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Abstract
Objective: To assess the association of breakfast intake with Mediterranean diet
adherence, physical activity levels, obesity, selected cardiovascular risk markers
and Fe status.
Design: Cross-sectional study. BMI, body fat percentage and waist circumference
were assessed. Physical activity was assessed using a pedometer and diet quality
was evaluated by applying the KIDMED index. Blood tests to assess blood lipids,
high-sensitivity C-reactive protein, fasting glucose, serum Fe and ferritin, as well as
Hb, were performed.
Setting: Primary-school children of the Troodos mountainous area in Cyprus.
Subjects: Eighty-three Cypriot children (mean age 9·2 (SD 1·7) years).
Results: Compared with breakfast skippers, regular breakfast eaters were 40 %
more likely to have a KIDMED score higher by one point on average (OR= 1·41;
95 % CI 1·08, 1·84) after accounting for obesity levels and other confounders.
Breakfast skippers, on the other hand, were by about 14 % more likely to have a
body fat percentage value higher by one unit, as well as higher values for both
BMI and waist circumference. The relationship was significantly strengthened
when combining body fat percentage and waist circumference into a composite
variable (OR= 0·20; 95 % CI 0·06, 0·69). Fasting glucose was inversely correlated
to breakfast intake in descriptive analyses, whereas serum Fe was positively
correlated to breakfast intake after considering age, gender and diet quality. The
latter relationship disappeared, however, after considering physical activity levels.
Conclusions: Cypriot children who take breakfast regularly exhibit a higher
adherence to the Mediterranean diet and have higher serum Fe concentrations and
lower BMI, waist circumference, body fat percentage and fasting glucose levels,
compared with children who skip breakfast. Public health professionals, educators
and parents should prioritize on actions that will motivate children to regularly
eat breakfast.
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Breakfast intake is considered an essential characteristic of
a healthy diet pattern for adults and children, and has been
found to correlate with attributes of a healthy lifestyle such
as physical activity levels, cardiovascular health indices as
well as cognitive and academic performance in youth(1–3).
With regard to the association of breakfast with diet quality
in children and adolescents, it has been shown that
those who regularly eat breakfast have a diet of higher
overall quality(4,5), better food choices, regular eating
patterns(6–8), consistent energy intake(6), and nutrient and
fibre intakes that are more likely to meet the recom-
mended values(2,9). Concomitantly, skipping breakfast in
children and adolescents has been associated with low

overall diet quality(10,11), inability to reach recommended
intakes of micronutrients(9,12–15), higher energy intake
at dinner(16), lower intakes of healthful foods(17) and
increased intakes of low-nutritive-value foods(9,18), such
as high-fat snacks, later in the day(19). Apart from the
favourable associations with diet quality, regular breakfast
intake has been associated in children with lower obesity
rates (as assessed by BMI)(9,20,21), whereas breakfast
skipping is associated with increased BMI(2,9,22,23) and may
be predictive of increased BMI in early adulthood(24) even
though skippers report lower energy intakes.

In view of the above data, the Expert Committee
on Pediatric Obesity of the American Pediatric Academy
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included the daily intake of breakfast in the five most
important behavioural recommendations aiming at the
prevention of obesity(25). The 2010 Dietary Guidelines for
Americans also recommend regular intake of nutrient-dense
breakfast for children and adolescents to maintain healthy
weight, prevent obesity and improve nutrient intakes(9).
A number of public initiatives, such as US Department
of Agriculture’s School Breakfast Program(26), the Primary
School Free Breakfast Initiative in Wales(27) and the
European Union’s Breakfast is Best campaign(28), also
promote regular breakfast intake.

