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adherence; cholesterol blood levels represent determinant factors in cardiovascular disease (CVD) preven-
Children; tion. The aim of this study was to analyze the relationship between adherence to the Mediterra-
Total cholesterol; nean diet, total cholesterol blood levels, body composition and hours per day spent in in-house
KidMed score; or outdoor among 29,159 Italian 6-14 years-old community school children (50% boys). The
Outdoor activities; KidMed questionnaire, modified to handle missing information on olive oil consumption, was
Watching television used to assess the adherence to the Mediterranean diet among participants.

Methods and results: Associations between variables were tested according to 3 classes of the
Mediterranean diet adherence score using analysis of variance. Participants with high adherence
to Mediterranean diet were few (1%). Overall awareness of total cholesterol blood levels was low
among children (4.5%), slightly higher among parents (26.2 and 24.1% in mothers and fathers,
respectively). Among Mediterranean diet adherent children, BMI was significantly (p < 0.001)
smaller than among the non-Mediterranean or intermediate adherent children as were the total
hours spent per day watching television or playing with videogames (p < 0.001) whereas the
hours/day in sport or outdoor activities were more (p < 0.001). These results were confirmed
by multiple linear regression with KidMed scored 0 to 8 as dependent variable.

Conclusion: Although awareness of total cholesterol blood levels and adherence to the Mediter-
ranean diet are rare among community school children, only among these a healthier lifestyle
was practiced with a tendency to lower CVD risks. These results are important as the first sized
experience of this type in Italy.
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Introduction

Although the treatment of cardiovascular disease (CVD)
has increased significantly in the last two decades, CVD
remains the main cause of morbidity, disability and mor-
tality in Western societies [1]. In Europe CVD causes 1.2
million deaths/year whereas in Italy it produces 33.7% of
deaths among men and 41.2% among women [2]. CVD risk
factors involved may be disclosed since childhood, some-
times from gestational age and atherosclerotic lesions may
appear early, even in adolescent age. The clustering of CVD
risk factors in young people is known to be associated with
accelerated atherogenesis as well as to an increased risk of
chronic diseases such as type 2 diabetes mellitus (T2DM),
hypertension and metabolic syndrome in adulthood [3—7].
Dyslipidemia and the higher LDL-cholesterol seem to be
the most important factors while risk reduction during
childhood in the form of primary prevention, including
early diagnosis and risk factors’ management, can delay
the progression to clinical disease [8,9]. In fact, endothelial
activation is already present in children with hypercho-
lesterolemia [10,11] who have an early increase of oxida-
tive stress responsible for up-regulation of CD40L, a
predisposing factor to premature development of athero-
sclerosis [12,13].

A correlation between lifestyle and CVD risk factors was
reported from the Muscatine and Bogalusa Heart Studies
whereby a tracking of total cholesterol blood levels from the
pediatric age to that of the adults was clearly observed
[3,14]. Longitudinal studies also indicated that screen time,
gestational weight gain and times per week of vegetable
consumption may be direct risk factors for the increasing
incidence of overweight, obesity and CVD among children
and adolescents [15,16]. There is an apparent importance of
healthier lifestyle habits including physical activity and
adherence to the Mediterranean diet also among children
and adolescents [17]. Regular and constant physical activity,
to be interpreted as “education to non-sedentariness”
rather than agonistic or non-competitive sport practice, is a
major preventive measure for CVD. It mitigates the increase
of arterial stiffness that occurs with age [18,19] while
improving arterial elasticity if started in the young age. In
fact, aerobic exercise programs reduce arterial pressure and
stiffness and abdominal fat while increasing cardiorespira-
tory fitness in obese prepubertal children [20]. For favoring
and encouraging physical activity in children and adoles-
cents the sensitization and involvement of the family and
institutions may be essential [21].

The aim of this study was to evaluate retrospectively,
for the first time in Italy among a large population of
children in a community school, the correlation between
lifestyle and the presence of CVD risk factors, especially of
total cholesterol blood levels and body mass index (BMI).

