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for the treatment and prevention of childhood obesity in 
Switzerland are immigrant families, and the problem needs 
to be tackled differently in boys and girls as their risk fac-
tors are not the same.
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Introduction

Obesity has long been considered a global epidemic. The 
World Health Organization (WHO) and World Obesity 
Clinical Care estimate that in 2008 more than 1.4 billion 
adults and in 2004 around 10 % of children aged 5–17 years 
were overweight globally [1, 2]. Despite observed trends 
for a stabilization of the prevalence of childhood obesity 
in several countries, it is unclear how the overall epidemic 
can be stopped [3]. From an international point of view, the 
rates of childhood overweight and obesity in Switzerland 
are low, with a total prevalence (overweight and obesity 
together) of 19 % [4] compared to 34 % in the USA, 59 % 
in Mexico, and 31 % in Spain [5]. Furthermore, we have 
recently demonstrated that the prevalence of childhood adi-
posity in Switzerland stabilized between 1999 and 2012 
[4]. Nevertheless, as obesity during childhood is a risk fac-
tor not only for short-term health consequences [6] but also 
for obesity and its associated comorbidities in adulthood 
[7], the ultimate goal should be to reduce its prevalence 
even further.

Even though the direct reason for weight gain is gener-
ally a positive energy balance, the causes for obesity are 
multifactorial. Changes in food habits; an increasingly 
sedentary lifestyle; and genetic, social, and cultural fac-
tors have been named as important factors influencing the 
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prevalence of obesity, and consequently, treatment possi-
bilities are multiple. Lifestyle interventions comprised of 
several treatment aspects are generally recommended for 
the treatment of childhood obesity [8–10]. Although such 
approaches have been shown to be effective in randomized 
controlled trials, the amount of weight lost is limited, and 
many children are unsuccessful over the long term [8]. 
Alternative treatment options such as medication or bariat-
ric surgery can be explored for severely obese children [9], 
but ideally, the prevention of the development of obesity 
should be emphasized.

Population-based prevention approaches which address 
obesity and specifically childhood obesity through multi-
strategic interventions have been suggested as the method 
of choice and have already been implemented in sev-
eral settings [11, 12]. Even though a recent review by 
Wolfenden suggested a modest positive effect of such pop-
ulation-based programs, not all included studies reached 
the same conclusion [13]. A better understanding of the 
importance of different factors in the development of child-
hood obesity is required for the development of more tar-
geted and therefore more successful strategies.

The aim of this study was therefore to identify specific 
risk factors for overweight and obesity in a representative 
national sample of Swiss primary school children aged 
6–12 years, by testing factorial associations with weight 
status. Specifically, associations between diet, leisure time 
activity and socioeconomic components, and the risk of 
overweight and obesity were examined.

Methods

Subjects

A probability proportionate-to-size (PPS) cluster sam-
pling was used to obtain a representative national sample 
of Swiss children aged 6–12 years. PPS cluster sampling is 
a widely used and recommended method for anthropomet-
ric school-based surveys. Based on current census data, the 
Swiss Federal Office of Statistics divided Switzerland into 
five geographic regions: west (French language), northwest 
(German language), northeast (German language), central 
east (German language), and south (Italian language). Each 
of these regions was divided into three strata by population 
size of the communities (i.e., small communities: <10,000 
inhabitants; middle-sized communities: 10,000–100,000 
inhabitants; and large communities >100,000 inhabit-
ants). Then, a two-stage PPS random cluster sampling was 
used to obtain independent national samples of the popu-
lation groups. One school in each of the 60 communities 
was identified by stratified random selection. Schools that 
declined participation were systematically replaced by 

another randomly selected school from the same strata 
(sampling stage 1). Per school, 3–4 classrooms were ran-
domly selected, and all students from these classrooms 
were invited to participate (sampling stage 2).

An information letter describing the study and the exam-
ination process was sent to the school principal, teachers, 
parents, and children 2 weeks prior to the measurement 
day in order to give parents/children sufficient time to con-
sider participation. Children were automatically enrolled in 
the study, but parents had the possibility to withdraw their 
child from the survey by letter (passive informed consent). 
Data were collected from February to June 2012, and ethi-
cal approval was obtained from the Ethical Commission 
of the ETH Zurich (Zurich, Switzerland) and the Cantonal 
Ethic Committee Vaud (Lausanne, Switzerland).

