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H EuotaBia KoAoBépou dnAwvw unevBuva oOtL:

1) E{pol 0 KATOXOC TWV MVEUMATIKWY SIKALWHATWY TNE TPWTOTUTNG OUTAG
epyaciag koL ano 600 yvwpilw n epyacia pou d& cukodavtel mpoéowna,
oUTE MPOOPBAAEL TA MVEU HATIKA SIKOLWUATA TPITWV.

2) Anodéxopal otL n BKM pmopel, xwpilg va aAAAGel TO TEPLEXOUEVO TNG
epyaciag pou, va tn SlaBeosl oe nAektpovikn popdry HEoO amo Tn
Pnorakn BiBAL0ORKN TN, va tnv avtlypael os onolodnmote péco r/kal
o€ omoLodnmote HopdOTUTO KABWCE KAl VA KPATA TIEPLOCOTEPA ATIO Eval
087 avtiypada yla Adyouc cuvtripnong Kat aodaAeLog.



2TOoUG YoVEic uou,

yLa TNV QUEPLOTN CUUMAPAOTAON TOUG O KAd€ pou BRua.



EYXAPIZTIEZ

Ma tnv eknévnon tng SLdaktopikng dtatplBig Hou, n omola mpayuatonowdnke Kota
Ta €t 2014-2017 oto Tunua Emotiung Awattohoyiag-Alatpodr¢ tou Xapokomeiou
Mavemotnuiov ABnvwy, Ba nBelka va guxoplotiow OAOUC EKElVOUC TTOU CUVERAAQV oTnVv
oAOKARPWON AUTAE TNG MTOAUETOUG TPOOTIABELAG.

Katapyxag, Ba n6sha va euxaplotiow amnod ta Babn tng kapdldg pou tov emiBAEnoOvVTA
pou, KabBnynt Blootatiotikng-Emdnuiodoyiag tng Alatpodng Tou  Xapokomeiou
Maveniotnuiov ABnvwy, k. AnpooBévn Mavaylwtdko, o onoio¢ avae péoa pou tn omniba
TOU €peuvnTn Kal pou 6i6afe UTOSELYUATIKA TOV ETLOTNUOVIKO TPOmo okéPng. Me tnv
TOAUTIUN, UN E€TUELKN, avatpododotnor Tou, Kal TNV TAoNH TOU va Unv akoAouBel tnv
EPEUVNTLIKN TEMOTNUEVN, OUVEBOAE otn €€€AEN HOU KAl TNV OMOKINON €vO¢ MAOUGCLOU
EPELVNTIKA Bloypadikol. Tov EUXOPLOTW YL TNV EUTILOTOOUVN TIOU Jou £6¢eL€e Kal eATtilw va
OUVEXLOOUUE TN ouvepyacia pog oto apeco péEAAov. Oa nbsla va suxaplotriow wdlaitepa
Kal va ekdppacw tn Babld extipnon pou otov Opotipo Kabnynti Kapdlodoyiag tng latplkig
IxoAn¢ tou EBvikou & Kamodiotplakou Mavemiotnuiov ABnvwy, k. Xprioto MNitoafo, uélog
NG TPLUEAOUC ETUTPOTHNG HOU, KOl TIPWTOYWVLOTH) OTNV €UMVEUCN, TO OXESLAOUO Kal TNV
vAomoinon t™¢ peAétng ATTIKH, xwpic tov omoio n mapouoa Statppn & Ba Atav edikTA.
Téhog, euxapotw laitepa tov AvamAnpwty Kabnynti [MpoAnmuikn¢ latplkng tou
Xapokormeiov Mavemniotnuiov ABnvwv K. Eudyyelo NMoAuxpovomouAo yla T YVWOELG TIOU
HoU Tipooédepe 0 OAa TO XPOvia TNG POoLTNTIKAG Hou oTtadlodpopiag Kal To XpOvo Tou
adlEpwoe otov €Aeyxo kal tn BeAtiwon tng mapovoag SLdaktoptkig StatpLBAG.

Eniong, Ba nBeha va euxaplotiow OAa ta HEAN tnG opadag ATTIKH, kot Kuplwg Toug
ETUMEANTEG - LATPOUG XpLoTiva Xpuooxoou Kat lwavvn ZkoUpa, OV CUPUETELXAV 0TO BAOLKO
oxeblaopd NG LEAETNG Kot TN cUAAoyn Tou Selypatog og OAn T GAoels tnG. Emiong 6Aoug
TOUG TIPOTITUXLAKOUG KOl UETOMTUXLOKOUC GOLTNTEC TTIOU EPYACTNKOV Yl TN CUAAOYR Twv
S6ebouévwy oto 10etn emavéleyxo tng LEAETNG, Kal Wdlaitepa tnv EkaBn FewpyoucomouAou,
TIOU ELXE TOV CUVTOVLOTLKO pOAO Kall T LeyaAUtepn euBUvVN otnv mpoomnadeLla auth.

TéAog, odpeilw éva peyalo "suxaplotw" otoug yoveic pou, Katepiva kat Baciln, mou
HOVO aydmn kol umootnpln pe yéuWav OAa T Xpovia TNG ETMLOTNUOVIKAG LOU
otadlodpopiag, Kabwg Kal yLa TNV EUMLOTOOUVN TIOU avEKABEeV €6eLxvav oTLG ETIAOYEC LOU.

Eniong, ta adéAdla pou, @odwpn Kol ItaupoUAa, ou ovtag SdimAa pou Biwoav OAeG TIC



KOAEC Kol SUOKOAEG OTLYHEG KATA TN SLAPKELX AUTHC TN MpoomtdbeLag, e cupBouAeday, pe
otnplav kat pe Bondbnoav pe kABe TPOMO va cuveXiow Kal va Swow Tov KAAUTEPO HOU
€QUTO yla TNV oAokAnpwon autig ¢ StatpBng. TEAoG, euxaplotw toug ¢iloug pou, Kat
Wlaitepa ™ ¢iAn Hou Zwr, yla TNV EUMPAKTN CUUMAPACTACKH TNG Kal cupBouln Tng va

npoonabw mAvTta yla To KAAUTEPO.
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NepiAnyn ota EAAnvIKQ

IKOMOG: n amotipnon t¢ Oekaetoug emimtwong tou Swafnitn kabwg emiong Kat n
Slepelivnon g enidpaong Sltadopwv mapayoviwy oTnv avantuén tou, eotialovtag Kupiwg
otn dlatpodikr) ocuviotwoa. YALkO-MEBodog: and to Mdato tou 2001 £wg To AekéuBpLo Tou
2002, 1514 avépeg kat 1528 yuvaikeg avw Twv 18 €Ttwv, TOU KATOLKOUOAV OTNV €UpUTEPN
neploxn tng ABrvag kat nTav eAeUBepol KapSLaYYELAKAG VOOOU Kol AAAWV XpOVIWV VOOWV,
anotélecav to delypa TNG UEAETNG. APKETA KOWWVIKA SnUoypadkd, BLOXNULIKA, KALVLKA,
Slatpodika Kot GAAA XapaKTNPELOTIKA Tou TPOmou {wng aflodoyndnkav. H afloAdynon twv
Slatpodkwv ouvnBewwv otnv apxlkn GAcn tNG UEAEING €YWVE UE EYKUPO NUL-TIOCOTIKO
EPWTNUATOAOYLO OUXVOTNTAC KatavaAwong tpodipwv. O Babudg mpookoAAnong otn
Meooyelakn Statpodr (MA) petpnbnke pe to MedDietScore (eUpo¢ 0-55). H Sidayvwon
Sdapntn mpoodlopiotnke wg YAUKOIN vnotelag >125 mg/dL 1 /kat AqPn avtdapnTikng
aywyne. Kata ta €tn 2011-12, npayuatomnouibnke o 10-etrg emavéleyxog. H moAhamAn
AOyLOTLKN TOALVEPOUNGCT XPNOLUOTIOLONKE Yl TNV EKTIUNON TWV OXETIKWVY AOYWV aVATITUENG
SwoBnAtn. AmoteAéopata: 191 véeg meputtwoelg StaBntn kataypadnkav, Stapopdwvoviag
N SeKkaeth enintwon oto 12.9%. H peoaia kat uPnAn vobEtnon tng MA peiwoav katd 49%
(2A=0.51; 95%AE: 0.30, 0.88) kal 62% (2A=0.38; 95%AE: 0.16, 0.88) tov kivéuvo avamntuéng
Sdapntn, HEow AoyaplOUIKAG oxéong. Ta ATopa UE OTMAQYXVIKN Ttaxuoapkia Bpébnkav va
woelolvtal TEPLOOOTEPO, YEYOVOG Tou amodobnke ota aufnuéva emineda Selktwv
bAeypovng. Zuykekplpéva, auvfnuéveg TEG IL-6, CRP kot wwdoyovou, HEUOVWHEVA N
ouvOUOOTIKA, CUCXETIOTNKAV LOXUPA UE TNV avantuén dtapntn. H ek Twv uoTEpwV avaiuon
avédelle oOtL  €va Slatpodlkd TpoTUTo TAoUGCLO Ot dpouTa, AQXOVIKA, OOTpla Kol
SnUNTpLakd oAlkAG peELwVEL Tov Kivduvo tng vooou katd 40%. H pétpla katavailwon kodé
(2250mL/nuépa otabuiopévo yla 28% mePLEKTIKOTNTA KAdEIVNG) NUEPNOLWG KAl N XaUNAR
KatavaAwon aAkooA (<1 motnpl/ nuépa, éwg 12yp atbavoing/nuépa) peiwoav katd 54% kat
53% tov kivbuvo dlapntn, o oxéon Ke TNV MARPN anoxn. Avtiotolxn Bpébnke n pelwon tou
KwwdUVoU yla TN pETpLa doknon (331-1484 vs. <150 MET-Asmttd/eBdopdda). upnepaopata:
TO TAPATIAVW gupnUaTa evioxUouv thv Rén undpxouvoa BiBAoypadia, avadelkviovtag tn
onuacia un ¢appoakoAoylKwV Poceyyloewv otnv pwtoyevr poAndn tou StaBnRtn tumou
2. Eva mpotumo Swatpodng Paclopévo ota dppolta, Tt AAXOQVIKA, TO OOTPLA KAl Ta
SnuNTpLaKaA OAKN G AAeong, omwe N MA, n pETpLla KatavaAwon KadE, n XapunAn katavalwaon
OAKOOA KOl N HETPLO PUOCLKN SpaOTNPLOTNTA AOKOUV EUEPYETIKA emidpacn evavtia otnv
avarntuén Sapntn.

Négerg-KAedra: dtapritng, Meooyetakn Atatpodn, aAkooA, kadeg, aoknon, GAeypovn
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Abstract | MNepiAnyn ota AyyAka

Aim: to record the 10-year diabetes incidence, along with the investigation of the effect of
several factors in its development, particularly nutritional parameters. Materials and
methods: from May 2001 to December 2002, 1514 men and 1528 women (>18 y) without
any clinical evidence of CVD or any other chronic disease, at baseline, living in greater
Athens area, in Greece, were enrolled. Several socio-demographic, biochemical, clinical and
dietary characteristics were evaluated. Dietary habits were assessed through a validated
semi-quantitative, food frequency questionnaire. The level of adherence to Mediterranean
diet pattern was assessed using the MedDietScore (range 0-55). Diabetes diagnosis was
defined as glucose>125mg/dL or the use of antidiabetic medication. In 2011-2012, the 10-
year follow-up was performed. Multiple logistic regression was used for the estimation of
the odds ratio of developing diabetes. Results: 191 incident cases of diabetes were
documented, yielding to an incidence of 12.9%. Moderate and high adherence of
Mediterranean diet decreased diabetes risk by 49% (OR= 0.51; 95%Cl: 0.30, 0.88) and 62%
(OR=0.38; 95%Cl: 0.16, 0.88), through a logarithmic trend. Individuals with visceral obesity
were found to be most benefited, due to increased levels of inflammatory markers.
Specifically, higher, single or combined, levels of IL-6, CRP and fibrinogen were positively
associated with diabetes development. A-posteriori analysis revealed that a pattern high in
fruits, vegetables, legumes and whole grain cereals decreases diabetes risk by 40%.
Moderate coffee consumption (2250mL, adjusted for 28% caffeine containment) and low
alcohol consumption (<1 glass, <12g ethanol/day) decreased by 54% and 53% diabetes risk,
compared to abstention. A relative decrease of the risk was observed for moderate physical
activity level (331-1484 vs. <150 MET min/week). Conclusions: The present work extended
the current knowledge about the importance of non-pharmacological interventions in the
primary prevention of diabetes. A dietary pattern high in fruits, vegetables, whole grains and
legumes, as MD, moderate coffee consumption, low alcohol consumption, and moderate
physical activity exert a beneficial effect against diabetes onset.

Keywords: diabetes, Mediterranean diet, alcohol, coffee, physical activity
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ZYNTOMOIPA®IEZ

ADA American Diabetes Association

CRP C avtibpwoa mpwrteivn

DCCT Diabetes Control and Complications Trial

FPG Fasting Plasma Glucose, NMAukoln NAdopatog vnoteiag

HbAlc MukolUALWUEVN Alpoodatpivn

HDL YPnAng mukvotntag AUtonpwteivn

HOMA eKTipnon tou Movtélou Opoldotaong, Homeostatic model
Assessment

IDDM Insulin-Dependent Diabetes Mellitus: IvoouAwvoe€aptwpevog
AwaBritng

IFG Awatapaypévn yAukoln vnoteiag (Impaired Fasting Glucose)

IGT Impaired Glucose Tolerance: Atatapayuévn NMukoln Nnoteiag

IL-6 IvtepAgukivn - 6

IPAQ International Physical Activity Questionnaire

LDL XaunAng Mukvotntag og XoAnotepOAn AUTompwTeivn

MDP Mediterranean Dietary Pattern

MedDietScore | Asiktng Amotipnong tng mpookoAAnong otn Meooyelakn Atatpodn

MODY Maturity Onset Diabetes of the Young

MUFA Movoakopeoto Aumapo OU

NDDG EOvikr) Opada AsSopévwy Alapnitn

NGSP National Glycohemoglobin Standardization Program

NIDDM Noninsulin-Dependent Diabetes Mellitus: Mn IvoouAwvoe€aptwpevog

OGTT Oral Glucose Tolerance Test: Aokiuaoia Avoxng otnv MNukoln

NO Movoéeidlo tou Alwtou

PUFA MoAvakopeoto Aumapd OEU

PGI2 Prostaglandin 12

ROS Reactive Oxygen Species, Avtidpaotika Eidn Ofuyovou.

SFA Kopeopévo Aumapo OO

TG TpyAukepibla

TNF-a Tumor Necrosis Factor a: Mapadyovtag Nékpwong Oykwv a.

WHR Noyog Mepldépelag Méong npog Mepidpepeta loxiwv

WHtR Noyog MNepldépelag Méang mpog Ygog

AMZ Agiktng Malog Zwpatog

AE Awdotnua Epmiotoouvng

EXKT EpwtnuatoAoylo uxvotntag Katavaiwong Tpodipwv

MA Meooyelakn Atatpodn (Alatta)

noy MNaykooulog Opyaviopog Yyeiag

A Zakxopwdng AtaprAtng

IAT2 Zakyopwdng Atapntng tumou 2

A IXETIKOG AOYOC

2K IXETIKOG Kivouvog
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ZUvtopo Bloypadiko Inpeiwpa

H EvotaBia (Edn) KoAoBépou cival amdédoito¢ tou Tunuatog EmotAung AtattoAoyiag —
Alatpodng tou Xapokormeiou Mavemnotnuiov (2010, BaBuog Mruyiov 9,2/10, mpwteloooa OTO £T0G
TNG) KAl KATOXOG TOU HETAMTUXLakoU TitAou (MSc) «EAegyxog tou Ztpeg Kat Mpoaywyn tng Yyeiog»
amnd tnv latpikn ZxoAn tou Mavemotnuiov ABnvwv (Babuog mtuxiouv 9,6/10), pe Bépa «MAOTIKN
edappuoyn npoypappatog Slaxeiplong tou otpeg o acBeveic eEWTEPLIKWY LATPEIWV UE caKXAPWdN
Sapntn tumou 2». Katd tn SLapKeLa TWV TPOTMTUXLAKWY KoL LETATTTUXLOKWY TOU oTtoudwv umnpée
unotpodog tou Idpupatog Adton. Katd tn OLApKED TWV HUETAMTUXLOKWY TNG OMOudwv
eknaldelTnke otn Satpodikn Slaxeiplon tou cakxapwdn dapfAtn oto AaBnTtoAoylkd KEVTPO
Joslin otn Bootwvn pe umotpodia tou Eupwmaikol Opyaviopou yla tn HeAETn Tou Awafntn
(EASD). H 81daktopikn tng dtatpiPn pe Bépa «Alepelivnon TNG CUCGKETLONG KOLVWVLKO-OLKOVOULKWY,
OUUTIEPLPOPLOTIKWY, SLOTPODIKWY, KAWVIKWY KOl BLOXNUKWY TIOPAMETPWY HE TNV aAVAnTuén Kal
Swaxeiplon tou coakxapwdn Swapnitn TUMoOu 2: SekOEeTnG emMavéAeyxoG TNG HeAETnG ATTICA»
ekmovnOnke oto tunua Emotiung Alattoloyiag—Alwatpodrg, oto Xapokomelo MavemnmotLo, o€
ouvepyaoia pe tnv A' Mavemotnuiaky Kapdiohoyiky KAwik tng latplkAg 2ZXOARG Tou
Mavermuotnuiov ABnvwv. H ka. KoAoPBépou €xeL OUUUETAOXEL OE EUPWTAIKA EPEUVNTIKA
nipoypappata mpoAndng tng maldikAg maxvoapkiog oto Xapokomnelo MaveniotipLo, evw epyaletal
7 €tn Kol w¢ KAWLIKA SlattoAdyog pe Epdaon oe acBeveic pe ocakxapwdn Stafntn tumou 2. H ka.
KoAoBEpou €xel SLOOKTIKO Epyo o€ pomTuyLlako emninedo (Bonbog Sidaokaliag) kat mpoodata o€
LETATTUXLAKO £TMESO, EVW TOPOUCLALEL ONUOVTIKO EPEUVNTIKO £€PYO OTO YVWOTIKO QVTIKEIPEVO
Tou cakxopwdn Stapritn tumou 2. Exel 9 dnuoolevoelg (OAeg wg 1n ouyypadéag) oe Eykplta
S1ebvn kal emoTnUovika TepLodika, kabwg kat >30 avokowwoel o AeBvry kat EAAnvika
ouvebpla. OL etepoavadopeg oto €pyo tng avépyovtal oe >80. Eival KpLtrg ota €MLOTNUOVIKA

nieplodika JAMA, BMJ, Nutrition, European Journal of Nutrition k.d.

Anpooteloelg mou npoEkuav ano tn Atbaktopikn Avatpipni

EAAnvika neplobika

1. KolAoBépou E, Mavaywtdakog A, H Meooyeslakn Alatta otnv mpwtoyevr) mpoAndn tou
cakxapwdn Swafntn tumou 2 (2015). YrnevBuvol maboduacioloyikol punxaviopoi. EAA.
ErmB. ABnpoaokA. 5 (3): 200-206
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Awedvn neplodika

2. Koloverou, E., D. B. Panagiotakos, C. Pitsavos, C. Chrysohoou, E. N. Georgousopoulou, E.
Pitaraki, V. Metaxa and C. Stefanadis (2014). "10-year incidence of diabetes and
associated risk factors in Greece: the ATTICA study (2002-2012)." Rev Diabet Stud 11(2):

181-189.

3. Koloverou, E., D. B. Panagiotakos, C. Pitsavos, C. Chrysohoou, E. N. Georgousopoulou, A.
Grekas, A. Christou, M. Chatzigeorgiou, |. Skoumas, D. Tousoulis and C. Stefanadis
(2016). "Adherence to Mediterranean diet and 10-year incidence (2002-2012) of
diabetes: correlations with inflammatory and oxidative stress biomarkers in the ATTICA

cohort study." Diabetes Metab Res Rev 32(1): 73-81.

4. Koloverou, E., D. B. Panagiotakos, E. N. Georgousopoulou, A. Grekas, A. Christou, M.
Chatzigeorgiou, C. Chrysohoou, D. Tousoulis, C. Stefanadis and C. Pitsavos (2016).
"Dietary Patterns and 10-year (2002-2012) Incidence of Type 2 Diabetes: Results from
the ATTICA Cohort Study." Rev Diabet Stud 13(4): 246-256.

5. Koloverou, E., D. B. Panagiotakos, C. Pitsavos, C. Chrysohoou, E. N. Georgousopoulou, V.
Metaxa and C. Stefanadis (2015). "Effects of alcohol consumption and the metabolic

syndrome on 10-year incidence of diabetes: the ATTICA study." Diabetes Metab 41(2):

152-159.

6. Koloverou, E., D. B. Panagiotakos, C. Pitsavos, C. Chrysohoou, E. N. Georgousopoulou, A.
Laskaris and C. Stefanadis (2015). "The evaluation of inflammatory and oxidative stress
biomarkers on coffee-diabetes association: results from the 10-year follow-up of the

ATTICA Study (2002-2012)." Eur J Clin Nutr 69(11): 1220-1225.

AVOKOLVWOELG OE CUVESpLA

Mpowopikéc Avakolvwoels (EVOELKTIKA)

1. ‘Edn KohoBépou, A. Mavaywwtakog, Ekapn MewpyouvcomouAou, Xplotiva Xpuooxoou, A.
TouooUAng, X. Nitoafog, X. Ztepavadng, kat n oudda ATTkr. MeUOVWUEVEG Kol
oUVOUOOTIKEG CUOXETIOELG SelKTWY PAEYUOVAG HE TNV avamntuén cakyxapwdn dwapntn
TUToU 2. O pecoAafnTikOg pOAOG TNG TOXUOAPKIAG: SEKAETAC EMAVEAEYXOG TNG LEAETNG
ATTIKH. 150 MaveAArvio AtaBntoioyikod Tuvédplo. ABriva 2017 (I BpaPeio)
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4.

KoAoBépou E, A.B. Navaywrtakog, E. lewpyoucomoUAou, X. XatlnvikoAaou, M.

Xatlnyewpyiou’, X. Stapovn, A. Tkpékac, A. Adokapng, X. Xpuaoxoou, |. Skoupac, A.
TouooUAng, X. MitocaBog, X. Ztedavadng, kat n opdada Attiki. H Meooyelakn dilatta
MpooTATEVEL EVAvTLa otov Kivbuvo avamtuéng Stafntn tumou 2. O SlapecoAafnTikog
poAog TG PpAeypovnc. AmoteAéopata amo tn peAétn ATTIKH (2002-2012), 60 Zuumnooto
Ouadwv Epyaciag tng EAAnvikng Etatpeiag ABnpookAnpwong, ABriva 2015 (A’ BPABEIO)
KoAoBépou E, A. Navaywtakog, X. MNitoafog, E. NlewpyovcomnovAou, N. ZkoupAng, M.
Xati{nyewpyioul, X. Xpuocoxoou, |. Ikovpag, X. Itedpavadng, kat n opada Attikr. O
SlopecorafnTikog pOAoG TNG PAEYUOVAG OTNV TMIPOOCTATEUTIKN EMidpacn Tou OOoKeL N
Meooyelakn Alatta evaviia otov kivbuvo avamtuéng Stafrtn tumou 2: anoteAéopata
arnod tn peAétn ATTIKH (2002-2012), 360 AleBvég Kapdlohoyiko Zuvédplo, @sooalovikn
2015

‘E. KoAoBépou, A. Navaywwtakog, X. NitoaBog, E. lewpyouvconovAou, N. ZkoupAng, M.
Xatlnyewpyioul, X. Xpuooxoou, |. Ikovpag, X. Ztepavadng, kat n ouada Attikd. O
Aoyog tpyAukepldiwv / HDL amotelel tov BEATIOTO MPOPAETTIKO SeikTn, HETOEL TWV
Autdiwy, Tou Kivduvou avamtuéng dtapnitn TUMou 2: SeKAETAG EMAVEAEYXOC TNG LEAETNG
ATTIKH (2002 -2012), 360 Awebvég Kapdlohoykd Zuveédplo, Oeccalovikn 2015
(umoyndLa yra BpaBeio)

EuotaBia KoloBépou®, AnpooBévnc Mavaywtdkoc!, Xprotoc MNitoaPoc’, ExdPn

rewpyouconovlou®, Xplotiva Xpuooxdou?, lwdwwne Skovpac’, Baoki Metafd?,
AnpATeoc TousoUAnc?, Xplotddouloc Stedhavddnc’ Meooyelaky Siauta Kat SeKaeThc
kivbuvog avamtuéng SwaBntn tumou 2. MBav SwapecoAdfnon tng oxéong omo
mapayovteg ¢GAeypovnG: amoteAéopata amd tn upeAétn ATTIKH (2002-2012). 130
MaveAArivio Zuveédplo Alattoloyiag - Atatpodrig, ABriva 2015

EvotaBia KoAoBépou, A. NMavaywrtakog, X. MitcaBog, ExkaPn FewpyoucomouAou,
Xplotivae Xpuooxoou, |. Zkoupag, BaoWlik Metafd Nteptipavn Maopia, Xplotiva
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Katepiva KahoyepomouAou, EuvayyeAia Mtapakn, A. Tkpékag, M. Xatlnyswpyiou, A.
Adokapnc, EAévn Kokkou, A. Namadnuntpiov, Kwvotavtiva Macoupa, Xapd ITapoUAn,
M. Kapraéne, I. Tewpytomoulo?, A. ToloouAnc, X. Stedbavddne. Meooyetakr Slatta kat

Sekaetn¢ avamrtuén SwaPntn. MBavr SlapecoAdBnon tng oxeong Qmo TAPAYOVTEG
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140 NaveAAnvio Atapntoloyiko Zuvédplo, ABriva 2015. (F'BPABEIO)
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1. EIZArQrH

1.1 O cakyapwdneg StaBntng

O ocakxapwdng dwaPAtng eival pla etepoyevig petafoAlkry vOooG, LE KEVIPLKO
onueio tn Slatapayxn /Kot anwAela tng Asltoupyilag Twv B-KUTTAPWY TOU TTAYKPEATOC, HE
QMOTEAECUA TO cWHA va aduvaTtel va MapAyeL APKETH LVOOUALvN, 1 va TN XPNOLLOTOLOEL
owotd. H wwooulivn elval n oppovn-kAeLSi, mou ekkpivetal and ta B-mayKpeaTika KUTTAPQ,
KATOTLV onuatog mapoucioag YAukolng otnv kukAodoplia, e okomo va Kataothosl duvatn
NV €l0060 TG YAUKOING OTOUC LVOOUALVO-euaioONTOUC LOTOUG (OKEAETIKOUG MUEG, Amwdn
LOTO) HéOw TwV GLUT-4 umtodoxéwv.

Awakpivovtal 3 kUplot tumot dtapntn:

e 0 cakyapwdng dafntng Ttumou 1, ue autodvoon attoAoyia,

e 0 oakyapwdng StafnAtng Tumou 2, Ke Loxupo moAuyoviadlakd untdfadpo aAla
Kot TN oupPBoAn meptBarlovTikwy eMOPACEWY, KoL

e 0 cakxapwdng SwapAtng kUnong, mou npwrtospdaviletar peTd TNV 24"
eBdopada tng kUNONC.

Ayotepo ouyxvol tumotL Swafnitn eivat o povoyovidlakog Swapntng (MODY),
anotéAeopa petalagnc/petaA\déewv o éva povo yovidlo, kabwg kat o dsuteponadng
daPBnAtng, mou ekdnAwvetal wg emuUTAoK AGAANG vOOOU, OMWG OPMOVIKEG SLoTOPaXEC
(ouvdpopo Cushing) r vooripuata Tou TAYKPEATOGC.

O cakxapwdng dafAtng tumou 2 (ZAt2) amoteAel tnv To ocuxvy ekdnAwon tng
vOOOU Kal xapaktnpiletal and a) mpoodeuTikn Helwon TNG EKKPLTIKNAC LKAVOTNTAC TwV B-
KUTTAPWV TOU TTAYKPEATOG Lo LVGOUALVN, TIPAYUO TIOU UIMOPEL va 08dnynoeL Kal o€ amoAutn
gvdela autng, kat B) motkilou Babuol avtiotaon otnv Wvooulivn. Ot U0 auTol MAPAYOVTEC
odnyouv og umepyAukaluia kal oe Slatapaxeg Tou HeTaBoAloHoU TwV LdaTaVOPAKWY, TWV

MpwTteivwy Kal Twv Autdiwy (International Diabetes Federation 2015).

Awdyvwon tou 2At2
Joudwva pe TNV Apeptkavikn Awapntoloyikn Etatpeia (avaBewpnon 2016), n

Slayvwon tou ZA2 tiBetal pe TNV UapPEN CUYKEKPLUEVWY KpLtnplwv (Mivakac 1).
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Nivakag 1. Kptutripla Aldyvwong AwaBritn (American Diabetes Association 2017)

IMukoln vnoteioag 2126 mg/dL (7.0 mmol/L)

*Nnotela opiletal n amoxn amno Bepuidikr mpdoAnyn yla ToUAAXLOTOV 8 WPEC
n

Mukoln 2 wpeg katomw optiong Ke 75 g yAukolng =200 mg/dL (11.1 mmol/L)
n

MukolUAWUEVN apoodatpivn (A1C) > 6,5% (48 mmol/mol)
n
Tuxaio gvpnua YAUKOING = 200 mg/dL (11.1 mmol/L) og dtopa pe KAQGIKA CUMTTTWHATA
unepyAukatlpiag ) umepyAukatlpikn Kpion

*Y& meplMTWon amouciag TwWV CUMMTWHATWY, xpetdaletal emiBefaiwon pe emavéleyyo.

EkTO¢ amod ta atopo pe IAT2 UTAPXEL KoL Lo opdda atdouwv mou dev mAnpol ta
KpLTPLa TNG VOOOU, WoTOo0 apouolalet kamolou Baduol dtatapayr oTo HETABOALOUO TNG
YAUKOING. AuTr n Katdotaon, o Aeyouevog mpodlaBntng, mou mponyeital tng eudaviong
SwaBntn, dakpivetal oe Statapaypévn yAukoln vnotelag (impaired fasting glucose, IFG) kat
Slatapayuévn avox otn yAukoln (impaired glucose tolerance, IGT). Ztnv mepilmtwon tng
Slatapayuévng yAukolng vnoteiag, mapatnpouvtal auénuéva emineda  yAukolng otnv
Kataotaon vnotelag, evw otnv Tmepimtwon tnNg Slatapayuévng avoxng yAukolng,
napatnpeitat avénon tg YAukolng oto HETAYEUHATIKO otadlo. Kal ol SU0 KATOOTAOELG
xapaktnpilovrat and pikpotepou Babuol unepyAukaluia oe oxéon Ue To ZAT2 Kal ouvnOwg
niponyouvtal Tn¢ enionung Stayvwong pe ZAt2. Ta tedevtaia xpovia paAlota £xet mpootebel
Kat N yAukolUAlwpévn atpoodalpivn, wg kpltiplo ddyvwong tng umapéng mpodafnn.
Qoto000, QpKETA ouxvad n opado auty twv acBesvwv dev aviuetwmniletol HE TNV
oUOoTNPOTNTA TIOU OTMOLTE(TAL, HE OTMOTEAECHQA, OTNV TIAELOVOTNTA TWV TIEPUITWOEWV Va
napatnpeitat e€EAEN o ZA2. MAAlota, €xel mpotabel mw¢ o IA2 sudaviletal oe €va €wg
TPLO TETOPTO TWV OTOHWVY PE Statapayuévn avoxn YAukolng péoa o pla Sekaetia amo tnv

apxtkn t¢ dayvwon (Pan, Li et al. 1997).
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Nivakag 2. Katnyopiec atopwv os uPpnAd kivbuvo yia dwapnitn (Mpodapntng) (American

Diabetes Association 2017)

IMukoln vnoteiag: 100 - 125 mg/dl (5.6 - 6.9 mmol/L) (IFG)
n
MUKOIN 2 wpeg Katomw ¢optiong pe 75 g yAukolng: 140 — 199 mg/dL (7.8 — 11mmol/L) (IGT)
n
MukolUAWUEVN Alpoodatpivn: 5.7 — 6.4% (39 — 46 mmol/L)

* Kot yla ta 3 Te0T, 0 KIvouvog elval ouvexng, EEKLVWVTACG KOO KOL TILO KATW ATt TO KATWTEPO OPLO
TOU gUpoUC Kal auéavopevog Sucavaloya otn LEYAAUTEPN TLUN TOU EVPOUC

1.1.1 ErudnpoAoyia touv Zakyxapwdn AwaBnitn

Maykoouiog Opyaviouog Yyeiog

JUpdwva pe otolxeia tou MNOY o aplBuog Twy atopwv pe dtapntn avénbnke amo 108
€K. To 1980 o€ 347 ek. to 2008 kat 422 ek. to 2014, Wbaitepa otnv Apepikn, Adplki Kal
Autikr) Eupwrn. O MOYKOOULOG EMUTOAACUOC TNE VOOOU 0TouC eVAALKEG auénbnke ano 4.7%
10 1980 o710 8.5% 10 2014. ZUpudwva pe tov NOY, o dtafritng mpokdAeoe 1.5 ek. Bavdtoug to
2014 kot n untepyAukatpia emutAéov 2.2 ek. Bavatouc (World Health Organization 2016).

Aiedviic Ouoonovéia yia to AtaBntn (IDF)(International Diabetes Federation 2015)

Topdwva pe tn 57 ékdoon tou Naykdopiov Athavta yia to AaBrtn mou €€8woe n
IDF, to 2012, neplocodtepol amod 371 ek. avBpwmou emaocyav and cakyapwdn dapntn, pe
npoPAsPn va ayyiéouv ta 552 k. pExpt to 2030.

To 2013, n 6n €kboon, avédepe avénon TwWV KPOUOUATWY TAYKOOUIwG katd 11 ek.
(382 &k.), pe mpoPAedn va ptacouv ta 592 ek. to 2035, pa avénon tng Tafewg Tou 55%.
[blaitepa avnouxntikd ATav to elpnua OTL 46% Ttwv OTOMWV HE SaBntn mapapévouv
adldyvwotol pe amotéleopa TNV taxltepn €EEALEN TNG vOOOU Kal TNV POowpen eudavion
ULKPO- KOL HAKPO- EMUTAOKWV. JUpPwva e Ta otolxeio tou 2013, n mAslovotnTa TWV
atopwv pe Stafrtn Atav nAkiag 40-59 etwv kat 80% autwv Staflovoav oe XWPEG XapnAou

1 LECALOU KOLVWVLKO-OLKOVOLKOU grmeédou. OL xwpeg He Ta uPnAotepa mocootd Stafntn
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TUTou 2 BpéBnkav pe peydaAn Swadopd n Kiva kat n Ivéia, kot akohouBouacav ot HMA, n
BpalAia, n Pwoia kat to Me€iko.

To 2015, Snuoctevtnke n televtaia, 77 ékdoon tng IDF, drou emPePaiwdnke OTL 0
Sdapntng amotelel copwtiky embnuia. Méoa og PMOALG 2 €T, O OPLOUOC TWV OTOUWV HE
SaBnAtn avénbnke kata 33 ek. (415 ek.), SnAadn 16 mepinou ek. KABe £T0¢, €va pubUO KaTA
TIOAU LEYAAUTEPO TWV TIPONYOUUEVWY ETWV, SLAOPPWVOVTAG TOV TIAYKOOULO EMUTOAACHO
0to 9% peTafU twv evnlikwv. 18waitepa avnouxntikd fAtav kot to ot yw 17 dpopd
kataypadnkav neplocotepa ano 0.5 ek. dtopa pe Siafntn tumou 1. Avtiotolxa, n 25€tng
npoPAedn ayyi€e to SuoBewpnto voupuepo Twv 642 k. i 1 otoug 10 eviAkeg. Itabepn
WOTO0O0 TAPEUELVE N KOTAVOUN Tou SlaBntn tumou 2 otig Sladopes XWPES, NALKLAKES Ko
KOLVWVLKO-OLKOVOULKEG opadec. O adiayvwotog Swafntng au€nbnke eAdxlota, Kal
EKTLUNONKE 01O 46.5%, LE TNV MPWTLA, O£ TOO0OTO, va dEpel N Adpikn (66.7%) Kal otn

OUVEXELO XWPEG Tou AuTikoU Elpnvikou (52.1%) kat NotioavatoAikng Actag (52.1%).

MNorth America and
Caribbean

2015 44.3 million ) j - ., .
040 60.5 million -7 -=* * ¥ i
-~ f- : Europe
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a0 711 million 4

i -
-.'.{-
Middle East and il ‘T\

North Africa }f‘

72.1 m1111,,

Western Pacific

10 214, 8 million
South East\ ﬂ'

Asia

"

.4'

i
South and : f ’ 140.2 million
Central America 1:'1211;1?1110n é
015 29.6 million :

200 48.8 million e 34.2 million

fpadnua 1. EKTIHWHEVOG OPLOAG ATOHWY [E SLoBATN TAyKOOUIiwG Kat ava eptloxn To 2015 kot to 2040
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Kive 1 | China 109 6 cxetoppipw

Ivdia 2 | India 69.2 =xutoppipla
HIIA 3 | United States of America 29.3 =xaToppipu
Bpalikia 4 | Brazil 14.3 exotoppipia
Posia 5 "Russian Federation 12.1 sxaroppdpa
M:fuws 6 | Mexico 11.5 sxoToppip
Ivéowsia 7 "Jndonesia 10.0 sxoToppopla
Ayt 8 | Egypt 7.8 sxatoppipa
lorovia 9 Japan 7 2 EKaTOppUPIO
Mroyidavrés 10 [ Bangladesh 7.1 =awwoppipa
0 20 40 60 80 100 120

padnua 2. OL 10 xwpeg e Ta uPnAotepa tocootd StaBntn (IDF, 7n £ékdoon, 2015).

To 2015, n vooocg kooTioe tn {wr) o€ 5 eK. ATopa ayKoouiwe, cuudpwva Pe TeAeuTala
b6ebopéva tng AleBvoug Opoomovdiag AlaBntn, evw tavtoxpova eMBAAEL Eva ONUAVTIKO
OLKOVOLKO KOOTOG TOOO OTLC OLKOYEVELEG ATOUWV HE SLaBnTh, 000 Kal oTIG XWPES Pe uPnAd
erumoAaocpud TnG vooou, katalapBavovtag 5-20% TOu CUVOALKOU KOOTOUG UYELOVOWLKAG
neplBoAPng. Autég ol damaveg TPOKUMTOUV Kupiwg amo tn dpovtida r Bepameio Twv
ETUMAOKWV TOU TtPOKOAEL 0 SLafNtng, He €€EXOUOEC TN MLKPO- KOL HOKPOAyyeLoTABELQ
(apdiBAnotpocidonabela, vedpponabela, kapdlayyelakd mpoPAnpaTa) KoL Tn VEupomadeLa.
Av kat 1" ota mocootd StaBAtn eivat n Kiva, n xwpa pe twg uPnAotepeg damdvec eival ot
H.M.A, yeyovog mou iowg va odelAETOL OTNV CUYKPLTIKA OVWTEPN OLKOVORLKNA KATAOTOON TNG
xwpac, tnv avéavopevn svalodnoia tTwv acBevwv pe Stafrtn A/kat tnv taxvtepn €EALEN
NG vOOoOU, amoOpPOLa TOU KAKoU TPOTou {wNG (maxuoapkia, KAMVIoUa, CwHaTKA adpdvela
k.a.) (International Diabetes Federation 2015). 3tnv EAAGSa, cUpdwva pe mpoéodata
bebopéva amd peAETn aTPpKWY pakéAwv dekaetiag, To HECO OUVOAKO €TAOLO KOOTOG

Slaxeiptong tou Sapntn, umoAoyiotnke os 6366 supw/acBevr yla Toug aoBevelc KOAN
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puBuon (HbAlc=7%) kat 7111 supw/acBevn yla ekeivoug pe kakn puBuion Hbalc > 7%)
(Migdalis, Rombopoulos et al. 2015).

1000 Efpba (01c. 5) IzproroTruca EA (zx)
Avinon 19% AvEnon 35%

750 600

500 400

250 200
0 D

2015 2040 2015 2040

padnua 3. Naykoouio kdotog nepiOaiPng atopwv pe Stapitn (IDF, 7n €kdoon, 2015)
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padnua 4. OL 10 xwpeg e Tig uPnAotepeg Samnaveg, mou oxetifovral pue to Sitapntn (IDF, 7n £ékdoon, 2015).
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Embnuiodoyia Zakyapwdn AtaBntn otic H.MN.A. (Centers for Disease Control and
Prevention, CDC)

To &eAtio tumou tou CDC tou 2014, avadeépet otL ot H.MN.A. meplocdtepol amno 29
€K. avBpwrol €xouv SLaBntn, 25% twv onoiwv dev 1o yvwpilel, evw emumAéov 86 €k. EXOuv
npodiafntn, 90% twv omoiwv To ayvoel. Onwg daivetal kol oTo MaApAKATW ypadnua,
napatnpenOnKe pla onUAvTiki avénon T000 TNG EMIMTWONG 000 KAl TOU EMUTOAACUOU TOU
Sdapntn ota téAn tng Sekaetiag tou 1990-2000. AvtiBeta, petd to 2010 nmapatnpeital oTig
H.M.A. pelwon tou pubpol VEwv TEeEPMTWoEwV HE SoPnAtn, xwplg wotéco autd va
avtavakAd kKalt pelwon Tou  emutoAacpoyl. Autd mBavov va  egnyeitat  Adyw
npoavadepouevwy vPniotatwy damavwv twv H.M.A. ylia tn Staxeiplon tou Stafntn kot
TWV OXETWOUEVWV HE QUTOV ETUTAOKWY, TIOU 0dnyouv o KaAUTepn €€EALEN TNG VOOOU Kall
HEWWUEVN Bvnowpotnta (Centers for Disease Control and Prevention).

JuvoAlkd, o StaBntng amoteAel pla coPapr, voco ¢$Bopag, mou pmopet va Baivel
xpovia adlayvwotn. H ouvexwg avodlk TAcn Tou TMOPOoUCLAlel, 0 CUVOUAOUO ME TIG
ETIUMAOKEC UYELOG KOL TLC OLKOVOULKEG TOU ETUMTWOELG, TO KaBLoToUv mpoBAnua Snuootag

vyelag ava tnv YonAto.
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1.1.2 ErudnuoAoyia touv Zakxapwdn Awafnitn otnv EAAGSa

Mapad to yeyovog otL n EAAada epdavilel moAl xapnAd nocootd dapntn tumou 1 (Dacou-
Voutetakis, Karavanaki et al. 1995, Bartsocas 1999, Lionis, Bathianaki et al. 2001), &gv Lo Vel
TO (610 yla To cakxapwdn dapntn Tumou 2, mou aufavetal pe Taxl pubud TOCO OE AOTIKEG

000 KOl OE AYPOTLKEG TIEPLOXEG.

Asdopéva ano ) Zteped EANASa (Ataypovikn eE€AEn amo to 1990 éwc Tto 2006)

H 1" peAétn mou emyeipnoe va kotaypddel tov enuolacpd tou Staprtn tunou 2
otnv EAAGSa ntav auth tou Katolaumpou kat cuvepyatwv (Katsilambros, Aliferis et al.
1993). Itnv ev AOyw HEAETN otn meploxn AlyaAew tng Attikng (80,000 katolkol) BpéBnke otL
o emutoAaopdg tou SwaPritn avénbnke amo 2.4% to €tog 1974, omwg afloloynbnke o€
v=21410 atopa, o€ 3.1%, to £€tog 1990 petall v=12836 atopwv. 2 avtibBeon pe tnv Taxeia
e€amAwaon tou dLaBNTn oAUEPQ, N CUYKEKPLUEVN UEAETN KaTeéypae Ui TTOAU Hikpn avénon
oToV €munmoAaopo oe Slaotnua 15eTiog, yeyovog mou avtovakAQ TOV GUYKPLTIKA TILO LYLA
Tpono lwng, ot enimedo Slatpodrg Kal AoKNOoNG, TWV ATOUWV TS TPONYoUpeveg 3-4
Oekaetie¢ otnv EAAGSa. Qotdoo, TePLOplopd TNG MEAETNG amoteAoloe n Sladikaocia
ouMoyng mAnpodopwwy, Héow TnAedwvou, KAl n N Tpayuatomoinon Bloxnuikwy
e€etdoswy yla TNV avixveuon tng Stayvwong pe dtoPntn. ZUVENMWG TA EUPHUATA TIPETEL VA
EPUNVEUTOUV LE TIPOCOXN.

» MeAétn Attikn

Qoto00, N MEAETN-KOPUOC otn oulloyr), avaAuon kot afloAoynon OeSopévwv
OXETIKWV HE TTOAAA XpoOvia vooruata, LETafl Twv omoiwv Katl o SltafAtng, otnv mePLOXN TNG
ATTIKAG, lval n peAétn ATTIKH. H ev Adyw peA€tn Eexkivnoe tnv mepiodo 2001-2002 otnv
EUPUTEPN TIEPLOXN TNG ATTIKNG oupmepllappavovtag 3042 atopa (1514 davdpeg kat 1528
yuvaikeg). O emumoAaopog Tou dtaBrAtn uoAoyioTnKe apXLlKa oto 7.6% Twv avdépwv Kot 5.9%
TwWV yuvatkwy, evw ya 1" popd umipfav Sedopéva yia o MOCOOTO TWV OTOHWY TOU
ayvoouv tnv UTtapén tng vooou otnv EAAGdQ, Kot ATav tng Taéng tou 24% HeTatl avdpwv
kat 30% petafl Twv yuvakwyv (Panagiotakos, Pitsavos et al. 2005). Ztov mpwTto enMaveAEyX0
NG MeAéTnG ATTIKH, mévte xpovia apyotepa, aflohoyriBnke, yia 1" ¢popd otnv EANGSa, n
EMUMTWON TNG VOoou, petafl 1806 atouwv, oL onoiol Sev émacyav amo SafAtn Katd Ttnv
évapén tng peAétng. H otaBulopévn yla tnv nAkia 5-etig enimtwon tou StaBnitn Bpébnke

5.5% (avépeg, 5.8%; yuvaikeg, 5.2%), mou avtiotolxel oe 330000 véQ TEPLOTOTIKA HE
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SdwaBntn otnv 5etia () 66000 kABOs £tocg) AKOUA, TTapATNPNONKE YPAUULKA TAon HETOEL TNC
enintwong tou Swafntn kat TG nAkiag (5.6% avénon g emimtwong ywa kabe 1-£tog
Sladpopad otnv nAkia, p<0,001) (Panagiotakos, Pitsavos et al. 2008). OL epsuvntég
gruonuaivouv OtL n Spapatiki auth avénon Tng vooou umopel va anodobel eite otnv
TpAyUaTikn avénon tng enimtwong, €ite otnv kaAutepn Sldyvwon Tng vooou, €ite otov
ouvduaopo autwv. Qaivetal OUWE, OTL LAAAOV TIPOKELTAL YL LA TIPAYHATIKA auénon tou
enutoAacpol kKabwg To dldotnua Twv 5 eTwv Sev elval apKeTO yla va Tpaypatonotnbouv
ONUOVTIKEG aAAayEG otnv LaTplky dpovtida kal kaAUtepn aviyveuon tou dtapntn (Eliasson,
Lindahl et al. 2002). EmutAéov, Onw¢ mopatnpeital, 0 €MMOAACUOC Tou SoPntn otnv
EAGda mAnolalel tov emumoAacpo tng vooou otig HMA (r.x. 9.6%) (Geiss, Pan et al. 2006),
otnv lomavia (r.x. 11%) (Valverde, Tormo et al. 2006) kat otnv Kumpo (m.x. 10.3%) (Loizou,

Pouloukas et al. 2006).

» MeAétn ZaAapuiva (Ataxpovikn §€AEn amo to 2002 éwg to 2008)

Je ula Wlaitepa cuotnuatiky LEAETN yla To cakxapwdn Siafntn, to 2002, o Mkikag
Kol ouv., peAétnoav deiypa 2805 EAANVwv, nAwkiag 20-94 €twv, amd tnv MEePLOX TNG
Zohapivag. OLepeuvnTtég avedepav OTL 0 EMUTOAACHOG TOU dtaBntn Tumou 2 ayyileL to 8.7%
otnv meploxn autn (Gikas, Sotiropoulos et al. 2004). Alya xpovia apyotepa, ot (Siot
epeuvnteg, enaveéEtaoav Seiypa 3478 esvnAikwv otnv idla meploxn, omou kateypaldav
avénon tou emutolacpol oto 10.3%, dnAadn avénon 16% oe Sidotnua HOALG TECOAPWY
Xpovwv (Gikas, Sotiropoulos et al. 2008). To eUpnua autod emiBePfatwvel TNV SLAXPOVIKA
ekBetikn) embeivwon tou TPOMou IwnAG Twv eAAvVwy, Kuplwg oe eminmebo Slatpodng,
A0oKNoNGg, mMapdyovtec-kAeldld, onmwg Ba avaAubesl kol otn CUVEXELX, Yyl TNV OvAnTtuén
SaBntn. BEBata, Kal otn CUYKEKPLUEVN HEAETN, Bev mpayuaTtonolOnke BloxnuULKOg EAeyXog
yla tn Stayvwon Stafntn, alla oL epeuvnteg Baoilotnkav o€ auTto-avadopad, LE OMOTEAECHA

va xpeLaletal mpoooxr otnv e€aywyr CUUTTEPACUATWVY.

Asdopéva ano tnv Nelondvvnoo
» ApyoAdida (2006)
H mpwtn amonelpa kataypadr¢ tou enumolacpol tou SafAtn otnv gupulTeEPN
nepoxn ™G ApyoAibag é€ywe amd toug MeAldwvn Kol ouvepydteg. OL €peuVNTEG

Tipaypatonoinoav SloyvwoTIKA TECT O OUVOAIKA 880 Atopa amo TIG TEPLOXEC AyLog
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Anuntplog, Metoxt kat Adapt, nAkiag 1-99 etwv, ywa tTnv mapoucia i un Swapntn. e
nepimtwon yAukolng vnoteiog >126mg/dL, mpayuatonolouvtav eMAavaAnmITIKOg €Aeyxog 1
eBdopada apydtepa. Av oTov emavaAnmrtikd €Aeyxo n YAukoln vnoteiag Ntav petatyu 110-
126 mg/dL, akoAouBoloe KOUMUAN CAKXAPOU. TNV €V AOYW LEAETN, TTOU TTAPOUCLATEL TTOAU
KOAO oxeSlaopd kal peBodoloyikny emapkela ywa tn €ykupn dayvwon tou dwapntn, o
ETUWNMOAAOUOG TNG vooou Ppébnke 7.8% (5.3% OSlayvwopévog kat 2.5% adlayvwotog
SaBntng). 18laitepo evdladépov mapouolalel TO TOCOOTO MOXUCOPKIAC, TIOU QVLXVEUTNKE
oto 20.8%, KalL OKOUQ TEPLOOOTEPO TO TOCOOTO KEVIPLKNAG Taxuoapkiag, n omoia
afloloynBnke pe to Seiktn mnAiko péong mpog wyia (Waist-to-Hip Ratio, WHR), B€tovtag
oplo 1o >0.90 yia toug avdpeg kat >0.85 yla TIg yuvaikeg), To omoio BpéBnke oto 63% Twv

QTOMWV TIOU CUHMETELXaV otn peAétn (Melidonis, Tournis et al. 2006).

Asbopéva anod tn Osocalia (Atayxpovikn eEEALEN amod to 1995 éwe to 2016)

To 1995, ot NamaloyAou kal ouvepyateg, peAetwvtag 581 unepnAikoug (265 eTwv), amo tnv
nieploxn KaAaumaka tou vopou TplkAAwv (cuvoAlkog mAnBuopog 5875 datopa), Stamiotwoay
Stayvwopévo Slafntn oto 9.7% twv aTOpwVY, EVW HETA amo PBloxnuikd éleyxo (YAukoln
vnoteiag n/kat ¢poption 75yp. YAukdlng) avixveuoav erutAéov 10.1% kat 9.3% Twv ATOUwWV
va €XouV TNV vooou, avtiotolya. O ouvoAlkog emumoAacpuog Stapopdwbnke oto 29.1% twv
atopwy, 6nAadn 1 otoug 3 mepinouv > 65 etwv. To moocooto IGT Bpebnke oto 15.1% emiong
(Papazoglou, Manes et al. 1995).

Mpbéodata, n Tolpdva Kal cuvepydteg peAétnoav Seiypa 805 atopwyv (420 yuvaikeg
kat 385 avdpec), nAkiag 18-80 etwv, mou Staflovcav otnv mepLoxn tng Osoocaliag. Meta
and mpoodloplopd tnG YAUKOING vnoteioag i/ kat Ste€aywyng KaumuAng ocakydpou, ota
atopa pe yAukoln 100-125mg/dL, o emutoAaopdg tou dtaBntn unoloyiotnke oto 6.96% tou
MANBUoUOU NG HEALTNG PAOEL TwV OMOTEAECUATWV TNG YAUKOING vnoteiag, &vw
ektoéeVtnke oto 11.8%, PAcEL KOl TWV QMOTEAEOUATWYV TNG KAUTTUANG, KOL KOTOTLV
otabuong ywa tnv nAkkia. Ta moocootd pe mpodiafntn Bpébnkav emiong apketd vPnAd
(5.84% n Swatapayuevn yAukoln vnoteiag, kat 2.86% n Siatapaxn avoxng otn YAukoln),
yeyovog ducoiwvo yla ta peAAoVTIKA toocootd dtaBntn otnv mepoxn (Tsirona, Katsaros et

al. 2016).

Agdopéva anod tn Makedovia
33



» 0Oeooalovikn

Av kat 6ev umapyxouv dedopéva yla Tov emMoAacuo tou Stafntn otn Oecoalovikn,
ol JUMEWVIONG KaL ouvepyarteg, e€etalovtag 385 Latplkoug pakéAoug acbevwy pe ZAT2 mou
arneuBuvOnkav oto SlaPnToAoylkd TUAMO TOU VOOOKOoPelou AyloG AnuATPLOG OTn
Oeoocalovikn petatu 1992 kat 2000, katéAnéav otnv €€n¢ Stamiotwon: oL 183 aoBeveic yla
TOUG omoloug n dtayvwon tou Slafntn €ywve pHetafl Twv etwv 1997 — 2000 ATV ONUOVTKA
veotepol (~51 etwv), ocuykpvopevol pe Toug 202 aoBeveis yla Toug omoioug n Stdyvwaon Tou
SaBntn €ywve petaty twv etwv 1992 — 1996 (~68 €Twv), EVW NTAV KOL OE UEYAAUTEPO
nooooto nayxvooapkol (Symeonidis, Papanas et al. 2003). H ev Adyw PeAETN mapathpnong
eruBefalwvel ta mpoavadepBEVTA CUUMEPACUATA VLA TN OTASLAKN EMLOEIVWON TOU TPOTIOU
{wn¢ otov eEAANVIKO MANBUGUO, TToU €lval og onUAVTIKO Babuod unevBuvog yla TNV avantuén

Kal tnv nAkia epdaviong ZAt2.

Asgdopéva ano tnv Kpntn (Araxpovikn §€ALEN amnd to 1996 £€wg to 2001)

Metagl 1988 — 1993, mpaypatomnol)fnke amomnepa Kataypadns Tou EMTOAACUOU
Tou StaBntn tomou 2 kat otnv Kpntn amo toug Alovr) Kal cuvepyateg (Lionis, Sasarolis et al.
1996). OL epeuvntég e€€tacav 47.151 watpikoug dakéAoug aoBevwy amod LATPLKA KEVIPA TNG
TEPLOXNG 2ZMNAAL KataAnyoviag OTL O EMUTOAACHOC TOU XAT2 ylo TOV QypOTIKO QUTO
mAnBuopo Atav 1,5%, SnAadn évag emumoAacpodg Alyo xapunAdtepog oo autov ou Bpednke
ano Tou¢ KatolAAumpo Kal ouvepydtes tnv idla mepiodo otnv Attik. Auto to lpnua
unodnAwvel mBavwe tnv KaAutepn {wn TG EMAPXLOC EKElvn TNV TEPL0dO, HOKPLA ATO TIG
OLOTLKEG TIEPLBAANOVTIKEG ETILPPOEG. QOTOCO0, oXeOOV pia dekaetia apydtepa, To 2001, oL idloL
EPEUVNTEG  KOTOTV e€€taong 4282 wotplkwv pakéAwv aoBevwy, mou daflovoav otnv
nieploxn Axapveg tng Kpntng, katéAnfav otL o emutoAacpog tou SaBntn ayyilel to 5.2%
(Lionis, Bathianaki et al. 2001).

Agdopéva yia To cUVOAo Tou eAANVIKOU MANBUGHOU (Ataxpovikr €€EAEN amo to 1995 wg
10 2016)

Meta€l 1995-1996, oL TevtoAoUpnG Kal CUVEPYATEC OUYKEVTpWaaV delypa 8547 atopwy =19
ETWV amo 7 MEPLOXEC TNG BOPELAC, KEVTIPLKAG Kal vOTLaC EAAASAC (OOTIKEG, NUL-OOTLKEG Kol
QYPOTLKEG) Kal Tuxaio delypa 2100 atopwyv amd pio aypoTikn Kal piot NUL-0oTIKY TIEPLOXN

(ouvoAlka 10647 datopa, Selypa QVIUTPOCWTIEUTIKO TOU €AANViKoU TAnBuopou). Ano ta
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8740 atopa mou dEXTNKAV va CUMHETAOYXoUV, 360 atopa sixav dtayvwopevo IAT2 (4.11%).
Quokd, Omwg ot OAeG TIG UEAETEG auTtnG NG KAlpakag, n Sidyvwon pe Swafritn dev
emPeBawbdnke pe BloxnuUko EAeyxo, e AMOTEAECHA TLOAVH UTIOEKTIUNGN TOU TIPAYUATIKOU
erunoAaopou (Tentolouris, Andrianakos et al. 2009).

Mpw é€va xpoévo, to 2016, mpaypatomownbnke pla TOAU evlladépouoa, Kot
TMPWTOTUTIN, MEAETN amod TOug ALATN KAl CUVEPYATEC LE OKOTO TOV TMPOCSLOPLOUO TOu
erutoAacpou tou SwaPntn (tumou 1 kat 2), MOU AVTIUETWTIIETOL LECW GOPUAKEUTIKNAG
QYWwyng, oto oUVOAO Tou €AANVIKOU TANBUCUOU KaBwg Kal tnv Teplypadr NG €v Aoyw
daAPUAKEVUTIKAG aywyng. OL epeuvnTéG peAéTnoav TNV NAEKTpoVIKY Bdacn cuvtayoypddnong
dapudkwv tou EBvikou Opyaviopol Mapoxng Ymnpeowv Yyeiag (EOMYY) petaly 2014-
2015. 10222779 dtopa Atav Katayeypaupéva otov EONYY, aplBudg mou avtloTtol el oto
95% tou €AANVIKOUL AnBuaopou. O ZAT2 BpéBnke oto 7% tou cuvoAilkol TAnBuaopou (0.08%
og mawdLa kot eprpouc, 8.2% oe eviAikeg kat oto 30.3% o dtopa >75 €Twv), Evw o TuTou 1
oto 0.24% poALg. H petdopuivn elval to mo ocuyva ocuvrtayoypadolpevo ¢apuako (77.4%)
TWV OTOMWV He XAT2, akoAouBolpevo amd toug avaotoAeic DPP-4 (44.8%) kol Tig
oouldovuloupieg (35.4%). Xprion wooulivng Ppednke oto 19.4% twv aTOHWV UE IAT2.
Quokd n ev Aoyw peAétn bev ouunepléhaBe datopa pe Stayvwopévo Swafrtn mou e
AapBdavouv dapuakeuTiky aywyn, €ite S10TL mpoomnabouv va eAéyéouv to SaPfntn péow
UYLELVOSLOLTNTLKAG apEpPaong, eite Adyw ayvolag UTapéng tng VOoOoU, EVW ATEKAELCE KOl
NV Katnyopia Twv acBevwy mou ayopdlouv aneuBeiag Tnv aywyn toug and to dapuokeio
(eldka otnv mepintwon mMoAU Pptnvwv GapuaKkwyY, OMWC N HETPopUivn), Xwplc emioken

oToV LaTPO, cuvtayoypadnon Kat dpa kataypadr oto cuotnua (Liatis, Dafoulas et al. 2016).

1.2 Napayovrteg Kivduvou avantuéng Zakyapwdn AtaBntn
And mANBog peAetwv €xel mpokLPeL oOtL n avamtuén SwPAtn eival amotéAecpa TG
ouvluaoTIKAG §pAoNG YEVETIKWY Kal TEPLBAAAOVTIKWY TTAPAYyOVIWY. ZTNV €VOTNTA auth Ba

avadepBoULv oL BaokotepoL yeveTLKOL Kol epBAaANOVTIKOL TTPOOSLOPLOTEC TOU ZAT2.

A. l'evetikol Mapayovteg

To teleutaia Ypovia OAOEva KOl TIEPLOCOTEPN E€PEUVA YIVETOL HE OTOXO TN
Slepevvnon ¢ onuaocioag Twv yovidiwv otnv avamtuén Swafnitn, kabwg Kal Tov

NMPoodloplopd Twv uTeLBUVwY yovidiwv. Hon amd ta TtéAn tng Sekaetiag tou 2000,
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TIPOOTITIKY UEAETN TTAPATAPNONG O HovoluywTLkoug Stdupoug, £€6eLée OTL n mBavotnTa Kal
Ta SUo abépdLla va €xouv Tautoxpova tn vooo eivat 17%, 33%, 57% kat 76% oto 1o, 50, 100
kat 150 €tog mapakoAouBnong avtiotowya, evw n mbavotnta datapoxns oto HeTaBoAloud
NG YAUKOING (2AT2 1 IGT) ayyile 1o 96% oto 150 £tog mapakoAouBnong (Medici, Hawa et al.
1999). Emiong, peA€Teg olkoyevelwV €xouv Oeifel OTL Ta adéAPLO TWV PEAWV TNE OLKOYEVELAG
HE ZAT2 €xouv TEOOEPLG POPEC MEPLOCOTEPEG MIBAVOTNTEG va avartuéouv Sapntn Tumou 2

otn Slapkela tng {wr¢ Toug amnod OTL 0 YEVIKOC TANBuouog (Hitman and Sudagani 2004).

MeAéteg mou oxebdlaotnkav yla tnv aviyveuan vrevduvwy yia to dtaBrtn yovidiwv

1. Meléteg oUvdeonG: TUvdeon ovoUAleTal N TAON TWV YoVISiwv Kol AAAWVY YEVETIKWV
TIPAYOVIWY, VO KANPOVOLOUVTAL TAUTOXPOVA £EQLTIOG TNG KOVTLVNG B€0NG TOU €VOG
HE TO AAMO TAvw oto 6o xpwpoowpa. OL peAéteg ouvdeong amodeixtnkav
QTTOTEAECUATIKEG OVO YLO TNV QVIXVEUON OTIAVIWY YOVLISLAKWY TIOAUHOPPLOUWY UE
peyalo péyebocg emibpaong, mou subuvovtal yla povoyoviSlokéG Statapaxég (m.x.
Sdapntng tumou MODY), aAAd OxL yLa TNV avayvweLon yoviSiwv Tou eUMAEKOVTOL O
noAuyovidlakéc aoBéveleg (Billings and Florez 2010) Ot mopamdvw €PEUVEG
arnok@AuvPav dVo povo yovidia: to calpain 10 (CAPN10) kai tov petaypodlkod

napayovta 7-like 2 (TCF7L2).