Methods

Children aged 6—14 years attending primary and second-
ary schools in the district of Rome were enrolled. They
received a family medical history questionnaire at school

that was filled-up by their parents at home. Participation
was almost 100%. Fourteen children with incomplete
questionnaire data on dietary habits were excluded from
the analysis. Written consent was given by parents directly
to school secretaries and kept on records. The Study Pro-
tocol was approved locally by the Council of each School
and regionally by the Regional Institute for Research and
Experimentation for Education, today called IRRE (Istituto
Regionale Ricerca e Sperimentazione per I'Educazione,
Rome, Italy), the last one acting as an Ethical Committee.

Lifestyle: eating habits, physical activity and sedentary
activities

The questionnaire had the following questions: a) number
of meals eaten by the subject during the day; b) kind of
meals usually taken during the day; ¢) number of weekly
portions consumed at lunch and dinner for: flour and
grains, animal meat (cattle, sheep, pig or poultry), fish
(fresh or sea water), foods made with fresh vegetables
eaten raw, cooked vegetables, legumes, eggs, milk and
dairy products, cheese of any kind, fruit, pastries; d)
number of weekly portions consumed at breakfast and/or
snacks for: pizza, sandwiches, packaged snacks, home
baked cakes, chocolate, yogurt, crackers, cookies of all
types, fresh fruit, chips, popcorn, fruit juices, sodas.

Parents were asked to indicate the weekly and/or daily
frequency of any extracurricular activity such as 1) orga-
nized sports activity carried out in the a) indoor facilities;
b) outdoor facilities; c) in the pool; 2) autonomous sports
activity carried out in outdoor facilities; 3) time spent: a)
watching television; b) using a personal computer; c)
playing video games; d) reading books; e) in school ac-
tivities and to study. Parents indicated hours spent in these
activities. The questionnaire also aimed at having knowl-
edge on the total cholesterol blood levels of the children
and their families, including a first relative (brother/sister)
of the child and on the familiarity for chronic-degenerative
diseases in adulthood (CVD including heart attack, stroke,
diabetes, hypertension, tumors). These blood levels were
reported from recent Laboratory determinations that were
later checked for consistency. During a visit at school
weight and height were measured and BMI was derived by
standard formulae.

Evaluation of adherence to the Mediterranean diet

The KidMed-test was considered by adapting [17] the 13
questions related to Mediterranean diet compliance to the
local conditions and habits whereby certain elements were
missing such as exact awareness about olive oil con-
sumption [22]. An arithmetic 10-item score ranging from
0 to 8 was thus created to integrate the nutritional infor-
mation at hand. The following items were coded, based on
frequencies or weekly consumptions: 1) a fruit or a com-
mercial fruit juice each day +1; 2) a second fruit each day
+1; 3) raw or cooked vegetables once a day +1; 4) fish
regularly (at least 2—3 times a week) +1; 5) legumes
(beans, chickpeas, lentils, etc.) at least once a week +1; 6)
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pasta or rice almost each day (at least >5 times a week)
+1; 7) dairy products (yogurt, milk at breakfast only, etc.)
+1; 8) yogurts and/or cheese twice daily +1; 9) sweets and
candies several times each day —1; 10) meat twice a week
or more —1. As it is standard in questionnaires of this type
frequencies were reported rather than portions. An abso-
lute arithmetic sum of the above scores totalling 0—2 was
considered as adherent to a non-Mediterranean diet; that
scored 3—5 was classified adherent to an Intermediate diet
whereas adherence to a Mediterranean diet was scored
6-—8.

Statistical analysis

Data were presented as mean + standard error (SE) or
deviation (SD), where appropriate. Analysis of variance
was used to test significance among the 3 categories
distributed in their effective numerical sizes variable-wise.
Multivariate analysis was performed by multiple linear
regression. Several models were run with Kid-Med test as
dependent variable either in 3 classes or scored continu-
ously (namely 9 scores from 0 to 8). In each model there
were 5 dependent variables (age, gender, BMI, hours spent
watching television and hours in outdoor sports). Sepa-
rately, models were also run adding total cholesterol levels
to the models with 5-dependent variables. Regression and
standardized linear coefficients were computed and T-
statistics was used for evaluating statistical significance.
NCSS software was used [Hintze, ]J. (2013). NCSS 9. NCSS,
LLC. Kaysville, Utah, USA. www.ncss.com]. A p value < 0.05
was considered significant.

