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Abstract

Objective: To evaluate whether consumption of breakfast cereals is associated
with BMI in a sample of Greek adolescents.
Design: A cross-sectional health and nutrition survey.
Setting and subjects: During 2004–5, 2008 schoolchildren aged 12–17 years were
selected from twelve schools located in Vyronas region (Athens metropolitan
area). Height and weight were measured and BMI was calculated. A semi-
quantitative FFQ was applied and multiple logistic regression analysis was used.
Results: Overall, 4?7 % of boys and 1?7 % of girls were obese, whereas 19?4 % of
boys and 13?2 % of girls were overweight. Only 20?7 % of boys and 15?5 % of girls
reported that they consume cereals as a first choice for breakfast. Consumption of
breakfast cereals was associated with lower BMI in boys (P 5 0?08) and girls
(P 5 0?019), irrespective of age and physical activity status. More prominent
results were observed for daily cereal consumption or for more than two daily
servings of cereals consumed for breakfast. Consumption of pre-sweetened
breakfast cereals was associated with lower BMI compared with non-pre-swee-
tened or no intake of cereals, in both genders (P , 0?001). Consumption of
breakfast cereals was associated with 33 % (95 % CI 14 %, 48 %) lower likelihood
of overweight/obesity, irrespective of age, sex and physical activity status.
Conclusions: Consumption of breakfast cereals was associated with lower BMI
levels and a lower likelihood of overweight/obesity in both genders; thus a solid
basis for public health professionals could be built when issuing advice on weight
management.
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The prevalence and severity of overweight are increasing

in children and adolescents, and its short- and long-term

associations with morbid outcomes raises the level of

importance for understanding overweight as a major

public health concern for in this age group(1). In Greece,

the prevalence of obesity in adults, children and adoles-

cents has been evaluated recently by some investiga-

tors(2–5). Moreover, research(6) shows that the dietary

habits of Greek adults have changed towards a more

Westernised type of diet, with some indication of this

also being valid for children and adolescents(7,8). The

Westernisation of eating habits includes a reduced intake

of dietary fibre, an increased intake of simple sugars and

refined grain products, altered fat composition of the diet

and a dietary pattern characterised by a high glycaemic

load(9). One dietary pattern that is considered to play an

important role in maintaining normal weight and pro-

viding positive nutritional benefits in children and

adolescents is the consumption of breakfast(10). Research(11)

reveals that not only is breakfast consumption important,

but also that the type of breakfast may be an important

factor influencing BMI. Eating cereal, whether cooked or

ready to eat for breakfast, is associated with a significantly

lower BMI in adults, when compared with either skipping

breakfast or consuming other types of breakfast(11).

Studies(12–20) have demonstrated the nutritional benefits of

ready-to-eat breakfast cereals (RTEC) in nutrient intakes

in both children and adolescents. During the past few

years, several investigators(11–13,17,19–22) have observed an

inverse association between consumption of breakfast

cereals and the rate of obesity in adults and adolescents.

Moreover, other researchers(23,24) report that this
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association is attributable only to the consumption of

whole-grain cereals and not to refined-grain ones. How-

ever, there is only one study(13) looking at the effects of

adolescents’ RTEC consumption on BMI in Greece.

Therefore the aim of the present work, which was

performed within in the context of the VYRONAS

epidemiological study, was to investigate whether the

prevalence of overweight and obesity in 12–17-year-old

boys and girls from the greater Athens area is associated

with the consumption of breakfast cereals.

Methods

Study sample

In the VYRONAS study, 2008 students (1021 male and

987 female), 12–17 years of age (7th–12th grade), were

selected from all schools, a total of twelve, located in

Vyronas region (Athens metropolitan area). The partici-

pation rate was 95 %. The adolescents were enrolled on a

voluntary basis. Prior to their acceptance, the adolescents’

parents or guardians were fully informed about the

objectives and methods of the study and signed a consent

form. The adolescents provided their verbal assent. Sub-

jects who were on specific diets and/or who did not have

medical permission to participate in physical activities

were excluded from the study. The data were collected

from September 2004 to May 2005.

