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Abstract

Objective: The objective of the present study was to investigate the prevalences of
overweight and obesity and their association with physical activity pattern among
adolescents in northern Iran.
Design: A cross-sectional study.
Setting: Babol, northern Iran.
Subjects: A representative sample of 1200 adolescents aged 12–17 years was
recruited. All selected adolescents were interviewed, their leisure-time and sport
physical activities were collected by a standard Baecke questionnaire and their
height and weight were measured by standard methods. The diagnosis of
overweight and obesity was determined by comparing BMI values with the BMI
index for age and sex percentiles set by the US Centers for Disease Control and
Prevention in 2000.
Results: The prevalences of overweight and obesity were 15?1 % and 8?3 %,
respectively. The proportion of obesity was significantly higher in boys than in
girls (10?2 % v. 6?5 %, P 5 0?028). Overall, the levels of high, moderate and low
leisure-time physical activity were 2?9 %, 79?4 % and 17?7 %, respectively. The
corresponding levels of high, moderate and low sport physical activity were
17?4 %, 75?2 % and 7?4 %. The levels of leisure-time and sport physical activities
were significantly higher among the boys than the girls (P , 0?001). There was
also a significant association of studying in private schools and playing computer
games with overweight/obesity (P , 0?001). Moderate leisure-time physical
activity was unexpectedly associated with a greater risk of overweight/obesity
compared with the low level (P 5 0?002).
Conclusions: The findings indicate a high prevalence of overweight/obesity in
these Iranian adolescents, particularly the boys. The influence of physical activity
and diet on overweight/obesity requires further prospective studies.
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Obesity and overweight are major public health issues

among the general population in both developed and

developing countries(1–4). Obesity in children is of parti-

cular concern because it is associated not only with several

physical and psychological consequences during child-

hood(5–7) but also with long-term morbidity and premature

mortality as well as physical disability in later life(8).

Moreover, childhood overweight/obesity is a determinant

of obesity in the adolescent period linked with a number

of conditions such as diabetes, hypertension, IHD and

stroke(9,10). The risk of adult overweight is about twofold

greater for individuals who were overweight as children

compared with individuals who were not overweight.

Even moderate overweight in adolescence is associated

with excess mortality in adulthood(11).

The prevalence of childhood obesity has been increasing

in Western countries in recent decades(11–15). Similarly, in

other geographic regions such as the Middle East countries

including Iran, the prevalence of obesity in children is also

rising. Recent reports indicate that over 15% of children

living in Iran and neighbouring countries are overweight

or obese(5,16–19). The high prevalence rate of overweight/

obesity among children in northern Iran is of particular

concern and worries families into seeking weight-reduction

programmes(19). Several factors such as change in life-

styles and diet, urbanization, lack of adequate physical
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activity and devoting greater time to sedentary activities

like television viewing and playing on a computer should

be considered as major causes of overweight/obesity in

various countries(8,11,20–23). Although a number of factors

associated with obesity in children and adolescents seem to

be similar in various countries, nevertheless the distribution

of these factors and their contribution to the development

of childhood obesity may be different across different

populations(8,17,18,20,24).

With regard to the subsequent socio-economic public

health burden of childhood obesity(6,7), these observations

emphasize the need for preventive measures to control

overweight and obesity at earlier stages of life. The greatest

health burden of overweight in children and adolescents

arises from its long-term consequences. Therefore, identi-

fication of factors responsible for overweight/obesity can

be helpful for both prevention and treatment. Among the

many associated factors of obesity, less attention has been

paid to the relationship between physical activity and

obesity in Iranian children and data in this context are

lacking(19,24–28).

For these reasons, the present study aimed to: (i) deter-

mine the prevalences of overweight and obesity among

schoolchildren living in northern Iran; (ii) specify their

levels of physical activity; and (iii) explore the relationship

between overweight/obesity and physical activity.

