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MepiAnyn

Mevik Emokoémnon: H emdnuia tng TTaIdIKAG TTAXUCAPKIOG ATTOTEAEI TTAYKOOWIA avnouXia JE
mOavEG OOPBAPEG OUVETTEIEG OTNV UyeEia ot €BvIKA Kal TTaykOouia KAipaka. H emdnuia auth
molavoloyeiTal  TTWG  TIPOKOAEITAI  ATTO  IDINITEPA  TPOTTOTIOINCIUOUG  TTAPAYOVTEG,  TTOU
oupTTrEPIAQPBAvouV @TWXH dIaTPOoPIKA TTPOCANWN, £AAEIPN CWMATIKAG AoKNoNg, KaBWG Kal
d1dpopeg METABANTEG cupTtrepipopds. O TMaykdopiog Opyaviopog Yyeiag (MOY, 2013),
UTTOAOYIOE TTWG TTAVW aTTd 42 eKaTOPPUpIa TTaIdId  £xouv UTTEPBAAAOV BAPOG TTAYKOOUIWG.
2UYXPOVWG N TTaIdIKY TTAXUOOPKIa €XEl OUOXETIOTEI PE augnuévn voonpdtnTa At Xpovia
vooruaTa, Kata mn didpkeia TnG CwNG, YeEyovog TTou KaBIoTA TNV TTAIBIKI TTAXUCAPKIO ONUAVTIKO
TTPORANKA dNPOOCIAG UYEIQG.

Emiong, evw oTmig Hvwpéveg MoAiteieg kal otn Bopeia Eupwtrn o €mMTTOAAOPOG TNG TTAIBIKNG
TTOXUoapKiag @aivetal va oTtaBepoTrolital, HEAETEG atrd  Xwpeg TG NOTIog Eupwtrng
ATTOOEIKVUOUV TIWG TO TIPOBANPO 0 QUTEG KAIMOKWVETAI, PE TO TTOO0OTO va @TAVEl O€
uwnAoTEPQa eTTiTTEdO 0€ OUYKPION PE TIG BOpeieg EupwTraikég xwpes. H Taxeia autr) augnon Tou
EMMTTOAQCUOU TIG TTAIDIKAG TTAXUCAPKIAG OTIG MECOYEIOKEG XWPEG TIG TEAEUTAIEG OEKAETIES, EXEI
ONUIOUPYAOEl TNV avAyKn va evTaBouvV Ol £EPEUVEG YIa TNV avadeign TTapayovTwy TTOU CUVTEAOUV
O€ auTh TNV augnon.

Z1oxO0I: Acdopéva atTd QVTITIPOOWTTEUTIKO TTAVEAAQDIKO Ociyua TTaidiwv 10-12 €Twv KAl Twv
yovéwv 1 Twv Kndgudvwyv Toug (MeEAETn GRECO), xpnoigotroménkav otn diggaywyr Tng
d10akTOPIKNG dIATPIRAG. MpwTapXIKOG OTOXOG TNG dIATPIRNS ATAV N dnuioupyia evog AlaTpo@IKou
Agiktn (AA) yia Tov TTPOCdIOPICPO, TNV £yKUupn TTPORAEWN Kal KAT' €TTEKTACN TNV TTPOANYN TNG
TTAIOIKAG TTaXUoOpPKiag. Aeutepoyeveic OTOXOI ATTOTEAECAV O EVTOTIOUOG KAl N agloAdynon
METARANTWYV, KUPIWG CUMTTEPIPOPAG, TTou TBavov va eTnpeddouv Tn oxéon AA kai Tou Bapoug
Twv TTadIwY, KaBwg Kal n dIEPEUVNON TNG ETOINOTATAG TwV TTAIdIWV OXOAIKAG NnAIKiag, va
d1apOoPOTTOINO0UV DIATPOPIKEG CUVNOEIEG KAl DIATPOPIKEG CUUTIEPIPOPES. TEAOG DiEPEUVNONKE N

mOavr) CUOXETION TOU KATIVIOMOTOG KATA T OIAPKEIQ TNG €YKUPOOUVNG ME TO UTTEPPAAAOV



BApog, ME TO OUVOAIKO TT0000TO AITTOUG KOl TNV TIEPIPEPEIA  PEONG, OTOUG  HABNTEG
TTPpwWTORAOUIAg eKTTAIdEUONG.

MeBodoAoyia: AvTiTrpoowTreuTikO deiypa 5000 Traudiwv nAikiag 10-12 etwv, armod 10 vououg, 14
TTEPIPEPEIEG ATTO TOV EUPUTEPO MNaAVEANADIKO XWPO META ATTO OTPWHATOTTOINUEVN EIYPNATOANYIA,
TTpookANBNkav va AdBouv pépog otnv €peuva GRECO. AVOPWTTOUETPIKEG MHETPAOEIG
dlegxbnoav ota TTaIdId KAl Toug O6BnKav e£pwTNUATOAOYIO va CupTTAnpwoouv: (1) nui-
TTOCOTIKOTTOINUEVO EPWTNUATOAOYIO CUXVOTNTAG KATAVAAWONG TPOPiUWYV, (2) £pwTNUATOAOYIO
dIATPOPIKWV-YEUUATIKWY ouvnBeiwy, Kal (3) EpWTNPATOAOYIO €TOINOTNTA AAAAYAG DIATPOPIKWV
TAoEWV Kal dIaTPOPIKAG oupTtreEpIPopds. OAa T1a dedopéva ammd TOUuG €VAAIKEG ATAV
autodnAoupeva kal cuptrEPIAGuBavav Bapog & UYWOog, KOIVWVIKO-OIKOVOUIKA OTOIXEId, DIAPOPES
ouvnBeIeg, OTTWG KATTIVIOUA, KABWG Kal Kataypapr dedoUEVWV EYKUPJOOUVNG Kal VEOYVOU (OTTWG
Bapog kai pnkog veoyvou) . MNa 1n dnuioupyia AA a-priory, ocupuTtrepIAn@Onkav 14 Tpo@ég, 6
TIPOOTATEUTIKEG KAl 8 TPOYEG TTOU CUOXETICOVTAl PE UTTEPRAANOV BAPOG Kal TTaXUoOapPKia, Kal
000nkKe BapuTtnTa OTIG TPOYEG TTOU AIOAOYAONKAV CNPAVTIKOTEPEG OTNV TTAIBIKN NAIKia, Adyw
avamruéng. O AA  xpnoigotroindnke oTn  dIEPEUVNON TNG OXEONG TwV  TTAPAYOVTWV
OUMTTEPIPOPAG KAl TOU KOTTVIOPATOG KATA Tn OIAPKEID TNG €YKUPOOUVNG, KOBWG Kal OToV
EMTTOAAOUO TNG TTAIBIKAG Traxuoapkiag. Or OlaTpo@IKEG OUVABEIEG Kal N €TOINOTNTA TTOU
onAwaoav Ta TTaIdId yia aAAayr diepeuvABnkav Kal agloAoyndnkav o€ oxEon he o€ oxEon e (a)
TNV Katnyopia Bdapoug Twv TTaidiwy, (B) To UAO Kal (y) TNV AUTOEKTIUNON TToU dnAwvouv Ta
TTaIdIq.

ATtroteAéopara: ZuykevipwOnkav dedopéva atmd 4786 (95%) mmauidia kar 2318 (51%) yoveig i
Kndepdveg. O TTaidikog AA eixe Tn duvartdTnTa/cuaiodnaia va Tpocdlopifel cwaoTA Ta TTAIdIA YE
uttépBapo & TTaxuoapkia, kKaBwg Ta TTaildid pe uttepBAAAOV BAPOG Kal TTaxuoapkia eixav
XOUNAOGTEPO OUVOAIKO DIATPOPIKO OKOP O€ OXEON ME TA vyl o€ BAapog TTaidid. O1 TTapAayovTeg
TTAIOIKAG CUUTTEPIPOPAG TTOU €ixav BeTIKA ouoxETion he Tov AA ATav O OUVOAIKEG WPEG UTTVOU,
MEAETNG KaI N OUXVOTNTA OIKOYEVEIOKWY YEUPATWY. ZTATIOTIKA ONUAVTIKA ApVNTIKA CUOXETION JE

Tov AA €ixav ol OUVOAIKEG wpeg TTou Ta TTaIdIG dAwoaAvV PTTPOOTA Ot KAtrola 00dvn, n



ouxvoTNTa  KOTavaAwong TPoPNnG €KTOG OTITIOU KAl PTTPOOTA Ot KATTOIa  004vn. 2¢€
TTOAUTTAPAYOVTIKA) avAAuch TTPOCAPPOCHEVN YIia nAIKia, @UAO Kal OIaTPOYIKO OKOop, Ol
mMOAVOTNTEG TWV TTAIBIWY VA gival UTTEPBAPA ATAV XAUNAOTEPEG, OTAV KOIJOUVTAV TTEPICOOTEPES
wpeg, dlapadav AyOTeEPEG WPEG, €iXav TTIO CUXVA OIKOYEVEIOKA YEUPATA KAl KATavAAwvav Trio
OuUXVQA YEUUATA NUEPNCIWG. ZTNV TTOAUTTAPAYOVTIKA) avaAuon Ol WPEG UTTPOOTA O 000vn dev
NTAV OTOTIOTIKA ONPAVTIKR. 2T OIEpEUvNON TNG TTAIBIKNG ETOINOTATAG, MEYOAUTEPO TTOOOOTO
Tadlwyv Pe uttepBAaAlov Bdapog 1} TTaxuoapkia, KabBwg Kal Ta Kopitoia, dAwoav £Toiya va
OAANGEOUV OUYKEKPIPEVEG DIATPOPIKEG OUUTTEPIPOPEG. 2€ AUTA CUPTTEPIAAPONKE N ETOINOTNTA va
Qu¢noouv TNV KOTAvVAAWON UYIEIVWV OVOK KAl va QVTIKOTAOTHOOUV Uuypd JE  UuyWnAn
TTEPIEKTIKOTNTA O€ {AXapn ME auTd TTou Oev TTEPIEXOUV, av auTd Toug TTpooepBei. ETTiong,
TTaIdIA ue uYnAoTEPN pEoN TIUA AA okop ATaV TTI0 £TOINA VA AAAAEOUV CUNTTEPIPOPEG, Kal TTAIDIA
ME MEYOAAUTEPO TTOOOOTO QAUTOEKTIUNONG dAWOAV £TOINA VA UPEIWOOUV HEPIdA TPOPNG Kal deV
TOUG aTraoxoAouoe 1 amoywn Twv @iAwv Toug. O1 mOavoeTNTEG TWV TTAIdIWY VA €XOUV
uttEPBAAAOV BApog Kal uwnAdTePN TTEPIPEPEIA PEONG (TTAVW aTTO TN DIAPECO) NTAV PHEYAAUTEPEG
oTa TTaIdIA TToU N PNTEPA KATTVICE OTNV EYKUPOOUVN O€ OX£ON ME TA TTAIBIA TTOU Ol INTEPEG TTOU
oev katvifav. H oxéon TTap€Pelve onuavTiki o€ OAa Ta JovTéAA, TTOU TTEPIAAUPBAvAY uNTPIKOUG
TTOPAYOVTEG, KATAVAAWON KAPE KAl AAKOOA, TTAPAYOVTEG VEOYVOU, TTAIOIKEG CUUTTEPIPOPES KAl
d1aTpoPIKO oKop, Yia To BMI kai yia Tnv mepipEpeia péong. H ouoxETion avaueoa oto unTpIko
KATTVIOPA KAl TO TTO000TO AITTOUG TWV TTaIdIWV ATAV ONUAVTIKA JOVO oTnv adpr) diepeuvnon.

Zupgtrepdopara:  21n OlaTPIBf)  EVTIOTTIOTNKAV  OIATPOQPIKOI  TTAPAYOVTEG,  TTAPAYOVTEG
OUMTTEPIPOPAG KABWG KAl N AUTOEKTIUNGON TwV TTAIdIWV TTOU Eival ONUAVTIKO va agloAoyndouv
WOTE VA PEIWBEI ) akOua Kal va TTpoAN@BEi To paivopevo TnG TTaIdIKNG TTaxuoapkiag. Etriong 1o
KATTVIOPa Katd Tn OIAPKEI TNG EYKUPOOUVNG BPEBnKe va augavel Tov Kivouvo yia UuttEpBAAAov
BApog Kal yia KEVTPIKA TTaxuoapkia, ota maidid oXOAIKNG nAIKiag. Ta Trapatmdvw eupripata
UTTOYPOUMICouV TNV TTOAUTTOPAYOVTIKY) @UON Tou odnyei oTnv  emodnuia TNG TTAIBIKAG

TTAXUOapKiag. ZuvioTartal va 000¢€i 1I81aiTEpn EUPaacn oTnV Karavonon Twv TTAIdIKWY avayKwV Kal



QVTIANYEWY KABWG N TTAIBIKI ETOINOTNTA UTTOPEI va aTToTeAEl TN BAon TNG TTUPAMIdAG yia Tn
BepaTreia Kal TTOAU TTEPICTOTEPO YIa TNV TTPOANWN TNGS TTAIBIKAG TTAXUCAPKIOGC.

ETiotnpovikog topéag: Emsdnuodoyia me Atatpoerg

AgEelg KAewdua: Mok moyvoapkia, Satpo@ikds Seiktng, embdnuoroyia, euBpuikog

TPOYPAUUATIONOG, AUTO-ATIOTEAECUATIKOTITA, AUTOEKTIUNOM



Abstract

Overview: Childhood overweight and obesity epidemic, is of global concern, with potential
major national and worldwide health consequences caused by highly modifiable factors,
including poor diet, physical inactivity, and various behavioural variables. World Health
Organization has estimated childhood overweight to be over 42 million globally (WHO, 2013),
making childhood obesity of great concern since it has been associated with an increased
susceptibility to chronic diseases later in life.

Furthermore, although the prevalence appears to plateau in the United States and Europe,
studies from South European countries demonstrate that the problem is escalating, with higher
prevalence in childhood overweight and obesity compared to north European countries. This
rapid increase in the prevalence of obesity in Mediterranean countries over the last decades,
leads to the necessity to expand research investigations in order to understand the reasons
behind this prevalence increase.

Objectives: Using data from the nation wide Greek Childhood Obesity (GRECO) cross
sectional study on 10-12 year old children, the primary goal was to derive a food index that may
predict childhood overweight and obesity, hence leading to primary prevention. Secondarily, the
effect that behavioural factors, including sleep duration, total screen time (average per day) and
total study hours, number of meals per day, frequency of having meals while on a screen,
frequency of having family meals, and frequency of eating/ordering out, have on the increase of
childhood overweight were examined in relation to the Fl. Special attention was given on the
children’s readiness to change behaviors, hence the GRECO study was used to examine
school children’s willingness to ameliorate eating behaviors in relation to their weight-status and
their current eating patterns, as well as to assess potential gender differences Lastly the
association between maternal-smoking on children’s weight status and on adiposity levels was
also assessed.

Methods: A stratified representative sample among 10 Greek regions, of 5000 children and

their parents or primary care givers, were invited to enrol in the study. Anthropometric data were



measured in children and a 48 question validated Food Frequency Questionnaire (FFQ) was
completed. Data on behavioural aspects were also obtained. Data on adults were self reported
and included anthropometric, pregnancy and behavioural information. The child derived FI (cd-
Fl), was created based on obesogenic and protective foods, based on population wide
evidence: Mediterranean and National Healthy eating guidelines. A total of 14 foods, were
included in the cd-Fl, based on a priori knowledge of food items and food patterns for children,
with weights given to specific foods, for the first time in an index, considering the populations
studied needs, i.e. growth. This was used to assess the effect bahavioral variables and
maternal-smoking on the prevalence of child obesity. Eating behaviors and assertiveness to
change were assessed based on gender differences and weight status, to assess the possible
effect that a child’s weight may have on their response.

Results: Data on 4786 (95%) children and 2318 (51%) parents were finally obtained. The cd-FlI
constructed adequately distinguished overweight and obese children, from their healthy weight
peers among a nation wide sample of school-aged children, with overweight and obese children
having a lower cd-FI score compared to their normal weight peers. Behavioural analysis
showed that total sleep & screen duration, frequency of family meals, frequency of eating out,
and frequency of eating while watching TV, when adjusted for age, were associated with cd-Fl
score, significantly increasing it's predictive ability of childhood overweight and obesity.
Furthermore, the likelihood of children being overweight or obese decreased when they slept
more, studied less, and had a higher Fl score, had more frequent family meals and consumed
more meals per day. Although crude total screen time was significantly associated with
increased odds of overweight and obesity in children, the effect was nulled in the model that
included cd-FI and total study time. When children’s willingness to ameliorate eating behaviours
was examined, a greater percentage of females and overweight & obese children expressed
greater assertiveness to alter various eating behaviours and habits, including increasing healthy
snack intake and replacing ssb’s with their no sugar counterpart, if this was offered. Also the

higher the mean cd-Fl score, the more assertive children were to change. Children with high



weight perception-self-esteem, addressed via weight-perception, were more likely to reduce
portion size and responded that peer opinion did not affect their snack selection.
Maternal-smoking was found to be significantly associated with children’s weight status and
central adiposity in all models tested, including maternal and child characteristics, coffee and
alcohol intake during pregnancy, child behavioural factors and dietary patterns. The association
however, was not significant for total body adiposity (%)

Conclusion: Dietary, behavioural and self-esteem factors have been identified in this thesis as
factors that need to be addressed in order to decrease or even prevent childhood overweight
and obesity. Maternal smoking during pregnancy also increases children’s risk of overweight or
obesity later in life as well as an increased risk for higher central adiposity suggesting direct
effect. These findings underline the multifactorial nature of the childhood obesity epidemic, and
suggest that understanding children’s needs and perceptions may be the base of the pyramid in

order to treat and more so to prevent childhood obesity.

Scientific area: Nutritional Epidemiology

Keywords: Childhood overweight, food-index, epidemiology, early life theory, self-efficacy, self-

perception

10



Main Supervisor:

Professor Antonis Zampelas (Agricultural University of Athens)

Co Supervisors:
Professor Demosthenes Panagiotakos (Harokopio University)

Lecturer Aimilia Papakonstatinou (Agricultural University of Athens)

Examination Committee:

Associate Professor Maria Kapsokefalou (Agricultural University of Athens)
Associate Professor Yiannis Manios (Harokopio University)

Associate Professor Theodora Psaltopoulou (University of Athens)

Associate Professor Petros Tarantilis (Agricultural University of Athens)

11



List of Papers

V.

Magriplis, E., Farajian, P., Risvas, G., Panagiotakos, D., & Zampelas, A. (2015).
Newly derived children-based food index. An index that may detect childhood
overweight and obesity. International journal of food sciences and nutrition, 66(6),
623-632.

Magriplis, E., Farajian, P., Risvas, G., Panagiotakos, D., & Zampelas, A. (2016).
Childhood overweight & obesity predicted by specific food pattern, sleep and study
duration: Results from the GRECO study (Submitted manuscript in Clinical Nutrition).

Magriplis E., Farajian P., Panagiotakos DB., Grigoris Risvas, Zampelas A. (2016).
Maternal smoking and school children’s weight status: investigating Early Life Theory
from the GRECO study. (Submitted manuscript in Preventive Medicine)

Magriplis E., Farajian P., Panagiotakos DB., Grigoris Risvas, Zampelas A. (2016).

Children’s food perceptions and assertiveness to change in respect to their weight

status and self-esteem. (Under submission).

12



Abstracts presented in conferences (presented in Appendix 1)

Magriplis, E., Farajian, P., Risvas, G., Panagiotakos, D., & Zampelas, A. Newly
Derived Children Based Food Index.

An Index That May Detect Childhood Overweight and Obesity. 12" European
Nutrition Conference FENS, 2015.

Magriplis, E., Farajian, P., Risvas, G., Panagiotakos, D., & Zampelas. 9th

International Conference of the Cyprus Dietetic & Nutrition Association, 2016

Magriplis, E., & Zampelas, A. Title: Butter Or Margarine? A Dietary Patterns Approach Of
The Controversy. 9th International Conference of the Cyprus Dietetic & Nutrition

Association, 2016

13



Acknowledgements

Ever since | can remember myself, my dream was to become a scientist and help people
through the science and research. Today, this is being achieved in collaboration with a great
academic team that | met 6 years ago.

After many years of studies and professional practice, an exceptional scientist and person
believed from the first moment in me, believed my academic and scientific background and
competencies, and understood my love for research. | would like to express my gratitude and
my sincere appreciation to my Supervisor Professor Antonis Zampelas for his guidance and
encouragement throughout my research period.

He was a constant inspiration to me, keen to timely advice. Motivated me when mostly needed,
and kept me constantly engaged with my research offered with his valuable and innovative
ideas.

There were many challenges that had to be addressed during the research and their effective
management is a result of the teamwork that was carried out by the research team under the
inspired mentoring Prof. Zampelas.

The implementation of such a research project has not only cognitive requirements but also
"demands" a guidance from scientists who have the thorough experience and specialized
knowledge. For this reason, | would like to thank from the bottom of my heart the Professor of
Epidemiology Dr. Demosthenes Panagiotakos that under his guidance, the research was driven
to its completion. Thank you for teaching me.

Every research goes through various phases which have different requirements and more often
demands not only specialized knowledge but also people with the determination for the goal
achievement. For the last phase of my research | could not but to mention the valuable help of
Dr. Aimilia Papakonstandinou, who helped encouraged me to move towards to the completion
of my work and believed in my competencies.

| would also like to thank the competent team of which | have the privilege to be a member of
including Grigori Risva, Panagioti Varagianni, Niko Efstathiou, Olga Malissova, Paul Farajian
and every single member that did not hesitate to provide their assistance when needed.

| would also like to express my gratitude to the Agricultural University of Athens and ELKE.

Last, but not least | would like to thank my family for believing in me and supporting me
throughout, especially my three angels, two of which arrived during the course of my PhD. They
helped me throughout these years filling me with energy every day with their little smiles.

14



Table of Contents

ABBREVIATIONS. . ..ctiiitmssismmsmssisssmsnisissssssssssssssssssssssssssssssss sss s ssssss sassssassssssssssssssss st sssasssssnsassssssssnsansssssnsssssstnsansanssns 16
1. INTRODUCTION - THESIS OVERVIEW.......ccociimmmimnssmssssssssssssssssssss s ssssssssssssasssssssssssssssssassssssns 17
1.1 CHILDHOOD OVERWEIGHT & OBESITY: THE 20TH CENTURY EPIDEMIC....cutureeureeuseseusesesseseusesessessssessasessssessasessasesasens 17
1.2 CHILDHOOD OVERWEIGHT & OBESITY IN GREECE ....cuturetureeuseseuseseasesessesessesesssssssssssssssssssssssssssssassssssssssssssasssssssssassssanens 19
1.3 FACTORS AFFECTING BODY WEIGHT REGULATION ....ucuutureeureeuseseuseseusesessesessesessessssesssssssssssssssssssessassssssesssssssassssssessasessasens 20
1.3.1 Dietary intake aNnd CRIIANOOT ODESILY ........oweereereereersrrssrireerseissssssssssesssesssssssesssesssesssssassssssesssesssssssssassesssssssssssssens 20
1.4 FOOD INDEX OVERVIEW — BRIEF LITERATURE REVIEW ....cucuitieiureeuseeuseseasesessessssesssssssssssssssssassssssssssssssassssassssssessassssanens 21
141 FOOA-INAEX fOT CRIIATN couueeeeeetre vttt er s essss s es s sss s s AR08 22
1.5 BEHAVIORAL FACTORS: BEHAVIORAL ASPECTS TO CHILD OVERWEIGHT & OBESITY ..cucurueureeusesessesessesessesesseseaseeanens 27
1.5.1 Physical inactivity: TV viewing versus screen time
1.5.2 51€€P AUTALION ...ceurrveeeeeeersetrisesrisesressserssesissesissssissssssssessssesassssenss
1.5.3 Eating & Behavioral perceptions based on school & environmental SEttiNgs ..........coeoweeroreercneerenseersnnes 31
1.6 CHILDHOOD OVERWEIGHT AND PRENATAL FACTORS w..cutuutureeuseseuseseusesessessssesessessssesssssssssssssssssasessassssssssssssssssssssssssassssasens 34
1.7 REMAINING GAPS IN KNOWLEDGE ..ceuturutusereuseseuseeusessaseseasessssessasessssessasessssessssesssssssssesssssssssssssssssasessastssssssssssssassssasessasessasens 35
2. SCOPE OF THE CURRENT PHD THESIS ....cociiimmimmmmmssssmssssssisssssssssssssssssssssssssssssssssssssssssssasssns 37
3. PRESENTATION OF PAPERS ...ttt st ss s s s s sssssas s snsas s snsan s 38
N 2 D 2 PPN 39
Newly derived children-based food index. An index that might detect childhood overweight and obesity........
N 2 D 2 PPN 50
Childhood overweight & obesity predicted by specific food pattern, sleep and study duration: Results from
EPE GRECQ SEUY ..coreorcerereereseeeseesseesssesasssassesssesssesssssassssssesssesssssassssssssssesssssasssssssessesssessssssssssssssssesssssasssassssssesssesssessssssssssssesssesssssssssssssseess
PAPER IV ettt bbb b SRR SRR 99
Children’s food perceptions and assertiveness to change in respect to their weight status and self-esteem.....
GENERAL DISCUSSION ....ciiitiiimsmsnisismmmssismssssssssssssssssssssssssssssssssssasssssssssssssssssssssssss sssssssssss sassssssssnsassssssssassasssnsansens 120
LS 00 30 00 10 (0] 130
6. REFERENCES ... oo st s s s s AR AR R R AR R AR AR R R R RS RS R R D 132
6.1 JOURNAL REFERENCES ...cureutureucureussreussresessessssessssessssessssessssessseesssessssessssesasssssssseassesassesassasassesusssssssasassesussesassatussassssessssasassassssasassecs 132
6.2 WEB REFERENCES......cutttureturessresssresssessssessssessssessssessssessssesssesassessssasassasassassssssassassssassssasassasassasassasassasussasassasussassssessssesassasassasassncs 143
6.3 BOOKS & DISSERTATIONS ...cueuureucsreussressssessssessssessssessssessssessssesssessssessssasasssessssesssasassesassesassssassssassassssasussasassasussassssesassesassasassesassecs 143
7. FUTURE WORK ..ot ss s s ss s s sas s s s snsananns 144
APPENDIX 1 (ABSTRACTS PRESENTED IN CONFERENCES).......oonmmmmmsssssssssssssssssssssssss 145
APPENDIX 2 (QUESTIONNAIRES USED FOR THE GRECO STUDY).....ocomnmmmmmmmmmmsssssssssssssssssssssss 153
APPENDIX 3 (ADDITIONAL PUBLISHED PAPERS) ....ccosnimmmssssssssssssssssssssssssssssssssssssssas 169

15



Abbreviations

ANOVA
BMI
BMR
BP
cdFl
Cl
CVvD
DBP
EE

El
FENS

Fl
FFQ
GRECO study
IOTF
PA
PCA
OB
OR
ow
RMR
SBP
SD
SES
SSB
wWC
WHO
VIF

Analysis of variance

Body Mass Index

Basal Metabolic Rate

Blood pressure

Child derived food index
Confidence Intervals

Cardio vascular disease
Diastolic blood pressure
Energy Expenditure

Energy Intake

Federation of European Nutrition
Societies

Food Index

Food frequency questionnaire
Greek childhood obesity study
International Obesity Task Force
Physical Activity

Principal Component Analysis
Obese

Odds ratio

Overweight

Resting Metabolic Rate
Systolic blood pressure
Standard Deviation
Socioeconomic status

Sugar sweetened beverages
Waist circumference

World Health Organization
Variance Inflation Factor

16



1. Introduction — Thesis overview

1.1 Childhood overweight & obesity: the 20th century epidemic

Childhood overweight and obesity epidemic, is of global concern (Lavie et al, 2009; Barton et al,
2012). It is the first with potential major nationally and worldwide health consequences, not
caused by communicable-infectious disease, nor by lack of food or medical care, but by highly
modifiable factors, including poor diet, physical inactivity, and various behavioral variables
(Stein, 2016). Since in 2013 the number of overweight children was estimated to be over 42
million globally (WHO) and childhood obesity has been associated with an increased
susceptibility to chronic diseases later in life (Barton et al, 2012, Berenson et al, 1998, Berenson
et al, 2012, Reilly et al., 2003). In Europe the prevalence rates for overweight children in
Mediterranean countries were 20-35%, while those in northern areas were considerably lower
and reached 10-20% (Lobstein & Frelut, 2003), with over 20 000 obese children in the EU have
type 2 diabetes, while over 400 000 have impaired glucose tolerance and the estimated burden

of disease indicators among obese children is high (Lobstein & Jackson Leach, 2006).

Research among children represents the new focus in Nutrition and Epidemiology, since the
rates of overweight and obesity in this population worldwide, including developed and
developing countries, is greatly increasing. Surveys have shown that 31.7% children between 2
and 19 years of age had a BMI above the 85th percentile (using the BMI-for-age growth charts)
with 16.9% of these being termed obese (>95th %ile) [Ogden et al 2010]. In 2003-2004, 17.1%
of US children and adolescents were overweight with the prevalence increasing significantly
among these groups during the 6-year period from 1999 to 2004 (Ogden et al, 2012). Among
children 6 to 11 years of age the prevalence was 15.3% in 1999-2000 compared to 11.3% in
1988-1994 (Ogden et al 2002). The prevalence appears to plateau between 1999-2008,
according to Ogden et al, since no significant trend over these periods, with boys over the

97%ile being an exception (Ogden et al., 2010). No significant trends were observed between
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2005-2006 and 2013-2014 (Ogden et al., 2016). The figure bellow is a graphical depiction of the

obesity trend among children from 1999 to 2014.
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Leveling effects in the prevalence of childhood overweight and obesity has been reported in
European countries as well (Aeberli et al, 2008, Lioret et al, 2007, Stamatakis et al, 2010),
although according to reports from Stamatakis et al., 2010, there appears to be a further
increase among children and adolescents of low socioeconomic status (SES). Moreover studies
from South European countries demonstrate that the problem is escalating with subsequent
adverse health consequences (Padez et al., 2004). This study showed that the prevalence of
overweight/obesity in Portuguese children is high when compared to other European countries,
following the trend of other socio-cultural similar countries such as Spain, Italy and Greece. This
rapid increase in the prevalence of obesity in Mediterranean countries over the last decades,
with higher prevalence in childhood overweight and obesity compared to north European
countries, leads to the Mediterranean countries childhood obesity paradox, as extensively

analyzed by Farajian, P. in his dissertation (Feb. 2014, AUA).
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1.2 Childhood Overweight & Obesity in Greece

The Hellenic Medical Association for Obesity conducted a cross-sectional, nationwide
epidemiological survey in 2003 to provide estimates of the prevalence of OW, OB, and
abdominal obesity in 3,140 children aged 6-12 years and a total of 14,456 Greek adolescents
aged 13-19 years (Tzotzas et al, 2008; Tzotzas et al, 2011). Thirty-one percent of children aged
6-12 years were defined as overweight or obese. According to Tambalis et al., (2009) rates of
overweight in boys increased with a trend among boys and girls between 1997 and 2007; 0.71
1+0.1% per year, and 0.41 £0.05% for girls, respectively, with a higher rate see in children from
rural areas, and a questionable plateauing effect being observed after 2004. A literature review
on regional versus national prevalence of overweight and obesity among Greek children has
been recently conducted (Farajian P., 2014. PhD dissertation). From the GRECO study, a
nationwide representative study in children in the area of Greece, 30 % of children aged 10-12
years of age were found overweight and approximately 12% were found obese (Farajian et al.,).
The prevalence of overweight among school aged children, in a representative sample in
Northern Greece, was found in similar ranges (34% overweight and 15% obese) (Cassimos et
al., 2011), and slightly lower among children living in a small Greek island (25% overweight and
8% obese) (Sourani et al., 2015). In the latter study, the sample was small. A 10 years meta-
analysis conducted, 10% Greek children, 1 to 12 years of age, were obese and 30% were
overweight (Kontanidou et al., 2013). Of further interest are latest reports by Tambalis et al.,
2013 who found that children living in rural areas although reported higher physical activity
levels compared to their urban counterparts, had a higher prevalence of obesity. A higher
prevalence of overweight and obesity among children in rural areas was also found by others,
but they also had a lower physical activity levels, although no differences were observed in total
screen time (Raistenskis et al., 2013).

The reasons behind the high prevalence of overweight and obesity in Greece along with the
discrepancies among activity level and weight status remain to be understood and formulate the

reasoning behind the current thesis.
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1.3 Factors affecting body weight regulation

Based on the previous findings, other factors, such as dietary patterns, behavior factors and
beliefs or otherwise self-efficacy and esteem, should also be considered for the understanding
and prevention of the child obesity epidemic. Studies on childhood obesity have shown that diet
and physical inactivity are the most important factors, exceeding the effect of genetic
susceptibility (Berckey et al., 2000; Berckey et al., 2003; Lavie at el., 2009; Barton, 2012).
Research has also shown that parental weight is an important risk factor for the overweight and
obesity increase in children, in many areas, including Europe and Asia (Keane et al., 2012,
Manios et al., 2007, Jiang et al., 2006). In Greece it has been reported that the adjusted odds
for being overweight among preschool aged children with one obese parent were 91% greater
compared to those with no obese parent, while the likelihood for being overweight was 2.38
times greater for children with two obese parents (Manios et al., 2007). Family — food
environment is therefore a main determinant to consider, from early childhood, with the specific
factor encompassing many variables that will be investigated in this dissertation. These include
dietary patterns, extrapolated from dietary habits, eating behaviors and self-efficacy/beliefs, as
well as behavioral patterns that are seen in everyday life.

1.3.1 Dietary intake and Childhood obesity

Since World War Il, changes have been seen in the portion sizes and food availability and
quality has highly changed (Stein, 2016). Malnutrition, a term that was characterized to date by
lack of food, now contains a second definition. Malnutrition is also the excessive food intake and
poor dietary habits. Dietary habits characterized by high energy dense and nutrient poor food
consumption, low intake of fruits and vegetables, whole grains, high intake of processed food,
saturated and trans fats, refined carbohydrates and sodium.

The focus in nutritional epidemiology was for long directed towards the effect of specific dietary
macro- and micro-nutrients, or single dietary components, on humans health and weight status.

Dietary habits and diet in general have been studied in two ways: by studying specific food
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items and through dietary patterns. Although the understanding of the impact of individual
components may be important, it has been criticized as a «reductionist approach» and
limitations have been proposed (Willett, 1998). Dietary patterns have been derived theoretically
and empirically. The latter consist of patterns statistically derived ‘a posteriori’ from collected
food consumption data based on correlations in intakes of the various dietary components
(Waijers et al., 2007). Theoretically defined dietary patterns, however, are created ‘a priori’
based on current nutrition knowledge. They consist of nutritional variables, generally foods
and/or nutrients considered to be important to health that are quantified and summed to provide
an overall measure of dietary quality. These involve a series of food items that are or are not
consumed with scores being applied accordingly, hence the term Food Index (Fl). Dietary
patterns- indexes differ in their composition, and the many choices in the creation of a score.
Yet these issues are of essential importance to assess the usefulness and validity of a specific
index, and of diet quality scores in general, as a tool for dietary assessment, hence these

factors were considered during the development of the child-derived Food Index (cd-Fl).

1.4 Food Index Overview — Brief literature review

A food index, as mentioned earlier, is a tool created in order to precisely measure dietary
patterns and quality, by addressing human diet as a whole (Lazarou et al., 2011). This allows
the assessment of the interaction between food items and nutrients, depending on the foods
dietary patterns that are used to construct a Food index contain. Such FI's have been
constructed mostly for adults with a total of over twenty different indexes formulated (Waijers et
al, 2006), four of which are the most dominant, and 11 are widely accepted, based on which
other indixes were created. Food indexes differ in components used, including food groups
and/or nutrients and scores adopted, and therefore a high heterogeneity among these patterns
is seen (Lazarou et al., 2011, Wirt et al., 2009, Knoops et al., 2006). The basic components
present in all FI's are fruits and vegetables, either combined or separated. All other food groups

vary based on the year the research was done, the established guidelines and the objectives of

21



the study. The construction of a food index has taken three major approaches (Kant 1996): i.
Based on food groups and/or foods (i.e. Healthy Food Index: HFI); ii. Based on specific
nutrients (Healthy Eating Index (HEI), and Diet Quality Index (DQI)); iii. A combination of both.
Moreover, most food index scores are based on adherence on national dietary guidelines or the
Mediterranean pattern (Waijers et al, 2007) and contain a minimum of 3 components and a
maximum of 10 (Knoops et al 2006). The Recommended Food Score (RFS) is an exception
where a 23 food item score consumed within a week, or a 17 item consumed 1-3 times monthly.
The scoring methods also differ, with most scoring the data based on specified dietary
guidelines (met/not met), using cut-offs, medians, or specific recommendations. Indices that
have a small scoring scale appear to be less sensitive in the evaluation of indexes and fail to
capture extremes and intrinsic characteristics of food behaviors and eating patterns (Wirt et al.,
2009). Lower diet quality scores have been found to be consistently associated with higher
rates of all cause mortality, and for some specific disease rates in adults, even when

adjustments are done (Wirt et al., 2009).