We selected the region of Vyronas owing to the

representativeness of this area regarding the socio-

economic status of the citizens. First, the municipality of

Vyronas is of medium size (National Population Inventory

Report) and thus represents an ‘average’ region of the

Athens metropolitan area. Second, Vyronas includes

all socio-economic classes (according to the National

Population Inventory Report) and is therefore a close

representation of the capital’s population in terms of

social status. The number of enrolled children was ade-

quate (i.e. statistical power 80 %) to evaluate standardised

differences between various groups greater than 0?5 at a

probability level of ,0?05.

All children completed a questionnaire, developed for

the purposes of the study, which retrieved information

about age, sex, school class, dietary habits and physical

activity.

Measurements

We measured standing height using stadiometers (Raven

Equipment Limited, Essex, UK), to the nearest 0.1 cm,

with students wearing light clothing and without shoes;

and body weight, of fasting students, to the nearest 0.1 kg

on calibrated digital scales (Seca, Hanover, Germany).

Stadiometers and scales were calibrated periodically.

Measurements took place in the school setting before the

interview. Eight trained physicians and dietitians were

responsible for measuring body weights and heights.

Overweight and obesity were defined using the interna-

tional BMI cut-off points established for children and

youth(25). These cut-off points are based on health-related

adult definitions of overweight ($25 kg/m2) and obesity

($30 kg/m2) but are adjusted to specific age and sex

categories for children. Complete growth measurements

were recorded in 1021 boys and 987 girls (n 2008). Self-

reported body weight and height of both parents

were recorded, and BMI was calculated as well. Parents

were classified as normal-weight, overweight (BMI 5

25?0–29?9 kg/m2) or obese (BMI $ 30?0 kg/m2).

The VYRONAS survey also included a semi-quantitative

FFQ that was distributed to all adolescents, which gath-

ered information regarding the participants’ dietary habits

on a daily or weekly basis. The FFQ has been found to be

repeatable in previous uses (data not published). The

subjects were asked to recall the dietary habits which they

had followed for the past year. Before completing the

FFQ, an explanatory session on how the FFQ had to be

filled out was given by dietitians.

Thereafter, the interviewer went through the food list

again to clarify entries. To improve the accuracy of food

descriptions, standard household measures (cups, table-

spoons, portions, cans, etc.) and picture models were

used during interviews to define amounts when appro-

priate. Various foods and beverages usually consumed in

Greece, and habits pertaining to mealtime behaviours,

were recorded in sixty-three detailed descriptive questions.

In particular, the measurements included the following.

1. The frequency of breakfast consumption (never/rare,

1–2 times/week, 3–4 times/week, 5–6 times/week,

daily).

2. The types of foods consumed for breakfast as a first

choice (milk, cereals, fruit juice, cake/croissant,

butter/margarine, bread, honey and yoghurt, which

are included in the typical Greek breakfast), the type

of cereals consumed for breakfast being:

(i) pre-sweetened by the manufacturer (cereals with

added sugars or other sweetening substances

such as chocolate);

(ii) non-pre-sweetened by the manufacturer.

3. The frequency of cereals consumption for breakfast

(never/rare, 1–3 times/month, 1 time/week, 2–6

times/week, daily, .2 daily servings of cereals for

breakfast, taking into account that 1 serving of

cerealsE40 g).

4. The daily consumption of meals including snacks

(eating episodes).

5. The frequency of consumption of foods out of home

(including school canteens and other meals not

prepared at home).

6. The cooking method most often used by the family.

7. The weekly or daily intake of dairy products.

8. The type of oils/fat consumed.

9. The frequency of sweet and ‘salty’ snacks consumed.
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10. The frequency of consumption of fish, poultry, red

meat, eggs, white bread, whole-grain bread, pota-

toes, rice, fruits, vegetables, fruit juices, soft drinks,

beverages and of traditionally cooked Greek meals.

The main categories (including their subcategories) of

the above-mentioned foods and beverages consumed

were coded as follows.

1. ‘Dairy products’: all kind of milks, all types of

yoghurts, and all types of cheeses.