Materials and methods

A cross-sectional study was conducted on a sample of

1200 adolescents who were studying in elementary and

high schools in Babol, northern Iran, in 2008. Healthy

students with no known systemic or debilitating conditions

such as chronic asthma, bronchiectasis, major thalassae-

mia, chronic inflammatory arthritis or myopathy at age

12–17 years were included in the study. We used cluster

sampling techniques in the sampling procedure. In the first

step, we defined school as the cluster; since schools in our

culture are exclusive for boys only and girls only, we

selected twenty high schools (ten for males and ten for

females) and twenty elementary schools (ten for males

and ten for females) by proportional probability of the

number of students in each school using a systematic

sampling technique based on the cumulative frequency of

the total number of students in schools for each gender.

In the second step, for each grade and each gender, ten

students were selected using systematic sampling; thus for

three grades, thirty students were selected within every

school. Overall, for forty schools (twenty high schools

and twenty elementary schools), 40 3 30 5 1200 students

were recruited in the study. This sample size allows esti-

mation of the rates of obesity and overweight in which,

with presumption of prevalence of 15%, the maximum

marginal error would be about 0?03 with a 95% level

of confidence.

All selected adolescents were interviewed; the inter-

views were carried out in school, with no adolescent

refusing, by nursing students and school health-care givers

who received similar instruction. Demographic data,

including age, gender, type of school (private/public),

birth order, family size, father’s and mother’s education

level and occupation, as well as the number of hours spent

watching television and playing computer games daily

were collected by a specially designed questionnaire.

Data on leisure-time and sport physical activities were

collected by a standard Baecke questionnaire on 5-point

scales; leisure-time and sport physical activity indices were

calculated using the Baecke formula(29). The reliability of

leisure-time and sport physical activity data was assessed in

a pilot study using the Cronbach a coefficient, which was

.0?85. After the interview, height and weight were mea-

sured by standard methods. Body weight was assessed

using a Seca digital scale while the student stood in light

clothing with no shoes. Standing height was measured

without shoes using a portable stadiometer. The reliability

of measurements of height and weight were assessed by

repeated measurements on the same students using the

intra-class correlation coefficient, which was .0?95. BMI

(kg/m2) was calculated as weight in kilograms divided to

square of height in metres.

The diagnosis of obesity, overweight and underweight

was determined by comparing BMI values with the BMI

index for age and sex percentiles set by the US Centers for

Disease Control and Prevention in 2000(30), in which BMI$

95th percentile was regarded as obese, 85th# BMI , 95th

percentile as overweight and BMI , 5th percentile as

underweight; those with 5th # BMI, 85th percentile were

categorized as normal weight. In addition, we used tertile

cut-offs for categorization of the leisure-time physical

activity index and sport physical activity index as low,

moderate and high for values of 0–1?40, 1?41–3?70 and

3?71–5?00, respectively. The study proposal was approved

by the Research and Ethical Committee of Babol University

of Medical Sciences and informed consent was obtained

prior to the adolescents’ participation in the study.

Statistical analysis

In bivariate analysis, we used the t test (or the Wilcoxon

test for data with skewed distribution) for comparison

of the means of continuous variables and the x2 test

for categorical variables. We also applied logistic regres-

sion analysis to estimate the unadjusted and age- and

sex-adjusted odds ratios of overweight and obesity for

different levels of demographic and lifestyle factors. Age-

and sex-adjusted odds ratios for the different levels of

leisure-time and sport physical activities were calculated

and also additional adjustment was carried out for all

covariates such as age, gender, birth order, family size,

type of school, father’s and mother’s educational level,

and number of hours spent watching television and

playing computer games daily. We also estimated the
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95% confidence intervals of the odds ratios. P values , 0?05

were considered to indicate statistical significance and all

significance levels were two-sided. To investigate the

effect of age on overweight/obesity we performed an

additional analysis according to age groups of ,15 and

$15 years. We also categorized the number of hours

watching television as $3 h/d v. ,3 h/d, and for playing

computer games as $2 h/d v. ,2 h/d, in the logistic

regression analyses. We used the SPSS statistical software

package version 16?0 in our analysis.

Results

A total of 1200 adolescents (50 % males) with mean age

of 14?2 (SD 1?7) years were entered into the study. Some

82?5 % of the adolescents were selected from public

schools and the remainder came from private schools.

Approximately 73 % of the adolescents were the first

or second in birth order; family size consisted of four

persons or fewer for 51 % of the adolescents. The father’s

education level was either elementary/high school or

college in over half of the study population; university-

level education was observed in 15?4 % of the fathers.

