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A B S T R A C T 

 

 

Introduction:  Childhood obesity has increased dramatically in the past few decades both in developed and developing countries. 

The objectives of this study were to estimate the prevalence of increased weight in children and adolescents on a remote Greek 

island in the Aegean Sea, and to assess the factors influencing this phenomenon. 

Methods:  A cross-sectional study was conducted involving children and adolescents aged 8–16 years, resident on the island of 

Kalymnos, Greece. Their height and weight were measured in the school environment. Information about the children's leisure 

habits, a plain dietary history, whether they were exposed to tobacco smoke at home, parental nutritional status and socioeconomic 

status were collected via a written questionnaire. Obesity was defined according to the International Obesity Task Force curves. 

Univariable and multivariable logistic regression analysis were conducted in order to identify any factor correlated to increased 

weight. 

Results:  In total, 232 children took part in the study (91.6% participation), and 20.6% (n=48) were classified as overweight while 

8.1% (n=19) were obese. The majority of the children (85.9%) had been breastfed and 45.6% (n=106) were exposed to smoke at 

home. In the multivariable analysis, statistically significant terms associated with childhood increased weight were: maternal 

obesity, maternal occupation and weekly consumption of sugar-sweetened soft drinks. 

Conclusions:  The high prevalence of increased weight in children and adolescents on this remote island is part of the major global 

public health problem. The evidence suggests that maternal nutritional status and occupation, together with children's dietary 

habits, are associated with childhood body weight. 
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Introduction 
 

It has been established that childhood obesity continues into 

adulthood with adverse consequences for health
1-3

. The 

prevalence of childhood obesity in both developed and 

developing countries has risen in recent decades to epidemic 

rate
4
, including even Greece, where there is a long tradition 

of healthy diet
5
. In the last decade, childhood obesity in 

Greece has been estimated at between 6.1 and 14.8%6-9. 

 

Many factors are involved in this public health problem, 

most commonly an imbalance between calorie intake and 

energy consumption
10

. Genetic factors contribute to some 

extent
11,12

 but sedentary behaviour, changes in dietary habits 

and a lack of physical activity are the main issues13,14. 

Socioeconomic factors may also influence the development 

of childhood obesity
15

 and within-country variation has been 

reported16. 

 

The primary objective of this study was to estimate the 

prevalence of obesity in children and adolescents on the 

island of Kalymnos, a remote Greek island in the eastern 

Aegean Sea. The secondary objective was to assess 

influencing factors for the presence of increased weight in 

this group. 

 

Methods 
 

Population study 

 

An epidemiological cross-sectional study was conducted on 

schoolchildren aged between 8 and 16 years from two 

primary and two secondary public schools on the island of 

Kalymnos. Children were selected by simple random 

allocation to achieve a representative sample. 

 

Anthropometric measurements 

 

Measurements took place in the schools during 

September 2010. In a standardized procedure weight was 

measured using an electronic scale precise to 0.1 kg (Seca 

770; Seca, Hamburg, Germany; www.seca.com) on students 

wearing light clothing and no shoes. Their height was 

estimated using wall-mounted measuring tapes available at 

the schools; the barefoot children stood with their heads, 

backs and buttocks on the vertical line of the height gauge. 

Finally, parental weight and height were self-reported. 

 

Questionnaire 

 

Due to limited human and financial resources, information 

was collected via a self-reported questionnaire designed by 

the authors. The questions were written so a person with 

moderate education could understand them, and with the 

exception of questions about age and parental somatometrics 

they were of a closed type to restrict options. A small pilot 

study was conducted to improve the questionnaire. 

 

The questionnaire was presented and explained to the 

teachers (so they were able to assist if necessary) and then 

distributed to the children, accompanied by written 

instructions and telephone numbers for use if clarification 

was necessary. It was suggested that children and parents 

should complete the questionnaire at home and returned it 

within 3 days. 

 

The questionnaire was divided into three sections: 

 

1. Children’s fields: date of birth, sex, daily duration 

of television watching or playing video games, out-

of-school sporting activities, ownership of computer 

or mobile phone, hours of sleep (<6, 6–8, 8–10, 

>10 hours/ 24 hours), access to the internet at home, 

history of breastfeeding and time of initiation of 

solid food.  

2. Parental fields: age group, height, weight, level of 

education (<6, 6-9, 9-12, >12 years), profession and 

smoking status.  

3. A plain dietary history of the children according to 

the following fields: weekly consumption of fast-
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food, consumption of sugar-sweetened soft drinks, 

consumption of meat, fish, vegetables and fruit. 