Breakfast has been an indispensable component of past
diets followed in Mediterranean societies, same as in many
other societies in the Western world(29). The study of
traditional food practices in Cyprus shows that breakfast
has been an essential element of Cypriots’ daily routine(30).
Published data on the Cypriot population’s breakfast
habits are scarce and, to date, no systematic work has
been attempted to investigate the association of breakfast
intake with lifestyle and health indices. However, recent
data suggest that Cypriots have abandoned this healthy
habit: in the CYFamilies (Cyprus Families) study (n 83,
mean age 9·2 (SD1·7) years), daily breakfast intake was
reported by 72 % of the children and consumption of
breakfast cereals by 55 % of the children(31); while in the
nationwide CYKIDS (Cyprus Kids) study (n 1140, mean
age 10·7 (SD 0·98) years), approximately 20 % of boys and
25 % of girls reported ‘not having breakfast on most days
of the week’(32) and 12 % of all children had breakfast less
than once per week(33). In the same study, it was observed
that a dietary pattern of increased consumption of milk
and cereals, typical of regular breakfast eaters, was related
to lower obesity levels but only in girls(34). Thus, in view
of the lack of data in this area, the aim of the present
paper was to assess associations between breakfast
intake and lifestyle attributes, i.e. diet quality and physical
activity levels, as well as associations with Fe status
and cardiovascular risk markers (i.e. obesity and serum
cholesterol, TAG, fasting glucose and high-sensitivity
C-reactive protein (hs-CRP)), in Cypriot children.

Materials and methods

Study sample
The CyFamilies study is a cross-sectional survey that was
conducted during the 2006/07 school year among all
primary-school students and their parents in the Troodos’
mountainous villages in the Republic of Cyprus* aiming to
evaluate anthropometric variables and dietary habits of the
population. A total of 163 children aged 6–12 years were
contacted and 160 agreed to participate (98·2 % partici-
pation rate). Those 160 children lived in five different
villages, but since their schools were closed by the

Ministry of Education during previous years, they all
attended one school when the study was conducted.

Dietary intake of the children and their parents was
assessed using a semi-quantitative FFQ, consisting of
154 food items (including all common foods of the local
Greek-Cypriot cuisine) and three supplementary question-
naires that evaluated other aspects of dietary habits
(i.e. dietary beliefs, meal patterns). A detailed description
of these questionnaires has been published previously(32).
For the present work, the KIDMED (Mediterranean Diet
Quality Index for children and adolescents) questionnaire
was also used to evaluate the children’s adherence to the
Mediterranean diet(35). The KIDMED index (theoretical
range − 4 to 12 points), computed as detailed by Serra-
Majem et al.(35), is derived from sixteen components
that summarize the principles of the Mediterranean diet
prototype; a score of − 4 to 3 points reflects a poor diet
relative to the Mediterranean diet principles, whereas
scores of 4–7 points and 8–12 points, respectively, signify
average and good adherence to the principles of the
Mediterranean diet. More specifically, the KIDMED index
presumes a daily consumption of at least one serving of
fruit and vegetables, while consumption of at least two
servings of each group is preferable. The KIDMED index
also assesses levels of consumption of dairy products
(at least three servings daily are recommended), grains
and cereals (recommended daily in breakfast, while
cereal-based dishes should be consumed at least five times
weekly), nuts, fish (weekly consumption of at least two
to three servings is advisable) and olive oil. Dietary
behaviours that are viewed as detrimental and alien to the
principles of the Mediterranean diet are also assessed, i.e.
frequent intake of sweets and candies (defined as more
than twice daily), use of commercially baked goods and
pastries for breakfast, consumption of fast foods and
abstinence from breakfast. The KIDMED questionnaire has
been validated against two 24 h recalls. Briefly, it was
found that the KIDMED score followed increases in the
intake of most of the sixteen vitamins and minerals
examined. Higher scores were associated with decreased
prevalence of inadequate intake (<2/3 of the Reference
Nutrient Intake) for Ca, Mg, vitamin B6 and vitamin C in
boys and girls(25). For the present work, a modified
KIDMED index (theoretical range − 3 to 12 points) was
used, after excluding the question on the regularity
of breakfast intake, as this is the outcome to which all
statistical evaluations were made. Dietary questionnaires
were administered to pupils during class hours by a qua-
lified nutritionist, following a standardized methodology
for dietary data collection(31); further details on study’s
methodology can be found elsewhere(31).

Regular breakfast intake was assessed via a question
asking whether children usually have breakfast on most
days of the week. Breakfast was considered to be any food
eaten and drunk before the commencement of school
classes. On weekends, breakfast was considered to be

* The Troodos district villages included Kyperounda, Xandria, Dymes,
Agridia and Potamitissa.
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anything eaten and drunk within two hours after rising in
the morning. Examples of typical breakfasts were given, in
order to help accurate recall. Having just a glass of milk or
juice was considered a breakfast, whereas having only
a cup of tea was not accepted as breakfast. Children
who responded that they had breakfast on most days of
the week were classified as ‘breakfast eaters’, whereas
children who gave a negative response were classified as
‘breakfast skippers’.