The corresponding values for elementary/high school

and university education levels in mothers were 27?8 %

and 6?1 %, respectively.

Overall, the prevalence rates of overweight and obesity

among the whole population were 15?1 % and 8?3 %,

respectively. The proportion of obesity was significantly

higher in boys than in girls (10?2 % v. 6?5 %, OR 5 1?65,

95 % CI 1?06, 2?45, P 5 0?028) whereas the proportions of

overweight between the two groups did not differ (15?3 %

v. 14?9 %; Table 1). Similarly, there was no significant

difference in BMI values between the two sexes (Table 3).

The prevalence rates of obesity in boys and girls aged

,15 years were 8?7 % and 7?2 %, respectively (P 5 0?47),

whereas in the age group of $15 years they were 11?7 %

and 5?5 %, respectively (P 5 0?01; Table 1).

In the entire population, the proportion of boys and

girls with high, moderate and low levels of leisure-time

physical activity was 2?9 %, 79?4 % and 17?7 %, respect-

ively. The corresponding values for high, moderate and

low levels of sport physical activity were 17?4 %, 75?2 %

and 7?4 %. The levels of leisure-time and sport physical

activities were significantly higher in boys than in girls

(P , 0?001; Table 2). The mean durations of television

viewing were not significantly different between the two

Table 1 The distribution of BMI status by age and sex: adolescents aged 12–17 years (n 1200), Babol, northern Iran, 2008

Age

12–14 years 15–17 years Total

Sex BMI status* n % n % n % P value-

Boys 0?04
Underweight 27 8?7 11 3?8 38 6?3
Normal weight 204 68?0 205 70?4 409 68?2
Overweight 51 16?5 41 14?1 92 15?3
Obese 27 8?7 34 11?7 61 10?2

Girls 0?25
Underweight 21 6?1 11 4?3 32 5?3
Normal weight 243 70?2 196 77?5 439 73?3
Overweight 57 16?5 32 12?6 89 14?9
Obese 25 7?2 14 5?5 39 6?5

P , 0?05 considered as statistically significant.
*Determined with the US Centers for Disease Control and Prevention clinical growth charts (2000)(30).
-For the difference in BMI status at age 12–14 years v. 15–17 years.

Table 2 The distribution of physical activity levels by sex: adolescents aged 12–17 years (n 1200), Babol, northern Iran, 2008

Boys Girls Total

Physical activity* n % n % n % P value-

Leisure-time physical activity level ,0?001
Low 78 13?0 132 22?4 210 17?7
Moderate 493 82?4 450 76?3 943 79?4
High 27 4?5 8 1?4 35 2?9

Sport physical activity level ,0?001
Low 30 5?1 58 9?7 88 7?4
Moderate 439 73?9 459 76?5 898 75?2
High 125 21?0 83 13?8 208 17?4

P , 0?05 considered as statistically significant.
*Determined with the Baecke questionnaire(29).
-For the difference in physical activity level of boys v. girls.
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sexes (Table 3). The odds of overweight/obesity tended

to be higher in boys compared with girls (OR 5 1?26, 95 %

CI 0?96, 1?65). Surprisingly, the moderate level of leisure-

time physical activity was significantly associated with

increased risk of overweight/obesity when compared with

the low level (OR 5 1?87, 95% CI 1?25, 2?80, P 5 0?002),

whereas the high level of leisure-time physical activity did

not significantly increase the risk of overweight/obesity

(OR 5 1?65, 95% CI 0?69, 3?97, P 5 0?26). Studying in

private school was also associated with increased risk

of overweight/obesity compared with public school

(OR 5 1?91, 95% CI 1?38, 2?64, P , 0?001). Playing com-

puter games was significantly associated with overweight/

obesity (the odds for $2h/d v. ,2h/d increased by 57%;

OR 5 1?57, 95% CI 1?14, 2?16, P 5 0?005). Higher levels

of education in mothers or fathers were associated with

greater risk of overweight/obesity: educational levels

greater than high school (.12 years of education) were

associated with non-significant increased risk of over-

weight/obesity (Table 4). After adjusting age, sex and other

demographic covariates by logistic regression analysis, the

associations between physical activity and overweight/

obesity remained significant only for moderate leisure-time

physical activity, whereas the association between the

sport physical activity index and overweight/obesity did

not reach statistical significance (Table 5).

