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Abstract

Objective: Obesity in children is a serious public health issue in Greece. The
purpose of the current study was to identify risk factors such as birth weight,
breast-feeding, dietary patterns, family history of obesity and sedentary beha-
viours that are possibly associated with paediatric obesity.
Design: Two hundred and five overweight and obese children (OW/OB; group 1)
aged 7–15 years from eight primary and secondary schools and a control group
(group 2) of normal-weight children were matched for age and sex. Overweight
and obesity were calculated based on the International Obesity Taskforce criteria.
Lifestyle parameters as well as anthropometric data were collected in all children.
Conditional logistic regression analysis was used to identify risk factors for obesity.
Results: Breast-feeding ($3 months) and leisure-time physical activity proved to be
protector factors against obesity (OR 5 0?21, 95% CI 0?11, 0?79, P , 0?001 and
OR 5 0?87, 95% CI 0?85, 0?89, P , 0?001 respectively). On the other hand, family
history of obesity (OR 5 3?79, 95% CI 2?61, 4?18, P , 0?001), sugar-sweetened
beverage consumption (OR 5 1?77, 95% CI 1?03, 2?76, P , 0?001) and watching
television (OR 5 1?99, 95% CI 1?54, 2?76, P 5 0?04) were found to be positively
associated with a higher obesity risk.
Conclusions: The current findings support the literature according to which
duration of breast-feeding (,3 months), a family history of obesity, watching
television, sedentary lifestyle and consumption of sugar-sweetened beverages are
important risk factors for childhood obesity. More studies are needed to elucidate
the relationship of paediatric obesity and possible predictor factors in order to
avoid health consequences in these children later on in life.
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The prevalence of childhood obesity is rising at an

alarming rate worldwide(1). Paediatric obesity is a serious

health issue problem that is increasing dramatically in

Greece(2,3).

The prevalence of paediatric obesity in Greece is very

high(2,4). Several studies in Greece have found an asso-

ciation of obesity with different risk factors. Malindretos

et al.(5) reported that parental obesity may increase the

risk of obesity in their children by 40 %. Linardakis et al.(6)

found that high intake of sugar-sweetened beverages was

associated with an increased risk of childhood obesity.

Sedentary behaviours as well as watching television

were found to be significantly correlated with obesity in

198 children from Volos(7). Duration of breast-feeding

($3 months) has been controversial as far as childhood

obesity is concerned(8,9). In a recent study in 2374 Greek

children, breast-feeding was found to be a protective

factor against childhood obesity(10).

CVD in adults is the leading cause of deaths in

Greece(11). Health problems such as hypertension,

diabetes type 2 and dyslipidaemia have been found to be

established at young ages in Greek paediatric popula-

tions(7,12). A number of recent studies have suggested that

childhood obesity in most cases tracks into adulthood(13)

and increases the risk of degenerative diseases later in

life(14). In common with adulthood obesity, childhood

obesity(15) seems to follow an ethnic, geographic and

socio-economic distribution.

The purpose of the current study was to assess the

strength of possible risk factors for childhood obesity in a

paediatric population from Northern Greece.

Methods

Four hundred and ten children randomly selected from

eight primary and secondary schools from rural and
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urban areas of Thessaloniki, northern Greece, which is a

town of about one million people. Randomizations took

into consideration the population distribution with regard

to age and sex both for urban and rural inhabitants. This

procedure was performed by using a computer-assisted

method (SPSS statistical software package version 13;

SPSS Inc., Chicago, IL, USA). Based on the criteria of the

International Obesity Taskforce (IOTF)(16), 205 children

were classified as overweight and/or obese (OW/OB;

group 1) and were matched with a control group (group

2) of normal-weight children by age and sex. All children

were healthy with no history of past disease or taking any

medication. Written, informed consent was obtained from

the parents of each child who participated in the study.

Permission was also obtained from the Ethical Committee

of Aristotle University of Thessaloniki, Greece.

