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Introduction
Obesity is defined as an excess amount of body fat. The
prevalence of obesity has increased over the past three
decades, in children as well as in adults [1]. Obesity in
growing years has many short and long-term adverse ef-
fects. Compared with normal weight children, obese chil-
dren have higher blood pressure, higher plasma insulin
levels, and a more atherogenic lipid pattern [1–4]. Also
obesity has a variety of adverse psychosocial conse-

quences such as completion of fewer years of education,
higher rates of poverty, and lower rates of marriage and
household income [5]. The greatest health burden of over-
weight in children and adolescents arises from long-term
consequences. Obese children are at increased risk for
obesity as adults and approximately 50% of obese ado-
lescents become obese adults [5]. Obesity present in
childhood or adolescence seems to increase the likelihood
of adult morbidity and mortality. In men who were obese
during adolescence, all cause mortality and mortality
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from cardiovascular disease and colon cancer were in-
creased [5].

Although obesity has strong genetic determinants, the
increasing prevalence of obesity in populations around the
world suggests that environmental factors are promoting
or exacerbating the problem. One of the major environ-
mental factors that contribute to obesity are dietary fac-
tors. When energy intake is in excess of energy expendi-
ture and hence requirements, energy stored will increase
and hence there will be an increase in body fat potential-
ly leading to obesity. But it would appear that an imbal-
ance in energy intake is not the only factor in the etiolo-
gy of obesity. The composition of the diet also seems to
be a determinant [6]. Many studies suggested that a diet
higher in fat and lower in carbohydrates, independent of
total energy intake, may contribute to obesity [6–8]. In ad-
dition effect of distribution of energy over the day on de-
velopment of obesity has been studied. Many studies in-
dicated that obesity was related to lower intake at break-
fast [9] and higher intake at lunch and/or dinner [10, 11]. 

The aim of this study is to investigate the prevalence of
overweight and obesity in an adolescent group represen-
tative of an urban population in Tehran, the capital of Is-
lamic Republic of Iran, and to determine possible associ-
ation with energy and nutrient intakes and distribution of
energy over the day in two groups of normal and over-
weight/obese adolescents.

Methods
Study population

Tehran lipid and glucose study (TLGS) is a study to de-
termine the risk factors for atherosclerosis among Tehran
urban population and to develop population-based mea-
sures to change the life-style of the population and to pre-
vent the rising trend of diabetes mellitus and dyslipidemia.
The design of this study encompass two major compo-
nents: phase 1 is a cross sectional prevalence study of CVD
and associated risk factors and phase 2 is a prospective
follow up study for 20 years. A multistage stratified clus-
ter random sampling technique was used to select 17 000
people aged 3 to 69 years from Tehran urban district-13.
So far about 11 000 subjects were studied. A subsidiary
population aged 10–19 years old consisting of 421 sub-
jects (177 boy and 244 girl) was randomly selected for
dietary assessments.

Anthropometric Study

Weight and height were determined, without shoes, using
a digital electronic weighing scale (Seca 707; range

0.1–150 kg) and tape meter stadiometer, respectively.
From the anthropometric data the body mass index was
calculated (BMI, weight/height2, kg/m2).

Overweight and obesity was defined according to rec-
ommended BMI cut-off values for adolescents [12]. Sub-
jects were divided into two groups: (1) overweight and
obese (O) and, (2) normal weight (NW) subjects.
Basal Metabolism Rate (BMR) was estimated using Har-
ris and Benedict equation which take into account age,
sex, weight and height [13]. Underreporters were identi-
fied using the cut-off value of energy intake/BMR < 1.27
[14].

Dietary assessment

Energy intake, percent of energy intake derived from pro-
tein, fat and carbohydrate, and percent of energy intake
from each meal and snack were assessed by means of two
24-hour dietary recall. The 24-hour dietary recall de-
scribes the reported intakes from midnight to midnight,
meal after meal. The first recall was performed at subjects,
home and the second at a clinic visit in the diet unit of
TLGS. These two days were among the usual days for sub-
jects. Mothers were asked about type and quantity of meals
when subjects were unable to recall.

Standard reference tables were used to convert house-
hold portions to grams for computerization. Following
coding of diaries, the dietary recall form was linked to a
nutrient database (Nutritionist _III) and nutrient intakes
calculated from quantity of food consumed.