Discussion

The present study found a high prevalence of obesity in

children and adolescents living in northern Iran. Many

factors such as moderate leisure-time physical activity,

sedentary activities such as playing computer games for

.2h/d, higher levels of parental education and studying

in private schools were significantly associated with over-

weight/obesity. In adolescent boys, the prevalence of

obesity was higher than in the girls, despite boys being

more active than girls. The relationship between moderate

leisure-time physical activity and overweight/obesity

remained significant after adjusting for age, sex as well as

other associated factors such as television viewing, playing

computer games and parental education levels using

multivariate analysis.

Our study revealed the prevalence of obesity to be

similar in the two genders before the age of 15 years,

but to increase significantly thereafter in the adolescent

boys as compared with the adolescent girls. This finding

indicates that the progression from overweight to obesity

with increasing age differs between boys and girls. This

discrepancy may be attributed to reawakening of the

hypothalamic–pituitary–gonadal axis during puberty which

results in different body composition, including regional

distribution of fat and bone mineralization, between the

two sexes. The adolescent boys gain much more lean body

Table 3 Characteristics of the study population according to sex:
adolescents aged 12–17 years (n 1200), Babol, northern Iran,
2008

Boys Girls

Characteristic Mean SD Mean SD P value*

BMI (kg/m2) 20?9 4?2 20?6 3?7 0?30
Leisure-time physical

activity index
2?3 0?5 2?1 0?5 ,0?001

Sport physical activity index 2?7 0?7 2?5 0?7 ,0?001
Television viewing (h/d) 3?3 2?7 3?4 2?3 0?54
Playing computer

games (h/d)-
0?9 1?4 0?0 1?0 ,0?001

P , 0?05 considered statistically significant.
*For the difference in characteristics of boys v. girls.
-Median is reported instead of the mean because of skewed distribution;
P value is derived from the Wilcoxon test.

Table 4 The distribution of demographic characteristics and phy-
sical activity, and corresponding odds ratios and 95 % confidence
intervals for overweight/obesity: adolescents aged 12–17 years
(n 1200), Babol, northern Iran, 2008

Variable n % OR 95 % CI P value

Sex
Female 500 50?0 1?00 Ref.
Male 500 50?0 1?26 0?96, 1?65 0?09

Age (years)
12–14 655 54?6 1?00 Ref.
15–17 545 45?4 0?88 0?67, 1?16 0?37

Birth order 0?85
1–2 875 72?9 1?00 Ref.
3–4 267 22?2 0?97 0?69, 1?33 0?83
$5 57 4?8 1?16 0?63, 2?14 0?63

Family size 0?37
3–4 612 51?0 1?00 Ref.
5–6 525 45?8 0?83 0?63, 1?09 0?18
$7 62 5?2 1?05 0?58, 1?90 0?87

Type of school
Public 990 82?5 1?00 Ref.
Private 210 17?5 1?91 1?38, 2?64 ,0?001

Father’s education level 0?09
Illiterate or primary 256 21?5 1?00 Ref.
Elementary/high school 324 27?2 1?08 0?72, 1?61 0?70
College 427 35?9 1?49 1?03, 2?17 0?03
University 183 15?4 1?23 0?70, 2?16 0?67

Mother’s education level 0?03
Illiterate or primary 431 36?0 1?00 Ref.
Elementary/high school 333 27?8 0?73 0?51, 1?04 0?08
College 360 30?1 1?24 0?90, 1?71 0?18
University 73 6?1 1?23 0?70, 2?16 0?46

Sport physical
activity level

0?13

Low 88 7?4 1?00 Ref.
Moderate 898 75?2 1?05 0?61, 1?78 0?86
High 208 17?4 1.47 0?70, 2?16 0?20

Leisure-time physical
activity level

0?13

Low 210 17?7 1?00 Ref.
Moderate 943 79?4 1?87 1?25, 2?8 0?002
High 35 2?9 1?65 0?69, 3?97 0?26

Television viewing
,3 h/d 481 40?1 1?00 Ref.
$3 h 719 59?9 1?03 0?78, 1?35 0?83

Playing computer games
,2 h/d 959 80?2 1?00 Ref.
$2 h 237 19?8 1?57 1?14, 2?16 0?005

Ref., referent category.
P , 0?05 considered statistically significant.
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muscle and bone, whereas the adolescent girls gain a

greater amount of fat than the boys(31). In addition, the

lower rate of obesity in adolescent girls in our study can

be attributed to their lower food intake for keeping or

preserving a suitable body image because their tendency to

obesity decreases as they grow up, whereas such tendency

is usually ignored in adolescent boys(16).