2. Snack food was divided in two main categories: ‘salty’

snacks (like fast-food items such as hamburger, one

piece of pizza, hot dog, toast, one piece of cheese pie,

one piece of spinach pie, all kind of potato chips,

savoury snacks, popcorn) and ‘sweet’ foods (like ice

cream, milk shake, all kinds of chocolates, croissant,

cakes, biscuits).

3. All types of soft drinks (still, fizzy, diet, etc.).

4. Fruit juices (fresh, or ready to drink, 100 % juice

without added sugars).

5. Beverages (tea, chamomile, etc.).

6. Traditionally cooked Greek foods (moussaka,

beans, etc.).

When the FFQ was completed, subjects indicated how

often, on average, they consumed the amount of each

food item. The categorisation of the frequency of con-

sumption was not uniform and varied according to the

type of food/drink consumed.

Information on the frequency and duration of physical

activities during leisure time (walking, playing), the par-

ticipation in extracurricular sports outside school (brisk

swimming, basketball, football, etc.) and on the amount

of time spent on sedentary activities (watching television,

working on a computer, playing video games) was

retrieved from the study’s questionnaire.

The study, including data collection, was approved by

the Ethics Committee of the Vyronas Health Center.

Statistical analysis

Continuous variables are presented as mean and standard

deviation, while categorical variables are presented as

absolute and relative frequencies. Pearson’s correlation

coefficient was used in order to measure associations

between the continuous variables, while contingency

tables with calculation of the x2 test evaluated associa-

tions between the categorical variables. Relationships

between groups of intake and BMI were tested by the use

of ANOVA. Then, we used: (i) multiple linear regression

analysis to evaluate the relationship between consump-

tion of breakfast cereals and BMI; and (ii) logistic

regression analysis to determine to what extent con-

sumption of breakfast cereals was associated with the

likelihood of overweight or obesity (we combined these

categories because of the small number of persons in

each group). The estimate of the relative risks of over-

weight or obesity was performed by calculating the OR

and the corresponding 95 % CI. Deviance residuals were

calculated in order to evaluate the model’s goodness-of-

fit. All reported probability values (P values) were based

on two-sided tests and compared with a statistically sig-

nificant level of 5 %. The Statistical Package for the Social

Sciences statistical software package version 12 (SPSS

Inc., Chicago, IL, USA) was used for all calculations.

Results

Overall, 4?7% of boys and 1?7% of girls were defined as

obese, whereas 19?4% of boys and 13?2% of girls were

overweight. Dietary analysis revealed that 41?9% of boys

and 40?7% of girls eat breakfast daily; while 39?7% of boys

and 45?9% of girls almost skip breakfast (never/rare and

less than 1–2 times/week). The distribution of the frequency

of breakfast consumption by sex is presented in Table 1.

Moreover, dietary analysis showed that 73?6 % of boys

and 68?8 % of girls report consumption of cereals for

breakfast among other foods. Boys consumed cereals

for breakfast more frequently than girls (P 5 0?014). The

distribution of breakfast cereals consumption by age

group is presented in Table 2.

Table 3 illustrates the distribution of the various foods

consumed during breakfast in our study sample. It was

observed that milk and cereals were the main foods con-

sumed for breakfast in both genders. However, only 20?7%

of boys and 15?5% of girls reported to consume cereals as a

first choice for breakfast. Furthermore, of those cereal

consumers, 42?5% of boys and 49?0% of girls reported that

they consume pre-sweetened breakfast cereals.

Figure 1 illustrates BMI levels by frequency of con-

sumption of breakfast cereals. Post hoc comparisons

(Bonferroni corrected) showed that, compared with no or

rare consumption, daily intake or the intake of more than

two daily servings of cereals for breakfast was associated

with lower BMI levels in boys and girls (P , 0?01).