All measurements were performed in the morning after

overnight fasting by three trained researchers. Body weight

was measured to the nearest 0?1 kg, with children wearing

light clothes and without shoes, using a SECA model 700

scale. Height was measured to the nearest 0?1 cm using a

SECA stadiometer. BMI was calculated using the formula

[weight (kg)]/[height (m)]2 and children were classified as

overweight and obese based on IOTF criteria(16). Body fat

percentages were determined by bioelectrical impedance

analysis (Maltron BF-906 instrument).

A questionnaire including 145 questions about family

history of obesity, duration of breast-feeding, birth

weight, physical activity, time sleeping and time watching

television was filled in by the participant and one of their

parents (mother or father).

Parents reported the time spent by children on leisure-

time physical activity. The questionnaire included fifteen

activities and ten response categories for frequency,

ranging from ‘never’ to ‘12 h/week’. A physical activity

index was then calculated as the sum of hours spent on

strenuous physical activity(17). For each physical activity,

a multiple resting metabolic rate (MET score per hour per

week) was assigned(18).

A second questionnaire (sixty-five questions) included

a validated FFQ(19) containing 112 food items divided into

the following categories: dairy products, meat and eggs,

fish, fruits and vegetables, legumes, potatoes and cereals,

oils and fat, sweets and sugar-sweetened beverages.

Each food item was presented proportionally (0?5, 1, 1?5

portions). The frequency of consumption of any food

item was categorized as 1 to 7 d/week, 1 to 2 d/month or

never.

Statistical analyses

All data were analysed using SPSS version 13. Descriptive

data are reported as means with their standard errors. To

compare the characteristics for each group we used the

x2 test for frequencies and the t test for means. For

non-parametric data we used the Mann–Whitney U test.

Conditional logistic regression was used to estimate

the relationship of risk factors to overweight and

obesity. Values with P , 0?05 were considered statistically

significant.

Results

Overweight and obese children were classified as one

group (OW/OB). Table 1 presents the anthropometric,

family and lifestyle characteristics of the OW/OB

and control groups. Weight, BMI and percentage body

fat were higher in the OW/OB group compared with

the control group. OW/OB children watched more tele-

vision and exercised less compared with the control

group.

Table 2 shows the age distribution of the overweight,

obese and normal-weight children. No statistically sig-

nificant differences were found between boys and girls.

Table 1 Demographic, anthropometric and lifestyle characteristics of the study subjects: children randomly selected from eight primary and
secondary schools from rural and urban areas of Thessaloniki, northern Greece

OW/OB (n 205) Control (n 205)

Mean, % or n SE Mean, % or n SE P value-

Age (years) 11?2 3?2 11?1 3?5 0?77
Male (%) 48 48 0?86
Height (m) 1?48 7?4 1?49 6?8 0?41
Weight (kg) 61 6?2 48 5?4 0?001*
BMI (kg/m2) 25 2?4 20 1?9 0?001*
Body fat (%) 36 2?1 20?3 2?2 0?001*
Family history of obesity (%) 42 11 0?001*
Breast feeding $3 months (n) 16 48 0?001*
Birth weight ,2?8 kg (n) 32 27 0?49
Leisure-time physical activity (MET 3 h/week) 24 1?8 42 2?4 0?001*
Sleep (h/d) 9?4 1?1 9?2 0?5 0?52
Watching television (h/week) 17 0?5 12 0?6 0?001*

OW, overweight; OB, obese; MET, metabolic equivalent task.
Data are expressed as mean and its standard error, percentage or number of subjects.
*Statistically significant difference (P , 0?05).
-P value was calculated by Student’s t test (parametric distribution), the Mann–Whitney U test (non-parametric distribution) or the x2 test (frequencies).
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Table 3 presents the variables (not related to food

intake) associated with overweight/obesity in a uni-

variate model. Breast-feeding duration, a family history of

obesity, leisure-time physical activity and watching tele-

vision were significantly associated with overweight/

obesity.

