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Abstract
Background: The prevalence of overweight in children and adolescents is high and overweight is associated with
poor health outcomes over short- and long-term. Lifestyle factors can interact to influence overweight.
Comprehensive studies linking overweight concomitantly with several demographic and potentially-modifiable
lifestyle factors and health-risk behaviours are limited in adolescents - an age-group characterized by changes in
lifestyle behaviours and high prevalence of overweight. Thus, the objective of the current study was to examine
the association of overweight with several socio-demographic and lifestyle variables simultaneously in a
representative sample of adolescents.
Methods: A nationally representative sample of 11-15 year-olds (n = 7154) in France participated as part of the
WHO-Collaborative Health Behaviour in School-aged Children (HBSC) study. Students reported data on their age,
height, weight, socio-demographic variables, lifestyle factors including nutrition practices, physical activity at two
levels of intensity (moderate and vigorous), sedentary behaviours, as well as smoking and alcohol consumption
patterns using standardized HBSC protocols. Overweight (including obesity) was defined using the IOTF reference.
The multivariate association of overweight with several socio-demographic and lifestyle factors was examined with
logistic regression models.
Results: The adjusted odds ratios for the association with overweight were: 1.80 (95% CI: 1.37-2.36) for low family
affluence; 0.73 (0.60-0.88) for eating breakfast daily; 0.69 (0.56-0.84) for moderate to vigorous physical activity
(MVPA); and 0.71 (0.59-0.86) for vigorous physical activity (VPA). Significant interactions between age and gender as
well as television (TV) viewing and gender were noted: for boys, overweight was not associated with age or TV
viewing; in contrast, for girls overweight correlated negatively with age and positively with TV viewing. Fruit and
vegetable intake, computer and video-games use, smoking and alcohol consumption were not associated with
overweight.
Conclusions: In multivariate model, family affluence, breakfast consumption and moderate to vigorous as well as
vigorous physical activity were negatively associated with overweight. These findings extend previous research to a
setting where multiple risk and protective factors were simultaneously examined and highlight the importance of
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multi-faceted approaches promoting physical activity and healthy food choices such as breakfast consumption for
overweight prevention in adolescents.
Keywords: overweight adolescence, socio-economic status, diet, physical activity and sedentary behavior, smoking,
alcohol consumption

Background
Overweight remains a public health problem in children
and adolescents worldwide [1,2]. In a nationally representative sample of children in France, the prevalence of
overweight among 11-14 year olds was 15.2% in 2006/
07 and did not change versus preceding survey in 1998/
99 [3].
Overweight in childhood and adolescence has been
associated with several short and long-term adverse
health consequences [1,4]. These include increased risk
of cardiovascular disease and related metabolic anomalies such as dyslipidemia and impaired glucose tolerance
and increased likelihood of being obese in adulthood,
other conditions such as sleep apnea and orthopedic
problems, as well as several psychological and social
repercussions [1,4]. Furthermore, the care of overweight
individuals is associated with increased health care costs
to the society [1].
The etiology of overweight is complex and involves
interplay of genetic predisposition with environmental
factors including socio-demographic variables as well as
potentially modifiable lifestyle factors. The latter can
include nutrition practices, physical activity and sedentary behaviours, as well as health-risk behaviours such
as smoking and alcohol consumption. Most of the previous literature in children has examined the link of
overweight with these factors either singly [2,5-7]; or in
combination with certain lifestyle or health-risk factors
[8-13] in a wide age range of participants rather than in
adolescents per se [12,14]. Such studies generally report
an inverse association between socio-economic status
(SES) and overweight in developed countries [3,15]. In
addition, skipping breakfast has generally been linked to
an increased probability of being overweight
[2,14,16,17]. Concerning the association of fruit and
vegetable intake with overweight, however, the evidence
is less consistent [8,9,14,18]. Although majority of studies support that childhood physical activity is negatively
related to overweight and measures of body fat
[2,8,10,19,20] not all studies examined different levels of
physical activity in relation to its intensity (moderate/
intense). Studies examining sedentary behaviours have
considered television (TV) viewing, computer and video
game use, separately or in combination, in relation to
overweight [9,10,14,17,21-23]. A positive association
between overweight and TV viewing, and less consistent
associations of overweight with computer use and video

games have been reported [8,19,24]. In addition, few
studies have examined the association of health-risk
behaviours such as smoking and alcohol consumption
practices with overweight in adolescents [5,6,11,17];
most reported a positive association for overweight and
smoking [6,11] as well as for overweight and alcohol
consumption [5,6,17] but others did not find any relation for BMI and smoking or alcohol [25]. It is important to examine alcohol and smoking practices in
relation to overweight because these practices could
impact energy metabolism and thereby affect overweight
[26,27].
Because lifestyle factors can interact with each other
in a synergistic or antagonistic manner to influence
overweight prevalence, it is particularly important to
examine the association of overweight with several factors considered simultaneously including socio-demographic and various potentially modifiable lifestyle
factors (eating habits, physical activity examined at different levels of intensity, and sedentary behaviours), and
health-risk behaviours. Although, some studies have
examined the contribution of certain factors concomitantly in multivariate models in pre-teens and adolescents [8-10,17], only a few have included sociodemographic factors, diet, physical activity and health
risk behaviours simultaneously in multivariate models
[14,17]. These studies show positive associations of
overweight with TV viewing [14], alcohol intake [17],
and smoking [14]; as well as negative associations of
overweight with breakfast [14,17], and fruit and vegetable consumption [14]. Furthermore, most studies have
generally included a wide age range of participants
[3,12,14]; thus these results may not be specific to adolescents who are likely to have behaviours different from
children and adults. Given the challenges in treating
overweight and obesity, prevention of excessive weight
gain is considered the only feasible solution [1]. Thus,
the identification of factors that are associated with
overweight in a thorough multivariate context in adolescents is important, because it could help prioritize areas
for developing educational messages and preventive programs targeting such factors, to potentially reduce overweight and associated health concerns in young persons.
The objective of the current study was to identify
socio-demographic and lifestyle factors associated with
overweight in a nationally representative sample of 11-,
13-, and 15-year old boys and girls in France participating
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in the WHO-collaborative Health Behaviour in SchoolAged Children (HBSC) survey in 2006.

