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ABSTRACT

Lifestyle habits including indoor and outdoor atttes among community school
children, adherence to the Mediterranean diet amareness about total cholesterol blood
levels represent determinant factors in cardioasaisease (CVD) prevention. The aim of
this study was to analyze the relationship betwasditerence to the Mediterranean diet, total
cholesterol blood levels, body composition and bquer day spent in in-house or outdoor
among 29159 ltalian 6-14 years-old community schauldren (50% boys). The KidMed
guestionnaire, modified to handle missing informmaton olive oil consumption, was used to

assess the adherence to the Mediterranean dietggpaoticipants.

Associations between variables were tested acaptdii® classes of the Mediterranean
diet adherence score using analysis of varianceticlpants with high adherence to
Mediterranean diet were few (1%). Overall awarer@@st®tal cholesterol blood levels was
low among children (4.5%), slightly higher amongeguds (26.2 and 24.1% in mothers and
fathers, respectively). Among Mediterranean didtesent children, BMI was significantly
(p<0.001) smaller than among the non-Mediterrangamtermediate adherent children as
were the total hours spent per day watching tel@vier playing with videogames (p<0.001)
whereas the hours/day in sport or outdoor actevivere more (p<0.001). These results were

confirmed by multiple linear regression with KidMsdored 0 to 8 as dependent variable.

Although awareness of total cholesterol blood Ilevelnd adherence to the
Mediterranean diet are rare among community scbbitdren, only among these a healthier
lifestyle was practiced with a tendency to lower[Tkisks. These results are important as the

first sized experience of this type in Italy.

Key-words: Mediterranean diet adherence; Children; Total cholesterol; KidMed score;

Outdoor activities, watching television



INTRODUCTION

Although the treatment of cardiovascular diseasé)Chas increased significantly in
the last two decades, CVD remains the main causeoobidity, disability and mortality in
Western societies (1). In Europe CVD causes 1.Zomildeaths/year whereas in lItaly it
produces 33.7% of deaths among men and 41.2% amongen (2). CVD risk factors
involved may be disclosed since childhood, sometinfeom gestational age and
atherosclerotic lesions may appear early, everdateacent age. The clustering of CVD risk
factors in young people is known to be associatélal accelerated atherogenesis as well as to
an increased risk of chronic diseases such asaygiabetes mellitus (T2DM), hypertension
and metabolic syndrome in adulthood (3-7). Dyskpimia and the higher LDL-cholesterol
seem to be the most important factors while riskuotion during childhood in the form of
primary prevention, including early diagnosis amk factors’ management, can delay the
progression to clinical disease (8,9). In fact, ahdlial activation is already present in
children with hypercholesterolemia (10,11) who haweearly increase of oxidative stress
responsible for up-regulation of CD40L, a predispggactor to premature development of
atherosclerosis (12,13).

A correlation between lifestyle and CVD risk factavas reported from the Muscatine
and Bogalusa Heart Studies whereby a tracking @il wholesterol blood levels from the
pediatric age to that of the adults was clearlyeol=d (3,14). Longitudinal studies also

indicated that screen time, gestational weight gamd times per week of vegetable



consumption may be direct risk factors for the @asing incidence of overweight, obesity
and CVD among children and adolescents (15,16)relle an apparent importance of
healthier lifestyle habits including physical adivand adherence to the Mediterranean diet
also among children and adolescents (17). Reguldr cnstant physical activity, to be
interpreted as "education to non-sedentarinesbérdhan agonistic or non-competitive sport
practice, is a major preventive measure for CVDniligates the increase of arterial stiffness
that occurs with age (18,19) while improving adéglasticity if started in the young age. In
fact, aerobic exercise programs reduce arteriasoire and stiffness and abdominal fat while
increasing cardiorespiratory fitness in obese fdvepal children (20). For favoring and
encouraging physical activity in children and adobnts the sensitization and involvement of
the family and institutions may be essential (21).
The aim of this study was to evaluate retrospelgtivier the first time in Italy among a

large population of children in a community schdbk correlation between lifestyle and the
presence of CVD risk factors, especially of totablesterol blood levels and body mass index

(BMI).

METHODS
Children aged 6 to 14 years attending primary awbsdary schools in the district of
Rome were enrolled. They received a family medntstiory questionnaire at school that was

filled-up by their parents at home. Participatioaswalmost 100%. Fourteen children with



incomplete questionnaire data on dietary habitsewstcluded from the analysis. Written

consent was given by parents directly to schootetages and kept on records. The Study

Protocol was approved locally by the Council offre&chool and regionally by the Regional

Institute for Research and Experimentation for Edoo, today called IRRE (Istituto

Regionale Ricerca e Sperimentazione per 'Educ&ziBome, 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 mealemréty the subject during the day; b) kind

of meals usually taken during the day; ¢) numbeweékly portions consumed at lunch and

dinner for: flour and grains, animal meat (cat8beep, pig or poultry), fish (fresh or sea

water), foods made with fresh vegetables eaten cavked vegetables, legumes, eggs, milk

and dairy products, cheese of any kind, fruit, pest d) number of weekly portions

consumed at breakfast and/or snacks for: pizzajvdahes, packaged snacks, home baked

cakes , chocolate, yogurt, crackers, cookies oftyges, fresh fruit, chips, popcorn, fruit

juices, sodas.

