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Abstract

The assessment of anthropometrical, biochemical and clinical indices of health status in

children, as well as of associated diet and physical activity behaviours is the first and most
important step in the development of appropriate nutrition counselling and health education
programs, which can ensure health and normal growth in children.

The objectives of the current PhD Thesis are a) to record a wide range of indices for the
assessment of children’s health status, b) to record and assess behaviours related to children’s
health status, c) to identify those factors that determine these behaviours and consequently health
status in children, d) to develop easy to use tools that will assist health professionals in designing
and implementing effective nutrition counselling and health education programs tailored to the
specific needs of individuals or population groups at risk.

To investigate these research hypotheses, we conducted measurements to collect a wide
range of data on anthropometrical, biochemical and behavioural indices of health status on a
representative sample of 2655 primary schoolchildren, attending schools in four counties of
Greece (i.e. Attica, Aitoloakarnania, Thessaloniki and Iraklion-Crete) (the Healthy Growth
study).

According to the findings of the present study the prevalence of overweight and obesity
was found to be 30.9% and 11.4%, respectively, with higher rates observed for boys compared to
girls (13.3% versus 9.6%, P<0.05). Moreover, the prevalence of insulin resistance (IR) (HOMA-
IR<3.16) was found to be 28.4%, that of dyslipidaemias was found to range from 3.9% (HDL-
cholesterol <35mg/dL) to 13.3% (Total cholesterol > 200 mg/dL), while that of iron deficiency
(ID) (Transferrin Saturation (TS) < 16%) and ID anaemia (TS<16% and Hgb<12 g/dL) was
found to be 15.3% and 2.6%, respectively.

One interesting finding of the present was the strong association of obesity, not only with
several cardiometabolic risk indices, such as dyslipidaemias, IR and hypertension, but also with
indices of nutritional insufficiencies, such as ID, indicating obesity’s central role in children’s
“poor” health status. More specifically, approximately one third of obese boys and girls (28.6%
and 28.9%, respectively) were found to be iron deficient, with these prevalence rates being
statistically significantly higher compared to the prevalence of ID in their normal-weight
counterparts (15.5% and 14.3%, respectively). The low-grade chronic inflammation induced by
excessive adiposity stimulates production of several iron-binding molecules, such hepcidin,
which can ultimately lead to low serum iron levels in obese children.

Using Principal Component Analysis we identified certain behavioural indices that were
combined into certain lifestyle patterns and were found to be significantly associated with
obesity and dyslipidaemias in children. More specifically, a lifestyle pattern comprising higher
daily intake of dairy products with consumption of an adequate breakfast; a second pattern
characterized by increased consumption of high fibre foods; and a third pattern combining higher
physical activity levels with frequent meals during the day were all found to be significantly
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associated with a lower likelihood of obesity and increased fat mass levels in children. The latter
lifestyle pattern and precisely engagement in more than 45 minutes of moderate-to-vigorous
physical activity daily combined with at least five meals per day was also found to significantly
decrease the odds of hypercholesterolemia in children.

The association between these lifestyle patterns and health status indices in children is
very much determined by several social environmental factors. In this context the present Thesis
showed that lower annual family income and grandmother as the child’s primary caregiver were
the most important socio-economic indices that were found to be related to an increased
likelihood of obesity and IR in children. Furthermore, parental underestimation of overweight
and obese children’s weight status was also found to be another social environmental factor that
was found to be related to an increased likelihood of childhood obesity.

Last but not least, via the examination of a wide range of perinatal factors the current
PhD Thesis showed that small size of infants at birth was the only perinatal factor that was found
to significantly increase the risk of IR in late childhood. Furthermore, increased maternal pre-
pregnancy body weight, maternal smoking during pregnancy, rapid growth velocity during
infancy and late introduction of solid food at weaning were all found to significantly increase the
likelihood of obesity in children.

The findings of the current PhD Thesis were combined into the development of an index
that can be used to holistically assess children’s diet and lifestyle (Healthy Lifestyle-Diet Index).
Higher scores of this index (indicative of a healthier diet and lifestyle) were found to be
associated with lower odds of obesity and IR in children.

In conclusion, the current PhD thesis confirmed the high prevalence of overweight and
obesity consistently reported for children in Greece, as well as of obesity-related metabolic
complications (IR, dyslipidaemias and hypertension) that also include nutritional insufficiencies,
such as ID. Furthermore, we identified certain lifestyle patterns as well as the possible
determinants of the behaviours comprising these patterns, such as parental misperception of their
children’s weight status. All these findings were combined into the development of an index,
which can be used to holistically assess children’s health, diet and lifestyle patterns. This Healthy
Lifestyle-Diet index as well as other similar tools can facilitate the development of effective
public health recommendations, which can be personalised at an individual level (i.e. according
to an individual’s behavioural, anthropometric, biochemical, clinical status profile) or tailored to
the specific needs of a population group at risk for obesity and related metabolic complications.



Iepiinyn

H Kataypoen Kot aEloAdynon ovOpOTOUETPIKAOV, BOYMUKOV Kol KAIVIKOV OEKTMOV

vyelog oto Todld KobMG Kot TV GYETILOUEVOV GUUTEPLPOPDV OTOTEAEL TO TPOTAPYIKO Kot
ONUOVTIKOTEPO PO TN SAUOPP®CT OTOTEAECUATIKAOV CLUOTAGEMV SLUTPOPIKNG Oy®YNS KO
TPOYPOUUATOV OY®OYNG VYEING YEVIKOTEPD, TTOL UTOPOLV VO, SIUGPOAIGOVY TNV vyeior Kot N
QLOOAOYIKY avamTuén.  Xkomol NG mapoHoos SWOOKTOPIKNG OTPIPNG OmOTEAOVY O) 1
Katoypagn Kot 1 agloAdynon evog peydiov aplBpol SEKT®V vyelag o€ padntég OMUOTIKOD
omv EALGSa, B) n xotaypoaer] Kot agloAdynon TV CLUTEPIPOPDOV TTOL oyeTilovTal UE TOVG
deiktec vyelag, y) N avayvopion TV Tapayoviov tov kabopilovv TG CLUTEPIPOPES Kol KOT’
EMEKTOON TOLG OEiKTEG VYEilOg Kat &) 1 Onpiovpyia OYPNOTOV EPYUAEI®V Y10 EMGTHUOVES VYEING
nov Oa tovg PonbNcovy STV AVATTLEN KoL EQOPUOYN TPOYPUUUATOV SOTPOPIKNG Oy®YNS Kot
AY®OYNG LYEIOG TPOGAPUOGUEV®V TOGO G EMIMESO 0TOUOV OGO KOl TANOLGUOV.

Mo 1t Owepedvnon TOV TOPUTAVE EPELVNTIKOV VTOBEcE®Y  TpaypatomomonKay
LETPNOELG Y10 TN GLAAOYN EVOC HEYAAOL 0plBLoD dedOUEVMVY GE aVOPOTOUETPIKOVS, BLOYNUIKOVG
KOl GUUTEPLPOPLOTIKOVG OEIKTEG VYELNG ATO £VaL AVTITPOCSHOTEVTIKO detypo 2655 moudimv nikiog
9-13 &1V, MOV EOTOVGAV GE GYOAEIN TEGGAPWOV VOUADV NG EAMVIKNG emkpatelog (ATTiKn,
Auoloaxapvavia, @scscarovikn kot Hpakielo-Kpnng) (Merétn Healthy Growth).

2Oppove. pe To guPNUATO TNG TAPOVGOS OOAKTOPIKNG OaTpPng o oLVOAMKOG
EMMOAAGUOC TOL VEEPPapov Kot TG moyvoopkiog Ppédnke vo eivar 30,9% xor 11,4%,
avtiotoryo, HE LYNAOTEPO TOCOGTO TAYLCOPKING GTO OyOpll GE GUYKPION WE TO KOpiTold
(13,3% évavtt 9,6%, P<0.05). EmnpocOeta, 0 cuVvoAKOG EMTOAACUOG TNG IVOGOVLAMVOUVTIGTAONG
(HOMA-IR<3,16) Bpédnke va ivan 28,4%, Tov ducMmidayudv va kopaivetat oo 3,9% (HDL-
yonotepoin<35mg/dL) éwg 13.3% (OAkn XoAnotepoin > 200 mg/dL), evd g avemdprelog
ownpov (Kopeoudg Tpavopepivng (TS) < 16%) kar g odnponevikng avarpiog (TS<16% xon
Hgb<12 g/dL) va eivor 15,3% wor 2,6%, avtiototyo. 'Eva apxetd evoweépov eopnuo g
napoVcag LeAETNG NTav TO OTL M) Tayvoapkio Ppédnke va oyetiletar 1oyvpd Ot LOVO pe OEIKTES
KOpOOUETAPOAKOD KIVOUVOV, OTMG Ol SVCAMTIOOUIES, 1] WWGOVAIVOUVTIGTOOT] KOl 1) VIEPTACT,
OAAG Kol pe OEIKTEC OOTPOPIKAV OVETOPKELDV, OTWG 1N OVETAPKELD GLONPOL, VITOJIEIKVOOVTAG
€TGL TOV KEVIPIKO pOAO NG TAYLCOPKIOG OTN OUOPO®ON UG YEVIKOTEPH «OTOYNCH
KOTAGTAONG VYEiag.

Me ) ypnon g avdivong oe KOPEG CLVICTMGES OVOYVOPIGTNKAY GUYKEKPLUEVOL
CLUTEPLPOPIOTIKOL OEIKTEG TOL GLVIVAGTNKOV YO TPMTN POPA G TPOTLTO. TPOTOL (NG, TO
omoio. PBpédnkav vo oyetiovior  onuovIKG TOGO pHE TNV TOYLoOpPKio OGO Kol HE TIG
duoMmdarpieg oto Toudld. TVYKEKPIUEVA, TO TPOTVTO TPOTOL {®NG TOL GLVAVALE TNV AVENUEVN
KOTOVOIAWGN YOAOKTOKOUIK®Y OTN OEPKEN TNG MUEPOS HE TNV KATAVAA®ON €vOg TANPOVG
TPOIWVOV YEVUATOG; TO TPOTLTTO OV YAPOUKTNPWLOTOV Ao TNV ALENUEVN KATAVAA®ON TPOPiL®V
TAOVCIOV GE QUTIKEG TVEC, OTMOC PPOVTA, AOYOVIKG KOl ONUNTPLOKA OAKNG GAEONMC; KOl TO
TPOTLTO OV GLVOVOLE OVENUEVE EMITEDD PUGIKNG OPOCTNPLOTNTOS LUE CLUYVOTEPO YELLATO TN



duapkeln T nuépag Ppedniav va oyetiCovran pe petmpévn mbavotnTa EPEAVIONS TOYLOUPKING
Kol QVENUEVOV EMTEOWV AMTMA0VG PALaG ompatog ot modld. To televtaio TpOTLIO HAMOTO
KOl OLYKEKPIUEVO M UETPLOG £€0C VYNANG €VTaoNG QUOIKN OpacTnpldtnTa Yo, OoTNUd
HEYOADTEPO amd 45 AEMTA G€ GLVOLOCUO LE TEVTE YeVpaTA Nuepnoing Ppédnikay va oyetilovtal
ONUOVTIKA PE HUEWOUEVT TOOVOTNTA ELPAVIONS SVCAMTIOUUIDV GTO TOLd1AL.

H enidpaon tov mopamdve GLUTEPIPOP®OV KOl T®V TPOTOHTOV TOL TPOTOL (®NG o€
deilkteg vyelag ota mwodd Ppédnie va kabopiletar oe onuoviikd Pabud amd Tapdyovieg Tov
KOW®OVIKOD TOVG TEPIPAALOVTOG. XTO TAGIGIO OLTO, TO YOUNAOTEPO OIKOYEVELOKO EIGOOM LA KO 1|
Yyl og 1 Kopia vedbHuvn Yo TNV avaTPoPn TOV ToudldV BpédnKav va eival ot onuavTIKOTEPOL
KOWVMOVIKO-OIKOVOLKOl Tapdyovieg mov oyetiCoviav pe ovénuévn mbavotnto eueiviong
TOYVOUPKING KOl VGOVAVoavTioTaong ota mowdwd. EmmAéov, n vroektipnon tov Bdpovg twv
VIEPPOPOV KOl TOYVCUPKOV Touddv amd Tovg yovelg tovg Ppébnke vo eivor onpovtikd
vVYNAGTEPN Yo TOL LIEPPOPO KO TAYOGOPKA TOLOLEL.

Ta mopoamdveo svprjuata cuvdvdotnkav ot dnpovpyior evog deiktn a&loAdynong g
vyeiog, ™G SlTpoPNG Kat tov TPomov LmNg Tav Touduwv yevikodtepa (Healthy Lifestyle-Diet
Index), n vynAdtepn Pabuoroyic tov omoiov (evoewkTikn €vOg Mo VylEwol TPOTOL (mNG)
Bpénke va oyxetiCeton pe pikpotepn mbavotnto  epPAviong moayvoopkicg ARG Kot
WGOLMVOOVTIGTAOTG GTA TOLALA.

SVUTEPAGLLATIKA, 1) TOPOVGA S1O0KTOPIKY daTpiPn emPefaince o TOAD LVYNAL TOGOGTA
mayvoopkiog oe moudld nikiag 9-13 etov otnv EAAGSa, KaBdG Kol TV cuVOODV HETAROMK®V
™G dTapoy®v  (VveoLvAVoavVTIoTOOT, OLVCATIOOUIES, VAEPTOOT)), CULUTEPIAAUPAVOUEV®V
STPOPIKMOV OVETOPKELDV, OTTMG TOL GLONPov. EmmAéov, avayvapioe cuykekpipuéva mpdtumo
tpomov {ong Kot mwopaydvtwv mov kabopilovy TIG GLUTEPLPOPEG TOV TO. GLVIGTOLV, OTMG Ol
AavBoopéveg avtiMqyels tov yovéwv Y 10 Bépoc tov madod tovs. To mopoamdve
OLVOLACTNKAY OTO GYEOCUO €vOg Ogiktn  a&loAdynong g vyelag, TS dTPOPNG Kol TOL
Tpomov (ong tov madldv. O cvykekpiuévog deiktng kabdg Kot GAla mapodpolo epyoireio
UTOPOLV VO ATOTEAEGOVV CTUOVTIKO €POO10 OTO GYEOUGUO OMOTEAEGUOTIKAOV TPOYPOUUATOV
TPOAYNG NG TOUOIKNG TTAYLOUPKiNG, KOOMG KOl TOV GLVOIMV UETAPOAIKMVY TNG dTOPUYDV,
HEC® TNG OUOPPOCNG CLGTAGE®V JOTPOPIKNG AYWOYNG EWOIKA ECTIOCUEVMV OTIG OVAYKES KOl
OTO YOPAKTNPIOTIKA TOV ATOU®V 1 TOV TANOLGUOV.



If we knew what it was we
were doing, it would not be
called research, would it?

Albert Einstein
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1. Introduction

1.1.  Nutritional assessment: the ABCD approach.

Nutritional assessment represents a multi-dimensional process that aims to record and

evaluate growth, development and the general health status of individuals and population groups.

The integral parts of nutritional assessment comprise the assessment of i) Anthropometrical, ii)

Biochemical, iii) Clinical and iv) Dietary intake indices, closely followed by information on

medical history and socio-economic status. Each of these parts requires the execution of

standardised measurements for collecting valid and reliable data and to a further extent the

assessment and interpretation of these data so as to have a full picture of an individual’s or a

population’s health status.

One simple way to schematically present the main components of nutritional assessment

and their interrelationships is the ABCD approach presented in the figure (Figure 1) below.

The ABCD approch in nutriional assesment

Anthrépometrics

.
3 0
S

Biochemical analyses
Laboratory tests

C!inical indices .
Physical examination -

AN My

D ietary intake-Family History

Figure 1. The ABCD approach in nutritional assessment science

Taken as a whole and when it comes to population groups the information collected during

nutritional assessment provides answers to the following questions:
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=  What is the health problem?
= Who has the health problem?
=  Why those who have the health problem, have it?

To answer these questions one should bear in mind that increased differentiation of
populations on cultural, socio-economic and environmental grounds increases disease
vulnerability in certain target groups. For example, groups with lower socio-economic status,
individuals living in disadvantaged neighbourhoods, socially-excluded groups, some immigrant
communities and ethnic minorities frequently have higher obesity rates and a lower health status.
Furthermore, people may also be vulnerable during certain critical periods throughout life, for

example during pregnancy, lactation, infancy, childhood, adolescence and in old age.

Consequently, the challenge deriving from all information that nutritional assessment can
provide is to combine them into appropriate diet and lifestyle counselling initiatives, tailored to

the characteristics of individuals or population groups most in need for such initiatives.

In this context there is evidence that improved lifestyles can reduce the risk of type Il
diabetes by 58% over four years. Furthermore, population studies have shown that up to 80% of
cases of coronary heart disease and up to 90% of cases of type 2 diabetes could potentially be
avoided through changing lifestyle factors (1). Physical activity and sedentary behaviour are
seen as equally important key modifiable factors as diet contributing to the risk of obesity and

associated diseases.

In summary, successful strategies for reducing the rates of nutrition-related health problems,
with a special focus on obesity, must target the most vulnerable in all age groups (2). Prevention
should start in very early life stages as there is increasing evidence that prenatal and infant
nutrition can condition for health problems later in life (3-5). Still, advances in these areas need a
better understanding of the underlying mechanisms and effective translation into the public

health domain, both of which can stem from nutritional assessment.
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1.2. Prevalence of childhood obesity

Childhood overweight and obesity has increased in alarming rates reaching pandemic
proportions throughout the world over the last decades, although great regional differences have
been detected (6-11). Recent data from the 2009-2010 National Health and Nutrition
Examination Survey (NHANES) in the US showed that 31.8% of children and adolescents were
overweight and obese, with the prevalence of obesity reaching 16.9% (12) (Figure 2). Despite
these alarming prevalence rates, Olds et al. (13) has recently reported that the prevalence of
childhood obesity has been stabilizing thus reaching a plateau. Sill this stabilization does not
guarantee that the prevalence will not increase again in the future as similar trends have been

observed in the past as well.

20
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Figure 2. Prevalence of obesity (BMI-for-age > 95" percentile) in children and adolescents in
the US (Data from the NHANES study).

Using nationally representative data from eight European countries, the cross-sectional
part of the “European Energy balance Research to prevent excessive weight Gain among Youth”
(ENERGY)-project (14), has very recently reported a geographic distribution in the prevalence
of childhood overweight and obesity in Europe, with southern (i.e. 42.0% in Greece and 23.5%
in Spain) and eastern (i.e. 25.8% in Slovenia and 24.3% in Spain) countries having much higher

overweight and obesity rates compared to central (i.e. 14.9% in Belgium and 13.8% in
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Switzerland) and northern (i.e. 13.9% in Norway and 11.1% in the Netherlands) countries
(Figure 3). These prevalence rates are higher than those reported in 2005-2006 for 11-year old
children from nationally representative samples in the same European countries (11) indicating
an increasing trend in Europe even though in a few countries the speed of this increase seems to
have levelled off (15-18).

Norway

M: 15.1% Ov; 0.4% Ob
@ F: 13.8% Ov: 2.4% Ob

The Netherlands

M: 15.1% Ov; 0.4% Ob
é:: 13.8% Ov; 2.4% Ob
.

Belgiium
M: 16.9% Ov; 3.7% Ob
F: 13.5% Ov; 2.3% Ob

Polland
M: 27.7% OV; 6.8% Ob L
“ F: 22.6% Ov;4.1% Ob

Slovenia <
M: 31.7% Ov; 7.5% Ob
F: 22.5% Ov;3.9% Ob '
U &
: . “ ",
< P

Spain
M: 25.8% QOv; 2.9% Ob
F: 23.8% Ov;3.1% Ob

<

-
Greece :\‘

M: 44.4% Ov;11.2% Ob
F: 37.7% Ov;9.7% Ob

L,

R &

Figure 3. Prevalence of overweight (Ov) and Obesity (Ob) among 10-12 year-old boys (M) and
girls (F) in Europe (Data from the ENERGY project).

Following the aforementioned trends in the US and the rest of Europe, the prevalence of
overweight and obesity among Greek children and adolescents has also dramatically increased

over the last decades (9). This increase places Greece to the top of the list of European countries
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with the highest prevalence rates of overweight and obesity. Table 1 presents the prevalence

rates of overweight and obesity in different parts of Greece.

Table 1. Prevalence of overweight and obesity in children and adolescents from different parts

of Greece.

Region Sample size Age range Definition of Prevalence Overweight / Obesity
(date of measurement) Overweight / Obesity
Crete (1992)® B: 466 6 years old CDC, 1979 >95° Percentile B: 10,9%; :9,2%

G: 424 >85° Percentile B: 23,2%; 1 28,8%
Crete (1995)19 B: 243 9 years old >95° Percentile B: 4,9%; G: 4,5%

G: 226 >85° Percentile B: 18,9%; :18,1%
Crete (1998)® B: 366 12 years old >95° Percentile B: 8,2%; G:5,0%

G: 359 >85° Percentile B: 24,0%; 119,2%
Thessalonica (2000-01) 6-10 years old Cole et al, Obese B:5,1%; G: 3,2%
“ B: 1226 2000 (I0TF) Overweight B: 26,6%; : 25,0%

G: 1232 11-17 years old Obese B: 3,7%; G:1,5%

Overweight B: 25,3%; 113,0%

Volos (2003)*) B: 90 11-12 yearsold  Cole et al, Obese B: 6,7%; G: 6,7%

G: 105 2000 (I0TF) Overweight B: 35,6%; 1 25,7%
North-Eastern Attica B: 2054 6-11 years old Cole et al, Obese B: 12,3%j; G: 9,9%
(2003-04) “ G: 2077 2000 (I0TF) Overweight B: 27,8%; 1 26,5%
Nation-wide (2003)®) B: 6677 12-19 yearsold  Cole et al, Obese B: 6,1%; G:2,7%

G: 7779 2000 (I0TF) Overweight B: 23,3%); 1 14,0%
Nation-wide (2004)®" B: 1218 1-5 years old Cole et al, Obese B: 6,2%; G:8,1%

G: 1156 2000 (I0TF) Overweight B: 12,9%; 1 15,5%
Vyronas (2004-05)% B: 1021 12-17 yearsold  Cole et al, Obese B: 4,4%; G:1,7%

G: 987 2000 (I0TF) Overweight B: 19,2%; 113,2%
Attica (2005-06)® B: 323 10-12 yearsold  Coleetal, Obese B: 8,6%; G: 9,0%

G: 377 2000 (I0TF) Overweight B: 33,9%; 122,1%
loannina (2004)" B: 153 11 years old Cole et al, Obese B: 11,8%; G:7,5%

G: 159 2000 (IOTF)  Overweight B: 29,4%; : 39,0%
Thessalonica (2007)®  B: 275 6-15 years old Cole et al, Obese B: 8,4%; G:7,3%

G: 249 2000 (I0TF) Overweight B: 21,1%; 1 17,6%
Rural Thessalonici - Nea  B: 287 6,7,8 and Cole et al, Obese B: 13,6%; 1 14,4%
Madytos (2007) ** G: 285 10 years old 2000 (IOTF)  Overweight B: 21,3%; £ 23,2%

B: Boys ; G: Girls
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1.3.  Obesity-related metabolic complications in children

Obesity is followed by several metabolic complications. In adults obesity is associated
with an increased risk of chronic diseases, such as cardiovascular diseases, mainly heart disease
and stroke, several types of cancer (e.g. breast and colon cancers), respiratory complications,
such as sleep apnoea, as well as decreased reproductive function in women (30-32). Some of
these conditions often cause premature death and their treatment is usually very expensive for
the health care system. Obesity is also associated with an increased risk for several metabolic

complications, such as insulin resistance, glucose intolerance and type-2-diabetes (33).

1.3.1. Childhood obesity and cardiometabolic risk.

Following the alarming increase of overweight and obesity in childhood and adolescence
worldwide (34) and as adipose tissue accumulates in excessive amounts in the body several
cardiometabolic alterations begin to occur (35). Research has shown that obese children are at a
higher risk for the development of unfavourable lipidaemic and glycaemic profiles compared to
lean children (36). This, in turn, is related to an increase in fatty streaks within the arterial

endothelium of children, which may lead to atheromatic plaques in adulthood (37).

The term cardiometabolic risk (CMR) has been proposed by the American Diabetes
Association and the American Heart Association (38) and reflects an umbrella under which a list
of clinical abnormalities that predict cardiovascular disease (CVD) and/or type 2 diabetes (T2D)
in adult life are included. Overweight and obesity are on the top of this list closely followed by
metabolic and vascular abnormalities, such as insulin resistance, dyslipidaemias and

hypertension (39).

The first line of defence against CMR is the modification of related risk behaviours.
Several studies have indicated that the roots of chronic disease, both the clinical manifestation of
the disease and certain behaviours or lifestyle patterns, may be set early in childhood and track
into adulthood (40). The adoption of balanced dietary and physical activity (PA) behaviours in
childhood and adolescence may support optimal physical growth, as well as cognitive and
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emotional development (41). In the long-run, they can also form the basis for a healthy transition

to adulthood with lower predisposition to chronic diseases (42).

1.3.2. The double burden of childhood obesity and nutritional insufficiencies.

Further to cardiometabolic risk complications and although contradictory at first sight,
obesity has also been associated with certain nutritional insufficiencies (43, 44). Specifically,
overweight and obese individuals seem to be at higher risk for iron deficiency (ID) than those
having normal body weight (45-47). These observations have been consistent in both children
(48-51) and adults (51-53).

Wenzel and colleagues were the first to report lower serum iron levels in obese compared
to non-obese adolescents (45). This association has received little attention since then. However,
some recent studies have shown that overweight children and adolescents are at higher risk for
iron deficiency (ID) compared to their normal-weight counterparts (48, 50, 54). Suggested
contributing factors include poor dietary iron intake, probably due to repeated short-term
restrictive diets, by overweight individuals and genetics (48, 50). Still, the exact aetiology of
obesity-related hypoferremia in children still remains uncertain (52).

Considering that obesity represents a low-grade chronic inflammatory state, the
hypoferremia associated with obesity could be attributed to certain metabolic and molecular
adaptations induced by inflammation. This hypothesis is supported by the significant inverse
correlations observed in overweight and obese individuals between serum iron concentration and
the concentrations of a variety of adipocytokines and pro-inflammatory cytokines after
controlling for iron intake, iron needs and iron losses (55, 56). Furthermore, certain acute-phase
peptides, such as hepcidin, that are usually elevated in obesity have also been found to regulate
iron haemostasis, mainly via their iron binding properties (52, 54).

Impaired iron status in children and adolescents could have several important clinical
implications for future physical and cognitive development and maturation. Thus identifying
overweight/obese children as a high risk group for ID could be very important from a public
health perspective for designing and implementing tailored-made dietary intervention

approaches to correct both excess body weight and poor iron status, even in developed countries.
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1.4. The genetic aetiology of obesity

The current obesity epidemic is to a large extent a result of a complex interplay between
behavioural, other environmental and genetic risk factors (57). There are currently numerous
theories and models explaining the genetic basis of complex diseases and increased
susceptibility but with no real consensus. In this context, 40 years ago James Neel proposed the
“thrifty genes hypothesis” in an attempt to explain the increase in the prevalence of type-2
diabetes (58). Based on this hypothesis, obesity originates from natural selection and some genes
have evolved in order to protect human populations from starvation by facilitating storage of
excess energy as body fat during times of food abundance. During periods of food deprivation
those individuals with the capability to store energy combined with its efficient utilization were
probably more capable of surviving. Genes or genetic variants of enhancing these features were
conserved and prevailed in the human genome during evolution of the human species. However,
since not all of us become overweight or obese and thus people are not equally affected by our
obesogenic environment the thrifty genes hypothesis has been questioned.

In 2007 the first common genetic variants that undoubtedly affect our susceptibility to
obesity were identified. These variants were located in the fat mass and obesity associated gene
(FTO) and were identified by Frayling et al (59). In 2010 another study identified the mannosyl
(a-1, 3)-glycoprotein [-1,2-N-acetylglucosaminyltransferase, MGAT1, to be significantly
associated with body weight among women (60).

1.5. Risk behaviours of childhood obesity and related metabolic complications.
What is the state of the art?

Low consumption of fruits and vegetables, breakfast skipping and increased consumption
of fruit juices, soft/fizzy drinks, confectionary and fast food have been reported as the most
profound unfavourable dietary behaviours that increase obesity and related cardiometabolic and
other complications (e.g. nutritional insufficiencies) in children (61, 62). In addition, reduced
levels of physical activity in children either in the form of active transportation, of leisure time
PA (e.g. walking, cycling) or organized sports, is the other important aspect of the positive
energy balance equation that consequently leads to obesity (61, 63). Furthermore, sedentary

behaviour (e.g. increased daily time in from of screens, i.e. TV, DVD/video, video games) is
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beginning to be seen as a separate important risk factor; it appears that being sedentary for large
periods of the day may carry a separate risk that is not prevented by short periods of physical
activity (64).

Although childhood obesity and related metabolic complications have strongly been
associated with several energy balance related behaviours, the actual aetiology of increased
adiposity in children requires further investigation due to its complex and multifactorial nature.
In this context, it is very important to examine the possible synergistic effect of several lifestyle
factors on adiposity in children (65). A common approach to examine the possible synergy of
such factors is the development of specific dietary and lifestyle patterns. Principal component
analysis (PCA) is frequently used for this purpose, since it enables the grouping of several

strongly associated behaviours into patterns.

Recent epidemiological studies have highlighted certain such patterns that when
combined can significantly increase the risk of childhood obesity (66, 67). More specifically,
dietary patterns such as infrequent meals, breakfast skipping, lower adherence to the
Mediterranean diet, higher consumption of sugar sweetened beverages, fruit juice, salty snacks
and french fries, as well as lower consumption of dairy products, fruits and vegetables, have
consistently been reported as the most important risk factors for childhood obesity (68).
Additionally, increased time spent in front of screens (i.e. TV, games consoles and computers),
less time spent on physical activity and shorter sleep duration represent other important risk
behavioural patterns that have also been implicated in the aetiology of childhood obesity (69,
70). From a public health perspective, these associations are very important, since identification
of lifestyle patterns that are strongly related to an increased risk of obesity, could potentially
facilitate the formation of practical public health advice, specifically targeted at the prevention
and management of childhood obesity. Several previous studies have investigated the association
between dietary patterns and childhood obesity; however, to the best of our knowledge, to date
no study has attempted to concurrently examine the possible role of specific lifestyle and dietary

behavioural patterns in the development of obesity in childhood.
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1.5.1. Determinants of obesity and cardiometabolic risk behaviours.

Obesity and cardiometabolic risk behaviours are very much determined by children’s
intrinsic, personal characteristics (71) as well as their social and physical environment (72). This
underlines the need to expand our knowledge and understanding of these determinants of
childhood obesity as well as their interactions and their possible role in the development of
childhood eating and PA patterns. One of the first theoretical approaches to holistically examine
the effect of the duo “personal characteristics-environment” on behaviour was the Theory of
Planned Behaviour (TPB). TPB was developed by Icek Azen in 1985 and since then it has been
extensively and successfully used mainly in the design of behavioural change intervention
programs. Furthermore, TPB has been the basis for the development of other similar theoretical
frameworks, such as the Social Ecological Theory and the Ecological Systems Theory, which
represent more generalized models for grouping environmental determinants of behaviours (73).
To a further extent the Analysis Grid for Environments Linked to Obesity(ANGELO)
framework (74), the Environmental Research framework for weight Gain prevention (EnRG)
framework (75) and the contextual model of childhood overweight (76), are more recent
attempts to specifically describe environmental influences of childhood overweight and obesity.

Based on TBP and the other similar theoretical approaches, children’s dietary and PA
behaviours seem to be influenced by personal characteristics, such as attitudes, subjective norms,
knowledge, self-efficacy and emotions of children themselves but also of their parents
(particularly in the case of younger children). Furthermore, social environment, which primarily
consists of family (i.e. parents and siblings), peers and teachers, determines children’s health
behaviour mainly via modelling, encouragement, support, rule setting and rewarding (77). Media
(i.e. TV, internet) and food advertisement as well as health professionals are also part of the
social environment affecting children’s dietary and PA behaviours. Finally, physical
environment (i.e. home, neighbourhood and school) can influence obesity risk behaviours
mainly through the mediating effect of availability and accessibility (78, 79). The main effects
and interactions of all the aforementioned environmental and personal determinants on diet and
physical activity behaviours can differentiate, in terms of statistical strength and significance by
certain factors which answer the question “For whom these influences are more or less likely?”.
These factors are called moderators, with the more pronounced ones being age, gender,

socioeconomic status, nationality/ethnicity and race (75). For instance, the moderating effect of
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parental socioeconomic status on the association between parental encouragement and children’s
obesity risk behaviours, can be reflected on the higher susceptibility of children from less
affluent families to skip breakfast more frequently (80) and to engage less in sports activities
compared to their peers from more socio-economically advantageous families (81). Another
example of the moderating effect of gender is that girls adhere better to guidelines compared
with boys (82). However they are less interested in sports or vigorous PA compared to boys of
the same age (83) and thus it is possible that they would prefer to engage in moderate PA during
their leisure time than increase their vigorous PA levels (84).

1.6. Perinatal risk factors for childhood obesity and related metabolic complications.

Unhealthy eating habits and lack of physical activity are the key environmental
contributors leading obesity and related metabolic complications (7). However the aetiology of
childhood obesity is far more complex. The rise in the prevalence of childhood obesity over the
last decades has led to the development of certain theories that underscore the importance of
early life factors on the degree of adiposity in childhood and adulthood (4, 85). Some of these
early life factors include maternal smoking during pregnancy, gestational diabetes (86), size at
birth (87), breastfeeding or infants’ feeding with formula (88) and postnatal growth rate with
emphasis on catch-up growth (89). These factors are believed to yield permanent physiological
and metabolic adaptations that may become detrimental over the life span. For instance, catch-up
growth has been related to insulin resistance in children via the following mechanism: children
born small for gestational age when exposed to an energy-rich environment at early infancy are
more susceptible to accumulate abdominal visceral fat mass; an adaptation that is caused by

energy deprivation and that is originally intended to safeguard foetal survival (6).

1.7. The need to go beyond the state of the art and holistically examine risk factors of

childhood obesity and related metabolic complications.

Although childhood obesity has strongly been associated with several energy balance
related behaviours, the actual aetiology of increased adiposity and related metabolic
complications in children requires further investigation due to its complex and multifactorial

nature. Taking into account all aforementioned information regarding behavioural risk factors,
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their determinants and perinatal risk factors there is a need to holistically record and examine
these parameters within a common framework, such as the one proposed and presented in Figure
4. This framework could be of great value to public health policy makers and legislators for
designing and implementing intervention programs tailored to the needs of susceptible
population groups, most in need for such initiatives. Targeting on the determinants of risk
behaviours, and not just on the behaviours, has been previously proved as the most effective
approach for tackling health issues related to obesity and related metabolic complications in
children and adolescents starting from early life stages.

Health Status

Perinatal factors
= Smoking during pregnancy
= Gestational diabetes
= Birth weight
= Breast or formula feeding
= Postnatal rapid growth rate

Diet & Physical
Activity

Social
5 Environment
*Family (parents, siblings)
*Peers
*School personnel
*Media *Home

Physical
Environment

*School
*Neighborhood
*Food cost and food
characteristics
*Sport clubs

(role modeling,
encouragement, support,
rules, perceptions, rewards, Personal

advertising) Characteristics

*Attitudes
*Beliefs
*Subjective norms
*Self-efficacy
*Emotions
*Knowledge

Figure 4. Schematic presentation of a framework that holistically presents risk factors for
children’s “poor” health status (IR: Insulin Resistance; ID: Iron deficiency).
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1.8. Aims and objectives

The objectives of the current PhD Thesis are a) to record a wide range of indices for the
assessment of health status in a representative sample of primary schoolchildren in Greece, b) to
record and assess behaviours related to children’s health status, c¢) to identify those factors that
determine these behaviours and consequently health status in children, d) to develop easy to use
tools that will assist health professionals in designing and implementing effective nutrition
counselling and health education programs tailored to the specific needs of individuals or
population groups at risk..

The specific aims of each scientific paper supporting this PhD thesis are:
Paper |

To explore the prevalence of overweight and obesity among 10 to 12 year-old
schoolchildren in relation to several socio-economic and demographic characteristics of children

and their families.
Paper 11

To record the prevalence of dyslipidaemias, IR and hypertension in children and examine
their link with overweight and obesity.

Paper 111

To investigate the prevalence of ID and ID anaemia in children and the association of
these nutritional deficiencies with central obesity as well as with high percentage body fat and

visceral fat mass in children.
Paper IV

To investigate the association between overweight and iron status in children and to

identify the main risk factors for iron deficiency.
Paper V

To identify specific lifestyle and dietary patterns associated with obesity and increased

levels of total and central adiposity in children.
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Paper VI

To examine the associations between dietary and other lifestyle patterns with blood lipid

levels in children.
Paper VII

To examine the accuracy of maternal ability to classify their children’s weight status
correctly using a verbal and a visual classification instrument; and detect possible demographic,
socio-economic, maternal and family correlates of maternal underestimation of their children’s

weight status.
Paper VIII

To examine the association of insulin resistance with perinatal risk factors among 9-13
year-old schoolchildren after controlling for possible confounders with regards to socio-

demographic indices and parental characteristics.
Paper IX

To develop a Healthy Diet and Lifestyle-index in order to more accurately assess the
degree of children’s adherence to existing age-appropriate dietary and lifestyle guidelines and to

examine the association of this index with obesity, insulin resistance and iron deficiency.
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2. Subjects and methods

2.1. Study design and study population

The “Healthy Growth Study” is a cross-sectional study, the pilot phase of which, was

initiated in May 2007. Approval to conduct the study was granted by the Greek Ministry of
National Education and the Ethical Committee of Harokopio University of Athens. The
population under study comprised of schoolchildren aged 9-13 years attending the 5th and 6th

grades from primary schools located in municipalities within the wider region of Athens.
2.2. Randomization and sampling procedures

The sampling of municipalities and schools in the present study was random, multistage
and stratified by parental educational level and the total population of 9-13 year-old students,
thus yielding a representative sample of primary schoolchildren from the wider urban region of
Athens. More specifically, the municipalities in the county of Attica were divided into 3 groups
based on the average educational level of their adult population (25 to 65 years old) that was
estimated from data provided by the National Statistical Service of Greece (Census 2001). This
procedure vyielded two parental education cut-off points that allowed categorization of
municipalities into 3 categories of different socio-economic level (SEL) i.e. Higher, Medium and
Lower SEL. Consequently, based on data from the National Statistical Service of Greece a
certain number of municipalities, proportional to the size of their preadolescent population (9-14
years old), was randomly selected from each one of these three SEL groups. Finally, an
appropriate number of schools was randomly selected from each one of these municipalities in
relation to the population of schoolchildren registered in the 5th and 6th grade in each

municipality, based on data obtained from the Greek Ministry of Education.

Weight and height were measured in all pupils attending the 5th and 6th grades in the
participating primary schools as part of a school-based health and nutrition education program.
Full medical examination (i.e. anthropometrics and body composition measurements, blood
collection, clinical examination etc.) and questionnaire data were obtained by a subgroup of
pupils whose parents signed an informed consent form. More specifically an extended letter
explaining the aims of the current study and a consent form for conducting full measurements

was provided to all parents or guardians having a child in these schools. Parents who responded
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positively had to sign the consent form and provide their contact details. Signed parental consent
forms for full measurements were collected for 2655 out of 4145 children (Response rate
64.1%).

2.3. Anthropometrical indices

Participants underwent a physical examination by two trained members of the research
team. The protocol and equipment used were the same in all schools. The physical examination

included basic anthropometric measurements.
2.3.1 Weight and height measurements

Weight was measured to the nearest 10g using a Seca digital scale (Seca Alpha, Model
770, Hamburg, Germany). Subjects were weighted without shoes in the minimum clothing
possible. Height was measured to the nearest 0.1cm using a commercial stadiometer (Leicester
Height Measure, Invicta Plastics Ltd, Oadby, UK) with subjects not wearing shoes, their
shoulders in a relaxed position, their arms hanging freely and their head aligned in Frankfort
plane (13). Weight and height were converted to body mass index (BMI) using Quetelet’s
equation (weight (kg)/height? (m%).

2.3.2. Circumferences

Waist circumference (WC) was measured to the nearest 0.1 cm with the use of a non-
elastic tape (Hoechstmass, Germany) with the student standing, at the end of a gentle expiration.
The measuring tape was placed around the trunk, at the level of umbilicus midway, between the
lower rib margin and the iliac crest. Hip circumference was measured at the level of greater
trochanters and pubic symphisis to the nearest 0.1 cm. Waist to Hip ratio (WHR) was then
calculated for each child.

2.3.3. Skinfolds’ thickness

The thickness of four skinfolds (triceps, biceps, subscapular and suprailliac) was

measured to the nearest 0.1 mm to the right side of the body with a Lange skinfold calliper
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(Cambridge, Maryland). Each skinfold was grasped gently, in order to avoid causing any
unnecessary discomfort to the child. Triceps and biceps skinfold thickness was measured with
the right arm hanging relaxed at the side of the body. The skinfold was picked up about 1 cm
bellow the midpoint mark over the triceps and biceps muscle respectively. Measurement of the
subscapular skinfold thickness was performed while the child stood with shoulders relaxed and
after identifying the inferior angle of the scapula. The skinfold was picked up 1 cm below the
subscapular mark. Suprailliac skinfold was measured just above the iliac crest, along the axis of
the anterior line. In each case the calliper was applied to the “neck” of the fold just above the

finger and thumb, for two repeated measurements.

2.3.4. Definition of overweight/obesity and central obesity

The International Obesity Task Force (IOTF) cut-off points (90, 91) were used to
categorize participants as “underweight”, "normal weight", "overweight™ or "obese". The age-
and sex-specific WC percentiles were used for the classification of central obesity (> 90th

percentile) (92).

2.4. Body composition indices

Bioelectrical impedance analysis (BIA) was used for the assessment of percentage total
body fat (Akkern BIA 101, Akkern Srl., Florence, Italy) and for abdominal-visceral fat mass
(Tanita Viscan AB-140, Kowloon, Hong Kong). In abdominal BIA an electric current is passed
between the regions near the umbilicus and spinal cord at the umbilicus level and the voltage
generated in the lateral abdomen is recorded. Because the equipotential line that passes through
visceral fat appears on the lateral abdominal surface, the amount of visceral fat can be estimated
by measurement of the voltage generated at this location using a regression equation determined
by computed tomography (93). Participants were instructed to abstain from any food or liquid
intake and from any intensive exercise for four hours before measurement. They were also
instructed not to wear any metal object during measurement. The assessments took place with
the pupils lying on a nonconductive surface at ambient room temperature. Percentage body fat

was calculated from the resistance and reactance values using valid equations derived from a
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similar preadolescent population (94), while percent trunk fat mass and visceral fat rating (rating
scale from one to 59 units, with 0.5 increment) were read directly from the instrument. As there
were only two Tanita Viscan devices available, data on trunk-visceral fat mass were collected for

a representative sub-sample of 1500 children.

2.5. Physical examination-Clinical indices
2.5.1. Blood pressure measurements

Blood pressure was recorded from the right arm while in a sitting position and after five
minutes of rest. A valid automatic Omron M6 Blood Pressure Monitor (Omron Healthcare
Europe BV, Hoofddorp, The Netherlands) (95) was used. The measurement was taken twice
with a two-minute interval between readings. A third measurement was taken if there was a
difference of over 10 mmHg between the previous measurements. The average value of the
measurements was used in analysis. Systolic (SBP) and diastolic blood pressure (DBP) were
recorded. Systolic or diastolic hypertension was defined as SBP or DBP above the 95th

percentile for gender, age and height (96).

2.5.2. Biological/sexual maturation stage by Tanner.

One well-trained and experienced female paediatrician in each prefecture determined
pubertal maturation (Tanner stage) after thorough visual inspection of breast development in
girls and genital development in boys ©. Finally, each girl was asked by the paediatrician about

her menstruation status and age of menarche.

2.5.3. Cardiorespiratory fitness levels

Cardiorespiratory fitness was estimated indirectly according to children’s performance in
the 20-m endurance shuttle run test (ERT). The ERT is a field test included in the European
battery of physical fitness tests and recommended by the Committee of Experts on Sports
Research (98). Based on the test’s instructions participants start running at a speed of 8.5 km/h
and the speed increases in stages. Children shuttle between two lines placed 20m apart, at a pace
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dictated by a sound signal on an audiotape, which gets progressively faster (by 0.5 km/h every
minute). Each stage of the test is made up of several shuttle runs and the score of the participant
is the half-stage completed before the child drops out (thus, scores can be 0, 0.5, 1, 1.5, 2 etc.).
The higher the ERT score, the better the cardiorespiratory fitness. Prior to the test all children
received clear and comprehensible instructions on rules and procedures, while during the test
they were verbally encouraged by the researchers to succeed their maximal number of laps. The
ERT is recommended for large groups of children, since it is reliable, valid, non-invasive, and
requires limited facilities (99).

2.6. Behavioural indices
2.6.1. Dietary intake
2.6.1.1 Twenty four-hour recalls

Dietary intake data were obtained by trained dieticians and nutritionists via three 24-hour
recall morning interviews (i.e. in two consecutive weekdays and one weekend day) conducted
with children at school-site. Specifically, all study participants were asked to describe the type
and amount of foods and beverages consumed, during the previous day, provided that it was a
usual day according to the participant’s perception. To improve the accuracy of food description,
standard household measures (cups, tablespoons, etc.) and food models were used to define
amounts. At the end of each interview, the interviewers, who were dieticians rigorously trained
to minimize the interviewer’s effect, reviewed the collected data with the respondent in order to
clarify entries, servings and possible forgotten foods. Food intake data were analysed using the
Nutritionist V diet analysis software (version 2.1, 1999, First Databank, San Bruno, California,
USA), which was extensively amended to include traditional Greek dishes and recipes (100).
Furthermore, the database was updated with nutritional information of processed foods provided

by independent research institutes, food companies and fast-food chains.

The food-grouping scheme was designed for all foods or entries (core and recipe)
appearing in Nutritionist V. In total, 47 food groups were initially established, based on similar
source characteristics and nutrient content. Composite food items, such as recipes, were analysed

and were assigned to food groups according to primary ingredients. A similar methodology for
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the extraction of food groups was previously reported in studies with a smaller sample size, but
with only one 24-h recall available (101). Examples of foods included in the food groups were
documented previously (102). In total, 18 large food categories (whole grain bread and cereals;
refined bread and cereals; dairy products; vegetables; fruits; red meat; processed meat; eggs;
potatoes; legumes; fish; other seafood; white meat; fats and oils; fresh fruit juices; sugar-
sweetened beverages (i.e. soft drinks and packed fruit juices); salty snacks; and sweets) were

created and the relevant values were calculated as consumption in grams per day.

2.6.1.2. Breakfast and Meal Frequency Patterns

Although there is no widely acceptable definition for breakfast, still according to a recent
study on children and adolescents an ideal breakfast is the one that would typically include as the
first meal of the day (i.e. within two hours after getting up in the morning at weekdays e.g. at
home, at school, on the way to school or before entering the school class and before 11.00 a.m.
on weekends) choices from the following three food groups: Milk and milk-derived products;
cereals (preferably whole grain); and fruits (fresh fruits or natural juices; no sugar) (103). Using
data from the 24-h recalls and on the basis of the aforementioned definition of ideal breakfast, a
categorical variable was developed to assess the adequacy of children’s breakfast consumption.
More specifically the following categories were created: 0 = salty, sweet or other savoury
snacks, 1 = zero portions of dairy products, cereals and fruits, 2 = one portion of dairy products
or cereals or fruits, 3 = one portion of dairy products and one portion of cereals or fruits, 4 = one
or more portions of dairy products, cereals and fruits. Data from 24-h dietary recalls were also
used to define meal frequency. In turn, meal frequency (i.e. no of meals per day) was assessed by

summing the number of meals in which any portion of food was consumed.

2.6.1.3. Assessment of dietary intake underreporting

In order to detect those children that were underreporting their dietary intake the ratio of daily
energy intake to estimated basal metabolic rate was calculated. The basal metabolic rate was
assessed according to the equations of Schofield (104), taking into account age, sex and weight

of children. To identify subjects that underreported their dietary intake during the 24-hour recalls
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the cut-off points of energy intake / basal metabolic rate ratio proposed by Sichert-Hellert al.
(105) were used for boys and girls aged 6-13 years, respectively. Those subjects found to
underreport their energy intake were excluded from further analysis with regards to 24-hour
recall dietary intake data.

2.6.2. Physical activity levels
2.6.2.1. Subjective and objective methods to assess physical activity levels.

Physical activity during leisure time was assessed using a standardized activity interview,
based on a questionnaire completed by the participants in the presence of a member of the
research team. This questionnaire is a valid one that has been extensively used to assess physical
activity levels in children and further details regarding its reliability and validity are provided
elsewhere (106, 107). Respondents reported the time spent on various physical activities on two
weekdays and one weekend day, most preferably Sunday. Reported activities were grouped by a
member of the research team into moderate-to-vigorous physical activities (MVPA) (intensity
higher than 4 metabolic equivalents, METSs), including activities such as brisk walking,
bicycling, gymnastics, dancing, basketball, soccer, athletics, tennis, swimming, jumping rope
and general participation in active outdoors games. Given the age group, MVPA was defined as
continuous physical activities causing sweating and heavy breathing for periods longer than 15
min, but with occasional breaks in intensity, rather than the strict aerobic definition of 20
continuous minutes appropriate for adults. Physical activity levels that have been proposed to
positively affect cardio-respiratory function and to produce desirable health outcomes (i.e. better
weight, glycaemic, lipidaemic control etc.) is those higher than 4 METs, which corresponds to

the level of moderate, vigorous and very vigorous physical activity (108, 109).