Methods
Data for present analyses were collected using standardized research protocols [28] for the 2006 WHO-collaborative HBSC study in France, with the aim of gaining
insights into adolescents’ health and health behaviours.
A nationally representative sample of 11-, 13-, and 15year olds was selected with school class as the sampling
unit.
Data were collected in 715 classes (701 schools); 7154
school-aged children (3558 boys, 3596 girls) participated
in the survey. Questionnaires were administered in class
and all data were self-declared. Participation was voluntary, and anonymity and confidentiality were ensured. Parental informed consent and child assent were obtained for
all participants following protocol approved by the French
National Commission of Information and Liberty ("Commission Nationale de l’Informatique et des Libertés”). For
the present analyses children who did not report their age,
weight or height were excluded (n = 550) leaving 6604
(3284 boys and 3320 girls) pupils (92.3%).
Body Mass Index (BMI) (kg/m2) was calculated using
self-reported weight and height. Overweight was defined
using age- and gender-specific cut-offs recommended by
the International Obesity Task Force [29] corresponding
to adult BMI ≥25 kg/m2.
Family affluence was determined with the Family
Affluence Scale as a score of four items [30]: Does your
family own a car, van or truck? (0-2 points). Do you
have your own bedroom for yourself? (0-1 points). During the past twelve months, how many times did you
travel away on holiday (vacation) with your family? (0-2
points); and how many computers does your family
own? (0-2 points). Responses were recoded: “low”, “medium” and “high”.
Lifestyle variables

Usual eating habits were assessed by asking participants
how many times a week they eat fruit and vegetables.
The possible responses were: “never”, “less than once a
week”, “about once a week”, “two to four days a week”,
“five to six days a week”, “once a day, every day”, “every
day, more than once”. For each of these variables,
responses were dichotomised: “less than daily” and
“daily” [31].
To assess regular breakfast consumption, students
were asked to estimate how many days during the week
they had breakfast (i.e. having more than a glass of milk
or fruit juice). Responses were recoded: “less than daily”
versus “daily” [31].
Moderate to vigorous physical activity (MVPA) was
assessed by asking: “On how many days in the past
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week were you physically active for 60 minutes or
more”. Physical activity was defined as “any activity that
increases your heart rate and makes you get out of
breath some of the time” with examples of such activities. Response categories were: “0 days”, “1”, “2”, etc up
to “7 days”, recoded as < or ≥ 5 days per week [32]. Vigorous physical activity (VPA) was assessed by asking:
“Outside school hours, how many hours a week do you
usually practise sports in your free time so much that
you get out of breath or sweat?” These questions have
been shown previously to be reliable and valid [33].
Response categories were none, about 30 minutes, and
1, 2-3, 4-6, ≥7 hours; recoded into < or ≥ 2 hours per
week [34].
Three items assessed sedentary screen-based activities
during the week: 1) “About how many hours a day do
you usually watch television (including DVDs and
videos) in your free time?” 2) “About how many hours a
day do you usually play games on a computer or games
console (Playstation, Xbox, GameCube etc.) in your free
time?” and 3) “About how many hours a day do you
usually use a computer for chatting on-line, internet,
emailing, homework etc. in your free time?” All three
items had nine possible responses: “none at all”, “about
30 min, 1 hour, 2 hour, up to ≥7 hour/day”. Responses
were recoded into ≤ versus > 2 hours per day [35].
To determine alcohol consumption level students
were asked to report how many times they consumed
alcoholic beverages. The responses were never, rarely,
monthly, weekly or daily. The responses were recoded
into weekly alcohol consumption (yes or no) [34]. In
post-hoc analyses, we also considered alcohol consumption using definitions employed by others investigators
[5,6,17]. We recoded the data to ascertain whether the
adolescents reported consuming alcohol (yes/no). In
addition, we also examined the number of times they
had been drunk (obtained from the question “how often
have you been drunk?”).
Smoking status was defined on the basis of the question: How often do you smoke tobacco? Possible
responses were: “every day”, “at least once a week, but
not every day”, “less than once a week” or “never”,
recoded into: non-smokers; smoker, not daily; and smoker, daily [36].
Statistical Analyses

Statistical analyses were performed using STATA 9.2
(College Station, Texas, USA). The svy, vec (linearized)
command in STATA were used to define school class as
the primary sampling unit in order to account for intraclass correlation. Univariate associations and corresponding odds ratios (OR) and 95% confidence interval
(CI) between overweight status and socio-demographic
and lifestyle variables concerning eating patterns,
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physical activity and sedentary behaviours, as well as
health-risk behaviours were obtained with chi-square
analysis. All variables were entered simultaneously into
a multivariate logistic regression model. Interactions
between variables were tested and, when significant,
included in the regression model. P < 0.05 was considered significant.