Physical activity levels in the children were estimated via
the use of pedometers (DW-200; Yamax, Tokyo, Japan)
following a specific protocol that has been described by
other researchers(36). Children wore the pedometer for at
least two weekdays and one weekend day. Pedometers
were not given to first grade students, as children of this age
are not considered capable of accurately recording the
number of counts on their pedometers.

Anthropometric data, i.e. weight, height and waist cir-
cumference (WC), were collected from children according
to a standard protocol described by Heymsfield et al.(37).
Obesity was defined according to the International Obesity
Task Force’s age- and gender-specific BMI threshold
criteria(38). Percentage of body fat (BF%) was derived via
bioelectrical impedance analysis, using a model BC-558
analyser (Tanita Corp., Tokyo, Japan), according to the
protocol suggested by McCarthy et al.(39). BF% was cate-
gorized according to the reference values proposed by
McCarthy et al.(39) for children by age and gender.

We combined the two variables of WC and BF% into
one categorical variable, named ‘WC and BF%’, with two
categories. First, WC and BF% were each dichotomized
as follows: for WC,<77 cm (‘normal’) v. ≥77 cm (‘above
normal’), based on the 75th percentile threshold pre-
viously used in other studies among Cypriot children(40,41);
for BF%, under normal and healthy fat (‘normal’) v. over-
weight and obese (‘above normal’), according to gender
and age, as proposed by McCarthy et al.(39). Children were
classified in the ‘lower risk’ category if they had ‘normal’
values in both variables (WC and BF%) as defined above,
whereas if they had at least one of the variables ‘above
normal’ they were classified in the ‘increased risk’ cate-
gory. Each ‘lower risk’ category was assigned a score of 0,
while a score of 1 was assigned to each ‘increased risk’
category; the possible score range for the ‘WC and BF%’

variable was therefore 0 to 2. Having a higher score was
an indicator of ‘increased obesity risk’.

Biochemical examinations were performed by the state
hospital of this district(31). A total of eighty-three children
underwent serum analyses following a 12 h overnight fast.
All children were without clinical evidence of acute infec-
tion, dental problems and were not taking medications (i.e.
corticosteroids) that could affect the levels of biochemical
markers being measured. Blood was collected from the
antecubital vein between 08.00 and 10.00 hours, the whole
blood specimens were aliquoted into separate tubes and the
collection tubes were immediately centrifuged at 3000 rpm

for 15min (Eppendorf Centrifuge 5804) to obtain serum and
plasma. Biochemical evaluations were performed by the
same laboratory (Kyperounda State Hospital) in accordance
with the criteria of the WHO Lipid Reference Laboratories.
Haematological and biochemical measurements performed
included whole blood cell count and serum Hb, Fe, fer-
ritin, total cholesterol (TC), LDL cholesterol (LDL-C),
HDL cholesterol (HDL-C), TAG, hs-CRP and fasting glu-
cose levels. High-sensitivity CRP levels were assessed
using particle-enhanced immune nephelometry in a model
AU-400 automatic analyser (Olympus, Tokyo, Japan).

Cardiovascular disease risk index
Because descriptive univariate analyses failed to reveal
any associations of blood lipids or hs-CRP with breakfast
intake (Table 1), the synergistic effect of biochemical
markers, i.e. blood lipids and hs-CRP, was examined by
grouping them into one categorical variable, the ‘cardio-
vascular disease risk index’ (CDRI), to account for the
magnitude of risk. Participating children were classified as
having ‘normal’ biochemical indices using the American
Heart Association’s reference values for children(42):
TC <170mg/dl, HDL-C >60 mg/dl, LDL-C <110 mg/dl,
TAG <150mg/dl. The cut-off point for hs-CRP was set
at <0·2mg/dl, which represents average risk(43). Each
‘normal’ index was assigned a score of 0, whereas a
score of 1 was assigned to every ‘above normal’ index.
Therefore, the possible score range of the CDRI was
0 to 5. Having a higher score was an indicator of ‘increased
cardiovascular risk’. Children were classified in the ‘lower
risk’ category if they had ‘normal’ values in all of the
biochemical indices mentioned above, whereas if they had
one index ‘above normal’, they were classified in the
‘increased risk’ category. Fasting glucose levels were not
included in the CDRI, because, in descriptive analyses,
they were found to be associated with breakfast intake,
a fact that could falsely inflate the results of the CDRI–
breakfast intake association to statistical significance.