Multiple regression analysis revealed that consumption of

breakfast cereals was associated with lower BMI in boys

(P 5 0?08) and girls (P 5 0?019), irrespective of age and

physical activity status. Table 4 shows mean values

of BMI, adjusted for age, sex and physical activity, by

frequency consumption of cereals. Multiple logistic

Table 1 Frequency of breakfast consumption among children who
participated in the VYRONAS study

Boys Girls Overall

How often do you eat breakfast? % n % n % n

Never/rare 19?3 207 22?9 240 21?1 447
1–2 times/week 20?4 218 23?0 241 21?7 459
3–4 times/week 11?1 119 7?7 81 9?4 200
5–6 times/week 7?3 78 5?6 59 6?5 137
Daily 41?9 448 40?7 426 41?3 874
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regression analysis revealed that consumption of cereals as

a first choice for breakfast was associated with 33% (95% CI

14%, 48%) lower likelihood of overweight/obesity, irre-

spective of age, sex and physical activity status (Table 5).

Furthermore, consumption of pre-sweetened breakfast

cereals was reported by 43 % of boys and 49 % of girls.

Intake of pre-sweetened cereals was associated with

lower BMI compared with non-pre-sweetened or no

intake of cereals in both genders (Fig. 2, P , 0?001). It is

of interest that BMI levels did not differ between the

groups of adolescents who reported consumption of

non-pre-sweetened cereals and those who reported no

consumption of cereals (P . 0?05).

Discussion

The present study showed that about one out of five boys

and girls consumed cereals at breakfast. Consumption of

breakfast cereals was associated with lower BMI levels

and lower likelihood of overweight/obesity in both

genders. Some 19?4 % of boys and 13?2 % of girls were

defined as overweight, whereas 4?7 % of boys and 1?7 %

of girls were obese. These findings are not in accordance

with the findings of other investigators who conducted

studies(3,4) in Greek adolescents, probably because these

variations are a result of study design or measurement

sensitivity or sociodemographic factors(26). In addition, as

expected, the results of the present study revealed that

Table 2 Consumption of breakfast cereals among children who
participated in the VYRONAS study

Do you eat cereals for breakfast among other foods?

Gender/age No (%) Yes (%)

Boys
12 years 17?7 82?3
13 years 24?8 75?2
14 years 20?1 79?9
15 years 27?5 72?5
16 years 34?5 65?5
17 years 42?6 57?4
18 years 28?6 71?4
Total 26?4 73?6

Girls
12 years 23?4 76?6
13 years 23?8 76?2
14 years 30?0 70?0
15 years 33?1 66?9
16 years 37?5 62?5
17 years 38?3 61?7
18 years 64?3 35?7
Total 31?2 68?8

Table 3 Foods consumed during breakfast among children who
participated in the VYRONAS study

Which food do you consume during
your breakfast as a first choice?

Boys
(%)

Girls
(%)

Overall
(%)

Milk 59?4 58?8 59?1
Cereals 20?7 15?5 18?1
Fruit juice 7?2 9?3 8?2
Cake 3?7 5?1 4?4
Butter/margarine 3?9 4?6 4?3
Bread 2?2 3?1 2?6
Honey 2?5 2?5 2?5
Yoghurt 0?4 1?2 0?8

2+ servings/

day  

1 serving/

day

2–6 times/

week

1 time/

week

1–3 times/

month

Never/rare
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day  

1 serving/

day

2–6 times/

week

1 time/

week

1–3 times/

month
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21·5
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Fig. 1 BMI and frequency of consumption of breakfast cereals
in boys (top) and girls (bottom) who participated in the
VYRONAS study. Values are means with their 95 % CI
represented by vertical bars

Table 4 Mean BMI levels by frequency of breakfast cereals con-
sumption among children who participated in the VYRONAS study

BMI (kg/m2)

Gender/breakfast cereals consumption Mean SD

Boys
Never/rare 21?5 3?15
1–3 times/month 21?2 3?63
1 time/week 20?7 3?15
2–6 times/week 20?8 2?96
Daily 20?5 3?33
.2 daily servings 20?1 3?31

Girls
Never/rare 20?6 2?91
1–3 times/month 20?6 3?07
1 time/week 19?8 2?49
2–6 times/week 19?4 2?72
Daily 19?9 2?70
.2 daily servings 18?3 2?17
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the prevalence of overweight and obesity was higher

among male than female adolescents.