Results
The prevalence of overweight was 10.4%: overweight was
more common in boys (11.8%) than in girls (9.0%) (P =
0.0002). Statistically significant associations between
gender and socio-demographic and lifestyle factors were
noted with the exception of age, smoking and computer
use (data not shown). Boys reported significantly more
often having high family affluence than girls (52.5 vs
48.4%; P< 0.01). Weekly alcohol consumption was more
frequent in boys (14.7%) than girls (8.2%) (P< 0.01).
Daily breakfast consumption was more common in boys
(63.3%) as compared to girls (56.6%) (P< 0.01); in contrast, boys reported significantly less often than girls to
consume daily fruit (29.2 vs 33.4%) and vegetables (39.5
vs 45.9%). Using video games (> 2 h/d) and TV viewing
(> 2 h/d) was more frequent in boys than girls (31.2 vs
10.5%; P< 0.01 and 53.2 vs 48.3%; P< 0.01, respectively).
Boys declared more frequently than girls to engage in
MVPA (≥ 60 min ≥5 days per week) (42.5 vs 25.1%; P<
0.01) and VPA (≥ 2 h per week) (66.0 vs 43.2%; P<
0.01).
Table 1 shows the univariate associations of overweight with socio-demographic and life-style factors and
health risk-behaviours examined in the study. Family
affluence, daily breakfast, and physical activity at both
levels of intensities were significantly and negatively
associated with overweight; while TV viewing was positively associated with overweight. When examined separately by gender, most of these associations were similar
between boys and girls. However, age was negatively
associated with overweight in girls only, and smoking
was positively correlated with overweight in boys only.
Table 2 shows the findings from multivariate regression model including all the factors examined and the
significant interaction terms (age*gender and TV viewing*gender). Family affluence, daily breakfast, and physical activity at both levels of intensities were significantly
and negatively associated with overweight in adolescents
(boys and girls combined). A significant interaction was
noted for gender with age and TV viewing. Specifically,
for girls age was negatively associated with overweight
while no association was found for age and overweight
in boys. With respect to TV viewing, for girls a positive
association was observed with overweight whereas for
boys no association was noted.
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Discussion
Previous studies have reported on the multivariate association of overweight with certain modifiable factors
[8-13] but only a few studies examined several sociodemographic and lifestyle factors including health-risk
behaviours concomitantly [14,17]. This study is the first
to examine the association of overweight with several
socio-demographic and potentially modifiable lifestyle
factors simultaneously, in a representative sample of 11,
13- and 15-year old boys and girls in France. These factors included not only traditional socio-demographic
variables and lifestyle factors such as eating habits, physical activity (examined at two levels of intensity), and
several sedentary behaviours, but also health-risk behaviours namely alcohol consumption and smoking. Our
finding of significant association between overweight
and breakfast as well as overweight and physical activity
in adolescents fits well with the literature in general and
in studies examining multiple factors simultaneously
[14,17]. Previous studies that employed a similar
approach as the current study, considering several lifestyle factors that can affect overweight simultaneously in
multivariate models, had adjusted for gender in their
analysis [14,17]. In the current study we did not adjust
for gender because we found certain significant interactions (gender*age; and gender*TV viewing). Specifically,
in girls a negative association between overweight and
age was seen in the current study as been reported previously in an analysis in several countries [2]. In addition, we observed a positive association between
overweight and TV viewing for girls only, as has been
shown in a few studies [12,21,37]. Taken together these
findings suggest that the interaction of gender with lifestyle variables that could affect overweight should be
examined further in future studies to develop genderspecific prevention messages as needed [38,39]. Moreover, in the current study both moderate- and vigorous
physical activity were significantly associated with
reduced odds of overweight in both genders. Few studies
have examined the association of overweight with physical activity at different intensities [10,20]; these studies
found that the negative correlation between physical
activity and overweight or body fat was stronger for
VPA than MVPA. In addition, smoking and alcohol
consumption were not associated with overweight in
this population, although findings of a positive [6,11] or
no association [25] have also been reported previously.
Among the socio-demographic variables examined in
the study, a consistent negative association between
family affluence and overweight was noted. This is congruent with several, but not all, previous reports in
developed countries (including USA, Canada, and North
and Western European countries) particularly among

ALL

BOYS

Non-overweight
n (%)

Over-weight
n (%)

OR (95% CI)

11 years

P = 0.5232
1990 (89.5)

234 (10.5)

13 years

2031 (90.2)

15 years

1897 (89.1)

Family affluence

P < 0.0001

Age

GIRLS

Nonoverweight (%)

Over-weight
n (%)

OR (95% CI)

Nonoverweight (%)

Over-weight
n (%)

1

P = 0.0516
1016 (89.9)

114 (10.1)

220 (9.8)

0.92 (0.74-1.14)

942 (88.3)

232 (10.9)

1.04 (0.85-1.27)

1

P = 0.0206
974 (89.0)

120 (11.0)

1

125 (11.7)

1.18 (0.87-1.60)

1089 (92.0)

95 (8.0)

0.71 (0.53-0.94)

938 (86.3)

149 (13.7)

1.42 (1.09-1.84)

959 (92.0)

83 (8.0)

0.70 (0.52-0.95)

P = 0.0036

OR (95% CI)

P < 0.0001

High

2956 (91.4)

277 (8.6)

1

1490 (89.8)

170 (10.2)

1

1466 (93.2)

107 (6.8)

1

Medium

2166 (88.9)

269 (11.1)

1.33 (1.12-1.57)

1005 (86.9)

151 (13.1)

1.32 (1.04-1.66)

1161 (90.8)

118 (9.2)

1.39 (1.07-1.81)

Low

617 (83.5)

122 (16.5)

2.11 (1.66-2.68)

289 (84.0)

55 (16.0)

1.67 (1.19-2.34)

328 (83.0)

67 (17.0)

2.80 (2.01-3.89)

Smoking
No

P = 0.4455
5175 (89.8)

586 (10.2)

1

P = 0.0384
2546 (88.6)

326 (11.4)

1

P = 0.4526
2629 (91.0)

260 (9.0)

1

330 (88.2)

44 (11.8)

1.18 (0.84-1.65)

155 (86.1)

25 (13.9)

1.26 (0.80-1.98)

175 (90.2)

19 (9.8)

1.10 (0.67-1.79)

310 (88.3)

41 (11.7)

1.17 (0.83-1.64)

136 (82.4)

29 (17.6)

1.67 (1.11-2.51)

174 (93.5)

12 (6.5)

0.70 (0.38-1.28)

Yes, but not daily
Yes, daily
Consuming alcohol weekly

P = 0.1101

P = 0.3484

P = 0.5029

No

5239 (89.9)

590 (10.1)

1

2466 (88.4)

324 (11.6)

1

2773 (91.2)

266 (8.8)

1

Yes

663 (88.0)

90 (12.0)

1.21 (0.96-1.52)

418 (86.9)

63 (13.1)

1.15 (0.86-1.53)

245 (90.1)

27 (9.9)

1.15 (0.76-1.73)

471 (10.5)
205 (10.0)

1
0.95 (0.79-1.13)

2022 (87.9)
842 (88.7)

277 (12.1)
107 (11.3)

1
0.93 (0.73-1.17)

2002 (91.2)
1002 (91.1)

194 (8.8)
98 (8.9)

1
1.01 (0.79-1.29)