The association of food intake variables with over-

weight/obesity in a univariate model is shown in Table 4.

Consumption of sugar-sweetened beverages was found

to be associated with overweight/obesity. Seventy-three

per cent of the OW/OB group consumed .4 beverages

per week.

Variables that showed a statistically significant differ-

ence in OR for overweight/obesity were introduced in a

final multivariate model (Table 5). Family history of

obesity, watching television and consumption of sugar-

sweetened beverages were found to be risk factors for

overweight/obesity while duration of breast-feeding and

leisure-time physical activity were found to be protective

factors.

Discussion

The results of our study indicated that duration of breast-

feeding and leisure-time physical activity were protective

factors against obesity, while a family history of obesity,

sugar-sweetened beverage consumption and watching

television were risk factors for developing obesity.

Our study showed that breast-feeding for $3 months is

a protective factor against obesity. Similar studies have

also found the same relationship. In a systematic review

by Arenz et al.(20) which included 69 000 participants,

the authors concluded that breast-feeding has a small,

consistent, protective effect against obesity. More recently

Table 2 Age distribution of overweight (OW), obesity (OB) and normal weight (N) among the study subjects: children randomly selected
from eight primary and secondary schools from rural and urban areas of Thessaloniki, northern Greece

Boys Girls

OW (n 57) OB (n 42) N (n 99) OW (n 58) OB (n 48) N (n 106)

Age (years) n % n % n % n % n % n %

7 5 8?7 3 7?1 7 7?1 6 10?3 4 8?3 10 9?4
8 6 10?5 2 4?7 9 9?1 7 12?1 4 8?3 11 10?4
9 7 12?3 3 7?1 9 9?1 6 10?3 5 10?4 11 10?4

10 7 12?3 3 7?1 10 10?1 7 12?1 7 14?5 12 11?3
11 8 14?0 7 16?6 17 17?2 8 13?7 6 12?5 12 11?3
12 9 15?8 10 23?8 17 17?2 9 15?5 7 14?5 12 11?3
13 6 10?5 5 11?9 10 10?1 6 10?3 5 10?4 12 11?3
14 4 7?0 5 11?9 10 10?1 5 8?6 5 10?4 13 12?3
15 5 8?7 4 9?5 10 10?1 4 6?8 5 10?4 13 12?3

x2 test for differences between genders: x2 5 1?4, P 5 0?528.

Table 3 Odds for overweight/obesity (univariate conditional logis-
tic regression model) among the study subjects: children randomly
selected from eight primary and secondary schools from rural and
urban areas of Thessaloniki, northern Greece

OR 95 % CI P value

Low birth weight (,2?8 kg) 1?39 0?58, 1?59 0?68
Breast-feeding ($3 months) 0?88 0?63, 0?97 0?001*
Family history of obesity 4?08 2?52, 8?83 0?001*
Leisure-time physical activity

(MET 3 h/week)
0?87 0?85, 0?89 0?001*

Sleep (h/d) 1?12 0?90, 1?31 0?59
Watching television (14 h/week) 1?78 1?23, 2?65 0?001*

MET, metabolic equivalent task.
*Statistically significant (P , 0?05).

Table 4 Odds for overweight/obesity associated with food intake-
(univariate conditional logistic regression model) among the study
subjects: children randomly selected from eight primary and sec-
ondary schools from rural and urban areas of Thessaloniki,
northern Greece

Servings/d OR 95 % CI P value

Meat and eggs 1?41 0?62, 1?66 0?71
Fish 0?42 0?11, 0?59 0?53
Dairy products 1?24 0?88, 1?39 0?29
Fruits and vegetables 0?87 0?65, 1?11 0?001*
Legumes 4?20 1?40, 6?90 0?23
Cereals 0?76 0?62, 0?89 0?59
Oils and fats 1?21 0?81, 1?44 0?72
Sweets 0?94 0?72, 1?38 0?06
Sugar-sweetened beverages 1?92 1?21, 2?78 0?001*

*Statistically significant (P , 0?05).
-Adjusted for energy intake.