Anthropometric measurements

For the anthropometric measurements, which took place 
over the entire school day, children left the classroom in 
pairs, and measurements were taken in a separate room. 
Children removed their shoes, emptied their pockets, and 
wore light indoor clothing. All measurements were taken 
by two trained examiners (S.B.M. and S.S.). Height and 
weight were measured using standard anthropometric 
techniques [14]. Body weight was measured to the nearest 
0.1 kg using a digital scale (PS22; Breuer, Ulm, Germany). 
Height was measured to the nearest 0.1 cm using a portable 
stadiometer (Seca 214; Seca Medizinische Waagen und 
Messsysteme, Hamburg, Germany).

Sex and date of birth were obtained from the school 
lists. In the case of missing data, they were established at 
the time of examination.

Questionnaire

After the anthropometric measurements, a questionnaire 
was distributed to all participating children to gather infor-
mation about parental characteristics, in addition to the 
child’s physical activity behavior, media consumption, 
and dietary habits. The questions used were derived from 
a validated questionnaire used in the same age group by the 
Institute of Movement Sciences at ETH, Zurich, and from 
a collection of standard questions published by the Federal 
Institute of Public Health [15]. Children were advised to 
fill out the questionnaire at home with the assistance of a 
parent, and who filled in the answers was specified at the 
beginning of the questionnaire. Questionnaires completion 
was voluntary and anonymous. To provide anonymity, each 
child was assigned a subject identification number as part 
of the anthropometric examination, which was then used 
on the questionnaires and forms throughout the study. The 
questionnaires were collected by teachers and sent back to 
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us by mail. Data entry was via a standardized procedure, 
undertaken by two trained persons (S.S. and J.Z.).

Parental characteristics

The questionnaire included an open question regarding the 
nationalities of both parents. For the analysis, the nation-
alities of the parents were combined and categorized into 
the following three groups: “Both Swiss,” “Swiss and non-
Swiss,” and “Both non-Swiss.” Furthermore, the education 
level of both parents was surveyed, with the following pos-
sible responses “obligatory school time,” “apprenticeship 
without professional maturity,” “apprenticeship with pro-
fessional maturity,” “university of applied sciences or tech-
nical university,” and “university.” The educational levels of 
the parents were combined and categorized into the follow-
ing three groups: “low” (obligatory school time), “moder-
ate” (apprenticeship with or without professional maturity), 
and “high” (university of applied sciences, technical uni-
versity or university).

Physical activity

The children were asked for how many days in a typical 
week they were physically active for ≥60 min. Physical 
activity was defined as any body movement that leads to 
an increase in heart rate and respiration, and includes light 
sweating. Answers were categorized as follows: “≤1 day/
week,” “2–3 days/week,” “4–5 days/week,” and “≥6 days/
week.” The question specifically asked about physical 
activity outside school, so any physical activity classes dur-
ing normal school hours were not included.

Media consumption

The children were asked how many hours and minutes in a 
typical day they watched television (including videos, DVD), 
played PlayStation or other video games, and used a com-
puter (including surfing the Internet). The respective times 
for each activity were summed up to form the variable media 
consumption. Media consumption was categorized into “<1 h/
day,” “≥1 and <2 h/day,” “≥2 and <3 h/day,” and “≥3 h/day.”