Eating fruit daily
No
Yes
Eating vegetables daily

P = 0.5701
4024 (89.5)
1844 (90.0)

P = 0.5285

P = 0.2157

P = 0.9415

P = 0.3607

P = 0.6648

No

3344 (89.2)

403 (10.8)

1

1725 (87.7)

241 (12.3)

1

1619 (90.9)

162 (9.1)

1

Yes

2518 (90.2)

275 (9.8)

0.91 (0.78-1.06)

1138 (88.8)

144 (11.2)

0.91 (0.73-1.12)

1380 (91.3)

131 (8.7)

0.95 (0.75-1.20)

Eating breakfast daily

P = 0.0011

P = 0.0008

P = 0.0840

No

2260 (88.0)

308 (12.0)

1

996 (85.6)

168 (14.4)

1

1264 (90.0)

140 (10.0)

1

Yes

3482 (90.7)

356 (9.3)

0.75 (0.63-0.89)

1802 (89.7)

207 (10.3)

0.68 (0.54-0.85)

1680 (91.9)

149 (8.1)

0.80 (0.62-1.03)

242 (9.9)
50 (6.1)

1
0.59 (0.42-0.83)

MVPA ≥ 1 hour for ≥ 5 days
per week
No
Yes
VPA ≥ 2 hours per week

P < 0.0001
3806 (88.4)
2018 (92.0)

P < 0.0001
498 (11.6)
176 (8.0)

1
0.67 (0.56-0.80)

P < 0.0001

1599 (86.2)
1248 (90.8)

P = 0.0020
256 (13.8)
126 (9.2)

1
0.63 (0.51-0.78)

2207 (90.1)
770 (93.9)

P < 0.0001

P = 0.0001

No

2600 (87.5)

370 (12.5)

1

930 (84.6)

169 (15.4)

1

1670 (89.3)

201 (10.7)

1

Yes

3249 (91.3)

308 (8.7)

0.67 (0.57-0.78)

1920 (90.1)

212 (9.9)

0.61 (0.49-0.75)

1329 (93.3)

96 (6.7)

0.60 (0.46-0.77)

TV viewing > 2 hours per day

P < 0.0001
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Table 1 Association of overweight with socio-demographic and lifestyle factorsa

P = 0.1024

P < 0.0001

2887 (91.6)

266 (8.4)

1

1318 (89.2)

160 (10.8)

1

1569 (93.7)

106 (6.3)

1

Yes

2848 (87.8)

397 (12.2)

1.51 (1.28-1.79)

1466 (87.3)

213 (12.7)

1.20 (0.96-1.49)

1382 (88.2)

184 (11.8)

1.97 (1.51-2.57)
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No

Using video games > 2 hours
per day

P = 0.4494

P = 0.8691

No

4609 (90.0)

514 (10.0)

1

1942 (88.6)

250 (11.4)

1

2667 (91.0)

264 (9.0)

1

Yes

1184 (88.6)

153 (11.4)

1.16 (0.95-1.41)

871 (87.6)

123 (12.4)

1.10 (0.86-1.39)

313 (91.3)

30 (8.7)

0.97 (0.66-1.42)

Using computer > 2 hours
per day

a

P = 0.1437

P = 0.1916

P = 0.8723

P = 0.0867

No

4314 (89.4)

511 (10.6)

1

2101 (88.1)

283 (11.9)

1

2213 (90.7)

228 (9.3)

1

Yes

1429 (90.5)

150 (9.5)

0.89 (0.74-1.06)

681 (88.3)

90 (11.7)

0.98 (0.78-1.24)

748 (92.6)

60 (7.4)

0.78 (0.58-1.04)

: P obtained with chi-square test; MVPA: moderate to vigorous physical activity, VPA: vigorous physical activity, TV: television
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Table 1 Association of overweight with socio-demographic and lifestyle factorsa (Continued)
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Table 2 Multivariate association of overweight with
socio-demographic and lifestyle factors
OR

95% CI

Family affluence
High
Medium
Low

1
1.24
1.80

1.03-1.51
1.37-2.36

Smoking
No

P
0.0001
0.024
< 0.001
0.7468

1

Yes, but not daily

1.14

0.78-1.65

0.498

Yes, daily

1.11

0.73-1.69

0.620

0.77-1.38

0.823

0.90-1.36

0.352

Consuming alcohol weekly
No
Yes
Eating fruit daily

1
1.03

No

1

Yes

1.10

Eating vegetables daily
No

1

Yes

1.01

0.84-1.22

0.886

1
0.73

0.60-0.88

0.001

Eating breakfast daily
No
Yes
MVPA ≥ 1 hour for ≥ 5 days per week
No

1

Yes

0.69

0.56-0.84

< 0.001

0.71

0.59-0.86

< 0.001

0.76-1.23

0.795

0.72-1.10

0.276

0.83-1.58
0.93-1.74

0.415
0.130

VPA ≥ 2 hours per week
No
Yes
Using video games > 2 hours per day
No
Yes

1
0.97

Using computer > 2 hours per day
No

1

Yes

0.89

Interaction age*gender
11 years*boys

1

13 years*boys
15 years*boys

1.14
1.27

11 years*girls

1

13 years*girls

0.68

0.49-0.92

0.014

15 years*girls

0.55

0.39-0.78

0.001

Interaction TV viewing *gender
TV viewing (≤ 2 hours per day)*boys

1

TV viewing (> 2 hours per day)*boys

1.21

0.94-1.54

0.133

TV viewing (≤ 2 hours per day)*girls
TV viewing (> 2 hours per day)*girls

1
1.93

1.42-2.62

< 0.001

MVPA: moderate to vigorous physical activity, VPA: vigorous physical activity,
TV: television