Also, the results of the VYRONAS study revealed that

21?1 % of adolescents skip breakfast. The literature sug-

gests that breakfast skipping is highly prevalent in the

USA and Europe (10–30 %) depending on age group,

population and definition. The figure of 21?1 % from

the present study is similar to that reported by other

investigators(10,11), confirming the international trend of

adolescents to skip breakfast.

However, it is worth mentioning that when we com-

bine the percentage of the occasional breakfast-eaters

(1–2 times/week) with that of breakfast skippers, the total

figure is double – reaching the level of 43 %, which is

considerably high and most alarming.

The consumption of breakfast is one dietary pattern

that is promoted as providing positive nutritional bene-

fits(17). Notwithstanding, Cho et al.(11) suggested that the

relationship between breakfast and positive health out-

comes may be due to the specific foods consumed at

breakfast, rather than breakfast per se. Thus, in the

VYRONAS study we evaluated the relationship of cereal

consumption for breakfast with BMI in adolescents. In

particular, we found that 20?7 % of boys and 15?5 % of

girls consume cereals as a first choice for their breakfast.

This is a lower figure than the one which has been

reported by other investigators, demonstrating clear

geographical differences in consumption patterns of

breakfast foods. For example, this percentage is far below

that reported by Nicklas et al.(27) in a study conducted

among 567 students in 9th grade, where 30 % ate RTEC

based on a 24 h dietary recall. In addition, this pattern

of consumption is not similar to that reported by the

Bogalusa Heart Study(14), since although in that study

21 % of the 10-year-old RTEC consumers (sweetened or

unsweetened) reported consumption at some point dur-

ing the day only 63 % of them consumed RTEC at

breakfast, within a 24 h period. Furthermore, the findings

of the present work are not in accordance with the results

reported by van den Boom et al.(18), where 49?8 % of the

studied population (aged 2 to 24 years) reported eating

RTEC. Regarding the frequency of consumption of RTEC,

in the VYRONAS study 18 % of the school adolescents ate

RTEC at least once per week, which is not in accordance

with the findings reported by Kafatos et al.(13) where 43 %

of adolescents ate RTEC at least once per week. Finally,

we demonstrated that RTEC consumption decreased

significantly as girls became older, which is in accordance

with the findings of National Heart, Lung, and Blood

Institute Growth and Health Study(19) in girls.

Regarding the inverse relationship between breakfast

RTEC consumption and BMI found in the VYRONAS

study, this finding is consistent with the results of other

studies(11,20,21) conducted in adults, while Song et al.(20)

suggested that RTEC consumption predicted weight

status in women but not in men. In agreement with that

reported by other international studies(12,13,17–19) conducted

in children and adolescents, the present work shows

an inverse relationship between RTEC consumption and

BMI. In particular, Albertson et al.(17) suggested that the

Table 5 Results from multiple logistic regression analysis that evaluated the consumption of breakfast cereals and the
likelihood of being overweight/obese among schoolchildren who participated in the VYRONAS study

OR 95 % CI P

Age (per year) 1?259 1?172, 1?353 0?001
Girls v. boys 0?510 0?401, 0?650 0?001
Physical activity level (1–5) 0?764 0?598, 0?976 0?031
Consumption of cereals during breakfast (yes v. no) 0?671 0?522, 0?862 0?002

Non-pre-sweetened

cereals

Pre-sweetened

cereals

No consumption

of cereals

Non-pre-sweetened

cereals

Pre-sweetened

cereals

No consumption

of cereals

30·0

40·0

20·0

10·0

0·0

B
M

I 
(k

g
/m

2
)
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g
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)

Fig. 2 Box and whisker plot of BMI in relation to consumption
and type of breakfast cereals in boys (top) and girls (bottom)
who participated in the VYRONAS study. Asterisks above or
below the box indicate cases (adolescents) that are outliers
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consumption of RTEC at breakfast should be encouraged as

a component of an eating pattern that promotes the

maintenance of healthy body weight and nutrient intakes

in children. Furthermore Barton et al.(19) reported that,

beyond the relationship between cereal and BMI, cereal

consumption had positive effects on nutrient intake in

adolescent girls, resulting in diets significantly lower in fat

and cholesterol and that RTEC made significant contribu-

tions to nutrient intakes in the diets of the adolescent girls

studied. Moreover, a negative association between BMI and

frequency of RTEC was also reported by Kafatos et al.(13) in

a study sample of Greek adolescents.