To assess step count as an objective estimate of physical activity, study participants were
provided with and instructed to wear waist-mounted pedometers (Yamax SW-200 Digiwalker,
Tokyo, Japan) for one week, i.e., from Monday to Sunday. The pedometer was positioned
according to the manufacturer’s instructions on the right waistband, vertically aligned with the
patella. Children were instructed to wear the pedometer from the time they woke up in the

morning until the time they went to bed at night (except when taking a shower, bathing or
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swimming) and to record their total number of daily steps displayed by the pedometer in diary

template before bedtime.

2.6.2.2. Sedentary activities

Children’s TV/video viewing and computer games playing time was assessed by
children’s report with regard to their TV/video viewing time and time playing computer games
during a usual weekday and a usual weekend. The mean daily TV/video viewing and computer
games playing time was calculated using the following equation: daily TV/video viewing and
computer games playing hours =((weekday TV/ video viewing and computer games playing

hours x 5) + weekend TV/video viewing and computer games playing hours)/7.

2.7. Haematological and biochemical indices.
2.7.1. Total Blood Count

Blood samples were obtained for biochemical and haematological screening tests
between 08.30 and 10.30 after a 12-h overnight fast. Reminders were distributed the previous
day to both parents and children in order to ensure compliance with fasting. Professional staff
performed venipuncture, using two types of test tubes, one of which contained EDTA, to obtain
a maximum of 10 ml blood. EDTA-blood was transferred on the same day of collection to a
local laboratory located, where it was analysed in a CELL-DYN haematological auto analyser
(Abbott Diagnostics, Abbott Park, IL, USA) for the determination of haematological indices,
including red blood cell (RBC) count, haemoglobin and mean corpuscular volume (MCV). The
remaining blood was collected in plain test tubes for the preparation of serum, which was
divided into aliquots and stored at -80°C. When blood collection was completed in
Aitoloakarnania, Thessaloniki and Iraklion, all serum samples were transported in dry ice to the
Laboratory of Nutrition and Clinical Dietetics at Harokopio University in Athens, where

biochemical analyses and central storage of back-up samples at —80°C took place.
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2.7.2. Glycaemic profile

Plasma glucose was determined using commercially available enzymatic colorimetric
assays (Roche Diagnostics SA, Vassilia, Swiss). Serum insulin was determined by a
Chemiluminescence immunoassay (Kyowa Medex Ltd, Minami-Ishiki, Japan, for Siemens
Diagnostics USA). IR was measured through homeostasis model assessment (HOMA-IR)
(Matthews et al., 1985). This index was calculated using fasting glucose (FG) and fasting insulin
(IF), as follows: HOMA-IR = (IF (punits/ml) x FG (mmol/1)/22.5. HOMA-IR > 3.16 (110)) was
used as a cut-off point to define insulin-resistant schoolchildren. HOMA-IR has been validated
as a surrogate measure of insulin resistance in non-diabetic children, with studies showing
correlations as high as 0.91 with the hyperinsulinemic-euglycemic clamp, a frequently sampled

intravenous glucose tolerance test (111).

2.7.3. Lipidaemic profile

Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and triglycerides
(TG) were determined in duplicate using commercially available enzymatic colorimetric assays
(Roche Diagnostics SA, Vasilia, Switzerland) on an automated analyser (Roche/Hitachi
Modular). Low-density lipoprotein cholesterol (LDL-C) was calculated by the Friedewald
equation (112). The LDL-C/HDL-C and the TC/HDL-C ratios were also estimated. The National
Cholesterol Education Program (NCEP) cut-off points for blood lipids were used to define
dyslipidaemias (113).

2.7.4. Iron status

Serum iron and total iron binding capacity (TIBC) levels were determined by
colorimetric assays (Roche Diagnostics SA, Basel, Switzerland). Transferrin saturation (TS) was
calculated by dividing serum iron by TIBC and multiplying by 100. Finally, serum ferritin was
measured by using a chemiluminescence immunoassay (Siemens Healthcare Diagnostics,
Tarrytown, New York, USA). Iron deficiency (with or without anaemia) and iron deficiency
anaemia (IDA) were defined using the following age- and sex-specific thresholds proposed by
UNICEF and the World Health Organization (114): ID was defined as TS < 16%; IDA was
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defined as TS < 16% and haemoglobin concentration < 12 g/dl, which is the threshold value for
anaemia for children aged 9-13. The Mentzer Index [MCV (fl)/ RBC (M/ul)] ™ was also
calculated for all pupils participating in the current study to differentiate beta-thalassemia from
ID. On the basis of this index, children with thalassemia minor (18 cases) were excluded from

further analysis.

2.8. Information obtained by parents (parental questionnaire)

Socio-demographic data, maternal weight and perinatal data were either reported by the
parents or recorded from the children’s birth certificates and medical records that the parents
were instructed to bring along during scheduled interviews conducted at school-site. If parents
were unable to attend the meeting (approximately 5% of the total sample) data were collected
via telephone interviews. All interviews were conducted with the use of a standardized
questionnaire by members of the research team who had been rigorously trained to minimize the

interviewer’s effect.

2.8.1. Perinatal factors

Mothers were asked to recall and report the following perinatal information: (a) age of
maternal menarche; (b) parental weight and height from which body mass index was calculated
and used to categorize each parent into normal-weight, overweight and obese on the basis of
IOTF’s cut-off points (116); (c) maternal weight before pregnancy and weight gained during
pregnancy based on the classification recommended by the Institute of Medicine (IOM) (117));
(d) type of conception, i.e., natural conception or in vitro fertilization; (€) smoking habits during
pregnancy; (f) use of nutritional supplements during pregnancy; (g) medical history of
gestational diabetes mellitus and high blood pressure; (h) type of delivery (normal vs.
caesarean); (i) parity; (j) children’s feeding practices from birth to 6 months of age, i.e.,
exclusive breastfeeding vs. use of formula or mixed feeding; age at which formula was
introduced; and weaning age; and (k) children’s growth rate during the first 6 months of life.
Birth weight and gestational age were recorded from each child’s birth certificate and medical

record and were used for the classification of children into small for gestational age (SGA, <10th
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percentile), appropriate for gestational age (AGA, 10 to 89th percentile) and large for gestational
age (LGA, > 90th percentile).

2.8.2. Family socio-demographics and parental anthropometric characteristics.

Data on the socio-economic and demographic background of the families having at least
one child participating in the study were collected from the parents (most preferably from the
mother) during the scheduled face-to-face interviews at the school-site All interviews were
conducted by a research team of ten members who were rigorously trained to minimize
interviewer’s effect with the use of a standardised questionnaire. More specifically the data
collected by parents included (a) demographic characteristics, such as parent’s age, educational
level (years of education), origin and nationality (b) economic characteristics, such as family
mean annual income over the last three years (€ per year), family residence ownership (c) social
characteristics, such as family size, i.e. the number of family members living in the family
residence; the primary caregiver(s) of the child, i.e. parents, grandparents, nanny or someone
else; family type based on parental marital status, i.e. dual-parent and single-parent families with
parents that were either not married, widowed or divorced. Finally, parents reported their weight
and height, from which body mass index was calculated and used to categorize each parent into

normal-weight, overweight and obese on the basis of IOTF’s cut-off points

2.8.3. Primary caregiver’s perceptions for their child’s weight status

Maternal perceptions for their child’s weight status and body image were assessed using
a verbal and a visual classification instrument, respectively. Regarding verbal classification of a
child’s weight status, the child’s primary caregivers were asked to provide their answers to the
following two questions: “According to your perception, what is the current weight of your
child?”, and “According to your perception, what is the current height of your child?” Children’s
weight and height, as perceived by parents, were also converted to BMI by using Quetelet’s
equation (weight (kg)/height® (m?)) and thereupon their weight status was classified into
different weight categories (underweight, normal-weight, overweight and obese) by using Cole’s

cut-off points (90, 91). Regarding visual classification of a child’s body shape this was estimated
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by using the “Children’s Body Image Scale” proposed by Truby et al. (118). In brief, 2 sets of
age- and gender-specific photographs were available. Each photograph corresponded to a 10
year-old boy or a girl with a BMI on or around each of the seven conventional 1979 NCHS
percentiles (i.e. 39, 10", 25" 50" 75 90™ and 97™) (119) More specifically, in each set one
photograph corresponded to an underweight child (3 percentile), four photographs
corresponded to children within the normal BMI-for-age percentile range (10" — 75™ percentile),
one photograph corresponded to an overweight child (90" percentile) and the last photograph to
an obese child (97" percentile). After presenting this set of photographs in random order,

mothers were asked to choose the photograph that most resembled their child’s body shape.

2.9. Statistical analyses
Power Analysis

Power calculations for obesity associations and for the regression models tested have been
conducted with the Power and Sample Size Calculation software

(http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize). Power calculations indicated

that the total sample size of over than 2000 subjects in all analyses provided enough power.

Variables

Some of the independent variables used in the current analyses were continuous while others
were categorical. Normality of the distribution of continuous variables was analysed using the
Kolmogorov-Smirnov test. Normally distributed continuous variables were expressed as mean
values + standard deviations (s.d.), skewed variables were reported as medians (25th, 75th

interquartile) and categorical variables were reported as frequencies (%).

Associations

Associations between continuous and categorical variables were examined using Student’s t-test
or one-way Analysis Of Variance (ANOVA) for normally distributed variables using the

Bonferroni correction to account for increase in type | error owing to post-hoc multiple
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comparisons and the non-parametric Mann-Whitney or Kruskal-Wallis tests for skewed
variables even though logarithmic transformations were made. The associations between
categorical variables were assessed using the chi square (x°) test and the 2-sample Z-tests for
proportions for bivariate associations whenever appropriate. In order to test the unadjusted
associations between each one of the independent variables examined and the dependent
variable, univariate logistic regression analyses were conducted and crude odds ratios (OR) with
95% confidence intervals (CI) were computed. Furthermore, adjusted OR and 95% CI were also
estimated using multivariate logistic regression analyses, including all variables which were
found to be significantly (P<0.05) associated with childhood overweight/obesity at a univariate

level.

Principal components analysis (PCA)

Principal components analysis (PCA) was used to identify lifestyle patterns. The Kaiser-Meyer-
Olkin (KMO) criterion was applied and it was equal to 0.6. The orthogonal rotation (varimax
option) was used to derive optimal non-correlated components (lifestyle patterns). To decide the
number of components to retain, Kaiser criterion (Eigen values>1) was used. Factor loadings
represent the correlations of each habit with the lifestyle pattern score. Higher absolute values of
factor loadings indicate that the habit predictor contributes most to the construction of this
particular component. The lifestyle components (patterns) were named according to the factor
loadings of those behaviours correlated most with the component (factor loadings > |0.4]). When
a behaviour had a factor loading value > |0.4| in more than one component, then this behaviour

was used to name the component for which it had the higher factor loading value.

Level of statistical significance and statistical analyses software

All reported P-values were based on two-sided tests. The level of statistical significance in all
analyses was set at p<0.05. The SPSS v. 13.0, 16.0, 17.0 and 21.0 (SPSS Inc., Texas, USA) and
STATA (Stata Corp., College Station, TX, USA) statistical softwares were used for all statistical
analyses and whenever appropriate.
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3. Results and discussion
3.1. Assessment of children’s health status (Papers I, 111, 1V, V and VIII).

Paper |

The prevalence of overweight and obesity among Greek children has increased over the

last decades (9). The rates of childhood overweight and obesity in Greece are similar or slightly
higher to those reported in other European countries (120, 121). As with adults (122), the
adoption of adverse obesogenic behaviours by children seem to have a socio-economic,
demographic and cultural pattern (123, 124). Taking the above into consideration, the
preliminary Healthy Growth Study data collected from measurements conducted in the county of
Attica during the first year of the study were used to record the prevalence of overweight and
obesity in urban primary schoolchildren in relation to several family socio-demographic factors.
A representative sample of 729 schoolchildren (379 males and 350 females) aged 9-13 years old,
stratified by parental educational level, was examined in the wider urban region of Athens.
Weight and height were measured using standard procedures and equipment. The International
Obesity Task Force thresholds were used for the definition of overweight/obesity (125). Several
socio-economic and demographic data and child’s “popularity” score were also recorded with

specifically designed standardized questionnaires.

The overall prevalence of overweight and obesity was found to be 27.9% and 10.9%,
respectively, with the prevalence of obesity being significantly higher in boys compared to girls
(15.1% vs. 6.6%, P<0.001). Furthermore, non-participation to the full measurements of the study
was not found to affect the representativeness of study sample since no statistically significant
differences were observed between “full participants” and “weight and height participants” with
respect to prevalence rates of overweight and obesity (P=0.270), thus reducing the chance of any
potential bias deriving from non-participation to all measurements described in the full protocol
of the present study. This should be highlighted as one of the novelties and strengths of the
present study, since a main source of bias in epidemiological studies is the lack of the
representativeness of the study population due to non-participation. Table 2 presents the
prevalence rates of overweight and obesity observed for “full participants” and “weight and

height participants™ in the first year of measurements in the Healthy Growth Study.
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Table 2. Prevalence of overweight and obesity in “full participants” and “weight and height

participants”. Preliminary data from the Healthy Growth Study.

Weight Groups Full participants (n=729) Weight and height ~ All Subjects
Male Female Total participants (n=472) (n=1201)
(n=379) (n=350) (n=729)
Underweight 7 (1.8) 16 (4.6) 23 (3.2) 19 (4.0) 42 (3.5)
Normal-weight 201 (53.0) 208 (59.4) 409 (56.1) 284 (60.2) 693 (57.7)
Overweight 113 (29.8) 103 (29.4) 216 (29.6) 119 (25.2) 335 (27.9)
Obese 58 (15.1) 23 (6.6)" 81 (11.1) 50 (10.6) 131 (10.9)

All data are presented as n (%); ~ P<0.001 for differences between genders derived from the x*-test.

Comparing the findings of the present study regarding the prevalence of overweight and
obesity with those reported for other European countries (121) there seems to be a geographic
variation. Precisely, the prevalence reported from studies conducted with children living in
southern European countries surrounding the Mediterranean, including the current study, ranged
between 20 and 41% and was considerably higher compared to the prevalence reported for
northern areas in Europe that showed prevalence rates in the range of 10 to 20% (121). Several
potential explanations have been proposed for these north-south differences in the prevalence of
childhood overweight/obesity in Europe including higher stature and resting energy expenditure
for children living in northern latitudes and the genetic predisposition towards weight gain in
children living in southern Europe (121). As far as Greece is concerned the prevalence of
overweight and obesity reported in the present study was comparable to the prevalence reported
by other recent studies conducted with 10 to 12 years old children living in urban and semi-
urban areas from southern (29.8% overweight and 14.9% obesity) (9), northern (25.3%
overweight and 5.6% obesity) (20), western (34.3% overweight and 9.6% obesity) (27) and
eastern (30.3% overweight and 6.7% obesity) (9) parts of Greece. Similarly to the current study
the prevalence of obesity was also found to be significantly higher in male than female subjects
in almost all of the aforementioned studies. The IOTF cut-off points were used for screening

children’s overweight/obesity in all of these studies.
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Papers V

The results of Paper V on the prevalence rates of dyslipidaemias are summarized in
Table 3. These data are consistent with those presented by similar studies conducted in Greece
(126), and the United States (127). However, gender-specific prevalence of hypertriglyceridemia
has been rarely investigated in children and adolescents and has produced inconsistent results

(128, 129), precluding comments on our findings for higher prevalence in girls.

Table 3. Prevalence of overweight, obesity and dyslipidaemias’ in children.

Boys Girls Total
(n=1018) (n=1025) (n=2043)
% % %

Weight status

Normal-weight 56.0 62.1 59.0

Overweight 30.7 28.6 29.7

Obese 13.3" 9.3 11.3
Total cholesterol (mg/dL)

<170° 55.7 57.9 56.8

170-199° 30.7 29.2 30.0

>200 ° 13.6 13.0 13.3
HDL cholesterol (mg/dL)

>35° 96.6 95.6 96.1

<35 ¢ 3.4 4.4 3.9
LDL cholesterol (mg/dL)

<110°® 715 75.5 73,5

110-129° 18.1 16.0 17,0

>130 ¢ 10.4 8.5 9,4
Triglycerides (mg/dL)

<75° 80.3" 72.8 76.5

75-99° 13.0° 16.7 14.8

>100 ° 6.8 10.5 8.7

“P < 0.05 for differences between sexes based on the chi-square test and the two-sample z-test for
proportions.

TAdapted from NCEP guidelines for children and adolescents. Letter superscripts indicate grouping
based on the proposed thresholds of serum lipids, i.e. * Acceptable levels; ® Borderline-high levels;
® High levels, * Low levels

Papers V111
Paper VIII revealed a relatively high prevalence of IR (i.e. HOMA-IR < 3.16) in the total
sample of children (i.e. 28.4%) (Table 4). Previous epidemiological studies conducted in the

USA (130) and Italy (131) showed that weight status had a strong impact on the prevalence of
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IR in adolescents. More specifically, in the first study, the prevalence of IR was 3.1%, 15% and
52.1% in normal-weight, overweight and obese adolescents, respectively (using HOMA-IR >
4.39 as the threshold), while in the second study IR was present in 3% and 40.8% of normal-
weight and obese subjects, respectively (using HOMA-IR > 2.5 as the threshold). All
aforementioned findings are indicative of a direct positive association between children’s BMI
and HOMA-IR levels, already confirmed by earlier studies (132). In this context, the
considerably high prevalence of overweight and obesity (29.7% and 11.3%, respectively)
recently reported for the current population (133) could provide the basis for the high prevalence
of IR observed in this study. However, as there is no widely acceptable definition for IR,

comparisons of prevalence data reported in the current and by other studies are not feasible (134)

Table 4. Prevalence of insulin resistance in children.

Boys Girls Total
(n=1097) (n=1098) Sample
B (n=2195)
n (%) n (%) n (%)
Insulin Resistance (HOMA-IR<3.16) 249 (22.7) 375 (34.2)" 624 (28.4)

"Significantly different from boys (chi-square test).

Papers Il

Greece is one of the leading countries in Europe with respect to the prevalence of
childhood obesity (135, 136). As adipose tissue accumulates in excessive amounts in the body
several metabolic alterations begin to occur (35). Research has shown that overweight and obese
children are at higher risk for the development of adverse lipidaemic and glycaemic profiles
compared to lean children (137). While levels of obesity among Greek children are increasing,
physical activity and consequently fitness levels are decreasing (138). There is strong evidence
for an inverse association of physical activity and fitness levels with cardiometabolic risk (139).

44



In adults, there is strong evidence supporting that low fitness is a stronger risk factor for CVD
than obesity (140, 141). However, in children, there are few studies examining the combined
effect of different levels of body weight and physical fitness on cardiometabolic risk factors
(142). Taking the above into consideration Paper Il aims to confirm the strong link between
childhood obesity and cardiometabolic risk and to examine whether the negative effect of fatness

is greater than the protective effect of fitness on several cardiometabolic risk indices in children.

The findings of the present study indicate that the lipidaemic and glycaemic profiles were
better in the ‘leaner and less fit’ compared to the ‘heavier and more fit’ groups in both sexes
(Table 5). The interpretation of the diametrically opposed findings reported for children in the
current study especially when compared to adults could be based on a developmental basis.
More specifically, younger people have healthier tissues to begin with and their homeostatic
mechanisms work better (143). A young, lean and unfit person may deal better with the
cacostatic load of unfitness than a middle-aged, lean and unfit person. The opposite may be true
for a young, fat but fit person, on whom the cacostatic load of obesity may be higher compared

to that of a middle-aged, fat and fit person.

Table 5. Cardiometabolic risk profile indices across BMI and fitness groups presented by

gender.
Leaner and Intermediate Heavier and
less fit groups more fit P-value”
Boys (n=158) (n=957) (n=107)

TC (mg/dl) 170.5 + 30.5 167.3 £32.5 168.1 +33.4 0.500
HDLC (mg/dl) 63.3+ 153" 58.6+15.2 57.6%+12.3 0.003
LDLC (mg/dl) 96.5 +25.7 96.6 + 28.1 99.3 +30.5 0.196
Triacylglycerols (mg/dl) 53.6 £23.6 60.8 £29.6 56.4+£24.0 0.049
TC/HDLC 2.8+0.77 3.0+0.8 3.02¢+0.7 0.005
HDLC/LDLC 0.7+0.2 0.6+0.3 0.6+0.6 0.846
Glucose (mg/dl) 92.7+10.1 93.3+10.2 93.8+10.0 0.270
Insulin (uU/ml) 84+4.6" 113492 1114+ 6.1 0.002
HOMA-IR 1.9+ 1.1° 26+22 257413 0.005
SBP (mmHg) 1142+106"  1213+13.4  123.7%+144  <0.001
DBP (mmHg) 65.8+9.6 69.3+10.0 70.0F £ 9.3 <0.001
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Girls (n=231) (n=849) (n=108)
TC (mg/dI) 1642 +32.2 166.0 + 30.9 162.4 +30.6 0.883
HDLC (mg/dl) 60.5+14.27 57.3+14.5 56.3 +14.0° 0.003
LDLC (mg/dl) 92.0+25.6 92.7 +25.1 94.3+25.6 0.682
Triacylglycerols (mg/dl) 58.7+18.6" 67.9+29.7 66.7 +25.0 0.001
TC/HDLC 2.8+0.5 3.0+0.8 3.0+0.7} 0.005
HDLC/LDLC 0.7+0.2° 0.6+0.3 0.6 = 0.3 0.002
Glucose (mg/dl) 91.1+£9.2 91.1+93 90.8 + 8.2 0.525
Insulin (uU/ml) 9.7+4.9" 14.0+8.2 155+7.7¢ <0.001
HOMA-IR 22+1.17 31+1.7 34+1.7 <0.001
SBP (mmHg) 117.0+12.3"  1213+13.5  120.6+13.3%  <0.001
DBP (mmHg) 69.3+9.7 713497 71.0+9.8 0.214

TC, Total cholesterol; HDLC, High-density lipoprotein cholesterol; LDLC, Low-density lipoprotein
cholesterol; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance.

*Leaner and less fit: 1% quartile of BMI and 1% quartile of ERT score; Heavier and more fit: 4™ quartile of
BMI and 4™ quartile of ERT score; Intermediate groups: all other children

“Derived from a four-level random intercept linear regression analysis, after controlling for children’s
Tanner stage and parental educational level

T P<0.05 “Leaner and less fit” group vs. other two groups; * P<0.05 “Heavier and more fit” group vs.
other two groups

In summary, Paper II reported a lower cardiometabolic risk for ‘leaner and less fit’ children
compared to their ‘heavier and more fit’ peers. These differences suggest that fatness may
attenuate the benefits of fitness and physical activity on CVD risk factors in children and that,
contrary to the findings in adults, leanness may be more important, from a cardiometabolic
health benefit perspective, compared to fitness in children. An intriguing question, then, is at

what age the situation is reversed, suggesting the need for future research.

Papers 111 and 1V

It is well established that excess adiposity in both adults and children is strongly
associated with several cardiometabolic complications (i.e., metabolic syndrome, insulin
resistance, and dyslipidaemias) (144, 145). In addition, although contradictory at first sight,
obesity has also been associated with nutritional insufficiencies (43, 44). Specifically,
overweight and obese individuals seem to be at higher risk for iron deficiency (ID) than those
having normal body weight (45-47) and these findings have been consistent in both children (48-
51) and adults (51-53). In papers Il and IV we set out to investigate the double burden of iron
deficiency, with or without anaemia, and excess adiposity assessed either with BMI and WC or
with total and visceral fat mass levels in 9-13 year children.
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Overall, the prevalence of ID reported by the present study was found to be remarkably
high for obese as well for centrally obese children and for children in the highest quartiles of
percentage body fat and visceral fat mass quartiles, ranging from 16.0 to 27.0%. Table 6 presents
the prevalence rates of ID and ID anaemia by weight status groups in the population under study.

Table 2. Prevalence of iron deficiency and iron deficiency anaemia by weight group in
children.

Iron status categories (% of Normal-weight  Overweight Obese P-value*
total)
Boys (n =685) (n=391) (n=165)
ID 15.5%° 20.3°° 28.6°°  <0.001
IDA 1.4° 2.8 5.3° 0.029
Girls (n=751) (n =380) (n=120)
ID 14.3 18.2° 28.9*° 0.002
IDA 2.0° 3.3 8.2%" 0.003

ID, iron deficiency (with or without anaemia); IDA, iron deficiency anaemia;
‘Derived from the Pearson j* test. Values marked with the same superscript letters are significantly
different (P < 0.05 after two-sample Z-test, as appropriate).

These values are similar or higher than those reported for overweight Swiss and Israeli
children and adolescents (i.e., 20% and 12%, respectively) (50, 146). In these two studies, as
well as in the current one, the definition of ID was based on reliable biochemical markers of iron
status, such as serum transferrin receptor concentration, TS and free erythrocyte protoporphyrin
concentration. However, the prevalence of ID reported by the present and the two
aforementioned studies was considerably higher compared to similar data from the United States
of America (48), since, according to the 3rd National Health and Nutrition Examination Survey
(NHANEYS), the prevalence of ID in obese children and adolescents was 2.4% and 9.1%,
respectively. The use of serum ferritin as one of the diagnostic criteria for 1D could probably
provide an explanation for the lower prevalence of ID observed in the American population.
Ferritin is an acute-phase protein and its serum levels are plausibly elevated in states of chronic
or acute inflammation (147). Considering that excess total and, especially, visceral fat mass
represents a chronic inflammatory state, the increased levels of serum ferritin in overweight and

obese children could have contributed to an underestimation of the prevalence of ID in this
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cohort. This hypothesis is strengthened by a more recent study that also used NHANES data to

examine the incidence of ID among overweight female adolescents (46).

The mechanism linking obesity with ID has not yet been elucidated. One proposed such
mechanism is low dietary iron intake by overweight individuals. Still, the available literature in
this regard remains controversial. Although a study on Greek adolescents reported low iron
intakes by overweight pupils (148), other recent studies did not find any significant differences
in iron intake between obese and non-obese children and adolescents (46, 52, 146). Similarly,
the present study did not show any significant differences in dietary iron intake between weight
and waist circumference groups and among quartiles of total and visceral fat mass. Differences
in the dietary intakes of specific nutrients that either enhance (vitamin C) or inhibit (calcium,
dietary fibre) intestinal non-haeme iron absorption (149) could also provide an explanation for
the depleted iron stores observed in children with increased adiposity. However, in line with
other recent studies (52, 56, 146), the present study did not detect any such differences, with the

exception of dietary fibre intake, which was higher in obese compared to normal-weight girls.

The positive associations found in the present study between total and regional excess
adiposity indices and ID in both sexes (Table 7) support the hypothesis that the bioavailability of
iron may be modulated by factors linked to chronic inflammation induced by excess adiposity.
In particular, the increased levels of inflammatory cytokines found in obese individuals (150)
have been inversely associated with serum iron levels (56). Low iron bioavailability as a result
of increased sequestration by high amounts of ferritin has also been proposed as a factor
contributing to the hypoferremia of obesity (151). Furthermore, serum levels of hepcidin, which
is the main regulatory hormone of iron absorption and recirculation, were higher in overweight
children, adolescents (54, 146) and adults (56) than in normal-weight peers. Adipose tissue-
derived cytokines (such as interleukin-6 and leptin), produced in response to obesity related-
inflammation, promote hepcidin gene transcription (152). This results in increased serum
hepcidin levels that lead to the sequestration of iron within the reticuloendothelial system and to
decreased dietary iron absorption from the intestine by controlling the expression of ferroportin
1 at the basolateral membranes of the enterocytes. Consequently, there is hypoferraemia and

diminished availability of iron for erythropoiesis (153).
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Table 7. Adjusted odds ratios (95% confidence intervals) for Iron Deficiency with and without
anaemia among children with different BMI, waist circumference, percentage of body fat and
visceral fat mass, controlling for other important covariates.

Boys (n=740) Girls (n=753)
n Model 1 Model 2 n Model 1 Model 2

Weight Categories

Normal-weight 421 1.00 1.00 461 1.00 1.00

Overweight 226  2.14 (1.28-3.54) 2.13(1.27-3.60) 215 1.09 (0.65-1.84) 1.11(0.64-1.94)

Obese 93 1.64(0.80-3.34) 1.62(0.78-3.37) 77 2.43(1.29-458)  2.25(1.14-4.46)
Waist Circumference groups

Normal 613 1.00 1.00 614 1.00 1.00

Central Obesity 127  1.62 (0.93-2.84) 1.64 (0.92-2.95) 139 2.39(1.44-3.96) 2.23(1.30-3.83)
Body Fat Quartiles

Lower quartile 183 1.00 1.00 189 1.00 1.00

Medium quartiles’ 374 1.24 (0.65-2.35)  1.19 (0.62-2.30) 371 1.31(0.71-2.43) 1.12(0.59-2.15)

Higher quartile 183 2.48(1.28-4.81) 2.48(1.26-4.88) 193 2.23(1.16-4.27) 2.12 (1.07-4.20)
Visceral Fat Quartiles

Lower quartile 217 1.00 1.00 188 1.00 1.00

Medium quartiles’ 346  1.81(0.98-3.35) 1.71(0.92-3.20) 381 1.27(0.70-2.32)  1.30 (0.69-2.45)

Higher quartile 177 216 (1.11-4.23) 2.12(1.07-4.19) 184 2.06 (1.08-3.93) 2.17 (1.09-4.34)

Model 1: unadjusted; Model 2: adjusted for dietary iron, calcium, vitamin C and fiber intake, maternal educational level, Tanner stage and
menarche (girls only).
TQuartiles 2 and 3 in each case were combined to the “medium” quartiles.

Further to the above and as summarized in Table 8 overweight and obese children were

found to have significantly higher serum levels of cytokines (i.e. IL-6 and CRP) and hepcidin (at

borderline significance) as well as in the prevalence of ID compared to their normal-weight

peers.
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Table 8. Differences in serum cytokines and hepcidin levels (all as mean = SD) and in the
prevalence of iron deficiency in children of different weight status (n=1812)

Normal-weight Overweight Obese P value
CRP (ng/ml) 769.9 + 1465.1%°  1608.7 +2222.6"°  2900.1 +2902.4*> < 0.001°
IL-6 (pg/ml) 0.98 + 0.95%¢ 1.17 + 1.04°¢ 1.29 + 0.80%" <0.001"
Hepcidin (ng/ml) f(n=395) 170.0 + 93.3 201.9+122.2 196.7 + 120.9 0.050"
Iron deficiency (%) 17.4° 19.6 28.2%" 0.001*

$Derived from the non-parametric Kruskal-Wallis test; "Derived from one-way ANOVA, *Derived from Pearson
chi-square test.

abe |dentical superscript letters denote significant differences between groups (P < 0.05 after post-hoc multiple
comparisons using the Bonferroni rule in the case of normally distributed continuous variables, Mann-Whitney test
in the case of non-normally distributed continuous variables and the 2-sample Z-test for proportions in the case of
categorical variables).

T: Parameter was log-transformed.
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Figure 5. Prevalence of iron
deficiency by tertile of CRP levels
in non-obese (that is, normal-
weight and overweight) and obese
children
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In an attempt to further elucidate the association between ID and obesity-induced
inflammation the present study showed an increasing trend in the prevalence of ID with

increasing CRP levels, in obese children (P< 0.001).

These associations may have important public health implications, since they point to the
need of taking into account children’s weight status when providing recommendations for

dietary iron intake or when assessing children’s iron status.
y g
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3.2. Diet and physical activity behaviours related to children’s health status (Papers V and
VI)

Papers V and VI

Although childhood obesity has strongly been associated with several energy balance
related behaviours, the actual aetiology of increased adiposity in children requires further
investigation due to its complex and multifactorial nature. In this context, it is very important to
examine the possible synergistic effect of several lifestyle factors on adiposity and related
metabolic complications, such as dyslipidaemias, in children (65). A common approach to
examine the possible synergy of such factors is the development of specific dietary and lifestyle
patterns. Principal component analysis (PCA) is frequently used for this purpose, since it enables
the grouping of several strongly associated behaviours into patterns. Therefore, the aims of
papers V and VI were to examine dietary and other lifestyle patterns associated with adiposity
and blood lipid levels in children, offering valuable information in the field and possibly in

childhood obesity and adult cardiovascular risk reduction strategies.

The principal component analysis indicated five lifestyle components (Table 9) explaining
52.7% of the total variance with regards to the examined variables. These components were
characterized as follows: higher dairy consumption and more adequate breakfast consumption
(component 1); higher consumption of high fibre foods (component 2); more screen time, shorter
sleep duration and higher consumption of sugared-sweetened beverages (component 3); more
time spent on MVPA and more eating occasions during the day (component 4); higher red meat

and lower fish consumption (component 5).
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Table 9. Factor loadings derived from principal component analysis regarding dietary and lifestyle

factors of children 9-13 years old.

Component

Predictors 1 2 3 4 5
Dairy consumption ® 0.79" 0.15 -0.11 0.10 0.002
Fruit consumption 0.05 0.62" -0.01 0.15 0.000
Vegetable consumption -0.05 0.74 011  -0.04 0.04
Whole grain products consumption ® 0.11 0.50" -0.22  -0.09 -0.11
Red meat consumption 0.01 -0.06 0.07 0.12 0.72"
Fish consumption -0.01 -0.01 0.07 0.11 -0.75
Sugared drinks consumption © -0.17  -0.15 056"  0.36 0.11
Adequate breakfast consumption 0.76"  -0.09 -0.02 -0.13 0.03
Meal frequency 045 035 0.12 048 -0.04
Screen time ° 0.04 -0.06 0.68° -0.21 -0.02
Time spent on physical activity ° -0.04 -0004 -012 0.82° -0.001
Sleep time ' 0.03 -0.07 -058 001 0.03
Explained variance (%) 121 114 10.2 9.7 9.3

& Consumption of milk, yogurt and cheese

b Consumption of whole grain bread and cereal

¢ Consumption of regular soft drinks and sugared fruit juices

¢ Time spent on watching TV/DVD/video and/or using games consoles/computer for fun
¢ Time spent on moderate to vigorous physical activity

"Night sleep time on weekdays

“Predictor with the highest factor loading (>|0,4[) within the component

The findings of papers V and VI are supportive of the synergistic effects of distinct lifestyle-
related behaviours on childhood obesity and related cardiometabolic risk prevention. More
specifically, the following three dietary and lifestyle behavioural patterns were negatively
associated with several indices of total and regional adiposity in children: a) higher consumption
of dairy foods and adequate breakfast consumption, b) increased consumption of high-fibre
foods and c) more time of children’s engagement into MVVPA combined with an frequent meals
consumed during the day. Last but not least and as presented in Table 10, the pattern comprising
more than approximately 45 min of MVPA and more than 5 eating occasions per day was found
to be significantly associated with reduced likelihood of dyslipidaemias in schoolchildren.

52



Table 10. Mean levels of behaviors comprising lifestyle components 3 and 4 and likelihood of dyslipidemias across quartiles

of lifestyle components 3 and 4.

Quartiles of lifestyle component 3
(more screen time, shorter sleep duration and higher consumption of sugared beverages)

1% quartile 2" quartile 3" quartile 4™ quartile P-value
Behaviours of component 3 Mean + SD Mean + SD Mean + SD Mean + SD
Screen time (hrs/day) 1.35+0.69 1.85+0.83 2.42+0.97 3.61+1.68 <0.001
Sleep duration (hrs/day) 9.42+0.58 8.98+0.52 8.73+£0.55 8.35+0.73 <0.001
Sugared beverages 21.9+57.8 44.2+82.7 82.5+117.1 221.9+222.4 <0.001"
consumption (grams/day)
Serum lipids OR (95% CI) OR (95% CiI) OR (95% ClI)
HDL cholesterol<35mg/dl’ 1.00 0.650 (0.309-1.368)  1.025 (0.530-1.983)  1.480 (0.802-2.731)
Total: HDL cholesterol >4.5 1.00 1.056 (0.563-1.979) 1.229 (0.671-2.252)  0.929 (0.490-1.764)

Quartiles of lifestyle component 4
(more time spent on physical activity and more eating occasions)

1% quartile 2" quartile 3" quartile 4™ quartile P-value
Behaviors of component 4 Mean + SD Mean + SD Mean + SD Mean + SD
Time spent on MVPA 20.0+£22.6 44.8428.6 72.4+37.7 142.0+67.7 <0.001"
(min/day)
Meal frequency (no. of 4.10+0.84 4.70+0.74 5.05+0.75 5.2240.72 <0.001
meals/ day)
Serum lipids OR (95% CI) OR (95% CI) OR (95% CI)
Total cholesterol>170 mg/dl’ 1.00 0.703 (0.554-0.909) 0.705 (0.544-0.914) 0.619 (0.476-0.805)
LDL cholesterol>110 mg/dI’ 1.00 0.674 (0.507-0.896)  0.695 (0.522-0.925) 0.667 (0.499-0.890)
Total: HDL cholesterol>4.5 1.00 0.569 (0.320-0.931) 0.308 (0.153-0.620) 0.603 (0.342-0.980)

Abbreviations: OR: Odds Ratio; CI Confidence Interval

Adjusted for gender, Tanner stage, waist circumference, parental BMI, SES and birth weight.
“ P-value derived from the non-parametric Kruskal-Wallis test.

" The cut-off values were adapted from NCEP guidelines for children and adolescents.

3.3. Determinants of behaviours related to children’s health status (Papers I, VII and
VIII).

Paper |

Several socio-economic and demographic factors that have been reported by previous
studies as correlates of childhood overweight (154, 155) were also tested in paper 1. Firstly,
lower-medium annual family income of 12,000 to 20,000 was associated with an increased
likelihood of childhood overweight/obesity compared to the higher annual family income level
of >30,000 €, both at a bivariate and at a multivariate level. Furthermore, Greek nationality was
also found to increase the likelihood of overweight and obesity in children. The vast majority of

non-Greek children, whose parents came to Greece as economic immigrants during the period of
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the economic and political transition in the 1990’s, were from Albania (75.6%) and from other
eastern European countries (i.e. Russia, Ukraine, Poland, Serbia etc) (12,6%). In these countries
Lobstein and Frelut (121) reported lower prevalence rates of childhood overweight in
comparison to children living in non-eastern bloc European countries. The implication of this
observation is that the lower prevalence of overweight also reported in the present study for non-
Greek subjects, having mainly an eastern European nationality, could be attributed to a genetic
predisposition for lower BMIs compared to Greek children. To our knowledge no evidence
exists on this topic, therefore further research, including the study of certain genes and

polymorphisms, is needed in order to shed more light to these differences.

Other important findings of Paper | were the inverse association observed between
children’s “popularity” score with overweight/obesity and the increased likelihood of
overweight/obesity for children whose primary caregiver was their grandmothers. A potential
explanation of the first association might be the fact that more athletic, normal-weight children
are usually more popular amongst their peers. Previous studies have also confirmed the
association observed in the present study between weight status and social acceptance in
populations of preadolescents. Franklin et al (156) reported that overweight was an index of less
social acceptance in girls aged 9-14 years. Furthermore, Latner and Stunkard (157) reported that
overweight and obese 10-11 year-old children were significantly less popular than their normal-
weight peers. Regarding the second association, a recent study showed that food consumption in
children was adjusted according to the stimuli induced by the food served by their caregiver,
instead of being regulated by the satiety and increased energy following the previously
consumed meals (158). In most cases grandparents tend to believe that overweight signifies
healthiness (159) or that young children may grow out of being overweight (160) thus tending to
overfeed their grandchildren. Furthermore, Gordon-Larsen et al (161) in a study of girls aged 6-9
years observed that caregivers, including grandmothers, influenced their children in adopting a
sedentary lifestyle, as they considered sedentary habits, such as TV viewing, an easier way of

having control of their children. All abovementioned associations are summarised in Table 11.

The associations observed in the present study could have important future public health
implications for the prevention of childhood obesity. Appropriate interventions and population-
based strategies are needed, targeting lower income families, less popular children and probably

families with both parents working and grandmothers as children’s primary caregiver.
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Table 11. Crude and adjusted Odds Ratios (OR) and 95% Confidence Intervals (95%C.I) for the
association between overweight/obesity with several socio-economic and demographic factors in

“full participants” (n=729). (Cells in bold indicate statistically significant Odds Ratios)

Overweight/Obese

% Crude OR (95% CI) Adjusted OR (95% CI)

Annual Family Income (€ per year)

>30,000 385 1.00 1.00
<12,000 33.9 0.81 (0.54-1.27) 1.05 (0.61-1.86)
12,000-20,000 49.7 1.56 (1.07-2.35) 1.61 (1.03-2.61)
20,000-30,000 41.0 1.06 (0.70-1.79) 1.02 (0.62-1.67)
Parents’ Nationality

Non-Greek nationals 35.8 1.00 1.00
Greek nationals 441 1.38 (1.03-1.96) 1.04 (0.65-1.68)
Residence ownership

No 344 1.00 1.00

Yes 46.7 1.68 (1.22-2.25) 1.58 (0.98-2.20)
Child’s primary caregiver

Parents 39.0 1.00 1.00
Grandfather 48.8 1.43 (0.74- 2.85) 1.66 (0.83- 3.19)
Grandmother 46.9 1.38 (1.03 - 1.98) 1.53 (1.05-2.29)
Nanny/ Someone else 45.9 1.34 (0.67- 2.63) 1.62 (0.82- 3.10)
“Popularity” score - 0.40 (0.17-0.97) 1.09 (0.65-1.84)
SES of residence region

Lower 38.6 1.00

Medium 42.8 1.15(0.81-1.62)

Higher 39.9 1.05 (0.72-1.58) i
Fathers’ age categories

Lower Tertile (<41 years old) 43.6 1.00

Medium Tertile (41-46 years old) 37.9 0.80 (0.57-1.14) i

Higher Tertile (>46 years old) 44.0 1.00 (0.66-1.48)
Mothers’ age categories

Lower Tertile (<38 years old) 44.4 1.00

Medium Tertile (38-42 years old) 40.1 0.83(0.57-1.18) i

Higher Tertile (>42 years old) 40.1 0.81 (0.55-1.22)

Paternal Educational level

Low (£ 9 years of education) 39.1 1.00

Medium (> 9 and < 14 years of education) 455 1.26 (0.78-1.92) i

High (>14 years of education) 36.6 0.93 (0.59-1.46)

Maternal Educational level

Low (£ 9 years of education) 38.6 1.00

Medium (> 9 and < 14 years of education) 42.7 1.17 (0.74-1.80) i

High (>14 years of education) 42.3 1.13 (0.69-1.85)

Parental marital status

Core Families-Married Parents 41.6 1.00

Single parent families-Not married Parents 53.3 1.50 (0.52-4.26) -

Single parent families-Widowed Parent 53.8 1.61 (0.52-4.91)

Single parent families-Divorced Parents 42.3 1.05 (0.58-1.89)

Family size (no. of family members)

0.94 (0.77-1.11)

55



Papers V111

Heath status indices (123) seem to follow a socioeconomic and demographic distribution.
However, the available evidence on the relationship between health status in children and family
socio-demographics is scarce. Paper VIII, revealed several significant positive univariate
associations of IR in children, with female sex and non-Caucasian race. On the other hand,
higher paternal educational level (i.e. >16 years) and higher annual family income (i.e. > 30,000
€/year) decreased the likelihood of IR. Although these associations have also been reported in
earlier studies (162), in our study, most of these correlation lost their statistical significance
when they were tested at a multivariable level. Female children and those of families with higher
(12,000-30,000 € and >30,000 €) annual income were the two main socio-demographic indices
that were independently associated with IR at a multivariable level (Table 12).

While the increased odds for IR in girls compared to boys could be attributed to their earlier
pubertal development and the subsequent hormonal changes, still adjustments made for Tanner
stage did not weaken the statistical significance of this association (163). The sex difference in
insulin resistance could not be explained by differences in individual anthropometric variables,
since compared with girls, boys had significantly higher BMI levels. Sex-linked genes may
account for the intrinsic sex difference observed and such genes may have an important impact
on the development of insulin resistance (164). Regarding the association reported in the current
study between lower annual family income and IR in children, there is general consensus in
social and health sciences of an increased risk for obesity and related metabolic disorders,
including IR, in children of lower socio-economic status in several developed countries (165).
Lower socio-economic status (SES) of the family most commonly defined as lower family
income or parental educational level has been reported to be positively related to adverse health
behaviors followed by children, including higher consumption of high energy and glycemic
index foods and beverages, such as fats, sweets, sugar-sweetened beverages etc. (166-168).
Furthermore, mothers of lower SES could be less aware of healthy practices during their child’s
early development, thus increasing the odds for smoking and excess weight gain during

pregnancy, formula- instead of breast-feeding of their baby, etc.
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Table 12. Adjusted* odds ratios (95% confidence intervals) for the association of family socio-economic and
demographic factors with insulin resistance in children.

Odds ratio (95% confidence interval)

Insulin resistance P-value

Maternal menarche age (years) 1.01 (0.93-1.09) 0.864
Race

Caucasians 1.00

Non-Caucasians 1.68 (0.81-3.46) 0.161
Paternal education

< 9 years 1.00

9-12 years 0.76 (0.52-1.06) 0.088

12-16 years 0.99 (0.70-1.41) 0.964

> 16 years 0.78 (0.48-1.28) 0.329
Maternal education

< 9 years 1.00

9-12 years 1.22 (0.89-1.68) 0.224

12-16 years 1.15 (0.80-1.65) 0.449

> 16 years 1.14 (0.65-2.01) 0.638
Family income (€/year)

< 12,000 1.00

12,000-30,000 0.71 (0.53-0.95) 0.020

> 30,000 0.68 (0.48-0.96) 0.029
Gender

Boy 1.00

Girl 1.67 (1.30-2.13) <0.001

Figures in bold indicate statistically significant odds ratios.
*Adjusted for children’s BMI , Tanner stage, parental weight status and certain perinatal factors.

Paper VII

Parents are very influential in shaping early dietary and physical activity patterns in their
children and their ability to recognize the problem of increased adiposity in their own child has
been reported as another important determinant of childhood overweight (169). In general it is
very critical for parents to be able to make a distinction between normal versus abnormal levels
of adiposity to ensure that appropriate preventive and corrective interventions are implemented.
However, several studies have shown that a significant number of parents are unable to correctly
perceive and report their child’s weight status either verbally or visually (120, 170-182) or in
both ways (183-185). This observation implies that public health messages regarding the
prevention of childhood obesity may not always reach parents who often fail to identify
excessive body weight in their children. The specific characteristics of parents that are more

likely to misperceive their children’s actual weight status have not yet been identified. The
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objectives of paper VII were to examine the accuracy of maternal ability to correctly classify
their children’s weight status using a verbal and a visual classification instrument and t0 assess

the level of parental underestimation of overweight and obese children weight status .

Between the two different instruments used to assess maternal perceptions of their
children’s weight status, the verbal one was proved to be more accurate than the visual one in
correctly classifying children’s actual weight status. More specifically, 15% of mothers verbally
underestimated their children’s weight status, when they were asked to report their child’s actual
body weight and height. On the other hand, 41.3% of mothers visually underestimated their
children’s weight status, when they were asked to choose one photograph presenting body
images of boys and girls in different BMI-for-age percentiles that most resembled their child’s
body shape. These underestimation rates, summarized in Table 13, were found to be even higher
for overweight and obese children compared to normal weight ones, reaching 87.9% and 82.1%,
respectively, in overweight and obese boys, whose weight status was visually assessed by their
mothers. These findings were in agreement with those reported by other studies that examined
parental perceptions of their children’s weight status (120, 170-175, 177, 181-183).

Table 13. Maternal verbal and visual classification of children’s weight status by children’s

actual weight status.

Children’s Actual Weight Status
Primary Caregiver’s Underweight Normal-weight ~ Overweight Obese
classification of their (n=56) (n=1019) (n=574) (n=209)
children’s weight status:

Girls Boys Girls Boys Girls Boys  Girls Boys

Verbal % % % % % % % %
Underweight 61.3 429 41 48" 0.0 0.8 00 00
Normal-weight 355 571 899 848 201" 212" 41* 18
Overweight 32 00 5.8 9.7 67.7" 724" 419 373
Obese 00 00 0.2 0.7 3.1 5.1 541 60.9°

Visual
Underweight 471 50.0 112" 254" 03 0.7 12 00
Normal-weight 529 500 873 729" 671" 872" 20.9' 480
Overweight 00 00 1.1 1.3" 2270 97 302 341
Obese 00 00 0.4 0.4 9.8 2.4 477 119

Percentages in bold indicate correct weight status classification.

: P<0.001 for differences between verbal and visual classification of girls’ weight status, based on the two-sample
Z-test.
1 P<0.001 and *: P<0.01 for differences between verbal and visual classification of boys’ weight status, based on
the two-sample Z-test.
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3.4. Perinatal factors related to children’s health status (Paper VIII)

Paper VIII

Insulin resistance (IR) represents a frequent clinical condition among children and adolescents
(186). It reflects the impaired response of tissues to insulin-mediated cellular glucose uptake
(187, 188). Although the end points for cardiometabolic risk are not seen in childhood, insulin
resistance usually tracks from childhood to adulthood, indicating that the precursors of
cardiovascular disease are present early in life (189). Therefore, identification of early life risk
factors that predispose children to IR could be an important piece of information for researchers,
clinicians, and public health policymakers for establishing appropriate initiatives that will
facilitate early prevention. Following another recently published paper from the Healthy Growth
study that examined the perinatal factors associated with childhood obesity (190), paper VIII
aims to identify, among a wide range of perinatal factors, those independently associated with IR
in late childhood, also taking into account certain family socio-demographic and parental

characteristics.