The prevalence of overweight/obesity in children and

adolescents has been investigated in several previous

studies(19,20,26,32–36). While in a number of studies the

prevalence rates of overweight and obesity were higher

than or comparable to those in our study(19,26,35,36), in a

few other studies the rates were lower than ours(27,29,31).

However, the prevalence rates with regard to overweight or

obesity differed between boys and girls in the various

studies across different study populations from other geo-

graphic areas of Iran(26,31), neighbouring countries(32–35)

and the USA as well(20,36). In a study by Mohammadpour

et al. among adolescents aged 11–16 years in Tehran, the

capital city of Iran, the overall prevalence of overweight

was higher than our results (21?1% v. 15?1%) but the

prevalence of obesity was comparable (7?8% v. 8?3%) and

the prevalence of overweight among the girls was signi-

ficantly higher than among the boys (23?1% v. 18?8%)(26).

In another study of 12–17-year-old schoolgirls in Rasht,

northern Iran, a population with similar characteristics to

the present study, the overall prevalence of overweight was

higher but the prevalence of obesity was lower compared

with our findings. Maternal education was positively related

to overweight/obesity of the girls(19).

In other populations with relatively similar lifestyles

from neighbouring countries, the prevalence of over-

weight/obesity was also different between boys and girls.

In a study of secondary-school adolescent boys from

Saudi Arabia, the prevalence of obesity was much higher

than our results(32); whereas findings from studies in

Turkish adolescents revealed lower prevalence rates of

overweight and obesity compared with our results(33,34).

In a study of Indian schoolchildren aged 12–18 years, the

prevalence of overweight in boys was comparable to our

findings but the prevalence in girls was lower. However,

the prevalence of obesity in both boys and girls was much

lower than our findings(35).

In two studies among US adolescents, the prevalences of

overweight were different. In a study of public-school

children aged 11–18 years with different lifestyles and

diets compared with our study, the prevalence of over-

weight and obesity was 21?7% and 22?5%, respectively,

which was much higher than our study. Similar to our

findings, the prevalence of obesity and severe obesity

was higher among the adolescent boys than the adole-

scent girls. However, the prevalence of overweight was

higher among the adolescent girls than the boys(36). In

another study of US high-school students with different

ethnicity, race and gender, the prevalence of overweight

was lower than in the present study(20).

Obesity has a complex aetiology and several variables

including genetic background, nutrition, physical activity

and lifestyle habits may be considered responsible fac-

tors(15). In addition, parental, socio-economic status (SES)

and environmental factors are also important. Nutrition

and the level, intensity as well as duration of physical

activity, which are important factors in obesity, may vary

in different populations across various geographic areas.

Therefore, depending upon the study population, the

associated factors of obesity may differ even within the

same country(8,11,20–23).

Considering the high prevalence rates of obesity and

overweight among the adult population of northern Iran(37),

obesity in children adds a further burden to adult health

problems and warrants preventive measures. Although the

contributory role of physical activity in the prevention of

primary or secondary obesity is less clear(38), it is the major

component of energy expenditure. The relationship

between physical activity and fatness was shown in a cross-

sectional study of 780 children by Ruiz et al.(39). In that study,

lower body fat was significantly associated with higher levels

of vigorous physical activity, but not with moderate or total

physical activity. The intensity of physical activity, especially

vigorous physical activity, but not total physical activity, was

Table 5 Adjusted odds ratios and 95 % confidence intervals for overweight/obesity according to level of physical activity: adolescents
aged 12–17 years (n 1200), Babol, northern Iran, 2008