1.4.1 Food-Index for children

To date limited data have been selected on children and not many food indexes have been
created specifically for this population group. Few indexes have been designed specifically for
children (Kleisser et al 2009; Lazarou, 2011; Kranz et al., 2008; Lazarou et al., 2009; Kranz et
al., 2006; Sera-Majem et al., 2004; Feskanich et al, 2004; Manios et al 2010; Golley et al.,
2011), the majority of which were developed to measure diet quality and adherence to national
guidelines. Kranz et al, (2008) found an association between diet quality and prevalence of
obesity in preschoolers using the Revised Diet Quality Index, and Golley et al (2011) studied the
dietary quality of Australian children aged 4-16 yo, modifying the DGI for Australian Adults for
children and based on the Australian Guide to Healthy Eating (AGHE provides age-specific
recommendations for children from the age of 4 years on consumption of 5 core food groups).

The KIDMED score that has been created and is being used for Children in the Mediterranean
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area is simple in use and follows general rules of healthy Mediterranean eating, with some
Western influences (cereal, potatoes, rice) and scores positively for each, all cereal is grouped
together (processed and whole wheat). It does not set cut-off levels to obtain more sensitive
results (Sera-Majem et al., 2004), as the previous indexes mentioned, it was constructed to
measure diet quality and not overweight or obesity. Feskanich et al, (2004) modified the Healthy
Eating Index (HEI) and adapted it for children and adolescents aged 9 to 14 years of age. They
found no correlation between YHEI (Youth HEI) and Energy intake, but a strong correlation with
time spent in inactive pursuits. In adults however, HEI was strongly correlated with total Energy.
The authors suggested that children’s food score might benefit from the inclusion of unhealthful
foods and concluded that more research is needed to determine the dietary elements that are
most related to health in diverse populations of youth (Fescanich et al, 2004). The previous
results however were based on dietary patterns that were developed to assess the
healthfulness of their eating habits in comparison to specific dietary guidelines, and therefore
were not specific to child obesity. According to the literature review, only three (3) indexes have
been created for school aged children (Manios et al., 2010; Lazarou et al., 2011, Sera-Majem et
al., 2004), two (2) of which have been derived (Lazarou et al., 2011; Manios et al., 2015) with
the main objective to detect risk for childhood overweight and obesity, one of which was
designed for primary school children with relevant cut-offs applied (Manios et al., 2015).
Lazarou et al., (2011) developed indexes to examine the associations with overweight and
obesity in children and found an inverse association with BMI, although the index contained 3
sub-indexes, including dietary patterns, behavioral patterns and beliefs, and dietary practices.
The latter makes the Food-index complex for a usual dietary assessment. In conclusion, Not
many indices have been developed for children and the ones that have been developed are in
adherence to specific national dietary guidelines. The relationship between children’s weight
status and dietary patterns remain inconsistent (Togo et al., 2001) and an index based on a

priory knowledge on obesogenic and non foods was warranted.
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Table 1 consists the list of foods in summary that were used in the cd-FI derivation and Table 2
depicts the score used for the food index score derivation. More information on methodology

and scoring can be viewed in the published paper (Magriplis et al., 2015).

Table 1: Food Items included in the Food Index separated in two categories

Positive - Protective Negative - Harmful

Fruit Cheese

Vegetables Red meat

Whole grains Processed food (processed meat,
Legumes chips)

Nuts Sugared Sweet Beverages

Fish Sweets

Milk Fast food (pizza, souvlaki, french fries
Yogurt hamburger)
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Table 2: Food Index scoring system

Score 4 3 2 1
Food group*
Whole grains (x 1.5)** =4 =23,<4 22,<3 <2

1 food portion = 1 slice of bread = 30 gr; 2 cup cooked pasta or rice; 30 gr ready to
eat cereal; ¥ pita bread; 2 whole wheat rusks

o potatoes were not included

Vegetables (x 1.5)** 24 >3,<4 >2 <3 <2

1 portion = 1 cup of raw salad; %2 cup cooked vegetables; 1 medium vegetable
o Potatoes and vegetable juice not included
o Cooked vegetable Mediterranean dishes were considered as 2 portion

Fruit® (x 1.5)** >3 >2,<3 >1,<2 <1

1 portion = 1 medium fruit or 2 small (ie clementines)

o fruit juice was not included

Milk (x 1.5)** 22 21,<2 >0, <1 0
* 1 portion = 1 glass of milk = 250 ml
Yogurt 22 >1,<2 >0, <1 0
* 1 portion =200 gr
Fish 22 21,<2 >0, <1 0
* afish portion = approx. 90 gr when cooked
Nuts 23 22,<3 21, <2 <1
* A portion = 30 gr of nuts or about 2 tablespoons (tbs); Or 1 tbs tahini or peanut
butter
Legumes 22 21,<2 >0, <1 0
* A portion = 1 cup cooked legumes
Red meat <1 21,<2 22,<3 >3

A portion of red meat = 70 grams cooked

Processed food <1 21,<2 22,<3 >3

A portion of processed meat = 70 grams

A portion of chips = 30 gr

Cheese <1 >1-<2 >2, <3 >3
* A cheese portion =40 gr

Fast-food 0 >0-<1 >1, <2 >2
* A portion of pizza = 1 slice
* A portion of souvlaki or hamburger = 1 regular size
* A portion of fries = 1 cup

Sugar sweet beverages (ssb’s) <1 21, <2 22, <3 23

Sweets

A portion of soda = 330 ml; Of fruit drink= 250 ml

<1 21, <2 22, <3 23

A dessert portion = 2 cookies/a slice of cake/60 gr chocolate/1 bowl of rice-pudding or




cream/ 1tbs merenda (chocolate spread)

*Whole grains, fruit, vegetables, milk, yogurt and cheese are designated in servings
per day. Nuts, legumes, fish, fast-food, redmeat, processed food, ssb’s and sweets are
designated in servings per week.

2618 missing values for wgrains (total n=3817); 1 missing for fruit (n=4434); 6 missing
for milk (n=4429); 114 missing for yogurt (n=4321); 25 missing in fish group (n=4410);
40 missing in nuts (n=4395); 233 missing in legumes (n=4202); 46 missing in redmeat
group (n=4389); 178 missing in cheese group (n=4257); 0 missings for sweets, ssb’s
fastfood and processed food (n=4435).

**weights of 1.5 were given to whole grains, vegetables, fruits, milk and legumes
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1.5 Behavioral factors: Behavioral aspects to child overweight & obesity

A combination of positive health behaviors, including physical activity, not smoking and
Mediterranean diet, was associated with significant lower weight gain and lower waist
circumference in adults (May et al., 2012), where the combined effect of various lifestyle factors
and individual dietary factors on a person’s weight and WC were evaluated. A systematic review
on longitudinal studies performed in adults, found a consistent relationship of self-reported
sedentary behavior with weight gain from childhood to adolescence (Thorp et al., 2011)
although food Intake was not considered by the authors.

In children studies have found few significant associations between BMI z-score and family food
environment, including breakfast eating patterns, food consumption while watching TV, parental
provision of energy dense foods and child consumption of energy-dense food at home and

away from home (MacFarlane et al, 2009). Studies have found an association between eating

while watching TV and weight status even when PA was adjusted for (Rey-Lopez et al., 2012).

While other studies have shown a weak association between PA and TV viewing in children and
adolescence (7-18 yo) (Jackson et al., 2009). It has therefore been recommended that PA
should be analyzed as a mediator variable, viewing PA as a consequence rather than a cause
for obesity, since children who are overweight or obese tend to be less active and not vice
versa. Furthermore, due to the difficulty in assessing PA levels, physical inactivity has been
recommended as a more precise covariate in understanding child overweight and obesity
epidemic. In order to measure physical inactivity, proxy measures are used, including total TV
viewing hours and total screen time, since it has been shown that Energy Expenditure (EE)
during TV viewing is only 18% higher than Resting Metabolic Rate (RMR) in adults (Jackson et
al, 2009). Another variable has been lately recommended by members of the GRECO study
(Farajian and Magriplis), to further address inactivity level, based on children’s responsibilities,
and that includes total study hours. Results to the latter are reported in published papers in the

general discussion section.
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1.5.1 Physical inactivity: TV viewing versus screen time

Total TV- viewing

A review in school aged children showed that TV watching was the most common measure of
sedentary behavior, and that watching TV more than 2 hours per day was associated with
unfavorable body composition, decreased fithess, and lower scores for self-esteem (Trembley
et al, 2011). Evidence suggests that TV exposure is related to Energy intake (El) rather than PA
(Marsh et al, 2014, Epstein et al., 2008), with researchers linking TV-viewing, and/or eating
while watching TV, with ‘unhealthy’ dietary habits, including snacking on high fat — high sugar
foods, having high calorie-low nutrient dense meals, having low fruit and vegetable
consumption, and drinking more sodas (Campbell et al 2006, Utter et al, 2006, Dubois et al,
2008). Pearson et al., (2011), through a systematic review reported that sedentary behavior in
children, usually termed via total screen time or TV viewing, appears to be “clearly” associated
with elements of a less healthy diet (less fruits and vegetables, higher fast-food and energy
dense food intake, and higher total E intake) while Lipsky et al., (2012) found an inverse
relationship between TV-viewing and F&V intake, and a positive relation with candies, fast-food,
and skipping breakfast. The combination of TV use appears to lead to unhealthy dietary habits,
that further increase or mediate the risk of overweight & OB, with poor nutritional status and low
self esteem needed to be considered. Children having dinner while watching TV more
frequently, had a higher bmi z-score longitudinally, while more frequent fast food consumption
at home was associated with higher odds of OW (MacFarlane et al, 2009). Borghese et al.,
2015 found that overweight and obese children watched more TV per day compared to their
normal weight peer. They also found that obese children consumed fruits and fast foods more
frequently while watching TV than normal weight or overweight children. The overall higher F&V
intake while watching TV by obese children may be due to their overall higher Energy intake,
although this should be accounted for as a probable mediator factor. Dubois et al., 2007 found

an association between a child’s BMI and the frequency of eating while watching TV, especially
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for snacks and dinner, while more or less than 3 hours of TV viewing per day was not
associated to BMI status (Dubois et al., 2007). Sisson et al, 2012, assessed TV-viewing time
and composite measures of dietary quality, via the HEI (Healthy Eating Index-2005) and found
that the lower the TV-viewing time the higher the total HEI score. The authors adjusted for BMI
and total Energy consumption among other factors, therefore the association between total Fl
score, TV-viewing and BMI was not assessed. There appears to be many discrepancies among
findings and furthermore the effect that a trend towards less TV viewing and more screen time
in respect to gaming and computer use should be considered (Falbe et al., 2013). Therefore,

total screen time is referred to.

Total Screen time

Studies have shown a high screen-based behavior among children and adolescents (2-4 hours
per day) (Salmon et al, 2011). It has been suggested that increased screen time may lead to an
increase in body weight, due to (1) a decrease in Energy expenditure through sedentary
behavior, (2) an increase in Energy intake, through an increase in snacking of advertised foods
that are high in sugar and fats. Review of longitudinal studies failed to show an association
between total screen time and BMI in adolescents (Chinapaw et al, 2011) while other studies
found an association between increased sedentary time and adiposity, and consistent evidence
that sedentary behavior increases with age in school aged children, by approximately 30 min
extra daily per year (Tanaka et al, 2014). These studies however, did not account for BMI
distribution. Grontved et al, 2014, prospectively assessed the association between TV viewing,
computer use, and total screen time with risk factors for CVD in young adulthood. They found a
positive correlation between TV and computer use with adipocity, BP, triglycerides and
metabolic syndrome in young adulthood. Furthermore individuals who increased their total
screen time for more than 2 hours per day had significantly higher BMI, insulin, and metabolic
syndrome, from adolescence to young adulthood, compared to those who kept it stable or

decreased it. Martinez-Gomez et al, 2009, found that sedentary behavior and in particular
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screen time was associated with BP in children, independent of body composition. TV-viewing
and screen time but not computer use were positively associated with systolic and diastolic BP

following adjustments, independent of body composition (Martinez-Gomez et al., 2009).

In general, higher TV and screen time duration has been associated with higher E, sugar, salt
and fat intake, a greater soda consumption and lower fruit and vegetables intake. Mitchell et al,
2013, through a longitudinal study, observed increases at the BMI percentiles over time with
increased screen time in adolescents with BMI percentiles at the upper tail of the BMI
distribution. Although they adjusted for gender, race, physical activity, maternal education and
hours of sleep, food intake was not assessed and therefore may have been confounded by food
intake and potentially total food score if the diet was viewed as a whole. Others reported that
screen based sedentary behaviors, including TV/DVD viewing and computer/games use were
positively associated with higher soft drink and unhealthy snack intake, and inversely
associated with vegetable intake (Gebremariem et al., 2013).

All of the above, among other healthy and potentially protective & unhealthy, potentially
obesogenic foods, have been included in the child derived Fl created during the course of this
PhD thesis in order to differentiate between the effects of screen time on children’s weight

status.

1.5.2 Sleep duration

Short sleep duration has been linked to increased risk childhood obesity by 58% to 89%
(Capuccio et al., 2008, Chen et al., 2008) and to unhealthy food patterns including high fat &
sugars and low fruit & vegetable intake (Nedeltcheva et al., Kjeldsen et al., 2014; Golley et al.,
2013). Olds et al 2011, examined sleep behavior to physical activity, weight status and screen
time. The found that those that children that slept late and woke up late had a higher screen
time and lower moderate to vigorous PA compared to children that slept early and woke up

early, in spite of similar sleep duration. Also they were more likely to be overweight or obese.
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Nuutinien et al (2014) found that computer use and TV viewing predicted shorter sleep duration
and later bedtimes.

In relation to diet, Hart et al., 2013 found that children that increased sleep duration reported
lower food intake, while Kjeldsen et al., 2014 reported that sleep duration was negatively
associated with Energy Density of the diet, added sugars and ssb’s after adjusting for screen
time and PA, suggesting that short sleep duration may be associated with poor-obesity
promoting diet in children (Kjeldesn et al., 2014).

Although meta-analyses have found a negative relationship between sleep and child BMI
(Cappucio et al.,, 2008, Chen et al., 2008), Bagley et al., 2013, found that not all children
exposed to poor sleep are at equal risk for higher BMI (Bagley et al., 2013), and Bayon et al.,
related screen to sleep suggesting that use of multimedia disrupts sleep efficiency/duration
(Bayon et al., 2014). The above indicate that although screen, sleep, eating patterns and eating
behaviors are related to childhood OW & OB problem, an interrelation of these factors, as
shown in this study, need to be further investigated. Studies may need to account for potential
interaction or mediating effects.

Golley et al., 2013, further assessed sleep time/hours in accordance to energy intake, diet
quality (using Dietary Guideline Index for Children and Adolescence), and BMI z-score. Study
adjusted for sleep duration and physical activity. They found that children that went to bed late
and woke up late had a higher BMI z-score and lower diet quality compared to children going to
bed early and waking up early. Also those that went to bed late consumed more energy dense,
nutrient-poor foods, while those going to bed early ate more fruits and vegetables. Energy
intake was associated with sleep duration but not sleep timing behavior. These findings were

accounted for in the second paper of this PhD thesis.

1.5.3 Eating & Behavioral perceptions based on school & environmental settings
As noted earlier, over the past 30 years childhood obesity has quadrupled in children 6-11 years

old, from 6.5% in 1976 to 18.8% in 2004 (Ogden et al., 2009 —National Health and Nutrition
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Examination Surveys). Many researchers have investigated a series of questions pertaining to
eating behavior and there is evidence supporting the theory that certain such behaviors may
precede overweight in some children (Birch et al., 1998, Fischer et al., 2003, Pearson et al.,
2009). The work of Albert Stunkard in the field of obesity research and children’s mood and
other anxiety factors, are well documented (Allison KC et al., 2016). Evidence also suggests
that dietary habits acquired in childhood persist through to adulthood (Kelder et al., 1994),
therefore understanding children’s eating attitudes and behavior is important in terms of
children’s health. Attitudes are developed at home via early experience with food and eating
with several studies showing that a child’s eating behaviour is strongly influenced by the family
environment (Scaglioni et al., 2009, Briefel et al., 2009, Brown et al., 2004), with Hill, 2002
reporting that the choice of less-healthy foods is not just because of their taste, but an act of
parental defiance and peer solidarity. As revealed by Albert Stunkard via psychological research
studies, a complex interplay of innate, learned and environmental factors which shapes
children’s eating patterns may be the basis for the epidemic.

It has been shown via a systematic review, that home availability of fruit and vegetable and
intake, were positively associated (Pearson et al., 2009). Kral et al. 2015 & Fischer et al., 2013,
found that environments that offer larger portions of palatable foods affect all children’s intake
irrespective of their weight status or how reinforcing they find food to be. Some studies have
linked childhood obesity with poorer quality of life, stress and low self-esteem rated by body
dissatisfaction (Cartwright et al., 2003, Brown et al., 2004). Scaglioni et al., 2008 via a literature
review, reported that parents create environments for children that may foster the development
of healthy eating behaviors and weight, or environments that may promote overweight and
various aspects of disordered eating.

In relation to school environment it has been estimated that forty-one percent of elementary
schoolchildren bring lunch to school on any given day and forty-five percent bring snacks (Farris
et al., 2015, Hubbard et al., 2014). Surprisingly, little is known about the foods and beverages

they bring. Hubbard et al., 2014 sought to characterize foods and beverages brought from home
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to school by elementary schoolchildren and compare the quality of packed lunches with
National School Lunch Program standards and packed snacks with Child and Adult Care Food
Program requirements. They found that twenty-seven percent of lunches met at least three of
five National School Lunch Program standards, whereas only 4% of snacks met two of four
Child and Adult Care Food Program standards, with vegetables being only 3% and ssb’s 35%.
Farris et al. (2015), reported similar results, with sixth graders having significant large amount of
ssb’s and deserts in packed lunches among. Kenney et al (2014) further added that on days
when children brought their own after-school snack, they consumed more salty and sugary
foods and nearly twice as many calories than on days when they consumed only program-
provided snacks. Other researchers also found a positive association between high fat and
energy dense foods and childhood obesity when these were offered more often at the school
setting (Fox et al., 2009, Briefel et al., 2009), with authors recommending limiting these choices.
Beets et al., (2014) examined the choices children make when provided with disparate snack
options in out-of-school-time programs among 5 to 10 year old children and found that sliced
fruit was selected more than whole fruit across all conditions but was seldom selected when
served simultaneously with sugar-sweetened, with flavored salty, snacks or other unflavored
grain snacks, whereas others also reported that the majority of the empty calories consumed by
children were at home (Briefel et al., 2009), with SSB intake being higher during weekend
compared to weekdays among adolescents, whereas the frequency of FV intake was low
(Bjelland et al., 2011), while Energy density was highest for consumption at locations away from
home and school (Briefel et al., 2009,). Differences in adolescents’ perceived availability of both
SSB and FV on the basis of parental education were found, whereas the differences in intake
were significant only for SSB (Bjelland et al., 2011).

Cartwright et al., 2003, reported that not only palatability and hunger but greater stress In school
children (mean age 11.8 years) was associated with higher fatty food intake, less F&V intake

and a reduced likelihood of daily breakfast consumption, independently of gender and SES.
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Therefore limiting food options at school may not be adequate in combating the childhood

obesity epidemic.

1.6 Childhood overweight and prenatal factors

It is recently accepted that basic lifestyle habits during early childhood, and even sooner, may
play a significant role in the wellbeing of these as adults. Based on the Early Life Theory, a
great number of chronic diseases that occur later in life start from in utero fetal development
(Barker et al. 1994), due to fetal adaptation in structure, physiology and metabolism (Bakker et
al., 2011). Investigators have reported links between prenatal characteristics and child
overweight and obesity risk including maternal nutrition, maternal smoking during pregnancy,
maternal weight status prior to pregnancy, weight gain during pregnancy. These are some of
the factors that may exert influence on the child’s weight status with an early tendency towards
overweight, perpetuated with age (Salsberry et al., 2005, Strauss et al., 1997). There is
increasing evidence that child health and weight-status may be «programmed» from in utero
life, with maternal smoking, one of the most modifiable factors linked to children’s BMI status,
blood pressure (BP) and cardiovascular disease (Law et al. 1996, Bakker et al., 2011) as well.
In relation to blood pressure, researchers have found a higher mean systolic blood pressure
(SBP) in young children whose mother smoked during pregnancy, compared to non-smokers
(Law et al. 1996, Lawlor et al. 2004) but others have not confirmed these findings (Bergel et al.
2000).

Furthermore, observational studies from 1990’s reported a possible association between
maternal smoking and children’s BMI status later in life, with a high BMI prevalence found in
children among mothers who smoked (Riedel et al., 2014). Researchers have found higher BMI
and adiposity levels in children whose mothers smoked during pregnancy (Salsberry et al. 2005,
Florath et al., 2014, Li et al. 2015). Researchers have also found a significant higher mean BMI
among offspring’s of mothers who smoked during pregnancy (Al Mamun et al., 2006, Wang et

al., 2013) reporting a direct effect; observations strengthened by a meta-analyses reporting
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higher effect estimates on childhood obesity for maternal smoking when compared to paternal
smoking (Riedel et al., 2014). The GENESIS study, however found that 3- to 5-year old children
born from mothers who were both active and passive smokers during pregnancy were 1.79
times more likely of being overweight compared to children born from nonsmoking mothers and
children with rapid weight gain in infancy was 1.9 times more likely to be overweight (Manios et
al, 2010). Findings supported by others as well, leading to the notion of residual confounding.
Another study in children 9-13 years indicated certain perinatal factors (maternal pre-pregnancy
obesity, maternal smoking at pregnancy, rapid infant weight gain and late introduction of solid
foods at weaning) and parental characteristics as important risk factors for adolescence
overweight and obesity, (Birbilis et al, 2013).

Considering that maternal smoking is one of the most modifiable factors, research that accounts
for most of the covariates found to be mediating and or moderating, partly or completely, the
effect of maternal smoking on childhood overweight and obesity, should be accounted for in a

well conducted study and analysis. The study along with the findings can be viewed in paper lIl.

1.7 Remaining gaps in knowledge

Based on the above gaps remain in the ideal dietary structure, food knowledge and use :
Depending on inclusion or exclusion of specific foods, food indices can be generated to reflect a
dietary pattern that is healthy, unhealthy, or a combination of both (Waijers et al 2007).
Furthermore at present there is no gold standard for food intake pattern analysis with more
refined scoring methods allow both protective dietary patterns and unfavorable intakes to be
identified. It remains debatable whether cut-off boundaries, dichotomous values or continuous
variables allow for a better evaluation of food intake and/or of possible associations with positive
or negative outcomes.

The next question referred to is the association of child behavioral factors and perceptions to

these obesogenic dietary patterns. Do they increase or decrease the association? Furthermore
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factors that adjust for sedentary behavior as clearly as possible should be used, including all
such behaviors that children are prone to.

Another aspect that should be referred to are prenatal exposures. Since childhood overweight
and obesity outcome has been termed multifactorial, are all these factors associated with the
increased risk, or does residual confounding and mediation affect the results.

Further questions that may be asked is how are school aged children affected by the above
factors and what beliefs have they developed concerning eating patterns and altering their
eating habits? Starting at the baseline, children’s perceptions and willingness to change based
on their weight status should be assessed. These are basic questions that can make a big
difference once assessed, on developing public health interventions to combat or prevent the
obesity epidemic. All of the above have been the scope of this PhD thesis, with a detailed

methodology followed in order to account for all potential factors that may disturb the results.
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2. Scope of the current PhD thesis

The aims of the current PhD dissertation was the examination of Greek school children and
preadolescents dietary intakes & patterns, along with factors that influence their selections &
preferences, in a nationally representative sample from the GRECO (Greek Childhood Obesity)

study

Specific aims by paper in support to PhD thesis:
1st Aim: To derive a validated food index with a simple scoring system, able to capture risk of
overweight and/or obesity in school aged children, based on a-priory knowledge of potential

obesogenic food factors, USDA data and the Mediterranean Food Pyramid guidelines.

2nd Aim: To examine the association of known obesogenic behavioral factors, including sleep,
screen and study hours, with a validated child derived dietary pattern. Secondary to assess how

these factors are related to children’s weight status when addressed together.

3" Aim: To examine the effect of maternal-smoking on school children’s weight status, as
defined by the International Obesity Task Force (IOTF) BMI cutoffs, central adiposity, defined by
waist circumference (wc), and total adiposity, measured with bio-impedance analysis (BIA).
Secondarily, the potential association of maternal-smoking with children’s blood pressure (BP)

was investigated.

4™ Aim: To investigate the extent by which school aged children in the area of Greece are

ready to change eating behaviors, based on gender, weight status and weight perception.
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3. Presentation of papers
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Newly derived children-based food index. An index that may detect
childhood overweight and obesity
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Abstract Keywords
A food index (Fl) based on a priory knowledge was developed to assess the role of diet on  Children, dietary habits, epidemic, food,

overweight (OW) and obesity (OB) in school-aged children. This included «positive» and obesogenic factors
«negative» foods based on research evidence and food guidelines, with scores set accordingly.
Statistical tests were used to strengthen the sensitivity of the index. The Fl was validated using History

data from the GRECO study. The score ranged from 17 to 53.5 (mean 34.8+5.01) and was A
inversely associated with body mass index (BMI) (—0.057+0.02; 95% Cl —0.098, —0.017) and  Received 6 January 2015
waist circumference (WC) (—0.08+0.03, 95% Cl: —0.137, —0022). Associations remained Revised 10 May 2015
significant upon adjusting for age, gender and physical-inactivity (p=0.02 ad 0.013, Acce'pted 14 May 2015
respectively). When stratified by gender, the association between Fl and WC was not significant ~ Published online 17 July 2015
for boys (p=0.08). The association with BMI remained significant for females and males

(p=0.047 and 0.037, respectively). The derived FI seems a valuable tool in detecting OW
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in children.

Introduction

Childhood obesity (OB) rate, nowadays termed an ‘‘epidemic”’, is
rising in the United States and in Europe, regardless of all the
population food guidelines and measures that are taken to combat
this phenomenon (O’Connor et al., 2006). This is of Global
concern (Barton, 2012; Lavie et al.,, 2009) since in 2013 the
number of overweight (OW) children was estimated to be over 42
million globally (WHO) and childhood OB has been associated
with an increased susceptibility to chronic diseases later in life
(Barton, 2012; Berenson et al., 2012). The latter stresses the need
to identify obesogenic factors early on, as underlined by other
researchers as well (Barton, 2012).

To date there is much speculation regarding the reasons for the
OW epidemic among children worldwide, however the specifics
remain inconclusive. Studies on childhood OB have shown that
diet and physical inactivity are the most important factors,
exceeding the effect of genetic susceptibility (Barton, 2012;
Berkey et al., 2000, 2003; Lavie et al., 2009). Many food items
have been investigated, such as sweets, sugar-sweetened bever-
ages (ssb’s) and junk food, with inconclusive results but it is now
widely accepted that food items interact and no one food alone
can be investigated without being confounded by the diet as a
whole. This has lead researchers to the search of an index that will
accurately measure and assess food intake in relation to specific
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Chair Department of Food Science and Human Nutrition, Director, Unit
of Human Nutrition, Agricultural University of Athens, Iera Odos 75,
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guidelines with end result overweight/obesity (OW/OB) and
chronic disease status.

Most indexes present to date ‘‘fit” their populations’ food
habits are based on adherence on national dietary guidelines or
the Mediterranean pattern (Waijers et al., 2007) and assess dietary
intake based on a score created that can possibly explain the
relationship of OW and OB with morbidity and mortality. In
adults, lower diet quality scores have been found to be consist-
ently associated with higher rates of all-cause mortality, and
specific morbidity rates, associations that remain even when
confounders are considered (Wirt & Collins, 2009), but to date
limited data have been selected on children. Furthermore, data
selected on this population are from food indexes that have been
adapted for children, not created for them (Feskanich et al., 2004;
Golley et al., 2011; Kleiser et al., 2009a; Kranz et al., 2006, 2008;
Lazarou et al., 2009).

Few indexes have been designed specifically for children
(Feskanich et al., 2004; Golley et al., 2011; Kleiser et al., 2009b;
Kranz et al., 2006, 2008; Lazarou et al., 2009, 2011; Manios et al.,
2010; Serra-Majem et al., 2004), and according to our literature
review, only three (3) indexes have been created for school aged
children (Lazarou et al., 2011; Manios et al., 2010; Serra-Majem
et al., 2004), only two (2) have been derived (Lazarou et al., 2011;
Manios et al., 2015) with the main objective to detect risk for
childhood OW and OB. These indexes, however, are either too
complex (Lazarou et al., 2011) to be performed (many variables
need to be determined, and nutrient calculation is required), or too
simplified (Serra-Majem et al., 2004) using a very small scoring
system increasing the risk for false results since small dietary
variations cannot be detected.
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The Revised Healthy Lifestyle Diet Index (R-HLD) has
considered many of the above aspects, it includes two non-dietary
components, including sedentary life (total time for TV watching
and playing computer games) and total Moderate to Vigorous
Physical Activity (MVPA) (Manios et al., 2015). Estimates of
physical activity, however, can be very difficult to perform, if not
actually measured by devices, increasing the risk of bias and
confounding. Also, it does not distinguish between certain food
items (i.e. red and processed meat) in light of new evidence,
showing that red and processed meat may have different
mechanism of action on health and disease (Micha et al., 2010).
In our view, although these factors should not be neglected, a pure
food index (FI) created for school-aged children that will detect
OW-OB risk is of primary aim, with the latter factors investigated
separately and in combination with the FI in order to obtain clear
results.

The goal of this study was to derive a FI with a simple scoring
system, able to capture risk of OW and/or OB in school aged
children, based on a priory knowledge of potential obesogenic
food factors, USDA data and the Mediterranean Food Pyramid
guidelines.

Hypothesis

A FI designed for children aged 9-13 years old, based on a priori
knowledge and food recommendations-dietary guidelines, will
assess dietary habits that potentially increase risk of OW and OB,
in order to accurately determine food habits that need change in
order to combat increasing rates of childhood OB.

Methods
FI derivation-rational

A total of 14 foods (11 food items and three specified food
groups) were selected based on a priori knowledge to be included
in the FI (Table 1) for children aged 9-13 years of age, based on a
priori knowledge of food items and food patterns. Factors
accounted for included research data on specific food and food
patterns, age and gender. These foods were categorized as
positive- non-obesogenic or negative-obesogenic foods, based on
a priori knowledge of food items and food patterns. Foods that
belong in the same food group, i.e. vegetables & fruit; meat,
legumes and nuts (meat & alternatives) were separated based on
their bodily effects, upon findings.

Specifically in this index positive-non-obesogenic foods
include: fruit, vegetables, whole grains, fish, nuts, legumes/
pulses, milk and yogurt; negative-obesogenic foods include:

Table 1. List of positive-non-obesogenic and negative-possibly
obesogenic foods that are included in the FI.

Positive non-obesogenic food Negative possibly obesogenic food

Fruit Cheese

Vegetables Red meat

Whole grains Processed food*
Legumes Sugared sweet beverages”
Nuts Sweets®

Fish Fast food*

Milk

Yogurt

“Including processed meat, and chips.

t’Including regular soda, fruit drinks, nectars.

“Including puddings and creams, biscuit-cereal bars, cakes/croissant,
cookies, jam-marmelade, chocolate and chocolate waffers, chocolate
spread and icecream.

“Including pizza, souvlaki, hamburger and french fries.

Int J Food Sci Nutr, Early Online: 1-10

cheese, red meat, sugared sweet beverages (ssb’s), processed food,
fast food and sweets.

Reasoning for protective and negative foods

Dietary guidelines stress the need to consume whole-wheat grains
(USDA), due to their high fiber contents, and latest evidence
suggest that these may be associated with lower weight gain
(Mozaffarian et al., 2011). All food organizations recommend that
grains and cereals should be whole wheat, non-processed and an
Acceptable Intake (AI) of 14 g of fiber per 1000kcal in children
and adolescence aged 4-18 years is recommended. A daily
vegetables and fruit consumption is also underlined. These were
entered separately in the FI as it has been recommended (Waijers
et al., 2007), due to their different carbohydrate composition, fiber
and nutrient content. Dietary guidelines also stress the need for
dairy intake due to the children’s high needs for calcium,
phosphorus and magnesium; minerals that support growth. Milk,
yogurt and cheese however, were analyzed separately due to their
composition differences, with the latter being incorporated in
negative foods due to its high saturated fat and sodium content.
Furthermore, research has shown a potential beneficial effect of
yogurt on health and weight status (Mozaffarian et al., 2011).
Evidence has also emphasized the need for vegetable protein
intake for health, in adults and children, mainly from legumes and
nuts (Matthews et al., 2011; Moreno et al., 2013; Rossi et al.,
2013; Turati et al., 2014). Epidemiologic studies and clinical trials
suggest that regular nut intake may help in weight loss and is
unlikely to contribute to OB despite their high energy density
(Ros, 2010). An inverse relationship has also been found between
peanut consumers and OW/OB in children compared to non-
peanut consumers (Moreno et al., 2013). In 2011, Canada
recommended that nuts, legumes and tofu should replace meat
as often as possible (Santé et Services sociaux Québec, 2015). In
their 2010 recommendations, USA recommended that fish and
seafood should replace meat and poultry whenever possible with
an intake of at least two portions of fish per week being supported
(AGHE, UK 2011, France 2004).

For the negative foods of the FI, emphasis on recent OW-OB
studies, and fat and sodium was given. It has been recommended
that children should decrease saturated fat intake to <8% of
total daily energy intake (FAO/WHO/UNU, 2004) or to <10%
(FAO/WHO/UNU, 2004; Nordic Council of Ministers, 2013) as
well as a reduction in sodium. The former recommendation limits
red meat, and both suggest a lower processed meat and cheese
consumption. Research has shown that children with a high
Mediterranean diet score can have a high Na intake, with cheese
being a major contributor (Magriplis et al., 2011). Processed food
(including processed meat and chips/crisps) were grouped
together due to their high sodium and preservative content.

A reduction of total simple sugars intake is also recommended.
Institution of Medicine (IoM, 2005) recommended minimizing
simple sugars to <25% of a total of 45-65% of total carbohy-
drates, for children between 4 and 18 years of age. NNR 2012
advises a reduction of simple sugars to <10% of carbohydrates
(45-65% in total) for any child over 2 years old and WHO to
<10% of total energy intake for all ages. In order to comply with
the above recommendations a score on sugar intake from dessert
items is warranted, irrespective of the food’s caloric value. The
goal of the FI is not to remove all sugar content (addressed by the
4-1 score, compared to 0-1), since this would be unnatural, but to
minimize ‘‘empty calories’” (i.e. jam and marmalade) and energy
dense foods, low nutrients content foods (i.e. cookies, cake and
chocolate). Sweets encompass sugared solid items, including
cake, cookies, sweet pastries like croissant, marmalade, honey,
chocolate bar and chocolate spread, and ice-cream. Ready to eat
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(RTE) cereals have been investigated for their potential
obesogenic role due to their sugar content, but to date remain
controversial. Many studies, however, have found a negative
correlation of RTE cereals and body weight in children (de la
Hunty et al., 2013; Kosti et al., 2008). Furthermore, whole wheat
(ww) RTE cereals were therefore included in positive foods, due
on their fiber composition and high nutrient supply through
fortification. Potatoes and refined grains were not included since
their effects on body weight are either not linked or highly
controversial.

This FI separates ssb’s from sweets, due to evidence that these
may play a key role in the etiology of OW and OB during
childhood, and evidence supporting that liquids have less impact
on satiety compared to solid foods (Dennison, 1996; Nissinen
et al., 2009; O’Connor et al., 2006). In order to derive measurable
and comparable results, a specific definition for ssb’s defined as
any liquid containing >25% of its calories as simple sugars
(Mariner & Annas, 2013) was used in the creation of this FI,
including all regular soft drinks, fruit drinks and fruit nectars.