This study revealed a relatively high prevalence of IR (28.4%) among 9-13 vyear-old
schoolchildren. As displayed in Table 14, paper VIII identified small birth weight and female
sex as the only perinatal factors independently associated with the occurrence of IR in late
childhood, when examined at a multivariable level with a wide range of perinatal indices, as well
as certain family socio-demographic and parental characteristics. Considering that foetal size at
birth reflects the product of the nutritional and hormonal milieu in which the foetus develops,
controlling the trajectory of foetal growth via optimization of maternal nutrition and health status

during pregnancy seems fundamental (191).
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insulin resistance in children.

Table 14. Adjusted* odds ratios (95% confidence intervals) for the association of perinatal factors with

Odds ratio (95% confidence interval)

Insulin resistance P-value

Gender

Boy 1.00

Girl 1.67 (1.30-2.13) <0.001
Mothers’ pre-pregnancy weight status

Normal-weight 1.00

Underweight 0.79 (0.49-1.23) 0.360

Overweight 0.99 (0.69-1.43) 0.965

Obese 1.66 (0.90-3.04) 0.103
Maternal smoking during pregnancy

Not Smoking 1.00

Smoking 1st trimester 1.65 (0.77-3.53) 0.195

Smoking 2™ and 3" trimester 0.57 (0.27-1.20) 0.136

Smoking 1" and 2" trimester 1.15 (0.35-3.76) 0.821

Smoking all trimesters 0.88 (0.61-1.26) 0.474
Use of folic acid: 2nd pregnancy trimester

No 1.00

Yes 0.86 (0.52-1.41) 0.550
Use of folic acid: 3rd pregnancy trimester

No 1.00

Yes 0.92 (0.55-1.53) 0.748
Birth weight for gestational age

Appropriate (10™-89™ percentile) 1.00

Small (<10" percentile) 1.41 (1.03-2.01) 0.048

Large (>90" percentile) 0.54 (0.34-0.87) 0.012
Weight gain in the first 6 months

Average (-1 to +1 z-score change) 1.00

Poor (< -1 z-score change) 0.97 (0.65-1.44) 0.869

Rapid (> +1 z-score change) 1.08 (0.83-1.40) 0.563

Figures in bold indicate statistically significant odds ratios.
*Adjusted for children’s BMI, Tanner stage, parental weight status and family socio-demographics.

3.5. Development of easy to use tools to assist health professionals in the design of effective
nutrition counselling and health education programs (Paper 1X).

Papers IX

Unhealthy dietary and other lifestyle patterns have been reported as significant risk
factors for both childhood obesity and 1D (48). Considering the above, development of practical
tools that will provide a quantitative measure of such patterns, also applicable in assessing the

risk for both obesity and ID seem very promising from a public health perspective. The
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development of an index suitable for this purpose could be one such approach. Using the
preliminary data from the Healthy Growth Study we have previously developed the Healthy
Lifestyle-Diet Index (HLD-index) to evaluate the degree of adherence to existing dietary and
lifestyle guidelines for school-aged children from the USDA’s My Pyramid
(www.mypyramid.gov) and reported significant associations with insulin resistance (192). The
aim of paper 1X was to revise the HDL-index in order to more accurately assess the degree of
children’s adherence to existing age-appropriate dietary and lifestyle guidelines based on
USDA’s Choose my Plate (www.choosemyplate.gov) and to examine the association of the

revised HDL-index (R-HDL-index) with obesity and ID.
The scoring system of the revised HLD-index (R-HLD-index) is presented in Table 15.

Table 15. The scoring system of the revised HLD-index (R-HLD-index)

Index Frequency Score
components

Fruit Never or 1-6 servings per week containing <50% juice 0
1-6 serving per week containing <50% juice or >3 servings per day >50%
juice
>3 servings per day containing <50% juice
1-3 servings per day containing >50% juice
1-3 servings per day containing <50% juice
Never

Vegetables 1-6 servings per week
1-2 servings per day or >4 servings per day
3-4 servings per day
2-3 servings per day

[EEN

OPRrWNREFPOPRPPWDN

Fish and seafood Never or rarely
>4 servings per week
1-2 servings per week
3-4 servings per week
2-3 servings per week
Sweets >1 serving per day
4-6 servings per week
2-4 servings per week
1-2 servings per week
Never or rarely
Soft drinks >1serving per day
4-6 servings per week
2-4 servings per week
1-2 servings per week
Never or rarely
Grains <1 serving per day or 1-2 servings per day and <50% whole grains
1-2 servings per day and 50% whole grains or >6 servings and <50% whole
grains
2-4 servings per day and <50% whole grains or >6 servings per day and >50%
whole grains

P OPRPOWONRPFPORRWMNPEPOBMWNEPE

N
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2-4 servings per day and >50% whole grains or 4-6 servings per day and 3
<50% whole grains
4-6 servings per day and > 50% whole grains
Milk/dairy <1 serving per day or 1-2 servings per day and >50% low- or no-fat
1-2 servings per day and >50% low- or no-fat, >4 servings per day and <50%
low- or no-fat
<4 servings per day and >50% low- or no-fat
2-4 servings per day and <50% low- or no-fat
2-4 servings per day and >50% low- or no-fat
Legumes <1 serving per week
>7 servings per week
1-3 servings per week
5-7 servings per week
3-5 servings per week
Eggs <1 serving per week
>7 servings per week
3-4 servings per week
1-2 servings per week
2-3 servings per week
Meat and meat products <1 serving per week
>4 servings per week
1-2 servings per week
3-4 servings per week
2-3 servings per week
TV viewing >4 h/day
3-4 h/day
2-3 hiday
1-2 h/day
<1 h/day
MVPA 0-15 min/day
15-30 min/day
30-45 min/day
45-60 min/day
>60 min/day

o

AP WONPFPOPRPRWONPFPOPRPWONPORMMWNPORRWNPEPOPRWDN

R-HDL-index, Revised Healthy Lifestyle-Diet index; MVPA, moderate to vigorous physical activity; TV,
television.

The total score of R-HDL-Index was obtained summing the scores assigned to each component and this score range
between 0 and 48.

Fruits: All fresh, frozen, canned and dried fruits and all fresh or packaged fruit juices with no added sugar or fat.
The serving is equal to a medium fruit or % cup of fruit juice.

Vegetables: All vegetables with no added sugar or fats. The serving is equal to % cup.

Total grains: All whole-grain products and refined grain products and grains, such as breads, rice, pasta, cereals,
crackers and oatmeal. The serving is equal to 1 slice of bread, % cup of cereals, pasta and rice.

Total dairy products: All milks, yogurts and cheeses. The serving is equal to 1 cup of milk or yogurt and 1.5 oz. of
cheese.

Total meat: beef, pork, lamb, goat, meatballs, poultry, rabbits and legumes. The serving is equal to 2 oz.

Fish and seafood: All fishes and octopus, squid, cuttlefish, shrimps and crabs. The serving is equal to 2 oz.

Sweets: All chocolates and cakes, biscuits, cookies, ice cream, butter cookies, traditional sweets, doughnuts,
waffles, candies, lollipops, fruits in syrup and jelly beans.

The serving is equal to 1 oz.

The total score derived from the R-HLD-index (higher scores are indicative of healthier diet and

lifestyle) was inversely associated with obesity in children, highlighting the importance of the
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revised index as a useful screening tool to be used in the design of childhood obesity prevention
initiatives. However, the R-HLD-index was not found to be significantly associated with ID.
Table 16 presents the associations between the R-HLD-index with childhood obesity as well as
with ID.

Table 16. Associations between the R-HLD-index (independent variable), iron deficiency and
obesity (dependent variables).

Dependent variable: Iron deficiency® Dependent variable: obesity?
Independent variable OR (95% CI) P-value OR (95% CI) P-value
R-HDL-Index 1.020 (0.987-1.055) 0.233 0.940 (0.895-0.988) 0.014
Tertiles of R-HDL-Index
1* tertile Reference Reference
2" tertile 1.263 (0.892-1.789) 0.356 0.648 (0.403-1.042) 0.073
3" tertile 1.095 (0.760-1.578) 0.625 0.576 (0.330-0.973) 0.039

Cl, confidence interval; R-HDL-Index, Revised Healthy Lifestyle-Diet Index; OR, odds ratio.

Adjusted for age, sex, Tanner stage, total energy intake, body mass index category.

Adjusted for age, sex, Tanner stage, total energy intake, birth weight, mother’s body mass index category
and moderate to vigorous physical activity.
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4. Conclusions and perspectives

The results presented in the current PhD thesis confirm one of the highest prevalence of

overweight and obesity (i.e. approximately 40%) for children in Greece compared to the
prevalence rates reported for children in other developed countries worldwide. Furthermore,
these results are supportive of the strong link between adiposity and related cardiometabolic
complications, namely dyslipidaemias, IR and high blood pressure, while they are also indicative
of the “double burden” paradox of obesity-related ID in children. In addition, the assessment and
combined investigation in the current thesis of several behavioural indices either as lifestyle
patters or as components of the “Healthy Diet and Lifestyle (HLD)” index, revealed several
significant associations between these behaviours and all aforementioned clinical outcomes that
could easily be translated into practical public health advice. More specifically, a lifestyle
pattern comprising higher dairy consumption with adequate breakfast consumption; a second
pattern characterized by increased consumption of high fibre foods; and a third pattern
combining higher physical activity levels with frequent meals during the day were all found to
be significantly associated with a lower likelihood of obesity and increased fat mass levels in
children. The latter pattern and precisely engagement in more than 45 minutes of moderate-to-
vigorous physical activity daily combined with at least five meals per day was also found to
significantly decrease the odds of hypercholesterolemia in children. Moreover small size of
infants at birth was the only perinatal factor that was found to significantly increase the
likelihood of IR in late childhood when examined at a multivariate level with a wide range of
other perinatal factors and after controlling for several possible socio-demographic and clinical
confounders. The aforementioned findings were combined in the development of a Healthy
Lifestyle and Diet index with higher scores in the behavioural components of this index
(indicative of a healthier diet and lifestyle) being associated with lower odds for both obesity and
IR in children.

Summarizing these findings, the current PhD thesis has managed to holistically examine a wide
range of behavioural, anthropometric and biochemical indices in order to assess health status
among children in Greece, as well as related behaviours and their determinants. The perspective
derived from all aforementioned findings could be their combined use for developing effective

public lifestyle and health recommendations. These recommendations can either be personalised
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at an individual level (i.e. according to an individual’s behavioural, anthropometric, biochemical,
and clinical profile) or tailored to the specific needs of a population group at risk for obesity and

related metabolic complications.
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Abstract

Objective: To record the prevalence of overweight and obesity in urban primary-
school children in relation to several socio-economic and demographic factors.
Design: Cross-sectional.

Setting/subjects: A representative sample of 729 schoolchildren (379 male and
350 female), aged 9-13 years, stratified by parental educational level, was exam-
ined in the urban region of Athens. Weight and height were measured using
standard procedures. The International Obesity Task Force thresholds were used
for the definition of overweight and obesity. Several socio-economic and demo-
graphic data and the child’s ‘popularity’ score were also recorded with specifically
designed standardized questionnaires.

Results: The prevalence of overweight and obesity was 29-6% and 11-1%,
respectively. Annual family income of €12000-20000 (OR=1-58), residence
ownership (OR=1-63) and the grandmother as the child’s primary caregiver
(OR =1-38) were significantly associated with higher odds of childhood over-
weight and obesity. Non-Greek parental nationality (OR=0-72) and higher
‘popularity’ scores of children (OR = 0-42) were significantly associated with lower
odds of overweight and obesity. The grandmother as the child’s primary caregiver
and an annual family income of €12 000-20 000 remained significantly associated
with childhood overweight and obesity after adding all significant correlates of
childhood overweight and obesity observed at the bivariate level in a multivariate
regression model (OR = 1-51 and 1-61, respectively).

Conclusions: Among family income, residence ownership, child’s primary care-
giver, parental nationality and popularity scores that were identified as significant

Keywords
correlates of childhood overweight and obesity at the bivariate level, lower family Body mu!s index
income and grandmother as the child’s primary caregiver were the only factors that Overweight
remained significantly associated with childhood overweight and obesity at a Children

multivariate level. Socio-economic status

The prevalence of overweight and obesity among
Greek children has increased over the past decades™.
The rates of childhood overweight and obesity in Greece
are similar or slightly higher to those reported in other
European countries®?. As with adults?, the adoption of
adverse obesogenic behaviours by children seem to have
a socio-economic, demographic and cultural dimension>®.
Parental educational level, family income, ethnicity and the
child’s primary caregiver are some of the socio-economic

and demographic factors that have been previously

*Corresponding author: Email gmoschi@hua.gr

suggested to modify children’s energy balance behaviours
(i.e. dietary and physical activity patterns), thus having
either a negative or positive impact on childhood obe-
sity®”. More specifically, previous studies in Greece and
other developed countries have reported that paternal
and/or maternal educational level was inversely asso-
ciated with childhood obesity®'?. Furthermore, several
indices that reflect the family’s socio-economic status,
such as annual family income, house or car ownership,
house size, etc. have also been reported to be inversely

© The Authors 2010
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related to childhood obesity'". Nationality has also been
reported to exert a significant effect on childhood obesity,
although the limited data available in the literature for
European countries provide some contradictory findings
on their exact association 'V,

Clearly, family and other social factors influence chil-
dren’s eating patterns that may subsequently influence the
onset of obesity. As children comprise the adult population
of tomorrow, recording and understanding the prevalence
of obesity in young children and the social, economic
and demographic factors related to the phenomenon can
facilitate the development of effective public health inter-
vention policies in counteracting obesity and its health
consequences later in life. It is known that early preven-
tion is more effective in managing the epidemic of obesity
in comparison with treating obesity later in life"'?.

The aim of the present study was to record the pre-
valence of overweight and obesity among 9-13-year-old
schoolchildren in the capital city of Athens, the largest
urban area of Greece, in relation to several socio-economic
and demographic characteristics of children and their
families. To test our research hypothesis, the preliminary
data from an urban sub-cohort of the ‘Healthy Growth
Study’ were used in the present analyses.

Subjects and methods

Sampling

The ‘Healthy Growth Study’ is a cross-sectional study
initiated in May 2007. Approval to conduct the study was
granted by the Greek Ministry of National Education and
the Ethics Committee of Harokopio University of Athens.
The population under study comprised schoolchildren
aged 9-13 years attending the fifth and sixth grades
from primary schools located in municipalities within the
wider region of Athens. The sampling of municipalities
and schools in the present study was random, multi-stage
and stratified by the parental educational level and the
total population of pre-adolescent students, thus yielding
a representative sample of primary-school children from
the wider urban region of Athens. More specifically, the
municipalities in the county of Attica were divided into
three groups based on the average educational level
of their adult population (25-65-year-olds) that was esti-
mated from data provided by the National Statistical
Service of Greece (Census 2001). This procedure yielded
two parental education cut-off points that allowed us to
categorize municipalities into three categories of different
socio-economic levels (SEL), i.e. higher, medium and lower
SEL. Consequently, based on data from the National Statis-
tical Service of Greece, a certain number of municipalities,
proportional to the size of their pre-adolescent population
(9-14-year-olds), was randomly selected from each of these
three SEL groups. Finally, an appropriate number of schools
was randomly selected from each of these municipalities in
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relation to the population of schoolchildren registered in the
fifth and sixth grades in each municipality, based on data
obtained from the Greek Ministry of Education.

Weight and height were measured in all pupils attending
the fifth and sixth grades in the participating primary schools
as part of a school-based health and nutrition education
programme. Full medical examination (i.e. anthropometrics
and body composition measurements, blood collection,
clinical examination, etc.) and questionnaire data were
obtained from a sub-group of pupils whose parents signed a
relative consent form. More specifically, an extended letter
explaining the aims of the present study and a consent form
for conducting full measurements were provided to all
parents or guardians having a child in these schools. Parents
who responded positively had to sign the consent form and
provide their contact details. Signed parental consent forms
for full measurements were collected for 754 out of 1236
children (response rate: 61%). From the total number of
positive responses, complete medical examination data
became available for 729 children who will be reported
as ‘study subjects’ throughout the paper. Regarding data
on weight and height, these were obtained from 1201
children in total (i.e. 729 ‘study subjects’ and 472 ‘weight
and height participants’).

Antbropometry

‘Study subjects’ and ‘weight and height participants’ from
each primary school underwent an examination by two
trained members of the research team. The protocol and
equipment used for all measurements were the same for all
regions. The physical examination included basic anthro-
pometric measurements, i.e. weight and height. Body weight
was recorded to the nearest 10g using a Seca digital scale
(Seca Alpha, Model 770, Hamburg, Germany) and with
children standing without shoes in the minimum clothing
possible. Height was measured to the nearest 0-1 cm using a
commercial stadiometer (Leicester Height Measure, Invicta
Plastics Ltd, Oadby, UK) with the participants not wearing
shoes, their shoulders in a relaxed position, their arms
hanging freely and their head aligned in the Frankfort
plane™™®. Weight and height were converted to BMI using
Quetelet’s equation (weight (kg)/height* (m?). The Inter-
national Obesity Task Force (IOTF) cut-off points'® were
used to categorize participants as ‘underweight’, ‘normal
weight’, ‘overweight’ and ‘obese’.

Socio-economic and demograpbic variables

Data on the socio-economic and demographic background
of the families having at least one child participating in
the study were collected from the parents (most preferably
from the mother) during scheduled face-to-face interviews
at the school site. For those parents not able to attend
the meetings (approximately 5% of the total sample), data
were collected via telephone interviews. All interviews
were conducted by a research team of ten members who
were rigorously trained to minimize interviewer’s effect with
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the use of a standardized questionnaire. More specifically,
the data collected by parents included (i) demographic
characteristics, such as parent’s age, educational level (years
of education), origin and nationality; (ii) economic char-
acteristics, such as family mean annual income over the past
3 years (€/year), family residence ownership; (iii) social
characteristics, such as family size, i.e. the number of family
members living in the family residence; the primary care-
giver(s) of the child, i.e. parents, grandparents, nanny or
someone else; family type based on parental marital status,
i.e. core families and single-parent families with parents
who were not married, widowed or divorced. Furthermore,
a ‘popularity’ score among classmates was developed for
each child by asking all pupils in the same class, including
‘weight and height participants’, to name at least one of their
three best friends in their class. All votes were then summed
to create ‘popularity’ scores for all ‘study subjects’. These
scores were then adjusted for class size by dividing them
by the total number of boys and girls attending the same
class for male and female ‘study subjects’, respectively. The
test—retest reliability of the ‘popularity score’ index was
checked in a representative sub-sample of 100 pupils and
was found to be quite high, reaching a rate of 94-8%.

Statistical analysis

Some of the independent variables used in the present
analyses were continuous while others were categorical.
Normality of the distribution of continuous variables was
analysed using the Kolmogorov—Smirnov test. Normally
distributed continuous variables were expressed as mean
and sp, skewed variables were reported as median (25th
and 75th interquartiles) and categorical variables were
reported as frequencies (%). Associations between con-
tinuous and categorical variables were examined using
Student’s ¢ test for normally distributed variables and
the non-parametric Mann—Whitney U test for skewed
variables, while the association among the categorical
variables was assessed using the y* test. In order to test
the effect of the independent variables examined on
being overweight and obese, univariate logistic regres-
sion analyses were conducted and crude OR with 95 % CI
were computed. Furthermore, adjusted OR and 95% CI
were also estimated using multivariate logistic regression
analysis, including all variables that were found to be
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significantly (P<<0-05) associated with childhood overweight
and obesity at a univariate level. Moreover, since the
sample of the present study is based on a cluster design
(all children in primary schools enrolled in the study), this
was taken into account in multiple logistic regression
analysis using the option ‘robust cluster’. All reported
P values were based on two-sided tests. The level of
statistical significance was set at P<<0-05. The Statistical
Package for Social Sciences statistical software pakage
version 130 (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses and the STATA statistical software
package version 8 (STATA Corp., College Station, TX,
USA) for testing the clustering effect of schools.

Results

Table 1 displays the prevalence of underweight, normal
weight, overweight and obesity for all pupils (i.e. both
‘study subjects’ and ‘weight and height participants’)
attending the fifth and sixth grades in the schools under
study. Overall, the observed prevalence was 3-5% for
underweight, 57-7% for normal weight, 27:9% for over-
weight and 10-9% for obesity. No significant differences
were observed between ‘study subjects’ and ‘weight and
height participants’ with respect to these prevalence rates
(P=0-270), thus reducing the chance of any potential
bias deriving from non-participation in the full protocol of
the present study. Table 1 also summarizes the differences
in the prevalence of underweight, normal weight, over-
weight and obesity among male and female ‘study subjects’.
Specifically, the prevalence of obesity was found to be
significantly higher in male than female subjects (15-1%
v. 6:6%, P<0-001). Although a higher prevalence of
underweight (3-1% v. 1-4%) and normal weight (60-3%
v. 53:9%) was observed in female than male subjects, this
was not significantly differentiated between genders.

The socio-economic and demographic characteristics of
the population of ‘study subjects’ are presented in Table 2.
In summary, the mean age of children under study was
11-2 (sp 0-7) years. Approximately half of the children’s
population under study was living in medium SEL resi-
dential areas while their parents had a medium educational
level (9-14 years). Nationality in the majority of subjects was

Table 1 Prevalence of overweight and obesity in study subjects and weight and height participants

Study subjects (n 729)

Male Female Total Weight and height participants All subjects
(n379) (n 350) (n729) (n 472) (n1201)
Weight groups n % n % n % n % n %
Underweight 7 1-8 16 4-6 23 3-2 19 4-0 42 35
Normal weight 201 53-0 208 59-4 409 56-1 284 60-2 693 57-7
Overweight 113 29-8 103 294 216 29-6 119 25-2 335 27-9
Obese 58 15-1 23 6-6* 81 111 50 10-6 131 10-9

*P<0-001 for differences between genders derived from the x? test.
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Table 2 Socio-economic status and demographic characteristics
of study subjects

Study subjects

(n729)
Age (years)* 11-2 0-7
Popularity’ scoret 0-33 0-16-0-60
Family size (number of family members) 4-0 3:0-4-0
n %

SES of residential area

Lower 254 34-7

Medium 314 43-0

Higher 161 22:3
Annual family income (€/year)

<12000 200 27-6

12.000-20 000 211 28-9

20 000-30000 159 21-8

>30000 159 21-8
Fathers’ age categories

Lower tertile (<41 years old) 251 34-5

Medium tertile (41-46 years old) 270 37-0

Higher tertile (>46 years old) 208 28-5
Mothers’ age categories

Lower tertile (<37 years old) 300 41-2

Medium tertile (37—-42 years old) 239 32-8

Higher tertile (>42 years old) 190 26-0
Paternal educational level

Low (=9 years of education) 158 217

Medium (>9 and =14 years of education) 353 48-4

High (>14 years of education) 218 29-9
Maternal educational level

Low (=9 years of education) 128 17-5

Medium (>9 and =14 years of education) 382 52-4

High (>14 years of education) 219 30-0
Parents’ nationality

Greeks 516 70-9

Non-Greeks 213 291
Residence ownership

No 268 36-6

Yes 461 63-4
Child’s primary caregiver

Parents 448 61-5

Grandfather 47 6-4

Grandmother 192 26-3

Nanny/someone else 42 5-8
Parental marital status

Core families — married parents 641 87-9

Single parent families — not married parents 16 2:2

Single parent families — widowed parent 14 19

Single parent families — divorced parents 58 7-9

SES, socio-economic status.
*Data are presented as mean and sp.
tData are presented as median and 25th—75th percentiles.

Greek (70-9%). Furthermore, most children (634 %) lived
in residences owned by their families. The grandmother was
the child’s primary caregiver in almost 25% of our popula-
tion. An analysis per gender revealed that parent’s non-
Greek nationality and residence ownership were higher for
girls than boys (32:5% v. 26%, P<<0-05; 67-2% v. 59-7 %,
P<0-05, respectively), whereas the grandmother as the
child’s primary caregiver was more frequent for girls rather
than boys (28:8% v. 23:5%, P<0-05), and the nanny or
someone else appeared more frequently as the child’s pri-
mary caregiver for boys than gitls (8:3% . 3:5%, P<0-05).

Table 3 summarizes the crude OR and 95 % CI for being
overweight and obese also controlling for the clustering
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effect of schools. An annual family income of €12000—
20000 was related to an increased likelihood of childhood
overweight and obesity (OR=1-56; 95% CI 1-07, 2-35)
compared to an annual family income of >€30000.
Furthermore, children whose residence was owned by their
family were 1-68 times more likely (95 % CI 1-22, 2-25) to be
overweight and obese than children whose residence was
not owned by their family. Moreover, in families in which
the primary caregiver of the child was his/her grandmother,
the risk of childhood overweight and obesity was 1-38 times
higher (95% CI 1-03, 1-98) than families where the child’s
primary caregivers were his/her parents. In contrast, chil-
dren whose parents’ nationality was Greek were 1-38 times
less likely (95% CI 1-03, 1-96) to be overweight and obese
than children whose parents’ nationality was non-Greek.
Finally, for every 1° increase in the child’s ‘popularity’
score, the likelihood of childhood overweight and obesity
was found to decrease by 60% (95% CI 0-17, 0-97).
Furthermore, Table 3 also presents the adjusted OR and
95% CI derived from the multivariate logistic regression
analysis, including in the same model all variables that
were found to be significantly related to childhood
overweight and obesity (P<0-05) at a univariate level.
Based on the results derived from the present analysis,
those variables that remained significantly associated with
childhood overweight and obesity were the grandmother
as the child’s primary caregiver (OR = 1:53; 95% CI 1-05,
2:29) and annual family income of € 12000-20000
(OR = 1-61; 95% CI 1-03, 2-61), respectively.

Discussion

The findings of the present study revealed a high pre-
valence of both overweight and obesity in a population
of primary-school children living in a large urban area
of Greece. Using the international cut-off points recom-
mended by the IOTF'® (Table 2), 29:6% of children were
found to be overweight and 11-1 % were found to be obese
with the prevalence of obesity being significantly higher for
boys than girls (151 % v. 6:6%). Comparing the findings of
the present study regarding the prevalence of overweight
and obesity with those reported for other European coun-
tries”, there seems to be a geographic variation. Precisely,
the prevalence reported from studies conducted with
children living in southern European countries surrounding
the Mediterranean, including the present study, ranged
between 20% and 41 % and was considerably higher than
the prevalence reported for the northern areas in Europe
that showed prevalence rates in the range of 10-20%".
Several potential explanations have been proposed for
these North-South trends in the prevalence of childhood
overweight in Europe including higher stature and resting
energy expenditure for children living in northern latitudes
and a genetic predisposition towards weight gain in children
living in southern Europe®.
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Table 3 Crude and adjusted OR and 95% CI for the association between overweight and obesity with several socio-economic and

demographic factors in the study subjects (n 729)

Overweight and obese

Crude Adjusted
% OR 95% ClI OR* 95% Cl
Annual family income (€/year)
>30000 385 1-00 Ref. 1-00 Ref.
<12000 339 0-81 0-54, 1-27 1-05 0-61, 1-86
12000-20000 49-7 1-56 1-07, 2-35 1-61 1-03, 2-61
20000-30000 41-0 1-06 0-70, 1-79 1-02 0-62, 1-67
Parents’ nationality
Non-Greek 35-8 1-00 Ref. 1-00 Ref.
Greek 441 1-38 1-03, 1-96 1-04 0-65, 1-68
Residence ownership
No 34-4 1-00 Ref. 1-00 Ref.
Yes 46-7 1-68 122, 2:25 1-58 0-98, 2-:20
Child’s primary caregiver
Parents 39-0 1-00 Ref. 1-00 Ref.
Grandfather 48-8 1-43 0-74, 2-85 1-66 0-83, 3-19
Grandmother 46-9 1-38 1-03, 1-98 1-53 1-05, 2-29
Nanny/someone else 45-9 1-34 0-67, 2-63 1-62 0-82, 3-10
‘Popularity’ score (adjusted for class participation by gender) - 0-40 0-17, 0-97 1-09 0-65, 1-84
SES of residence region
Lower 386 1-00 Ref. - -
Medium 42-8 1-15 0-81, 1-62
Higher 399 1-05 0-72, 1-58
Fathers’ age categories - -
Lower tertile (<41 years old) 43-6 1-00 Ref.
Medium tertile (41-46 years old) 37-9 0-80 0-57,1-14
Higher tertile (>46 years old) 44-0 1-00 0-66, 1-48
Mothers’ age categories - -
Lower tertile (<38 years old) 44-4 1-00 Ref.
Medium tertile (38—42 years old) 401 0-83 0-57,1-18
Higher tertile (>42 years old) 40-1 0-81 0-55, 1-22
Paternal educational level - -
Low (=9 years of education) 391 1-00 Ref.
Medium (>9 and =14 years of education) 45-5 1-26 0-78, 1-92
High (>14 years of education) 36-6 0-93 0-59, 1-46
Maternal educational level - -
Low (=9 years of education) 386 1-00 Ref.
Medium (>9 and =14 years of education) 42-7 117 0-74, 1-80
High (>14 years of education) 42-3 1-13 0-69, 1-85
Parental marital status - -
Core families — married parents 41-6 1-00 Ref.
Single parent families — not married parents 53-3 1-50 0-52, 4-26
Single parent families — widowed parent 53-8 1-61 0-52, 4-91
Single parent families — divorced parents 42-3 1-05 0-58, 1-89
Family size (number of family members) - 0-94 0-77,1-11 - -

Ref., referent category; SES, socio-economic status.

*All OR were adjusted for annual family income, parent’s nationality, residence ownership, child’s primary caregiver, popularity score, gender and for the

clustering effect of schools.
Cells in bold indicate statistically significant OR.

Regarding Greece, the prevalence of overweight and
obesity reported in the present study was comparable
to the prevalence reported by other recent studies con-
ducted in children of similar age living in urban and
semi-urban areas from southern (29-8% overweight
and 14-9% obesity)'”, northern (25-3% overweight and
5-6% obesity)!?, western (34:3% overweight and 9:6%
obesity) ' and eastern (30-3% overweight and 6-7 %
obesity)? parts of Greece. Similar to the present study,
the prevalence of obesity was also found to be sig-
nificantly higher in male than female subjects in almost all
of the aforementioned studies. The IOTF cut-off points

were used for screening children’s overweight and
obesity in all of these studies.

Certain socio-economic and demographic factors that
have been reported by previous studies as correlates
of childhood overweight''”'® were also tested in the
present study. A lower-medium annual family income of
€12000-20000 was associated with an increased like-
lihood of childhood overweight and obesity compared to
a higher annual family income level of € >30 000, both at
the bivariate and multivariate levels. This finding is in line
with those reported from other recent studies conducted
in children in developed countries indicating that income,
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which is probably the most accurate index of socio-
economic status, is inversely related to the consumption
of energy-dense foods, such as fats and sweets, full-fat
meat, dairy products, etc.'92Y 1n contrast, children from
relatively lower-income families tend to have a lower intake
of vegetables, fruits and whole-grain products”. It has
been reported that the energy density of foods and their
energy cost are inversely related, which means that the
more energy-dense diets represent the lowest-cost dietary
options to the consumer®***. Provided that higher socio-
economic status is probably reflected by residence own-
ership, then the finding of the present study regarding the
association of this other index of socio-economic status
with childhood overweight contradicts that observed for
income. The increased likelihood of overweight observed
in children whose parents owned their house could prob-
ably be ascribed to the fact that many parents reported
their residence as privately owned, although their house
was bought with a housing bank loan. In this case, resi-
dence ownership should not be considered as an accurate
index of higher socio-economic status since a substantial
amount of the family’s budget pays off the monthly instal-
ments of the bank loan, probably having a direct impact on
children’s nutrition. Moreover, residence ownership may
not be a representative index of socio-economic status,
when used as a single index®?.

The significant positive association observed in the
present study between residence ownership and child-
hood overweight and obesity could also be attributed to
the mediating role of the parent’s nationality. More spe-
cifically, our findings showed that Greek nationals were
9-1 times (OR = 9:09; 95 % CI 6-18, 13-39) more likely to
own their house and they were also 38% more likely
to be overweight or obese than non-Greek nationals. The
vast majority of non-Greek subjects, whose parents came
to Greece as economic immigrants during the period of
the economic and political transition in the 1990s, were
from Albania (75:6%) and from other Eastern European
countries (i.e. Russia, Ukraine, Poland, Serbia, etc.; 12:6%).
In these countries, Lobstein and Frelut® reported lower
prevalence rates of childhood overweight in comparison to
children living in the non-Eastern bloc European countries.
The implication of this observation is that the lower pre-
valence of overweight also reported in the present study for
non-Greek subjects, having mainly an Eastern European
nationality, could be attributed to a genetic predisposi-
tion for lower BMI compared to Greek children. To our
knowledge, no evidence exists on this topic, and therefore
further research, including the study of certain genes and
polymorphisms, is needed in order to shed more light on
these differences.

Children’s ‘popularity’ score was another index that was
found to be inversely associated with childhood overweight
when analysed at the bivariate level. A potential explanation
for this finding might be the fact that children who are more
athletic and of normal weight are usually more popular
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among their peers. Previous studies have also confirmed
the association observed in the present study between
weight status and social acceptance in populations of pre-
adolescents. Reynolds er al®> have reported that over-
weight was an index of less social acceptance in girls aged
9-14 years. Furthermore, Latner and Stunkard®” have
reported that overweight and obese (10-11 years old)
children were significantly less popular than their normal-
weight peers. According to previous studies, children before
and during puberty are very much concerned about their
weight and body image*?”; thus, another way of explaining
this association could be that children’s ‘popularity’ con-
cerns related to their body image may control the increase
in their body weight.

Another important outcome of the regression analysis
performed in the present study was that children whose
primary caregiver was their grandmother had an increased
likelihood of being overweight or obese both at the
bivariate and multivariate levels. In a recent study, it was
observed that food consumption in children was adjusted
according to the stimuli induced by the food served by their
caregivers or parents, instead of being regulated by the
satiety and increased energy following the previously con-
sumed meals®. In most cases, grandparents tend to believe
that overweight signifies healthiness'® or that young chil-
dren may grow out of being overweight®”. Another inter-
pretation of this particular finding is probably based on
the so-called ‘post-World War II overfeeding syndrome’®"
referring to the post-war period in Greece when there was
severely decreased accessibility to food. Children’s grand-
mothers, who most likely experienced hunger and extreme
difficulties in finding food as children during those years,
tend to overfeed their grandchildren with affluent portions
of foods, as an expression of their care and insecurity.
Furthermore, Gordon-Larsen et al”, in a study of girls aged
6-9 years, observed that caregivers, including grandmothers,
influenced their children in adopting a sedentary lifestyle,
as they considered sedentary habits, such as television
viewing, a more secure and easier way of having control
of their children.

The present findings should be interpreted in the light of
the limitations and strengths of the present study. Regard-
ing the limitations, the cross-sectional design of the study
does not allow the establishment of cause—effect relation-
ships, but only generates hypotheses about the possible
role of the social, economic and demographic factors
examined in the present study on the development of
overweight and obesity in children. Moreover, it should be
noted that the present findings are the preliminary results
of an ongoing study and thus should be interpreted with
caution. However, the relatively large study sample and the
random and multi-stage sampling of schools yielded in a
representative sample of the wider region of Athens and
this could be considered as a strength of the present study.
Furthermore, the assessment of weight status in almost
all children in the schools under study, combined with the
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fact that we observed no significant differences in the
prevalence of overweight and obesity between ‘study
subjects’ and ‘weight and height participants’ can also be
considered as the strengths of the present study, indicat-
ing that our findings are unbiased and controlled for
the parameter of will or motivation for participation in the
study and its consequent possible confounding effect.

In conclusion, the present study showed that the con-
siderably high prevalence of overweight and obesity among
urban primary-school children in Greece also seems to
have a socio-economic and demographic dimension. More
specifically, lower family income and grandmother as the
child’s primary caregiver were the main risk factors for being
overweight and obese among primary-school children living
in a large urban area in Greece. The conclusion of the
present study has several implications for the prevention of
childhood obesity. Appropriate interventions and popula-
tion-based strategies are needed, targeting lower-income
families and probably those families in which both parents
are working and the grandmother acts as the child’s primary
caregiver.
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Body mass index; Methods and results: From a representative sample of 1222 boys and 1188 girls, aged 9—13
Fitness; years, anthropometric, body composition, physical activity, cardiorespiratory fitness, biochem-
Children ical and blood pressure data was collected. The prevalence of overweight and obesity was 29.9%

and 11.8% respectively. In both genders, plasma HDL cholesterol concentration was higher in the
‘leaner and less fit’ group (lowest quartile of BMI and lowest quartile of fitness) compared to the
‘heavier and more fit’ (highest quartile of BMI and highest quartile of fitness) and intermediate
(all other children) groups (p < 0.05). Furthermore, the ‘leaner and less fit’ groups in both gen-
ders had lower triacylglycerol concentration, total-to-HDL cholesterol ratio, HOMA-IR, insulin
and systolic blood pressure levels compared to the ‘heavier and more fit’ and/or intermediate
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ders. Finally, the effect size of being ‘leaner and less fit’ on serum levels of cardiometabolic risk
indices was mainly small to medium (i.e. Cohen’s d 0.2—0.5).

Conclusion: Leaner and less fit boys and girls had better cardiometabolic risk profiles than their
heavier and more fit peers, probably suggesting a higher importance of leanness over fitness in
children from a cardiometabolic health benefit perspective.
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Introduction

The continuous increase in cardiovascular disease (CVD)
mortality among adults in Greece and elsewhere is closely
associated with risk factors that begin to develop in child-
hood. The shift from the traditional Mediterranean to
a western-type diet, along with the transition from an
active to a sedentary lifestyle over the past decades, is of
major importance in relation to the occurrence of CVD in
Greece [1].

Greece is one of the leading countries in Europe with
respect to the prevalence of childhood obesity [2,3]. As
adipose tissue accumulates in excessive amounts in the
body several metabolic alterations begin to occur [4].
Research has shown that obese children are at higher risk
for the development of adverse lipidemic and glycemic
profiles compared to lean children [5]. This, is further
related to an increase in fatty streaks within the arterial
endothelium of children, which may lead to atheromatic
plaques in adulthood [6].

While levels of obesity among Greek children are
increasing, physical activity and consequently fitness levels
are decreasing [7]. There is strong evidence for an inverse
association of physical activity and fitness levels with car-
diometabolic risk [8]. Several mechanisms have been pro-
posed to mediate the protective effects of physical activity
and fitness on cardiometabolic risk including (a) anti-
inflammatory action, (b) increased insulin sensitivity, (c)
increased non-insulin-dependent glucose uptake, (d)
improved lipidemic profile and (e) improved function of
hormones and enzymes involved in fat metabolism [9]. In
adults, there is strong evidence supporting that low fitness
is a stronger risk factor for CVD than obesity [10,11].
However, in children, there are few studies examining the
combined effect of different levels of body weight and
physical fitness on cardiometabolic risk factors [12]. Such
studies are important from a public health perspective,
since identification of the interacting or counterbalancing
role of different body mass and fitness levels, especially for
individuals who fall into the extremes of these health
indices, could help public health professionals to develop
more effective preventive measures.

Taking the above into consideration, the present study
aimed to analyze differences in cardiometabolic risk fac-
tors among children after grouping them into quartiles of
BMI and fitness levels.

Methods
Sampling

The ‘Healthy Growth Study’ was a cross-sectional epi-
demiological study initiated in May 2007. Approval to con-
duct the study was granted by the Greek Ministry of National
Education and the Ethics Committee of Harokopio University
of Athens. The study population comprised schoolchildren
attending the 5th and 6th grades of primary schools located
in municipalities within the wider regions of Attica, Etoloa-
karnania, Thessaloniki and Iraklio. The sampling procedure
is fully described elsewhere [13]. In brief, the sampling of
schools was random, multistage and stratified by parental

educational level and by the total population of students
attending schools within the municipalities.

Anthropometry and physical examination

Participants were weighed to the nearest 0.1 kg in light
clothing and without shoes by using a Seca digital scale
(Seca Alpha, Model 770, Hamburg, Germany). Height was
measured to the nearest 0.1 cm using a commercial stadi-
ometer (Leicester Height Measure, Invicta Plastics Ltd,
Oadby, UK) with the participants barefoot, their shoulders
in a relaxed position, their arms hanging freely and their
heads in Frankfort horizontal plane. Two trained members
of the research team carried out these measurements.

Body mass index (BMI) was calculated by dividing weight
(kg) by height squared (m?). The International Obesity Task
Force thresholds were used to categorise children into un-
derweight, normal-weight, overweight and obese [14,15].

Pubertal stage of children was assessed by paediatri-
cians that classified children into five Tanner stages after
visual inspection of breast development in girls and genital
development in boys [16].

Body composition

Bioelectrical impedance analysis was used for the assess-
ment of adiposity (Akkern BIA 101; Akkern Srl., Florence,
Italy). Participants were instructed to abstain from any
solid or liquid food and from any intensive exercise for 4 h
prior measurement and not to wear any metal object during
measurement. The assessment took place with the pupils
lying on a non-conductive surface at neutral temperature.
Fat mass, fat-free mass and lean tissue mass were calcu-
lated from the resistance and reactance values using valid
equations [17].

Blood pressure

Blood pressure was recorded from the right arm while in
a sitting position and after 5 min of rest. A valid automatic
Omron M6 Blood Pressure Monitor (Omron Healthcare
Europe BV, Hoofddorp, The Netherlands) [18] was used. The
measurement was taken twice with a 2-min interval be-
tween readings. A third measurement was taken if there
was a difference of over 10 mmHg between the previous
measurements. The average value of the measurements
was used in analysis. Systolic (SBP) and diastolic blood
pressure (DBP) were recorded. Systolic or diastolic hyper-
tension was defined as SBP or DBP above the 95th percentile
for gender, age and height [19].

Biochemical measurements

Early morning blood samples were taken after a 12-hour
overnight fast. The parents as well as the children were
reminded on the previous day in order to ensure com-
pliance with fasting. Serum triacylglycerols, total choles-
terol (TC), high-density lipoprotein cholesterol (HDLC) and
plasma glucose were measured enzymatically using com-
mercially available kits (Roche Diagnostics, Basel, Swit-
zerland). Low-density lipoprotein cholesterol (LDLC) was
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calculated as: LDLC = TC — (HDLC + triacylglycerols/5)
[20]. The ratios of TC to HDLC and HDL to LDL were also
calculated. The National Cholesterol Education Program
cut-off points for blood lipids were used to define dyslipi-
demias [21]. Insulin was measured by a chemiluminescence
assay (Kyowa Medex Ltd, Minami-Ishiki, Japan, for Siemens
Diagnostics USA). The homeostatic model assessment
(HOMA) was used to estimate insulin resistance (IR). The
cut-off HOMA value used to define IR was 3.16 [22].

Physical activity assessment via questionnaire

Physical activity during leisure time was assessed using
a standardized questionnaire completed by the children for
two consecutive weekdays and one weekend day. Reported
activities were assessed as moderate-to-vigorous physical
activities (MVPA) provided that they were of intensity higher
than 4 metabolic equivalents and included activities such as
bicycling, rhythmic-gymnastics, dancing, basketball, soccer,
athletics, tennis, swimming, jumping rope and general par-
ticipation in active outdoor games. Given the age group,
MVPA was defined as continuous physical activities causing
sweating and heavy breathing for periods longer than 15 min,
but with occasional breaks in intensity [23].

Physical activity assessment via step count

To assess step count as an objective estimate of physical
activity, study participants were provided with and
instructed to wear a waist-mounted pedometer (Yamax
SW-200 Digiwalker, Tokyo, Japan) for one week, i.e. from
Monday to Sunday. The pedometer was positioned accord-
ing to the manufacturer’s instructions on the right waist-
band, vertically aligned with the patella. Children were
instructed to wear the pedometer from the time they woke
up in the morning until the time they went to bed at night
(except when taking a shower, bathing or swimming) and to
record their total number of daily steps displayed by the
pedometer in diary template before bedtime.

Cardiorespiratory fitness assessment

Cardiorespiratory fitness was estimated indirectly accord-
ing to children’s performance in the endurance 20-m
shuttle run test (ERT). The ERT is a field test included in
the European battery of physical fitness tests and recom-
mended by the Committee of Experts on Sports Research
[24]. Based on the test’s instructions participants started
running at a speed of 8.5 km/h and speed is increased in
stages. Participants shuttle between two lines placed 20 m
apart, at a pace dictated by a sound signal on an audiotape,
which gets progressively faster (by 0.5 km/h every minute).
Each stage of the test is made up of several shuttle runs and
the score of the participant is the half-stage completed
before the child drops out (thus, scores can be 0, 0.5, 1,
1.5, 2 etc). The higher the ERT score, the better the car-
diorespiratory fitness. Prior to the test all children received
clear and comprehensible instructions on rules and pro-
cedures, while during the test they were verbally encour-
aged by the researchers to succeed their maximal number
of laps. The ERT is recommended for large groups of

children, since it is reliable, valid, noninvasive, and re-
quires limited facilities [25].

BMI and fitness categorization

Quartiles of BMI and ERT scores were estimated for boys
and girls respectively as indicated in Table 1. Boys and girls
in the first quartiles of BMI and ERT were characterized as
‘leaner and less fit’, while those in the fourth quartiles
were characterized as ‘heavier and more fit.” All other
children were characterized as having intermediate BMI
and ERT levels.

Statistical analysis

Categorical variables were reported as frequencies (%) and
continuous variables as means and standard deviations.
Student’s t-test was used to assess differences in con-
tinuous variables between boys and girls. Two-sample
z-test for proportions was used to assess differences in
categorical variables between genders, BMI and fitness
groups. Multilevel linear and logistic regression analyses
were performed for the overall sample, with children nes-
ted within classes nested within schools nested within
municipalities (four-level random intercept model) using
the commands “xtmixed” and “xtmelogit” respectively
[26]. In all analyses adjustments were made for children’s
Tanner stage and mean parental educational level. Finally,
effect size was also estimated via the calculation of
Cohen’s d, which shows the magnitude of the difference in
cardiometabolic risk indices between ‘leaner and less fit’
and ‘heavier and more fit’ groups (i.e. Cohen’s d value of
0.2, 0.5 and 0.8 indicate small, medium and large effect
size respectively) [27]. All reported P-values were based on
two-sided tests. The level of statistical significance was set
at P < 0.05. The STATA 11.0 (STATA Corp, College Station,
TX, USA) statistical software was used for all statistical
analyses.

Results

Full anthropometric, body composition, physical activity,
fitness, biochemical and blood pressure data were

Table 1  Grouping of boys and girls into quartiles on the
basis of their BMI and fitness levels.

Reference values, boys Reference values, girls

Quartiles BMI range (kg/m?)

1st 13.2—-17.4 10.5—17.2
2nd 17.5—19.8 17.3—19.4
3rd 19.9-22.6 19.5-22.2
4th 22.7-43.9 22.3-36.7
Quartiles Fitness range (no of stages at the ERT)
1st 0—1 0—1

2nd 1.5-2 1.5

3rd 2.5-3.5 2-2.5

4th 47 3—7

ERT, endurance run test; BMI, body mass index.
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Table 2 Anthropometric characteristics, fitness and physical activity of the study population.

Boys (n = 1222)

Girls (n = 1188) Total (n = 2410)

Weight (kg) 45.6 + 11.2
Height (m) 1.48 + 0.07
BMI (kg/m?) 20.5 + 3.7
Weight groups

Underweight (%) 2.6

Normal weight (%) 52.7
Overweight (%) 30.8

Obese (%) 14.0
Fitness levels

ERT score (no of stages) 2.9+ 1.7
Physical activity level indices

MVPA (min/d) 79.2 + 66.2

Steps/d 14,728 + 5627

45.2 +11.0 45.4 + 11.1
1.49 + 0.082 1.48 + 0.08
20.1 £+ 3.72 20.3 + 3.8
3.9 3.2

57.4 55.2

29.0 29.9

9.6° 11.8

2.2 +1.22 2.5+ 15
58.4 + 58.3 69.0 + 63.3

11,790 £ 4298 13,274 £ 5222

Values for continuous variables are expressed as the mean + SD.

BMI, body mass index; ERT, endurance run test; MVPA, moderate-to-vigorous physical activity.

2 Significantly different from boys (Student’s t-test, P < 0.001).

b Significantly different from boys (two sample z-test for proportions, P = 0.001).

collected from 2410 children. Their anthropometric char-
acteristics, fitness scores and physical activity data are
presented in Table 2. Overall, the observed prevalence was
3.2% for underweight, 55.2% for normal weight, 29.9% for
overweight and 11.8% for obesity. The prevalence of obe-
sity was higher in boys (P = 0.001) and boys had also higher
cardiorespiratory fitness levels (P < 0.001) compared to
girls.