Adjusted for age and sex Additionally adjusted*

Variable OR 95 % CI P value OR 95 % CI P value

Leisure-time physical activity level
Low 1?00 Ref. – 1?00 Ref.
Moderate 1?81 1?20, 2?72 0?004 1?92 1?25, 2?89 0?002
High 1?53 0?63, 3?69 0?34 1?70 0?69, 4?2 0?24

Sport physical activity level
Low 1?00 Ref. – 1?00 Ref. –
Moderate 1?01 0?59, 1?72 0?96 0?92 0?53, 1?58 0?76
High 1?38 0?76, 2?51 0?28 1?33 0?72, 2?44 0?35

Ref., referent category.
P , 0?05 was considered as statistical significant.
*Additional adjustment was carried out by type of school, television viewing, playing computer games, father’s education level, mother’s education level, birth
order and family size.
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negatively related to body fatness. Participation in moderate

physical activity and total physical activity did not explain a

significant proportion of the variance in body fat. These

findings suggest that intensity rather than amount of physical

activity may be more important in relation to the prevention

of obesity in children(39). In the present study, the positive

relationship between moderate physical activity and over-

weight/obesity may be explained by excess energy intake

and/or reduced energy expenditure from insufficient inten-

sity of physical activity. Insufficient vigorous physical activity

was shown as a risk factor for higher BMI for adolescent

boys and girls(40). Although we did not provide data with

respect to food intake, frequent intake of snacks during

physical activity is often encouraged to physically active

children by parents, particularly in educated or high-income

families, in our culture. High intake of energy from snacks

can counteract the effect of physical activity. This issue can

be considered important in explaining the various pre-

valence rates of overweight/obesity observed in studies from

various geographic areas or the different prevalence rates

between boys and girls regardless of other associated factors.

High intake of snacks, and insufficient consumption of fruits

and vegetables, have been considered as associated factors

of obesity in adolescents(16,41). A correlation between obesity

and intake of sweet foods while watching television or

playing on a computer has been shown in a few but not all

studies(8,20,42,43).

Food consumption and the pattern of diet selection are

income-dependent. Thus children from higher SES groups

are expected to study in private schools and to have greater

potential to select high-quality foods; they may also devote

greater time to low-level physical activities like television

viewing or computer use and consume greater amounts of

high-energy foods. On the contrary, in children from lower

SES families, the potential for selection of such foods and

sedentary activities is lower and so the possibility of obesity

is lower(42). This can also explain the association between

overweight/obesity and studying in private school as well

as among families with higher levels of education.

However, the influences of SES on BMI vary across

different populations and high obesity prevalence has

also been reported in low SES populations(16). Parental

obesity may also affect children’s BMI through genetic

contribution or exhibition of behaviour patterns(22).

The results of the present study should be considered

within its limitations. Although the level and duration of

physical activity were evaluated uniformly across the dif-

ferent comparison groups, the possibility of over- or

underestimation of self-reported data cannot be ignored.

We did not provide data with regard to regular food intake

and snacking to evaluate energy intakes. Higher intake of

energy can repress the beneficial effects of physical activity

on weight. Energy expenditure in overweight adolescents

is lower compared with normal-weight or underweight

adolescents(43). The positive association between over-

weight/obesity and physical activity may be interpreted

differently with regard to the direction of association.

Because of the cross-sectional nature of our study, the true

direction of causality is unclear. It is equally possible that

being obese resulted in further activities or obese children

were encouraged to engage in greater levels of physical

activities by their educated parents. However, the real

direction of the effect of physical activity on weight can be

shown only in a prospective study.

Conclusions

The findings of the present study indicated a high preva-

lence rate of overweight/obesity in adolescents, particularly

boys, living in northern Iran. Several factors such as mode-

rate leisure-time physical activity, sedentary activities with a

computer, higher levels of parental education and studying

in private schools were related to obesity or overweight.

Among these factors, the independent positive relationship

of leisure-time physical activity with overweight/obesity

should be attributed to insufficient intensity of physical

activity or suppression of physical activity’s beneficial effects

by a higher intake of food. However, further prospective

studies with concurrent calculation of food intake are

required to determine the relationship between physical

activity and overweight/obesity.