Dietary intakes and dietary habits

The questionnaire gathered information on both dietary 
intakes and dietary habits with respect to mealtime behav-
iors. The children were asked how many times they con-
sumed the following food items during the last 4 weeks: 
soft drinks, fruits, vegetables, and green salad. The possi-
ble responses were “never or rarely,” “1–3 times/month,” 
“once/week,” “2–4 times/week,” “5–6 times/week,” “once/
day,” “twice/day,” “3 times/day,” and “4–5 times/day.” For 

soft drinks, the children were categorized into following 
consumer categories: “≤1 day/week,” “2–4 days/week,” 
“5–6 days/week,” and “daily.” The intakes of fruits, veg-
etables, and green salad were summed up to form the vari-
able fruit and vegetable intake, which was categorized into 
“<once/day,” “1–2 times/day,” “3–4 times/day,” and “≥5 
times/day.” Regarding dietary habits, the children were 
asked whether they eat breakfast. Subjects could choose 
between “yes,” “no,” and “sometimes.” For the multinomial 
logistic regression analysis, the groups “no” and “some-
times” were combined to obtain the following two groups: 
“no” (not eating breakfast regularly) and “yes” (eating 
breakfast regularly). Additionally, the children were asked 
how many times per week they eat a family supper or in 
front of the television/computer. The possible answers were 
“<once/week,” “1–2 times/week,” “3–4 times a week,” and 
“≥5 times/week.”

Data analysis

All data were thoroughly checked for data entry errors. The 
exact ages of the children were calculated from the date of 
birth and date of anthropometric measurement. Children 
<6.0 and ≥13.0 years were excluded from the data analysis.

BMI was calculated as weight (kg) divided by height 
squared (m2). Overweight (excluding obesity) and obesity 
were defined according to the age- and sex-specific 85th 
and 95th BMI percentiles, respectively, of the Centers for 
Disease Control and Prevention (CDC) [16]. As there is 
no national growth reference dataset for Swiss children, 
we previously validated the accuracy of the CDC criteria 
in classifying adiposity, estimated by measuring multiple 
skinfold thicknesses, in a national sample of Swiss children 
at this age [17]. In both sexes, the sensitivity and specificity 
of the CDC criteria in defining overweight and obesity was 
found to be high and superior to that of the International 
Obesity Task Force criteria [17]. BMI–standard deviation 
scores (BMI–SDS) were calculated using the software Epi 
Info version 3.5.3 (Centers for Disease Control and Pre-
vention, Atlanta, GA, USA) to compare BMI values across 
different ages and by sex. A more detailed presentation of 
overweight and obesity prevalence of the study population 
as well as time trends in Switzerland using both CDC and 
International Obesity Task Force (IOTF) criteria for child-
hood obesity has been published elsewhere [4].

Statistical analysis was done using IBM SPSS Statistics 
version 20 (IBM Company, Armonk, NY, USA) and Excel 
(Microsoft Office 2010; Microsoft Corporation, Redmond, 
WA, USA). Continuous data were checked for normal dis-
tribution using a Kolmogorov–Smirnov test and graphically 
by evaluating histograms and Q–Q plots. Non-normally 
distributed data were log-transformed before data analy-
sis and expressed as median (Min–Max) (i.e., BMI–SDS). 
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No suitable transformation could be found for age, and 
therefore, nonparametric testing was applied for this vari-
able. For the comparison of continuous data between sexes, 
independent t test for parametric and Mann–Whitney U test 
for nonparametric variables were used. One-way ANOVA 
followed by Bonferroni post hoc testing was performed 
to check for significant differences among the three age 
groups (6–8, 9–10, 11–12 years) for normally distributed 
continuous variables. Prevalence estimates of overweight 
and obesity between sexes and the three age groups were 
compared using the Chi-square test, followed by the z test 
to check for significant differences between the individual 
values (Bonferroni correction). Chi-square testing was 
further used to check for associations between BMI cat-
egories and socioeconomic, dietary or activity parameters. 
Multinomial logistic regressions were used to examine the 
associations between BMI category and risk factors (i.e., 
parental characteristics and child’s lifestyle habits). In a 
first step, each risk factor was tested individually (depend-
ent variable: BMI category; factor: each of the risk factors). 
In a second step, all risk factors which showed an associa-
tion in the univariate model were added into the multivari-
ate model, controlling for age in addition (dependent vari-
able: BMI category; factors: all risk factors; covariate: age). 
p values <0.05 were considered significant.