Parents were asked to indicate the weekly andfbr laquency of any extracurricular

activity such as 1) organized sports activity @rout in the a) indoor facilities; b) outdoor

facilities; c) in the pool; 2) autonomous sport\aty carried out in outdoor facilities; 3) time

spent. a) watching television; b) using a persaw@hputer; c) playing video games; d)

reading books; e) in school activities and to stuélgrents indicated hours spent in these



activities. The questionnaire also aimed at hakingwledge on the total cholesterol blood

levels of the children and their families, incluglia first relative (brother/sister) of the child

and on the familiarity for chronic-degenerativeedises in adulthood (CVD including heart
attack, stroke, diabetes, hypertension, tumorsg¢sé&tblood levels were reported from recent
Laboratory determinations that were later checla@dcbnsistency. During a visit at school

weight and height were measured and BMI was defiyestandard formulae;

Evaluation of adherenceto the Mediterranean diet. The KidMed-test was considered
by adapting (17) the 13 questions related to Mediteean diet compliance to the local
conditions and habits whereby certain elements wessing such as exact awareness about
olive oil consumption (22). An arithmetic 10-itermose ranging from O to 8 was thus created
to integrate the nutritional information at handeTfollowing items were coded, based on
frequencies or weekly consumptions: 1) a fruit @oanmercial fruit juice each day +1; 2) a
second fruit each day +1; 3) raw or cooked vegetabhce a day +1; 4) fish regularly (at
least 2-3 times a week) +1; 5) leguniesfs, chickpeas, lentils, etat)least once a week +1; 6)
pasta or rice almost each day (at ledstimes a week) +1; 7) dairy products (yogurt, naitk
breakfast only, etc.) +1; 8) yogurts and/or chelgee daily +1; 9) sweets and candies
several times each day -1; 10) meat twiceveek or more -1. As it is standard in
guestionnaires of this type frequencies were regorather than portions. An absolute

arithmetic sum of the above scores totalling 0-Z weansidered as adherent to a non-



Mediterranean diet; that scored 3-5 was classifidderent to an Intermediate diet whereas
adherence to a Mediterranean diet was scored 6-8.

Statistical analysis. Data were presented by mean + standard error g6Bgviation
(SD), where appropriate. Analysis of variance wasduto test significance among the 3
categories distributed in their effective numerisedes variable-wise. Multivariate analysis
was performed by multiple linear regression. Sdver@dels were run with Kid-Med test as
dependent variable either in 3 classes or scoretincmusly (namely 9 scores from 0 to 8). In
each model there were 5 dependent variables (ag®leg BMI, hours spent watching
television and hours in outdoor sports). Separatelpdels were also run adding total
cholesterol levels to the models with 5-dependeariables. Regression and standardized
linear coefficients were computed and T-statisteas used for evaluating statistical
significance. NCSS software was used [Hintze, 0182 NCSS 9. NCSS, LLC. Kaysville,

Utah, USA. www.ncss.com]. A p value < 0.05 was ad&r®d significant.

RESULTS

There were 29159 children enrolled in the study @nedoverall results are reported in
Table 1. Adherence to the Mediterranean diet wasemely low (1%) in this entire
compulsory and community school cohort, the larggomnity (61%) resulting non-adherent to
the Mediterranean diet based on our modified KidMedre. Similarly, total cholesterol

blood levels were known among only 4.5% of thedreih whereas a bigger proportion of



parents knew about their cholesterol levels (26021 24.1% in mothers and fathers,
respectively). However, there were no univariaggisical differences in the distributions of
total cholesterol blood levels in children, bro#isisters or parents, based on the
Mediterranean diet scores. Yet, non-adherents gegeificantly older, more frequently
female but without any difference from the remagnihclasses for familiar CVD prevalence.