 

Ethical considerations 

 

Permission for the study was obtained from the Greek 

Educational Institute and the Ministry of Education. The 

Directors of primary and secondary education in Kalymnos 

were informed about this study. The written consent of a 

parent was necessary for the children to participate. 

 

Definitions 

 

Body Mass Index (BMI) was calculated as weight in 

kilograms divided by height in meters squared. The 

nutritional status (overweight and obesity) was defined 

according to the International Obesity Task Force (IOTF) 

standards, based on the measurements of children from 

6 countries
17

. Parents were defined as overweight if their 

BMI was over 25, and obese if their BMI was over 30. 

 

Statistical analysis 

 

Categorical data are presented as absolute and relative 

frequencies while continuous data as mean ± standard 

deviation (SD). The sample size was estimated using 

precision analysis. It was assumed that the prevalence of 

obesity was 8 ± 3.5%; based on this assumption, 230 

subjects were needed to create a 95% confidence interval 

(CI). Assuming 10% of the children would not participate, 

the sample was set at 253 children. Children with increased 

weight were considered to be both obese and overweight. 

 

Initially a univariable analysis was performed, estimating the 

unadjusted odds ratios (OR) in order to reveal possible 

associations between the students' increased weight and 

potential factors. For categorical data with more than two 

classes, apart from unadjusted OR compared with a 

reference level, an overall χ
2
 test was 

performed. Multivariable logistic regression analysis was 

further performed for factors statistically significant at the 

20% level in univariable analysis so as to estimate the 

adjusted OR. The best-fit model was selected by a backward 

stepwise process and likelihood ratio method as the selective 

criterion
18

. Data analysis was performed by using SPSS 

v13.0 (www.spss.com). 

 

Results 
 

The participants were 232 schoolchildren (91.6% 

participation rate) and their characteristics are presented 

(Table 1). The children's mean age was 12.2 ± 2.6 years and 

43.9% (n=102) were male. All were of Greek origin. Their 

mean BMI was 20.7 ± 3.8. In total, 20.6% (n=48) of the 

participants were classified as overweight and 8.1% (n=19) 

were obese; 45.6% (n=106) were exposed to tobacco smoke 

at home. The majority of the children (85.9%) had been 

breastfed, and 58.4% of the mothers were engaged in 

housekeeping at home. Finally, 8.6% of the mothers and 

25% of the fathers were obese. 

 

In the univariable analysis, increased childhood weight was 

associated only with maternal obesity (Table 2); specifically, 

the odds of increased weight in children with obese mothers 

were 2.46 (95%CI 1.34-4.51) higher. No other variable was 

statistically significant in the univariable analysis. 

 

The adjusted odds ratios from the best-fit model are 

presented (Table 3). Apart from maternal obesity, the 

mother's occupation and the child’s weekly consumption of 

soft drinks were statistically significant factors. 

Comparing each mother's occupation class with the 

housewife class, it was estimated that the odds of children's 

increased weight were 2.76 (95%CI 1.07-7.15) higher for 

private sector/ working class and 2.82 (95%CI 1.10-7.23) for 

business class, taking into account the other variables. 

Clearly, the chance of increased weight was significantly 

higher in these two classes. Participants who consumed soft 

drinks daily had 2.89 (95%CI 1.05-7.94) higher odds of 

having increased weight compared with the students who 

had rare soft drink consumption, after adjusting for other 

model terms. 
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Table 1:  Study population characteristics 

 
Statistic Variable 

Mean ± SD 

Age (years) 12.2 ± 2.6 

Weight (kg) 50.4 ± 14.0 

Height (cm) 155.0 ± 13.5 

BMI 20.7 ± 3.8 

 n (%) 

Overweight 48 (20.6) 

Obese 19 (8.1) 

Male sex 102 (43.9) 

Maternal educational level  

Elementary 60 (26.4) 

High school (3 years) 43 (18.9) 

High school (6 years) 82 (26.1) 

University 42 (18.5) 

Paternal educational level  

Elementary 66 (30.0) 

High school (3 years) 39 (17.7) 

High school (6 years) 68 (30.9) 

University 47 (21.3) 

Maternal BMI >30 20 (8.6) 

Paternal BMI >30 58 (25.0) 

Mother's occupation  

Housewife 132 (58.4) 

Private sector/working class 27 (11.9) 

Public sector 34 (15.0) 

Business 33 (14.6) 

Father's occupation  

Unknown 33 (15.1) 

Private sector/ working class 98 (44.9) 

Public sector 46 (21.1) 

Business 41 (18.8) 

Breastfeeding history 195 (85.9) 

Exposure to smoke at home 106 (45.6) 

 
 

 

 

Discussion 
 

The prevalence of childhood obesity on the island of 

Kalymnos was 8.1%, similar to previous studies in Greece6-9. 