The «Fast-food» category (including souvlaki, hamburger,
pizza and fries) included energy dense but nutrient poor foods,
high in saturated and trans fatty acids. Fast food intake has been
associated with an increase in body weight and waist circumfer-
ence (WC) OB in children (Nago et al., 2014; Shang et al., 2014).
A link was also found with type 2 diabetes in adult women when
consuming >2 fast-food meals per week (Krishnan et al., 2010).

Scoring system

A weighting system of 1 or 1.5 was used for positive foods in
order to increase the sensitivity of the index in detecting internal
variation in dietary habits and to underline the increased
requirements of some foods in school-aged children, due to
growth, as earlier stressed. To date, in all child-based indices, all
individual variables are given the same weight therefore equally
contributing to the score. It has been suggested that it is not
plausible for all index components to have the same health impact
(Waijers et al., 2007) and furthermore, the same obesogenic or
non-obesogenic effect.

More specifically a score of 1-4 was given to protective foods,
based on their intake, with 4 given for consuming the maximum
recommended intake and 1 if consumption was at the lowest
recommended level (Table 2). Intake was specified in total
servings per day, with a serving being food dependent (i.e. raw
versus boiled vegetables, RTE versus cooked cereal, portion of
cheese, meat, milk, etc.) and is depicted in Table 2.

Higher weights (score 1-4 multiplied by 1.5, hence 1.5-6)
were then given to whole grains, fruits, vegetables and milk
based on data of there increased requirements in school-aged
children due to growth, as per the recommendations made by
the American Academy of Pediatrics (National Heart, Lung
and Blood Institute, 2011) for OB and cardiovascular disease
prevention.

For negative-harmful foods the opposite was performed; 4 was
given to those consuming the lowest level and 1 to children
consuming the highest levels of these food. With regards to fast-
food, where no intake is suggested a score of 4 was assigned to no
intake and 1 if these foods were consumed more than twice a
week. For sweets and ssb’s, the highest score was assigned for a
limited intake of less than one portion per week and the lowest
score for a frequency of more than three per week.

Table 2 provides a detailed summary of the scoring system for
each food separately. The total FI score was obtained by summing
the scores assigned to each individual index component.
Theoretically based on the total foods in the FI and considering
the weights given to four of these, the total FI a child can achieve

Newly derived children-based food index 3

will range from 16 (minimum value possible) to 64 (maximum
value). Higher FI values indicate healthier dietary intake and
support the hypothesis of lower probability for OW and OB in
school-aged children. Median values were also considered further
in the analysis.

Fl validation

The derived FI was validated based on a large cross-sectional
study that included Greek children aged 10-12 years old (GRECO
study). Complete usual dietary intake was assessed using a
48-item self-administered picture aid FFQ (FFQ can be seen in
Supplementary material) through public schools. All participants
were asked about their usual frequency of food consumption on
average over the last year with response categories ranging from
never, 1-2 times per month, once a week, twice a week, 3-6 times
a week, to everyday. Visuals were used to help children to
understand and address portion sizes. Specifics on the type of
food consumed were also asked for, including whole wheat grains
and cereals. Total frequency intake was converted to servings per
day and these were used to calculate the total FI score per child.
Data from 4832 children leaving in the Greek municipality
(semiurban and urban areas), aged 10-12 years were collected.
Anthropometrics gathered included measurements by trained
personnel, on body weight to the nearest 100 g (Tanita TBF 300),
body-standing height without shoes (Leicester height measure) to
the nearest 0.1 cm and WC to the nearest 0.1 cm (Seca, non elastic
tape, Germany). Percentage of body fat (%BF) and fat mass (kg)
were estimated by the foot-to-foot impedence method (Tanita
TBF 300). Body mass index (BMI) was calculated by dividing
weight (kg) by standing weight squared (m?). Detailed informa-
tion on sampling and measurements has been already published
(Farajian et al., 2011, 2013). After data inspection, a total of 452
children were excluded; 117 children had all data missing; 95
children had left unanswered over 20% of the FFQ (>10
questions) and 240 individuals had reported implausible energy
intake (<600kcal/day or >6000kcal/day). A total of 4439
individuals remained and were included in the FI validation.

Basal Metabolic Rate (BMR) was calculated based on
Schofield’s equation (Schofield, 1985).

Physical inactivity

The FFQ contained questions on television (TV) and computer
possession in the bedroom, as well as total time spent (a) watching
TV, (b) playing video games, (c) surfing on the Internet and
(d) studying. The total sedentary hours were derived and added
in order to adjust for physical inactivity as a proxy measure of
physical activity.

BMI category derivation

Children’s BMI cut-offs were defined based on International
Obesity Taskforce (IOTF) standards (IV) (Cole & Lobstein,
2012). According to the authors, these new cut-offs are easy to
derive and can be expressed as BMI centiles, allowing them to be
compared with other BMI references. Children were separated in
five categories based on their age and gender specific BMI;
underweight, normal weight, OW, obese and morbidly obese, as
per IOTF definitions (Table 3). Age and gender were considered
since a child’s BMI changes with age, and growth patterns differ
between genders (Cole & Lobstein, 2012). They were finally
grouped into three categories for the final statistical tests based on
the frequency and percentages observed (1: under- and normal-
weight; 2: overweight; 3: obese and morbidly obese children)
(Table 3).
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Table 2. Food index scoring system.

Int J Food Sci Nutr, Early Online: 1-10

Score -4 3 2 1
Food group®
Whole grains (x1.5) >4 >3, <4 >2,<3 <2
o 1 food portion =1 slice of bread =30 g; %2 cup cooked pasta or rice; 30 g ready to eat cereal; %2 pita bread; 2 whole
wheat rusks
o potatoes were not included
Vegetables (x 1.5)° >4 >3, <4 >2,<3 <
e 1 portion=1cup of raw salad; % cup cooked vegetables; 1 medium vegetable
o Potatoes and vegetable juice not included
o Cooked vegetable Mediterranean dishes were considered as %2 portion
Fruit® (x1.5)° >3 >2,<3 >1,<2 <1
e 1 portion=1 medium fruit or 2 small (ie clementines)
o fruit juice was not included
Milk (x1.5)° >2 >, <2 >0, <1 0
o 1 portion=1 glass of milk=250ml
Yogurt >2 >1, <2 >0, <1 0
e 1 portion=200g
Fish >2 >1, <2 >0, <1 0
o A fish portion = approx. 90g when cooked
Nuts >3 22,3 >1,<2 <l
e A portion=30g of nuts or about 2 tablespoons (tbs); or 1 tbs tahini or peanut butter
Legumes >2 >, <2 >0, <1 0
e A portion=1cup cooked legumes
Red meat <1 >, <2 >2,<3 >3
e A portion of red meat=70g cooked
Processed food <l >, <2 22,3 >3
e A portion of processed meat=70g
e A portion of chips=30g
Cheese <1 >1-<2 >2,<3 >3
o A cheese portion=40g
Fast-food 0 >0-<1 >1, L2 >2
e A portion of pizza =1 slice
e A portion of souvlaki or hamburger =1 regular size
e A portion of fries=1 cup
Sugar sweet beverages (ssb’s) <1 >3 e ) >2,<3 >3
e A portion of soda= 330ml; of fruit drink =250 ml
Sweets <1 >, <2 >2,<3 >3

e A dessert portion=2 cookies/a slice of cake/60gr chocolate/l bowl of rice-pudding or cream/Itbs merenda

(chocolate spread)

“Whole grains, fruit, vegetables, milk, yogurt and cheese are designated in servings per day. Nuts, legumes, fish, fast-food,
redmeat, processed food, ssb’s and sweets are designated in servings per week.

Weights of 1.5 were given to whole grains, vegetables, fruits, milk and legumes.

618 missing values for wgrains (total n=3817); one missing for fruit (n =4434); six missing for milk (n =4429); 114
missing for yogurt (n=4321); 25 missing in fish group (n=4410); 40 missing in nuts (n=4395); 233 missing in
legumes (n =4202); 46 missing in redmeat group (n=4389); 178 missing in cheese group (n =4257); zero missings for

sweets, ssb’s fastfood and processed food (n=4435).

Table 3. Children’s weight categorization based on adult’s BMI according to IOTF standards and BMI categories used in FI validation.

Children’s classification Respective adult BMI BMI category GRECO frequency Total % % Boys % Girls p Value
Normal weight 18.5-<25 2327 54.87 53.97 55.72 p=0572
Underweight <185 1 148 3.49 2.96 4.00

Overweight 25-<30 2 1260 29.71 30.18 29.26

Obese 30-<35 447 10.54 11.24 9.88

Morbidly obese >35 3 59 1.39 1.65 1.15

Total n/a 4241 100 100 100

Statistical analysis
Data presentation

Descriptive statistics, including frequencies, mean, median,
standard deviation (+SD) and range (minimum-maximum
values) were calculated for continuous variables and to describe

the distribution of the FI. Categorical variables (such as gender,
age-group, BMI categories, inactivity level) were summarized as
relative frequencies (%).

Probable gender differences were assessed using t-test,
whereas differences in age and in BMI categories were assessed
using ANOVA, with Bonferroni correction in order to reduce type

RIGHTS LINK(

43



Int J Food Sci Nutr Downloaded from informahealthcare.com by 2.84.223.126 on 08/04/15
For personal use only.

DOI: 10.3109/09637486.2015.1056109

1 error (reject the null hypothesis Ho when it is true), a possible
error seen with Student’s ¢-test when analyzing more than two
variables.

Scatter plots were constructed for each variable of interest
separately to assess linear association with total food score and
detect common outliers or any other discrepancies in data.

Food index (FI)

Cronbach-alpha (o) was performed in order to test the interrela-
tion of each variable used in the FI model constructed and in total.
Most acceptable values were considered as o =0.7-0.95 (Tavakol
& Dennick, 2011). In order to strengthen the results from
Cronbach-¢ and to confirm the constructive validity of the index,
Factor analysis was done. An Eigen value >1 was considered
informative.

Via Variance Inflation Factor (VIF), the extent to which pairs
of variables provide independent information for purposes of
predicting the dependent variable (FI total), given the presence of
other variables in the model, was tested. The main aspect was to
avoid collinearity. As a rule of thumb, a variable whose VIF
values are greater than 10 merit further investigation; tolerance
(1/VIF) level less than 0.1 is comparable to VIF+ >10. A high
value may mean that the variable could be considered as a linear
combination of other independent variables and should be
removed. Bootstrap in 100 replications from the data set was
also performed to assess results from random sampling.

In order to assess whether the FI can adequately detect
children at risk for OW or OB, random sampling without
replacement was performed, splitting the GRECO data randomly
into two (2) new data sets 75-25%. An OB equation derived from
the first data set (75% sample; 3326 random observations) was
then applied to the 2nd data set (25% sample):

exp(b0 + b1 * score)
1 + exp(b0 + b1 x score)

probability of being obese =

The strength of the index was assessed by examining the
association of the probability of being OW/OB, as derived from
the first sample, with the total FI score achieved by the children
from the second sample (25% sample).

Data analysis

Multiple linear regression analysis was performed to test the
contribution of each individual food included in the FI on the total
score via the coefficient of variation (R?). This is a quantitative
measure of the weight each food quartile has on the total FI score
alone and when adjusted for the other variables. The coefficient of
variation (R?) was determined and was reported as a test of how
well the model accounts for the outcome. To overcome the
limitation that the coefficient of variation has (increases as the
number of variables increase), the adjusted R® were also
calculated and reported. A positive adjusted R? indicates that
the gain in adding the variable is greater than the charge.

FI scores were depicted in total for each child and then
stratified by gender and age, to detect any differences. Total score
and median values were compared. Linear regression was used to
assess the relationship between total FI score and BMI (continu-
ous) measure, as well as the association between FI and WC.
Crude and adjusted measures were investigated, considering age,
gender and physical inactivity in the model. The median value of
the total FI was assigned as the cut-off point in the analysis to
discriminate among the children’s weight status. Specifically,
the total food score was dichotomized above and below the
median (Q3 & Q4 versus Q1 & Q2), to investigate the upper two
quartiles and its association with OW and OB (BMI) compared to
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the lower two. Logistic regression analysis was used to evaluate
potential associations between the median FI score and categor-
ical BMI status assuming linear association. This was firstly seen
in unadjusted (crude) format and then probable confounders were
assessed by a stepwise approach via multivariable logistic
regression. In each step the Likelihood Ratio Test (LRT;
Chi square model) was used.

Confounding

Confounders, including age, gender, physical inactivity and
potentially energy intake were included in a step-wise approach.
Physical inactivity was used as a proxy of sedentary activity and
was derived by summing the average time spent watching TV
and/or other ‘‘screen time’’ including video games and computer
plus the total number of study hours over the week. Statistical
analysis was conducted using Stata Version 12.0 (StataCorp.,
2011). Differences of p <0.05 were considered to be significant.

Results

Total FI score in the GRECO population ranged from 17 (min
value) to 53.5.(max value). The overall mean was 34.5 (£5.01)
and the median score was 34.81, therefore a normal distribution
was assumed (Table 4). The mean FI score and the mean
inactivity hours, between genders were not statistically different
(ANOVA; p=0.138 and 0.290, respectively), whereas a differ-
ence was found in the gender’s mean BMI (p=0.034), WC
(p<0.001) and in total Energy intake (p<0.001). Table 1
summarizes the food that have been used to create the FI,
whereas Table 2 depicts the scoring system derived as explained
earlier in methods section. In Table 5, the unique variance
contribution of each independent food variable to the FI listed and
the common variance contributions for all independent variables
to the equation were derived. Vegetables and legumes had the
highest individual contributions (R*=0.179 and 0.232, respect-
ively). A 0.989 (or 98.9%) total coefficient variation was obtained
in the FI model meaning that the variables in the model can
explain 98.9% of the total score obtained.

No collinearity was observed among explanatory variables
(age, BMI, gender and inactivity). The VIF and tolerance (1/VIF)
ranged from 1.02 to 3.31, with the latter being the tolerance level
for WC (data not shown). Independency was therefore assumed
among the variables.

Children’s weight classification and its relation to adult's BMI
levels as per IOTF standards are given in Table 3. About 58%
were depicted as under- and normal-weight (3.49% and 54.87%,
respectively), approximately 30% of the children were found OW
and 12% were noted as obese, with no evident statistical
difference in mean BMI distribution between males and females
(p=0.572). The final BMI categories developed and used for the
analysis are also depicted in this table. Children were classified
into three groups based on their age: 1 if <10, 2 if around 11 years
old and 3 if >12. Approximately 30% of the total children were in
category 1 (28% boys and 32% girls), 49% children in 2 (49.6%
boys and 48.9% girls) and 21% in category 3 (22.8% boys and
19.2% girls). A statistically significant difference was observed
between age groups and gender (p<0.001). A statistical signifi-
cant difference was also found when assessing BMI categories
between boys and girls (p=0.03), with approximately 57% of
boys versus 60% of girls being under- or normal-weight; 30%
boys versus 29% girls being OW; and 13 % boys versus 11% girls
being OB. A borderline difference between BMI categories and
age groups (p=0.047) was also found (data not shown).

A statistically significant effect was derived between total food
score and child’s BMI (—0.057 +0.02, 95% CI: —0.098, —0.017),
and their WC (—0.08 +0.03, 95% CI: —0.137, —0.022). in a crude
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Table 4. Informative variable identification with statistical description.
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Variables of interest Frequency® Mean Median SD Min Max p Value
BMI 4241 20.25 19.66 3.74 1247 38.16
BMI_girls 2177 20.13 19.54 3.68 12.86 36.05 0.034
BMI_boys 2064 20.37 19.77 3.80 1247 38.16
Total FI score” 4435 34.81 34.5 5.01 17 535
Females 2271 34.70 34.5 4.91 17 50.5 0.138
Males 2164 34.93 35 s 17.5 535
Physical inactivity® 4422 10.03 9.5 432 0 34.5
Females 2266 10.09 9.5 4.18 0.5 345 0.290
Males 2156 9.96 9 4.46 0 30
Energy* 4435 1990.6 1746.1 1008.3 602.6 5966.6
Females 2271 1837.4 1610.3 911.6 603 5883.4 <0.001
Males 2164 21514 1900.9 1077.8 602.6 5966.6
Waist circumference® 4246 68.56 67 9.59 40 109
Females 2176 67.42 66 9.14 40 108 <0.001
Males 2070 69.76 68 9.91 44 109

Statistically significant results are shown in bold and italicized.
*Number of observations.
®Total food index score for all children and by gender.

“Physical inactivity a sum of total screen and study hours per day for all children and stratified by gender.

“Total energy intake for all children and stratified by gender.

“Waist circumference in centimeters (cm) for all children and stratified by gender.

Table 5. Contribution of individual predictive variable on total food
index.

Variables® Unique R>  Combined R Adj. R*  Total R®
Vegetable 0.179 0.989
Legumes 0.119 0.265 0.264

Fish 0.1008 0310 0.309

Fruit 0.2332 0.438 0.437

Yogurt 0.052 0.450 0.450

Whole grain 0.144 0.507 0.506

Milk 0.119 0.556 0.555

Nuts 0.074 0.568 0.567

Fast food 0.046 0.638 0.638

Processed food 0.102 0.771 0.770

Red meat 0.0261 0.845 0.845

Cheese 0.0003 0.908 0.908

Sweets 0.027 0932 0.931

SSB’s 0.067 0.989 0.989

“All variables defined based on score derivation.

analysis (Table 6). When stratified by gender, the association
remained significant for both genders for BMI (boys:
—0.058 +0.03, 95% CI: —0.012, —0.001; girls: —0.06 +0.04,
95% CI: —0.016, —0.004) but only for girls in the case of WC
(boys: —0.075+0.04, 95% CI: —0.158, 0.008; girls: —0.098 +
0.01, 95% CI: —0.177, —0.019). With every unit increase in the FI
score the children were —0.057 times less likely to be OW or OB
and 0.08 less likely to have a high WC. When adjusted for
confounders (gender, age and inactivity), the strength of the
association remained significant in both the cases.

In Table 7, the data depicted reveal that as the BMI category
increases the total FI score is lower than the median FI score
(—0.069 +0.03, 95% CI: —0.121, —0.018; p = 0.007). The model
including gender, age and inactivity provides significant results,
however when total energy intake is entered BMI categories have
no significant association with the dichotomized FI score
(—0.046 +0.03, 95% CI: —0.098, 0.007; p = 0.089).

Sensitivity analysis that tested the probability of children being
OW/OB with the total FI score showed that as the FI total
increases in the 25% randomly selected GRECO sample, the
probability of OW/OB decreases significantly (p<0.001), as
depicted in Figure 1.

Discussion

The FI score adequately distinguished OW and obese children,
from normal and under-weight. With every unit increase in the FI
score the children were —0.057 times less likely to be OW or
obese and 0.08 times less likely to have a larger WC, whereas the
higher the BMI category the higher the likelihood of children
having a FI score below the median. The association remained
significant upon adjusting for age, gender and total inactivity.

Composing an index remains a complex matter with a large
degree of subjectivity. In order to avoid creating «yet another
index» but to expand on the ones already created, data from
previous scores derived along with current knowledge on
childhood OW/OB and obesogenic factors were used to derive
a more sensitive index. Feskanich et al. (2004) suggested and
used an index that contained «harmful» foods along with those
recommended by organizations. The current FI index expanded
upon the researchers work and further distinguished foods based
on recent evidence in order to create an index that may detect
OW/OB in children. The FI was derived specifically for school
aged children, and designed to primarily detect OW and OB in
this age group based on a priori knowledge. All known food
items that have been shown to add to health, prevent weight
increase and those that may increase weight were added. Also
potential high-risk foods, not yet proven but speculated to lead
to weight increase were added in order to test the interrelated-
ness of these food items. For example, a large prospective study
in the US women found that weight gain was inversely
associated with fruit, vegetable, whole grain, nut and yogurt
intake (Mozaffarian et al.,, 2011). This is in accordance with
evidence suggesting that an index that includes all components
associated with the outcome, separated even if these belong in
the same food group, in order to account for interaction between
dietary components, as long as they are not interrelated (no
collinearity), has a higher diagnostic accuracy compared to
indexes that contains only some of the components (Kourlaba &
Panagiotakos, 2009; Waijers et al., 2007). No collinearity was
present in our results and a good Cronbach-alpha (value of 0.7)
was derived with this FI.

The role of ssb’s on childhood OW and OB was investigated in
a total FI aspect, due to the controversial results (Malik et al.,
2006) and potential publication bias (Forshee et al., 2008) when
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Table 6. Crude and adjusted linear regression between total FI score and BMI, and between total FI score and WC.

Coefficient (+SE) p Value 95% CI
Crude linear regression”
BMI

Total FI° —0.057 [0.02] 0.005 -0.098, -0.017
By Gender Males -0.058 0.05 -0.012, -0.001

Females —0.06 [0.04] 0.037 —0.116, —0.004

Waist circumference

Total FI —0.08 [0.03) 0.007 -0.137, -0.022
By Gender Males —0.075 [0.04] 0.077 —0.158, 0.008

Females —0.098 [0.01] 0.014 -0.177, -0.019
Adjusted linear regression”

BMI
Total FI —0.057 [0.02] 0.005 —0.098, —0.017
Gender —0.058 (0.02) 0.004 —-0.099, —0.018
Age —-0.049 (0.02) 0.017 -0.090, —-0.009
Inactivity® —0.048 (0.02) 0.020 —0.089, —0.008
Waist circumference

Total FI —0.08 [0.03) 0.007 -0.137, —-0.022
Gender —-0.09 [0.03) 0.003 -0.143, -0.029
Age —-0.075 [0.29] 0.010 —-0.132, -0.018
Inactivity —-0.072 [0.013] 0.013 -0.130, —0.015

Statistical significant results are shown in bold.
“Crude values are stratified by gender.

PLinear regression in a stepwise approach, adjusting in a stepwise approach.

“Total food Index score.

%Physical inactivity a sum of total screen and study hours per day for all children and stratified by gender.

“Regression stratified by gender.

Table 7. Acquired results between BMI categories and total FI median score: crude and adjusted data from logistic

& multivariable logistic regression.

BMI* Coefficient SE  p Value 95% CI Unique chi square  Model chi square®
Total FI° -0.069 0.03 0.007 —0.121 to —0.0187 0.0073 -
Gender -0.071 0.03 0.007 —0.122 to —0.020 0.016
Aged -0.076 0.03 0.004 -0.127 to —0.025 <0.001
Inactivity® -0.076 0.03 0.004 —-0.127 to —-0.024 <0.001
Total energy —0.046 003  0.089 —0.098 to —0.007 <0.001
“BMI in three categories.

®Based on median value (above and below 34.5); first row depicts crude data. Rows below depicts the effect of each

confounder in a stepwise approach.
°LRT tests for each factor shown as Chi square value.
9Age as a categorical variable (in three categories).
“Inactivity in quartile.

studied individually. Results obtained support the hypothesis
that when ssb’s are consumed in association with a low FI score,
the probability for OW/OB in school-aged children increases.
This is supported by researchers (Collison et al., 2010) that have
reported poor dietary choices in individuals aged 10-19 years
with a high intake of sugared sweetened carbonated beverages.

To further decrease subjectivity, a sensitivity analysis, via
splitting the data into two new data sets (75-25%) via random
sampling was performed upon FI validation by the GRECO study.
This strengthened the power of the index to detect OW/OB
children since the probability equation derived from the first data
set was used to find the probability of OB in the second data set
(25% random sample). The FI score was significantly lower
among those OW/OB compared to normal or underweight
children.

The index was kept simple, by including food items only, in
order to be used easily as a tool by trained health care
professionals. To date only five other researchers, to our
knowledge have addressed school aged children (Feskanich
et al., 2004; Lazarou et al.,, 2011; Manios et al., 2015; Serra-
Majem et al.,, 2004) and only two have derived scores with
primary objective to assess OW and OB (Lazarou et al., 2009;
Manios et al., 2015).

A scale of 1-4 was used with a weighting system in order to
increase its discriminating power. It is reported that indices that
have a small scoring scale appear to be less sensitive in their
evaluation of dietary intake and fail to capture extremes and
intrinsic characteristics of food behaviors and eating patterns
(Wirt & Collins, 2009; Waijers et al., 2007), whereas indices with
a larger scoring system are more sensitive in detecting small
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Figure 1. The log probability of children being overweight/obese versus
the total weighted FI score.

changes in eating habits, and may allow the score to better
discriminate individual intake unfolding internal variability
(Waijers et al., 2007).

Results of the present study indicate that as the FI score
increases, the probability of a child being OW/OB decreases. In
all child-based indices all individual variables are given the same
weight, therefore contribute equally to the score. Since this is the
first time to our knowledge, that weights are given to food items,
and since the exact ‘‘health’” impact is difficult to ascribe, the
weights given may be underestimated, hence further under-
estimating the probability of a child being OW/OB. Research
specifically testing the risk ratio (RR) of the individual index
components on OB may be warranted in order to determine more
specifically the exact differences in weights of each individual
component in the index.

When inactivity, age and gender were controlled for the
association increased, and remained statistically significant, in
support to other research findings (Feskanich et al., 2004;
Lazarou et al., 2011; Manios et al., 2015; Serra-Majem et al.,
2004). When energy intake was controlled for, the association
between BMI and FI seized to be significant. This is in
discordance with Golley et al. (2011), although the FI (DGI-
CA) used was not specifically derived to assess OW/OB. It has
been suggested that energy may be a mediator in the causal
pathway (Mozaffarian et al., 2011), and should therefore not be
adjusted for. It should also be underlined that children’s energy
needs are related to their growth and activity level, a difficult
variable to measure, and may therefore lead to misclassification if
controlled for. This is strengthened by the fact that Feskanich
et al. (2004), found no relationship between energy intake and
BMI in children, results opposite to the ones observed in adults.
No upper cut-off levels were therefore used for protective foods
when deriving this FI, unlike Manios et al. (2015). Total FI score
remained statistically significant even when inactivity was
accounted for as reported by other authors in the same population
(Feskanich et al., 2004). Physical activity is hard to measure
accurately, if not actually monitored in a strict fashion, therefore a
proxy measure of inactivity, including average total screen time
and study hours per week, was used. This has been accepted and
used by many other researchers to increase the precision of the
model used in the analysis and decrease residual confounding
(Berkey et al., 2003; Feskanich et al., 2004). Furthermore,
research designed specifically to assess the effect of inactivity on
BMI on school aged children have found a significant increase in
BMI for boys and girls, aged 9-14 years, with increased screen
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time and caloric intake in a year period (Berkey et al., 2000,
2003).

It has been speculated that too much fiber may decrease iron
availability, with iron deficiency (ID) being a concern in children
(Manios et al., 2015), when all grain products consumed are
whole wheat. Under normal conditions, it is difficult to exceed the
recommended Al for fiber in children (14 g per 100 kcal intake),
considering that one slice of whole wheat bread contains
approximately 2g of fiber, and children are recommended to
consume between 4 and 6 portions of grains and cereals. Fruits
and vegetables also provide fiber but this is within a range of
1-2 g of fiber per serving, maximum, whereas pulses and nuts are
not consumed daily. It is evident that in order to meet the
recommended Al for fiber, most servings, if not all should be
whole wheat.

Although, APA recommends that all children over 2 years old
should consume low fat dairy products, the distinction has not
been made in this FI, since cheese, a high fat dairy product, was
added to the «harmful foods». Furthermore, two cohort studies in
young children (Scharf et al., 2013) and adolescents (Berkey et al.,
2005) showed that children or adolescents consuming low fat milk
had a similar increase in body weight as those consuming full fat.
Refined grains were omitted since they are counterbalanced with
whole grains. Alcohol was not accounted for due to the age of the
population studied. Total fat content and other macronutrients
were not separately assessed since the food as a whole, and how
these interrelate, and not specific macronutrients, was investi-
gated. This further simplifies the providing an easy tool for use to
health care professionals.

Measurements were performed by trained personnel and
substantial equipment, decreasing reporting bias, which can
decrease the size and reliability of the evidence. Under-reporting
of total food intake by children with weight problems or those
who were weight concerned, is always a problem. This was
accounted for in the analyses where implausible data (>6000 kcal,
or <600) were excluded.

Limitations

Behavioral factors, which have also been greatly studied, have
been associated with childhood OW and OB, and have been used
in other food indexes (Feskanich et al., 2004; Lazarou et al., 2011;
Manios et al., 2015) were not accounted for in this FI, since the
major difficulty is assessing the food interrelationship and how
this may affect children weight status and adiposity. Based on the
results of food intake on body weight the effects that behavioral
factors exert, can be determined by adding these to the basic
model.

The GRECO study is a large cross-sectional study, it does not
provide longitudinal data to evaluate whether normal weight
children with low FI become OW over time. Also reverse
causality and random errors in measurement of self-reported
are types of bias that may affect cross-sectional studies in
general since not all confounders can be fully excluded. In this
case however, this seems unlikely, since it is unlikely that OW
and obese individuals had a lower FI than normal weight
individuals due to reverse causality or random error, since
due to their weight status and their age they would be prone to
eat and/or report healthier food choices, leading the results
towards null. An underestimation of true association (bias) would
result, meaning that the FI created may be even stronger in
detecting child ow/ob if these probable errors are further
accounted for. Furthermore, cross-sectional studies, developed
reliably with a large sample size, as in the case of GRECO study,
that minimize bias and adjust for confounders can show substan-
tial results.
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The FFQ used to assess children’s dietary habits and intakes in
general had a total of 48 questions, with some sub-questions. This
may have been overwhelming for a child, therefore leading to
reporting bias. However, the FFQ was based on seasonal
variability and any discrepancies viewed were either tailored
back to the child by a trained professional or were cleaned
from the data prior to analysis (i.e. implausible energy intake
>6000kcal). The age group studied affects the results derived
since food/nutrient recommendations differ based on their growth
and overall needs. Although, food portions and not portion sizes
have been used, care must be taken when using this index since it
has been specifically been derived for school aged children.

Conclusion

The application of food indexes in children is limited and those
that have been applied have mostly aimed on assessing diet
quality. It is this population that sets the basis for many weight
and health related problems later in life, therefore it is the
childhood population that researchers should focus on in a greater
degree, considering the world-spread OW problem in children, if
the goal is to achieve primary prevention. A diet score, therefore,
that will potentially assess OW/OB in children was warranted.
Unlike most previous studies this FI was created to specifically
detect OW and OB, and not healthy eating habits, with the scoring
method being based on age and gender recommendations when
these were available and were not population driven. Hence,
generalizability of the index would be possible as well as
comparison of results. The FI created as tested, shows promising
results in detecting this epidemic. More research is warranted on
the «weights» that foods should be given in order to further
increase the sensitivity of the index.
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Abstract
Objectives To assess the effect of dietary and behavioral factors on childhood overweight

(ow) and obesity (ob) epidemic and assess the predictive ability of a child derived Food Index
(cdFl) of children’s weight status, when total sleep, study and screen time are addressed.
Methods Study included Greek school-aged children (n=4308) from the GRECO study, a
cross-sectional survey. Participants self-reported behavioral habits and dietary intake, using a
semi-quantitative food-frequency questionnaire (FFQ). Anthropometric data were measured.
Multiple linear and logistic regressions were performed, adjusting for age and gender.

Results The cd-Fl was positively associated with sleep, family meals and study hours, and
was inversely associated with screen time, eating out and eating while on some screen. Cd-Fl's
predictive ability of children’s weight status remained significant in the total sample (-0.45;
95%ClI -0.77, -0.14) and among females (-0.58; 95%CI -1.02, -0.15). Sleep (-8%) and study
hours (+6%) were significantly associated with the likelihood of a child being ow or ob.
Conclusion In order to decrease this global public health burden, interventions might need to

address dietary patterns via cdFl, sleep and study hours.
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Introduction

Almost two decades ago, researchers reported that the prevalence of child obesity was high
and has since been studied as a potential public health burden (Birch and Fisher 1998). To
date, although many studies have associated childhood overweight (ow) and obesity (ob) with
environmental, dietary and behavioral risk factors (Birch and Fisher 1998; Birch and Davison
2001), the phenomenon persists and the reasons are not well understood.

Acknowledged child obesogenic factors include (1) diet & unhealthy eating patterns (Magriplis
et al. 2015; Kleisser et al. 2009), (2) television (TV)-viewing and (3) sleep duration (Cappuccio
et al. 2008; Chen et al. 2008). TV-viewing has been used as a proxy measure to inactivity and is
the behavioral variable most examined, linked to poor health outcomes and unhealthy weight
gain (Gable et al. 2007; Martinez-Gomez et al. 2009; Grgntved et al. 2014). The effect of total
screen time, however, which is an increasing trend among children (Falbe et al. 2013), including
TV and other media types, on weight status is limited. Another inactivity factor that has been
suggested (Farajian et al. 2014; Magriplis et al. 2015) includes total study hours. This variable
has not been extensively investigated to our knowledge, and is a factor that may need to be
accounted for in school-aged children, since it adds to total inactivity hours.

Behaviors secondarily associated with TV-viewing and eating patterns, have also been
investigated in relation to children’s BMI including frequency of eating while watching TV, total
meals per day, frequency of eating with other family members and frequency of eating out
(Dubois et al. 2008; Gable et al. 2008). Short sleep duration has been linked to increased risk
childhood obesity by 58% to 89% (Cappuccio et al. 2008; Chen et al. 2008). Unhealthy food
patterns associated with TV-viewing (Lazarou and Soteriades 2010) and sleep duration have
been reported (Nedeltcheva et al. 2009; Kjeldsen 2014; Golley et al. 2013), including high fat &
sugars and low fruit & vegetable intake.

The heterogeneity in dietary behaviors makes it difficult to provide an evidence-based
association between BMI status and child-behaviors in relation to dietary intake (Te Velde et al.

2012). Dietary and behavioral factors, therefore, have been mostly investigated separately. The
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use of a previously validated child derived Food Index (cdFl), designed to predict child OW &
OB, can account for diet heterogeneity. A study that incorporates all these factors can provide a
greater understanding on the reasons behind the child epidemic.

The objective of the study was therefore to examine the association of known obesogenic
behavioral factors with a child derived dietary pattern and how these are related children’s
weight status when addressed together. The study addressed and total studying hours in
addition to total screen time as proxy measures to inactivity. To the best of our knowledge, a
study that examines the effect of sleep duration, total screen time, total study hours, and other
eating behaviors, on children’s weight status in association with a previously validated dietary

pattern, designed to detect childhood OW&OB, has not been reported.

Methods

The study was carried out from October 2008 to May 2009, from the whole district of Greece,
via stratified sampling scheme weighted by age, sex, and region, according to the population
distribution (National Statistical Services, 2001 census). Precise details on the stratification
scheme have been previously published (Farajian et al. 2013). The number of children required
to increase the power of the study to 85% (5% type | error) was considered prior to the study
with odds ratio (OR) evaluated to equal 1.10. The study included a random sample of 117
schools from 10 selected regions, with a total of 5000 children aged 10-12 years old, studied. A
participation rate of 85% was achieved. After data inspection, a total of 452 children were
excluded; 117 children had all data missing; 95 children had left unanswered over 20% of the
FFQ (>=10 questions); and 240 individuals had reported implausible energy intake (<600
kcal/day or >6000kcal/day). The present study was conducted in accordance with ethical
principles and guidelines laid down in the Declaration of Helsinki. The Agricultural University of
Athens research committee approved procedures as well as the Hellenic Ministry of Education
(Department of Primary Education) as the law provides in Greece for any studies conducted at

school during formal working hours. All children, teachers and primary caregiver were informed
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of the aims and study procedures, and primary caregivers, usually parents, were asked to sign
consent forms.

Questionnaire

The questionnaire was split into two sections. The first section contained descriptive
information, including age, gender, anthropometric measurements, and questions relating to
behavior & activity. The second section contained a 48 item, previously validated, picture aided
Food Frequency Questionnaire (FFQ) (Farajian et al. 2011). The FFQ was self-administered
and was used to construct the validated childhood derived Fl, designed to predict child OW&OB
(Magriplis et al. 2011).

Behavioral data were obtained on total screen time, hours of sleep, eating behaviors and hours
of studying. Total study-hours were assessed by averaging hours reported over weekdays and
weekends.