Results

There were 29,159 children enrolled in the study and the
overall results are reported in Table 1. Adherence to the

Mediterranean diet was extremely low (1%) in this entire
compulsory and community school cohort, the large ma-
jority (61%) resulting non-adherent to the Mediterranean
diet based on our modified KidMed score. Similarly, total
cholesterol blood levels were known among only 4.5% of
the children whereas a bigger proportion of parents knew
about their cholesterol levels (26.2 and 24.1% in mothers
and fathers, respectively). However, there were no uni-
variate statistical differences in the distributions of total
cholesterol blood levels in children, brothers/sisters or
parents, based on the Mediterranean diet scores. Yet, non-
adherents were significantly older, more frequently female
but without any difference from the remaining 2 classes
for familiar CVD prevalence.

Referring to Table 1, the most striking differences
among the Mediterranean diet score categories were seen
for BMI (inverse relation with the presence of Mediterra-
nean diet, p < 0.001) and lifestyle habits (inverse relation
for the time spent watching television, playing with vid-
eogames and the presence of Mediterranean diet whereas
the relation was direct with the time spent in sport or
outdoor activities, all p < 0.001) whose results were ob-
tained in the large majority of the enrolled cohort in-
dividuals. Interestingly, among Mediterranean diet
adherent children, BMI was significantly smaller than
among the non-Mediterranean or intermediate adherent
children as were the total hours spent per day watching
television or playing with videogames whereas the hours/
day in sport or outdoor activities were more. On the other
hand, relatively inconsistent results were seen for the use
of a computer and the hours/day spent to study, both
higher among Intermediate diet scored children.

There were 6954 children with missing variables for the
5 dependent covariates entered in the multiple linear
regression models and 28,100 children having missing
variables in the models containing 6 dependent covariates.

Table 1 Overall results grouped by KidMed Score among 29159 compulsory school children.

Mediterranean Diet F p<

No (0-2) Intermediate (3—5) Yes (6—8)

[N = 17,663, 61%] [N = 11,170, 38%] [N = 326, 1%]
Age (years) 9.95 + 0.02 9.85 + 0.02 9.75 £ 0.12 7.67 0.001
Gender (female = 0; male = 1) 0.49 0.51 0.50 6.13 0.02
Total cholesterol (mg/dl) 170 + 2 167 + 2 153 + 12 1.16 0.31

[769, 4.4%] [518, 4.6%] [22, 6.7%]
Total cholesterol of brother/sister (mg/dl) 163 £ 2 [579] 158 + 2 [433] 148 + 10 [19] 1.93 0.14
Age of mother (years) 39 + 0.03 39 + 0.03 39 £+ 0.20 0.30 0.73
Total cholesterol of mother (mg/dl) 183 + 0.64 184 + 0.80 178 + 4.38 1.03 0.36

[4602, 26.1%] [2950, 26.4%] [98, 30.1%]
Age of father (years) 42 + 0.04 42 + 0.05 43 + 0.31 0.70 0.50
Total cholesterol of father (mg/dl) 205 + 0.85 [4195] 205 + 1.05 [2734] 203 + 5.64 [96] 0.43 0.65
Familial CVD (no = 0; yes = 1) 0.45 0.41 0.40 0.45 0.63
BMI (units) 18.48 + 0.02 [13,568] 18.27 + 0.03 [8789] 18.17 + 10.20 [255] 11.18 0.001
Television (hours/day) 2.23 +0.01 [17,607] 2.17 £ 0.01 [11,111] 2.01 + 0.06 [322] 15.57 0.001
Videogames (hours/day) 0.70 + 0.01 [17,025] 0.67 + 0.01 [10,853] 0.50 + 0.04 [316] 15.52 0.001
Computer (hours/day) 0.49 + 0.01 [17,277] 0.53 + 0.01 [10,941] 0.51 + 0.03 [318] 10.86 0.001
Study (hours/day) 2.09 + 0.01 [14,273] 2.16 + 0.01 [9009] 2.10 £ 0.07 [253] 10.93 0.001
Sport (hours/day) 2.26 + 0.02 243 + 0.02 2.58 +0.13 20.24 0.001
Outdoor Play (no = 0; yes = 1) 0.72 0.75 0.81 24.53 0.001