Results

Response rates

In total, 3239 children attending the consenting schools 
were invited to participate in the study. Of those, 177 
children did not participate (77 children/parents declined 
participation, and 100 children were absent on the day of 
measurement due to illness or other reasons) resulting in a 
participation rate of 94.5 % (n = 3062) [4]. The return rate 
of the distributed questionnaires was 91.7 % (n = 2808), 
and only children who filled in the questionnaires were 
considered for the analysis in this publication. After dis-
carding data from nine children due to missing age, 68 chil-
dren as they were either <6.0 or ≥13.0 years of age, and 7 
children because of non-identifiable questionnaires, a final 
sample size of 2724 children remained.

Study population characteristics

The final sample consisted of 1375 boys [median age 
(range) 9.83 (6.36–12.98) years] and 1349 girls [median 
age (range) 9.94 (6.25–12.99) years]. Median (range) 
BMI–SDS was 0.8 (−3.2 to 5.6) in boys and 0.6 (−2.7 
to 4.6) in girls, and did not differ between sexes and age 
groups (p > 0.05). The prevalence estimates of overweight 

and obesity by sex and age groups are shown in Table 1. 
There was no sex difference in prevalence rates of over-
weight and obesity in all age groups (p > 0.05), although a 
clear trend toward higher obesity rates in boys was appar-
ent with the exception of the 9- to 10-year olds. In addition, 
for both sexes, no age effect was observed for either over-
weight or obesity (p > 0.05).

Risk factors for overweight and obesity

Prevalence estimates of overweight and obesity by nation-
ality and education level of the parents are shown in Fig. 1. 
There was a significant association between parents’ 
nationality and BMI category, both in boys (χ2(4) = 46.1, 
p < 0.001) and in girls (χ2(4) = 32.4, p < 0.001). Further-
more, a significant relationship between parental education 
level and BMI category in boys (χ2(4) = 13.9, p = 0.008) 
and girls (χ2(4) = 25.9, p < 0.001) was found (Fig. 1).

Several dietary parameters were investigated for their 
effect on BMI. Not eating breakfast was significantly 
associated with BMI category in both boys (χ2(2) = 8.9, 
p = 0.012) and girls (χ2(2) = 15.6, p < 0.001). Similarly, 
there was a significant association between the number of 
days that children consume lunch at school and BMI cat-
egories in both boys (χ2(8) = 19.1, p = 0.014) and girls 
(χ2(8) = 37.1, p < 0.001), while the effect of family supper 
seems to be less important in both groups [(χ2(6) = 12.6, 
p = 0.050) for boys and (χ2(6) = 9.6, p = 0.143) for girls]. 
Eating in front of the TV, on the other hand, was related to 
BMI categories in boys (χ2(6) = 23.7, p = 0.001) but not in 
girls (χ2(6) = 11.1, p = 0.086). The consumption of fruits 

Table 1  Prevalence of overweight (excluding obesity) and obesity in 
a national sample of Swiss children aged 6–12 years in 2012 by sex 
and age groups, using the CDC

Centers for Disease Control and Prevention [16]

Total N Overweight Obesity

n % (95 % CI) n % (95 % CI)

Age groups

6–8 years

 Boys 502 58 11.6 (8.8–14.4) 46 9.2 (6.7–11.7)

 Girls 474 50 10.5 (7.7–13.3) 27 5.7 (3.6–7.8)

9–10 years

 Boys 473 56 11.8 (8.9–14.7) 25 5.3 (3.3–7.3)

 Girls 469 67 14.3 (11.2–17.5) 28 6.0 (3.9–8.1)

11–12 years

 Boys 400 48 12.0 (8.8–15.2) 32 8.0 (5.3–10.7)

 Girls 406 43 10.6 (7.6–13.6) 22 5.4 (3.2–7.6)

Total

 Boys 1375 162 11.8 (10.1–13.5) 103 7.5 (6.1–8.9)

 Girls 1349 160 11.9 (10.2–13.6) 77 5.7 (4.5–6.9)
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and vegetables was associated with BMI categories in girls 
(χ2(8) = 18.3, p = 0.019) but not in boys (χ2(8) = 10.5, 
p = 0.232), while soft drink consumption was not found 
to be significantly associated in either boys (χ2(6) = 2.7, 
p = 0.850) or girls (χ2(6) = 7.6, p = 0.273).