The questionnaire was structured to provide information on overall screen time during
weekdays and weekends, separately. Total screen time was defined as the amount of time
spent watching TV, playing videogames and computer in hours per day. Children reported how
much time they spent on screen (TV/DVD/computer/games) on a typical school day (Monday to
Friday) and on a typical weekend (Saturday and Sunday). Average reported hours per weekday
and per weekend were summed and divided by two (2) to create an average viewing of hours
per day. Implausible screen hours, defined as: >120 hours per week in accordance to Falbe et
al. (2013) were not reported and therefore no children were further excluded from the sample.
Children were asked to record the time they went to sleep at night and the hour they usually
wake up, during weekdays and weekends. Total hours of sleep were then mathematically
calculated for weekdays and weekends. The two were averaged in order to obtain total hours of
sleep per week.

Eating Behavior

The questionnaire included questions on various eating behaviors, including number of meals

per day, frequency of having meals while on a screen (watching TV, DVD, playing video
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games/consoles, using computer), frequency of having family meals with family members, and
frequency of eating/ordering out. Response categories for the former two behaviors, ranged
from 1 to 6 times a day. The latter three behaviors had the following response options:
Everyday, 5-6 times/week, 3-4 times/week, 1-2 times/week, and seldom/never.

Anthropometric Measurements

Anthropometrics gathered included measurements by trained personnel, on body weight (kg) to
the nearest 100 g (Tanita TBF 300), wearing light clothing, body-standing height without shoes
(Leicester height measure) to the nearest 0.1 cm, and waist circumference to the nearest 0.1
cm (Seca, non elastic tape, Germany). Body mass index (BMI) was calculated by dividing
weight (kg) by standing weight squared (m?). Detailed information on sampling and
measurements has been already published (Farajian et al. 2011). Children’s BMI cutoffs were
defined based on International Obesity Taskforce (IOTF) standards (IV) (Cole and Lobstein
2012). Details on sample categorization have been published (Magriplis et al. 2015).

Food Index

A total of 14 foods, categorized as positive - non-obesogenic or negative — potentially-
obesogenic foods, were included in the cdFl, based on a priori knowledge of food items and
food patterns for children. Specifically the cdFl included eight (8) positive - non-obesogenic
foods: fruit, vegetables, whole grains, fish, nuts, legumes/pulses, milk and yogurt; and six (6)
negative — potentially-obesogenic foods include: cheese, red meat, sugared sweet beverages
(ssb’s), processed food, fast food, and sweets. The cdFl was validated and its sensitivity of
detecting ow and ob prediction was tested by randomly splitting the study sample (75%-25%).
A detailed description of the cdF| score derivation has been previously published (Magriplis et
al. 2015). Theoretically a minimum of 16 to a maximum of 64 was the range of total F| score the
children could achieve. This index was purely food based in order to understand how dietary
patterns may predict child ow/ob risk.

Statistical Analysis
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Descriptive statistics, including frequencies, means, range (minimum, maximum) and standard
deviations were calculated for all continuous study variables. Chi-square tests were used for
categorical variables in order to assess gender differences and Student t-test for mean
differences between normally distributed variables.

All continuous variables were assumed to follow a Normal distribution according to the central
limit theorem, due to the large sample size. Scatter plots and studentized residuals were used
to detect outliers.

The influence of behavioral variables on the relationship between cdFI score and child BMI was
assessed via multiple linear regression. BMI was used as an indicator variable in this model,
distinguishing OW & OB children from normal weight peers. The model included total sleep
time, screen time, study-hours and other behavioral variables stated, and was adjusted further
adjusted for, age and stratified by gender. Variance inflation factor (VIF) was performed to test
the independency of the variables and avoid collinearity.

Total cdFl score, was further split into quintiles and box plots were used to assess variable
distribution by upper and lower Fl split into the lower 2 quintiles (Q1&Q2) and the upper 3
quintiles (Q3-Q5) and graphed by gender.

Univariate and multiple logistic regression analysis was used to examine the relationship
between child’s weight status and the multiple explanatory variables viewed in this paper. Odds
ratios (OR) with their corresponding 95% confidence intervals (95% CI) of crude and adjusted
results are presented. Likelihood Ratio test (LR test) was used to test the significance of the
model. All reported P-values were based on two-sided hypothesis tests, with significance level

at 5%. The statistical models were computed using STATA 12.0 (STATA corp. Texas)

Results
The basic total and gender specific characteristics of the study population are shown in Table 1.
Mean values along with their standard deviation (SD) are depicted for continuous variables, and

frequencies with percentages presented for, categorical variables. Significant gender
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differences in anthropometric measurements were found in the means values for height, age,
waist-circumference (wc) and BMI. BMI categories, as per IOTF standards, did not significantly
differ (p=0.091).

Gender differences were also found in sleep duration, total screen and study time, frequency of
eating while watching TV per day, in family meals and frequency of eating out on a weekly
basis.

The multiple regression model was statistically significant (p<0.001). The total cdFI score was
well predicted by all explanatory variables in the model, other than meals per day (Table 2). Ow
and ob children had a lower cdFIl score, compared to their normal weight peers (-0.45 (0.16)
95% CI -0.77, -0.14), when the mean of the other variables was kept constant as seen in Table
2. Total screen time (-0.34 (0.05) 95% CI -0.45 -0.24), frequency of eating while on some
screen (-0.25 (0.07) 95% CI -0.4 -0.11) and frequency of eating/ordering out (-0.83 (0.09) 95%
Cl -1.01 -0.65), decreased as cdFl score increased. Sleep duration (0.13 (0.05); 95% CI 0.03
0.24), total study hours (0.22 (0.06) 95% CI 0.09 0.34), and frequency of having family meals
per week (0.27 (0.06) 95% CI 0.15 0.38) increased as cdFl increased. Significant gender
differences were found in BMI status, total sleep time and total study hours.

Mean BMI was lower among children scoring at the upper quintile range compared to the lower
2 quintiles (p=0.03), with mean BMI being 0.25 units lower in children scoring at the upper
quintile range versus the lower 2 quintiles.

The box plot (Figure 1) presents in detail the distribution of behavior variables in respect to the
cdFl. Total screen hours per day were lower in both genders, while the median for sleep
duration was significantly higher in males but not females, among children scoring at the upper
3 quintiles. An increasing trend across the FI quintiles was found for total sleep and study hours.
A decreasing trend was observed for total screen time and BMI (data not shown). Boys in the
upper quintiles, but not girls, reported more study hours.

In Table 3, results from univariate and multiple logistic regression are depicted of behavioral

variables and Fl score on children’'s weight status. All crude explanatory variables were
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significantly associated with children’s weight status. When entered in the model as shown in
the table, the effect of total screen time was nulled (OR: 1.04; 95% CI: 0.99, 1.08).

Age was also significant in the model; the higher the age the less likely the overweight (22%)
risk, whereas gender was not. The Likelihood Ratio test performed for the model as a whole

was significant (p<0.001).

Discussion

The study investigated the effect of a dietary pattern with obesogenic eating and behavioral
factors on children’s weight status, using a previously validated cdFI developed to predict child
ow and ob (Magriplis et al. 2015). Results showed that sleep, screen, frequency of family meals,
frequency of eating out, and frequency of eating while watching TV, adjusted for age, are
associated with cdFl and significantly increase its predictive ability of childhood ow and ob.
Also, when cdFl is accounted for and kept constants, the likelihood of children being ow or ob
decreased when they slept more, studied less, had a higher Fl score, had more frequent family
meals and consumed more meals per day. In this study, for each hour increase in total study
hours the likelihood of child ow and ob increased by 6%, while with each hour of sleep duration
the likelihood decreased by 8%. Meals per day, and frequency of family meals were also
significant to BMI status. Crude total screen time was significantly associated with increased
odds of ow or ob in children, but the effect was nulled in the model that included cd-FI and total
study time. Study time is a new inactivity factor that was accounted for, and has not been
extensively studied.

In more detail, the association of weight status and total cdFl score was evaluated while
keeping behavioral and eating variables constant, in a multiple linear regression model. This
was done to examine the association of these obesogenic behavioral variables on the cdFl,
since the latter was derived to predict ow and ob in children (Magriplis et al. 2015) and it can be
argued that behavioral factors may decrease its sensitivity if not accounted for. Results

indicated that it's predictive ability increased. The expected FI score was 0.45 units lower
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among overweight and obese children compared to their normal weight peers in the adjusted
model compared to 0.057 when eating and behavioral factors were not accounted for, as has
been previously published (Magriplis et al. 2015). This association was significant in the total
sample and for females, whereas not in males. Moreover, the model was not altered when
physical activity was included (data not shown) hence was not accounted for, to decrease risk
of over-adjusting, and in order to maintain the model simple.

When seen in relation to behavioral factors and BMI was kept constant, cdFl score was
inversely associated with total screen time and positively associated with sleep duration and
total study hours. Child derived Fl decreased by 0.33 for every hour increase in screen time,
whereas with every extra hour children slept or studied the total cdFl increased by 0.15 and
0.21 respectively. Other researchers have also found sleep and food intake relations with Hart
et al. (2013) reporting lower food intake among children that increased sleep duration, and
Kjeldsen et al. (2014) reporting that short sleep duration may be associated with poor-obesity
promoting diet in children upon adjusting for screen time and physical activity.

Moreover, it was found that the greater the mean frequency of eating while on some screen and
eating out the lower the cdFl score, whereas more frequent family meals resulted to a
significantly higher cdFIl. Total meals per day did not affect the score. Some associations
differed between genders, with cdF| score being significantly lower among ow and ob girls but
not boys, and higher in boys that reported to sleep and study more, but not in girls. This may
partly be explained by significant wc differences observed between genders, by reported mean
behavioral differences, seen in Table 1, and/or due to psychosomatic gender differences.
Distribution plots of behavior variables among children with a cdFI score at the upper 3 quintiles
versus those scoring at the lower 2 quintiles were performed to assess the distribution of the
whole sample. Total screen time distribution significantly differed, irrespective of gender, with
children at the upper 3 Fl quintiles, reporting less screen time, and the range on total sleep

hours was larger among boys.
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In contrast with other researchers (Borghese et al. 2014; Mitchell et al. 2013; Fuller-Tyszkiewicz
et al. 2012), the effect of total screen time on children’s weight status was not significant when
entered in a multiple logistic regression model. In support to our findings, studies have also
found an inverse association of specific dietary patterns and TV-viewing (Sisson et al. 2012) or
total screen time (Lazarou et al. 2011). Furthermore, Dubois et al. (2008) did not find an
association between watching TV and BMI status, but reported an association between a child’s
BMI and the frequency of eating while watching TV. Researcher have also related screen time
or “TV-viewing” with elements of a less healthy diet supported by this study which associates
total screen time with a lower cdFl. In more detail, children with greater TV or screen time were
found to consume less fruit and vegetables (Lipsky and lannoti 2012; Gebremariam et al. 2013;
Pearson et al. 2014), more fast food (Lipsky and lannoti 2012; Borghese et al. 2014; Pearson et
al. 2014, more energy dense food, drink more sodas, and have a higher energy intake
(Campbell et al. 2006; Utter et al. 2006; Dubois et al. 2008); foods that are included in the cdFl.
These findings may suggest that the types and quantity of food, and the frequency that children
eat while watching TV, and not total screen time, may be the factors leading to ow and ob. This
is further supported by Olafsdottir et al. (2014) that found that the likelihood of consuming
sweetened beverages increased with TV total hours but also by commercial exposure.

The effect of total study time, remained significant, and was inversely associated with an
increased likelihood of children being ow or ob. Study hours were negatively associated with
children’s BMI status, as has been shown by Farajian et al. (2014) in a simpler model, but
positively with total cdFl score. The mechanism behind this association is not clear since to date
study time has not been well studied, although it seems that study time greatly increases total
inactivity time. From these study’s results study time seems may be related to BMI status via a
larger food intake and not only via an obesogenic dietary pattern. More studies evaluating
similar child age populations may increase the understanding behind this new potential

obesogenic factor.
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It must be underlined that in contrast to our study that examined total screen time, most studies
have assessed TV-viewing in relation to the child overweight epidemic (Fuller-Tyszkiewicz et al.
2012; Mitchell et al. 2013; Borghese et al. 2014). This along with the incorporation of total study
time as an extra inactivity variable that children accommodate in their daily lives may explain the
different results obtained in relation to other researchers. By assessing total screen time other
media types, including gaming, tablets and computer use were assessed, accounting for the
decrease in TV viewing time that has been reported and the increase in other media types
(Falbe et al. 2013), and therefore strengthening the results of the study.

Although no causal associations can be drawn due to the cross-sectional nature of the study,
the study’s large sample size, balances this limitation, since it can be analyzed as a case
control study, therefore inferences can be drawn. Also, although, behavioral data were self-
reported, hence prone to reporting bias, graphs were plotted to investigate extreme outliers that
may affect results of the study. Potential errors in reported food intake were also accounted for
by assessing the sensitivity of the cdFl, when the latter was developed, through random
sampling.

In this study, BMI and behavioral factors were viewed in accordance to the child derived FI
score, that includes the most recent data on healthy and potential obesogenic foods. Using a
previously validated cdFI| for children strengthens the results of this study, since it is an index
designed to detect ow and ob and because heterogeneity of the diet, a problem in comparing
study results, is accounted for. These results underline that behavioral and specific dietary
patterns need to be addressed together in order to control unhealthy weight gain in children.

To further strengthen the study’s results, steps were taken from the design phase to decrease
bias and random errors. The sample was randomly sampled, as stated in methods, from the
whole region of Greece therefore selection bias was limited. Trained personnel measured
weight and height, reducing measurement error. During the analysis stage, steps were taken to
avoid bias and confounding. Statistical tests (vif) were run to assess collinearity and assure that

pairs of variables provide independent information of predicting the cdFI| score.
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By performing a separate univariate logistic regression for each independent variable in the
beginning, we investigated confounding and provided an initial «unadjusted» view of the
importance of each variable by itself. The LR test was used to test the strength of the logistic
model used. This was significant, demonstrating that the independent variables entered in the
model were related to children’s weight status and increased the model's likelihood of
predicting child ow and ob.

Although the temporal effect of this association can not be determined due to the nature of the
study, health professionals can use this information to add to their research strategies and
implementations since this is the first study to our knowledge to have studied the relationship of
ow and ob in children in relation to known obesogenic behavioral factors in relation to a
childhood derived Fl score.

Conclusion

This study reveals that behavioral and specific dietary patterns contribute to the child epidemic
but total screen time, and not TV-viewing, as well as total hours of study need to be accounted
for when evaluating children’s inactivity state and how this may affect weight status. Sleep
duration and specific eating patterns need to be addressed as well in relation to the cdFI score.
Gaps remain, however, in the mechanism of action, gender differences and the potential
temporal effects. Results of this study suggest that public health prevention programs and other
intervention studies, aiming to reduce or prevent the OW childhood epidemic should target a
cluster of behaviors and eating patterns, while accounting for probable gender differences and
although life changes may have occurred the past years in Greece the results of this study

should not be disregarded by public health officials.

64



Conflict of Interest
The authors declare that they have no conflicts of interest. AZ has received a consultancy fee

from Coca Cola Company post study completion.

Compliance with ethical standards

Ethical Standards The Agricultural University of Athens research committee approved
procedures as well as the Hellenic Ministry of Education (Department of Primary Education) as
the law provides in Greece for any studies conducted at school during formal working hours.
Data protection regulations were observed in the survey. Signed informed consent was

obtained from main caregiver prior to enrolling the children in the study.

65



References
Birch LL, Fisher JO (1998) Development of eating behaviors among children and adolescents.

Pediatrics 101(S2): 539-549.

Birch LL, Davison KK (2001) Family environmental factors influencing the developing behavioral
controls of food intake and childhood overweight. Pediatr Clinics 48(4): 893-907.

Borghese MM, Tremblay MS, Leduc G, Boyer C, Bélanger P, LeBlanc AG, Francis C, Chaput
JP (2014) Independent and combined associations of total sedentary time and television
viewing time with food intake patterns of 9-to 11-year-old Canadian children. Appl Physiol Nutr
Metabol 39(8): 937-943.

Campbell KJ, Crawford DA, Ball K (2006) Family food environment and dietary behaviors likely
to promote fatness in 5—6 year-old children. Int J Obe 30(8): 1272-1280.

Cappuccio FP, Taggart FM, Kandala N, Currie A, Peile E Stranges S, & Miller M A (2008) Meta-
analysis of short sleep duration and obesity in children and adults. Sleep-new-york then
Westchester 31(5): 619.

Chen X, Beydoun MA, Wang Y (2008) Is sleep duration associated with childhood obesity? A

systematic review and meta-analysis. Obesity 16(2): 265-74.

Cole TJ, Lobstein T (2012) Extended international (IOTF) body mass index cut-offs for thinness,

overweight and obesity. Pediatric obesity 7(4): 284-94.
Dubois L, Farmer A, Girard M, Peterson K (2008) Social factors and television use during meals
and snacks is associated with higher BMI among pre-school children. Public Health Nutr 11(12):

1267-1279.

Falbe J, Rosner B, Willett WC, Sonneville KR, Hu FB (2013) Adiposity and different types of
screen time. Pediatrics 132(6): e1497-e1505.

Farajian P, Karasouli K, Risvas G, Panagiotakos DB, Zampelas A (2009) Repeatability and
validity of a food frequency and dietary habits questionnaire in children. Circulation 119: e288.

66



Farajian P, Panagiotakos DB, Risvas, G, Karasouli K, Bountziouka V, Voutzourakis, N,
Zampelas A (2013) Socio-economic and demographic determinants of childhood obesity
prevalence in Greece: the GRECO (Greek Childhood Obesity) study. Public health
nutrition, 16(02): 240-247.

Farajian P, Panagiotakos DB, Risvas G, Malisova O, Zampelas A (2014) Hierarchical analysis
of dietary, lifestyle and family environment risk factors for childhood obesity: the GRECO
study. Eur J Clin Nutr 68(10): 1107-1112.

Fuller-Tyszkiewicz M, Skouteris H, Hardy LL, Halse C (2012) The associations between TV
viewing, food intake, and BMI A prospective analysis of data from the Longitudinal Study of
Australian Children. Appetite 59(3): 945-948.

Gable S, Chang Y, Krull JL (2007) Television watching and frequency of family meals are
predictive of overweight onset and persistence in a national sample of school-aged children. J
Am Diet Assoc 107(1): 53-61.

Gebremariam MK, Bergh IH, Andersen LF, Ommundsen Y, Totland TH, Bjelland M, Grydeland
M, Lien N (2013) Are screen-based sedentary behaviors longitudinally associated with dietary
behaviors and leisure-time physical activity in the transition into adolescence? Int J Behav Nutr
Phys Act 10(1): 1.

Golley RK, Maher CA, Matricciani L, Olds TS (2013) Sleep duration or bedtime&quest;
Exploring the association between sleep timing behaviour, diet and BMI in children and
adolescents. Int J Obes 37(4): 546-551.

Grgntved A, Ried-Larsen M, Mgller NC, Kristensen PL, Wedderkopp N, Froberg K, Hu FB,
Ekelund U, Anderson LB (2014) Youth screen-time behaviour is associated with cardiovascular
risk in young adulthood: the European Youth Heart Study. Eur Jour Prev Cardiol 21(1): 49-56.

Hart CN, Carskadon MA, Considine RV (2013) Changes in children’s sleep duration on food
intake, weight, and leptin. Pediatrics 132(6): e1473-e1480.

Kjeldsen JS, Hjorth MF, Andersen R, Michaelsen KF, Tetens |, Astrup A, Chaput JP, Sjodin A
(2014) Short sleep duration and large variability in sleep duration are independently associated
with dietary risk factors for obesity in Danish school children. Int J Obes 38(1): 32-39.

67



Kleiser C, Mesink GB, Scheidt-Nave C, Kurth BM (2009) HuSKY: a healthy nutrition score
based on food intake of children and adolescents in Germany. BR J Nutr 102(04): 610-618.

Lazarou C, Panagiotakos DB, Spanoudis G, Matalas AL (2011) E-KINDEX: a dietary screening
tool to assess children's obesogenic dietary habits. J Am Coll Nutr 30(2): 100-112.

Lazarou C, Soteriades, ES (2010) Children's physical activity, TV watching and obesity in
Cyprus: the CYKIDS study. European J Public Health 20(1): 70-77.

Lipsky LM, lannotti RJ (2012) Associations of television viewing with eating behaviors in the
2009 Health Behaviour in School-aged Children Study. Arch Pediatr Adolesc Med 166(5): 465-
472.

Magriplis E, Farajian P, Pounis GD, Risvas G, Panagiotakos DB, Zampelas A (2011) High
sodium intake of children through ‘hidden’food sources and its association with the
Mediterranean diet: the GRECO study. J Hypertens 29(6): 1069-1076.

Magriplis E, Farajian P, Risvas G, Panagiotakos DB, Zampelas A (2015) Newly derived
children-based food index. An index that may detect childhood overweight and obesity. Int J
Food Sci Nutr 66(6): 623-632.

Martinez-Gomez D, Tucker J, Heelan KA, Welk GJ, Eisenmann JC (2009) Associations
between sedentary behavior and blood pressure in young children. Arch Pediatr Adolesc Med
163(8): 724-730.

Mitchell JA, Rodriguez D, Schmitz KH, Audrain-McGovern J (2013) Greater screen time is
associated with adolescent obesity: a longitudinal study of the BMI distribution from ages 14 to
18. Obesity 21(3): 572-575.

Nedeltcheva AV, Kilkkus JM, Imperial J, Kasza K, Schoeller DA, Penev PD (2009). Sleep
curtailment is accompanied by increased intake of calories from snacks. Am J Clin Nutr 89(1):
126-133.

Olafsdottir S, Eiben G, Prell H, Hense S, Lissner L, Marild S, Reisch L, Berg C (2014) Young
children’s screen habits are associated with consumption of sweetened beverages

independently of parental norms. International journal of public health 59(1): 67-75.

68



Pearson N, Biddle SJ, Williams L, Worsley A, Crawford D, Ball K (2014) Adolescent television
viewing and unhealthy snack food consumption: the mediating role of home availability of
unhealthy snack foods. Public Health Nutr 17(02): 317-323.

Sisson SB, Broyles ST, Robledo C, Boeckman L, Leyva M (2012) Television viewing and
variations in energy intake in adults and children in the USA. Public Health Nutr 15(04): 609-
617.

Te Velde SJ, Van Nassau F, Uijtdewilligen L, Van Stralen MM, Cardon G, De Craemer M,
Manios Y, Brug J, Chinapaw MJ (2012) Energy balance-related behaviours associated with

overweight and obesity in preschool children: a systematic review of prospective studies. Obes
Rev 13(s1): 56-74.

Utter J, Scragg R, Schaaf D (2006) Associations between television viewing and consumption
of commonly advertised foods among New Zealand children and young adolescents. Public
Health Nutr 9(05): 606-612.

69



Table 1: Participant Characteristics including continuous (mean) and categorical variables (%)

Total SD Boys Girls P-value °
Child Characteristics
Age (years) 10.9 0.74 10.96 10.88 <0.001¢
Height (m) 1.50 0.08 1.49 1.5 <0.001¢
Weight (kg) 45.7 10.86 457 45.69 0.971¢
Waist circumference (cm) 68.6 9.6 69.8 67.4 <0.001¢
BMI (kg/m?) 20.24 3.74 20.37 20.13 0.034°
BMI category ®° (%)
Under- & Normal weight 58.36 56.93 59.72 0.091°
Overweight 29.71 30.18 29.26
Obese & morbid obese 11.93 12.89 11.02
Total cdFI score 34.81 5.01 34.93 34.7 0.069°
Self reported sleep time
(hours/day)
Total sleep time 9.1 1.5 8.9 9.3 <0.001°
Weekdays 9.0 8.9 8.8 8.9 <0.001¢
Weekends 9.9 1.5 9.6 10.3 <0.001¢
Self reported screen time
(hours/day)
Total screen time 2.41 1.56 2.52 2.31 <0.001¢
Weekdays 1.99 1.38 2.0 1.98 0.576°
Weekends 2.96 2.11 3.18 2.76 <0.001¢
Self reported study time
(hours/day)
Total 2.61 1.3 2.47 2.76 <0.001¢
Weekdays 261 127 244 2.78 :8;%%111
Weekends 2.71 1.67 2.6 2.82
Meals per day ° (%)
1 10.62 11.02 10.25 0.088°
2 20.97 21.99 20.0
3 31.45 31.49 31.42
4 23.06 22.23 23.84
5 10.55 9.54 11.51
6 3.34 3.72 2.98
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Eat while watch TV or other
screen ° (%)

0 meals/day

1 meal/day

2 meals/day

3 meals/day

4-6 meals/day

Family meals ° (%)
Never-rarely

1-2 times/wk

3-4 times/wk

5-6 times/wk

every day

Ordering Eating out ° (%)
Never

1-2 times/month

1 time/wk

2 times/wk

3-6 times/wk

every day

20.0
43.0
22.7
9.7
4.6

6.0

20.22
18.08
14.75
40.95

8.65
58.3
21.68
8.77
2.04
0.55

22.6
40.2
22.5
9.7
5.1

5.34
20.0
19.67
15.41
39.57

8.36
60.61
20.7
8.32
1.54
0.47

17.6
45.7
22.8
9.8
4.1

6.63

20.43
16.58
14.11
42.25

8.96
55.86
22.71
9.25
2.57
0.64

<0.001°¢

0.017°

0.02°

BMI, Body Mass Index; cdFl, child derived Food Index
@ BMI categorized as per IOTF (International Obesity Task Force) standards

® categorical variables, depicted with frequencies and percentages in ()

¢ Significant at 0.05 level, compared by gender

4Tested via Student t-test
® Tested via chi-square test
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Table 2: Linear Regression of total FI score, BMI" and Behavioral Variables, stratified by gender

cdFl total
score

BMI®

Total sleep
time (hrs/d)
Total screen
time® (hrs/d)
Total study
hours® (hrs/d)

Eating while
watching TV-
other screen

Meals per day
d

Family meals®

Order / Eat
out®

Age

Total

B-coefficient

-0.45 "7
0.13°

0347

0227

0257

0.02

0.27 "

-0.837"

-0.36

95% ClI

-0.77,-0.14
0.03, 0.24

-0.45, -0.24

0.09, 0.34

-0.4, -0.11

-0.11, 0.14

0.15,0.38

-1.01, -0.65

-0.57,-0.15

Males
B-coefficient

-0.34
02377

02

026"

-0.105

-0.04

03"

079

-0.49

95% ClI

-0.8, 0.12
0.09, 0.39

-0.43, -0.14

0.09, 0.44

-0.31, 0.1

-0.23, 0.15

0.12, 0.47

-1.04, -0.53

-0.79, -0.18

Females
B-coefficient

-0.58"
0.03

0427

017"

0.05

0257

-0.86

-0.16

95% ClI

-1.02, -0.15
-0.13, 0.18

-0.5, -0.26

0.01, 0.34

-0.61,-0.19

-0.12, 0.22

0.09,04

-1.12-0.6

-0.45, 0.13

OW, overweight children; OB, obese children; cdFl, child derived Food Index; BMI, Body Mass

Index; hrs/d, hours per day

?OWA&OB children relative to Healthy weight children (reference level); BMI used as an indicator

variable

® Measured as total screen time, in hours/day, including TV-viewing, pc and video games

¢ Measured as total studying, in hours/day; used as a proxy for other sedentary times

4 Frequency per day: 1 to 6 times per day

® Frequency per week: Never-rarely, 1-2 times/wk, 3-4 times/wk, 5-6 times/wk, every day

Values were significantly different between the reference level and other levels within a given

characteristic:  P<0*05: ~ P<0*01:  P<0*001
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Table 3: Crude and Adjusted Logistic regression analysis of children’s weight status in relation
to Fl score and other behavioral factors

BMI (kg/m?) OR? 95% CI OR" 95% CI
cdFI total score 0.98 0.97, 0.99 0.98 0.97, 0.99
Total sleep time (hrs/d) 0.91 0.88, 0.95 0.92 0.88, 0.96
Total screen time® 1.05 1.01,11 1.04 0.99, 1.08
(hrs/d)
Total study hours® 1.05 1.01, 1.1 1.06 1.01,1.12
(hrs/d)
Meals per day®
1-3 meals/day Reference Referenc
4-6 meals/day 0.84 0.74, 0.95 e 0.75, 0.97
0.86
FamilyMeals per week
f Reference Referenc
1-3 f. meals/wk 0.83 0.73, 0.94 e 0.74, 0.95
4-6 f. meals/wk 0.84
LRtest for model p<0.001

OR, Odds Ratio; Cl, Confidence Interval; BMI, Body Mass Index; cdFl, child derived Food
Index; LR test: Likelihood Ratio test

2 Crude odds ratios; Reference baseline category: healthy weight children

PAdjusted Odds ratios for all variables in the model as shown in the table including age and
gender

“Measured as total screen time, in hours/day, including TV-viewing, pc and video games

9 Measured as total studying, in hours/day; used as a proxy for other sedentary times

®Meals per day in two categories

"FamilyMeals per week in two categories
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Graph: Children’s Sleep, Screen and Study hour distribution by FI quintile level
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Abstract

Overview: Based on the Early Life Theory Maternal smoking may be a factor affecting child
weight status, adiposity level and blood pressure, later in life.

Objectives: To examine the effect of maternal-smoking on school children’s weight status, as
defined by the International Obesity Task Force (IOTF) BMI cutoffs, central adiposity, defined by
waist circumference (wc), and total adiposity, measured with bio-impedance analysis (BIA).
Secondarily, the potential association of maternal-smoking with children’s blood pressure (BP)
was investigated.

Methods: Data from 2017 parental questionnaires gathered during a national cross sectional
study were used in the analysis. Anthropometrics variables and children’s BP were measured.
Dietary information was gathered via a semi-quantitative food-frequency questionnaire (FFQ).
Multivariate logistic regression using 4 models and linear regression analysis was conducted,
adjusting for multiple covariates.

Results: Mean birth-weight, BMI, total body fat, and wc of siblings of maternal-smokers were
significantly higher compared to non-smokers. When adjusted, children of maternal-smokers
were more likely to be overweight or obese compared to children of non-smokers (from 1.6 to
1.82) in all models used. Children of maternal-smokers were also more likely to have a larger
waist circumference (1.73 to 1.85) compared to their peers of non-smokers. Total fat
percentage was not significantly associated with maternal smoking in any of the models used.
Systolic and diastolic blood pressure, were not significantly associated with maternal smoking
either.

Conclusion: Maternal smoking was found to increase the odds of being overweight or obese

and was associated with a higher adiposity level in school-aged children.
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What is already known: Maternal smoking is associated with low birth weight babies and is
likely to be associated with higher BMI among school-aged children. Gestational weeks are
associated with birth weight. Childhood overweight is influenced by socioeconomic factors,

behavior factors and dietary patterns.

What this study adds: Maternal smoking is associated with children’s weights status, as per
IOTF BMI categories, but it is also associated with a central adiposity. The association
remained significant when maternal covariates were accounted for but remained so when 3
more models were used in an additive format, to address residual confounding i. caffeine and
alcohol intake, ii. behavioral variables, shown to be associated with children’s weight status,
including, total screen, sleep and study hours, and iii. Child-derived food-index, and index
created to detect childhood overweight and obesity. The above add to the strength of the

association between maternal smoking and child weight and adiposity.
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Introduction

The global epidemic of child overweight and obesity has been linked to an increased risk of
chronic diseases in adulthood (Barton et al, 2012; Berenson et al, 2012). Based on the Early
Life Theory, a great number of chronic diseases that occur later in life start from in utero fetal
development (Barker et al. 1994), due to fetal adaptation in structure, physiology and
metabolism (Bakker et al., 2011). Observational studies from 1990’s reported a possible
association between maternal smoking and children’s BMI status later in life, with a high BMI
prevalence found in children among mothers who smoked (Riedel et al., 2014). There is
increasing evidence that child health and weight-status may be «programmed» from in utero
life, with maternal smoking, one of the most modifiable factors linked to children’s BMI status,
blood pressure (BP) and cardiovascular disease (Law et al. 1996, Bakker et al., 2011).

These findings, however, remain controversial, since underlying mechanisms remain obscure
and many researchers debate the strength of the “Early Life Theory” due to possible residual
confounding by genetic and environmental factors, the latter including children’s diet and
behavior, with the former having a high heterogenic variation.

Researchers have found higher BMI and adiposity levels in children whose mothers smoked
during pregnancy (Salsberry et al. 2005, Florath et al., 2014, Li et al. 2015), while other studies
have associated childhood overweight and obesity with environmental, dietary (Kleisser et al.
2009, Magriplis et al, 2015) and behavioral risk factors (Birch and Fisher 1998; Birch and
Davison 2001, Cappuccio et al. 2008, Grgntved et al. 2014). Limited studies have assessed the
effect of maternal smoking on children’s weight status adjusting for behavioral variables (Ino et
al., 2011, Riedel et al., 2014) and dietary intake (Al Mamun et al., 2006).

In relation to blood pressure, researchers have found a higher mean systolic blood pressure
(SBP) in young children whose mother smoked during pregnancy, compared to non-smokers
(Law et al. 1996, Lawlor et al. 2004) but others have not confirmed these findings (Bergel et al.

2000).
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The question therefore remains as to whether maternal smoking is associated with children’s
weight status, even when other known and modifiable obesogenic patterns factors are present.
To our knowledge, no studies to date have addressed the effect of maternal smoking, on
children’s weight status and adiposity, as well as their blood pressure while addressing the
potential effect of behavioral and dietary patterns, via a validated obesogenic food index (FI) on
these associations.

The aim of the study, therefore, was to examine the effect of maternal smoking on school
children’s weight status, as defined by the International Obesity Task Force (IOTF) BMI cutoffs
(Cole et al. 2012), and on total body fat percentage (%), while adjusting for the potential residual
confounding effect of behavioral factors and dietary patterns via child derived FI (cdFl).
Secondarily, the potential association of maternal smoking with children’s blood pressure (BP)

in relation to children’s weight status and diet quality was also investigated.
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Participants and Methods

Data from parental questionnaires given throughout the Greek Childhood Obesity (GRECO)
study, a nationwide cross sectional study, were used in the analysis. The GRECO study was
carried out throughout the district of Greece from October 2008 to May 2009, via stratified
sampling scheme weighted by age, sex, and region, according to the population distribution
(National Statistical Services, 2001 census). Precise details on the stratification scheme have
been previously published (Farajian et al. 2013). The study included a random sample of 117
schools from 10 selected regions, with a total of 5850 children aged 10-12 years old, invited to
participate. A participation rate of 85% was achieved, from children (4965), with valid
information for 4547 gathered. Parents or children’s primary care givers were also asked to
complete a questionnaire about family characteristics, child behaviors, and dietary patterns.
2318 parental questionnaires were returned (51% of the working sample), with responders to
maternal smoking question adding up to 2017 parents responded (44.4%) of the total child
sample.

The present study was conducted in accordance with ethical principles and guidelines laid down
in the Declaration of Helsinki. The Agricultural University of Athens research committee
approved procedures as well as the Hellenic Ministry of Education (Department of Primary
Education) as the law provides in Greece for any studies conducted at school during formal
working hours. All children, teachers and primary caregiver were informed of the aims and study
procedures, and primary caregivers, usually parents, were asked to sign consent forms.
Questionnaire

Children’s questionnaire was split into two sections. The first section contained descriptive
information, including age, gender, anthropometric measurements, and questions relating to
behavior & activity. The second section contained a 48 item, previously validated, picture aided
Food Frequency Questionnaire (FFQ) (Farajian et al. 2009). The FFQ was self-administered
and was used to construct the validated childhood derived Fl (cdFl), designed to predict child

overweight and obesity (Magriplis et al. 2015), and was used in this study to adjust for children’s
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dietary patterns. The index was purely food based in order to understand how dietary patterns
may predict child overweight or obese risk by incorporating healthy and potentially obesogenic
foods based on a-priory knowledge.

Behavioral data were obtained on total screen time, hours of sleep, eating behaviors and hours
of studying. Detailed information have been previously been published by (Farajian et al., 2014).
Eating behavior information were also obtained including, frequency of having meals while on a
screen (watching TV, DVD, playing video games/consoles, using computer), frequency of

having meals with family members, and frequency of eating/ordering out.