Table 3 displays adiposity and physical activity indices
across the BMI and fitness groups by gender. Fat (presented
in both kilograms and as percentage of body weight), fat-
free and lean tissue mass differed significantly among
groups in both boys and girls (P < 0.001), being higher in the
*heavier and more fit’ group. The same trend was observed
for MVPA (P = 0.012). Large effect sizes (|Cohen’s d| > 1)
were observed for fat, fat-free and lean tissue mass

Table 3  Body composition and physical activity indices across BMI and fitness groups presented by gender.
Leaner and Intermediate Heavier P-value® Effect size Cohen’s d“
less fit groups and more fit Leaner and less fit vs.
heavier and more fit
Boys (n = 158) (n = 957) (n = 107)
FM (kg) 7.9 +2.9° 14.4+7.9 18.4 +£5.3 <0.001 —2.46
FM (% of body weight) 21.2 +5.8 29.3 +9.4 34.1 + 5.8° <0.001 -2.22
FFM (kg) 28.2 +2.9° 31.7 £ 4.2 34.8 + 4.0° <0.001 —1.89
LTM (kg) 26.3 + 2.8° 29.7 + 4.0 32.5 + 3.8° <0.001 -1.86
MVPA (min/day) 60.7 + 59.8° 80.3 + 66.4 94.6 + 69.0° 0.012 —0.52
Step count 14,199 + 4540 14,741 £+ 5772 15,568 + 5598 0.359
(no. of steps/day)
Girls (n = 231) (n = 849) (n = 108)
FM (kg) 8.3 +2.8° 15.0 + 7.5 19.2 £+ 6.0° <0.001 —2.33
FM (% of body weight) 22.9 + 6.0° 30.7 +£ 79.5 35.2 £ 6.6° <0.001 —1.95
FFM (kg) 27.5 +3.7° 31.4 + 4.7 34.4 + 4.7° <0.001 —1.63
LTM (kg) 26.2 + 3.5° 29.7 + 4.4 32.5 + 4.3¢ <0.001 —1.61
MVPA (min/day) 48.7 + 52.0° 58.8 + 58.1 74.1 + 66.8° 0.012 —0.42
Step count 11,756 + 4137 11,695 + 4390 12,520 + 3830 0.781

(no. of steps/day)

BMI, body mass index; FM, fat mass; FFM, fat-free mass; LTM, lean tissue mass; MVPA, moderate to vigorous physical activity.

Leaner and less fit: 1st quartile of BMI and 1st quartile of ERT score; Heavier and more fit: 4th quartile of BMI and 4th quartile of ERT

score; Intermediate groups: all other children.
2 Derived from a four-level random intercept linear regression analysis, after controlling for children’s Tanner stage and parental

educational level.

b P < 0.05 “Leaner and less fit” group vs. other two groups.
€ P < 0.05 “Heavier and more fit” group vs. other two groups.

9 Cohen’s d indicates the effect size of "leaner and less fit” vs. “heavier and more fit” group.
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indices, whereas small to medium effect sizes were
observed for MVPA in girls and boys (|Cohen’s d| = 0.42 and
0.52, respectively).

The mean values of the examined cardiometabolic risk
indices across the three groups of BMI and fitness levels are
presented by gender in Table 4. In both genders HDLC levels
were highest, while TC/HDLC ratio, insulin, HOMA-IR and
SBP levels were lowest in the ‘leaner and less fit’ group
(P < 0.05). Similarly, DBP levels were found to be lowest in
the ‘leaner and less fit’ group only in boys (P < 0.001),
while HDLC/LDLC ratio was found to be lowest in the
"heavier and more fit” group only in girls (P = 0.002). Ef-
fect sizes in boys were small to medium for TC/HDLC ratio,
HDLC, DBP, insulin and HOMA-IR levels (0.2 > |Cohen’s
d| < 0.5) and medium to large for SBP levels (|Cohen’s
d| = 0.75). In girls, effect sizes were small to medium
for HDLC, SBP and triacylglycerols levels as well as for
TC/HDLC and HDLC/LDLC ratios (0.2 > |Cohen’s d| < 0.5),
while large effect sizes were observed for insulin and
HOMA-IR levels (|Cohen’s d| > 0.8).

Based on the data summarized in Table 5 the percentage
of children with IR was found to be lowest in the ‘leaner
and less fit’ groups (P < 0.05). Finally, the percentage of

boys with systolic hypertension and/or diastolic hyperten-
sion was also found to be lowest in the ‘leaner and less fit’
group (P = 0.001).

Discussion

The present large-scale epidemiological study examined
a representative sample of 2410 preadolescents of whom
29.9% were overweight and 11.8% obese. The prevalence of
obesity observed in the present study is comparable to that
reported by other epidemiological studies in different parts
of Greece with higher rates in boys than girls. However,
when compared to other countries the overall prevalence
of childhood obesity in Greece is two- or three-fold higher
than the prevalence reported for children in central and
northern European countries [2].

Although the existing literature supports a positive as-
sociation of cardiometabolic risk with BMI [28] and a neg-
ative one with fitness levels [17], there are few studies
examining the cardiometabolic profile in children, who are
at the upper and lower extremes of body mass and fitness
levels. A previous study on 375 7—9 year-old children

Table 4 Cardiometabolic risk profile indices across BMI and fitness groups presented by gender.

Leaner and Intermediate Heavier and P-value? Effect size Cohen’s d°
less fit groups more fit Leaner and less fit vs.
heavier and more fit
Boys (n = 158) (n = 957) (n = 107)
TC (mg/dl) 170.5 &+ 30.5 167.3 &+ 32.5 168.1 + 33.4 0.500
HDLC (mg/dl) 63.3 + 15.3° 58.6 & 15.2 57.6° £ 12.3 0.003 0.41
LDLC (mg/dl) 96.5 + 25.7 96.6 + 28.1 99.3 + 30.5 0.196
Triacylglycerols (mg/dl) 53.6 + 23.6 60.8 + 29.6 56.4 + 24.0 0.049
TC/HDLC 2.8+£0.7° 3.0 0.8 3.02° £ 0.7 0.005 —0.31
HDLC/LDLC 0.7 £0.2 0.6 £0.3 0.6 + 0.6 0.846
Glucose (mg/dl) 92.7 + 10.1 93.3 £ 10.2 93.8 £+ 10.0 0.270
Insulin (nU/ml) 8.4+ 4.6° 11.3 £9.2 11.1° £ 6.1 0.002 -0.49
HOMA—IR 1.9 + 1.1° 2.6 +£2.2 2.5°+ 1.3 0.005 —0.49
SBP (mmHg) 114.2 + 10.6° 121.3 £ 13.4 123.7° + 14.4 <0.001 —0.75
DBP (mmHg) 65.8 + 9.6° 69.3 &+ 10.0 70.0° + 9.3 <0.001 —0.44
Girls (n = 231) (n = 849) (n = 108)
TC (mg/dl) 164.2 + 32.2 166.0 & 30.9 162.4 + 30.6 0.883
HDLC (mg/dl) 60.5 + 14.2° 57.3 &+ 14.5 56.3 + 14.0° 0.003 0.29
LDLC (mg/dl) 92.0 £+ 25.6 92.7 £ 25.1 94.3 £+ 25.6 0.682
Triacylglycerols (mg/dl) 58.7 + 18.6° 67.9 + 29.7 66.7 &+ 25.0¢ 0.001 -0.36
TC/HDLC 2.8 £ 0.5° 3.0 £0.8 3.0 £ 0.7° 0.005 -0.33
HDLC/LDLC 0.7 £ 0.2° 0.6 + 0.3 0.6 + 0.3° 0.002 0.39
Glucose (mg/dl) 91.1 £ 9.2 91.1 £9.3 90.8 + 8.2 0.525
Insulin (nU/ml) 9.7 £ 4.9° 14.0 & 8.2 15.5 £ 7.7° <0.001 -0.89
HOMA—IR 2.2 +1.1° 3.1 £ 1.7 3.4+ 1.7° <0.001 —0.84
SBP (mmHg) 117.0 &+ 12.3° 121.3 &£ 13.5 120.6 + 13.3° <0.001 -0.28
DBP (mmHg) 69.3 £9.7 71.3 £9.7 71.0 £ 9.8 0.214

TC, Total cholesterol; HDLC, High-density lipoprotein cholesterol; LDLC, Low-density lipoprotein cholesterol; HOMA-IR, Homeostasis

Model Assessment of Insulin Resistance.

@ Leaner and less fit: 1st quartile of BMI and 1st quartile of ERT score; Heavier and more fit: 4th quartile of BMI and 4th quartile of ERT
score; Intermediate groups: all other children. Derived from a four-level random intercept linear regression analysis, after controlling

for children’s Tanner stage and parental educational level.
b P < 0.05 “Leaner and less fit” group vs. other two groups.
€ P < 0.05 “Heavier and more fit” group vs. other two groups.

9 Cohen’s d indicates the effect size of “leaner and less fit” vs. "heavier and more fit” group.
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Table 5 Percentages of dyslipidemias, systolic and diastolic hypertension and insulin resistance across BMI and fitness groups
presented by gender.

Boys Girls
Leaner and Intermediate Heavier and P-value® Leaner and Intermediate Heavier and P-value©
Less fit groups more fit Less fit groups more fit
(n = 158) (n = 957) (n = 107) (n = 231) (n = 849) (n = 108)
HDLC < 40 mg/dl 4.4 7.6 4.7 0.959 5.6 10 8.3 0.903
Triacylglycerols >100 3.8 7.9 5.6 0.904 3.0 11.1 12.0 0.506
mg/dl
TC/HDLC > 4.5 1.9 5.7 2.8 0.884 0.9 4.2 2.8 0.849
Systolic hypertension ~ 7.9*P 24.7° 28.82 0.001 18.0 25.1 31.0 0.121
Diastolic hypertension 3.9 7.0 3.6 0.936 5.7 8.9 8.0 0.874
Systolic and/or 9.9%P 27.1° 29.72 0.001 19.7 27.5 33.6 0.085
diastolic
hypertension
IR (HOMA-IR<3.16) 3.2%P 13.9° 13.5° 0.022  6.13P 23.6° 31.52 <0.001

TC: total cholesterol; HDLC: high-density lipoprotein cholesterol; HOMA-IR: homeostasis model assessment—insulin resistance.
Leaner and less fit: 1st quartile of BMI and 1st quartile of ERT score; Heavier and more fit: 4th quartile of BMI and 4th quartile of ERT

score; Intermediate groups: all other children.

2P |dentical superscript letters denote statistically significant differences (P < 0.05) between BMI and ERT groups using the two-sample

z-test for proportions.

¢ Derived from multilevel logistic regression analysis, after controlling for children’s Tanner stage and mean parental educational

level.

revealed that fitness attenuated the negative effect of BMI
on insulin sensitivity, emphasizing the important role of
fitness in reducing cardiometabolic risk in overweight and
obese children [12]. The biological basis of these observa-
tions possibly lies on genetics, adipocytokines and mito-
chondrial function [29]. Furthermore, a study in adults
showed that fit men in the highest quartile of fat mass had
a lower risk of CVD mortality than did unfit, lean men [30]
concluding that the health benefits of leanness are limited
to fit men. Another recent systematic review that com-
pared adults with high BMI and good aerobic fitness to in-
dividuals with normal BMI and poor fitness indicated lower
cardiovascular mortality in the former group [31].

Contrary to the aforementioned studies, the findings of
the present study indicate that the lipidemic and glycemic
profiles were better in the ‘leaner and less fit’ than the
*heavier and more fit’ groups in both genders. The inter-
pretation of the diametrically opposed findings reported for
children in the current study when compared to adults
could have a developmental basis. More specifically,
younger people have healthier tissues to begin with and
their homeostatic mechanisms work better [32]. A young,
lean and unfit person may deal better with the cacostatic
load of unfitness than a middle-aged, lean and unfit person.
The opposite may be true for young, fat but fit persons, on
whom the cacostatic load of obesity may be higher com-
pared to their middle-aged, fat and fit counterparts.

The present study also showed that the ‘leaner and less
fit’ group exhibited the highest HDLC levels despite the fact
that fitness and physical activity are known to be positively
related to HDLC levels [33]. However, the effects of exer-
cise training on blood lipid and lipoprotein levels of
healthy children and adolescents are equivocal [34], with a
meta-analysis reporting no positive effect of aerobic exer-
cise on HDLC levels [35]. Furthermore, the present study

reported better triacylglycerol levels, TC/HDLC and LDLC/
HDLC ratios in the ‘leaner and les fit’ category than the
‘heavier and more fit’ one. Nonetheless, in subsequent
analyses, which examined differences in the prevalence of
dyslipidemias among the BMI and fitness categories (i.e. %
of low HDLC levels, high triacylglycerols levels and
TC/HDLC ratio), the statistical significance of these dif-
ferences did not persist.

Regarding blood pressure, there is evidence for a posi-
tive association with BMI [36] and a negative one with
physical fitness in children [37]. It is possible that the as-
sociation between fitness and blood pressure weakens in
the presence of increased body fat. Further to unfavorable
blood pressure levels increased body fat is also an impor-
tant risk factor of IR in children [38]. The present study
confirmed this by showing higher mean serum HOMA-IR
value and prevalence of IR in the ‘heavier and more fit’
group, thus indicating a more favorable effect of leanness
vs. fitness on glycemic control in children.

The current findings should be interpreted on the basis
of the study’s limitations. The use of BMI to assess weight
status is the first limitation, as BMI is not a direct measure
of adiposity especially in children [39]. However, the re-
sults from the bioelectrical impedance analysis showed that
children in the ‘heavier and more fit’ group had also the
highest fat mass levels. A second limitation is that fitness
levels were not assessed with direct measurement of peak
oxygen uptake, which is considered the optimal method,
but with ERT, which has been reported to introduce error.
Nonetheless, in epidemiological studies of large cohorts
conducted in community settings (i.e. schools in the pre-
sent study) it is more practical to use indirect, simple and
non-invasive methods to assess indices of health status. A
third limitation could be the assessment of children’s
physical activity levels by a subjective self-report method,
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(i.e. questionnaire), which is known for its lower accuracy.
However the questionnaire used in the present study was
previously validated in children [40], while the parallel use
of step counters, i.e. an objective method to assess phys-
ical activity levels confirmed the findings derived from the
questionnaires.

Conclusions

The present study reported a lower cardiometabolic risk for
‘leaner and less fit’ children compared to their ‘heavier and
more fit’ peers. These differences suggest that fatness may
attenuate the benefits of fitness and physical activity on
CVD risk factors in children and that, contrary to the find-
ings in adults, leanness may be more important, from
a cardiometabolic health benefit perspective, compared to
fitness in children. An intriguing question, then, is at what
age the situation is reversed, suggesting the need for future
research.
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Abstract

The aim of the present study was to examine the associations of obesity, percentage body fat and visceral fat mass with body Fe status
in a representative sample of 1493 schoolchildren aged 9-13 years. Anthropometric, body composition, biochemical, clinical
(Tanner stage, age of menarche) and dietary intake data were collected. Fe deficiency (ID) was defined as transferrin saturation
(TS) < 16%; and Fe-deficiency anaemia (IDA) as ID with Hb < 120g/l. Obese boys and girls and those in the highest quartiles of
percentage body fat mass had significantly higher levels of serum ferritin (P=0:05) compared to their normal-weight peers and those
in the corresponding lowest quartiles. Similarly, obese boys and girls and those in the highest quartiles of percentage body fat and visceral
fat mass had significantly lower levels of TS (P=0-05) compared to normal-weight children and those in the corresponding lowest
quartiles. The prevalence of ID and IDA was significantly higher in boys and girls in the highest quartiles of percentage body fat than
in peers in the lowest quartile. Higher quartiles of percentage body fat and visceral fat mass were the main significant predictors of ID
in boys, after controlling for other important confounders, with OR of 248 (95 % CI, 1-26, 4-88) and 2-12 (95% CI, 1-07, 4-19), respectively.
Similar significant associations were observed for girls. In conclusion, percentage body fat and visceral fat mass were positively associated
with ID in both sexes of preadolescents. These associations might be attributed to the chronic inflammation induced by excess adiposity.

Key words: Iron deficiency: Obesity: Children: Adipose tissue

Many reports have indicated that the prevalence of obesity in

childhood and adolescence has been increasing worldwide

(1,2)

at an alarming rate’”. On the basis of recent studies, the

number of overweight children has doubled and the number
of overweight adolescents has tripled since 1970, Following

the worldwide trends, obesity among Greek children and
adolescents is also on the rise over the last 30 years™®.
It is well established that excess adiposity in both adults
and children is strongly associated with several metabolic

complications (i.e. metabolic syndrome, insulin resistance,

5,6
)(, )

dyslipidaemias . In addition, although contradictory at

first sight, obesity has also been associated with nutritional

(7,8

deficiencies . Specifically, overweight and obese individ-

uals seem to be at higher risk of Fe deficiency (ID) than

those having normal body weight®~'". These findings were

(12-15) (15-17)

consistent in both children and adults

Prevention of ID is crucial from a public health perspective,
because it is associated with behavioural and cognitive delays

in infancy and early childhood, such as impaired learning™®,

(1929 21nd lower scores on tests

decreased school achievements
of mental and motor development®”. The aetiology of this
phenomenon remains uncertain. Suggested contributing fac-
tors are poor Fe intake, repeated short-term restrictive diets,
increases in blood volume when children enter adolescence,
early onset of menstruation, limited physical activity, rapid
growth and genetics*®'?. However, these factors seem not
to be significant predictors of the low serum Fe levels
observed in overweight and obese individuals'®. In contrast,
ID could partially be explained by the fact that obesity is a
low-grade chronic inflammatory state®?. In particular, studies
show that increased levels of inflammatory biomarkers, such
as C-reactive protein, are inversely associated with serum Fe

Abbreviations: 1D, Fe-deficiency; IDA, Fe-deficiency anaemia; TIBC, total Fe-binding capacity; TS, transferrin saturation; WC, waist circumference.

* Corresponding author: Dr Y. Manios, fax +30 210 9514759, email manios@hua.gr
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levels in centrally obese adolescents’®. The hypothesis that
the association between ID and obesity is mediated by an
obesity-induced low-grade chronic inflammation is strength-
ened by the higher levels of serum ferritin usually observed
in overweight and obese individuals. Although ferritin serves
as an index of Fe stores in the body, it is also an acute-
phase protein that increases in inflammatory states, such as
excess visceral fat accumulation®®.

The studies showing an inverse association between adi-
posity and Fe status in children and adolescents'%!'*' have
relied on BMI. However, BMI is not always a direct measure
of adiposity, especially in children®”. Furthermore, to our
knowledge based on the available literature, no study so far
has ever examined the relationship between more direct
measures of adiposity and Fe status. Such studies may explore
a more accurate association between obesity and ID in chil-
dren and highlight further the discussion of dietary rec-
ommendations of Fe intake in them. The present study
reports on the associations between central obesity, percen-
tage body fat and visceral fat mass and ID in a representative
sample of preadolescent Greek children.

Methods and procedures
Sampling

The Healthy Growth Study was a large-scale, cross-sectional,
epidemiological study initiated in May 2007. This study was
conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Ethics Committee of Haroko-
pio University of Athens. Approval to conduct the study was
also granted by the Greek Ministry of National Education.
The population under study comprised schoolchildren aged
9-13 years, attending the 5th and 6th grades of primary
schools located in municipalities within the prefectures of
Attica, Etoloakarnania, Thessaloniki and Iraklio. The sampling
of schools was random, multi-stage and stratified by parents’
educational level and total population of students attending
schools within these municipalities. Specifically, the municipa-
lities in the prefectures under study were divided into three
groups on the basis of average educational level of their
adult population (25-65 years old) that was estimated from
data provided by the National Statistical Service of Greece
(2001 census). This procedure yielded two parents’ education
cut-off points that allowed us to categorise municipalities
into three different socio-economic levels, i.e. higher, middle
and lower. Consequently, again on the basis of data from
the National Statistical Service, a certain number of muni-
cipalities, proportional to the size of their preadolescent
population (9-13 years old), was randomly selected from
each socio-economic level. Finally, a number of schools
were randomly selected from each municipality, proportional
to the population of schoolchildren registered in the 5Sth
and 6th grades, according to data obtained from the Greek
Ministry of Education.

All seventy-seven primary schools that were invited to
participate in the study responded positively. Weight and

height were measured in all pupils attending the 5th and 6th
grades in these primary schools as part of a school-based
health and nutrition education programme. Full medical
examination (i.e. anthropometric and body composition
measurements, blood collection, clinical examination etc.)
and questionnaire data were obtained from a subgroup of
pupils whose parents signed an informed consent form.
Signed parental consent forms were collected for 2655 out
of 4145 children (response rate 64-1%). Still no significant
differences with respect to parental educational level were
observed between families that consented to data collection
and those that did not.

Physical examination and anthropometry

Participants underwent a physical examination by two trained
members of the research team. The protocol and equipment
used were the same in all schools. Weight was measured to
the nearest 10 g using a Seca digital scale (Seca Alpha, Model
770, Hamburg, Germany). Pupils were weighed without
shoes in the minimum clothing possible. Height was measured
to the nearest 0-1 cm using a commercial stadiometer (Leicester
Height Measure; Invicta Plastics, Oadby, UK), with the pupil
standing barefoot, keeping shoulders in a relaxed position,
arms hanging freely and head in Frankfurt horizontal plane.
Weight and height were used to calculate BMI using Quetelet’s
equation (weight (kg)/height (m)?). The International Obesity
Task Force cut-off points®>?® were used to categorise partici-
pants as ‘normal weight’, ‘overweight’ or ‘obese’. Waist circum-
ference (WC) was measured to the nearest 0-1 cm with the use
of a non-elastic tape (Hoechstmass, Germany), with the pupil
standing, at the end of a gentle expiration after placing the
measuring tape on a horizontal plane around the trunk, at
the level of umbilicus midway, between the lower rib margin
and the iliac crest. The age- and sex-specific WC percentiles
were used for the classification of central obesity (=90th
percentile)(27).
paediatrician in each prefecture determined pubertal matu-
ration (Tanner stage) after thorough visual inspection of
breast development in girls and genital development in
boys®. Finally, each girl was asked by the paediatrician
about her menstruation status and age of menarche.

One well-trained and experienced female

Assessment of percentage body fat and visceral fat mass

Bioelectrical impedance analysis was used for the assessment
of percentage body fat (Akkern BIA 101; Akkern Srl., Florence,
Italy) and for abdominal-visceral fat mass (Tanita Viscan
AB-140, Kowloon, Hong Kong). In abdominal bioelectrical
impedance analysis, an electric current is passed between
the regions near the umbilicus and spinal cord at the umbili-
cus level, and the voltage generated in the lateral abdomen
is recorded. Because the equipotential line that passes
through visceral fat appears on the lateral abdominal surface,
the amount of visceral fat can be estimated by measure-
ment of the voltage generated at this location using a
regression equation determined by computed tomography@” .
Participants were instructed to abstain from any food or liquid
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intake and from any intensive exercise for 4 h before measure-
ment. They were also instructed not to wear any metallic
object during measurement. The assessments took place
with the pupils lying on a non-conductive surface at ambient
room temperature. Percentage body fat was calculated from
the resistance and reactance values using valid equations
derived from a similar preadolescent population®”, while
visceral fat mass was read directly from the instrument in a
rating scale from 1 to 59 units, with 0-5 increments. On the
basis of these data, children were categorised into four
sex-specific quartiles of percentage body fat and visceral fat
mass. As there were only two Tanita Viscan devices available,
data on trunk—visceral fat mass were collected for a represen-
tative sub-sample of 1500 children.

Biochemical indices

Blood samples were obtained for biochemical and haematolo-
gical screening tests between 08.30 and 10.30 hours after a
12h overnight fast. Reminders were distributed the previous
day to both parents and children in order to ensure compli-
ance with fasting. Professional staft performed venepuncture,
using two types of test tubes, one of which contained EDTA, to
obtain a maximum of 10 ml blood. The EDTA-blood was trans-
ferred on the same day of collection to a local laboratory,
where it was analysed in a CELL-DYN haematological autoa-
nalyser (Abbott Diagnostics, Abbott Park, IL, USA) for the
determination of haematological indices, including erythro-
cyte count, Hb and mean corpuscular volume. The remaining
blood was collected in plain test tubes for the preparation of
serum, which was divided into aliquots and stored at —80°C.
When blood collection was completed in Aitoloakarnania,
Thessaloniki and Iraklio, all serum samples were transported
in dry ice to the Laboratory of Nutrition and Clinical Dietetics
at Harokopio University, where biochemical analyses and cen-
tral storage of back-up samples at —80°C took place. Serum Fe
and total Fe-binding capacity (TIBC) levels were determined
by colorimetric assays (Roche Diagnostics SA, Basel, Switzer-
land). Transferin saturation (TS) was calculated by dividing
serum Fe by TIBC and multiplying by 100. Finally, serum ferritin
was measured by using a chemiluminescence immunoassay
(Siemens Healthcare Diagnostics, Tarrytown, NY, USA).

Fe deficiency (with or without anaemia) and Fe-deficiency
anaemia (IDA) were defined using the following age- and
sex-specific thresholds proposed by UNICEF and the
WHO®Y: ID was defined as TS < 16%; IDA was defined as
TS <16% and Hb concentration < 120g/l, which is the
threshold value for anaemia for children aged 9-13 years.
The Mentzer Index (MCV (fl)/RBC (M/ ;LD)(S’Z) was also
calculated for all pupils participating in the present study to
differentiate beta-thalassaemia from ID. On the basis of this
index, children with thalassaemia minor (eighteen cases)
were excluded from further analysis.

Dietary assessment

Dietary intake data were obtained by trained dieticians and
nutritionists via morning interviews with the children at

school-site for two consecutive weekdays and one weekend
day, using the 24h recall technique. Specifically, all study
participants were asked to describe the type and amount
of foods, as well as all beverages consumed during the
previous day, provided that it was a usual day according
to the participant’s perception. To improve the accuracy of
food description, (cups,
tablespoons, etc.) and food models were used to define
amounts where appropriate. At the end of each interview,

standard household measures

the interviewers, who were dieticians rigorously trained to
minimise the interviewer’s effect, reviewed the collected
data with the respondent in order to clarify entries, servings
and possible forgotten foods. Food intake data were analysed
using the Nutritionist V diet analysis software (version 2.1,
1999; First Databank, San Bruno, CA, USA), which was exten-
sively amended to include traditional Greek recipes, as
described®”. Furthermore, the database was updated with
nutritional information of processed foods provided by
independent research institutes, food companies and fast-
food chains.

Socio-economic and demographic variables

Family socio-economic and demographic data (i.e. total years
of education for the father and mother and annual family
income) were collected during scheduled interviews at the
school with the parents (mainly with the mother). For those
parents not able to attend (approximately 5% of the total
sample), data were collected via telephonic interviews. All
interviews were conducted with the use of a standardised
questionnaire by a research team that was rigorously trained
to minimise the interviewer’s effect.

Statistical analysis

Statistical analysis was conducted for the sub-sample of
children with full anthropometric, biochemical, dietary, body
composition and socio-economic data and no thalassaemia
minor (7 1493). Continuous variables were expressed as
mean values and standard deviations and categorical vari-
ables were reported as frequencies (%). Comparisons
between levels of the continuous variables were conducted
using Student’s ¢ test or ANOVA, using the Bonferroni cor-
rection for post hoc multiple comparisons among groups.
Comparisons between levels of the categorical variables
were conducted using the y? test or the Fisher's exact
test, as appropriate. The two-sample Z-test was also used
to perform pair-wise comparisons of the prevalence of ID
and IDA between quartiles of percentage body fat and visc-
eral fat mass. In order to test the effect of the independent
variables examined on ID, multivariate logistic regression
analysis was conducted and adjusted OR with 95% CI
were computed. All reported P values were based on two-
sided tests. The level of statistical significance was set at
a=0-05. Statistical analysis was conducted using STATA
(Stata Corporation, College Station, TX, USA) for the two-
sample Z-test and SPSS version 17.0 (SPSS, Inc., TX, USA)
for all other tests.
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Results

The sample consisted of 1493 children attending the 5th and
6th grades of primary school. Table 1 presents the main
descriptive characteristics of the study population. The age
of the study participants was 11-2 (sp 0-7) years. No significant
differences were found between boys and girls with respect to
nationality and socio-economic characteristics (i.e. socio-econ-
omic level of school region, paternal and maternal educational
level and family income). Similarly, no significant sex differ-
ences were found with respect to the prevalence of ID. On
the other hand, more girls than boys were found to be at
Tanner stages 3—5 (P<0-05), while the prevalence of obesity
was higher in boys than in girls (125 v. 10-2%, P<0-05).

Table 1. Descriptive characteristics of the study population

Total
Percentage Percentage percentage
of boys (n 740) of girls (n 753) (n 1493)

Age (years)

9-11 387 39-1 389

11-13 61-3 60-9 61-1
SEL of school

Lower 259 24.8 25-4

Medium 285 30-8 297

Higher 45.5 44.4 449
Grade

5th 470 47-4 47-2

6th 53.0 52.6 52.8
Nationality

Greek 897 87-8 887

Other 10-3 12.2 11-3
Tanner stage

1 44-8 21.6* 32.8

2 434 37-6* 40-4

3 10-6 26-6* 18-8

4 11 10-9* 6-2

5 0-1 3.3* 1-8
Menarche

Yes - 774 -

No - 226 -
Paternal education (years)

<9 25.0 270 26-0

9-12 40-0 37-0 38.5

>12 349 36-0 355
Maternal education (years)

<9 207 241 22.4

9-12 39.7 37-6 38.7

>12 396 38-3 389
Family income (€/year)

< 12000 18-3 21.9 20-1

12000-20000 24.8 24.9 249

20000-30000 241 24.2 24.2

30000-40000 15.9 15-6 15.7

40000-50000 84 62 73

> 50000 84 72 7-8
Weight groups

Normal-weight 57-0 61-3 59.2

Overweight 305 28-6 29-5

Obese 12:5 10-2* 11-3
ID

Normal 85-2 85-4 85-3

ID (TS < 16%) 14.8 14-6 14.7

SEL, socio-economic level; ID, Fe deficiency; TS, transferin saturation.
* Values were significantly different from boys (P<0-05, derived from the two-
sample Z-test for proportions).

Table 2 displays the biochemical indices of Fe status across
weight groups in both boys and girls. In boys, serum Fe and
TS differed significantly among weight groups (P<0-05),
being lower in obese and overweight than in normal-weight
ones. In contrast, serum ferritin was lowest in normal-weight
boys (P<0-05). In girls, TS exhibited lower values in obese
than in normal-weight girls. On the contrary, ferritin was
higher in obese than in normal-weight girls; and TIBC exhib-
ited higher values in obese and overweight than in normal-
weight girls. Moreover, the prevalence of ID was higher in
obese boys and girls compared to their normal-weight peers
(P=0-009 in boys and P=0-017 in girls). Similarly, the preva-
lence of IDA was higher in obese than in overweight or
normal-weight girls (P=0-002). Table 3 also presents the
biochemical indices of Fe status in the categories of normal
WC and central obesity. TS in centrally obese boys was signifi-
cantly lower (P=0-033) compared to peers of normal WC,
while the prevalence of IDA was significantly higher in
centrally obese boys than in boys of normal WC (P=0-000).
Furthermore, centrally obese girls exhibited higher prevalence
of both ID and IDA than girls of normal WC (P=0-001 and
0-042, respectively).

Table 4 summarises the biochemical indices of Fe status
across quartiles of percentage body fat. As far as boys were
concerned, serum Fe and TS were found to differ significantly
among quartiles, being lowest in the highest quartile. On the
contrary,
quartile (P=0-001). Furthermore, the prevalence of ID and
IDA was significantly higher for boys in the highest quartile
of percentage body fat compared to the middle and lowest
ones (P=0:005 and 0:010, respectively). In girls, serum Fe
and TS exhibited lower values in the highest compared to
the lowest quartile, whereas TIBC and ferritin exhibited
higher values in the highest compared to the lowest quartile.
Furthermore, the prevalence of ID and IDA was significantly
higher for girls in the highest quartile of percentage body fat
than for those in the lowest quartile (P=0-027 and 0-046,
respectively). Additionally, Table 5 also presents the same
indices of Fe status across quartiles of visceral fat mass. In
boys, serum Fe and TS differed significantly among quartiles
(P<0:05), being lower in the highest than in the lowest quar-
tile. On the other hand, TIBC and ferritin differed significantly
among quartiles (P<0:05), but were higher in the highest
than in the lowest quartile. As far as girls were concerned,
TIBC was higher and TS was lower in the highest compared
to the lowest quartile of visceral fat mass (P<0-05).

The logistic regression analysis showed that overweight
boys and obese girls were 2-13 (95% CI, 1-27, 3-60) and 225
(95% CI 114, 4-46) times more likely to be Fe deficient than
normal-weight boys after controlling for several important
covariates (Table 6). Furthermore, centrally obese girls were
2:23 (95% CI, 1-30, 3-83) times more likely to be Fe deficient
in comparison with girls of normal WC. Boys in the highest
quartiles of percentage body fat and visceral fat mass were
2:48 (95% CI, 1-26, 4-88) and 2-12 (95% CI, 1-07, 4-19) times
more likely to be Fe deficient than boys in the lowest quartiles
(Table 6). Similarly, girls in the highest quartiles of percentage
body fat and visceral fat mass were 2:12 (95% CI, 1:07, 4-20)

serum ferritin  was lowest in the lowest
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Table 2. Biochemical and dietary indices of iron status across BMI groups in prepubertal children
(Mean values and standard deviations)

Boys Girls
Normal-weight Overweight Obese Normal-weight Overweight Obese
(n421) (n 226) (n93) (n461) (n215) (n77)
BMI groups Mean SD Mean SD Mean SD P* Mean sSD Mean sSD Mean SD P*
Biochemical serum indices
Fe (ng/l) 905t% 329 8361 354 8161 304 0-024 920 349 926 340 835 361 0-166
TIBC (ng/l) 3338 534 3372 515 3462 430 0-160 342211 535 360-21 610 3600% 943 0-002
TS (%) 27-3t% 9-5 25.21 106 23-5% 8:2 0-002 27-2% 10-2 26-1 9.7 23-7% 10-3 0-032
Ferritin (ng/ml) 30-6t% 207 35-3t 22.9 35-8% 191 0-021 27-3f 15.5 305 194 31-6% 144 0-036
Dietary indices
Fe intake (mg/4184 kJ (mg/1000 kcal)) 5-8 1.9 6-3 2.2 5.9 29 0-246 6-0 4.4 6-7 3-6 6-4 39 0-176
Fe status categories (% of total)
ID 10-789 20-7§ 16-09 0-009|| 1299 139 26-61 0-017]|
IDA 0-9 2-8 39 0-113| 1-69 2.2** 9-49** 0-002||
TIBC, total Fe-binding capacity; TS, transferrin saturation; ID, Fe deficiency with or without anaemia; IDA, Fe-deficiency anaemia.
*Derived from ANOVA.
1 Mean values were significantly different between normal-weight and overweight children after post-hoc multiple comparisons (P<0-05, Bonferroni rule).
1 Mean values were significantly different between normal-weight and obese children after post-hoc multiple comparisons (P< 0-05, Bonferroni rule).
§ Values were significantly different between normal-weight and overweight children (P<<0-05, two-sample Z-test).
|| Derived from the Pearson y 2 test.
9 Values were significantly different between normal-weight and obese children (P<0-05, two-sample Z-test).
**Values were significantly different between over-weight and obese children (P<0-05, two-sample Z-test).
Table 3. Biochemical and dietary indices of iron status across waist circumference (WC) groups in prepubertal children
(Mean values and standard deviations)
Boys Girls
Central obesity* (n Central obesity* (n
Normal WC (n 613) 127) Normal WC (n 614) 139)
WC groups Mean SD Mean SD Pt Mean SD Mean SD Pt
Biochemical serum indices
Fe (ng/l) 892 340 769 299 0-165 933 349 820 330 0-267
TIBC (ng/l) 3343 526 3468 461 0-285 3474 563 3583 811 0-153
TS (%) 270 99 223 8-3 0-033 272 10-1 234 9.7 0-304
Ferritin (ng/ml) 323 215 34-5 199 0-683 28-3 16-8 30-0 16-1 0-799
Dietary indices
Fe intake (mg/4184 kd (mg/1000 kcal)) 5.9 3-4 6-2 3-2 0-483 6-2 41 6-5 4.2 0-563
Fe status categories (% of total)
ID 135 20-2 0-093% 12.4 252 0-001%
IDA 1-0 5.8 0-006% 2:0 5.4 0-042%

TIBC, total Fe-binding capacity; TS, transferrin saturation; ID, Fe deficiency with or without anaemia; IDA, Fe-deficiency anaemia.
*WC=90th age- and sex-specific percentile.

1 Derived from Student’s t test.

1 Derived from Pearson x2.
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** Derived from Pearson x2.
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SD
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201
549

Mean
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31.2

6-3

Girls
SD
336
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9.8
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4.8
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(n381)
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6-4
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1.9

SD
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167

2-8

Lower quartile
(n 188)
11-0
1.39

Mean
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28-5t
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P*
0.013
0-049
0-001
0-028
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0-223§

311
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229
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474
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35

Mean
807t
345-3%
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34.81
6-5

Boys

SD
349
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10-5
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21

11

(n 346)
15.6

875
33261
26-6%
33.7

5-8

Middle quartile
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SD
330
583

91
17-8

1.9

Lower quartile
(n217)
10-2
1.7

5-8

918t
3354
27-5t%

Mean
29-11

Fe intake (mg/4184 kJ (mg/1000 kcal))
Fe status categories (% of total)

Ferritin (ng/ml)

Fe (ng/l)

TIBC (ng/l)

TS (%)
Dietary indices

IDA

Table 5. Biochemical and dietary indices of iron status across quartiles of visceral fat mass in prepubertal children

(Mean values and standard deviations)

Biochemical serum indices

Visceral fat mass
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lower levels of serum Fe and TS than their normal-weight
counterparts' %1316,

The mechanism linking obesity with ID has not yet been
elucidated. One proposed such mechanism is low dietary Fe
intake by overweight individuals. Still, the available literature
in this regard remains controversial. Although a study on
Greek adolescents reported low Fe intakes by overweight
pupils®®, other recent studies did not find any significant
differences in Fe intake between obese and non-obese
(101639 Similarly, the present study
did not show any significant differences in dietary Fe intake
between the weight and WC groups and among quartiles
of total and visceral fat mass (Tables 1-5). Differences in
the dietary intakes of specific nutrients that either enhance
(vitamin C) or inhibit (Ca, dietary fibre) intestinal non-
haeme Fe absorption® could also provide an explanation
for the depleted Fe stores observed in children with increased
adiposity. However, Acberli et al.®? reported no significant
associations between intakes of bioavailable Fe or factors
enhancing Fe absorption and overweight in Swiss children
and adolescents.

Furthermore, the bioavailability of Fe may also be modu-
lated by other physiological factors mainly linked to the
chronic inflammation induced by excess adiposity. The signifi-
cant positive associations observed in the present study,
between higher percentage body fat and visceral fat mass
and ID (Table 6), could strengthen the aforementioned link.
More specifically, increased total and visceral fat mass
accumulation stimulates the production of inflammatory cyto-
®? that have been reported to be inversely associated
with serum Fe levels"®. The hypothesis, that the significant
association observed between ID and obesity is mediated by
a low-grade chronic inflammation, is also supported by the
higher levels of serum ferritin observed among overweight
and obese children in the present study. Moreover, serum
levels of hepcidin, which is the main regulatory hormone
for Fe absorption and recirculation, have been reported by
other studies to be significantly higher in overweight children,
adolescents33? 1049 than in normal-weight peers.
Adipose-derived cytokines (such as IL-6 and leptin) produced
in response to obesity-related inflammation activate hepcidin
gene transcription™. This results in increased serum hepcidin
levels that lead to the sequestration of Fe within the reticu-
loendothelial system and to decreased dietary Fe absorption
from the intestine by controlling the expression of ferroportin
1 at the basolateral membranes of the enterocytes“”.

The present study has certain strengths and limitations.
Regarding strengths, the Healthy Growth Study is a large-
scale, epidemiological study covering the central, northern,
southern and western parts of the Greek territory. Further-
more, to our knowledge, this is the first study reporting associ-
ations between visceral fat mass and Fe status in children.
One other strength of the present study relates to the fact
that detailed data on diet, blood and anthropometry as
well as important confounders (e.g. socio-economic status
and pubertal status) were collected. Regarding limitations,
additional to its cross-sectional design, the present study has
been based on a sub-sample of 1493 pupils with full body

children and adolescents

kines

and adults

1 Mean values were significantly different between middle and higher quartiles after post-hoc multiple comparisons (P<0-05, Bonferroni rule).

1 Mean values were significantly different between lower and higher quartiles after post-hoc multiple comparisons (P<0-05, Bonferroni rule).
§ Derived from the Pearson x 2 test.

TIBC, total Fe-binding capacity; TS, transferrin saturation; ID, Fe deficiency with and without anaemia; IDA, Fe-deficiency anaemia.

*Derived from ANOVA.
9 Values were significantly different between lower and higher quartiles (P<0-05, two-sample Z-test).
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Model 21
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Girls (n 753)
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Model 1*

1.00

Adjusted OR

n
461
215

77

95% Cl

Model 2t

Adjusted OR
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Table 6. Risk for iron deficiency with and without anaemia among children with different BMI, waist circumference (WC), percentage of body fat and visceral fat mass, controlling for other important

covariates

Boys (n 740)

95% ClI

Model 1*

Adjusted OR

421

Normal-weight
Overweight

Obese
WC groups

(Adjusted odds ratios and 95 % confidence intervals)

BMI groups

< ©
o<
- <

o~

111
2.25

0-65, 1-84

1.09
2-43

1.27, 3-60
0.-78, 3.37

1.28, 3-54

0-80, 3-34

226
93

-59, 2:15
-07, 4-20

© -

1.30, 3-83
1.09, 4-34

0-69, 2-45

1-00
2-23

1.29, 4.58
1.44, 3.96
0.71, 243
1.16, 4.27
1.08, 3.93

0-70, 2-32

1.00
2-39
1.00
1-31
2-23
1.00
1.27
2.06

614
139
188
381
184

0-92, 2.95

1.00
1.64
1.00

119

1.28, 4-81
0.-98, 3-35
1-11, 4.23

0-93, 2-84
0-65, 2-35

1.00
1.62
1.00
1.24

613
127
183
374
183
217
346
177

Central obesity
Body fat quartiles
Lower quartile
Medium quartilest
Higher quartile
Visceral fat quartiles
Lower quartile
Medium quartilest
Higher quartile

Normal

1 Adjusted for dietary Fe, Ca, vitamin C and fibre intake, maternal educational level, Tanner stage and menarche (girls only).

1 Quartiles 2 and 3 in each case were combined to the ‘medium’ quartiles.

*Unadjusted.
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composition data out of the 2655 pupils with parental consent
to participate in the study. Still, no statistically significant
differences were observed between pupils with full body
composition data (including visceral fat mass levels; i.e.
n 1493) and the rest 1162 participating pupils with no visceral
fat mass data with regards to parental educational level and
weight status (data not shown). Another limitation was the
use of only three 24 h recalls, which may not be sufficient to
assess children’s habitual dietary intake. Nonetheless, this is
of particular concern for foods consumed only occasionally
(whereas foods providing Fe are consumed on a more regular
basis) while 24 h recalls are most feasible in larger samples of
children such as in the present study.

In conclusion, the present study showed significant positive
associations of higher percentage body fat and visceral fat
mass with ID in both sexes. These associations may have
important public health implications, since they point to the
need to also consider excess adiposity as a non-traditional
risk factor for ID and IDA. Higher total and visceral fat
mass levels should be taken into account when assessing
children’s body Fe status and should probably be treated
before providing dietary recommendations to correct ID
or IDA. Future prospective studies could help highlight
the basis of the association between obesity and ID, thus
providing better insight into how to most effectively tackle
the important public health issues of excess adiposity and
ID as early in life as possible.
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Introduction

Wenzel et al. (1962) were the first to report lower serum
iron levels in obese compared to non-obese adolescents.
Subsequently, this association has received little attention.
However, some recent studies have shown that over-
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Abstract

Background: Some small cohort studies have noted that obesity co-exists
with lower serum iron levels. The present study aimed to examine the asso-
ciation between being overweight and iron deficiency (ID) in a large cohort
of Greek children and adolescents.

Methods: A representative sample of 2492 primary schoolchildren aged
9-13 years old was examined. Anthropometric, biochemical, clinical, dietary
intake and physical activity data were collected.

Results: The prevalence of ID and iron deficiency anaemia (IDA) was
higher in obese boys and girls compared to their normal-weight peers
(P < 0.05). Serum ferritin was higher in obese compared to normal-weight
boys (P = 0.024) and higher in obese compared to normal-weight and over-
weight girls (P = 0.001). By contrast, a negative association was found
between transferrin saturation and adiposity in both boys and girls
(P =0.001 and P = 0.005). Furthermore, obese girls had significantly higher
fibre intake than normal-weight girls (P = 0.048) and also overweight and
obese boys and girls recorded significantly fewer pedometer steps than their
normal-weight peers (P < 0.001). Finally, obesity more than doubled the
likelihood of ID in both boys (odds ratio = 2.83; 95% confidence
inteval = 1.65-4.85) and girls (odds ratio = 2.03; 95% confidence inter-
val = 1.08-3.81) after controlling for certain lifestyle and clinical indices as
potential confounders.

Conclusions: The present study shows that obese children and adolescents
were at greater risk for ID and IDA than their normal-weight peers. Low
grade inflammation induced by excessive adiposity may be a reason for the
observed low iron levels. This is also strengthened by the elevated serum
ferritin levels, comprising an acute phase protein that is plausibly increased
in inflammation.

weight children and adolescents are at higher risk for iron
deficiency (ID) compared to normal-weight counterparts
(Pinhas-Hamiel et al, 2003; Nead et al., 2004; del
Giudice et al., 2009). The exact aetiology of this double
burden (i.e. obesity and ID) remains uncertain. Suggested
contributing factors include a poor dietary iron intake,
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probably as a result of repeated short-term restrictive
diets, in overweight individuals and genetics (Pinhas-
Hamiel et al.,, 2003; Nead et al., 2004). Still, the exact
aetiology of obesity-related hypofaerremia in children
remains uncertain (Menzie et al., 2008).

Considering that obesity represents a low-grade chronic
inflammatory state, the hypofaerremia associated with
obesity could be attributed to certain metabolic and
molecular adaptations induced by inflammation. This
hypothesis is supported by the significant inverse correla-
tions observed in overweight and obese individuals
between serum iron concentration and the concentrations
of a variety of adipocytokines and pro-inflammatory
cytokines after controlling for iron intake, iron needs and
iron losses (Chung et al., 2007; Tussing-Humpbhreys et al.,
2009). Furthermore, certain acute-phase peptides (e.g.
hepcidin) that are usually elevated in obesity have also
been found to regulate iron haemostasis, mainly via their
iron-binding effects (Menzie et al., 2008; del Giudice
et al., 2009).

Impaired iron status in children and adolescents could
have several important clinical implications for future
physical and cognitive development and maturation.
Thus, identifying overweight/obese children as a high-risk
group for ID could be very important from a public
health perspective for designing and implementing tai-
lored-made dietary intervention approaches to correct
both excess body weight and poor iron status, even in
developed countries. The present study aimed to examine
the association between being overweight and iron status
in children and adolescents in Greece and to identify the
main risk factors for ID.

Materials and methods

Sampling

The Healthy Growth Study was a large scale cross-sec-
tional epidemiological study, initiated in May 2007.
Approval to conduct the study was granted by the Greek
Ministry of National Education and the Ethical Commit-
tee of Harokopio University of Athens. The population
under investigation comprised schoolchildren aged
9-13 years old, who were attending the fifth and sixth
grades of primary schools located in municipalities within
the prefectures of Attica, Aitoloakarnania, Thessaloniki
and Iraklio. The sampling of schools was random, multi-
stage and stratified by parents’ educational level and the
total population of students attending schools within
these municipalities, as described in more detail elsewhere
(Moschonis et al., 2010). The multistage, random sam-
pling procedure vyielded 77 primary schools that
responded positively when they were invited to partici-
pate in the study. Weight and height were measured in
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all pupils attending the fifth and sixth grades in these pri-
mary schools as a part of a school-based health and
nutrition education programme. Full medical examina-
tion (i.e. anthropometric and body composition measure-
ments, blood collection, clinical examination, etc.) and
questionnaire data were obtained from a subgroup of
pupils whose parents provided their written informed
consent form. Signed parental consent forms were col-
lected for 2655 out of 4145 children (a response rate of
64.1%).

Physical examination and anthropometry

Participants underwent a physical examination by two
trained members of the research team. The protocol and
equipment used were the same in all schools. Weight was
measured to the nearest 10 g using a Seca digital scale
(Seca Alpha, Model 770; SECA, Hamburg, Germany).
Pupils were weighed without shoes in the minimum
clothing possible. Height was measured to the nearest
0.1 cm using a commercial stadiometer (Leicester Height
Measure; Invicta Plastics, Oadby, UK) with the pupil
standing barefoot, keeping the shoulders in a relaxed
position, arms hanging freely and head in Frankfurt hori-
zontal plane. Weight and height were used to calculate
body mass index (BMI) using Quetelet’s equation [weight
(kg)/height (m)?]. The International Obesity Task Force
cut-off points (Cole et al., 2007, 2000) were used to cate-
gorise participants as ‘underweight’, ‘normal weight’,
‘overweight’ or ‘obese’ (cut-off points for ‘Overweight’
ranged from 19.10 to 21.91 for boys and 19.07 to 22.58
for girls; cut-off points for ‘Obesity’ ranged from 22.77 to
26.84 for boys and 22.81 to 27.76 for girls). Furthermore,
one well-trained and experienced female paediatrician in
each prefecture determined pubertal maturation (Tanner
stage) after a thorough visual inspection of breast devel-
opment in girls and genital development in boys (Tanner,
1955). Finally, each girl was asked by the paediatrician
about her menstruation status and age of menarche.