2. MeAéteg unoriplwv yovidiwv: € auto 10 £(60¢ HEAETWY, ETUAEYOVTAV TIPOG UEAETN
OUYKEKPLUEVO yovidla ta omoia Bswpouvtal OTL eunmAéKovTal otnv moboyEvela Tou
dwaPBAtn (m.x. oto peTaBoAlopd NG YAUKOING, TNV EKKPLON WOOUALvNG, TOuG
untoSoxelg LVvooUAivng, TN onuatodotnon amod toug UTIOSOXELG Kal TOV UETOBOALOUO
TwVv Autudiwv). Qotdoo, ta anoteAéopata Sev ATav evBappuvtikd. Ta Alya vropridla
yovidla mou BpEBnke OtL oxetilovtal pe tov daPntn tumou 2 mepllapBdavouv tov
UTtOSOXEQ Y TIOU €VEPYOTIOLEL TOV TIOAAQTMAQCLOOUO TwV Tiepoéelowpatwy (PPARG)
Kat to kovaAl 11 evdopetadopdg kaAiou tng umo-olkoyévelag J (KCNJ11), mou
Kwdlkomolouv audotepa otoxoug avtidiapntikwyv papudkwy (Billings and Florez

2010).

3. Meléteg eupeiag ocdpwong tov yovidiwpatog (Genome-wide association studies,
GWAS): xapn otn Xaptoypadnon tou AvBpwriivou Novidiwpatog (Human Genome

Project) avamtuxBnke n texvohoyia yovotumnong SNPs unAng avaluong Kal e th
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SlaBeopotnta twyv Sedopévwy Tou AleBvoug Npoypappatog Hapmap (International
HapMap Project), éywve &uvati n odpwon ekatovtadwv XWAddwv SNPs mou
Bpiokovtav oe Siwatapayn wopporiag cuvdeong (linkage disequilibrium, LD) pe
ekatoppupla SNPs oe oAOkAnpo 1o yovidiwpa. To yovidio TCF7L2, to omoio
avayvwplotnke and UEAETEC oUVOEDNC, ATIOTEAEL TO ONUAVTIKOTEPO KAL TILO CUXVA
enavaolappavopevo yovidlo mou €xel PpeBel oe peAETeG eupelag 0APWONG
yoviSiwpatog. Evéladépov mapouotdlel Kol To yeyovog OtL OAAQ amod ta yovidia
Tou auéavouv tov Kivbuvo mayvoapkiag, onwg to FTO kat to MC4R, aufavouv Katl
Tov Kivbuvo yila StaBntn, amodelkvlovtag Tn OTeVH) OXEON TNG VOOOU KoL UE TNV
nayxvoapkia, onw¢ Ba Solpe Kal MAPOKATW. Ta ONUAVIIKOTEPA yovidla Tou
oxetilovtal pe to SwaPntn, avedptnta NG maxvoapkiag eival ta TCF7L2, HHEX,

SLC30A8, CDKN2A/B kot IGF2BP2 (Billings and Florez 2010).

Ta teleutaia xpovia, o0 0plOUOC TwV TPOTEWOUEVWY TIOAUUOPPLOUWY TIOU
oxetilovtal pe To StaPntn TUMou 2 £xel avéABEL o MAvw amo 60, oplopéva anod Ta omnola
daivovtal otov mapakdtw mivaka. Qotdoo, 0To CUVOAS TOUG UIMOPOUV Vo €ENYHOOUV HOVO
10 10% tng KAnpovoulkotntag tng vooou (Billings and Florez 2010). Ocov adopd oto
HNXovIopo 6paong Twv v Adyw yovidiwv, n mAsloPndia Twv YEVETIKWY TTOAUUOPILOUWY
mou au&avouv tov Kivduvo yla dapntn oxetiletal pe SuoAelToupyia Twv B-KUTTAPWY TOU
TIAYKPEQATOC Kal OXL LUe avTtiotaon otn Spdon TnG WoouAivng, mou HEXPL onuepa Bewpeital n
Baowkn Statapaxn tng vooou (Herder and Roden 2011). Autd pmopei va onpaivel gite otL
elval o onmavia ta aAAnAépopda mouv avédvouv tnv avtiotaon otnv WWooulivn, eite otL oL
neptBaArovtikol mapayovteg nailouv peyaAutepo poAo otnv PetafoAn Tng svalcOnaoiag

NG, EMOUEVWE ETILKAAUTITOUV TOUG YEVETLKOUG TTApAyovTeG KvdUvou.
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Nivakag 3. Novidia mou €xouv cuoxeTLoTel pe TNV avamtuén dtafntn (Billings, 2010)

ANNAGpopdO Juxvotnta tou IA (95% AE)
Xpwuo-
MoAupopdLopog (eruBapuvtiko/ ‘Etog «emkivbuvou» yla Thv avamtuén
duacloloyiko) TR aAAnAduopdou SAT2

1. NOTCH2 rs10923931 T/G 1 2008 0.11 1.13(1.08-1.17)
2. PROX1 rs340874 Cc/T 1 2010 0.50 1.07 (1.05-1.09)
3. IRS1 rs2943641 Cc/T 2 2009 0.61 1.19(1.13-1.25)
4. THADA rs7578597 T/C 2 2008 0.92 1.15(1.10-1.20)
5. BCL11A rs243021 A/G 2 2010 0.46 1.08 (1.06-1.10)
6. GCKR rs780094 Cc/T 2 2010 0.62 1.06 (1.04-1.08)
7. IGF2BP2 rs4402960 T/G 3 2007 0.29 1.17 (1.10-1.25)
8. PPARG rs1801282 C/G 3 2000 0.92 1.14 (1.08-1.20)
9. ADCY5 rs11708067 A/G 3 2010 0.78 1.12 (1.09-1.15)
10. ADAMTS9 rs4607103 Cc/T 3 2008 0.81 1.09 (1.06-1.12)
11. WFS1 rs1801214 G/A 4 2010 0.27 1.13 (1.07-1.18)
12. ZBED3 rs4457053 G/A 5 2010 0.26 1.08 (1.06-1.11)
13. CDKAL1 rs7754840 C/G 6 2007 0.31 1.12 (1.08-1.16)
14. JAZF1 rs864745 T/C 7 2008 0.52 1.10(1.07-1.13)
15. GCK rs4607517 A/G 7 2010 0.20 1.07 (1.05-1.10)
16. KLF14 rs972283 G/A 7 2010 0.55 1.07 (1.05-1.10)
17. DGKB/TMEM195 rs2191349 T/G 7 2010 0.47 1.06 (1.04-1.08)
18. SLC30A8 rs13266634 c/T 8 2007 0.75 1.12 (1.07-1.16
19. TP53INP1 rs896854 T/C 8 2010 0.48 1.06 (1.04-1.09)
20. CDKN2A/B rs10811661 T/C 9 2007 0.79 1.20(1.14-1.25)
21. TLE4 rs13292136 Cc/T 9 2010 0.93 1.11 (1.07-1.15)
22. TCFL7L2 rs7903146 T/C 10 2006 0.25 1.37(1.28-1.47)
23. HHEX rs1111875 Cc/T 10 2007 0.56 1.13(1.08-1.17)
24. CDC123/CAMKI1D rs12779790 G/A 10 2008 0.23 1.11(1.07-1.14)

rs2237892 Cc/T 0.61 1.4 (1.34-1.47)
25. KCNQ1 11 2008

rs231362° G/A 0.52 1.08 (1.06-1.10)

rs5219/ T/C 0.50

26. KCNJ11/ABCCS8 11 2003 1.15(1.09-1.21)

rs757110 G/T 0.40
27. CENTD2 rs1552224 A/C 11 2010 0.88 1.14 (1.11-1.17)
28. MTNR1B rs10830963 G/C 11 2010 0.30 1.09 (1.06-1.12)
29. HMGA2 rs1531343 C/G 12 2010 0.10 1.10(1.07-1.14)
30. HNF1A rs7957197 T/A 12 2010 0.85 1.07 (1.05-1.10)
31. TSPANS/LGR5 rs7961581 c/T 12 2008 0.23 1.09 (1.06-1.12)
32. PRC1 rs8042680 A/G 15 2010 0.22 1.07 (1.05-1.09)
33. ZFAND6 rs11634397 G/A 15 2010 0.56 1.06 (1.04-1.08)
34. FTO rs8050136 A/C 16 2007 0.45 1.15(1.09-1.22)
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35. HNF1B

rs757210

A/G

17

2007

0.43

1.12 (1.07-1.18)

36. DUSP9

rs5945326

G/A

2010

0.12

1.27 (1.18-1.37)

Fevikotepa, paivetal OTL N MOPAPETPOC «TEPLBANAOVY elval SLalTepA ONUOVTLKA Kal
daivetal amapaitntn yla va mupoSoTHoEL Kal TNV EKppaon Twv mbava umevBuvwy, yla TNV
avantuén SiaBntn, yovidiwy, mpaypa mou dikaloAoyel Tnv €€apon tng vOoou Ta TeAeuTaia
xpovia (Herder and Roden 2011). Autd emPBefaiwbnke kat to 2010 oe DwAavdikn
TIPOOTITIKY) HEAETN, 3 oxedov dekaetwwy, o 4076 povoluywtikoug kat 9019 SIlluywTikolg
S16Vpoug, otnv omola Bpébnke OTL povo to 20% tn¢ Slakupavong tou AMI Kal g
avantuéng Stafntn unopel va anodobel oe yevetikoUg apayovieg (Lehtovirta, Pietilainen

et al. 2010).

B. NepiBairovrikoi Napdyovteg

Onw¢ npoavadEpOnke, TO00 UEAETEC, OGO KOl N mopatnpoupevn paydaia avénon
TOU eMUTOAACHOU Tou SLafAtn KATASELKVUOUV TO CNUAVTLKO POAO Tou TtepLBAAAovToC otnv
avantuén tg vooou.

AkoAouBouv ol mapayovteg Kivduvou yla tTnv avantuén dtofntn onwg avadEpovtat
otnv televtaia €kBeon tng AleBvoug Opoomovsiag AtaBnTn Kot oL o MPOodATEC EMICNUES
kateuBuvtnpleg odnyleg yla tov €leyxo tou SlaBntn ota datopa uPnAol KwwdUVoU TNG

Apepikavikng Atafntoloyikig Etatpeiag

Aiedviic Ouoonovéia yia to AtaBntn (International Diabetes Federation 2015)
OL onuavTIKOTEPOL TTapAyovTes KvdUvou yla avamtuén ZAt2 eival ot e€nc:

e HAwia

e YmepPBalov Bapocg/ Mayxuoapkia

e Jwpatiki Adpadvela

o  Otwyn Statpodn

e [eveTkO utoBabpo — eBvikoTNTA

e  OLKOYEVELAKO LOTOPLKO ZAT2

e ATOWLKO LOTOPLKO SLafrtn KUNong

Auepikavikn AwaBntodoyikn Etaupeia (American Diabetes Association 2017)
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Me peyoAUTepn AETITOUEPELO TtAPATIOEVTOL Ol TAPAYovVTeG KvOUVOU ovATTuéng
Sapntn ya moudld kol eVAAKEG otV teAeutaia €kBeon TG APEPIKAVIKAG ALaBNTOAOYIKAG

Etalpeiac:

s Maudia, £pnBot (<18 stwv)
Au&nuévo kivbuvo yla avamtuén dtapntn €xouv Ta mMaldLd UE:

Auénuévo owpatiko Bapog (AM2 >850 ekatootnuoplo yia nAtkia kat ¢uAo r Bapog/vocg >

850 ekatootnUoplo i Bapog >120% tou Wavikol ylo To VYOG Tou Taldlol) Kal €Xouv
TOUAQYLOTOV 2 amd TOUG MAPOAKATW TOPAYOVTEG KLvSUVOU:

1. QuAn/ EBvikotnta uynAol kwduvou (Apepwkavol, Adpoauepikavol, Aativot,
Aoldteg Apepikavol Etpnvikol wkeavou)

2. OWKOYEVELOKO LOTOPLKO 2ZAT2 0€ ouyyeveic 1ou n 2ou Babuou

3. Owoyevelako LoToplkd Stafntn kunong (UNTépag)

4. Inuela - onuadla avtiotaong otnv wvooulivn (nelavilovoa akavBwaon, uméptaon,
SuoAutdalpia, cUVEPOUO MOAUKUOTIKWYV wWoBNKWV, UIKPO ylo TNV nAkia kONong
VEOYVO)

O €Aeyxog MpEMEeL va EeKvael otnv nAwkio Twv 10 etwv 1 otnv évapén tng ednPeiag (av n

edpnPeia Eekvael oe vedtepn nAkia) kot pémet va emavaAappavetal KaOe TpLeTia.

* EviAikeg (>18 eTwv)
Auénpévo kivduvo yla avamtuén dtaBntn €xouv oL eVAALKEG UE:

1. HAia >45 stwv: OAa ta ATopa MPEMEL va eAEyxovtal yla SlaBntn og autn tnv nAia,

ave€apTATWG AAAWYV TTapayovIwy KvdUvou

2. Au€nuévo owpatikd Bapoc (AMS 225kg/m? i AMS 223kg/m?, yia AGLATEC-APEPKAVOUC),

Kol EMUMPOCcOeTOUG TTAPAYOoVTEG KIVOUVOU:

e Jwpatikn adpavela

o OWKOYEeVELOKO LOTOPLKO ZAT2 o€ ouyyeveic 1ou Babuou cuyyeveig

e OuAn/ EBvikétnTa uPnlou kwdlvou (Auepikavol, Adpoapepikavol, Aativol,
Aolateg Apepikavol, Etpnvikol wkeavou)

e lotopko Safntn kKUnong n yévvnon Bpédoug >4 kg (9lb)
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e Ynéptaon (ZuotoAwkrny Aptnplakn Mieon (ZAM) 2140mmHg n/kat AloToAkn
Aptnplakn Mieon (AAM) 290 mmHg rj Beparmneia yla tnv unéptaocn)
e HDL xoAnotepdAn <35mg/dL (0.90 mmol/L) kat/r} tptyAukepidia >250 mg/dL (2.82
mmol/L)
e JUVOPOUO MTOAUKUGTIKWY WoBnKwv
e HbA1lc >5.7% (39mmol/mol), IGT i} IFG o€ mponyoUEVO EAeyx0
e |otopko KapSlayyelakwy mabnoswv
o AMeC KAWIKEG KOTOOTAOELG TOU OXeTWovVTOL WE QVIlOTOON OTNV  LWVOOUALvn
(ueAavilouvoa akavBwaon, voooyovog maxuoapkia K.d.)
Eav ta amoteAéopata eival KaAd, 0 €MAVEAEYXOG TMPETEL va emavalapBavetol os pia
TPLETIO, evw TILO ouxvol emavéleyyxol (€TOLOL) Kpilvovtial aAmaAPOIiTNTOL OTO ATOMO ME

npodlapnitn.

Napdyovtec Kivduvou yla ZAT2 otov EAANVIKO TAnBUoUO

AkoAouBel avadopd otou BaclkOTEPOUG TAPAYOVTEG KLvdUVoU yla Slafntn, onwg
avadeixtnkav anod oploPEVES amo TIG mpoavadepBeiosg peAéteg ou £xouv dle€axBel otov
EAANVLIKO TTANBUGUO:

2T OUYXPOVLIKN HEAETN Twv MeAdwvn Kol CUVEPYOTWY, OL BACIKOTEPOL TTAPAYOVTEG
Tou BpéBnKav va oxeTi{ovtal OTATIOTIKA ONUAVTKA HE TNV UTtapén dtafntn Atav n nAkia, n
TIAXUOOPKLO, TO OLKOYEVELAKO LOTOPLKO SlaBntn, n uméptaon Kol ta avénuéva tplyAukepidia
(Melidonis, Tournis et al. 2006).

2Tn oUYXPOVLKN UEAETN TNG Tolpdva Kal CUVEPYATWY OTL O EMUTOAACHOC Tou dafntn
OXETIOTNKE OTATLOTIKA ONUOVTIKA HE TNV NALKia, To avéplkd ¢uUAo, TNV uméptacn Kal Tn
Slopovn o€ aypoTIKES TTEPLOXEG (ps<0.001) (Tsirona, Katsaros et al. 2016).

T€Aog, otnv mpoomtiki HeAEtn ATTIKH, Kotd Tov MpwTo €MOVEAEYXO TNG LEAETNG TO
2006, oL ONUAVIIKOTEPOL MPOYVWOTIKOL Tapdyovteg eudaviong Stafnitn, avadsiytnkav n
nAkia (2A=1.04 yia k@B 1 £tog, 95%AE: 1.02, 1.06), n nepidpépela péong (2A=1.02 yia kabe
1 ekatooto, 95% AE: 1.01, 1.003), n duowkn dpaoctnpidotnta (2A=0.62, 95%AE: 0.35,1.02), to
OLKOYEVELAKO LOTOPLKO cakxapwdoug Swafntn (IA=2.65, 95%AE 1.58, 4.53), ta emnineda
YAUKOInG vnotelag (ZA=1.05 ywa kaBes 1 mg/dl, 95%AE: 1.03, 1.07) koL n mapouocia
peTaBoAkou cuvbpopou (2A=2.95, 95%AE: 1.89, 4.61) (Panagiotakos, Pitsavos et al. 2008)
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MetaBoAiko Zuvépouo

‘Evag akOpa onUaviikog aveEdaptntog mapayovrag kKivbuvou yla avamtuén dwapntn
Tou €xeL avadelyBel and mAnBog pehetwy Kat o€ Stadopoug mAnbuopoug (Lorenzo, Okoloise
et al. 2003, Cameron, Zimmet et al. 2007, Hadaegh, Ghasemi et al. 2008) eival n mapoucia
peTaBoAlkou cuvépopou, mou Oev eival timota GAAo amd To ABpolopa TOPAYOVIWV
KlwvOUvou peTaPoAlkig attioloyiog. e mpoomntiky HeAETn Twv Wilson kal ocuvepyatwv
Bp€bnke OTL TOo 50% TWV atOHwWV Tou avémtuéav diaBntn oe pa 8etia eiyav PeTaBoAkod
ouvépopo otnv adetnpia tng pueAétng (Wilson, D'Agostino et al. 2005), avtictoa pe TNV
npoavadepBeioa peAETn Twv MavaylWTAKOU KAl CUVEPYOTWV OMOU O 5 etr¢ kivbuvog
avamntuéng dapntn Arav 3 ¢opég peyaltepog, mapouaia tou cuvépopou (Panagiotakos,
Pitsavos et al. 2008). AtileL va avadepBel OTL To PeTABOALKO CUVOPOUO AUEAVEL ONUOVTIKA
kat tov kivbuvo kapSlayyelaking voonpdtntag kat Ovnowdtntag (Papakonstantinou,
Lambadiari et al. 2013).

MNa tnv Unapén petofoAikol cuvdpopou €xouv SlatuntwBel Stadopa Kkpltrpla,
Eekvwvtag amnod to 1998 pe tov Naykoouo Opyaviopo Yyeiag (MOY, WHO) kat cuveyilovtag
HETAEL AAAWV e TNV Apepikavikn Emtporr) Eldikwy (NCEP ATP Ill), tnv IDF, tnv ApEpLKAVLKA
Kapdioloywkn Etatpeio (AHA) kat to EOBviko Ivotitouto Kapdidg, Mveuvpdvwy kat Alpatog
(National Heart, Lung and Blood Insitute, NHLBI). Ot tddopeg MPOTACELG TEKUNPLWONG TOU
ouvEpOUOU aTO TOUG EKACTOTE OpyavIopoUG cuvoilovtal otov mapakdatw mivaka (Ilivakag

4)
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Nivakag 4. Kputripla dtayvwong MetafoAtkol Zuvépouou

NCEP/ATP Il (2001) IDF AHA/NHLBI
WHO (National Cholesterol (2005) (2005)
(1998) (Alberti and Education Program (International (Grundy,
Zimmet 1998) (NCEP) Expert Panel Diabetes Cleeman et al.

on Detection 2002)

Federation 2006)

2005)

IGT, IFG, ZA’TZ N Kothakr
XOUNAN . p .
- . , 3 touAdylotov naxvoapkia 3 touAdxlotov
Nwg tibetaL n dtayvwon; wvoouAvogvaloBbnoia KOLTh DL Ko 2 enhEoy COLTh oL
Kal 2 EMMAEOV prnp KOLTh oL prnp
KpuTipLa ptenp
Mpotetvoueva kpLtrpla / CUVIOTWOES TOU UETABOALKOU aUVSPOLOU
, IFG i} IGT fj SAT2
1. A , , , , ;
velgraon oty XoUNnAn evatlobnoia Kaptla Kopia Koptia

wvooulivn

’ a
oTNV WWOoUAivn

2. Auénuévo Bapog
= AMZ

Avépeg: WHR >0.90
luvaikeg: WHR >0.85

Avbpec: 2102cm

Avbpec: 294cm

Avbpec: 2102cm

= : Mé w , , luvaikeg: luvaikec:
epll.cbspslta scn’( C) 4/ka Fuvdikec: >88cm® uvaikeg UVALKEG:
= MnAiko péong/loxiwv AMS >30k /mz 280cm >88cm
(WHR) 8
3. TpwyAukepidia opol >150mg/dL
>
(TG) > 150me/dL Aywyn yia avénuéva TG
4. HDL yoAnotepdAn (HDL- AvSpec: <40mg/dL Avbpec: <40me/dL / Fuvaikes:
Q) Muvaikeg: <50mg/dL <50me/dL A
) Aywyn yla xapnAr HDL-C
>100mg/dL i
5. Zdakyxopo vnoteiag IFG i IGT ) 2At2 >110mg/dL AvtidLafnTikn aywyn yla uPnio
oAKYaPO
S , S .
6. Aptplokd Nison 2AM 2130mmHg f AAM 285mmHg n

>140/90 mmHg

>130/85 mmHg

AVTI-UTtEPTAOLKI aywyn o acBevn

(ZAM/AARM)

JLE LOTOPLKO UTIEPTACNG

? H wooulvoevaioBnoia afloloyeital pe UTEPIVGOUALVALULKS EUYAUKOLULKG clamp: n pdoAndn yAukdlng va ivar kdtw
Qo TO XOUNAOTEPO TETAPTNOPLO YLa Tov MANBUoS avadopds.

b Oplopévol aoBevelg pmopel va avamtuéouv HeTABOAKEG SLaTapaxeC akOUa Kol av n TEpPLdEPELA HEONG ELvaL OpLaKd
auénuévn (m.x. 94-102cm). Autd ta ATopa LoWG €XOUV LOXUPN YEVETIKA PodLdBeon yla avtiotacn otnv WeouAivn’

"To oplo tpomomnoLBnke to 2004, 2100mg/dL, oe cupdpwvia pe To avavewpéva KpLTAPLA TNG ALEPLKOVLKAG AlaBNTOAOYLKAG
Etaupeiog yla tn Statapaypévn yAukoln vnoteiag.

” 1 Sladopetikd avaloya tny eBvikoTnTa

" a AcLdteg KplveTal okOmun N xpnon XapunAotepou katwdAol nepudépelag péong (290cm yia avpeg kat =80cm yia
YUVQLKEC)

H onuaoia tn¢ karavourns tov Aimoug

A&ilel va onuelwOEeL OTL OTIC EPLOCOTEPEG TIPOTACELS SLAyvwaong Tou cuvdpouou, o
avOpWIOUETPLKOG Seiktng afloAdynong Tou aufnuévou owpatikol PAapoug mou EXEeL
npotabel ival SeKTNG KEVIPLIKAG KATOVOUNC ToU Alltoug, SnAadn n mepidépeta péong (MM)
N to mnAiko péong mpog wyia (Waist-to-Hip Ratio, WHR), kattL mou €xeL mabBoducloloyikn
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Baon, 6ebopévng TG HEYOAUTEPNG CUUHUETOXNAG TOU OTAQYXVIKA CUCCWPEUMEVOU ALTOUC
oTNV QVATTUEN aVTIoTOoNG OTNV LVOOUALVN Kot AOUTWV HETABOALKWY SLatapaywv.

H avwtepotnta tng meplidépelag péong €vavtl tou OSeiktn palag CWHATOC WG
TMPOYVWOTIKOU Selktn yla tnv avamtuén Swafntn kol KapSLAYYELAKWY VOONUATWY
avadeixbnke oe ocuotnuaTik avaockomnon 27 peAetwv to 2010. MdaAlota, otnv &v Adyw
QVOOKOTINGN AKOUO TILO OMOTEAECUOTLKO KAl oo TtV neplpEpela péong PpeOnke to MnAiko
Méong mpo¢ L og (Waist-to-Height Ratio, WHtR) pe tipui-katwdAL to 0.5, mou petadépet to
gUANTTO yla T Snudota vyela pRvupa «ALotnenoTe T LECN 0ag TOUAAXLOTOV OTO LOO TOU
Uoug oag» (Browning, Hsieh et al. 2010). H untepoxn tng xpriong Seiktn KEVIPIKAG Evavtl
VEVIKEUMEVNG KOTOVOUNG TOU ALMTOUC OTOV EVIOTIOMO ATOMWV ToU Slatpéxouv udPnAo
KapSlopeTaBoAikod kivouvo emiBeBatwbnke kot oe petavailuon 32 peAetwy to 2013. 3tig 24
OUYXPOVIKEG LEAETEC TTOU cuumepAndOnoav, to WHER BpéBnke va oxetiletal mio loxupa pe
NV mapouocia Stafrtn kat petafoAkol cuvSpouou oe oxéon He to AMZ, evw otig 10
TIPOOTTIKEC HeAETeG Ppébnke va mpoPAémel  kaAUtepa TOV  Kivbuvo  avamtuéng
KOPSLOYYELOKWY VOONUATWY, TNV Kapdlayyelaky Bvnoludtnta Kat tnv Bvnowuotnta anod

kaBe attia (Savva, Lamnisos et al. 2013).

1.3 Awatpopn kat avantuén StaBntn

H Siatpodn amotelel Evag amod Tou¢ CNUAVTLKOTEPOUG TIAPAYOVTEG IOV eMnpedlouV
TN YEVIKOTEPN UYELD TOU ATOUOU.

MANBog epeuvwv €xouv avadeilel to O0delog allaywv otov TPOmo I(wNG otnv
npoAndn n tv kabuotépnon avamntuéng dwapntn. Itn MeAétn MpoAnng tou APt otn
@OwAavéia (Finnish Diabetes Prevention Study), mou otpatoAdynoe unépBapa peong-nAtkiag
atopa uyPnAou kwduvou yla avamrtuén SwaBntn (ne Siatapayuévn avoxn otn YAukoln),
Bp€OnKe OTL N HElWON TOU CWHATIKOU BApous HEow Statpodikwv alkaywv f/kat avénong
NG Puokng SpaotnpLotnTag, Helwvel 58% tov kivbuvo avdmtuéng Swafntn. H mapépupaon
niepteAapPave cuPOUAEUTIKA HE OTOXO TN peiwaon Bapoug, Tn cuvoAkn mpooAnyn Almoug,
v npocAnyn Kopeopévou Almou¢ Kal tnv avfénon Twv WwV Kol TG UOLKAG
Sdpaotnpotntag) (Tuomilehto, Lindstrom et al. 2001). MdAwta, n peiwon tou Kwduvou
Bpebnke akoOpa peyaAUTePN, TNG TAENG TOU 64%, MeTAEU TwV aTOMWV nAkiag >61 etwv

(Lindstrom, Peltonen et al. 2008). To O0¢dero¢ tTwv aAlaywv Tou TPomou IWNG yla TNV
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nPOANYN epudaviong TNG VOoOU avadeixtnKe KoL oo TNV EPEUVVNTIKA opada mpoAndng Tou
Sdapntn otig HMA, petaty maxloapkwv atopwyv uPnAol KdUVOU. ZUYKEKPLUEVA OTNV
opada mou €Aafe obnyieg pe otoxo 7% pelwon tou cwpatikol Bapoug kat emitevén 150
Aemtwv duOLKAG SpactnpldtnTag NUepnaoiwg, mapatnpnbnke 58% peiwon tou Kwdlvou ot
oxéon Pe v opada eAéyxou, Hla Pelwaon ToOU ATAV akOpa LeyaAUTEPN amo Tn Pelwon mou
napatnpnnke otnv opdda mou €AaBe petdopuivn (ueiwon 31%) (Knowler, Barrett-Connor
et al. 2002).

Itn Seutepoyevn mpoAndn tou SwaPntn, n watpkn diatpodikr ppovrtida (Medical
Nutrition Therapy, MNT) €xet kal maAL e€€xovoa onuaoia (Nyenwe, Jerkins et al. 2011), ue
NV anwlela Bapoug va amoteAel mpwtapytkn odnyia yia tnv mAsoPndia Twv aTOUWY PE
dapntn, mou eivat unépPBapol r maxvoapkot (Yoon, Kwok et al. 2013). Qotdoco, og atopa
peyaAutepng nAtkiag pe StaBntn, gaivetal ot n anwAsla Bapouc XPeLAIETOL TIPOCEKTIKOUC
SLaLTNTIKOUG XELPLOUOUG, £TOL WOTE va arnodpeuxBel n pnelwon aAung palag Kal SLoaTtpodLKEC

avenapkeleg (Kyrou and Tsigos 2009)

1.3.1 Tpodipa, opadeg tpodpipwv kot avantuén dtapitn

Ooov adopd v mpwtoyevh mpoAnn tou dLaPnAtn, ApKETA TPODLUA KOL CUOTOTIKA
TPpodipwv £xouv avadelxBel OTL aoKOUV TPOOTATEUTIKN N eMBapuvtikn dpaaon, dnAadn otLn
KOTOVAAWOK TOUG OXeTileTal pE MELWMEVO [ auénuévo kivbuvo ylwa SlaBntn. Av kal n
OUYKEKPLUEVN SlatplBr) eotidlel otn peAETn Slatpodkwv MPOTUTIWY, OTNV EVOTNTA TIOU
akoAouBel Ba yivel pa Baoikn meplypadn Twv EMPEPOUG OpAdWY TPODIUWY, OL OTOLEC
QIOTEAOUV TLG TILO CUXVA VA SUOPEVEG CUVIOTWOEG TWV EKACTOTE MPOTUTIWY, KAl TOU pOAou

TOUC oTnV avantuén ZAt2, onwe £xel TpokL P eL amo ta anoteAéopata Stadpopwv LEAETWV.

FxAaktokoutkd npoiovra

AmoteAéopata EMONUOAOYIKWY PEAETWY umooTnpilouv OTL N uPnAR KatavaAwon
YOAOQKTOKOULKWY TIPOIOVIWY (YAAa, ylaouptt, tupl), KaAEG tnyEC aoPeotiou Kal payvnoilou,
rmbava va oxetiletal avtiotpoda pe tnv avamtuén StaBnitn, KaL tnv epdavion MopAUETPWV
ToU petafoAlkol ocuvépoupou. MetavaAluon 14 mpoontikwv PeAeTwv Ppnke avtiotpodn
YPOULULKI) CUOXETLON UE TN OUVOALKN KOTAVAAWGHN YOAQKTOKOULKWY TPOlovTwy (13 pelétec),

XapUnAwv og Atapd mpoiloviwy (8 UEAETEC), TuploU (7 UEAETEC) KAl YLaoupTLOU (7 UEAETEC).
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200yp/ nUEpO YOAOKTOKOMLKA N XOUNAQ O€ Autapd Tpoiovia HELWVOUV Katd 6% (95%AE:
0.91, 0.97) kot 12% (95%AE: 0.84, 0.93) avtiotola tov kivbuvo yia diafrtn. 30yp tuplov
kat 50yp yLoouptiov nuepnaoiwg odnyouv og 20% katl 9% peiwaon tou Kvduvou (95%AE: 0.69,
0.93 kat 95%AE: 0.82, 1). OL €peuvnTEC WOTOOO KATEANEQV OTL XPeLAlOVTAL TIEPLOCOTEPES
HeAETeG, LOlaitepa KALWVIKEG SOKIUEG, TipLv e€axBouv aodalr) cupnepacparta (Gao, Ning et al.
2013). Eva xpovo apyotep, CUCTNUATIKN avaokonnon 10 peAetwy napepBaonc, KatéAnte
OTL TO YOAOKTOKOULKA TIPOIOVTOL €XOUV EUEPYETIK 1 oudétepn emibpacn otnv
wvoouAwvoeualoBnoia, onwg aflohoyndnke amo 1o deiktn HOMA. OL ev AOyw peléteg Sev
nepteAappavav anwAeta Bapoug, KATL Tou Ba anmoteAoVUCE CUYXUTIKO Ttapayovta, AOyw tNng

BeAtiwong tng voouAwvoeualodnoiog mou Ba enédepe (Turner, Keogh et al. 2014).

Anuntplakd oAlkn¢ aeong

Y& PETAVAAUON 16 TPOOMTIKWY UEAETWV N KOTAVAAwWoN 3 Hepidwv dnunTplakwv
oAlknG aAeong (Pwpl oAkng dleong, kaotavo pull, TToupo oTapLloU, SNUNTPLAKA OALKNG
aAeong) BpeOnke OTL pewwvel Tov kivbuvo yla ZAT2 katd 32% (2K=0.68, 95%AE: 0.58, 0.81)
(Aune, Norat et al. 2013). Avtictolya ATOV TO OMOTEAECOUATO KOL OE OUOCTNMOTLKA
avVaoKOTNoN 45 MPOOTTIKWY MEAETWV Kot 21 TUXALOTIONUEVWY KAWVIKWY SOKLUWV. Ta atoua
mou katavalwvay 48-80yp Snuntplakd oAk (3-5 pepideg) eixav 26% xaunAotepo kivbuvo
yla ZAt2 (2K=0.74, 95%AE: 0.69, 0.80) kaBwg kat xapunAotepn npdéoAnn Bapoug (1.27kg vs.
1.64kg), CUYKPLTIKA PE TA ATOUA TIOU KaTavaAwvayv omavia 1 kaboAou dnuntplakd oAlKAG
(Ye, Chacko et al. 2013). Ta esupruata autd smPeBawwdnkav Kal ce MOAU Tpoodath
avaokomnnon 21 PETAVAAUCEWY, €K TWV OTolwv OAeg umootnplav TNV UTapén apvnTIKNG
oX£0NG AVALEDSA OTNV KATAVAAWGN SNUNTPLOKWVY OAKN G AAEoNG KAl TNV epudavion 2AT2 (2K
= 0.68-0.80). OL epeuvnTEC poteivouv OTL N avénon otnv KatavaAwaon dNUNTPLAKWY OALKAG
AAEONC QMO TO YEVIKO MANBUOUO, pe oTOX0 Ta 45yp TNV nuUéEpa (=2-3 pepideg) sival ediktn
Kol ue ToAAamAd 0d€AN yLa TNV UyEla, mEpa amnod tn Helwon Tou Kwvduvou yla avamntuén ZAt2
(McRae 2017). Qotdoo, 6tav afloAoyrnbnkav cuotnuatika ol Stabéoipeg anodeifelg Baosl
TwVv omoilwv to USDA 8nuiolpynoe LOXUPLOMO ULYELOG ylot TNV TIPOOTATEUTIKY Spdon Twv
Snuntplakwv oAkn¢ aleong otnv mpoAnyn tou Stapntn, ot cuyypadeic katéAnfav Ot ivat
TIOAU TIEPLOPLOUEVO Ta SLOBECIPA EVPAMATA YLt TNV €V AOYW SLATUTWGN LOXUPLOUOU LYELag

(Yamini and Trumbo 2016).
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@pourta kat Aayavikd

H katavaAwon ¢pouTwv Kol AaXOVIKWV €XEL HEAETNOEl ekTeTaUéVA O OXEON ME
TIOA\EG ekBaoelg vyeiag, Wdlaitepa Ta KapSloyyeLaKA VOO AT, HE BETIKA amoteAéopata
otnv TPpwToyevr) TPOANYN Kapdlayyelakwy, oludwva HE TPOOHATN OCUOTNUATIKA
QVaoKOTINoN TuXoLomolneEVwY KAVIkwv peAetwy (Hartley, Igbinedion et al. 2013). Qotooo,
ooov adopa otnv MpoAndn tou dafntn, Ta amoteAéopata eival HEPKWS SipopoUeva,
OKOMO KOl HETAEU peTavaAUoswv. Mo ouykekplpéva, to 2007 ol Hamer Kal GUVEPYATEC
Bpnkav OtL N Katavailwon 23 uepidwv dpouTtwv Kal Aaxavikwv nUepnoiwg 6 oxetiletal e
ONUAVTIKA Helwon Tou Kwvduvou yia dtafntn (Hamer and Chida 2007), mou €pxetal v HEPEL
o€ avtiBeon pe mo npodéodatn petavaluon twv Cooper Kol GUVEPYATWY, OL oToiot Bprnkav
OPLOKAL CNUOVTLKH, KoL OXETIKA ULKPH Melwon Tou KwvdUvou, TnG Tagng Tou 7% (95%AE: 0.87,
1) ouykpivovtag to UPNAOTEPO HE TO XAUNAOTEPO TETAPTNUOPLO KATOVAAWGONC PpoUTwV Kol
Aaxavikwv. Qotdéoo, Bpnkav OtL n katavaAwon ot pileg N mpacwva GUAAWSN Aaxavikd
oXeTlleTal aveldpTnTa OO TN CUVOALKA KATOVAAWON $polTwVv Kol AaXaVIKWV, UE LElwon
Tou KwvdUvou (2A=0.87, 95%AE: 0.77, 0.99 kat A= 0.84, 95%AE: 0.74, 0.94) (Cooper, Forouhi
et al. 2012).

Kpéac kat MouvAepika

MoAAéG pelAéteg €xouv umootnpiéel auvénuévo kivéuvo yua SwafAtn amd tnv
KaTavAAwon KOKKWVOU KpE€atog, Lolaitepa emefepyaopévou, KatL mou emPePfalwbdnke ot
npoodatn petavaluon (Feskens, Sluik et al. 2013). Qotooo, n oxéon &ev eival MARPwWC
e€akplBwpévn. Metavaluon 3 HEYAAWV TPOOTITIKWYV HEAETWV ot HMA, tng MeA€tng
MapakoAouBnong twv EmayyeApotiwy Yyeiag (Health Professionals Follow-up Study) kat twv
Epeuvwv Yyeiag twv NoonAeutplwyv (Nurses’ Health Study) | kau 1l, katéAnge otL avénon tou
KOKKLVOU Kpgatog katd 0.5 pepida/ nuépa oxetiletal pe 48% avénon (95%AE: 1.37, 1.59)
ToU KvdUvou yla avamntuén dtapntn, mou ev pépet BpéBnke va amodidetal kal otnv avénon
Tou Bapoug, mou mpokaAel N avénon ¢ Katavalwong kpéatog (XA =1.30, 95%AE: 1.21,
1.41, pe mpooBnkn tou AMZ oto povtéAo) (Pan, Sun et al. 2013). TéAOG, o AAAEG UEAETEG
€xel dpavel n emAektiky emPBapuviikr) dpdon Hovo tou emefepyacpévou, oAAd OxL Tou
KOKKLVOU Kp€atog otnv enintwon dwapntn (Micha, Wallace et al. 2010) i n povo oe avdpeg
Kat OxL oe yuvaike¢ (Kurotani, Nanri et al. 2013). e moAU mpoodatn Snuocieuon n

KOTOVAAWON KOKKLVOU Kol eTEEEPYAOUEVOU KPEATOG yia 4 HOALC eBSonadeg Ppednke oTL
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LELWVEL TNV LVOOUALVoegvaoBnaia, os atopa pe Kamolou Babuou avtiotaon otnv LWGouAivn

(Kim, Keogh et al. 2017).

Wapia

APKETEC UEAETEC Ta TeAeutaio xpovia €xouv aoxoAnBel pe tn HeEAETN NG
katavaAwong Yapuwv (1 kat Badacovwy) otnv enimtwon dtapnitn tomou 2. H pelétn EPIC
Bprike OTL n ouvoAwn mpooAnyn Yopuwwv (touAdyxtotov 1 dopd/epdopdda vs. <1
dopa/eBbouada) odnyel og xapunAotepo kivbuvo yia dapntn (A= 0.70, 95%AE: 0.58, 0.96],
evw Ta BaAaoowva oxetiotnkav e avénuévo kivbuvo (2A= 1.36, 95%AE: 1.02, 1.81) (Patel,
Sharp et al. 2009). AvtiBeta, peAétn oe 4472 lepuavoulg nAkiag >55 €Twv uMooThpPLEE
avénuévn 15etn enimtwon dwafitn and tnv katavalwon Yapwwyv (ZK=1.32, 95%AE: 1.02,
1.70) (van Woudenbergh, van Ballegooijen et al. 2009). fuotnuatiky avaockomnon 16
TIPOOTITIKWY  HUEAETWV Kol 527441 OUPUETEXOVTWV aVESELEE oONUAVTIKA yewypadikn
ETEPOYEVELD. OTOL QTMOTEAECUOTO HUE MEAETEG OTNV ApEPLK va umootnpilouv CUVOAKA
emBapuvtikn oxéon (2K=1.05, 95%AE: 1.02, 1.09), ueAéteg otnv Eupwrnn va pnv KataAryouv
O€ OTATLOTIKA ONUAVTIKO eupnua (2K=1.03, 95%AE: 0.96, 1.11) kal peAéteg otnv AuotpaAia
VoL POTEIVOUV HLaL TIOAU ULKpr apvntikn oxéon (2K=0.98, 95%AE: 0.97, 1.00) (Wallin, Di
Giuseppe et al. 2012). Mo npocdatn HEAETN KATASEIKVUEL LA TIEPLOCOTEPO TIPOOTATEUTLIK
oxéon (kupiwg yla ta amaxa Pdapla) evaviia otnv avamtuén dtapntn, aAAd umd cuvBnKkeg
HEYAANG mpdoAnyng, amo 75yp/ nuépa (2K=0.71, 95%AE: 0.51, 0.98) kat 100yp/ nuépa
(ZK=0.67, 95%AE: 0.46, 0.98).

Auvya

IXETIKA LE TNV KATAVAAWON OQUYwWV Kal Tov Kivbuvo ylwa ZAT2, amoteAéopata 2
UEYAAWV TIPOOTTIKWVY HeAETWV (Physicians’ Health Study kat Women’s Health Study) £€6siav
OTL N KatavaAwon touAdylotov 7 avywv tnv edoudda (A 1 avyou nuepnoiwg) avédavel 58%
Kat 77% tov kivbuvo avamtuéng SwaPntn oe avépeg kol yuvaikeg avtiotolxa (Djousse,
Gaziano et al. 2009). Qot600, N KATAVAAWON AUYWV, aKOUa Kot 3 TNV nuépa, Sev éxel pavel
OTL emnpealel, AUeca TOUAAGXLOTOV, Ta emineda cakydapou oto aipa (Mutungi, Ratliff et al.

2008).

EAatéAado
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H katavalwon ehatoAadou Seomolel otic XWpPeC TNG Meooyeiou, av Kol TeEAeuTala
XPOVLa YIVETaL OAogva Kal TiLo SNUOPIAEG Kal o€ AANEG XWPES, AKOUA Kol EKTOC Eupwnng. H
HEYAAn katavaAlwon elatoAdadou oe Ywpeg tnG Meooyeiou (25-40% TNnNG EVEPYELAKNG
npooAnyng) (Serra-Majem, de la Cruz et al. 2003) oényet oe uynAn avaioyia
LOVOOKOPEOSTWV MPOC KOPECSUEVA AUmapd ofEal.

MeydAo eival kal to O0delog tou eAaloAdadou otn anmwAela Bapoug, Kabwg n
OVTIKATAOTOON KOPEOUEVWV AUMOPWY OLEWV UE Povoakopeota Autapd offéa obdnynoe oe
ONUOVTIKA UELWON TOU OUVOALKOU BApoug Kat Allmoug o uMEpBapa Kal MoxUoapKa ATOUO
peTd amnd 4 ePfdouadec mapepPaong (Piers, Walker et al. 2003). EmumtAéov, n xopnynon
eAaloAadou €vavil KpEpag avfnoe TN HETOYEUMOTIKA o&eidwon Tou AUTOUG Kal TN
BepuoyEveon AOyw TpodnG O€ YUVAIKEG LE KEVIPLKOU TUTIOU Ttaxuoapkia (Soares, Cummings
et al. 2004). To eAaik6 o€V, To KUpLO akOpeoto Autapd ofU oto eAaldAado, EXEL OXETIOTEL UE
BeAtiwon NG evaloBnoiog otnv WWOOoUAivn, TOU YAUKOLULKOU €AEYXOU KOL TOU AUTLSALULKOU
npodiA (Ryan, Mclnerney et al. 2000, Soriguer, Esteva et al. 2004, Weinbrenner, Fito et al.
2004, Schroder 2007), evw HeAETN ot Mepapoatolwa avinon tou TaAULTIKOU 0EE0G TNG
Slatpodng LELWVEL TNV 0€ldwaon Tou ALTOUC Kal TNV NUEPNAOLA EVEPYELOKN Samavn, evw TO
eAaikO o0&y emipépel ta avtiBeta amoteAéopata (Rodriguez, Portillo et al. 2002). H
uloBétnon tng Meooyelakng datpodng, tng omolag to eAadAado sival ornua Kototebey,
EXEL Bpebel va pelwvel Tov kivéuvo gudaviong moaxuoopKiog, woTtdco To EUPNUO AUTO ATAV
aveédptnto tn umapén [ un €latoAdadou otn Siatta (Schroder, Marrugat et al. 2004),
yeyovoc mou umodnAwvel tn ouvduooTik Opdcn TwV EMPUEPOUC OCUVIOTWOWV TOU
npotumou. To gAawodado amoteAel akopa dplotn mnyR moAudalvoAwv, TOU aAmoteAoUV
LOYUPA QVTIOEEOWTIKA PE SuvnTikA TpooTateuTiky Opaon €vavil tou Swafntn (Fito,
Cladellas et al. 2005). TéAog, afloonueiwto €ivatl OTL n KATOvAAWGN TOUu €eAaloAddou
npoodidel kal to OPelog TNC KATAVAAWONG (PUTIKWV VWV, HLaG Kol mpowbBel tnv
KOTOVAAWON HEYAAWV TIOCOTATWY AdXaVvikwv ot popdn coaAdtag Kabwg kal HeYyAAwvV

noootntwv oompiwv (Panagiotakos, Pitsavos et al. 2006)

AAKOOA ko Kaécg
To aAKOOA £xeL mpotaBel OTL pmopel va eUMAEKETAL OTov TtaBoducloAoyLko
pnxaviopod avamntuéng Siapnitn. Metavaluon 20 mpoomTikwy UEAETWY avESELEE ULla oxEon

oxnuatog U petall tng KatavaAwong aAkooA Kal Tov Kivduvou yla dafntn, e tn HETPLA
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Kot uPnAnR KatavaAwon v OOKEL TPOOTATEUTIK Kal emiBapuvtiky Spdacn avtiotoya
(Baliunas, Taylor et al. 2009). Qotdéoo, Sidpopolpeva guprpaTa €XOUV SNUOCLEVUTEL yla
Slapopetikoug MANBuopoUc. MNa mapddelypa, n HETPLA KOTAVAAWGON OAKOOA €xel BpeBetl
WOEAUN og peléteg oe Apepikavoug (Kerr and Ye 2010) kat Zoundoug (Rasouli, Ahlbom et
al. 2013), aAA& OxL lanwveg (Teratani, Morimoto et al. 2012). Emiong, to €ibog TOU
aAkooAoUxou motou daivetal va dtadpapatilel KAMOLo POAO, e TO Kpaot va avadelkvUEeTal
w¢ to o wodEAHo (Beulens, van der Schouw et al. 2012, Rasouli, Ahlbom et al. 2013). H
oxéon aAkoOA - dwafntn €xeL pavel otL €aptatal kal and AAAOUG TAPAYOVIEG, OMWG TO
¢UAo (Beulens, van der Schouw et al. 2012, Rasouli, Ahlbom et al. 2013), n xoAnotepoAn
(Jang, Jang et al. 2012) kat o deiktng palog cwpatog (Seike, Noda et al. 2008), yeyovog mou
auvéavel Tnv afefatdotnta ylo TNV MPAyHaTKn ¢Uon tTng oXEoNG AUTAG.

IXETIKA UE TNV KOTOVAAWON KodE, N KatavaAwon touAdxiotov 2 AT kadé tnv
NUEPQ €XEL OXETLOTEL e 50% XapnAOTEPO Kivduvo yla SLaBAtn og LeyaAn TPOOTITIKY LEAETN
(van Dam and Feskens 2002). Mepka xpovia apyotepa, petavailuon oxedov 0.5 ek. aTOpwyY
eruPBePfaiwoe tov MPOOTATEUTIKO POAO Tou Kade (He N xwplg kKadeivn), odnywviag oto
ouunépaocpa OtL n avtdiapntikn dpdon tTou KadpE lowg va punv odeiletal otnv Kadeivn

(Huxley, Lee et al. 2009).

1.3.2 Avatpodikd mpdtuma Kot avantuén Zakxapwsdn Awapntn

Ta teAevtaia xpovia n Slatpodlk €peuva OTOV TOUEQ TWV XPOVIWV VOCOHUATWY,
HETAEL Twv omolwv kat o duPnuaBning €xel otpadel amd T UEAETN HEUOVWHEVWY
TPodipwy N Slatpodkwyv CUCTATIKWY, OTNV OALOTIKA TPOoEyylon TnG dlatpodng Kot Tn
MEAETN Slatpodikwy MPOTUTIWY, TOCO YLa TPAKTIKOUE 000 Kal yia peBodoAoylkoug Adyouc.
Katapxdg, ta tpodLUo €XOUV CUVEPYLOTIKEC 1 QVTOYWVLIOTIKEC LOLOTNTEG, TTOU UMOpPEl va
Slapopormololv tnv mpaypatiky oxéon tpodipou - vyeiag (Panagiotakos, Pitsavos et al.
2009). Emiong, oL avBpwmol dev katavalwvouv Hovo €va tpodwuo (m.X. kpeag, papy,
dpoUTa, aAKOOA) | HEHOVWHEVA BpeMTIKA cuotatikd (m.X. mpwteivn, w-3 Autapd ofca),
oAAG yeUpata ou amoteAouvtal anod Mol Tpodipwy Pe TIOAUTTAOKOUG oUVSUAGUOUG
BpeMTIKWY cuoTaTIKWY. TEAOG, éva TPOTUTIO UIMOPEL val eUKOAQ va peTadpaoTel oe odnyleg
Slatpodng otnv Kabnueptvr) Slautoloyikn mPAEN, O OXEON UE OUYKEKPLUEVA TPODLUA A

OUOTOTLKA.
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IXETIKA ME TNV avamtuén SwaPntn, peyaAn mpoomtiky HeAETn oe 42504 Aavdpeg,
dawvopevika vylelg, pe 12 €tn mopakoAouBnong, katéAnge ot to "AUTkG" TPOTUTO
Swatpodng (Western diet), mou yapaktnpiletal and vPnAr Katavalwon o€ KOKKLVO Kol
EMECEPYOAOUEVO KPEQG, QUYA, EMeCepyaopévoug uSatAvOpakeg, YAUKA Kal emidopmia,
TNYQVNTECG TIOTATEG KOl TTARPN YOAOKTOKOULKA Tipoidvta Bewpeitat emPAaBEC we mpog tnv
avantuén dwafntn, avéavovtag tov kivduvo 59% (ZK=1.59, 95%AE: 1.32, 1.93). Avtibeta, t0
"Yuvetd" mpotumo Satpodng (prudent pattern), pe vPnAn meplektikdTNTA 0 Pppoulta,
Aaxavikda, oompla, Yapla, OAWKNG AAeonG OSNUNTPLAKA, TIOUAEPLKA KAl XOUNANG
AUTOTIEPLEKTIKOTNTAC YAAQKTOKOULKA Ttpoiovia BpéBnke va oxetiletal pe 12% xapnAotepo
kivéuvo yla dtafntn (2K=0.84, 95%AE: 0.70, 1.00) (van Dam, Rimm et al. 2002).

Mwa mpéodatn petavaluon 10 TPOOMTIKWY HEAETWY, HUE LOOTIUN OCUUUETOXN
Slapopwv duAwv (kaukdola, povpn, KItpLvn, LOTAVIK), KAtEAnge OtL éva "uylewvo"” mpotumo
Sdlatpodrg, mou yapaktnpiletal and ¢pouta, AaXaVIKA Kol OAKNAG GAEONG SNUNTPLAKA,
UTopEl va pewwoel Tov kivduvo avamrtuéng Stapnitn 14% (IK=0.86, 95%AE: 0.82, 0.90), evw
10 "avBuylewvo" mpotumo, UPNASG o KOKKLVO Kol EMEEEPYACHEVO KPEQC, UTTOPEL VoL aunoEL
ToVv Kivouvo €w¢ 30% (2K=1.30, 95%AE: 1.18, 1.43) (Maghsoudi, Ghiasvand et al. 2016).

TN ouyKekplévn Slatplpy Ba eotidcoupe o €va TOAU YVWwoTO Kol KaAd
HeAETNUEVO, OG0V adopd TO KAPSLOYYELAKA VOO LaTA, TIPOTUTIO dlatpodng, Tn Meooyelakn
Slatpodn, mpoonabwvtag va mapabEcouE T HEXPL TWPA yvwon 6cov adopd To pOAO NG

otnV mpwtoyevn mpoAnyn touv ZAtT2.

» H Meooyelakn Awatpodn

H béa tng Meooyelakng dtatpodng (Slattag) mpoépxetal amod tn HeAETN Twv Emta
Xwpwv, mou opyavwBnke amno tov Ancel Keys (1904-2004) tn dekaetia tou '50. Ztn HeAETN
davnke oOtL mapa TNV vPnAn katavaAwon Aimou¢ o mMANBuopog tng Kpntng eixe moAv
XaunAd moocootd otedaviaiog vOoou Kal KAMOWwV TUMWV KOPKIVOU Kol HEYAAUTEPO
npoodokipo eniBiwong. Ot mapadootakeg Sltatpodikeég ouvnBeleg TG KpATng, KOWEG yla tThv
umtohownn EAAGSa kat tn Notwa ItaAia otig apxég tou ‘60 BewpnBnkav unevBuveg yla Tnv
KaAr vyeia mou napatnpnOnke o aUTEC TG teEPLoXEC (Keys, Menotti et al. 1986).

Q0TO00, 0 OPLOUOG TNG LECOYELOKNG SLaTpodPrC W OUTOTEAN OVIOTNTA EVAL QPKETA

duokohog, kabBwg otn PBPAoypadia €xouv mpotabel mokkida SlatnTKA oxAuaTa
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LECOYELOKOU TUTIOU, Ta omola Tpoteivouv OTL dev UTAPXEL «pa Waviky Meooyelakn
Sdlatpodr», al\d 1o oAU €va ECOYELAKO TIPOTUTIO dlatpodrg mou potpaletal Siadopa
Baowka Stattntikd cuotatikd (Noah and Truswell 2001). EmutAéov, TO va XpnOLLOTIOLOOU UE
Tov Opo pecoyelakn dtatpodn yia va meplypaPou e To SLaTpodko MPATUTIO TWV avOpwwv
nou {ouv otn Hecoyelakn Aekavn Ba ntav evieAw¢ Adbog, adou umdpxouv TOUAAXLOTOV
OEKOOKTW XWPEG TIoU Bpéxovtal amd Tn Peocoyelo BaAacoa, kabepio pe SLadOPETIKEG
SlautnTikég ouvnBeleg, Bpnokeieg, NON kal €Blua. Itnv mpaypotikotnta ot Ferro-Luzzi kot
Sette umootnpllav Oekaetieg mMpwv OTL “0 OpoG pecoyelakn Siatpodr, av Kal TOAU
EAKUOTIKOG, Oev TPEMEL va XPNOLUOTIOLEITAL QMO TNV EMIOTNHOVIKN KOWOTnTA MEXPL N
olotaon ™G Statpodng auTAG o paynTA Kol BPEMTIKA CUCTATIKA va YiveL Lo EekaBapn Kalt
N METABOALKA BACNH TWV EUEPYETIKWV ylo TNV UYElA LOLOTATWV TG va amocadnviotouy”’
(Ferro-Luzzi and Sette 1989). Ano tnv @AAn mMAgupa, ot TpiyomoUAou Kal Adylou EMECHUAVAV
OTL TAPOAO TOU oL SLadope MEPLOXEG OTN AekAvn tTnG Meooyeiou £€xouv TIG SLKEG TOUG
SlautnTikég ouvnBeleg, eival Bepttd va TIg Bewpnosl Kavelg wg mapaAAayEéC evog Kowou
HovTéAou, TNG peooyelakng Statpodng (Trichopoulou and Lagiou 1997).

Mpayuatt, ot dtadopec datpodikég ouvnBeleg mou eudavilovtal otnv mMePLOX TNG
Mecooyeiou £xouv TOAA KOLVA XOPOAKTNPLOTLKA, E KUPLOTEPO TO YEYOVOG OTL TO eAaldAado
KataAapBavel kevtpikn B€on o OAec. To eAatdAado €lval ONUOVTIKO OXL LOVO ETELSN £XEL
OPKETEG EUEPYETIKEG LOLOTNTEG, QAAQ KOl YLOTL ETUTPETEL TNV KOTOVAAWON HEYAAWV
TIOCOTATWVY AQXAVIKWV UE TN Hopdn TNG caldtag kal e€lcou HeEYAAEG TTOCOTNTEG ATO OOTIPLA
UE TN popdn payelpepévou payntou. Etol, Ba prmopolos va opLoTel -OXL OPWC HE amoAuTh
akpifela- 6tL N Meooyelakn dlatpodn eivat To MPOTUTIO SLATPOdrG TOU CUVAVTAEL KOVELS
OTLG EAOLOTIOPAYWYIKEC TIEPLOXEG TNG TIEPLOXNG TNG Meooyeiou ota TéAn tn¢ dekaeTiag Tou
‘50 Kal apxEC TG dekaetiag Tou ‘60, OTIOU OL CUVETIELEG TOU 20U TTAYKOOLOU TIOAEMOU Elxav
Eemepaotel, evw o TOATIONOC TwV «fast — food» dev eixe akoun eloPaleL.

AN\ amapoitnTa CUCTATIKA TNG PLECOYELAKN G Slatpodng lval Ta oLtnpad, ot EALES, Ta
otadUALa Kal Ta ToLKIAa Ttpoidvta Touc. H oAk mpooAndn Almoug pmopel va eivat unAn
(kovtd A kat mavw amnod to 30% tng cUVOALKNG PooAaBavouevng evépyelag) otnv EAAGSQ,
N LETPLA (Kovtd oto 30% tNnN¢ oUVOALKN G MpooAapBavopevng evépyelag) otnv ItaAia. 2 kaBe
TEPUMTWON OUWE 0 AOYOG LOVOOKOPECTWY TPOC KOPEOHEVA Aumapd oféa sival KaTd MOAU
uPnAdtepog amd OTL 0 AAAa UEPn TOU KOOHOU, cupmepllaufavouévng tng Bopelag

Eupwning kat tng PBopetag Apepknc. H ItaAwkn mapoaAAlayr) tng UECOYELAKNG Slatpodnc
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xapaktnpiletatl ano vPnAn mpdoAnyn upapkwy, evw otnv lomavia eivat wlaitepa vPnAn
n Katavalwon Yoaplou.

H peocoyelaky Siatpodr ameikoviletal ypadkd pe T popdn Hlag Tupopidog
(tplywvo) (Ymoupyeio Yyeiag & Mpovolag 1999) n omnoia xwpiletal o tpla enineda, faocel
NG ouxvotnTag Twv tpodipwy mou amnekovilel (oe pnviaia, efdopadlaia kat kabnuepvi
Baon). H mupapida €xel otn BAaon NG T TPOGUA TIOU TIPEMEL VO KATOVAAWVOVTAL
KOONUEPLVA KOL OE ONUOVTIKEC TTOOOTNTEG, EVW avTtiBeta otnv kopudn ¢ Ppilokovtal ot
TPOPEC TTOU TIPETEL VA KATAVOAWVOVTOL 0pALd KOL O HLKPOTEPECG TTOOOTNTEG.

H napadooiakr pecoyelakn Statpodr kat e8kd n eAANVIKA €kdoxn tng, Umopel va
BewpnBel oOtL €xel 9 xapoaktnplotikda: uvynAn koatavaAwon eAaloAddou, oompiwy,
SNUNTPLaKkwyY, GpolTwv Kal Aaxavikwy, PETpla He uPnAn katavadwon Paplol, HETpLA
KOTOVAAWON KPaoloU, YOAOKTOKOULKWY, KUPlwG Tuplol Kal ylaouptiol Kal XopnAn
KOTAVAAWON KPEOTOG Kal Tapaywywv Tou. Ewdikdtepa, autd 1o mpodtumo Statpodng
TipoUTOBETEL:

v\ Kkabnuepvr katavadAwon:
" un ene€epyaopéVwY SNUNTPLAKWY Kal TiPoiovTwy Toug (Pwul kot JUpapLlkd oAlKAG
oAéoewg, KadEé pull K.T.A.) (8 peplbeg ava nuépa),
= Aaxavikwy (2 — 3 pepildeg ava nuépa),
"  ¢poutwv (4 — 6 pepibeg ava nuépa),
*  glaloAdadou (wg To KupLOTEPO TIPOCTIBEUEVO AlOG) Kal
= Qmaxo n XaunAncg AUTOTEPLEKTIKOTNTAC YAAAKTOKOULKA Tpoiovta (1 — 2 pepldeg
aVa NUEPQ),
v' egBdopadlaio katavdAwon
* qnatdrtog (4 —5 pepideg ava efdouada),
=  oplov (4 — 5 pepidec ava eBdopada),
*  gAldg, oompiwv Kot kKapudlwy (>4 pepideg ava efdopada) Kat
v’ onoavidtepa
»  moulAepkwv (1 — 3 pepideg ava efdouada),
= auywv Kol YAUKWV (1 — 3 pepideg ava eBdopada) kot
V' unviaia katovaAwon

" KOKKLVOU KPEQTOG KO TtapaywywVv autou (4 — 5 pepideg ava pnva).
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MEZOrEIAKH AIATPO®H

MHNIAIA
EBAOMAAIAIA
EMhigg, dompia, {npoi kapiroi
3-4 pwpopEpifeg
Yapia
5-6 pipopepifeg
KAOHMEPINA

I ahakToKopIKd TTpoTidvTa

2 pwpopspifeg

GUCTNHATIKA Kpugi JE HETpO

PUTIKH dOKNoN

)

Aayavikd
[pn Eeyvdre Ta yopral)
6 pipopepifeg

Mia pikpopepida avmaTtorysi wepimou ato oo g pepidag mou kabopifouv o1 ayopavokic dioTdgsig

QupnBzite emiong:
= TiveTe dgpbovo vepd
= GTTOQEUYETE TO ahdT XpnoidoTTolsiTe Jupwdikd (pivavn, Pacihke, Bupdpl, kKAT) 0T B€0n Tow

Mnyr: Avwrare Eibiké Emompovikd Zupfoldhe Yyeiag, Ymovpyeio Yyeiag ka Mpdvolag

Ewova 1. H napadooiakny Meooyslakr] Siatpodr) (Yrnoupyeio Yyeiag, 1999) (ekdoxn 1)

Eniong, xapaktnpiletal anod pHétpla katavalwon kpaolol (1-2 motrApLla KpacLlou ava
nuépa) kot uPnAo AOyo HOVOOKOPESTWYV TPOG Kopeopéva (>2). H Slatta autr eival xapunAn
o€ Kopeopéva Autapd (£ 7-8% TNG GUVOALKAG EVEPYELOG) UE TNV OALKA TpocAnyn Alrtoug va
Kupaivetal and <30% £wg > 40% tng evépyelag otig dtadopeg eploxeg (Willett, Sacks et al.