Anthropometric Data

Anthropometrics gathered included measurements by trained personnel, on body weight (kg) to
the nearest 100 gr (Tanita TBF 300), body-standing height without shoes using a portable
stadiometer (Leicester height measure) to the nearest 0.1 cm, waist circumference (cm) to the
nearest 0.1 cm (Seca, non elastic tape, Germany), and body fat (%) to the nearest 0.1% was
estimated by foot to foot biompedence analysis while standing (Tanita TBF 300). All
measurements were performed morning hours and with children wearing light clothing. Waist
circumference and estimated total body fat were reported as continuous values and then
assessed as binary, based on the samples median value. Body mass index (BMI) was
calculated by dividing weight (kg) by standing weight squared (m?). Children’s BMI cutoffs were
defined based on International Obesity Taskforce (IOTF) standards (V) (Cole and Lobstein

2012). Details on sample categorization have been published (Magriplis et al. 2015).

Parents or Primary health care givers characteristics

A parental questionnaire was attached with the consent forms and parents or primary care
givers were asked to respond and return the questionnaire along with the consent forms. Of the
total consent forms obtained, 2318 responded to the parental questionnaire (51% participation).

Information on socio-demographic and socio-economic characteristics were inquired, including
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parents’ age, weight, height, mother’s age at pregnancy, mother’s weight at pregnancy, weight
gain throughout pregnancy, and education level. Parental weight status was classified by

calculating BMI values (kg m'2) for each individual from self reported data on weight and height.

Maternal smoking

Information on maternal smoking was inquired in the parental questionnaire. Parents were
asked to report whether or not the mother smoked during pregnancy, and number of cigarettes
smoked per day, defined as “none”; “1-9 cigarettes per day; "10-20 cigarettes per day”; and
“220 cigarettes per day”. Pre-conception smoking habits, using the same categories were also
inquired. Data per smoking category were reported. Women were further categorized in two
groups: (i) none-smokers if none was reported and (ii) smokers if >1 cigarette per day was

reported for regression and logistic analysis.

Blood pressure

Blood pressure (BP) was measured in a single occasion within the schools' settings, using
validated oscillometric devices (UA-787 oscillometric blood pressure monitor, A&D Company).
The cuff used was chosen in order for the length of the bladder in the cuff to cover 80%-100%
of the children’s arm circumference. Prior to blood pressure measurements children were asked
to be calm and were placed in a sitting position to rest for at least 10 minutes with their back
supported. During BP measurement, children’s right arm rested on a solid supporting surface at
heart level. Two subsequent measurements were taken within a 5 minutes interval in order to
familiarize children with the procedure. The second measurements of systolic BP (SBP) and
diastolic BP (DBP) were recorded in mmHg.

In the absence of established criteria for children, and due to the fact that measurements were
performed in the field, children were not classified normotensives or hypertensives. The
distribution mostly of SBP, the BP that rises during childhood, and of DBP was examined, with

appropriate adjustments made (i.e. height, gender and age).
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Covariates

Several potential confounders on the basis of their potential association with maternal smoking
during pregnancy and offspring’s weight status or increase in BP, were examined. These
included maternal age at childbirth, maternal weight and weight change during pregnancy,
maternal education. Education was split to, (i) completed elementary school, (ii) did not
complete secondary school, (iii) completed secondary school and (iv)completed further/higher
education. Furthermore, information on alcohol intake and coffee intake during gestational
period was also gathered. Women were asked to respond whether they consumed «noney; «1
unit/day»; or «= 2 units/day” of alcohol or coffee. Children’s characteristics considered included,

infant’s birth weight (grams) and height (cm), age, gender, behavioral and dietary patterns.

Statistical Analysis

Kernel density plots were performed for all variables of interest, to observe distribution and the
distribution of the independent variables was further compared for maternal smokers and non-
smokers using box plots. Descriptive statistics, including frequencies (%), means (xsd), and
medians for skewed data were calculated for categorical, normally distributed and skewed
variables, respectively. Chi-square tests were used to test differences between smokers and
non-smokers for categorical variables. Student t-test was used for mean differences between
normally distributed variables, and the non-parametric U-test suggested by Mann and Whitney,
was used for skewed continuous variables.

Due to large data number variability in variables of interest, parental responding bias was
assessed. Dummy variables were created to screen the sample whether they (i) had all
variables of interest (covariates) missing, (ii) had all maternal variables of interest missing, (iii)
had maternal variables missing and/or had overweight children. None were detected,
suggesting that data were missing randomly and therefore no exclusions from the sample were
made. Furthermore, no differences on smoking status were found between responders and

non-responders.
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The association of maternal smoking and child weight status, total and central adiposity was
tested using multivariate logistic regression models. Linear multivariate regression models were
used to assess maternal smoking to children’s BP.

Due to the large number of variables used in the model, and in order to avoid collinearity,
Variance Inflation Factor (VIF) test was performed after regression. The mean VIF for the model
was 1.98 and all variables had a VIF value of <2.5. To increase the power of the analysis and
validate the model, bootstrap was conducted with 10 random replications; Data remained
significant. All reported P-values were based on two-sided hypothesis tests, with significance

level at 5%. The statistical models were computed using STATA 12.0 (STATA corp. Texas)

Results

Demographic characteristics are given in Table 1. Among the 2017 parental questionnaires
gathered, 1767 (87.6%) reported as non-smokers during pregnancy, and 250 (12.4%) were
smokers. Mothers who smoked during pregnancy had higher mean age (p=0.001). Significant
differences were observed in the distribution of maternal BMI and weight increase of smokers
compared to non-smokers, with smokers having a higher rank, as per Man Whitney test. No
other significant differences were found among maternal smokers and non-smokers.

Among child characteristics, no age or gender differences were found between maternal
smokers and non-smokers, but children’s mean BMI and infant’s birth weight, adiposity % and
waist circumference significantly differed (Table 1).

In Table 2, the odds of children being overweight or obese are shown among women who
smoked over 1 cigarette per day are compared to non-smokers, using 4 different models.
Children were more likely to be overweight or obese among mothers who smoked during
pregnancy, as depicted among all models. In the first model, children were 1.6 times more likely
to be overweight or obese (95% CI: 1.03, 2.47) compared to their healthy weight peers, and this
increased to 1.82 (95% CI: 1.09, 3.04), if their mother smoked during pregnancy. The models

used were adjusted in an additive way, as shown in Table 2, starting from a priory known
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confounding factors (model 1), adding for maternal alcohol and coffee intake (model 2),
children’s behavior (model 3) and dietary patterns (model 4). Coffee and alcohol intakes, added
in the second model, led to a significant increase in the odds of overweight or obese in children
among smokers. When behavioral variables were accounted for as well (Model 3), the OR of
overweight or obese in childhood further increased (OR: 1.82). Total sleep hours were lower
among children whose mothers smoked during pregnancy compared to offsprings of non-
smokers (OR: 0.8+0.07, p=0.014). When the model was adjusted for total Fl score also, the
odds for overweight or obese in children among maternal smokers slightly dropped, but
maternal smoking remained a significant risk factor (OR: 1.81; 95% CI: 1.09, 3.03).

The same model was used for children’s waist circumference (above or below the median
value). WC was found to be associated with maternal smoking and maternal BMI at pregnancy,
not current BMI. The odds of having a higher than the median wc was higher in children whose
mothers smoked during pregnancy (OR: 1.96; p=0.007), and whose mothers had a higher BMI
at pregnancy (OR: 1.12; p=0.004).

Children’s total body fat percentage and waist circumference was positively associated with
maternal smoking, in a univariate analysis seen in Table 1. When these were incorporated in
the 4 logistic models, offspring’s of maternal smokers were more likely to have a wc above the
median compared to offspring’s of maternal non-smokers (Table 3). The relationship between
maternal smoking status and wc remained significant in all models, although it slightly
decreased when behavioral and dietary variables were added. No significant effect was found
between maternal smoking status and total body fat.

In Figure 2, mean systolic and diastolic BP measures are depicted in a bar graph by maternal
smoking status. As can be seen from the graph, no differences were found in univariate

analysis, and this remained when the other covariates were added.
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Discussion

The main outcome of the present study is that maternal smoking, one of the most important
modifiable factors during pregnancy, was found to be significantly associated with children’s
weight status and central adiposity in all models tested, including maternal and child
characteristics, coffee and alcohol intake during pregnancy, child behavioral factors and dietary
patterns. The association however, was not significant for total body adiposity (%).

This suggests direct effect of maternal smoking during pregnancy on children’s risk of
overweight or obesity later in life as well as an increased risk for higher central adipocity. In
agreement to these findings, other researchers have also found a significant higher mean BMI
among offspring of mothers who smoked during pregnancy (Al Mamun et al., 2006, Wang et al.,
2013) reporting a direct effect; observations strengthened by a meta-analyses reporting higher
effect estimates on childhood obesity for maternal smoking when compared to paternal smoking
(Riedel et al., 2014).

The argument that these effects may be due to residual confounding (Young et al., 2013, Harris
et al., 2013, Florath et al., 2014), are further contradicted by observations reporting positive
association between maternal smoking and children’'s weight status upon multi-level
adjustments, as performed in this study. Detailing, maternal smoking remained a significant risk
factor for child overweight or obese upon accounting for after birth influences, including
behavioral factors and dietary pattern, in agreement with other authors (EL Mamun et al. 2006,
Ino et al., 2012, Power et al., 2002). Furthermore, compared to previous studies, total study
time and screen time, were used as proxy measures to inactivity, in order to further decrease
probability of residual confounding via child behavior. Study hours, is a basic characteristic of
school-aged children, adding to inactivity time, and screen time included TV- viewing hours and
other media types (i.e. gaming, tablets and computer); the latter accounting for the decrease in
TV viewing time among children, and the increase in other media types, that has been reported

(Falbe et al. 2013). In addition to behavior, researchers to date have also adjusted for some
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food items, including frequency of salad, fast food and red meat intake (Al Mamun et al., 2006),
as well as fried food, chips, fruits & vegetables and sweets (Power et al., 2002), but to our
knowledge no studies have accounted for diet via a child derived food index as was performed
in this study. The child derived Food Index cdFl used in the analysis of the present study,
includes the for-mentioned foods along with a more elaborate food intake on healthy and
potentially obesogenic food items, therefore strengthening the detected association of maternal
smoking and childhood overweight or obese risk. Although cdFl attenuated the odds of the
effect, the association remained significant, possibly suggesting different mechanisms of action
of maternal smoking, and behavior and dietary risk variables on children’s’ weight status. The
potential for residual confounding, was therefore limited in this study.

Central adiposity and total estimated body fat, were used to examine the effect of maternal
smoking on children’s fat distribution and body fat (%), respectively. This was done to decrease
the random error that BMI calculations may incorporate in the results. Waist circumference was
used as a measure of central adiposity as has been recommended (Maffeis et al., 2001). In
order to account for confounding, the model included low birth weight; a variable linked to
maternal smoking (Suzuki et al., 2010, Bakker et al., 2011, Bergel et al., Riedel et al., 2014,
Timmermans et al.,, 2014), to an increased weight status (Suzuki et al., 2011), and central
adiposity development (Simmons et al., 2008) later in childhood. Upon adjusting, however, for
birth weight and length the results remained significant, as has been shown by other
researchers also (Oken et al., 2006, Widerge et al., 2003).

Women are often aware or they are made aware that smoking during pregnancy is «fetal
unhealthy». A large amount of women usually quit smoking right before pregnancy if this is
planned or during their pregnancy when it comes to their knowledge. Bias was therefore
avoided by including prenatal smoking habits in the analysis. Coffee intake during pregnancy
was a significant factor taken into consideration in the models, since it was found to significantly

differ among maternal smokers and non-smokers; This was not adjusted for by many
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researchers, although coffee intake can be a proxy for smoking habits, hence limiting maternal
underreporting of smoking, considering the two are highly associated.

In discordance to other researchers (Wang et al., 2013) maternal education level did not differ
among smokers and non-smokers and did not have a significant effect when entered in the
models for BMI category, adiposity and waist circumference. This may be due to recall bias,
although all statistical measures were taken to decrease this effect. Responding bias may also
be another possible reason.

Fetal and neonatal period is crucial for organ development. Smoking in early pregnancy may
not influence birth size, whereas women who smoke throughout, or even in the third trimester
have smaller babies. Simmons et al. (2008) reviewed epidemiological data and found that
excess and reduced nutrient bioavailability during fetal development, can lead to later onset of
central adiposity. Findings from this study suggest that the risk of overweight associated with
maternal smoking may be attributed to specific effects of cigarette smoke on fetal development.
It has been hypothesized that maternal smoking may influence the hypothalamic centers, which
in turn influence appetite and activity, as has been shown in adults (Oken et al., 2006). The
effect of nicotine and carbon monoxide, both teratogenic toxins, found in cigarettes have been
investigated, however ethical constraints involving human studies, makes the underlying
mechanism difficult to investigate.

Controversial findings between maternal smoking and child weight status may also be age
related. As longitudinal studies have shown, the age of onset may be a significant factor to
address when assessing the effect of maternal smoking on the epidemic of child overweight
with child obesity developing with age, and differences over time increasing (Riedel et al., 2014,
Timmermans et al. 2014). Researchers have found higher adiposity levels in children whose
mothers smoked during pregnancy, among older children (Li et al. 2015, Salsberry et al. 2005),
and in toddlers (Oken et al. 2005; Salsberry et al. 2005), although others that tested infant BMI
(Durmus et al. 2011) found no association, suggesting possible later onset. Furthermore,

another longitudinal studies reported a stronger association of maternal smoking with BMI in
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adulthood (Power et al., 2002). This may further enlighten the possible mechanism that
underlies maternal smoking and child weight status.

Although systolic and diastolic blood pressure has been found to be associated with overweight
and obesity in children (Farajian et al., 2015), as well as waist circumference (Maffeis et al.,
2001), it was not associated with maternal smoking as other researchers have also reported
(Bergel et al., 2000, Law et al., 1991). Lawlor et al., (2004) however, found that maternal
smoking was associated with a 1mmHg increase in mean SBP, among 5 to 6 year old children,
an effect supported by others as well (Law et al. 2000, Oken et al., 2005). Studies on BP have
shown that parental prenatal smoking have the same effect on children’s BP as maternal
smoking during pregnancy, suggesting that childhood BP may be due to other than intra-uterine
programming, and that associations found by other studies may have been due to minimally
adjusted models used, hence confounding (Brion et al., 2007).

Strengths

Analyses conducted accounted for variables, such as age and gender and gestational weeks at
birth, birth weight and length; factors shown to be related with child overweight and obesity. The
effect of dietary intake, via a specific pattern that has been shown to increase the risk of child
obesity was also accounted for by adjusting for child-derived Food Index score (cd-Fl) that the
children had scored (Magriplis et al., 2015).

The association between maternal smoking and children’s weight status was found significant
with BMI category and with fat percentage. BMI has been criticized as a theoretical indicator,
prone to errors, since does not account for the variability in muscle mass. The association with
measures waist circumference, shown in this study, strengthens the association found between
maternal-smoking suggesting potential increased likelihood specifically for central obesity
among 10-12 year old children.

Limitations

Paternal smoking was not assessed therefore second hand smoking was not accounted for.

Due to the nature of the questionnaire, great variability was found among the responses
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gathered from the parental questionnaire. Data however were cross tabulated and dummy
variables were created to address responding bias, with none being observed.

Maternal smoking was assessed in categories therefore the risk per cigarette intake was not
possible to be derived. Another potential limitation was blood pressure measurements, which
were performed in the field therefore direct association with high or low child BP was not
possible. This may be potentially the reason why no association was found between maternal
smoking and BP, via logistic regression.

Lastly parental anthropometric data were self-reported, although the large sample size
decreases potential reporting bias.

Social desirability concerns may have caused under-reporting of smoking behavior, although
this limitation would have lead to a further increase of the association. Due to the nature of the
study, and as in all observational studies, unmeasured systematic differences between smokers
and non-smokers that are possibly associated with the outcome, may partly explain the findings.
This was controlled for, by adjusting for a-priory known variables that have been associated with
children's weight status and adiposity, without however over-controlling. Furthermore, the
results were tested via random sampling (bootstrap, 10 replications) further increased the
studies results.

Conclusion

The findings of the present study suggest that intrauterine exposure to maternal smoking
increases the likelihood for an increased body weight and central adiposity in school aged
children. Although BMI does not provide information on fat distribution, waist circumference
measured, as well as total body adiposity, measured in this study may suggest that maternal

smoking may affect central adiposity more specifically.
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Table 1

Demographic characteristics with mean (SD) and frequency (%) for maternal and child

characteristics among maternal smokers and non smokers

*P<0.05 for difference in main characteristics among smokers and non smokers during

Characteristics N?® Mean (SD) or Non smokers Smokers Difference*
Median® (1767) (250) (p-value)
Frequency
(%)
Maternal BMI (kg m™) 1861  23.5 23.6 23.2 0.044
Maternal age at 1695 28.2(4.7) 28.1 (4.7) 29.2 (5) 0.001
pregnancy (years)
Pregnancy weight gain 1738 13 13 15 0.039
Maternal BMI at 1729 21.5 21.5 21.5 0.633
pregnancy
Gestational age (week) 1325 0.973
* <32 weeks 28 (2.1) 25 (2.2) 3(1.7)
e 32-36 weeks 193 (14.6) 167 (14.5) 26 (14.9)
e 36-38 383 (28.9) 331 (28.8) 52 (29.7)
o >38 weeks 721 (54.4) 627 (54.5) 94 (53.7)
Maternal education 1802 0.107
* primary 123 (6.8) 108 (6.9) 14 (6.1)
* secondary 761 (42.2) 642 (41.3) 111 (48.7)
* university 918 (50.9) 805 (51.8) 103 (45.2)
Drinking of alcohol 2001 0.07
* none 1916 (95.7) 1688 (96.1) 228 (93.1)
* 1 unit/day 85 (4.3) 67 (3.8) 17 (6.9)
« >1unit/day 1(0.1) 1(0.1) 0(0)
Child Characteristics
Age 2017  10.9(0.7) 10.9 (0.7) 10.8 (0.8) 0.415
BMI 1950 20.2(3.7) 20.1 (3.6) 20.9 (4.0) 0.002
Gender 2017 0.390
* boys 909 (45.1) 790 (44.7) 119 (47.6)
. girls 1108 (54.9) 977 (55.3) 131 (52.4)
Birth weight 1400 3268.3 3283.1 (549) 3156.8 (483.5) 0.004
(542.2)
Birth length 1245 51.3(3.7) 51.4 (3.7) 51.1 (4.2) 0.507
Body fat (%) 1938 21.3(8.8) 21.1 (8.7) 22.9 (9.2) 0.002
Waist circumference 1937  68.9 (9.7) 68.7 (9.7) 70.4 (10.2) 0.013
(cm)

pregnancy, based on t-test or Mann Whitney tests for continuous normal and skewed variables,
respectively. Chi-square test was used for categorical variables.

BMI: Body Mass Index; SD: Standard deviation

?N: Total of data per characteristic

® Mean(SD) or median values depicted for continuous variables and frequencies(%) for
categorical variables
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Table 2

Multivariate logistic regression of children’s weight status and maternal characteristics
among smokers versus non-smokers

BMI, Maternal smoking status Non smokers versus Smokers
Odds Ratio (SE)* 95% Cl P value®

BMI category*’
* healthy wt - --
. ow&ob 1.60 (0.36) 1.03, 2.47 0.036

BMI category*?
* healthy wt -- -
e ow&ob 1.80 (0.45) 1.10, 2.94 0.019

BMI category*®
* healthy wt -- -
e ow&ob 1.82 (0.48) 1.09, 3.04 0.021

BMI category**
* healthy wt - --
. ow & ob 1.81 (0.47) 1.09, 3.03 0.023

Body-- Mass Index; OR, Odds Ratio; SE, Standard Error; 95%ClI, 95% Confidence Interval
*overweight (ow) and obese (ob) children compared to healthy weight peers

#women having completed secondary education and university or higher compared to women
having completed elementary level education

® significance level at p<0.05

" model adjusted for children’s age & gender, children’s birth weight & length, gestational weeks,
maternal education, maternal BMI, weight increase during pregnancy and maternal age

2 model adjusted for the above and maternal alcohol & coffee intake during pregnancy

®model adjusted for the above and children’s sleep, screen and study time

* model adjusted for all of the above and total FI score
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Table 3:

Multivariate logistic regression of children’s percent adiposity and waist circumference with
maternal smoking status

Children’s Adiposity % Children’s waist circumference °
Odds Ratio 95% CI P value®* Odds Ratio 95% CI P value®
(SE)* (SE)*
Model 1 1.28 (0.3) 0.82,1.20 0.280 1.73 (0.4) 1.17, 2.69 0.014
Model 2 1.34 (0.3) 0.82,2.19 0.244 1.85 (0.5) 1.13, 3.02 0.015
Model 3 1.29 (0.3) 0.78,2.13 0.326 1.84 (0.5) 1.11, 3.05 0.017
Model 4 1.28 (0.3) 0.77,2.11  0.338 1.82 (0.5) 1.09, 3.01 0.021

* Significant at the P<0.05 level

@ Comparing children above and below the median value of the sample. Measured with
bioimpedence analysis

® Comparing children above and below the median value of the sample. Measured by trained
personnel, using a with a non elastic standardized tape (Seca)

" model adjusted for children’s age & gender, children’s birth weight & length, gestational weeks,
maternal education, maternal BMI, weight increase during pregnancy and maternal age

2 model adjusted for the above and maternal alcohol & coffee intake during pregnancy

*model adjusted for the above and children’s sleep, screen and study time

* model adjusted for all of the above and total FI score
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Figure:
Mean Systolic and Diastolic blood pressure of children by maternal smoking status
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Introduction

Childhood overweight is a multifactorial problem. Familial resemblance in weight is well
established as a result of genetics and environmental factors (ref). The latter is an integration of
physical activity, dietary patterns, and eating behavior, school and home environment; all highly
modifiable factors that can increase the risk for child overweight, as widely perceived in the 21°
century. Therefore, the question remains: why does childhood overweight and obesity remain
an epidemic.

Over the past 30 years childhood obesity has quadrupled in children 6-11 years old, from 6.5%
in 1976 to 18.8% in 2004 (Ogden et al., 2009 —National Health and Nutrition Examination
Surveys). Many researchers have investigated a series of questions pertaining to eating
behavior and there is evidence supporting the theory that certain such behaviors may precede
overweight in some children (Birch et al., 1998, Fischer et al., 2003, Pearson et al., 2009). It has
been shown via a systematic review, that home availability of fruit and vegetable and intake,
were positively associated (Pearson et al., 2009). Kral et al. 2014 & Fischer et al., 2003, found
that environments that offer larger portions of palatable foods affect all children’s intake
irrespective of their weight status or how reinforcing they find food to be. Some studies have
linked childhood obesity with poorer quality of life and low self-esteem (refs).

Temporal relationship to this theory however is difficult to be determined since it may be a result
of stigmatization of childhood obesity. Eating beliefs and food behaviors however can and
should be examined in order to assess children’s beliefs and potential patterns that may be
preventive or may increase their risk to overweight or obesity. In order to promote change and
increase the likelihood of a healthier lifestyle, the willingness of children to change may need to
be investigated.

The objective of the study was to examine school children’s willingness to ameliorate eating
behaviors in relation to their weight-status and their current eating patterns, as well as to assess

potential gender differences.
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Methods

Sample Population and sampling

Data were used from the GRECO (Greek Childhood Obesity) study a school based cross-
sectional study across the area of Greece, including pupils 10 to 12 years of age. The study
was carried out from October 2008 to May 2009, from the whole district of Greece, including a
random sample of 117 schools from 10 selected regions, with a total of 4786 children aged 10-
12 years old, studied. A participation rate of 95% was achieved. All children, teachers and
primary care-giver were informed of the aims and study procedures, and primary care-givers,
usually parents, were asked to sign consent forms. A more detailed description of the sampling
procedure has been published (Farajian et al., 2011). After data inspection, a total of 452
children were excluded; 117 children had all data missing; 95 children had left unanswered over
20% of the FFQ (>=10 questions); and 240 individuals had reported implausible energy intake

(<600 kcal/day or >6000kcal/day).

Children that had all 23-behavior questions missing were excluded from the analysis.
Furthermore, dummy variables were created to detect children that had responded to <20% of
the behavior questionnaire (must have at least 19 questions). These children were also
excluded from the analysis in order to reduce response bias. A total of 79 children were
excluded from the analysis, of which 42 were normal weight, 17 overweight and 6 obese. 14
children out of the 79 had missing BMI values. This left 4355 (98,2% of the sample) students in
the analysis.

A total of 8 eating behavior questions and 12 questions related to eating habits were assessed
with children asked to respond using a 1-5 score gradient pertaining to their readiness and
willingness to alter their eating or food related behavior. The gradient used was the following:

1 "not sure at all"

2 "a little sure"

3 "sure"
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4 "very sure"

5 "absolutely sure"

All responses were assessed by weight category (overweight and obese versus healthy weight)
and by gender. In order to avoid information loss, all frequencies (%) were reported by score
and then categorized.

Questionnaire

The questionnaire was split into two sections. The first section contained descriptive
information, including age, gender, anthropometric measurements, and questions relating to
behavior & activity. The second section contained the Food Frequency Questionnaire (FFQ)
and was used to construct the validated childhood derived Fl, designed to potentially detect
child OW&OB (Magriplis et al., 2015).

Behavioral section

The questions were latter split into two categories (1 and 2), where “1” was for children
responding not sure at all or a little and “2” to those responding, sure, very sure or absolutely
sure.

“‘How happy are you with your weight” question was used as a proxy measure of a child’s self-
esteem level. The response was rated in a scale from 1 to 5, with 1 being not happy at all and 5
being very happy. This was further related to actual body weight and BMI | order to assess
correlation with actual measurements. It was then used in the analysis of the study in order to
examine the relationship between children’s assertiveness-readiness to change various eating
behaviors and their self-esteem.

Statistics

Demographic characteristics were assessed with mean values +SD (standard deviation), for
continuous variables, and frequencies with percentages, for categorical variables, with t-test
depicted by gender. Children of differing weight status-group were then compared to assess

their responsiveness and belief of nutritional behavior change, according to weight category.
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Data were also stratified by gender and differences in level of assertiveness were compared
among males and females as well.

Chi squared tests were used to examine potential significant associations between eating
behavior questions and the children’s feelings about their weight. To assess the children’s
weight perception compared to their actual as measured by trained personnel, and paired t-test
was used. Weight perception was also correlated with BMI and fat percentage.

Student t-test was used to examine mean differences among groups for continuous variables
and chi-square (x°) tests to examine differences in categorical variables. Mean BMI and Fl total
score (a proxy of their eating pattern) was assessed in relation to the children’s
willingness/assertiveness to change eating behavior (1-2 score) using ANOVA, one way
analysis, with tabulation command to assess mean differences between the two (2) groups. Chi-
square test was used to examine potential significant differences between eating behavior
binary outcomes and weight-perception/self-esteem score.

Stata 12.0 was used for the analysis with significance stated at the 0.05 level.

Results

Table 1 depicts the methods used to categorize children based on the respective adult BMI, as
defined by the IOTF (International Obesity Task Force) standards (Cole et al., 2012).

The basic total and gender specific characteristics of the study population are shown in Table 2,
where two P values were given; one unadjusted and the other adjusted for gender in order to
decrease confounding in the results obtained. Statistical gender differences were found for age,
height, waist circumference, BMI but not in BMI categorization. Mean values were lower in all
previous variables in females.

In Table 3, 8 eating behavior questions in questionnaire were tabulated by weight status and
gender with P values given in both cases. A greater percentage of overweight & obese children
reported ready to alter 4 eating behaviors including “eat smaller portions”; take a snack from

home to school; reduce sweet intake if these are not available at home; eat more F&V if these
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are available at home; eat more frequently healthy snacks if these are TV advertised.
Moreover, more overweight and obese children reported that their friend’s opinion affected their
snack selection. Gender differences were found in all eating behavior questions, with the
exception of friend opinion on snack selection with females responding a higher assertiveness
to change.

In table 4 the same 8 eating behaviors were categorized in 2 groups, as explained in methods
and were examined in relation to mean BMI, mean cd-FI (child derived Food Index) and self-
esteem. In crude analysis differences were found in 3 behaviors (eating smaller portions, more
healthy snacks if advertised and peer opinion) and mean BMI; these remained significant when
adjustments were made for age and gender, during which sweet reduction was also significant.
Children achieving a higher mean cd-Fl, also reported higher readiness to change, in all cases
other than peer opinion, with associations remaining in all behaviors when adjustments were
made. Lastly self-esteem was only associated with portion size and peer opinion, with more
children reporting good weight perception being more assertive to change, and a lower
percentage of the same reporting affected by their peers opinion on their snack selection.

Table 4 depicts children’s readiness to alter specific eating habits in relation to weight status
and gender. A greater percentage of overweight & obese children reported ready to change 5
out of 12 eating habits, and a higher percentage of females reported sure to change 8 out of
these 12 habits. In both cases, reducing fried & fatty foods, eat whole-wheat cereal and biscuits,
drink sugar free sodas, eat margarine instead of butter, and have fish once a week. Further

results can be seen in Table 4.

Discussion

Overall the results indicate that a greater percentage of females and overweight & obese
children express greater assertiveness to alter various eating behaviors and habits.

A systematic review reported that home availability and fruit and vegetable intake were

positively associated (Pearson et al., 2009), in accordance to the current study’s findings.
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Researchers have suggested that environmental control may be an important factor in order to
support children in weight loss, or prevent overweight and obesity development (Pearson et al.,
2009, Briefel et al., 2009, Fox et al., 2009, Luszczynska et al., 2013). The results of this study
that referred to the children’s perceptions and beliefs on home availability of fruit and vegetables
and taking, healthy options at school, limiting sweet items at home, are in agreement to these
findings. These beliefs however were higher among overweight and obese children and females
since eating behaviors were assessed based on gender differences and weight status, to
assess the possible effect that a child’s weight may have on their response.

It has been estimated that middle school children that attend schools that do not offer food or
snacks, greatly decrease in ssb intake (Briefel et al., 2009) and by limiting children's access to
low-nutrient, energy-dense foods at school may hold promise as a tactic for reducing children's
total calorie intake and controlling children's BMI (Fox et al., 2009). Children in the GRECO
study also reported this, responding sure or very sure in increasing healthy snack intake and
replacing ssb’s with their no sugar counterpart, if this was offered. Luszczynska et al, 2013,
have also confirmed this finding reporting associations between the use of self-regulatory
strategies and lower ssb intake become significantly stronger with age (Luszczynska et al.,
2013). However authors reported that accessibility was related negatively to self-regulation,
whereas higher social pressure was associated with higher self-regulation, suggesting that if
ssb’s are limited only, then once offered it can lead to overconsumption.

Suggestions to combat childhood overweight and obesity include modification of the home
environment to increase access to healthy food and activity choices, and decrease access to

unhealthy options.

Total cd-FI score was also investigated and findings suggest that the higher the mean score,

the more assertive children are in change. Awareness and knowledge may be the reason

behind this finding.
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Weight perception was assessed for, as a proxy for self-esteem, in relation to eating behaviors
Children with high weight perception-self-esteem were more likely to reduce portion size and
responded that peer opinion did not affect their snack selection. In all previous cases,
significant differences remained when these were adjusted by gender, which was shown in the
previous table to affect response, and age, therefore reducing confounding.

Differences were also found in children’s assertiveness on changing specific eating habits
based on their weight status, and their gender, with females overall responding more assertive
to change. In both cases children responded sure or very sure in reducing fatty and fried items,
consume whole-wheat cereal and biscuits, drink sugar free sodas instead of normal, replace
butter with soft margarine.

Girls also responded that they could eat a fruit and a salad daily, have a fruit for desert, and eat
fish once a week; whereas overweight and obese children further reported that they can add
their favorite vegetable in a sandwich. Responses and differences in findings may be
suggestive on factors that health and weight interventions should consider prior to
implementation. Although in this study overweight and obese children reported more willing to
alter specific eating habits, Roseman et al., 2007, found that healthy weight was associated with
consuming fruits, vegetables, breakfast, and milk. Underweight and healthy-weight students
consumed more fruits than students who were at risk of being overweight and overweight.
Healthy-weight students consumed more "other vegetables" than students who were at risk of
being overweight and more "other vegetables" and carrots than overweight students. This was
however accounted for when data were analyzed based on total cd-Fl score. Results were in
confirmation with findings reported by Roseman et al., (2007), since the higher the score the
more assertive children responded to change. Therefore although overweight & obese children
may consume less frequently “healthy foods” stated above, they did respond willing to add fruits
and vegetables in a specific way. Methods used to formulate the change and home & school

availability may some factor that should be considered as this study showed.
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Eating out of home has been associated with increased El and fat intakes and lower
micronutrient intakes (Orfanos et al, Lachat et al 2012) and has been found as an independent
factor of obesity (Burke et al 2007). How eating out in relation to other eating behaviors further
affect weight gain or the rate of weight gain in children requires further investigation. Eating out
however needs to account for the frequency by which children buy snacks from the schools
café. In this study overweight & obese children responded that they were sure they would eat
more frequently healthy snacks if these were offered more often in the schools café. The actual
frequency of selection should be investigated, since studies have shown that children tend to
choose higher E dense snacks compared to healthier ones (Kenney et al, 2014) even when
Cafés offer healthier options.

As children grow, their beliefs and choices become stronger and are often mediated by family
and peers with individual characteristics, including eating behaviors and assertiveness making a
child more or less susceptible to various external stimuli. The results of this study suggest in
children and pre-adolescent age that mostly food availability may affects their selection, and
peer opinion to a lower extent. In adolescence peer opinion should be re-evaluated.

“‘How happy are you with your weight” question was used as a proxy measure of a child’s self
esteem level. This was done in order to account for psychological factors that have been shown
to trigger binging in children.

