερευνηθεί η επίπτωση του κοινωνικο-οικονομικού επιπέδου της χώρας στον 

επιπολασμό της.  

Σκοπός: Ο σκοπός της παρούσας μελέτης είναι να εξετάσει την πιθανή συσχέτιση 

μεταξύ κοινωνικο-οικονομικών χαρακτηριστικών της οικογένειας με την παιδική 

παχυσαρκία, καθώς και την επίπτωση της παιδικής παχυσαρκίας αναλόγως του 

φύλου, της παχυσαρκίας των γονέων και της κοινωνικο-οικονομικής κατάστασης της 

χώρας σε ένα μεγάλο δείγμα από 6 Ευρωπαϊκές χώρες. 

Μέθοδοι: 9576 άτομα συμπεριλήφθηκαν στην παρούσα μελέτη (δεδομένα από τη 

μελέτη Feel4Diabetes). Λογιστική παλινδρόμηση χρησιμοποιήθηκε για να εκτιμήσει 

τις πιθανές συσχετίσεις μεταξύ κοινωνικο-δημογραφικών χαρακτηριστικών της 

οικογένειας με την παιδική παχυσαρκία, καθώς και να υπολογίσει την επίπτωση της 

παιδικής παχυσαρκίας αναλόγως του φύλου, της παχυσαρκίας των γονέων και της 

οικονομικής κατάταξης της χώρας σε δύο χαμηλού/μεσαίου εισοδήματος χώρες 

(Βουλγαρία, Ουγγαρία), δύο υψηλού εισοδήματος χώρες (Βέλγιο, Φινλανδία) και δύο 

χώρες με εφαρμογή μέτρων λιτότητας (Ελλάδα, Ισπανία). 

Αποτελέσματα: Παρατηρούνται διαφορές στην επίπτωση παχυσαρκίας αναλόγως 

του φύλου, με περισσότερα κορίτσια να είναι υπέρβαρα συγκριτικά με τα 

συνομήλικα αγόρια.  Όσον αφορά την κοινωνικο-οικονομική κατάσταση της χώρας, 

παιδιά από χώρες υψηλού κοινωνικο-οικονομικού επιπέδου έχουν τις μισές 

πιθανότητες να πάσχουν από παιδική παχυσαρκία. Αναλόγως των κοινωνικο-
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δημογραφικών χαρακτηριστικών της οικογένειας, παιδιά από οικογένειες με πιο 

μακρόχρονη πατρική εκπαίδευση είχαν τις μισές πιθανότητες να πάσχουν από 

παιδική παχυσαρκία, παιδιά με τουλάχιστον ένα παχύσαρκο γονέα ήταν 2,5 φορές 

πιο πιθανό να είναι παχύσαρκα ενώ παιδιά των οποίων και οι 2 γονείς είναι 

παχύσαρκοι έχουν 7 φορές μεγαλύτερη πιθανότητα για παιδική παχυσαρκία. Όλα τα 

ανωτέρω αποτελέσματα παρέμειναν στατιστικά μετά την προσαρμογή τους ως προς 

τις υπόλοιπες μεταβλητές. 

Συμπεράσματα: Η παρούσα μελέτη αναδεικνύει τη διαφορά στην επίπτωση της 

παιδικής παχυσαρκίας αναλόγως του φύλου, με περισσότερα κορίτσια να είναι 

παχύσαρκα συγκριτικά με τα αγόρια. Ανέδειξε επίσης ότι τα παιδιά από υψηλού 

χώρες υψηλού εισοδήματος έχουν λιγότερες πιθανότητες να πάσχουν από παιδική 

παχυσαρκία συγκριτικά με τους συνομηλίκους τους από χώρες χαμηλού εισοδήματος 

ή από χώρες με εφαρμογή μέτρων λιτότητας. Όσον αφορά τα κοινωνικο-

δημογραφικά χαρακτηριστικά της οικογένειας, η μεγαλύτερης διάρκειας πατρική 

εκπαίδευση συσχετίζεται αρνητικά με την παιδική παχυσαρκία, ενώ η παρουσία 

τουλάχιστον ενός παχύσαρκου γονέα εμφανίζει θετική συσχέτιση.  Εφόσον η παιδική 

παχυσαρκία είναι ένα από τα σημαντικότερα προβλήματα δημόσιας υγείας των 

ημερών μας, οι παρεμβάσεις οφείλουν να επικεντρώνονται στην οικογένεια και να 

στοχεύουν σε συγκεκριμένους πληθυσμούς υψηλού κινδύνου προκειμένου να 

αυξηθεί η ευαισθητοποίηση σχετικά με τη σημασία των αλλαγών στον τρόπο ζωής. 

Λέξεις-κλειδιά:  παιδική παχυσαρκία; παράγοντες κινδύνου; Feel4Diabetes; 

παχυσαρκία γονέων  
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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 
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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 

 

 

  

 

 

 

 

 

 

 

 

 



9 

 

List of tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Parental socio-demographic characteristics and obesity status 

in the total sample and by country’s economic classification 

 

Table 2 Weight status of participating children by economic 

classification of country and parental socio-demographic 

characteristics 

 

Table 3 Multivariate logistic regression analysis for the associations 

between childhood obesity with country’s economic 

classification, parental socio-demographic characteristics, and 

parental obesity 

 



10 

 

List of figures 

 

 

Figure 1 Children’s weight status in the total sample and by sex  

Figure 2 Children’s weight status by parental obesity status  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 

 

List of Abbreviations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WHO World Health Organization  

BMI Body Mass Index 

DOHaD Developmental Origins of Health and Disease  

SES Socioeconomic status 

T2DM Type 2 Diabetes Mellitus 

OSA Obstructive Sleep Apnea  

NAFLD Non-Alcoholic Fatty Liver Disease  



12 

 

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 ≥95th 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). 