1995).
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ErmutpooBeta, evw n KAtavaAwon YAAAKTOG ival PETPLA, N KATAVAAWGN TUpLloU Kot
ylaouptilou eival oxetikd uvPnAn. To tupl PEta ouxva TPOOoTIBeTAL OTI( CAAATEG Kol
ouvodelel Bpaota Aaxavika kat Aadepa payntd. H uPnAn meplektikotnta TG dtatpodng o
Aaxavikad, ppouta Kal SnUNTpLaKA Kot n LeyaAn xprion eAatoAadou séaodalilel pia emapkn
npooAndn oe B-kapotévio, Brtapivn C, TokodePOAEG, O-AWVOAEVIKO 0EU Kal TolkiAa
ONUOVTIKA 0vOpyavo oTolXelol KOl OPKETEG TUOAVWG ONUOVTLKEG, EUEPYETLKEG OUCLEG TIOU
Sev meplhappfavovrol ota BPEMTIKA CUCTATIKA, OTIWE oL TIOAUDALVOAEC KoL oL avBoKuaviveg.
To Kpool KOTAVOAWVETAL O PETPLA TTOCOTNTA Kal oxedOV MAvTa KATA TN SlapKeEld Twv

veuvudatwy (Trichopoulou and Lagiou 1997).

MEZOIEIAKH AIATPO®H

4 pikpo- . )
MHNIAIA pEPIBES Kékkivo kpéag

EBAOMAAIAIA

3 pIkpopEpideg

/ 3 pikpopepibeg AT. MaTtdreg

/ 3—4 pikpopepibeg va EAig, Gomrpiay,

MovAepikd &npol kaptroi
4 pikpopepibes
Yapia
5-6 pikpopepibeg
FAOHIMERNG ToAakTOKOPIKG TPOiGVTO
2 pikpopepideg

ZUOTNUOTIKA :
LOIKA GaKnon EAaiAado Kpaoi
g KUPIO TPooTIBEPEVO AITibio ME PETPO
\ ;
i. OpovTa (pnv Et’)\(:/]ég: :‘I:;])((SQTG)
AEpqugpeg 6 pikpopepideg
ASpa eme€epyaopéva SnunTpiakd kar mpoidvTa Toug
(Ppwpi ohikijg GAeong, JupapikG oAikig dAeons,
pn amogploiwpévo pudi K.G.)
8 pikpopepideg
Mior pikpopepibo avTIOTOIXET TIEPITIOU OTO TG TNG pEPIBaG
Tov kaBopiouv o1 ayopavopikés daTagelg
OupnBeiTe £miong:

* [liveTe GpBovo vepo
® ATTOQEOYETE TO OAGTI® XPNOIPOTIOIEITE pUPWdIKG (piyavn, BaoiAikd, Bupdpl, k.AT.) ot B€on Tou

Ewova 2. H napadooiakn Meooyelakr diatpodr (Yroupyeio Yyeiag, 1999) (ekdoxn 2)
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Nivakag 5. MetaBAntotnTa TOU 0pLopoL TG Meooyelakn g SLatpodng LETOED PEAETWY

‘Epeuva 1;::5:0& Meplypadn TwWV EMPEPOUC CUVIOTWOWV TNG IECOYELAKAG SLaTpodrg
Renaud et al., 1995 Tuxatlomounpé ‘EEL SLaLTtnTIKEG 0ONYLEG:
(Renaud, de Lorgeril et VN KAWLKN " TEPLOCOTEPO YW,
al. 1995) Sokwun = TEPLOCOTEPA AOYOVIKA KoL OoTipLa
" Kpntikn uecoyelakn =  meplocotepa Papla
Statpopn” = AyoTepO KpEag (Loaxaptl, apvi, XOLpLvo) KAl AVTLKOTAOTACN LE TIOUAEPLKA
=  ¢pouta kaBe pepa
= OxL o BoUTupo Kal KPEUA YAAOKTOC. AVTLKOTAOTOON HE OUYKEKPLUEVEG
Hopyapiveg
H ouvet katoavadAwon aAKoOA, Kuplwg KOKKLWVOU KpaoloU, €MITPENOTAV
OKOMA L0l CUCTNVOTAV OTa YeU AT
Sondergaard TuxaLlomounpé Katavahwon touAdyxiotov 600g ¢poltwv Kol AaXavikwyv nUEPNCiwy,
etal., 2003 vn KAWVLKN tporornoinon g npocAnng Amopwy (LElWoN TWV KOPECUEVWV ATTOPWV 0EEWV
(Sondergaard, Moller Sokwun oo TO KPEAG KOl TO YOAAOAKTOKOUIKA Kol av&énon tng Katavalwaong Autopwv
et al. 2003) Paplwv touAdylotov pia dopd tnv efSoudda 1 Kal TEPLOCOTEPEG AV €ival
" Meooyetakn Siatta"” Sduvatov), katavalwon MoAWY SnUNTPLaKWY Kot YWl Kol avtlkotdotaon
TwV €EEUYEVIOUEVWY, OKANPWY, {WIKWV HOPYyapVwyV HE GUTIKA €Aala, KOTd
nipotipnon AddL kavoha
Trichopoulou et al., Avaokomnon |®*  YPnAd mooootd HovoakOpeoTwY AUmapwy ofEwv PO Kopeopéva (Kupiwg
2004 (Trichopoulou ehadAado)
2004) = Métpla katavalwon atBavoing
" MNapabdootakn = YynAn katavaAwaon Aoxovikwy
Meooyetakn Alauta" = YynAn kotavalwon aveneEépyactwy dnUNTpLakwy, cupnephapBavouévou
Tou PwpLoL
= Y{ynAn katavadAwaon ¢poltwv
= YYnAn katavaAwon oonpiwy
= XapnAr KotavaAwon KpEATog Kal MPoioviwy auTou
= METpLa KatavaAwon YAAOKTOG Kol YAAOKTOKOULKWY
Fung et al., 2005 (Fung, Mpoomtikn To napadoolokd okop Baciotnke otnv MPocAnyn 9 cuCTATIKWY: AdXAVIKA,
McCullough et al. oompla, ¢pouta, Enpol kapmol, YAAQAKTOKOUIKA, OSnUNTPLOKA, KPEAG KOl
2005) npolovta autoUl, YPapla, aAkoOA, Kol 0 AOYoC HLOVOOKOPESTWY TIPOG KOPECUEVA
" EVAAAQKTIKO OKOpP TNG Amapda  oféa. Ymnp€e Ttpomomoinon w¢ TPOG TNV TPWTOTUTR  KAlpaka
UECOYELOKNG BaBuoAdynong, AOyw: amOKAEOMOU TNG TATATOG amnmd TNV opada Twv
Statpoprc (aMED)" Aaxavikwy, Slaxwplopol ¢poutwv Kal Enpwv kapmwv oe U0 KATNYOPLES,
TMEPLOPLOPOU  TWV  YOAXKTOKOMLKWY, Eviaéng HMOVO TwV OAWKNG GAeong
SNUNTPLOKWY KOl LOVO TOU KOKKLVOU KOl EMEEEPYACUEVOU KPEATOG ATO TNV
opada Tou KpEATOG OTO OKop Kal kaBoplopol tng Betikd Babuoloyoluevng
nuepnotag npocAnyPng aAkooA petall 5 kat 15g
Dalziel et al., 2006 AvaAuon Inuela kAewdla tng Satpodng eival ta e€ng: meploodtepo PwHl OALKAG
(Dalziel, Segal et al. KOOTOUG - aAeong, meplocotepa ¢dpolta Kol TpAcwva Aaxavikd, meplocdtepo Yapt,
2006) XPNOoWoOTNTAG | AlYyOTEPO KOKKLVO KPEag, OXL BoUTUPO KOl KPEUA YAAAKTOC KAl TIEPLOPLOUOC TWV
" Meooyetakn Siatta” elaiwv oto ghatolado. TENog, HETpLla KatavaAwaon aAKoOA (kpaolol) cuvhBwg
ETUTPETETOL.
Ambring et al., 2006 Tuxatomounué H MID amaptiletat and tn SUTAACLA TTOCOTNTA Of SLALTNTIKEG (VEG TNG
(Ambring, Johansson et vn KAWVIKN ooundikng dlatpodnc, 3-4 GopEC MEPLOCOTEPA AVTLOEELOWTIKA, TtEPimou 3 dopEg
al. 2006) Sokun TO TIEPLEXOLEVO OQUTAG Ot TOAUAKOPeoTa Autopd oféa kal 2 ¢opeC TO
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" Atatpopn
EUTTVEUCUEVN IO TN
ueooyetakn Slaita
(MID)"

TIEPLEXOUEVO TNC O W-3, TN HULON TTOCOTNTA KOPECUEVWY KOl XOANOTEPOANG Kall
pla pelwon tou yAukaldlkoU Selktn tng tagng tou 35%. EmumAéov, e0Tépeg
OTEPOAWV WG CUOTATLKO TNG papyapivng mpocAapfdvovtav o€ mocotnTa 2g TNV
nuépa.

Harriss et al., 2007 Mpoomtikn O mapdyovtag TG Hecoyelakng Slatpodng Xapaktnplotnke amd tn ouxvn
(Harriss, English et al. Katavaiwon tpodipwy, 6Mws To 6k6pdo, To ayyolpl, To eAaldAado, ol CaAATES,
2007) n MPAOCLVN TUWTEPLA, TA OOTIPLA, TA TUPLA PETA Kol PLKOTA, oL EALEG, TA PapLa oToV
"0 Meooyetakoc otud Kol to Ppaotd KOTOmoulo. O GUYKEKPLUEVOC TIAPAYOVTAG OXETIOTNKE
napayovrag” OPVNTIKA HE TNV KOTAVAAwWOoN Toaylol, papyapivng, MMLokOTwy pe {axapn Kat
KELK
Salas-Salvado et al., Mpoortikn = «Euepyetka» tpodua: ehadhado, Aoxavikd, oompia, dpouta, Enpot
2008 (Salas-Salvado, (PREDIMED) kapmol, Yapla, Balaoowvd, Aeuko avti yla KOKKLVO KPEQC, OTILTIKEG CAATOEG,

Garcia-Arellano et al.
2008)

" ALATPOPLKO MPOTUTTO
TUTTOU UECOYELOKNG
Sioutacg"

KOKKLWVO KpaoL.
= «EmPrafr»  TPOOUA:  KOKKIVO  KpEOC, TAAPN  YAAOKTOKOWLKA,
O0PTOCKEUAOHATO KAL OVAK EUTOPLoy, adePpata pe TEXVNTA YAUKOVTLKA

H «ouyxpovn» ekboxn tng Meooyelakrg Atatpodng

To 2011 ot Bach-Faig kot ouvepydteg Tn¢ mapouciocayv tn Meooyelakn mupapida wg

éva véo tpomo {wn¢ (Bach-Faig, Berry et al. 2011). Xpnowormnow)Bnke pia véa ypadlikn
QTTELKOVLON WG €va AmAOTOLNUEVO KUPLO TIAALOLO, PUE OKOTIO VA TIPOCAPHOOTEL KATAAANAQ
ot SladopeTIKEC TEPLOXEG TNG Meooyeiou, avaloya T SLOTPODIKEC LOLAUTEPOTNTEC KOl
KOLVWVIKO-OLKOVOULKEG oUVONRKec. H avaBewpnon autr CUYKEVIPWVEL ETULKALPOTIOLNUEVEG
OUOTAOELC OXETIKA LE TIG CUYXPOVEG SLATPOPLKEC, KOLVWVIKO-TIOALTIOULKEG, TIEPLBAAAOVTIKEC
KOl UYELOVOULKEG TIPOKANCELG, TToUu oL MAnBucouol tng Meooyeiou avtipetwrifouv. MoAAEG
elval ol KalvoTouieg NG VvEA QUTNC TMPOTAONC OE OXEON WE TIPONYOUUEVEG YPADIKEC
avamnapaotacels. Mpwtov, n €vvola tng cUVOEONG TWV «KUPLWV YEUUATWY» ELOAYETAL yLa
NV evioxuon t¢ dputikoL TuprAVa AuTou Tou Slatpodikol MpoTUToU. AsUTEpPOV, N AlTOTNTA
Kol n petplomdBela tovilovtal, AOyw TnG HEYAANg TpokAnong yla t dnuoola vyeia mou
anoteAei n maxvoapkia mia. Tpitov, TOLOTIKA OTOLXELA YL TOV TIOALTIOMO KL TOV TPOTO (W ¢
AapBavovtal umoyn, OnMwe n suvBupia, Ol YOOTPOVOULIKEC SpaoTNPLOTNTEG, N CWHOTLKA
SpaotnplotnTa KoL N €MOPKNAC avamauon, UHall PE TS CUOTAOCELS TEPL oUXVOTNTOG TWV
€KAOTOTE TPOdIHWV Kal TNG Hepidag autwv. AUTEG OL KOLVOTOMIEC yivovtal xwplc va
napoAeimovral PBéBata AAAa otolxela mou oxeTlovial HE TNV Topaywyrn, EmAoyn,
enefepyacia Kol KATAVAAWGON TWV TPodipwy, OTWE N EMOXLIKOTNTA, N BloMoKIAOTNTA, KABWC

Ko tapadooLakd, TOTKA Kat GLALKA Ttpog To TtepLBaAAov poidvta.
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Mediterranean diet pyramid: a lifestyle for today Serving size based on frugality
guidelines for adult population and local habits

T Wine in moderation
and respecting social beliefs

Sweets <2s

Red meet < 2s
Processed meat<1s

Potatoes <3

Dairy 2s
(preferably low fat)

Olive oil
Bread/pastalrice/couscous/
Other cereals 1-2s
(preferably whole grain)

4 ] ! infusions

Biodiversity and seasonality
Traditional, local

Fruits 1-2 | vegetables 225
Variety of colour/textures
(cooked/raw)

Regular physical activity
Adequate rest

Conviviality and eco-friendly products
Culinary activities
2010 edition s = Serving

Ewkova 3. H olyxpovn £k80)K) TNG LEGOYELOKNG Statpodng

1.4. O poAog tn¢ pueooyeiakng dtatpong otnv avanrvén StaBntn
Av kal n Meooyelakn diatpodn €xel eSpalwbel ma wg €va KOPSLOMPOCTATEUTIKO
npotuno Slatpodnc (Panagiotakos, Pitsavos et al. 2004), o poAo¢ TNG OTNV TPWTIOYEVN

npoAnyn tou StaPntn dev elvat MARpwe Eekabapoc.

1.4.1 AntoteAéopata EMLSNULOAOYLKWVY LEAETWV
» ZUYXPOVIKEG MEAETEC (| MeAETEG MOU alomoinoav Kal CUYXPOVIKA Ta SeSopéva

TOUG)

And TIC MPWTEG HUEAETEC Mou afloAdynoav TNV TMPOoKOAAncon otn Meooyelakn
Swatpodny oe oxéon Me TNV avamtuén SwaPfntn, Atav n peAétn ATTIKH, po peyaln
erudnuiodoyikn PeAETn pe Sdeiypa 3042 palvopevikd vylwv atopwy, 20-89 etwy, anod tnv
geuplTeEpn mepoxn NG Atukng (Pitsavos, Panagiotakos et al. 2003). MeyaAutepn
OUMPOpdwWON UE TN Heocoyelakn dlatpodn, Kal cuyKeKpLpEva avénon katd 10 povadeg tou

deiktn MedDietScore (eUpog 0-55) (Panagiotakos, Milias et al. 2006), To omoio Ba avaAubel
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KOlL OTN OUVEXELA, OXETIOTNKE PE 21% pelwpévn mBavotnta UTtapéng StaBnTn otnv apxn Tng
pneAétng (2A=0.79, 95%AE: 0.65, 0.94), adou AndOnkav umoyn kAaowkol ouyyutikol
TIAPAYOVTEG, OTIWG N NAKLA, TO GUAO, OL KATIVIOTIKEG CUVABELEG KaL N puaoLk Spaotnplotnta
(Panagiotakos, Pitsavos et al. 2005).

H euvepyetikn dpdon tn¢ Heooyelakng Slatpodns mpotdadnke kot amd pio AAAn
HEAETN ouyXPOVIKNG duong, mou OLegnxdn otnv Kumpo. H uloBétnon tng HECOYELAKNG
Statpodnc (ava 10 povadeg avénon tou deiktn MedDietScore), OXETIOTNKE UE 6% UELWUEVN
mbavotnta va €xel KATOLOG SLaPATN, HETA anmd oTabuLon yla Toug (8Loug MapAyoVTES, O
Selypa 150 nAKlwpévwy atopwy, 65-100 stwv (Panagiotakos, Polystipioti et al. 2007).

Mot TOAU onuavtik UeAETn elval n peAétn PREDIMED (PREvencion con Dleta
MEDiterranea, 6nAadn MpoAnyn péow tng Meooyelakng Alatpodrc), Lo TUXOLOTIOLNUEVN,
pova tudAn, mapaAAnAou oxedlaopou yla TV MpwToyevh MPOAnPn t™v KapSlayyelaKwy
voonuatwy, ou 8te€nxdn oe 8 moAeLg tng lomaviag. MpwTapxLkOg 0TOXOG TNG LEAETNG NTAV va
afloloynoel tnVv enidpaon 2 mapallaywv TnG LECOYELAKAG Slatpodr¢ uPNAWV O CUVOALKO
KOl OKOPEOTO AUMOG, - N Hia epmlouTiopévn He £€tpa mapBévo elatdhado (1Aitpo/
eBSopada) kat n Sevtepn pe Enpoug kapmouc (30yp/nuUéEpa) - oTN CUVOALKA KOopSLayYELOKN
Bvnowotnta (Epudpayua tou puokapdiou Kal eykeaAKO eMeloO8l0), o cUYKPLON UE Wi
Swatpodn xapnAou Aimog (ouvnOng Bepameia). ItV ev AOyw UEAETN o IAT2 amotelouos
Sdeutepoyeveg TEAKO onueio. OL ouppeteéxovieg ATav avdpeg (55—80 eTwv) Kat yuvaikeg (60—
80 etwv), xwpic kapdlayyelakn vooo otnv apxn tng HEAETNG, aAld upnAol kwvduvou yla
kapdiayyelakod voonua (dnAadn, pe IAT2 1 2 3 BaolkoUg MapdAyovteg KIvdUVOU: KATIVIOUO
oTo Tapov, uméptaon f ducAutdatpia, umepBapoOTNTA | OLKOYEVELOKO LOTOPLKO TIPWLLNG
otedaviaiog vooou). Itnv apxn tng peAEtncg afloloynBnke eniong o Babuog uloBEtnong tng
HeooyELaKNG Slatpodn ¢ Twv aTtoUwyY mou otpatoloyndnkav (v=3204) pe pia kKAipoka (okop
0-14).

Itnv apxn NG UEAETNG, N ouyxpoviki avaAluon twv dedouévwv oe v=3204 dtoua
vPnAol kwvduvou €8el€e OTL Ta ATOpO TA omoia avikayv otnv opdada uPnAng cuppopdwong
pe tn peooyelakn diatpodn (okop>9) eixav 15% pikpotepn mBavotnta va €xouv daBntn,
OUYKPLTIKA UE TNV opada xapnAng cuppopdwons (okop <9) (ZK=0.85, 95%AE: 0.74, 0.98),
adou AndOnkav umoyn to PpuAo, n nAkia, n Puolky SpPaCTNPELOTNTA, N OLKOYEVELAKNA
KOTAOTOON, TO KATVIOUA, TO HopdwTIKO eminedo kat o AMZ (Sanchez-Tainta, Estruch et al.

2008). e avtiotolxn dnuooicuon tn¢ dlag opadag os peyalvtepo deiypa v=7305 atopwy,
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Ta atopa pe dwoPAtn otnv apxn tng HeAETnc gixav 13% auvénuévn mbavotnta va eival
HaKpLA amo Tn pecoyelokn diatpodn (ZA=1.13, 95%AE: 1.03, 1.24), katomv otdduiong ya
TOUG TIOPATIAVW OUYXUTLKOUG TIAPAYOVTEG KOl EMUTAEOV UTEPTAON, OLKOYEVELAKO LOTOPLKO
TMPWLKNG oTedaviaiog vooou, katavaiwaon aAkooA kal urtepxoAnotepolaipia (Hu, Toledo et
al. 2013).

OL Garcia-Arenzana kal ouvepyateg Sle€yayav pLO OKOMO CGUYXPOVLKA UEAETN o€
Selyua 3564 lomavwyv yuvalkwy, nAtkiog 45-68 £Twv, oL OMOLEG £KAVAV TIPOCUUTTTWHLATIKO
€\eyxo yla KopKivo tou paoctou. To evaAlaktikd okop Meooyelakng Statpodng (alternate
Mediterranean diet score, aMED), éva epwtnuatoAdylo ouxvotntag TtPodipwv Tou
anaptiletal and 14 epwitnoelg, ue eVpog okop 0-9, xpnaolpomnol)Bnke yla va avtAnbouv ot
Slatpodkég mAnpodopieg. OL yuvaikeg mou OSNAwoav MIKPOTEPN AMO TO HECO OpO
oUHUOpdwWaOnN HE TN peooyelakn dtatpodn (okop <9), Atav katd 1.08 dopég nio mbavo va
€Xouv SLOBATN, CUYKPLTIKA E TNV opdda mou onueiwoe okop >9, KATOTILV 0TABULONG yLa TV
EVEPYELOKN TPOOANYN KAl TO KEVIPO TPOCUUMTWHATIKOU eAéyxou (Garcia-Arenzana,
Navarrete-Munoz et al. 2012).

T€Aog, o€ pia TaAL lomavikr LeAETN, ot 5076 CUUETEXOVTEC XwpPLoTnKaV O€ 3 OUASEC
Baocel Twv amoteAeoudtwyv amd KaumuAn oakyapou (OGTT teot): ¢uololoyikoi, e
npodlapntn N un dtayvwopévo dapnitn kot téAog pe dtayvwopévo dapntn. O oKomog TG
Slakplong Ntav va amodeuxBel n ouyxutiky emidpacn twv SlaltNTIKwy OAAOYwWV, TIOU
akoAouBel tng Stdyvwong pe dapritn. O deiktng MedScore, éva TTOCOTIKO EPWTNUATOAOYLO
ouxvoTNTaC KatavaAwong Tpodipwy, XPnoluomolnonke yia va BaBupoloynBel n
ouppOpdwon Ue TN peooyelakn Slatpodr). Opolwg PE TG TPONYOUUEVEG LEAETEG, T ATOUA
pe mpodafntn kat pn Stayvwopévo StaBntn cuppopdwvovtav AlyOTEPO LE TIC OPXEG TNG
peooyelakng Slatpodng, oUYKPLTIKA UE Ta Atopa xwpig dwafnitn (2A=0.79, 95%AE: 0.63,
0.98). AvrtiBeta, kapia otatiotikn Swadopd oOcov adopd TNV TPOCKOAANGCNH HE TN
peooyelakng dtatpodnig Sev mapatnpiOnKe HETALU TWV ATOUWY HE Slayvwopévo ZAT2 Kal
TwWV GUCLOAOYIKWY atopwy (IA=1.11, 95%AE: 0.82, 1.48). Auto to evdladépov glupnua
arnodidetal mBava otn Oepamevtik) Tpooéyylon tou 2AT2 otnv lomavia, n omnoia
evBappUVEeL TNV ULOBETNON €VOG HECOYELOKOU TPOTIOU SlotpodnC 1 amoTeAEl TPOOWTILKNA
EMAOYN TWV OTOUWV HE OTOXO TNV KaAutepn Slaxeiplon tng vooou (Ortega, Franch et al.

2013).
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JUUTIEPAOUATIKA, TIPETEL VO TOVIOOUUE OTL ylol OAEC TIC HeAETEG Tou aflomoinoav
ouyxpovika ta dedopéva Toug, yla va eEETACOUV TNV EMiSpacn TNG UECOYELAKNG SLATPOPNG
OTOV €EMUTOAQCUO TOUu 2XAT2, Xpeldletal LSlaitepn mpoooxy OTNV  EPUNVEID TwvV
QMOTEAECUATWY TOUG, KABwWG TAvta eyKUMOVEL To adpalpa aviiotpodng attioloyiog (reverse
causation bias), onwc yLa mapadetypa 1o 6tL n vooog odnyel otn BeAtiwon Twv Sltatpodikwy
OoUVNBELWV TWV ATOUWV. WOTOO0O0, AUTH N SUCKOALD TIAPAKAUTTETAL OE UEAETEC LE TIPOOTITLKO
oxeblaopd Aoyw tng StaoddaAong tng XPovikng oAAnAouxiog petall £€kBeong (m.x.
Slatpodkég ouvnBeleg) kat €kPaong (m.x. avamrtuén Swafntn), €AaxLotomolwvtag TNV
mbavotnta opaApatog mANPodOPNOoNE OXETIKA HE TIC SLOTPODIKEG OUVNBELEG PETA TN

SLayvwon tng vooou.

» NPOOMTIKEG HEAETEG

MpAyuoTL, N oxéon METAU HECOYELAKNG SLaTPOodnG Kol Tou KSUVou avamtuéng
SaPBAtn €xet afloloynBel kal o TOANEG TPOOTTIKEG HEAETEG, OUMTEPAQUBAvVOVTAC
TMANBUOPOUG OXL LOVO Ao TIG XWPES TNG Heocoyeiou, aAAd Kat amd To Hvwpévo BaciAelo kat
TS HMA, BeATwvovTag £T0L TN YEVIKEUGLLOTNTA TWV ATOTEAECUATWV.

Ita mAaiola tng mpoavadepbeioag peAétng PREDIMED, n moAumapayovTikr avaiuon
oe 418 atopa xwpic dtaPntn, os €va amno ta 8 kévtpa tng neAétncg (PREDIMED-Reus), £6¢eiée
OTL oL 2 opadeg mapeppaong eiyav pikpotepo kivéuvo va avamtuéouv dafntn, avedptnta
and to €idog Tou akdpeotou Almoug mou xopnynOnke: ZK=0.49, 95%AE: 0.25, 0.97, kat
YK=0.48, 95%AE: 0.24, 0.96, otnv opdada pe TOo €AaldAado Kal Toug &Enpoug Kapmoug
avtiotoya. AndOnkav vrtdyn to VAo, N nAwia, n evepyslakn pdoAndn, o deiktng palag
oWHATOG, N MepLPEpela Peang, N GUoLKAG SPACTNPLOTNTA, TO KATIVIOUA, N YAUKOLN vNOTELag,
n xprRon umoAutldalulkwy dappakwy, To okop Meooyelakig Alatpodnig kot aAAayEg oTo
Bapoc kata tn Siapkela tng peAétng (Salas-Salvado, Bullo et al. 2011).

H peAétn EPIC (European Prospective Investigation into Cancer and Nutrition) eivat
LLOL TTOAUKEVTPLKI) TIPOOTITIKA UEAETN, TTIOU OXESLAOTNKE PE OKOTIO VA SLEPEUVHOEL TN OXEON
Slatpodnc - kapkivou, adrvovtag avolytd to evOeXOUeVO PMEAETNG Kal GAAWY VOO UATWY,
Onwc o dtaPfntng. Avo epeuvntég £xouv aflomoloel tn Baon tng peAétng EPIC yua va
e€etaoovv NV enidpaon tng Swatpodng oto SwaPrtn. O Romaguera Kol CUVEPYATEC
avéluoav Oebopéva amd 27792 ocuppetéxovteg (11994 dtopa pe SwaBAtn kot éva

Slootpwpatonolnpévo Selypa uylwv). To OXETIKO OKOpP TPOOKOAANGNG OTN HECOYELOKN
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Slatpodn (relative Mediterranean diet score, rMED), TOU KQTAOKEUAOTNKE ATIO EPEVVNTEC
NG opadag tng EPIC (Buckland, Agudo et al. 2010) kat amoteAel pia moapaAlayr tou
napadoolakol okop (Trichopoulou, Costacou et al. 2003), xpnolgomol}bnke yla TNV
TIOCOTIKOTOLNGN TNG MPOOKOAANGNG OTn UECOYELaKn Slatpodr). 2To MANPWG OTAOULOUEVO
HoVTEAO, n uPnAn uloBETnon tng peooyelakng dtatpodng Ppednke va pelwvel kata 12% tov
Kivbuvo avamtuéng SwaPfritn  (2K=0.88, 95%AE: 0.79, 0.97), ouykpltlkd MeE TN PTwyn
oUMUOpdWON O OUTA, UETA amd otabuion ywa ¢pulo, AMZ, ¢uowkng SpaotnplotnTa,
HopPwWTIKO eminedo, evepyelakn mpooAndn (Romaguera, Guevara et al. 2011). EmutAéoy, o
Rossi kal ocuvepyateq peAetwvtog To €AAnVikO Seiypa tng EPIC, &dnAadn 22295 dtoua,
XPNOLLOTIOLWVTOG TO Tapadoolakd okop Uecoyelakng Statpodng (MDS) kat otabuilovroag
Yyl TIAPOPOLOUC CUYXUTIKOUG TIOPAYOVTEC, TAPATAPNOE TOpOpola Helwon Tou 12eth
Kwvéuvou avamntuéng dtapfntn (2K=0.88, 95%AE: 0.78, 0.99) (Rossi, Turati et al. 2013).

H mbavn avtdapntikn dpdacn tng Meooyelakng Statpodng €xel peAetnBel kot
peTafl aobevwv pe mpoodato eudpayua tou puokapdiou. O Mozaffarian kal cuvepyateg
napakolouBOnoav mpoontika 8291 dtopa amod tnv ItaAia, mou mépacav £UdPaypUd TOUG
nmponyoUHevoug 3 UAveG, yla 3.5 xpovia. Atopa pe okop >10 otnv okop MEeOOyYELaKNC
Sdlatpodng (eupog 0-15) mapoucialav 0.65 popég xapnAotepo kivbuvo avamtuéng dtapntn,
OE OX€On ME TA ATOMO TIOU OUYKEVTpwvav okop <5 (XK=0.65, 95%AE: 0.49, 0.85)
(Mozaffarian, Marfisi et al. 2007).

H evepyetiky enidpaon tn¢ pecoyslokng Olatpodrng €xel kataypadel kol o€
MANBuopoU¢ ektdg Evpwning. Npwta, o Koning kal cuvepydteg peAétnoav yia 20 xpovia
41615 avbpeg amo tn MeAétn MapakoAouBbnong twv EnayyeApatiwy Yyeiag, xwpic dtapntn,
kapdlayyelakn vooo f kapkivo otnv adetnpia. H uloBétnon tng pecoyelakng Statpodng
eEKTLUAONKE pe TO Oeiktn aMED kol €ywve Kkatnyoplomoinon o€ TEUMTNUOPLA. ITO
TIOAUTIAPOYOVTIKO  HOVTEAO, oTaBulopévo vyl Kamviopa, ¢uoky Spaotnplotnta,
KatavaAwon kadé, olkoyevelokd LoTtoplkd Stafntn, AMZI kal evepyelakn mpocAnyn, ta
ATopA TIOU avhKav oto UPNAOTEPO MEUMTNUOPLO OE OXEON HE TO ATOUA OTO XAUNAOTEPO
TEUMTNUOPLo €ixav 35% xapnAotepo kivduvo va avamtuéouv StafnAtn otnv €lkooaeTia
(2K=0.75, 95%AE: 0.66, 0.86) (de Koning, Chiuve et al. 2011). Autdé Tt0 elpnua
emBeBawbdnke SVo xpovia apyotepa anod tov Tobias kol ouvepyateg os 4413 yuvaikeg He

Lotopko SaBntn kunong. H peiwon tou kwduvou kat edw dyywe 10 34% (Me oplakn
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OTATLOTIKN ONUAvVTIKOTNTA BERaLa) yla Ta ATOUA KOVTA OTn pecoyelakn Statpodr (2K=0.76,
95%Cl: 0.55, 1.05) (Tobias, Hu et al. 2012).

TéAog, n peyahUtepn Stadopd kvduvou avamtuéng dapfitn Adyw TG LECOYELAKNG
Sdlatpodng, mapatnpnbnke oe pia lomavik peAétn, pe 13380 doutntég i amodoitoug,
nAkiag 20-90 etwv xwpic dafntn, otnv adetnpiog TnG HEAETING. Z€ aUTH Tn UEAETN, oL
OUUUETEXOVTEG IOV CUHHOPPWVOVTOG To TIOAU pE TN Jeooyelakn Statpodn (MDS>6) eixav
83% xaunAotepo kivbuvo va avamntuéouv tn vooo, HEoa oTa EMOUEVA 4.4 XpOVLA, CUYKPLTLKA
TIAVTA UE TA ATOMA TIOU onueiwaoav tn xapnAotepn cuppopdwon (MDS<3) (2K=0.17, 95%AE:
0.04, 0.72) (Martinez-Gonzalez, de la Fuente-Arrillaga et al. 2008).

Alapopéc UeTaéU TwV UEAETWY

OL mponyoUUeveC HEAETEC elxav TOLKIAeG peBodoloyikéc SladopEg, OTIC omoleg
propel va anodoBel KaL n ETEPOYEVELA TIOU UTINPXE OTA AMOTEAECHATAL.

H uvloBétnon tng peooyelokng Statpodng afloAoyndnke pe Stadopetikd TpoMo o€
KABe HeAETN. ITIC TIEPLOCOTEPEG UEAETEC XpnolpomolnOnke kamolwo okop (a-priori), He
e€aipeon ™ peAétn tou Salas Salvado kal ouvepyatwv (Salas-Salvado, Bullo et al. 2011),
OTOU TO OKOpP XPNnoLdomoliOnke povo otnv afloAdynon otnv adetnpia tg peAétng. O
UTTOAOLTTEG HEAETEG Xpnotpomoinoav 5 Stadopetikd okop, Ta omoia ntav to MDS (Martinez-
Gonzalez, de la Fuente-Arrillaga et al. 2008, Rossi, Turati et al. 2013), rMED (Romaguera,
Guevara et al. 2011), aMED (de Koning, Chiuve et al. 2011, Tobias, Hu et al. 2012),
MedDietScore (Panagiotakos, Milias et al. 2006) kot éva 15-BaBuio epwTnUATOAOYLO
(Mozaffarian, Marfisi et al. 2007)

Ta ¢ppouTta, T Aoxavikd, To eAatolado kat n mpocAnn Paplol ATOV CUVIOTWOEG
kKaBe okop. Ta dSnUNTPLaKA, oL Enpol Kaprol KaL Ta OOTIPLA UTIHPXAV OTO TIEPLOCOTEPA OKOP,
pue efaipeon plo pelétn (Mozaffarian, Marfisi et al. 2007). H mowdtnta tou AUmog
aflohoynBnke pe SLOPOPETIKO TPOTO: pEoA aATO TO KPEQG, TA YOAAKTOKOUIKA Kal TO
eAatoAad0 1} UTOAOYLOTNKE WG AOYOC MOVOOKOPEOTWVY /KOPECHEVWY AUTOpWV OofEwv. H
ouxvotnta (pepideg/nuépa N efdopada) f/kal n moootnTa (YpoppdpLa) XPNoLomnotnonke
yla va mpoodLloploTel N KatavaAlokopevn pepida. EMUTAEOV, yla TIC TIPOOTTIKEG MEAETEG N
SlapKeLa TOU emaveAEyxou Kupowotav amnod 3.5 €wg 14 xpovia. Ot cuyXUTLKOL TTOPAYOVTEC
nou ANdOnkav umoPn oe kaBe peAétn Oev Atav dlol, aAAd ol mepLoocdTEPOL ATV OL

KAaolkol mapayovieg, onwe to GpuUAo, n nAkkiag, o AMZ, n ¢uoikn dpaotnplotnta, TO
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KOQTVIOMO, TO KOLVWVLKO-OLKOVOULKO emtimedo. Eva aAlo evdiladépov oxOAlo eival to OtTL
TEPLOOOTEPEG UEAETEG £xouv OlefaxBel oe peooyelakoug MANBuUooUG, uTtoSelkvUovTag OTL
oL Slatpodikég ouvnBeleg evog mMAnBuopoUL eival oe Béon va Sdlapopdwaoou, 1 €0Tw va

ETNPEAOCOUV O€ £va BaBuO, TG EPEVVNTLKEG UTIOBETELG.

» MetavaAUoeLg

H mpwtn ouotnuatiky mpoomabesia va aflohoynBel o poOAOg TNG HUECOYELOKAG
Swatpodnc otnv avamtuén dapntn €ywve amod tv KoloBépou kal cuvepydteg to 2014. H
ouvduaoTikn enidpaon Twv npoavadepBelowv PeAeTwY, pall pe akOpa 3 LEAETEC, OL OTIOLEC
Sev BpnKav OTATLOTIKA ONUAVTIKEG oxEoelg (Brunner, Mosdol et al. 2008, de Leon, Coello et
al. 2011, Abiemo, Alonso et al. 2013) Bp£Obnke mpootateutik. MO CUYKEKPLUEVQ,
dlamiotwlnke OTL n peyaAUTePn TPOOKOAANGCN otn pecoyelakn diatpodn emudépel 23%
peiwaon tou kKwvduvou avamtuéng dtapntn (2K=0.77, 95%Cl: 0.66, 0.89), avefdptnta amno tnv
TIEPLOXN KOl TO €mimedo oTAOUIONG ylO OUYXUTIKOUG TtapayovieC. To odelog PpEdnke
pHeyaAUTepo yla Aatopa uPnAou KwvdUvVou, KOl TILO OUYKEKPLUEVA YUVOIKEC LE LOTOPLKO

dapntn kunong N atopa vPnAol KvdUVOU yla KaPSLayYELAKO voonua, cUUdwva PE TN

meta-regression ou akoAouBnoe (Koloverou, Esposito et al. 2014).

Weight Country

Author RR (95% Cl) Events
(%) of origin
Martinez — Gonzalez et al. —— 0.17 (0.04,0.72) 0.31 33 Spain
Salas- Salvado et al. —— 0.48 (0.27, 0.86) 8.02 54 Spain
Mozaffarian et al. —a— 0.65 (0.49, 0.85) 12.11 998 Italy
de Koning et al. —a— 0.75 (0.66, 0.86) 15.30 2795 USA
Tobias et al. —— 0.76 (0.55, 1.05) 9.46 491 USA
Rossi et al. —a— 0.88 (0.78, 0.99) 15.12 2330 Greece
Romaguera et al. —a— 0.88 (0.79,0.97) 15.65 11994 Europe
Brunner et al. il 1.04 (0.75, 1.43) 6.82 410 UK
Abiemo et al. i 1.09 (0.80, 1.49) 6.70 412 USA
Cabrera de Leon et al. 1 1.10 (0.70, 1.70) 4.00 146 Spain
Combined —<>— 0.77 (0.66, 0.89) 100.00
Relative Risk 1

fpadnua 6. AsvSpOypOHO TWV TPOOTMTIKWY MEAETWV MOV aloAoynoav tnv enidpacn tngG LLECOYELAKAG
Statpodng otnv avantuén ZAt2
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Nivakag 6. Juvomtikn meplypadn Tou pOAoU SLATPOPIKWY CGUOTATIKWY, OMAdWVY Tpodpliwy
Kat dtatpodlkwv mpotunwy otnv avantuén cakyopwdn dwapntn (Salas-Salvado, Martinez-
Gonzalez et al. 2011)

Auv&avouv Ttov Kivbuvo Mewwvouv tov kivéuvo

— ALOULTNTIKEG Lveg**

Awtpopikd ouotatika | — KOpeopeva hmapd oéeo * — Akopeota Autapd ofga**
— Trans Autapd oféa * — Avtioéelbwtika*
— Mayvnowo*

— AnpNTPLaKA OALKNG GAsong**
— Kadéeg kal toar**

— Aderjpata pe fdxapn, uuol , .
— XopnAwv Autapwv yoAa Kot

olTWV**
d)p’ ¢ ) YOAQKTOKOLKA*
5 ’ — KPEQg KoL EMeEEPYACUEVO
Tpopuua Kkat opddeg PE q** pyach — Métpla katavaAwaon oAKoOA*
1 KpEa
tpoptuwv peas , , — Mpolta kot Aaxavika
— Yépoyovwuéva Aumtapd Kot ,
. — Mupwdika*
Hopyapiveg _ , ,
, — Znpot kaprmot (yuvaikeg)*
— Auya*

— Whole grains**
— Coffee and tea*

) L — XapunAou yAukatpikou deiktn diattec*
— YynAou yAukaiukou Seiktn , s xn
Mpétuna Statpo@rc — Meooyelakn diatpodn

Slowteg** e L
., , o — XapunAou Ainog "ouvetd" mpotumno
— AuTikoU TUTIOU SlaLteg

Slotpodrg***

***¥YYnAou emunédou evbeiels amo mAGog MPOONTIKWY UEAETWV KAl TUXOULOTIOLNUEVWY KALVIKWV SOKLUWVY
**Metpiou emunédou evbeiels armo mANog MPoonTkwY UEAETWV 1) UETAVAAUON
*Oplouévec eVOEIEELC ATTO KATTOLEG TTPOOTTIKEG UEAETEG I YVWUES ELOLKWV

1.4.2 Mnxaviopot tpootaciog tng Meooysilakn Atatpodpng

MoAAoi unxaviopot €xouv mpotabel yia va e€nynoouv tnv mpootateuTtiki dpdon mou
daivetal va aokel n peocoyelakn Statpodn evavtia otnv gpdavion dtaBntn, kabwg moAAd
MLKPO-KOL LOKPOCOUOTOTIKA Kal TPODLUA €XOUV CUCXETLOTEL UE TNV €UdAvion TnG vOoou.

AkoAouBei avadopd OTOUC TTPOTELWVOUEVOUC UNXOAVIOMOUG:

»  AvtipAeyuovwédneg dpaon
H xpovia umokAwiky dAeypovr) €XEL aVOyVWPLOTEL WG KOWO UTIOOTPWUA TIOAAWY
XPOVIwV petafoAlkwy mabroewyv, onwc o dtapntng (Donath and Shoelson 2011), yt' autd
KOL OTPATNYIKEG KaTamoAEunong tng dAeypovwdoug dlepyaoiag €xouv Rdn mpotabel yla tnv

npoAndn kat Bepamneia tou. Mpdodatn petavaluon KatéAnge OTL UTIAPXEL LOXUPN BETIKNA
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OUCYETLON avapeoa o auEnpuévec TLHEG C-avidpwoac mpwteivng (CRP) kat wvtepAeukivng-6
(IL-6) kat TNV enimtwon tou dapntn (Wang, Bao et al. 2013).

Elval cuvapa Aoywko otL n Meooyelokn dtatpodn, Eva Statpodiko mpoTuTIo MAOUGCLO
oe aviipAeypovwdn cuotatika (m.x. w3 Autapa oféa, Brrapiveg C, E, D, moAudalvoleg) kat
dTwXO ot Mpo-PpAeypovwdn cuotatikd (kopeopéva kal trans Autapd of€a) (Kontogianni,
Zampelas et al. 2006), unopel va §pa MPOOTATEVUTIKA oTNV avamtuén Stafntn Kot pHEow
QUTOU TOou pnxaviopoUl. Mpdyuatt, n Xpuooxoou Kol CUVEPYATEG, UEAETWVTIAC CUYXPOVIKA
Selypa 3042 atopwv Xwpis kapdlayyelakn voco, Ppnkav OTL N MPOOKOAANGCn otn
Meooyelakn dlatpodr cUoXeTI{ETAL OPVNTIKA UE TN CUYKEVTIPWON C-avildpwoag MPwTEivNg
(CRP), IvtepAeukivng-6 (IL-6), opokuoTelvng Kol WWwWOOYOVOU, €VW OE OTOTLOTIKA OPLAKO
eMinedo He TN OUYKEVIPpWON TOU Tapdyovia Vékpwong oOykwv (TNF-a) (Chrysohoou,
Panagiotakos et al. 2004). Mpoomtika, €xet ¢oavel OTL akoAouBwvtag Tn HECOYELOKNA
Sdlatpodn yla 2 £€tn emtuyyavetal peiwon tng CRP kat tng wtepAeukivn-18 (IL-18) (Esposito,
Marfella et al. 2004). Ita mAaiowa tng peAétng PREDIMED, pdAlota, mapatnprOnke moAu
ouvtopa O0delog amod TNV MPOOKOAANGCN otn pecoyelakn Statpodr. Mo CuyKekpLUéva, oL
600 810pOPETIKOU TUTIOU HECOYELAKEG SLatpodEC Tou xopnynonkav (pe eAatdAado f Enpoug
KOPTOUC), Helwoav o€ HOALG 3 UVEC OTATLOTIKA onUavtika ta enineda tng CRP og oxéon ue

™ Slatta xapnAou Atroug (Estruch, Martinez-Gonzalez et al. 2006).

» Avrtioésibwrtikn dpaon

Evag AGAAog miBavog HPNXOVIOUOG €EMUMAEKEL TA aVILOEEWOWTIKA, OTa omoia n
peooyelakn Statpodn sivatl adBovn. Atopa pe dtapnAtn €xouv vPnAotepa enimeda SelkTwy
o€eldbwTtikoL otpeg, KABwC emiong Kot €va EAAELYUPO OTOUG eVOOYEVEIG aVTLOEELOWTIKOUC
pnxaviopol¢ (Rani  and  Mythili  2014). ‘Exet  umootnpyBel oOtL n  avamtuén
LvoouAwvoavtiotaong Kal n SucAeltoupyia Twv B-KUTTAPWV OWE va pecoAafeital amod To
o&eldwtiko otpeg (Evans, Goldfine et al. 2003). Entiong evéladépov ival To yeyovog otL ta B-
KUTTOPA TOU TIAYKPEATOG O OXEON HUE GAAANOUG LOTOUC €lval TILO ETLPPETH 0TO OEELOWTLKO
oTpeg, KaBwg €xouv Alyotepa avtlofeldwTikad éviupa, Onwe n unepofeldikn Slopoutdon
(SOD), n kataAaon kat n urtepoéeldaon tn¢ yloutabelovng (GPx) (Grankvist, Marklund et al.
1981, Lenzen, Drinkgern et al. 1996). Emiong, n umepyAukoauuio €mMAyeL YUE TN OEPA TNG

emunpocBeta tn dnuloupyia eAeuBépwy pllwy, odnywvtag o€ AuENUEVO OLELOWTLKO OTPEC
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ota B-kuttapa (Rehman, Nourooz-Zadeh et al. 1999). E€attiog t™n¢ kavotntag twv B-
KUTTAPWV va Kataotpédouv Kat va ofeldwvouv kateuBeiav to DNA, TIG mpwTteiveg Kat ta
Amidla, kaBwg emiong va evepyomoloUv MOAAG KUTTOPLKA UOVOTIATLA, TTOU CUVOEovTal LE
TNV €kKpLon Kal &pacn tng wooulivng, n €€€AEn tng vooou kaBwg Kal n Staxeiplon tng
erubewvwvovtal (Evans, Goldfine et al. 2003). OAa autd €xouv odnynoeL otnv uTt6Beon OTL To
aVTLOEELOWTIKO TPOdIA plag Statpodn¢ lowg eival To onuelo-kAeWSL TNg Mpootaciag mou
npoodEépel. Mo petavaAuon 9 mpoomtikwy HeAetwv €6e€e 13% peiwon Tou Kwwduvou
avantuéng Swapntn (XK=0.87, 95%AE: 0.79, 0.98) yia to uPnAotepo Ot OXEON HE TO
XapnAotepo eninedo npocAnPng avtiofeldwtikwy, mou amodobnke kupiwg otn Prtapivn E
(Hamer and Chida 2007).

Mépa amo tnv MpocAnyPn avtlo€eldWTIKWY, N CUVOALKN QVTIOEELSWTIKA LKAVOTNTA,
6nAadn n ocuvduaotikn Spaon OAwWV Twv avTloElOWTIKWY TIoU Bpilokovtol 0To MAACUA Kot
TO CWMOTIKA LUYpA, €xel HeEAeTnOel kal Bewpeital KaAUTepPOG OelktnG ot ox€on He TNV
npooAnPn aviofeldwtikwy pEow TG dtatpodnc. Mo ocuykekpluéva, os Tuxaio deiypa 1018
GALVOUEVIKA UYLWV ATOHWVY amo Tn HeAETn ATTIKH, diepeuvnBnke n oxéon HeTALL TNG OALKNG
OVTLOEELOWTIKNG LKAVOTNTO Kol YAUKQLUKWY Selktwv. H oAy avtlofeldwTikn kavotnta
anotiunOnke pe 3 Sladopetikég puebodoug i) TN HEBOSO HETPNONG TNG AVTLOEELOWTIKAG
Loxvog pe avaywyn tou tplobevouc owdnpou (Ferric Reducing Activity Power, FRAP), ii) tTnv
avTLoEEOWTIKN Kavotnta Baoclopévn oe wooduvapa Trolox (Trolox Equivalent Antioxidant
Capacity, TEAC) kal iii) To cuvoAikd Auvauiko Mayidevong Plwv Yriiepo&eldiou (Total Radical
Trapping Antioxidant Potential, TRAP). Avtiotpodn cuoxétion mapatnendnke petafl Tng
TWAG FRAP kat Twv AoyapiBuou tng yAukolng (r=-0.149, p=0.001), Tn¢ voouAivng (r=-0.221,
p=0.001) kot Tou deiktn HOMA-IR (r=-0.186, p=0.001), evw aVTiOTOLYEG NTAV OL CUOXETIOELG
Kal toug AaAAoug Suo Oeikteg (Psaltopoulou, Panagiotakos et al. 2011). H pecoyelakn
Swatpodn, adbovn oe AVTIOEEWOWTIKA OUOTATIKA, €Xel peAetnOel oe oxéon pe Selkteg
oeldwTlkoL OTpeC. Ze TuUXOlOTMOLNMEVN KAWLK Sokwu 192 umépPBapwv avdépwv n
TMIPOOKOAANON OTn Hecoyelakn Swatpodn yla 2 ocuvamtd €tn, avefdptnta omo Tnv
EVEPYELOKN TIPOOANUN, €XEL CUOXETIOTEL e onpavtiky BeAtiwon petafl AAAwV Twv SeKTWV
ofeldbwtikol otpe¢ (Esposito, Di Palo et al. 2011). Emiong, n enidpaon NG UECOYELAKNAC
SlotpodnG OTA LETAYEUUATIKA €TiMeda 0EeSWTIKOU OTPEG KOl AVTLOEELSWTIKAG LKAVOTNTOC
oUYKpiONKe pe pia Autikol tumou Slawta (uPnAnR oe kKopeopévo Almog) kot pia xopnAou

Atmoug/ uPnAwv vdatavOpdakwy dilatta, UMAOUTIOUEVN 0 W3 Autapd of€a, 0To TAAIOLO pLa
67



KAWVIKNCG SOKLUAG, dlaoTtaupolpevou oxedlaopol, o€ 25 NALKLWUEVOUC AVOPEC Kal YUVALKEG
(kaBe OSlouta y 4 €BSOMASEC). 2 WPEG META TNV KATAVOAWON TwV TPodiHwv TNG
peooyelakng dtatpodng mapatnpnbnke peyoAltepn avénon otnv avildpaoTik UTlEpaLuia
HETA amo Loxaipio (6elktng TNG KATAOTAONG TOU ayYELAKOU CUCTAUATOC) KOl MEYAAUTEPN
pueiwon tou umepofeldiov tou udpoydvou (H,0,), TnG vitpotupoaoivng, TG ofeldwUEVNG
AutompwTteivng XauNANg mMukvotntag oe XoAnotepOoAn (ox-LDL) kat tng dpactnpldtntag Ing
KataAdong oto mAdopa (ps<0.05 yla 0Aeg Tig cuoyetioelg) (Yubero-Serrano, Garcia-Rios et al.
2011). Téhog, yla va amodeuxBel omoladnmote ocuyxutikn emidpaocn yovidiwv 1 Kowwv
TMEPLBOANOVTIKWY TIOPAYOVTIWY, O Mio KOAQ €eAeyxopevn UEAETN HOVOIUYWTIKWY Kol
SLuywtikwy ddLUWY, atlohoyndbnke n emibpaocn Tng peooyelakng Statpodng oto Aoyo
avnyHévNg mpog ofeldbwuévng yAoutabeldvng (GSH/GSSG), mou amotelel Seiktn ofeldwTikoU
otpeG. Al€non katd 1 povada oto okop HECOYELAKAG Slatpodr¢ cuoyxetiotnke pe 7%
upnAotepo Aoyo GSH/GSSG (p=0.03) kaTOmv OTABUIONG YL CUYXUTLKOUC TTAPAYOVTEG.
Metafl S18UpwWY, 0 Babuog pelwong avepxotav oto 10%, xwpic Stadoponoinon peTaly

povo- kat Silluywtikwyv Levyaplwv (Dai, Jones et al. 2008).

» YéaravOpakes / Aoutntikég iveg

Tooo n mooodtnTta 000 Kal n moldtnta Twv udatavOpdkwv Oewpeital oOTL
Swadpapatitouv kaboplotikd poAo. OL SLALTNTIKEG (VEG, TIPOEPYXOUEVEG KUPLWE amod TNV
KatavaAwon oltnpwy, Bewpeital 0TL CUVELOPEPOUV ONUAVTIKA OTO TIPOOTATEUTIKO OPEAOG
NG Meooyelakng Swatpodng (Lau, Faerch et al. 2005, Liese, Schulz et al. 2005). Ot
EVUEPYETIKEG TOUG LOLOTNTEG MBAVOV va mpoEpxovTtal amd TNV UPnAn TEPLEKTIKOTNTA TOU
dAoloU TWV OITNPWV CE HAYVAOLO N Kal amo TNV KaBuoTEPNUEVN YAOTPLKN KEVWON TIOU
npokaAoUv, dpa tnv 1o ouaAn méPn kal anoppodnon twv vdatavlpdkwv. To yeyovog
OUTO UE TN OELPA TOU PETPLATEL TIC AmalTtAoELC and Ta B-kuttapa oe wooulivn (Chandalia,
Garg et al. 2000).

O YAUKOLUKOG O€IlKTNG KoL TO YAUKOLULKO ¢opTio Twv Tpodipwv, OelKTEG TNG
moLoTNTag f/KaL moootTnTag Twv udatavlpdkwy mou mepLExouy, kabopilouv Tautdxpova TNV
TaXUTNTA LE TNV OMola OVERBALVEL TO CAKXOPO OUECWE UETA TNV KOTOVAAWON TOU EKAOTOTE
TPodiHoU, Kal TAUTOXPOVO KOL TIC AMALTAOELS O WVOOUALVN, €xouv emiong aflohoynBel wg
HUNXOQVLIOUOG pootaciag. Mo ocuykekpLluéva, éva yeuua uPnAou yAukalukou deiktn odnyet

oe tayxeia avénon ¢ YAUKOING Kal WVOOUAlvng, Tou o pakpoxpovia Baon odnyel oe
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UTEPPOPTWON TWV B-KUTTAPWV KAl KATAOTPOPr) Toug, odnywvtac oe dlatapaypevn avoxn
otn YAukoln kat avtiotacn otn pacn TG WOooUAlvng. AUuTOG 0 BEwpPNTIKOG UNXOVLOMOG
emPeBawbdnke amd cuotnuatiky avackonmnon to 2008, n omoia Bprike OtL 0 Kivduvog
avantuéng Stafntn eival 27% vPnAotepog yia tnv opdada oto uPnNAGTEPO Vs. XaUNAOTEPO
TIEUMTNUOPLO YAUKapLkou Seiktn (ZK=1.27, 95%AE: 1.12, 1.45) (Barclay, Petocz et al. 2008).
Av Kkal n pecoyelakn dtatpodr kot n xapnAou yAukatpikou Seiktn dlatta xpnoluonolovvral
ouvnBwe cav SladopeTikd SLALTNTIKA OXAUATA, TIPOTEIVETAL OTL N PECOYELakn Slatpodn
umnopel va BswpnOel éva Statpodikd mPoTuTo XapunAoU YAUKALUKoOU Seiktn Kal lowg Kal
XxapnAoU yAukatlpkou doptiou. Av Kot oL TATATEC, Ta GpoUTa, TA OCTIPLA KAL TA SNUNTPLOKA,
oAa uPpnAa oe vdatavBpakeg, eival otn Bacn NG pecoyelakng diatpodng, cuvodevovtal
and éva vPnAd doptio SLaTNTIKWY VWV, TO OMOL0 UELWVEL TO YAUKALUIKOU ¢optio Tou
vevpatog. EmumAéov, to €Aatdhado Kkal ta Aoxavikd OxL emnpedlouv €AAXLOTA TO
YAuKalukoU dpoptio aAAd emutpOobeTa TO PELWVOUY, €EOLTIOG OTNV TTEPLEKTIKOTNTA TOUG OF

Amapad of€a kat SLalTnTIKES (veg avtiotolya.

» Ainog

To SLaLtnTiko Aliog eixe mavta KAWLKO evladépov e€attiog tng emidpacng Tou oto
HeTABOALOUO TG YAUKOING, KoBwg daivetal OTL uTtapxel ameubeiag oxéon avApeco ota
Autapd of€a kat Tn 6pAcn NG WWoouAivng. ZUpdwva pe mpoodatn avaokomnon, To IpodiA
KOPEOUEVOU ALOUG, OMWG METPNONKE 0 OKEAETIKOUCG MUEG, KOL TO OTOL0 QVTOVOKAQ
vPnAotepn MpOoAnPn KOPECUEVOU OE OXEON UE AKOPEDTO ALIOC, TPOPALTEL TNV avTioTaon
otnV WoouAivn kat tnv avamtuén dwapntn tunou 2. Avtiotpoda, To Ppodid w-6 Autapwv
oéwv euvoel TN Spdon NG WVOoUALlvNG, av Kal Kapia cuoxétion Sev UTIAPXEL yla TA W-3
Autapd oféa. OL peléteg mou aflodoyolv tnv TPpOoAndn Swawtntikov  Aimoug
(epwTnUaToAOyL, NUEPOAOYLA KaTAypPOPrC KATL) CUUPWVOUV HUE TA ATTOTEAECUATA UEAETWV
TIOU €XOUV Xpnolpomolnoel Bloxnuikolg deikteg opou, dnAadn €xouv Seifel avtiotpodn
oxéon avapeoa otnv npocAnPn w-6 Autapwv ofEwv Kat Tnv avamtuén Stapntn. MaAwota n
peyaAutepn pelwon KwvdUVOU TPOKUTTEL OTAV YIVETOL QVTLKATACTAON TOU KOPECHUEVOU
Almoug amd w-6 Autapa offa (Riserus, Willett et al. 2009). H MeAétn Yyelag twv
NoonAeuTpLwyv £XeL KoL auth emBeBalwosel tn BeTIKN ox€on avapeoa otnv npoocAnyn trans
Autapwv oféwv kat tov kivbuvo yia Swafntn, pe &ekdaBapn Soocosfaptwuevn oxéon

(Salmeron, Hu et al. 2001). TéAog, n peAétn PREDIMED afloAdynoe tn StadopeTikn enidpacn
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povoakopeotwv Autapwv ofEwv (MUFAS) kot moAuakopeotwv Autapwv ofEwv (PUFAS), pe tn
xpnon ehatoAadou (mnyn MUFASs) i Enpwv kaprwv (rtnyrn MUFAs kat PUFAs), otn avamtuén
SwaPBntn, petafy atopwv uPnlol kapdlayyelakoU Kwwduvou. OL gpeuvntég Bpnkav
TAPOUOLO.  EUEPYETIKN €Midpacrn, Tou UumodnAwvel OTL TO QAKOPECTO AUmog elvat
TIPOOTOTEUTIKO, OTOV CUYKPLOEL Le TO KOpeouévo N trans, avetdptnta amo 1o £i60¢ Tou
(Salas-Salvado, Bullo et al. 2011). O akpBAG MNXOVIOPOG Oev €lval aKOMA TANPWG
SlEUKPLVIOUEVOCG, av Kal pailveTal OTL UTIAPXEL OXEON UETAEY TOU SLattnTkou Aloug Kot TG
o0OTAONG TWV KUTTAPLIKWY HEPBpavwy oe pwodoAunidia, n omola pe TN OLpA TG emnpealet
N Aswtoupyia toug, SnAadn, tn HepBpavikn Stamepatotnta, tn cuyyevela/ déopsuon Tou
UTIOS0XEQ TNG LVGOUALVNG KaL TNV LKAVOTNTO VO ETLTPETIEL TN SLATIEPATOTNTA LOVIWV Kal TNV
Kuttaplkn onuatodotnon (Schroder 2007). Mo npoodarta nelpapotika Sdedopéva Seixyvouv
Kol Tpo¢ AAAeG kateuBuvoelg, omwe n ékdppaon yovidiwv kat n puBUwWN ™G eVIUULKAG
Sdpaoctnplotntag anod eAevBepa Autapd ofa. MNa mapadetypa, ta PUFAs (Avehaiko ofl kal
w-3 Autapd oféa) €xel dpavel OTL KataoTtéANouV TNV £KkPpacn yovidiwv Tou TPodAyouv TN
AUtoyéveon Kal €VeEPYOTOLOUV TOV OEELOWTIKO METAPBOALOMO. AMO TNV GAAN TAEupd Ta
KopeoUéva Amapd of€a, Wolaitepa to MaApLtikd ofu, €xouv duopevn enibpaon (Clarke 2004,
Staiger, Staiger et al. 2005). TEAOC, MELPAUATIKEG UEAETEG avadEPOUV OTL N onuatodotnon
Tou avaioyou Twv Toll untodoxéa (Toll-Like Receptor, TLR), mou amoteAel StapecolaBntn-
KAeLOL peTall NG avtiotaong otnv WWoouAivn Kal Ttng xpoviag dAeyuovng, kabopiletal anod

TOV TUTIO TWV AUtapwVv 0wV (TL.X. EEKLVAEL amod To KOPETUEVO Aaouplkd ofu) (Kim 2006).

» AAKoOA

H peooyelokn dtatpodn xapaktnpiletal akOpa Kot amnd HETPLA KATAVAAWGT OAKOOA,
WOlaitepa pall pe ta yevpata. Onwg mpoavadépbnke, and npoodatn petavailuvon 20
TIPOOTITIKWYV UEAETWVY, TTOU aVESELEe pia oxéon oxNUatog U petall tng KatavaAwong aAKoOA
Kol Tou Kwduvou avamtuéng SwaPntn, n HETPLO KatavaAlwon oAkooA daivetal otL Spa
TIPOOTOTEUTIKA evavTla otnv avamntuén dtapntn (Baliunas, Taylor et al. 2009). O pnxaviopog
Mow amd autd To eUpnUA EYKELTAL OTn MEWWMEVN Baolky €kkpLon WoouAivng Kal
yAukayovnc mAdaopatog (Konrat, Mennen et al. 2002, Bonnet, Disse et al. 2012) kat t™n
BeAtiwpévn evaloBnoia otnv tvooulivn (Bonnet, Disse et al. 2012), mou pnopei va amodoBet
o€ aAAayEG otn evdokpLvIkA Aettoupyia Tou Amwdoug LoTtou, o€ povomatia dAeyUovhG i 0To

HeTAPBOALOUO TNG YAUKOING Kol Twv Autopwv oféwv. H pehétn ATTIKH €xel ocuoyxetiosl tn
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HETPLA TIPOoANY N aAKOOA (1-2 pepideg/ nuépa) pe XOAUNAOTEPEC TUUEC TPLYAUKEPLSIWY Kal
CRP kot upnAotepeg tnég HDL-xoAnotepoAng (Chrysohoou, Panagiotakos et al. 2003).
XopunAotepog Aoyo tpyAukeptdiwv/HDL £xel avadepBel kat and aAAn peAétn (Shimomura
and Wakabayashi 2013) kaBw¢ kat avfnon TNG QVIUTOVEKTIVNG, OPMOVNG HE
avtipAeypovwdn Spdon, mou mpodyet TNV voouAvosvatlodnoia (Beulens, van der Schouw
et al. 2013). Eniong, éva véog Seiktng, n detouvivn-A MAACHATOC, Hla YAUKOTPWTELVN Tou
aneAevBepwveTal and To ATAP Kol avooTEAEL TN SpaoTNELOTNTA TNG TUPOGCLVIKAG KWVAONG
Tou uTtodoxEa tn¢ WWoouAivng emnpealovtag Tn HETAS00N TOU GAUATOC TNG LVOOUALVNG, €XEL
BpeBel OTL pelwveTAL OO TN HETPLA KOTOVAAWON aAKOOA (Ley, Sun et al. 2014). H aiBavoAn
uropel va e€€aoBevrioel T OeTIK OUCXETION METALU TOU YAUKALULKOU &giktn 1 Tou
YAukalpkol ¢optiou kat tou Swafntn, otav n katavalwon OoAKOOA umepPaivel Ta
15y/nuépa (Mekary, Rimm et al. 2011). Téhog, n PeAtiwon ™G APTNPLOKAG TiEONG E£XEL
eniong mpotabel wg MBaAvVOG pNXaviopog Tiow amo TNV avildlaBnTik mpooTacio g
Swatpodnc. Oocov adopd Tov TUTO Tou AAKOOAOUXOU TIOTOU, TO Kpaoi £xel Bpebel va mapéxet
TN HeYaAUTEPN TpooTacia, TBava AOyw TNG MEPLEKTIKOTNTACG TOU O€ aVILPAEYUOVWEELS Kal
aVTLOEELOWTIKEC TTOAUDALVOAEG, 8laitepa peoBepatpOAn, mou €xel pavel OTL BEATIWVEL TNV

gvalodnoia otnv wvooulivn (Liu, Zhou et al. 2014).