Caucasian populations [3,15,22,40,41]. In the current
study, we observed a negative association between age
and overweight in girls only. The literature on the association of overweight with age during adolescence is

mixed [2]; reporting no association [10,12], positive [13]
or negative association [22].
We examined three domains of lifestyle factors that
could be related to overweight and obesity, namely
breakfast consumption, fruit and vegetable intake patterns; physical activity and sedentary behaviours; and
health-risk behaviours that could impact energy metabolism such as alcohol consumption and smoking habits.
Interestingly the only dietary variable that remained
strongly associated with overweight in multivariate analysis was breakfast skipping. There is a vast literature
suggesting that regular breakfast consumption is negatively associated with overweight or BMI [2,11,14,16,17];
this finding is usually reported for both genders as was
noted in the current study.
No associations between fruit and vegetable consumption and overweight were observed in the current study.
This finding is consistent with other reports [2,8] and
affirms the conclusion of a recent review [18] that available data do not support a protective effect of fruit and
vegetable consumption on the risk of childhood obesity;
although contrary findings have also been reported [14].
Most studies reported in the review by Newby [18] have
used food frequency questionnaires to assess dietary
intakes which may not provide as precise estimates as
repeated 24-hour food recall or food records. However,
studies relying on latter methods reported mixed findings [18] and use of such methods is unfeasible in large
surveys involving representative samples that collect
data on multiple lifestyle determinants in children and
youth such as the current study.
We examined physical activity during the week in two
ways: MVPA concerning regular daily activities including sports at school, and VPA which was defined as participation in sports outside school hours and involved a
more intense activity component (being out of breath or
breaking into sweat). In the current study both physical
activity variables were negatively and significantly associated with overweight in both boys and girls. Most studies have not differentiated the effects of physical
activity in terms of its intensity with the exception of a
few [10,20,42]. In a relatively small study (n = 878)
Patrick et al. [10] found a significant association
between overweight and VPA but not with moderate
physical activity. Overall, childhood physical activity has
usually been negatively related to overweight [2,8,17,43];
however others have found a positive association in
boys [44] or in girls only [12]. No correlation between
BMI and physical activity has also been reported [45]
despite the biologically plausible mechanisms involving
increased energy expenditure subsequent to physical
activity. Our findings are of public health interest
because they indicate that both moderate-to-vigorous
and vigorous levels of physical activity can have

Dupuy et al. BMC Public Health 2011, 11:442
http://www.biomedcentral.com/1471-2458/11/442

beneficial effects on overweight in adolescents. This
finding is supported by the recent report by MolinerUrdiales and colleagues [20] indicating that several measures of body fat were associated with moderate and vigorous physical activity. Taken together, these findings
suggest that physical activity at moderate or vigorous
level should be promoted in young persons to reduce
overweight prevalence.
Sedentary behaviours can contribute to overweight
due to reduced energy expenditure as well as associated
snacking [7]. In the current study no associations were
noted between overweight and video games or computer
use in boys or girls. Few studies have investigated the
association of these sedentary behaviours with overweight in a multivariate context, and their findings generally support a lack of an association with overweight
[2,8,9,24]. However, a positive association between overweight and video game use has also been reported [43].
In addition, BMI and overweight have been shown to be
associated with computer use in teenage girls only
[7,21]. Stronger positive associations have usually been
reported with TV viewing in both genders in several
studies [7,8,24,43]. However, in the current study, TV
viewing was positively associated with overweight in
girls only. This is consistent with other reports
[12,21,37] even though a few studies have shown a positive association in boys only [9,46]. It is likely that
sedentary practices are culture-specific and influenced
by gender within given cultural contexts.
Combined effects of physical activity and sedentary
behaviours (TV viewing; TV and video games considered together) have also been investigated in a few studies because of their potential interaction [23,42,44].
Some evidence of an interaction between TV viewing
and physical activity has been noted previously particularly in girls [42]. In the study by Eisenmann and colleagues [42], engaging in physical activity compensated the
adverse effects of moderate to high TV viewing (at least
2 hours per day) on overweight prevalence, particularly
in girls. Similar findings were noted by Laurson and colleagues [23] considering time spent on TV viewing and
video games: in girls who spent > 2 hours on TV and
video games, the risk of overweight was greater in those
who did not meet the physical activity recommendation.
Given that many adolescents may practise these behaviours simultaneously, we examined the interactive
effects of physical activity variables with TV viewing
during the week as well as during week days only. There
was no significant interaction between TV viewing over
7 days and MVPA (or VPA). However, for TV viewing
during week days only, a significant interaction was
noted between TV viewing and MVPA (but not with
VPA). For students who engaged in ≥ 60 min of MVPA
(≥ 5 days per week) TV viewing was not associated with
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overweight, i.e. meeting this level of MVPA compensated the negative effects of TV viewing. In contrast, in
adolescents who did not reach this MVPA level, TV
viewing > 2 hours per week day was significantly associated with increased odds of overweight (OR:1.47 and
95%CI: 1.18 - 1.85). This interesting finding suggests
that physical activity is a stronger determinant of overweight than sedentary behaviours in adolescents.
Few studies have examined the association of healthrisk factors such as smoking and alcohol consumption
with overweight in adolescents using univariate or multivariate approaches [5,6,11,17]. Despite the commonlyheld belief that adolescents, particularly girls, use smoking as a means to control body weight [47], no association between smoking status and overweight was noted
in the current study in the multivariate models. The
findings in the literature on this topic are limited particularly among adolescents and are generally inconsistent
ranging from either no association [25], to a negative
[48] or positive association [6,11,49]. Interestingly, the
positive association between smoking and overweight
was noted more often in girls in the latter studies
[6,11,49], which was not confirmed by our findings. The
current study is an important addition to the existing
literature on the relationship of smoking and body
weight in adolescents. The finding of a lack of association between smoking and overweight could be of public
health importance given that often adolescents may
engage in smoking behaviour to control their body
weight [47], and this needs to be verified in future
studies.
The few European studies that have examined alcohol
intake and overweight in pre-teens and adolescents
usually report a positive association [5,6,17]. These studies have used differential definitions for alcohol consumption [5,6,17]. In the current study we used weekly
consumption of alcoholic beverages (yes/no) and found
no association with overweight. In post-hoc analyses we
considered alcohol intake as used by other authors [5,6],
namely consume alcohol (yes/no) and number of times
been drunk, the finding of a null association between
alcohol consumption and overweight remained. In the
current study, weekly alcohol consumption was reported
by 8.2% girls and 14.7% boys; it is likely that the cultural
differences in alcohol consumption practices in youth
across countries [50] could contribute to differential
findings across studies.
It is important to consider certain limitations in the
study. The current results concerning overweight and
lifestyle factors were based on self-reported data that
could be subject to socially desirable reporting bias.
However, honest reporting was encouraged by telling
students that their responses were anonymous and by
ensuring confidentiality. BMI based on self-reported
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data can underestimate the prevalence of overweight
compared to those based on actual height and weight
measurements [51]; others have reported high accuracy
for classification of youth as obese or non-obese based
on self-reported data [52]. BMI based on self-reports
has been found to be fairly reliable [52] and suitable for
identifying valid relationships in epidemiological studies
[52,53]. Associations between weight status and lifestyle
factors (e.g. physical activity, TV viewing, breakfast
habits) did not differ when based on self-reported versus
measured height and weight data [52]. However,
whether self-reported data concerning BMI could have
induced bias in the study findings can not be ruled out.
For instance, the underestimation of BMI based on selfdeclared data is noted more in girls (versus boys) and
more often at older ages [54-56]. Thus the finding of a
negative association between overweight and age seen in
girls in the current study could have been subjected to
reporting error. It could be speculated that the lack of
an association between fruit and vegetable intake and
overweight could be related to the definition used (daily,
or less than daily); however when we considered these
variables in the original scale the findings were
unchanged. Dietary data in the current study were
determined based on the frequency of consumption of
food items without any details on the quantity consumed that could have attenuated and potentially
masked certain associations. It is likely that the associations found in this observational study based on selfdeclared data could represent a myriad of other lifestyle
variables (e.g. social factors) that were not examined in
the study. In addition these findings could be affected
due to the relative imprecision of some of the measures
used as confounders.
In the current study, 7.7% of the sample had missing
values on BMI. A high proportion of missing data on
height and weight is usually reported in this age group
across countries [8]. To examine the possibility of a
selection bias, we compared the “non-responders” (students that did not provide either age, height or weight
data to allow the estimation of BMI) with the “responders” (for whom BMI data were available). For most variables (breakfast intake, fruit consumption, TV viewing,
computer use, video game use, and smoking) there were
no differences among responders and non-responders;
however, differences were noted for a few variables (vegetable intake, physical activity and alcohol consumption)
which could have affected their associations with overweight in the study. Finally, the cross-sectional nature of
this study does not allow making causal inferences.