Acknowledgements

This work was supported by the Deputy of Research of

Babol University of Medical Sciences. There is no conflict

of interest to disclose. K.H.-T. developed the study pro-

tocol, managed the data collection and analysis, and

wrote the first draft of the manuscript. B.H. contributed to

the study design, wrote the introduction and discussion

sections of the manuscript, and revised the whole

manuscript. The authors would like to thank the nursing

students of Babol University of Medical Sciences and

the school health-care givers for their assistance in data

collection.

References

1. Vereecken CA, Tood J, Roberts C et al. (2006) Television
viewing behaviour and associations with food habits in
different countries. Public Health Nutr 9, 244–250.

2. Eichen DM, Conner BT, Daly BP et al. (2012) Weight
perception, substance use, and disordered eating behaviors:
comparing normal weight and overweight high-school
students. J Youth Adolesc 41, 1–13.

3. Rafraf M, Gargari BP & Safaiyan A (2010) Prevalence of
prehypertension and hypertension among adolescent high
school girls in Tabriz, Iran. Food Nutr Bull 31, 461–465.

4. Liou YM, Liou TH & Chang LC (2010) Obesity among
adolescents: sedentary leisure time and sleeping as
determinants. J Adv Nurs 66, 1246–1256.

5. Kelishadi R (2007) Childhood overweight, obesity and the
metabolic syndrome in developing countries. Epidemiol
Rev 29, 62–76.

Overweight, obesity and their association with physical activity 2251

https://doi.org/10.1017/S1368980012001048 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980012001048


6. Sanderson K, Patton GC, McKercher C et al. (2011)
Overweight and obesity in childhood and risk of mental
disorder: a 20-year cohort study. Aust N Z J Psychiatry 45,
384–392.

7. Hamidi A, Fakhrzadeh H, Moayyeri A et al. (2006) Obesity
and associated cardiovascular risk factors in Iranian
children: a cross-sectional study. Pediatr Int 48, 566–571.

8. Reilly JJ & Kelly J (2011) Long-term impact of overweight
and obesity in childhood and adolescence on morbidity
and premature mortality in adulthood: systematic review.
Int J Obes (Lond) 35, 891–898.

9. Guijarro De Armas MG, Monereo Megias S et al. (2010)
Prevalence of carbohydrate metabolism disturbances in a
population of children and adolescents with severe
obesity. Endocrinol Nutr 57, 467–471.

10. Wabitsch M, Hauner H, Hertrampf M et al. (2004) Type II
diabetes mellitus and impaired glucose regulation in
Caucasian children and adolescents with obesity living in
Germany. Int J Obes Relat Metab Disord 28, 307–313.

11. Must A (1996) Morbidity and mortality associated with
elevated body weight in children and adolescents. Am J
Clin Nutr 63, 3 Suppl., 445S–447S.

12. Wang Y & Beydoun MA (2007) The obesity epidemic in the
United States – gender, age, socioeconomic, racial/ethnic,
and geographic characteristics: a systematic review and
meta-regression analysis. Epidemiol Rev 29, 6–28.

13. Janssen I, Katzmarzyk PT, Boyce WF et al. (2005) Comparison
of overweight and obesity prevalence in school-aged youth
from 34 countries and their relationship with physical activity
and dietary patterns. Obes Rev 6, 123–132.

14. Baratta R, Degano C, Leonardi D et al. (2006) High
prevalence of overweight and obesity in 11–15-year-old
children from Sicily. Nutr Metab Cardiovasc Dis 16, 249–255.

15. Steinbeck K (2009) Obesity and nutrition in adolescents.
Adolesc Med State Art Rev 20, 900–914.

16. Mirmiran P, Sherafat-Kazemzadeh R, Jalali-Farahani S et al.
(2010) Childhood obesity in the Middle East: a review. East
Mediterr Health J 16, 1009–1017.

17. Discigil G, Tekin N & Soylemez A (2009) Obesity in Turkish
children and adolescents: prevalence and non-nutritional
correlates in an urban sample. Child Care Health Dev 35,
153–158.

18. The NS, Suchindram C, Popkin BM et al. (2010) Association
of adolescent obesity with risk of severe obesity in
adulthood. JAMA 304, 2042–2044.