» Mayvnioto

MoAAd HOKPOOUOTOTIKA KOl MIKPOOUOTOTLKA TNG MECOYELAKNG Slatpodng €xouv
pueAetnOel oe oxéon pe tnv avamtuén dwapnitn f aviiotacng otnv wooulivn. To payvhiolo
elval éva blaitepa onUaAvTLkO pikpooTtolxeio. Exel urtootnpLxOet OTL pelwUEVN evbokuTTApLA
evluplkn Spaotnplotnta, sfattiag tng £AAewpng payvnoiou, pmopel va odnynoel os
avtiotaon otnv oouAivn (Barbagallo, Dominguez et al. 2003). H ouykévipwon
e€wkuttaplou payvnolou eival emiong onuavtikg wote va amnodpeuxbel avénon tou
evbokuttaplou acBeotiou, To omoio Unopel va eMSEWVWOEL TEPALTEPW TNV AVTILOTACON OTNV
wvoouAivn (McCarty 2006). H katavalwon tpodipwv MAOUCLWV OE HOyvVrolo, OMwG T
Aaxavikd, oL Enpol kaprmoil, ta oompla, adbova otn pecoyelokn Slatpodr), Umopouv va
npoAdfouv pia EANeln payvnoiou. Mpaypaty, mpoodatn HeAETN £6el€e OTL N HUECOYELAKN
Slatpodr oUVELOPEPEL ONUAVTIKA oTnV alénon Tou payvnoiou opol o opada aTOUwWY UE

otedaviaia vooo (Bahreini, Gharipour et al. 2013).
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» Awaxeipion Bapoug

Katapxag, €xel mpotabel OtL n pecoyelakn diatpodn pmopel va  avidiopfntikn
TpooTacia, HEOW TNG ouvelodOopPAg TNG otov EAeyxo tou Bapoug (Schroder, Marrugat et al.
2004), mou eivat Wblaitepa onuavtiko, Aappfdavovtag umtodn OTL n omAAyYXVLIKN Ttaxuoapkio
elval, onw¢ mpoavadEpOnke, ONUOVTIKOG Tapdyovtag KwdUvou yla  avamtuén
wvoouAwvoavtiotaong kat StaBntn (Hu, Manson et al. 2001). H kol\lakn maxuoopkio odnyet
0€ QmeAEVBEPWON N E0TEPOTOLNUEVWY AUTAPWY 0EEWV, OVACTEAAOVTAG TNV EEAPTWEVN
and TNV WoouAivn TpocAnyn YAUKOING amo TOUG OKEAETIKOUC MUEG Kal €MAyOVIAG TN
YAUKOVEOYEVEDT OTO ATAP, TIOU EMLBAPUVEL TOV NIATIKO PETABOALOUO. EmumAéoy, n anwAesla
Bapoug oxetiletal pe peiwon twv avumokwwv (Ko, Park et al. 2014), poplwv mou
Sduoyepaivouv tn peTadoon Tou orpatog tng wooulivng (Schroder 2007). H mpookoAAnon
otn peooyelakn Siatpodn mpodyel TNV anwAsla Bapoug, pubuilovtag tnv mpocAnyin
TPodNnG, AOyw peyallTepou KopeopoL efattiog Twv Stattntikwy wvwv (Howarth, Saltzman et
al. 2001) «kat kaAutepng ofeidwong Ttou Almoug¢ Adyw udnAotepou  Adyou
OKOPEOTWV/KOPECUEVWY AUTapwV OfEwv, OMwG Tmeplypadnke kat mapandvw (Delany,

Windhauser et al. 2000).
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ITAPAAOXIAKH MEXOI'EIAKH

ATATPO®H

Yymin npocinym » Xapnhi Tpocinym

w Avntrikég Tveg
Eiaérado Axépeoto himog

Xapnin evepysraxi)
TOKVOTITA

AicOnpao

kopsopov T

Ewova 4. Tpadikr amekOvion Tou HNXOVIOHoU €AfyXou Tou cwpatikol Bdapoug (Yiodétnon and to
(Schroder 2007)

Me e€aipeon tov TEAEUTOIO UNXAVIOUO, TNV amwAela BApouc, n omoia pmopel va
emuteuxOel pe MOKIA SLALTNTIKA OXAMOTO, OL UTIOAOLTOL UNXOVLIOMOL, TTOU EUMTAEKOUV TO
avtihAeypovwdeg Kal avTlo€eldwTikd mpodiA, tnv uPnAn mpdoAnPn SLOLTNTIKWY WV, TO
HayVAOLo, To AOYO aKOPEOTWVY/ KOPECUEVWV ATOPWVY 0EEWVY, TN PECPBEPATPOAN KATT Hrtopouv
SduokoAa va ocuvbuaotolv oe KAmowo AAAo amod Ta yvwotd Statpodikd mpotuna. Mo
napadelypa, pia diatta xapnAou Aimoug Ba pmopouoe va sival xapunAn os Yapla, Enpoug
kapmoU¢ kat ehatdAado, evw pia Slatta xapnAwv vdatavBpdkwv Ba pumopoloe va eivat
Wlaitepa ptwyn os ppouTa, YOAAKTOKOUKA KoL oompla. MN' auto To AOyo n HECOYELOKN

Slatpodn Bewpeital Eva omavia SLatpoPko oxNUa LE TIAELOTPOTILKEG EUEPYETIKEC SPACELG.
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IMAPAAOETAKH MEXOTEIAKH

ATATPO®H

Apeoes emépacels pécwm + + Eppeces embpdoeis pécom

"Eieyyoc copoTicot
Papovs
AvorTymikeg Mapvijoo .tUlml pE
veg piTpo
Kafluetepnpévy Avimpévm ‘Evivpa peropopas ATP Avrurovexrivyy 7
TUCTPIKY KEVEIGT] avrTioleld o TIK auuva 1] PROPOPIKIS opddos

ITpolnyn evricTacis oty Wveovhivyy ~ Ipoinyn dvciertovpyios Tov fi- kKuTTdpav

ST

polnym Tov Awafipmy

Ewkova 5. Mnxaviopoi mou cuv8£ouv tn HecoyeLakr Statpodr) e XxapnAotepo kivéuvo yia avamntuén IAt2
(Schroder 2007)
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2. ZKOMNOz
2toxoL TNG mapovuoag SlatpLBng nTav:

1. n amnotignon tng 10-gtou¢ eminmtwong cakyxopwdn Slafrtn TUMOU 2 Ot EMAPKES,
QVTUTPOOWTIEUTIKO KoL Tuxala emiAeypévo Selypa tou evinAlkou aoTikol €AAnvikol
nmAnBuaopuou

O Ko n HEAETN NG eMiSpaong SLadOPWVY KOLVWVLKO-OLKOVOULKWY, CUMTEPLDOPL-
OTIKWYV, SLaTpoPKWY, KAWVIKWVY Kal BLOXNUIKWY TIUPAUETPWY OTNV QVATTTUEN
auvtou

2. n HeAétn tn¢ emibpaocng tng mMPookOAAnong otn Meooyelokn Awatpodn (ek-Twv
TIPOTEPWV SLATPOPLKO TPOTUTIO) 0T 10£T eMinmtwon cakyapwdn dtapntn tumou 2.

3. n avadelén ek-TWV UOTEPWY ATIOTIHOUUEVWY SLATPOPLKWVY TIPOTUTIWV KalL N emidpach

Toug otn 10t enintwon cakyopwdn diapntn Tumou 2.
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3. MEOOAOAOTIA

3.1 Zxebiaouog tng UEAETNG
H ueAétn «ATTIKH» eilval pia mpoomuikr) MeAETn mapatipnong Ue 10-etr) meplodo

napakoAouBnong (Pitsavos, Panagiotakos et al. 2003).

3.2 To beiyua tng ueAétng

To Selypa mou xpnowlomolBnke ylia To OKOMO tTnG mopouoag €pyociag eivat ot
OUMUETEXOVTEC TNG MeAETNG ATTIKH mou cuppeteiyav oto 10-etr emavéAleyxo. H peAETn
ATTIKH elvat n mpwtn emdnuloloyikp HeAETN  Koataypadrng TOU EMUTOAACUOU TwV
apayoviwyv kapdlayyelokol KwvdUvou otov eAANVIKO TANBUOUO Kal TMpayuatonol)onke
amnod v A’ Kapdlohoyikr KAwikn t¢ latpikng ZxoAng tou Mavemotnuiov ABnvwv. H apxtkn
daon tng culloyng kot afloAoynong tou Selypatog élafe xwpa katd ta £€tn 2001-2002
(Pitsavos, Panagiotakos et al. 2003), evw n 10-etr¢ mapakoAouBnon oAokAnpwOnke to 2012
(Panagiotakos, Georgousopoulou et al. 2014).

H oapxwki ocuMoyry tou &elypato¢ tng MeAétng ATTIKH mpaypatomowibnke otn
EUPUTEPN TIEPLOXI) TOU VOUOU ATTIKAG (78% QOTIKEG KOl 22% QypPOTIKEG TIEPLOXEG) Ta €T
2001-2002. Baowkoi otoxol Atav n kataypadn tng KATOVOUAG TwV SLAPopwv KALWVIKWY
mapayoviwy Kapdlayyelakol kwwduvou oe Selypa evAAKwY avépwv KOl YUVALKWY, va
€€ETAOEL TIC CUOXETIOEL QUTWV TWV MOPAYOVIWV LLE KOLVWVIKO-OLKOVOULKEC KOl PPUXOAOYIKEC
TIAPAUETPOUC, KABWGE KAL LE XOPOAKTNPLOTIKA TOU TPOToU {wNG Kal TEAOC, va afLoAoyroEL TNV
TIPOYVWOTIKN TOUG afia oTnV EMUMTWON TNG KAPSLOYYELAKNG VOOOU HECO QO TEPLOSIKEC
enava&loAoynoeLg TnG Katdotaong vyeiag tou delypatog émetta anod 5 kat 10 €tn.

H SewypatoAnyia Atav tuxaia kot SLACTPWHOTONONUEVN avd TIOAN (ue Baon Tov
MANBUoUO Twv Afuwyv Kat KowotAtwy tng Yrepvopapyiag ATTikng, KabBwg emiong Kol Twv
VOHOPXLWV AVATOALKAG Kot AUTIKNAG ATTLIKAG), NAWKLOKN Katnyopla kat ¢uAo. Me Baon tnv
nmAnBuopulokn otpwpatomnoinon tng EBvikAG Ztatiotikng Ymnpeoiag tng EAAGdog (E.Z.Y.E.)
SnuloupynOnkav «xAaptec» ava meploxn HEAETNG, £ToL wote va rpoodlopiletal emakpLBwe o
TMANBUGOLOG-0TOX0C. H ouvelodopd Twv eupUTEPpWVY Teploxwyv tng ATTIKHE oto teAikd Seiypa
™G HEAETNG ATav N €&AG:

e ARuog ABnvaiwv (20%), e Euputepn neplpépela
e Anuocg Nepawwg (8%), npwtevovoag (41%),
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o «Ymolouto» ATTIKHZ (29%) kau e Nnool Zapwvikou (2%).

210 Selypa ouumepAndONKov ATOUA AOTIKWY, NULOOTIKWY KL 0yPOTIKWYV TIEPLOXWV.
KaBwg otnv Attiky dlaflel mepimou to 40% tou mMAnBuopoU OAOKANPNG TNG XwpPag, Ta
OTOTEAECUOTA KOl ETMOYOUEVA CUUTEPACUATA OO Tn HeAETN -kou pe Sedouévn tnv
OVTUTPOOWTEUON OTo Oelypa Kol NUIAOTIKWY KOL OyPOTIKWV TEPLOXWV- SdUvavtal va
BewpolvTal YevIKEUOLUA Yyl OAN TNV NTEpWTK EAAASQ, To e Selypa QVTUTPOCWITEUTLKO
adou mapatnprndnkav eEAACOOVEG HOVO, N OTATIOTIKA ONUOVTIKEG SladopEC, wg PO TNV
Katavoun tou ¢ulou Kot NG nAwiag avapeoa oto Seiypa kol otov eAANVIKO TANBUGOUO.
META TOV OPLOUO TWV TIEPLOXWYV, O OXESLAOUOC ATALTOUCE TNV TuXOLa EMIAOYI EPYACLOKWV
XWPWV -ONUOCLWV KoL LOWTIKWV-, KEVIPWV OCUYKEVTPWONG NAKIWHEVWY KaBwg Kal
Snuotikwv Ywpwv. Kotomiv, Slevepyeito tuxaio emloyr atopwv (e tnv péEBodo tng
Sduadikng akohouBiag tuxaiwv aptBuwyv 100011010101..., émou 1=£vtagn otnv peAétn, O=un
évtaén otnv PeAETN), amo Ti¢ Aloteg mou eiyav SnuoupynBel yia kabe xwpo. Me tov Tpomo
oUTO, eTITELXONKE glaxlotomoinon tou odAApATog emAoynG. To TPWTOKOAAO TPOoEPAETE
QKOUQ, TNV EMAOYN EVOC ATOUOU OVA OLKOYEVELQ, OLKOSOWULKO CUYKPOTNHA KOL TETPAYWVO.

Kpitnpla évtagng otn PeAétn Atav n StoBlwon Tou atOUoU O0TO VOO ATTIKNAC Kal n
NAkia Tou, TIou €mpene va eival Touldylotov 18 stwv. Ta KpLTpLo OIMOKAELCUOU OO TN
MEAETN ATAV TO OTOUIKO LOTOPLKO KapSlayyelOKAG VOooU, KaBwc Kal n mapoucia GAANG
Xpovia vooou. Ta Atopa EMPETE €MioNG va KNV €xouv mpoodatn ofeia vooo, Omwe Kowo
KpuoAdynua, ofela Aolpwén Tou avamveuoTikol, 0SovVTLATPIKA TIPOBANUATA TTOU TTPOKAAOUV
dAeyuovn, va unv €xouv unootel onoladAmote peilova XElpoupyLkn eméuPaon n eAdococova
XELPOUPYLKNA TIPALN, Hia eBdopada mpo NG Evapéng tng LEAETNG.

Me Bdon ta mapamdavw KpLtnpLa, EpWIABNKaAV yLa T CUMUETOXN Toug apxLkd 4,056
atopa pe tuxaia detypatoAnyia, aAAd mavta pe faon ta otolxeia tng amoypadng tov 2001
yla TNV avaAoyia avépwv Kal YUVOLKWY oTtov eAANVIKO ANBuoud, Kabwg Kal To mTocooTo
OUMUETOXNG ava nAtklakr opdda. Anod toug 4,056 ot 3,042 SExTnKAV VO GUUETAOXOUV (75%
TIOOOOTO CUUMETOXNC). Ao toug 3,042, oL avdpeg ntav 1,514 (49.8%) Kal TO NALKLOKO TOUC
evpog Ntav 18-87 £tn, evw ot urtdAouneg 1,528 (50.2%) Atav yuvaikeg, Le nAklako eupog 18-
89 £1n.

Mpayuatomowibnkav U0 €MAVAELOAOYACEL] TWV CUUHUETEXOVIWV TNG HUEAETN aATO
TOUC €PeLVNTEC. H mpwtn €ylve peta amo 5 €tn, to 2006, os 2,101 atopa (70% mocooto
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OUMMETOXNG) Kal Kataypadnke n ekdnAwon kapdlayyelakng vooou amd TO LATPLKO
TIPOCOWTIKO TNG UEAETNG. Katd ta €tn 2011-12 mpaypatonow|Onke o 10-£Tg emaveAEy)O
(6Lapeoog xpovog mapakolouBnong 8.4 £€tn).

210 10-€tr| emavéleyxo ouppeteiyav 2,583 amod toug 3,042 €BeAoVtEg TNG MEAETNG
(85% mM000OTO CUUHETOXNG). Ao Ta 459 dtopa ou xadnkav otn Sekaetia, ol 224 xdOnkav
AOyw AavBaopéVwy 1 AKUPWVY OTOLXELWV ETILKOWVWVIAG, Kal oL 235 apvABnkav Tn cUUUETOXN
TouG. AdoU amokAeiotnkav mepattépw ta v=210 dtopa pe cokyxapwdn Swapntn otnv
adetnpia tNG peAETNG kal v=888 dAtopa yla ta omoia dev umnpxe mAnpodopia yla tnv
omopén n oxt SwaPntn otn 10etia, koataAnfape oe 1485 OCUPUETEXOVTEC, OL omoiol
QTOTEAECAV KAl TO TEAIKO Selypa TNG Mapoloag Epyaoiag. TATIOTIKA ONUOVTIKEG SLopOopPEC
HETAEL Twv v=1485 atopwv, Kal Twv v=1347 atopwv yla Ta onoia Sev unrpxav otolxeia yla
Vv unapén StaPBntn oto Sekaetr eMAVEAEYXO, OTIOTE KOl ATOKAELOTNKAV ATIO TIC OVAAUOELG,
SlamotwBnkav ya tnv nAwia (43+13 vs. 45+13etwv, p<0.001), TO MOCOOTO UTEPTACIKWY
(30% vs. 26%, p=0.036), T0 Mocooto Kamviloviwv (58% vs. 54%, p=0.028), tn YAUKOIn
vnotelag (88112 vs. 80+13, p=0.005) kot tnv voouAivn vnoteiag (1243.0, 13+3.4uU/ml,
p=0.014). Aev vumnpxav O&ladopé¢ wg mpo¢ To ¢GUAO, T £€tn ekmaibevong, TNV
UTLEPXOANOCTEPOAQLUL, TO OLKOYEVELOKO LOTOPLKO SlaBntn, tn ¢uoikn dpaotnplotnta, tnv

umapén petafoAikol cuvdpopou, To AMZ kat Tnv evepyelakni mpooAndn (ps>0.05).

3.3 Bion%hkn

O\a Ta Atopo eVNUEPWONKAV yla TOUG OKOTIOUC TNG MEAETNC KAl £Swaoav TNV €yKPLON TOUG
yla TNV SUMPETOXN. H peAETn eixe emutAéov tnv €ykplon tn¢ Emotnuovikng Enttponnig tng A’
Kapdioloywkng KAwikng, t¢ latpikng ZxoAng tou Mavemotnuiov ABnvwy, MANpwvTOG TLG
npoumnoBéoelg tn¢ daknpuénc tou EAcivkl (World Medical Association 2000).

3.4 Metprowua YapoKTnpLOTIKA

A&L0AGynon KOWWVIKO-6NUoypadLKWV XOPOKTNPLOTIKWV.

To ¢dUAO TwV ATOUWYV KaTaypAdnKe oo TOUG EPELVNTEC TESIOU OTO EPWTNUATOAOYLO
TIOU CUUTIANPWVAV oL €BeAOVTEG, evw KataypadnKke Kol n akplPAg nUepopnvia yévvnong
TOUG, amod tnv omola umoAoyiotnke n tPEXxouoa nAwkio twv €Begloviwv. Ta dtopa
EPWTABNKAV OO TOUG EKTTALOEUPEVOUG EPEVVNTEC TA £TN OTIOLSWV TOUC (6 yla To SNUOTIKO,
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3 yla T0 Yyupvdaolo, 3 yla To AUKELD, 2-4 yla TV avwtepn Kot avwtatn Babuida eknaidsuong,

1-2 yia petamruylokn e€eldikevon kat 3 yla ekmovnon dLdaktoplkng SLatpiBig).

KAwwkn AfLoAdynon

» Métpnon Aptnplaknc Misonc

H aptnplakn mieon petpndnke oto téAog tng ¢uolkng e€€taong kL adou o
e€etalopevog Bplokdtav oe kablotry B€on touAdylwotov yla 30 Aemtd. AapBovotav amnd
kKapSloAoyo, Ttpelg Popéc oto Oefl XépL, -To omoio Empeme va eival xoaAopd Kot KOAQ
unootnpopevo amd Tpamell- o ywvia 450 amd Tov Kopud (ME TN xpnon
oduypopavopETpou ELKA, tng yeppavikig etatpeioag Von Schlieben Co). Av yla kamoto Aoyo,
N HETPNON ywotav oto Ao XEPL, QUTO CNUELWVOTOV OTNV KAPTA-EPWTNUATOAOYLO TOU
atopou. Eniong, onuelwvotav tuxov dtadopd otnv Pniddnon tou oduyuoU oTLg KEPKLOIKEC
aptnpieg Twv U0 Xeplwv, OMOTE G° AUTHV TNV MEPUTTWON, N APTNPLAKNA TILECT UETPLOTAV KOl
ota SUo akpa. O xpovog mou pecoAafouoe HETOEU TWV UETPNOEWV NTAV AKPLBWSG 000C
amaltouvtay yla thv Kataypadr Tng mponyoUuHEVNG LETPNONG KAl TO TANPEG EedboloKwUa
¢ mepxelpidag. Mpo tNG METPNONG TNG APTNPLAKAC TIECEWC €AEYXOTAV OTL N OTAAN
udpapyvpou Atav oto 0 mmHg TNC KAlpakag, Otav n Tepelpida ATav eVTEAWS
Eedbouvokweévn. To emninedo TNG CUCTOALKAG aPTNPLAKAG Ttieong kaBopLlotav amnod Tov MPwTo
NXO KOANG OKOUOTIKNG TIOLOTNTOG, EVW N SLlaoToAlkn mieon amo tnv mAnpn fadavion twv
enavalappavopevwy Nxwv (paon V). AAayEg otnv évtaon twv Nxwv dev aloAoynbnkav.
Ta dtopa pe péoo emineda aptnPLAKAC TUECEWS (oa ) peyaAutepa twv 140/90 mmHg
KaBwg KoL €kelvol UTO QVTL-UTIEPTAOLKY GOPUAKEUTIK aywyn Kataypadnkav wg

UTIEPTOOLKOL.

AfLoAdynon tpomnou IwN¢

Ta dtopa pwtABnkoav apxlka av KAmvilav tn CUYKEKPLUEVN Xpovikn mepiodo. Oaool
armavtnoav o0xL, epwtnBnkav av SlékoPav TO KAMvViopa Tov TeAeutaio xpovo. Oool
QIAVTNoAV apVNTIKA Kotaypadnkov we¢ pn KamviotéG. Oool amavtnoav Katadatika,
PWTABNKAV OTN CUVEXELX TOCA Tolydpa KAmviav Kot HECO 0po nUeEpPnoiwg, méoa xpovia

KATVIOOV KoL oV €XOUV SLOKOWPEL TTOTE TO KATVIOUA. KAmVvIoTEG oploTNKOV T GTOUA TIOU
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KArvi{av TOUAGXLOTOV €val TOLYAPO avA NUEPA Tov TEAEUTALO XPOVo, KaBwg Kal Ta ATopa
TIoU SLEKOY AV TO KATIVIOUA TO TEAEUTALO £TOG.

MNa tnv afloAdynon tou emuméESou oCWHATIKAC SpaotnploTnTag XPNoLUonoLOnke To
SleBvég epwtnuatoAdylo ocwpatikng Spaoctnpudtntag International Physical Activity
Questionnaire (Papathanasiou, Georgoudis et al. 2009). H ouUvtoun ekdoxn tou IPAQ (7
EPWTNOEWV) TIOU XPNOLUOTIOLNONKe apéxel MAnpodopileg oxXeTKA e Tov eBSopadlailo xpovo
Tmou Samavd TO ATOUA OE TEPTATNUA, EVIOVNG £VTOON, UETPLAC EVTOONG KOL KOOLOTIKAG
Spaotnplotnta. Ot cuppeTéxovtes EAafav 0dnyieg va avadpepBoUv oe GAOUG TOUG TOUELG TNG
duokng SpaotnplotnTag Kat va avadEpouv HOVO Ta EMELCOSLO TWV SpACTNPLOTHTWY TIOU
Slopkolv TouAdylotov 10 Aemtd, adou auTO eival TO €AAXLOTO TIOU QmALTE(TOL Yl va
erutevxBel 0delog yla tnv uvyela. Itn ocuvéxela, Aappavovtag unmogn to MET (Metabolic
Equivalent of Task) kd&Be emutédou daoknong kat NG Oldpkelag tng dnAwbeiocag
dpaoctnplotntag umoloyiotnkav Tta  MET-minutes vyl KABe OUPUETEXOVTQ, KO
KOTOOKEUAOTNKOV T TETAPTNUOPLA TNG HETAPANTAC, odnywvtag oe TEooepa emimeda
Sdpaoctnplotntag, SnAadn mMoAl xapnAo, xaunAo, pEtplo Kat uPnAd eninedo. AuTog o TUTOG
OVAAUONG TIPOTIUNONKE, TIPOKEIEVOU va eKTIUNOel n emidpaon TNC OUVOAIKNAG PUGCLKAG

6paoTNPLOTNTAC OXETIKA e TNV avamtuén dtaBnAtn.

AvOpwrniopetpik aftoAdoynon

To 0Yo¢ TwWV ATOHWY UETPRONKE Ula dopd, OoTPOYYUAOTIOLNUEVO OTO TTANGCLECTEPO
HULOO TOU €KATOOTOU TOU HETpou. Katd tnv HETPNON TOU QVOOTAHOTOG, TO ATOO TOU
Selypatog dev €depav unodnuata, ixav tnv MAATN (Ol KOL OKOUUTILOUEVN OE WETPO TOU
Toiyou Kkal Tou¢ odpBaApolg va kowtalouv ol eunmpos. To BAPOC TWV ATOMWV -XWPLG
vrodniuata, pe ehadpad Eévéuon- petpndnke pia dopd, pe papfdo e€looppoénnong. H Luyapld
puBuWOTaV Kol €AeyxOtav TPV KAl  META  oamo  kaBes Toywon. OL  METPAOELS
otpoyyulomolbnkav otnv mMANGCLECTEPN eKATOVIASA ypaupapiwy. ZTn CUVEXELR, O SelKTNg
palag owpaTtog UToAoyloTtnke w¢ to TNAiko Tou Pdpoug (oe YWALOypOpua) TPOC TO
TeETpAywvo tou UYPoug (oe pETpa). TUpdwvVA HE TIC LOXUOUOosC odnyleg, w¢ maxvoapkio
opiletat Seiktng palag ocwpartog > 29,9 Kg/m2 evw umépPapo xapoKtneiletal To ATOUO UE
Seiktn palag owparoc 25-29,9 Kg/m2 (WHO 1997). MetpnOnke emiong n meplpEpelo HEong
0€ €KOTOOTA (0TO HécOo MeTaly 12ou mAsupoU Kol Aayoviag akpolodiag), kabBwe Kal n
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nepldépela oxiwv, oto To mpoeExov onueio. OL TEPLUETPOL AUTEG XpnoLdomoBnkayv yla
TNV €KTIUNON TNG KEVIPLKAG Taxuoopkiag. H Kevtplkr maxuoopkia oplotnke pe Toug €E€NG
TPOMOUG: 0 AOYOG TiepLdEpPELa PEGNC TTPOC TEPLUETPO oxiwv (M.M/M.1.) >0.95 otoug avdpeg
katl >0.8 otig yuvaikeg (Dobbelsteyn, Joffres et al. 2001) i MM >94 ekaTOOTA OTOUG AVOPEG
Kal >80 €KOTOOTA OTLG yuvaikeg f/kat >108 ekATOOTA OTOUG AVOPEC Kal >88 £KATOOTA OTLG

YUVOLUKEC

EpyaoTtnplakeC avoAUCELC

Ma tnv afloAoynon twv PBLOXNUKWY TIAPAUETPWY CUAAEXBNKe Selypa mpwivol aipatog,
HETA amd 12-wpn vnoteia Kat amoxn ano aAkooA. H Bloxnuiki avaiuon Slevepyndnke, yla
OAEC TIC TEPUTTWOELG, OTO (6l0 €pyaotnplo, Tou TANPoL Ta KpLtipla Twv Epyaotnpiwv
Avadopadg tou MNaykooutlou Opyaviopou Yyeiag.

» Tevikn eéétaon aiparog: OlevepynBbnke He XPAON QUTOUATOU OLUATOAOYLKOU

avaAuti H1 A H2 t¢ Medicon.

» Métpnon Autubdiwv aiparog

Jtov 0p0, adou Slaxwplotnke He duyokEvtpnaon, mpoodlopiotnkav Ta enineda TG
OALKAG XoAnotepOAng, tng HDL-xoAnotepOAng Kal Twv TPLYAUKEPLSiwWY pe eviuuikn puéBodo
xpwpuatoypadiag, oe avtopato avoaAut Technicon RA-1000 (Dade Behring, Marburg,
Germany). Q¢ unepAutibapia oplotnkav emineda oAlkng xoAnotepoAng vnoteiog >200
mg/dl N n AqPn vroAutldatikng aywync. H LDL-xoAnotepoAn UTOAOYLOTNKE PE TN XpHon
Tou tumou Friedewald: (oAwkry xoAnotepoAn) — (HDL xoAnotepoAn) — 1/5 (tpyAukepidia)
(Friedewald, Levy et al. 1972). NpaypoatomnolBnke €0WTEPLKOG TIOLOTIKOG EAEYXOG yLa TNV
afloAdynon TNG EYKUPOTNTOC TwV HEBOSWV HETPNONC TNG XOANOTEPOANG, TWV TPLYAUKEPLSLWY
kat tng HDL. Ot cuvteAeoTéC PeTAPBANTOTNTAG TWV EMUTESWVY XOANOTEPOANG SeV EMpeTe va

unepPaivouv to 9%, Twv TPLyAukepLSiwy o 4% Kat tng HDL to 4%.

» MeEtpnon yAukolng, tvooulivng
Ta enineda yAukolng vnoteiag otov opo peTpnOnkav pe tov avaAutr Beckman
Glucose Analyzer (Beckman Instruments, Fullerton, CA, USA). Ol GUYKEVTPWOELG LVOOUALVNG

(LU/ml) petpriOnkav pe avooodokipaoia (RIA-100, Pharmacia Co., Erlangen, Germany), pe
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akpiBeta 12% yia ta xapnAd (3 pu/ml) kot 5% yia ta unAd (90 pU/ml) enineda opov, pe
ouvteAeotn petafAntotntag 9%.

e Audyvwon Awfntn tumou 2: Emineda cakydpou vnoteiag >125 mg/dl i xpnon

avtidlaBntikng —dLaltnTikAg N GAPUOKEUTIKAG- aywyng Kaboploe tnv mapouaoia
cakyxapwdoug dtafntn tomou 2.

e Avriotaon otnV LVOOUALVN: EKTIUABONKE UE TOV UTIOAOYLOUO TOU HOVTEAOU EKTLUNONG

NG opoldéotacng tng woouAivng HOMA-R, cupdwva pe tov Ttumo (yAukoln oe mmol/l
X WWoouAivn og pU/ml/22,5) (mpokelpévou va petatpanolv ta mg/dl yAukolng oe
mmol/I, mtoManAacidotnkav emni 0,055),

e Audyvwon MetafoAikol Juvdpduou; H Sldyvwon tou petafoAikol cuvEpopou

Baclotnke ota kputipla tou AHA/NHLBI 2005 kalL oplotnke n ocuvumapén
TOUAQXLOTOV TPLWV XOPAKTNPLOTIKWY amo ta €€nc: 1) Kevtplkol tumou maxuoapkio
(mepupépela péong yla toug avdpeg >102 cm kot yla TG yuvaikeg >88 cm), 2)
TpwyAukepibia opoVl >150 mg/dl (i xprnon ¢opudkwy ylo urteptplyAukepLdatpia), 3)
HDL-xoAnotepoAn <40 mg/dl otoug avépeg kat <50 mg/dl ot yuvaikeg (i xpnon
avaloywv dapuakwv), 4) ZuotoAikn aptnplakn niieon 130 r) dtaotoAkr) 85 mmHg (N
avtwneptaolky aywyn), 5) Emimeda yAukolng vnoteiag >100mg ( xpnon

avtidlaBntkwy dapudkwv) (Grundy, Cleeman et al. 2005).

» MEétpnon Seiktwv PAgyuovig
To wwdoydévo (mg/dl), n vPnAng evatednoiag (hs) CRP (mg/l) kat to apuloeldeg
opoU-A (SAA) (mg/l) petpnBnkav pe autopato vedelopetpnty (BNII tng Dade Behring,
Marburg GmbH, Marburg, Germany). lNa tov kaBoplopd Tou wwdoyovou, ta alpa t€dnke ot
QVTUINKTIKO ME 3,8% KITpKO vatplo (avaloyio oykwv 9:1) kat YuxBnke wootou
duyokevtpnBei. H hs-CRP eixe €Upo¢ tuwv amd 0,175 w¢ 1100mg/L Kal CUVTEAEOTEG
HETABANTOTNTAG UKPOTEPOUG aTtd 5%, TO 1610 Kal To SAA evw OL AVTIOTOLXOL CUVTEAEOTEG YL
10 WWwdoyovo dev Eemepvouoav o 9%.
H wrtepheukivn 6 (pg/ml) petpndnke pe uvPnAig¢ evaiwobnoiag (eviupo-
npoodedepévn) avooodokipaoia Kal eixe cuvteAeotn petafAntotntog <10%.
H opokuoteivn petpnbnke xpnotluomowwvtag tn péEBodo ¢pBoplopol pulsar. Ma tov
TIOOOTIKO TPoodloplopd tou TNF-a (pg/ml) avtypadou ota Ssiypota amd Tov 0po Twv
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OUUUETEXOVTIWY, XPNOLUOTOLNONKE TOo «KIT» avocodokipaoiag «Quantikine HS/human TNF-

alpha» (R&D Systems Inc., Minneapolis, Minnesota)

» MEétpnon o§eldwTtikoU OTPES

H o€elbwpévn LDL-yoAnotepoAn (U/L) petprnBnke oto mAAOpA UE TN XPRon eVIUULKA-
npocdebepévou avtdpaotnpiou, oe dokipacia avoooamoppodnong (Mercodia, Uppsala,
Sweden) kot texvikn ELISA. To avapevopuevo eUpog TIHwV TG ofeldwpévng LDL ntav 30 -120
U/L kat ot cuvteAeotég petapAntotntog dev Eemepvoloay To 3%.

H oAwn avtio€eldwtikn kavotnta-TAC (mol/L) HeTpnBNKe HE XPWHUATOUETPLKN
Sokipacia otov 0po (ImANOx - Immunodiagnostik AG, Bensheim, Germany). O kaBoplopog
NG OALKNG AVTLOEELSWTLKAG LkavOTNTaS Baciotnke otnv avtidpaon Twv aviloElSWTIKWY ToU
Selypato¢ pe éva kaboplopévo moood umepofeldiou Tou LSpoyodvou TOU xopnynenke
e€wyevwe. H T twv 280umol/l BewprnBnke xapunAn avilofelSWTIKA KAVOTNTO EVW TLUEG
vPnAotepeg amd 320 umol/l BewprnOnkav vPnAég, cupdpwva pe tov mpopnBeutr. OAot ot

OUVTEAECTEG TNG OALKNG AVTLOEELOWTLKNG LkavoTnTag dev Eemepvouoay To 7%

AfLoAdynon Swatpodkwv ocuvnOeLwv

H afloAoynon wv dlatpodikwy cuvnBelwv otnv apxtki daon tng LEAETNG EYLVE E TO
gYKUPO NUL-TIOCOTIKO  EpwtnuatoAdylo  Suxvotnrac KatavdAwone Tpodipwv' rmou
napoaxwpndnke amod v latpki ZxoAl ABnvwv Kol CUYKEKPLUEVA amd tn €AANVIKN opdda
¢ peAétng EPIC (Katsouyanni, Rimm et al. 1997). To epwTtnUATOAOYLO QUTO TIEPIAABAVEL
EPWTINCEL TOU adopolVv TNV KaTtavAAwon 1TNG TAELOVOTNTOG TwV Tpodidwv Tou
KOTOVOAWVOVTAL OTN XWPO, O OAEC TIC EMOXEC TOU XPOVOU. ZntnBnke amd OAOUG TOUG
OUMMETEXOVTIEG va avadEpouv Tn péon nuepnowa i eBdopadlaia mpéoAndn Sladdpwy
TPodipwVv TMou Katavalwvayv otnv Stapkela Twv tTeAevtaiwv dwdeka pnvwy, Kabwg Kol To
pEyeBog NG peplbag autwv (Uikpr, Hecalo Kal UEYAAn, o€ oUyKplon HE OUTAG TOU

eotiatopiov). Katomiv, n cuxvotnta katavaAwong kabs tpodipou MoooTIKomolionke Katd

! Na onusioel 611 To epOTHOTOAdYLL GUXVOTNTOS KATAVEA®GTS TPOPiH®V amotelody 11 cvvndiotepn EB0S0 GLANOYIG SATPOPIKGOY
TANPOPOPLDV GE EMINUOAOYIKEG £PEVVES SOTL AVTIKATOTTPILOVV TLO ATOTEAEGHATIKG TV £KOEGT TOV OTOUOV GE JLATPOPIKOVG TOPAYOVTES
Kot £TGL EMAPKOVV Y10 TNV EKTIUNON GLOYETICEMV HETAED SLOTPOPTS KOt SLUTPOPOEEUPTMUEVOV VOCTILATOV, OTMOG GTNV TAPOVCO LEAETT.
Avtifeto, ot pébodot avakinong 24mpov N THPNGNG NUEPOAOYIOL KATAYPOPNS TPOPILMV TPOTIUMVTOL OTAV 0 GTOXOG TNG EPELVOS £ivar 1
GUYKPLON TG TPOCANYNG TPOPIL®OV KOl OPENTIKOV GLOTATIKAOV S0pOpV TANOVGUINKAOV Opdd®v 1 M mopakorlodOnen ™G amodoyng
S0TPOPIKDV GLGTAGEDV Ao TOV TANOVGO.
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nmpooéyylon, oamodldouevn o€ ¢opé¢ ava pAva. EToL, N nUEPAOLD  KOTOVAAWON
nMoAAamAaoldotnke eni tplavta kat n eBdopadlaia emi Téooepa evw MNOEVIKA TLUA
anod6Onke oe TPOPa TOU KaTaAvoAwvovtav omavia f oudémote. Ta oTolEla TOU
kataypadnkav ocuvuneplhappfavouv 156 ¢ayntd kot motd Tou ouvnBiletal va
katavaAlwvovtal otnv EAAGda Tou mepLEXOVTAV OTO €PWTNUATOAOYLO OpLOUEVA QMO TA
omoila eival ta akolouBa: Pwui (Aeukd 1 oAkAg AAeong), Snuntplokd, pull, MOTATES,
{upaplkd payelpepéva pe Sladopoug TPOTOUC (UE KLUA, ME OAATOO VTOMATOC OAAEC
oaAtoeg), ¢pouta (umavava, PAAo, TOPTOKAAL oxAddL, Kapmoull, MEMOVL, pavtapivia,
dpaoulAeg olKa, avavag, ppolTta amofnPaAUEVA I KOUMOOoTA Kol AAAa), AaxaviKd TO00 WUA
(vtopdta, ayyoupl, KopoOta, MOPOUAL Kot GAAa) 000 Kol payelpepéva (KkoAokuBakia,
ayKlvapa, mpaclva xopta, omavakt kot dAla), diadopa eidn caldtag (tapapocaldra,
PWOLKN, HeAIT{avooaAdTa, XWPELATIKN Kal GAAeg), oompla (dakeég, peBiBia, daocoAla kot
AAAQ), HUPWSLKA, YOAOKTOKOUIKA (YAAQ, yLOOUPTL, TUPL, KPEUEG) HE KATNYyOPLOTIONGN WG
TPOG TN TEPLEKTIKOTNTA O€ AlIOG, KpeATIKA (KOTOTOUAO, xolpwvo, Bodwvo, apvi, kedptedakia,
ooUPBAdKLa, cukWTL Kat aAha), Yapla, afya, diadopa €idn TITWV (TUPOTILTA, CTIAVAKOTILTA,
KpeaTomta Kal AAAa) YAUKA (KELK, UTILOKOTA, OOKOAATEG, MaywTtd, YAuKiopata, prnakAapag,
kavtaipl, yohaktopmoupeko, XoaABag, paBavi kat aAka), Stadopa Atnn (Stddopot tumol
Aadlov, Boutupo, papyapivn) adediuata (kadeég, todl, XapopnAl, avauktikd) Kal
aAkooAoUya ToTa.

H katavaAwon aAkooA (umupa, ouiokt, Botka/tllv, kovidk/ pmpavtl, oulo Kat aAAa
TIOTA) HETPRONKE HE TOTNHPLA TOU KpaoloU (100 ml) kal moootikomolBnke avaAoywe tng
npooAndng aBavoAng (ypappdpla ava motd). Eva motipL Tou KpaoloU L.ooduvapoUoe Ue
OUYKEVTpwOn alBavoing 12%.

‘Ocov adopd ta pun aAkoololxa OTA Kol POdAUATA, UTIHPXAV EPWTNOELS OXETIKA UE
NV KatavaAwon Sltadpopwv el6wv KadEé KoL Toaylov. IXETIKA HE TNV KaTtavalwaon Kade, OAa
Ta €16n kadé kataypadpnkav (otyplaiog, ¢pidtpou, eAANVIKOC, KamouTtoivo KATt) oe mL kot
enavaumoAoyiotnkav o€ mL katomwv otabuong yia 28% meplektikotnta kadeivng, yla
Aoyouc avaAuong (Bunker and McWilliams 1979). 1 “ota®uiopévo” dAt{avt oplotnke
Looduvapo pe 150mL kadé (loo pe 450ml kadé pidtpou 1} 300mL otyulaiov kade).

H npookoAAnon otn Meooystlakn Altatpopn
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21N mopouoa epyacia €ywve xpon tou SeiKTn AMOTINONG TNG CURMOPIWONG OTLG
apxég tng peocoyelakng Siatpodng, MedDietScore (Mivakag 7). Na kaBe cuppeTEXOVTQ
xpnotgornowtnkav ot mAnpodopieg anod to EpWINUATOAOYLO KATAVAAWGONG Tpod WY yla va
umoAoylotel 0 ev AOyw Oeiktng. Mpokelévou va ekTunBel 1o ocUVoOAo NG SLATPODLKNAG
npooAndng, xpnowomnolibnkav ocuvBetol mivakeg BabuoAdynong, mou eival amapaitntol
yla TNV EKTLUNON ETUSNULOAOYLKWY CUCXETIOEWV. OMwg dalveTal KOl OTOV TAPOAKAVW TivaKa
To MedDietScore, meplAapBavel TIG akOAouBeg Katnyopieg Tpodipwy: pn-eneéepyacpuéva
dnuntplaka (oAwkng aieong Ywpi, Snuntplakd, upapkd, pull, umokota KAT), dpouta,
Aaxavika, oOompla, Papla, TOATATEG, KPEAC KOL KPEATOOKEUAOMOTO, TIOUAEPIKA,
YOAQKTOKOUIKA (Tupl, ytaoupTt, yaAa), eAatdAado katl ta aAkooAouya mota. MNa ta TpddLua
Tiou BewpolvTal KovTa oTI apXEG TG Meooyelakng diatpodng (auTd mou cuoTHvVOoVTaL O
kaBnuepwn Baon n >4 pepideg/eBdopada, dnAadn, Ta pn-enefepyacpuéva SNUNTPLOKA, Ta
dpolTa Kal Aaxovikd, Tt OO0Tpla, To €AaloAado, ta Papla Kal oL TATATEG) KAMOLOG
BaBuoloyeital pe 0 otav SnAwvel OtTL Sev Ta KATAVAAWVEL, HE 1 OTOV KATAVOAWVEL 1-
4uepidec/unva, 2 yla 5-8 pepideg/unva, 3 yia 9-12 pepideg/unva, 4 yia 13-18 pepideg/unva
Kat 5 ylwa >18 pepideg/unva. OL matdteg av kot Sev eivat otn BAcn TNG UECOYELAKNAC
nupapidacg, mepthapBavovral otov Seiktn SLOTL eival TOAU KaAEg mnyEc Brtapwvwy C, Bl kat

B2, viacivng, ubatavBpdkwy, SlaltnTikwy vwv, KaAiou, payvnaoiou.

Nivakag 7. The Mediterranean diet score (MedDietScore)

Juxvotnta KatavaAwong (Lepibeg /eBdoudda)

Mn eneéepyaocueva Snuntplakd Moté 1-6 7-12  13-18 19-31 >32
(oAtkn¢ aAeonc Ywui, uuopika, pull) 0 1 2 3 4 5
, Moté 1-4 5-8 9-12 13-18 >18
lNatateg
0 1 2 3 5 4
, Moté 1-4 5-8 9-15 16-21 >22
@pouta
0 1 2 3 4 5
, Moté 1-6 7-12  13-20 21-32 >33
Nayxavika
0 1 2 3 4 5
) Mote <1 1-2 3-4 5-6 >6
Oorpla
0 1 2 3 4 5
, Mote <1 1-2 3-4 5-6 >6
Wapia
0 1 2 3 4 5
<1 2-3 4-5 6-7 8-10 >10

KOKKIVO KpEaC Kat tapaywya
peag pavwy 5 4 3 2 1 0
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<3 4-5 5-6 7-8 9-10 >10

MouAepika

5 4 3 2 1 0
laAaktokoutlkd npoiovra <10 11-15 16-20 21-28 29-30 >30
(tupi, ytaoUpti, yaia) 5 4 3 2 1 0
Xpnon eAatodadou oto payeipeua Moté ZImavia <1 1-3 3-5  KaBnuepva
(popéc /eBboudada) 0 1 2 3 4 5
AAkooAoUxa rota <300 300 400 500 600 >7001n0
(ml/nuépa, 100ml = 1 otrjpt) 5 4 3 2 1 0

AVTIBETWG, yla Ta TpodLua mou Bewpouvtal HaKpLd amd tn Hecoyelakny dtatpodn
(yla ta omola cuotrvetal omavia f pnviaio katavaAwon, SnAadn to Kpéag Kal Ta
KPEOTOOKEUAOUOTA, TO TIOUAEPLKA KOL TO YOAOKTOKOULKA TIpoiovta) xpnoLdomoleitatl
avtiotpodn kAipaka BabBuoAoynong. AnAadn to atopo Babuoloyeital pe 5 otav SnAwvel
UNdevikn 1N oAU xaunAn Katavalwon UEXpL kat 0 otav avadépel oxedov Kabnuepvn
katavaAwon. EWwka ylia 1o oAKOOA, okop 5 Oivetal OTO ATOMO TIOU KOTOVOAWVEL
<300ml/nuépa, 0 ywa >700 mil/nuépa kat 1-4 ywa 300, 400-500, 600 kot 700 ml/nuépa
avtiotolya (ta 100 ml meptéxouv 12g atbBavoAng). ZUVETWE TO CUVOALKO GKOP TIOU TIPOKUTITEL
HETA amo aBpolon Tou okop yla kabe katnyopia tpodipouv kupaivetatl and 0-55. YPnAa
okop UTtodeLkVUOUV Kal PeyalUtepn cuppopdwon otn pecoyelokn dtatpodn (Panagiotakos,

Milias et al. 2006).

3.5 Jtatiotikn avaAvon

H enintwon tou ZAT2 unoAoyiotnke wg 0 AOYyog TwV VEWV TTEPLOTATIKWVY Stantn ano
™V évapén tng HEAETNG HEXPL TO SEKAETH EMAVEAEYXO, TIPOG TO CUVOAO TWV ATOUWV TIOU
OUMUETElYOV oTov emavéleyxo adol adoalpédnkav ta Atopa Tou eixav Slayvwotel pe
SwaBAtn katd tnv évapén tng HEALTNG. Ta Atopa pe eAelmouoeg TLHEG 6 cupmepAndOnkav
oTNV avaAuon, onoTe Ta otolyela oo 1485 cuUETEXOVTEG ELloXOnoav ota LOVTEAQ.

OL ouvexeic petaPfAntéc mapouotalovtal WG UECEC TIMEC * TUTIKA amokAwon. Ot
KATNYOPLKEG UETOPANTEG TTAPOUCLATOVTOL WG ATMOAUTEG KOL OXETIKEG ouxvotnteg (%). OL
OUYKPLOEL TWV HECWV OPWV TWV KAVOVIKA KOTAVEUNUEVWY TIOCOTIKWY UETABANTWY HETALY
peTaBANTWY PE 2 Katnyopleg (m.x. LeTalL dowv epdavicav dtapntn R 6owv dev epdavicav)

TIPAYLATOTOLNONKOV LE TO OTATIOTIKO €Aeyyxo Student's t-test, adol eAéyxOnke n odTNTA
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TwV Slakupdvoewv e Tov €Aeyxo tou Levene. O avtiotolxog €AeyX0G yla TIG N KAVOVIKA
KOTQVEUNMEVEG HETAPANTEG EyLVE HE TOV HUN-TIAPAUETPIKO €Aeyxo Mann-Whitney. Ot
OUYKPLOELG HETAEY TWV HECWY OPWV TWV KAVOVIKA KATAVEUNUEVWVY TTIOCOTIKWY UETOBANTWV
HETAEL peTafAnTwy pe >2 Katnyopleg (m.x. LETAU Twv 3 KOTNyopLwv MPOOKOAANGONG OTN
peooyelakn Swatpodn: xaunAn, pecaia, uvdPnAn) mpaypotomowiOnkav Ue avaAuon
Stakupavong ANOVA adol e€aodpaAioTtnKe n OUOLOYEVELD TWV SLAKUUAVOEWV TNG KABe
METAPBANTAG HETAEL TWV KATNYOPLWV LE TOV €AeYX0 Tou Levene. O avtiotolyog EAeyxog yla TIg
LN KOVOVIKA KOTOVEUNUEVEG UETAPANTEG N Yl TIC LETABANTEG OTIG OToleC N SlacTopd Twv
NG ouveXoUG HeTaPANTAC Sev NTav bla oe KABe KaTnyopila €YVeE PE TOV UN-TIOPAUETPLKO
€heyxo Kruskal-Wallis. H H kavovikotnta twv petapfAntwv eAéyxbnke ypadika pe P-P plots
Kal LoToypappata. Ol CUCXETIOELG METOED KATNYOPLKWY HETABANTWY €EETACTNKAV HE TOV
éNeyyo X2

O OXeTKOG AOyog eudaviong IAT2 otn Slapkela TG OSekaetiag avaloya HE TNV
ekaotote UetoPAnT Tpog Olepelvnon TpaypatomolnOnke pe TOAAQMAN  AOYLOTIKA
naAwvépopnaon. Nvwotol cuyxuTtikol mapayovteg (T.x. nAkia, ¢udo, AMZ, mepldpEpela péong,
EKTTALOEUTIKO €TiMESO, KAMVIOUQ, OLKOYEVELOKO LOTOPLKO Slafntn, umepxoAnotepoAatuia,
uméptaon KAT) cupnepAndOnoav ota poviéla. MNa tnv EAeyxo tng KAANg MPOCaPHOYNG TwV
urnodelypdtwy TN MOAAAMAAG AoyLoTIkAG TaAvdpopunong ota dedopéva, xpnolpomnolnonke
TO KpLtriplo Hosmer — Lemeshow.

'OAeg oL avaAuoelg ekTiunOnkav og eninedo otaTIOTIKAG onuavikotntag p=0,05. H

OTATLOTIKN avaAuon Twv dedouévwy €yLve Pe To AoyLlopko SPSS 18 (SPSS Inc., Chicago, USA).
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4. ANOTEAEZMATA

4.1 MNepypaika otolyeia yia tn Sekaetn enintwon dtaBntn
Amo ta 1485 dtopa yla ta omnola eiyape dtabeoipa dedopéva yla tnv epudavion i oxt
JIAT2, ta 191 gpdavicav tn vooo, Stapopdwvovtag Ty enimtwon 12.9%. Auto onuaivel otL
avapévoupe 129 véa meplotatika dtapntn oe pia dekaetia ) nepimou 130 véeg eKONAWOELG
kKaBe xpovo yla kabe 10000 atopa eAelBepa kopdlayyelakng vooou. AmoO To oUVOAO Twv
726 avépwy, 97 €' avtwv ekdnAwoav tn voco (13.4%), evw amod to oUVoAo Twv 759
yuvalkwy, 94 €' autwv ekdnAwoav sudavicav dapnitn (12.4%) (p<0.001 ywa tn Stadopa
TWV EMUTTWOEWV ota dUo GpUAa).
= AvSpsg ®Tuvaikes ™ Zuvolikd

22.7%
20.6%

18.0%

16.3%
15.4%
14.5%

2.2%
1.5
0.7% %

<35 35-64 >65

Fpadnpa 7. Askaetig enintwon (2002-2012) tou dtafritn ava oo kat nAwkia (3 NAKLaKEG ORASEC)

B Avdpeg W Movoixeg B ZuvoAIKd 33.3%

10.29% 10.6%

<35 35-44 45-54 55-64 65-74 275

Fpadnpa 8. Askaetig enintwon (2002-2012) tou diafrtn avd GpUAo kat nAwkia (6 NALKLOKEG OUASEC)
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O AOYOG TV EMUTTWOEWV TNG VOOOU avopwv Kol yuvalkwv ntav oxedov 1-1 oe OAeg
TLG NALKLOKEG OpASEG e e€aipeon TIG YUVALKEG KATW TwV 35 €TWV Kol METAL 65-74 €Twy, oL
omoie¢ PpéBnkav va €xouv 0.32 dopéc kat 0.64 ¢dopéc HUKPOTEPN mBavotnta va
ekbnAwaoouv SLafnTn cuykpLtika pe Toug avdpeg TNG (Blag nAklakng opdadag. Avtibeta,
METAED TWV CUMMETEXOVTIWV 275 etwv, oL avdpeg BpéOnkav va €xouv 1.33 peyalvtepn

TOavOTNTO OE OXEON HE TLG YUVALKEG TOU €V AOYW NALKLAKOU YKPOUTL.

J|||||

35-44 45-54 65-74 275

padnua 9. AGyog TwV EMMTWOEWYV TNG VOOOU OTOUG AVSPEG TIPOG TLG YUVALKEG, ava nAKia

Awaxpovikn e§€Aén tng emintwong tou StaBrtn otn MeAétn ATTIKH (2002 - 2012)

H enintwon tou dtafritn mapouvcioos avéntikn t@on Kota tn SLApKeELA TNG UEAETNG
(2002-2012). Aol amokAeiotnkav 100 meputtwoelg dtaBntn mov ekdnAwbnkav mpwv to
2007, oL umolouneg 91 TEPUTTWOELG XPNOLUOTOONKaAV yla va. UTTOAOYLOTEL N TIEVTOETHG
EMUMTWON TNE VOOOU HeTatL Twv 1385 atopwv. H enintwon eixe unoAoylotel 5.5% otnv 1n
TLEVTAETIO TNG UEAETNG, LE BACN TA ATOUA TIOU €(XAV CUUUETACYEL OTOV TTPWTO EMAVEAEYXO
(Panagiotakos, Pitsavos et al. 2008) kal Twpa uTtoAoyiotnke oto 6.6% yla TN 2n mevtoetia
NG MEAETNG, UE opoldpopdn auéntiky tdon Kot yio ta 2 ¢uAa. Qotoco, otav Andonke
urmoPn n nAkkia, n Sladopd TWV EMUMTWOEWV MHETAEL Twv 2 Teplodwv dev ATav o

OTOTLOTIKA onpavtikn (p > 0.05).
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= AVOPEC === UVQiKEC ZUVOALKQ

12.9

12.4
6.6

55
13.4

53 6.3

58 ¢ 6.8

2002-2007 2007-2012 2002-2012

Fpadnua 10. Ataxpoviki e§€AEN TG enimtwong £At2 (2002 - 2007 - 2012), ava $pUAo

Katavourn twv xapaktnploTIKWV TwV CUUUETEXOVTWVY OTH UEAETN

Ta KOWwVIKO-6nuoypadLkd, KAWLIKG, OVOPWTTOUETPLKA KL XOPOKTNPLOTIKA TOU
TPOmou {wNG TwV €BEAOVTWY CUPUETEXOVTWY TNG LEAETNG, avAloya UE TO av gudavicav i
oxL StaBntn oto 10etn enavéleyyxo, mapouaoialovtal otov Mivaka 4.1. Mn otaBuopévn
avaluon €6elée OTL Ta dtopa mou gudavicav dtaPntn oto dekaeT emMavEAEYXo NTAV O€
OTATIOTIKA ONUAVTIKO PBabud kata 10 €tn peyalltepn o€ nAkkio, katd 1 €tog To
popdwuéva, eixav uvPnAotepeq MEOEC TIWEG YAUKOING KoL LVOOUALvNG, Kal €ixav o€
uPnNAOTEPO TTOCOOTO UTEPTACH, UTIEPXOANOTEPOAALUIQ, OLKOYEVELAKO LOTOPLKO StaBntn Kot
petaBoAikd ouvbpopo. Emiong, eixav uPnAotepeg PEoeC TIMEG AMZ, tepLdEPELAG LEONG KOl
avtiotolya og UPNAOTEPO MOCOOTO KEVIPLKH TtaxUoapkia (xpnotpomnolwvtag wg deiktn eite
To auvénuévo nnAiko pEong mpog Loxia, eite to mnAiko pEong mpog LY ogG, eite TNV MepLPEpeLa
péonc (omotodnmote ano ta 2 katwdAla, to 102/88 ek 11 94/80 ek. yla AvEPEG KAl YUVOLKEG

avtiotola). Alo tnv GAAn mAeupa, dev mopaTNPAONKOV OTOTIOTIKA CNUAVTLIKEG SladopEg
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yia 1o $UAO, TIG KOTVIOTIKEG OUVNABOELEG, TNV evepyelakl mMpooAndn kat tn ¢uoikn

Sdpaoctnplotnta

Nivakag 4.1. Kowwviko-Snuoypadikd, avOpwmopETPIKA, KALVLKA KL XOPOKTNPLOTIKA TOU TPOTIOU
{WNAG TWV CUPUETEXOVTWY otn PMeAETn ATTIKH, avdloya pe tnv epdavion i oxL Stapnitn HEXPL To
dekaetn emavéleyyo (v=1485).

Agv gpdavicav Eudavicav

Sdapntn dapntn p

(n = 1294) (n =191)
HAwlia, €tn 44+13 53+11 <0.001
AvbpLko pUAO, v (%) 629 (49) 97 (51) 0.57
‘Etn exnaidevong 13+3.4 14+3.4 <0.001
Karmviotég oto mapov, v (%) 702 (54) 100 (52) 0.62
OLKOYEVELOKO LOTOPLKO XAT2, v (%) 230 (20) 61 (36) <0.001
Yrapén petaBoAikol cuvdpopou, v (%) 152 (12) 58 (30) <0.001
JWHOTLKA evepyol, v (%) 552 (43) 73 (38) 0.25
Fukoln vnotelag, mg/dL 88+12 95+14 <0.001
Ivooulivn vnoteiag, pU/mL 131+3.4 14+3.4 <0.001
Evepyetakr mpdoAnyn, Beppuidec/ nuépa 23354917 26161095 0.10
Yneptaoikol, v (%) 333 (27) 82 (46) <0.001
YriepxoAnotepoAatpikol, v (%) 475 (37) 106 (56) <0.001
Agiktnc palac owparog, kg/m? 26+4.0 29+5.0 <0.001
Mepldépela HEONC, EKOTOOTA 88+14 98+16 <0.001
MnAiko mepldépelag péong mpog Loxiwyv 0.85+0.10 0.89+0.11 <0.001

> Avbpec 0.92+0.11 0.94+0.10 0.02
> [uvaikeg 0.79%0.07 0.83+0.08 <0.001

MnAiko mepidpépelag péong mpog Loxiwv >0.8

375 (34) 94 (59) <0.001
yla yuvaikeg kot >0.95 yia avopeg
NMnAiko mepldépelag péong pog P og >0.5 661 (60) 139 (86) <0.001
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Auénuevn epldEpeLa LEONG

>102¢k. yla avdpec kat >88¢€K. yLa yuvaiKeS

>94ek. ylo avopec kat >80€k. yLa yUVAIKEG

303 (27)
598 (54)

92 (57)
129 (80)

<0.001
<0.001

TN OUVEXEl TpaypatonmoltiOnke TOAAQTAN AOYLOTIK TOALWSPOUNON, WOTE va

NPoodLopLoTel N MPOPAETTIKN LkavoTnTa SLadOpwV o Toug npoavodepBEVTES TAPAYOVTEG

Kwvéuvou otnv avamtuén dwafntn (Mivakacg 4.2). Ta anoteAéopata £Xouv w¢ €€NG:

* [nAiko meplpépelag péong mpo¢ YPog >0.5 : tun tou deiktn >0.5 oe oxéon e <0.5

oxetiotnke pe 3.27 popég auvénuévo kivéuvo IAT2

= OLKOYEVELOKO LOTOPLKO ZA: n UTapén otoplkol BpéBnke va auvéavel tov kivbuvo IAT2

kata 2.79 popég

=  HAwia: kaBe 1 €tog avénong oxetiotnke pe 14% auvénuévo kivbuvo IAT2

»  T[AuKOIn vnotelog: avénon katd 10 mg/dL odnyet og 50% avénuévo kivbuvo

»  Evepyelakn mpooAnyn: avénon twv nuepnowwyv Bepuidwyv katda 500 BpEOnke va avgavel

tov kivbuvo 2AT2 katd 20%

Nivakag 4.2 AmnoteAéopata tTNG AOYLOTIKAG TOAWVEpOUNONG ylot Tn OUoXETon Sladopwv

XOPOAKTNPLOTIKWY TWV CUPUETEXOVTWY ot HeAéTn ATTIKH pe tn Sekaetn emimtwon Swafntn

(v=1485).
IXETIKOG AOYOG 95% AE

HAwila (kata 1 €tog) 1.14 1.09,1.19
Avbpko puAo 1.12 0.51, 2.46
Exnaibevon (katd 1 €tog) 1.04 0.94, 1.16
Kanviopa (vat/ oxy) 0.97 0.47,2.0
OLKOYEVELOKO LOTOPLKO IAT2 (vat/ oxt) 2.80 1.30, 6.03
Evepyelakn mpoocAnyn (katd 500kcal) 1.20 1.01, 1.35
Quoikn dpaotnplotnta (vat/ oxt) 0.51 0.24,1.01
MnAiko péong mpog uog >0.5 3.27 1.07, 10.0
Iukoln vnotelog (katd 1 mg/dL) 1.05 1.02, 1.08
YrniepxoAnotepolatpia (vat/ oxi) 1.05 0.51, 2.19
Yrniéptaon (vat/ ox) 0.96 0.46, 2.00
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Na onuewwBei 0tL 6AoL ol mpoavadepBEvteg avOpwmopeTplkol deikteg oxetiotnkav
HE BETIKA e ToV Kivouvo gudaviong Slantn, wotoco yLa TO TEAKO HOVTEAO ETUAEXONKE TO
ninAiko péong mpo¢ LY og kabwg epdavile tnv kKaAUTepn pocappoyn (goodness of fit) kat
xounAotepn tun -2 log likelihood=224.1. O AMZ ftav o povog SelKTnG Le avTioTtolya KaAn
nipooappoyn kKat tin -2 log likelihood =223.6 (A= 1.11, 95%AE: 1.01-1.22), wotdco PeTALY
Twv SUo emAéxBnke to MNAiko péoncg-UPog, Aoyw TNG LELOTNTAG TOU va AVIAVOKAQ TV
Katavoprn tou Bapoug, SnAadn avikatontpilel KAAUTEPA TNV KEVIPLKI) CUCCWPEUCH TOU

Almoug, mou amoteAel onueio - KAEWSL otnv avamtuéng avtiotacng otnv WoouAivn Kal

Sdapntn.