Conclusion
In conclusion, the current study involving a large representative sample of 11 to 15 year old students, concerning
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simultaneous examination of the association of several
socio-demographic and lifestyle factors with overweight,
provides important findings concerning the role of family
affluence, physical activity, TV viewing and breakfast consumption and the need for examining their interactions.
Our findings extend previous results on this subject in a
setting where multiple risk and protective factors were
simultaneously examined among adolescents in France,
and highlight the importance of multi-faceted approaches
promoting physical activity and healthy nutrition practices
such as breakfast consumption for overweight prevention
in adolescents. The current study suggests that prevention
of overweight in youth may involve certain common messages across genders such as the importance of breakfast
consumption and moderate physical activity routinely.
Further research on understanding the importance of gender differences in factors that can affect overweight such
as TV viewing is needed to guide the formulation of programs and messages for overweight prevention in young
persons.

Acknowledgements
We thank Virginie Ehlinger for her guidance with statistical analysis and
STATA programming.
Author details
1
INSERM U1027, Epidémiologie et Analyses en Santé Publique, Toulouse,
France. 2Université Paul Sabatier Toulouse III, Toulouse, France. 3Service
Médical du Rectorat de Toulouse, Toulouse, France. 4Faculty of Medicine,
University of Paris 13, INSERM U557, Bobigny, France.
Authors’ contributions
MD and NA designed the analysis, and wrote the manuscript. MD carried
out statistical analysis with the assistance of CV and NA. EG was responsible
for study design and coordination. CV participated in data collection and
analysis, as well as overall organisation of the study. MD is a doctoral
candidate under the supervision of NA and this work represents part of her
doctoral research. All authors contributed to manuscript development, and
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 21 December 2010 Accepted: 7 June 2011
Published: 7 June 2011
References
1. Lobstein T, Baur L, Uauy R: Obesity in children and young people: a crisis
in public health. Obes Rev 2004, 5(Suppl 1):4-104.
2. Haug E, Rasmussen M, Samdal O, Iannotti R, Kelly C, Borraccino A,
Vereecken C, Melkevik O, Lazzeri G, Giacchi M, Ercan O, Due P, RavensSieberer U, Currie C, Morgan A, Ahluwalia N, HBSC Obesity Writing Group:
Overweight in school-aged children and its relationship with
demographic and lifestyle factors: results from the WHO-Collaborative
Health Behaviour in School-aged Children (HBSC) study. Int J Public
Health 2009, 54(Suppl 2):167-179.
3. Lioret S, Touvier M, Dubuisson C, Dufour A, Calamassi-Tran G, Lafay L,
Volatier JL, Maire B: Trends in child overweight rates and energy intake
in France from 1999 to 2007: relationships with socioeconomic status.
Obesity (Silver Spring) 2009, 17:1092-1100.
4. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L,
Kelnar CJ: Health consequences of obesity. Arch Dis Child 2003,
88:748-752.

Dupuy et al. BMC Public Health 2011, 11:442
http://www.biomedcentral.com/1471-2458/11/442