Reférring to Table 1, the most striking differenemsong the Mediterranean diet score

categories were seen for BMI (inverse relation Wil presence of Mediterranean diet,
p<0.001) and lifestyle habifsi(inverse relation e time Spent watching television,‘playing
with videogames and the presence of Mediterranéinudhereas the relation was direct with
the time spent in sport or outdoor activities,D.001) whose results were obtained in the
large majority of the enrolled cohort individualsterestingly, among Mediterranean diet
adherent children, BMI was significantly smallerathamong the non-Mediterranean or
intermediate adherent children as were the totatdhepent per day watching television or
playing with videogames whereas the hours/day artspr outdoor activities were more. On
the other hand, relatively inconsistent resultsensgen for the use of a computer and the
hours/day spent to study, both higher among Intdrate diet scored children.

There were 6954 children with missing variablestf@ 5 dependent covariates entered
in the multiple linear regression models and 28&Bidren having missing variables in the
models containing 6 dependent covariates. Whenl¢pendent variable was more dispersed

(scored from O to 8) there was expectedly a higlaistical significance in the multivariate



results as compared to when it was grouped in &goaies (detailed results not shown). The
former results are presented in Table 2 and ingligatat a highly significant direct
multivariate relation exists between the Kid-Medttecored from 0 to 8 and respectively
male gender and the number of hours spent in outsjoarts whereas the relation is inverse
with age, BMI and the number of hours spent to tvagtevision.

Among 1059 of 29159 children (3.6%) with 6 potengieedictors, Kid-Med score was
significantly and inversely related only to chobtesl levels (standardized coefficient=-0.066,
t=-2.14, p=0.032) whereas the other 5 independemar@ates were not significantly
associated although the algebraic signs of theentisie standardized coefficients were the

same as those significantly seen in Table 2.

DISCUSSION
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We used a modified KidMed score to handle the mgssnformation on olive oll
consumption (17,22) and we point that these resuméishe first sized reported experience in
Italy of this kind.

We aimed at assessing the awareness of lifestgdaal cholesterol blood levels in a
large school population. Previous studies suggetstadthe parental history of CVD could
influence the risk of CVD risk components clustgrin their offspring (23,24). It is possible
that common genes and the shared lifestyle in @yfamay contribute to these associations.
With this survey we found that only in a small fran of children (4.5%) there is awareness
of total cholesterol blood levels which contrasithwnore than ¥4 of parents aware of it. The
low rates of lipid testing in our study are simifevertheless to several other studies that have
examined lipid testing via phone surveys and reeexgews of well-child visits (25). Data
from the National Ambulatory Medical Care Surveyalving health maintenance visits
among patients aged 2-19 years indicated lipiddeggrs in only 3% of visits and negligible
increase in testing rates in more recent year842051995 to 3.2% in 2010) (26-28).

The relationship between dietary factors and caxohaart disease (CHD) has been a
major goal of health research since the early 19&6gs et al. connected the Mediterranean
diet to lower CHD incidence, by observing that treditional food model among southern
European populations was based on the Mediterradedn(29). The Mediterranean diet,
characterized by the use of starches and vegetabtts such as bread, pasta, vegetables,

salads, legumes, fruit, olive oil as the main sewtfats, a low or moderate amount of dairy
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products, meat, fish and eggs in low or moderatantity, has favorable effects on
hyperlipidemia and other risk factors for CVD. Angoother things, antioxidants derived
mainly from plant foods and olive oil, such as mita E, beta-carotene, vitamin C, flavonoids
and other phenolic compounds, seem to play an itapbrole in the reduction of oxidation of
low-density lipoproteins and therefore in the praien of atherosclerosis. The high intake of
oleic acid, thanks to the consumption of olive @ilso reduces blood cholesterol levels
(30,31).

Nowadays there is little or no adherence to the iMednean diet also in the land
where it was initially described, as seen in a s®ectional survey among a younger
generation of adolescents in the heart of the @ileegion in Southern ltaly (32). Adherence
to the Mediterranean diet was appraised according ®-10 scale, taking into account also
another 9-point study conducted in the Mediterranaaa (Spain) by Martinez-Gonzalez at
al. (33). Moreover, the IDEFICS (identification amdevention of dietary- and lifestyle-
induced health effects in children and infants)dgtshowed that in Italy only one child in
two, in preschool age, follows the Mediterraneagt dnd that the percentage even decreases
in older ages (34). It is possible that our resweye in part influenced by the missing
information on olive oil. Nevertheless, it is impamt to point out that comparative
investigations of this size are also missing ifylta

There is evidence that for most individuals, insmneg physical activity improves

physical fitness, and high levels of both are eslab lower rates of morbidity and mortality
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from various causes, including CVD (35,36). In dten, the regular practice of moderate to
vigorous physical activity affects endothelial ftino (37). It seems also that the sedentary
lifestyle itself increases the risks of prematurdyeloping atherosclerosis and other diseases
(38). One study showed that even healthy and nowagght children who were classified as
having low cardiorespiratory fithess had worse felia and inflammatory profiles than
those with better fithess (39). Longitudinal stedsthowed that, for obese children, physical
training might improve endothelial function regass of changes in BMI or body weight (40-
42).