Haematological and biochemical indices

Blood samples were obtained for biochemical and haema-
tological screening tests between 08.30 h and 10.30 h after
a 12-h overnight fast. Professional staff performed veni-
punctures to obtain a maximum of 10 mL of blood. A
CELL-DYN haematological auto analyser (Abbott Diag-
nostics, Abbott Park, IL, USA) was used to assess red
blood cell count (RBC), haemoglobin, haematocrit, mean
corpuscular volume (MCV), mean corpuscular haemoglo-
bin (MCH) and mean corpuscular haemoglobin concen-
tration (MCHC). The remaining blood was centrifuged to
collect serum, divided into aliquots of 2 mL and stored at

© 2012 The Authors
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—80 °C. All serum samples were transported in dry ice to
the Laboratory of Nutrition and Clinical Dietetics at Har-
okopio University, where biochemical analyses took place.
Serum iron and total iron binding capacity (TIBC) were
determined by colorimetric assays (Roche Diagnostics SA,
Basel, Switzerland). Transferrin saturation (TSAT) was
calculated by dividing serum iron by TIBC and multiply-
ing by 100. Finally, serum ferritin was measured using a
chemiluminescence immunoassay (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA).

ID (with or without anaemia) and iron deficiency
anaemia (IDA) were defined using the age- and sex-
specific thresholds proposed by UNICEF and the World
Health Organization (WHO, 2001): ID was defined as
TSAT <16%; IDA was defined as ID with blood haemo-
globin concentration <12 g dL ™", which is the threshold
value for anaemia for children aged 9-13 years. The
Mentzer Index [MCV(fL)/RBC (M pL™")] (Mentzer,
1973) of all the children and adolescents with anaemia
was also calculated to differentiate thalassemia minor
from IDA. On the basis of this index, children and ado-
lescents with thalassemia minor (18 cases) were excluded
from further analysis.

Dietary assessment

Dietary intake data were obtained for two consecutive
weekdays and one weekend day, using the 24-h recall
technique. Specifically, all study participants were asked
to describe the type and amount of foods, as well as all
beverages consumed during the previous day, provided
that it was a usual day according to the participant’s per-
ception. To improve the accuracy of food description,
standard household measures (cups, tablespoons, etc.)
and food models were used to define amounts where
appropriate. At the end of each interview, the interview-
ers, who were dieticians rigorously trained to minimise
the interviewer’s effect, reviewed the collected data with
the respondent to clarify entries, servings and possibly
forgotten foods. Food intake data were analysed using
NUTRITIONIST V diet analysis software, version 2.1 (First
Databank, San Bruno, CA, USA), which was extensively
amended to include traditional Greek recipes, as
described previously (Trichopoulou, 2004). Furthermore,
the database was updated with nutritional information of
processed foods provided by independent research insti-
tutes, food companies and fast-food chains.

Physical activity assessment

To assess physical activity, study participants were pro-
vided with and instructed to wear a waist-mounted
pedometer (Yamax SW-200 Digiwalker; Yamax Corpora-

© 2012 The Authors
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tion, Tokyo, Japan) for 1 week (i.e. from Monday to Sun-
day). The pedometer was positioned in accordance with
the manufacturer’s instructions on the right waistband,
vertically aligned with the patella. The pedometer used in
the present study displayed the cumulative number of steps
from the time it was worn in the morning until the time it
was removed at bedtime. Participants were provided with
a diary template and instructed to record the total number
of daily steps displayed by the pedometer at bedtime and
then zero the pedometer. Participants were also instructed
to take off the pedometers when bathing or swimming and
to record these activities in the diary. Finally, in cases
where some children or adolescents forgot to wear the
pedometer for a whole day, the relevant cells in the diary
were left blank and the calculation for total mean steps per
day was made using the appropriate number of days.

Socio-economic and demographic variables

Data on parents’ educational level (i.e. total years of edu-
cation for the father and mother) were collected from the
parents (mainly the mother) during scheduled interviews
at school. For those parents not being able to attend
(approximately 5% of the total sample), data were col-
lected via telephone interviews. All interviews were con-
ducted with the use of a standardised questionnaire by
researchers that were rigorously trained to minimise the
interviewer’s effect.

Statistical analysis

Normality of the distribution of continuous variables was
tested using the Kolmogorov—Smirnov test and homogene-
ity of variances was tested using Levene’s test. Continuous
variables are expressed as the mean (SD), and categorical
variables are reported as frequencies (%). Comparisons
between levels of the continuous variables were conducted
using one-way analysis of variance for normally distributed
variables and the nonparametric Kruskal-Wallis test for
variables that remained non-normally distributed, even
though logarithmic transformations were made. Compari-
sons between levels of the categorical variables were con-
ducted using the chi-squared test or the Fisher’s exact test,
as appropriate. The two-sample Z-test was also used to
make pairwise comparisons on the prevalence of ID and
IDA between weight groups. To test the effect of the inde-
pendent variables examined on ID and IDA, multivariate
logistic regression analysis was conducted and adjusted
odds ratios (OR) with 95% confidence intervals (CI) were
computed. All reported P-values refer to two-sided tests.
The level of statistical significance was set at o = 0.05.
Statistical analysis was conducted using spss, version 16.0
(SPSS Inc., Chicago, IL, USA).
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Results

Voluntary participation did not affect the representative-
ness of the population under study because there were
no significant differences observed between respondents
and nonrespondents with regard to children’s weight
status and parental educational level (data not shown).
Data were available for 2492 out of 2655 participating
children and adolescents in the fifth and sixth grades of
primary school. Table 1 presents the characteristics of
the study population. The mean (SD) age of the study
participants was 11.2 (0.7) years. No significant differ-
ences were found between boys and girls with respect to
nationality and socio-economic characteristics (i.e. socio-
economic level of school region, paternal and maternal
educational level and family income). Similarly, no sig-
nificant sex differences were found with respect to the
prevalence of ID, anaemia and IDA. On the other hand,
more girls than boys were found to be at Tanner stages
3-5 (P < 0.05), whereas the prevalence of obesity was
higher in boys compared to girls (13.3% versus 9.6;
P < 0.05).

Furthermore, regarding children and adolescents with
ID and IDA, there were no significant differences either
within or between groups in terms of dietary intake of
iron, calcium, vitamin C and fibre, steps count, Tanner
stage and prevalence of being overweight and obesity.
Nevertheless, BMI was found to differ significantly
between ID and IDA study participants (20.6 versus
22.7 kg m % P < 0.001; data not shown).

Table 2 displays the haematological and biochemical
indices of iron status across weight groups in both boys
and girls. In boys, MCH, MCHC, serum iron and TSAT
differed significantly among weight groups (P < 0.05),
being lower in obese compared to normal-weight groups.
By contrast, serum ferritin and TIBC were lowest in
normal-weight boys (P < 0.05). In girls, significant
differences across weight groups were found in nine hae-
matological and biochemical indices of iron status
(P < 0.05). Of those, haemoglobin, MCV, serum iron
and TSAT exhibited lower values in obese than normal-
weight girls; MCH and MCHC were lower in obese and
overweight girls compared to their normal-weight peers.
By contrast, RBC was higher in obese and overweight
compared to normal-weight girls; ferritin was higher in
obese compared to overweight or normal-weight girls;
and TIBC exhibited higher values in overweight com-
pared to normal-weight girls (in states of iron depletion,
the iron-binding capacity of transferin, and thus TIBC
levels, increases). Moreover, the prevalence of ID was
higher in obese boys and girls compared to their over-
weight and normal-weight peers (P < 0.001 in boys and
P =0.002 in girls). Similarly, the prevalence of IDA was
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Table 1 Characteristics of the study population

Boys % Girls % Total %
(n=1241) (n=1251) (n=2492)

Age (years)

9-11 41.4 41.9 41.6

11-13 58.6 58.1 58.4
SEL of school

Lower 26.7 25.1 25.9

Medium 39.2 32.6 35.9

Higher 34.1 42.3 38.2
Grade

Sth 47.6 49.2 48.5

6th 52.4 50.8 51.5
Nationality

Greek 85.8 83.1 84.4

Other 14.2 16.9 15.6
Tanner stage

1 44.4 21.0%* 32.7

2 40.0 39.6 39.8

3 11.2 26.4% 18.8

4 3.9 10.5* 7.2

5 0.5 2.5* 1.5
Menarche

Yes - 771 -

No - 22.9 -
Paternal education (years)

<9 26.0 26.9 26.3

9-12 38.7 37.8 38.1

>12 353 353 35.6
Maternal education (years)

<9 19.2 23.9 21.6

9-12 40.8 38.1 394

>12 40.0 38.0 39.0
Family income (€/year)

<12 000 21.1 241 22.6

12 000-20 000 26.9 26.5 26.7

20 000-30 000 233 23.9 23.6

30 000-40 000 14.5 13.7 14.1

40 000-50 000 8.0 5.6 6.8

>50 000 6.3 6.1 6.2
Weight group

Normal-weight 55.2 60.0 57.6

Overweight 31.5 30.4 30.9

Obese 13.3 9.6* 11.4
Iron status groups

Normal iron status 73.6 76.4 75.0

Iron deficiency 16.7 14.0 15.3

(TSAT < 16%)

Anemia (Hgh <12 g dL™") 7.4 6.7 7.1

Iron deficiency anemia 24 2.9 2.6

(TSAT < 16% and Hgb <

12gdl")

*P < 0.05, significantly different from boys.
Hgb, haemoglobin; SEL, socio-economic level; TSAT, transferring saturation.

higher in obese compared to normal-weight boys
(P =0.029) and in obese compared to overweight or nor-

mal-weight girls (P = 0.003).

© 2012 The Authors
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Tables 3 and 4 summarise the intakes of nutrients that
affect iron status, adjusted for energy intake, and the
walking/running activity across weight groups in both
sexes. No significant differences among weight groups in
either boys or girls were found in iron, calcium or vita-
min C intakes. Nevertheless, obese girls had a higher
intake of fibre compared to normal-weight girls
(P =0.048). Overweight and obese boys and girls
recorded significantly fewer steps than their normal-
weight peers (P < 0.001).

Based on the results of the multivariate logistic regres-
sion analysis shown in Table 5, obesity was the only fac-
tor that significantly increased the likelihood of ID and
IDA in both boys and girls. Furthermore, a higher mater-
nal educational level decreased the likelihood of ID in
boys, whereas boys with higher walking/running activity
(fourth quartile of number of steps) were more likely to
be iron deficient. Finally, a high stage of pubertal
maturation in girls (Tanner stage 4) significantly
increased the likelihood of ID.

Y. Manios et al.

Discussion

The present study showed a considerably high prevalence
of ID and IDA in obese male (28.6% and 5.3%, respec-
tively) and female (28.9% and 8.2%, respectively) chil-
dren and adolescents. This prevalence was comparable to
the prevalence of ID reported for overweight Swiss and
Israeli children and adolescents (i.e. 20% and 12%,
respectively; Pinhas-Hamiel et al., 2003; Aeberli et al.,
2009). In the latter studies, the definition of ID was based
on certain biochemical markers of iron status, such as
serum transferrin receptor concentration, free erythrocyte
protoporphyrin levels and TSAT, which was the sole
index used in the present study to assess ID. However,
the prevalence of ID reported by the present and the two
studies cited above is considerably higher compared to
data reported from the USA (Nead et al., 2004). Specifi-
cally, the prevalence of ID reported for obese children
and adolescents in the Third National Health and
Nutrition Examination Survey (NHANES) was 2.4% and

Table 3 Dietary intake and physical activity levels across weight status categories in male children and adolescents

Boys

Normal-weight (n = 685) Overweight (n = 391) Obese (n = 165) P-value
Iron (mg/4184 k)% day ") 5.9 (2.5) 6.1 (4.2) 5.8 (2.6) 0.680°
Calcium (mg/4184 kJ¥ day™") 571.8 (181.4) 594.5 (179.8) 572.1 (206.4) 0.1317
Vitamin C (mg/4184 kJ® day™") * 52.3 (48.6) 56.0 (44.3) 51.4 (42.5) 0.238F
Fibre (g/4184 kJ¥ day™') * 7.8 (3.5) 8.2 (3.8) 7.4 (3.4) 0.077*
Steps (number of steps day™") 15745 (5202)*P 13362 (4912)° 12842 (6591)7 <0.001%

Values marked with the same superscript letters are significantly different (P < 0.05) after post-hoc multiple comparisons using the Bonferroni

rule.

*Parameters were log-transformed.
Derived from Kruskal-Wallis test.
*Derived from analysis of variance.
4184 kJ is equal to 1000 kcal.

Table 4 Dietary intake and physical activity levels across weight status categories in female children and adolescents

Girls

Normal-weight (n = 751) Overweight (n = 380) Obese (n = 120) P-value
Iron (mg/4184 kJ$ day™") 6.0 (3.8) 6.7 (3.8) 6.3 (3.4) 0.064°
Calcium (mg/4184 kJ¥ day™") 576.8 (200.1) 610.8 (372.2) 576.2 (195.0) 0.577F
Vitamin C (mg/4184 kJ¥ day=")* 59.7 (48.7) 56.2 (47.9) 55.6 (43.6) 0.228%
Fibre (g/4184 kJ¥ day~")* 7.5 (3.6)° 8.0 (3.6) 8.2 (437 0.048%
Steps (number of steps day ") 12299 (4027)%P 11263 (4467)° 10281.4 (5335)° <0.001%

Values marked with the same superscript letters are significantly different (P < 0.05) after post-hoc multiple comparisons using the Bonferroni

rule.

*Parameters were log-transformed.
Derived from Kruskal-Wallis test.
Derived from analysis of variance.
4184 kJ is equal to 1000 kcal.

© 2012 The Authors
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Table 5 Adjusted odds ratios (95% confidence intervals) for iron deficiency and iron deficiency anaemia among children and adolescents

Boys (n = 1241)

Girls (n = 1251)

ID

IDA

1D

IDA

Weight group
Normal-weight

1.00

1.00
1.90 (0.69-5.21)
3.13 (1.01-9.71)

1.20 (0.44-3.24)
2.51(0.76-8.29)
2.29(0.24-21.7)

0.79 (0.27-2.34)
0.38 (0.09-1.47)

1.13(0.34-3.72)
1.20 (0.35-4.06)

Overweight 1.48 (0.99-2.18)
Obese 2.46 (1.52-3.96)
Tanner stage
Stage 1 1.00 1.00
Stage 2 1.49 (0.99-2.17)
Stage 3 1.39 (0.79-2.42)
Stage 4 1.06 (0.28-3.92)
Stage 5 -
Mother’s education (years)
<9 1.00 1.00
9-12 1.05 (0.65-1.70)
>12 0.56 (0.36-0.88)
Steps quartiles (number of steps day™")
1st Quartile 1.00 1.00
2nd Quartile 1.22 (0.74-2.02)
3rd Quartile 1.57 (0.96-2.57)
4th Quartile 1.85 (1.13-2.04)

1.09 (0.31-3.86)

1.00
1.30 (0.88-1.94)
2.05 (1.19-3.51)

1.00

1.57 (0.94-2.62)
1.55 (0.88-2.73)
3.03 (1.51-6.09)
0.30 (0.36-2.46)

1.00
1.29 (0.81-2.05)
0.93 (0.59-1.47)

1.00

1.20 (0.73-1.97)
0.97 (0.58-1.61)
1.41 (0.86-2.31)

1.00
1.29 (0.51-3.26)
3.28 (1.15-9.33)

1.00

1.10 (0.32-3.82)
1.70 (0.48-6.06)
3.12(0.73-13.3)

1.00
1.04 (0.36-3.02)
1.43 (0.54-3.80)

1.00

0.79 (0.28-2.24)
0.80 (0.28-2.31)
0.56 (0.17-1.78)

All odds ratios were adjusted for dietary iron, calcium, vitamin C and fibre, paternal educational level and menarche (girls only).

Bold values indicate statistical significance.
ID, iron deficiency; IDA, iron deficiency anaemia.

9.1%, respectively (Nead et al., 2004). The use of serum
ferritin as one of the diagnostic criteria for ID in this pre-
vious study on USA children and adolescents could pro-
bably provide an explanation for this discrepancy. Ferritin
is an acute-phase protein whose serum levels are plausibly
elevated in states of chronic or acute inflammation
(Wisse, 2004). Considering that obesity represents such a
state, the increased levels of serum ferritin in overweight
and obese children could have led to an underestimation
of the true magnitude of ID in this cohort. This hypothe-
sis is supported by a more recent study that also used
NHANES data to examine the incidence of ID among
overweight female adolescents (Tussing-Humphreys et al,
2009). In that study, serum ferritin was not included in
the definition of ID, leading to a prevalence rate of
30.8%. As a confirmation of the above, the present study
showed that the prevalence of ID and IDA was lower
when using serum ferritin as a diagnostic criterion com-
pared to using TSAT (ie. 15.1% for ID and 2.0% for
IDA using serum ferritin versus 18.5% for ID and 2.7%
for IDA using TSAT).

The prevalence of ID and IDA reported by the present
study was found to be significantly higher in obese boys
and girls compared to normal-weight children rather than
overweight ones (Table 2). In most cases, the prevalence
of ID and IDA in overweight children and adolescents
did not differ significantly compared to their normal-
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weight counterparts. Similar to the prevalence of ID and
IDA, the values of several haematological and biochemical
indices of iron status differed significantly between obese
and normal-weight children and adolescents (Table 2).
These differences are consistent with those reported
for children and adolescents in similar studies examining
the association between iron and weight status (Pinhas-
Hamiel et al., 2003; Tussing-Humphreys et al., 2009).
Differences between obese and normal-weight children
and adolescents in dietary intakes of iron and nutrients
that either enhance (i.e. vitamin C) or reduce (i.e. cal-
cium and fibre) iron bioavailability could provide an
explanation for the double burden of ID and obesity.
However, the present study, in line with other recent
studies (Menzie et al., 2008; Aeberli et al., 2009; Tussing-
Humphreys et al., 2009), did not detect such differences
(Tables 3 and 4), with the exception of dietary fibre
intake, which was higher in obese compared to normal-
weight girls. Still, at a multivariate analysis level
(Table 5), dietary fibre intake in girls was not significantly
associated with either ID or IDA. Similarly, as shown by
multivariate analyses, physical activity, assessed in the
present study as number of steps measured by pedome-
ters, was not associated with the prevalence of ID in girls
or IDA in both sexes, in accordance with another study
(Tussing-Humphreys et al, 2009). On the other hand,
boys with higher walking/running activity (fourth quartile
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of number of steps) were more likely to be iron deficient
than their peers in the first quartile of number of steps.
Although ID is a common disorder in professional ath-
letes (Peeling et al., 2008), the exact aetiology of this
association in children is hard to interpret.

Another important finding of the present study was the
positive association observed between Tanner stage and
ID in girls only (Table 5). Although more girls than boys
were found to be at a higher level of sexual maturation,
as indicated by Tanner stage, when comparing the preva-
lence of ID and IDA between boys and girls, no statisti-
cally significant differences were observed (Table 1). This
could probably indicate that although iron losses as a
result of menstruation increases the risk of ID in girls,
this might not add any further risk of impaired iron
status in relation to boys.

The positive associations found in the present study
between obesity and either ID or IDA in both sexes
(Table 5) support the hypothesis that the bioavailability
of iron may be modulated by factors linked to chronic
inflammation induced by excess adiposity. In particular,
the increased levels of inflammatory cytokines found in
obese individuals (Subramanian & Ferrante, 2009) have
been inversely associated with serum iron levels (Tussing-
Humphreys et al., 2009). Low iron bioavailability as a
result of increased sequestration by high amounts of ferri-
tin has also been proposed as a factor contributing to the
hypoferraemia of obesity (Zafon et al., 2009). Further-
more, serum levels of hepcidin, which is the main regula-
tory hormone of iron absorption and recirculation, were
higher in overweight children, adolescents (Aeberli et al.,
2009; del Giudice et al, 2009) and adults (Tussing-
Humphreys et al., 2009) compared to their normal-
weight peers. Adipose tissue-derived cytokines (such as
interleukin-6 and leptin), produced in response to obesity
related-inflammation, promote hepcidin gene transcrip-
tion (Verga Falzacappa et al., 2007). This results in
increased serum hepcidin levels that lead to the sequestra-
tion of iron within the reticuloendothelial system and to
decreased dietary iron absorption from the intestine by
controlling the expression of ferroportin 1 at the baso-
lateral membranes of the enterocytes. Consequently, there
is hypoferraemia and diminished availability of iron for
erythropoiesis (Munoz et al., 2009).

The cross-sectional design of the present study is its
main limitation because it cannot provide cause-and-effect
relationships. Another limitation could be the use of BMI
as a measure of adiposity because it is not a reliable index
of body fat and fat-free mass, especially in children (Tay-
lor et al,, 2002; Reilly ef al., 2010). Nevertheless, BMI
remains an acceptable and easy-to-use screening tool for
identifying excess adiposity in the general population
(Duncan et al., 2009). The use of pedometers could be an
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additional limitation because it is not considered as the
gold standard method for estimating physical activity lev-
els in children and adolescents (Sirard & Pate, 2001).
However, the sample size (n = 2492) could not permit the
use of accelerometers in terms of cost to assess partici-
pants’ physical activity levels. Besides, previous studies
have shown that the use of pedometers is a valid objective
method for assessing physical activity levels in children
and adolescents (McNamara et al., 2010).

Furthermore, the use of TSAT and serum ferritin for
the definition of ID instead of multiple indicators of iron
status (e.g. soluble transferin receptor levels) could have
possibly affected the true magnitude of ID in the present
study. Finally, there were no inflammatory marker data
(i.e. C-reactive protein and/or interleukin-6) available in
the present study, thus making the understanding of the
mechanistic relationship between iron status and body fat
rather difficult.

In conclusion, the present study reports significant
positive associations of obesity with ID and IDA in chil-
dren and adolescents of both sexes. These associations
may have important public health implications because
they indicate the need to take into account children and
adolescents’ weight status when providing recommenda-
tions for dietary iron intake or when assessing their iron
status.
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Abstract

Purpose To identify lifestyle patterns associated with
blood lipid levels in children.

Methods A representative sample of 2,043 schoolchildren
(9—13 years) participated in a cross-sectional epidemiol-
ogic study conducted in 77 primary schools in four large
regions in Greece. Dietary intakes, breakfast patterns and
eating frequency, physical activity levels, sleep duration,
anthropometric and physical examination data, biochemi-
cal indices and socioeconomic information (collected from
parents) were assessed in all children. Principal component
analysis was used to identify the lifestyle patterns.
Results A lifestyle pattern of more screen time, shorter
sleep duration and higher sugar-sweetened beverage con-
sumption was inversely associated with HDL cholesterol
(f = —0.077; P < 0.001) and positively associated with
total/lHDL cholesterol ratio (f = 0.049; P = 0.025). Fur-
thermore, a lifestyle pattern of more eating occasions and
higher moderate-to-vigorous physical activity (MVPA)
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levels was inversely associated with total cholesterol
(p = —0.064; P = 0.006), LDL (low-density lipoprotein)
cholesterol (f = —0.065; P = 0.004) and total/HDL
(high-density lipoprotein) cholesterol ratio (f = —0.043;
P = 0.049) in multivariate models. Finally, children with
MVPA levels and eating frequency higher than that cor-
responding to the second quartile of this lifestyle pattern
(i.e., > 44.8 min of MVPA per day and > 4.7 meals per
day) were 29.7, 32.6 and 43.1 % less likely of having
abnormal levels of total cholesterol, LDL and total/HDL
cholesterol ratio, respectively, according to the National
Cholesterol Education Program (NCEP) cutoff points.
Conclusions A lifestyle pattern of more than approxi-
mately 45 min of MVPA and 5 eating occasions per day
was significantly associated with reduced likelihood of
dyslipidemias in schoolchildren (9—13 years).

Keywords Children - Serum lipids - Lifestyle patterns -
Diet
Introduction

Recent data have clearly demonstrated that serum lipid and
lipoprotein levels can be measured above optimal values
during early childhood [1]. Increased concentration of tri-
glycerides, total and LDL (low-density lipoprotein) cho-
lesterol and decreased levels of HDL (high-density
lipoprotein) cholesterol in children are significantly asso-
ciated with the development of arterial atherosclerotic
lesions [2]. Likewise, there is a significant association of
abnormal values of LDL, HDL, triglycerides and LDL/
HDL ratio in childhood with intima media thickness (IMT),
a marker of preclinical atherosclerosis in adulthood [3].
Accordingly, blood lipid levels in children and adolescents
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are important indices of atherosclerosis and risk of car-
diovascular diseases later in life [2].

The study of dietary patterns in nutritional epidemiology
is common. Nutrients are rarely eaten in isolation, and
nutrient-only investigations underestimate the possible
interactions between multiple nutrients or between single
foods and other dietary components [4]. Since food is
usually consumed as meals with a variety of foods, simple
consideration of nutrient intake ignores the complex,
additive, synergistic or antagonistic effects of food com-
binations. Dietary patterns represent the types and amounts
of foods consumed and focus on the entire diet rather than
just a single food or nutrient [4].

Several epidemiologic studies in children and adults
have produced important information on the possible
relationship of common dietary patterns with blood lipid
levels [5, 6]. These studies suggested that varying patterns
of nutrition may affect measurable cardiovascular risk
factors, including blood lipids, while other lifestyle factors,
like physical activity and sleep duration, may also influ-
ence such relations. Physical activity in childhood has been
inversely related to cardiovascular risk factors through
several mechanisms, including an improved ratio between
HDL and LDL concentration and decreased levels of tri-
glycerides and diastolic blood pressure [7]. Short sleep
duration in children 4-10 years was associated with
increased health risks and specifically increased circulating
LDL concentrations [8].

Therefore, the purpose of the current study was to
examine not just dietary but lifestyle patterns associated
with blood lipid levels in children, offering valuable
information in the field and possibly in cardiovascular risk
reduction strategies.

Methods
Sampling

The Healthy Growth Study was a large-scale cross-sec-
tional epidemiologic study initiated in May 2007 and
completed in June 2009. Approval to conduct the study was
granted by the Greek Ministry of National Education and
the Ethics Committee of Harokopio University of Athens
and was conducted in accordance with the ethical standards
specified in the 1964 Declaration of Helsinki. The study
population comprised of schoolchildren 9-13 years,
attending the 5th and 6th grades of primary schools located
in municipalities within the counties of Attica, Aitoloa-
karnania, Thessaloniki and Iraklio. The sampling of
schools was random, multistage and stratified by parents’
educational level and total population of students attending
schools within municipalities of these counties, as
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described in more detail elsewhere [6]. The study popula-
tion was representative of the 9-13-year-old school chil-
dren living in the four counties under study. Nonetheless,
these counties are scattered throughout the Greek territory,
covering the northern (i.e., Thessaloniki), central (i.e.,
Attica), western (i.e., Aitoloakarnania) and southern (i.e.,
Iraklio-Crete) parts of Greece. This combined with the
random, multistage and stratified sampling procedures
followed to recruit our sample is indicative of the repre-
sentativeness of our population. The sampling procedure
yielded 77 primary schools, representative of the total
number of schools in the counties under study, which
responded positively when they were invited to participate
in the study. An extended letter explaining the aims of the
study and a consent form for taking full measurements
were provided to all parents or guardians having a child in
these schools. Parents who agreed to the participation of
their children in the study had to sign the consent form and
provide their contact details. Signed parental consent forms
were collected for 2,656 out of 4,145 children (response
rate 64.1 %).

Dietary intake

Dietary intake data were obtained by trained dieticians and
nutritionists via morning interviews with the children at the
school site for two consecutive weekdays and 1 weekend
day, using the 24-h recall technique. Specifically, all study
participants were asked to describe the type and amount of
foods and beverages consumed, during the previous day,
provided that it was a usual day according to the partici-
pant’s perception. To improve the accuracy of food
description, standard household measures (cups, table-
spoons, etc.) and food models were used to define amounts.
At the end of each interview, the interviewers, who were
dieticians rigorously trained to minimize the interviewer’s
effect, reviewed the collected data with the respondent in
order to clarify entries, servings and possible forgotten
foods. Food intake data were analyzed using the Nutri-
tionist V diet analysis software (version 2.1, 1999, First
Databank, San Bruno, California, USA), which was
extensively amended to include traditional Greek recipes
[9]. Furthermore, the database was updated with nutritional
information of processed foods provided by independent
research institutes, food companies and fast-food chains.
The food-grouping scheme was designed for all foods or
entries (core and recipe) appearing in Nutritionist V. In
total, 47 food groups were initially established, based on
similar source characteristics and nutrient content. Com-
posite food items, such as recipes, were analyzed and were
assigned to food groups according to primary ingredients.
A similar methodology for the extraction of food groups
was previously reported in studies with a smaller sample
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size, but with only one 24-h recall available [10]. Examples
of foods included in the food groups were documented
previously [11]. In total, 18 large food categories (whole-
grain bread and cereals, refined bread and cereals, dairy
products, vegetables, fruits, red meat, processed meat,
eggs, potatoes, legumes, fish, other seafood, white meat, fat
oils, fresh fruit juices, sugared beverages, namely regular
soft beverages and sugared fruit juices, salty snacks and
sweets) were created, and the relevant values were calcu-
lated as consumption in grams per day.

Breakfast and eating frequency patterns

Although there is no widely acceptable definition for
breakfast, a more balanced breakfast should include as the
first meal of the day choices from the following three food
groups: milk and milk-derived products, cereals and fruits
(fresh fruits or natural juices; no sugar) [12]. Using data
from the 24-h recalls and on the basis of the aforemen-
tioned definition of breakfast, a categorical variable was
developed to assess the adequacy of children’s breakfast
consumption. More specifically, the following categories
were created: 0 = salty, sweet or other savory snacks,
1 = zero portions of dairy products, cereals and fruits,
2 = one portion of dairy products or cereals or fruits,
3 = one portion of dairy products and one portion of
cereals or fruits and 4 = one or more portions of dairy
products, cereals and fruits. Data from 24-h dietary recalls
were also used to define eating frequency. More specifi-
cally, eating frequency was assessed by summing the
number of snacks or meals in which any portion of food
was consumed.

Physical activity levels

Physical activity during leisure time was assessed using a
standardized activity interview, based on a questionnaire
completed by the participants in the presence of a member
of the research team. Further details regarding the reli-
ability and validity of the questionnaire are provided
elsewhere [13]. Respondents reported the time spent on
various physical activities on 2 weekdays and 1 weekend
day, most preferably Sunday. Reported activities were
grouped by a member of the research team into moderate-
to-vigorous physical activities (MVPA) (intensity higher
than 4 metabolic equivalents, METS), including activities
such as brisk walking, bicycling, gymnastics, dancing,
basketball, soccer, athletics, tennis, swimming, jumping
rope and general participation in active outdoors games.
Given the age-group, MVPA was defined as continuous
physical activities causing sweating and heavy breathing
for periods longer than 15 min, but with occasional breaks
in intensity, rather than the strict aerobic definition of 20

continuous minutes appropriate for adults. The other level
of physical activity that was assessed in the present study
was “Light” (i.e., intensity lower than 4 METs). Physical
activity levels that have been proposed to positively affect
cardiorespiratory function and to produce desirable health
outcomes (i.e., better weight, glycemic, lipidemic control,
etc.) are those higher than 4 METSs, which corresponds to
the level of moderate, vigorous and very vigorous physical
activity [14, 15]. Finally, the average weekdays and
weekend time (h/day) spent on sedentary activities and
more specifically on TV/DVD/video watching, video
games and recreational computer usage was characterized
as screen time.

Anthropometry and physical examination

Participants underwent a physical examination by two
trained members of the research team. The protocol and
equipment used were the same in all schools. Weight was
measured to the nearest 10 g using a Seca digital scale
(Seca Alpha, Model 770, Hamburg, Germany). Students
were weighed without shoes in the minimum clothing
possible. Height was measured to the nearest 0.1 cm using
a commercial stadiometer (Leicester Height Measure, In-
victa Plastics, Oadby, UK) with the participant standing
barefoot, keeping shoulders in a relaxed position, arms
hanging freely and head in Frankfurt horizontal plane.
Weight and height were used to calculate body mass index
(BMI) using Quetelet’s equation (weight (kg)/height (m)?).
The International Obesity Task Force (IOTF) cutoff points
[16, 17] were used to categorize participants as ‘“under-
weight,” “normal weight,” “overweight” or “obese.”
Waist circumference (WC) was measured to the nearest
0.1 cm with the use of a non-elastic tape (Hoechstmass,
Germany) with the student standing at the end of a gentle
expiration. The measuring tape was placed around the
trunk, at the level of umbilicus midway, between the lower
rib margin and the iliac crest. Furthermore, one well-
trained and experienced female pediatrician in each pre-
fecture determined pubertal maturation (Tanner stage) after
thorough visual inspection of breast development in girls
and genital development in boys [18].

Biochemical indices

Blood samples were obtained for biochemical and hema-
tological screening tests between 08.30 and 10.30 after
a 12-h overnight fast. Reminders were distributed the
previous day to both parents and children to ensure
compliance with fasting. Professional staff performed
venipuncture to obtain a maximum of 23 ml blood. Part of
the blood was collected in test tubes with no added anti-
coagulant, where it was allowed to clot for approximately
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2 h, as this was designated for serum separation. Clotted
blood was centrifuged at 3,000 rpm for 15 min, and the
collected serum was divided into aliquots and stored at
—80 °C. All serum samples were transported in dry ice to
the Laboratory of Nutrition and Clinical Dietetics at
Harokopio University, where central storage of backup
samples at —80 °C took place.

Total cholesterol (TC), HDL and triglycerides (TG)
were determined in duplicate using commercially available
enzymatic colorimetric assays (Roche Diagnostics SA,
Vasilia, Switzerland) on an automated analyzer (Roche/
Hitachi Modular). LDL was calculated by the Friedewald
equation [19]. The LDL/HDL and the TC/HDL ratios were
also estimated. The National Cholesterol Education Pro-
gram (NCEP) cutoff points for blood lipids were used to
define dyslipidemias [20].

Socioeconomic, perinatal and other information
collected from the parents

Data on the socioeconomic background of the families
having at least one child participating in the study were
collected from the parents (most preferably from the
mother) during scheduled face-to-face interviews at school.
For those parents not able to attend the meetings
(approximately 5 % of the total sample), data were col-
lected via telephone interviews. All interviews were con-
ducted by research team members who were rigorously
trained to minimize interviewer’s effect by using a stan-
dardized questionnaire. The socioeconomic data collected
from parents included parental educational level (years of
education), home square meters (m?), number of family
members living at home, number of cars owned by the
family and home property. All aforementioned data were
grouped, scored and combined for the development of a
Socio-Economic Status index (SES index) as follows:
Scores 0, 1, 2 and 3 were assigned to <9, 9-12, 12-16 and
>16 years of maternal and paternal education, respec-
tively; scores 0, 1, 2 and 3 were assigned to <20, 20-25,
25-30 and >30 home m?” per family member, respectively;
scores 0, 1, 2 and 3 were assigned to 0, 1, 2 and >3 cars
owned by the family, respectively; and scores 0 and 1 were
assigned to rented or owned home, respectively. The total
score of the SES index was obtained by summing the
scores to each index component. The values of the total
SES index score were ranging between O and 13, with
higher values indicating higher SES of the family. The self-
reported weight and height of the mother and the father
were also recorded.

Pediatric records were used to obtain data about chil-
dren’s birth weight. Parents were also asked to report the
time their children usually go to bed at night and wake up
in the morning on weekdays and weekend days,
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respectively. This information was used for the calculation
of children’s night sleep duration.

Statistical analysis
Lifestyle component derivation

Principal component analysis (PCA) was used to identify
lifestyle patterns. The Kaiser—Meyer—Olkin (KMO) crite-
rion was applied, and it was equal to 0.6. The orthogonal
rotation (varimax option) was used to derive optimal non-
correlated components (lifestyle patterns). To decide the
number of components to retain, Kaiser criterion (eigen-
values > 1) was used. Factor loadings represent the cor-
relations of each habit with the lifestyle pattern score.
Higher absolute values of factor loadings indicate that the
habit predictor contributes most to the construction of this
particular component. The lifestyle components (patterns)
were named according to the factor loadings of those
behaviors correlated most with the component (factor
loadings > 10.4]). When a behavior had a factor loading
value >|0.4l in more than one component, then this
behavior was used to name the component for which it had
the higher factor loading value.

Descriptive and other statistical analyses

Categorical variables were presented as frequencies.
Associations between categorical variables were examined
by using the chi-square test and the two-sample z test for
proportions whenever appropriate. Multiple linear regres-
sion analysis was used to evaluate the associations between
blood lipids and lifestyle patterns derived from PCA, which
are treated as continuous variables. More specifically, 3
different models were applied: model 1, unadjusted; model
2, adjusted for sex and Tanner stage; and model 3, adjusted
for sex, Tanner stage, waist circumference, mean parental
BMI, SES index score and birth weight. The results from
the linear regression models are presented as standardized
beta coefficients, and the level of significance was defined
at P < 0.05. Moreover, participants’ lifestyle pattern scores
were categorized into quartiles, so that for each lifestyle
component, quartile 4 consisted of persons whose dietary
and physical activity behaviors were most adherent to that
particular pattern. Based on the statistical significant
associations provided by the linear regression models,
logistic regression analysis was performed to evaluate the
association between the quartiles of each lifestyle compo-
nent and the probability of dyslipidemias. The results of
logistic regression models were presented as odds ratios
(OR) and 95 % confidence interval (CI). Data were ana-
lyzed using Statistical Package for Social Sciences soft-
ware (version 13.0, 2004, SPSS Inc, Chicago, IL).
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Results

Full socioeconomic, demographic, parental BMI, perinatal,
clinical, biochemical and dietary data, as well as information
on the time spent on physical and sedentary activities and on
sleep duration, were collected for 2,043 children (50.2 %
females and 49.8 % males). Regarding the descriptive
characteristics of the study sample, Table 1 illustrates that
the total prevalence of overweight and obesity was 29.7 and
11.3 %, respectively, with a significantly higher prevalence
of obesity in boys than in girls (13.3 vs. 9.3 %, P < 0.05).
Furthermore, Table 1 shows that the prevalence of hyper-
triglyceridemia (i.e., TG > 100 mg/dL) was significantly
higher in girls than in boys.

Table 2 summarizes the loadings of the factors retained
from the PCA. The value of the KMO criterion indicates
that the lifestyle variables entered in the analysis were
strongly intercorrelated and that PCA could be correctly
used for assessing “healthy” or “unhealthy” lifestyle pat-
terns. The PCA analysis indicated five lifestyle components

Table 1 Prevalence of overweight, obesity and dyslipidemias’ in

preadolescents

Boys Girls Total
(n = 1,018) (n = 1,025) (n = 2,043)
% % %
Weight status
Normal 56.0 62.1 59.0
weight
Overweight  30.7 28.6 29.7
Obese 13.3* 9.3 11.3
Total cholesterol (mg/dL)
<170* 55.7 57.9 56.8
170-199° 30.7 29.2 30.0
>200° 13.6 13.0 13.3
HDL cholesterol (mg/dL)
>35% 96.6 95.6 96.1
<35¢ 34 4.4 3.9
LDL cholesterol (mg/dL)
<110* 71.5% 75.5 73.5
110-129° 18.1 16.0 17.0
>130° 10.4 8.5 9.4
Triglycerides (mg/dL)
<75% 80.3* 72.8 76.5
75-99° 13.0% 16.7 14.8
>100° 6.8% 10.5 8.7

* P < 0.05 for differences between sexes based on the chi-square test
and the two-sample z test for proportions

' Adapted from NCEP guidelines for children and adolescents [20].
Letter superscripts indicate categorization of children based on the
proposed thresholds of serum lipids, that is, * acceptable levels;
b borderline-high levels; € high levels, 9 Jow levels

explaining 52.7 % of the total variance with regard to the
examined variables. These components were characterized
as follows: higher dairy consumption and more adequate
breakfast (component 1); higher consumption of high fiber
foods (component 2); more screen time, shorter sleep
duration and higher consumption of sugared beverages
(component 3); more time spent on MVPA and more eating
occasions (component 4); higher red meat and lower fish
consumption (component 5).

Table 3 presents the associations derived from the three
different models of the linear regression analyses between
serum lipids (i.e., TC, HDL, LDL, TG), total/HDL choles-
terol and HDL/LDL cholesterol ratio with each one of the five
lifestyle components. Total cholesterol, LDL cholesterol and
total/HDL cholesterol ratio were found to be inversely asso-
ciated with lifestyle component 4 (f = —0.064, P = 0.006;
f = —0.065, P =0.004; and f = —0.043; P = 0.049,
respectively), even after adjusting for several potential con-
founding factors in model 3. Furthermore, lifestyle compo-
nent 3 was inversely associated with HDL cholesterol
(f = —0.077; P <0.001) and positively associated with
total/HDL cholesterol ratio (f = 0.049; P = 0.025). Several
other significant associations between certain lifestyle
components and serum lipids were also observed in models 1
and 2; however, these became statistically insignificant
after controlling for several potential confounding factors in
model 3.

The logistic regression analysis summarized in Table 4
showed that children at the second quartile of lifestyle
component 4 were 29.7, 32.6 and 43.1 % less likely of
having total cholesterol levels > 170 mg/dL, LDL choles-
terol levels > 110 mg/dL. and total/HDL cholesterol
ratio > 4.5 compared to children at the first quartile, after
controlling for several potential confounding factors. Fur-
thermore, children at the second quartile of lifestyle com-
ponent 4 were found to spend more time on MVPA and to
have more eating occasions than children in the first quartile
(i.e., 44.8 £ 28.6 vs. 20.0 + 22.6 min/day and 4.7 + 0.7
vs. 4.1 + 0.8 eating occasions/day). Similar findings were
also observed in children at the third and fourth quartiles.

Discussion

During the past decades, the prevalence of dyslipidemia, a
major cardiovascular risk factor, has been rapidly
increasing in Greek children [21], while dyslipidemia in
childhood tracks into adulthood and represents an
increasing risk of cardiovascular diseases later in life [3].
Accordingly, several studies need to identify factors that
may influence abnormal lipid profile in children, specifi-
cally lifestyle factors including diet, physical activity and
sleep pattern.

@ Springer



Eur J Nutr

Table 2 Factor loadings derived from principal component analysis regarding certain behaviors in preadolescents

Predictors (behaviors) Component

1 2 3 4 5
Dairy consumption® 0.793# 0.154 —0.113 0.099 0.002
Fruit consumption 0.051 0.6208 —0.006 0.149 0.000
Vegetable consumption —0.050 0.7398 0.113 —0.037 0.038
Whole-grain food consumption® 0.108 0.501¢ —0.223 —0.090 —0.110
Red meat consumption 0.014 —0.055 0.066 0.116 0.719¢
Fish consumption —0.013 —0.011 0.069 0.114 —0.753%
Sugared beverages consumption® —0.171 —0.154 0.560% 0.362 0.114
Adequate breakfast consumption 0.760% —0.088 —0.016 —0.130 0.034
Eating frequency 0.4462 0.352 0.123 0.4768 —0.035
Screen time* 0.040 —0.062 0.680¢ —0.214 —0.018
Time spent on physical activity® —0.039 —0.004 —0.124 0.822¢ —0.001
Sleep duration” 0.033 —0.072 —0.5808 0.008 0.033
Explained variance (%) 12.1 10.2 9.7 9.3

? Consumption of milk, yogurt and cheese (g/day)

® Consumption of whole-grain bread and cereals (g/day)

¢ Consumption of regular soft beverages and sugared fruit juices (g/day)

4 Time spent on watching TV/DVD/video and/or using games consoles/computer for fun (h/day)

Time spent on moderate-to-vigorous physical activity (min/day)
Night sleep duration on weekdays (h/day)

& Habit with the highest factor loading (>10,4/) within the component

The results of the present study in terms of anthropo-
metric and biochemical indices, concerning prevalence of
overweight and obesity, shown in Table 1, are in accor-
dance with the proportional results from previous studies in
Greek children [22-24], introducing obesity levels around
8-12 % and overweight levels around 25-30 %. Addi-
tionally, our data related to the prevalence of dyslipidemia
are consistent with similar studies conducted in Greece
[21] and the United States [25]. However, gender-specific
prevalence of hypertriglyceridemia has been rarely inves-
tigated in children and adolescents and has produced
inconsistent results [26, 27], precluding comments on our
findings for higher prevalence in girls.

Statistical analysis revealed predominantly five lifestyle
components. Out of these, only component 3 comprising a
greater screen time, shorter sleep duration and higher
consumption of sugared beverages and component 4
comprising more time spent on MVPA and more eating
occasions were significantly associated with blood lipid
profile after adjustment for sex, Tanner stage, waist cir-
cumference, parental BMI, SES index and birth weight.

Consumption of low-nutrient, energy-dense foods,
including sugared sweetened beverages, is very popular
among children and adolescents, especially those who eat
most of their meals away from home [28]. Indeed, bever-
ages containing sugar were related to cardiovascular risk
factors in childhood, both independently and through

@ Springer

development of obesity leading to dyslipidemia [29]. In
adulthood, increased soft drink intake was associated with
risk of metabolic syndrome, while daily consumption of
more than 1 soft drink/day was associated with reduced
HDL cholesterol levels and increased triglycerides [30].
Likewise, decreased sleep duration and increased time
spent on watching TV and playing video games for fun
were associated, respectively, negatively or positively with
blood lipid levels. Thus, in adolescent girls, short sleep
duration is correlated with risk of hypercholesterolemia in
adulthood [31], while obese children having short sleep
duration seem to have significant association with elevated
levels of LDL [8]. Additionally, screen time at the age of
7-13 years also seems as an important behavior affecting
lipid profile [32]. In adolescents, screen time is dose
dependent correlated with the risk of developing metabolic
syndrome and subsequently, among others, of introducing
elevated TG and decreased HDL levels [33]. Therefore, our
results concerning strong association of sleep duration,
screen time and sugar beverages consumption with blood
lipids in children are in accordance with previous relevant
studies, indicating predominant lifestyle patterns possibly
capable of modifying lipid profile in children.