5.
6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

Fonseca H, Matos MG, Guerra A, Pedro JG: Are overweight and obese
adolescents different from their peers? Int J Pediatr Obes 2009, 4:166-174.
Tzotzas T, Kapantais E, Tziomalos K, Ioannidis I, Mortoglou A, Bakatselos S,
Kaklamanou M, Lanaras L, Kaklamanos I: Epidemiological survey for the
prevalence of overweight and abdominal obesity in Greek adolescents.
Obesity (Silver Spring) 2008, 16:1718-1722.
Utter J, Neumark-Sztainer D, Jeffery R, Story M: Couch potatoes or french
fries: are sedentary behaviors associated with body mass index, physical
activity, and dietary behaviors among adolescents? J Am Diet Assoc 2003,
103:1298-1305.
Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, Roberts C,
Currie C, Pickett W, Health Behaviour in School-Aged Children Obesity
Working Group: Comparison of overweight and obesity prevalence in
school-aged youth from 34 countries and their relationships with
physical activity and dietary patterns. Obes Rev 2005, 6:123-132.
Burke V, Beilin LJ, Durkin K, Stritzke WG, Houghton S, Cameron CA:
Television, computer use, physical activity, diet and fatness in Australian
adolescents. Int J Pediatr Obes 2006, 1:248-255.
Patrick K, Norman GJ, Calfas KJ, Sallis JF, Zabinski MF, Rupp J, Cella J: Diet,
physical activity, and sedentary behaviors as risk factors for overweight
in adolescence. Arch Pediatr Adolesc Med 2004, 158:385-390.
Fasting MH, Nilsen TI, Holmen TL, Vik T: Life style related to blood
pressure and body weight in adolescence: cross sectional data from the
Young-HUNT study, Norway. BMC Public Health 2008, 8:111.
Campagnolo PD, Vitolo MR, Gama CM, Stein AT: Prevalence of overweight
and associated factors in southern Brazilian adolescents. Public Health
2008, 122:509-515.
Mihas C, Mariolis A, Manios Y, Naska A, Panagiotakos D, Arapaki A,
Alevizos A, Mariolis-Sapsakos T, Tountas Y: Overweight/obesity and factors
associated with body mass index during adolescence: the VYRONAS
study. Acta Paediatr 2009, 98:495-500.
Serra-Majem L, Aranceta Bartrina J, Pérez-Rodrigo C, Ribas-Barba L, DelgadoRubio A: Prevalence and deteminants of obesity in Spanish children and
young people. Br J Nutr 2006, 96(Suppl 1):S67-72.
Shrewsbury V, Wardle J: Socioeconomic status and adiposity in
childhood: a systematic review of cross-sectional studies 1990-2005.
Obesity (Silver Spring) 2008, 16:275-284.
Szajewska H, Ruszczynski M: Systematic review demonstrating that
breakfast consumption influences body weight outcomes in
children and adolescents in Europe. Crit Rev Food Sci Nutr 2010,
50:113-119.
Croezen S, Visscher TL, Ter Bogt NC, Veling ML, Haveman-Nies A: Skipping
breakfast, alcohol consumption and physical inactivity as risk factors for
overweight and obesity in adolescents: results of the E-MOVO project.
Eur J Clin Nutr 2009, 63:405-412.
Newby PK: Plant foods and plant-based diets: protective against
childhood obesity? Am J Clin Nutr 2009, 89:1572S-1587S.
Must A, Tybor DJ: Physical activity and sedentary behavior: a review of
longitudinal studies of weight and adiposity in youth. Int J Obes (Lond)
2005, 29(Suppl 2):S84-96.
Moliner-Urdiales D, Ruiz JR, Ortega FB, Rey-Lopez JP, Vicente-Rodriguez G,
España-Romero V, Munguía-Izquierdo D, Castillo MJ, Sjöström M,
Moreno LA, HELENA Study Group: Association of objectively assessed
physical activity with total and central body fat in Spanish adolescents;
the HELENA Study. Int J Obes (Lond) 2009, 33:1126-35.
Kautiainen S, Koivusilta L, Lintonen T, Virtanen SM, Rimpelä A: Use of
information and communication technology and prevalence of
overweight and obesity among adolescents. Int J Obes 2005, 29:925-933.
Thibault H, Contrand B, Saubusse E, Baine M, Maurice-Tison S: Risk factors
for overweight and obesity in French adolescents: physical activity,
sedentary behavior and parental characteristics. Nutrition 2010,
26:192-200.
Laurson KR, Eisenmann JC, Welk GJ, Wickel EE, Gentile DA, Walsh DA:
Combined influence of physical activity and screen time
recommendations on childhood overweight. J Pediatr 2008, 153:209-214.
Rey-López JP, Vicente-Rodríguez G, Biosca M, Moreno LA: Sedentary
behaviour and obesity development in children and adolescents. Nutr
Metab Cardiovasc Dis 2008, 18:242-251.
Twisk JW, Kemper HC, van Mechelen W, Post GB, van Lenthe FJ: Body
fatness: longitudinal relationship of body mass index and the sum of