In a last step, the impact of physical activity and inactiv-
ity was investigated. Media consumption was significantly 
associated with BMI categories in both boys (χ2(6) = 46.9, 
p < 0.001) and girls (χ2(6) = 33.3, p < 0.001), while physi-
cal activity (as frequency categories) was only significantly 
associated with BMI categories in girls (χ2(6) = 21.0, 
p = 0.002) with a trend for boys (χ2(6) = 11.9, p = 0.064).

The following risk factors showed significant associa-
tions with BMI categories in individual multinomial logistic 
regression and were thus used for the multivariate model: 
parents’ nationality, parental education, physical activity, 
media consumption, and breakfast consumption (data not 
shown). Results of the multivariate model are displayed in 
Table 2 for boys and in Table 3 for girls. The model shows 
the odds ratio (OR) for obesity to be significantly increased 
in boys if they have at least one non-Swiss parent and with 
increasing media consumption; similar results can be seen 
for overweight but to lower extent (Table 2). In girls, the 
OR for obesity was significantly increased only if they have 
two non-Swiss parents, and media consumption was also a 
less important predictor. On the other hand, the girls’ OR 
for obesity was significantly increased based on the parents’ 
education level, and there was a trend for reduced physi-
cal activity and skipping breakfast to be a contributing fac-
tor. The OR for overweight in girls, however, was strongly 
increased with increasing media consumption (Table 3).

Discussion

The etiology of obesity is multifactorial, and for success-
ful prevention, a detailed understanding of the specific risk 
factors is essential. We have investigated dietary, leisure 

time activity, and socioeconomic factors for their role in 
childhood overweight and obesity in a representative sam-
ple of schoolchildren in Switzerland. In boys, the risk of 
obesity was clearly dependent on the parent’s nationality 
and increased with increasing media consumption. In girls, 
on the other hand, the associations were less pronounced; 
however, media consumption, parent’s nationality, parental 
education, and physical activity seemed to play a role in 
their risk of overweight and obesity.

Unhealthy dietary habits are often cited as a main cause 
for the obesity epidemic; however, exactly which foods 
may be responsible is still a matter of debate, and it seems 
increasingly obvious that changing individual aspects of 
the diet and/or lifestyle is unlikely to achieve any long-
term improvements [10]. Nevertheless, high consumption 
of fruits and vegetables, for example, has been associated 
not only with reduced BMI [18], but also other positive 
effects such as protection against cancer [19] and cardio-
vascular disease [20]. Consequently, higher intakes of fruits 
and vegetables have been promoted worldwide using dif-
ferent campaigns, with ‘5 a day’ being probably the most 
widely used. Despite the popularity of such programs, a 
recent systematic review concluded that family-focused 
interventions to increase daily fruit and vegetable intake 
had a very limited success rate, and that holistic approaches 
were needed [10]. The Health Behaviour in School-Aged 
Children (HBSC) study has, besides other factors, assessed 
the consumption of fruits in 11-, 13-, and 15-year-old 
schoolchildren in 39 countries. In Switzerland, 50 % of 
11-year-old, 43 % of 13-year-old, and 35 % of 15-year-old 
children reported eating fruits daily. Even though this was 
high compared to internationally, these results indicate that 
more than 50 % of the children in Switzerland do not fol-
low recommendations [21]. Nevertheless, in our study, we 
have not found children with a low consumption of fruits 
and vegetable to be at an increased risk of obesity in the 
multinomial model, even though at least for girls the over-
weight and obese groups showed a reduced frequency of 