It is 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 

as it is 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 BMIs (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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1.4 Long 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). 

 

1.5 Research 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 enrollment 

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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Figure 1 Children’s weight status in the total sample and by sex 

*,†: 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 χ2 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. 
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Figure 2 Children’s weight status by parental obesity status 

*,†,‡,⁑,⁂,§,¶,₰: Statistical significant difference among parental weight status groups, in the 

comparison of percentages that share the same superscript symbol based on the χ2 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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Table 1 Parental socio-demographic characteristics and obesity status in the total 

sample and by country’s economic classification* 

p-value derived from χ2 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.  

 

  Total 

sample 
By economic classification *  

 

 Low Income Under economic crisis High income p-value 

      

Child sex (%) boy 49.4 48.5 50.0 50.0   0.260 

 girl 50.6 51.5 50.0 50.0  

Age of Mother (%) < 45 years old 90.4 93.1a 85.6a,c 91.9c 
< 0.001 

 ≥ 45 years old 9.6 6.9a 14.4a,c 8.1c 

Age of Father (%) < 45 years old 77.7 81.3a 68.6a,c 83.3c 
< 0.001 

 ≥ 45 years old 22.3 18.7a 31.4a,c 16.7c 

Education of Mother (%) ** < 9 years 8.4 11.9a,b 7.7a,c 4.1b,c 

< 0.001  9 - 14 years 35.3 34.3a 39.2a,c 32.6c 

 > 14 years 51.9 53.8a 53.1b 63.3a,b 

Education of Father (%) ** < 9 years 9.7 10.9b 11.3c 6.2b,c 

< 0.001  9 - 14 years 44.4 48.3a 37.9a,c 45.5c 

 > 14 years 46.0 40.8a,b 50.8a 48.3b 

Occupation of Mother (%) unemployed/other # 29.5 32.1a,b 35.5a,c 19.3b,c 

< 0.001  employed full-time 57.5 62.0a 48.2a,c 60.9c 

 employed part-time 13.1 6.0a,b 16.5a,c 19.8b,c 

Occupation of Father (%) unemployed/other # 14.1 19.2a,b 11.9a,c 9.4b,c 

< 0.001  employed full-time 81.5 75.4a,b 83.1a,c 88.6b,c 

 employed part-time 4.3 5.4b 5.0c 2.0b,c 

BMI of Mother (%) < 25 kg/m2 66.8 70.0a,b 65.4a 63.5b <0.001 

 25-29.9 kg/m2 22.3 20.1b 23.0c 24.5b,c  

 ≥ 30 kg/m2 11.0 9.8b 11.6c 11.9b,c <0.001 

BMI of Father (%) < 25 kg/m2 31.5 27.5b 30.3c 39.0b,c  

 25-29.9 kg/m2 47.5 47.0 49.5c 45.8c  

 ≥ 30 kg/m2 21.0 25.5a,b 20.1a,c 15.2b,c  

Parental BMI classification 

(%) 

Both parents without 

obesity  

(BMI< 30 kg/m2) 

72.1 68.2a,b 72.9a,c 77.0b,c <0.001 
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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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Table 2 Weight status of participating children by economic classification of country 

and parental socio-demographic characteristics 

p-value derived from χ2 test. 

a,b,c: 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 χ2 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. 

 Children’s with weight status 

 

Under- & normal 

weight overweight obesity 

Country economic 

classification* % % % 

     Low Income 74.5a,b 17.4a,b 8.2a 

     Under economic crisis 68.0a,c 22.7a,c 9.3c 

     High income 82.4b,c 13.4b,c   4.2a,c 

p-value < 0.001 

Age of mother    
     < 45 years old 75.0a 17.8 7.2a 

     ≥ 45 years old 72.1a 18.8 9.1a 

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 **    
     < 9 years 71.4b 17.9 10.7b 

     9-14 years 69.9c 20.0c 10.0c 

     > 14 years   78.6b,c 16.3c   5.1b,c 

p-value < 0.001 

Education of father **    
     < 9 years 69.5b 18.5 11a,b 

     9-14 years 72.1c 19.4c 8.4a,c 

     > 14 years   79.6b,c 15.9c 4.5b,c 

p-value < 0.001 

Occupation of mother    
     unemployed/other # 71.6a,b 19.4b 9.1a,b 

     employed full-time 75.7a 17.4 6.8a 

     employed part-time 78b 16.2b 5.8b 

p-value < 0.001 

Occupation of father    
     unemployed/other # 73.4 18.5 8.1 

     employed full-time 75.8 17.6 6.6c 

     employed part-time 70.9 18.7 10.4c 

p-value 0.007 
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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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Table 3 Multivariate logistic regression analysis for the associations between 

childhood obesity with country’s economic classification, parental socio-

demographic characteristics, and parental obesity 

95% CI=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. 

 

 

 

Dependent variable:  

childhood obesity 

Independent variables OR 95% CI 

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 **   
     < 9 years 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/m2) 1.00  
     At least one parent with obesity (BMI ≥ 30 kg/m2) 2.49 2.07, 2.99 

     Both parents with obesity (BMI ≥ 30 kg/m2) 6.83 5.15, 9.05 
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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 

at increased 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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