The prevalence of obese and overweight children combined 

was 28.7%, suggesting almost one-third of the island’s 

children have increased weight. That this public health 

problem has infiltrated even this remote region could be due 

to the recent development of tourism changing the way of 

life and dietary habits of island dwellers. 

In agreement with other studies, maternal obesity enhanced 

the probability of increased weight in children19,20. Obesity 

in one or both parents probably influences the child’s risk of 

obesity because of shared genes or environmental factors 

within families. Parents are role models for their children 

and their habits can affect children's behaviour in terms of 

calorie intake and amount of physical activity
13

. 
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Table 2:  Univariable association between increased weight and potential factors 

 
Variable Odd Ratio 95% CI P-value 

Age (years)   0.27 

8 Ref Ref  

9 2.71 0.79; 9.31  

10 2.17 0.68; 6.87  

11 0.90 0.25; 3.21  

12 1.04 0.27; 4.01  

13 0.90 0.27; 2.94  

14 0.81 0.23; 2.86  

15 0.86 0.25; 2.90  

16 0.67 0.19; 2.35  

Female sex  0.68 0.38; 1.20 0.18 

Maternal BMI >25 2.46 1.34; 4.51 <0.01 

Paternal BMI >25 0.89 0.45; 1.76 0.74 

Out-of-school sports participation 0.69 0.38; 1.27 0.24 

Owns mobile phone  0.81 0.53; 3.94 0.25 

Owns computer  0.63 0.34; 1.16 0.14 

Internet access at home 0.81 0.44; 1.49 0.50 

Meat consumption/ week   0.92 

1-2 times Ref Ref  

3-4 times 1.19 0.46; 3.04  

over 4 times 1.19 0.43; 3.32  

Fish consumption ≥ twice weekly  1.80 0.76; 4.25 0.17 

Fast-food consumption  > weekly 1.09 0.60; 1.95 0.77 

Watching TV  >2 hours per day 0.88 0.49; 1.58 0.68 

Mother's occupation   0.08 

Housewife Ref Ref  

Private sector/ working class 2.06 0.87; 4.88  

Public sector 0.77 0.31; 1.95  

Business 2.21 0.99; 4.89  

Father's occupation   0.43 

Unknown Ref Ref  

Private sector/ working class 2.33 0.78; 6.97  

Public sector 1.58 0.52; 4.78  

Business 1.98 0.74; 5.30  

Hours of sleep per day   0.34 

<6  Ref Ref  

 6-8 1.75 0.36; 8.55  

>8  2.43 0.50; 11.66  

History of breastfeeding 1.03 0.44; 2.36 0.94 

Duration of breastfeeding   0.76 

<3 months Ref Ref  

3–6 months 1.33 0.61; 2.88  

>6 months 1.14 0.49; 2.63  

Initiation of solid food (>6 months) 1.02 0.51; 2.02 0.95 

Educational level of mother   0.65 

Elementary Ref Ref  

High school (3 years) 1.58 0.66; 3.80  

High school (6 years) 1.28 0.59; 2.76  

University 1.64 0.68; 3.95  

Educational level of father   0.26 

Elementary Ref Ref  

High school (3 years) 1.95 0.83; 4.59  

High school (6 years) 0.96 0.43; 2.12  

University 1.61 0.70; 3.68  
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Table 2: cont’d. 

 

Variable Odd Ratio 95% CI P-value 

Snack consumption    0.64 

Everyday Ref Ref  

Few times per week 1.38 0.67; 2.82  

Not at all 1.47 0.49; 4.39  

Sugar-sweetened soft drinks    0.14 

Not at all Ref Ref  

Everyday 1.65 0.73; 3.71  

Few times per week 0.88 0.35; 2.18  

Vegetables and fruit consumption   0.66 

Everyday Ref Ref  

Few times per week 1.21 0.67; 2.19  

Not at all 0.72 0.18; 2.80  
                                              Ref, Reference. 