Fig. 1  Prevalence (±SE) of 
overweight (excluding obesity) 
and obesity in Swiss children 
aged 6–12 years in 2012 by 
nationality and education level 
of the parents, using the Cent-
ers for Disease Control and 
Prevention (CDC) Ref. [16]. a 
Prevalence was significantly dif-
ferent from “both Swiss” group, 
p < 0.05 (z test, Bonferroni cor-
rection); b prevalence was sig-
nificantly different from “highly 
educated” group, p < 0.05 (z 
test, Bonferroni correction)
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fruit and vegetable consumption. Due to their high sugar 
content, soft drinks are often linked to an increased risk 
of obesity, even though the actual effect of a reduction in 
their consumption on body weight is still debated [22–24]. 
In our study, soft drink consumption was not associated 
with the risk of obesity either in boys or in girls. Regard-
ing fruit and vegetable intakes and the risk of obesity, our 
results are comparable to a previous study conducted in 
Canadian children; however, in this study, a significant 
effect of soft drink consumption was reported [25]. A study 
in Greek adolescents, on the other hand, found even less 
impact then we did: the frequency of fruit and vegetable 
intake or of the consumption of soft drinks did not differ 
between the normal weight and the overweight/obese group 
[26]. Furthermore, data from 34 countries participating in 
the HBSC 2001/2002 study indicate that the consumption 
of fruits, vegetables, and soft drink influenced the OR for 
obesity in only a few exceptional cases [27]. This lack of 
association in our study may, to a certain extent, be the 
result of the quantitative questions asked. By only asking 
about frequencies, it was not possible to assess the actual 

amounts consumed, and thus, it may not have been possi-
ble to pick up all associations. Particularly for soft drinks, 
quantities may vary considerably between children. Nev-
ertheless, questions asked were similar to those in the 
HBSC survey that also did not assess actual amounts but 
only frequencies. Thus, the fact that we did not find asso-
ciations between fruit and vegetable as well as soft drink 
consumption may also be due to differences in overall eat-
ing patterns between Switzerland and other countries. For 
example, the HBSC survey showed that daily consumption 
of soft drinks and also fruits in Switzerland did not dif-
fer between affluent and less affluent families, while there 
were important differences in a large number of other Euro-
pean countries [21].

In an earlier Swiss study, children consuming breakfast 
frequently were shown to have a lower BMI compared 
to those skipping breakfast on a regular basis [28]. Simi-
lar findings were reported in other studies summarized by 
Rampersaud et al. [29]. In the present study, we found 
skipping breakfast to be more prevalent in overweight and 
obese children, but when controlling for other influencing 

Table 2  Associations between overweight, obesity, and potential socioeconomic, dietary, and activity-based risk factors in 1375 6- to 12-year-
old boys

Model: multinomial logistic regression with BMI categories as dependent variable; all socioeconomic, dietary, and activity parameters are listed 
in the table as factors and age as a covariate

Model characteristics: R2 = 0.070 (Cox and Snell), 0.101 (Nagelkerke); Model χ2 = 94.3

OR odds ratio, CI confidence interval

Normal weight Overweight Obesity

% % OR (95 % CI) p % OR (95 % CI) p

Parental nationality (n)

Both non-Swiss (317) 21.3 31.6 1.520 (0.958–2.413) 0.076 40.2 2.525 (1.444–4.415) 0.001

Swiss and non-Swiss (178) 12.0 15.8 1.534 (0.923–2.550) 0.099 24.7 3.519 (1.962–6.310) <0.001

Both Swiss (834) 66.7 52.6 1.0 35.1 1.0

Parental education level (n)

Low (109) 7.3 11.5 0.903 (0.428–1.905) 0.788 12.2 1.019 (0.416–2.495) 0.968

Moderate (784) 57.3 59 1.059 (0.710–1.579) 0.778 67.3 1.529 (0.870–2.686) 0.140

High (453) 35.4 29.5 1.0 20.4 1.0

Physical activity

≤1 day/week 3.3 3.1 0.874 (0.320–2.386) 0.793 5.8 1.474 (0.495–4.386) 0.486

2–3 days/week 24.2 26.3 1.101 (0.696–1.742) 0.681 34 1.683 (0.925–3.053) 0.087

4–5 days/week 35.4 37.5 1.065 (0.698–1.626) 0.769 37.9 1.561 (0.876–2.780) 0.131

≥6 days/week 37.1 33.1 1.0 22.3 1.0

Media consumption

<1 h/day 32.7 26.6 1.0 9.8 1.0

≥1 and <2 h/day 40.8 35.4 1.064 (0.674–1.678) 0.791 38.2 3.192 (1.436–7.095) 0.004