Component 4 was also inversely associated with TC,
LDL and total/HDL cholesterol ratio. Physical activity is a
matter of great importance, as it seems that there is a
remarkable decline in its levels between the ages of
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Table 3 Single (model 1) and multiple (models 2 and 3) linear regression analysis models, exploring the association of lifestyle components
with serum lipids levels (n = 2,043)

Components Model 1 (unadjusted) Model 2 Model 3

p P value p P value p P value
Total cholesterol (mg/dL)
Lifestyle component 1 —0.001 0.955 —0.004 0.855 —0.006 0.779
Lifestyle component 2 0.048 0.029 0.047 0.034 0.040 0.080
Lifestyle component 3 —0.052 0.019 —0.047 0.036 —0.038 0.098
Lifestyle component 4 —0.062 0.005 —0.069 0.002 —0.064 0.006
Lifestyle component 5 0.025 0.262 0.023 0.312 0.015 0.521
HDL cholesterol (mg/dL)
Lifestyle component 1 0.052 0.018 0.050 0.025 0.024 0.264
Lifestyle component 2 0.056 0.012 0.054 0.015 0.029 0.187
Lifestyle component 3 —0.104 <0.001 —0.097 <0.001 —-0.077 <0.001
Lifestyle component 4 0.007 0.744 0.004 0.857 —0.007 0.756
Lifestyle component 5 0.017 0.445 0.009 0.678 0.013 0.538
LDL cholesterol (mg/dL)
Lifestyle component 1 —0.025 0.258 —0.028 0.210 —0.022 0.343
Lifestyle component 2 0.030 0.174 0.030 0.183 0.031 0.169
Lifestyle component 3 —0.015 0.448 —0.013 0.558 —0.009 0.695
Lifestyle component 4 —0.063 0.004 —-0.074 0.001 —0.065 0.004
Lifestyle component 5 0.024 0.282 0.022 0.326 0.012 0.592
Triglycerides (mg/dL)
Lifestyle component 1 —0.027 0.228 —0.023 0.304 0.003 0.895
Lifestyle component 2 —0.021 0.334 —0.022 0.311 <0.001 0.983
Lifestyle component 3 0.061 0.006 0.056 0.012 0.032 0.136
Lifestyle component 4 —0.068 0.002 —0.041 0.067 —0.026 0.221
Lifestyle component 5 —0.020 0.368 —0.003 0.885 —0.012 0.587
Total/HDL cholesterol ratio
Lifestyle component 1 —0.045 0.040 —0.046 0.038 —0.021 0.331
Lifestyle component 2 —0.015 0.512 —-0.014 0.526 0.003 0.887
Lifestyle component 3 0.066 0.003 0.061 0.006 0.049 0.025
Lifestyle component 4 —0.058 0.009 —0.059 0.010 —0.043 0.049
Lifestyle component 5 —0.004 0.858 0.002 0.938 —0.010 0.648
HDL/LDL cholesterol ratio
Lifestyle component 1 0.024 0.275 0.022 0.315 0.012 0.605
Lifestyle component 2 0.015 0.501 0.014 0.530 —0.002 0.929
Lifestyle component 3 —0.026 0.246 —0.023 0.305 —0.019 0.395
Lifestyle component 4 0.047 0.034 0.049 0.031 0.040 0.077
Lifestyle component 5 —0.007 0.746 —0.012 0.597 —0.006 0.774

f Standardized beta coefficient

Model 1, unadjusted; Model 2, adjusted for Tanner stage and sex; Model 3, adjusted for sex, Tanner stage, waist circumference, parental BMI,
SES index and birth weight

Lifestyle component 1:
Lifestyle component 2:
Lifestyle component 3:
Lifestyle component 4:

Lifestyle component 5:

higher dairy consumption and more adequate breakfast

higher consumption of high fiber food (i.e., fruits, vegetables and whole-grain food)
more screen time, shorter sleep duration and higher consumption of sugared beverages
more time spent on physical activity and more eating occasions

higher red meat consumption and lower fish consumption
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Table 4 Mean levels of behaviors comprising lifestyle components 3 and 4 and likelihood of dyslipidemias across quartiles of lifestyle

components 3 and 4

Behaviors of component 3

Quartiles of lifestyle component 3 (more screen time, shorter sleep duration and higher consumption
of sugared beverages)

Ist quartile 2nd quartile 3rd quartile 4th quartile P value
Mean &= SD  Mean £ SD Mean £+ SD Mean + SD
Screen time (h/day) 1.35 £ 0.69 1.85 £ 0.83 242 £ 097 3.61 £ 1.68 <0.001
Sleep duration (h/day) 942 £0.58 898 +0.52 8.73 £ 0.55 8.35 £ 0.73 <0.001
Sugared beverages consumption (g/day) 21.9 £ 57.8 442 + 82.7 82.5 £ 117.1 221.9 + 2224 <0.001*
Serum lipids OR (95 % CI) OR (95 % CI) OR (95 % CI)
HDL cholesterol < 35 mg/dl 1.00 0.650 (0.309-1.368)  1.025 (0.530-1.983)  1.480 (0.802-2.731)
Total/HDL cholesterol > 4.5 1.00 1.056 (0.563-1.979)  1.229 (0.671-2.252)  0.929 (0.490-1.764)

Behaviors of component 4

Quartiles of lifestyle component 4 (more time spent on physical activity and more eating occasions)

Ist quartile 2nd quartile 3rd quartile 4th quartile P value
Mean £ SD Mean + SD Mean + SD Mean £ SD
Time spent on MVPA (min/day) 20.0 &+ 22.6 44.8 + 28.6 72.4 £ 37.7 142.0 &+ 67.7 <0.001*
Meal frequency (no. of meals/day) 4.10 £ 0.84 4.70 £ 0.74 5.05 £ 0.75 522 £ 0.72 <0.001
Serum lipids OR (95 % CI) OR (95 % CI) OR (95 % CI)
Total cholesterol > 170 mg/d1’ 1.00 0.703 (0.554-0.909) 0.705 (0.544-0.914) 0.619 (0.476-0.805)
LDL cholesterol > 110 mg/dl* 1.00 0.674 (0.507-0.896) 0.695 (0.522-0.925) 0.667 (0.499-0.890)
Total/HDL cholesterol > 4.5 1.00 0.569 (0.320-0.931) 0.308 (0.153-0.620) 0.603 (0.342-0.980)

OR odds ratio, CI confidence interval

Adjusted for sex, Tanner stage, waist circumference, parental BMI, SES index and birth weight

* P value derived from the nonparametric Kruskal-Wallis test

' The cutoff values were adapted from NCEP guidelines for children and adolescents [20]

4-13 years in both sexes [34]. Additionally, findings from
several epidemiologic studies have shown significant
associations between higher physical activity levels and
cardiovascular disease risk factors in children, mainly
through an improved ratio of HDL/LDL cholesterol,
attributed to increased lipoprotein lipase activity [7].
Alongside, eating frequency is a very popular dietary pat-
tern investigated in many recent relevant studies [6].
However, most data concern adults rather than children and
adolescents. In adulthood, increasing number of eating
occasions from 3 to 6 or more for several weeks leads to a
reduction in total and LDL cholesterol levels, possibly due
to a relevant reduction in endogenous cholesterol synthesis
or the enhancement of the reverse cholesterol transport
pathway [35]. Additionally, a nibbling meal pattern caused
significant decreases in total, LDL cholesterol and tri-
glycerides compared to gorging [36]. In another recent
study in diabetic children, skipping meals was correlated
with higher levels of LDL cholesterol compared with
having a steady number of meals daily [37].

Our results further amplify these findings as children
being in the highest quartile of eating frequency and time
spent on MVPA were less likely to have an abnormal lipid
profile, implying a possible dose-dependent correlation.

@ Springer

Recent recommendations for children and adolescents
concerning physical activity (60 min/day) [38] and eating
occasions (at least 4/day) [39] focus on general health and
prevention of overweight and obesity, which is a possible
explanation for the slight diversification of our findings
(45 min/day of physical activity and 5 eating occasions/
day) that concentrate more on dyslipidemias.

Components 1 and 2 were also associated with blood
lipids after adjustment for only sex and Tanner stage, but
the associations lost their significance when adjusted for
several confounders. These findings were well described
previously, as it was reported that dietary patterns char-
acterized by high fiber consumption were inversely corre-
lated with abnormal lipid profile in children and adults [5,
6], while skipping breakfast was associated with elevated
levels of total and LDL cholesterol in both children and
adults [40].

The current study has both strengths and limitations.
The Healthy Growth Study was a large-scale epidemio-
logical study conducted in a representative sample of
children from four prefectures within the wider region of
Greece. Furthermore, the adjustment for specific con-
founders resulted in the extraction of more accurate results.
However, as the study has a cross-sectional design, it is not
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suitable for interpreting causal relationships. Finally,
although all statistical conditions for performing PCA
analysis were kept in the current study, still the use of
variables measured in different scales should be considered
as another limitation.

The importance of healthy food choices in the preven-
tion of cardiovascular diseases is now unequivocal. As we
continue to explore the roles of nutrients and other com-
pounds in our foods and their complex interrelations in
influencing cardiovascular risk, it is now of great impor-
tance to identify lifestyle patterns that might also relate to
future risk of developing cardiovascular diseases. In the
present study, a pattern consisting of more than approxi-
mately 45 min of MVPA and 5 eating occasions per day
was found to be significantly associated with reduced
likelihood of dyslipidemias in schoolchildren (9-13 years).
This pattern can be physiologically explained and
employed in practical public health advice and individual
counseling for reducing the future risk of cardiovascular
diseases later in life.
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Abstract

Objective: To investigate possible associations of lifestyle patterns with obesity
and fat mass in children.

Design: Cross-sectional epidemiological study. Principal component analysis was
used to identify lifestyle patterns.

Setting: Primary schools from four regions in Greece.

Subjects: A total of 2073 schoolchildren (aged 9-13 years).

Results: Children in the fourth quartile of the lifestyle pattern combining higher dairy
foods with more adequate breakfast consumption were 39-4%, 45-2% and 32:2%
less likely to be overweight/obese and in the highest quartile of sum of skinfold
thicknesses and fat mass, respectively, than children in the first quartile of this
pattern. Similarly, children in the fourth quartile of a lifestyle pattern comprising
consumption of high-fibre foods, such as fruits, vegetables and wholegrain products,
were 27-4% less likely to be in the highest quartile of sum of skinfold thicknesses
than children in the first lifestyle pattern quartile. Finally, children in the fourth
quartile of a lifestyle pattern characterized by more time spent on moderate-to-
vigorous physical activity and more frequent meals were 38-0%, 26-3 % and 29-5%
less likely to be overweight, centrally obese and in the highest quartile of fat mass,
respectively, than their peers in the first quartile of this lifestyle pattern (all P<<0-05).
Conclusions: The current study identified three lifestyle patterns (i.e. one pattern
comprising higher dairy consumption with a more adequate breakfast; a second
pattern characterized by increased consumption of high-fibre foods; and a third
pattern combining higher physical activity levels with more frequent meals), which
were all related with lower odds of obesity and/or increased fat mass levels. From
a public health perspective, promotion of these patterns among children and their
families should be considered as one of the components of any childhood obesity
preventive initiative.

Keywords
Children
Adiposity indices
Lifestyle patterns
Diet

Physical activity

In developed countries the prevalence of childhood obesity
has reached epidemic proportions . Childhood obesity has
been associated with hypertension, dyslipidaemia and
insulin resistance'®. Most importantly, childhood obesity
often tracks into adulthood®®, where it becomes associated
with an increased risk of mortality from chronic non-
communicable diseases™. In recent years marked lifestyle
changes have occurred resulting in increased sedentary
behaviours, decreased time spent in physical activities and
increased consumption of energy-dense foods™.

Although childhood obesity has strongly been asso-
ciated with several energy balance-related behaviours,

*Corresponding author: Email manios@hua.gr

the actual aetiology of increased adiposity in children
requires further investigation due to its complex and
multifactorial nature. In this context, it is very important
to examine the possible synergistic role of several
lifestyle factors on adiposity in children”. A common
approach to examine the possible synergy of such factors
is the development of specific dietary and lifestyle
patterns. Principal component analysis (PCA) is frequently
used for this purpose, since it enables the grouping of
several strongly associated behaviours into patterns.
Recent epidemiological studies have highlighted certain
lifestyle patterns that when combined can significantly

© The Authors 2013
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increase the risk of childhood obesity®”. More specifically,

certain eating behaviours such as infrequent meals, break-
fast skipping, lower adherence to the Mediterranean diet
and higher consumption of sugar-sweetened beverages,
fruit juice, salty snacks and French fries, as well as lower
consumption of dairy products, fruits and vegetables, have
consistently been reported as the most important factors
positively associated with childhood obesity®. Addition-
ally, increased time spent in front of screens (i.e. television,
games console and computer), less time spent on physical
activity and shorter sleep duration represent other impor-
tant behavioural factors that have also been implicated
in the aetiology of childhood obesity”'”. From a public
health perspective, these associations are very important,
since identification of lifestyle patterns that are strongly
related to an increased risk of obesity could potentially
facilitate the formation of practical public health advice
specifically targeted at the prevention and management
of childhood obesity. Several previous studies have
investigated the association between dietary patterns and
childhood obesity; however, to the best of our knowledge,
no previous study has set out to examine, concurrently, the
possible role of specific lifestyle and dietary behavioural
patterns in the rise of childhood prevalence.

Therefore the aim of the current study was to con-
currently examine, for the first time, specific lifestyle and
dietary patterns of behaviour associated with increased
adiposity in children.

Methods

Sampling

The Healthy Growth Study was a large-scale cross-
sectional epidemiological study which was started in
May 2007. Approval to conduct the study was granted by
the Greek Ministry of National Education and the Ethics
Committee of Harokopio University of Athens, and the
study was conducted in accordance with the ethical
standards specified in the 1964 Declaration of Helsinki.
The study population comprised schoolchildren aged
9-13 years old, attending the 5th and 6th grades of
primary schools located in municipalities within the
counties of Attica, Aitoloakarnania, Thessaloniki and
Iraklio. The sampling of schools was random, multistage
and stratified by parents’ educational level and total
population of students attending schools within munici-
palities of these counties, as described in more detail
elsewhere”. The study population was representative of
the 9-13-year-old schoolchildren living in the four counties
included in the study. Nevertheless, these counties are
scattered throughout the Greek territory, covering the
northern (i.e. Thessaloniki), central (i.e. Attica), western
(i.e. Aitoloakarnania) and southern (i.e. Iraklio, Crete) parts
of Greece. This, combined with the random, multistage
and stratified sampling procedures followed to recruit the
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sample, are indicative of the representativeness of the study
population. The sampling procedure yielded seventy-seven
primary schools, representative of the total number of
schools in the counties under study, which responded
positively when they were invited to participate in the study.
An extended letter explaining the aims of the study and a
consent form for taking full measurements were provided to
all parents or guardians having a child in these schools.
Parents who agreed to the participation of their children in
the study had to sign the consent form and provide their
contact details. Signed parental consent forms were collected
for 2656 out of 4145 children (response rate 64-1%).

Dietary intake

Dietary intake data were obtained by trained dietitians and
nutritionists via three 24 h recall morning interviews (i.e. two
consecutive weekdays and one weekend day) conducted
with children at the school site. Specifically, all study
participants were asked to describe the type and amount
of foods and beverages consumed during the previous
day, provided that it was a usual day according to the
participant’s perception. To improve the accuracy of food
description, standard household measures (cups, table-
spoons, etc.) and food models were used to define amounts.
At the end of each interview, the interviewers, who were
dietitians rigorously trained to minimize the interviewer
effect, reviewed the collected data with the respondent in
order to clarify entries, servings and possible forgotten
foods. Food intake data were analysed using the Nutritionist
V diet analysis software version 2-1, which was extensively
amended to include traditional Greek recipes'?. Further-
more, the database was updated with nutritional information
of processed foods provided by independent research
institutes, food companies and fast-food chains.

The food-grouping scheme was designed for all foods or
entries (core and recipe) appearing in Nutritionist V. In
total, forty-seven food groups were initially established,
based on similar source characteristics and nutrient content.
Composite food items, such as recipes, were analysed and
were assigned to food groups according to primary ingre-
dients. A similar methodology for the extraction of food
groups was previously reported in studies with a smaller
sample size, but with only one 24h recall available"?.
Examples of foods included in the food groups were
documented previously’®. In total, eighteen large food
categories (wholegrain bread and cereals; refined bread
and cereals; dairy products; vegetables; fruits; red meat;
processed meat; eggs; potatoes; legumes; fish; other sea-
food; white meat; fats and oils; fresh fruit juices; sugared
beverages (i.e. soft drinks and packed fruit juices); salty
snacks; and sweets) were created and the relevant values
were calculated as consumption in grams per day.

Breakfast and meal frequency patterns
Although there is still no widely acceptable definition for
breakfast, it has been proposed that an ideal breakfast is
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the one that would typically include as the first meal of
the day choices from the following three food groups:
milk and milk-derived products; cereals (preferably
whole grain); and fruits (fresh fruits or natural juices; no
sugan)'”. Using data from the 24h recalls and on the
basis of the aforementioned definition of an ideal
breakfast, a categorical variable was developed to assess
the adequacy of children’s breakfast consumption. More
specifically, the following categories were created:
0 = salty, sweet or other savoury snacks; 1= zero por-
tions of dairy products, cereals and fruits; 2 = one portion
of dairy products or cereals or fruits; 3 = one portion of
dairy products and one portion of cereals or fruits; and
4 =one or more portions of dairy products, cereals and
fruits. Data from 24h dietary recalls were also used to
define meal frequency. In turn, meal frequency (.e.
number of meals per day) was assessed by summing the
number of meals in which any portion of food was
consumed.

Pbysical activity levels

Physical activity during leisure time was assessed using a
standardized activity interview, based on a questionnaire
completed by the participants in the presence of a member
of the research team. Further details regarding the reliability
and validity of the questionnaire are provided else-
where™?. Respondents reported the time spent on various
physical activities on two weekdays and one weekend day,
most preferably Sunday. Reported activities were grouped
by a member of the research team into moderate-
to-vigorous physical activity (MVPA; intensity higher than
4 MET (metabolic equivalents)), including activities such as
brisk walking, bicycling, gymnastics, dancing, basketball,
soccer, athletics, tennis, swimming, skipping and general
participation in active outdoors games. Given the age
group, MVPA was defined as continuous physical activities
causing sweating and heavy breathing for periods longer
than 15 min, but with occasional breaks in intensity, rather
than the strict aerobic definition of twenty continuous
minutes appropriate for adults. The other level of physical
activity that was assessed in the present study was
defined as ‘light’ (i.e. intensity lower than 4 MET). Physical
activity levels that have been proposed to positively affect
cardiorespiratory function and to produce desirable health
outcomes (i.e. better weight, glycaemic, lipidaemic control,
etc.) are those being higher than 4 MET and correspond to
MVPAY” . Finally, the average weekdays and weekend time
(h/d) spent on sedentary activities and more specifically on
watching television/DVD/videos and/or recreational usage
of games consoles/computer was defined as screen time.

Antbropometry

Participants underwent a physical examination by two
trained members of the research team. The protocol and
equipment used were the same in all schools. Weight
was measured to the nearest 10g using a digital scale
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(Seca Alpha, model 770; Seca, Hamburg, Germany).
Children were weighed without shoes in the minimum
clothing possible. Height was measured to the nearest
0-1cm using a commercial stadiometer (Leicester Height
Measure; Invicta Plastics, Oadby, UK) with the child
standing barefoot, keeping shoulders in a relaxed
position, arms hanging freely and head in the Frankfurt
horizontal plane. Weight and height were used to
calculate BMI using Quetelet’s equation: weight (kg)/
[height (m)]*. The International Obesity Taskforce cut-off
points(lg’w) were used to categorize participants as
‘underweight’, ‘normal weight’, ‘overweight’ or ‘obese’.
Waist circumference (WC) was measured to the nearest
0-1cm with the use of a non-elastic tape (Hoechstmass,
Sulzbach, Germany) with the child standing, at the end of
a gentle expiration, after placing the measuring tape on a
horizontal plane around the trunk, at the level of the
umbilicus, midway between the lower rib margin and
the iliac crest. The age- and sex-specific WC percentiles
were used for the classification of central obesity
(=90th percentile)®”. Furthermore, one well-trained and
experienced female paediatrician in each prefecture
determined pubertal maturation (Tanner stage) after
thorough visual inspection of breast development in girls
and genital development in boys*".

The thickness of four skinfolds (triceps, biceps, sub-
scapular and suprailliac) was measured to the nearest
0-1 mm to the right side of the body with a Lange skinfold
calliper (Cambridge Industries, Cambridge, MD, USA).
Each skinfold was grasped gently, in order to avoid
causing any unnecessary discomfort to the child. Triceps
and biceps skinfold thickness was measured with the
right arm hanging relaxed at the side of the body.
The skinfold was picked up about 1cm bellow the
midpoint mark over the triceps and biceps muscle,
respectively. Measurement of the subscapular skinfold
thickness was performed while the child stood with
shoulders relaxed and after identifying the inferior angle
of the scapula. The skinfold was picked up 1cm below
the subscapular mark. Suprailliac skinfold was measured
just above the iliac crest, along the axis of the anterior
line. In each case the calliper was applied to the ‘neck’ of
the fold just above the finger and thumb, for two repeated
measurements.

Assessment of percentage body fat and visceral
Jat mass

Bioelectrical impedance analysis (BIA) was used for
the assessment of percentage body fat (Akkern BIA 101;
Akkern Srl, Florence, Italy) and for abdominal/visceral fat
mass (Tanita Viscan AB-140, Kowloon, Hong Kong).
In abdominal BIA an electric current is passed between
the regions near the umbilicus and spinal cord at the
umbilicus level and the voltage generated in the lateral
abdomen is recorded. Because the equipotential line
that passes through visceral fat appears on the lateral
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abdominal surface, the amount of visceral fat can be
estimated by measurement of the voltage generated at
this location using a regression equation determined by
computed tomography'*?. Participants were instructed to
abstain from any food or liquid intake and from any
intensive exercise for 4 h before measurement. They were
also instructed not to wear any metal object during
measurement. The assessments took place with the study
participants lying on a non-conductive surface at ambient
room temperature. Percentage body fat was calculated
from the resistance and reactance values using valid
equations derived from a similar pre-adolescent popula-
tion®, while percentage trunk fat mass and visceral fat
rating (rating scale from 1 to 59 units, with 0-5 increment)
were read directly from the instrument. As there were
only two Tanita Viscan devices available, data on trunk-
visceral fat mass were collected for a representative
sub-sample of 1500 children.

Socio-economic, perinatal and other information
collected from parents

Data on the socio-economic background of the families
having at least one child participating in the study
were collected from the parents (most preferably from
the mother) during scheduled face-to-face interviews at
school. For those parents not being able to attend the
meetings (approximately 5% of the total sample), data
were collected via telephone interviews. All interviews
were conducted by members of the research team
who were rigorously trained to minimize the interviewer
effect by using a standardized questionnaire. The socio-
economic data collected from parents included: parental
educational level (years of education); home size (m?);
number of family members living at home; number of
cars owned by the family; and home property ownership.
All aforementioned data were grouped, scored and
combined for the development of a socio-economic
status (SES) index as follows: scores of 0, 1, 2 and 3 were
assigned to <9, 9-12, 12-16 and >16 years of maternal
and paternal education, respectively; scores of 0, 1, 2 and
3 were assigned to <20, 20-25, 25-30 and >30 home m?
per family member, respectively; scores of 0, 1, 2 and
3 were assigned to 0, 1, 2 and =3 cars owned by the
family, respectively; and scores of 0 and 1 were assigned
to rented or owned home, respectively. The total score of
the SES index, obtained by summing the scores from each
index component, had values ranging between 0 and
13 and with higher values indicating higher SES of the
family. Data on self-reported weight and height of the
mother and the father were also recorded. Furthermore,
during the interviews parents were also asked to bring
with them their child’s birth certificate and medical record
from which birth date (this was used for estimation of the
exact age of each child) and birth weight were recorded.
Finally, parents were also asked to report their children’s
nightly sleep duration, which was calculated by asking
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parents the time their children usually go to bed at night
and the time they usually wake up in the morning on
weekdays and on weekend days, separately.

Statistical analysis

Lifestyle component derivation

PCA was used to identify the lifestyle patterns. PCA is a
multivariate technique that can evaluate intercorrelations
between individual predictor variables and results in
the extraction of uncorrelated components (i.e. lifestyle
patterns). The Kaiser—-Meyer—Olkin (KMO) criterion and
Bartlett’s test of sphericity were used to assess the
suitability of the data for PCA. An overall KMO criterion
close to unity means that the data set is suitable for PCA.
The orthogonal rotation (varimax option) was used to derive
optimal non-correlated components (lifestyle patterns). The
number of components that can be extracted is equal to
the number of predictor variables. To decide the number
of components to retain, the Kaiser criterion and the scree
plot (eigenvalues >1) were used. Factor loadings repre-
sent the correlations of each predictor with the lifestyle
pattern score. Higher absolute values of factor loadings
indicate that the predictor contributes most to the con-
struction of this particular component (Table 2). The
lifestyle components (patterns) were named according to
the factor loadings of dietary, physical activity or sleep
behaviours correlated most with the component (factor
loadings >10-41).

Descriptive and other statistical analyses

Categorical values were presented as frequencies. Asso-
ciations between categorical variables were examined by
using the x* test and the two-sample z test for proportions
whenever appropriate. Multiple linear regression analysis
was used to evaluate the associations between body fat
mass indices and lifestyle patterns derived from PCA,
which were treated as continuous variables after testing for
linearity (Table 4). More specifically, three different models
were applied: Model 1 was unadjusted; Model 2 adjusted
for sex and Tanner stage; and Model 3 adjusted for
sex, Tanner stage, mean parental BMI, SES index score
and birth weight. The results from the linear regression
models are presented as standardized beta coefficients
(B). Moreover, participants’ lifestyle component scores
were categorized into quartiles so that, for each lifestyle
component, the fourth quartile consisted of persons whose
dietary, physical activity and sleep behaviours were
adherent most to that particular pattern. Based on the
statistically significant relationships provided by the linear
regression models tested, logistic regression analysis was
further performed to evaluate the association between the
quartiles of each lifestyle component and the probability of
being overweight or of having increased fat mass levels.
The results of logistic regression models were presented
as odds ratios and 95% confidence intervals (Table 5).
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Table 1 Descriptive characteristics of the study population: schoolchildren aged 9-13 years (n 2073) participating in the Healthy

Growth Study

Boys (n 1032)

Girls (n 1041) Total (n 2073)

% % %

Weight status

Underweight 2:2 37 29

Normal weight 53-71 58-2 56-0

Overweight 30-9 28-8 29-9

Obese 13-2¢ 9-3 112

Mean SD Mean SD Mean SD

Age (years) 11-2 0-7 11-2 0-7 11-2 0-7
Weight (kg) 45-3 11-0 45-0 10-9 45-2 10-9
Height (cm) 148-2* 7-4 149-1 81 148-7 7-8
BMI (kg/m?) 20-5* 39 20-1 37 20-3 3-8
Waist circumference (cm) 69-9* 9-9 67-5 9-0 68-7 9-6
Sum of skinfold thicknesses (mm) 53-8 24-7 56-0 21-0 54-9 23-0
Fat mass (%) 28-6* 9-2 29-7 9-1 29-2 9-2
Trunk fat (%)t 20-0* 7-0 25-3 7-9 227 7-9
Visceral trunk fat ratingt 5-6* 37 4-0 2:2 4-8 3:2

*Mean values were significantly different from those of girls (Student’s t test): P<0-05.
tProportions were significantly different from those of girls (based on the x? test and the two-sample z test): P<0-05.

$Trunk and visceral fat mass data were available for 1211 children.

Data were analysed using the statistical software package
SPSS version 13-0. In all statistical analyses, the level of
significance was set at P<0-05.

Results

A complete set of socio-economic, demographic, parental
BMI, family status, perinatal, clinical, anthropometric and
body composition data were collected for 2073 children
(49-8% boys and 50:2% girls) from the 2665 children
whose parents had provided signed consent forms. The
attrition was attributed to the inclusion in the parental
questionnaire of questions relating mainly to certain com-
ponents of the SES index (i.e. number of cars, home m?* and
home property ownership) during the course of the study.
However, the sample of 2073 children participating in the
current study was adequate to provide the required statis-
tical power needed for the analysis of the data. Table 1
illustrates that the total prevalence of overweight and obe-
sity was 29-9% and 11-2 %, respectively, with a significantly
higher prevalence of obesity in boys than in girls (13-2% .
9:3%, P<<0-05). Furthermore, BMI, WC and visceral trunk
fat rating were higher in boys than in girls (P<0-05). On the
other hand, height, sum of skinfold thicknesses, percentage
fat mass and percentage trunk fat mass were significantly
higher in girls than in boys (2<<0-05).

Table 2 summarizes the factor loadings of the factors
retained from the PCA. From the initial eighteen food
groups, seven were included in the PCA as these were
strongly intercorrelated with each other. The value of the
KMO criterion was equal to 0-6 and the P value for
Bartlett’s test of sphericity was <0-001, indicating that the
lifestyle variables entered in the analysis were strongly

intercorrelated and that PCA could be correctly used for
assessing ‘healthy’ or ‘unhealthy’ patterns. PCA analysis
indicated five different lifestyle components explaining
52-7% of the total variance with regard to the examined
variables. These components were defined as follows:
higher dairy consumption and more adequate breakfast
(component 1); higher consumption of high-fibre foods
(component 2); more screen time, less sleep time and
higher consumption of sugared beverages (component 3);
more time spent on MVPA and more frequent meals
(component 4); higher red meat and lower fish consump-
tion (component 5).

Table 3 displays the descriptive characteristics of
the dietary and lifestyle variables included in the PCA
for the total sample and by gender. Regarding gender
differences, boys were found to have significantly
higher consumption of dairy products and sugared drinks
as well as more time spent on MVPA compared with
girls (P<0-05). No other statistically significant gender
differences were observed.

Table 4 presents the associations, derived from the
three different models of the linear regression analyses,
between anthropometric (i.e. BMI, WC and sum of skin-
fold thicknesses) as well as BIA fat mass indices and
each one of the five lifestyle components. In the case
of the anthropometric indices, lifestyle components
1 and 4 were negatively associated with BMI and WC,
even after adjusting for several potential confounders
in Model 3 (B=—0-057, P=0-007 and B = —0-049,
P=0-024 respectively for BMI; = —0-058, P=0-007
and B=-0-055, P=0-012 respectively for WO).
The sum of skinfold thicknesses was also negatively
associated with lifestyle component 1 (8= —0-084,
P<0-001) and lifestyle component 2 (8= —0-009,
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Table 2 Factor loadings derived from principal component analysis conducted with dietary and lifestyle variables available for school-
children aged 9-13 years (n 2073) participating in the Healthy Growth Study

Component

Predictor 1 2 3 4 5
Dairy consumptions 0-79lll 0-15 —0-11 0-10 0-002
Fruit consumption 0-05 0-621ll —0-01 0-15 0-000
Vegetable consumption —0-05 0-74llll 0-11 —0-04 0-04
Wholegrain products consumption§ 0-11 0-501l —-0-22 —0-09 —0-11
Red meat consumption 0-01 —0-06 0-07 0-12 0-7211l
Fish consumption —0-01 —0-01 0-07 0-11 —0-75llI
Sugared drinks consumptionl| -0-17 -0-15 0-56l 0-36 0-11
Adequate breakfast consumption 0-76l1l —-0-09 —0-02 —-0-13 0-03
Meal frequency 0-45l1lll 0-35 0-12 0-48llll —-0-04
Screen time€| 0-04 —0-06 0-68ll -0-21 -0-02
Time spent on physical activitytt —0-04 —0-004 -0-12 0-821ll —0-001
Sleep time§§ 0-03 —0-07 —0-58llll 0-01 0-03
Explained variance (%) 121 11-4 10-2 97 9-3

tConsumption of milk, yoghurt and cheese.

§Consumption of wholegrain bread and cereal.

lIConsumption of regular soft drinks and sugared fruit juices.

4 Time spent watching television/DVD/videos and/or using games consoles/computer for fun.
$1Time spent on moderate-to-vigorous physical activity.

§§Nightly sleep time on weekdays.

IlIPredictor with the highest factor loading (>10-4l) within the component.

Table 3 Descriptive characteristics of the dietary and lifestyle variables included in the principal component analysis

Boys (n 1032) Girls (n 1041) Total (n 2073)

Median P25-P75 Median P25-P75 Median P25-P75
Dairy consumption (g/d)t 387-8  258-:0-536-0 349-3 223-5-516-0 373-9 244-6-526-1
Fruit consumption (g/d) 59-0 0-0-138-0 59-0 0-0-138-0 59-0 0-0-138-0
Vegetable consumption (g/d) 56-8 7-6-126-7 56-8 12-6-113-5 56-8 10-0-120-1
Wholegrain consumption (g/d)§ 10-0 0-0-16-5 9-6 0-0-15-8 10-0 0-0-16-2
Red meat consumption (g/d) 45-0 0-0-94-6 45-0 0-0-80-0 45-0 0-0-90-0
Fish consumption (g/d) 18:0 0-0-35-4 187 0-0-36-7 18-3 0-0-36-2
Sugared drinks consumption (ml/d)ll 85-2* 0-0-167-5 62-1 0-0-126-9 73-3 0-0-131-6
Screen time (h/d)Y| 2:0 1-3-3-0 2:0 1-3-3-0 2:0 1-3-3-0
Time spent on physical activity (min/d)t 67-1* 32:1-117-7 45-4 17-1-85-7 55-7 25-0-100-7
Sleep time (h/d)$§§ 9-0 8:5-9-3 9:0 8-5-9-3 9-0 8:5-9-3
n Y% n % n %

Adequate breakfast consumption

Salty and sweet snacks and other 86 8:3 92 8-8 178 8:6

0 portions of fruits, cereals or dairy products 209 20-3 232 22-3 441 21-3

1 portion of fruits, cereals or dairy products 482 46-7 491 471 973 46-9

2 portions of fruits, cereals or dairy products 218 211 187 17-9 405 19-5

3 or more portions of fruits, cereals or dairy products 37 3-6 40 3-8 77 3-7
Meal frequency

2 meals/d 5 0-5 9 0-9 14 0-7

3 meals/d 83 8:0 71 6-8 154 7-4

4 meals/d 266 25-8 293 28-1 559 270

5 meals/d 450 43-6 481 46-2 931 44-9

6 meals/d 228 2241 188 18-0 416 20-1

P25, 25th percentile; P75, 75th percentile.

*Median values were significantly different from those of girls (non-parametric Mann—Whitney test): P<0-05.
$Consumption of milk, yoghurt and cheese.

§Consumption of wholegrain bread and cereal.

lIConsumption of regular soft drinks and sugared fruit juices.

¢ Time spent watching television/DVD/videos and/or using games consoles/computer for fun.

$Time spent on moderate-to-vigorous physical activity.

§§Nightly sleep time on weekdays.

P=0-002) after multiple adjustments were made in
Model 3. Regarding BIA fat mass indices, percentage fat
mass was negatively associated with lifestyle compo-
nents 1 and 4 (8= —0-048, P=0-029 and B = —0-083,

P<0-001 respectively) and percentage trunk fat mass
was negatively associated with lifestyle component 4
(B=—0-085, P=0-002) after adjusting for potential
confounders in Model 3.
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Table 4 Single (Model 1) and multiple (Models 2 and 3) linear regression analysis examining the association of lifestyle components
with anthropometric and total, trunk and visceral fat mass indices in schoolchildren aged 9—-13 years (n 2073) participating in the Healthy
Growth Study

Model 1 Model 2 Model 3
Component B P value B P value B P value
BMI (kg/m?)
Lifestyle component 1 —0-06 0-010 —0-06 0-005 —0-06 0-007
Lifestyle component 2 —0-01 0-722 —0-01 0-702 0-01 0-737
Lifestyle component 3 0-08 <0-001 0-05 0-040 0-04 0-057
Lifestyle component 4 —0-06 0-005 —0-06 0-010 -0-05 0-024
Lifestyle component 5 —0-03 0-248 —0-02 0-444 —0-01 0-627
Waist circumference (cm)
Lifestyle component 1 —0-06 0-008 —0-06 0-003 —0-06 0-007
Lifestyle component 2 —0-03 0-139 —0-04 0-103 —0-02 0-310
Lifestyle component 3 0-08 <0-001 0-04 0-043 0-04 0-075
Lifestyle component 4 —0-06 0-012 -0-07 0-003 —0-06 0-012
Lifestyle component 5 0-002 0-922 0-001 0-953 0-01 0-703
Sum of skinfold thicknesses (mm)
Lifestyle component 1 —0-09 <0-001 —0-09 <0-001 —0-08 <0-001
Lifestyle component 2 —0-08 <0-001 —0-08 <0-001 -0-07 0-002
Lifestyle component 3 0-04 0-080 0-02 0-299 0-02 0-353
Lifestyle component 4 —0-06 0-004 —0-05 0-034 —0-04 0-071
Lifestyle component 5 —0-03 0-182 —0-02 0-274 -0-02 0-338
Fat mass (%)
Lifestyle component 1 —0-05 0-023 —0-05 0-028 —0-05 0-029
Lifestyle component 2 —0-04 0-084 —0-04 0-112 -0-02 0-307
Lifestyle component 3 0-03 0-249 0-003 0-881 0-003 0-894
Lifestyle component 4 —0-11 <0-001 —0-09 <0-001 —0-08 <0-001
Lifestyle component 5 —0-04 0-113 -0-02 0-314 -0-02 0-299
Trunk fat (%)t
Lifestyle component 1 —0-06 0-034 -0-05 0-060 -0-04 0-152
Lifestyle component 2 —0-004 0-899 0-01 0-721 0-02 0-528
Lifestyle component 3 0-08 0-005 0-06 0-024 0-05 0-063
Lifestyle component 4 -0-16 <0-001 —0-09 0-001 —0-09 0-002
Lifestyle component 5 -0-13 <0-001 —0-08 0-002 -0-03 0-084
Visceral trunk fat ratingt
Lifestyle component 1 —0-04 0-151 —0-06 0-028 —0-04 0-058
Lifestyle component 2 0-01 0-769 —0-001 0-984 0-01 0-713
Lifestyle component 3 0-08 0-008 0-06 0-037 0-04 0-130
Lifestyle component 4 0-01 0-839 —0-04 0-146 —0-03 0-280
Lifestyle component 5 —0-04 0-213 —0-06 0-034 —0-05 0-095

B, standardized beta coefficient.

Model 1, unadjusted; Model 2, adjusted for Tanner stage and sex, Model 3, adjusted for sex, Tanner stage, parental BMI, socio-economic status index and
birth weight.

Lifestyle component 1, higher dairy consumption and more adequate breakfast; lifestyle component 2, higher consumption of high-fibre food (i.e. fruits,
vegetables and wholegrain food); lifestyle component 3, more screen time, shorter sleep duration and higher consumption of sugared beverages; lifestyle
component 4, more time spent on moderate-to-vigorous physical activity and more frequent meals; lifestyle component 5, higher red meat consumption and
lower fish consumption.

$Trunk and visceral fat mass data were available for 1211 children.

Logistic regression analyses summarized in Table 5
showed that children whose lifestyle conformed most
closely to patterns of lifestyle component 1 (i.e. children
with dairy and breakfast consumption patterns within the
fourth quartile) were 39-4 %, 45-2% and 32-2% less likely
to be overweight/obese and in the highest quartile of
sum of skinfold thicknesses and percentage fat mass,
respectively, than children whose lifestyle was different
from this pattern (i.e. children within the first quartile),
after controlling for several potential confounders.
Furthermore, children in the fourth quartile of lifestyle
component 2 (i.e. children with the highest consumption
of high-fibre foods) were 27:4% less likely to be in the
highest quartile of sum of skinfold thicknesses than
children in the first quartile of lifestyle component 2.

Finally, children in the fourth quartile of lifestyle compo-
nent 4 (i.e. children who spent more time on physical
activity and had more frequent meals) were 38:0 %, 26-3 %
and 29-5 % less likely to be overweight, centrally obese and
in the highest quartile of percentage fat mass than their
peers in the first quartile of lifestyle component 4.

Discussion

The present study showed considerably high rates of
overweight (29-9%) and obesity (11-2%) in a representa-
tive sample of Greek children which are two- to threefold
higher compared with the prevalences reported for
children in central and northern European countries®®.
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Table 5 Logistic regression analyses examining the association of quartiles of lifestyle components (independent variable) with anthropometric and total, trunk and visceral fat mass indices
(dependent variables) in schoolchildren aged 9-13 years (n 2073) participating in the Healthy Growth Study

Quartile of lifestyle component 1 (higher dairy consumption and more adequate breakfast)

First Second Third Fourth

(ref.) OR 95% ClI OR 95% Cl OR 95 % ClI
Overweight/obesity 1-00 0-82 0-63, 1-07 0-94 0-73, 1-23 0-61 0-46, 0-79
Central obesity 1-00 0-85 0-60, 1-22 0-76 0-53, 1-09 0-92 0-65, 1-31
Sum of skinfold thicknesses, fourth quartile 1-00 0-74 0-55, 0-98 0-66 0-49, 0-88 0-55 0-41,0-74
Percentage fat mass, fourth quartile 1-00 0-88 0-66, 1-18 0-86 0-64, 1-15 0-68 0-50, 0-92

Quartile of lifestyle component 2 (higher consumption of high-fibre food)

First Second Third Fourth
(ref.) OR 95% Cl OR 95% Cl OR 95% Cl
Sum of skinfold thicknesses, fourth quartile 1-00 1-07 0-80, 1-42 0-71 0-53, 0-96 0-73 0-54, 0-98

Quartile of lifestyle component 4 (more time spent on physical activity and more frequent meals)

First Second Third Fourth

(ref.) OR 95% ClI OR 95% Cl OR 95% Cl
Overweight/obesity 1-00 0-84 0-65, 1-09 0-65 0-50, 0-84 0-62 0-48, 0-81
Central obesity 1-00 1-04 0-75, 1-46 0-53 0-36, 0-78 0-74 0-52, 0-99
Percentage fat mass, fourth quartile 1-00 0-94 0-71,1-25 0-55 0-40, 0-75 0-71 0-52, 0-95
Percentage trunk fat, fourth quartilet 1-00 1-25 0-86, 1-83 0-60 0-40, 1-04 0-80 0-53, 1-22

ref., reference category.
Adjusted for sex, Tanner stage, parental BMI, socio-economic status index and birth weight.
$Trunk and visceral fat mass data were available for 1211 children.

D 10 STUOYISON O
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Most importantly, the current study identified five different
lifestyle components, which were associated not only with
overweight/obesity in children but also with increased fat
mass levels. This is important considering that anthropo-
metric indices of adiposity (i.e. BMI, WC, skinfold thick-
nesses) are usually subjected to more bias than other
techniques that are used to assess body composition, such
as BIA®Y.

Lifestyle component 1 comprised of higher dairy con-
sumption and more adequate breakfast was negatively
associated with BMI, WC, sum of skinfold thicknesses and
percentage fat mass. The results of the present study
also indicated that the children who tended to conform
most closely to the pattern of higher dairy and adequate
breakfast consumption (i.e. in the fourth quartile) were less
likely to be overweight and to have increased fat mass
levels. Dairy consumption is one of the best sources of
highly bioavailable dietary Ca, which has been indepen-
dently associated with reduced body weight®*2®. More
specifically, increased dietary Ca intake inhibits secretion of
parathyroid hormone, which in turn lowers Ca influx
within the adipocytes®. It has been suggested that
increased intracellular Ca concentration may stimulate
lipogenesis, inhibit lipolysis and reduce thermogenesis,
alterations that if sustained for a long period can lead to fat
mass accumulation and obesity®”. In this context a pre-
vious study, which evaluated the association between
dietary patterns and obesity among women, showed that
consumption of low-fat dairy products was related with
lower odds of obesity®". Still, it is not safe to claim that
increasing the consumption of dairy foods results in a
reduction in body weight or fat mass levels®*. Regarding
breakfast consumption, a previous study which attempted
to identify the possible interactions between lifestyle
patterns and BMI revealed that a pattern also comprised of
regular breakfast consumption was inversely associated
with excess body weight in children®. Furthermore, other
studies have shown that regular consumption of breakfast
that comprises dairy products, cereals and fruits is asso-
ciated with a lower risk of overweight among children®*>,
As breakfast consumption is generally considered as a
healthy dietary behaviour®®, children who skip breakfast
have a greater likelihood of reporting higher energy intake
from high-fat, salty and sweet snacks at main meals®”.
Furthermore, breakfast omission seems to favour excessive
hunger and rebound overeating®®, which may lead to
higher energy intake.

The current study also showed that lifestyle component
2, comprising consumption of high-fibre foods such as
fruits, vegetables and wholegrain products, was negatively
associated with the sum of skinfold thicknesses, probably
due to the higher satiety induced by consumption of these
foods®”. Two other studies performed in Greece and in
Great Britain also revealed a negative association between a
dietary pattern comprising high-fibre food consumption
and excess adiposity in children®'”. Other recent research
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has shown that fibre supplementation in obese individuals
can significantly enhance weight loss™”. Soluble fibre,
when fermented in the large intestine, induces production
of glucagon-like peptide-1 and peptide YY, two gut hor-
mones that stimulate satiety. Furthermore, increased dietary
fibre intake is inversely related to total energy intake, as well
as to the diet’s metabolizable energy, i.e. gross energy intake
minus the energy lost in the faeces, urine and combustible
gases*?. However, further to the physiological mechanisms
described above, higher consumption of dairy products,
wholegrain cereals, fruits and vegetables could also support
the maintenance of lower body weight and fat mass levels
since these food groups reflect an overall healthier diet,
which is very common among normal-weight individuals.
The findings of the present study further indicated that
lifestyle component 4, defined by a combination of more
time spent on MVPA and more frequent meals during
the day, was negatively associated with BMI, WC, and
percentage total body and trunk fat mass. There is plenty
of evidence that both physical activity and frequent meals
per se are negatively correlated with overweight and
obesity in childhood®® A possible explanation for this
negative association is that these behaviours are asso-
ciated with an increased energy expenditure. Regarding
physical activity, energy is required for the mechanical
work associated with muscle contraction™®”. However, in
a previous study when physical activity was clustered in
lifestyle patterns no association was found with BMI®,
As far as meals are concerned, more frequent meal con-
sumption seems to increase diet-induced thermogenesis,
thus leading to higher energy expenditure®®. The
importance of consuming frequent meals for maintaining
a normal body weight has also been highlighted by other
studies, concluding that obese children should be
encouraged to eat three main meals and two snacks per
day (breakfast, lunch, afternoon meal, dinner, stlpper)(49) .
A number of strengths and limitations can be identified in
the present study. Regarding strengths, the Healthy Growth
Study was a large-scale epidemiological study conducted
using a representative sample of children from four pre-
fectures within the wider region of Greece. Furthermore,
the adjustments for specific confounders resulted in the
extraction of more accurate results from the linear and
logistic regression analyses. However, one of the main
limitations of the study is that due to its cross-sectional
design it cannot support causal relationships between life-
style patterns and body composition indices. Another lim-
itation of the study is that the PCA method could not specify
how many servings of dairy foods or how many meals one
should consume to get the required health benefits. Finally,
trunk and visceral fat mass data were available only for
1211 children from the 2073 children initially examined.
The findings of the current study are indicative of
strong associations between certain lifestyle patterns and
adiposity-related indices in children. More specifically,
various anthropometric and bioelectrical impedance
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indices of fat mass were negatively associated with the
following three dietary and lifestyle behavioural patterns
identified in the present study: (i) increased dairy food
and breakfast consumption; (il) increased consumption of
high-fibre foods; and (iii) more time engaged in MVPA
concurrently with an increased number of meals con-
sumed per day. These findings could facilitate advice
targeting children and their families and the identified
lifestyle patterns should be considered as components of
future childhood obesity prevention initiatives.
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Abstract

Objective: To examine the accuracy of maternal ability to classify their children’s
weight status correctly using a verbal and a visual classification instrument and to
detect significant correlates of maternal misperceptions.

Design: Cross-sectional study.

Setting: Primary schools in four counties from north, west, central and south
Greece.

Subjects: A representative sample of 1858 primary-school children aged 9-13 years
was examined. Two different instruments to assess maternal perceptions of their
children’s weight status, i.e. a verbal and a visual one, were used.

Results: Verbal and visual maternal underestimation rates of children’s weight
status were 15-0% and 41-3 %, respectively. The frequency of underestimation was
much higher among overweight and obese children for both instruments. The
highest underestimation rates of 87-9% and 82-1% in overweight and obese boys,
respectively, were obtained with the visual instrument. Multiple logistic regression
modelling revealed that the likelihood of both verbal and visual maternal under-
estimation of their children’s weight status was significantly higher for overweight
mothers and for those with a lower educational level. Furthermore, children’s male
gender and a nanny or someone other than the mother as the child’s primary
caregiver were found to increase the odds of visual and verbal maternal under-
estimation of children’s weight status, respectively.

Conclusions: The present study showed that the verbal instrument used to assess
maternal perceptions of their children’s weight status was more accurate compared
with the visual one. However, both instruments showed that a considerable
number of overweight and obese boys had their weight status underestimated
by their mothers. Educating mothers to classify their children’s weight status
correctly might be a key factor for the implementation of successful childhood
obesity prevention initiatives.
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In many developed countries, the prevalence of child-
hood overweight has more than doubled over the last
two decades”. Besides the manifestation of clinical signs
of morbidity in overweight children, such as hyperten-
sion, hyperlipidaemia, etc.?, childhood overweight often
tracks into adulthood®®, when it becomes associated
with an increased risk of mortality from chronic disease®.
Changes in dietary and physical activity patterns are the
primary causes for the current obesity epidemic and
related chronic disease®®. Specifically, the past few dec-
ades have brought marked lifestyle changes resulting in a

*Corresponding author: Email manios@hua.gr

decline in the time spent in physical activities, as well as
in an increase in the consumption of energy-dense
foods™®. However, the aetiology of childhood overweight
is probably more complex than the changes induced in
lifestyle.

On the basis of recent research, many characteristics
and lifestyle patterns that predispose children to over-
weight are established early in life and are greatly deter-
mined by family characteristics, including parents’ dietary
intake and physical activity patterns, parents’ nutritional
knowledge, siblings’ interaction, etc.”’. Furthermore, as

© The Authors 2011
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parents are very influential in shaping early dietary and
physical activity patterns in their children, their ability to
recognize the problem of increased adiposity in their
own child is another important determinant of childhood
overweight'”. In general, it is critical for parents to be
able to make a distinction between normal and abnormal
levels of adiposity to ensure that appropriate preventive
and corrective interventions are implemented.

However, several studies have shown that a significant
number of parents are unable to correctly perceive their
children’s weight status when asked to make either a
verbal or a visual estimation®2Y, or both®®*™". This
observation implies that public health messages regarding
the prevention of childhood obesity may not always reach
parents, who often fail to identify the excessive body
weight of their children. The factors that are associated
with parental misperception of their child’s weight status
are currently under investigation. For example, some
studies have shown that certain family characteristics such
as ethnicity®?®, child’s gender'>'®?” and parental edu-
cational status'*'> may influence parental perception,
whereas other studies did not find such associations'”'?.

The objectives of the present study were: (i) to examine
the accuracy of maternal ability to classify their children’s
weight status correctly using a verbal and a visual classi-
fication instrument; and (i) to detect possible demo-
graphic, socio-economic, maternal and family correlates of
maternal underestimation of their children’s weight status.

Subjects and methods

Sampling

The ‘Healthy Growth Study’ was a large-scale cross-
sectional epidemiological study initiated in May 2007 and
completed in June 2009. Approval to conduct the study
was granted by the Greek Ministry of National Education
and by the Ethical Committee of Harokopio University
of Athens. The study population comprised school-
children aged 9-13 years attending the fifth and sixth
grades in primary schools located in municipalities within
the wider regions of the counties of Attica, Aitoloa-
karnania, Thessaloniki and Iraklio. The sampling of
schools was random, multistage and stratified by parental
educational level and by the total population of students
attending schools within these municipalities. More spe-
cifically, the municipalities in the counties under study
were divided into three groups on the basis of the average
educational level of their adult population (25-65 years
of age), which was estimated from data provided by
the National Statistical Service of Greece (Census 2001).
This procedure yielded two parental educational cut-off
points that allowed us to categorize municipalities into
three different socio-economic levels (SEL), i.e. higher,
medium and lower SEL. Consequently, on the basis of
data from the National Statistical Service of Greece, a
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certain number of municipalities, proportional to the size
of their pre-adolescent population (9-14 years of age),
were randomly selected from each one of these three
SEL groups.

An appropriate number of schools were randomly
selected from each one of these municipalities in relation
to the population of schoolchildren registered in the fifth
and sixth grades in each municipality, on the basis of data
obtained from the Greek Child Institute. All seventy-seven
primary schools that were invited to participate in the
present study responded positively. More specifically, an
extended letter explaining the aims of the present study
and a consent form for taking full measurements were
provided to all parents or guardians having a child in
these schools. Parents who agreed to the participation of
their children in the study had to sign the consent form
and provide their contact details. Signed parental consent
forms were collected for 2655 out of 4145 children
(response rate: 64-1%).