Mean + SE. Effective numerical size is presented in squared parentheses when lower than the actual per category representativeness.
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When the dependent variable was more dispersed (scored
from O to 8) there was expectedly a higher statistical sig-
nificance in the multivariate results as compared to when
it was grouped in 3 categories (detailed results not
shown). The former results are presented in Table 2 and
indicate that a highly significant direct multivariate rela-
tion exists between the Kid-Med test scored from 0 to 8
and respectively male gender and the number of hours
spent in outdoor sports whereas the relation is inverse
with age, BMI and the number of hours spent to watch
television.

Among 1059 of 29,159 children (3.6%) with 6 potential
predictors, Kid-Med score was significantly and inversely
related only to cholesterol levels (standardized
coefficient = —0.066, t = —2.14, p = 0.032) whereas the
other 5 independent covariates were not significantly
associated although the algebraic signs of the respective
standardized coefficients were the same as those signifi-
cantly seen in Table 2.

Discussion

The present study showed that adherence to the Medi-
terranean diet among compulsory community school
children was very low (1%). However, by univariate anal-
ysis (Table 1) there was an association between adherence
to the Mediterranean diet and BMI and total cholesterol
blood levels which was significant for the former and a
tendency for the latter. Interestingly, there were statisti-
cally significant inverse associations with hours/day spent
in sport or outdoor activities among children adherent to
the Mediterranean diet whereas the reverse was true for
in-house activities such as watching television or playing
with videogames that were higher.

We used a modified KidMed score to handle the
missing information on olive oil consumption [17,22] and
we point that these results are the first sized reported
experience in Italy of this kind.

We aimed at assessing the awareness of lifestyle and
total cholesterol blood levels in a large school population.
Previous studies suggested that the parental history of
CVD could influence the risk of CVD risk components
clustering in their offspring [23,24]. It is possible that
common genes and the shared lifestyle in a family may

contribute to these associations. With this survey we
found that only in a small fraction of children (4.5%) there
is awareness of total cholesterol blood levels which con-
trasts with more than '/, of parents aware of it. The low
rates of lipid testing in our study are similar nevertheless
to several other studies that have examined lipid testing
via phone surveys and record reviews of well-child visits
[25]. Data from the National Ambulatory Medical Care
Survey involving health maintenance visits among pa-
tients aged 2—19 years indicated lipid test orders in only
3% of visits and negligible increase in testing rates in more
recent years (2.5% in 1995 to 3.2% in 2010) [26—28].

The relationship between dietary factors and coronary
heart disease (CHD) has been a major goal of health research
since the early 1960s. Keys et al. connected the Mediterra-
nean diet to lower CHD incidence, by observing that the
traditional food model among southern European pop-
ulations was based on the Mediterranean diet [29]. The
Mediterranean diet, characterized by the use of starches and
vegetable foods such as bread, pasta, vegetables, salads, le-
gumes, fruit, olive oil as the main source of fats, a low or
moderate amount of dairy products, meat, fish and eggs in
low or moderate quantity, has favorable effects on hyperlip-
idemia and other risk factors for CVD. Among other things,
antioxidants derived mainly from plant foods and olive oil,
such as vitamin E, beta-carotene, vitamin C, flavonoids and
other phenolic compounds, seem to play an important role in
the reduction of oxidation of low-density lipoproteins and
therefore in the prevention of atherosclerosis. The high
intake of oleic acid, thanks to the consumption of olive oil,
also reduces blood cholesterol levels [30,31].

Nowadays there is little or no adherence to the Medi-
terranean diet also in the land where it was initially
described, as seen in a cross-sectional survey among a
younger generation of adolescents in the heart of the Cil-
ento region in Southern Italy [32]. Adherence to the
Mediterranean diet was appraised according to a 0—10
scale, taking into account also another 9-point study
conducted in the Mediterranean area (Spain) by Martinez-
Gonzalez at al [33]. Moreover, the IDEFICS (identification
and prevention of dietary- and lifestyle-induced health
effects in children and infants) Study showed that in Italy
only one child in two, in preschool age, follows the Med-
iterranean diet and that the percentage even decreases in
older ages [34]. It is possible that our results were in part

Table 2 Multiple regression with KidMed score 0—8 as dependent variable among 22,205 of 29,159 (76%) compulsory school children.