≥2 and <3 h/day 16.3 19.6 1.299 (0.736–2.290) 0.367 26.5 4.945 (2.102–11.638) <0.001

≥3 h/day 10.3 18.4 2.255 (1.246–4.082) 0.007 25.5 7.500 (3.044–18.480) <0.001

Breakfast

Yes 85.9 81.4 1.0 75.7 1.0

No 14.1 18.6 1.065 (0.655–1.731) 0.799 24.3 1.514 (0.892–2.568) 0.124
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factors in the multinomial model, only a trend remained 
for an increased risk of obesity in girls. Thus, even though 
skipping breakfast seems to be more frequent in overweight 
and obese children, other factors may be more important in 
determining the risk of overweight and obesity.

As weight gain is generally accepted to be the result of 
a positive energy balance, energy expenditure needs to be 
considered besides energy intake. In our study, we found 
increasing media consumption to be an important risk fac-
tor for obesity and to some extent also overweight, espe-
cially in boys, while in girls the associations were less clear. 
The amount of active physical activity, on the other hand, 
seemed to play only a limited role, at least when control-
ling for all other factors in the multinomial model. Contrary 
to this finding, the HBSC 2001/2002 data indicate a strong 
influence on obesity risk by physical activity level and 
TV viewing time, but not computer use [27]. Then again, 
Kosti et al. [26] showed that physical activity was reduced 
in overweight and obese Greek adolescents, while they 
reported no difference in the time watching TV or play-
ing electronic games. Despite the existing discrepancies 

in these studies, which may to a certain extent be also the 
result of differences in the assessment methods, it becomes 
evident that physical activity and inactivity are important 
influencing factors when it comes to childhood overweight 
and obesity. One of the striking differences in our study 
compared to others is that media consumption seems to 
be one of the two main determining factors for obesity in 
boys, but was found to be much less important in girls. This 
may be explained to a large extent by the fact that the pro-
portion of obese boys with media consumption >3 h/day is 
considerably higher than it is in girls (25.5 vs. 15.6 %).

Besides direct energy intake and energy expenditure, 
parental factors, including socioeconomic status as well 
as parental weight, have been discussed as important 
predictors of children’s weight status [30–32]. In our 
study, we have not been able to assess parental weight, 
but we did investigate the effect of parental education 
and migrant status on the child’s risk of overweight and 
obesity. We have found significantly higher frequencies 
of overweight and obesity in children from parents with 
lower education as well as non-Swiss nationality. Our 

Table 3  Associations between overweight, obesity, and potential socioeconomic, dietary, and activity-based risk factors in 1349 6- to 12-year-
old girls

Model: multinomial logistic regression with BMI categories as dependent variable; all socioeconomic, dietary, and activity parameters are listed 
in the table as factors and age as a covariate

Model characteristics: R2 = 0.063 (Cox and Snell), 0.093 (Nagelkerke); Model χ2 = 81.6

OR odds ratio, CI confidence interval

Girls Normal weight Overweight Obesity

% % OR (95 % CI) p % OR (95 % CI) p

Parental nationality (n)

Both non-Swiss (313) 21.4 31.6 1.494 (0.926–2.411) 0.100 45.8 3.457 (1.857–6.439) <0.001

Swiss and non-Swiss (201) 14.9 17.8 1.431 (0.880–2.325) 0.148 16.7 1.693 (0.803–3.569) 0.167

Both Swiss (834) 63.7 50.7 1.0 37.5 1.0

Parental education level (n)

Low (127) 8.5 14.9 1.566 (0.783–3.131) 0.205 16.2 1.501 (0.565–3.988) 0.416

Moderate (767) 57.1 63.6 1.505 (0.979–2.313) 0.062 68.9 2.517 (1.233–5.139) 0.011