Individual characteristics may make a child more or less susceptible to various external stimuli,
and many studies may have failed to show an effect or lead to prevention due to this limiting
step — understand their study population and their readiness for change. Programs may need to

be modified and adapted to these characteristics.
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Conclusion

In order to promote change and increase the likelihood of a healthier lifestyle, the willingness of
children to change may need to be investigated. Studies investigating a series of these factors-
behaviors and child’s beliefs and readiness to ameliorate these, may help investigators increase
their understanding on childhood obesity. By implementing strategies that will create parental
awareness and lead them to increase home availability of healthy snacks, including fruits and
vegetables, and whole-wheat snacks, low in sugar, children may be keener in their selections.
Restriction of high-energy dense food may not be the answer but increasing availability of high
nutrient dense items in a child friendly manner (ie: fruit salads and rice puddings instead of
whole fruits and plain milk or yogurt). The influential effect that peers have, as well as children’s

education around snack options and selection is an area that needs further investigation.
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Table 1: Children’s weight categorization based on Adult’s BMI according to IOTF standards and

BMI categories used in FI validation

Children’s Respective = BMI
classification Adult BMI category
Normal weight 18.5-<25

Underweight <18.5 1
Overweight 25-<30 2
Obese 30-<35

Morbidly obese >35 3
Total n/a

Table 2: Participant Characteristics including continuous (mean (SD)) and categorical

variables (frequency (%))

Total Boys Girls p-value™
Child
Characteristics*
Age (years) 10.9 (0.74) 10.96 (0.76) 10.88 (0.73) <0.001"
Height (m) 1.50 (0.08) 1.49 (0.76) 1.50 (0.79) <0.001"
Weight (kg) 45.7 (10.86) 45.70 (10.91) | 45.69 (10.82) | 0.971"
Waist 68.56 (9.6) 69.76 (9.91) 67.41 (9.14) <0.001"
circumference (cm)
BMI 20.24 (3.74) 20.37 (3.8) 20.13 (3.67) 0.034"
BMI category* (freq
(%)) 2475 (58.36) | 1175(56.93) | 1300 (59.72) | 0.091#
Under- & Normal | 1260 (29.71) | 623 (30.18) 637 (29.26)
weight 506 (11.93) 266 (12.89) 240 (11.02)
Overweight
Obese & morbid
obese

*t-test used for continuous variables & chi-square test for categorical variables
**significance at p<0.05 level
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Table 3: Assertiveness to change 8 eating behaviors in relation to weight and gender

Weight status Gender P-valuel

Eating Behavior Question Hw* OW&OB* Males Females ow By
VS Gender
HW

"Can you eat smaller food

portions"

1 210 (8.6) 91 (5.2) 190 (8.9) 130(5.8) <.001 | <.001

2 654 (26.8) | 438(25.0) |548(25.7) |579(25.9)

3 636 (26.1) | 426 (24.4) | 567 (26.6) | 545(24.4)

4 476 (19.5) | 424(24.2) |426(19.9) |520(23.2)

5 463 (18.9) |370(21.2) |402(18.9) |464(20.7)

"Take to school a snack from

home"

1 302 (12.5) |225(13.1) |281(13.3) |273(12.4) |.006 |.029

2 319 (13.2) | 212(12.3) |265(12.6) |292(12.8)

3 370 (15.4) | 224(13.0) |331(15.7) |282(12.8)

4 435 (18.0) | 269(15.6) |340(16.1) |402(18.2)

5 985 (40.9) | 793(46.0) |890(42.2) |960(43.5)

"Eat more frequently healthy

snacks at school if more were sold

at the canteen”

1 220(9.17) | 166(9.7) 218(10.37) | 191(8.72) |.066 | <.001

2 329(13.71) | 202(11.8) |301(14.31) | 259(11.83)

3 466(19.42) | 332(19.39) | 450(21.4) | 388(17.72)

4 603(25.12) | 393(22.96) | 481(22.87) | 549(25.1)

5 782(32.58) | 619(36.16) | 653(31.05) | 803(36.7)

"Can reduce sweet intake if these

are not present at home"

1 302(12.65) | 209(12.32) | 289(13.89) | 242(11.09) |.003 | <.001

2 348(14.57) | 210(12.38) | 334(16.05) | 261(11.96)

3 479(20.06) | 305(17.98) | 444(21.34) | 376(17.22)

4 455(19.05) | 301(17.75) | 362(17.4) |423(19.38)

5 804(33.67) | 671(39.56) | 652(31.33) | 881(40.36)

"Eat more F&V per day if have

more at home"

1 191(7.94) | 148(8.64) | 200(9.51) |157(7.15) |.671 |<.001

2 319(13.26) | 204(11.91) | 320(15.22) | 236(10.75)

3 452(18.79) | 315(18.39) | 398(18.93) | 396(18.03)

4 523(21.74) | 374(21.83) | 460(21.88) | 459(20.9)

5 921(38.28) | 672(39.23) | 724(34.44) | 948(43.17)

"Eat more freq. healthy snacks if

these were TV advertised"

1 357(14.81) | 212(12.25) | 320(15.15) | 271(12.27) |.003 |.001

2 462(19.17) | 277(16.0) | 379(17.95) | 398(18.02)

3 544(22.57) | 436(25.19) | 520(24.62) | 495(22.41)

4 495(20.54) | 368(21.26) | 438(20.74) | 467(21.14)

5 552(22.9) |438(25.3) |455(21.54) | 578(26.17)

"Can eat different food item

compared to your friends when

you are together" 113

1 382(15.91) | 238(13.85) | 343(16.36) | 307(13.94) | .448 | <.001




2 383(15.95) | 279(16.23) | 346(16.5) | 341(15.49)
3 531(22.12) | 387(22.51) | 508(24.23) | 447(20.3)
4 489(20.37) | 350(20.36) | 397(18.93) | 477(21.66)
5 616(25.66) | 465(27.05) | 503(23.99) | 630(28.61)
Total (missing=135) 2401 1719 2097 2202

"To your opinion how much do

your friends affect your snack

selection”

1 694(28.45) | 421(24.14) | 576(27.04) | 586(26.23) |.002 | .468
2 605(24.81) | 429(24.6) | 543(25.49) | 531(23.77)
3 545(22.35) | 382(21.9) | 467(21.92) | 508(22.74)
4 335(13.74) | 277(15.88) | 295(13.85) | 342(15.31)
5 260(10.66) | 235(13.47) | 249(11.69) | 267(11.95)
Total (missing=70) 2439 1744 2130 2234

OW, Overweight; OB, Obese; BMI, Body Mass Index; F&V, Fruits and vegetables

P value by weight status and gender, using chi square test
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Table 4: Readiness to alter Eating behaviors in relation to mean BMI, Reported usual Intake

and Self esteem

Question BMI! P value | cdFI total ! P value | Selfesteem | P value
(%)?
"Can you eat smaller
food portions”
Sure* (n=2795/4188) | 20.42 <.001 | 35.17+4.96 <.001 47.44 .017
Not sure 19.93 <.001* | 34.09+5.0 <.001* | 43.46
(n=1393/4188)
Take to school a snack
from home"
Sure* 20.28+3. | .943 35.04+4.89 <.001 46.51 269
Not sure 76 .593* 34.24+5.25 <.001* | 44.51
20.19+3.
74
"Eat more frequently
healthy snacks at
school if more were
sold at the canteen”
Sure 20.3+3.6 | .146 34.99+4.9434. | <.001 46.71 325
Not sure 8 .180* 28%5.15 <.001* | 44.84
20.09+3.
76
"Can reduce sweet
intake if these are not
present at home
Sure* 20.3+3.6 | .054 35.01+4.95 <.001 46.15 765
Not sure 9 .041* | 34.4+5.11 .0002* | 46.69
20.04+3.
81
"Eat more F&V per day
if have more at home"
Sure* (%) 20.27+3. | .489 35.19+5.01 <.001 46.31 .623
Not sure (%) 73 456* 33.41+4.76 <.001* | 45.36
20.18+3.
78
"Eat more freq. healthy
snacks if these were TV
advertised"
Sure* (%) 20.39+3. | .001 35.16+5.0 <.001 46.13 967
Not sure (%) 78 <.001* | 34.03+4.93 <.001* | 46.06
19.984+3.
66
"Can eat different food
item compared to your
friends when you are
together"
Sure* (%) 20.3+3.6 | .231 35.07+4.88 <.001 46.86 151
Not sure (%) 8 215* 34.33+4.88 <.001* | 44.41
20.15+3.
85 115

"To your opinion how




much do your friends
affect your snack

selection”
Sure* (%)

Not sure (%)

20.44+3.
82
20.07+3.
65

.002
<.001

34.79+4.98
34.81+5.01

904
.858

43.57
48.44

.002

BMI, Body mass index; cdFI, child derived Food Index; F&V, Fruits and vegetables
*children reporting above level 3 were grouped in «sure» category; Whereas children reporting 1
or 2 category were categorized as not sure
1Using ANOVA one way analysis with tabulation by category; Mean values reported and the P value
with level of significance <.05; *p-value when adjusted for gender and age category
2 Via chi square test (categorical variables); % of children that have responded either «sure», «very
sure» or «absolutely sure» and were happy with their weight Pearson chi? reported; Significance

level: P<.05

Table 5: Willingness to alter specific Food intake in relation to weight status and gender

Eating

Behavior
Question
Can you...

Reduce fried &
fatty food (qZ_3)

Total

Eat a Fruit every

day (9Z_4)

Total

Eat your favorite
Fruit for desert

(9Z_5)

Total

u b WN P U b WN K-

u b WN P

Weight status P-value
HW (freq) @ OW&OB*
Freq % Freq %
256 10.64 160 9.28 0.015
458 19.04 288 16.71
497 20.66 329 19.08
496 20.62 374 21.69
699 29.05 573 33.24
4130
80 3.33 62 3.58 0.348
193 8.02 119 6.87
273 11.35 209 12.07
393 16.33 312 18.01
1467 60.97 1030 59.47
4138
286 11.82 196 11.35 0.325
341 14.09 249 14.42
439 18.14 277 16.04
474 19.59 371 21.48
880 36.36 634 36.71
4147

Gender
Females Males
Freq % Freq %
200 9.05 236 11.24
382 17.29 401 19.1
424 19.19 435 20.71
483 21.86 413 19.67
721 32.62 615 29.29
4310
55 2.49 94 4.45
129 5.83 198 9.38
246 11.12 255 12.09
347 15.69 385 18.25
1435 64.87 1178 55.83
4322
234 10.55 272 12.9
287 12.93 333 15.8
374 16.85 371 17.6
461 20.78 416 19.73
863 38.89 716 33.97
4327

P-
value

0.005

<0.001

0.001
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Eat salad every
day (9Z_6)

U b WN B

Total

Add your favorite
vegetable ina
sandwich qZ_7)

U b WN B

Total

Eat cooked
vegetables 2-3
times per week

(aZ_8)

U b WN B

Total

Drink fruit juice
for breakfast
(qz_11)

u b WN P

Total
Drink fruit juice
for snack (qZ_12)

u b WN B

Total
Eat whole wheat
cereal and
biscuits (9qZ_13)
1
2
3

298
377
399
451
884
4118

417
374
439
494
665
4111

614
537
497
367
390
4117

133
173
289
376
1450
4155

237
278
446
552
873
4088

410
417
538

12.37
15.65
16.56
18.72

36.7

17.46
15.66
18.38
20.68
27.84

25.53
22.33
20.67
15.26
16.22

5.49
7.15
11.94
15.53
59.89

9.93
11.65
18.69
23.13
36.59

17.26
17.55
22.64

189
247
274
315
684

254
280
347
320
521

438
365
308
273
328

86
116
191
297

1044

165
190
308
371
668

275
264
328

11.06
14.45
16.03
18.43
40.02

14.75
16.26
20.15
18.58
30.26

25.58
21.32
17.99
15.95
19.16

4.96
6.69
11.01
17.13
60.21

9.69
11.16
18.1
21.8
39.25

16
15.36
19.08

0.238

0.031

0.052

0.525

0.54

<0.001

210
306
328
434
920
4296

335
342
422
443
650
4291

551
475
430
349
390
4294

109
154
269
374
1315
4336

199
231
396
519
834
4264

343
332
467

9.55
13.92
14.92
19.75
41.86

15.28

15.6
19.25
20.21
29.65

25.1
21.64
19.59

15.9
17.77

4.91
6.93
12.11
16.84
59.21

9.13
10.6
18.17
23.82
38.27

15.73
15.22
21.41

294
352
369
361
722

369
343
392
411
584

539
463
422
320
355

116
156
229
336
1278

215
262
391
438
779

372
379
444

14.01
16.78
17.59
17.21
34.41

17.58
16.34
18.68
19.58
27.82

25.68
22.06

20.1
15.25
16.91

5.48
7.38
10.83
15.89
60.43

10.31
12.57
18.75
21.01
37.36

17.8
18.13
21.24

<0.001

0.243

0.892

0.491

0.055

0.008
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Total

Drink sugar free
soda instead of
regular (qZ_14)

u b WN P

Total

Have margarine
instead of butter
(9Z_15)

1
2
3
4
5
Total
Have fish once a
week (qZ_16)
1
2
3
4
5

Total
In total 12 food
related questions

446
565
4095

610
329
369
335
713
4056

850
382
343
297
498
4081

231
214
331
370
1229
4077

18.77
23.78

25.89
13.96
15.66
14.22
30.26

35.86
16.12
14.47
12.53
21.01

9.73
9.01
13.94
15.58
51.75

342
510

304
181
237
271
707

545
232
253
225
456

161
162
207
246
926

19.9
29.67

17.88
10.65
13.94
15.94
41.59

31.85
13.56
14.79
13.15
26.65

9.46
9.52
12.16
14.45
54.41

433
606
4271

<0.001 446
261

310

330

823

4230

<0.001 695
318

327

294

546

4254

03 203
189

256

340

1185
4246

19.85
27.79

20.55
12.03
14.29
15.21
37.93

31.88
14.59

15
13.49
25.05

9.34
8.7
11.78
15.65
54.53

383
512

508
274
323
297
658

755
325
296
251
447

201
209
306
201
1066

18.33
24.5

24.66

13.3
15.68
14.42
31.94

36.4
15.67
14.27

12.1
21.55

9.7
10.08
14.76
14.04
51.42

<0.001

0.005

0.01
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Bar graph by weight status

< -

0 1

B recanofgZ 1 B neanofgz 2

B meanofgz_ 21 [ mean of gZ_19
P meanofqz 20 M mean of gZ_22
[ meanofqz_18 mean of qZ_23

where 0 for underweight & NW; 1 for OW & OB children

gZ_1 "can you eat smaller food portions"; qZ_2 "take to school a snack from home;

gZ_18 "Can eat different food item compared to your friends when you are together";

gZ_19 "Can reduce sweet intake if these are not present at home"; qZ_20 "eat more
F&V per day if have more at home"; qZ_21 "eat more frequently healthy snacks at
school if more were sold at the canteen"; qZ_22 "eat more freq. healthy snacks if
these were TV advertised"; qZ_23 "to your opinion how much do your friends affect
your snack selection"
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4. General Discussion

The Centers of Disease Control and Prevention (CDC) categorizes most chronic diseases,
including obesity, as largely preventable and related to behavioral risk factors and poor dietary
habits (Centers for Disease Control and Prevention, 2016), as the results of this dissertation has
shown. Obesity is a complex disease that results from the interactions of a variety of hereditary
and environmental factors. Childhood obesity has reached epidemic levels, with US officials
reporting one in three children being overweight or obese (Ogden et al., 2015, Wifley et al.,
2016).

Conventional treatments of obesity including: various «diets» and «Medical treatments» in
adults have been greatly unsuccessful. The Total Energy Balance defined as Energy Intake (El)
minus Energy Expenditure (EE) has been used to explain the increase in overweight and
obesity in children and adults. This has been argued to be an oversimplification of the process
by many scholars and investigators, since the weight burden most likely tends to be a
multifactorial process that includes genetic predisposition, food intake and environmental factors
(Birch et al 2001). Food and environmental factors have been found to account for 95% of the
obesity burden. Many researchers have reported short and long term beneficial effects for
obese children undergoing a combined dietary-behavioral-physical activity intervention plan
(Nemet et al., 2005), highlighting the importance of early intervention and multidisciplinary
effects.

Intervening at an earlier stage may therefore be of great importance. This has lead researchers
to the study of the vulnerable age of childhood, since this may be the key to combating
overweight and obesity. This has also been the basis for this thesis, where data from the
GRECO study were used in order to identify factors from a long a time span from in uterine life
based on the Early Life Theory, until the date the study took place. Data gathered were
analyzed based on ‘a priori’ knowledge and specific aims were investigated, as stated in the

section of Scope.
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The rise in childhood overweight and obesity is a major public health burden that should be
addressed since it increases the risk for the development of various chronic diseases later in
adult life (Dietz el al., 1998., Freedman et al., 2005, Freedman et al., 2015, Berenson et al.,
1998). Overweight 2-5 year old children were >4 times as likely to become overweight adults,
compared to their healthy weight peers (Freedman et al., 2005). Furthermore, recent data
suggest that childhood overweight and obesity is also associated with immediate health
problems, such as asthma (Gillland et al., 2003), hypertension and other cardiovascular risk
factors (Reilley et al., 2003), psychological or psychiatric problems (Reilly et al., 2003), and type
2 diabetes mellitus (Luppino et al., 2013, Reilly et al., 2003). It is well known that even modest
increases in weight have implications for long-term adiposity related metabolic diseases
(Mozafarian et al.,, 2011) therefore a food index that can screen children at risk for higher
childhood weight based on BMI percentiles was of great importance. Upon performing and
analytic literature review, significant findings on obesogenic and protective foods were obtained
for children and a dietary pattern with high sensitivity was constructed that can detect children at
risk for overweight and obesity. Data for Index development used was based on population wide
evidence: Mediterranean and National Healthy eating guidelines. A total of 14 foods,
categorized as positive - non-obesogenic or negative — potentially-obesogenic foods, were
included in the Fl, based on a priori knowledge of food items and food patterns for children. An
index with a large but not complex scoring scale was created for greater sensitivity. Specifically
the FI included eight (8) positive - non-obesogenic foods: fruit, vegetables, whole grains, fish,
nuts, legumes/pulses, milk and yogurt; and six (6) negative — potentially-obesogenic foods
include: cheese, red meat, sugared sweet beverages (ssb’s), processed food, fast food, and
sweets. Considering suggestions that it is preferable to design scoring ranges or let the score
be proportional to intake, instead of using simple cut-off values, not only because this is more
subtle but also with regard to foods that have shown a U-shaped correlation with health
outcome (Waijers et al., 2007), a scale of 1-4 was used in the cd-F| development, according to

intake, with a weighting system in order to increase its discriminating power. In all child-based
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indices that have been developed to date, all individual variables are given the same weight
therefore all foods contributed equally to the score. It has been suggested that it is not plausible
for all index components to have the same health impact (Weijers eta al, 2006) and moreover
the same obesogenic or non-obesogenic effect. Therefore, based on the population studied,
and considering their growth needs, higher weights were given to milk and yogurt, due to their
Calcium and Phosphorus content, as well as to whole grains, to vegetables and fruits,
considering the overwhelming evidence for their health benefits, in the development cd-Fl.
Since this is the first time to our knowledge, that weights are given to food items, and since the
exact “health” impact is difficult to ascribe, the weights given may be underestimated. Research
specifically testing the Risk Ratio (RR) of the individual index components on obesity may be
warranted in order to determine more specifically the exact differences in weights of each
individual component in the index. Energy intake was not adjusted for due to the age group
studied, since although Energy is a probable strong confounder in the adult population, in
children it may lead to misclassification since children’s Energy needs are related to their growth
and activity level, a difficult variable to measure.

The Fl was validated and sensitivity of overweight detection was tested by randomly spltting the
study sample (75%-25%). A detailed description of the Fl score derivation has been previously
published (Magriplis et al., 2015). Theoretically the final Fl score can range from a minimum of
16 to a maximum of 64. Higher child derived F| values indicate a lower risk of overweight and
obesity risk, and healthier dietary intakes among children.

The cd-FI constructed adequately distinguished overweight and obese children, from their
healthy weight peers among a nation wide sample of school-aged children.

The relative contribution of each individual component to the total score has been addressed
only once to date for adults, upon our knowledge (Kim et al 2003).

At this point of the discussion the controversial use of BMI in children should be referred to.
Various standards have been proposed for defining overweight in adolescence, but few studies

have evaluated their diagnostic accuracy (Neovius et al, 2004). They found that the IOTF (year
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2000) and the WHO standards (1991) have very high specificity, therefore few are mistakenly
classified overweight, but a low specificity, especially in female adolescents (Neovius et al,
2004). In order to minimize this potential misclassification, BMI data derived were scattered with
measured body fat percentage and measured weight and height. Any extreme variables were
omitted from the data, as has been suggested (Ogden et al, 2006), hence increasing the
strength of our results.

As stated earlier, childhood overweight and obesity is multifactorial. Therefore, although the cd-
Fl adequately predicted the children at higher risk for overweight and obesity, it could be argued
that the effect of a dietary pattern with obesogenic eating and behavioral factors on children’s
weight status, using the previously validated cd-F| developed to predict child overweight and
obesity (Magriplis et al. 2015), may be due to other residual factors.

The first factors accounted for were behavioral factors, shown by researchers to increase
likelihood of child weight gain and obesity. The behavioral factors addressed, included sleep
duration, total screen time (average per day) and total study hours. The latter is a new variable,
first used, to our knowledge, by the team in GRECO study, that adds to the ‘proxy’ of inactivity
in school-aged children. Other behaviors examined included number of meals per day,
frequency of having meals while on a screen (watching TV, DVD, playing video
games/consoles, using computer), frequency of having family meals with family members, and
frequency of eating/ordering out.

Results showed that total sleep & screen duration, frequency of family meals, frequency of
eating out, and frequency of eating while watching TV, when adjusted for age, were associated
with cd-F| score, significantly increasing it's predictive ability of childhood overweight and
obesity. Also, when cd-FI was accounted for in a model relating children’s weight status and
behavioral factors, this was found to be associated with FI score, with the likelihood of children
being overweight or obese decreased when they slept more, studied less, and had a higher FlI

score, had more frequent family meals and consumed more meals per day.
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In this study, for each hour increase in total study hours the likelihood of child overweight and
obesity increased by 6%, while with each hour of sleep duration the likelihood decreased by
8%. Meals per day and frequency of family meals were also significant to BMI status. It must be
underlined that although crude total screen time was significantly associated with increased
odds of overweight and obesity in children, the effect was nulled in a the model that included cd-
Fl and total study time. As previously stated, total study time is a new inactivity factor that was
accounted for, and has not been extensively studied. The nulled association between total
screen time and weight status is supported by other researchers reporting controversial findings
on TV-viewing, BMI status and food intake or patterns (Fuller-Tyszkiewcz et al., 2012, Carson et
al., 2012). Intervention studies on total screen time targeting overweight and obese children
have not found a significant change in BMI (Maddison et al., 2014). Researchers have found
that dietary patterns mediate the association between TV-viewing and BMI in children (Fuller-
Tyszkiewcz et al., 2012), while others did not find a significant mediating effect on the
relationship between TV snacking and junk food intake on TV-BMI relationship (Carson et al.,
2012). In the latter case however, participants self reported their weight and height and like
Borghese et al., (2015) only food items consumed while watching TV were determined; BMI
was not related to other dietary patterns. Information that assesses food intake as a whole,
along with the children’s’ total screen time is therefore required and the potential mediating
effect of diet through the Fl score should be further determined, in relation to screen time and to
sleep. The extent of the mediation should be further investigated. An association, however,
between having a TV in the bedroom and waist circumference, used as a proxy measure of
abdominal obesity, was found, as has been reported by others (Rey Lopez et al., 2008, Dubois
et al., 2008). This finding suggests that TV-viewing may need to be distinguished from total
screen time. In further support to these findings, researchers have found an inverse association
of specific dietary patterns and TV-viewing (Sisson et al., 2012); total screen time (Lazarou et
al., 2011); Elements with a less healthy diet (Dubois et al, 2008, Campbell et al., 2006, Utter et

al., 2006, Pearson et al., 2014, Gebremariam et al., 2013);or the child’s BMI and the frequency
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of eating while watching TV (Dubois et al., 2008). These findings further strengthen the
suggestion that dietary patterns act as a mediator in the association between TV viewing in the
to child overweight and obesity risk, with the types & quantity of food, and the frequency that
children eat while watching TV, and not total screen time itself. This may also explain the
association of having a TV in the room and increased waist circumference.

The association between having a TV in the bedroom and waist circumference remained even
when sleep duration was accounted for, which can be seen as a possible confounder. Whether
sleep duration is a factor in the potential causal path of screen and obesity remains to be
investigated.

The effect of total study time, remained significant, and was inversely associated with an
increased likelihood of children being OW or OB. Study hours were negatively associated with
children’s BMI status, as has been shown by Farajian et al., (2014) in a simpler model, but
positively with total FI score. The mechanism behind this association is not clear since to date
study time has not been well studied, although it seems that study time greatly increases total
inactivity time. From these study’s results study time seems may be related to BMI status via a
greater food consumption and not only via an obesogenic dietary pattern. More studies
evaluating similar child age populations may increase the understanding behind this new
potential obesogenic factor.

The knowledge of factors that may highly increase children’s risk for overweight and obesity is
greatly improving and most if not all of previously reported dietary and behavioral obesogenic
factors have been assessed upon intervention programs on children. However interventions that
target these factors have minimal to no effects. For example, results from systematic reviews
and meta-analyses show significant but small effect of interventions studies performed to
reduce children’s sedentary behavior (Biddle et al, 2015). The major flaws of most interventions
may be the self-perception of the child in general and more likely, once they reach the
overweight/obese status. This hypothesis is strengthened by a study that promoted active game

interventions and found a small but significant reduction in BMI and body composition of
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overweight and obese children (Maddison et al 2011). Technology based interventions in
children and adolescents, has recently been used by other researchers as well to improve
weight status (Chen et al., 2011). Furthermore, cognitive mediators of self-efficacy and planning
were found to increase fruit and vegetable intake among normal weight and overweight/obese
adolescents, but planning alone did not result in a decrease of energy dense food
(Luszczynska, et al., 2016). These findings lead to the next section important section of the
discussion, which is ‘getting to know the children’. The GRECO study was used to examine
school children’s willingness to ameliorate eating behaviors in relation to their weight-status and
their current eating patterns, as well as to assess potential gender differences and found that a
greater percentage of females and overweight & obese children express greater assertiveness
to alter various eating behaviors and habits. Eating behaviors were assessed based on gender
differences and weight status, to assess the possible effect that a child’s weight may have on
their response. Total cd-FI score was also investigated and findings suggest that the higher the
mean score, the more assertive children are in change. Awareness and knowledge may be the
reason behind this finding.

A high percentage of children in the GRECO study responding sure or very sure in increasing
healthy snack intake and replacing ssb’s with their no sugar counterpart, if this was offered, as
has been suggested by other researchers (Briefel et al., 2009, Fox et al., 2009). Luszczynska et
al, 2013, also, found that the associations between the use of self-regulatory strategies and
lower ssb intake become significantly stronger with age (Luszczynska et al., 2013). However
authors reported that accessibility was related negatively to self-regulation, whereas higher
social pressure was associated with higher self-regulation, suggesting that if ssb’s are limited
only, and then once encountered, may lead to overconsumption. This has been reported 18
years ago, when research suggested that "4 child feeding strategies that restrict children's
access to snack foods actually make the restricted foods more attractive (Birch, 1999), and that

when food is made freely available children will choose more of the restricted than the
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unrestricted foods particularly when the mother is not present (Fisher and Birch, 1999).
Suggestions on limiting food access, however, continue to prevail.

Although in this study overweight and obese children reported more willing to alter specific
eating habits, Roseman et al., 2007, found that healthy weight was associated with consuming
fruits, vegetables, breakfast, and milk. Underweight and healthy-weight students consumed
more fruits than students who were at risk of being overweight and overweight. Healthy-weight
students consumed more "other vegetables" than students who were at risk of being overweight
and more "other vegetables" and carrots than overweight students. This was however
accounted for when data were analyzed based on total cd-FI score. Results were in
confirmation with findings reported by Roseman et al., (2007), since the higher the score the
more assertive children responded to change. Therefore although overweight & obese children
may consume less frequently “healthy foods” stated above, they did respond willing to add fruits
and vegetables in a specific way. On the other hand a study found that children tend to choose
higher E dense snacks compared to healthier ones (Kenney et al, 2014) even when Cafés offer
healthier options.

Methods used to formulate the change and home & school availability may some factor that
should be considered as this study showed.

Weight perception was also assessed for, as a proxy for self-esteem, in relation to eating
behaviors. It must be noted that 34% of obese girls have been reported to have low self esteem
compared to 8% among non obese girls, aged 13-14 years of age (Strauss et al., 2000).
Recent findings, via a meta-analysis, have linked depression to the development of obesity
(Luppino et al., 2010). Children in this study with high weight perception-self-esteem were more
likely to reduce portion size and responded that peer opinion did not affect their snack selection,
and overweight and obese children are willing to alter some eating behaviors and habits. “How
happy are you with your weight” question was used as a proxy measure of a child’'s self esteem
level. This was done in order to account for psychological factors that have been shown to

trigger binging in children. Individual characteristics may make a child more or less susceptible
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to various external stimuli, and many studies may have failed to show an effect or lead to
prevention due to this limiting step — understand their study population and their readiness for
change. Programs may need to be modified and adapted to these characteristics.

Improved care-coordination, clinical-community integration, and interprofessional education, are
some of the factors that have been proposed in order to provide comprehensive, multi-
component treatment to the children in need (Wifley et al., 2016). The child’s readiness to
change and factors affecting their assertiveness however needs to be taken into account, as

findings suggest, in order to develop strategies and interventions that will be effective.

Dietary, behavioral and self-esteem factors have been identified in this thesis as factors that
need to be addressed in order to decrease or even prevent childhood overweight and obesity.
Researchers however have identified early life factors, such as maternal smoking, that may also
lead to an increased risk of overweight and obesity later in life. The question, therefore, asked
was how does maternal smoking relate to the previous findings. based on data obtained from
parents or primary care givers, maternal smoking, one of the most important modifiable factors
during pregnancy, was found to be significantly associated with children’s weight status and
central adiposity in all models tested, including maternal and child characteristics, coffee and
alcohol intake during pregnancy, child behavioral factors and dietary patterns. The association
however, was not significant for total body adiposity (%).This suggests direct effect of maternal
smoking during pregnancy on children’s risk of overweight or obesity later in life as well as an
increased risk for higher central adiposity as has also been reported by Simmons et al., (2008).
Controversial findings, however remain, between maternal smoking and child weight status, and
these may also be age related. As longitudinal studies have shown, the age of onset may be a
significant factor to address when assessing the effect of maternal smoking on the epidemic of
child overweight with child obesity developing with age, and differences over time increasing
(Riedel et al., 2014, Timmermans et al. 2014). Researchers have found higher adiposity levels

in children whose mothers smoked during pregnancy, among older children (Peters et al. 2015,
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Salsberry et al. 2005), and in toddlers (Oken et al. 2005; Salsberry et al. 2005), although others
that tested infant BMI (Durmus et al. 2011) found no association, suggesting possible later
onset. Furthermore, another longitudinal studies reported a stronger association of maternal
smoking with BMI in adulthood (Power et al., 2002). This may further enlighten the possible
mechanism that underlies maternal smoking and child weight status.

In discordance to other researchers (Wang et al., 2013) maternal education level did not differ
among smokers and non-smokers and did not have a significant effect when entered in the
models for BMI category, adiposity and waist circumference. This may be due to recall bias,
although all statistical measures were taken to decrease this effect. Responding bias may also
be another possible reason.

No effect was found between systolic or diastolic blood pressure and maternal smoking. Studies
on BP have shown that parental prenatal smoking have the same effect on children’s BP as
maternal smoking during pregnancy, suggesting that childhood BP may be due to other than
intra-uterine programming, and that associations found by other studies may have been due to
minimally adjusted models used, hence confounding (Brion et al., 2007). Of course, this also
remains controversial.

Social desirability concerns may have caused under-reporting of smoking behavior, although
this limitation would have lead to a further increase of the association. Due to the nature of the
study, and as in all observational studies, unmeasured systematic differences between smokers
and non-smokers that are possibly associated with the outcome, may partly explain the findings.
This was controlled for, by adjusting for a-priory known variables that have been associated with

children's weight status and adiposity, without however over-controlling.
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5. Conclusions

Childhood obesity, today termed a disease, has been linked with many chronic diseases. The
younger the age overweight and obesity occurs, the longer the individuals have the outcome
hence the longer they «carry» obesity related risk factors in their life span. The earlier detected
and treated, the lower the potential complications and disease outcomes. Early intervention is
also important because less weight change is needed at younger ages to achieve a healthy
weight compared with the amount of weight loss necessary at older ages. To date, however,
most children with obesity do not receive evidence based care and many health care
professionals continue to believe that obesity in childhood is relatively unimportant, and view it
as a largely cosmetic problem.

Although a causal effect nor a temporal effect among factors investigated throughout this thesis,
due to its nature, many important associations were derived adding the knowledge and
understanding of childhood obesity. The child derived Food Index can be a useful tool for health
care professionals, in the prevention of child obesity. The dietary aspect that should probably be
addressed by health care professionals, includes the amount of obesogenic in relation to
potentially protective foods, and not the complete restriction of the former. Relating food choices
via the cd-FI to children’s current life style behavior is also necessary, other than focusing only
on increasing physical activity, since TV, gadgets and social media are most probably here to
stay. A child may be more open to cooperate if an intervention is aimed based on their habits
instead on past “known” healthy lifestyles.

Furthermore, the development of children’s food preferences involves a complex interplay of
innate, familial and environmental factors, not all of which are likely to promote a healthy and
varied diet. It may therefore not be enough to limit the access to competitive foods and
beverages, or to enforce strong school wellness policies. Awareness is probably the key to
effective implementation and in order to create awareness one needs to understand children’s

perceptions, family food environment and their readiness to change is therefore warranted. A
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public health team approach, developing strategies that include manufacturers and family
members, including children may be more effective.

Lastly, self efficacy and perception, a predictor of behavioral performance across a range of
health domains. Determinants of self-efficacy in eating behavior is an area that has not been
readily examined. What has been examined is food availability and food policies, which
although important, are at the tip of the pyramid, if one can view it along the food pyramid
distribution. Understanding children’s needs and perceptions may be the base of the pyramid
along with parental training leading to the main goal which is the treatment of the outcome, and

more so to the prevention of childhood obesity.
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7. Future work

The GRECO study is a study that has much more information to extract from. Further research
areas that have been already identified and need further examination include:
i. The effects of maternal usual dietary intake, maternal smoking and breastfeeding on
children’s food patterns and risk of central obesity
ii. The potential mediating effect of total screen time and study time on sleep duration in
the increase of child weight status or adiposity level
iii. The effect that parental feeding habits have on children’s weight status: ad lib versus
restrictive versus in moderation
iv. Are children termed overweight based on BMI cut-offs classified correctly?
Associating overweight classification with other anthropometric indices (waist
circumference, total fat percentage, waist to hip ratio).
V. ldentifying behavioral patterns that increase the likelihood of obesity among school

aged children, using assertiveness to change questionnaire
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An Index That May Detect Childhood Overweight and Obesity
AUTHOR’ S NAMES: E. Magriplis, P. Farajian, D. Panagiotakos, A. Zampelas, G. Risvas

AFFILIATIONS: unit of Human Nutrition, Department of Food Science and Technology, Agricultural University of
Athens and Department of Science and Dietetics-Nutrition, Harokopio University, Athens, Greece Department of

Nutrition and Health, College of Food and Agriculture, United Arab Emirates (UAE)
INTRODUCTION

Obesity in children is of Global concern and is currently termed an epidemic. Studies have
shown the importance of diet on overweight (OW) and obesity (OB), hence Food Indexes (Fl)
mostly for adults have been developed to assess dietary patterns while accounting for food
interactions. Children remain understudied and a simple tool to detect OW/OB is still
warranted.

OBJECTIVES

To develop a Fl for children, that detects OW/OB based on: (1) a-priory knowledge, (2) USDA
data and (3) the Mediterranean Food Pyramid guidelines.

METHODS / DESIGN

The Fl included 14 foods : 8 «positive: non-obesogenic» and 6 «negative: obesogenic» foods.
Scores were set according to intake, from 1 to 4 or 4 to 1 respectively with weights of 1.5 given
to some. Statistical tests, such as Adjusted Coefficient of variation (R2), Cronbach-a, Random
sampling via splitting data into two new sets (75%/25%), were used to test the index’s
sensitivity. The Fl was validated using the GRECO study.

Table 2: Fl scoring system with GRECO frequency

“Score a 3 2 1

Food group™

Whole grains (x 1.5) - =a =3.<=a =2.<3 ==
Vegetables (x 1.5) " =4 =3.<4 =2.<3 -2
Fruit™ (x 1.5)~ =3 =2.=<3 =1,=<2 -1
Milk (x 1.5)~~ =2 =1,<2 =0, =1 (]
Yogurt =2 =1.<2 =0, =1 o
Fish =22 =1.<2 =0, =1 o
Nuts =3 =2.=<3 =1, =<2 =1
Legumes =2 =1,=2 >0, =1 o
Red meat =1 =1,<2 =2,<3 =3
Processed food =1 =1.,<2 =2.<3 =3
Cheese =1 =1-=2 =2, <3 =3
Fast-food o >0-s1 >1, =2 =2
Sugar sweet beverages (ssb's) -1 =1, =2 =2, =3 =3
Sweets -1 =1, =2 =2, <3 =3

RESULTS

Graphi The log probability of children being overweight /obese vs the total

All food variables in the Fl added to the model (adj. R2= S WX M.
0.989) and a good intercorrelation was found (Cronbach-
a= 0.7). In the GRECO population, the score ranged from
17 to 53.5 (mean 34.8 +5.01), was inversely associated
with BMI (-0.057 +0.02; 95%CI -0.098, -0.017) and waist
circumference (WC) (-0.08% 0.03, 95% ClI: -0.137, -0.022).
Associations remained significant upon adjusting for age,
gender and inactivity (p=0.02 and p=0.013, respectively).
Sensitivity analysis showed that the probability of
children being OW/OB decreases significantly (p<0.001) i
as the Fl score increases.

CONCLUSIONS

The Fl developed has high sensitivity, strengthening its power in detecting OW in children. It
adequately distinguished OW/OB children, from normal weight. The weights given to specific
foods require further validation.
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Title: Butter Or Margarine? A Dietary Patterns Approach Of The Controversy
Authors: E. Magriplis’ and A. Zampelas'
Affiliatons:

' Department of Food Science and Human Nutrition, Agricultural University of Athens, lera
Odos 75, 11855 Athens, Greece

Abstract

Overview: Many scientists, health care professionals and researchers are still debating whether
to recommend butter or margarine, although soft margarines contain mono- and poly-
unsaturated, and no trans-fatty acids.

Objectives: A nationwide cross-sectional study was used to identify food patterns potentially
associated with children’s BMI, and to investigate how these patterns relate to butter and
margarine intake. Secondary objective was to assess the children’s assertiveness in butter or
margarine intake based on their BMI status.