Mean + SD Regression Standardized t p<
coefficient coefficient
Age (years) 9.96 + 2.23 —0.021 —0.035 —4.85 0.001
Gender (female = 0; male = 1) 0.50 0.071 0.026 3.95 0.001
BMI (units) 18.39 + 3.24 -0.013 —0.032 —4.55 0.001
Television (hours/day) 2.19 + 1.08 —0.047 —0.038 —5.68 0.001
Sport (hours/day) 235 £+ 2.26 0.026 0.044 6.58 0.001
Intercept — 2.70 0.000 45.32 0.001
KidMed score (0—8) 224+ 134 - - — -

SD: standard deviation. The estimated equation is: KidMed score
—0.047*Television hours (F ratio = 30.67, p < 0.001).

= 2.70—0.021*Age —0.013*BMI +0.071*Gender +0.026*Sport hours
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influenced by the missing information on olive oil.
Nevertheless, it is important to point out that comparative
investigations of this size are also missing in Italy.

There is evidence that for most individuals, increasing
physical activity improves physical fitness, and high levels
of both are related to lower rates of morbidity and mor-
tality from various causes, including CVD [35,36]. In chil-
dren, the regular practice of moderate to vigorous physical
activity affects endothelial function [37]. It seems also that
the sedentary lifestyle itself increases the risks of prema-
turely developing atherosclerosis and other diseases [38].
One study showed that even healthy and normal weight
children who were classified as having low cardiorespira-
tory fitness had worse metabolic and inflammatory pro-
files than those with better fitness [39]. Longitudinal
studies showed that, for obese children, physical training
might improve endothelial function regardless of changes
in BMI or body weight [40—42].

By multivariate regression analysis it is possible to
conclude from more than 2/3 of the studied children that
adherence to the Mediterranean Diet is related to a lower
BMI whereas the activities at home are less, as exemplified
by watching the television and those outdoor, in sports,
are more. It also of interest that in a fraction of the overall
study, where awareness of cholesterol blood levels was
present (3.6% liable for multivariate regression) these
levels were significantly inversely related to the KidMed
score. As this is an observational investigation we may not
derive causative relationships. Nevertheless, we advance
that this is a potentially important observation, yet to be
received cautiously and in view of further confirmations
that these results may well stimulate.

Limitations

The observational nature of this study leads to some lim-
itations. The major one is a selection bias related to the
overall low proportion of individuals (both children and
parents) in whom cholesterol blood measurements were
obtained who might have been the most adherent to
health recommendations and therefore to healthier life
habits, thus influencing the results obtained. There is
therefore a need for further large scale prospective in-
vestigations among school children although the high
costs and organization skills implicated, especially when
blood determinations and/or blood pressure measure-
ments are implicated, should not be neglected.

Conclusions

Our data show that cardiovascular risk factors in children
are not adequately evaluated. In addition, total cholesterol
blood levels are not frequently considered. However,
among children adherent to the Mediterranean diet, there
is a greater awareness of the levels of total blood choles-
terol that are known more frequently among children and
parents (Table 1) and of healthy lifestyle condensed in
more hours spent in outdoor sport activities that are in

turn related directly to KidMed score as shown multi-
variately. Most probably, parents influence their children
with their educational behavior and awareness of the
problem. We noted that the adherence to the Mediterra-
nean diet as indexed by the KidMed score was associated
with larger sports’ practice, with a lower BMI and with a
tendency to have lower total cholesterol blood levels also
measured more often. A recent investigation among 387
Icelandic adolescents of 13—16-years old (54% boys)
concluded that a high and medium adherence to Medi-
terranean diet, scored similar to the present investigation,
was associated with high and very high endurance in both
girls and boys [43]. Thus, although awareness of total
cholesterol blood levels and adherence to the Mediterra-
nean diet are rare in the present study (4.5 and 1%,
respectively), it is only among those children that a
healthier lifestyle is practiced with a tendency to lower
CVD risks. These results are important as this is the first
sized experience of this type in Italy.
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