Statistical Analysis

Statistical analyses were done with an IBM computer us-
ing the SPSS 9.05 statistical software package (SPSS Inc.,
Chicago, IL), and data were presented as mean and stan-
dard deviation. Data were adjusted for age when indicat-
ed. All analyses were performed separately for boys and
girls. The degree of significance of differences between
means was calculated using Student’s t-test. Pearson cor-
relation coefficients between dietary and anthropometric
data were also calculated. Two tailed tests were used, and
p-values of less than 0.05 were considered to be signifi-
cant. 

Results

The subjects of this study were 177 (42%) boys and 244
(58%) girls between ages 10 and 19. Prevalence of over-
weight and obesity was 10.7% and 5.1% in boys and 18.4%
and 2.8% in girls, respectively. Significant differences
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were seen between O and NW subjects with respect to
body weight and BMI in both sexes. Overweight/obese
girls were significantly taller than NW peers (Table I).

Overweight/obese boys had an apparently higher ener-
gy intake than their normal weight counterparts. Although
the amount of protein and fat consumed was higher in O
than NW boys, the contribution of each of macronutrients
to total energy intake was similar in both sexes (Table II).

Comparison of percentage of energy provided by each
meal and snack between O and NW subjects in each gen-
der is shown in Table 3. Overweight/obese adolescents ate
less at breakfast and more at lunch than leaner peers, but
such difference was only significant in girls. In addition,
O girls consumed more between dinner and bedtime than
their NW counterparts (Table III).

Correlation between BMI and dietary factors, after ad-
justment for age, showed that in boys BMI was positively
related to total energy intake (r = 0.23, p < 0.01), percent-
age of energy provided by lunch (r = 0.16, p < 0.05), and
negatively related to percent of energy provided by the snack
between lunch and dinner (r = –0.16, p < 0.05). In girls BMI
was positively related to percentage of energy provided by
lunch (r = 0.22, p < 0.01), percentage of energy provided by
afterdinner snack (r = 0.18, p < 0.01), and negatively with
breakfast energy percentage (r = –0.18, p < 0.01).

Nine percent of NW and 11% of O boys underreported
their energy intake. In girls 14% of NW and 29% of O
subjects underreported their energy intake (p < 0.05). Un-
derreporting was more prevalent in girls than in boys (17%
vs. 9%, p < 0.05). 

Table I: Anthropometric data of study population

Boys Girls
Overweight/Obese Normal Overweight/Obese Normal

Number 28 149 52 192
Age (years) 13.9±2.2 14.3±2.7 15.0±2.6 14.2±2.8
Height (cm) 163±12 160±16 158±8* 154±11
Weight (kg) 70±16* 48±14 66±12* 45±11
BMI (kg/m2) 26.1±3.8* 18.3±2.8 26.3±3.0* 18.7±3.0

BMI, body mass index
* p < 0.001 compared with normal weight group.

Table II: Differences in the intake of energy and nutrients between overweight/obese and normal weight subjects

Boys Girls
Overweight/Obese Normal Overweight/Obese Normal

Energy intake (kcal) 3032±720* 2636±722 2191±723 2150±558
Protein (gr) 82±20† 73±19 61±22 65±53
Protein (%) 10.8±1.6 11.1±1.6 11.2±2.5 11.3±1.7
Carbohydrate (gr) 436±102 396±115 317±108 312±82
Carbohydrate (%) 57.6±5.1 59.5±6.6 57.6±8.0 57.7±7.5
Fat (gr) 107±35* 88±34 79±37 76±31
Fat (%) 31.5±5.4 29.3±7.0 31.0±8.1 31.2±7.3

* p < 0.01, † p < 0.05 compared with normal weight group.

Table III: Percentage of energy provided by each meal and snack in overweight/obese and normal weight subjects.

Boys Girls
Overweight/Obese Normal Overweight/Obese Normal

Breakfast (%) 12.9±6.9 14.7±6.7 10.0±7.1* 13.0±7.6
Between breakfast and lunch (%) 4.2±5.4 4.7±6.8 6.5±7.0 6.8±7.3
Lunch (%) 39.5±8.5 37.4±9.6 42.7±12.0† 37.9±11.5
Between lunch and dinner (%) 9.6±5.7 10.4±7.9 10.1±7.1 11.3±7.7
Dinner (%) 31.8±9.5 30.5±9.9 28.1±10.3 29.3±10.1
Between dinner and bedtime (%) 2.2±2.1 19.9±2.1 2.5±2.6* 1.7±2.4

* p < 0.05, † p < 0.01 compared with normal weight group.
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Discussion
Prevalence of overweight and obesity in adolescents in our
study was relatively equal to that reported in white Amer-
ican peers (National Health and Nutrition Examination
Survey _III) [15]. However, this prevalence was greater
than other studies previously reported in Iran. This may
be due to different BMI cut-off references or actually in-
creased prevalence of overweight and obesity.