High (417) 34.4 21.4 1.0 14.9 1.0

Physical activity

≤1 day/week 5.4 12.8 2.003 (1.035–3.876) 0.039 9.2 2.542 (0.910–7.102) 0.075

2–3 days/week 31.4 30.1 0.886 (0.547–1.436) 0.623 44.7 2.054 (0.993–4.248) 0.052

4–5 days/week 36.5 32.1 0.895 (0.560–1.431) 0.642 28.9 1.252 (0.577–2.718) 0.570

≥6 days/week 26.7 25 1.0 17.1 1.0

Media consumption

<1 h/day 37.8 24.1 1.0 15.6 1.0

≥1 and <2 h/day 38.6 38.6 1.338 (0.848–2.110) 0.211 45.5 2.235 (1.062–4.704) 0.034

≥2 and <3 h/day 14.5 20.9 1.812 (1.029–3.188) 0.039 23.4 2.284 (0.950–5.491) 0.065

≥3 h/day 9 16.5 2.168 (1.147–4.098) 0.017 15.6 2.150 (0.781–5.922) 0.139

Breakfast

Yes 82.1 76.7 1.0 64.5 1.0

No 17.9 23.3 0.976 (0.620–1.537) 0.917 35.5 1.649 (0.941–2.889) 0.081
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data confirm findings of a previous study done in pre-
school children in Switzerland where parental education 
level and migration status were also found to be impor-
tant predictors not only of child obesity but also of eat-
ing habits [33]. Similarly, Lasserre et al. [34] reported 
a strong influence of parental factors including weight, 
education, and migrant status in a regional sample of 
Swiss schoolchildren (Canton Vaud), but in this study 
dietary factors and physical activity were not considered. 
Migrant status and nationality were also determined as 
important contributing factors to childhood obesity in 
other countries including Germany [35] and the Neth-
erlands [36], but most other surveys have focused more 
on socioeconomic status. The determination of socio-
economic status varies widely between studies. It can be 
based on living area, parent’s employment, or as in our 
study, education. Even though the prevalence of over-
weight and obesity was higher in children from parents 
with a lower education level in our study, parental edu-
cation was not found to be a determinant for the risk of 
obesity in boys when controlling for other factors and 
the effect in girls was only limited. Similarly, the most 
recent Health Survey for England (HSE) showed a higher 
prevalence of overweight and obesity in children from 
families with lower household income [37]. Higher 
overweight and obesity prevalence in groups with lower 
socioeconomic status based on neighborhood was shown 
in a study in 10-year-old children in Stockholm County 
in Sweden, without investigating other influencing fac-
tors such as diet or physical activity [38]. Also in agree-
ment with our findings, a French study that used compos-
ite index of socioeconomic status including household 
wealth, education level, and occupational status of the 
household head found the OR for children to be over-
weight and/or obese was significantly increased in the 
lowest group compared to the highest, but the analysis 
was only controlled for age and sex [39]. Thus, even 
though studies from other countries have found similarly 
increased prevalence for overweight and obesity in chil-
dren from lower socioeconomic background as we did 
in our current report, generally they did not control for 
other potential influencing factors.

A limitation of the current study is certainly that we have 
not been able to assess socioeconomic status of the families 
in detail but have relied on migration status and education 
level of the parents. The fact that we have used self-reported 
data to assess the risk factors has to be considered as a fur-
ther limitation, as it is very difficult to accurately assess 
dietary factors and to a certain extent also physical activity 
in this way. Nevertheless, the fact that we have been able 
to include a nationally representative sample of schoolchil-
dren living in Switzerland and that we have assessed dietary 
factors, physical activity, and inactivity as well as parental 

factors certainly counterbalances the limitations and has 
allowed us to carry out a very broad analysis of risk factors 
for childhood overweight and obesity in Switzerland.

In conclusion, the data from our survey indicate that, 
looking at individual parameters, several dietary, activity, 
and parental factors seem to be related to the prevalence 
of childhood overweight and obesity in our representative 
sample of schoolchildren living in Switzerland. When com-
bining all potential influencing factors in one model, over-
weight and obesity were associated with parental national-
ity and media consumption in boys, while in girls parental 
education and physical activity played a predominant role. 
Therefore, our results indicate that an important target 
group for treatment and prevention of childhood obesity in 
Switzerland are immigrant families, but also that the prob-
lem needs to be tackled differently in boys and girls as their 
risk factors are not the same.
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