Methods: Data from 3098 children, 10-12 years of age, were included in the analysis.
Anthropometric measurements were performed. Dietary information were obtained via a semi-
quantitative Food Frequency Questionaire (FFQ). Principal component analysis on 15 food
groups, selected based on previous relevant studies, was applied to identify dietary patterns.
Multiple nested linear and logistic regression analyses were performed using STATA 12.0.
Results: Four (4) dietary patterns were identified, explaining 44% of the variation in intake.
KMO (Kaiser-Meyer-Olkin measure of sampling adequacy) of 0.81 was derived and all food
group had KMO>0.67. The components were characterized as follows: 1st pattern: higher
simple sugars intake (fruit and sweets); 2nd pattern: higher consumption of vegetables and
legumes and lower fast-food and sweet intake; 3rd pattern: higher protein and saturated fat
intake (red meat and pulses) and lower liquid calories intake (milk and juice); And 4th pattern:
higher fiber intake and polyunsaturated fatty acids (PUFA) and lower animal protein and

saturated fats (red meat) and sugar sweetened beverages.
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Multiple linear regression analysis, adjusted for age and gender, revealed that children’s BMI
was positively associated with components 2 and 3 (0.25 £.05; p<0.001 and 0.12 +.06; p<.04,
respectively) and negatively associated with components 1 and 4 (-0.29+.04; p<.001 and -0.34
+.06; p<.001, respectively). When adjusted for over and under-reporting the association
between BMI and pattern 1 was nulled, but remained significant in the others. Multiple logistic
regression analysis revealed that dietary patterns and BMI status, differ between frequency of
butter and margarine consumption. The 3rd pattern was associated with 14% higher odds of
butter consumption, whereas no significant association was found with margarine. Differences
in butter and margarine intake were not significantly different with patterns 1 and 4 (30% and
16% for butter versus 28% and 14% for margarine, respectively). The second pattern was not
significantly associated with either butter or margarine intake. Furthermore, ow and ob children
reported more likely of replacing butter intake to margarine (p<.001).

Conclusion: A dietary pattern characterized by high protein and red meat intake is associated
with a higher BMI and with butter consumption but not with margarine. These findings remained

when under-reporters were excluded.
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Score coefficients as per principal component analysis of 15 food groups

Food groups Component | Component | Component | Component
1 2 3 4

Fruit 0.3113 0.1940 -0.1153 -0.1805
Vegetables 0.2919 0.4177 0.2129 -0.0100
Legumes 0.1339 0.4624 0.3837 0.1274
Nuts 0.2380 -0.0794 0.0835 0.4786
Fish 0.2525 0.1531 0.1168 -0.1930
Red-meat 0.2109 -0.1190 0.4982 -0.3538
Processed food 0.1139 -0.2938 0.2140 0.0518
Fast food 0.2917 -0.4371 0.2076 -0.1054
Cheese 0.2925 0.0835 0.0473 0.0855
Sugared 0.2495 -0.2432 -0.2127 -0.3404
sweetened

beverages

Whole grains 0.2784 0.0478 -0.1030 0.5087
Sweets 0.3460 -0.3693 0.0297 0.1877
Milk 0.2217 -0.0324 -0.3601 0.1955
Yogurt 0.2492 0.1744 -0.2019 -0.1987
Fruit Juice (100%) | 0.2840 0.1288 -0.4550 -0.2257

KMO (Kaiser-Meyer-Olkin measure of sampling adequacy) of 0.81 was derived and all food

group had KMO>0.67
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Maternal smoking and school children’s weight status and adipocity level: the basis of
Early Life Theory from the GRECO study

Authors: E. Magriplis’ and A. Zampelas', P. Farajian’, G. Risvas'

Affiliatons:
' Department of Food Science and Human Nutrition, Agricultural University of Athens, lera

Odos 75, 11855 Athens, Greece

Abstract

Overview: Based on the Early Life Theory, a great number of chronic diseases that occur later
in life start from in utero fetal development. There is increasing evidence that children’s health
and weight-status may be «programmed» from in utero life, therefore affected by maternal
behavior. Maternal smoking may be one such factor affecting child weight status, adipocity level
and blood pressure, later in life.

Objectives: The aim of the study was to examine the effect of prenatal and maternal smoking
on school children’s weight status, as defined by the International Obesity Task Force (IOTF)
BMI cutoffs, central adipocity, defined by waist circumference (wc), and total adipocity,
measured with bio-impedance analysis (BIA). Secondarily, the potential association of maternal
smoking with children’s blood pressure (BP) in relation to children’s weight status and diet
quality was investigated, since BP is a heart disease marker.

Methods: Data from parental questionnaires given during national cross sectional study were
used in the analyses. A total of 2001 parental questionnaires were gathered with complete data
available in a sample of 837 which were included in the final analysis. Anthropometric
measurements were performed. Children’s BP was measured via two consecutive
measurements, after 10 min relaxation period, in the field. Children’s dietary information were

gathered via a semi-quantitative food frequency questionnaire (FFQ). Multivariate logistic and
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linear regression analysis were conducted, adjusting for multiple covariates including, age &
BMI at pregnancy, current maternal BMI, weight gain during pregnancy, maternal education,
alcohol and coffee intake during pregnancy, birth weight and height, gestational weeks, as well
as children’s age and gender.

Results: Children were 1.8 times more likely to be ow (95% CI:1.04, 3.12, p=0.037) and 2.3
times more likely to be obese (95% CI:1.05, 5.13, p=0.035) if their mother smoked during
pregnancy compared to their healthy weight peers. The model was adjusted for known
confounding factors, including caffeine which was also highly significant with smoking
(p<0.001). Maternal smoking was also found positively associated with children’s total body fat
percentage (95%CI 0.338, 4.118), as well as maternal current BMI (95% CI: 0.104, 0.533), and
negatively associated with age at pregnancy (95% CI: -0.312, -0.042). Systolic and diastolic
blood pressure, were associated with overweight and obesity, height at birth, but not maternal
smoking. SBP was also positively associated with age whereas diastolic was positively
associated with sleep duration.

Conclusion: Maternal smoking, was found to increase the odds of being ow or ob and was
associated with a higher adipocity level in school aged children. This remained significant upon
adjusting for known covariates that increase risk of childhood ow. Fetal programming may
therefore be greatly affected by maternal smoking one of the most important modifiable risk
factors, and affect not only weight status but adipocity levels as well, which is highly linked with

increased risk of chronic diseases.
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Maternal Smoking & BMI status association: 4 Models

Model 1

e Model adjusted for: children’s age & gender, children’s birth
weight & length, gestational weeks, maternal education, maternal
BMI, weight increase during pregnancy and maternal age

md  Model 2

e Model 1 + maternal alcohol & coffee intake during pregnancy

md Model 3

e Models 1,2 + children’s sleep, screen and study time

mad Model 4

e Models 1,2,3 + Total cd-FI score
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Appendix 2 (Questionnaires used for the GRECO study)
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EPQTHMATOAOI'IO MAOHTH

KQAIKOX:
HMEPOMHNIA XYMIIAHPQIHYE EPQTHMATOAOI'IOY: TAEH: [_| E” Anpotixod [_] =T’ Anpotixod
!/
2XOAEIO:
A. AHMOT'PA®IKA XAPAKTHPIXTIKA
®YAO 1. Ayopr [ 1 0. Kopitor [] HAIKIA:
HMEPOMHNIA 'ENNHXHZX: /[
AwgvOuvon kaTokiog: | Nopdg: \ I1éAn: \ T.K:

B. KOINQNIKO-OIKONOMIKA XAPAKTHPIETIKA

1. Tow péln g okoyéveld 6ov pévouy pali 6ov 6To omity;

a. Mntépa 1.NAI[] 0.0X1[]
B. Matépag 1.NAI[] 0.0X1[]
7. Adéppra 1.NAI[] 0. OXI[] AvNAI, néoa;
0. Monmovg 1.NAI[] 0.0X1[]
e Toya 1.NAI[] 0.0X1[]

oT. AMAog (O1EVKpivicE)

2. X10
dmPaTI6 cov

1.NAI[] o.0X1[]

Kopdool pévog

60V;

3.’Eyg15 670 d0patio cov Tniedpacn;

I.NAI[] o.0Xx1[]

4."Eyg1g 6710 dmpdTio cov
NAEKTPOVIKO VITOAOYLOTY|;

I.NAI[] o0.0X1[]

5. 1660 aVTOKIVIITO £YETE OTNV OLKOYEVELL; vuvvnenene

I'. XAPAKTHPIXTIKA TPOIIOY ZQHX

1o. IT6oec Mpeg peELETdS TO pOONPROTA GOV TIG KOONNEPIVESS

1. [160eg dpeg peretdc To podRpaTa
60V 10 LappfaTokvproko;

20. ITooeg dpeg Brénerc Tnredpaon/DVD, nailerg
NAEKTPOVIKA TTOLYVIOLL KOL GEPPAPELS OTO IVTEPVET TIG
KoOnuepwéc;

2B. Ilooes dpeg Brénerg
miedpaon/DVD, naileig niektpovikd
TOLYVIOLN KOL CEPPAPELS GTO IVTEPVET TO
Zoppatoxvpraxo;

3a. Tv @pa Kopdaoor covii0wg 1o Bpadv Tig kadnuepvéc;

...........

3p. Tv @pa kopdoar cvvi|0wc o Bpadv
70 Xopparoxvpraxo;

..............

4a. Tv @dpa Euvag ovvilmg To Tpmi TIc kKadnuepvec;

4B. Tv dpa Euavag ovviOmg To Tpwi To
Zappatokvpraxo;

5. Kowpdoor cuvil0wg 10 peonuép;

1.NAI[] o0.0XI[]

5.0. Eav NAI ypaye 16055 OPES KOWWAGUL: .........

6. Exe1g doxipndoel woté aAkoorovyo 10T
(pmopo, kpooi, fotka oviokt);

1.NAI[] o.0X1[]

1. Znavia ]
6.0. EGv NAL, 2. Afyeg popég t0 O
oMrooe 660 pva
GUYVG TVELS 3. 1 gopd/epdop. O
KATTOL0 TTOTO; 4.2 M| mePI6GOTEPEC O

@opéc / foopL.

7. Ex€1g 00KINAGEL TOTE VO KOTTVIGELS;

I.NAI[] o0.0X1[]

8a. Znpeimoe To10 TOTEVELS OTL
gival to Bapog cov

8p. Inpeiwoe moro moTevES
0T1 €ivol T VWYog 60V

0. An6 70 1-5 onueinoce T660 guyoproTnEévog sican amd To
apog 6ov; (1=kadéiov, 5=moii)

0]
1

0] 0] 0]
2 3 4

A. AEIOAOTI'HEH XQOMATIKHX APAXTHPIOTHTAX
1 Exeig kavel kKGmow | Kémoleg omé avtég Tic Spastnprotnteg TNV_Ttponyovusvn efdopndda (7 nuépsq);
Edv van onpueiooe mocec @opéc (onueimeos povo o gopa g KAOE cepd).

o 1-2 | 3-4 | 56 | 71 nepocidrepec

Kovnyneo Ll Ll L] L]
"Evtovo mepmdnpa O O O O O
TodnAato | | | | |
Tpé&upo 1 18oKIVYK Il L] L] L] L]
Mabnpa aepopmix | | | | |
Koloupnon Ll Ll Ll O O
Xopo-Mnraréto | | | | |
[odbcpatpo O O O O O
Mndoket | | | | |
Tiér Il Il Il Il Il
Bohei O O O L] l
NI L] L] L] L] L]
TToAepkeg Téxveg O O O O O
Tévig U U [ [ [
Kémowo dAro afnpa (I'phye
TEOL03) e eeeeeaeaneeaeeeeieneanees O O O O O
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2. ITowo, a7t6 TIS TUPAKATO TPOTAGELS
MGTEVELS OTL GE TEPLYPAPEL KAAVTEP
Y10 TNV TEPASUEVT) EBOONAO0;
Awipace Ko TIG TEVTE TPOTAGELS TPLY
EMAECELS TN L0 TOV GE TTEPLYPAPEL
KOAOTEPQ.

1. O)o pov Tov eAevBePO ¥POVO TOV TEPACH KAVOVTOG OPACTNPLOTITES TOL
ypedlovtav Alyn copotikny tpocmddeto.

2. Mepwéc popés (1-2 popég v mepacpévn efdopdda) Exava Evioveg
dpactnpromreg (Kamowo omop-aoAnua, £Tpesa, KoAvpumnoa, Ekavo Todniato, xopo)
GToV €AeBEPO oL xpdvo.

3. Zoyvad (3-4 popéc TV mepacpévn EfGopada) EKava EVTOVEG

dpaoctnpromreg (kamowo omop-aoAnua, £tpeéa, Kolvpmnoa, Ekave modniato, xopod)
GOV €AeV0EPO LLOL XpOVO.

4. Apxetd ouyva (5-6 popég v nepacév eBOoNada) £Kave EVTOVES
dpaotnpromeg (Kamoo omop-abinpa, £tpeéa, KOAMUTNGO, EKava TodNAaTo, Y0psd)
GOV €AeVBEPO OV XPOVO.

5. TIohd ovyva (7 1 TepiocdTepes opEg TNV mEPOSHEVN fdopdda) Ekava EvToveg
dpactnpromres (Khmowo omop-aOAnpa, £Tpega, KoAvpunmnoa, Ekave Todniato, xopo)
oTov gAeBepo pov ypdvo.

O O o oo

3. Tnv ponyovuevny efdondada (7 1. Aev GUUUETEX® OTO PAOMLOL TNG YUOUVOGTIKNG ceveeveverneereereeneereneeseeneeseeseeseesneeneenees ]
nl!éges! oTO ude‘r"la ™me Yl)pvac‘r“(flg 2. ZXSSéV TEOTE o veenteeeeeeteenteeneeeteetteesteeatesseesseesseenseesseesbaesseesseseenseenseenbeenseessennsenssenseas D
7660 GULVG GOV TOMD SPAGTIPLOG 3. MEPUKEG QOPEGe-vrervrnrrrrieseesressesssessse st st ss sttt et ]
(énanleg évrova, ETPEYES, TNOOYES); 4. TIohd ovyVe.... -4
(Enpsioos pévo pio andvrnon) S TTGVTOL oo s O
4. Tnv wponyovuevn oopndoo (7 nuéPes) n ékaves covildme:
A. Xta owieippato; (Enpeiooce povo 1. KaBopouve (AGPOLE, AODGM)....c.cvevueeiiiereieirieteieiierereeetseeteneaeseeieveeceesenenenens [l
pio amavinon) 2. ZTEKOUOUVOL KOL TPLYUPVOUG U c.vnrenrerreneerersesenserseeseeneenseeensessensessessessessessesseensensens [l
3. ETPENOL KOL ETOIEOL v vvevveeereeeeeeeeeeeeeeeeseseeeeeeeeeeessesseseeseeeses s s seeesessesnesneenesneenens [l
4. "Etpey o Ko MO0 OUPKETA..venvererrerrerrereeererneeneennes [l
5. étpeyo kot Emanlo EVTOVO TNV TEPIGGOTEPT] MPOL...errererirrerrrreraeaneeeaeeneenseseessessenees [l
B. Tnv dpa 100 @ayntod (KoAatolov) 1. KaBopovva (AaBala, tAOOOM).....ccvenveeeeeneenee. .U
(exT0G 06 TO VO TPWS); (ENpueinoe 2. ZTEKOUOUVOL KOL TPLYUPVOUG e .vverreneerrereereereensesneeseesesseeseeneensensessessessessessesseseeseenees [l
pévo pia amwavrnon) 3. ETPENO KO ETUOAE0L .. ettt ettt ettt ettt ]
4. Etpeyo. kot £monlo opketd O
5. 'Etpeyo. kot Emanlo VIOV TNV TEPIGGOTEPT] DPOh....rrerrerrerererrerrerrerrrareereaseeaesseaens [l

5.Tnv wponyovuevn efoondda (7 nuEPEC) noceg popis axplBag émoréeg kamolo aOInpa 1 Kamolo TaLVidL 1) XOpEWES

évrova;

A. Meta to oyokeio (Enpeiooce pévo
pio amavnon)

21 3 popég v mepacpévn efSopdda....
4 popég TV TEpacUEVT ERSOUADA. .. ... .
5 QOPEG TNV TEPOUGHEVT) ELTOLBOL .. veneiinreiiteiiitiietiteiiteiiet ettt enen e enenees

B. To améyevpa (Enpeioos povo pio
omavtnon)

FOVEVOL. ettt ettt ettt e et e et e st e seeeaeenbeenbeenbeensennnas
1 popd v mepacpévn efdopdda
2 1M 3 QOPES TNV TEPOAGUEVT] EBGOLLADUL .. vvvenvereerererarerneeeeeneeneeeeseeseeseessesreesesseeneeneenes
4 POPEG TNV TEPOUOLEVT] ELOOLUUOOL..envervenvereeierereiereeneeneeeestesteseessessessesneeneeseeneessensens

6. To Tepaopuévo
2oPBBoToKVPLOKO TocEC Popéc
énan&eg Kamoro aOAnpa 1| Kamworo
moyviow 1 yopeyes évrova; (Enpeinoce
pévo pia amwavrnon)

1 popd to ZapPatokvploko..........
2 1M 3 popéc 10 ZapPatokhploKo ..
41 5 popéc 10 Zappatokdprorko
6 M TEPLEGOTEPEG TO ZOUPPAUTOKVPUIKO. c-vvverrenrerererrerreereereeseareeneeseeneesesensessessessessenses

I

7."Hoovvo appwotog Ty mepacpévn efdopdda 1 o€ epmddice KOTL GALO a6 TO VO KAVELS TIS QUGIKES dPAGTNPLOTITES TOV
1.NAI [] 0.0x1[]
7.A Eav NAL ypaye pog TL 6€ EPAOOIGE: ............

Kavels oovi0og;

8. [log nyeivelg oto oyolieio;

A) Me 10 o)0MKO

B) Mg 10 avtokivnTo Tov Umapmd 1) TG LOpOG

I') Mg ta oo

Eav anyaivelg pe To 16010, 1600 AETTA KAVELS Y10 VO QTAGELSS

[

155



099[]

1daoy
b mar021dn b d3xpdx b meorirs

[] ONVLIV ‘T [] odMAav 1

‘oan200M L g0

uzyg

(53daox b bl ‘L

DAOMNZ 33V

(ognd b mgagad b Szxnd b o

[ 4d0® IIIIAN T

$Shozyp Shxy

seeesscessee

@),
L it 52130 520011

(2902 2 10X 1W2A0ADGTD

[]1XAdO® IANIIAN T

Shozyp Sivryo mac

[ RAdO® IAMTIAIN'T

Slhozyp Simryo aon®@du pmdi

PYTTITTTTTTe ey

DAONIZ 3uTYY

(p200dc
L 02339 S:1zyd adod) aoe

aliz 53dod 9-¢ Al S3dod z- 1

156



(md3nx 1daoiin ‘p2

DAONZ UV e) (o) fe) (0)
‘mdurox
DOOIT o) o) o) o) 02020:
‘mdlhaox
090 ) (@) ) (@) %0
DAONIZ 3uZVY 'e) o) [e) o) L oxomdzg b oaliopriny) nrqod
DAONZ 3uZVY [e) o) o) o) p1YQadn29 b 0adIDQOd I 140
o) o) O o) o0 d3gd b mop
fmXpriza
001 [e) o) 0 (o) mardo2ant b rypxordox U
‘mXpriza
Lt al ®) (@) ®) (®)
] IXO ‘0 [0 IVN'I Slixnryo 1daoyaod 01431109009
01 ‘d3xpdx 2 ‘mepmor n1 SN
noproods nontiood3 nontioods

157



‘mdurox
(T | | [0) [®) (o) [0) [e) o) o1ildod L opx0x 311 YDA L 0X¢
‘mdurox
POo1I ®) ®) o o ®) ®)
53130 530011 [®) [®) (o) [e) (o) o) ndprry
53130 530011 [e) 'e) o) 1e) o) o) (p2aq0dA b ndngndi 1d301
DAONZ 3uIVY [e) O o) O o) [e) (oda2ggan b n
0AONI3 3uZYY [e) 1e) o) [e) o) o) 1oy U Sox
DAOM3 3u3YY [®) [e) o) 0 o) [0) 101za0Aa0y] I oyox
‘mXpriza
Al ®) ®) (@) ®) (®) ®)
(05adoxnanro b dIYAM0
DAONZ 3UIVY [0) [e) o) [0) o) o) L S3dpanidn b Saipun b pdIp
neprioegds nepriogds neprioggd:

158



fmaprinion
POOTT ) ) @) o) @) O
DAON3 3uZYY e} o) o) o) O o)
DAOI3 31V o) ) @) @) @) ) DY(Q0L0Y
DAON3 3wV Y o) o) (o) o) (o) o) oAl
93130 53901 o) O o) O o) o) Aoz b a
fokpriza
DOOT[ @) (@) (@) (@) (@) (@)
Sovpyoud
0901 o) o) o) o) o) o) orizdx b oynioSad b aoadc
[ NOdVIIV NGVHINVX ‘T ] XAdHVII ‘T ‘A@doury aoyhnnk It Sadlya
S0IMDQ303M
0OOI] o) ) @) @) @) 0]
[] (ex00d11) NGAVIIIV NGVHINVX ‘T ] GIA) IAIHVII ‘T 3yui) Aodoury A rinX b S3dln

voptioods nontioods nontioods

159



0DAON3 3uZVY 'e) o) o) o) e} 531
DAONN3 3USVYH ©) ©) (©) ®) (©)
SOMIDY0LA0M
0OOJ1 ®) ®) (®) ®) (®) "3
[] XAdO® IAINIIAN'T [] IXO ‘0 ] IVN'T ‘pdoury 20 WylirinX Soo U
SOIIDYDLA0M
[T | | [e) le) o) [e) o) 509 luric
SOIIDYDLA0M
POOTI ®) ®) (®) ©) (®)
S0IIDY0LA0N
POOTI ®) ®) (@) ®) ®)
[] T4dO® IDIdAN'T ] IXO 0 [] IVN'T Shozyp Snye ndpuri b b 02
S01pri3a noory o) o) o) O o) aoxmdiluilg ndi
=T fmipriza
(T ) § [®) [®) (o) [0) (o) moM b 0212 30 101
fmXpriza
Lt al! ®) ®) ®) ®) ®)
[] VVIRANX T ] BvIOv 1
noproods nontiood3 nontiood3

160



0g3/53dod nQpToey3 nEpTioQd3
nd3n 3¢y 9-G /53dod p-¢ /53dod 7-1 MADLT/3L0]] {(Snd3z2ox ‘vd32hrl) 09 03A0A 0102DN
o) [e) o) o) o) Aliz yg 21l 1501 oo paorig3d n2 S
S3d3nil Sadarilig Sadarili g S3dznil Sadanil ¢ S3danil 7 nd31il |
[®) o) (o) [®) o) o) [®) o3k gmedu Smglhaao Smda neprioeyds al
eg3/>zdod neprioggs neprioggd:
ndz1l 3903 9-S /3dod p-¢ /3dod -1 MADLT/FL0[]
o) o) o) o) o) L Londo3zyha ahro proodun aoo priQ3L 02 S
‘haokoyoxa a0z
9 St € 7 1 WAL ahoproodur 9 S % € z T ‘nd3ni vl 30 Smglirao S
O0O0O0 0O S1340% DOOI] (o) (o) [0) o) O [0) n1origaztodxnd 103 n2pTiQ
[e) 'e) o) 1e) o) o) 3134(3AA0d0L L 00121260 592M3 3¢
SOIDY0LA0M

DOOTY ©) ©) (®) ©) (®) ©)
DAON3 3uI\Yg o) O o) O o) o) 023dd
[] 1X0 0 [] IVN'I 1Y g3

S0IDLA0N
Poo1I ®) ®) (®) ®) ®) ®)
Sopriza
001 [0) [e) o) 0 (o) (o) norplaoun b n112oMDA
53130 530011 [e) o) o) 1e) o) o) A
$Szypun

Ss0911 o o) o o o) o

DAONZ 31UV le) O o) O o) o) pIPQdDA b adon 1

vontioods nontioods nontioods

161



Z. EpwTnuaTtoAoyio a&loAdynonc TAoEmV anévavTti oTo paynTo

T k@Og par oo TG TaPOKATO EPOTAGES KUKADGTE TOV aplfpd mov VTodEKVIEL TO BaBUO GLyoLPLES OV SIVETE GTOV EAVTO GOG MOTE VO, KAVETE QLT
nov {nrovvtar otV kGbe epdToN (Ko Oyt To av o Oéhate va to kavete). 'Etol m.y v o 1: kaB6Aov Giyovpog/m vo KAVed avtd Tov ovopéPETOL GTNV

£pMTNON KO Y10 TO 5 : Thpa TOAD Giyovpog/n var KAVm ot TOV AVAPEPETAL AVTIGTOL(O. ZNUEIOCTE [0 LOVO OTAVTNOT.

Kotd méco sico ciyovpog/n 6tL... :

1. umopeic VoL KATOVOADGELG MIKPOTEPES PEPIOES POyNTOV;

2. umopelc va @ag £vo 6VaK 610 6YoAEio 0 To omiTL;

3. umopeic va. mEPLoPiceLs T TNYOVNTA Ko Mwapd TpoQpa,
OGS TOING, TTGEG, GOKOAITAL;

4. av ano@ooicelg vo ag @povTo KaBe pépa pmopeis vo o
KAVELS;

5. Ba. KaTavAA@VES Yo EMBOPTLO TO AYAMNUEVO GOV PPOVTO
o1 Bon evoc YAvkov;

6. av amoPacicels va pog caldto kKale népa umopeic va to
KAVELS;

7. umopeig v TpocBEcElg T ayaTnUEVE GOV AUYOVIKG GTO
0YOTNREVO GOV CAVIOVLTS;

8. umopelg va pag payelpepéve. Aayavikd pe 1o gaynté cov
2 pe 3 popég v efdopdda;

9.UmopelS VO TPOETOLNAGES NOVOG GOV/POVI] GOV  TO
OYOTNUEVO GOV PPOVTO 1] LOYAVIKS Y10 VO QOG;

10. B KOTAVAA®VEG GTO TPMOIVO GOV INUNTPLAKA;

11. pmopeic vo mielg éva moTipL amd TOV AyOTNUEVO GOV
100% yopd @povTMV Y10 TPOIVO;

12. Oa katovdloveg éva TOTIHPL PPEGKOL JVROD GPOVLTMV 1|
100% @uoukod yopd PPOVTOV Mg GVIK;

13. Oa katavaloves SNENTPLOKA 1] PTIGKOTA OMKI G Gheong
ot1) 0401 KOVOVIKAV;

14. Oo xatovdloves éva avoywuvktiké light ot 0éom
KOVOVIKOU OVOWYUKTIKOV;

15. Ba épaleg oto youi papyapivy ot Béon Bovtipov;

16. av amogooicelg va @og ywapt 1 @opda v efdopada
UTOPELS VoL TO KAVELS;

17. 0o ayépaleg mpoiovro yopnhd oz Mmopd otn 0éon
KOVOVIKAV TTPOTIOVTOV KoTd TNV EMICKEYN GOV GTO GOVTEP
HapKeET;

18. Bo KatovAA®VES Yo GVOK 1] @OYNTO KATL S1a@OPETIKO
amd Tovg eilovg cov dtav gica pali tovg;

19. av dgv vmipyav yhvkicpato oto omnit,, dgv Oa Ta
KOTAVAADVES KOl GV GLYVE,;

20. av vanpyov TEPLEGOTEPE (POVTO KOL AUYOVIKG GTO
omiti, 00 KOTOVAA®MVEG Kot 86D TEPLEGOTEPQ TV NUEPTL;

21. av VaPYOV TTLO VYLEWVE GVUK 6TO KUAMKEIO TOV GYoAEiov,
00 T0. KOTAVAAOVES KAl €6V TLO GLYVEL;

22. av otV TAgdpoon dagnpilovrav mo cuyvd Ta VYIEWVA
TPOQLA, 00 TO KATAVAALMVES KL 60 GLYVGE;

Ka06lov
ciyovpog
1

Aiyo
ciyovpog
2

AThG IoAd Mapa Toro
ciyovpog ciyovpog ciyovpog
3 4 5

23. Katd mdéco motedelg 0t ennpedlesol omd Toug giAovg
OO0V GTNV EMAOYH GOV Y10, KGO0 GVOK;

Oogooooo0 0 ogbooooooboooooboiopd

Oogooooof0 O0ogobooooooo0ooooboDod

Oo0oo0oof0 O0Oooboboooooo0ooobood

Oo0o0oof0 O0OooboooooooOogooobood

I:II:II:II:II:II:IDDDDDDDDDDDDDD%DIIII

XT. X OMATOMETPHZEIX

(copminpoOveTIL 06 TOVG EPEVVNTES )

1. Bapog (ywpic tamovtoia) o Kg

2."Yyog (ywpic Tomodtoln) og cm

3. [eprpépeta péong o€ cm

4. Meprpépera Aekdvng (cm)

5. % Ainog coparog (amoteAéopota and TANITA):

6. Aumddng pato coOUOTOS:

7. 2u0TOMKN TigoT: | 8. AwioTohikh Tieon:

| 9. Zpvypol
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T'EQITONIKO ITANEIIXTHMIO AGHNQN

TMHMA EIIIETHMHZ KAI TEXNOAOTTAYX TPO®PIMQN
MONAAA AIATPO®HX TOY ANGPQIIOY

Iepd O806¢g 75, 11855 ABnva, TnA: 210 5294945

Ayomnté yovéa / kndepova,

H Movada Awatpoorg tov AvBpodmov tov Tuiuatog Emotmung kar Teyvoroyiag Tpoipmy
tov ['ewmovikoy TMavemompiov AGnvov pe v ddsia Tov Yrovpyeiov EOvikng TTadeiog kot
®pnokevpdtov kat v vrootnpEn g [evikng Ipappateiog Katavoaiot) Kot GAA®V popémv
&yovv Eexwvnoet pia [Taveddnvia Epgova pe titho: «Extipnon emmédov ko artiohoyiag
madkg kor gpnpucig mayvoopkios oty EALGda», mov €xst v €ykpion  TOv
[Mowaywywov Ivotitovtov.

210 mAaiclol VTG TG EPELVAG OLOVEUETOL GTO GYOAEID TOV TS0V COG EPOTNUATOAIYIO, TO
om010 EKTIUG TIC SUTPOPIKEG GLUVNOELEG, TNV COUOTIKY OpOCTNPLOTNTA KOl TNV SIOTPOPIKY|
cuUTEPIPOPE TV padntodv. Me v mapodoa enoToAn Bo GoC TOPUAKAAOVGAE VO, SMGETE TN
GULVOIVEST] GOG, MOTE TO OOl OOG VO, ATOVINGEL GTO TPOAVUPEPOUEVO EPWTNLOTOAOY0. O
0éhope va cag evnuepdoovpe 0Tl Ta ototyeia eival amdppnrta kot Ba pog fonbicovv oty
TPOAY®YN TNG EMOTNUOVIKNG YVAONG 0T0 Y®Ppo NG Yyelog Kot Tng daTpogng €101KOTEPA.
IMopdAAnAo, TOPOKAAOVUE VO OTOVINGETE KL EGELG OTO EMGVVOTTOUEVO EPOTNUATOANYIO TOV
amgvBivetar otovg yoveic. To otoyeio mov Ba pog dmoete Ba dievkolvvouv v opbotepn
eEaymyn oLUTEPUCUATOV.

Z0G EVYOPLOTOVUE EK TOV TPOTEPWOV Y10 TY| CVVEPYOTIL.

O Emompovikdg YrevBovvog

7
Avtdvng ZopméAog
Avoaminpwtig Kabnyntig

O/H xétwbt voyeypoappévos/-n

et TOV. et et eeeve e eiieieeee. ONADVO
OTL EMUTIPEN® OTOV/-TV VIO/OUYATEPOL LOV. ...neniitiiiiiiiiiiii e et e iiiesieesieenee. VO OTTOVTT|OEL GTO
EPMTNUATOAOYI0, TOV SLOVEUETOL GTO GYOAEIO TOL, Y10l TIG AVAYKES TNG Epevvag e Titho «Extipnon

EMMEO MV KOL 01TI0A0YI0G TOOIKN G Kot €@ Puknig mayvoapkiog oty EALGOG».