Bioethics
The research design was approved by the Ministries of
Education and Culture (Department of Primary Education)
and Health, as Cypriot law provides for studies that
are performed at school during formal school hours. The
study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the Ministry
of Education and Culture and the Ministry of Health.
Written informed consent was obtained from the parent or
guardian of each child prior to enrolment.

Statistical analyses
Continuous variables are presented as mean and standard
deviation or as median and interquartile range, as appro-
priate, whereas categorical variables are presented as
absolute and relative frequencies. Normality of the
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variables’ distribution was evaluated using Q–Q plots and
the Kolmogorov–Smirnov test. The hs-CRP variable was
log transformed, as it was not normally distributed. Dif-
ferences between the study groups (breakfast skippers,
breakfast eaters) were tested by the independent t test
for normally distributed variables, by the Mann–Whitney U
test for variables with non-normal distribution or by the χ2

test for categorical variables. We further applied binary
logistic regression analysis to evaluate the association
between the regularity of breakfast intake (dependent
outcome) and overall diet quality (as assessed by a
modified KIDMED score), BMI, WC, BF%, ‘WC and BF%’
variable, fasting glucose, serum Fe and CDRI (indepen-
dent variables) adjusting for potential confounders (age,
gender and physical activity). All reported P values are
based on two-sided tests and the significance level was set
to 0·05. The statistical software package IBM SPSS Statistics
18·0 for Windows was used for all statistical calculations.

Results

Selected demographic, anthropometric and lifestyle char-
acteristics of the children by category of breakfast intake
frequency are presented in Table 1. Significant differences
were observed for overall diet quality (as assessed by the
modified KIDMED score), fasting glucose levels and
serum Fe levels. Specifically, KIDMED scores of breakfast

skippers were, on average, one point lower compared
with those of breakfast eaters. Further analyses (not shown
here) showed that 14·0 % of breakfast skippers had a ‘poor
diet quality’ and 34·0 % were classified in the ‘good diet
quality’ group, whereas the corresponding values for
breakfast eaters were 6·7 % and 44·0 %, respectively.

With regard to serum Fe, there was a difference of
almost 13 μg/dl in mean values between the two breakfast
groups, being higher for breakfast eaters. No differences
were found, however, in the mean values of either ferritin
or Hb (13·49 v. 13·82 g/dl; data for Hb not shown in table).
Similarly, mean values of fasting glucose were 4mg/dl
higher among breakfast skippers.

Obesity levels, as examined by BMI, did not differ
between the two breakfast groups. The mean values of
BF% and the ‘WC and BF%’ variable were slightly higher
among breakfast skippers.

Mean levels of LDL-C, HDL-C, TC, TAG and hs-CRP, and
mean CDRI values, did not differ significantly by breakfast
intake. In addition, physical activity levels were not related
to breakfast intake; although median values of physical
activity levels (evaluated as pedometer counts) in the two
breakfast intake categories differed largely, this difference
did not reach statistical significance (median pedometer
steps for breakfast-skippers, 18 707; for breakfast-eaters,
21 493).

Results of the multivariate logistic regression analyses,
with breakfast intake frequency as the dependent outcome

Table 1 Descriptive characteristics by breakfast intake status* among eighty-three primary-school children of the Troodos mountainous area
in Cyprus, CYFamilies (Cyprus Families) study, 2006/07 school year

Breakfast skippers Breakfast eaters

Mean, n or
median SD, % or IQR

Mean, n or
median SD, % or IQR

P
value

Age (years), mean and SD 9·10 1·71 9·28 1·60 0·507
Gender, n and %
Boys 42 49·4 41 54·7 0·507
Girls 43 50·6 34 45·3