Table 5 Multivariate logistic regression analysis of risk factors for
overweight/obesity among the study subjects: children randomly
selected from eight primary and secondary schools from rural and
urban areas of Thessaloniki, northern Greece

Variable OR 95 % CI P value

Breast-feeding ($3 months) 0?21 0?11, 0?79 0?001*
Family history of obesity 3?79 2?61, 4?18 0?001*
Leisure-time physical activity

(MET 3 h/week)
0?87 0?85, 0?89 0?001*

Fruits and vegetables 0?94 0?90, 1?17 0?59
Sugar-sweetened beverages 1?77 1?03, 2?76 0?001*
Watching television (h/week) 1?99 1?54, 2?76 0?04*

*Statistically significant (P , 0?05).

Risk factors for obesity in Greek children 1537

https://doi.org/10.1017/S1368980009993156 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980009993156


O’Tierney et al.(21) reported that breast-feeding for ,2

months might be deleterious and was associated with

increased BMI. In another study, Moschonis et al.(10)

examined the effects of breast feeding on obesity in 2374

Greek children aged 1–5 years, concluding that children

who were exclusively breast-fed were 0?49 and 0?54 times

less likely to be overweight at 6 and 12 months of age,

respectively, than children who were exclusively formula-fed.

In contrast, several studies have found that breast-feeding

does not seem to protect against obesity in children(9,22).

On the other hand, in a recent review Koletzko et al.(23)

reported that formula feeding also seems to play an

important role in developing obesity since the higher

protein content included in the bottle has been found to

be positively associated with excess weight in later life.

More studies are needed in order to clarify this issue.

Leisure-time activity was a protective factor in our

study. Studies performed recently in Greek, Spanish

and Swedish populations also have found similar

results(9,24,25). Christodoulos et al.(25) examined obesity

and parameters of physical fitness in 178 elementary-

school children during an academic year as well as after

the summer holidays; they showed significant physical

fitness improvements during the school year, with little

or no changes in the summer holidays. The authors

concluded that children who reported 30 min of daily

participation in physical activity demonstrated lower

prevalence rates for overweight and obesity as well as

superior fitness performance.

One of the major risks for obesity was found to be

family history of obesity in our results. Parental obesity

has been also found by others in Greece to be positively

associated with child obesity(5). Investigators from other

countries have also reached in the same conclusion, that a

family history of obesity together with environment and

genetics play important roles in the development of

childhood obesity(9,25,26).

We found that watching television was also associated

with obesity in our subjects. Watching television is a

sedentary behaviour which is related to the consumption

of unhealthy foods and has been found by many authors

as a risk factor for obesity(4,7,9). Manios et al.(7) found in

198 Greek children that overweight/obesity is indicative

of an unfavourable lipid profile as well as less physical

activity and more watching television.

Although obesity results from an imbalance of energy

homeostasis, the true mechanisms underlying this process

remain unknown. It has been suggested that intake of

sugar-sweetened beverages may promote weight gain

and obesity by increasing overall energy intake(27).

Currently, sugared soft drinks contribute about 9 % of

total energy intake in both children and adults(28). In a

recent review, Malik et al.(29) concluded there is strong

evidence that sugar-sweetened beverage consumption

promotes weight gain and obesity in children and

adolescents. In our study we found that consumption

of sugar-sweetened beverages was associated with

increased risk of obesity.

A limitation of our study is that we did not take in

consideration the Tanner stage of each child, or the socio-

economic status and educational level of parents. Another

limitation is that since the study was cross-sectional, no

cause-and-effect relationships could be established.

Conclusions

Our results suggest that breast-feeding duration ($3

months) and leisure-time physical activity are protective

factors against obesity, whereas family history of obesity,

watching television and sugar-sweetened beverage con-

sumption positively influence the development of obesity

in Greek children.
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