4.2. O poAog tn¢c Meooysiakn¢ Alatpown¢ otn dekasth enintwon StaBntn

MeTagV TwV CUUUETEXOVTWY 0TO 1o TpLtnuUopLo tou MedDietScore (xapunAou Baduou
uloBétnon tng peooyelakng dtatpodng), v= 83 atoua (21%) epdavicav dtafntn otn 10etia.
MeTagl TwWV ATOUWVY 0To 20 TPLTNUOpLo tou MedDietScore (peoaiov Babuol vloBEtnon tng
peooyelakng dtatpodng), v= 38 atoua (8%) epudpavicav dtafnAtn Kal amo Ta ATopa oto 30
TpLTtNUOpLo Tou MedDietScore (UPnAoU BaBuol uLBETNON TNG LECOYELOKAG SLatpodng), v=
8 dtopa (5%) eppavicav drapritn (p < 0.001).

Ta atopa mou avémtuéav dlafntn AToV oTto PEYAAUTEPO TTOCOOTO TOUG HAKPLA Ao
n peooyelakny diatpodn (55%, 33% kat 13% yua TG 3 opddeg, avtiotoyxa). AVaAUTIKA
daivovtal ta mooootd Kal Katd GpuUAo, PE TOUC AVOPEC va TaPoucLalouVv To HEYOAUTEPO
(73%) kat pikpotepo (2%) mooooto gpdaviong ZAt2, yla tnv opada mou epdavilel xapunAn
kat uPnAn mpookOAAnon otn peooyelakn dtatpodn avtiotowa (Mpadnua 11). Avtibeta, ot
OUMMETEXOVTEG TtoU Sev avemTuéav SlaBRtn ATAV LOOTIUA KOTOVEUNUEVOL OTA 3 TPLTNUOPLA
(30%, 35% and 35% ywo ™) XOMNAR, HETPLA Kal uPnAr TPOOKOAANGCN OTn HECOYELOKN

Slatpodn avtiotolya).
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fpadnua 11. Suppdpdpwon pe tn MA, cuvoAkd Kat avd ¢uAo, HeTAEU TwV ATOHWY ITou avéntuiav SltapAtn
oto 10€tr] emavéleyyo.

H avdluon taong twv A mou mpoékuPav and PoviéAo AoyLoTIKNG taAlvépopunong
otabuopévo ya ¢puAo kal nAtkia, ava koatnyopia uloB£tnong tng Heooyelakng dtatpodng,
QmoKAAUav oNUAVTIK AoyaplOuLKr) ox€on, avApeca otnV ULOBETNON TNG MECOYELAKNG
Slatpodnic kat tv avdrtuén SAT2 (R? yia AoyapBpikr oxéon = 0.99, p=0.042). H Umapén
VPOUULKAG, €EKOETIKAG KAl TETPAYWVLKAG ouvaptnong eAéxnoav, oAl BpEOnkav un

OTATLOTIKA ONUOVTIKEG, p > 0.10).
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oo ° Observed
) \ — Logarithmic

Ewkova 6. AvaAuon taong otoug IA epdaviong £At2, ava tpitnuoplo MedDietScore

Ta meplypadlkd OTOLXED TWV CUMUETEXOVTIWV oTn HeAETn ATTIKH, avaloya pe to
BaBuod uloBetnong g peooyelakng Statpodng daivovrat avadutikd otov Mivaka 4.3. Itnv
adetnpla TN¢ peAétng, 2001-2002, oL CUUMETEXOVTEG TIOU akoAouBouoav TIO TILOTA T
peooyelakn Swatpodn, ATav o€ HEYOAUTEPO TIOCOOTO YUVAIKEG, veOTEpPOL Ot nAkia, pE
TIEPLOCOTEPN €1Tn ekmaidevong kot eiyav yaunAotepo AMZI, meplpetpo pEONG Kal OE
XOUNAOTEPA TTOOOOTA UTEPTACN KoL UTIEpXOAnoTEpoAaLpia. Ol HECEC TIUEG XOANOTEPOANG,
LDL kat tptyAukepldiwv Atav emiong xapnAotepeg, evw oL péon Tt HDL-xoAnotepoAng Atav
vPnAdtepn. Emiong, oL CUUHUETEXOVTEG OTO 30 TPLTNUOPLO TNG LECOYELOKNG Statpodn eixav
vPnAoTEPN OALKN avTLOEEWOWTIKA LKavOTNTA, XaunAotepn ofelbwHévVN-LDL katl XaunAoTepES
TIHEG YAUKOING, WWOOUAlvNG Kal OAwv Ttwv Selktwv ¢Aeypovis. To MOCOOTO KATIVIOTWY,
OLKOYEVELAKOU LoTopLlkoU ZAT2 kat puoikng Spactnplotntag 6 Stédepav onUAVTIKA HETALY

TwV 3 TPLITNHOplwy.
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Nivakag 4.3. Kowwviko-dnuoypadikd, avOpwmopETPIKA, KAWVIKA KAl XOPAKTNPLOTIKA TOU TPOTOU

{WNC TWV CUMUETEXOVTWV 0Tn HeAETN ATTIKH, avaloya pe to BabBud mpookdAAnong otn Meooyelakn

Awatpodn (v=1485).

BaBuog mpookdAAnong otn

pecoyelakn dtatpodn

XounAog Métplog YynAog
(n= 490) (n=518) (n=477) P

Meplotatika A, v (%) 105 (21) 62 (12) 24 (5) <0.001
HAwia, €tn 54 +12 46 + 10* 36 + 10* <0.001
AvSpk6 GUO, v (%) 371 (76) 289 (56) 66 (14) <0.001
‘Etn exnaidevong 11+3.8 12 +3.6** 14 +2.8%* <0.001
Agiktne palac owpatog, kg/m? 29+4.2 27 £ 2.8* 22 £ 2.5%* <0.001
MNepldépela pEonc, EKOTOOTA 100+ 12 92 +11* 78 + 10* <0.001
OLKOYEVELOKO LOTOPLKO ZAT2, v (%) 98 (22) 96 (21) 97 (22) 0.91
Yneptaowol, v (%) 215 (46) 156 (32) 45 (10) <0.001
YrepxoAnotepoAatpikol, v (%) 215 (44) 257 (50) 109 (23) <0.001

— OAwkn yoAnatepoAn, mg/dL 202 +39 203 +42 177 + 39* <0.001

— HDL-yoAnotepdAn, mg/dL 45+ 10 48 +17* 54 + 14* <0.001

— LDL- xoAnotepoAn, mg/dL 131+35 130+ 36 109 + 35* <0.001

—  TpwyAukepibia, mg/dL 136+ 80 129 + 93* 78 £ 37** <0.001
Karmviotég oto mapov, v (%) 263 (54) 298 (58) 241 (51) 0.091
ZwHaTKA evepyol, v (%) 212 (43) 202 (39) 211 (44) 0.20
IMukoln vnotelog, mg/dL 92 +13 90 + 12* 86 + 12** <0.001
IvoouAivn vnoteiag, pU/mL 14+5.3 13+ 1.6** 12 £1.3** <0.001
OAWKN avTlo€elSWTLKA tkavotnta, umol/L 225+ 42 229+ 32 250 + 45%* <0.001
Ofeldwpévn-LDL, mg/dL 66 + 30 63 +28 54 +26%*  <0.001
IvtepAgukivn-6, pg/mL 1.6 +0.48 1.5+0.52** 1.3 +0.40** <0.001
Mapdyovtag VEKpwonc Oykwv-a, pg/mL 8.2+3.9 6.2 £3.3%* 4.8 +4.8%* <0.001
C-avtibpwoa mpwteivn, mg/L 23+27 19+23 1.3+1.9** <0.001
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Ouokuoteivn, umol/L 13+5.1 12 + 6.0* 11 £ 7.7** <0.001
Apuloeldeg opou-A, mg/dL 4.7+4.6 43+3.8 4.3 +5.1% 0.050
Ivwdoydvo, mg/dL 320+ 75 311+ 63 292 + 65** <0.001

2Tn OUVEXELX TIpaypaToTolBnKe TOAUTIAPAYOVTIKY avaAuon, wote va AndBouv
unodn kAaowkol cuyyutikol mapayovieg (Mivakag 4.4). 1o MANPwWG OTOOULOUEVO LOVTEAD
(yta nAtkia, dpUAO, KATIVIOUQ, UTIEPTAON, UTIEPXOANOCTEPOAALULO, OLKOYEVELOKO LOTOPLKO ZAT2,
€tn eknaibevong, puoikn SpaoctnELOTNTA KAl AUENUEVN TIEPIUETPO LEDNC (>94EK. yLoL AVOPEG
kot >80ek. ywa yuvaikeg). H alnAenibpacn MedDietScore kot kotnyopiag MM BpéBnke
onuavtikn (p=0.045) Kal MapEUELVE OTO TEALKO povTéNo. Ta Atopa pe pecaiou kat upnAov
BaBpol uobétnon tng peooyelakng Statpodng Bpednkav va €xouv 49% (A= 0.51; 95%AE:
0.30, 0.88) kaL 62% (XA = 0.38; 95%AE: 0.16, 0.88), avtiotolya, xapnAotepo dekaetr kivbuvo
avantuéng SLaPNnTn, OUYKPLTIKA HE T ATOHA HME XOounAoU Pabuol uloBétnon tng

HECOYELAKNG SLaTpOodNG.

Nivakag 4.4. AnoteAéopata t¢ AoyloTikng maAwvdpounong (A, 95%AE) yla tn cuoyxEtion
NG MPOOKOAANONG OTN HECOYELAKN SLaTPOd TWV CUUUETEXOVTWY oTn UeAETn ATTIKH pe tn
dekaetn enintwon dwafntn (v=1485).

Ayl abénon tou BaBuog mpookdAAnong otn peocoyelakn dtatpodn
MedDietScore XounAog MEéEtplog YynAog
katd 1 povada (n=490) (n=518) (n=477)

Movtédo 1 0.99; 0.97, 1.02 Avaop. 0.57;0.38,0.84 0.25;0.13,0.47
Movtédo 2 0.99; 0.96, 1.02 Avap. 0.53; 0.34,0.83 0.28; 0.14, 0.57
Movtédo 3 0.99; 0.96, 1.02 Avae. 0.54; 0.35, 0.85 0.31; 0.15; 0.62
Movtédo 4 1.04;0.99; 1.09 Avae. 0.51; 0.30, 0.88 0.38; 0.16, 0.88

Mo va avayvwpLloToUV Ol CUVIOTWOEG TNE LECOYELAKAG Slatpodr¢ mou cuvelodEpouv
TIEPLOCOTEPO OTNV TIAPOTAVW TIPOOTOTEVUTIK) OXECN, O OUVIOTWOEG TOU TIPOTUTIOU

elonxbnoav pia mpog pio oto TeAkO HovtEAO Kot ot TIHEG -2 log likelihood umoAoyiotnkav
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(xaunAotepeg TUWEG umodelkvuouv KaAUTtepn TpoPAenTik kavotnta). OL Tpelg Tio
TIPOOTATEUTLKEG CUVIOTWOEG TNG HECOYELOKNG dlatpodng BpeBnkav ta SNUNTPLOKA OALKAG
aAeong, Ta ppolTa Kal Ta oomnpla, He TEG -2 log likelihood ioeg pe 189.1, 189.5 and 189.9,
avtiotolya.

Eniong, n Aoylotikr) maAwvdpopunon mpaypotono|fnke EexwpLoTA ylo To ATOUA UE
vpnAn (v=727) kot ta atopa He GUCLOAOYLKN TEPLUETPO HEonG (v=549). Zto MANPWG
otabulopévo povtélo, n avtiotpodn oxéon emiPefalwbdnke povo yla ta atopa pe uPnAn
TIEPLUETPO HEONG. ZUYKEKPLUEVA, TA ATOMO HE peoaiou kal uPnAol Babuou ulobétnon g
peooyelakng Siatpodng Bpédnkav va €xouv 56% (2A=0.44, 95%AE: 0.25, 0.77) kat 74%
(2A=0.26, 95% Cl: 0.10, 0.70), avtiotolxa, xapunAotepo dekaetr kivbuvo avamtuéng dwapntn,
OUYKPLTIKA LE TOL ATOMO E XanAoL Babuou uloBEtnon TnG pecoyelakng Statpodnc.

Téhog, yia va StepeuvnBel o mBavog pnXoviopog HECW TOU OTOLOU N LECOYELOKN
Slatpodr mpoodépel aviidlaBnTikn mpootacia, HETOED TWV ATOUWY UE AUENUEVO TIEPIUETPO
puéong, dladopol Seikteg dAeypovnC Kol OEEOWTIKOU OTpeC elonxOnoav otadlokd oto
MANPWC oTtabulopévo Hovtédo. H  Aoylotik TaAwdpopncn avédele tov mibavo
Stapecorafntikd poAo tOco TNG GAEYHOVNC 600 Kal Tou ofeldWTLKOU OTPEC, KABwWC PE TNV
MPooBnKN NG OALKAG AVTIOEEWOWTIKAG Kavotntag, Tou TNF-a, Kol TNG OUOKUOTEIVNC N

OTATLOTIKA ONUAVTLKA oX€on TN LeEcoyeLaKAG Statpodng e€adeldotav.

Awayxeipion tou Atapnitn, Meooyetakn Atatpodn kat Kapdiayyerakog Kivbuvog

O 6wPAtng amoteAel avefaptnto mapdyovia KwwdUvou  yla  avamtuén
KapSlayyelakwy voonuatwy. MNa to AOyo autd OTn CUYKEKPLUEVN €pyaocia PEAETAONKE TO
Katd 1ooo n uloBEtnon tng Meooyelakng Slatpodng amd ta v=210 dtopa, mou eixav
SlayvwoBel pe SaBntn otnv adetnpla ™G UEAETNG HUMOPEL va HEWWOEL TOV Kivouvo
avantuéng kapdlayyelakwv voonuatwv (ofu éudpayua Ttou Huokapdiou, ayyeloko
eYKeDAALKO emelc0810, AAAN Kapdlomabela) otn dekaetia. Amo ta v=210 atopa pe StaBntn
otnv adetnpla ™¢ HeAETNG v=68 avémtuéav kapdlayyelaky voco, v=77 dtopa Oev
avEmTuEav Kot yla v=65 atopa dev untnpxav StabEotpueg mAnpodopleg yLa TNV avamtuén n pn
kapSlayyelakol Voo LaTOG.

Ytnv moAAarmAr Aoylotikr) aAwvdpounaon, BpéBnke otL n avénon tou MedDietScore

(evpog 0-55) katd HOALG 1 povada pewwvel Kata 13% tov Sekastr Kapdlayyelako Kivouvo,
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0€ OPLOKA onUAvTIKO Babud (ZA=0.87, 95%AE: 0.73, 1.03). Ztnv avadAuon AndOnkav umoyn
TIOAOL OUYXUTIKOL TaPAYOVTEG, Kal OUYKeKplUéva ¢UAo, nAkia, €tn ekmaidevong,
OLKOYEVELAKO LOTOPLKO otedaviaiog vOoou, KATVIOUA, UTIEPTOON, UTIEPXOANCTEPOAALULa,
OLKOYEVELAKO LOTOPLKO dLapntn, duoikn Spaoctnplotnta, kat diktng palag cwuaTod.
QoTtO00, va EMIONUAVOULE OTL TO apXlkd Selypa tTwv atopwv pe dwaPntn, mou
XPNoLomotOnke yla TNV mapovoa avaluon, sival pkpo (v=210 dtopa) pe amoTéAECUA va

XPELALETAL TTPOCOXH OTNV EPUNVELN TWV ATOTEAECUATWV.

4.3 Avaédeién S1atpo@ikwv mpotunwy otov eEAANVIKO TAnSuouo Kat o pOAOG TOUG oth
dekaetn enintwon StaBntn

H mapayovtikn avaluon avédelée £€L mapayovieg (Statpodikd mpotuma) mou e€nyovoav To
54% tn¢ katavalwong Tpodipwy:

o [Ipotumo 1: Kpéac, TOUAEPLKA KoL TATATEC

e [Ipotunmo 2: Qpouta, Aaxavika, oonmply kKot Snuntplakd oAikne dAsonc (Ywul,

{uuapika, taéiuadia)

o [Ipotumno 3: EneéepyaoUEVO KPEAC KOl TUPLA

o [Ipotumo 4: Wapia (ueydAa kot pikpc)

e [Ipotumo 5: MNuka kat énpol kaprol

e [lpotumo 6: Ao kat dSnuntplakd mpwivou

MNna va aflohoynBel n enidbpaon ¢ uLOBETNONG TwV €V AOYyw TipoTUTIWY otnv 10€Th
entmtwon dwaPntn, mpaypatomolibnke Aoylotikr maAwvdpouncn, avad nAwiaki opada
KaBwg BpéBnke otaTloTIKA onpavtiky oAAnAentidpacn HeTAlL TNG NALKIOC KoL TOU OKOP TWV
Slatpodikwv mpotunwy. H avaAluon otabuiotnke yia dpUAo, MEPIPETPO PEONG, OLKOYEVELAKO
LOTOPLKO SlaBntn kot KAmviopa. To Slotpodlkd MPOTUTIO TOU XOPAKTNPLOTNKE amo ThV
katavaAwon "kaAng notdtntag udatavBpdkwyv", SnAadn dpoutwy, Aaxavikwy, 0oTPlwy, Kot
OAKNG OAéoewg dnuntplakwy, Bp£bnke va pewwvel kata 40% tov Kivbuvo avamtuéng
SlaBATn, o€ OpLAKA OTATLOTIKA ONUOVTIKO Babuo, oe dtopa peong nAkiag (45-55 etwv) (ZA
= 0.60, 95% AE: 0.34, 1.07). Kavéva aAlo Siatpodikd mpotumo de Bpednke va oxetiletal

ONUAVTLKA HE TNV avartuén dtapntn.
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MNpbéoBetn otdbuion ywa To Moocootd twv udatavOpdkwv otn datpodn emédeps
e€aAelpn NG OTATIOTIKAG onpavtkotntag (2A=0.62, 95% Cl: 0.34, 1.13), yeyovog mou
unodnAwvel v Tubavy StapecolaBnon ¢ oxéong amo tnv UPnAR TEPLEKTIKOTNTA OTN
Satpodr) twv udatavOpdkwv Kal OXL TOU AUTOUC | NG TMPWTEIvAG, N Kol AAAwv
ULKPOOTOLXElWV TIOU amavtwvtal ota ev Aoyw udnAd oe uvdatdavOpakeg tpodLua OMWE
payviolo, dlaltntikég (veg, avtoeldwtikd. To (8lo gupnua mapatnpnbnke kat otav
Tipaypatonolionke otddbuion yla tnv evepyelakn nmpooAnyn (ZA=0.72, 95%AE: 0.35, 1.49).
UToSEIKVUOVTAG TN ONUOOCLO TNG TOoOTNTOG, OXL MUOVO TNG TOoLOTNTAG, OTNV QAVATTUENn

Sdapntn.

4.4 O poAog tou aAkoOA otn dekaetn enintwon dtaBrtn

Onwg daivetat otov Mivaka 4.5, ta atopa mou avémtuéav OSwafntn OSev
KatavaAwvayv aAKoOA otnv adetnpla tng LEAETNG, O OXEON LE TA ATOUA TTOU SEV avEMTUEQV
Sapntn. Qotoo0o, KETAEY TWV ATOUWY TTOU KATOVAAWVAV AAKOOA, N OcOTNTA AAKOOA rTav
peyaAutepn petafl autwv mou avémtuéav SlafnTtn ouykpLTika pe 6ooug Sev avemtuéav.
Meta€l Ttwv 4 KOTnyoplwv Katavalwong oAKoOA (amoxn, XaunAn, METPL, uyPnAn
KATavaAwon), Ta ATopa otnv Katnyopia xapnAng katavalwaong aAkooA (<1 motnpy/ nuépa)
EUPAVIOOV OE ONUOVTIKA XAUNAOTEPO TOCOOTO SlafnAtn oe oX€on UE TIG TPELG AAAEC
katnyopieg (p<0.001). Aev mapatnpnbnke onuavtiky Owadopd oOtav n avaluon

Tipaypatonolnonke Eexwplotad yla kaBe TUTo aAkooAoU)ou motoU.
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Nivakag 4.5. MpoOtumo KatavaAwong OAKOOA HETAEU TWV CUMUETEXOVIWV OTn HEAETN

ATTIKH, og oxéon pe tn 10eth enintwon ZAT2

Aev gpdavicav Eudavicav

Sapntn Sapntn p

(n=1294) (n=191)
KatavaAlwaon aAkooA, v (%) 669 (59) 76 (44) <0.001
MpooAndn aAkoOA (g/nuépay) 1416 21+16 <0.001
Mpdtumo Katavalwong aAkooA, v (%) <0.001
e Anoyn (0 motrpia/nuepa) 492 (44) 100 (58)
o XaunAn katavaAwon (<1 rotript/nuépa) 345 (30) 21 (12)
o  Métpla katavaiwon (1-2 notipla/nuepa) 179 (16) 29 (17)
o YYnAn katavaiwon (>2 rotripta/nuépa) 114 (16) 23 (13)
E{60o¢ aAkooAoU)ou motol
e Kpaoi (motnpla/nuépa) 2.2+0.84 2.2+0.89 0.74
e MnuUpa (motripta/nuépa) 2.0£0.85 1.9+0.89 0.74
o  AMa mota (motnpia/nuépa) (ovioki, Botka,

8.7+1.8 9.0+21 0.26

uaptivi, Aikép, oulo, unpavrt)

*1 notript = 12 g aAKOOA

TNV TMOAUTIAPAYOVTIKN) avaAucon, To mapandavw slpnua emBefawwbnke (Mivakag
4.6). Ito TANPWC OTABUWOUEVO HovTEADO (Yo nAwkio, ¢UAO, KATVIOUQ, UTEPTAON,
UTLEPXOANOTEPOAQLi, OLKOYEVELAKO  LOTOPlKO  XAT2, ¢€tn  ekmaidbevong, ¢uokn
SpaotnplotnTa, MEPLUETPO HEONG, TPOOKOAANGN OTN Peooyelokn dlatpodr), Ta ATopa TToU
avAkav otnv opdada XaunAng koatavaAwong oAkooA (<1 motnpt /nuépa) Siétpexav 53%
xapnAotepo 10t kivbéuvo yla dtopntn, o ox€on HE TA ATOUA TIOU OTEIXAV EVIEAWG ATO
™V Katavalwon aAkooA (IA=0.47; 95%AE: 0.26, 0.83). lNa tn peocaia kat vdPnAn
KatavaAwon oAKoOA, &e BpeBnKav OTATIOTIKA ONUOVTIKEG CUOXETIOELG (2A=1.05; 95%AE:
0.57, 1.93 kot 2A=1.25; 95%AE: 0.65, 2.37, avtiotolya). Ta anoteAéopata ATAvV TapouoLa,
Kol Otav oL TPELS Katnyopieg (amoxn, HETpla kKot udnAn katnyopia) cuyxwveltnkav Kot
ouykpiOnkav pe TNV opada YapnAng katavaAwong oAkooA. Ta Atopo tng teAeutalog
katnyopiag, eixav 56% xaunAdtepo kivéuvo avamrtuéng SaBntn otn 10etia (ZA= 0.44;

95%AE: 0.25, 0.76) o ox€on Me TIC AAAEC opadec. H avaAuon TAoNG TWV OXETIKWV AOYwv
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and HoVTtEAO AoyloTikAG TaAlvépounong otabuilopévo yia puAo kat nAkio aveédelée tnv

umapén oxéonc napaBolkol Tmou (oxéon tumou U) (R? = 0.63, P < 0.001)

Nivakag 4.6. AmoteAéopota TNG Aoylotikng moAwdpounong (A, 95%AE) yla T Ouox€tion NG

KOTOVAAWONG OAKOOA TWV CUUUETEXOVIWV oTn PeAETn ATTIKH pe tn Sekaetn emimtwon Swafntn

(v=1485).
Katnyopieg katavaAwong aAkooA
Omnotwadnmnot
€ , . .
, Xopn A XapunAnvs.  Adyog kpacolou,
: Amno
KatavaAwon ( 5;(2) urtdpoe, Bétkac/
. n=
aAkooA (n=366) KaTtnyopleg GAAQ oTA
(n=745)
Movtédo 1 0.71; 0.46;
Avaep. 0.23;0.05,1.12
0.50, 1.00 0.28,0.70
Movtédo 2 0.72; 0.47;
Avaep. 0.15; 0.03,0.83
0.49, 1.07 0.28,0.81
Movtédo 3 0.76; 0.47;
Avaep. 0.11;0.02, 0.67
0.49,1.19 0.26,0.83

JTOTLOTIKA onpovTik aAAnAentibpaon BpéBnke avapeoa otn KATAVAAWGON AAKOOA e

To0 MedDietScore kat tnv Unapén MeTOPOAKOU OUVOPOUOU. ALACTPWOTOTIOLNUEVEG

avaAUoelg €6elav OTL N MPOOTATEUTIKA dpdon tNg XOUNAAG KAatavalwong aAKooA eival

ONUAVTLKA HOVO yla T dtopa Pe uPnAn tpookoAAnon otn pecoyelakn dtatpodn (2A=0.08;

95%AE: 0.011, 0.70) kot xwpig peTtafoAikd ouvSpopo otnv adetnpia tng HeA£Tng (2A= 0.34;

95%AE: 0.16, 0.70). Ocov adopd TI§ EMPEPOUS CUVIOTWOEG TOU HETAPBOAKOU cuVSPOLOU,

ONUOVTLKN TIPOOTATEUTIKN dpdon mapatnpnOnke HeTaly TwV aTOHwWY HE YAUKOIN vnoteiag

<110mg/dL (3A=0.35; 95%AE: 0.18, 0.67, tptyAukepidia <150mg/dL (3A=0.43; 95%AE: 0.22,

0.85) kot mepiperpo péong <102ek (avdpeg) katl 88ek. (yuvaikeg) (2A=0.28; 95%AE: 0.11,

0.70)
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Tuno¢ aAkooAouyou rotou kat 10etr¢ enintwon 2At2

O tumou kdBe alkooAoUxou motou (kpaoi, umupa, BOTKA, ouiokl, oUlo, MOPTLVL,
UTpAvTL, AKEP) aflohoynOnke pepovwUEVa, alAd & BPEONKE OTATIOTIKA ONUAVTLK OXEoN
HE TNV avamtuén dLaBntn ya kavéva ei60¢ motou. Auto pnopel va odeiletal otn SuckoAia
SLdKkpLoNg TWV ATOMWY TOU TIivouv POvo éva €i6og motou. Zuvenwg, dnpoupyndnke éva
TINALKO, UE aplBUNTH TNV KATAVAAWGON Kpaolou, unupag n Botkag (kabwg avadépovtav mio
ouxva oto Oelypa TG MEAEING) KOl TOPOVOUAOTH TNV KATAVAAWGON TwV UTOAOLMwV
oAkooAoUXwV MoTwv. AvEnon katd 1 povada tou AOYyoU OXETIOTNKE OTATIOTIKA ONUAVIKA
HE MEWWMEVO Kivouvo avamrtuéng dapntn, oto mMARpw¢ otabulopévo poviého (IA= 0.11;

95%AE: 0.02, 0.67).

4.5 O poAog tou Kaé otn bekaeth emintwon dtaBntn

H enintwon tou dtafrtn ntav v=23 neplotatikd (9.6%) ota dtopa mou amnesiyov amno
NV Katavalwon kadeg, v=57 (7.0%) otnv opada Twv OATOUWVY LE TIEPLOTACLAKN KOTOVAAWGON
kat v=20 (5.2%) otnv opada tng ouvBoug KatavaAwaong. Ztov mivaka 4.7, TopouolaleTot
TO POTiBO KOTaVAAWONG KAPE PETOEY TWV CUUUETEXOVTWY ot UeEAETN ATTIKH avaloya pe
Tov av avémtuéav r oxL SlaBntn €wg to 10etr emavéleyxo. OL CUUUETEXOVTEG TIOU Oev
avéntuéav SwaPntn katavalwvav oe HEYOAUTEPO TOCOOTO KODE KAl O HEYOAUTEPEC
TIOOOTNTEG

H avaAuon TAong otoug CXETLKOUG AOYOUG TIou TPoEéKuav amo oTaBuLopUéEva yla
nAkia kat pUAo poviélo, ava katnyopia katavaAwong Kade, avedele Lo ypaupLKn oxéon
avApeoa otnv KatavaAwon kadé (amoxn, <200ml, 200-400ml, >400ml) kal tnv enimTwon
tou Swapht (R? yia tn ypapukn oxéon 0.97, p=0.017). Aev mapatnpridnkav Stapopéc dtav
OUYKEKPLUEVOL TUTOL Kadé ouumeplAndOnkav ot avoAvoels. Ta 6Sedopéva bev
napouaotalovral AOyw Tou HKpoU aplBuou neplotatikwy dtapntn os kABes katnyopia Tumou
KadE.

Onw¢ daivetal otov mivaka 4.8, oto TANPWG OTOOUIOHEVO HOVTIEAO TNG
TIOAUTIAPAYOVTIKAC avaAuong (otabulopévo ywa nAwia, ¢UAo, kamviopa, UuTEPTAON,
UTIEPXOANOTEPOAQLID, OLKOYEVELOKO  LOTOPLKO  XAT2, €tn  ekmaibevong, Puolkn

Spaotnplotnta, mMePiUETPo pEaNG, MPOCOKOAANGN OTn Pecoyelakn dlatpodr), Ta ATopa ou
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katavaAwvav 2250mL kadé nuepnoiwg Stétpexav 54% xaunAdtepo 10etr kivbuvo yla
SLaBntn, oe ox€on HE TA ATOUO TIOU AME(XOV EVIEAWG ATO TNV Katavaiwon Kade (IA=0.46;
95%AE: 0.24, 0.90). Emiong, otav AndOnke umodn n katavaAlwon aMwv kKadewvouxwv
popnuUATwWV (T.X. TOAL, KOKO KOAQ), N MPOOTATEUTIK oxéan datnpndnke (£A=0.23; 95%AE:
0.04, 1.04). Na Ta ATOHA HE TEPLOTAOLAKN KATAVAAwon KodE ta anoteAéopata Sev ATav

OTOTLOTIKA ONUOVTLKA.

Nivakag 4.7. Npotumo KatavaAwong Kadpé PeTafl TwWV CUUUETEXOVIWV otn HeAETn ATTIKH,

o€ oxéon He tn 10etn enintwon 2At2 (v=1440)*

Aev avémtuéav Avéntuéav

Sdapntn dapntn p
(n=1253) (n=187)
KatavaAwon kade, v (%) 1057 (84) 144 (77) 0.012
Moodtnta Kade, mL/nuépa 117 +123 103 +123 0.004
Katnyopieg katavalwong kade, v (%) 0.014
—  Arnoyr 196 (16) 43 (23)
— [eptotaotiakn katavaiwaon, <250mL/nuépa 710 (57) 106 (57)
—  Zuvn9nc katavaAwon kaée, > 250mL/nuépa 347 (28) 38 (20)

*AvaAUOnkav v=1440 dtopa ylo ta onoia uttpxav mAnpodopleg yia TNV KatavaAwon KadE.

**1 “otaBuiopévo” GpALTiavt opiotnke looduvapo pe 150mL kadé (ioo pe 450ml kadé didtpou r 300mL otyptaiou kKade).
TUUPWVA LE TNV TAPATNPOUKEVN KATOVOUN TOU MOTIROU KatavaAwong Kadé TEooepLg Katnyopieg kadé dnuoupyndnkav:
aroxr, XaunAn (<250 ml/nuépa), pétpla (250-400 ml / nuépa) kat uPnAn (=400ml / nuépa) katavalwon. Qotéco, Aoyw
TOu TOAU MkpoU aplBpol cuppetexovtwv otnv uPnAotepn katnyopia (8nA, v=64), ot &0 uPnAdtepeg opadeg
ouyxwvevutnkav (8nA, 2250 ml / nuépa). H katavalwon <250 ml/nuépa (<1.5 otabuiopévo PALt{avl) oplotnke wg
KTIEPLOTAOLOKA Y Kat =250ml/nuépa (21.5 otabuiopévo dAT{avt) wg «ouvABng». Emiong, kataypddnke n katavaAwon kadé
Xwpig kadeivn, aAAd Sev xpnotpomotiBnke ot avaAloelg Adyw Tou TIOAU HIKpoU aplBol CUMUETEXOVTWY Ttou SHAwoav

TNV KatavdAwon autol Tou TUTou Kadé (v=47).

104



NMivakag 4.8. AnoteAéopata TnG AoyLoTKNG taAlvépopnaong (ZA, 95%AE) yla tn cuoxETion Tng

katavalwong kadE pe t dekaeth enintwon dtaPfntn (v=1485).

Katnyopleg katavalwong kadé

Katavalwaon kadéE vs. Amoxn Meplotaolakn Tuvnong
aroxn Oml/nuépa  <250mL/nuépa >250mL/nuépa

(n=1201) (n=239) (n=816) (n=385)
MovrtéAo 1 0.75; 0.50, 1.11 Avad. 0.77;0.52,1.16 0.67;0.40,1.11
Movrtélo 2 0.61; 0.37, 0.99 Avad. 0.66; 0.40, 1.10 0.45; 0.24, 0.85
Movtélo 3 0.62;0.37,1.04 Avao. 0.66; 0.40, 1.12 0.49; 0.26, 0.95
Movrtélo 4 0.61; 0.36, 1.01 Avad. 0.66;0.39,1.11 0.46; 0.24, 0.90

Na va OlepeuvnBel o mBAVOC HNXAVIOPOC Tiow amo Tnv mapatnpnbeica
avtldlapntikn S6pdacn tou kadé, diadopol Seikte¢ dAeypovng Kal OEELOWTIKOU OTPEG
gelonxbnoav otadlakd oto MARPwWC otabulopévo Hovtélo. H Aoylotikn TaAwvépounon
avédelée tov TBavo SlapecolaBnTtikd polo 1éoo tng GAeypUovhnG 600 Kal Tou ofeldWTLKOU
oTpeG, KOBWC He TNV TPooOnKN TNG OALKNAG AVTLOEEWSWTIKAG LKAVOTNTAS, TNG 0SELOWUEVNG
LDL, tng CRP, 1} Tou apuAoeldoUG-A n OTATIOTLIKA ONUAVTIKN oX€on Tou KadE ealeidpotav (p-

values >0.05).

4.6 O poAog tn¢ puotkn¢ dpaaotnplotntac otn dekaeth enintwon dtaBntn

H 10etn¢ eninmtwon dwaPBntn nrtav v=68 neplotatika (13%), v=48 (14%), v=25 (9.0%)
kat v=50 (14%), avtiotolyo ota técoepa TeETAPTNUOpLA Puokng Spaotnplotntag (moAu
XOpUNAn, XapunAn, HETPLA Kal €vtovn). H katavoun Twv atopwv mou avamtuéav dtapntn ava
teTaptnuopo OA (34%, 22%, 19% kal 25%) ATOv MTAPOUOL E QUTH TWV ATOUWY TIou Sev
avémntuéav dapntn (36%, 25%, 13% kat 26%) avtiotolya.

ZTNV TOAUTIAPAYOVTLKH avAaAuon, Tou mapouotdletal otov mivaka 4.9, AdOnkav
umoYPn KAOOLKOL CUYXUTIKOL TTolpAyoVvTEG (TT.X. OLKOYEVELAKO LOTOPLKO SLaBntn, KAmvioua),
KaBwg Kal mopayovieg mou SlEdepavV O OTATIOTIKA ONUAVTIKO Babuod otnv adetnpia tng
HeAETNG (m.X. TpyAukepidia, yYAukoln vnoteiag). to MANPWGS OTOOULOUEVO LOVTENO, N METPLA

duokny Spaotnplotnta (MET Asrttd/eBSopdda 331-1484), GUYKPLTIKA UE TNV TTOAU XapunAn
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duoky Spaotnpotnta MET Aemtd/eBdopdda <150), emédepe pelwon tou SeKAETOUG
kwdUvou yua StaBAtn Katd 53% (ZA30 vs. 10 terapmuopo=0.47; 95%AE: 0.24, 0.93). Aev
mapatnPnONKE OTATIOTIKA CNUAVTLKA OXEon yla tnv enidpaon tou xapnAolu kot uPpnAouv
erunédou ¢uaotkng SpaotnplotnTag, o€ OXEON UE TO TIOAU XaUnAO, otn SeKAETH avamtuén
SwaBnTn.

210 MANpwWC¢ oTtaBuLopEVO HoVTEAD AndBnke umoYn Kal n mepLdEPELA LEGNG WOTE va
eleyxBel av n mpootateutiky Spdon tng pEtplag DA eival aveédptntn TOU CWUATIKOU
Bapoug. Qotdoo, OTav To HOVIEAD OTOOUIoTNKE yla TNV OAKN AVvTIOEELOWTLKNA LKAvOTNTA A
NV o€eldwpévn LDL n otatiotikh onuavtikotnta e€aleidpOnke, yeyovog mou unodnAwvel OtL
n HEtpla puatkn Spaoctnplotnta mbavov va mpootateleL EvavTia otnv epudavion dtopntn,
pHEow pelwong Tou ofeldwTikol OTPEC.

Télog, n emitevén twv 600 MET-Aemtwv/eBSoudda (to €AAXLOTO CUVIOTWHEVO
emninedo cuuPwva PE TIC oUOTAOELG Tou Maykooulou Opyaviopou Yyeiag, £€vag otoxog ou
ETLTUYXAVETOL Ao To 37% tou Seilypatog tng LeAETNG ATTIKH), dpavnke mwc dev apkel yia va

erutevyxBel 0dehog (2A=0.91, 95%AE: 0.66, 1.26).

Nivakag 4.9. AnoteAéopata tng AoyLoTkng maAwvdpopnong (XA, 95%AE) yla tn ouoxETion
Tou emutédou PuolknG SpaoTnplOTNTAG TWV CUUMETEXOVIWV oTn HeAETN ATTIKH pe tn

Sekaetn enintwon Stafntn (v=1485).

Eninedo duoikig dpaotnplotnTag

MoAU xaunAo XapnAo Métplo YynAo
(n=509) (n=334) (n=271) (n=371)
Movrtédo Avae. 0.83; 0.55, 1.26 0.56; 034, 0.92 0.91;0.61, 1.37
1
MovrtéAo Avae. 0.81;0.51,1.31 0.51; 0.29, 0.89 0.98;0.62,1.54
2
Movrtédo Avae. 0.71;0.39,1.30 0.47;0.25, 0.90 0.95; 0.56, 1.62
3
Movrtédo Avae. 0.77;0.41,1.49 0.47;0.24,0.93 1.04; 0.59, 1.82
4

Movtélo 1: otabuiopévo yla nAkia kat pUAo
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Movtélo 2: oTaBULOMEVO YlO TOL TIOPONAVW, OUV TO OLKOYEVELOKO LOTOPLKO SLafntn, KATVIOMO, UTEPTAON KoL
umiepxoAnotepoAatpia
MovVTEéAO 3: OTABULOUEVO YLa TA TTOPATIAVW, oLV £Tn eknaibevon, MedDietScore, yAukoln vnoteiag kat TplyAukepibia

MoVTéNO 4: OTAOULOUEVO YLa TA TTOPATIAVW, CUV TTEPLUETPO HEDNG

4.7. O poAog tn¢ xpoviag pAsyuovic otn dekaetn enintwon dtaBnitn

Ta v=191 atopa mou avemtuéav dapnitn péxpl To 10eth emavéleyyxo napouaialav
otnv adetnpia TG HeAETng VP NASTEPEG HEOEC TIUEG YAUKOING, LVOOUALVNG, avtiotaong otnv
LvooUAilvn kaBwg kat uPnAotepeg péoeg Tinég CRP, IL-6, TNF-a kat wvwdoyovou (Mivakag

4.10).

Nivakag 4.10. Kotavopn Ttwv OelKTwV YAUKOQLULKOU €Aéyxou Kol AEYHOVAG TwV

OUMUETEXOVTWV oTn PeAétn ATTIKH, o oxéon pe tn 10t enintwon ZAt2 (n=1485).

Aev aveémtuéav Aveémtuéav

Sdapnitn Sdapnitn
Agikteg YAUKALULKOU EAEyXOU
e [Aukdln vnoteiag, mg/dL 88+12 95+14 <0.001
e |vooulivn vnoteiag, uU/mL 1313.4; 12 14+3.4; 13 <0.001
o Aciktnc HOMA-IR 2.810.65 3.2+0.81 <0.001
Asikteg pAeypovig
o C-avtuidpwoa mpwteivn, mg/L 1.7£2.3 2.7+2.8 <0.001
e lvtepAeukivn-6, pg/mL 1.4+0.49 1.6+0.42 <0.001
e [lapayovtog VEKpwaong Oykwv-a, pg/mL 6.1+4.4 6.8+3.6 <0.001
e Ivwdoyovo, mg/dL 302166 336177 <0.001
e Apuloeldég opoU-A, mg/dL 4.4+4.6 4.61+3.8 0.05
e Opokuoteivn, umol/L 12+6.6 12+5.5 0.15

Itov mivaka 4.11, mopoucitdlovial Ta omoteAEopoTa TNG TOANAMAARG AOYLOTLKAG
naAwvdpounong. e otabuwopéva yi puAo kot nAkkia povtéda, Siamiotwbnke n
emPBapuvtikn oxéon tng CRP kat tng IL-6 pe tnv avamtuén dtaBAtn (ZAse vs. 10 tprnuspo =1.88;
95%AE: 1.21, 2.94 kot 2ZA36 vs. 10 tprnuopo=2.74; 95%AE: 1.56, 4.81). Qotdc0, KOTOTLV
otaduiong ywa 6Aoug toug miBavoug cuyxuTIkoUg mapdyovteg (Movtélo 3), mapEUELVE n

oxupn aveéaptntn emPapuvtiky emidpacn Twv auénUéVwY TWWWV povo tneg IL-6 otnv
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enintwon tou dtaBATn (ZAs0 vs. 10 tprnuspo = 2.20; 95%AE: 1.13, 4.28). Asv mapatnpniOnke
onpavtiki oAANAentidpaon tTwv Selktwv dAeypovhg Le To GUAO 1 TNV nALKia.

Nivakag 4.11. AnoteAéopata tng AoyloTikng maAwvdpounong (ZA, 95%AE) yla tn cuoxétion

eETUMESWY IL-6 TWV OUUMPETEXOVTWVY oTn MeAétn ATTIKH pe tn Oekaetn enimtwon Swafntn

(v=1254)

1o tpLlTtnUOpPLO 20 TPLTNUOPLO 30 TpLTNUOpPLO p
IL-6 (pg/mL) 0.3-1.25 1.26 - 1.46 1.47-7.1
Meplotatikd IA; emintwon 21; 4.9% 39; 9.8% 100; 23.4% <0.001
Movrtélo 1 Avad. 1.40;0.80-2.47 2.74;1.56-4.81 <0.05
Movrtédo 2 Avao. 1.19;0.64-2.25 2.32;1.23-440 <0.05
Movrtélo 3 Avad. 1.07;0.55-2.08 2.20;1.13-4.28 <0.05
Movtédo 3+HOMA-IR Avao. 0.99;0.51-195 1.84;0.94-3.63 0.034
Movtéldo 3+AMZ** Avao. 0.87;0.44-1.70 1.30;0.65-2.60 0.30

INUAVTIKEG OeTikEC ouoxetioelg BpéOnkav petaly twv emumédwv CRP, IL-6 kal
wvwdoyovou pe to AMZ (r=0.38, r=0.22 kat r=0.23 avtiotolya, ps<0.001), kat TNV MEPIPETPO
puéong (r=0.33, r=0.16 kot r =0.21 avtiotoya ps<0.001) otabuiopéves yia GUAO Kal nAtkia.
Mo YETPLEG OUOXETLOELS BpEBNKav yla tnVv IL-6 kat tn CRP pe tn YAukoln, tnv WoouAivn kot
1o Seiktn HOMA-IR (rs<0.1, ps<0.05), otaBuiopéveg yia dUAo, nAkia kat AMZ. Itn ouvexela
aflodoynBnke o mBbavog Slapecolafntikog poAo¢ tou AMI koL TG aAvilotacng otnv
LVOOUALVN otnVv gv AOyw ox£on, mpooBETtovrag Eexwplotd to AMZ kal to dsiktn HOMA oto
TANPWG OTAOULOMEVO HOVTIEAD. ZNUAVIIK HElwon TNG OTATIOTIKAG ONUAVTIKOTNTOG
napatnpnbnke téoo pe tnv mpoobnkn tou Seiktn HOMA-IR, aAAd Kupiwg pe to AMSI,
yeyovog mou umodnAwvel tn StapecoAdpnon tng oxéong dAsyuovig-SiaBntn amd tnv
naxvoapkio. Xtn ouvéxelwa afloloyndnke n emnidpacn tng ocuvduaotikng avénong duo
Selktwv PAEYHOVNC, TIOU OplOTNKE WG N TAUTOXpovn avénon Twv EMUTESWV TwV SELKTWV
dAeyuovng >750 €KATOOTNHOPLO TNG KATAVOWNC TOuG. BpéBnke 6tL n ocuvduaotiky avénon
CRP (275™ percentile=2.16mg/L) - IL-6 (275" percentile=1.57 pg/mL) kaBuwc kat CRP -
wwdoyovou (275" percentile=343 mg/dL) 08nyei oe auénpévo Sekaetr kivsuvo yla SlaBrT

™¢ taéng tou 93% (2A=1.93, 95%AE: 1.20, 3.08) kat 137% (XA=2.37, 95%AE: 1.37, 4.16)
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avtiotoya. Kot edw, o deiktng HOMA-IR, aAAd kupiwg o AMZI avadeixBnkav onpavtikoi

HecOAABNTEC TNG UTIO HEAETN OXEONG.
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5. 2YZHTHzH

KOTIOG TNG mopoucag SlatplBng ATOV N AmoTipnon tng SEKAETOUC EMIMTWONG TOU
SLoBNATN o EMAPKEC, OVTLMTPOCWIIEUTIKO Kal Tuxaia emAeypévo delypa Tou evijAlkou
00TIkoU eAANVIKOU MAnBuouoUL, eAeUBepo Kapdlayyelakng vooou, kabwg emiong Kot

n dlepelvnon ¢ emnibpaong Sladopwv MaAPAYOVIWV OTNV avamtuén tou, €otialoviag

Kuplwg otn Statpodikr) cuviotwaoa.

ATO TNV avAAUON TWV OTOLXELWV TIPOKUTITOUV Ta €ENG:

e n Oekaetig emimtwon tou SwaBntn umoAoyiotnke oto 12.9% (130 mepimou véa
neplotatikd ava 1000 datopo eAevBepa koapdlayyelokng vooou ava Oekaetia, e
otaBepn Staxpovikn eEEALEN).

e 10 mnAiko mepldpépetag peong/ LPoug >0.5, To olkoyeVELOKO LOTOPLKO Stafrtn, N NAKia
Kal n YAukoln vnotelag avayvwplotnkav wg ol KAWVIKA ONUOVTIKOTEPOL TIPOCSLOPLOTEG
NG SEKOETOUG EMIMTWONG TNG VOOOU.

e n HETPLA KOt UPNAN uoBETnoN tng Meooyelakn dtatpodrc petwvouv 49% kat 62% tov
Kivbuvo avamntuénc dtapntn, HEow AoyaplOuLKAG oxEong.

e TO ATOMA HE OTAQYXVLKN Ttaxuoapkia Bp£Onke va wdelolvtal akOUA TIEPLOCOTEPO ATIO
NV uoBETnon tng Meooyelakng Statpodrg (56% kat 72% peiwon tou Kwwduvou), mou
arnodobnke ota avénuéva enineda Selktwv GAEYUOVHE LETAEY TWV ATOUWY AUTWV.

e n avefaptnTn HEALTN TNG OXEONG XPOvLIoG Aeypovic-olafntn avédelée tnv aveéaptntn
emBapuvtikny enidpacn tng IL-6, KAl Twv cuvdUaoTIKA auénuévwy Tiuwv CRP-IL-6 kat
™¢ CRP-wvwdoyovou, svw avadeiytnke n Slapecolafntikn dpdon tou au&nuévou
owpatikoL Bapoug.

e T0 Sl0TPodIKO TIPOTUTIO TIOU XAPOKTNPLOTNKE amd tnv KotavaAwon ¢poltwy,
Aaxavikwy, oompiwy, Kal oAlKAG aA£oews Snuntplakwyv (Pwul, (upapika, moafpadia)
Bpebnke va pewwvel 40% tov kivbuvo avamtuéng dtaBntn, petafl Twv atopwyv nAtkiog
45-55 gTwyv, (ek Twv voTEPwV avadelfn SLatpodIKwV MPOTUTIWV)

e KatavaAwon =250mL kadé nuepnolw (oTabuLopEvo yia 28% meplekTIKOTNTA Kadeivng)
MEWWVEL 54% to Oekaetn kivbuvo yla SaBntn oe oxéon HE TNV aAmoxn amod tnv

KatavaAwon KodE
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e n XapnAn katavalwon oAkooA (<1 motnpl/ nuépa, £éwc 12yp alBavoAng/nuUEpa) HELWVEL
53% 10 6ekaetr kivduvo yla dapntn oe oxéon He TNV amoxn. To kpaol kal n pnvpa
EVOEXOUEVWC VA UTIEPEXOUV EVOVTL TWV AAWV aAKoOAOUXWV podnuATWY

e 0Ooov adopd, TENOC, To POAO TNG AoKNoNG, N enitevén 331-1484 MET Aemtwv/eBdopada
OUYKPLTIKA ME TNV TIOAU XaunAn ¢uoikni Spaoctnpiotnta (MET Aentd/eBdoudada <150),
enédepe 53% peiwon tou dekaetoug Kvduvou yla dapntn, evw dev mapatnpndnke
OTOTLOTIKA ONUOVTIKA OXE0N Yyl TNV eNidpacn Tou xapunAou, aAAd oUte Kot Tou uPnAou
erunédou puokng Spaoctnplotntag.

AKOAOUBEL AeMTOUEPH G AVATITUEN TWV EUPNUATWV.

5.1 EmbénuioAoyia touv dtaBrtn

A6 10 0UVOAO TwV aTOpwWV, NAkiag 18-89 etwy, 191 atopa avémtuéav Stafrtn otn
Sekaetia, Swopopdwvovtag TN OuvoAllkr emimtwon oto 12.9%. Me Bdon auta Ta
anoteAéopata, N eTROLA enimTtwon Tou dtafntn unoAoyiotnke wg 130 vEa MEPLOTATLKA YL
kaBe 10000 atopa, eAelBepa Kapdlayyelakng vooou. Asv mapatnprOnke OTATIOTIKA
onuavtikn Stadopd oTIC EMUTTWOELS TNG VOoOU ota 2 ¢pUAQ, oUTe otn Slaxpovikn eEEALEN TNG
vooou (2002-2007 kat 2007-2012), adou AdBnke umoyn n avénon tng nAkia.

Jto emdNUIOAOYIKO HOVTEAO OL TOPAYOVIEC KwdUvou avamtuéng Swapntn
avadeixtnkav ol €A ¢:, To TNAiko mepldEpetag péong mpog P og >0.5 (3.27 dopég avénuévog
Kivbuvog), n umapén owoyevelakoU otoplkol StaBntn (2.79 dopg avénuévog kivbuvog), n
nAkia (1.4 dopég avénuévog kivduvog yla kaBe dekaetia), n yAukoln vnoteiag (0.5 dopég
avénuévog kivbuvog ywo kaBs 10mg/dL auvénon) kat n evepyeslakny mpoocAnyn (20%
auvénuévog kivduvog yla kaBe 500 Bepuideg avénon tng evepyelakng mpocAndng). Autég ol
emdpAoels ATav aveEAPTNTEG Kal AAAWY CUYXUTIKWYV Tapayoviwy, onwe to ¢ulo, n puotki
SpaotnplOTNTA, T £TN EKMALSEUONG, TO KATIVIOUA, N UTIEPTAON KL I UTLEPXOANOTEPOAQLULOL.
JUYKEKPLUEVA, TO TiNALko Tepldépelag péong mpog og Bpebnke avwtepo otnv PoBAedn
SoBATn €vavtl AAAWV KAAOLKWY 0VOPWTTOUETPIKWY SEKTWY, OMWC N TepLdEPELA HEONC, TO
nnAiko mepldépelag péong mpog mepLpEpEla WOXiwv N N avénuévn mepldEpeELla HEONG
(>94/80ek 1 >102/88 £k. yia Avdpeg Kal yuvaikeg avtiotolya), aAAd oodUvapo tou Seiktn
palag CWHATOG, O OMoiog OTo avtiotolyo HoVtéAo emédepe avénon tou Kwduvou yla

SwaBnAtn 11% pe kabe 1 povada avénor) Tou.
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[Slaitepa eArilbodopo eivatl OtL o mapdyovtag tnAiko mepipépelag peong nmpog VPog
>0.5, €ilval TPOMOMOIACLOG, ToU HeTadépel To amAd pnRvupa dnuoolag uyelag yla
Swatipnon NG mepldpépelag péEong oto MO Tou UYoug. Emiong, oL otpatnyilkég
TPWTOYEVOUG TPOANYNG TIPOTELVETAL VO €0TIACOUV OTNV OUAdA QTOMWV ME UTIAPXOV
OLKOYEVELAKO LOTOPLKO SlaBntn, Adyw tN¢ HeyaAng emiBapuvong yla avamtuén tng vooou

nou eruPBefatwbnKe KoL 0TN CUYKEKPLUEVN SLatpLpn.

5.2 0 poAog tn¢ Statponc otnv avantvén StaBntn

Ta anoteAéopata Tng mapovoac SlatplBig umootnpeilouv TNV EVEPYETIKA dpdAan Tou
MeooyelakoU dlatpodikol mpotuTou avadoplka Pe tn Sekaetn enintwon StaBntn. Ano ta
atopa mou avémtuéav dapntn otn Sekaetia, MAVW QMO TOUG ULOOUC Bplokoviav pakpla
ano tn Meooyelakn dtatpodr, Kot cuykekplpéva oxedov 4 otig 10 yuvaikeg kat 7 otoug 10
avépec. Tooo n pecaia 6co kat n uPnAn vloBEtnon tou mpotuTou BPEBNKAV VA PELWVOUV
49% kal 62% avtiotolya tov kKivbuvo yla dapntn, HEow pia AoyaplOuLKAG oxEong, Tou
onUaivel OtL To 0deNog HeTOKIVNONG €VOG QTOMOU Amd TNV opada XaunAng otnv opada
HETPLOC ULOBETNONG TNEG LECOYELAKAG SLATPODNG Elval HEyOAUTEPO MO TN HETAKIVNON €VOC
aTOMOoU amod TN METPLA otV UPNAR ULBETNON. ZUVEMWC, TPOTEIVETAL OL OTPATNYLKEG
TIPWTOYEVOUC MPOANYNC va E0TLACOUV OTNV QVOYVWPELON TWV aTOUwV Tou Bpiokovtal oAU
HOKPLA amo TO Heooyelakd mpotuno (MedDietScore <25), pHE OTOXO MIKPEC SLATPODIKEC
oAAayEG TTou Ba PETAKLVACOUV TA ATOMA 0TNV KaTnyopia HETPLAG TOUAAXLOTOV ULOBETNONG
NG peooyelakng Statpodnc (26<MedDietScore<28).

Ta dtopa pe omAayyxvikn maxvoopkia BpéBnke va wdelovvtal eni to mAsiotov ano
TNV ULoBETNoN Tou HeooyelakoU mpotuTou (pelwon tou Kwwdlvou 56% kal 72% yla TN
peoaia kat uPnAn, vs. xaunAn, uloBétnon Tou TPoTUTOU avtiotolxa). To glpnua auto
anodo6nke otn pelwon tnG auénUeEvNS GAEYLOVAG KoL TOU 0EELBWTIKOU OTPEG, ATOTOKWY TNG
KEVTPLKNG OUCOWPEUONG ALITOUG oTa ATopa autd. Auth n mapatipnon emPBefawwbnke, ano
nepaltépw Slepelivnon NG avefaptntng emibpaong TG XPOVIOG UTIOKALVIKNAG PAEYLOVAC
otnv avamntuén dtaPntn. Ztnv avtiotown epyacio avadeixbnke n onuavtiki emBapuvTLKA
enidpaon t™ng avénuévng IL-6, kat ot cuvdbuaotikég auvénoelg ¢ CRP-IL-6 kot tng CRP-
wvwdoyovou, oL omoleg OpwG BpEOnkav OtL upodotouvtal amd To AUENUEVO OWHATIKO

Bapoc. Ooov adopd TN pEHOVWUEVN OXEon Selktwv PAeyHOVAG He TNV avarmtuén dwapntn,
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petavaiuon 10 mpoomtikwy peAeTwv PBpnke avénon katd 31% tou Kwwduvou avamtuéng
Sdapntn yia kabe 1 log pg/mL avénon tng IL-6, o€ cupdwvia pe Ta SIKA pag eupnuata, oAl
Kat 26% avfnon tou kwdlvou yla kaBe 1 log mg/L avénon tng CRP, kdtL mou Oev
avadelxBnke oTn CUYKEKPLUEVN UEAETN O€ OTOTLOTIKA ONnUovtiko Babuo (Wang, Bao et al.
2013). To wwdoyovo €xeL eMioNg CUCXETLOTEL e TNV avarntuén dwapntn (Festa, D'Agostino et
al. 2002), av kalL o cupdwvia pe ta KA pag supApata  Sev €xel HEXPL Twpa Bpebel
HEUOVWUEVN ouoxétion (Barzilay, Abraham et al. 2001, Bertoni, Burke et al. 2010). Ano tnv
AaAAN mMAgupad, n cuvduaoTiki avénon Selktwyv pAeypovig €xel eAdxlota peAeTnBel oe oxéon
HE TNV avamtuén Stafntn.

‘Ooov adopa To poAo tn¢ maxvoapkiag otn oxéon dAeypovn - StaBrtng, ot Shimoda
KOl ouvePYATeG emiong Bpnkav OtL o Seiktng HAlog CWHATOC Elval TPOYVWOTIKOG SelkTng
auénuévwy TIwv CRP povo petafy maxvoapkwy, Kol oxL vopuofapwy, atopwv (Shimoda,
Kaneto et al. 2016). Ztnv maxuvocoapkia o Amtwdng LoTdg yivetal o BacLkOg LOTOC - TOPAYWYOG
popiwv ¢Aeypovrc (Calder, Ahluwalia et al. 2011). Ta tpyAukepidla cuoowpevovtal
KOTaPXA¢ ota AUTOKUTTAPA, OUWCG OTN CUVEXELD KOl €KTOTIA, OE Opyava OnMwe To Nmap,
ETIAYOVTOG TO KUTTOPLKO OTPEG KAl EVEPYOTIOLWVTAG T onpatodotnon twv JNK kot IKKB/NF-
kB povomatiwv. Autd PE TN OElpA TOUC 0dnyouv ot ameleuBépwon TpodAeypovwdwy
KUTOKWVWV, cuumepllappavouévng tng IL-6 kat tou TNF-a, mou amd tn pla odnyouv o€
napaywyn mpwieivwv ofelag paong (CRP, wwdoyovo) amd tnv aA\n avatpododotouv
Betkd to povomartt (Shoelson, Lee et al. 2006). Ta otpatoAoynuéva pakpoddaya €miong
geUMAEKovTAL oTNV OAn Sladikaocia, e TEALKO AMOTEAECUA TN CUOTNUATIK GAEYUOVN], TIOU
TMPOAYEL TNV avtioTtaon oOtnv WOOoUAlvn o€ WooUAwo-gvaiocbntoug Lotoug. Evdladépov
TapoucoLalel To yeyovog OtL n CRP, mou KAQGOLKA TILOTEUOTAV OTL TIAPAYETAL ATOKAELOTIKA
ano to Nnap (Moshage, Roelofs et al. 1988), daivetal otL aneleuBepwveTal Kal anod to
Anwdén oto, oe mpodAeypovwdeg meptBarllov (Calabro, Chang et al. 2005),
EVOUVOUWVOVTAC TA EUPAHUATA HAG YLa TN onpaocia tou untepBaAlovtog Atmwdoug LoTtou otn
oxéon ¢pAeyuovn-dapntnc.

OL TPELG TILO TIPOOTATEUTIKEG CUVIOTWOEG TNC HECOYELOKAG dtatpodng Bpédnkav ta
Snuntplakd OAWKNG AAeong, ta ¢dpouta Kal Ta Oompla. To eUpnUa AUTO EPXETAL OE
oupdwvia Kal HE TNV €K TwV UCTEPWV avAAUon TIOU aKOAouBnOnke ylo EVIOTLOUO

Slotpodlkwy TPOTUNMWV Kal TPoodloplopgd Tou poAou Toug otnv avamtuén Swafntn.
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JUYKEKPLUEVA, N Topayovtiky avalucn oe 18 tpodua kat opadeg tpodipwv, mou
npoékuav anod 156 tpodiua Tou epwtnUatoloyiou cuxvotnNTag KATAVAAWONG TPOodiUwWY,
avédelle 6 Slatpodika mpotuma. EE' autwy, to Slatpodikd MPOTUTO TTOU XAPOKTNPLloTNKE
and tnv Katavailwon "koAng moiwdtntag uvdatavOpakwv", SnAadn ¢poltwv, Aaxavikwy,
oompiwyv, Kot OAKAG aAécewg Snuntplakwv (Pwui, lupapika, mafipadia), Bpébnke va
HELWVEL Katd 40% tov Kivouvo avamtuéng dtaBntn, av Kal 0€ OPLOKA OTOTLOTIKO ONULAVTLKO
BaBbuo. Evéiadépov mapouotalel n tavTion Twv 2 avoaAloswv, Tou emiBefatwvouv tn
ONUAVTLKN TIPOOTATEVUTLKA 6pAon TwV eV AOYyw opadwv Tpodipwy otnv avantuén Stapnitn.
OL TPOTEWVOUEVOL pnXaviopol Tiow amd tnv avtldopntikn 6pdon autwv Twv
tpodipwv eival moAlol. Katapydg, ol SlaltnTkEG (veg Spouv MPOOTATEUTIKA, AOyw TNG
KaBuoTEPNUEVNG YOOTPLIKAG KEVWONG, KOL KATA CUVETELA TNG TLO oTadLaKAG amoppodnong
YAUKOING TTou 08nyel 0 HELWUEVEC AVAYKEG yla £€KKpLon WwoouAivng (Liese, Schulz et al.
2005). Emiong, avemapkelo payvnoiou, KaAEG MNYEG Tou omolou elval Ta OOTPLA Kol TO
nmitoupo Twv SnUNTPlOKWY OAKAG aAeong, odnyel o0& HEWUEVN EVOOKUTTAPLKN
Sdpaoctnplotnta mou Suvatal va eVIoXUOEL TNV avtiotaocn otnv wooulivn (Barbagallo,
Dominguez et al. 2003). T€Aog, Ta avtiofeldbwtikd, ddpBova o ppouTta Kot Aaxavikad, Suvartal
Va aVOOTEIAOUV, ETIAYOUEVEC ATIO TO OEELOWTLKO OTPeC PAAPEC oTA MAYKPEATIKA B-KUTTAPOQ,
Tou emnpedlouv To SUVAULKO TOUG yla Ttapaywyn Kal €ékkplon vooulivng (Evans, Goldfine et

al. 2003).