By multivariate regression analysis it is possioleonclude from more than 2/3 of the
studied children that adherence to the Mediternari2iat is related to a lower BMI whereas
the activities at home are less, as exemplifiedvatching the television and those outdoor, in
sports, are more. It also of interest that in atfoa of the overall study, where awareness of
cholesterol blood levels was present (3.6% lialole rhultivariate regression) these levels
were significantly inversely related to the KidMextore. As this is an observational
investigation we may not derive causative relatigos Nevertheless, we advance that this is
a potentially important observation, yet to be res@ cautiously and in view of further
confirmations that these results may well stimulate

Limitations. The observational nature of this study leads tmesdimitations. The

n

and parents) in whom cholesterol blood measuremeets obtained who might have been



Conclusions. Our data show that cardiovascular risk factorscildren are not
adequately evaluated. In addition, total choles$teliand levels are not frequently considered.
However, among children adherent to the Mediteargiet, there is a greater awareness of
the levels of total blood cholesterol that are knomore frequently among children and
parents (Table 1) and of healthy lifestyle conddnsemore hours spent in outdoor sport
activities that are in turn related directly to Kidd score as shown multivariately. Most
probably, parents influence their children withitheducational behavior and awareness of
the problem. We noted that the adherence to theitdtemhean diet as indexed by the
KidMed score was associated with larger sportstima, with a lower BMI and with a
tendency to have lower total cholesterol blood le\adso measured more often. A recent
investigation among 387 Icelandic adolescents ef@-years old (54% boys) concluded that
a high and medium adherence to Mediterranean diebred similar to the present
investigation, was associated with high and veghltendurance in both girls and boys (43).
Thus, although awareness of total cholesterol bleeels and adherence to the Mediterranean

diet are rare in the present study (4.5 and 1%ewatively), it is only among those children



14

that a healthier lifestyle is practiced with a tendy to lower CVD risks. These results are

important as this is the first sized experiencths type in Italy.
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Table 1. Overall results grouped by KidMed Score among 2%&8pulsory school children.

M editerranean Diet

No (0-2) Intermediate (3-5) Y es (6-8)

[N=17663, 61%] [N=11170, 38%] [N=326, 1%] F p<
Age (years) 9.95+0.02 9.85+0.02 9.75+0.12 7.67 D.00
Gender (female=0; male=1) 0.49 0.51 0.50 6.13 0.02
Total cholesterol (mg/dl) 170+2 167+2 15312 1.16 .310

[769, 4.4%)] [518, 4.6%)] [22, 6.7%)]
Total cholesterol of brother/sister (mg/dl)163+Z9p  158+2 [433] 148+10 [19] 1.93 0.14
Age of mother (years) 39+0.03 39+0.03 39+0.20 0.300.73
Total cholesterol of mother (mg/dl) 183+0.64 184D. 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 0.700.50
Total cholesterol of father (mg/dl) 205+0.85 [4195205+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 [13568]18.27+0.03 [8789].18+10.20 [255] 11.18  0.001
Television (hours/day) 2.23+0.01 [17607] 2.17+0/01111] 2.01+0.06 [322] 15.57 0.001
Videogames (hours/day) 0.70+£0.01 [17025] 0.67+(10B53] 0.50+0.04 [316] 15.52 0.001
Computer (hours/day) 0.49+0.01 [17277] 0.53+0.009(11] 0.51+0.03 [318] 10.86 0.001
Study (hours/day) 2.0940.01 [14273] 2.16+0.01 [9002.10+0.07 [253] 10.93  0.001
Sport (hours/day) 2.26+0.02 2.43+0.02 2.58+0.13 2£0. 0.001
Outdoor Play (no=0; yes=1) 0.72 0.75 0.81 24.53 0D.0

MeanzSE. Effective numerical size is presentedjurased parentheses when lower than the actual per

category representativeness.



Table 2.Multiple regression with KidMed score 0-8 as deparidzariable among 22205 of 29159 (76%)
compulsory school children.

Mean+SD Regression Standardized
coefficient coefficient t p<

Age (years) 9.96+2.23 -0.021 -0.035 485 0.001
Gender (female=0; male=1) 0.50 0.071 0.026 3.95 010.0
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 85.6 0.001
Sport (hours/day) 2.35+2.26 0.026 0.044 6.58  0.001
Intercept - 2.70 0.000 45.32 0.001
KidMed score (0 to 8) 2.24+1.34 - - - -

SD: standard deviation. The estimated equationKistMed score = 2.70 -0.021*Age -0.013*BMI
+0.071*Gender +0.026*Sport hours -0.047*Televidmurs (F ratio= 30.67, p<0.001).