Page 10 of 11

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

skinfolds with other risk factors for coronary heart disease. Int J Obes
Relat Metab Disord 1998, 22:915-922.
Caton SJ, Ball M, Ahern A, Hetherington MM: Dose-dependent effects of
alcohol on appetite and food intake. Physiol Behav 2004, 81:51-8.
Chiolero A, Faeh D, Paccaud F, Cornuz J: Consequences of smoking for
body weight, body fat distribution, and insulin resistance. Am J Clin Nutr
2008, 87:801-9.
Roberts C, Freeman J, Samdal O, Schnohr CW, de Looze ME, Nic
Gabhainn S, Iannotti R, Rasmussen M, International HBSC Study Group: The
Health Behaviour in School-aged Children (HBSC) study: methodological
developments and current tensions. Int J Public Health 2009, 54(Suppl
2):140-150.
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ 2000, 320:1240-1243.
Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M:
Researching health inequalities in adolescents: the development of the
Health Behaviour in School-Aged Children (HBSC) family affluence scale.
Soc Sci Med 2008, 66:1429-1436.
Vereecken C, Dupuy M, Rasmussen M, Kelly C, Nansel TR, Al Sabbah H,
Baldassari D, Jordan MD, Maes L, Niclasen BV, Ahluwalia N, HBSC Eating &
Dieting Focus Group: Breakfast consumption and its socio-demographic
and lifestyle correlates in schoolchildren in 41 countries participating in
the HBSC study. Int J Public Health 2009, 54(Suppl 2):180-90.
Prochaska JJ, Sallis JF, Long B: A physical activity screening measure for
use with adolescents in primary care. Arch Pediatr Adolesc Med 2001,
155:554-9.
Booth ML, Okely AD, Chey T, Bauman A: The reliability and validity of the
physical activity questions in the WHO health behaviour in
schoolchildren (HBSC) survey: a population study. Br J Sports Med 2001,
35:263.
Currie C, Nic Gabhainn S, Godeau E, Roberts C, Smith R, Currie D, Pickett W,
Richter M, Morgan A, Barnekow V: Inequalities in young people’s health:
HBSC international report from the 2005/2006 Survey. Copenhagen:
WHO Regional Office for Europe; 2008, Health Policy for Children and
Adolescents, No. 5.
American Academy of Pediatrics. Committee on Public Education:
American Academy of Pediatrics: Children, adolescents, and television.
Pediatrics 2001, 107:423-6.
Bogdanovica I, Godfrey F, McNeill A, Britton J: Smoking prevalence in the
European Union: a comparison of national and transnational prevalence
survey methods and results. Tob Control 2011, 20:e4.
Dowda M, Ainsworth BE, Addy CL, Saunders R, Riner W: Environmental
influences, physical activity, and weight status in 8- to 16-year-olds. Arch
Pediatr Adolesc Med 2001, 155:711-717.
Simen-Kapeu A, Veugelers PJ: Should public health interventions aimed at
reducing childhood overweight and obesity be gender-focused? BMC
Public Health 2010, 10:340.
Sweeting HN: Gendered dimensions of obesity in childhood and
adolescence. Nutr J 2008, 7:1.
Due P, Damsgaard MT, Rasmussen M, Holstein BE, Wardle J, Merlo J,
Currie C, Ahluwalia N, Sørensen TI, Lynch J, HBSC obesity writing group,
Borraccino A, Borup I, Boyce W, Elgar F, Gabhainn SN, Krølner R,
Svastisalee C, Matos MC, Nansel T, Al Sabbah H, Vereecken C, Valimaa R:
Socioeconomic position, macroeconomic environment and overweight
among adolescents in 35 countries. Int J Obes (Lond) 2009, 33:1084-1093.
Péneau S, Salanave B, Maillard-Teyssier L, Rolland-Cachera MF, Vergnaud AC,
Méjean C, Czernichow S, Vol S, Tichet J, Castetbon K, Hercberg S:
Prevalence of overweight in 6- to 15-year-old children in central/
western France from 1996 to 2006: trends toward stabilization. Int J Obes
2009, 33:401-7.
Eisenmann JC, Bartee RT, Smith DT, Welk GJ, Fu Q: Combined influence of
physical activity and television viewing on the risk of overweight in US
youth. Int J Obes 2008, 32:613-618.
Tremblay MS, Willms JD: Is the Canadian childhood obesity epidemic
related to physical inactivity? Int J Obes Relat Metab Disord 2003,
27:1100-1105.
Andersen RE, Crespo CJ, Bartlett SJ, Cheskin LJ, Pratt M: Relationship of
physical activity and television watching with body weight and level of
fatness among children: results from the Third National Health and
Nutrition Examination Survey. Jama 1998, 279:938-942.

Dupuy et al. BMC Public Health 2011, 11:442
http://www.biomedcentral.com/1471-2458/11/442

Page 11 of 11

45. Van Der Horst K, Paw MJ, Twisk JW, Van Mechelen W: A brief review on
correlates of physical activity and sedentariness in youth. Med Sci Sports
Exerc 2007, 39:1241-1250.
46. Guillaume M, Lapidus L, Björntorp P, Lambert A: Physical activity, obesity,
and cardiovascular risk factors in children. The Belgian Luxembourg
Child Study II. Obes Res 1997, 5:549-556.
47. Potter BK, Pederson LL, Chan SS, Aubut JA, Koval JJ: Does a relationship
exist between body weight, concerns about weight, and smoking
among adolescents? An integration of the literature with an emphasis
on gender. Nicotine Tob Res 2004, 6:397-425.
48. Klesges RC, Ward KD, Ray JW, Cutter G, Jacobs DR Jr, Wagenknecht LE: The
prospective relationships between smoking and weight in a young,
biracial cohort: the Coronary Artery Risk Development in Young Adults
Study. J Consult Clin Psychol 1998, 66:987-993.
49. Saarni SE, Pietiläinen K, Kantonen S, Rissanen A, Kaprio J: Association of
smoking in adolescence with abdominal obesity in adulthood: a followup study of 5 birth cohorts of Finnish twins. Am J Public Health 2009,
99:348-354.
50. Simons-Morton BG, Farhat T, ter Bogt TF, Hublet A, Kuntsche E, Nic
Gabhainn S, Godeau E, Kokkevi A, HBSC Risk Behaviour Focus Group:
Gender specific trends in alcohol use: cross-cultural comparisons from
1998 to 2006 in 24 countries and regions. Int J Public Health 2009,
54(Suppl 2):199-208.
51. Himes JH, Hannan P, Wall M, Neumark-Sztainer D: Factors associated with
errors in self-reports of stature, weight, and body mass index in
Minnesota adolescents. Ann Epidemiol 2005, 15:272-278.
52. Strauss RS: Comparison of measured and self-reported weight and
height in a cross-sectional sample of young adolescents. Int J Obes Relat
Metab Disord 1999, 23:904-908.
53. Goodman E, Hinden BR, Khandelwal S: Accuracy of teen and parental
reports of obesity and body mass index. Pediatrics 2000, 106:52-58.
54. Sherry B, Jefferds ME, Grummer-Strawn LM: Accuracy of adolescent selfreport of height and weight in assessing overweight status: a literature
review. Arch Pediatr Adolesc Med 2007, 161:1154-61.
55. Brener ND, Mcmanus T, Galuska DA, Lowry R, Wechsler H: Reliability and
validity of self-reported height and weight among high school students.
J Adolesc Health 2003, 32:281-7.
56. Tokmakidis SP, Christodoulos AD, Mantzouranis NI: Validity of self-reported
anthropometric values used to assess body mass index and estimate
obesity in Greek school children. J Adolesc Health 2007, 40:305-10.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/442/prepub
doi:10.1186/1471-2458-11-442
Cite this article as: Dupuy et al.: Socio-demographic and lifestyle factors
associated with overweight in a representative sample of 11-15 year
olds in France: Results from the WHO-Collaborative Health Behaviour in
School-aged Children (HBSC) cross-sectional study. BMC Public Health
2011 11:442.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