5.3 0 poAog tou kaé kat tou aAkoOA otnv avantuén dtaBntn

2to mAaiolo tng agloAdynong tou poAou tn¢ Slatpodng otnv avamtuén Sdwafntn,
afloloynBnke emunmpocbeta o avefdptntog POAOC Tou KOodE KoL ToU aAKOOA otn SekaEetn
EMUMTWON TNG VOoOU.

Oocov adopda Tt oOxéon kKade-dwaPfntn, n mapovca Swatplpry umootnpilel
TIPOOTATEUTIKA emibpaon tnG KatavaAlwong kadé o moocotnta 2250mL kadé nuepnoiwg
(otaBuopévo yla 28% meplektikotnTa Kadeivng). Av Kal mopatnpnBnke Lot yPOUULKA
oxéon, KOVOo Ta Atopa Tou Katavailwvayv 2250mL kadé nuepnoiwg PpéBnke va Statpéxouv
0€ OTOTLOTIKA ONUAVTIKO BaBud 54% xaunAotepo dekaetn kivbuvo yla dtafritn, o oxeéon Ue
Ta Atopa mou Sev katavalwvayv Kade, o oxEon mou NTav avefaptntn aAAwv Kadeivouxwv

podnuaTwv (T.x. TodL, KOKa KOAa). Me e€aipeon oplopéveg pehéteg (Reunanen, Heliovaara
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et al. 2003, Saremi, Tulloch-Reid et al. 2003), €xeL urtootnpLxOel amo MOAAOUG EPEUVNTEG UL
avtiotpodn OXECN AVAUECO OTNV KOTAVAAWGON aAKOOA kot tov kivbuvo yla dtafntn (van
Dam and Hu 2005, Jiang, Zhang et al. 2013), evw é€xeL mpotaBel kaL n UMapén
Sdoocoetaptwpevng oxéong (Jiang, Zhang et al. 2013). Qotoéco, OMwWG KAl PE TO QAAKOOA,
HUEYAAN eTepoyEvela uTtApXeL otn BiBAloypadio OXETIKA HE TOV OpLOPO TNG "HETPLOG" N
"uPnAng" katavalwong kadg, pe Tnv vPnAn katavalwon KadE, va €xeL oplotel Ewg Kat 7
dAttZavia/ nuépa (Carlsson, Hammar et al. 2004).

Q¢ plypa moAwv ouotatikwv (kadeivn, XAwpoyevikdo ofU, HLIKpooTolxeia) n
EVEPYETIKN emidpaon Tou koadé umopel va amodobel oe TMOAAOUC HNXOQVIOMOUG. 2T
OUYKeKPLUEVN Slatplfr) mpotdabnke n mibavry dtapecoldpnon NG oxé€ong amo Heilwon
SelkTwv PAeyHOVAG Kal 0EelOWTIKOU OTPEG. Mpayuatt, Kal o AAAEG LeAETEG €xeL davel OTL O
KadEg pewwvel tn CRP (Lopez-Garcia, van Dam et al. 2006, Kotani, Tsuzaki et al. 2008, Pham,
Wang et al. 2011, Yamashita, Yatsuya et al. 2012), mou 6nwg npoavadepOnke xeL OXETIOTEL
kat aveéaptnta pe tnv avamtuén dwapntn, evw aufavel Kal TNV OAWKN OVTLOEELOWTLKNA
kavotnta nmAdaopatog (Natella, Nardini et al. 2002) mapéxovtag mMPooTaciot EVAVTLO OTLG
eAelBepeg pileg kat otn BAABn mou emidpépouv oto "evaioBnto oto ofeldwtikd otpeg”
TMAYKPeAC. Xe Ml ovaokomnon tou Akash kal ouvepyatwv mpotdBnkav kot AAAol
unxaviopot (Akash, Rehman et al. 2014). Zuykekpluéva, n Lakpoxpovia xprnon kade Bonba
otn dwatripnong puacloAoyLkng avoxng otn YAuKoln kat BeATLWVEL TV (voouAwvogualobnoia.
To xAwpoyeviko oV avaoTtéAAEL Tn Spdon tnG 6-dwado-yAukolng, evw PpatvoAlkd cuCTATIKA
Tou Kad€ evepyomolouv toug GLUT-4 umodoxeig, auvfavovtag tnv mepidepikr) mpooAnyn
YAUKOING. TEAog poakpoxpovia xpnon koadé audvel ta emimeda payvnoiou opou,
OVETIAPKELA TOU omolou au&avel, omwc mpoavadEpBnKe, TNV avtiotaon otnv WWoouAivn
(Barbagallo, Dominguez et al. 2003), evw BonBad kat otnv anwAela Bapoug avédvovtag tn
BepuoyEvean Kal To HETOBOALOUO TOU Almouc.

Oocov adopd 1O OAKOOA, avadelxBnke n evepyetiky emidpaon NG XOAUNAAG
KatavaAwong aAkool (<1 motnpy nuépa, €wg 12yp atBavoAng/nuépa) evavtia otnv
avarntuén StaBntn (Leiwon katd 53% tou KWwSUvVou), o GXEON UE TNV TTANPN AToXH oo To
OAKOOA, woTOC0o 6€ BPEONKAV OTATIOTIKA ONUAVTIKEG OXECELG yla UPNAOTEPEC MPOCSANELG
aAkoOA. O Aoyog kpaool/ pmupag/ Botkag mpoc aAAa podrpata Bpebnke emiong va
OXETLWETAL LOYUPA HE Helwon Tou Kwwduvou, avadelkviovtag tnv mbavr umepoxn Twv
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npoavadepOevtwyv podpnudtwy otnv avantuén dtapitn. Ta eupAuoata autd eival o€
oupdwvia PE TIG IEPLOCOTEPEG UEAETEC, OL OTIOLEG £XOUV avadEelEEL OTL N PETPLA KATAVAAWGCN
0AKOOA pooTateVEL O OXEON UE TNV amoxn f tn Bapld katavalwon (Baliunas, Taylor et al.
2009, Rasouli, Ahlbom et al. 2013, Shi, Shu et al. 2013), av kot pEneL va ermonuavOel otL
UTtApXeL peyaAn Siakupavon otn BiBAoypadia déoov adopd tov oplopod tng "pétplag”
KATAVAAWONG OAKOOA. IXETIKA HME TO €160G TOU QAAKOOAOUXOU TIOTOU, OL TIEPLOCOTEPEG
HeAETEG BeV €XOUV EVTOTIOEL ONUOVTIKEG Slopopeg HeTaly twv Stadopwv motwv (Clerc,
Nanchen et al. 2010), yeyovog mou umootnpilel 0tL To 0delog unopel va anodidetal otnv
alBavoAn. Ie YEVIKEG YPAUUEG TIOAAOL pnxaviopol €xouv mpotaBbel yia Tov avtidiafntiko
POAO TNG alBavoAng, Oomwe N avénon tng KUKA0OoPOUOCAC AVILTOVEKTIVNG, TTOU QUEAVEL TNV
wvoouAwvoeualoBnoia kat pewwvel tn dAeypovn (Beulens, Rimm et al. 2008), n peiwon g
detouivnc-A, plag yYAUKOTpwTEvNG ToU aAAOLWVEL TNV SpactnploTNTO TNG TUPOGCLVLIKAG
Klvaong tou umodoxéa tng wooulivng (Ley, Sun et al. 2014) kaBwg KAl n Helwon TG
LVvoOUALvNG Kal yAukayovng mAdaopatog (Konrat, Mennen et al. 2002, Bonnet, Disse et al.
2012). B€Baua, oL Kao kal cuvepydteg umootnpLEay OTL Kal To £(60¢ Tou aAKOOA evééxeTal va
nailel kAmoLo poAo, e tn Unupa Kal To Kpaot va gival iowg ta 1o euepyetikd (Kao, Puddey
et al. 2001), umobelkviovtag tnV mBavry CUUHUETOXN KOl GAAWV CUOCTOTIKWY, TEPAV TNG
albavoAng, omwg n peoPepatpoAn, mou €xel Ppebel otL aufdvel tnv evalobnoia otnv

wvoouAivn (Liu, Zhou et al. 2014).

5.4 0 poAog tn¢ owpuartikng dpactnpiotntag otnv avantvén dtaBntn

210 mAaiolo evog uylelvol tpomou {wNG, N cwHaTK dpaoctnplotnta €xel e€€xovoa
onuaocia kot oe ouvbuaopud pe TNV uylewvn dlatpodn amoteholv akpoywviaioug AiBoug
otnv mpoAndn tou ZAT2. Itnv mapovoa SatplBn avadeixBnke n esvepyetiki dpdon tng
METPLOC CWHATIKNC SpactneLotnTag otnv avamntuén StaBntn. ZuykekpLuéva, n enitevén 331-
1484 MET Aemtwv/efSopndda cuyKPLTIKA UE TNV TTOAU xapnAn ¢uoikn dpactnpiotnta (MET
Aentd/efdopdda <150), emedpepe peiwon tou dekaetoug KvdUvou yia StaBntn katd 53%,
evw Oev mapatnpnOnKe oTATIOTIKA ONUAVTLIKI) OXE0N yla TNV enidpacn tou xapunAou, oaAAd
oUTe Kal tou uPnAoL emumédou Puotkng SpaoctnpldtTnTag, o€ oXEon UE TO TTOAU XapunAod. To
napatnpnBév anotéAeopa evdéxetal va pecolaBeital and peiwon Tou ofeldWTIKOU OTPEG.

Eniong, n emiteuén twv 600 MET-Aemttwv/efdopdda (to €AAXLOTO CUVIOTWHEVO eminmedo
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olUudwva e TIG cuoTAoeLs Tou Maykooulou Opyaviopol Yyeiag, évag otdxog mou Bpédnke
VOl ETITUYXAVETAL HOVO amod to 37% tou Seiyparog tng peAétng ATTIKH), ¢davnke mwg dev
elval apketog yla va mapaxbel onupavrikn avtidiaBntikn npootaoia.

Ye oupdwvia pe ta SIKA HOG eupnpata, HeTavaluon 55 peAetwy, KatéAnée OTL To
HEYLOTO O0deAOG TNG AoKnoNG evavtia otnv avantuén StaBritn mapatnpeitatl oe xapnAotepo
eninedo ¢uaolkng dpaoctnplotntag, evw oe mavw ano 3000-4000 MET Aentad/ efdouada, to
odelog pewwvotav (Kyu, Bachman et al. 2016). And tnv AAAn TAEUPA OHWG, UTIAPXOUV
OUOTNUATIKEG gpyaoieg mou Selyvouv mpo¢ tnv Unapén docoefaptwpevng oxéong (Aune,
Norat et al. 2015, Huai, Han et al. 2016). Zuvenwg, ¢aivetal mwg XpeLAlovVTal EPLOCOTEPEC
epyooieg mpokeévou va SlamotwOdel 1o KatwdpAlt MET-Aemttwv/ eBdopdada mavw amod to
omoilo mapatnpeital onuavtiky dtadopd kat va Stopopdpwbel To BEATIOTO TMPOTMOVNTIKO
nipoypappa (évtaon, SLApKeLa, cuxvoTNTA) LUE OTOXO TNV TPWTOYEVH TIPOANYN Tou Safntn.

H doknon evepyomolel tn cUOTIAON MEYAAWV KOl UKPOTEPWVY MUKWV OPASWVY UE
QMOTEAECUA TNV aUENUEVN TAPOXN QALUATOC TPOC TOUG OKEAETIKOUC HUC KOl TNV AUECN
amopdkpuvon tg YAUKOING amod tnv kukAodopia, péow Twv GLUT-4 unodoxéwv. H doknon
unofonBa otnv amokatdotacn TNG NMOTIKAG Kol HUIKAG avtiotaong otnv Wooulivn, oxt
puovo amneuBeiag (LEow evepyomoinong tng AMP-kwvaong kat opaiomnoinong tng BloyEveong
TwVv ptoxovépiwv) aAAd kot Seutepoyevwe PEOW TNG MELWONG TOU CWHATIKOUS Bdpoug,
dlaitepa tou omAayyvikou Aimouc (Yeo and Coker 2008, Way, Hackett et al. 2016). MdAwota,
oplopéva €idn doknong emupEpouv Kal avénon Tng umapxouoag HUIkAG palag, odnywvtag
og avénon tou Baokou petafoAikol pubuou, mou BonBa mepaltépw otnV anwAeLa Bapouc,

oAAQ Kal o€ eTUTAEOV avénon tng evalcOnoiag otnv WWoouAivn.

5.5 MNeplopiouoi

H pelétn ATTIKH elvol mPoOmTikr UEALTN MOPATAPNONG TOU QMOTiUNoE, HUETaf
AAAWv, Kal TNV enimtwon tTou XAT2 o€ peyado Babog xpovou (10 €tn) kal xpnolpomnoinoe
Selypa avTUTpOOWEUTIKO TOU aoTikoU eAAnVIkoU TANBuopol. Onwg KaBe peAETn, €XEL Kal
TIEPLOPLOUOUG TtoU TIpEMEL va avadepBolv. H afloAdynon Twv XapaKTNPLOTIKWY UETPRONKE
HOVO Katd TNV évtagn twv eBelovtwv otn peAétn, to 2001-2002, emMopévwe eyeipeTaL TO
BEua TN OoTaBepPOTNTOG TWV XOPAKINPLOTIKWY Twv eBehoviwv — dlaitepa  Twv

OUUTEPLPOPLOTIKWV- KATA TN Slapkela tnG 10etiag mou akoAoluBnoe. e kABe mepimtwon,
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autn eivat n peBodoloyia mMou XpNOLUOTOLETAL OTLG TIEPLOCOTEPES AVTLOTOLXEG MEAETEG OF
Taykooulo eminedo. H pelétn ocupmeptéAafe oto delypa dtopa mou Swaflovcav otnv
TEpLOX TG ATTLKAG, ETMOUEVWG N OmoLla yevikeuon adopd wg emi To MAeloTov TOV 0OTIKO
MANBUOUO TNG XWPAG. ATIO TNV aPXLKA AfLOAOYNON AMOKAEIOTNKOV ATOMA HE KapSLayyELaKD
vO00, IOV EMONG EMNPEALEL TN YEVIKEUGLUOTNTA TWV OTOTEAECUATWV.

KaBwg n akppn nuepounvia &iayvwong tou &wafntn otn Sekaetia mou
napakoAouBbnBnkav ta atopa dgv ATOV YVWOTH, TTPOTIUNONKE n XpPrion Tou IXeTkou Adyou
yla ektipnon tou XIxetikou Kwwduvou avamrtuéng dwafntn, wotoco n pebodoloylki auth
TAKTLIKN €lval SOKLUN YL VOOOUG UIKPOU eTmoAacpoU. Eival akopa mbavi n UMoEKTIUNGON
¢ vooou, KaBwg kamola dtopa dev efetdotnkav, aAld autodnAlwoav Tn vOoo, VW N
OXETIKA YAMNAR emimtwor tng pmopel va odAynoe O€ UMOEKTIUNON TwWV TAPAYOVIWY

Kwwduvou.

5.6 Zupnepacpata

JUMMEPAOUATIKA, TA TIOPATIAVW EUPNUOTO EVICXUOUV OKOWN TIEPLOCOTEPO TNV NON
unapyxouvoa BLBAloypadia, avadelkviovtag tn onuooia pn GapUakoAoyLKWY TIPOCEYYICEWY
otnv mpwtoyevy TpoAnyn tou SwafAtn tumou 2. Qotdoo, eival €kdnAn n avaykn
Sle€aywyng mMepPLOCOTEPWY UEAETWV TIPOKELUEVOU va eMIBeBatwbBolv TeEPLOCOTEPO 1 OXL T
ev AOyw amnoteAéopata. H enintwon tou dtafnAtn avéavetal Spapatikd Ta TEAsUTALA XPOVLa
TO00 01OV EAANVIKO TANBUOWO 600 Kal O€ MAYKOOULO ETMESO, YEYOVOC TTOU UTIOSELKVUEL OTL
Ol UEXPL TwPA OTPATNYLKEG TPOANYNG Oev eilval aMOTEAECOUATIKEG. AeSOUEVNC TNG
OLKOVOMLKAG KpIlong mou paoTilel tn xwpa ta teAevtaia 8 xpovia, n avaxaition kootofopwv
MaBnoewWV HE TAUTOXPOVN LELWON TOU KOOTOUG MPOANYPNG AmOTEAEL TPOTEPALOTNTA YL TOV
TOUEQ TNG Lyeiag. Ztnv avalitnon TETowwv AUCEWY, €lval amapaitntn n €ykopn KoL €YyKupn
oavayvwplon twv ev Suvapel SafnTikwv aoBevwyv Kal omo tnv AAAn Twv TTapayoviwv
eKelvwy, Omwe n dlatpodn Kal N cwHATKA SpaoTnPLOTNTA, TIOU EMNPEAIOUV ALTIOAOYLKA TNV
Topeia TNG vooou.

H €K TwV MPOTEPWV KAl €K TWV UOTEPWV avaAuon SLatpodlkwv tpotunwy odrynoav
otnv €€aywyn MAPOUOLWY AMOTEAECUATWY KABwC aveSelav TNV EVEPYETIKN emibpaon 1000
Tou MeooyelakoU TPOTUTIOU, OGO KL EVOC TTPOTUTIOU Baclopévou ota ¢ppouTa, Ta AaXaVIKA,

TQ OOTIpLA KoL T SNUNTPLAKA OALKAG AAECNG, EMlonuaivovtag tnv afia va doBei Eudaon ota
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TPOPLUa aUTd, eBIKA Yl T dtopa o€ avénuévo kivduvo yla avamntuén dtaBntn. H cuotaon
QUTH TEPAV TOU OTL E(VOL ONMOTEAECHATIKY, AMOTEAEL CUVAUA HLO OLKOVOULKA KOl €EUKOAQ
amodektr) AUon yla tov eEAANVIKO MANBUoUS mou eival e€0IKELWUEVOC LE TO CUYKEKPLUEVO
Sdlatpodkd mpotumo. Ta ATopa UE OMAQYXVIKA Taxuoapkio BpéOnke va wddelovvtal
TIEPLOCOTEPO OO TNV ULOBETNON TNG HeoOyElaKAG Slatpodrc, Eva VPO TTOU UIMOPEL va
anodobel ot auvfnuéveg TpEG dewktwv PpAeypovig mou mapouctalouv. H dAesyupovn
BpéBnke OtTL aokel onuavtiky emiBapuvitik Spdon otnv avamtuén SlaBntn, mou OpwG
pecoAafeital and 10 auénUEVO CWHATIKO BAPOC, KATL TTOU €VOUVAUWVEL TO TIAPOTIAVW
gupnua. To aAkoOA kal o Kadég BpéBnkav va mapéxouv 0dpelog, o XOUNAEG KO METPLEG
npooAnNPeLg avtiotolya.

TéNog, n pétpla, aAAd OxtL n uPnAn, duowkn Spaoctnplotnta dUvaTal Vo HELWOEL TOV
Kivbuvo avamntuéng Stapntn, wotdoo Mpog auth TNV KatevBuvon daivetal mw¢ anattovvral
HEYOAUTEPEC KOL TILO OTOXEUUEVEG MEAETEG, UE OKOMO TNV ovadeln tou PéAtiotou
TIPOTIOVNTIKOU oxedlaopoul (Sldpkela, €vtaon, ouxvotnta) OTO KOUUATL TNG TPWTOYEVOUC
nMpoAnyng tou dapntn.

Map’ OAOUC TOUG TEPLOPLOMOUC TNG OUYKEKPLUEVNG UEAETNG, TA EUPHUATA,
OoTaOULoOPEVA YL TTIOWKIAOUG CUYXUTLKOUG TTAPAYOVTEG, AVASEIKVUOUV EVOL ONUAVTIKO UAVU A
yla tn énuoclwa uyela, autd ¢ mpoAndng tou cakxapwdn SwaPfntn Sla pEcou NG
Slatpodng Kal Tou yevikotepou tpomou {wnG. Ta otolxeia mou avadeixBnkav mpenel va
Sbaokovtal péoa otnv bla TNV olkoyEvela, aAAd Kal oto OXOAWKO TeplBAaAlov, amd ta
MPWTO XpOvIla TNG Hadntikng ekmaibevuong, kol va uloBestnbolv ouclACTIKA aAmod TNV
MoAwteia kat toug popeic dSnuodoLag vuyelag oto oTPATNYLIKO oXESLAOUO yla TV iPoAnYn tou

cakyxapwdn dtafntn.
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ABSTRACT

Background: The incidence of diabetes in the general population is increasing world-wide. The increase is
attributed to the consumption of saturated fatty acids, obesity, lack of physical activity, genetic predisposition,
and other factors, but knowledge about the reasons, biological mechanisms, and late complications is
insufficient. It is therefore important to clarify the reasons more exactly through long-term clinical trials to stop
the rise of diabetes and its complications. Aim: To evaluate the 10-year incidence of type 2 diabetes in
apparently healthy Greek adults. Methods: In 2001-2002, a random sample of 1514 men (18-87 years old) and
1528 women (18-89 years old) was selected to participate in the ATTICA study. During 2011-2012, the 10-year
follow-up was performed. Patients diagnosed with diabetes at baseline (n = 210) and those lost at follow-up (n
= 1347) were excluded, yielding a final sample of 1485 participants. Results: During the period of investigation,
diabetes was diagnosed in 191 cases corresponding to a 12.9% incidence (95%Cl: 10.4-15.4), with 13.4%
(95%Cl: 10.8-16) in men and 12.4% (95%Cl: 10.1-14.7) in women. A relative increase was observed in the
second half of the 10-year follow-up when age became significant. Multiple logistic regression analysis revealed
that age (OR = 1.14, 95%Cl: 1.09-1.19), abnormal waist-to-height ratio (OR = 3.27, 95%Cl: 1.07-10.0), fasting
blood glucose (OR per 1 mg/dl = 0.05, 95%Cl: 1.02-1.08), energy intake (OR per 500 kcal = 1.02, 95%Cl: 1.01-
1.35), and family history of diabetes (OR = 2.8, 95%Cl: 1.30-6.03) were the most significant baseline predictors
for diabetes, after adjusting for potential confounders. Waist-to-height ratio showed the best explanatory
power of all anthropometric variables. Physical activity exerts an effect on risk factors. Being active was found
to eliminate the aggravating effect of diabetes family history and fasting blood glucose. Conclusions: The
findings confirm the escalating increase of type 2 diabetes incidence in Greece, which is in line with global
trends. A lifestyle change in individuals at risk of developing diabetes towards healthier eating and increased
physical activity would be an effective and inexpensive means of reducing diabetes.

Keywords: diabetes, incidence, risk factor, epidemiology
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Introduction

Despite ongoing advances in treatment and management of diabetes and its complications, the
disease is developing into a constantly advancing epidemic. Since 1980, the number of patients with diabetes
worldwide has more than doubled, particularly in America, Africa, and Western Europe (Danaei, Finucane et al.
2011), and is expected to almost quadruple within the next 20 years, i.e., before 2030, amounting to 552
million cases (International Diabetes Federation 2013). This prospect is alarming, given that diabetes is a well-
established risk factor for the development of micro- and macrovascular complications; it increases the risk for
coronary artery disease, neuropathy, nephropathy, eye disease, and others (Fox 2010).

The exponential growth of diabetes is accompanied by a serious financial burden. The joint statement
of the European Society of Cardiology (ESC) and the European Association for the Study of Diabetes (EASD) has
underlined that the healthcare expenditure for diabetes in Europe is expected to increase from 75 billion euro
in 2011 to 90 billion in 2030 (Ryden, Grant et al. 2013), or 123 euro/person, based on the population of Europe
in 2011 (United Nations Department of Economic and Social Affairs). Since no curative treatment exists,
primary prevention should be the cornerstone of the global response to the disease. Lifestyle interventions,
including nutrition therapy, regular exercise, and cessation of smoking and alcohol, have been found to exert a
significant beneficial effect on diabetes onset (Beziaud, Halimi et al. 2004, Mayor 2007, Baliunas, Taylor et al.
2009). Multifactorial treatment combining lifestyle with medication has been proven beneficial (Athyros, Elisaf
et al. 2012).

Since diabetes has a “metabolic memory”, which can extend the beneficial effect of therapy over
many years, early prevention and effective intervention are of utmost importance (Bianchi and Del Prato 2011).
As a result, quantifying the extent of type 2 diabetes is fundamental for managing patients in health service
delivery systems. Unfortunately, long-term investigations of diabetes incidence are rare in the literature,
especially in Mediterranean populations. Greece experienced the lowest rates of cardiovascular disease (CVD)
and diabetes in the 1960s and 1970s. Researchers from the Salamis Study found that the self-reported
prevalence of diabetes was 8.7% in 2002 (Gikas, Sotiropoulos et al. 2004) and 10.3% in 2006 (Gikas,
Sotiropoulos et al. 2008).

The most recent study to provide incidence data about diabetes was the ATTICA study (Pitsavos,
Panagiotakos et al. 2003). Specifically, the prevalence of type 2 diabetes in 2001-2012 was calculated as 7.6% in
men and 5.9% in women (Panagiotakos, Pitsavos et al. 2005), while the age-adjusted 5-year incidence (2006) of
diabetes was found to be 5.5% (men: 5.8%; women: 5.2%) (Panagiotakos, Pitsavos et al. 2008). These results
are in line with the alarming incidence rates of diabetes worldwide. However, many findings are limited in
statistical power due to the small number of incident cases studied, or the lack of representative samples;
therefore accurate estimates of the determinants of diabetes could not be made. In the present work, the 10-
year diabetes incidence (2002-2012) and the impact of several clinical, biological, and lifestyle factors relevant
for diabetes development was examined within the context of the ATTICA study.

Methods
Baseline sampling (2001-2002)

The ATTICA epidemiological study (Pitsavos, Panagiotakos et al. 2003) is a large prospective study
carried out during 2001-2002 in the Athens metropolitan area including 78% urban and 22% rural subjects.
Baseline random sampling suggested that it would be enough to enroll only one participant per household. The
sampling process was multistage, based on age (5 strata), sex (2 strata), and distribution of the catchment area
(i.e., 27 strata, census of 2001) in order to be as representative as possible.

People with cardiovascular disease or chronic viral infections or those living in institutions were not
eligible. Exclusion of CVD at baseline was ensured with a detailed clinical evaluation, following standard
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criteria. From the 4056 inhabitants, randomly invited to participate, 3042 were finally enrolled in the study
(75% participation rate); 1514 were men (46+13 years) and 1528 were women (45+13 years). All participants
were interviewed by trained personnel (i.e., cardiologists, general practitioners, dietitians, and nurses) who
used a standard questionnaire. Further details about the aims, design, and methods applied in the ATTICA
study can be found elsewhere in the literature (Pitsavos, Panagiotakos et al. 2003).

Baseline measurements

The baseline evaluation included information about: socio-demographic characteristics (age, sex, and
years of school), personal history of hypertension, hypercholesterolemia and diabetes, family history of CVD,
dietary and other lifestyle habits (i.e., smoking and physical activity status). Smokers were defined as persons
who smoked at least one cigarette per day or had quitted within the previous year; the rest were defined as
non-smokers. The International Physical Activity Questionnaire was used (IPAQ (Papathanasiou, Georgoudis et
al. 2009)) as an index of the weekly energy expenditure status which included frequency (times per week),
duration (in minutes per time), and intensity of sports or other habits related to physical activity (in expended
calories per time). Participants were classified into two groups:

1. Sedentary lifestyle.
2. At least moderately active during a substantial part of the day.

Body mass index (BMI) was calculated as weight (in kilograms) divided by standing height (in square
meters). Dietary information was extracted from a validated semi-quantitative food-frequency questionnaire
(Katsouyanni, Rimm et al. 1997). The participants were asked to report their average intake of several foods
and liquids consumed during the previous 12 months. Energy intake, in kcal/day, was calculated based on the
participants’ responses in this questionnaire.

Blood samples were collected from the antecubital vein between 8 and 10 am, in a sitting position
after 12 hours of fasting and alcohol abstinence. Diagnosis of type 2 diabetes was based on the criteria of the
American Diabetes Association (American Diabetes Association 1997), i.e., participants who had fasting blood
glucose >125 mg/dl during the examination or who reported the use of antidiabetic medication were defined
as having diabetes. Blood glucose levels (mg/dl) were measured with a Beckman Glucose Analyzer (Beckman
Instruments, Fullerton, CA, USA). Serum insulin concentrations were assayed by radioimmunoassay (RIA100,
Pharmacia Co., Erlangen, Germany).

Obesity was defined as BMI > 29.9 kg/mz, according to WHO criteria (2000). Waist and hip
circumferences were measured (in cm), and waist-to-hip (WH) and waist-to-height (WHt) ratios were
calculated. Abnormal WH ratio was considered to be >0.8 for women and >1 for men; abnormal WHt ratio was
>0.5 for both sexes. Regarding other clinical characteristics, arterial blood pressure (3 recordings) was
measured at the end of the physical examination with the subject in the sitting position after having rested for
at least 30 minutes. Participants whose average blood pressure levels were 2140/90 mmHg or those who were
under antihypertensive medication were classified as being hypertensive. Hypercholesterolemia was defined as
total cholesterol >200 mg/dl or by the use of lipid-lowering agents. The intra- and inter-assay coefficients of
variation for cholesterol levels did not exceed 9%. The metabolic syndrome was defined according to ATP IlI
criteria (Grundy, Cleeman et al. 2005).

Follow-up evaluation (2011-2012)

During 2011-2012, a 10-year follow-up was performed. Of the 3042 participants, 2583 completed the
follow-up (85% participation rate). Participants were initially reached through telephone calls. Afterwards,
face-to-face interviews were performed. In 35% of the participants, data were retrieved only through
telephone calls. The study investigators performed a detailed evaluation of the participants’ medical status
using standardized procedures.

Among other endpoints, the re-examination included information about the development and
management of diabetes during the 10-year period. Diagnosis of diabetes was based on ADA criteria, as
performed in the baseline examination. Participants who did not provide biological samples—those who were
reached only by telephone—were asked whether they had been diagnosed by a physician. Patients diagnosed
with diabetes at baseline (n = 210) and those with no data of diabetes status at the 10-year follow-up (n = 1347
cases) were excluded from the analysis. Thus, the working sample consisted of 1485 participants who were free
of diabetes at baseline and who developed diabetes during the 10-year follow-up period. This sample was
sufficient to achieve 92% statistical power and to evaluate a relative risk of 0.70 between the null hypothesis
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and the alternative two-sided hypothesis with a significance level (alpha) of 0.05, when the exposure variable
was increased by 1 unit.

Statistical analysis

The incidence of diabetes (and corresponding 95% Cl) was calculated as the ratio of new cases among
the 1485 participants, who were free of diabetes at baseline, and who participated in the follow-up.
Continuous variables are presented as mean values * standard deviation and categorical variables as
frequencies. Associations between categorical variables were tested using the chi-square test. Comparisons of
mean values of normally distributed variables between those who developed diabetes and the rest of the
participants were performed using Student’s t-test, after controlling for equality of variances using Levene’s
test. For continuous variables which were not normally distributed (i.e., years of school), the Mann-Whitney
non-parametric test was applied to evaluate the differences in the distributions of the skewed variables.

Continuous variables were tested for normality through P-P plots. Since the exact time to event (i.e.,
development of diabetes) was not known, the relative risk of developing the disease during the 10-year follow-
up period was estimated using odds ratios (OR) and their corresponding 95% confidence intervals (Cls) by
stepwise multiple logistic regression analysis. Interactions between gender and other covariates were tested in
all steps, and when significant, they remained in the final model. The Hosmer-Lemeshow test was applied to
evaluate the model’s goodness-of-fit. The -2 log-likelihood ratio of the initial vs. final model was also calculated
to evaluate the model’s performance (the lower the better).

All known confounders were included in the models, after testing for colinearity. The SPSS version 18
(Statistical Package for Social Sciences, SPSS Inc, Chicago, IL, U.S.A.) software was used for all statistical
calculations.

Results
Diabetes incidence

During the period of investigation, diabetes was diagnosed in 191 cases corresponding to a 12.9%
incidence (95%Cl: 10.4-15.4), or 129 per 1000 free of diabetes participants at baseline, with 13.4% (95%Cl:
10.8-16) in men and 12.4% (95%Cl: 10.1-14.7) in women. It could be speculated (assuming a constant annual
increment) that the annual incidence was 1.29% overall, or 1.34% and 1.24% for men and women, respectively.
Stratified by age group, the analysis revealed that the incidence of diabetes was the lowest (1.5%) in people
under 35 years of age, but has risen to 29.2% for participants over 74 years of age. The men-to-women
incidence was approximately 1-to-1 in almost all age groups. However, women under 35 years and between
65-74 years were 3.18-times and 1.55-times more likely to develop diabetes compared to men of the same age
group. Conversely, among participants >74 years old, men were 1.33-times more likely to develop the disease
than women (Table 1).

Table 1. Ten-year diabetes incidence in ATTICA study participants by sex and age group.

Men-to-
Age-group Overall Men Women women
Ratio
Cases All Ina(tj/oe)nce Cases All Inu((j/oe)nce Cases All Inu((j/f)nce
<35 5 326 1.5 1 144 0.69 4 182 2.2 0.32
35-44 43 404 10.6 22 198 11.1 21 206 10.2 1.09
45-54 66 393 16.8 38 220 17.3 28 173 16.2 1.24
55-64 49 226 21.7 25 103 24.3 24 123 19.5 0.64
65-74 21 112 18.8 7 49 14.3 14 63 22.2 1.33
275 7 24 29.2 4 12 333 3 12 25.0 1.08
Overall 191 1485 12.9 97 726 134 94 759 124

* Diabetes cases among participants <35 and 275 years old are too few for a reliable estimate, so the calculated
incidence should be carefully interpreted.

Diabetes incidence during the second mid-term of the 10-year follow-up of the ATTICA study (i.e.,
2007-2012) showed a relative increase. After excluding 100 diabetes cases before 2007, the remaining 91 new
cases were used to calculate the preceding 5-year incidence over the 1385 participants. A relative increase
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between the two periods was observed overall, i.e., from 5.5% (2002-2007) to 6.6% (2007-2012), and by
gender, i.e., from 5.8% to 6.8% for men and from 5.3% to 6.3% for women (Table 2). However, when age was
included in the analysis, the difference in incidence rates between the two time periods was not significant for
both sexes (p > 0.05).

Table 2. Progression of diabetes incidence during the preceding 10-year period, i.e., at baseline, at 2007, and
the 2012 follow-up of the ATTICA study.

Sex New cases All Incidence (%)
2002 (Baseline) 210* 3042 -

2002-2007 Overall 100 1806 5.5
(Baseline to 1% follow up) Men >1 880 >-8
P Women 49 926 5.3
Overall 91 1385 6.6
(21059’30—2%‘9flozllow up) Men 46 675 6.8
P Women 45 710 6.3
Overall 191 1485 12.9
f::szlfgjfo 2" follow up) Men 97 726 134
P Women 94 759 124

*n=210 people with diabetes at baseline were excluded from this analysis

The distribution of the baseline demographic, lifestyle, and clinical parameters of ATTICA study
participants, based on their diabetes status at the 10-year follow-up, is presented in Table 3. Non-adjusted
analysis revealed that people who developed diabetes were approximately 10 years older, had higher fasting
glucose, fasting insulin, and they were more likely to be hypertensive, hypercholesterolemic, and predisposed
to diabetes. With regards to anthropometric characteristics, patients with diabetes had higher BMI and waist
circumference, and were more likely to have abnormal waist circumference, either using 102/88 cm or
94/80cm cut-off values for men and women, respectively. Diabetics also had abnormal WHR and WHt ratios. As
expected, metabolic syndrome occurred more often in this group. However, smoking status, energy intake, and
physical activity did not differ significantly between the two groups.

Table 3. Baseline characteristics of the ATTICA study participants according to 10-year diabetes incidence (n = 1485).

Status at 10-year follow-up

Baseline factors: Without diabetes With diabetes p
(n=1294) (n=191)
Age,y 44113 53+11 <0.001
Male sex, n (%) 629 (49) 97 (51) 0.57
Education, years of school 13+3.4 14+3.4 <0.001
Current smokers, n (%) 702 (54) 100 (52) 0.62
Family history of diabetes, n (%) 230 (20) 61 (36) <0.001
Metabolic syndrome occurrence, n (%) 152 (12) 58 (30) <0.001
Physically active, n (%) 552 (43) 73 (38) 0.25
Fasting glucose, mg/dL 88+12 95+14 <0.001
Fasting insulin, pU/mL 13+3.4 14+3.4 <0.001
Energy intake, kcal/day 23351917 261611095 0.10
Hypertensive subjects, n (%) 333 (27) 82 (46) <0.001
Hypercholesterolemic subjects, n (%) 475 (37) 106 (56) <0.001
Body mass index, kg/m2 26+4.0 29+5.0 <0.001
Waist circumference, cm 88+14 98+16 <0.001
Abnormal WHR ratio (>0.8 for women and 0.95 375 (34) 94 (59) <0.001
for men)
Abnormal WHt ratio (>0.5) 661 (60) 139 (86) <0.001
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Abnormal waist
>102cm for men and 88cm for women 303 (27) 92 (57) <0.001
>94 cm for men and 80cm for women 598 (54) 129 (80) <0.001

Significant, meaningful differences in the baseline characteristics were observed between individuals
for whom information on 10-year diabetes status was available (n = 1485) and those for whom it was not (n =
1347). The differences related to hypertension status (30% vs. 26%, p = 0.036), smoking habits (58% vs. 54%, p
= 0.028), abnormal waist circumference (50% vs. 54%, p = 0.027), fasting glucose levels (88 + 12 vs. 80 * 13
mg/dl, p = 0.005), and fasting insulin levels (12 + 3.0, 13 + 3.4 uU/ml, p = 0.014). No differences were found
regarding the distribution of gender, years of education, family history of diabetes, physical activity status,
metabolic syndrome, hypercholesterolemia status, BMI, abnormal waist-to-hip and waist-to-height ratios, and
energy intake (all p-values> 0.05).

Determinants of 10-year diabetes risk

All the aforementioned comparisons are prone to confounders. Therefore, a multi-adjusted analysis
was performed. The most predictive variables for 10-year diabetes incidence included age, family history of
diabetes, abnormal WHt ratio, energy intake, and fasting glucose levels (Table 4). Specifically, a difference in
baseline age of 1 year, and in fasting glucose of 1 mg/dl, were associated with a 14%, and almost 5%, higher
risk of developing diabetes within a decade, whereas increasing daily energy intake by 500 Kcal was found to
increase the risk by 2%. However, the highest risk of developing diabetes was observed among participants
with a family history of diabetes or abnormal WHt ratio. The latter factors were associated with a 2.79-fold and
3.27-fold increase in diabetes incidence. Physical activity was found not to predict diabetes development
regarding either intensity levels (low, moderate, vigorous) or type (aerobic, resistance, combo) (ps > 0.05,
results not shown).

All anthropometric variables determining visceral obesity, including waist circumference (in cm),
abnormal waist circumference (using both cut-off values of >94/80 and >102/88), and abnormal WHR ratio,
were entered separately into the models. They were all positively correlated with diabetes risk at a significant
level (results not shown). Abnormal WHt ratio was maintained in the final model as it showed the best
explanatory power compared to the other variables; it had a better goodness of fit of the estimated models,
which also included gender, years of school, physical activity, smoking, hypercholesterolemia and hypertension
status, and the lowest -2log-likelihood value.

BMI was also a significant predictor of diabetes (OR = 1.11, 95%Cl: 1.01-1.22). However, it was
removed from the final model because it was correlated with WHt ratio (r = -0.42, p < 0.05) and induced
undesirable colinearity. BMI and WHt ratio showed similar goodness-of-fit and -2log-likelihhod values (223.6
and 224.1, respectively) when included in the model alone. However, the final decision to maintain WHt ratio
was made because of its ability to represent more clearly abdominal obesity, which plays a crucial role in
diabetes development. No difference in the predictive power of anthropometric measurements was observed
between genders (p for interaction of all anthropometric variables with gender was >0.05 in the age-adjusted
model). All aforementioned relationships were independent of gender, years of education, physical activity,
smoking habits, and history of hypercholesterolemia and hypertension.

Table 4. Results from multiple logistic regression performed to evaluate various baseline characteristics in
relation to the 10-year incidence of diabetes among ATTICA study participants (n = 1485).

Baseline characteristics Odds ratio 95% ClI

Age (per 1 year) 1.14 1.09,1.19
Men vs. women 1.12 0.51, 2.46
Years of school (per 1 yr) 1.04 0.94,1.16
Smokers vs. non-smokers 0.97 0.47,2.0
Family history of diabetes (y/n) 2.80 1.30, 6.03
Energy intake (per 500 Kcal) 1.02 1.01,1.35
Physically active vs. inactive 0.51 0.24,1.10
Abnormal WHt ratio (>0.5) 3.27 1.07,10.0
Fasting blood glucose (per 1 mg/dL) 1.05 1.02,1.08
Hypercholesterolemia (y/n) 1.05 0.51, 2.19
Hypertension (y/n) 0.96 0.46, 2.00
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Finally, even though physical activity was found not to play a significant role in diabetes incidence,
stratified analysis revealed a moderating effect (p for interaction <0.05). Specifically, being active was found to
eliminate the previously observed aggravating effect of diabetes family history and fasting blood glucose levels.
In the active group, the only significant risk factor apart from age was the abnormal WHt ratio, which increased
diabetes risk by the factor 10.1.

Discussion

We studied the long-term incidence of diabetes in Greece based on prospective data from the ATTICA
study. It showed that 129 new cases of diabetes per 1000 people were diagnosed during the ten years’
observation period (2002-2012), with almost equal representation of both genders (13.4% for men and 12.4%
for women). Given that the entire Greek population amounts to 10.8 million in 2011 (Demographics of Greece),
an estimate of 1.5 million new cases within the past 10 years means a serious rise in diabetes incidence. This
alarming trend is in accordance with diabetes incidence rates worldwide; for example, 14% in Mexico (18-year
follow up) (Gonzalez-Villalpando, Davila-Cervantes et al. 2014), 10.3% in Iran (9-year follow up) (Derakhshan,
Sardarinia et al. 2014), and 19.7% (including type 1 diabetes) in Spain (13-year follow up) (Vega, Gil et al. 2014).

The trend towards rising incidence rates is also reflected by the higher rate in the second five-year
follow-up period, compared with the first one. Since screening for diabetes is not carried out systematically,
but remains a matter of people’s voluntary decision, the increase is a true increase in number, and is not due to
improved screening procedures. In this regard, the financial impact of the epidemic spread of the disease
becomes more critical and deserves particular consideration. Based on the accelerating increase in diabetes
incidence and improved type 2 diabetes prognosis (Andresdottir, Jensen et al. 2014), it becomes clear that the
health care cost for diabetes management per person will escalate continuously, which represents a current
global trend (International Diabetes Federation).

Diabetes development results from a continuous interplay between genes and
environmental/behavioral factors (Murea, Ma et al. 2012). In this study, the observed increase in diabetes
incidence was mainly a result of population aging, abnormal WHt ratio, elevated fasting glucose level, and
family history of diabetes. Among all anthropometric variables, WHt ratio, along with BMI, was found to have
the best explanatory power of diabetes risk prediction, with a 3.27- and 1.11-times increased risk per unit,
respectively. While BMI is already well known as a risk factor for diabetes (Mokdad, Bowman et al. 2001), WHt
ratio is relatively new. One of the suggested advantages in choosing WHt ratio instead of BMI is the ability to
use one single cut-off point (0.5), irrespectively of age, sex, or ethnicity (Browning, Hsieh et al. 2010), resulting
in an immediate and simple message, namely to “keep the waist circumference to less than half the height”. A
recent meta-analysis of epidemiological studies found that the WHt ratio represents a superior diagnostic tool
in detecting subjects with high cardiometabolic risk, including diabetes; however, this has proved more useful
in Asian populations (Savva, Lamnisos et al. 2013). The latter may explain why the two measurements (BMl and
WHTt) were found to be equal in predicting diabetes risk.

Family history of diabetes was the second risk factor to play a crucial role in diabetes development in
our study. It increased the risk by factor 2.8, thus confirming the disease’s genetic component (Harrison,
Hindorff et al. 2003). Age, blood glucose level, and energy intake also had an aggravating effect. Specifically,
diabetes risk was found to increase by 14% per 1 year’s increase in age, by 5% per 1 mg/dl fasting glucose
increase (or 50% per 10mg/dl), and 500 kcal more were found to raise the risk by 2%.

It is generally thought that regular physical activity substantially reduces the risk of developing type 2
diabetes, with recent studies suggesting a tailored exercise program, instead of a “one size fits all” approach
(Gill and Cooper 2008). Surprisingly, in our study, physical activity was not found to exert a beneficial effect on
diabetes incidence, similarly to the 5-year follow-up (Panagiotakos, Pitsavos et al. 2008). This points to a
change in the importance of this factor over time, even though the Greek population is moving towards a more
active lifestyle (Tzormpatzakis and Sleap 2007). However, the observed moderating effect of exercise, which to
the best of our knowledge has not been reported elsewhere, needs to be discussed. It was reported, that even
though family predisposition to diabetes and elevated fasting glucose increase the risk of developing diabetes,
being active outweighs the aggravating effect of both risk factors. This emphasizes the particular importance of
exercise in stabilizing health. Surprisingly, active participants with a WHt ratio of >0.5 show a 10.1-fold
increased risk of developing diabetes, while for inactive participants WHt was not significant. This finding
seems strange, but may be explained by the intense stress for the body when engaging in physical activity,
which may conflict with its beneficial effect. More studies are needed to investigate this phenomenon.
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Limitations

There are some limitations to the present study. Firstly, the baseline evaluation was performed only
once, and may be prone to measurement error. Secondly, the exact date of diabetes development was not
available and was thus not included in the study. Instead, we included the date of diabetes diagnosis, which
was available. In consequence, calculation of person-time and incidence rates was not feasible, and was thus
not performed.

Participants with CVD at baseline, for whom information about diabetes status was not available in
the 10-year follow-up, were excluded from the current analysis, along with 1347 participants for whom
diabetes status was not known at baseline. This may have influenced diabetes incidence. Moreover, the true
incidence of diabetes may have been underestimated in participants whose medical information was retrieved
only through telephone interviews.

As for diabetes determinants, relative risks were estimated by odds ratios through multiple logistic
regression analysis, which may overestimate the actual relative risk. However, it has been reported that for
low-prevalence diseases, odds ratio is an accurate estimate of the relative risk. Another issue in prospective
studies is that associations with disease incidence are based entirely on baseline information, but many
lifestyle factors such as energy intake, physical activity, and smoking status may have changed during the long
10-year period and no timely information updates have been carried out.

Finally, the diabetes risk model was adjusted for most major confounders except psychological
parameters, such as perceived stress and anxiety, which have significantly increased within the past 5 years in
Greece because of the socioeconomic crisis.

The advantages of the present study include a large, representative sample, a prospective design for a
fairly long period of 10 years, and the assessment of various lifestyle characteristics and, therefore, the ability
to control for potential confounders.

Conclusions

Despite continuous progress in medical science, the results presented are discouraging and point to a
continuous increase in diabetes incidence. The prevalence of the disease has risen in Greece during the past 10
years, which confirms global trends. Given that population aging is inevitable, the aggravating effects of a
family history of diabetes and obesity may be balanced by an active lifestyle. This implies a need for the
promotion of healthier nutrition and more physical activity to decrease the incidence rates of diabetes.

The new findings on the reasons for diabetes development reported here include the significantly
predictive power of the WHt ratio (vs. other anthropometric measures). This finding may be helpful for the
design of future clinical trials with tailored intervention protocols.
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ABSTRACT

Background: The purpose of this work was to investigate the links between oxidative stress, inflammation and
coagulation and their effect on Mediterranean diet—diabetes relationship.

Methods: In 2001-2002, a random sample of 1514 men (18—87 years old) and 1528 women (18-89 years old)
was selected to participate in the ATTICA study, where Athens is the major metropolis. A validated
questionnaire was used to assess lifestyle and dietary factors. Adherence to Mediterranean diet was recorded
using MedDietScore. Among others, oxidative stress and inflammatory biomarkers were recorded. During
2011-2012, the 10-year follow-up was performed. Diabetes incidence was defined according to the American
Diabetes Association criteria.

Results: A total of 191 incident cases of diabetes were documented, yielding an incidence of 12.9% (13.4% in
men and 12.4% in women). Medium and high adherence was found to decrease diabetes risk by 49% (95% Cl:
0.30, 0.88) and 62% (95% Cl: 0.16, 0.88), respectively, compared with low adherence. A logarithmic trend
between Mediterranean diet and diabetes incidence was also revealed (p for trend = 0.042). Individuals with
abnormal waist circumference (>94 for men, >80 for women) were benefited the most. Wholegrain cereals,
fruits and legumes had the greatest predictive ability. The anti-diabetic effect of Mediterranean diet correlated
with measurements of tumour necrosis factor-a, homocysteine and total antioxidant capacity.

Conclusions: The reported results support the role of Mediterranean diet as a promising dietary tool for the
primary prevention of diabetes, by attenuating inflammation and fostering total antioxidant capacity. This
dietary pattern may have therapeutic potential for many cardiometabolic disorders associated with
inflammation and/or oxidative stress.

Keywords: cohort study; Mediterranean diet; risk; type 2 diabetes; oxidative stress; inflammation

Introduction

The worldwide diabetes epidemic seems to be unstoppable, affecting approximately 8% of the adult
population; and the global health expenditure for diabetes treatment, i.e. $548bn in 2013, continuously
escalates with catastrophic consequences for vulnerable economies and people with diabetes [1]. Lack of
treatment makes primary prevention a cornerstone of the global response to the disease. Although many
dietary strategies are available for diabetes secondary prevention [2], no definite consensus regarding the best
diet against diabetes onset has been achieved.

Mediterranean diet is a nutritional model inspired by the traditional dietary habits of people living in
the Mediterranean basin [3]. It is primarily characterized by high consumption of olive oil, legumes, whole grain
cereals, fruits and vegetables and moderate wine drinking and secondarily characterized by moderate
consumption of fish, dairy products and low consumption of poultry, meat and its products, highly processed
foods, refined grains and sugars [4]. Recently, Mediterranean diet, which has long been celebrated for its

* Anuosigvon oto Diabetes Metabolism Research & Reviews (Diabetes Metab Res Rev. 2016 Jan;32(1):73-
81) doi: 10.1002/dmrr.2672. Epub 2015 Jul 27.)
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cardiovascular health benefits [5], was systematically reviewed in relation to diabetes incidence. Koloverou et
al. reported that higher adherence to Mediterranean diet is associated with 23% reduced risk of diabetes
development (combined RR for upper versus lowest available centile: 0.77; 95% Cl: 0.66, 0.89) [6]. However, it
cannot be ignored that statistical heterogeneity was detected, while it still remains unclear whether this
protection is exhibited when adherence to Mediterranean diet is medium, not high.

The underlying pathway of this potential protection re-quires even more investigation. As a
combination of many different foods, Mediterranean diet could exert its anti-diabetic effect variously. For
example, because insulin production and secretion get defective, when pancreas is chronically exposed to high
oxidative stress levels [7], Mediterranean diet, which has been associated with elevated total antioxidant
capacity (TAC) levels and low-oxidized low-density lipoprotein (LDL) cholesterol [8], could avert this deficiency.
In addition, adherence to Mediterranean diet has been found to attenuate inflammation and coagulation in
healthy adults [9], a process also implicated in diabetes pathophysiological mechanism [10]. Finally, the tested
relationship could be mediated by Mediterranean diet’s positive effect on abdominal fat and obesity [11];
however, this still re-mains unclear, considering a recent study, reporting that Mediterranean diet did not
protect from abdominal obesity in the long term [12], as well as the study of Sacks et al., who found that
reduction of calories is enough to achieve clinically meaningful weight loss, regardless of diet composition [13].

Until now, only two prospective studies, examining Mediterranean diet—diabetes link, have attempted
to iden-tify potential mediators. Among patients with recent myocardial infarction, higher high-density
lipoprotein (HDL) cholesterol and lower triglycerides levels have been found to mediate the protective effect of
Mediterranean diet [14] and among women with prior gestational diabetes lower body mass index (BMI) [15].
To the best of our knowledge no previous study has assessed the mediating effect of inflammatory, coagulation
and oxidative stress biomarkers, especially among apparently healthy individuals. Thus, and under the context
of the ATTICA study [16], in the present work, the effect of Mediterranean diet on 10-year diabetes incidence
in a Greek sample was evaluated, while oxidative stress, inflammation and coagulation markers of the
participants were examined as plausible mediators.

Materials and methods
Baseline sampling procedure (2001-2002)

The ATTICA study is a large-scale, health and nutrition, prospective survey, which was carried out
during 2001- 2002, in the province of Attica, where Athens is a major metropolis. People with history of
cardiovascular disease (CVD) or other atherosclerotic disease or having chronic viral infections or living in
institutions were excluded from participation. Of the initially invited 4056 Of the initially invited 4056
individuals and after excluding those with CVD (n = 117) or those having chronic viral infections (n = 107), 3042
finally agreed to participate (75% participation rate). 1514 of the participants were men (aged 46 * 13 years;
range 18-87 years), and 1528 were women (aged 45 * 13 years; range 18—89 years). Trained personnel (i.e.
cardiologists, general practitioners, dietitians and nurses) interviewed the participants, using a standard
guestionnaire.

More details about the aims, design and methods used in the ATTICA study may be found elsewhere in
the literature [17].

Baseline measurements
Baseline assessment included information about sociodemographic characteristics (age, sex and years of
school), history of hypertension, hypercholesterolemia and diabetes, family history of CVD, dietary habits;
smoking status and physical activity. Smokers were de-fined as those who smoked at least one cigarette per
day or had quitted within the previous year; the rest were de-fined as non-smokers. The International Physical
Activity Questionnaire was used to evaluate the level of physical activity. The International Physical Activity
Questionnaire is an index of weekly energy expenditure using frequency (times per week), duration (in minutes
per time) and intensity of sports or other habits related to physical activity (in expended calories per time) [18].
The evaluation of the nutritional habits was based on a validated semi-quantitative food-frequency
questionnaire, the EPIC-Greek questionnaire that was kindly provided by the Unit of Nutrition of Athens
Medical School; participants were asked to report the average intake of several food items and liquids
consumed during the previous year [19]. Adherence to Mediterranean diet was evaluated using the
MedDietScore (range 0-55, with higher values indicating greater adherence) [20]. The tertiles of the score were
also calculated, yielding three categories, i.e. low, medium and high levels of adherence.
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Weight (in kilogram), height (in metre), waist (in centimetre) and hip (in centimetre) circumferences,
as well as clinical characteristics, were measured using standardized procedures. Arterial blood pressure was
measured three times by using the right arm. All measurements were made at the end of the physical
examination, while subjects were in a sitting position for at least 30 min. Patients whose average blood
pressure was >140/90 mmHg or those under antihypertensive medication were classified as hypertensive.
Hypercholesterolemia was defined as the total serum cholesterol concentration >200 mg/dL or the use of lipid-
lowering agents. Diagnosis of diabetes mellitus (type 2) was based on the criteria of the American Diabetes
Association [16], i.e. fasting blood glucose >125 mg/dL or the use of anti-diabetic medication.

Biochemical measurements were carried out in the same laboratory that followed the criteria of the
World Health Organization Lipid Reference Laboratories. Blood samples were collected from the antecubital
vein from 8 to 10 am, in a sitting position after 12 h of fasting and avoiding of alcohol. Serum total cholesterol,
HDL cholesterol, triglycerides and glucose concentrations were measured using chromatographic enzymic
method in a Technicon automatic analyser RA-1000. LDL cholesterol was calculated using the Friedewald
formulae. Serum insulin concentrations were assayed by means of radioimmunoassay. Inflammatory markers
were assayed using the following techniques: C-reactive protein (CRP) and serum amyloid-A (SAA) by particle-
enhanced immunonephelometry, interleukin 6 (IL-6) by a high-sensitivity enzymelinked immunoassay, human
tumour necrosis factor-a (TNF-a) by the enzyme-linked immunosorbent assay method for the quantitative
determination, homocysteine levels by an automatic analyser based on the technology of fluorescence
polarization immunoassay and fibrinogen by automatic nephelometry. Finally, serum TAC was measured with a
colorimetric test and plasma oxidized LDL cholesterol with an enzyme-linked immunosorbent assay kit.

The 10-year follow-up evaluation (2011-2012)

During 2011-2012, the 10-year follow-up was performed. Of the n = 3042 participants, n = 2583 were
allocated during the follow-up (85% participation rate). A detailed evaluation of the participants’ medical status
was per-formed. Among various endpoints, development of diabetes mellitus was recorded; n = 210 patients
were diagnosed with diabetes at baseline, and n = 1347 participants with no data regarding diabetes status at
the 10-year follow-up were not included in the present analyses, yielding a working sample of n = 1485
participants with-out diabetes at baseline. The sample size was adequate to achieve 92% statistical power to
evaluate relative risk (RR) of 0.70 between the null and alternative two-sided hypotheses, when the exposure
variable (i.e. level of adherence to Mediterranean diet or MedDietScore) was increased by 1 unit and with a
significance level (alpha) of 0.05. Further details about the baseline procedures and the 10-year follow-up of
the study have been presented elsewhere [17,21].

Statistical analysis
Incidence of diabetes was calculated as the ratio of new cases (n = 191) to the total number (n = 1485)
of participants in the follow-up. Incidence by Mediterranean diet group was calculated as the ratio of new
cases to the number of participants in each group. Continuous variables are presented as mean values *
standard deviation and categorical variables as frequencies. Associations between categorical variables were
tested using chi-squared test. Comparisons of mean values of normally distributed variables between those
who developed diabetes and the rest of the participants were performed using Student’s t-test, after ensuring
equality of variances using Levene’s test. Analysis of variance was performed to compare the mean values of
normally distributed variables by Mediterranean diet group. Post hoc analyses using the Bonferroni rule were
performed to account for the inflation of the probability of type | error. For non-normally distributed variables,
the Kruskall-Wallis test was applied, and the Mann—-Whitney test was performed between every two groups,
so as to detect significant mean differences. Continuous variables were tested for normality through
histograms. The relative risk of developing diabetes during the 10-year period according to the participants’
base-line characteristics was estimated through the odds ratio and the 95% corresponding confidence interval,
as de-rived from logistic regression model. his type of analysis was preferred because there were no accurate
data about diabetes onset, but only diagnosis. All known confounders were included in the models after testing
for colinearity. Interactions with MedDietScore were checked in all steps and when significant sub-group
analyses were performed. Trend analysis was applied by fitting smoothing lines (linear, logarithmic, quadratic
or cubic) on odds ratios de-rived by age—sex adjusted analysis, by Mediterranean diet category; the
corresponding R-squared values indicated which line best fits the observed data. The predictive ability of the
components of Mediterranean diet was ranked, calculating the 2 log likelihood of each model (the lower the
better). The SPSS version 18 (Statistical Package for Social Sciences, IBM Hellas SA, Greece) soft-ware was used
for all statistical calculations.
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Results

The 10-year diabetes incidence

During the 10-year follow-up period, 191 diabetes cases were documented, yielding to a crude incidence of 129
per 1000 participants (or 12.9%), of them, 97 (13.4%) were men, and 94 (12.4%) were women (p = 0.79 for
gender difference) [21].

Participants’ baseline characteristics by level of adherence to the Mediterranean diet

Demographic and clinical characteristics of the participants by adherence to the Mediterranean diet
status are presented in Table 1. As the level of adherence to Mediterranean diet increased, participants were
more likely to be women, younger, better educated and to have lower BMI and waist circumference (WC).
Hypertension and hypercholesterolemia were also less frequent; total cholesterol, LDL cholesterol and
triglycerides mean concentrations were lower, whereas HDL cholesterol was higher. With regard to oxidative
stress biomarkers, participants who adopted the Mediterranean diet had the highest TAC and the lowest
oxidized LDL values. Similarly, mean concentrations of fasting glucose and insulin, as well as all inflammatory
and coagulation biomarkers, were the lowest. Family history of diabetes, smoking status and physical activity
status did not differ significantly between the three groups (Table 1).

Table 1. Distribution of baseline lifestyle and clinical characteristics® of the ATTICA study’s participants, according to the level of
adherence to Mediterranean diet (n=1485).

Level of adherence to Mediterranean Diet

Baseline characteristics Low Medium High p
(n=490) (n=518) (n=477)
Diabetes cases, n (%) 105 (21) 62 (12) 24 (5) <0.001
Age, years 54+12 46 * 10* 36 £ 10* <0.001
Male sex, n (%) 371 (76) 289 (56) 66 (14) <0.001
Education, years of school 11+3.8 12 +3.6** 14 +2.8** <0.001
Body mass index, kg/m’ 29+4.2 27 +2.8* 22 +2.5% <0.001
Waist circumference, cm 100+ 12 92 +11* 78 + 10* <0.001
Family history of diabetes, n (%) 98 (22) 96 (21) 97 (22) 0.91
Hypertensive subjects, n (%) 215 (46) 156 (32) 45 (10) <0.001
Hypercholesterolemic subjects, n (%) 215 (44) 257 (50) 109 (23) <0.001
—  Total cholesterol, mg/dL 202 +39 203 +£42 177 + 39* <0.001
—  HDL-cholesterol, mg/dL 45+10 48 +17* 54 + 14* <0.001
—  LDL-cholesterol, mg/dL 131+£35 130+ 36 109 + 35* <0.001
—  Triglycerides, mg/dL 136 £ 80 129 +93* 78 + 37** <0.001
Current smokers, n (%) 263 (54) 298 (58) 241 (51) 0.091
Physically active, n (%) 212 (43) 202 (39) 211 (44) 0.20
Fasting glucose, mg/dL 92 +13 90 + 12* 86 + 12** <0.001
Fasting insulin, pU/mL 14+5.3 13 +1.6%* 12 +£1.3%* <0.001
TAC, umol/L 225142 229+32 250 + 45** <0.001
ox-LDL, mg/dL 66 + 30 63128 54 +26** <0.001
IL-6, pg/mL 1.6+0.48 1.5+0.52** 1.3 £0.40** <0.001
TNF-a, pg/mL 8.2+3.9 6.2 + 3.3%%* 4.8 +4.8%* <0.001
CRP, mg/L 2327 19+23 1.3 +1.9** <0.001
Homocysteine, pmol/L 13+5.1 12 +6.0* 11+ 7.7** <0.001
SAA, mg/dL 4.7+4.6 43+3.8 43+5.1* 0.050
Fibrinogen, mg/dL 32075 311+63 292 + 65** <0.001

® TAC= Total Antioxidant Capacity, ox-LDL=oxidized LDL-cholesterol, IL-6=Interleykin-6, TNF-a= Tumor Necrosis factor-a, CRP=C-reactive
protein, SAA=Serum Amyloid-A.

® Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values derived from ANOVA, for the
normally distributed variables and Kruskall-Wallis test for the non-normally distributed variables (i.e., triglycerides, years of school, fasting
glucose, fasting insulin, TAC, ox-LDL, TNF-a, IL-6, CRP, homocysteine, SAA, fibrinogen), or chi-square test for the categorical variables. ©
*p<0.05 and **p<0.001 from post-hoc analyses using the Bonferroni rule, using small adherence to the Mediterranean Diet as the
reference category, or from the Mann-Whitney test (every two groups) for non-normally distributed variables.
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The 10-year diabetes incidence and Mediterranean diet

The 10-year incidence of diabetes was n = 83 cases (21%) among participants away from the
Mediterranean diet, n = 38 (8.0%) among participants with medium adherence and n = 8 (5.0%) in the high-
adherence group (p < 0.001) (Table 1). Participants who did not develop diabetes within the 10-year follow-up
period were equally distributed among the three Mediterranean diet groups (30%, 35% and 35% for low,
medium and high adherence, respectively), whereas participants who developed diabetes were mostly away
from the pattern (55%, 33% and 13% for the three groups, respectively). Trend analysis on the odds ratios
derived from age—sex adjusted models per Mediterranean diet group revealed a significant logarithmic trend
between diabetes incidence and level of adherence to the Mediterranean diet (R-squared for logarithmic trend
=0.99, p = 0.042) (other trends, i.e. linear, exponential and quadratic, were also tested but found insignificant,
p >0.10).

In order to control for potential confounding, multiadjusted analysis was performed through nested
models. In age—sex adjusted model (Table 2, model 1), a significant inverse association was observed for
participants with both medium and high, compared with low, adherence to Mediterranean diet (RR = 0.57, 95%
Cl: 0.38, 0.84 and RR = 0.25, 95% Cl: 0.13, 0.47, respectively). This finding remained significant even after
controlling for family history of diabetes and cardiovascular risk factors (i.e. hypertension,
hypercholesterolemia and smoking status) (Table 2, model 2), educational status and physical activity status
(Table 2, model 3), as well as abnormal WC (i.e. WC > 94 cm for men or >80 cm for women) (Table 2, model 4).
The interaction between MedDietScore and WC category was found significant (p = 0.045) and was kept in the
final model. Specifically, in the fully adjusted model, individuals with medium adherence to the Mediterranean
diet experienced 49% lower risk for developing diabetes, within the next 10 years (RR = 0.51; 95% Cl: 0.30,
0.88), whereas for
individuals with high adherence, the risk was found to decrease by 62% (RR = 0.38; 95% CI: 0.16, 0.88),
compared with participants with low level of adherence to the pattern.

Table 2. Results from multiple logistic regression models (odds ratios and the corresponding confidence
intervals) that evaluated participants’ adherence to Mediterranean diet as well as other characteristics, in
relation to 10-year incidence of diabetes (n=1485)

Odds ratio for Level of adherence to the Mediterranean Diet

MedDietScore

(per 1 unit) Low Medium High
(n=490) (n=518) (n=477)
Model 1 0.99; 0.97, 1.02 Ref 0.57;0.38,0.84 0.25;0.13,0.47
Model 2 0.99; 0.96, 1.02 Ref 0.53; 0.34,0.83 0.28;0.14, 0.57
Model 3 0.99; 0.96, 1.02 Ref 0.54; 0.35, 0.85 0.31; 0.15; 0.62
Model 4 1.04; 0.99; 1.09 Ref 0.51;0.30,0.88 0.38;0.16, 0.88

To identify which components of Mediterranean diet contribute the most to the observed inverse

association, all Mediterranean diet components were added to model
4, one by one, and 2 log likelihood values were compared, with the lowest values indicating better predictive
ability. The three components with the lowest values were

wholegrain cereals, fruits and legumes with 2 log likelihood values equal to 189.1, 189.5 and 189.9,
respectively. Because of the aforementioned significant interaction between WC category and MedDietScore,
logistic regression analysis was additionally performed after stratification by WC, i.e. n = 727 participants with
increased WC (WC > 94 cm for men and >80 cm for women) versus n = 549 participants with normal WC. In the
fully adjusted model, an inverse association was observed between MedDietScore and diabetes development,
only among participants with increased abdominal fat (RR = 0.44, 95% Cl: 0.25, 0.77 for medium adherence to
Mediterranean diet and RR = 0.26, 95% Cl: 0.10, 0.70 for high adherence). For individuals with normal WC,
results were not significant (RR = 0.97, 95% Cl: 0.29, 3.25 and RR = 0.89, 95% Cl: 0.16, 4.90 for medium and high
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adherence, respectively); nevertheless, the interpretation of these findings warrants caution due to the small
number of events (n = 32), among participants with WC < 90/84 cm.

To investigate the potential mechanism underlying the protective effect of Mediterranean diet for
individuals with increased abdominal fat, biomarkers of oxidative stress (i.e. ox-LDL and TAC), inflammation (i.e.
IL-6, SAA, TNF-a, CRP and homocysteine) and coagulation (i.e. fibrinogen) were sequentially, and separately,
entered to the fully adjusted model. Stratification by WC category was maintained. For men with WC > 94 cm
and women >80 cm, statistical analysis revealed the mediating effect of TAC, TNF-a and homocysteine in the
examined relationship (all p-values > 0.05) (Table 3). The mediating effect of these biomarkers was enhanced
by the fact that their mean concentrations significantly increased in parallel with the level of adherence to the
Mediterranean diet (Table 1). Oxidized LDL, IL-6, CRP, SAA and fibrinogen did not influence the tested
association (Table 3). Among individuals with normal WC, results remained not significant in all steps (data not
shown).

Table 3. Results (odds ratio and 95% confidence interval) from multiple logistic regression models, among
n=727 participants with WC>94/80, that evaluated participants’ adherence to Mediterranean diet in relation to
10-year incidence of diabetes, after one-by-one inclusion of various biomarkers in the fully-adjusted model.

Level of adherence to the Mediterranean Diet

Low Medium High
(n=305) (n=288) (n=134)

Oxidative stress

e TAC, umol/L Ref 0.08;0.01, 1.11 0.24;0.01, 5.98

e ox-LDL, mg/dL Ref 0.31;0.15,0.64 0.17;0.05, 0.62
Inflammatory

e IL-6, pg/mL Ref 0.47;0.26,0.84 0.28;0.09, 0.88

e TNF-a, pg/mL Ref 0.60;0.31, 1.16 0.35;0.12,1.02

e CRP, mg/L Ref 0.47;0.26,0.84 0.28;0.09, 0.88

e Homocysteine, umol/L Ref 0.56; 0.29, 1.10 0.31; 0.09, 1.07

e SAA, mg/dL Ref 0.47; 0.25, 0.88 0.22;0.07,0.75
Coagulation

e  Fibrinogen, mg/dL Ref 0.45; 0.25,0.83 0.28;0.10, 0.81
Discussion

Mediterranean diet is a well-known ‘heart-healthy’ pattern, with a potential to extend its health
benefits beyond CVD. In the present work, the 10-year diabetes incidence was studied in relation to
Mediterranean diet. Medium adherence to Mediterranean pattern was found to decrease the 10-year diabetes
risk by almost 50% whereas high adherence more than 60%. Trend analysis also revealed a significant
logarithmic relationship between diabetes development and adherence to the Mediterranean diet, suggesting
that shifting from low to medium adherence was followed by a greater relative risk reduction compared with
shifting from medium to high. Among MedDietScore components, wholegrain cereals, fruits and legumes had
the greatest predictive ability on diabetes risk; in other words exerted the greatest protection. Furthermore,
abdominal fat was found to have a moderating effect on the tested relationship; the protective effect of the
diet was limited, though strengthened, when WC exceeded 94/80 cm for men and women, respectively. Finally,
an effort to identify potential mediators of the Mediterranean diet—diabetes inverse association was
attempted. It was revealed that changes in TAC, TNF-a and homocysteine concentrations may underlie
diabetes pathogenesis mechanism, suggesting that adherence to the Mediterranean diet may offer its
antidiabetic effect through a decrease in oxidative stress and subclinical inflammation. Despite the limitations
of the present observational study, the large, representative sample, the prospective design and follow-up of
10 years, as well as the detailed assessment of lifestyle information and, therefore, the ability to adjust for
several known confounders, may guarantee that the reported findings are of considerable public health
importance, as they shed light into the underlying pathway of Mediterranean’s diet anti-diabetic effect, as well
as the group of people that seem to benefit most by the pattern’s long-term high adherence.
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Mediterranean diet has been consistently linked to lower diabetes incidence, a finding confirmed
recently by the meta-analysis of Koloverou et al. [6]. De Koning et al. have also observed that Mediterranean
diet yields its benefit only in the presence of high BMI [22]; similar to the present study, where increased WC,
an even better than BMI predictor of diabetes [23] was found to maximize Mediterranean diet’s beneficial
effect. Considering the higher levels of oxidative stress and inflammation among individuals with abdominal
obesity [24,25], and the observed mediating effect of TAC, homocysteine and TNF-a on the examined
relationship, this finding does make sense, and further confirms the inflammatory and oxidative stress
component in diabetes pathogenesis [7,10].

Mediterranean diet’s anti-inflammatory potential is well known. Whole grains, vegetables, fruit and
fish, in all of which Mediterranean diet is abundant, as well as vitamin C, vitamin E and carotenoids are
associated with lower circulating concentrations of inflammatory markers [26]. Two long-term randomized
clinical trials have proven the effectiveness of Mediterranean diet in lowering inflammatory markers, such as
CRP and IL-6, either following weight loss in post-menopausal women [27] or independent of weight loss
among patients with metabolic syndrome [28].

In this article, three other biomarkers were identified as plausible mediators of Mediterranean diet—
diabetes inverse association: homocysteine, TNF-a, and TAC. Mediterranean diet has previously been reported
to decrease homocysteine [29], an inflammatory score including TNF-a [30], and to increase TAC [31].
Regarding homocysteine, a recent meta-analysis highlighted that hyperhomocysteinemia is causally linked to
diabetes development [32], which makes the present finding even more robust. TNF-a, a proinflammatory
cytokine, has long been studied in relation to obesity-related insulin resistance, and it is found to deteriorate
insulin-signalling pathways [33,34]. Furthermore, TNF-a antagonists improve insulin sensitivity among non-
diabetic patients with rheumatoid arthritis [35]. However, a direct association between TNF-a and diabetes
incidence has not been established. Finally, TAC has been inversely associated with diabetes biomarkers among
healthy participants [36]; nevertheless, similarly with TNF-a, it has not been definitively linked to diabetes
incidence.

The proposed effect of Mediterranean diet against diabetes development was postulated to be the
interplay between the pattern’s nutritional components. As it was observed, wholegrain cereals, legumes and
fruits consumption were primarily linked to the pattern’s anti-diabetic effect. Cereal-oriented dietary fibre has
been suggested to act beneficially [37] because of delayed gastric emptying, which slows down glucose
absorption and reduces insulin levels, as well as the bran’s high magnesium concentration. Decreased
intracellular enzymatic activity, due to magnesium deficiency, fosters insulin resistance [38]. Legumes are also
excellent magnesium sources. With regard to fruits, their significant antioxidant content may be responsible for
their high predictive ability. As mentioned earlier, dietary antioxidants may suspend oxidative stress
accumulation, which inflicts damage on pancreatic b-cell’s dynamic for insulin production and secretion [7].
Other dietary components may act protectively. Alcohol consumption in moderation improves insulin
sensitivity, reduces basal insulin secretion rate and lowers fasting glucagon concentration [39]. Moreover, fish
and nut derived n-3 free fatty acids, along with olive oil polyphenols, shift metabolic balance towards a more
anti-inflammatory state [40], which as mentioned earlier contributes to diabetes onset detainment.

Limitations

This study has some limitations that should be considered. Because the exact time of diabetes onset
was not known in all cases, only the date of diabetes diagnosis, hazard ratios was estimated through odds
ratios, which may have over-estimated the true effect. However, for low-frequency diseases, odds ratio is
suggested to be an accurate estimate (converges) of the relative risk. Furthermore, considering that individuals
with CVD were excluded in baseline assessment, as well as the possibility of misclassification of diabetes status
for patients interviewed by phone, there may have been an underestimation of diabetes incidence. The
difficulty of an accurate evaluation of Mediterranean diet with possible underreporting and misclassification
should be acknowledged, as in all observational studies. Finally,
the fact that some participants might have changed their dietary habits during the long follow-up of 10 years,
without timely information updates, should also be acknowledged.

Conclusions

The present study confirmed the favorable effect of Mediterranean dietary pattern against diabetes
onset and identified potential mechanisms. Specifically, the novelty of this work is that Mediterranean diet was
found to exert its protection, through attenuation of inflammation process and oxidative stress, especially
among individuals with increased WC. Although focused studies are deemed necessary to draw firm
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conclusions

regarding Mediterranean diet’s anti-diabetic pathways, the reported results underline the crucial role of
Mediterranean diet not only as a promising dietary tool for the primary prevention of diabetes but also as a
plethora of cardiometabolic disorders, with an inflammatory or oxidative stress component.
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Abstract

AIM: Identification of dietary patterns among apparently healthy individuals and determination of their long-
term effect on diabetes incidence.

METHODS: During 2001-2002, a random sample of 3,042 men and women (18-89 years old), living in Athens
greater area, was randomly selected to participate in the study. During 2011-2012, the 10-year follow-up was
performed in 2,583 participants (15% drop-out rate). After excluding participants with diabetes at baseline and
those form whom no information on diabetes status was available at follow-up, the working sample consisted
of 1,485 participants. Dietary habits were assessed by means of a validated semi-quantitative, food frequency
questionnaire. Factor analysis was performed to extract dietary patterns from 18 food groups.

RESULTS: Diabetes diagnosis at follow-up was made in 191 participants, yielding an incidence rate of 12.9%. Six
factors were extracted explaining 54% of the variation in consumption. After adjusting for major confounders,
stratification by age-group logistic regression revealed that the most healthful pattern consisted of the
consumption of fruits, vegetables, legumes, bread, rusks, and pasta which reduced the 10-year diabetes risk by
40%, among participants aged 45-55 years. However, the association reached statistical significance only
marginally (95% Cl: 0.34, 1.07). For the other age-groups no significant association was observed. When the
analysis was additionally adjusted for carbohydrate percentage, statistical significance was lost completely,
suggesting a possibly mediating effect of this macronutrient.

CONCLUSIONS: The results confirm the potentially protective effect of a plant-based dietary pattern in the
primary prevention of diabetes, in particular among middle-aged people. Carbohydrate content may be a
specific factor in this relationship; other micronutrients found in plant-based food groups may also play a role.

Keywords: type 2 diabetes, cohort study, dietary patterns, diabetes incidence, factor analysis
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Introduction

The World Health Day 2016 campaign was dedicated to the devastating impacts and consequences of
type 2 diabetes which has reached epidemic dimensions. The World Health Organization reported that, in
2014, 9% of the adult population was diagnosed with diabetes; it is estimated that the disease will rise to the
7" place of leading diseases by 2030 (Mathers and Loncar 2006, Mendis, Davis et al. 2015). Patients are facing a
2-4 times higher risk of cardiovascular disease (CVD) or death from any cause associated with the disease (Fox,
Coady et al. 2007). These alarming figures necessitate the need for effective therapeutic means and preventive
strategies, especially in middle- and low-income countries.

Genetic susceptibility is an important factor in the pathogenesis of diabetes, but acts mainly as trigger
in relation with specific environmental factors. Therefore, weight management and regular physical activity are
common targets of interventional programs as they have been inversely associated with diabetes development
and progression (Mayor 2007). Although diet has long been recognized to be necessary for an effective
diabetes management (Khazrai, Defeudis et al. 2014), its role on primary disease prevention still remains
unclear. The effects of specific food groups on the onset of diabetes and its complications have been studied
extensively. Several food groups such as whole grain, low-fat dairy products, fruits, vegetables, pulses, and nuts
(in women) have been found to be positive correlated with reduced risk of diabetes, while sugar-rich
beverages, meat, processed meat, hydrogenated oils, margarines, and eggs seem to increase the risk of
diabetes [6]. In recent times, the use of the patterns approach has shown advantages over the consideration of
separate food groups, for both practical and methodological reasons (Panagiotakos, Pitsavos et al. 2009):

1. Foods may have synergistic or competing properties, which may alter the true food-health
relationship.

2. Individuals consume a variety of food combinations. Therefore, eating patterns reflect more
adequately dietary habits.

3. A pattern is more easily translatable into guidelines in everyday clinical practice, compared to the
intake of specific nutrients.

Nutritional epidemiology has used the following two statistical approaches for the identification of
dietary patterns:

1. A-priori method (based on an already described pattern)

2. A-posteriori method (based on a study describing a new pattern that has been derived

empirically) [8]

Various studies have used a-priori methods to evaluate the relation of the adherence to a dietary
pattern to diabetes pathogenesis among initially healthy individuals. The most common pattern tested is the
Mediterranean diet, which has consistently been found to lower diabetes risk (Martinez-Gonzalez, de la
Fuente-Arrillaga et al. 2008, Salas-Salvado, Bullo et al. 2011, Koloverou, Panagiotakos et al. 2015). The pattern
is characterized by:

1. Abundant consumption of plant foods and olive oil as the principal source of fat.

2. Moderate consumption of fish, poultry, eggs, dairy products, and alcohol.

3. Low consumption of meat, its products, processed foods, and sugar (Willett, Sacks et al. 1995).

Some studies have used a-posteriori methods to find new dietary patterns, and evaluate their long-
term effects on the risk of diabetes (van Dam, Rimm et al. 2002, Hodge, English et al. 2007, Brunner, Mosdol et
al. 2008). Apart from the method applied, the results of studies on the relation of diet to risk of diabetes are
inconsistent. A meta-analysis of 10 prospective studies, with equal representation of Caucasians, Africans,
Hispanics, and Chinese, concluded that “healthful” patterns, consisting of fruits, vegetables, and whole grain
products, may reduce diabetes risk by 14%, whereas “unhealthful” patterns, including high contents of red and
processed meat, high-fat dairy, and refined grains, may increase the risk by 30% (Maghsoudi, Ghiasvand et al.
2016). However, a very recent case-control study did not find a significant association between healthful
dietary patterns and diabetes risk (Zaroudi, Yazdani Charati et al. 2016). Furthermore, most studies have
focused on subjects aged over 40 years, meaning a lack of data in younger ages. This is particularly relevant as
type 2 diabetes patients are becoming increasingly younger. To the best of our knowledge, no study has
investigated the potential differentiated effect of a dietary pattern by age group until today. Finally, no
relevant study has been conducted in Greece, a country that experienced low CVD rates in the 1960s and
1970s, but high diabetes rates today, with 13 new cases per 1000 adults per year (Koloverou, Panagiotakos et
al. 2014), which is consistent with the global trend.

Therefore, in the present work, we investigated the effects of dietary patterns on the 10-year
incidence of diabetes in a large, representative sample of CVD-free Greek adults, aged over 18 years.
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2. Methods
2.1 Baseline sampling procedure (2001-2002)

The ATTICA study is a large-scale, prospective, health- and nutrition-related survey. The baseline
sampling of participant data was conducted during 2001-2002 in the province of Attica, where Athens is the
major metropolis. In each area, the information was collected during all four seasons to eliminate the potential
confounding effect of seasonality on dietary habits. Of the 4,056 inhabitants of the above area invited initially,
and after excluding those with CVD (i.e., n = 117) and those with chronic viral infections (n = 107), 3,042
individuals agreed to participate (75% participation rate); 1,514 of the participants were men (aged 46 + 13 yr;
range 18-87 yr) and 1,528 were women (aged 45 + 13 yr; range: 18-89 yr). Trained personnel (i.e., cardiologists,
general practitioners, dietitians, and nurses) interviewed the participants following a standard methodology.
The study was conducted according to the Declaration of Helsinki guidelines; all procedures involving human
subjects were approved by the ethics committee of the First Cardiology Department of the University of
Athens. Written informed consent was obtained from all individuals. General information about the aims,
design, and methods of the ATTICA study may be found elsewhere (Pitsavos, Panagiotakos et al. 2003).

2.2 Baseline measurements (2001-2002) - dietary assessment

The evaluation of the dietary habits was based on a validated, semi-quantitative food-frequency
questionnaire, the EPIC-Greek questionnaire, which was kindly provided by the Unit of Nutrition from the
Athens Medical School (Katsouyanni, Rimm et al. 1997). The participants were instructed by trained personnel
to complete the questionnaire, which included 156 foods and beverages commonly used in Greece. In this
work, we focused on major food groups, including dairy products (milk, yogurt, and cheese), fruits, vegetables,
legumes, starchy foods (cereals, bread, pasta, potatoes, and rice), meat (red, white, and processed), small and
big fish, eggs, nuts, and sweets. Beverages such as alcohol, coffee, soda drinks, and tea were not considered.
Added fat was recorded, but also not considered in the analysis since the majority of participants (about 95%)
reported the use of olive oil as the main fat added, causing this variable to be almost constant. In this
population, the exclusive use of olive oil as added oil and in cooking is a tradition carried on until today.

2.3 Socio-demographic and other lifestyle variables

Information about socio-demographic characteristics (age, sex, and years of school), personal and
family history of hypertension, hypercholesterolemia and diabetes, family history of CVD, smoking status, and
physical activity were collected. Smokers were defined as persons who smoked at least one cigarette per day or
who had quitted within the previous year; the rest were defined as non-smokers. The International Physical
Activity Questionnaire (IPAQ), an index of weekly energy expenditure recording frequency (times/week),
duration (in minutes), and intensity of physical activity (in expended calories per time), was used to determine
the level of physical activity (Papathanasiou, Georgoudis et al. 2009).

2.4 Anthropometric, clinical, and biochemical characteristics

Weight (in kg), height (in m), waist and hip circumference (in cm), and clinical characteristics were
measured using standard procedures. Arterial blood pressure was measured 3 times by using the right arm. All
measurements were performed at the end of the physical examination, while subjects were in a sitting position
for at least 30 min. When average blood pressure was 2140/90 mm Hg or when antihypertensive medication
was used, the participant was classified as hypertensive. Blood samples were collected from the antecubital
vein between 8 to 10 a.m., in a sitting position after 12 hours of fasting and alcohol abstinence. Serum total
cholesterol, HDL-cholesterol, triglycerides, and glucose concentrations were measured using the
chromatographic enzymic method by a Technicon automatic analyzer RA-1000. LDL cholesterol was calculated
using the Friedewald formulae. Hypercholesterolemia was defined as total serum cholesterol concentrations
>200 mg/dl or the use of lipid-lowering agents. Serum insulin concentrations were assayed by means of a
radioimmunoassay. Diagnosis of type 2 diabetes was conducted according to American Diabetes Association
criteria (American Diabetes Association 1997), i.e., fasting blood glucose >125 mg/dl or the use of antidiabetic
agents and/or insulin.

2.5 Ten-year follow-up evaluation (2011-2012)
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The 10-year follow-up was performed during 2011-2012. Of the 3,042 participants, 2,583 completed
the follow-up (85% participation rate). A detailed evaluation of the participants’ medical status was performed.
Among various endpoints, development of diabetes mellitus was recorded. Patients who had diabetes at
baseline (n = 210), and those for whom information about diabetes status were not available at the 10-year
follow up (n = 888), were excluded from the present analyses, yielding a working sample of n = 1,485
participants. The sample size was adequate to achieve 92% statistical power for the evaluation of a relative risk
of 0.70 between the null and the alternative two-sided hypothesis, when the exposure variable was increased
by 1 unit and with a significance level (alpha) of 0.05. Further details about the baseline and 10-year follow-up
procedures of the study are described elsewhere (Pitsavos, Panagiotakos et al. 2003, Koloverou, Panagiotakos
et al. 2014).

2.6 Statistics - food factor derivation

Factor analysis, using the principal component method, was applied to identify dietary patterns that
show protection against diabetes pathogenesis. The correlation matrix of the food variables used here showed
that there were several correlation coefficients with r >0.4. Moreover, the phi coefficient (a measure of the
inter-association of variables) was 0.89, which is close to 1. Both approaches implied high interrelationships
between the food-variables. Therefore, factor analysis was effective for assessing the food patterns.

From the entire food database, 18 food categories were selected to represent all major food groups,
i.e., dairy products, fruits, vegetables, legumes, cereals, etc. (Table 2). Food groups that entered the analysis
were coded as servings per month. The orthogonal rotation (rotation with varimax option) was used to derive
optimal non-correlated factors. The factors are dietary patterns that are characterized by the main
consumption of specific food groups, e.g. red or white meat and potatoes for one factor. The information was
rotated to increase the representation of each food or food group to a factor.

Eigenvalues were derived from the correlation matrix of the standardized variables. The eigenvalue is
a value that indicates the proportion of the variance in consumption explained by each factor. The scree plot of
the eigenvalues was examined to decide about the number of factors retained. According to Kaiser’s criterion,
the factors that should be retained are those with eigenvalues >1. In our analysis, a six-factor solution was
selected (six dietary patterns), because six of the 18 extracted factors had eigenvalues >1. We have then
calculated factor scores, which are interpreted similarly to correlation coefficients, i.e., higher absolute values
indicate that the food variable contributes most to the construction of the factor. The patterns were indicated
according to the scores of the food groups that correlated most with the factors (scores 0.4).

2.7 Descriptive and basic statistical analyses

The incidence of diabetes was calculated as the ratio of new cases (n = 191) to the total number (n =
1,485) of participants in the follow-up. Continuous variables were indicated as mean values + standard
deviation and categorical variables as frequencies. After ensuring equality of variances using Levene’s test,
comparisons of mean values of normally distributed variables between participants who developed diabetes
and those who did not were performed using Student’s t-test. For non-normally distributed variables, the
Mann-Whitney test was applied. Continuous variables were tested for normality by the Kolmogorov-Smirnov
test. For categorical variables, the chi-squared test was used. Since the extracted factors (i.e., dietary patterns)
were not normally distributed, their correlations with diabetes risk were tested using Spearman’s rho test for
continuous variables or Mann-Whitney test for categorical variables.

Slightly adjusted, multiple linear regression models were constructed using factor scores as dependent
variables and major confounders as independent variables. The results were indicated as b-coefficient £ SE. The
risk of developing diabetes during the 10-year study period in relation with the adherence to a dietary pattern
was estimated using odds ratios (OR) in combination with the respective 95% confidence intervals derived from
multiple logistic regression. This type of analysis was preferred (instead of survival analysis) as there were no
data on diabetes onset, but only diagnosis. Interactions of each confounder with extracted dietary patterns
were checked in all steps of the analysis. Known confounders were included in the models after testing for
colinearity. The significance level (alpha) of 0.05 was used, and all reported p-values were based on two-sided
tests. SPSS software (Statistical Package for Social Sciences, IBM Hellas SA, Greece, version 18) was used for all
statistical calculations.

3. Results

3.1 10-year diabetes incidence
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During the 10-year follow-up period, 191 diabetes cases were recorded, yielding a crude incidence of
129 per 1000 participants (or 12.9%). Of the 191 cases, 97 (13.4%) were men and 94 (12.4%) were women (p =
0.79 for gender difference) (Koloverou, Panagiotakos et al. 2014).

3.2 Participants’ baseline characteristics by diabetes status at 10-year follow-up

Demographic and clinical characteristics of the ATTICA study participants by diabetes status at 10-year
follow-up are presented in Table 1. Unadjusted analysis revealed that, at baseline, participants who developed
diabetes were older by almost a decade, were more likely to be predisposed to diabetes, had higher fasting
glucose levels, and a greater proportion had hypertension, hypercholesterolemia, and the metabolic syndrome,
compared to those that did not develop diabetes. They also had a higher initial body mass index (BMI) and
waist circumference, and were more likely to have an abnormal waist-to-hip ratio. Smoking status, years of
education, energy intake, and physical activity did not differ significantly between the two groups at baseline.

Some slight differences in some baseline characteristics were noted between those for whom
information about 10-year diabetes status was available (n = 1,485) and those for whom it was not (n = 1,347).
These characteristics concerned the distribution of age (43 + 13 vs. 45 + 13 years, p < 0.001), hypertension (30%
vs. 26%, p = 0.036), smoking status (58% vs. 54%, p = 0.028), abnormal waist circumference (50% vs. 54%, p =
0.027), and fasting glucose level (88 + 12 vs. 80 + 13, p = 0.005). No differences were found in the distribution
of sex, years of education, family history of diabetes, physical activity, metabolic syndrome,
hypercholesterolemia, BMI, abnormal waist-to-hip ratio, and energy intake (all p > 0.05).

Table 1. Baseline characteristics of the ATTICA study’s participants according to the 10-year diabetes
incidence (n=1485).

Status at 10-year follow — up

Baseline factors: Without diabetes With diabetes p
(n=1294) (n=191)

Age, years 44+13 53+11 <0.001
Male sex, n (%) 629 (49) 97 (51) 0.57
Education, years of school 13+3.4 14+3.4 <0.001
Body mass index, kg/m2 26+4.0 29+5.0 <0.001
Waist circumference, cm 88+14 98+16 <0.001
Abnormal WHR ratio ° 375 (34) 94 (59) <0.001
Energy intake, kcal/day 23351917 261611095 0.10
Physically active, n (%) 552 (43) 73 (38) 0.25
Current smokers, n (%) 702 (54) 100 (52) 0.62
Hypertensive subjects, n (%) 333 (27) 82 (46) <0.001
Hypercholesterolemic subjects, n (%) 475 (37) 106 (56) <0.001
Family history of diabetes, n (%) 230 (20) 61 (36) <0.001
Fasting glucose, mg/dL 88112 95+14 <0.001
Metabolic syndrome occurrence, n (%) 152 (12) 58 (30) <0.001

Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values
derived from Student’s t-test for the normally distributed variables and Mann-Whitney test for the non-
normally distributed variables (i.e., years of school, fasting glucose), or chi-square test for the categorical
variables. * >0.8 for women and >1.0 for men.

3.3 Dietary patterns

Factor analysis identified six factors (dietary patterns) that explained the 54% of the total variation in
consumption. The scores for the six factors are presented in Table 2 (the coefficients with absolute value
greater than 0.4 are presented in bold). As mentioned previously, the higher the absolute value of a specific
food or food group the higher is its participation in the development of the factor. We have derived the
following six factors (dietary patterns) that are characterized by the main consumption of the food groups
indicated:

Factor 1: Red or white meat (beef, pork, and poultry) and potatoes (fried, boiled, or baked)
Factor 2: Fruits, vegetables, legumes, bread, pasta, rusks (the healthful pattern)
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Factor 3: Processed meat and all kind of cheese

Factor 4: Fish (small and big)

Factor 5: Nuts and sweets

Factor 6: Dairy and cereals

Interestingly, some food groups were not as inter-correlated as expected, e.g., cheese not with milk

and yogurt, or poultry not with fish; this led to the classification of these food products into different food
patterns. Factor 1 was the most dominant pattern and explained 15.5% of the total variation in consumption.
Each of the remaining five factors explained between 5.9% (Factor 6) to 10% (Factor 2) of the variance in
consumption.

Correlations between participants’ characteristics (i.e., age, sex, years of education, waist
circumference, physical activity status, family history of diabetes, smoking, and status of hypertension and
hypercholesterolemia) and factor scores were tested (for descriptive reasons). We received the following
results for the different factors:

- Factor 1 was associated inversely with age (rho =-0.23, p < 0.001) and physical activity status (p = 0.018).

- Factor 2 was associated positively with age (rho = 0.194, p < 0.001) and inversely associated with
hypertension (p = 0.008) and hypercholesterolemia status (p = 0.049).

- Other Factors: correlations between diabetes risk and the other factors were not existent because they
explained only a small proportion of the total variation in consumption.

Finally, multiple adjusted regression models were constructed, with Factors 1 and 2 as dependent
variables, and age, sex, family history of diabetes, waist circumference, physical activity, smoking, and
hypertension and hypercholesterolemia status as independent variables. Factor 1 was inversely associated only
with age (b = -0.029 + 0.005, p < 0.001) and Factor 2 positively associated with age (b = 0.016 + 0.004, p =
0.001) and hypertension status (b =0.26 + 0.11, p = 0.021).

Table 2. Factor coefficients regarding foods or food groups consumed by Greek ATTICA study participants (n = 1485) at
baseline

Factor®

Food / food group 1 2 3 4 5 6

Dairy (milk, yogurt) 0.037 0.106 0.085 -0.068 -0.197 0.744
Fruits 0.007 0.550 0.081 0.354 0.358 0.224
Vegetables 0.143 0.655 0.110 0.281 -0.020 0.158
Legumes (lentils, beans etc) 0.016 0.692 -0.048 0.009 -0.012 -0.053
Bread, rusks, pasta -0.061 0.554 0.096 -0.351 0.199 -0.124
Cereals -0.138 -0.105 -0.024 0.143 0.281 0.676
Beef 0.583 -0.022 0.320 0.368 -0.064 -0.055
Pork 0.670 -0.059 0.156 -0.071 0.212 -0.075
Chicken 0.651 0.144 -0.219 0.043 -0.149 0.379
Processed meat 0.336 -0.106 0.455 -0.358 0.177 0.107
Fish, small 0.094 0.156 0.255 0.668 -0.029 -0.188
Fish, big -0.040 0.022 -0.094 0.618 0.095 0.173
Potatoes, fried 0.574 -0.033 -0.038 -0.169 0.326 -0.136
Potatoes boiled/baked 0.484 0.329 -0.056 0.123 0.090 -0.053
Feta cheese (traditional cheese) -0.031 0.126 0.686 0.049 0.087 -0.098
Hard cheese 0.030 -0.010 0.782 0.066 -0.008 0.124
Nuts 0.082 0.034 0.021 0.002 0.752 -0,093
Sweets 0.219 0.156 0.118 0.044 0.614 0.119

®Score coefficients are similar to the correlation coefficients, with higher absolute values indicative of higher
correlation between the (food) variable and the respective factor

®The patterns are mainly characterized by the consumption of: meat and potatoes (Factor 1), fruits, vegetables,
legumes, bread, rusk and pasta (Factor 2), processed meat and cheese (Factor 3), fish (Factor 4), nuts and sweets
(Factor 5), dairy and cereals (Factor 6).
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3.4 10-year diabetes incidence and dietary patterns

To evaluate the associations between the extracted factors and the 10-year risk of developing type 2
diabetes, logistic regression was performed. The interaction between factor scores and age-groups of subjects
was statistically significant, so the analysis was continued with the stratification by age groups. As the data was
stratified, we included only major confounders in the analysis (i.e., sex, family history of diabetes, waist
circumference, and smoking status) to avoid over-adjustment.

The results are shown in Table 3. The healthful pattern characterized by the consumption of fruits,
vegetables, and starchy foods showed a 40% lower 10-year risk of developing diabetes (OR = 0.60, 95% Cl: 0.34,
1.07) for participants aged 45-55 years at baseline. This result also shows that age plays a particular role in the
effect, i.e., mid-aged people seem to benefit most from the carbohydrate-rich, vegetarian diet. No other food
pattern reached statistical significance.

As Factor 2 represented almost all of the carbohydrate-rich foods consumed in Greece (i.e., bread,
rusks, pasta, legumes, fruits, and vegetables), we also included the percentage of calories from carbohydrates
in the analysis to test whether the marginally protective effect found for the vegetarian, carbohydrate-rich diet
is mediated by the high carbohydrate content. This approach led to statistical significance to be lost (OR = 0.62,
95% Cl: 0.34, 1.13), indicating that there may be a mediating effect caused by carbohydrates. When the model
was adjusted for total energy intake (instead of calories by carbohydrates), the marginally significant effect of
Factor 2 was lost again (OR = 0.72, 95% Cl: 0.35, 1.49), indicating the importance of the total amount of calories
consumed on the tested relationship.

Table 3. Results (odds ratio and 95% confidence interval) from multiple logistic regression, by age-group,
among 1,485 participants of ATTICA study, which evaluated the association between food factors and the 10-
year diabetes risk

Odds Ratio 95% ClI
Age group <45 years
Factor 1: meat, poultry and potatoes 0.99 0.49-2.03
Factor 2: fruits, vegetables, legumes, bread, rusks, pasta 1.89 0.85-4.18
Factor 3: processed meat and cheese 0.86 0.39-1.88
Factor 4: fish 1.12 0.44-2.84
Factor 5: nuts and sweets 1.19 0.58-2.53
Factor 6: dairy and cereals 1.23 0.60—-2.50
Age group: 45-55 years
Factor 1: meat, poultry and potatoes 0.79 0.39-1.59
Factor 2: fruits, vegetables, legumes, bread, rusks, pasta 0.60 0.34-1.07
Factor 3: processed meat and cheese 0.80 0.38-1.69
Factor 4: fish 1.43 0.75-2.72
Factor 5: nuts and sweets 1.37 0.84-2.25
Factor 6: dairy and cereals 1.12 0.62-2.03
Age group: >55 years
Factor 1: meat, poultry and potatoes 0.93 0.11-7.47
Factor 2: fruits, vegetables, legumes, bread, rusks, pasta 0.19 0.02-2.03
Factor 3: processed meat and cheese 0.18 0.004-7.6
Factor 4: fish 10.6 0.062 - 18.34
Factor 5: nuts and sweets 1.40 0.32-6.18
Factor 6: dairy and cereals 22.3 0.25-20.2

*The analysis was adjusted for major confounders, i.e., gender, family history of diabetes, waist circumference and smoking status. * Since
the 1-unit increase in Factors’ scores is not meaningful (i.e., 1-unit increase does not mean 1 serving increase) the reader could only
evaluate the direction of the effect size (i.e., hazard ratio >1= ““unprotective” or <1= “protective”

4, Discussion
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Using factor analysis in a sample of 1,485 adult men and women free of cardiovascular disease, we
derived six factors (patterns) that explained 54% of the total variation in dietary habit. Factor 1 was
characterized by the consumption of red or white meat and potatoes, a typical Greek eating behavior; it had
the largest part of variance in consumption, namely 15.5%. Factor 2 could be described as a healthful pattern,
as it featured good quality carbohydrate-rich foods, specifically fruits, vegetables, legumes, bread, rusks, and
pasta. This pattern explained 10% of the variance in nutrition. The rest of the patterns represented other foods
and food groups, including processed meat, cheese, fish, nuts, sweets, dairy products, and cereals, which
explained approximately 6-8% of the total variance.

The abovementioned dietary patterns were studied in relation to 10-year diabetes risk. The analysis
showed that age has a significant influence on the impact of diet on diabetes development. After sample
stratification by age group, only the healthful pattern was found to significantly decrease the 10-year diabetes
risk by 40% among participants aged 45-55 years. The inclusion of the percentage of carbohydrates in the fully
adjusted model caused a slight change in the 95% Cl, which means that the protective effect of the plant-based
pattern (Factor 2) may partially be attributed to their greater amount of carbohydrates and smaller amount of
fat.. Of course, the observed antidiabetic effect may be induced by different aspects of the diet, including other
micronutrients, present in the food groups as well as potential nutritional interactions. It may be speculated
that a high percentage of “good-quality carbohydrates” in the diet leads to a higher intake of antioxidants,
magnesium, and fiber (which is linked to decreased diabetes risk), and a smaller intake of saturated and trans
fatty acids (which is supposed to increase the risk) [6]. Finally, adjustment for calories had the same effect as
the adjustment for carbohydrates, highlighting the importance of quantity, i.e., calories consumed, apart from
quality, of a dietary pattern

Despite the observational nature of the present study, the large, representative sample, the
prospective design, and the long follow-up period of 10 years in combination with the detailed assessment of
lifestyle information, which allowed the adjustment for several known confounders, made the analysis
meaningful and robust against overestimation. The finding supports the claim for healthful eating as it has a
protective effect against diabetes development. As a new outcome, mid-aged people seem to benefit most
from long-term adherence to the healthy eating pattern.

Pattern analysis has emerged as a complementary statistical approach when attempting to investigate
the multidimensional essence of nutrition and its relationship with a chronic disease. A diet is more than the
sum of its components. The synergistic effects of a diet exceed the combined effects of single food
components, an insight that has led to fundamental concerns against food-specific, single-variable approaches.
Therefore, studying food patterns may better delineate the variation in proportions, combinations, and
frequencies of consumed foods and beverages. Furthermore, traditional, single-variable analysis is afflicted
with methodological deficits, because the high level of inter-correlation between food variables makes the
estimation of the effect size of singe foods or nutrients in regression models difficult.

As discussed above, there are two methods available to identify food patterns. A-priori analysis
intends to measure the level of adherence to a pre-specified healthful dietary pattern, using diet indexes. On
the other hand, a-posteriori analyses (principal component, cluster, or factor) do not share the limitations of a
“static” evaluation based on “expert” opinion, rather they generate dietary patterns incorporating
characteristics of individual choices in relation to the development of a disease (Panagiotakos 2008). Previous
studies have used the a-posteriori methodology to identify dietary patterns in relation to diabetes
pathogenesis.

The present study also followed the a-posteriori method to identify the most healthful pattern, which
was a vegetarian-like diet, rich in fruits, vegetables, legumes, and wholegrain cereals, and short in animal
products. Similar patterns have already been described in other studies. Using cluster analysis, Brunner et al.
studied 7,731 men and women (mean age 50 years) for 15 years, and detected a healthful pattern that
included fruits, vegetables, whole-meal bread, low-fat dairy products, and small amounts of alcohol (Brunner,
Mosdol et al. 2008). Montonen et al. studied 4,303 men (aged 40-69 years) for 23 years, and described a
pattern labeled “prudent” that was characterized by increased consumption of fruits and vegetables
(Montonen, Knekt et al. 2005). Similarly, in a 4-year prospective study, Hodge et al. observed 36,787 adults
from the Melbourne Collaborative Cohort, and described a similar pattern that was characterized by higher
consumption of salad and cooked vegetables (Hodge, English et al. 2007). Finally, in a larger sample consisting
of 42,504 men aged 40-75 years, the “prudent” pattern was not only characterized by fruits and vegetables,
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but also fish, poultry, and whole grains (van Dam, Rimm et al. 2002). In all previous studies, the healthful
patterns were associated with a reduced risk of diabetes. Although there is no standard definition of a
“healthful pattern”, it shows that fruits and vegetables were part of all healthful patterns detected in these
studies. Interestingly, a very recent meta-analysis of 10 prospective studies concluded that a reduced risk of
14% may be achieved when adopting a healthful pattern consisting of fruits, vegetables, and whole grains
(Maghsoudi, Ghiasvand et al. 2016). These results further confirm the existence of a healthful, anti-diabetic
vegetarian-based diet.

Another interesting finding of the present study was the effect of age-groups on the tested
relationship. The pattern characterized by rich amounts of fruits, vegetables, and complex carbohydrates was
significantly associated with reduce diabetes risk, but only among middle-aged participants (45-55 years). It is
well known that diabetes risk increases with age, with every year adding approximately 14% to the risk, and it
has been previously reported that ATTICA study participants aged 45-54 years at baseline belong to the age-
group with the most diabetes cases at 10-year follow-up (Koloverou, Panagiotakos et al. 2014). It may thus be
hypothesized that this group of participants benefited most from a healthy diet since this decade is critical for
diabetes onset. To the best of our knowledge, no previous study has reported this finding; more studies are
necessary to confirm it.

The proposed effect of the healthful pattern against diabetes development may be ascribed to several
mechanisms. Following a food approach, this pattern is high in fruits and vegetables, which have been
reviewed systematically and found recently to be inversely linked to diabetes development (Cooper, Forouhi et
al. 2012). Antioxidants in fruits and vegetables have been hypothesized to protect against diabetes, suspending
oxidative stress accumulation, which inflicts damage on pancreatic beta-cell’s dynamic for insulin production
and secretion [9]. Yet, supplementation with B-carotene and vitamins C and E has reported null associations
with the risk of developing diabetes in women at high risk of CVD (Song, Cook et al. 2009). The interplay of a
complex mixture of fruits and vegetables found in whole fruits and vegetables may be the key to a healthy
nutritional behavior (Liu 2003). Bread, pasta, and rusks are also present in this pattern. It has been suggested
that grain-oriented dietary fibers may act favorably against diabetes development because they cause delayed
gastric emptying, which results in a decelerated glucose absorption, thus reducing the necessary insulin level to
be provided by pancreatic beta-cells (Liese, Schulz et al. 2005). The bran of cereals is also very high in
magnesium, which has been studied a lot in relation to diabetes. Decreased intracellular enzymatic activity due
to magnesium deficiency promotes insulin resistance (Barbagallo, Dominguez et al. 2003). Legumes are
excellent sources of magnesium and dietary fibers. Finally, the vegetarian-based pattern is poor in total and
saturated fat. Consumption of dietary patterns high in total and saturated fat is directly and indirectly
(fostering overweight) linked to impaired insulin resistance (Riccardi, Giacco et al. 2004). In summary, it is
believed that single foods may have antidiabetic properties, but the antidiabetic potential of a healthful dietary
pattern is postulated to be higher than the combined effects of single nutritional components.

We have applied statistical analysis of the data so as to realize as robust estimates as possible.
Because the exact time of diabetes onset was unknown in all cases (only the date of diabetes diagnosis was
known), the hazard ratios were estimated through odds ratios, which may have overestimated the true effect.
However, for low-frequency diseases, odds ratio is suggested to be an accurate estimate (converging) of the
relative risk. Furthermore, an underestimation of diabetes incidence was possible considering that individuals
with CVD were excluded at baseline assessment. Another limitation was that a misclassification of diabetes
status was possible for patients interviewed by phone. Also, the baseline nutritional evaluation was performed
once; this may be influenced by seasonal variation and lacks reproducibility of the collected information.
However, the food frequency questionnaire used has been found to be reproducible and reliable, while the
sampling was performed over a year, and therefore, on average, nutritional habits from all seasons were
included.

Stratification of the sample by age group may have led to decreased power and robustness in
estimations of the effect sizes. However, the stratification was deemed necessary because of the significant
interaction that existed. The lost-to follow-up rate was medium (about 15%), and mainly attributed to the
wrong or missing contact information at baseline; this may have influenced our findings. However, it should be
mentioned that only slight differences in the baseline characteristics were observed between those who
participated in the follow-up and those who were lost. Finally, the fact that some participants might have
changed their dietary habits during the long follow-up of 10 years, without timely information updates, as well
as residual confounding due to unmeasured factors, are common limitations of this type of study.
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5. Conclusions

The present work confirmed the protective effect of a pattern high in fruits, vegetables, legumes, and
grains against diabetes development. The novelty is that the healthful dietary pattern included plant-based
foods only, no fish, dairy, or poultry, and that the antidiabetic effect was documented only among middle-aged
participants who are in a critical age for diabetes development. Since diet is a lifestyle factor that people can
learn to control, this work carries a significant public health message, underlining the role of adherence to a
plant-based pattern not only for diabetes, but also for primary prevention of a wide range of cardio-metabolic
diseases.
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Abstract

Aim: The purpose of this prospective study was to investigate the effect of alcohol consumption on the 10-year
diabetes incidence.

Methods: In 2001-2002, a random sample of 1514 men (18-89 years old) and 1528 women (18—87 years old)
was selected to participate in the ATTICA study (Athens metropolitan area, Greece). Among various other
characteristics, average daily alcohol intakes (abstention, low, moderate, high) and type of alcoholic drink were
evaluated. Diabetes was defined according to American Diabetes Association criteria. During 2011-2012, the
10-year follow-up was performed.

Results: The 10-year incidence of diabetes was 13.4% in men and 12.4% in women. After making various
adjustments, those who consumed up to 1 glass/day of alcohol had a 53% lower diabetes risk (RR = 0.47; 95%
Cl: 0.26, 0.83) compared with abstainers, while trend analysis revealed a significant U-shaped relationship
between quantity of alcohol drunk and diabetes incidence (P < 0.001 for trend). Specific types of drinks were
not associated with diabetes incidence; however, a one-unit increase in ratio of wine/beer/vodka vs. other
spirits was associated with an 89% lower risk of diabetes (RR = 0.11; 95% Cl: 0.02, 0.67). The protective effect
of low alcohol consumption on diabetes incidence was more prominent among individuals with stricter
adherence to the Mediterranean diet (RR = 0.08; 95% Cl: 0.011, 0.70) and without the metabolic syndrome (RR
=0.34; 95% Cl: 0.16, 0.70).

Conclusion: This work revealed the protective effect of modest alcohol consumption of particularly wine and
beer against the long-term incidence of diabetes, possibly due to their pleiotropic health effects.

Keywords: diabetes; incidence; alcohol consumption; drinking; ethanol

Introduction

Alcohol has been implicated among the pathophysiological sequelae leading to diabetes [1,2]. Alcohol
consumption spans a continuum ranging from abstention to alcoholism. Its impact on diabetes development is
predominantly determined by quantity and frequency—in other words, the drinking pattern—with the usual
quantity per drinking occasion being more influential than the weekly drinking frequency [3]. A meta-analysis
of 20 cohort studies reported a U-shaped relationship between alcohol and diabetes development, with
moderate and high intakes being protective and hazardous, respectively [4]. However, not all recent studies
have confirmed this finding; moderate consumption has been found beneficial in US [5] and Swedish [6], but
not Japanese [7], populations whereas, for southern Europe, no data are available. Apart from that, even
within the same ethnic group, there is still controversy; both positive and negative associations have been
revealed among Japanese [7,8] and US populations [5,9]. Moreover, there is conflicting evidence from recent
prospective studies regarding the effect of heavy alcohol consumption or absolute abstention on diabetes
development [7,10,11]. Furthermore, the type of alcoholic beverages has been suggested to play a significant
role, with wine tending to be the most protective [6,12]. Last, but not least, the alcohol-diabetes association
has been postulated to be dependent on other factors, such as gender [6,12], cholesterol [13] and body mass
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index (BMI) [14], thereby enhancing the uncertainty regarding the exact nature of the relationship. Thus,
despite a large amount of data, the true dose—effect relationship between alcohol drinking and diabetes
incidence among apparently healthy volunteers has been neither conclusively understood nor appreciated.

The aim of the present work was to investigate the effect of the quantity and type of alcoholic
beverages drunk on the 10-year risk for type 2 diabetes (T2D) among apparently healthy individuals. Secondary
goals included identification of the potential mediating or moderating effects of gender, BMI, lipid levels,
adherence to the Mediterranean diet as well as socioeconomic status on the evaluated relationship.

Methods
Sampling procedure at baseline examination (2001-2002)

The ATTICA epidemiological study [15] was a large prospective study carried out during 2001-2002 in
the Athens metropolitan area (including all urban and rural regions). The baseline random sampling anticipated
enrolling only one participant per household; it was multistage, and based on age (five strata), gender (two
strata) and distribution of the catchment area (27 strata based on the census of 2001) to be as representative
as possible. People with a history of cardiovascular disease (CVD), or living in institutions or having chronic viral
infections were not eligible for participation. Of the initially invited 4056 individuals, after excluding those with
CVD [n =72 (5%) men and n = 45 (3%) women] and those with chronic viral infections (n = 107), 3042 people
ultimately agreed to participate (75% participation rate); 1514 of the participants were men (18-87 years) and
1528 were women (18—89 years). All participants were interviewed by trained personnel (cardiologists, general
practitioners, dietitians and nurses), using a standard questionnaire. Exclusion of CVD at baseline was ensured
by detailed clinical evaluation according to standard criteria.

Baseline measurements

The baseline evaluation included information on sociodemographic characteristics: age, gender, years
of schooling and annual income to categorize participants into low, intermediate and high socioeconomic
status (SES); personal history of hypertension, hypercholesterolaemia and diabetes; family history of CVD; and
dietary and other lifestyle habits. Evaluation of nutritional habits was based on a validated semiquantitative
food-frequency questionnaire [16] in which participants were asked to report their average intakes of several
foods and liquids over the previous 12 months. Adherence to the Mediterranean diet was assessed using the
MedDietScore [17]. Smokers were defined as those who smoked at least one cigarette per day or who had quit
within the previous year. Physical activity status was defined as a sedentary lifestyle, or moderately or hardly
active, using the International Physical Activity Questionnaire (IPAQ) [18]. Weight (in kg), height (in m), and
waist and hip circumferences (in cm), as well as clinical characteristics such as arterial blood pressure, total
serum cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterols, triglycerides
and blood glucose levels (in mg/dL) were measured using standardized procedures. Baseline diagnosis of T2D
was based on criteria of the American Diabetes Association [19], including fasting blood glucose > 125 mg/dL or
the use of antidiabetic medication. The metabolic syndrome was defined according to the US National
Cholesterol Education Program’s Third Adult Treatment Panel (ATP Ill) criteria [20].

To determine alcohol intakes, alcoholic beverages usually consumed in Greece such as wine, beer,
whisky, traditional alcoholic drinks such as retsina, tsipouro and ouzo, and other spirits, liqueur) were recorded
in a seven-day food record. For the present analyses, alcohol intake was categorized into five groups:
® abstention;
¢ low intake (> 0 but < 1 glass/day);
¢ moderate intake (1-2 glasses/day);

e high (> 2 but < 4 glasses/day);
¢ very high (> 4 glasses/day).

One standard glass was the equivalent of 12 g of alcohol. Due to the very small number of participants
in the highest category (n = 28), the two highest classes were combined into one (> 2 glasses/day). Daily alcohol
intake (in g) was calculated using food composition tables [21]. Details concerning the aims, design and
methods of the ATTICA study can be found elsewhere [15].

Ten-year follow-up evaluation (2011-2012)

The 10-year follow-up was performed during 2011-2012. Of the original 3042 participants, 2583 were
available for the follow-up (85% participation rate). Detailed evaluation of the participants’ medical status was
performed. As before, diabetes at follow-up was defined as either fasting glucose levels > 125 mg/dL or the use
of antidiabetic medications [19]. Patients diagnosed with diabetes at baseline (n = 210) were excluded from the
present analysis, thus taking into account those with no data of diabetes status at the 10-year follow up (n =
1347 cases), the working sample consisted of n = 1485 participants free of diabetes at baseline. The study
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sample size was sufficient to achieve 92% statistical power to evaluate a relative risk (RR) of 0.70 between the
null and alternative two-sided hypothesis when the exposure variable (alcohol consumption category) was
increased by one-unit, with a significance (alpha) level of 0.05.
Statistical analysis

The incidence of diabetes was calculated as the ratio of new cases (n = 191) to the total number (n =
1485) of participants in the follow-up. Continuous variables were presented as means * standard deviation
(SD), and categorical variables as frequencies. Associations between categorical variables were tested using
Chi2 tests. Comparisons of mean values of normally distributed variables between those who developed
diabetes and the rest of th participants were performed using Student’s ttest, after controlling for equality of
variances with Levene’s test. For continuous variables that were not normally distributed (such as years of
schooling), the Mann—Whitney non-parametric test was applied to evaluate differences in the distributions of
skewed variables. Comparisons of mean values of normally distributed variables between the alcohol
consumption categories were performed using analysis of variance (ANOVA) tests after ensuring equality of
variance with Levene’s test whereas, for non-normally distributed variables, the Kruskal-Wallis test was
applied. Post-hoc analyses using the Bonferroni rule were performed to account for inflation of the probability
of type | error. Continuous variables were tested for normality through P-P plots. The RR for developing T2D
during the 10-year followup according to the participants’ baseline characteristics was estimated, using the
odds ratio (OR) and corresponding 95% confidence interval (Cl) derived from logistic regression models. (This
type of analysis was preferable as there were no accurate data for diabetes onset, only its diagnosis). The
Hosmer—-Lemeshow test was applied to evaluate the models’ goodness of fit. All known confounders were
included in the models after testing for colinearity. In addition, subgroup analyses by gender, physical activity
status, metabolic syndrome occurrence, metabolic syndrome components, adherence to Mediterranean diet,
SES and cholesterol levels were also performed. Trend analysis was applied by fitting smoothing lines (linear,
quadratic or cubic) on diabetes incidence rates by alcohol intake category; the corresponding R-squared values
indicated which line best fit the observed data. Because several multiple comparisons were being made, the
Bonferroni correction rule was applied, and all presented P values have been corrected for the number of
comparisons made. SPSS version 18 software (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
was used for all statistical calculations.

Results
Diabetes incidence

During the 10-year follow-up period, the incidence of T2D was 191 cases (129 per 1000 participants or
12.9%); 97 (13.4%) were men and 94 (12.4%) were women (P = 0.79 for gender difference).
Baseline characteristics according to alcohol consumption

Demographic and clinical characteristics of the participants by alcohol drinking status are presented in
Table 1. Participants who drank < 1 glass/day were younger and more physically active, reported greater
adherence to the Mediterranean diet, had lower levels of total cholesterol, LDL cholesterol and triglycerides,
and were also less likely to have the metabolic syndrome, hypertension, hypercholesterolemia or central
obesity at baseline compared with the other alcohol intake categories. On the other hand, male gender,
occurrence of the metabolic syndrome and BMI levels increased in parallel with increasing alcohol
consumption. Family history of diabetes and HDL cholesterol levels did not differ across alcohol intake groups
(Table 1).
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Table 1. Baseline lifestyle and clinical characteristics of ATTICA study participants according to alcohol intake (n = 1303°).

Low Moderate
Baseline characteristics intake intake High p
Abstention (0to<1 (1-2 intake
(0 glass/day) glass/day) glasses/day) (>2 glasses/day)
(n=592) (n=366) (n=208) (n=137)

Age, years 49+ 14° 39+11% 49+ 12 46 + 13 <0.001
Male gender, n(%) 206 (35) 153 (42) 144 (69) 115 (84) <0.001
Family history of diabetes, n(%) 114 (23) 84 (24) 30 (16) 23 (20) 0.15
Metabolic syndrome, n (%) 77 (13) 43 (12) 29 (14) 35 (26) <0.001
Education (years of schooling) 1.2+3.7 13 +3.0** 12+34 12+3.8 <0.001
Physical activity (now), n (%) 223 (38) 178 (44) 89 (43) 61 (45) <0.001
MedDietScore (0-55) 25+5.7 28 +9.0* 24 +6.3 25+54 <0.001
Body mass index, kg/m2 26+43 26 +4.5%* 27+4.0 27 £3.8* <0.001
Obesity, n(%) 101 (17) 51 (14) 41 (20) 20(22) 0.12
Waist circumference, cm 87 +14 87 +14 92 +15*% 97 +14 <0.001
Waist-to-hip ratio 0.83+0.10 0.84+0.11 0.88 £ 0.12%* 0.92 + 0.08* <0.001
Current smokers, n (%) 255 (43) 196 (54) 142 (68) 102 (75) <0.001
Hypertension, n (%) 173 (31) 76 (22) 71 (37) 50 (39) <0.001
Hypercholesterolemia, n (%) 264 (45) 97 (26) 83 (40) 75 (55) <0.001
Total cholesterol, mg/dL 199 + 44 181 + 35* 199 +41 208 + 39 <0.001
HDL-cholesterol, mg/dL 50+ 15 50+£13 47 £ 11 48 £ 23 0.073
LDL-cholesterol, mg/dL 129 +39 112 £33 127 +37 134 £35 <0.001
Triglycerides, mg/dL 121+74 95 + 59* 124 +79 144 + 13* <0.001

HDL: high-density lipoprotein; LDL: low-density lipoprotein. Data are presented as means * standard deviation or absolute and relative
frequencies; P values are from analysis of variance for normally distributed variables and Kruskal-Wallis test for non-normally distributed
variables (triglycerides) or Chi2 test for categorical variables. * P < 0.05, **P < 0.01 from post-hoc analyses using Bonferroni rule, with
alcohol abstention as reference category. “For n=182 ATTICA study participants, information about alcohol consumption was missing.
Analyses presented here were conducted among n=1303 participants

Diabetes incidence and alcohol consumption

As regards alcohol intakes, individuals who developed diabetes were less likely to consume any
alcoholic beverage at baseline compared with those who did not develop diabetes; however, the quantity of
alcohol consumed was higher among those who developed diabetes in comparison to the rest. Stratification by
alcohol intake class revealed that the 10-year incidence of diabetes was higher in the abstainers, and moderate
(1-2 glasses/day) and high (> 2 glasses/day) drinking groups compared with the low (< 1 glass/day) drinkers (P
< 0.001). There were no significant differences between the abstainers, and moderate and high alcohol intake
groups (P > 0.05 for all). Also, no differences were observed as regards the 10-year incidence of diabetes when
the analysis was stratified by type of alcoholic beverage drunk (Table 2).
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Table 2. Alcohol drinking pattern of the ATTICA study’s participants at baseline examination, according to the
10-year diabetes incidence (n=1485)

Status at 10-year follow — up p
Baseline characteristics Did n.ot develop De.veloped

diabetes diabetes

(n=1294) (n=191)
Any alcohol consumption , % 669 (59) 76 (44) <0.001
Alcohol intake (g/day) 14+ 16 2116 <0.001
Alcohol drinking pattern, n (%) <0.001
e  Abstention (0 glass/day) 492 (44) 100 (58)
e Low alcohol drinking (0 to <1 glass/day) 345 (30) 21(12)
e  Moderate alcohol drinking (1-2 glasses/day) 179 (16) 29 (17)
e High alcohol drinking (>2 glasses/day) 114 (16) 23 (13)
Type of alcohol consumed
e  Wine (glasses/day) 2.2+0.84 2.2+0.89 0.74
e Beer (glasses/day) 2.0+0.85 1.9+0.89 0.74
e Other spirits (glasses/day) (whisky, vodka, 87+18 90+2.1 0.26

martini, liquor, ouzo, brandy)

Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values
derived from t-test or chi-square test.

To further evaluate the dose—response relationship between alcohol drinking and diabetes development, the
quantity and type of alcoholic beverages were also taken into account. Compared with abstinence, a strong
inverse relationship between low alcohol intake (0 to < 1 glass/day) and diabetes risk was revealed, and
remained significant even in the fully adjusted model. Specifically, individuals who consumed < 1 glass per day
had a 53% lower risk of developing T2D during the 10 years of follow-up compared with abstainers (RR = 0.47;
95% Cl: 0.26, 0.83), taking into account age, gender, waist circumference, education level, adherence to the
Mediterranean diet, physical activity, family history of diabetes and various CVD risk factors. However,
moderate and high alcohol intakes were not associated with diabetes incidence (RR = 1.05; 95% Cl: 0.57, 1.93
and RR = 1.25; 95% Cl: 0.65, 2.37, respectively). Yet, when the three categories (abstention, moderate and high
alcohol consumption) were merged into one and considered the reference category and
compared with low alcohol drinking, a similar inverse association was evident in all nested models. Low alcohol
intakes were associated with a 56% lower 10-year risk of diabetes compared with abstention or moderate or
high alcohol intakes in the fully adjusted model (RR = 0.44; 95% Cl: 0.25, 0.76). Furthermore, trend analyses
using age- and gender-adjusted diabetes development rates per alcohol drinking group (abstention, low,
moderate and high alcohol consumption) revealed a significant U-shaped relationship (R-squared for quadratic
trend = 0.63, P < 0.001; Table 3).

Table 3. Results from multiple logistic regression models regarding 10-year diabetes incidence according to quantity
and type of alcohol drinking.

Any alcohol Low Wine/beer/
consumption  Abstention Low Moderate High vs. a”a vodka vs.
(n=745) (n=592) (n=366) (n=208) (n=137) others other ratio
) 0.71; 0.46; 0.83; 0.52; 1.13, 0.47; 0.23; 0.05,
Model 1 0.50, 1.00 Ref. 0.28,0.70 131 0.69,1.92  0.29,0.77 1.12
0.72; 0.47; 0.96;0.55, 0.99;0.56 0.50; 0.15; 0.03
M d l2C 7 R 3 7 7 7 ’ ’ 7 7 7
oae 0.49, 1.07 ef 0.28,0.81 1.66 1.74 0.29, 0.80 0.83
0.76; 0.47; 1.05;0.57, 1.25;0.65 0.44; 0.11; 0.02
M d l3d y Ref. ’ ’ ’ ’ ’ /] ’ 7]
oae 0.49,1.19 ef 0.26, 0.83 1.93 237 0.25, 0.76 0.67

?Including abstention.” Adjusted for age and gender.
¢ Adjusted as for model 1 plus waist circumference, years of schooling, MedDietScore and
physical activity status.
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a Adjusted as for models 1 and 2 plus family history of diabetes and cardiovascular disease risk factors (smoking, hypertension and
hypercholesterolemia).