Ymoypaon:
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EPOQTHMATOAOIO TONEQN

HMEPOMHNIA: _/ /

KQAIKOZX:

To epoTpOTOLGYI0 COPTANPAOONKE 062

Mnrtépa O
Hatépa |
Tovug 2 yoveig O

A. AHMOT'PA®IKA & ANOPQIIOMETPIKA XAPAKTHPIXTIKA 'ONEQN

1.Yankoétnta matipa:

2.Yrmkootnta Mntépag:

3. Hukio Tatépa:

4. Bapog motépa (Kihd):

5.Yyog natépa (ekatooTd):

6. Hukio pnrépoc:

7. Bapog untépag (Kiha):

8. Yyog prépog (ekatootd):

9.Témog kaTokiog Tatépa: Nopébg: Iorn: T.K:
10.Témog katowkiag pnrépog: Nopébg: TIoan: T.K:
B. KOINQNIKO-OIKONOMIKA XAPAKTHPIXTIKA TONEQN

1. Erayyelpa motépa: 2. Ileprypayre To £idog epyaciag Tov matépa onperd@vovras | 3. Ewoéonpa motépa:

£va pévo voopePo oTNY TAPUKAT® KAIpaKa:
1. Avepyog O XEPOVOKTIKH Meiktiy Tveopatikn 1. <10500€ O
2. EAed0. Emoyyehuotiog O 2. 10500-12000 € O
3. Iwwt. YrdAnhog O 1 203 14 |5] 6 71 8 | 9 | 10 |3.12000-30000 € O
4. Anp. YndAnhog O O/Oolololoolololol |4 30000-70000e O
5. Zuvtolovyog O 5. Ava v 70000€ O
4. Endyyeipo pntépag: 5. Ileprypayre To £idog epyasiag e pntépa onperdvovras | 6. Exoédonpo pnrépog:

£va p6vo VOUPEPO GTNV TAPUKAT® KAipaKa:
1. Avepyn O XePWVOKTIKT Mewt TTvevpotikn 1. <10500€ O
2. OwoKd [ 2.10500-12000 € O
3. EAe00. Enaryyshporiog O 1 2 314156 7 8 | 9 | 10 |3 12000-30000 € O
4. 18101, YréAinog O (ol O Oloolo ololol ;|4 30000-70000e O
5. Anp. YédAAnhog O 5. Avo v 70000€ O
6. Zuvtaflovyog |
7. ZNUEIDOTE 6TV TOPUKATO KAIpOKa 1660 1KavoToinpévog ivar | 8. Znpeidote 6TV TOPUKATO KApaKa 1660 tkavorompévn eivar 1 pnrépa
0 TaTEPUS 0O TO E160dNNG TOV; o 10 E160MNNG T™NG;

. . . . 5. apa . . . , 5. épa
1. KoBorov 2. Atyo 3. Métpur | 4. TToAD ; 1. KaBorov 2. Atyo 3. Métpur 4. TToAd i
TOAD TOAD
O O O O O O O O O O

9. ZuvolKa £tn 6moVdMY ToTépa (ZvvuToroyioTe 10. Xvvorukd £tn omToVdAV puNTEPAS (ZVVOTOLOYIGTE TIG
TIG 6MOVIEG 6O 0O TO INUOTIKG, YOUVAGLO0, AOKELO, omoVdEg 060G amd TOo dNNOTIKO, Yopvacto, Aokeo, ATEL,
ATEIL ITavemoetipio, ETPOPODOGELS, TovemoTHII0, EMPOPPDOELS, HETOTTUYLOKE):
HETOTTUYLOKA):
11. H katowia cag givon 1016kTNTY; 1.NAI O

0. OX1 O
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I'. HAHPO®OPIEX XXETIKA ME THN ET'KYMOXYNH

1. Bapog pntépag mpiv Ty £YKopoovHvy (KIhG): 2. Avénon Bapovg kotd TV gykoposHvy (KIhG):
3. EBdopades kimong: 4. Hukio pntépog KaTd Tov TOKET6

5. Kanviopo katd tTnv eykopoovvn: 6. Kanviopa zpwy Tv gykopoocvvn:

0.0y O 0. Oxu O

1. 1-9 toryépo / nuépa O 1. 1-9 torydpa / quépa O

2. 10-20 torydpa / nuépa O 2. 10-20 toryépa / nuépa |

3. 20 1y meprocdTepa Torydpamuépo. [ 3. 20 My meplocdTepa TotyGpa / Nuépa |

7. Kotavaioon ahkodd KaTd TNV eyKoposOvn (Npepnoing): 8. Katavaloon kogé Katd Ty £YKOpoovvn (Muepnoing):

0. Kaborov O 0 Kabohon 0

1. 1 pepida motod O 1. 1 Qhreém kagé 0

2.2 n meptocodtepeg pepideg motdv U 2. 2 Y| mep1ocdTEPA GAMTLAVIO, KOE O

9. Bapog yévvnong maidiov (ypap.): | | | | | 10. "Yyog yévvniong maidro? (sxor.): | | |

A. MAHPO®OPIEX XXETIKA ME TON ©HAAXMO

2. [Ié60vg pijveg ONhaoe N pNTEPO ATOKAELOTIKG;

1. ITI6covg pijves Ohace cuvolkd n pntépa;

3. X& oo pive £YIve 1 E160YOYH 6KOVING YOAOKTOG:
4. Kanviopa katd tov Oniaocpéd:

0.0 O

1. 1-9 toryépo / nuépa O

2. 10-20 torydpa / nuépa O

3. 20 1 meprocdTEpO TOLYGpaL / MUEPQL O

5. Katavaioon ahkoor katd tov Onhaocpé (pepnoing):

0. Kovévo ToTipt [
1. 1 motpt O
2. 2 1] mePLoGOTEPO. TOTHPLLL O
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H. TIAHPO®OPIEYX XXETIKEYX ME TH AIATPO®H TOY T'ONEA

Inpeiooe [IOXZO ZYXNA KOTOVOAAVELS TA TOPAKATO TPOPLRO TOV TEAEVTAIO piva.:
ZoyvoTnTo KaTaVaA®OONG 65 uepidss / efoondda

Anpmrpreicd ohuis Gheong, . youi, COpapud, |y 1-6 7-12 13-18 19-31 >32
pOlt (1 @éta 1 pArtldavt)
Hatdreg (1 pwkpn) Tloté 1-4 5-8 9-12 13-18 >18
Dpovta kot yopovg (1 pepida: Mikpd ppodta
KePAOLO, PPAOVAES, GTAPOAI - Y2 QA 1 pecaia
@povTo- uNro, TopTokdAL, ayAadt - 1 pétplo Ioté 1-4 5-8 9-12 13-18 >18
peydla - mendvy, kapmovll - 1 pétaf 1 motpt
XOuO0)
Aayovikd ko cordtes (1 A opd 1 %2 oh IMoté 1-6 7-12 13-20 21-32 >33
Bpoaopéva)
Oomnpua (1 @Artlave) Toté <1 1-2 34 5-6 >6
Yapt ko covmeg (120 yp 1 1 maro) IToté <1 1-2 3-4 5-6 >6
Koékxvo kpéag kot mpoidvta tov (120 yp) <1 2-3 4-5 6-7 8-10 >10
Tloviepucd (120 yp) <3 4-5 5-6 7-8 9-10 >10
Tahaktokopkd TAnpn og Mmapd (1 mothpin 1 <10 11-15 16-20 21-28 29-30 >30
Kkeoedakt 1 40 yp tupi)
Eladrado oty kodnuepvi payepikn (1 kovt Tloté Trdvio <1 1-3 3-5 KaOnpepwva
GoVTOG)
Alkoorovya motd (1 pepida motov: 120 ml kpaoi <3 3 4 5 6 >7
1 300 ml pmopa 1 40 ml ovick, Botka, Tlv,
00lo)

0. EPQTHMATOAOI'TIO ANIXNEYXZHE AZOMATOX KAI AAAEPT'TKQN MAGHZEQN XTA ITAIATIA

1. Eiye moté 1o mo1di 60g 610 TaperOOv «Bpacipo» | 6QUpLYHa 6TO
ot1)00¢;

NAI[] ox1[]

Av 0mavTi60TE «OYV» TOPAKOAD TPOYWPNGTE GTNY EPAOTNON 6

2. Eixe 10 tandi oog «ppaocipo» | cpuprypa 6to 6tiifog Toug
TelgvTaiong 12 pjveg;
NAI[] ox1[]

3. [Moca enc166010 pe «Ppacipo» | cvpLypa 6to 6t og €iye 10
o 060G TOVG TEAEVTAIOVS 12 pnjvec;

Kovéva [] 1ém¢3[] 4énc12[] Iepocotepa améd 12 []

4. Tovg TeLevTaiovg 12 pijveg, T660 GVYVE, KUTA néco 6po,
&omtvnoe 10 Tandi oag amd «Ppacipo» 1 ceHpLyHa 6TO
ot1)00¢;

TToté dev Edbmnoe O
Avydtepo and pio voyto v efdopdada |

Mo 1} meprocdTeEpEg VOXTES TNV EfSopdda [l

5. Tovg TelevTaiovg 12 pijveg, rav woté 1660 cofapod to «Ppacipo» 1
TO GOUPLYLA, DOTE VO OVCKOAEVETOL VA AN OEL;
NAI [] oxXI[]

6. Eiye moté T0o Tandi cug Gobpa;
NAI[] oxX1[]

7. Tovg Tehevtaiovg 12 pipves, aKoVoTNKE «BPacipo» )| «cPOprypo»
670 6T1100G TOV TOLOLOV GUG KUTA TN OLAPKELD 1| HETE a6 GoKNoN
(Tpé&po, Taryvion);

NAI [] ox1 [

8. Tovg TerevTaiovg 12 piveg, eiye moté To moLdi 6ag Enpod
Py T vOyTO, TOV dEV 0QEINOTAV GE KPLOAGYN A 1)
A0ip@EN TOV OVATVEVGTIKOV;

NAI ] oxi

9. Eiye moté To mondi cag mpofinpa pe grepviopato, covay 1
«Boviopévny poTi, eved gV TAV KPLOREVO 1| IE Ypinn;

NAIOJ ox1[J
AV antavTiooTE <Oy TUPUKUAD TPOYMPNGTE 6TV EpdTNon 14

10. Tovg Tehevtaiovg 12 piveg, siyxe ToTE TO TOLDL GOg
npopinpa pe gtepviopata, cvvayl 1M «poviopivyy poty,
EVO gV TAV KPLOPEVO 1| IE Ypinn;

NAI ] oxi
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Original article 1069

High sodium intake of children through ‘hidden’ food sources
and its association with the Mediterranean diet: the

GRECO study

Emmanuella Magriplis®, Paul Farajian®, George D. Pounis® Grigoris Risvas®
Demosthenes B. Panagiotakos® and Antonis Zampelas?

Objectives Sodium is the mineral that has been, mainly,
linked to hypertension and cardiovascular disease. It is
found naturally in many foods, but is also used in the food
industry and manufacturing. Identification of total sodium
intake, as well as ‘hidden’ sodium intake from food sources
early in life is necessary.

Methods Four thousand, five hundred and eighty children
aged 10-12 years were enrolled, in a cross-sectional,
population-based survey. Among other measurements,
dietary data were obtained by a semi-quantitative food
frequency questionnaire, and sodium intake was calculated.
High sodium consumption was considered an intake over
2200 mg/day. Adherence to the Mediterranean dietary
pattern was evaluated using the Mediterranean Diet Quality
Index for children and adolescent score (KIDMED score).

Results Twenty-three percent of Greek children had
sodium intake which exceeded the 2200 mg/day
recommendation, excluding salt added at table and during
cooking. Sodium intake was found elevated in children with
moderate and high adherence to the Mediterranean Diet.
Additionally, 1 unit increase in KIDMED score (i.e. higher
adherence) was associated with 10% [odds ratio (OR) 1.10,
95% confidence interval (Cl) 1.07-1.13] increased
likelihood of consuming sodium above the median intake
(i.e. >1500 mg/day). Thirty-four percent of sodium intake

Introduction

Hypertension is a global burden which has been associated
with renal and cardiovascular disease, the latter being the
leading cause of death in developed countries. Worldwide,
nearly 1 billion adults have hypertension, and 17-30% of
hypertension cases can be attributed to excess dietary
sodium [1,2]. Sodium is a mineral found naturally in many
foods but is also used greatly in processed foods. It is
noteworthy that in some countries, it has been suggested
that reducing sodium consumption to the recommended
intakes (<2200 mg/day) will likely reduce hypertension
and hypertension-related cardiovascular disease by 30 and
8.6%, respectively [3]. High blood pressure (BP) levels can
be observed in children and a significant number of chil-
dren have elevated BP levels without having any under-
lying disease. High BP levels in childhood should be
regularly reassessed and nonpharmacological or pharma-
cological interventions should be promptly initiated

0263-6352 © 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins
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from ‘hidden’ sources came from bread, processed cereals
and white cheese.

Conclusions Greek children have an elevated sodium
intake from ‘hidden’ sources and main contributors are foods
which are recommended to be consumed on a daily basis
according to the Mediterranean Diet Pyramid. These findings
should induce manufacturers to reduce the amount of
sodium added during processing of ‘healthy’ foods,
especially bread and cheese. J Hypertens 29:1069-1076

© 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins.
Journal of Hypertension 2011, 29:1069-1076

Keywords: children, Mediterranean diet, public health, sodium food sources,
sodium intake

Abbreviations: FFQ, Food Frequency Questionnaire; KIDMED,
Mediterranean Diet Quality Index for children and adolescents; MVPA,
moderate through vigorous physical activity; PAQ-C, Physical Activity
Questionnaire for older Children
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because high BP levels in childhood may lead to hyper-
tension and related cardiovascular diseases in later life [4].

Regarding sodium intake modification, there is contro-
versy as to how sodium intake can be decreased in indi-
viduals, as well as in populations, and which public health
measures should be taken in order to help reduce total
sodium daily intake. Therefore, identification of food
sources of sodium in modern diets is critical. T'o date many
researchers have focused on the sodium content of poor
nutritional quality foods that children consume [5].
Sodium, however, can also be found hidden in ‘healthy’
foods such as whole wheat bread and processed cereal,
foods consumed largely in a Mediterranean-type diet.
Although the health benefits of the Mediterranean diet
are widely acknowledged, there is still inconsistency
regarding the association of adherence to the Mediterra-
nean diet and total sodium intake. In particular, the

DOI:10.1097/HJH.0b013e328345ef35
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Mediterranean diet has been described as a diet abundant
in plant foods, minimally processed, olive oil as the main
fat source, low to moderate dairy and wine intake, low
intake of red meat, and sparse sugar intake [6]. Although
research has shown that specific foods which characterize
the Mediterranean diet have preventive effects on chronic
diseases, such as fruits and vegetables, olive oil and nuts
and unprocessed cereals [7-16], little is known on the
contribution of these foods to the total sodium intake in the
modern diet.

Therefore, in the present work, and under the context of
the Greek Childhood Obesity study (GRECO), the daily
dietary sodium intake (excluding table salt and salt added
during cooking) of 10—12 years old Greek children, was
studied, within the context of the Mediterranean diet
pattern.

Methods

Participants

The GRECO study was carried out from October to May
2009. The sampling included all regions of the country
(i.e. Attica, Sterea Ellada and Evia, Macedonia, Pelopon-
nesus, Epirus, Thessaly, Thrace, Aegean islands, lonian
Islands and Crete). From the aforementioned regions a
number of 130 randomly selected public primary schools
(through the listings provided by the Ministry of Edu-
cation) were invited to participate. The number of chil-
dren to be enrolled in each region was proportional to the
total population of the region, based on data provided by
the National Statistics Service of Greece. Thus, a total of
5850 schoolchildren (fifth and sixth grade) were invited
for potential inclusion. However, the number of schools
that agreed to participate in the study was 117 from all
over the country and signed parental consent forms were
obtained for 4965 of 5850 children (84.9% participation
rate) and were finally enrolled in the study. After check-
ing the quality of the data obtained from the enrolled
children, the final sample consisted of 4580 children (49%
men and 51% women) with a mean age of 10.9£0.75
years, with the 52.0 and 48% coming from large urban (i.e.
>1000000 pop.) and urban and semi-urban areas (i.e.
10000 to 1000000 pop.), respectively.

Bioethics

The retrieved data were confidential, and the study
followed the ethical considerations provided by the
World Medical Association (52nd WMA General Assem-
bly, Edinburgh, Scotland, October 2000). The research
was approved by the Hellenic Ministry of Education
(Department of Primary Education) as the law provides
in Greece for any studies conducted in the school
environment, during formal school hours, and the
Agricultural University of Athens Research Committee.
Prior to measurements’ initiation an extended letter
explaining the aims of the study was sent to the principal
of each school and each parent or guardian was provided

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

with a letter explaining the aims of the study and a
consent form. Those parents who agreed to participate
in the study had to sign the consent form and send it back
to the school in order to be collected.

Measurements

The measurements were conducted by investigators and
staff of the Unit of Human Nutrition of the Agricultural
University of Athens. All investigators followed a series of
planning meetings and were trained in survey methods
that included practical experience in weighing and
measuring techniques. Additionally, before the initiation
of the study all investigators followed a 2-week pilot
practice period in primary schools that were not included
in the final study sample in order to get familiarized with
the procedures. All study sites used the same measuring
equipment and procedures and in each class the inves-
tigators’ team consisted of at least two people. All
measurements were performed during morning hours.

Dietary and eating behavior assessment

Dietary assessment was based on a validated self-reported,
semi-quantitative Food Frequency Questionnaire (FFQ),
consisting of 48 food items commonly used in the local
Greek cuisine [17]. All participants were asked about their
usual frequency of consumption of the food items (average
over the past year) with the response categories ranging
from never, 1-2 times per month, to everyday. Pictures of
standard size of the food portions were used to help
participants visualize the regular portion and quantify
the portion of the food item they usually consumed.
Specifics on the type of food consumed were also asked
for (such as whole wheat bread vs. white bread, brown rice
vs. white, low-fat dairy products vs. full-fat, sugar-free soft
drinks vs. regular, etc.). The assessment of sodium intake
through consumption of various food groups was per-
formed using food composition tables of US Department
of Agriculture [18]. The evaluation of repeatability of
dietary information regarding sodium intake were tested
inasample of 21 girls and 23 boys (aged 10-12 years) from
one school unit in Athens, applying the semi-quantitative
FFQ two times (within a 30-day interval) in the same
children. Results showed very good repeatability between
the two measurements (Spearman’s tho=0.82, P < 0.001,
% of agreement using Bland—Altman graphical meth-
0d =93.2%). Furthermore relative validity of such infor-
mation was assessed using 3-day recalls which applied
30 days after the FFQ in a second sample of 20 girls
and 13 boys (aged 10-12 years) from the same school unit.
Very good relative validity was revealed regarding sodium
consumption resulting from FFQ and 3-day recalls (Spear-
man’s rtho =0.57, P < 0.001, % of agreement using Bland—
Altman graphical method =91.0%).

Assessment of Mediterranean diet pattern
The KIDMED index (Mediterranean Diet Quality
Index for children and adolescents) was used to evaluate
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the degree of adherence to the Mediterranean diet [19].
The index comprises of 16 yes or no questions. Questions
denoting a negative connotation with respect to the
Mediterranean diet were assigned a value of —1 and
those with a positive aspect +1. The total score ranged
from —4 to 12.

Physical activity, anthropometric assessment and blood
pressure measurements

All participants were asked to complete the Physical
Activity Questionnaire for Older Children (PAQ-C)
[20]. The instrument is designed for use in older children
aged 8—14 years and consists of nine questions structured
to discern moderate to vigorous physical activity (MVPA)
during the past 7 days. The summary score for the PAQ-C
is the average of the sum of the nine questions using a
1-5 scale and it is designed to be used during the
school year, rather than summer vacation or holiday
periods.

Body weight was recorded to the nearest 100 g with the
use of a digital scale (Tanita TBF 300) and with patients
standing without shoes in light clothing. Standing height
was measured using a portable stadiometer (Leicester
height measure) to the nearest 0.1 cm without shoes, with
the head positioned according to the Frankfort plane.
Body mass index (BMI) was calculated by dividing
weight (kg) by standing height squared (m?). Percentage
of body fat (%BF) and body fat mass were estimated by
the foot to foot impedance method (Tanita TBF 300)
with children standing barefoot. Obesity and overweight
among children were evaluated using the International
Obesity Task Force (IOTF) age and sex-specific BMI
cut-off criteria [21].

Blood pressure was measured using an oscillometric
device (UA-787 oscillometric blood pressure monitor,
A&D Company), equipped with the right type of cuff
for children of this age. During the measurements chil-
dren were calm, in a sitting position with their back
supported, with the right arm resting on a solid support-
ing surface at heart level, and at least 10 min at rest [22].
T'wo subsequent measurements were taken with a 5-min
interval in order to familiarize children with the pro-
cedure and the diastolic and systolic BP values of the
second measurements were recorded.

Statistical analysis

Normally distributed continuous variables are presented
as mean = SD, skewed as median (first, third quartiles)
and categorical variables as frequencies. The normality of
continuous variables was tested graphically according to
P-P plots. Comparisons of continuous variables between
groups of study were performed using the independent -
test or one-way ANOVA, for the normally distributed
variables and the Mann—Whitney U-test or Kruskal-
Wallis test, for the skewed. Associations between categ-
orical variables were tested using the Pearson’s chi-
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squared test. Repeatability and relative validity of dietary
information regarding sodium intake were tested using
Spearman’s rho and Bland-Altman method. High
sodium consumption was considered over 2200 mg/day
from food sources alone [23]. According to the KIDMED
scoring system [19], only 4.5% of the children (V=205)
had an optimal score (>8), therefore children with aver-
age and high scores were pooled together into one group
of ‘moderate and high adherers’ to the Mediterranean
diet, with a KIDMED score higher than the median for
this population (i.e. >4). Whereas children with a
KIDMED score equal or lower than the median were
classified as ‘low adherers’. Multiple logistic regression
analysis adjusted for age, sex, BMI and physical activity
was used to evaluate the association between adherence
to the Mediterranean diet on the likelihood of consuming
high sodium intake from different food resources (depen-
dent outcome). Results are presented as odds ratios (ORs)
and their corresponding 95% confidence intervals (Cls).
Hosmer—Lemeshow statistic was used to test the models’
goodness of fit. All tested hypotheses were two-sided. P-
value less than 0.05 was considered as statistically sig-
nificant. SPSS version 18 software was used for all cal-
culations (SPSS Inc., Chicago, Illinois, USA).

Results

In Table 1 various socio-demographic, anthropometric
and lifestyle characteristics of the children are presented,
according to their level of sodium intake, other than table
salt. Using the recommended cut-offs it was observed
that 23% of the total sample had high sodium intake
(>2200 mg/day), without taking into account added salt
at the table or while cooking. Moreover, boys were more
likely to be categorized in high sodium consumption than
girls (P<0.001); 31.6% of children who had high total
sodium consumption were overweight or obese; children
with high sodium intake were more physically active, but
also had better adherence to the Mediterranean diet than
participants with low intake. No significant difference
was observed as regards the level of sodium intake and
age groups, or region of living (urban or rural). Moreover,
no association was observed between sodium intake and
BP levels, even after adjusting for sex and age of the
children. Concerning body fat measurement results, body
fat mass was positively correlated with BMI (Pearson’s
rho=0.897, P<0.001), and negatively correlated with
sodium intake (Spearman’s rho=—0.180, P < 0.001).

Then, increased sodium intake from different food
sources was evaluated by the level of adherence to the
Mediterranean diet (Table 2). Children that reported
moderate and high adherence to the Mediterranean diet
(i.e. KIDMED score >4) had higher sodium intake from
the majority of the food groups (P < 0.001), by the excep-
tion of pizza, hamburgers, souvlaki (a type of meat),
saltines (including crisps, crackers, cheese sticks) and
cakes (P> 0.05).
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Table1 Socio-demographic, anthropometric and lifestyle characteristics of the participants, by sodium consumption from foods other than
table salt and cooking salt

Low total sodium intake Moderate total sodium High total sodium
(<1500mg/day)® intake (1500—2200 mg/day) intake (>2200 mg/day) Total sample P

N 2570 (56.1%) 959 (20.9%) 1051 (23%) 4580
Age group (%) 0.14

10 years 25.2 21.6 225 23.6

11 years 47.6 49.7 48.2 48.3

12 years 27.2 28.7 29.3 28.1
Male sex (%) 422 48.9 60.3™* 49.0 <0.001
BMI (kg/mQ) 20.7+3.9 20.2+3.7 19.5+3.6% 20.3+3.8 <0.001
Body fat mass (kg) 11.2+6.6 10.3+6.3 89+5.8 10.4+6.4 <0.001
Percentage of body fat (%) 22.4+89 20.8+8.7 18.8+8.3 21.1+89 <0.001
Overweight/obese (%) 45.0 39.6 31.8% 40.1 <0.001
Physical activity (0—5) 2.92+0.60 2.93+0.68 3.0240.62* 2.95+0.60 <0.001
KIDMED score (—4 to 12) 855+2.17 4.21+£2.12% 3.86+2.25% 3.78+2.20 <0.001

2Total dietary sodium consumption was classified to low, moderate and high intake (i.e. <1500, 1500-2200, >2200 mg/day) using European Union recommendations.
© Pvalues were derived through one-way ANOVA test for normally distributed variables, Kruskal—Wallis for skewed and Pearson’s x for categorical data. * P < 0.05 from
post-hoc comparisons between high, moderate vs. low sodium intake, after correcting the P value with the Bonferroni rule. ** P < 0.01 from post-hoc comparisons between
high, moderate vs. low sodium intake, after correcting the P value with the Bonferroni rule.

Moreover, in Fig. 1, the major food items that contribute consumption than junk foods (34 and 27% of total sodium
to sodium intake are presented. The greater sources of  intake, correspondingly). It should be noted that children
sodium in children’s diet were pizza and white cheese, with moderate and high adherence to the Mediterranean
whereas healthy foods, conferred more in total sodium diet (i.e. KIDMED score >4) had higher consumption of

Table 2 Sodium intake from different sources, by level of adherence to the Mediterranean diet using KIDMED score

Low adherence to Moderate and high
Mediterranean diet adherence to Mediterranean diet Total sample P
N 2876 1704 4580
Sex (%) 0.257
Boys 61.9 38.1 49.0
Girls 63.5 36.5 51.0
Weight status (%) 0.348
Overweight 64.1 35.9 291
Obese 63.6 36.4 11.0
BMI (kg/mQ) 20.3+3.8 20.2+3.8 20.3+3.8 0.311
Percentage of body fat (%) 21.2+8.9 20.8+8.8 21.1+8.9 0.193
IPAQ-C 29+0.6 3.0+0.6 29+0.6 <0.001
DBP (mmHg) 71.2+10.6 709+10.4 711+£10.5 0.47
SBP (mmHg) 108.5+13.0 108.1 £13.0 108.4+13.0 0.39
Sodium intake from different food groups (mg/day)®
Processed cereals 29.6 (0, 133) 104 (29.6, 207) 59.2 (10.4, 133) <0.001
Bread 53.2 (4.7, 120) 59 8 (26.6, 138) 53.2 (9.32, 120) <0.001
Beans 2.8 (0, 8.3) 1(2.9, 16.6) 5.5 (0.97, 11) <0.001
Potatoes 46.4 (16.2, 139) 92 8 (32.5, 186) 48.7 (16.2, 48.7) <0.001
Bread products 7.3 (0, 18.8) 14 6 (3.6, 29.2) 7.3 (2.55, 29.2) <0.001
Cabbage family 0 (0, 3.5) 5 (47.9, 431) 1.2 (0, 3.5) <0.001
Cheese, white 95.8 (0, 335) 215 (47.9, 431) 95.8 (16.8, 335) <0.001
Cheese, yellow 41.5 (0, 166) 82 9 (14.5, 187) 41.5 (0, 166) <0.001
Cheese, low in fat 0 (0, 13.2) 6 (0, 26.3) 0 (0, 13.2) <0.001
Cold cuts (processed meat) 55.8 (0, 223) 55 8 (19.5, 223) 55.8 (9.8, 223) <0.001
Meat, red 10 (3.5, 20) 0 (7, 40) 10 (3.5, 20) <0.001
Meat, white 13.6 (6.8, 38.8) 19 4 (13.6, 38.8) 19.4 (6.8, 38,8) <0.001
Fish 14 (4.9, 28) 8 (9.8, 42) 14 (4.9, 28) <0.001
Pizza 188 (65.8, 376) 188 (132, 376) 188 (65.8, 376) 0.34
Hamburger 26.6 (0, 26.6) 26.6 (0, 26.6) 26.6 (0, 26.6) 0.56
Souvlaki 14.4 (14.4, 41) 14.4 (14.4, 41) 14.4 (14.4, 41) 0.58
Potatoes, fried 27.7 (9.7, 83.2) 41.6 (19.4, 111) 27.7 (9.7, 111) <0.001
Saltines 38.1 (0, 109) 38.1 (19.1, 109) 38.1 (0, 109) 0.38
Cake 23.2 (11.6, 66.4) 31.1 (11.6, 66.4) 23.2 (11.6, 66.4) 0.12
Pies 18.1 (0, 51.8) 453 (18.1,10.4) 18.1 (18.1, 104) <0.001
Soft drinks 1.4 (0, 8) 0 (1.4, 8.0) 1.4 (0, 8) <0.001
Total sodium intake (mg/day) 1410 (839, 2258) 1576 (1091, 2330) 1481 (932, 2287) <0.001
Total sodium intake (%) <0.01
<1500 mg/day 57.7 53.4 56.1
1500-2200 mg/day 19.2 23.9 20.9
>2200 mg/day 23.1 22.6 23.0

Low MD adherence: KIDMED score <4; moderate and high MD adherence: KIDMED >4. ®P values were derived using Mann—-Whitney test for skewed variables and
Pearson’s x? for categorical data. ® Dietary sodium intake from different sources is presented as median (25th percentile, 75th percentile) because its distribution was
skewed in all cases.
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these foods (P values for all <0.05), with the exception of
pizza, hamburgers and souvlaki.

In addition, the level of adherence to the Mediterranean
diet was associated with sodium intake from various food
sources. In particular, unadjusted analyses (Table 3)
revealed that 1 unit increase in the KIDMED score
was associated with 4-50% (i.e. ORs varied from 1.04

to 1.50, all P values <0.05) increased likelihood of con-
suming sodium intake above the median value for the
majority of foods. These results were confirmed even
after adjusting for age, sex, BMI and physical activity.
The impact of healthy dietary habits (as assessed through
the KIDMED score) on the likelihood of high sodium
intake were not significant regarding hamburgers and
saltines (P values >0.05). Moreover, 1 unit increase in

Table 3 Results from multiple logistic regression analyses that evaluated the association between children’s adherence to the
Mediterranean diet (using the KIDMED score as independent variable) on likelihood of consuming high sodium (i.e. above the median as the
binary dependent outcome) from different food sources (other than table and cooking salt)

Adjusted for age, sex, physical

Unadjusted activity and BMI
OR for 1 unit OR for 1 unit

Sodium higher than the median intake from various foods® (dependent) in KIDMED 95% ClI in KIDMED 95% ClI

>59.2 mg/day from processed cereals 1.32% 1.28, 1.36 1.31* 1.27,1.35
>53.2 mg/day from bread 1.20* 1.17,1.24 1.20* 1.17,1.23
>7.3 mg/day from bread products 1.22* 1.19,1.25 1.20* 1.17,1.24
>5.5 mg/day from beans 1.50* 1.45, 1.55 1.50* 1.45, 1.55
>48.7 mg/day from potatoes 1.19% 1.16, 1.23 1.18* 1.15, 1.22
>1.2 mg/day from cabbage family 1.30* 1.26, 1.33 1.29* 1.26, 1.33
>95.8 mg/day from white cheese 1.26* 1.283, 1.30 1.25% 1.22,1.29
>41.5 mg/day from yellow cheese 1.19* 1.16, 1.22 1.18* 1.15,1.21
>0.1 mg/day low in fat cheese 1.13* 1.10, 1.16 1.12*% 1.09, 1.15
>55.8 mg/day from cold cuts 1.09% 1.06, 1.11 1.08* 1.05, 1,11
>10 mg/day from red meat 1.18* 1.15, 1.21 1.16* 1.13, 1.20
>19.4 mg/day from white meat 1.19* 1.16,1.23 1.18* 1.15 1.22
>14 mg/day from fish 1.35% 1.31, 1.39 1.33% 1.30, 1.38
>188 mg/day from pizza 1.04* 1.01, 1.06 1.04* 1.01, 1.07
>26.6 mg/day from hamburger 0.99 0.96, 1.02 0.99 0.96,1.02
>14.4 mg/day from souvlaki 1.23* 1.19, 1.28 1.23% 1.18,1.27
>27.7 mg/day from fried potatoes 1.13* 1.10, 1.16 1.13* 1.10, 1.16
>38.1 mg/day from saltines 1.02* 1.00, 1.05 1.02* 0.99, 1.04
>23.2 mg/day from cake 1.07* 1.04, 1.10 1.06* 1.03, 1.09
>18.1 mg/day from pies 1.10* 1.07,1.13 1.10* 1.07,1.13
>1.4 mg/day from soft drinks 1.12* 1.09, 1.15 1.10* 1.07,1.14
Total sodium intake over EU upper level (>1500 mg/day) 1.10* 1.07,1.13 1.10* 1.07,1.13
Total sodium intake over EU recommended consumption (>2200 mg) 1.02 0.99, 1.05 1.02 0.98, 1.05

2Sodium intake over the median for this population was evaluated as high consumption for each food group. * P< 0.05.
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KIDMED score was associated with 10% increase in
likelihood of consuming total sodium greater than 1500
mg/day (which is the EU upper level), although this
association was not significant when extreme total sodium
intake (i.e. >2200 mg/day) was considered as the out-
come (P > 0.05). At this point it should be noted that the
average level of adherence to the Mediterranean diet was
low to moderate in both sexes (Table 1).

Discussion

The main finding of the present work was that dietary
sodium intake, other than table salt and salt added during
cooking, is above the current guidelines in 23% of the
Greek children. A secondary finding was that this high
sodium intake was observed even in children that
reported to be closer to the Mediterranean dietary pat-
tern. Nevertheless, it should be underlined that only
4.5% of children had an optimal adherence to the Med-
iterranean diet (KIDMED score >8). These extremely
low levels of adherence imply that the positive associ-
ation between dietary sodium intake from food sources
and the adherence to the Mediterranean diet scheme,
basically concerns children with low and moderate adher-
ence to this traditional dietary pattern, although the main
contributors of sodium intake were foods which are
recommended to be consumed on a daily basis and are
placed at the bottom of the pyramid. Finally, another
important finding of the GRECO study was the alarming
magnitude of childhood obesity in Greece, since the
overall prevalence of overweight and obesity exceeded
40% of the population of schoolchildren aged 10—
12 years.

In addition, the fact that a further 20.9% of the children
had a moderate sodium intake (between 1500 and
2200 mg/day), but only via foods, and without taking into
account the salt added at the table and the salt added
during cooking, could imply that a significant and alarm-
ing proportion of the children consumes sodium above
the guidelines, which makes it an important public health
issue, in Greece. Sex and physical activity were also
associated with high sodium consumption. In particular,
boys and physically active children had higher sodium
intakes than girls and less physically active children. The
key sodium contributors were pizza, white cheese, pro-
cessed cereals and breads.

Our results are in agreement with results from
studies performed in other countries too [24-27]. In
particular, Pavadhgul ez a4/ [26] found that dietary
sodium intake among Thai University students was
two-fold higher than recommended amounts (>2400
mg) and Fischer ez a/. [24] found an average sodium
intake of 3412 mg in youths aged 9-18 years with the
key food contributors being breads, processed meats
and pasta dishes. This was further supported by other
studies [25,28].
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It is of great interest that children closer to the Medi-
terranean diet reported a higher sodium intake, whereas a
greater proportion of overweight/obese children reported
low sodium intake. This may partly be explained by the
possible under-reporting seen of overweight/obese indi-
viduals; although the questionnaires repeatability was
validated prior to use. It must be noted that moderate
and high KIDMED score (>4) was observed in 38.8% of
overweight/obese children compared to 61.2% of normal
weight children. No differences were observed in the
mean physical activity index score between these groups
of children (data not shown).

In this work we quantified the association between the
level of Mediterranean diet adherence and sodium intake
by calculating the OR of exposure, in order to better
evaluate the main effect of the dietary habits of the
participants on the likelihood of consuming higher
quantities of sodium from different foods. A strong
association between the level of adherence to Mediter-
ranean diet and sodium intake was observed. This may
seem controversial after taking into consideration that
adherence to a Mediterranean food pattern has been
shown to be associated with substantial reductions
in total mortality and cardiovascular disease mortality
in adults [7-10]. In addition, studies have also found
an inverse association between hypertension incidence,
as well as BP levels in individuals following the Medi-
terranean diet [11,12]. Moreover, it has also been
observed that a diet high in olive oil and, fruit and
vegetable was inversely associated with hypertension
[13] and that a dietary pattern rich in fruit, vegetables,
and low-fat dairy products and poor in total and saturated
fat can be effective in the prevention of hypertension
[14,29]. However, Nifez-Cordoba ez /. [16] did not find
an association between hypertension and adherence to
the classical Mediterranean diet.

A possible explanation of the high sodium intake of
children with moderate and high Mediterranean diet
adherence is the total food intake. Thirty-four percent
(34%) of total sodium intake was found to be consumed
by those foods known as ‘healthy’ (i.e. bread, processed
cereal and white cheese), compared with 18% that was
observed from pizza. These foods which are recom-
mended to be consumed on a daily basis seem to add
substantially to the total dietary sodium of an otherwise
healthy dietary pattern, due to sodium addition during
manufacturing. Processed foods, including breads/
cereals/grains, also contributed heavily to sodium intake
in the UK (95%) and the US [25]. It is estimated that
approximately 75% of dietary sodium is added during
food processing; in addition to taste and palatability,
sodium also has functional roles in food manufacturing
and preservation, although the amounts used often
exceed those required [30]. Due to the high consump-
tion, it may be necessary for manufacturers to reduce
sodium use. It has been proposed that the most promising
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sodium reduction strategy is to adapt the preference of
consumers for saltiness by reducing sodium in products in
small steps [31].

Lastly, it must be noted that our results include the
overall population and are not confined on high-risk
individuals only (i.e. obese children). Studies have found
a direct relation between the increase in childhood
obesity and the increased prevalence of pediatric hyper-
tension [32]; also sodium has been associated with an
increase in BP, direct cardiovascular damage and obesity
[33]. The evaluation of total sodium intake from foods
alone (excluding table and cooking salt) in this study
showed that both obese and normal weight children have
a high dietary sodium intake, raising important public
health questions for the children’s population. Although,
sodium intake was not associated with BP levels, the fact
that 23% of the children’s population exceeded the
current guidelines from food sources alone makes them
exposed to higher risk for future development of hyper-
tension. It is also noteworthy that BMI was positively
correlated with BP levels, indicating that children of
these age groups are susceptible to risk factors that are
documented to elevate BP levels [22,34]. Since the age-
related BP rise in both children and adults is well estab-
lished [34], efforts to reduce sodium intake and decrease
the very high prevalence of childhood obesity, which
were observed in the GRECO study, are warranted in
order to delay or prevent hypertension.

Limitations

The limitations of this work are mostly due to its cross-
sectional nature; although a special effort was given
during designing the study, implementing and analyzing
the results in order to avoid potential confounding. Over-
weight and obese children may have under-reported food
intake leading to information bias. This was addressed by
testing the repeatability of the information regarding
sodium intake in a sub-sample of schoolchildren of same
age and sex. Additionally, it was mentioned that table salt
and salt added while cooking was not evaluated on the
effect of dietary sodium intake. This would not have
been practical since it is difficult to measure it when using
a FFQ. Finally, the use of international instead of local
food composition tables (due to the incompleteness) may
have over-estimated or under-estimated the sodium
intake of some foods studied.

In conclusion, high sodium intake from ‘hidden’ sources
was observed in Greek childhood population, with
greater intakes found in children closer to the Mediter-
ranean diet. Thus, the childhood population in Greece
should be targeted for a sodium reduction program and
not only for the ongoing epidemic of obesity. Moreover,
the consumption of a dietary pattern close to the Medi-
terranean seems not to be a panacea for children’s health,
since greater adherence was associated with higher
sodium intake through ‘hidden’ sources. The later find-
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ing does not moderate the undoubtable health benefits
gained from this traditional dietary pattern, but should
stress manufacturers to reduce the amount of sodium
added during processing of ‘healthy’ foods. This infor-
mation gathered is valuable for health planners that are
aware of the consequences of high sodium intake. Plan-
ning population preventive services is essential. Starting
at childhood in order to decrease incidence of health
issues linked to excess sodium intake seems to be very
important.
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