BMI (kg/m2), mean and SD 18·02 3·85 17·96 3·24 0·913
WC (cm), mean and SD 59·71 10·29 59·50 7·93 0·887
BF%, mean and SD 22·34 7·34 21·17 6·41 0·293
‘WC and BF%’ variable (theoretical range: 0–2 points (worse)),

mean and SD

0·38 0·66 0·25 0·49 0·148

Modified KIDMED score (theoretical range: −3 to 12 points
(best)), mean and SD

6·01 2·50 7·07 2·32 0·007

TC (mg/dl), mean and SD 163·62 28·65 165·27 25·76 0·786
LDL-C (mg/dl), mean and SD 96·27 23·14 95·89 24·55 0·943
HDL-C (mg/dl), mean and SD 51·95 10·05 54·77 10·35 0·218
TAG (mg/dl), mean and SD 76·97 30·89 72·68 30·64 0·533
Fasting glucose (mg/dl), mean and SD 90·00 6·59 86·00 6·30 0·019
hs-CRP, log transformed (mg/dl), mean and SD 0·05 0·05 0·03 0·04 0·102
Serum Fe (μg/dl), mean and SD 69·97 27·97 82·79 29·71 0·050
Ferritin (ng/dl), mean and SD 41·22 14·16 41·36 13·40 0·962
CDRI (theoretical range: 0–5 (worse)), mean and SD 1·16 1·09 1·00 1·12 0·514
Physical activity level (as pedometer counts), median and IQR 18 707 14 607–25 072 21 493 17 580–29 272 0·762

IQR, interquartile range; WC, waist circumference; BF%, body fat percentage; KIDMED, Mediterranean Diet Quality Index for children and adolescents; TC, total
cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; hs-CRP, high sensitivity C-reactive protein; CDRI, cardiovascular disease risk index.
P values obtained by the independent t test for normally distributed variables, by the Mann–Whitney U test for variables with non-normal distribution or by the χ2

test for categorical variables.
*Breakfast skippers, most of the days do not take breakfast; breakfast eaters, most of the days take breakfast.
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and BMI, WC, BF%, ‘WC and BF%’ variable and modified
KIDMED score as independent variables, are presented in
Table 2. After considering potential confounders, significant
inverse associations were observed between breakfast
intake and BMI, WC, BF% and the ‘WC and BF%’ variable,
whereas a positive association was revealed between
breakfast intake and adherence to the Mediterranean diet
(assessed via the KIDMED score). Specifically, breakfast
eaters were on average 40% more likely to have a modified
KIDMED score higher by one point, after accounting
for obesity levels and other confounders (e.g. model for
BF%: OR=1·41; 95 % CI 1·08, 1·85). Breakfast skippers, on
the other hand, were 14% more likely to exhibit a one unit
increase in BF% (OR=0·86; 95 % CI 0·77, 0·95). Of same
direction and similar magnitude was the relationship of BMI
and WC to breakfast intake, and this relationship was sig-
nificantly strengthened when combining BF% and WC into
one categorical variable (OR=0·20; 95 % CI 0·06, 0·69).

The significant association between fasting glucose
levels and breakfast intake observed in univariate descrip-
tive analyses disappeared when a multivariate assessment
was performed (results not shown here). With regard to
serum Fe, it is of note that the relationship disappeared
only after considering physical activity levels; when only
age, gender and diet quality were used as covariates,
children who regularly ate breakfast were 80 % less likely
to have serum Fe levels lower than 65 μg/dl (OR= 0·20;
95 % CI 0·07, 0·50; data not shown here).

Discussion

We have presented the results of the CYFamilies study
conducted among Cypriot primary-school children living
in the mountainous area of Cyprus, examining the rela-
tionship between breakfast intake and lifestyle attributes.

The findings provide evidence that, after considering
potential confounders, regular breakfast eaters were more
likely to have higher adherence to the Mediterranean
diet and lower BF%, BMI, WC and ‘WC and BF%’ variable
than breakfast skippers. It is of note that serum Fe was
positively associated with breakfast intake when controlling
for age, gender and diet quality, but the association atte-
nuated when physical activity was considered. Furthermore,
regular breakfast intake was negatively associated with
fasting glucose, but in descriptive analyses only.

Diet quality
The relationship between aspects of diet quality and
breakfast intake is well established(1,2,9); studies on the
association of breakfast intake with overall diet quality,
however, are rather limited. In our study, a dietary index
based on the Mediterranean diet prototype was used in
order to assess the overall quality of diet. Our results are in
line with a number of other studies that have also assessed
diet quality via various holistic dietary indices (KIDMED
index(4), Modified Diet Quality Index International(5),
Diet Quality Index International(10) and Healthy Eating
Index-C(11)) and showed that breakfast intake is associated
with overall diet quality. To the best of our knowledge, the
present study is the first one to evaluate the association of
breakfast intake with Mediterranean diet adherence
assessed by a modified KIDMED index, i.e. after omitting
its breakfast component to exclude any bias in results.
Adoption of the habit of taking a morning meal is regarded
as an essential behaviour modification towards establish-
ing a healthful diet and is also a target outcome in large
public health initiatives among children(26,27). In the
present study an association of serum Fe with children’s
breakfast intake was detected, revealing a difference in
the mean values of serum Fe between breakfast eaters
and breakfast skippers as high as 10 μg/dl. However, this