Antbropometry and pbysical examination
Participants from each primary school underwent a phy-
sical examination by two trained members of the research
team. Anthropometric measurements were obtained from
all regions using the same protocol and equipment that
was calibrated with standardized weights and rods,
according to the calibration procedures described by the
manufacturers. The physical examination included basic
anthropometric measurements, i.e. weight and height.
Weight was measured to the nearest 10g using a Seca
digital scale (Seca Alpha, Model 770; Hamburg, Germany).
Participants were weighed without shoes in the minimum
clothing possible. Height was measured to the nearest
0-1cm using a commercial stadiometer (Leicester Height
Measure; Invicta Plastics Ltd, Oadby, UK) with participants
not wearing shoes, their shoulders in a relaxed position,
their arms hanging freely and their head aligned in
Frankfort plane. Weight and height were converted to
BMI using Quetelet’s equation (weight (kg)/height® (m?)).
The international age- and sex-specific cut-off points
proposed by Cole et al®®*” for children and adolescents
aged 2-18 years were used to categorize participants as
‘underweight’, ‘normal weight’, ‘overweight’ or ‘obese’.
Regarding physical examination, one well-trained and
experienced female paediatrician in each prefecture
determined pubertal maturation (Tanner stage) after a
thorough visual inspection of breast development in girls
and genital development in boys>®.

Demograpbhic, socio-economic data, maternal and
SJamily characteristics

Data on the socio-economic and demographic back-
grounds of families having at least one child participating
in the study were collected from the primary caregiver
(most preferably from the mother) during scheduled face-
to-face interviews at school. With regard to those primary
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caregivers who were unable to attend the meetings
(approximately 5% of the total sample), data were col-
lected via telephonic interviews. All interviews were
conducted by a research team of ten members who were
rigorously trained to minimize the interviewer’s effect by
using a standardized questionnaire. More specifically,
the data collected by primary caregivers included: demo-
graphic characteristics such as parent’s age and nationality;
socio-economic characteristics such as educational level
(years of education) and mean annual family income over
the last 3 years (€/year); lifestyle characteristics such as
smoking habits; and anthropometric characteristics such
as mother’s height and weight. Mother’s age was then
classified into three different tertiles. Mother’s weight and
height were converted to BMI using Quetelet’s equation.
The International Obesity Task Force cut-off points for
adults were used for the categorization of mother’s
weight status as: ‘underweight (BMI < 18-5kg/m?),
‘normal weight’ (185 =BMI < 25-0kg/m®, ‘overweight
(250 = BMI < 30-0 kg/m?) and ‘obese’ (BMI =30-0 kg/m?).
Finally, children’s age was calculated on the basis of their
date of birth as recorded in the children’s paediatric
medical records.

Primary caregivers’ perceptions of their
children’s weight status

Maternal perceptions of their children’s weight status and
body image were assessed using a verbal and a visual
classification instrument, respectively. Regarding verbal
classification of a child’s weight status, the child’s primary
caregivers were asked to provide their answers to the
following two questions: ‘According to your perception,
what is the current weight of your child?’; and ‘According
to your perception, what is the current height of your
child? Children’s weight and height, as perceived by
parents, were also converted to BMI by using Quetelet’s
equation and thereafter their weight status was classified
into different weight categories (underweight, normal
weight, overweight and obese) using Cole’s cut-off
points®?”_ Regarding visual classification of the children’s
body shape, this was estimated using the ‘Children’s Body
Image Scale’ as proposed by Truby and Paxton®". In brief,
two sets of age- and gender-specific photographs were
available. Each photograph corresponded to a 10-year-old
boy or girl with a BMI on or around each of the seven
conventional 1979 National Center for Health Statistics
(NCHS) percentiles (i.e. 3rd, 10th, 25th, 50th, 75th, 90th and
97th)*®. More specifically, in each set, one photograph
corresponded to an underweight child (3rd percentile),
four photographs to children within the normal BMI-for-
age percentile range (10th-75th percentiles), one photo-
graph to an overweight child (90th percentile) and the last
photograph to an obese child (97th percentile). After pre-
senting this set of photographs in random order, mothers
were asked to choose the photograph that most resembled
their child’s body shape.

Statistical analysis

All variables presented were categorical and expressed as
percentages. Associations between categorical variables
were examined using the x* or Fisher’s exact test whenever
appropriate. Cross-classification analysis was further carried
out to identify the proportion of participants classified
correctly or incorrectly by the verbal and visual classifica-
tion methods. The two-sample Z-test was also used to
compare percentages of correct or incorrect verbal and
visual classifications of children’s actual weight status.
Univariate logistic regression analyses were conducted to
test the crude bivariate associations of several demo-
graphic, socio-economic and family status variables per se
with mothers” verbal and visual underestimation of their
children’s weight status. Furthermore, multiple logistic
regression analysis was conducted to identify which of the
demographic, socio-economic, maternal and family status
variables were independently associated with maternal
underestimation of children’s weight status. From all these
analyses OR and 95% CI were computed. All reported
P values were based on two-sided tests. The level of
statistical significance was set at P<<0-05. The Statistical
Package for the Social Sciences statistical software package
version 13-0 (SPSS Inc., Chicago, IL, USA) was used to
conduct all statistical analyses.

Results

Complete socio-economic, demographic, maternal, family
status, verbal and visual classification data were collected
for 1858 children (51-1% girls and 48-9 % boys) from the
2665 children whose parents had signed the consent
forms. This was mainly because of the addition of
the visual assessment tool in the parental questionnaire
during the course of the study when approximately 800
children and their parents had already been measured.
Nevertheless, the study sample of 1858 children exam-
ined in the present study was adequate to provide
enough statistical power. Approximately 45% of the
participating children were normal weight, 31% were
overweight and 11% were obese. Regarding the char-
acteristics of mothers, 39-5% had 9-12 years of education
whereas 40-4% had >12 years. The majority of partici-
pating mothers were of Greek nationality (83-6%) and
were married (89:5%). Significant associations were
observed between children’s weight status and certain
maternal characteristics. More specifically, childhood
obesity was found to be positively associated with
maternal obesity and smoking status, with a greater pro-
portion of mothers who were obese or smokers having an
obese child (P<0-001, respectively). On the other hand,
maternal educational levels were negatively associated
with childhood obesity, since the percentage of obese
children was significantly lower for mothers with a higher
level of education than for mothers with a medium
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Table 1 Demographic, socio-economic, maternal and family descriptive characteristics of the study population presented by weight groups

Children’s actual weight status

Total Underweight Normal weight ~ Overweight Obese
(n 1858) (n 56) (n 1019) (n 574) (n 209)
% % % % % Pt
Child’s age (years)
9-11 41-8 2:6 54-8 30-9 11-7 0-005
11-13 58-2 33 54-9 30-9 10-9
Child’s gender
Female 511 36 57-2 30-1 91 0-005
Male 48-9 2:4 52-4 17 13-5
Child’s primary caregiver
Mother 53-3 3:2 56-0 29-6 11-2 0-298
Grandparents 40-7 2:6 537 314 12-3
Nanny or someone else 6-0 4-6 51-4 376 6-4
Mother’s age category
Lower (<38 years old) 39-8 29 54-4 30-2 12:5 0-541
Medium (38—42 years old) 34-5 2-3 55-1 316 11-0
Higher (>42 years old) 26-6 41 55-4 30-8 97
Mother's BMI (kg/m?)
Underweight 2:6 14-3 63-3 20-4 2-:0 <0-001
Normal weight 57-9 3-4 60-2 29-2 7-3
Overweight 26-9 2:2 50-5 315 15-8
Obese 126 0-9 38-2 39-5 215
Mother’s educational level (years of education)
<9 20-2 37 49-6 31-2 155 0-007
9-12 39-5 31 54-4 30-2 12-3
>12 40-4 2:5 57-9 315 8-1
Mother’s nationality
Greek 836 31 54-1 31-5 11-3 0-462
Non-Greek 16-4 26 58-9 27-6 10-9
Mother’'s smoking habits
Smoker 38-2 2:5 50-4 321 14-9 <0-001
Non-smoker 61-8 3-3 57-6 30-1 9-0
Mother's marital status
Married 89-5 31 55-0 30-7 11-2 0-943
Not married 1-2 4-3 52-2 34-8 87
Divorced 7-5 1-4 56-4 30-7 11-4
Widowed 17 31 43-8 375 15-6
SEL of residential area
Lower 24-8 3-3 57-2 27-6 12-0 0-187
Medium 337 37 51-9 31-8 12-6
Higher 41-6 2:3 55-8 321 9-7
Family income (€/year)
<12000 22-0 29 56-7 27-9 12-5 0-766
12.000-30000 50-6 31 53-7 31-8 11-4
>30000 27-4 29 55-4 316 10-0

SEL, socio-economic level.

tAssociations between weight categories and all other categorical variables included in the table were tested using Pearson’s x? or Fishers exact test

whenever appropriate.

or lower educational level (P=0-007). Further descrip-
tive characteristics of the children and their mothers are
summarized in Table 1.

Table 2 illustrates the percentages of maternal verbal
and visual classification of their children’s weight status
by percentages of their children’s actual weight status.
More specifically, correct classification of children’s actual
weight status was significantly higher for overweight girls
(67 7% v. 22:7%, P<0-001) and boys (72:4% v. 9-7 %,
P<0-001), as well as for obese boys (60-9% v. 17-9 %,
P<0-001), when mothers estimated their children’s
weight status using the verbal rather than the visual
classification instrument. Furthermore, the percentages of

obese girls (4:1% v. 20-9%, P<0-01) and boys (1-8% uv.
48%, P<0-001) who were misclassified by their mothers
as normal weight were significantly lower when mothers
tried to perceive their children’s weight status using the
verbal rather than the visual classification instrument.
Overall, a significant percentage of mothers tended to
misclassify their overweight or obese child, especially
when classifying them visually.

Table 3 summarizes the crude OR and 95% CI for
maternal verbal underestimation of their children’s weight
status. More specifically, mothers with 9-12 and <9 years
of education were 147 (95% CI 1-07, 2-00) and 1-72 (95 %
CI 1-20, 2-47) times more likely to verbally underestimate
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Table 2 Maternal verbal and visual classification of children’s weight status by children’s actual weight status

Children’s actual weight status

Underweight (n 56) Normal weight (n 1019) Overweight (n 574) Obese (n 209)
Girls Boys Girls Boys Girls Boys Girls Boys
Primary caregivers’ classification
of their children’s weight status % % % % % % % %
Verbal
Underweight 61-3 42-9 4.1 4-8* 0-0 0-8 0-0 0-0
Normal weight 35-5 571 89-9 84-8* 29-1*** 21-2¢ 4-1* 1-8*
Overweight 3:2 0-0 5-8"** 9-7* 67-7** 72-4* 41-9 37-3
Obese 0-0 0-0 0-2 07 31 51 54-1 60-9*
Visual
Underweight 471 50-0 11.24* 25-4* 0-3 0-7 1-2 0-0
Normal weight 52-9 50-0 87-3 72-9* 67-1*** 87-2* 20-9** 48-0*
Overweight 0-0 0-0 1.1 1-3* 22.7** 9-7* 30-2 34-1
Obese 0- 0-0 0-4 0-4 9-8 2:4 47-7 17-9*

Percentages in bold indicate correct weight status classification.
*P < 0-001 for differences between verbal and visual classification of girls’ weight status, based on the two-sample Z-test.
**P<0-01 and ***P<0-001 for differences between verbal and visual classification of boys’ weight status, based on the two-sample Z-test.

Table 3 Logistic regression analyses for the association between maternal verbal underestimation of children’s weight status with
demographic, socio-economic, maternal and family characteristics of the study population

Verbal underestimation of the child’s weight category

Independent variable Crude OR 95% Cl Adjusted OR 95% Cl
Mother’s educational level (years of education)

>12 Ref. Ref.

9-12 1-47 1-07, 2-00 1-52 1-10, 2-11

<9 1-72 1-20, 2-47 1-89 1-30, 2:77
Mother’s weight status

Under/normal weight Ref. Ref.

Overweight 1-44 1-06, 1-95 1-48 1-08, 2:02

Obese 1-30 0-85, 1-95 1-26 0-83, 1-93
Child’s primary caregiver

Mother Ref. Ref.

Grandparents 0-97 0-73, 1-29 1-05 0-78, 1-41

Nanny or someone else 1-62 1-02, 2-72 1-70 1-00, 2-89
SEL of residential area

Lower Ref. Ref.

Medium 1-38 1-03, 1-97 1-41 0-98, 2-03

Higher 1-08 0-75, 1-54 118 0-81, 1-70
Mother’s age category

Lower (<38 years old) Ref. Ref.

Medium (38—42 years old) 0-82 0-60, 1-12 0-87 0-62, 1-21

Higher (>42 years old) 0-73 0-52, 0-98 0-77 0-54, 1-11
Child’s gender

Male Ref.

Female 1-04 0-8, 1-37
Mother’'s smoking habit

Non-smoker Ref.

Smoker 1-10 0-84, 1-46
Maternal marital status

Married Ref.

Not married 0-33 0-44, 2-50

Divorced 1-10 0-66, 1-80

Widowed 0-50 0-11, 2-10
Family incomet (€/year)

<12000 Ref.

12000-30000 0-94 0-67, 1-33

>30000 0-85 0-57, 1-25

SEL, socio-economic level; Ref., reference category.
Values in bold indicate statistically significant OR.
*Adjusted for the number of people in the household.

their children’s weight category compared with mothers verbally underestimate their children’s weight status com-
with >12 years of education. Furthermore, overweight pared with under/normal-weight mothers. The likelihood
mothers were 1-44 (95% CI 1-06, 1-95) times more likely to of maternal verbal underestimation of their children’s
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Table 4 Logistic regression analyses for the association of maternal visual underestimation of children’s weight status with demographic,
socio-economic, maternal and family characteristics of the study population

Visual underestimation of the child’s weight category

Independent variable Crude OR 95% ClI Adjusted OR 95% Cl
Mother’s educational level (years of education)

>12 Ref. Ref.

9-12 0-91 0-74,1-12 0-90 0-72,1-13

<9 0-72 0-55, 0-93 0-80 0-60, 0-99
Mother’s weight status

Under/normal weight Ref. Ref.

Overweight 1-38 111,171 1-48 1-18, 1-85

Obese 1-82 1-37, 2-42 1-95 1-45, 2-62
Child’s gender

Male Ref. Ref.

Female 0-42 0-34, 0-50 0-40 0-33, 0-49
SEL of residential area

Lower Ref. Ref.

Medium 1-32 1-03, 1-70 1-28 0-99, 1-66

Higher 1-25 0-98, 1-58 1-15 0-90, 1-48
Family incomet (€/year)

<12000 Ref. Ref.

12000-30000 114 0-90, 1-45 1-01 0-78, 1-31

>30000 1-30 1-00, 1-70 1-09 0-80, 1-49
Mother’s nationality

Greek Ref. Ref.

Non-Greek 0-78 0-61, 0-96 0-86 0-65, 1-14
Child’s primary caregiver

Mother Ref.

Grandparents 1-08 0-89, 1-31

Nanny or someone else 1-29 0-86, 1-92
Mother’s age category

Lower (<38 years old) Ref.

Medium (38—42 years old) 1-07 0-86, 1-33

Higher (>42 years old) 1-21 0-96, 1-52
Mother’'s smoking habit

Non-smoker Ref.

Smoker 1-09 0-90, 1-31
Maternal marital status

Married Ref.

Not married 1-09 0-47, 2-50

Divorced 1-22 0-86, 1-73

Widowed 0-74 0-35, 1-55
Tanner stage 1-04 0-94, 1-15

SEL, socio-economic level; Ref., reference category.
Values in bold indicate statistically significant OR.
tAdjusted for the number of people in the household.

weight status was also higher when the children’s primary
caregiver was a nanny or someone other than the mother
(OR = 1-62; 95% CI 1-02, 2-72) and lower for older (>42
years old) than for younger (<38 years old) mothers
(OR =0-73; 95% CI 0-53, 0-98). Table 3 also presents the
adjusted OR and 95% CI derived from the multivariate
logistic regression analysis, including in the same model
all variables that were found to be significantly related to
maternal verbal underestimation of their children’s weight
category at a univariate level. On the basis of the results
derived from this analysis, lower (OR = 1-89; 95% CI 1-30,
2-77) and medium maternal educational levels (OR = 1-52;
95% CI 1-10, 2-11), maternal overweight (OR = 1-48;
95% CI 1-08, 2:02) and nanny or someone else as the
child’s primary caregiver (OR = 1-70; 95% CI 1-00, 2-89)
remained significantly associated with maternal verbal
underestimation of their children’s weight status.

Table 4 summarizes the crude and adjusted OR and
95% CI for maternal visual underestimation of their
children’s weight status. More specifically, mothers with
<9 years of education, mothers with female children and
those of non-Greek nationality were 0-72 (95% CI 0-55,
0-93), 0-42 (95% CI 0-35, 0-50) and 0-78 (95% CI 0-61,
0-96) times less likely to visually underestimate their
children’s weight status compared with mothers with
>12 years of education, mothers with male children and
those of Greek nationality, respectively. On the other
hand, overweight (OR=1:38; 95% CI 1-11, 1-71) and
obese (OR = 1-82; 95% CI 1-37, 2-42) mothers were more
likely to visually underestimate their children’s weight
status in comparison with under/normal-weight mothers.
Moreover, mothers living in areas of medium SEL (OR =
1-32; 95% CI 1-03, 1-70) and mothers with an annual
family income of >€30000 (OR=1:30; 95% CI 1-00,
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1-70) were also more likely to visually underestimate their
children’s weight status compared with mothers living in
areas of lower SEL and mothers with an annual family
income of <€12000, respectively. Table 4 also presents
the adjusted OR and 95 % CI derived from the multivariate
logistic regression analysis, including in the same model
all variables that were found to be significantly related
to maternal verbal underestimation of their children’s
weight category at a univariate level. On the basis of
the results derived from the present analysis, the factors
that remained statistically significantly associated with
maternal visual underestimation of their children’s weight
status were maternal lower educational level (OR = 0-80;
95% CI 0-60, 0-99), maternal overweight (OR = 1-48; 95 %
CI 1-18, 1-85) and obesity (OR=1-95; 95% CI 1-45,
2:62) and female gender of children (OR = 0-40; 95 % CI
0-33, 0-49).

Discussion

The present study used two different instruments to
assess maternal perceptions of their children’s weight
status, i.e. a verbal and a visual one. The verbal instru-
ment proved to be more accurate than the visual one in
classifying children’s actual weight status correctly. More
specifically, 15-0% of mothers verbally underestimated
their children’s weight status, mainly by under-reporting
their children’s actual weight and much less by over-
reporting their children’s height. On the other hand,
41-3 % of mothers visually underestimated their children’s
weight status when they were asked to choose one
photograph representing body images of boys and girls in
different BMI-for-age percentiles that most resembled
their children’s body shape (the aforementioned percen-
tages are not shown in the tables). These underestimation
rates were found to be even higher for overweight
and obese children compared with normal-weight
children, reaching 87-9% and 82-1%, respectively, in
overweight and obese boys, whose weight status was
visually assessed by their mothers. These findings were in
agreement with those reported by other studies that
examined parental perceptions of their children’s weight
statug®13:15:16,20-22), Nevertheless, the verbal instruments
used in these studies to assess parental perceptions were
not entirely comparable to those used in the present
study. Most of the other studies used a verbal classifica-
tion scale to assess parental perceptions of their children’s
weight status, mostly with the following question or with
one very similar to it: ‘How would you describe your
child’s weight at the moment”, and with one of the
answers: underweight, normal weight or about the right
weight, overweight and obese® 131519 pyurthermore,
sex-specific sketches or silhouettes corresponding to
children of different weight- or BMI-for-age percentiles
were used as visual classification scales by two other

5

(202D whereas both verbal and visual instruments

(22)

studies
were used in only one previous study

In only one other study were caregivers asked to report
their children’s actual weight and height®® . In that study,
the accuracy of the verbal classification of children’s
weight status was comparable to that reported by the
present study with respect to underweight, normal-
weight and obese children, whereas a lower accuracy was
observed for overweight children. Two other studies that
used verbal and visual classification instruments, similar
to those used in the present study, have failed to report
higher accuracy of the verbal classification instrument,
whereas others have provided some mixed findings.
More specifically, according to the study by Eckstein
et al.(24), the visual classification instrument (sketches)
assessed children’s weight status more accurately com-
pared with the verbal classification instrument (word
description). Furthermore, the study by Chaimovitz
et al®®, which was designed to assess the accuracy of
parents’ and paediatricians’ perceptions of children’s
weight status, showed that parents displayed higher
accuracy using the verbal classification instrument (word
description), whereas doctors displayed higher accuracy
with the visual classification instrument (sketches).

According to Maynard et al'®, the observation
from several studies that mothers tend to underestimate
their children’s excessive body weight may reflect their
reluctance to admit that their children are overweight or
their lack of understanding of what ‘overweight’ means.
Thus, recording and understanding maternal perceptions
about their children’s weight status, as well as the deter-
minants of these perceptions, would be a key step in
forming effective links between health professionals and
parents® that could help overweight prevention pro-
grammes be more effective by focusing on the main
concern of parents, which is maintenance of ‘good health’
in their children rather than ‘good weight'®?.

In the present study several factors were found to be
independently (i.e. at a multivariate level) associated with
the likelihood of maternal verbal or visual underestimation
of their children’s weight status (Tables 3 and 4). Maternal
educational level was found to be significantly associated
with both verbal and visual maternal underestimation of
children’s weight status, although in a reverse direction.
More specifically, the findings of the present study
revealed that mothers with a lower educational level were
more likely to make a verbal underestimation but less
likely to make a visual underestimation of their children’s
weight status. The negative association observed between
verbal underestimation and maternal educational level is
in line with the findings from other similar studies®',
whereas a possible interpretation for this association could
be the fact that higher educational level may imply a better
knowledge of normal body weight and height in chil-
dren. In addition, more educated mothers are pro-
bably more likely to be aware of the physical, social and

)
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emotional consequences of obesity. Nevertheless, no other
study has reported an increased likelihood of maternal
visual underestimation of their children’s weight status,
making an interpretation of this finding rather difficult.

Furthermore, overweight and obese mothers were
significantly more likely to both verbally and visually
underestimate their children’s weight status. These find-
ings were in agreement with those reported by other
investigators who examined parental perceptions of their
children’s weight status!42>2 probably also indicating a
reluctance of overweight or obese mothers to understand
or admit that their children are overweight®. Alter-
natively, overweight mothers may also believe that young
children may grow out of being overweight or that
increased fatness signifies health®® .

Another factor that was found to be significantly asso-
ciated with an increased likelihood of maternal verbal
underestimation of children’s weight status was when the
child’s primary caregiver was a person other than the
mother or grandparents (i.e. an aunt, older siblings, etc).
None of the previous relevant studies have ever exam-
ined this variable as a potential correlate of parental
perceptions. As many working mothers these days usually
leave another person in charge of their children’s
upbringing (i.e. a nanny, grandparents, an aunt, older
siblings, etc.), the limited time that these mothers spend
with their children may restrict their ability to identify
their children’s actual weight or height correctly. Finally,
the results of the present study support the idea that
parents are more likely to visually underestimate the
weight status of boys than of girls(14’16’56). Although this
may relate to sex differences in body composition, it
seems more likely to reflect social values as well. Mothers
may be more sensitive to weight and body image issues in
girls, whereas bigger boys may be seen as having a
physical advantage.

The present study has certain potential limitations.
First, only 12:6% of mothers were found to be obese.
This could be attributed to deliberate under-reporting of
weight, which is a common weakness when using self-
reported data. Furthermore, the use of photographs that
were based on the 1979 NCHS growth charts®" to
visually classify children’s weight status could represent
another possible limitation of the present study, since
childhood obesity has more than doubled during the past
three decades””. Although there was no other valid
visual instrument that could be used alternatively in the
present study, this limitation could provide one possible
explanation for the higher maternal underestimation
rates derived from the use of the visual compared with
the verbal classification instrument. This could also be
attributed to the fact that the photographs used in the
present study represented pre-pubescent children,
whereas the sample also included children at a higher
stage of sexual maturation. Nevertheless, no significant
association was found between the Tanner stage and the
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accuracy of maternal perceptions of children’s weight
status with the use of photographs.

To conclude, the verbal instrument used in the present
study to assess maternal perceptions of their children’s
actual weight status was found to be more accurate com-
pared with the visual one. Considerably higher errors of
underestimation occurred for overweight and obese chil-
dren, whereas overweight mothers and those with a lower
educational level were more likely to underestimate their
children’s weight status. Furthermore, children’s male
gender and a nanny or a person other than the mother as
the child’s primary caregiver were found to increase the
odds of both visual and verbal maternal underestimation
of children’s weight status, respectively. These findings
have important public health implications since — given that
maternal perception might be an indirect determinant of
their children’s body weight — any interventional pro-
gramme to induce weight loss is unlikely to be successful
without parental involvement. Moreover, even though
perceptions are strongly influenced by culture, the fact that
we live in an era of globalization makes the findings of the
present study relevant to public health experts who deal
with childhood obesity in almost all developed countries
worldwide. The current findings might be even more
relevant to minority groups and populations of lower socio-
economic level living in developed countries, for whom
insufficient awareness on health issues makes the risk of
body weight underestimation even greater. Thus, the
attempt to combat childhood obesity in clinical and public
health settings might be more successful if future research
also focuses on detecting mothers who are more likely to
misperceive their children’s weight status. Educating these
mothers to classify their children’s weight status correctly
might be a key factor for the implementation of successful
childhood obesity prevention initiatives.
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Objective: To identify among a wide range of perinatal indices, as well as
certain family sociodemographic and parental characteristics, those
independently associated with insulin resistance (IR) in late childhood.
Methods: A representative sample of 2195 Greek schoolchildren, aged

9-13 yr, was examined, and based on the biochemical indices collected IR was
estimated using the homeostasis model assessment (HOMA-IR < 3.16).
Perinatal data were recorded from children’s medical records, retrospectively,
while family sociodemographics and parental anthropometrics were reported
by parents.

Results: The overall prevalence of IR was 28.4%, with a higher prevalence
observed for girls compared with boys (p <0.05). Examination of univariate
associations, per se, showed that maternal current.and pre-pregnancy
overweight/obesity, maternal smoking at early pregnancy, children’s small
birth weight, and rapid growth at infancy as well'as female sex and
non-Caucasian race increased the likelihood of IR. In contrast, folate
supplementation during pregnancy, as well as higher paternal education and
annual family income decreased the likelihoed of IR in children. Inclusion of
all above variables at a multivariable regression model highlighted female sex
[odds ratios (OR): 1.67, 95% confidence intervals (CI): 1.30—2.13], small birth
weight (OR: 1.41, 95% CI: 1.03-2.01), and higher annual family income (OR:
0.71, 95% CI: 0.53-0.95 for 12 000=30.000 € and OR: 0.68, 95% CI: 0.48—0.96
for >30000 €) as the only significant correlates of IR after also controlling for
children’s body mass index (BMI) and Tanner stage.

Conclusions: The current study highlighted small birth weight and female sex
as the only perinatal factors.independently associated with the occurrence of
IR in late childhood, when examined at a multivariable level with a wide range
of perinatal indices as-well as certain family sociodemographic and parental
characteristics.
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Insulin resistance (IR) represents a frequent clinical
condition among children and adolescents (1). It
reflects the impaired response of tissues to insulin-
mediated cellular glucose uptake (2, 3). Health care
professionals should be alarmed when clinical signs
of IR are detected in children, mainly due to

the well-established relations between IR and other
related cardiometabolic disorders, such as type 2
diabetes, hypertension, and dyslipidemia, that lead
to an increased risk for cardiovascular disease (4).
Although the end-points for cardiometabolic risk
are not seen in childhood, IR usually tracks from
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childhood to adulthood, indicating that the precursors
of cardiovascular disease are present early in life (5).
Therefore, identification of early life risk factors that
predispose children to IR could be an important
piece of information for researchers, clinicians, and
public health policymakers for establishing appropriate
initiatives that will facilitate early prevention.

In the context of early prevention of IR identification
of the most important perinatal risk factors is
essential. Such factors are considered to cause certain
physiological and metabolic adaptations of a seemingly
permanent nature that can be detrimental to lifelong
health. Among these factors, maternal smoking during
pregnancy, maternal gestational diabetes (6), small size
of infants at birth, infants’ feeding with formula and
catch-up growth during infancy have been reported
as the most salient perinatal risk factors for the later
occurrence of IR (7-13). As far as catch-up growth
is concerned, this is related to IR via the following
mechanism: children born small for gestational age
when exposed to an energy-rich environment at early
infancy are more susceptible to accumulate abdominal
visceral fat mass, an adaptation that is caused by energy
deprivation and that is originally intended to safeguard
fetal survival (14).

Similar to childhood obesity (15) occurrence of
IR in children also seems to follow a socioeconomic
and demographic distribution. However, the available
evidence on the relationship between IR in children
and family sociodemographics is scarce. Furthermore,
the literature on the association between perinatal risk
factors and IR in children, taking into account the
possible role of family sociodemographics and parental
characteristics on this association is even scarcer. Hence
and further to perinatal risk factors, also recording and
understanding family sociodemographic and parental
characteristics related to IR can facilitate the design
of efficient public health initiatives counteracting IR in
childhood.

To our knowledge the current. study is a first
attempt to identify, among a wide range of perinatal
factors, those independently ‘associated with IR in
late childhood, also taking into account certain family
sociodemographic and parental characteristics.

Participants and Methods
Sampling

The ‘Healthy Growth Study’ was a cross-sectional
epidemiologic study initiated in May 2007. Approval
to conduct the study was granted by the Greek Ministry
of National Education and the Ethics Committee of the
Harokopio University of Athens. The study population
comprised schoolchildren attending the fifth and sixth
grades of primary schools located in municipalities
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within the wider regions of Attica, Aitoloakarnania,
Thessaloniki, and Iraklio. The sampling of schools
was random, multistage and stratified by parents’
educational level and total population of students
attending schools within municipalities of these
counties, as described in more detail elsewhere (16).
The study population was representative of the
9- to 13-yr-old school children living in the four
counties included in the study. Nonetheless, these
counties are scattered throughout the Greek territory,
covering the northern (i.e., Thessaloniki), central (i.e.,
Attica), western (i.e., Aitoloakarnania), and southern
(i.e., Iraklio-Crete) parts of Greece. This, combined
with the random, multistage and stratified sampling
procedures followed to recruit the sample are indicative
of the representativeness of the study population.
The sampling procedure yielded 77 primary schools,
representative of the total number of schools in the
counties under study, which responded positively when
they were invited to participate in the study. An
extended letter.explaining the aims of the study and
a consent form for taking full measurements were
provided to.all parents or guardians having a child in
these schools. Parents who agreed to the participation
of their!children in the study had to sign the consent
form and provide their contact details. Signed parental
consent forms were collected for 2656 of 4145 children
(response rate 64.1 %).

Family sociodemographic, maternal, and perinatal
data obtained by mothers and birth certificates

Sociodemographic data, maternal weight, and peri-
natal data were either reported by the parents or
taken from the children’s birth certificates and medical
records that the parents were instructed to bring along
during scheduled interviews conducted at school site.
If parents were unable to attend the meeting (approxi-
mately 5% of the total sample) data were collected via
telephone interviews. All interviews were conducted
with the use of a standardized questionnaire by mem-
bers of the research team who had been rigorously
trained to minimize the interviewer’s effect. Informa-
tion on sociodemographic and perinatal factors were
collected. More specifically, information included: (i)
maternal years of education that were stratified into:
less than 9yr, which is the duration of compulsory
education in Greece that leads to a junior high school
degree; 9-12yr of education, which corresponds to
having a high school degree; and more than 12 yr of
education that corresponds to having a college or a uni-
versity degree and/or a master and/or a PhD diploma;
(i1) child’s race; and (iii) region of residence.

Mothers were asked to recall and report the
following perinatal information: (i) age of maternal
menarche; (ii) parental weight and height from which

Pediatric Diabetes 2013: 0: 000—-000



body mass index (BMI) was calculated and used to
categorize each parent into normal weight, overweight,
and obese on the basis of International Obesity
TaskForce (IOTF) cut-off points (17); (iii)) maternal
weight before pregnancy and weight gained during
pregnancy based on the classification recommended
by the Institute of Medicine (IOM) (18); (iv) type
of conception, i.e., natural conception or in vitro
fertilization; (v) smoking habits during pregnancy;
(vi) use of nutritional supplements during pregnancy;
(vii) medical history of gestational diabetes mellitus
and high blood pressure; (viii) type of delivery
(normal vs. cesarean); (ix) parity; (x) children’s feeding
practices from birth to 6 months of age, i.e., exclusive
breastfeeding vs. use of formula or mixed feeding,
age at which formula was introduced, and weaning
age; and (xi) children’s growth rate during the first
6months of life. Birth weight and gestational age
were recorded from each child’s birth certificate and
medical record and were used for the classification of
children into small for gestational age (SGA, <10th
percentile), appropriate for gestational age (AGA,
10th—89th percentile), and large for gestational age
(LGA, >90th percentile).

Anthropometry and physical examination

Each anthropometric measure was taken twice by two
trained members of the research team. A standard
protocol and equipment were used in all schools.
Weight was measured to the nearest 10g using a
Seca digital scale (Seca Alpha, Model 770, Hamburg,
Germany). Children were weighed without shoes and in
the minimum possible clothing. Height was measured
to the nearest 0.1 cm using a commercial stadiometer
(Leicester Height Measure, Invicta Plastics: Ltd.,
Oadby, Leicestershire, UK) with the pupil standing
still, barefoot, keeping shoulders in a relaxed pesition,
arms hanging freely, and head aligned in the Frankfort
plane. BMI was calculated from weight and height
using Quetelet’s equation [weight-(kg)/height® (m?)].
Pubertal stage of all participants was assessed by a
female pediatrician in each prefecture. Children were
classified according to the five Tanner stages after
visual inspection of breast development in girls and
genital development in boys (19).

Biochemical analyses

Early morning blood samples were taken after a
12-h fast. Both parents and children were provided
with written reminders from the previous day to
ensure compliance with children’s fasting. Plasma
glucose was determined using commercially available
enzymatic colorimetric assays (Roche Diagnostics SA,
Vassilia, Switzerland). Serum insulin was determined
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by a Chemiluminescence immunoassay (Kyowa Medex
Ltd, Minami-Ishiki, Japan, for Siemens Diagnostics
USA). IR was measured through homeostasis
model assessment (HOMA-IR) (20). This index was
calculated using fasting glucose (FG) and fasting
insulin (IF), as follows: HOMA-IR = (IF (uunits/mL)
x FG (mmol/L)/22.5. HOMA-IR > 3.16 (21)] was
used as a cut-off point to define insulin-resistant
schoolchildren. HOMA-IR has been validated as a
surrogate measure of IR in non-diabetic children,
with studies showing correlations as high as 0.91 with
the hyperinsulinemic—euglycemic clamp, a frequently
sampled intravenous glucose tolerance test (22).

Statistical analysis

All variables used in the current analysis were
categorical, except. for- maternal menarche age,
which is continuous. ~To test the effect of the
factors under investigation on the occurrence of IR,
univariate logisticregression analyses were performed.
Furthermore, multivariable logistic regression analysis
was performed. including all variables that were
significantly associated with IR at a univariate level,
also controlling” for children’s BMI and Tanner
stage. Crude and adjusted odds ratios (OR) with
95% confidence intervals (CI) were derived from the
univariate. and the multivariable regression models.
The Statistical Package for Social Sciences (spss),
version 17.0, was used for all data analyses. The level
of statistical significance was set at p < 0.05.

Results

The sample consisted of 2195 children attending
the fifth and sixth grades of primary school
with full perinatal, family sociodemographic, and
biochemical data. Table 1 presents the main descriptive
characteristics of the study population. The mean age
of the study participants was 11.24+0.67 yr and the
overall prevalence of IR was 28.4%. Regarding sex
differences, girls were found to have significantly lower
mean BMI and FG levels but higher mean levels of
height, circulating insulin, and HOMA-IR compared
with boys (p <0.05). Furthermore, girls had a much
higher prevalence of IR than boys (34.2 vs. 22.7%,
p < 0.05), while more girls than boys were at the higher
Tanner stages of 3—5 (p < 0.05).

The univariate logistic regression analysis in
Table 2 presents the associations between IR and
certain parental and family socioeconomic and
demographic characteristics. Further to the increased
odds for IR observed in girls compared with boys
(OR:1.77;95% CI: 1.46—-2.13), non-Caucasian children
and children whose mothers were obese were 2.15 (95%
CI: 1.19-3.88) and 2.02 (95% CI: 1.52-2.67) times
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Table 1. Descriptive characteristics of the study participants
presented by gender

Boys Girls Total (100%)
(n=1097) (n=1098) (n=2195)
n (%) n (%) n (%)
Insulin 249 (22.7) 375 (34.2)* 624 (28.4)
resistance
(HOMA-
IR <3.16)
Tanner stage
Stage 1 480 (43.8) 227 (20.7)* 707 (32.2)
Stage 2 483 (44.0) 432 (39.3)* 915 (41.7)
Stage 3 112(10.2) 294 (26.9) 406 (18.5)
Stage 4 21 (1.9) 117 (10.6)* 138 (6.3)
Stage 5 0(0.0) 28 (2.6)* 28 (1.3)
Mean+SD Mean+SD Mean+SD
Age (yr) 1124066 1124068 11.24+0.67
Weight (kg) 455+11.1 4524+10.7 4544+10.9
Height (cm) 148.3+7.4 149.3+8.1t 148.84+7.8
BMI (kg/m?) 20.5+£39 20.1+3.7f 20.3+3.8
Glucose (mg/dL) 93.5+10.3 91.2+9.1t 92.44+9.8
Insulin (wU/mL) 10.84+8.2 13.1+£7.3ft 1194738
HOMA-IR 25+2.0 29+1.71 2.7+1.9

* Significantly different from boys (chi-squared test).
T Significantly different from boys (Student’s t-test).

more likely of having IR compared with Caucasian
children and children with normal-weight mothers,
respectively. On the contrary, children whose fathers
had a higher educational level of 12—-16 and >16yr
of education were 0.77 (95% CI: 0.59-0.99) and 0.66
(95% CI: 0.47-0.92) less likely, respectively, of having
IR, than children whose father was less educated.(i.c.,
having <9 yr of education). Similarly, children whose
families had an annual income of 12 000—30 000 € and
>30000 € had decreased ORs for IR [0:75 (95% CI:
0.59-0.95) and 0.63 (95% CI: 0.48—-0.83)], respectively.

Table 3 presents the perinatal characteristics of the
study population and their univariate associations with
IR. Increased likelihood for IR was. observed for
children whose mothers were overweight (OR: 1.33;
95% CI: 1.02—-1.72) or obese (OR: 2.44; 95% CI:
1.60-3.73) before pregnancy and were smoking during
the first trimester of theirpregnancy (OR: 1.97; 95% CI:
1.08-3.61). Similar positive associations were observed
for children who were born SGA (OR: 1.48; 95% CI:
1.13-1.95) and had a rapid weight gain during their
first 6 months of life (OR: 1.46; 95% CI: 1.20-1.79).
On the contrary, the likelihood of IR was lower for
children whose mothers had a later menarche (OR:
0.92; 95% CI: 0.86-0.98), were underweight before
pregnancy (OR: 0.62; 95% CI: 0.41-0.95), and used
folic acid supplements during the second (OR: 0.73;
95% CI: 0.58-0.93) and third trimester (OR: 0.72; 95%
CI: 0.56-0.91) of pregnancy.
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Table 4 summarizes the results from the multivari-
able logistic regression analysis that included all peri-
natal, parental, and sociodemographic variables that
were significantly associated with IR at a univariate
level, also controlling for children’s BMI and Tan-
ner Stage. Regarding socioeconomic and demographic
correlates female sex increased the likelihood of IR by
1.67 (95% CI: 1.30-2.13) compared with males, while
higher annual family income of 12000-30000 € and
>30000 € were associated with a lower likelihood for
IR in children (OR: 0.71; 95% CI: 0.53—0.95 and OR:
0.68; 95% CI: 0.48-0.96, respectively) compared with
the lower annual family income of <12 000 €. Regard-
ing perinatal predictors of IR, children born SGA
and those born LGA were 1.41 (95% CI: 1.03-2.01)
and 0.54 (95% CI: 0.34-0.87) more and less likely,
respectively, of being insulin resistant.

Discussion

This study revealed a relatively high prevalence of
IR (28.4%) among 9- to 13-yr-old schoolchildren
(Table 1). Previous epidemiologic studies conducted
in the USA (23) and Italy (24) showed that weight
status had a'strong impact on the prevalence of IR
in“adoleseents. More specifically, in the first study,
the prevalence of IR was 3.1, 15, and 52.1% in normal
weight, overweight, and obese adolescents, respectively
(using HOMA-IR > 4.39 as the threshold), while in
the second study IR was present in 3 and 40.8% of
normal weight and obese subjects, respectively (using
HOMA-IR > 2.5 as the threshold). All aforementioned
findings are indicative of a direct positive association
between children’s BMI and HOMA-IR levels, already
confirmed by earlier studies (25). In this context, the
considerably high prevalence of overweight and obesity
(29.7 and 11.3%, respectively) recently reported for the
current population (26) could provide the basis for the
high prevalence of IR observed in this study. However,
as there is no widely acceptable definition for IR,
comparisons of prevalence data reported in the current
and by other studies are not feasible (27).

The association between several parental, socioeco-
nomic, and demographic indices with the prevalence
of IR in children was tested in this study by con-
ducting multiple univariate logistic regression analyses
(Table 2). The univariate analyses revealed several sig-
nificant correlates of IR in children, with female sex,
non-Caucasian race, and maternal overweight increas-
ing the likelihood of IR by 1.77, 2.15, 1.29 times
respectively. On the other hand, higher paternal edu-
cational level (i.e., >16yr) and higher annual family
income (i.e., > 30000 €/yr) decreased the likelihood of
IR by 0.66 and 0.63 times respectively. Although these
associations have also been reported in earlier studies
(28), in our study, most of these associations lost their
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Table 2. Crude odds ratios (95% confidence intervals) for the association of parental, demographic, and socioeconomic
characteristics with insulin resistance

Odds ratio (95% confidence interval)

Cases (% of total) Insulin resistance (dependent variable) p-value

Race

Caucasians 2149 (97.9) 1.00

Non-Caucasians 46 (2.1) 2.15 (1.19-3.88) 0.011
Urbanity

Metropolitan 1472 (67.1) 1.00

Semi-urban 326 (14.9) 0.83 (0.64-1.06) 0.145

Rural 397 (18.1) 1.13 (0.90-1.42) 0.277
Father’s BMI

Normal-weight 565 (25.8) 1.00

Overweight 1182 (63.9) 1.13 (0.90-1.42) 0.281

Obese 448 (20.4) 1.29 (0.97-1.70) 0.075
Mother’s BMI

Normal-weight 1321 (60.2) 1.00

Overweight 615 (28.0) 1.29 (1.05-1.61) 0.018

Obese 259 (11.8) 2.02(1.52-2.67) <0.001
Father’s age

<42yr 828 (37.7) 1.00

42-46yr 713 (32.5) 0.97(0.78-1.21) 0.795

>46yr 654 (29.8) 0.95 (0.75-1.19) 0.641
Mother’s age

<38yr 856 (39.0) 1.00 0.885

38-42yr 740 (33.7) 1.02 (0.82-1.27) 0.453

>42yr 599 (27.3) 1.09 (0.87-1.39)
Family status

Two-parent families 1971 (89.8) 1.00

Single-parent families 224 (10.2) 1.27 (0.94-1.71) 0.123
Nationality

Greek 1864 (84.9) 1.00

Non-Greek 331 (15.1) 0.84 (0.66—-1.09) 0.191
Paternal education

<9yr 560 (25.5) 1.00

9-12yr 832 (37.9) 0.80 (0.63-1.01) 0.057

12-16yr 544.(24.8) 0.77 (0.59-0.99) 0.045

>16yr 259 (11.8) 0.66 (0.47-0.92) 0.015
Maternal education

<9yr 454 (20.7) 1.00

9-12yr 867 (39.5) 0.89 (0.69-1.14) 0.363

12-16 yr 687 (31.3) 0.79 (0.61-1.03) 0.086

>16yr 187 (8.5) 0.73 (0.49-1.07) 0.106
Family income (€/yr)

<12000 494 (22.5) 1.00

12000-30000 1104 (50.3) 0.75 (0.59-0.95) 0.018

>30000 597 (27.2) 0.63 (0.48-0.83) 0.001
Mother’s current employment status

Unemployed 720 (32.8) 1.00

Employed 1475 (67.2) 0.94 (0.77-1.14) 0.531
Household size (m?/family-member)

<20 834 (38.0) 1.00 0.192

20-25 577 (26.3) 0.85 (0.66— 1.09)

25-30 406 (18.5) 1.13(0.87-1.48) 0.362

>30 378 (17.2) 1.06 (0.81-1.40) 0.657
School’s socioeconomic level

Low 571 (26.0) 1.00

Medium 742 (33.8) 0.82 (0.65-1.05) 0.118

High 882 (40.2) 0.90 (0.71-1.13) 0.360
Figures in bold indicate statistically significant odds ratios.
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Table 3. Crude odds ratios (95% confidence intervals) for the association of perinatal factors with insulin resistance

Odds ratio (95% confidence interval)

Cases (% of total) Insulin resistance (dependent variable) p-value

Gender

Boy 1097 (50.0) 1.00

Girl 1098 (50.0) 1.77 (1.46-2.13) <0.001
Maternal menarche age (yr) 2195 (100) 0.92 (0.86-0.98) 0.016
Type of conception

Physiologic 2135 (97.3) 1.00

In vitro fertilization (IVF) 60 (2.7) 0.91 (0.51-1.63) 0.759
Mothers’ pre-pregnancy weight status

Normal-weight 1643 (74.4) 1.00

Underweight 153 (7.0) 0.62 (0.41-0.95) 0.027

Overweight 316 (14.4) 1.33 (1.02-1.72) 0.032

Obese 92 (4.2) 2.44 (1.60-3.73) <0.001
Gestational weight gain*

Within IOM recommendation 717 (32.7) 1.00

Below IOM recommendation 768 (35.0) 0.88 (0.70-1.10) 0.264

Above IOM recommendation 710 (32.3) 0.99 (0.79-1.24) 0.910
Maternal smoking during pregnancy

Not smoking 1847 (84.1) 1.00

Smoking first trimester 44 (2.0) 1.97 (1.08-3.61) 0.028

Smoking second and third trimester 58 (2.6) 0.75 (0.40-1.40) 0.366

Smoking first and second trimester 18 (0.8) 0.99 (0:35-2.81) 0.996

Smoking all trimesters 228 (10.4) 1.22 (0.91-1.64) 0.996
High blood pressure during pregnancy

No 2071 (94.4) 1.00

Yes 72 (3.3) 1.45 (0.89-2.37) 0.138

Not known 52 (2.4) 1.25 (0.69-2.24) 0.464
Diabetes mellitus during pregnancy

No 2082 (94.9) 1.00

Yes 56 (2.6) 1.21 (0.69-2.14) 0.507

Not known 57 (2.6) 1.49 (0.86-2.58) 0.151
Use of folic acid: first pregnancy trimester

No 18451(84.1) 1.00

Yes 350 (16.9) 0.88 (0.68-1.14) 0.333
Use of folic acid: second pregnancy trimester

No 1716.(78.2) 1.00

Yes 479(21.8) 0.73 (0.58-0.93) 0.011
Use of folic acid: third pregnancy trimester

No 1747 (79.6) 1.00

Yes 4481(20.4) 0.72 (0.56-0.91) 0.006
Gestational age (wWk)

<37 413 (18.8) 1.00

>37 1782 (81.2) 0.80 (0.635-1.00) 0.059
Parity

Uniparous 1075 (49.0) 1.00 0.677

Multiparous 1120 (51.0) 0.96 (0.80-1.16)
Birth weight for gestational age

Appropriate (10th—89th percentile) 1769 (80.6) 1.00

Small (<10th percentile) 263 (12.0) 1.48 (1.13-1.95) 0.004

Large (>90th percentile) 163 (7.4) 0.68 (0.46-1.01) 0.054
Type of delivery

Normal 1554 (70.8) 1.00

Cesarean 641 (29.2) 1.04 (0.85-1.28) 0.694
Weight gain in the first 6 months

Average (—1 to +1 z-score change) 1248 (56.9) 1.00

Poor (< —1 z-score change) 231 (10.5) 0.86 (0.62-1.20) 0.381

Rapid (> +1.z-score change) 716 (32.6) 6 (1.20-1.79) <0.001
Breast feeding

Not exclusive 2010 (91.6) 1.00

Exclusive 185 (8.4) 0.82 (0.58-1.16) 0.262
Time of solid food initiation

<4 months 378 (17.2) 1.00 0.937

5-6months 1466 (66.8) 1.01 (0.79-1.30) 0.976

>6 months 351 (16.0) 1.00 (0.72-1.37)

Figures in bold indicate statistically significant odds ratios.
* Based on recommendations by the Institute of Medicine (18).