 
 

Table 3:  Adjusted odds ratios of the best-fit model 

 
Statistic Variable 

Odds ratio 95% CI P value 

Mother’s BMI >25  2.93 1.47; 5.83 <0.01 

Mother's occupation  

Housewife Ref Ref Ref 

Private sector/ work class 2.76 1.07; 7.15 0.03 

Public sector 0.59 0.20; 1.73 0.33 

Business 2.82 1.10; 7.23 0.03 

Soft drinks per week  

Not at all Ref Ref Ref 

Everyday 2.89 1.05; 7.94 0.03 

Few times per week 1.77 0.47; 4.39 0.51 
                                              Ref, Reference. 

 
 

Evidence is limited regarding specific food or dietary 

patterns that contribute to excessive calorie intake in children 

and adolescents
13

. However, it is clear that large portions of 

food and beverages, eating meals from fast-food restaurants, 

frequent snacking on energy-dense foods and consuming 

beverages with added sugar contribute to excess energy 

intake in children and adolescents
13

. Evidence is mounting 

regarding the association of consuming sugar-sweetened 

drinks with weight gain in children and adolescents
21-23

. The 

present study confirms this relationship with the finding that 

consumption of soft drinks every day was more frequent in 

children with elevated weight. 

 

Physically active children are likely to remain physically 

active into adolescence and adulthood. Certainly children 

and adolescents' participation in physical activities may have 

a beneficial effect on their body weight
14

. That no such 

association was found in the present study may be due to the 

lack of data on the duration and intensity of out-of-school 

athletic activities. A more detailed questionnaire may clarify 

this result. 

 

Regarding the association of sedentary behaviour with 

obesity, several studies have found a positive correlation 

between obesity and media use
24-26

. In particular, media use 

and television watching reduce physical activity and 

metabolic rate. The consumption of calories may increase 

due to children eating snacks and other food in front of the 

television, leading to an unhealthy way of life. This study, 

however, found no correlation of sedentary life with 

participants' weight increase. 
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As has been seen in other studies, socioeconomic status 

influences the prevalence of obesity in children15,27,28. In the 

present study increased weight was dependent on the 

mother's occupation, but independent of the father's 

occupation and parental education levels. The probability of 

increased weight in children whose mothers were occupied 

with home duties was lower than for any other maternal 

occupation, suggesting that these mothers had more time to 

manage their children's diet. 

 

Whether feeding practices during the first year of life (ie any 

breastfeeding, duration of breastfeeding, age of solid food 

introduction) influence the nutritional status of older children 

is controversial29,30, and the present results do not support 

any such association. Of note, however, is that the majority 

of participating children had been breastfed for a minimum 

period of 3 months with solid food commenced after 

6 months of age. 

 

Finally, several investigations have found a positive 

correlation between smoking during pregnancy and 

children's increased weight and blood pressure later in 

life31. Moreover, many studies have also indicated that 

smoking is associated with glucose intolerance, insulin 

resistance, dyslipidemia (increased low-density lipoprotein 

[LDL] cholesterol and decreased high-density lipoprotein 

[HDL] cholesterol), endothelial dysfunction, as well as a 

hyper-coagulation and an unhealthy body fat distribution, 

which are all related to the development of the metabolic 

syndrome
32

. There is also evidence that children's passive 

exposure to smoke may contribute to the reduction of the 

HDL and to a positive correlation between BMI and the 

daily time of exposure to tobacco smoke
33,34

. However, in 

the present study an association between smoke exposure at 

home and obesity was found to be not statistically 

significant. 

 

Limitations 

 

The study has some limitations. First, parental self-reporting 

and partial self-reporting of the children's data could have 

influenced the study’s results. It is also necessary to take into 

account recall bias, especially regarding feeding practices 

during the first year of life. The questionnaire was designed 

by the authors and its validity and reliability was not tested. 

However, the questions were written in a clear and 

understandable way, although the restriction imposed by the 

use of closed questions must also be considered. In addition, 

a cross-sectional study may provide evidence of associations 

but not proof of causality. Finally, these results cannot be 

generalised to other populations. 

 

Despite these limitations, the strong points of this study are 

its high participation rate (due to the positive relationship 

between Kalymnos medical staff and the island people) and 

the representative sample of children from the island. 

 

Conclusion 
 

The prevalence of obesity among Kalymnian children and 

adolescents is high. According to the present results, dietary 

habits, and maternal BMI and socioeconomic status appear 

to exert the highest influencing effect. Given the well known 

consequences of obesity, useful interventions at both school 

and home include fostering healthier dietary habits among 

family members, and also increasing in physical activity. 
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