Another beneficial effect of RTEC consumption is that the

majority of the adolescents consume them with milk(13,14,18),

which is in accordance with the results of the VYRONAS

study where it was shown that milk and cereals were the

main foods consumed at breakfast in both genders.

The findings in the VYRONAS study concerning the

inverse association of pre-sweetened breakfast cereals

with BMI could be justified by the results of a study(28)

which supported that added sugars in the diet were

associated with increased servings of grains.

Although the present study does not give quantitative

data, one could speculate that the added sugars contained

in the pre-sweetened cereals may lead to increased con-

sumption of grains with a probable beneficial effect on

BMI status.

Also, another possible explanation relevant to the

inverse association of pre-sweetened breakfast cereals

with BMI could be that teenagers who are weight-

conscious may skip breakfast in general and that teenagers

who are slimmer may readily consume pre-sweetened

cereals because they are not calorie-watchers. Addition-

ally, results from the VYRONAS study demonstrated that,

compared with no or rare consumption, daily intake or

the intake of more than two daily servings of cereals for

breakfast was associated with lower BMI levels in both

genders, a finding which agrees with the results of

Albertson et al.(17) where children who consumed RTEC

eight or more times in 2 weeks had significantly lower BMI

than those who consumed three or fewer servings in 14d.

The relationship between the consumption of RTEC and

BMI is difficult to explain. Several explanations could be

proposed for the association between cereal consumption

and body weight. First, RTEC consumption may be a marker

for other healthful lifestyle factors practised by adoles-

cents(17). For example, it has been reported(17) that breakfast

consumers are less likely to snack during the morning, a

habit which if repeated daily could lead to over-consump-

tion of energy. Second, as the results showed, RTEC are

most frequently consumed with milk, which is a good

source of dietary Ca. Research(29) shows that dietary Ca

modulates circulating calcitriol (1,25-dihydroxyvitamin D)

levels that in turn regulate intracellular Ca which affects fat

metabolism in human adipocytes. A portion of this addi-

tional anti-obesity bioactivity is attributable to the inhibition

of angiotensin-converting enzyme activity by dairy foods

and to the rich concentration of branched-chain amino acids

which act synergistically with Ca to attenuate adiposity(29)
.

Thus, it is possible that the proposed(29) mechanism could

be a factor in contributing to the better intake regulation of

frequent cereal-eaters(17). Furthermore, literature(30) has

shown that RTEC is an important food source of whole

grains, which has been found(23,24) to be inversely asso-

ciated with obesity, and that cereals and cereal products are

the main sources of dietary fibre(9) with an undoubtedly

positive effect on BMI status(31).

Limitations

The present study, as a cross-sectional one, has several

limitations. First, no causal relationships can be proposed.

The presented findings may only be valuable for stating

hypotheses. Dietary habits were evaluated once; thus, sea-

sonal variability could not be taken into account. Further-

more, over- or under-reporting of foods or food groups

consumed by the adolescents may bias the reported results.

Also, consideration should be given to the fact that there is a

lack of information on the exact serving sizes and on the

level of the added sugars in the pre-sweetened cereals.

In addition, the Vyronas area does not represent the

entire country, or even more other countries in Europe,

the USA, etc.

Conclusions

The results of the VYRONAS study highlight an inverse

association between pre-sweetened breakfast cereals

(equivalent to sweetened breakfast cereals in the USA and

UK) and BMI in adolescents. Taking into consideration

the raising prevalence of overweight(1) and the popularity

of breakfast cereals among children and adolescents,

especially in Westernised countries(17,18), it could be of

public health benefit to include RTEC consumption in

campaigns for obesity prevention, especially in children.

Since our findings reflect those shown in other popula-

tion groups globally(11,17,19,32), a solid basis for public

health professionals could be built when issuing advice

on weight management in order to encourage the con-

sumption of breakfast cereals as part of a weight-

management strategy helping to aid weight control.
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