In this study no differences were found between NW
and O girls with respect to energy intake. In boys energy
intake was significantly higher in O than NW groups.
Many studies show that energy intake was positively as-
sociated with overweight as expressed by the BMI in both
males and females [16, 17]. On the other hand some stud-
ies reported no difference in energy intake between obese
and normal weight subjects [7, 18, 19] or even lower en-
ergy intake in obese than normal subjects [8, 20]. These
studies stated that this finding may be due to underre-
porting of energy intake that was observed more frequently
in obese than normal weight peers [8, 20]. In addition blunt
physical activity in obese may result in a positive energy
balance in this group [20]. However, it must be kept in
mind that the methods available for energy intake mea-
surements are imprecise, and may easily overlook the mi-
nor excess of energy intake over a long period of time, re-
quired to result in obesity. In this study obese boys had
higher energy intake than NW boys. Such finding was not
seen in girls. Underreporting was more prevalent in O than
in NW girls but this difference was not observed in O and
NW boys. This phenomenon could explain lack of asso-
ciation between energy intake and BMI in girls. This is in
agreement with many other studies that showed underre-
porting that is more prevalent in women than in men [14,
21, 22] and more frequent and severe among obese per-
sons than lean persons [14, 23–25]. 

Protein, carbohydrate and fat intakes expressed as per-
centage of total energy intake were not different in O and
NW group in both sexes. Although in O boys percentage
of energy intake derived from carbohydrate was lower and
percent of energy intake derived from fat was higher than
normal, this difference was not statistically significant.
Several studies showed that dietary composition (high fat
energy percentage and low carbohydrate energy percent-
age), independent from total energy intake contributes to
obesity in adolescents [7, 8, 16].

Study of the distribution of energy in meals and snacks
over the day showed that energy provided by breakfast
was lower and energy provided by lunch and after dinner
snack was higher in O than NW groups, but such differ-
ence was only significant in girls. In both sexes BMI was
positively related with lunch energy percentage. In girls
BMI was negatively related with breakfast energy per-

centage. In one study that compared breakfast habits of
obese and normalweight schoolchildren, invastigators
showed that obese subjects not only omitted breakfast
more commonly than normal subjects but also took small-
er quantities of energy at breakfast [9]. Several studies
have indicated that the omission of breakfast, or the con-
sumption of an insufficient breakfast, could contribute to-
wards dietary imbalances and less satisfactory food habits
over the rest of the day [26–28]. Results from the U.S.D.A.
Nationwide Food Consumption Survey also indicate that
breakfast eating increases the quality of the total diet [29].
Children with a high BMI reported a lower intake at break-
fast and of afternoon snacks, but a higher intake at lunch
and dinner, compared to children with a lower BMI [10].
In an other study, the percentage distribution of the intake
of energy among the different meals, particularly at din-
ner, contributed to explain inter-individual variance of fat-
ness in children of both sexes [30].

In summary, in this study high prevalence of overweight
and obesity among adolescents was seen. In boys some
relationship between total energy intake, distribution of
energy over the day and BMI was seen. In girls BMI was
only related with distribution of energy over the day. We
have failed to find a relationship between diet composi-
tion and body size as measured by BMI.

An important reason to treat obese children is to reduce
the risk for future cardiovascular disease. Currently, there
are no clear or easy strategies that are effective in clinical
treatment of obesity in children or adults. The best man-
agement is prevention. In order to prevent obesity, it ap-
pears necessary not only to regulate energy intake, but al-
so to control the composition of the diet, have an adequate
breakfast, and provide better distribution of total calorie
intake across the day, avoiding its concentration into one
or two meals. Given that it is during infancy and child-
hood that feeding habits are developed, it is important to
ensure that correct habits are acquired and special atten-
tion should be given to improving the dietary habits in this
time.
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