Table 2 Results from binary logistic regression analyses evaluating the association between breakfast intake status* (dependent variable)
and KIDMED score and obesity indices (independent variables) among eighty-three primary-school children of the Troodos mountainous
area in Cyprus, CYFamilies (Cyprus Families) study, 2006/07 school year

Model for
Mediterranean
diet adherence

Model for
BF%

Model for
WC

Model for
BMI

Model for ‘WC
and BF%’

variable

Variables included in the model OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age per 6 months 0·94 0·66, 1·35 0·98 0·66, 1·45 1·36 0·85, 2·18 1·24 0·81, 1·91 0·98 0·67, 1·45
Gender
Boys 1·16 0·36, 3·79 0·53 0·13, 2·20 1·30 0·36, 4·66 0·93 0·25, 3·44 1·01 0·28, 3·62
Girls 1·00 – 1·00 – 1·00 – 1·00 – 1·00 –

Modified KIDMED score (range: −3 to
12 points) per point

1·31 1·04, 1·66 1·41 1·08, 1·85 1·42 1·09, 1·85 1·41 1·08, 1·84 1·39 1·06, 1·82

BF% per unit – – 0·86 0·77, 0·95 – – – – – –

WC per unit – – – – 0·89 0·81, 0·97 – – – –

BMI per unit – – – – – – 0·75 0·60, 0·93 – –

‘WC and BF%’ variable (range: 0–2 points) per point – – – – – – – – 0·20 0·06, 0·69
Physical activity level (as mean pedometer counts) 1·00 1·00, 1·00 1·00 1·00, 1·00 1·00 1·00, 1·00 1·00 1·00, 1·00 1·00 1·00, 1·00

KIDMED, Mediterranean Diet Quality Index for children and adolescents; BF%, body fat percentage; WC, waist circumference.
*Regular breakfast intake (no v. yes).
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association disappeared after considering physical activity
and, moreover, none of the other two Fe status indicators
(ferritin and Hb) was significantly associated with breakfast
intake, even in univariate descriptive analyses. Breakfast
has been reported to be an important contributor to vitamin
and mineral intakes (including Fe) in children(12,44) and
improved Fe status indicators are therefore expected,
mainly because of the Fe-fortified ready-to-eat breakfast
cereals commonly eaten at breakfast. Physical activity was
found to be an important confounder, however, and
appears to be a factor that mediates the relationship
between serum Fe and breakfast. Moreover, it should also
be recognized that serum Fe is an insensitive indicator of
total Fe stores and may be extremely variable from day to
day. Another explanation for the inability of the present
study to demonstrate a stable association of any of the
indicators of body Fe status with breakfast intake may be
the small sample size. In any case, the relationship of
breakfast intake with levels of nutritional biomarkers
remains under-searched and deserves further study.

Obesity
Despite our expectations, examination of direct associations
detected no significant relationships between breakfast
intake and BMI, WC, BF% and the ‘WC and BF%’ variable
(Table 1). (Being not a statistically significant difference,
mean BF% was, however, one point higher among breakfast
skippers.) In contrast, when the above variables were
entered into multivariate logistic regression analysis, statis-
tically significant relationships with breakfast intake
emerged. Notably, when the composite variable ‘WC and
BF%’ was entered in the model, a significant synergistic
effect between the two variables became apparent, as
revealed by the almost 60 % ‘improvement’ in the mean
odds ratio between breakfast intake and the ‘WC and BF%’
variable compared with models where BMI, WC or BF%
was used alone. Our findings are in line with the majority
of previous studies, which are summarized in three
reviews(2,9,21). It is of note that while earlier reviews inclu-
ded cross-sectional studies mainly, the most recent and
systematic review of the 2010 American Dietary Guidelines
Committee excluded cross-sectional studies and, taking into
account prospective and interventional data, concluded
there is good evidence that children who do not eat break-
fast are at increased risk for being overweight and obese; the
evidence was stronger for adolescents(9).