6

Pediatric Diabetes 2013: 0: 000—-000



Perinatal correlates of IR in children

Table 4. Adjusted*odds ratios (95% confidence intervals) for the association of certain parental anthropometric, demographic,
socioeconomic, and perinatal factors with insulin resistance

Odds ratio (95% confidence interval)

Insulin resistance p-value

Maternal menarche age (yr) 1.01 (0.93-1.09) 0.864
Race

Caucasians 1.00

Non-Caucasians 1.68 (0.81-3.46) 0.161
Mother’s BMI

Normal weight 1.00

Overweight 0.96 (0.73-1.26) 0.767

Obese 0.93 (0.60-1.44) 0.750
Paternal education

<9yr 1.00 0.088

9-12yr 0.76 (0.52-1.06) 0.964

12-16yr 0.99 (0.70-1.41) 0.329

>16yr 0.78 (0.48-1.28)
Maternal education

<9yr 1.00 0.224

9-12yr 1.22 (0.89-1.68) 0.449

12-16yr 1.15(0.80-1.65) 0.638

>16yr 1.14 (0.65-2.01)
Family income (€/yr)

<12000 1.00 0.020

12000-30000 0.71 (0.53-0.95) 0.029

>30000 0.68 (0.48-0.96)
Gender

Boy 1.00

Girl 1.67 (1.30-2.13) <0.001
Mothers’ pre-pregnancy weight

status

Normal-weight 1.00

Underweight 0.79(0.49-1.23) 0.360

Overweight 0.99/(0.69-1.43) 0.965

Obese 1.66 (0.90-3.04) 0.103
Maternal smoking during pregnancy

Not Smoking 1.00

Smoking first trimester 1.65 (0.77-3.53) 0.195

Smoking second and third 0.57 (0.27-1.20) 0.136

trimester

Smoking first and second trimester 1.15(0.35-3.76) 0.821

Smoking all trimesters 0.88 (0.61-1.26) 0.474
Use of folic acid: second pregnancy

trimester

No 1.00

Yes 0.86 (0.52-1.41) 0.550
Use of folic acid.: third pregnancy.

trimester

No 1.00

Yes 0.92 (0.55-1.53) 0.748
Birth weight for gestational age

Appropriate (10th—89th-percentile) 1.00

Small (<10th percentile) 1.41 (1.03-2.01) 0.048

Large (>90th percentile) 0.54 (0.34-0.87) 0.012
Weight gain in the first 6 months

Average (—1 to +1 z-score 1.00

change)

Poor (< —1 z-score change) 0.97 (0.65-1.44) 0.869

Rapid (> +1 z-score change) 1.08 (0.83-1.40) 0.563

Figures in bold indicate statistically significant odds ratios.
* Adjusted for children’s BMI and Tanner stage.
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statistical significance when they were tested at a mul-
tivariable level. Female sex and higher (12 000—30 000
€ and >30000 €) annual family income were the
two main sociodemographic indices that were inde-
pendently associated with IR at a multivariable level,
as the former increased the odds of IR by 1.67 times
whereas the latter decreased the odds of IR by 0.71 and
0.68 times respectively (Table 4).

While the increased odds for IR in girls compared
with boys could be attributed to their earlier pubertal
development and the subsequent hormonal changes,
still adjustments made for Tanner stage did not weaken
the statistical significance of this association (29).
The sex difference in IR could not be explained by
differences in individual anthropometric variables, as
compared with girls, boys had significantly greater
BMI. Sex-linked genes may account for the intrinsic
sex difference observed and such genes may have an
important impact on the development of IR (30).
Regarding the association reported in the current
study between lower annual family income and IR
in children, there is general consensus in social and
health sciences of an increased risk for obesity and
related metabolic disorders, including IR, in children
of lower socioeconomic status in several developed
countries (31). Lower socioeconomic status (SES) of
the family most commonly defined as lower family
income or parental educational level has been reported
to be positively related to adverse health behaviors
followed by children, including higher consumption of
high energy and glycemic index foods and beverages,
such as fats, sweets, sugar-sweetened beverages etc.
(32-34). Furthermore, mothers of lower SES could be
less aware of healthy practices during their child’s early
development, thus increasing the odds for smoking and
excess weight gain during pregnancy, formula- instead
of breast-feeding of their baby, etc.

The univariate analyses revealed severalsstatistically
significant associations between IR in children and
certain perinatal risk factors (Table 3). However, at a
multivariable level and further tofemalesex, small birth
weight for gestational age was the only independent
perinatal risk factor of IR, increasing the likelihood of
IR by 1.41 times (Table 4).. This association has been
repeatedly confirmed by other previous prospective and
cross-sectional studies with retrospectively collected
data as the presentwone (13, 35, 36). On the other
hand, a negative association was observed in the
current study between large birth weight and IR in
children, as children born LGA were 0.46 times less
likely to develop IR in their late childhood. Taking the
above into account, there are several studies reporting
a ‘U’-shaped relationship between birth weight and
childhood overweight, thus suggesting a more complex
association between fetal size at birth and metabolic
disorders in later life (37). Regarding the loss of the
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statistical significance of the associations between other
perinatal factors and IR in children, this could be
attributed to the mediating effect of BMI and Tanner
stage (38). In this context, early exposures of the fetus
and the infant to several pre- and postnatal factors have
been reported to produce a number of physiological
and metabolic epigenetic adaptations of a seemingly
permanent nature in the child that can adversely affect
satiety and hunger cues and consequently increase the
odds of overweight/obesity (39, 40). Because biological
maturation and puberty come earlier in overweight
and obese children (41), the hormonal changes induced
during the transitional life stage of preadolescence
could be another important factor partially mediating
the direct associations between perinatal factors and
IR in late childhood.

The findings of the present study should be inter-
preted in the context ofits limitations and strengths. Its
cross-sectional design.represents its main limitation,
as it cannot provide cause-and-effect relations. The
interpretation of the current results should be limited
to descriptive purposes and further prospective studies
and/or clinical trials, whenever appropriate, need to
be conducted in order to understand the causality
of relations-between the aforementioned factors
and IR. Moreover, parental anthropometric data
(i.e., 'weight and height) were self-reported, while
children’s perinatal data were collected retrospectively
by asking parents and using pediatric medical records.
Regarding strengths, the Healthy Growth Study was a
large-scale, epidemiological study covering the central,
northern, southern, and western parts of the Greek
territory, thus providing sufficient representativeness.

In conclusion, this study identified small birth
weight and female sex as the only perinatal factors
independently associated with the occurrence of IR in
late childhood, when examined at a multivariable level
with a wide range of perinatal indices, as well as certain
family sociodemographic and parental characteristics.
Considering that fetal size at birth is known to reflect
the product of the nutritional and hormonal milieu
in which the fetus develops, controlling the trajectory
of fetal growth via optimization of maternal nutrition
and health status during pregnancy seems fundamental
(42). As this study also highlighted low family income
as the only sociodemographic factor associated with
IR in late childhood, early prevention initiatives
should mainly target lower SES families, where the
problem is and thus the need for intervention is bigger.
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Abstract

Purpose: To revise the Healthy Diet-Lifestyle Index (HDL-index) in order to more
accurately assess the degree of adherence to existing dietary and lifestyle guidelines
for school-aged children and to examine the association of the revised HDL-index (R-

HDL-index) with obesity and iron deficiency (ID).

Methods: A representative sample of 2660 primary schoolchildren (9-13 years old)
participating in the “Healthy Growth Study” was examined. Twelve components
related to dietary and lifestyle patterns were used in order to develop the R-HDL-
index. Scores from 0 to 4 were assigned to all components. The R-HDL-index total

score ranged between 0 and 48.

Results: The overall mean score of the R-HDL-index was 17.1+4.5. Higher R-HDL-
index scores were associated with lower proportion of children being obese. More
specifically, logistic regression analysis showed that for every 1/48 unit increase in
the R-HDL-index score the likelihood of childhood obesity decreased by 6%.

However there were no significant associations between the R-HDL-index and ID.

Conclusions: The R-HDL-index may be a useful tool for public health policy makers
and other health professionals in order to assess diet quality and lifestyle patterns of
primary schoolchildren. Furthermore higher scores of this index are associated with

an increased likelihood for childhood obesity but not with ID.

Keywords: Primary schoolchildren, Diet, Lifestyle patterns, Obesity, Iron deficiency



Introduction

Increasing obesity prevalence is of major global health concern [1], while at the same
time iron deficiency (ID) is still considered the most common nutrient deficiency
worldwide [2]. Unhealthy dietary and other lifestyle patterns have been reported as
significant risk factors for both childhood obesity and ID [3]. More specifically, the
positive energy balance, brought by increased consumption of energy-dense, high-fat
and low-fiber foods in combination with low physical activity levels, is the main risk
factor of childhood obesity. In this context higher consumption of foods with an
increased content of nutrients that inhibit intestinal absorption of dietary non-heme
iron (e.g. phytates in fruits and vegetables, calcium in dairies, polyphenols in tea and
coffee) combined with lower consumption of foods rich in nutrients that enhance
dietary non-heme iron bioavailability (e.g vitamin C in citrus fruits) has strongly been
implicated in the aetiology of ID in children [4]. Furthermore, the chronic
inflammatory state induced by obesity per se has been identified as an independent

risk factor of ID [5].

Considering the above, the development of a practical tool that will provide a
quantitative measure of such patterns, also applicable in assessing the risk for both
obesity and ID seems very important from a public health perspective. The
development of an index appropriate for this purpose could be one such approach. To
the best of our knowledge, the only composite indices that aim to evaluate the overall
diet quality and are applicable to schoolchildren and adolescents are the Youth
Healthy Eating Index, the Mediterranean Diet Quality Index and E-KINDEX [6-9].
However, some of these indices are not easily applicable because they require the
estimation of specific nutrients’ intake as their components. Moreover, lifestyle

characteristics have not been included as index components in none of the



aforementioned existing indices that are applicable to this particular age group. The
authors of the present study have previously developed the Healthy Lifestyle-Diet
Index (HLD-index) to evaluate the degree of adherence to existing dietary and
lifestyle guidelines for school-aged children from the USDA’s My Pyramid
(www.mypyramid.gov) and reported significant associations with insulin resistance

[10].

The aim of this work was to revise the HDL-index in order to more accurately assess
the degree of children’s adherence to existing age-appropriate dietary and lifestyle
guidelines based on USDA’s Choose my Plate (www.choosemyplate.gov) and to
examine the association of the revised HDL-index (R-HDL-index) with obesity and

ID.
Methods

Sampling

The ‘Healthy Growth Study’ was a cross-sectional epidemiological study initiated in
May 2007. Approval to conduct the study was granted by the Greek Ministry of
National Education and the Ethics Committee of Harokopio University of Athens.
The study population comprised schoolchildren attending the 5™ and 6™ grades of
primary schools located in municipalities within the wider regions of Attica,
Aitoloakarnania, Thessaloniki and Heraklion. The sampling procedure is fully
described in a previous study [11]. In brief, the sampling of schools was random,
multistage and stratified by parental educational level and by the total population of
students attending schools within these municipalities. An extended letter explaining
the aims of the present study and a consent form for conducting full measurements

were provided to all parents or guardians having a child in these schools. Signed



parental consent forms were collected for 2660 out of 4145 children (response rate

64.2 %).

Anthropometry

Weight was measured without shoes in light clothes using a Seca digital scale (Seca
Alpha, Model 770, Hamburg, Germany) to the nearest 0.1 kg. Height was measured to
the nearest 0.1cm using a commercial stadiometer (Leicester Height Measure, Invicta
Plastics Ltd, Oadby, UK) with the participants not wearing shoes, their shoulders in a
relaxed position, their arms hanging freely and their head in Frankfort horizontal
plane. Two trained members of the research team carried out these measurements.
Body mass index (BMI) was calculated by dividing weight (kg) by height squared
(m?). The anthropometric categorization of children was made according to
International Obesity Taskforce (IOTF) [12,13] and children were divided into four

groups: underweight, normal, overweight and obese.

Dietary intake

Dietary intake data were obtained for two consecutive weekdays and one weekend
day using 24-h recalls. Food intake data were analyzed using the Nutritionist V diet
analysis software (version 2.1, 1999, First Databank, San Bruno, CA, USA), which
was extensively amended to include traditional Greek foods and recipes, as described
in Food Composition Tables and Composition of Greek Cooked Food and Dishes
[14]. The food-grouping scheme was designed for all foods or entries (core and
recipe) appearing in Nutritionist V. Forty-seven food groups were initially
established, based on similar source characteristics and nutrient content. Composite
food items, such as recipes, were de-composed and were assigned to food groups
according to primary ingredients. A similar methodology for the extraction of food

groups has been previously reported in studies with not only smaller sample size, but
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also only one 24-h recall available [15]. Examples of foods included in the food

groups have been documented previously [16].

Other characteristics that were recorded

Children’s TV/video viewing and computer games playing time was assessed by
children’s report with regard to their TV/video viewing time and time playing
computer games during a usual weekday and a usual weekend. The mean daily
TV/video viewing and computer games playing time was calculated using the
following equation: daily TV/video viewing and computer games playing hours
=((weekday TV/ video viewing and computer games playing hours x 5) + weekend
TV/video viewing and computer games playing hours)/7. Physical activity during
leisure time was assessed using a standardized activity interview, based on a
questionnaire completed by the participants in the presence of a member of the
research team. Further details regarding the reliability and validity of the
questionnaire are provided elsewhere [17]. Respondents reported the time spent on
various physical activities on two weekdays and one weekend day, most preferably
Sunday. Reported activities were grouped by a member of the research team into
moderate-to-vigorous physical activities (MVPA) (intensity higher than 4 metabolic
equivalents), including activities such as brisk walking, bicycling, gymnastics,
dancing, basketball, soccer, athletics, tennis, swimming, jumping rope and general
participation in active outdoors games. Given the age group, MVPA was defined as
continuous physical activities causing sweating and heavy breathing for periods

longer than 15 min, but with occasional breaks in intensity.

Biochemical analysis



Blood samples were obtained for biochemical and haematological screening tests
between 08.30 and 10.30 hours after a 12 h overnight fast. Reminders were distributed
the previous day to both parents and children in order to ensure compliance with
fasting. Professional staff performed venipuncture, using two types of test tubes, one
of which contained EDTA, to obtain a maximum of 10 ml blood. The remaining
blood was collected in plain test tubes for the preparation of serum, which was
divided into aliquots and stored at -80°C. When blood collection was completed in
Aitoloakarnania, Thessaloniki and Heraklion, all serum samples were transported in
dry ice to the Laboratory of Nutrition and Clinical Dietetics at Harokopio University,
where biochemical analyses and central storage of back-up samples at 80°C took
place. Serum iron and total iron-binding capacity (TIBC) levels were determined by
colorimetric assays (Roche Diagnostics SA, Basel, Switzerland). Transferrin
saturation (TS) was calculated by dividing serum iron levels by TIBC and multiplying
by 100. Iron deficiency (ID) was defined using the following age- and sex-specific
thresholds proposed by UNICEF and the WHO [18]: ID was defined as TS < 16 %.
The Mentzer Index (MCV (fl)/RBC (M/ml)) [19] was also calculated for all pupils
participating in the present study to differentiate beta-thalassemia from ID. On the
basis of this index, children with thalassemia minor (eighteen cases) were excluded

from further analysis.

Component selection for diet index development

The revised HLD-index (R-HLD-index) resulted from the modification of the HDL-
index [10], in an attempt to increase its accuracy in the estimation of the degree of
children’s adherence to available dietary and lifestyle guidelines. For the development

of the R-HLD-index, 12 components were used. The first 10 components measure the



frequency consumption of fruits, vegetables, grains, milk/dairy products, meat and
meat products, fish/seafood, legumes, eggs, soft drinks and sweets. The other two
components reflect the physical activity status of children through measuring the time
children spend watching television (TV) or playing computer games (sedentary life)
and the time children spend on moderate to vigorous physical activity (MVPA). These
components were selected based on dietary recommendations from USDA’s
ChooseMyPlate (www.choosemyplate.gov) and the recommendations of American

Academy of Pediatrics with regard to the TV viewing time [20,21].

Scoring system for the development of R-HLD-index

A five-point scoring system (0-4) was used to assign the appropriate score to each
index component. The highest score was ascribed to that dietary intake or
participation in moderate to vigorous activity or watching TV being closed to the
recommended guidelines, while the lowest score was assigned to the above dietary-
lifestyle behaviours being far from the recommendations [www.choosemyplate.gov,
20,21]. Proportionally, the intermediate scores were derived based on the
recommendations. Regarding fruit intake, score 4 was assigned to a frequency of
consumption ranging from 1 to 3 servings per day containing <50% juice and as for
vegetables to a consumption frequency from 2-3 servings per day. With regards to
grains, score 4 was assigned to the consumption of 4-6 servings per day, with more
than half being whole grains. As concerns milk/dairy consumption, score 4 was
assigned to 2-4 servings per day with >50% of them being fat-free or low-fat dairy
products. In terms of legumes and eggs preferable a consumption of 3-5 and 2-3
servings per week, respectively, received the highest score of 4. Moreover, with

regard to meat component, score 4 was assigned to a consumption frequency of 2-3


http://www.choosemyplate.gov/

servings per week. The other components were scored in the same way as in the
original HLD-index [10]. More details for the scores assigned to each component are
presented in Table 1.

The total score of the R-HLD-index was obtained by summing the scores assigned to
each index component. The values of this index range between 0 and 48. Higher
values of the R-HLD-index indicate greater adherence to dietary—lifestyle
recommendations or otherwise greater adherence to a ‘healthy’ dietary—lifestyle
pattern. Then, primary schoolchildren were divided into three groups using the tertiles
of R-HLD-index as follows: those considered as having (a) an ‘unhealthy diet—
lifestyle pattern’ (Ist tertile); (b) a ‘moderate healthy diet-lifestyle pattern’ (2nd

tertile); and (c) a ‘healthy diet—lifestyle pattern’ (3rd tertile).

Statistical analysis

Continuous variables are presented as mean + standard deviation and categorical
variables are summarized as relative frequencies (%). Associations between
categorical variables were tested by using the x? test and the two-sample z-test for
proportions whenever appropriate. The associations between the continuous and
binary variables (sex) were evaluated through Student’s t-test or Mann-Whitney test
when continuous variables were normally distributed or skewed, respectively.
Comparisons between continuous variables (food groups’ consumption) and the
tertiles of the R-HLD-index were performed using the one-way analysis of variance,
after testing for equality of variances or the Kruskal-Wallis test, as appropriate.
Bonferroni correction was used to account for increase in type | error owing to

multiple comparisons.



Multiple logistic regression models were used to assess the association between
the HLD-index score (either as a quantitative variable or as a categorical variable with
three categories based on its tertiles), obesity and iron deficiency.

Participants’ gender, age, Tanner stage, total energy intake, as well as body mass
index category were used as potential confounders for the association between R-
HLD-index score and iron deficiency, whereas age, sex, Tanner stage, total energy
intake, birth weight, mother’s body mass index category and moderate to vigorous
physical activity were used as potential confounders for the association between R-
HLD-index score and obesity. The results are presented as odds ratios and 95%
confidence interval. The Statistical Package for Social Sciences (SPSS) Version 17.0

was used for data analysis. The level of statistical significance was set at p<0.05.

Results

The weight and iron status prevalence data of the study participants are presented in
Table 2. In total, 2660 children were recruited from 10 to 12 years of age. Overall, the
observed prevalence was 3.1 % for underweight, 55.1 % for normal-weight, 30.3 %
for overweight and 11.5 % for obesity. Table 2 also summarizes the differences in the
prevalence of underweight, normal weight, overweight and obesity among boys and
girls. Specifically, the prevalence of obesity was found to be significantly higher in
boys than girls (13.6% v. 9.4%, p=0.001). It was also found that 15.7% of children
under study had iron deficiency with no significant difference observed between sexes

(i.e. 16.9% in boys and 15.7% in girls).

The prevalence of iron deficiency by weight group is shown in Table 3. The
prevalence of ID was found to be higher in obese children compared to their

overweight and under/normal-weight peers (p=0.004).
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Table 4 illustrates descriptive characteristics of the R-HLD-index among all
schoolchildren of the Healthy Growth Study per sex and weight group, separately.
The overall mean + standard deviation of the R-HLD-index score was 17.12 + 4.5 and
this score was normally distributed. No statistically significant difference was seen in
the R-HLD-index score between boys and girls (p=0.572) as well as between children
with normal iron status and iron deficiency (p=0.462). However, there were
significant differences in the score among normal, overweight and obese children
(p=0.015) with obese children having significantly lower mean score compared to

under/normal-weight children.

The mean + standard deviation of the portions consumed from several food
groups and of the time spent on TV viewing and MVPA by the tertiles of the R-HLD-
index are depicted in Table 5. The mean consumption of fruits, vegetables, fishes and
seafood, dairy (full-fat, low-fat, skimmed), whole grains, legumes and the mean daily
time spent on MVPA per week was significantly higher among children in the 3"
tertile of the index compared with the rest of children (P<0.001). On the other hand
consumption of sweets and soft drinks as well as time spent on TV viewing was

significantly lower for children in the higher R-HLD-index tertile (P<0.001).

Logistic regression analysis showed that for every 1/48 unit increase in the R-
HDL-index score the likelihood of childhood obesity decreased by 6%. Moreover, the
likelihood of being obese was 44% lower among children with higher R-HDL-index
score (3" tertile) compared with children with lower score (i.e. 1% tertile) (Table 6).

No significant associations were observed between R-HDL-index and ID.
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Discussion

The current study tried to revise an index that was initially constructed for assessing
the degree of children’s adherence to existing dietary and lifestyle guidelines (i.e. the
HLD-index) and to assess the association of the revised index (i.e. R-HLD-index)
with obesity and ID. The main differentiations derived from the revision of the HLD-
index involved changes in the scoring of certain components, as well as the addition
of new components i.e. the consumption frequency of legumes and eggs. These
changes were required because dietary recommendations for kids, based on which the
original HLD-index had been developed [10], were updated, recently
(www.choosemyplate.gov). Changes to the scoring algorithm of index components
were conducted to the following components: fruit, vegetables, grains, milk/dairy and
meat /meat products. Regarding fruits consumption, fruit juice was also included in
the scoring with children consuming more frequently fruits but less frequently fruit
juice receiving higher scores than children consuming more fruit juice. This change
was mainly due to the positive associations observed between fruit juice consumption
and childhood obesity by several studies conducted with children [22]. Another
difference between the two indices was noticed in the scoring of vegetables
consumption with 2-3 servings per day representing the ideal consumption according
to the new index as opposed to >4 servings per day set in the previous index. The
reason for this change was to follow the updated guidelines in which the daily
recommendation for vegetables consumption is set to 1.5 cup. Vegetables contain
among others fiber, known for its health benefits [23]. However, there is some
concern that a high intake of fiber may impair the absorption of minerals, like iron

[24].
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Moreover, a simplification of the scoring system used for the grains component was
performed in the revised index taking into account that the recent recommendations
suggest that at least half of all the grains eaten should be whole grain
(www.dietaryguidelines.gov). Similarly, in milk/dairy component the percent of low-
or no fat milk was included to adjust for the quality of dairy products consumed.
Finally, eggs and legumes were separated from meat/meat product component as were
incorporated in the original index constituting independent components in the new
one. The egg is a nutrient-dense food with favourable health effects as well as

legumes [25,26].

In the current study the revised index was applied to a sample of 2660 primary
schoolchildren while its accuracy was examined in relation to children’s food
consumption, physical and sedentary activity patterns. The R-HLD-index is a fairly
accurate instrument to assess healthy diet and lifestyle patterns in primary
schoolchildren, considering that higher scores of this index are strongly associated
with higher intakes of foods that are necessary to support optimum growth and
preserve children’s health. Furthermore, higher scores of the R-HLD-index were also
related to more hours participating in MVPA and also to lower intakes of unhealthy

foods and fewer hours spent on sedentary activities, i.e. TV viewing.

In accordance with the overall prevalence reported for other Greek cohorts
[27,28], the present study showed relatively high rates of overweight (30.3%) and
obesity (11.5%) in primary schoolchildren. A strong inverse association of the R-
HLD-Index with weight status was also noticed, since under/normal-weight children
had a higher score compared to their obese counterparts. Consequently, the revised
index could be a candidate instrument for assessing the likelihood of obesity in

children. Our findings are in agreement with that reported from a previous work
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conducted with Cypriot children showing that a higher score of the E-KINDEX was
related to 80% lower probability of being overweight/obese [9]. However, another
study conducted with Greek children and using the Healthy Eating Index to assess
diet quality, revealed no significant differences between normal-weight and obese

children [29].

However, the R-HLD-index did not correlate strongly with ID. The purpose of
the revised index was to extend its utility by assessing the risk for both obesity and
ID. The previous HLD-index was negatively associated with insulin resistance which
in turn has been found to correlate well with obesity [30]. Thus, the association
between the R-HLD-index and obesity was somehow expected. Many recent studies
show that the obese children are usually malnourished and this could increase the risk
for nutritional deficiencies like ID [31]. It would be important to mention here that the
aetiology of ID is multifaceted [32], hence it is not dependent on diet alone. Some
recent findings from the Healthy Growth Study showed that ID was more common
among obese children indicating an independent association of ID with obesity [5].
Moreover, the components of the R-HLD-index possibly cannot have a generic
application to assess the risk for all clinical conditions. These indices assess the
degree that individuals are conformed to the recommendations, without being
designed to predict the occurrence or the outcome of the diseases. For this reason,
although these indices are generally associated with morbidity or the risk of diseases

development, these associations are not strong enough [33].

There are several methodological limitations that warrant brief discussion.
Firstly, the present study is cross-sectional and thus cannot examine cause-effect
relationships. Although a valid structured questionnaire was used for physical activity

assessment, a more reliable method, like accelerometry would provide more valid
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information. Similarly children’s TV viewing time was self-reported and their validity

of their report was not examined.

In conclusion, the proposed R-HDL-index is a simple diet-lifestyle score
for assessing adherence to existing dietary and lifestyle guidelines available for
school-aged children and a valuable tool to assess the risk of obesity to primary
schoolchildren. It could be used from public health policy makers and other health-
care professionals to identify subgroups in the population following poor diet-lifestyle
patterns and being at increased probability for obesity so as to develop effective
preventive measures. Still utilization of the R-HLD-index in prospective studies
conducted with different populations is the only way to evaluate its predictive validity

against several health outcomes.
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Table 1 The scoring system for the revised HLD-index (R-HLD-index)

Index
components
Fruit

Vegetables

Fish and

seafood

Sweets

Soft drinks

Grains

Milk/dairy

Legumes

Eggs

Meat and
meat
products

Frequency

Never or 1-6 servings per week containing <50% juice

1-6 serving per week containing <50% juice or >3 servings per day >50%
juice

>3 servings per day containing <50% juice

1-3 servings per day containing >50% juice

1-3 servings per day containing <50% juice

Never

1-6 servings per week

1-2 servings per day or >4 servings per day

3-4 servings per day

2-3 servings per day

Never or rarely

>4 servings per week

1-2 servings per week

3-4 servings per week

2-3 servings per week

>1 serving per day

4-6 servings per week

2-4 servings per week

1-2 servings per week

Never or rarely

>1serving per day

4-6 servings per week

2-4 servings per week

1-2 servings per week

Never or rarely

< 1 serving per day or 1-2 servings per day and <50% whole grains
1-2 servings per day and 50% whole grains or >6 servings and <50% whole
grains

2-4 servings per day and <50% whole grains or >6 servings per day and >50%
whole grains

2-4 servings per day and >50% whole grains or 4-6 servings per day and
<50% whole grains

4-6 servings per day and > 50% whole grains

<1 serving per day or 1-2 servings per day and >50% low- or no-fat
1-2 servings per day and >50% low- or no-fat, >4 servings per day and <50%
low- or no-fat

<4 servings per day and >50% low- or no-fat

2-4 servings per day and <50% low- or no-fat

2-4 servings per day and >50% low- or no-fat

<1 serving per week

>7 servings per week

1-3 servings per week

5-7 servings per week

3-5 servings per week

<1 serving per week

>7 servings per week

3-4 servings per week

1-2 servings per week

2-3 servings per week

<1 serving per week

>4 servings per week

Sco
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1-2 servings per week

3-4 servings per week

2-3 servings per week
TV viewing >4 h/day

3-4 hiday

2-3 hiday

1-2 h/day

<1 h/day
MVPA 0-15 min/day

15-30 min/day

30-45 min/day

45-60 min/day

>60 min/day

AP WONPFPOPRARWONREFPOPRWDN

R-HDL-index, Revised Healthy Lifestyle-Diet index; MVPA, moderate to vigorous physical activity;
TV, television.

The total score of R-HDL-Index was obtained summing the scores assigned to each component and this
score range between 0 and 48.

Fruits: All fresh, frozen, canned and dried fruits and all fresh or packaged fruit juices with no added
sugar or fat. The serving is equal to a medium fruit or %2 cup of fruit juice.

Vegetables: All vegetables with no added sugar or fats. The serving is equal to % cup.

Total grains: All whole-grain products and refined grain products and grains, such as breads, rice,
pasta, cereals, crackers and oatmeal. The serving is equal to 1 slice of bread, % cup of cereals, pasta
and rice.

Total dairy products: All milks, yogurts and cheeses. The serving is equal to 1 cup of milk or yogurt
and 1.5 oz. of cheese.

Total meat: beef, pork, lamb, goat, meatballs, poultry, rabbits and legumes. The serving is equal to 2
0z.

Fish and seafood: All fishes and octopus, squid, cattlefish, shrimps and crabs. The serving is equal to 2
0z.

Sweets: All chocolates and cakes, biscuits, cookies, ice cream, butter cookies, traditional sweets,
doughnuts, waffles, candies, lollipops, fruits in syrup and jelly beans.

The serving is equal to 1 oz.
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Table 2 Descriptive characteristics of the study population including obesity and iron

deficiency prevalence.

Boys (%) Girls (%) P-value' Total (%)
Underweight 25 3.8 0.001 3.1
Normal weight 52.9 57.3 55.1
Overweight 31.0 29.5 30.3
Obese 13.6 9.4 115
Normal iron status 83.1 85.4 0.219 84.3
Iron deficiency 16.9 15.7 15.7

"P-values derived from the x° test

P<0.05 derived from 2-sample z-test for proportions.
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Table 3 Prevalence of iron deficiency based on weight
status.

Normal iron status (%) Iron deficiency (%) P-value’
Under/normal-weight 86.0 14.0 0.004
Overweight 82.9 17.1
Obese 74.1 25.9
Total 84.3 15.7

"P-values derived from the x° test
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Table 4 Descriptive characteristics of the R-HLD-index per sex, iron status and
weight group

Sex Iron status Weight status
Descriptive Total Boys Girls P-value’  Normal Iron P-value"  Under/normal-  Overweight Obese P-
characteristics iron deficiency weight value?
status
Mean 17.12 17.18 17.06 0.572 17.04 17.28 0.462 17.28" 16.96 16.07° 0.015
Standard 450 444 456 4.4 4.4 4.48 4.55 4.39
deviation

"P-values derived from Student’s T-test

* p-value derived from one-way ANOVA, using the Bonferroni rule for post-hoc multiple comparisons.
"P<0.05 for the comparison between under/normal-weight and obese children
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Table 5 Comparisons of food groups consumption, TV viewing and MVPA by the
tertiles of the R-HLD-index.

Tertiles of R-HDL-Index

1st (0-16 points) 2" (17-20 points) 3 (20-48 points) P-value
Fruits 1.7+1.9 2.5+1.9° 2.7+1.9%" <0.001
Fruit juices 35.4+42.0 50.6+41.2° 47.8+38.8%" <0.001
Vegetables 0.75+1.0 1.0+1° 1.4+1.1%° <0.001
Soft drinks 3.2+435 1.4+2.6° 0.5+1.4%" <0.001
Sweets 19.5+13.3 14.4+12 5 9.5+12.1%° <0.001
Fish/seafood 0.4+2.1 0.59+2.1° 0.9+2.6%° 0.001
Milk/dairy 2.0+1.4 2.6+1.2° 2.9+1.0*" <0.001
Low- or no-fat 0.1+0.5 0.2+0.6° 0.3+0.6*° <0.001
Milk/dairy
Grains 4.9+2.7 5.5+2.5° 5.3+1.9%" <0.001
Whole grains 0.1+0.4 0.2+0.7° 0.4+0.8%" <0.001
Legumes 1.445.0 2.1+5.9° 2.6+5.8%" <0.001
Meat 6.7+6.8 7.0+6.5 6.1+5.7 0.076
Eggs 1.4+4.3 1.7+4.3 1.9+4.1 0.201
MVPA (h/week) 51.2+57.4 71.7+64.8° 85.2+54.9%" <0.001
TV viewing (h/day) 2.8+1.5 2.2+1.3° 1.7+1.05%° <0.001

R-HDL-Index, Revised Healthy Lifestyle-Diet Index; MVPA, moderate to vigorous physical activity; TV, television.

2 p<0.05 for the comparison with the 1* tertile of R-HLD-Index after Bonferroni correction for multiple comparisons.

b: p<0.05 for the comparison with the 2" tertile of R-HLD-Index after Bonferroni correction for multiple comparisons.
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Table 6 Associations between the R-HLD-index (independent variable), iron
deficiency and obesity (dependent variables).

Dependent variable: Iron deficiency® Dependent variable: obesity?
Independent variable OR (95% CI) P-value OR (95% CI) P-value
R-HDL-Index 1.020 (0.987-1.055) 0.233 0.940 (0.895-0.988) 0.014
Tertiles of R-HDL-Index
1* tertile Reference Reference
2" tertile 1.263 (0.892-1.789) 0.356 0.648 (0.403-1.042) 0.073
3" tertile 1.095 (0.760-1.578) 0.625 0.576 (0.330-0.973) 0.039

ClI, confidence interval; R-HDL-Index, Revised Healthy Lifestyle-Diet Index; OR, odds ratio.
Adjusted for age, sex, Tanner stage, total energy intake, body mass index category.
’Adjusted for age, sex, Tanner stage, total energy intake, birth weight, mother’s body mass index

category and moderate to vigorous physical activity.
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Abstract

Purpose: To revise the Healthy Diet-Lifestyle Index (HDL-index) in order to more
accurately assess the degree of adherence to existing dietary and lifestyle guidelines
for school-aged children and to examine the association of the revised HDL-index (R-

HDL-index) with obesity and iron deficiency (ID).

Methods: A representative sample of 2660 primary schoolchildren (9-13 years old)
participating in the “Healthy Growth Study” was examined. Twelve components
related to dietary and lifestyle patterns were used in order to develop the R-HDL-
index. Scores from 0 to 4 were assigned to all components. The R-HDL-index total

score ranged between 0 and 48.

Results: The overall mean score of the R-HDL-index was 17.1+4.5. Higher R-HDL-
index scores were associated with lower proportion of children being obese. More
specifically, logistic regression analysis showed that for every 1/48 unit increase in
the R-HDL-index score the likelihood of childhood obesity decreased by 6%.

However there were no significant associations between the R-HDL-index and ID.

Conclusions: The R-HDL-index may be a useful tool for public health policy makers
and other health professionals in order to assess diet quality and lifestyle patterns of
primary schoolchildren. Furthermore higher scores of this index are associated with

an increased likelihood for childhood obesity but not with ID.

Keywords: Primary schoolchildren, Diet, Lifestyle patterns, Obesity, Iron deficiency



Introduction

Increasing obesity prevalence is of major global health concern [1], while at the same
time iron deficiency (ID) is still considered the most common nutrient deficiency
worldwide [2]. Unhealthy dietary and other lifestyle patterns have been reported as
significant risk factors for both childhood obesity and ID [3]. More specifically, the
positive energy balance, brought by increased consumption of energy-dense, high-fat
and low-fiber foods in combination with low physical activity levels, is the main risk
factor of childhood obesity. In this context higher consumption of foods with an
increased content of nutrients that inhibit intestinal absorption of dietary non-heme
iron (e.g. phytates in fruits and vegetables, calcium in dairies, polyphenols in tea and
coffee) combined with lower consumption of foods rich in nutrients that enhance
dietary non-heme iron bioavailability (e.g vitamin C in citrus fruits) has strongly been
implicated in the aetiology of ID in children [4]. Furthermore, the chronic
inflammatory state induced by obesity per se has been identified as an independent

risk factor of ID [5].

Considering the above, the development of a practical tool that will provide a
quantitative measure of such patterns, also applicable in assessing the risk for both
obesity and ID seems very important from a public health perspective. The
development of an index appropriate for this purpose could be one such approach. To
the best of our knowledge, the only composite indices that aim to evaluate the overall
diet quality and are applicable to schoolchildren and adolescents are the Youth
Healthy Eating Index, the Mediterranean Diet Quality Index and E-KINDEX [6-9].
However, some of these indices are not easily applicable because they require the
estimation of specific nutrients’ intake as their components. Moreover, lifestyle

characteristics have not been included as index components in none of the



aforementioned existing indices that are applicable to this particular age group. The
authors of the present study have previously developed the Healthy Lifestyle-Diet
Index (HLD-index) to evaluate the degree of adherence to existing dietary and
lifestyle guidelines for school-aged children from the USDA’s My Pyramid
(www.mypyramid.gov) and reported significant associations with insulin resistance

[10].

The aim of this work was to revise the HDL-index in order to more accurately assess
the degree of children’s adherence to existing age-appropriate dietary and lifestyle
guidelines based on USDA’s Choose my Plate (www.choosemyplate.gov) and to
examine the association of the revised HDL-index (R-HDL-index) with obesity and

ID.
Methods

Sampling

The ‘Healthy Growth Study’ was a cross-sectional epidemiological study initiated in
May 2007. Approval to conduct the study was granted by the Greek Ministry of
National Education and the Ethics Committee of Harokopio University of Athens.
The study population comprised schoolchildren attending the 5™ and 6™ grades of
primary schools located in municipalities within the wider regions of Attica,
Aitoloakarnania, Thessaloniki and Heraklion. The sampling procedure is fully
described in a previous study [11]. In brief, the sampling of schools was random,
multistage and stratified by parental educational level and by the total population of
students attending schools within these municipalities. An extended letter explaining
the aims of the present study and a consent form for conducting full measurements

were provided to all parents or guardians having a child in these schools. Signed



parental consent forms were collected for 2660 out of 4145 children (response rate

64.2 %).

Anthropometry

Weight was measured without shoes in light clothes using a Seca digital scale (Seca
Alpha, Model 770, Hamburg, Germany) to the nearest 0.1 kg. Height was measured to
the nearest 0.1cm using a commercial stadiometer (Leicester Height Measure, Invicta
Plastics Ltd, Oadby, UK) with the participants not wearing shoes, their shoulders in a
relaxed position, their arms hanging freely and their head in Frankfort horizontal
plane. Two trained members of the research team carried out these measurements.
Body mass index (BMI) was calculated by dividing weight (kg) by height squared
(m?). The anthropometric categorization of children was made according to
International Obesity Taskforce (IOTF) [12,13] and children were divided into four

groups: underweight, normal, overweight and obese.

Dietary intake

Dietary intake data were obtained for two consecutive weekdays and one weekend
day using 24-h recalls. Food intake data were analyzed using the Nutritionist V diet
analysis software (version 2.1, 1999, First Databank, San Bruno, CA, USA), which
was extensively amended to include traditional Greek foods and recipes, as described
in Food Composition Tables and Composition of Greek Cooked Food and Dishes
[14]. The food-grouping scheme was designed for all foods or entries (core and
recipe) appearing in Nutritionist V. Forty-seven food groups were initially
established, based on similar source characteristics and nutrient content. Composite
food items, such as recipes, were de-composed and were assigned to food groups
according to primary ingredients. A similar methodology for the extraction of food

groups has been previously reported in studies with not only smaller sample size, but
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also only one 24-h recall available [15]. Examples of foods included in the food

groups have been documented previously [16].

Other characteristics that were recorded

Children’s TV/video viewing and computer games playing time was assessed by
children’s report with regard to their TV/video viewing time and time playing
computer games during a usual weekday and a usual weekend. The mean daily
TV/video viewing and computer games playing time was calculated using the
following equation: daily TV/video viewing and computer games playing hours
=((weekday TV/ video viewing and computer games playing hours x 5) + weekend
TV/video viewing and computer games playing hours)/7. Physical activity during
leisure time was assessed using a standardized activity interview, based on a
questionnaire completed by the participants in the presence of a member of the
research team. Further details regarding the reliability and validity of the
questionnaire are provided elsewhere [17]. Respondents reported the time spent on
various physical activities on two weekdays and one weekend day, most preferably
Sunday. Reported activities were grouped by a member of the research team into
moderate-to-vigorous physical activities (MVPA) (intensity higher than 4 metabolic
equivalents), including activities such as brisk walking, bicycling, gymnastics,
dancing, basketball, soccer, athletics, tennis, swimming, jumping rope and general
participation in active outdoors games. Given the age group, MVPA was defined as
continuous physical activities causing sweating and heavy breathing for periods

longer than 15 min, but with occasional breaks in intensity.

Biochemical analysis



Blood samples were obtained for biochemical and haematological screening tests
between 08.30 and 10.30 hours after a 12 h overnight fast. Reminders were distributed
the previous day to both parents and children in order to ensure compliance with
fasting. Professional staff performed venipuncture, using two types of test tubes, one
of which contained EDTA, to obtain a maximum of 10 ml blood. The remaining
blood was collected in plain test tubes for the preparation of serum, which was
divided into aliquots and stored at -80°C. When blood collection was completed in
Aitoloakarnania, Thessaloniki and Heraklion, all serum samples were transported in
dry ice to the Laboratory of Nutrition and Clinical Dietetics at Harokopio University,
where biochemical analyses and central storage of back-up samples at 80°C took
place. Serum iron and total iron-binding capacity (TIBC) levels were determined by
colorimetric assays (Roche Diagnostics SA, Basel, Switzerland). Transferrin
saturation (TS) was calculated by dividing serum iron levels by TIBC and multiplying
by 100. Iron deficiency (ID) was defined using the following age- and sex-specific
thresholds proposed by UNICEF and the WHO [18]: ID was defined as TS < 16 %.
The Mentzer Index (MCV (fl)/RBC (M/ml)) [19] was also calculated for all pupils
participating in the present study to differentiate beta-thalassemia from ID. On the
basis of this index, children with thalassemia minor (eighteen cases) were excluded

from further analysis.

Component selection for diet index development

The revised HLD-index (R-HLD-index) resulted from the modification of the HDL-
index [10], in an attempt to increase its accuracy in the estimation of the degree of
children’s adherence to available dietary and lifestyle guidelines. For the development

of the R-HLD-index, 12 components were used. The first 10 components measure the



frequency consumption of fruits, vegetables, grains, milk/dairy products, meat and
meat products, fish/seafood, legumes, eggs, soft drinks and sweets. The other two
components reflect the physical activity status of children through measuring the time
children spend watching television (TV) or playing computer games (sedentary life)
and the time children spend on moderate to vigorous physical activity (MVPA). These
components were selected based on dietary recommendations from USDA’s
ChooseMyPlate (www.choosemyplate.gov) and the recommendations of American

Academy of Pediatrics with regard to the TV viewing time [20,21].

Scoring system for the development of R-HLD-index

A five-point scoring system (0-4) was used to assign the appropriate score to each
index component. The highest score was ascribed to that dietary intake or
participation in moderate to vigorous activity or watching TV being closed to the
recommended guidelines, while the lowest score was assigned to the above dietary-
lifestyle behaviours being far from the recommendations [www.choosemyplate.gov,
20,21]. Proportionally, the intermediate scores were derived based on the
recommendations. Regarding fruit intake, score 4 was assigned to a frequency of
consumption ranging from 1 to 3 servings per day containing <50% juice and as for
vegetables to a consumption frequency from 2-3 servings per day. With regards to
grains, score 4 was assigned to the consumption of 4-6 servings per day, with more
than half being whole grains. As concerns milk/dairy consumption, score 4 was
assigned to 2-4 servings per day with >50% of them being fat-free or low-fat dairy
products. In terms of legumes and eggs preferable a consumption of 3-5 and 2-3
servings per week, respectively, received the highest score of 4. Moreover, with

regard to meat component, score 4 was assigned to a consumption frequency of 2-3
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servings per week. The other components were scored in the same way as in the
original HLD-index [10]. More details for the scores assigned to each component are
presented in Table 1.

The total score of the R-HLD-index was obtained by summing the scores assigned to
each index component. The values of this index range between 0 and 48. Higher
values of the R-HLD-index indicate greater adherence to dietary—lifestyle
recommendations or otherwise greater adherence to a ‘healthy’ dietary—lifestyle
pattern. Then, primary schoolchildren were divided into three groups using the tertiles
of R-HLD-index as follows: those considered as having (a) an ‘unhealthy diet—
lifestyle pattern’ (Ist tertile); (b) a ‘moderate healthy diet-lifestyle pattern’ (2nd

tertile); and (c) a ‘healthy diet—lifestyle pattern’ (3rd tertile).

Statistical analysis

Continuous variables are presented as mean + standard deviation and categorical
variables are summarized as relative frequencies (%). Associations between
categorical variables were tested by using the x? test and the two-sample z-test for
proportions whenever appropriate. The associations between the continuous and
binary variables (sex) were evaluated through Student’s t-test or Mann-Whitney test
when continuous variables were normally distributed or skewed, respectively.
Comparisons between continuous variables (food groups’ consumption) and the
tertiles of the R-HLD-index were performed using the one-way analysis of variance,
after testing for equality of variances or the Kruskal-Wallis test, as appropriate.
Bonferroni correction was used to account for increase in type | error owing to

multiple comparisons.



Multiple logistic regression models were used to assess the association between
the HLD-index score (either as a quantitative variable or as a categorical variable with
three categories based on its tertiles), obesity and iron deficiency.

Participants’ gender, age, Tanner stage, total energy intake, as well as body mass
index category were used as potential confounders for the association between R-
HLD-index score and iron deficiency, whereas age, sex, Tanner stage, total energy
intake, birth weight, mother’s body mass index category and moderate to vigorous
physical activity were used as potential confounders for the association between R-
HLD-index score and obesity. The results are presented as odds ratios and 95%
confidence interval. The Statistical Package for Social Sciences (SPSS) Version 17.0

was used for data analysis. The level of statistical significance was set at p<0.05.

Results

The weight and iron status prevalence data of the study participants are presented in
Table 2. In total, 2660 children were recruited from 10 to 12 years of age. Overall, the
observed prevalence was 3.1 % for underweight, 55.1 % for normal-weight, 30.3 %
for overweight and 11.5 % for obesity. Table 2 also summarizes the differences in the
prevalence of underweight, normal weight, overweight and obesity among boys and
girls. Specifically, the prevalence of obesity was found to be significantly higher in
boys than girls (13.6% v. 9.4%, p=0.001). It was also found that 15.7% of children
under study had iron deficiency with no significant difference observed between sexes

(i.e. 16.9% in boys and 15.7% in girls).

The prevalence of iron deficiency by weight group is shown in Table 3. The
prevalence of ID was found to be higher in obese children compared to their

overweight and under/normal-weight peers (p=0.004).
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Table 4 illustrates descriptive characteristics of the R-HLD-index among all
schoolchildren of the Healthy Growth Study per sex and weight group, separately.
The overall mean + standard deviation of the R-HLD-index score was 17.12 + 4.5 and
this score was normally distributed. No statistically significant difference was seen in
the R-HLD-index score between boys and girls (p=0.572) as well as between children
with normal iron status and iron deficiency (p=0.462). However, there were
significant differences in the score among normal, overweight and obese children
(p=0.015) with obese children having significantly lower mean score compared to

under/normal-weight children.

The mean + standard deviation of the portions consumed from several food
groups and of the time spent on TV viewing and MVPA by the tertiles of the R-HLD-
index are depicted in Table 5. The mean consumption of fruits, vegetables, fishes and
seafood, dairy (full-fat, low-fat, skimmed), whole grains, legumes and the mean daily
time spent on MVPA per week was significantly higher among children in the 3"
tertile of the index compared with the rest of children (P<0.001). On the other hand
consumption of sweets and soft drinks as well as time spent on TV viewing was

significantly lower for children in the higher R-HLD-index tertile (P<0.001).

Logistic regression analysis showed that for every 1/48 unit increase in the R-
HDL-index score the likelihood of childhood obesity decreased by 6%. Moreover, the
likelihood of being obese was 44% lower among children with higher R-HDL-index
score (3" tertile) compared with children with lower score (i.e. 1% tertile) (Table 6).

No significant associations were observed between R-HDL-index and ID.
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Discussion

The current study tried to revise an index that was initially constructed for assessing
the degree of children’s adherence to existing dietary and lifestyle guidelines (i.e. the
HLD-index) and to assess the association of the revised index (i.e. R-HLD-index)
with obesity and ID. The main differentiations derived from the revision of the HLD-
index involved changes in the scoring of certain components, as well as the addition
of new components i.e. the consumption frequency of legumes and eggs. These
changes were required because dietary recommendations for kids, based on which the
original HLD-index had been developed [10], were updated, recently
(www.choosemyplate.gov). Changes to the scoring algorithm of index components
were conducted to the following components: fruit, vegetables, grains, milk/dairy and
meat /meat products. Regarding fruits consumption, fruit juice was also included in
the scoring with children consuming more frequently fruits but less frequently fruit
juice receiving higher scores than children consuming more fruit juice. This change
was mainly due to the positive associations observed between fruit juice consumption
and childhood obesity by several studies conducted with children [22]. Another
difference between the two indices was noticed in the scoring of vegetables
consumption with 2-3 servings per day representing the ideal consumption according
to the new index as opposed to >4 servings per day set in the previous index. The
reason for this change was to follow the updated guidelines in which the daily
recommendation for vegetables consumption is set to 1.5 cup. Vegetables contain
among others fiber, known for its health benefits [23]. However, there is some
concern