19. Maddah M & Nikooyeh B (2010) Factors associated with
overweight in children in Rasht, Iran: gender, maternal
education, skipping breakfast and parental obesity. Public
Health Nutr 13, 196–200.

20. Lowry R, Wechsler H, Galuska DA et al. (2002) Television
viewing and its associations with overweight, sedentary
lifestyle, and insufficient consumption of fruits and
vegetables among US high school students: differences
by race, ethnicity, and gender. J Sch Health 72, 413–421.

21. Veltsista A, Kanaka C, Gika A et al. (2010) Tracking of
overweight and obesity in Greek youth. Obes Facts 3,
166–172.

22. Steffen LM, Dai S, Fulton JE et al. (2009) Overweight in
children and adolescents associated with TV viewing
and parental weight: Project HeartBeat! Am J Prev Med
37, 1 Suppl., S50–S55.

23. Al-Kloub MI, Al-Hassan MA & Froelicher ES (2010)
Predictors of obesity in school-aged Jordanian adolescents.
Int J Nurs Pract 16, 397–405.

24. Maddah M (2008) Childhood obesity and early prevention
of cardiovascular disease: Iranian families act too late. Int J
Cardiol 126, 292–294.

25. Moayeri H, Bidad K, Aghamohammadi A et al. (2006)
Overweight and obesity and their associated factors in

adolescents in Tehran, Iran, 2004–2005. Eur J Pediatr 165,
489–493.

26. Mohammadpour-Ahranjani B, Rashidi A, Karandish M et al.
(2004) Prevalence of overweight and obesity in adolescent
Tehrani students, 2000–2001: an epidemic health problem.
Public Health Nutr 7, 645–648.

27. Hands BP, Chivers PT, Parker HE et al. (2011) The
associations between physical activity, screen time and
weight from 6 to 14 yrs: the Raine Study. J Sci Med Sport 14,
397–403.

28. Kelishadi R, Pour MH, Sarraf-Zadegan N et al. (2003)
Obesity and associated modifiable environmental factors in
Iranian adolescents: Isfahan Healthy Heart Program-Heart
Health Promotion from Childhood. Pediatr Int 45,
435–442.

29. Baecke JAH, Burema J & Frijters JE (1982) A short
questionnaire for the measurement of habitual physical
activity in epidemiological studies. Am J Clin Nutr 36,
936–942.

30. Centers for Disease Control and Prevention (2000) Clinical
Growth Charts. Atlanta, GA: CDC; available at http///www.
cdc.gov/growthcharts

31. Rogol AD (2010) Sex steroids, growth hormone, leptin and
the pubertal growth spurt. Endocr Dev 17, 77–85.

32. Shatoor AS, Mahfouz AA, Khan MY et al. (2011) Cardio-
vascular risk factors among adolescent secondary school
boys in Ahad Rufeida, southwestern Saudi Arabia. J Trop
Pediatr 57, 382–384.

33. Oner N, Vatansever U, Sari A et al. (2004) Prevalence of
underweight, overweight and obesity in Turkish adoles-
cents. Swiss Med Wkly 134, 529–533.

34. Simsek E, Akpinar S, Bahacebasi T et al. (2008) The
prevalence of overweight and obese children aged 6–17
years in the West Black Sea region of Turkey. Int J Clin
Pract 62, 1033–1038.

35. Goyal RK, Shah VN, Saboo BD et al. (2010) Prevalence of
obesity and overweight in Indian adolescent school going
children: its relationship with socioeconomic status and
associated lifestyle factors. J Assoc Physicians India 58,
151–158.

36. Isasi CR, Whiffen A, Campbell E et al. (2011) High
prevalence of obesity among inner-city adolescent boys.
Prev Chronic Dis 8, A23.

37. Hajian-Tilaki KO & Heidari B (2007) Prevalence of obesity,
central obesity and the associated factors in urban
population aged 20–70 years, in the north of Iran: a
population-based study and regression approach. Obes Rev
8, 3–10.

38. Steinbeck KS (2001) The importance of physical activity in
the prevention of overweight and obesity in childhood: a
review and an opinion. Obes Rev 2, 117–130.

39. Ruiz JR, Rizzo NS, Hurtig-Wennlöf A et al. (2006) Relations
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