An advantage of our study is the use of four adiposity
markers, including BF%, which is regarded as a more
accurate method to assess obesity. A number of possible
mechanisms may lie behind the inverse relationship of obe-
sity with breakfast eating: (i) regular breakfast eaters generally
have a better health profile and healthy lifestyle, including
increased physical activity levels(18,45–47), factors that have
been associated with lower obesity levels; (ii) breakfast
skippers have been found to have lower diet quality,
increased consumption of high-energy/low-nutrient-density

foods(48) and higher energy intakes(13,17,46), whereas regular
breakfast intake is associated with consistent energy
intake(48); (iii) breakfast omission is associated with over-
consumption of food and energy intake later in the
day(16,17,46), presumably because of increased hunger(49);
and (iv) large fluctuations in energy intake may lead to
hyperinsulinaemia, which in turn may negatively influence
metabolic rate(50,51) and may promote fat storage.

Cardiovascular risk
Fasting glucose levels were higher in children who were
classified as breakfast skippers, compared with their
counterparts, but only in descriptive analyses. None of the
other cardiovascular risk markers (blood lipids and CDRI)
was significantly associated with breakfast intake in either
descriptive or multivariate analyses, despite the fact that
the lipid profiles of breakfast skippers were slightly worse.
The inability to reveal a potentially significant relationship
may be due to the low number of participants or was
mediated through obesity (at least partly), as others have
reported(52,53). Indeed, when an obesity marker was
incorporated into the CDRI, similarly to previous studies in
children(50,54), breakfast intake became significantly asso-
ciated with CDRI, even after controlling for confounders
(data not shown). Generally, literature in this area is
limited but available information from experimental, pro-
spective and nationwide studies in adults(49,51,52,55,56), as
well as some studies in children(19,53,57), provide evidence
that omission of breakfast may impair serum lipid, post-
prandial insulin and glucose homeostasis. Furthermore,
the importance of breakfast intake to cardiovascular health
has been recently highlighted by findings in a prospective
cohort of almost 27 000 healthy US men, indicating that
men who skipped breakfast had a 27 % higher risk of
cardiovascular heart disease(58).

Physical activity levels
Although in our study the observed differences in physical
activity levels, as shown in Table 1, did not reach statistical
significance, it is of note that the difference in median
values between the two breakfast intake categories was
about 2500 steps/d. The relationship of breakfast intake
with physical activity is generally less well studied than its
relationship with diet quality and obesity. However, there
are a number of studies that report a positive relationship
of breakfast intake with physical activity levels(44,59), sug-
gesting that regular breakfast eaters may be people who
generally are more concerned about their health and more
likely to pursue healthy lifestyles.

Strengths and limitations
Among the strengths of the present study is the use of four
adiposity markers, including BF%, which were all signi-
ficantly associated with breakfast intake in multivariate
analysis. Second, the study is the first in children which
examined the association of breakfast intake with
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Mediterranean diet adherence (after excluding the com-
ponent of breakfast intake from the Mediterranean diet
quality index for children, KIDMED). Third, even though
the differences observed among the two categories of
breakfast eaters in serum Fe, fasting glucose (data not
shown) and physical activity levels did not reach statistical
significance in multivariate analyses, it may be of practical
significance and provides evidence of the favourable
effects of breakfast intake on general health.

The present study has certain limitations which should
be taken into account. First, it was designed as a cross-
sectional study. Therefore, no conclusions can be made
about plausible causes, but rather indications can be
extracted. Second, there was only single measurement of
blood tests which could have caused a misclassification of
cases and thus influenced the results of the examined
associations. However, none of the other studies in children,
that had blood tests, had multiple blood measurements.
Moreover, the sample size may not have been sufficiently
powered to detect some associations. Nevertheless, we feel
that our findings are in accordance with similar larger studies
and, considering the scarcity of relevant data especially in
Mediterranean and European populations, they may con-
tribute in advancing knowledge and understanding of the
importance of breakfast to children’s health.

Conclusions and implications

In conclusion, the present study demonstrates that Cypriot
children who are regular breakfast consumers have higher
adherence to the Mediterranean diet, lower BMI, WC and
BF%, as shown by multivariate analyses, as well as higher
serum Fe concentrations and lower fasting glucose, as
shown by descriptive analyses. Public health professionals,
educators and parents should prioritize on actions that will
motivate children to regularly take breakfast.
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