To visualize the potential moderating effects of gender, physical activity, SES, hypercholesterolaemia,
the metabolic syndrome and its components, and Mediterranean diet adherence on the hypothesis being
tested (low alcohol intake vs. other categories of intake on 10-year diabetes incidence) stratified by the above-
mentioned factors, other analyses were additionally performed. The protective effect of low alcohol
consumption on diabetes development was more evident in women (RR = 0.39; 95% Cl: 0.18, 0.87), in
individuals with normal cholesterol levels (< 200 mg/dL; RR = 0.30; 95% Cl: 0.14, 0.68), in the physically active
(RR = 0.30; 95% ClI: 0.09, 0.67), with greater adherence to the Mediterranean diet (RR = 0.08; 95% Cl: 0.011,
0.70) and without the metabolic syndrome (RR = 0.34; 95% Cl: 0.16, 0.70). A borderline significance was also
observed in men (RR = 0.50; 95% Cl: 0.23, 1.09), but no significance was achieved among participants with a
sedentary lifestyle (RR = 0.60; 95% ClI: 0.30, 1.20), hypercholesterolemia (RR = 0.35; 95% Cl: 0.31, 1.49), in the
lowest and middle tertiles of adherence to the Mediterranean diet (RR = 0.53; 95% Cl:0.25, 1.14, and RR = 0.56;
95% Cl: 0.21, 1.48, respectively) and with the metabolic syndrome (RR = 0.40; 95% ClI: 0.28, 1.69). At this point
it should be noted that the interaction between alcohol drinking and the metabolic syndrome in relation to the
10-year diabetes incidence was significant (P = 0.047), as was the interaction with MedDietScore (P < 0.001),
whereas no significant interaction was observed with gender (P = 0.44), physical activity (P = 0.09), SES (P =
0.77) or hypercholesterolemia (P = 0.18). Regarding the number of components of the metabolic syndrome, no
significant effect was observed in those with either three, four or five components (P > 0.15 for all). As for the
specific components, significant effects were observed among those with glucose levels < 110 mg/dL (RR =
0.35; 95% Cl: 0.18, 0.67), triglycerides < 150 mg/dL (RR = 0.43; 95% Cl: 0.22, 0.85) and waist circumferences <
102 cm (men) or < 88 cm (women) (RR = 0.28; 95% Cl: 0.11, 0.70). For individuals with glucose > 110 mg/dL,
triglycerides > 150 mg/dL and waist circumferences > 102/88 cm, the effect of low alcohol consumption was
not significant (P > 0.10 for all). No moderating effect was observed when the analysis was stratified according
to HDL cholesterol and blood pressure criteria of the metabolic syndrome, as the effect was similar (to that of
the entire sample population) whether or not they fulfiled the above-mentioned
criteria (data not presented). Similarly, stratification by SES revealed no changes in the observed effect of low
vs. other alcohol intakes between the entire sample and the SES categories for diabetes incidence (data not
presented).

Type of alcoholic beverages drunk and diabetes incidence

The type of alcoholic beverage consumed (wine, beer, vodka, whisky, ouzo, martini, brandy, liqueur)
was evaluated, but no significant association was found for any of these types with the 10-year diabetes
incidence (P > 0.20 for all). However, a potential explanation could be the difficulty in distinguishing those
individuals who drank solely one specific type of alcoholic beverage. Thus, a ratio was calculated, consisting of
the combined consumption of wine, beer and vodka (because these were reported more often by the study
sample) over the other spirits. Data analysis revealed that a one-unit increase in the ratio was associated with
an 89% decrease in the 10-year risk of diabetes (RR = 0.11; 95% Cl: 0.02, 0.67) in the fully adjusted model
(Table 3).

Discussion

In the present work, the 10-year incidence of T2D was studied in relation to alcohol intake. A
beneficial effect of low alcohol consumption was observed, with individuals who drank up to 1 glass per day
having a 53% lower risk of developing diabetes within a decade compared with abstainers, while moderate or
high alcohol intakes were not associated with diabetes risk. In addition, a U-shaped trend between the daily
average amount of alcohol consumed and diabetes incidence was revealed, highlighting the protective effect of
low vs. moderate or high intakes and abstention. This protective effect was more evident among
participants without the metabolic syndrome, including those with normal cholesterol, glucose and triglyceride
levels and  waist circumference, as well as those who were physically active
and had greater adherence to the Mediterranean diet at baseline. Although no significant association was
found with each individual type of drink, the ratio of the combined effect of wine, beer and vodka over the
other spirits was associated with a lower 10-year diabetes risk. Despite the observational nature of our present
study and the difficulties in accurately assessing alcohol drinking, the reported findings carry a considerable
public health message concerning the beneficial, long-term effects of low alcohol intakes on diabetes
prevention.
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Various biological mechanisms behind the alcohol-diabetes relationship have already been proposed.
It has been suggested that modest alcohol consumption enhances peripheral insulin sensitivity [22]. Changes in
fat-tissue endocrine function, inflammatory pathways, and glucose and fatty-acid metabolism may underlie the
insulin sensitivity improvement [23]. Specifically, the ATTICA study previously reported a link between
moderate alcohol consumption (1-2 glasses) and lower triglyceride and C-reactive protein (CRP) levels, and
higher HDL cholesterol levels [24]. Furthermore, a lower triglyceride-to-HDL cholesterol ratio, both components
of the metabolic syndrome, has also been found [25]. Increases in circulating adiponectin, which has insulin-
sensitizing and anti-inflammatory properties, has been reported among middleaged women as well [26].
Recently, another biomarker, plasma fetuin-A, a liver-secreted glycoprotein that inhibits insulin receptor
tyrosine kinase activity, has been implicated in the altered insulin signaling induced by moderate alcohol
consumption [27]. Moderate alcohol consumption has also been associated with lower fasting plasma insulin
and glucagon [22,28]. As far as type of alcohol is concerned, wine has been suggested to offer the greatest
benefit, probably due to its high content in anti-inflammatory polyphenols, especially resveratrol, which further
enhances insulin sensitivity [29]. In fact, red wine polyphenols were able to prevent the commonly increased
accumulation of 3-nitrotyrosine (3-NT) and PARylated [poly(ADP-ribosyl)ated] proteins associated with diabetic
complications in an animal study [30]. Finally, red wine has been found to decrease free radicals produced by
food absorption, or meal-induced oxidative stress [31], which has been reported to mediate the development
of insulin resistance and beta-cell dysfunction [32].

Previous studies have revealed the significant effect of alcohol, among other factors, on endothelial
function [33], acute coronary syndrome [34] and blood pressure [24]. Focusing on the alcohol-diabetes
relationship, most studies have reported a beneficial impact of moderate alcohol consumption on diabetes
incidence among healthy individuals compared with abstention or heavy drinking [4-6,35,36]. However, most
prospective studies have enrolled Asian or US populations [8,36], whereas populations from southern Europe
have not been studied so far. It is also essential to highlight the wide heterogeneity when defining alcohol
categories. For example, moderate alcohol consumption might refer to 6-12 g/day [12], 10-15 g/day [6], 14-23
g/day [3] and even 5-30 g/day [11]. A meta-analysis of 20 prospective studies found that daily alcohol
consumption was most protective at 22 g and 24 g for women and men, respectively. In our study, however,
the highest protective activity was observed when alcohol consumption did not exceed 12 g/day, which was
defined as the ‘low’ category. This finding is in line with the results of another European study, where the
greatest effect was observed for alcohol consumption at 6-12 g/day, which it defined as “moderate” [12].
Furthermore, that study reported a U-shaped alcohol-diabetes association [4] as well, perhaps an indication
that, regardless of the exact cut-off values, the alcohol intake group in the middle tends to benefit the most
from its antidiabetic properties.

The type of alcoholic beverage may have a mediating effect, but the data are limited and no
systematic work is available. In some studies, it was not found to play a significant role, indicating an ethanol-
mediating effect of the relationship [37]. However, Kao et al. [38] reported that wine and beer tend to be more
protective compared with other spirits. Consumption of wine has been found to be primarily linked to reduced
diabetes risk in other studies as well [6,12]. In the present work, a significant inverse association was found
with the ratio between wine/vodka/beer and other spirits. To the best of our knowledge,
no previous study has reported the significance of such a ratio over individual drinks. As mentioned above, in
the present work the moderating effect of several variables was evident. In agreement with our findings,
previous studies have revealed the beneficial effect of modest drinking only among women [12], physically
active participants [11] and individuals with normal cholesterol levels [13]. Even though the moderating effects
of the metabolic syndrome or its components have not been supported before, it has been found that
individuals with low risk lifestyle behaviors (normal weight, physically active, non-smoking, consuming a
healthy diet) benefit the most. This is in accordance with our present findings that following a Mediterranean
diet more closely and being physically active offer the greatest benefits. These results probably suggest that
the protective effect of modest drinking is most prominent among individuals with a healthier lifestyle; in other
words, the earlier (in terms of diabetes onset) the moderate consumption of alcohol begins, the greater the
protection.

Limitations

Because the exact time of diabetes onset was not known in all cases, but only diabetes diagnosis, it
was decided to estimate RRs through ORs; it has been reported that, for low-frequency diseases, the OR is an
accurate estimate (converges) of RR. Also, the difficulty of achieving an accurate evaluation of alcohol
consumption despite possible underreporting and misclassification should be acknowledged, as in all
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observational studies. However, the semiquantitative food-frequency questionnaire used here is the most
commonly used tool in observational studies, and its validation properties as well as careful dietary assessment
guarantee the robustness of the reported findings. The fact that individual types of drinks did not correlate
with diabetes incidence could be explained by the difficulty of assessing the consumption of each type
separately, as most participants consumed a combination of drinks. The use of alcoholic beverage ratio partially
solved this problem. However, the way alcohol is consumed (during meals, bingeing on weekends) as well as
the distinction between lifetime and current abstainers were not recorded.

Conclusions

Based on the strengths of the present work, including a large representative sample, a prospective
design with a fairly long duration of 10 years, the assessment of various lifestyle
information and, therefore, the ability to control for potential confounders, a strong conclusion was revealed
for the protective effect of low alcohol consumption against the 10-
year diabetes risk. Such a finding has rarely been reported and, although it needs further confirmation, it may
be considered a future diabetes prevention strategy. Nevertheless, it
would not be wise to advise abstainers with a predisposition for diabetes to start drinking, as the potent
deleterious effects of alcoholism far outweigh any benefit of moderate
alcohol consumption. In addition, this work has revealed the protective effect of mainly wine and beer over
other spirits on diabetes risk, a finding that may highlight their pleiotropic health effects.
Appendix A.
Supplementary data Supplementary data (French abstract) associated with this
article can be found, in the online version, at http://dx.doi.org/ 10.1016/j.diabet.2014.06.003.
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THE EVALUATION OF INFLAMMATORY AND OXIDATIVE STRESS BIOMARKERS ON COFFEE-
DIABETES ASSOCIATION: RESULTS FROM THE 10-YEAR FOLLOW UP OF
ATTICA STUDY (2002 — 2012)°

E. Koloverou®, D. B. Panagiotakos®, C. Pitsavos’, C. Chrysohoou®, E. N. Georgousopoulou®, A. Laskaris®, C.
Stefanadis® and the ATTICA Study group

® Department of Nutrition and Dietetics, School of Health Science and Education, Harokopio University, Athens,
Greece

® First Cardiology Clinic, School of Medicine, University of Athens, Greece

Abstract

Background/Objectives: the purpose of this work was to investigate the association between coffee drinking
and diabetes development and potential mediation by oxidative stress and inflammatory biomarkers.
Subjects/Methods: in 2001-02, a random sample of 1514 men (18-87 years old) and 1528 women (18-89 years
old) was selected to participate in the ATTICA study (Athens metropolitan area, Greece). A validated food-
frequency questionnaire was used to assess coffee drinking (abstention, casual, habitual) and other lifestyle
and dietary factors. Evaluation of oxidative stress and inflammatory markers was also performed. During 2011-
2012, the 10-year follow-up of the ATTICA study was carried out. The outcome of interest in this work was
incidence of type 2 diabetes, defined according to American Diabetes Association criteria.

Results: during follow up, 191 incident cases of diabetes were documented (incidence 13.4% in men and 12.4%
in women). After various adjustments, individuals who consumed 2250 ml of coffee (=1.5cup) had 54% lower
odds of developing diabetes (95%Cl: 0.24, 0.90), as compared with abstainers. A dose-response linear trend
between coffee drinking and diabetes incidence was also observed (p for trend=0.017). When controlling for
several oxidative stress and inflammatory biomarkers, the inverse association between habitual coffee drinking
and diabetes was found to be mediated by serum amyloid-A levels.

Conclusions: this work highlights the significance of long-term habitual coffee drinking against diabetes onset.
The anti-inflammatory effect of several coffee components may be responsible for this protection.

Keywords: coffee, diabetes incidence, oxidative stress, inflammation, serum amyloid-A

Abbreviations

CvD Cardiovascular disease

BMI Body Mass Index

wcC Waist Circumference

SAA Serum amyloid-A

IL-6 Interleukin-6

TNF-a Tumor necrosis factor —a

CRP C-reactive protein
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TAC Total antioxidant capacity
IPAQ International Physical Activity Questionnaire
FFQ Food Frequency Questionnaire

® Anuocigvon oto European Journal of Clinical Nutrition (Eur J Clin Nutr. 2015 Nov; 69 (11):1220-5)
doi: 10.1038/ejcn.2015.98. Epub 2015 Jul 1.

174


https://www.ncbi.nlm.nih.gov/pubmed/26130300

Introduction

The past decades chronic diseases, like cardiovascular, diabetes, cancer, have rapidly spread in the
developed as well as developing world, rocketing health costs and degrading patients' quality of life. Type 2
diabetes mellitus is among these chronic health conditions that according to the International Diabetes
Federation is responsible for 5.1 million deaths in 2013, or 1 death every 6 seconds (International Diabetes
Federation). Modifiable risk factors, like diet, lifestyle, physical activity, smoking, are considered as a major
intervention target, especially in primary prevention, since they can be handled and modified (Mursu, Virtanen
et al. 2014). Based on the trade statistics of the International Coffee Organization, coffee constitutes the most
famous beverage in the world, that exceed 60 million kg annual consumption (International Coffee
Organization). Extensive research has revealed that coffee drinking exhibit both beneficial (Panagiotakos,
Pitsavos et al. 2003) and aggravating health effects (Vlachopoulos, Panagiotakos et al. 2005). An inverse
relation between coffee intake and diabetes has been reported in many prospective studies (van Dam and
Feskens 2002, Boggs, Rosenberg et al. 2010), whereas some have yielded insignificant results (Reunanen,
Heliovaara et al. 2003, Saremi, Tulloch-Reid et al. 2003). In 2005, a systematic review of 9 cohort studies and
193,473 participants (8394 cases) supported that habitual coffee drinking of 26 cups/day or 4-6 cups/day
decreases diabetes risk by 35% and 28% respectively, compared to <2 cups/day. The findings were consistent,
irrespective of sex and obesity status (van Dam and Hu 2005). In 2013, a larger meta-analysis, including 31
cohort studies and 1,096,647 participants (50,595 diabetes cases) strengthened the coffee-diabetes inverse,
dose-response relationship, i.e., every 2 cups/day increment in coffee intake was related to 12% less diabetes
risk, suggesting a log-linear trend; moreover, subgroup analyses underlined that women and individuals with
Body Mass Index (BMI)<25 kg/m2 were found to benefit the most (Jiang, Zhang et al. 2013). As a result,
comparing the two meta-analyses, it still remains unclear whether the antidiabetic effect of coffee is altered by
sex and weight. Moreover, little is known about the potential mediators of the coffee-diabetes association. As
a mixture of many chemicals (e.g., caffeine, chlorogenic acid, micronutrients etc), coffee may exhibit its
benefits variously, with its antioxidant and anti-inflammatory effects playing a crucial role (Akash, Rehman et
al. 2014). It has been suggested that oxidative stress may inflict damage on pancreatic b-cell’s dynamic for
insulin production and secretion (Evans, Goldfine et al. 2003), and antioxidant supplementation with zinc and
chromium has been shown to reduce oxidative stress (Anderson, Roussel et al. 2001). Inflammation has also
been implicated in diabetes biological sequale (Donath and Shoelson 2011), and a clinical trial that used
Interleukin-1 receptor antagonists, as an anti-inflammatory agent, supported this notion (Donath and
Mandrup-Poulsen 2008). Therefore, coffee drinking may antagonize the harmful effects of oxidative stress and
inflammation process, since it has been related to increased plasma antioxidant capacity (Natella, Nardini et al.
2002) and decreased subclinical inflammation (Kempf, Herder et al. 2010).

To the best of our knowledge, no previous study has assessed the mediating effect of the
aforementioned biomarkers parameters on the coffee-diabetes association in the long-term, with the
exception of one study, which assessed only two inflammation-related biomarkers, namely CRP and
adiponectin (Jacobs, Kroger et al. 2014). Thus, and under the context of the ATTICA study [20], in the present
work the effect of coffee drinking on 10-year diabetes incidence in a Greek sample of cardiovascular disease
(CVD) free adults was evaluated, under the light of potential effect modification by oxidative stress and
inflammation status of the participants.

Subjects and methods
Baseline sampling procedure (2001-2002)

The “ATTICA” study is a large-scale, health and nutrition, prospective survey, which was carried out
during 2001-2002, in the province of Attica, where Athens is a major metropolis. Exclusion criteria included
people with history of CVD or other atherosclerotic disease (ensured with a detailed standardized clinical
evaluation), or having chronic viral infections as well as living in institutions. Of the initially invited 4056
individuals, and after excluding those with CVD (i.e., n=72 (5%) men and n=45 (3%) women) or those having
chronic viral infections (n=107), 3042 finally agreed to participate (75% participation rate); 1514 of the
participants were men (aged 46+13 y; range 18-87 y) and 1528 were women (aged 45+13 y; range: 18-89 y).
Trained personnel (i.e., cardiologists, general practitioners, dietitians and nurses) performed the interviews,
using a standard questionnaire. The study was approved by the Bioethics Committee of Athens Medical
School. Further details about the aims, design and methods used in the ATTICA Study may be found elsewhere
in the literature (Pitsavos, Panagiotakos et al. 2003).
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Baseline measurements

At baseline, information about socio-demographic characteristics (age, sex, years of school and mean
annual income in the previous year), history of hypertension, hypercholesterolemia and diabetes, family
history of CVD, dietary and lifestyle habits, such as smoking status and physical activity were collected through
face-to-face interviews and clinical examination. Smokers were defined as those who smoked at least one
cigarette per day or had stopped smoking during the preceding year; the rest of the participants were defined
as non-smokers. For the ascertainment of physical activity status the International Physical Activity
Questionnaire was used (IPAQ), as an index of weekly energy expenditure using frequency (times per week),
duration (in minutes per time) and intensity of sports or other habits related to physical activity (in expended
calories per time) (Papathanasiou, Georgoudis et al. 2009). The evaluation of the nutritional habits was based
on a validated semi-quantitative food-frequency questionnaire, the EPIC-Greek questionnaire that was kindly
provided by the Unit of Nutrition of Athens Medical School; participants were asked to report the average
intake of several foods and liquids consumed during the previous 12 months (Katsouyanni, Rimm et al. 1997).
Adherence to the Mediterranean diet was assessed using the MedDietScore (range 0-55, higher values greater
adherence) (Panagiotakos, Pitsavos et al. 2006). Regarding the main exposure factor in the present work,
participants were asked about average coffee drinking habits during the preceding year. All reported types of
coffee (i.e., instant coffee, brewed coffee, Greek-type coffee, cappuccino or filtered coffee) were recorded in
mL, and then recalculated in mL, after adjustment for 28% caffeine containment (Bunker and McWilliams 1979)
for analytical reasons. After this re-calculation, 1 “adjusted” cup of coffee (i.e., 150 ml) could be equivalent to
450 ml brewed coffee or 300 ml instant coffee. According to the observed distribution of coffee drinking
pattern four coffee categories were created: abstention, low (<250 ml/day), moderate (250-400 ml/day) and
high (=400ml/day). However, due to the very small number of participants in the highest category (i.e., n=64),
the two higher groups were combined into one (i.e., 2250 ml/day). Coffee drinking of <250 ml/day was defined
here as "casual" and > 250ml/day as "habitual". Information of decaffeinated coffee drinking was also
recorded, but not used in the analyses because of the very small number of participants reported drinking this
type of coffee (i.e., n=47).

Moreover, baseline measurement of weight (in Kg), height (in m), waist (in cm) and hip (in cm) and
evaluation of clinical characteristics was performed in all participants using a standard protocol. Body mass
index (BMI) was calculated as weight (in kilograms) divided by standing height (in square meters). Biochemical
measurements were carried out in the same laboratory that followed the criteria of the World Health
Organization Lipid Reference Laboratories. The blood samples were collected from the antecubital vein
between 8 to 10 a.m., in a sitting position after 12 hours of fasting and alcohol abstinence. Serum total
cholesterol, High Density Lipoprotein (HDL)-cholesterol, triglycerides, Low Density Lipoprotein (LDL)-
cholesterol, as well as glucose and insulin concentrations were assayed using standardized techniques [20].
Diagnosis of type 2 diabetes mellitus (T2DM) was based on the criteria of the American Diabetes Association
(American Diabetes Association 1997), i.e., fasting blood glucose >125 mg/dl or the use of antidiabetic
medication. Furthermore, inflammatory markers (i.e., C-reactive protein (CRP), serum amyloid-A (SAA), human
tumor necrosis factor -a (TNF-a), homocystein, fibrinogen, Interleykin-6 (IL-6) and oxidative stress markers
(serum Total Antioxidant Capacity (TAC) and plasma oxidized LDL-cholesterol (ox-LDL)), were also measured.
10-year follow-up evaluation (2011-2012)

During 2011-2012, the 10-year follow-up was performed. Of the n=3042 participants, n=2583 were
allocated during the follow-up (85% participation rate). A detailed evaluation of the participants’ medical status
was performed and blood sampling was repeated. Patients diagnosed with diabetes at baseline examination
(n=210) were excluded from the present analysis; taking into account those with no data of diabetes status at
the 10-year follow up (n=1347 cases) and those excluded, the working sample consisted of n=1485 participants
free of diabetes at baseline. Diagnosis of T2DM at follow-up was based on the same criteria as in the baseline
examination (i.e., the American Diabetes Association (American Diabetes Association 1997)). The working
sample size was adequate to achieve 92% statistical power to evaluate relative risk of 0.70 between the null
and the alternative two-sided hypothesis, when the exposure variable (i.e., coffee drinking category) was
increased by 1-unit and with a significance level (alpha) of 0.05. Further details about the baseline procedures
and the 10-year follow-up of the study have been presented elsewhere (Pitsavos, Panagiotakos et al. 2003,
Koloverou, Panagiotakos et al. 2014).

Statistical analysis
Incidence of diabetes was calculated as the ratio of new cases to the total number of participants in the follow-
up (n=1485). Incidence by coffee drinking status was calculated as the ratio of new cases in each coffee
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category to the number of participants in this category. Continuous variables are presented as mean values *
standard deviation and categorical variables are presented as frequencies. Associations between categorical
variables were tested using chi-squared test. Comparisons of mean values of normally distributed variables
between those who developed diabetes and the rest of the participants were performed using Student’s t-test,
using Levene’s test to test for equality of variances. Comparisons of mean values of normally distributed
variables by coffee drinking status were performed using analysis of variance (ANOVA) and post-hoc analyses
using the Bonferroni rule were performed to account for the inflation of the probability of type-I error. For non-
normally distributed variables, the Kruskall-Wallis test was applied, and next the Mann-Whitney test was
applied between every two groups, so as to detect significant mean differences between groups. Histograms
were used to test for normality. The relative risk of developing diabetes during the 10-year period according to
the participants’ baseline characteristics was estimated through the odds ratio (OR) and the 95% corresponding
confidence interval, as derived from logistic regression models. This type of analysis was used since there were
no accurate data in n=102 participants about the time of diabetes onset (i.e., exact date was not recorded in
participants’ medical files or could not be verified). The Hosmer—Lemeshow test was applied to evaluate the
models’ goodness of fit. All known confounders were included in the models after testing for colinearity.
Interactions with coffee categories were checked in all steps, and when significant sub-group analyses would
perform. Trend analysis was applied by fitting smoothing lines (linear, quadratic or cubic) on the odds ratios
derived by age-sex adjusted analysis, by coffee drinking category (coffee was categorized in 4 categories to
perform this analysis, abstention, <200 ml, 200-400 ml, >400 ml); the corresponding R-squared values indicated
which line best fit the observed data. The SPSS version 18 (Statistical Package for Social Sciences, IBM Hellas SA,
Greece) software was used for all statistical calculations.

Results

Ten-year diabetes incidence

During the 10-year follow-up period, the incidence of T2DM was 191 cases (129 per 1000 participants or
12.9%); 97 (13.4%) were men and 94 (12.4%) were women (p = 0.79 for gender difference) (Koloverou,
Panagiotakos et al. 2014).

Participants’ baseline characteristics by coffee drinking status

Demographic and clinical characteristics of the participants by coffee drinking status are presented in Table 1.
Casual and habitual coffee drinkers were younger and had lower levels of total cholesterol, compared to
abstainers, but habitual drinkers had additionally lower LDL- and HDL-cholesterol levels, higher adherence to
the Mediterranean diet and were more likely to be men and smokers. Family history of diabetes and
hypercholesterolemia were less frequent in casual and habitual drinkers, respectively. BMI, years of education,
waist circumference and physical activity status did not differ significantly between coffee categories. As for
oxidative stress biomarkers, TAC was higher among coffee drinkers, but ox-LDL was lower only among casual
drinkers. With the exception of TNF-a, and homocystein, for which higher values were observed among
drinkers, the rest inflammatory biomarkers, i.e., IL-6, fibrinogen and SAA were lower in habitual coffee
drinkers. CRP, glucose and insulin levels did not differ significantly by coffee drinking status (Table 1).
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Table 1. Distribution of baseline lifestyle and clinical characteristics” of the ATTICA study’s participants, according to
coffee drinking (n=1440) 3,

Casual coffee Habitual coffee
Baseline characteristics Abstention drinking drinking p
(n=239) (< 250 mL/day) (= 250 mL/day)
(n=816) (n=385)

Age, years 50+13 46 + 13* 41 +13* <0.001
Male sex, n (%) 70 (29) 362 (44) 251 (65) <0.001
Education, years of school 12+3.6 12+3.6 12+3.5 0.15
Body mass index, kg/m2 27+4.1 26+4.4 26+4.1 0.24
Waist circumference, cm 88+ 13 89+14 90+ 14 0.07
Family history of diabetes, n (%) 51 (24) 138 (19) 89 (25) 0.04
Hypertensive subjects, n (%) 109 (29) 449 (30) 216 (27) 0.46
Hypercholesterolemic subjects, n (%) 66 (49) 231 (38) 97 (35) 0.001

—  Total cholesterol, mg/dL 208 £42 192 + 40* 189 + 44* <0.001

—  HDL-cholesterol, mg/dL 52+14 49 + 16 48 + 14%* 0.009

—  LDL-cholesterol, mg/dL 137+39 122 +35%* 116 + 39%* <0.001

—  Triglycerides, mg/dL 121 +59 111 + 68* 114 + 81* 0.001
Current smokers, n (%) 118 (46) 310 (55) 135 (56) 0.021
Physically active, n (%) 89 (37) 357 (44) 160 (42) 0.19
MedDietScore, 0-55 25+55 26+7.0 27 £7.0%* 0.003
Fasting glucose, mg/dL 89+12 90+ 13 89+12 0.12
Fasting insulin, pU/mL 13+3.6 13+3.3 13+3.7 0.49
TAC, umol/L 227 £ 46 235+ 42* 233 +37* 0.001
ox-LDL, mg/dL 75+ 22 52 +27* 75 %28 <0.001
IL-6, pg/mL 1.5+0.59 1.4+043 1.4+0.52* <0.001
TNF-a, pg/mL 5.9+5.8 6.2 +4.2* 6.3+4.1* 0.006
CRP, mg/L 22127 19+24 1.6+2.1 0.06
Homocystein, umol/L 11+4.9 12+6.7 12 + 6.8* 0.018
Fibrinogen, mg/dL 327+ 84 308 +67* 295 +61* <0.001
SAA, mg/dL 5.0+£4.9 46145 3.8+4.3% 0.001

' TAC= Total Antioxidant Capacity, ox-LDL=oxidized LDL-cholesterol, IL-6=Interleykin-6, TNF-a= Tumor Necrosis factor-a, CRP=C-reactive
protein, SAA=Serum Amyloid-A. * Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values
derived from ANOVA, for the normally distributed variables and Kruskall-Wallis test for the non-normally distributed variables (i.e.,
triglycerides), or chi-square test for the categorical variables. *p<0.05 from post-hoc analyses using the Bonferroni rule, using coffee
abstention as the reference category, or from the Mann-Whitney test (every two groups) for non-normally distributed variables. * For n=45
ATTICA study participants, information about coffee drinking was missing. Analyses presented here were conducted among n = 1440
participants

Ten-year diabetes incidence and coffee drinking

The 10-year incidence of diabetes was n=23 cases (9.6%) among coffee abstainers, n=57 (7.0%) among
casual coffee drinkers and n=20 (5.2%) among habitual coffee drinkers (p=0.012). As it can be seen in Table 2,
participants who did not develop diabetes within the 10-year follow-up period were more likely to consume
any type of coffee and at greater quantities. Moreover, trend analysis using age- and sex-adjusted models per
coffee drinking group (abstention, <200, 200-400 and >400ml) revealed a significant linear relationship
between diabetes incidence and coffee drinking pattern (R-squared for linear trend = 0.97, p=0.017). No
differences were observed when specific types of coffee were considered in the analyses (data are not
presented here because of the small number of incident diabetes cases in each type of coffee category).
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Table 2. Coffee drinking & biochemical pattern of the ATTICA study’s participants at baseline examination,
according to the 10-year diabetes incidence (n=1440)

Did not develop Developed diabetes

Baseline characteristics diabetes P
(n=1253) (n=187)
Any coffee drinking, n (%) 1057 (84) 144 (77) 0.012
Coffee drinking, mL/day 117 +123 103 +123 0.004
Coffee drinking categories, n (%) 0.014
—  Abstention 196 (16) 43 (23)
—  Casual coffee drinking, <250mL/day 710 (57) 106 (57)
—  Habitual coffee drinking, > 250mL/day 347 (28) 38 (20)

Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values derived from t-test or chi-square
test.

However, all the aforementioned comparisons are prone to bias due to potential confounding;
therefore, multivariate analysis was performed, controlling for various covariates. Age-sex adjusted analysis did
not reveal any significant association between coffee drinking and diabetes incidence (Table 3, model 1);
however, when waist circumference and family history of diabetes were taken into consideration, the highest
coffee category was found to be inversely associated with diabetes incidence, compared to abstention (Table
3, model 2). The observed shift towards statistical significance could be attributed to the established effect that
family history of diabetes and waist circumference have on diabetes development. Significance remained
(p<0.05) even after adjustment for cardiovascular disease risk factors (smoking, hypertension,
hypercholesterolemia), education, physical activity status and adherence to the Mediterranean diet (Table 3,
model 3 and model 4). Specifically, in the fully adjusted model, individuals who drank 2250 ml coffee daily
experienced 54% lower risk of developing diabetes within 10 years, as compared to coffee abstainers (OR=0.46;
95%Cl: 0.24, 0.90). Moreover, caffeinated drinks consumption (i.e., tea, cola) was taken into account and did
not alter the protective association of coffee drinking on diabetes outcome, when added in the final model (OR
for 2250 ml coffee daily vs. abstainers =0.23; 95%Cl: 0.04, 1.04). For casual coffee drinking results were not
significant (Table 3).

Table 3. Results from multiple logistic regression models on 10-year diabetes incidence according to coffee
drinking pattern.

Categories of coffee intake

Any coffee drl.nklng vs: Abstention <250mL/day >250mL/day
Abstention
(n=1201) (n=239) (n=816) (n=385)
Model 1 0.75;0.50,1.11 Ref 0.77;0.52,1.16 0.67;0.40, 1.11
Model 2 0.61;0.37,0.99 Ref 0.66; 0.40, 1.10 0.45; 0.24, 0.85
Model 3 0.62;0.37,1.04 Ref 0.66; 0.40, 1.12 0.49; 0.26, 0.95
Model 4 0.61; 0.36, 1.01 Ref 0.66; 0.39,1.11 0.46; 0.24, 0.90

Model 1: Adjusted for age and sex.

Model 2: Adjusted for the above plus waist circumference and family history of diabetes.

Model 3: Adjusted for the above plus CVD risk factors (i.e., hypertension and hypercholesterolemia and smoking status).
Model 4: Adjusted for the above plus social and lifestyle factors (years of school, MedDietScore and physical activity status).

The interactions between coffee drinking pattern and participants' sex and BMI status were not found
significant (ps>0.05); suggesting that no moderating effect exists. Next, several biomarkers were entered
consecutively and separately in the fully adjusted model (model 4) and produced ORs of coffee consumption
were re-assessed. Both oxidative stress biomarkers, i.e., TAC and ox-LDL-cholesterol, as well as two
inflammatory markers, i.e., CRP and SAA, were further investigated as possible mediators, since they shifted
coffee — diabetes association towards insignificance (p-values >0.05). The potential mediating effect of SAA was
enhanced by the fact that it had lower mean concentrations among habitual coffee drinkers. Regarding, CRP,
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TAC and ox-LDL, their mean differences did not differ between abstainers and habitual coffee drinkers, so the
interpretation of these results warrants consideration. Also, TAC values were available for only n=330
participants, which may explain the large 95%Cl| (Table 4), when entered in the model. IL-6, TNF-a,
homocystein, fibrinogen, did not influence the tested association (Table 4); similarly, glucose and insulin
baseline levels did not influence the association between coffee drinking and diabetes incidence (data not
shown).

Table 4. Results from multiple logistic regression regarding the effect of inflammatory and oxidative stress
biomarkers as potential mediators of coffee—diabetes relationship.

Categories of coffee drinking

Biomarker* Abstention <250mL/day >250mL/day
(n=239) (n=816) (n=385)
Oxidative Stress Biomarkers
—  TAC, umol/L Ref 0.46; 0.02, 8.83 0.27;0.011,7.1
— ox-LDL, mg/dL Ref 0.65;0.32,1.32 0.61;0.55,1.6
Pro-inflammatory Biomarkers
- IL-6, pg/mL Ref 0.66;0.38,1.14 0.48, 0.24,0.97
—  TNF-a, pg/mL Ref 0.74;0.39,1.14 0.41;0.18,0.93
— CRP, mg/L Ref 0.68;0.39,1.18 0.51; 0.25, 1.03
—  Homocystein, umol/L Ref 0.81;0.39, 1.66 0.39;0.16,0.94
—  Fibrinogen, mg/dL Ref 0.62;0.38,1.10 0.34;0.16,0.72
—  SAA, mg/dL Ref 0.66; 0.35,1.26 0.53;0.22, 1.27

*Biomarkers were entered separately (one by one) in the fully adjusted model (see Table 3, model 4).

Discussion

In the present work the 10-year diabetes incidence was studied in relation to coffee drinking. Habitual
coffee drinking, i.e., 2250 ml/day, versus abstention, was found to exhibit significant protection against
diabetes development, decreasing the risk more than 50%. In addition to this, an effort to identify potential
mediators of this inverse relationship was attempted, with SAA indicating a potential mediating effect. Thus, it
may be speculated that long term coffee drinking decreases subclinical inflammation, lowering SAA levels,
which then in turn detains diabetes pathogenesis. For CRP, TAC and ox-LDL, no firm conclusions could be made.
Despite the observational nature of the present study, the reported findings carry a considerable public health
message concerning the beneficial, long-term effect of habitual coffee drinking on diabetes prevention.

With the exception of a few studies (Reunanen, Heliovaara et al. 2003, Saremi, Tulloch-Reid et al.
2003), it has been concluded that there is an inverse association between coffee drinking and diabetes risk (van
Dam and Hu 2005, Jiang, Zhang et al. 2013). Dose-response analysis reports that diabetes risk is lowered by
12% for every 2 cups of coffee per day (Jiang, Zhang et al. 2013), which makes the causal association even more
possible. A high heterogeneity regarding habitual and high coffee drinking is notable, with the highest coffee
category defined as 27 cups of coffee (Carlsson, Hammar et al. 2004). In this study a similar beneficial effect
was found for lower drinking, i.e. 2250ml. It may be speculated that different coffee quantity may offer similar
benefits in different populations; therefore universal coffee drinking guidelines may not be effective. However,
randomized clinical trials are needed to confirm the beneficial effect of long term coffee drinking of diabetes
incidence.

Various mechanistic factors involved in the pathogenesis of T2DM have been documented to be
altered by coffee drinking. In this work, regarding inflammatory markers, SAA was found to exert a mediating
effect in coffee-diabetes relationship, whereas for CRP results require caution. Coffee drinking has many times
been inversely associated with CRP levels (Lopez-Garcia, van Dam et al. 2006, Kotani, Tsuzaki et al. 2008, Pham,
Wang et al. 2011, Yamashita, Yatsuya et al. 2012). However, this is the first time to suggest SAA as a potential
mediator of coffee-inflammation-diabetes association. Our findings are backed up by a 2013 prospective study
in 836 initially free of diabetes participants, followed for 7 years, where elevated levels of SAA and CRP were
found to precede the onset of T2DM, independently of other risk factors, including parameters of glucose
metabolism (Marzi, Huth et al. 2013). As for, oxidative stress biomarkers, it is possible a small mediating effect
to exist for TAC and ox-LDL, although not depicted in this work. Oxidative stress has been shown to accelerate
the dysfunctioning of pancreatic b-cells (Evans, Goldfine et al. 2003), and antioxidants intake have been shown
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to decrease diabetes risk (Montonen, Knekt et al. 2004), so the antioxidant components of coffee may be
beneficial; but still more research is needed towards this direction.

The observed anti-diabetic effect of coffee may be ascribed to other mechanisms as well, which were
extensively reviewed by Akash et al. (Akash, Rehman et al. 2014). To begin with, long term, habitual coffee
drinking helps maintain normal glucose tolerance and improves insulin sensitivity. Caffeine has been also found
to stimulate pancreatic insulin secretion and CGA is believed to act as a potent inhibitor of glucose-6-
phosphatase, which releases glucose to circulation, and when abnormal disturbs normoglycaemia. Both
caffeine and CGA decrease glucose gastric absorption, modulating GIP and GLP-1 secretion. Another
mechanism implicates glucose uptake from peripheral tissues. Previous studies have shown that phenolic
compounds can activate GLUT-4 insulin receptors, stimulating insulin-mediated uptake of glucose. Moreover,
coffee may affect pro-inflammatory cellular signaling pathways, as chlorogenic acid has been shown to inhibit
the activation of NF-kb in cultured cells. Hypomagnesaemia is also related to increased risk for T2DM. Long-
term drinking of coffee significantly increases serum magnesium levels, targeting existing hypomagnesaemia.
Finally, coffee may assist in weight loss in patients with T2DM by increasing thermogenesis, lipid metabolism or
lipolysis.

Limitations

Despite the importance of the findings a number of limitations warrant consideration. Firstly, since the
exact time of diabetes onset was not accurate in some cases as reported above, hazard ratios were estimated
through odds ratios that may have over-estimated the true effect; however, it has been reported that for low
frequency diseases, odds ratio is an accurate estimate (converges) of the relative risk. Secondly, the difficulty of
an accurate evaluation of coffee drinking with possible underreporting and misclassification should be of
concern, along with the fact that some participants might have changed their coffee habits during the long
follow-up of 10 years. However, results from dietary validation studies suggest that coffee drinking constitutes
a well-reported and permanent hobby (van Dam and Feskens 2002), and that the use of FFQ for coffee self-
report assessment is highly reproducible and agrees well with assessments using diet records (Bohlscheid-
Thomas, Hoting et al. 1997). Furthermore, at follow-up 15% of participants were lost, which could introduce
selection bias; however the probability of somebody terminating the study seems to be related to outcome and
not to exposure, which is not a concern in this case, since coffee consumption was assessed at baseline. Next,
for patients interviewed by phone, there is the possibility of misclassification of T2DM status, which may have
led to an underestimation of the associations. As for mediation analysis, is should be noted that the
interpretation of the results warrants caution, considering the small number of diabetes cases (n=191) in the
study sample. Last but not least, coffee biomarkers (such as caffeine, chlorogenic acid etc) were not evaluated,
and results may be partially biased by the fact that some coffee components, e.g. caffeine, is found in other
beverages as well, such as cocoa and tea, which were not measured.

The strengths of this work include a large, representative sample, a prospective design for a fairly long
time period of 10 years, as well as the assessment of lifestyle information, and, therefore, the ability to control
for potential confounders.

Conclusions

Coffee is a widely accepted beverage with pleiotropic health effects. This study confirmed the
beneficial effect of coffee on diabetes prevention, for drinking of approximately 1-2 cups/day. What was novel
in this work is that among inflammatory factors, SAA was found to mediate this coffee-diabetes inverse
association. Regarding CRP, IL-6 and TAC, no firm conclusions could be drawn. Although evidence from long-
term clinical trials is ideal to assess coffee’s efficacy in delaying diabetes development, they are difficult to
implement, especially when the exposure variable is coffee consumption. Taking into consideration the
strengths of cohort studies, and meta-analyses followed, it is suggested that coffee could be recommended to
patients with or at risk of T2DM, as an adjunct to current guidelines, particularly if put in place of aggravating
high in calorie or sugar beverages.
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Abstract

Objectives: to evaluate the effect of physical activity levels on 10-year diabetes incidence and investigate the
potential mechanism.

Methods: In 2001-2002, a random sample of apparently healthy 3042 men and women (18-89 years) was
selected to participate in ATTICA study. Several socio-demographic, clinical and lifestyle characteristics were
recorded. Habitual physical activity level was recorded through a translated, validated, version of International
Physical Activity Questionnaire (IPAQ); MET minutes/week were calculated and quartiles constructed. Diabetes
diagnosis was defined according to ADA criteria. During 2011-2012, the 10-year follow-up was performed.

Results: n=191 cases were recorded, yielding an incidence of 12.9%. In multivariable analysis, moderate
physical activity level (331-1484 MET minutes/week) was found to decrease 10-year diabetes incidence by 53%
compared to very low physical activity (<150 MET minutes/week) (OR =0.47; 95%Cl: 0.24, 0.93). For high
physical activity level (>1484 MET minutes/week), results were not significant. The antidiabetic effect was
found to be mediated by oxidized LDL and total antioxidant capacity.

Conclusions: the current work revealed the significant beneficial role of moderate physical activity against
diabetes development, potentially through attenuating oxidative stress.

Keywords: physical activity, diabetes incidence, oxidative stress

INTRODUCTION

The last decades, the prevalence of T2DM is increasing rapidly worldwide, mainly because of changes
in environmental factors, particularly obesity and physical inactivity, which interact with individual genetic
susceptibility (Gill and Cooper 2008). It has been estimated that the world prevalence of diabetes in 2030 will
be 7.7%, affecting 439 million adults (aged 20 to 79 years) (Shaw, Sicree et al. 2010). In Greece, the 10-year
diabetes incidence was recently recorded, indicating an increase in diabetes prevalence, in line with global
trends (Koloverou, Panagiotakos et al. 2014). Lack of treatment makes primary prevention a cornerstone of the
global response to the disease.

Physical activity seems to be beneficial for individuals with type 2 diabetes, along with diet and
medication (Wasserman and Zinman 1994), as it can prevent, delay or even treat various diabetes-related
complications, such as cardiovascular disease, hyperlipidemia, hypertension, fibrinolysis, and obesity, and help
achieving better glycemic control (American Diabetes Association 2004). Physical activity may also reduce the
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incidence of stroke, ischemic heart disease and decrease all-cause mortality (Wei, Gibbons et al. 2000).
However, only almost 2 out of 3 elder patients poorly adhere to current physical activity recommendations
(Panagiotakos, Pitsavos et al. 2008); i.e., 150 minutes per week of moderate physical activity, “spread out
during at least 3 days during the week, with no more than 2 consecutive days between bouts of aerobic
activity” (Colberg, Sigal et al. 2010).

Physical activity may also be a promising strategy in diabetes primary prevention. It was early
demonstrated that physical activity is associated with lower diabetes risk, in a dose-response way (Hu, Sigal et
al. 1999). Modest levels of physical activity are associated with reduced diabetes risk (Fretts, Howard et al.
2012), both from leisure-time exercise or daily activity (Villegas, Shu et al. 2006), whereas a deleterious
association of increasing sedentary behavior and diabetes development has been proposed (Joseph, Echouffo-
Tcheugui et al. 2016), which was confirmed by a recent metanalysis (Cloostermans, Wendel-Vos et al. 2015).
Physical activity has been suggested to ameliorate the detrimental effects of obesity on insulin resistance
(Kavouras, Panagiotakos et al. 2007); nevertheless a recent meta-analysis proposed that the benefit is not
entirely attributed to reduced adiposity (Aune, Norat et al. 2015).

Despite the well stated effect of physical activity on diabetes, debate still exists regarding i] the level
of physical activity that confers the greatest antidiabetic effect, i.e. whether there is a dose-response
relationship, ii] the exact mechanism through which exercise exerts its antidiabetic effect (i.e., whether it is
adiposity related or not). Thus, the aim of this work was to investigate the relationship between habitual
physical activity levels and 10-year diabetes development taking into consideration several socio-demographic,
lifestyle and clinical factors, and evaluate the potential mediating effect of obesity, as well as several
inflammatory and oxidative stress biomarkers, under the context of a large-scale prospective cohort study of
the Greek adult population (i.e., the ATTICA Study).

METHODS

Baseline sampling procedure (2001-2002)

The ATTICA study is a large-scale prospective study, which was carried out during 2001-2002, in
Athens metropolitan area (including 78% urban and 22% rural areas). People with cardiovascular disease or
people living in institutions or having chronic viral infections were not eligible for participation. Exclusion of
cardiovascular disease at baseline was ensured with a detailed clinical evaluation, following standard criteria.
From the 4056 inhabitants, randomly invited to participate, 3042 were finally enrolled in the study (75%
participation rate); 1514 were men, 46113 years and 1528 were women, 45113 years.

All participants were interviewed by trained personnel (i.e., cardiologists, general practitioners,
dietitians and nurses) who used a standard questionnaire. Protocols were submitted to and approved by our
Institutional Ethics Committee. Informed consent was obtained from all individual participants included in the
study.”Further details about the aims, design and methods used in the ATTICA study can be found
elsewhere.(Pitsavos, Panagiotakos et al. 2003)

Baseline measurements

The baseline evaluation included information about: socio-demographic characteristics (age, sex and

years of school), personal history of hypertension, hypercholesterolemia and diabetes, family history of
cardiovascular disease, dietary and other lifestyle habits (i.e., smoking and physical activity status). Smokers
were defined as those who smoked at least one cigarette per day or had quitted, within the previous year.
Dietary habits were evaluated using a validated semi-quantitative food—frequency questionnaire, from the Unit
of Nutritional Epidemiology of Athens Medical School (Katsouyanni, Rimm et al. 1997). Based on the
Mediterranean — diet pyramid a diet score ranged from 0 to 55, MedDietScore, was also electronically
calculated (Panagiotakos, Milias et al. 2006, Panagiotakos, Pitsavos et al. 2007).
Body Mass Index (BMI) was calculated as weight (in kilograms) divided by standing height (in meters squared).
Waist (in cm) was also measured; Regarding other clinical characteristics, arterial blood pressure (3 recordings)
was measured at the end of the physical examination with subject in sitting position and being at least 30
minutes at rest. Participants whose average blood pressure levels were 2140/90 mmHg or were under
antihypertensive medication were classified as being hypertensive.

Physical activity was assessed through a translated version of the validated “International Physical
Activity Questionnaire” (IPAQ), suitable for assessing population levels of self-reported habitual activities
(Papathanasiou, Georgoudis et al. 2009). The short version of IPAQ (7 items) that we used provided
information on weekly time spent walking, in vigorous intensity, moderate intensity and sedentary activity.
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Participants were instructed to refer to all domains of physical activity and report only episodes of activities of
at least 10 minutes, since this is the minimum required to achieve health benefit. After, the sum of MET
(Metabolic Equivalent) minutes/week was calculated for each participants, and the quartiles of MET
minutes/week were constructed, yielding four categories, i.e. very low, low, moderate and high physical
activity level. This type of analysis was preferred in order to quantify total physical activity across all domains
and thus provide an overall picture of physical activity's effect on diabetes development.

Biochemical measurements were carried out in the same laboratory that followed the criteria of the
World Health Organization Lipid Reference Laboratories. Blood samples were collected from the antecubital
vein between 8 to 10 am, in a sitting position after 12 hours of fasting and alcohol abstinence. Serum total
cholesterol, HDL cholesterol, triglycerides and glucose concentrations were measured using chromatographic
enzymic method in a Technicon automatic analyser RA-1000. LDL cholesterol was calculated using the
Friedewald formulae. Diagnosis of diabetes was based on the criteria of the American Diabetes Association
(American Diabetes Association 1997); i.e., participants who had fasting blood glucose >125 mg/dL during the
examination or reported use of antidiabetic medication, were defined as having diabetes. Blood glucose levels
(mg/dL) were measured with a Beckman Glucose Analyzer (Beckman Instruments, Fullerton, CA, USA).
Hypercholesterolemia was defined as total cholesterol levels >200 mg/dL or the use of lipids lowering agents.
The intra and inter-assay coefficients of variation of cholesterol levels did not exceed 9%. Serum insulin
concentrations were assayed by means of radioimmunoassay. Inflammatory markers were assayed using the
following techniques: C-reactive protein (CRP) and serum amyloid-A (SAA) by particle-enhanced
immunonephelometry, interleukin 6 (IL-6) by a highsensitivity enzyme-linked immunoassay, human tumour
necrosis factor-a (TNF-a) by the enzyme-linked immunosorbent assay method for the quantitative
determination, homocysteine levels by an automatic analyser based on the technology of fluorescence
polarization immunoassay and fibrinogen by automatic nephelometry. Finally, serum TAC was measured with a
colorimetric test and plasmaoxidized LDL cholesterol with an enzyme-linked immunosorbent assay kit.

10-year follow-up evaluation (2011-2012)

During 2011-2012, the 10-year follow-up was performed. Of the n=3042 participants, n=2583 were
found during the follow-up (85% participation rate). Specifically, 224 individuals were lost due to false contact
details (telephone numbers or addresses) provided at baseline and n=235 participants refused to participate.
No statistical significant differences existed between those who participated and those who did not. n=210
participants were further excluded due to baseline diabetes, and for n=888 participants no information about
diabetes status was available at the 10-year follow up, since some participants refused clinical evaluation and
did not know if they had diabetes or not (diagnosed by a physician).Thus, the final working sample consisted of
n=1485 participants without diabetes at baseline. Diabetes diagnosis was based on American Diabetes
Association criteria, as performed in the baseline examination. This sample was adequate to achieve 92%
statistical power to evaluate relative risk of 0.70 between the null hypothesis and the alternative two-sided
hypothesis, when the exposure variable is increased by 1-unit (by level increase of physical activity) and with a
significance level (alpha) of 0.05.

Statistical analysis

Incidence of T2DM was calculated as the ratio of new cases to the n=1485 participants, free of T2DM
at baseline, who participated in the follow-up. For the description of participant’s characteristics by level of
physical activity, continuous variables are presented as mean values and standard deviation, while categorical
variables are presented as relative frequencies. In the case of categorical variables the tested hypotheses were
performed by the use of contingency tables and the calculation of chi-squared test (e.g. incidence of T2DM by
physical activity level). Comparisons between differences of mean values of normally distributed variables
between groups of exercise were tested using the analysis of variance (ANOVA), after ensuring normality
(assessed through Shapiro-Wilk test and Q-Q plots) and homogeneity of variances. Post-hoc analyses using the
Bonferroni rule were performed to account for the inflation of the probability of type-I error. For non-normally
distributed variables or if homogeneity of variances was not fulfilled, Kruskal-Wallis test was performed. In
order to assess the potential effect of physical activity levels on diabetes incidence, binary logistic regression
analysis was performed in the whole of participants and odds ratios (OR) with the corresponding 95%
confidence intervals (Cl) were calculated, since the exact time to event (i.e., development T2DM) was not
known. All known confounders were included in the models after testing for colinearity. Interactions of all
variables with physical activity status were checked in all steps, and if significant they would remain in the
model. The Hosmer and Lemeshow’s goodness of-fit test was calculated in order to evaluate the model’s
goodness-of-fit and residual analysis was implicated using the dbeta, the leverage, and Cook’s distance D
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statistics in order to identify outliers and influential observations. All reported P-values are based on two-sided
hypotheses and compared to a significance level of 5%. For all the statistical calculations the SPSS version 18,
statistical software was used (SPSS Inc., Chicago, IL, USA).

RESULTS
10-year diabetes incidence

During the 10-year follow-up period, 191 subjects were classified as having diabetes; yielding a crude
incidence of 129 per 1000 participants (or 12.9%); 97 being men (13.4%) and 94 being women (12.4%) (p = 0.79
for gender difference) (Koloverou, Panagiotakos et al. 2014).

Participants’ baseline characteristics, by physical activity level.

Demographic and clinical characteristics of participants, by physical activity level at baseline are presented in
Table 1. Unadjusted analysis revealed slight differences in age and gender distribution along the four quartiles.
Similar differences were noted for education status, fasting plasma glucose, BMI and MedDietScore.
Participants who engaged in moderate physical activity at baseline had significantly lower mean values in waist
circumference and triglycerides, compared to participants in the other quartiles. Small significant differences
were also observed for some inflammatory markers, i.e., IL-6, homocystein and TNF-a as well as for the two
oxidative stress biomarkers, i.e., ox-LDL and TAC. Smoking status decreased accordingly with physical activity
level. No significant differences existed for family history of diabetes, hypertension, hypercholesterolemia ,
fasting insulin levels, CRP, SAA and fibrinogen (ps>0.05).

Table 1. Distribution of baseline lifestyle and clinical characteristics of the ATTICA study’s participants, according
to physical activity level, assessed through MET minutes/week (n=1485).

Physical activity level (MET minutes/week)

Very low Low Moderate High p
(n=509) (n=334) (n=271) (n=371)
MET minutes/week, range 0-150 150 - 330 331-1484 1484-8500 <0.001
Diabetes cases (n, %) 68 (13) 48 (14) 25(9) 50 (14) 0.25
Age 44 + 12 49+ 13 46 £ 15 45+ 14 <0.001
Male sex, n (%) 244 (48) 162 (48) 118 (44) 202 (54) 0.048
Education, years of school 12+3.4 11+3.6 12+3.7 13+3.6 <0.001
Body mass index, kg/m2 26+4.6 27+4.0 26+4.1 26+4.3 <0.001
Waist circumference, cm 9015 91+16 87+13 88+14 0.013
MedDietScore (range 0-55) 26+7.8 25+5.0 27+7.7 25+5.9 <0.001
Hypertensive, n (%) 144 (29) 96 (32) 72 (28) 103 (30) 0.65
Hypercholesterolemic, n (%) 197 (39) 134 (40) 110 (41) 140 (38) 0.87
Total cholesterol, mg/dL 191 +37 201 +47 194 + 44 191 +40 0.11
LDL-cholesterol, mg/dL 121+34 127 £ 40 126 £40 120 £ 37 0.28
HDL-cholesterol, mg/dL 48 £ 13 49+ 19 50+12 50 £15 0.058
Triglycerides, mg/dL 114 £ 70 126 + 84 103+£53 110 £ 68 0.007
Current smokers, n (%) 289 (57) 195 (58) 138 (51) 180 (49) 0.02
Family history of diabetes 107 (22) 65 (23) 55 (23) 64 (19) 0.54
Fasting glucose , mg/dL 89+13 88+12 92+12 89+13 0.007
Fasting insulin, pU/mL 13+3.4 14+5.4 13+1.5 13+2.1 0.89
TAC, umol/L 233136 232+ 46 234 £ 46 235142 0.017
ox-LDL, mg/dL 57 £ 25 67+ 30 59 +27 61+30 0.001
IL-6, pg/mL 1.44 £0.40 1.44 +0.52 1.46 £0.48 1.39 +£0.56 0.024
TNF-a, pg/mL 6.4+4.0 57+4.8 6.0t4.4 6.3+45 0.011
CRP, mg/L 1.98 +£2.48 1.96 £2.55 1.84 £2.42 1.54 £2.02 0.13
Homocysteine, umol/L 11.7+6.8 12.2+4.2 12.5+6.7 12.1+6.8 0.049
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SAA, mg/dL 428+4.1 452+4.1 488+53 415146 0.19
Fibrinogen, mg/dL 312+ 64 310+ 69 303+74 298 +70 0.11

? TAC= Total Antioxidant Capacity, ox-LDL=oxidized LDL-cholesterol, IL-6=Interleykin-6, TNF-a= Tumor Necrosis factor-a, CRP=C-reactive protein, SAA=Serum
Amyloid-A. ® Data are presented as mean values and standard deviation or absolute and relative frequencies. p-values are derived from ANOVA for the
normally distributed variables for which homogeneity of variances existed in all groups (glucose) and Kruskall-Wallis test for the non-normally distributed
variables (MET-minutes, fasting insulin, years of school, triglyceride, HDL, TAC, ox-LDL, TNF-a, IL-6, CRP, homocystein, SAA, fibrinogen) or variables for which
homogeneity of variances test did not exist (age, waist circumference, BMI, MedDietScore, LDL, total cholesterol). For categorical variables, chi-square test was
performed.

The 10-year diabetes incidence and physical activity level

The 10-year incidence of diabetes was n=68 cases (13%) among participants reporting very low
physical activity level (Quartile 1), n=48 (14%) in the low physical activity group (Quartile 2), n=25 (9.0%) in the
moderate physical activity group (Quartile 3) and n=50 (14%) in the high physical activity group (Quartile 4)
(p=0.25) (Table 1). The distribution of participants who developed diabetes at the 10-year follow up among the
four physical activity groups (34%, 22%, 19% and 25% for Quartiles 1 to 4) was similar to the distribution of
participants who did not develop diabetes (36%, 25%, 13% and 26% respectively).

In order to control for known confounders (e.g. family history of diabetes, smoking, diet etc) as wells
as variables that were found to differ significantly at baseline (i.e., triglycerides) multiadjusted analysis was
performed through nested models. In age-sex adjusted model (Table 2, Model 1) a significant inverse
association was observed for participants with moderate physical activity level (MET minutes/week 331-1484),
compared to participants with very low physical activity level (MET minutes/week <150) (OR=0.56, 95% ClI:
0.34, 0.92). For participants in low and high physical activity groups an inverse trend were observed, though
not statistical significant. The protective effect of moderate physical activity remained significant even after
controlling for family history of diabetes and cardiovascular risk factors (i.e. hypertension,
hypercholesterolemia and smoking status) (Table 2, model 2) and educational status, MedDietScore,
triglycerides and fasting glucose (Table 2, model 3). To test for the potential mediating effect of adiposity in the
observed association, waist circumference was added in the model. However, results remained unchanged,
indicating that the observed effect is not attributed to body weight (Table 2, Model 4). Thus, in the fully
adjusted models individuals reporting moderate level of physical activity experienced 53% lower risk for
developing diabetes within a decade, compared to completely inactive individuals (OR= 0.47; 95%Cl: 0.24,
0.93).

Finally, it was further evaluated whether achieving 600 MET minutes/week (the minimum level
recommended by WHO, achieved by 37% of the study sample) confers any benefit against diabetes mellitus;
however, results were not significant in age-sex adjusted model (OR=0.91, 95%Cl: 0.66, 1.26), indicating that
not all participants with >600 MET minutes/week are benefited, and further strengthening the aforementioned
results about the importance of moderate physical activity.

Table 2. Results from multiple logistic regression models (ORs and 95%Cls) that evaluated participants
physical activity status, assessed through MET minutes/week, as well as other characteristics, in relation to
10-year incidence of diabetes (n=1485)

Physical activity level

Very low Low Moderate High

(n=509) (n=334) (n=271) (n=371)
Model 1 Ref 0.83; 0.55, 1.26 0.56; 034, 0.92 0.91;0.61, 1.37
Model 2 Ref 0.81;0.51,1.31 0.51; 0.29, 0.89 0.98; 0.62, 1.54
Model 3 Ref 0.71;0.39, 1.30 0.47;0.25, 0.90 0.95; 0.56, 1.62
Model 4 Ref 0.77;0.41,1.49 0.47;0.24, 0.93 1.04;0.59, 1.82

Model 1 was adjusted for age and sex; Model 2= model 1, plus family history of diabetes, smoking status, hypercholesterolemia and
hypertension; Model 3=model 2, plus years of school, adherence to the Mediterranean diet, blood glucose and triglycerides; Model 4 =
Model 3, plus waist circumference

To investigate an alternative potential mechanism underlying the protective effect of moderate
physical activity, baseline biomarkers of oxidative stress (i.e. ox-LDL and TAC) and inflammation (i.e. IL-6, SAA,
TNF-a, CRP, fibrinogen and homocystein) were sequentially, and separately, entered in the fully adjusted model
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(Model 4). Statistical analysis revealed the mediating effect of TAC and ox-LDL in the examined relationship (p-
values>0.05) (Table 3), suggesting that physical activity may ameliorate oxidative stress, decreasing through
this mechanism the risk for developing diabetes. No change in statistical significance was observed after the
inclusion of any of the inflammatory markers.

Table 3. Results (OR and 95% Cl) from multiple logistic regression models, that evaluated participants physical activity
status, assessed through MET minutes/week, in relation to 10-year incidence of diabetes, after one-by-one inclusion of
various biomarkers in the fully-adjusted model (Model 4).

Physical activity Level

Very low Low Moderate High
(n=509) (n=334) (n=271) (n=371)
Oxidative stress
TAC, umol/L Ref 2.53;0.44,14.6 0.70; 0.10, 4.82 1.04;0.24,4.5

ox-LDL, mg/dL Ref 0.85;0.38, 1.86 0.12;0.001, 1.31 1.31; 0.65, 2.67
Inflammatory markers

IL-6, pg/mL Ref 0.73;0.36, 1.45 0418; 0.20,0.84 1.02;0.57,1.81
TNF-a, pg/mL Ref 0.68;0.31, 1.48 0.37;0.17,0.80 0.54; 0.28, 1.06
CRP, mg/L Ref 0.76; 0.38, 1.52 0.40; 0.20, 0.83 1.05; 0.59, 1.87
Homocysteine, umol/L Ref 0.91;0.41, 2.02 0.38;0.17,0.84 0.45;0.22,0.91
SAA, mg/dL Ref 0.92;0.45, 1.89 0.46;0.21, 1.01 1.33;0.71, 2.47
Fibrinogen, mg/dL Ref 0.92;0.47,1.78 0.53;0.27, 1.05 1.001; 0.57,1.79

® TAC= Total Antioxidant Capacity, ox-LDL=oxidized LDL-cholesterol, IL-6=Interleykin-6, TNF-a= Tumor Necrosis factor-a, CRP=C-reactive
protein, SAA=Serum Amyloid-A.

DISCUSSION

Physical activity is an established “heart-healthy” strategy, with a potential to extend its benefit
beyond cardiovascular disease. In this work the effect of physical activity levels on diabetes incidence was
evaluated, in a prospective cohort of Greek adult population. After adjusting for several known confounders,
participants engaged in moderate physical activity activities (331 - 1484 MET minutes/week) faced 53% lower
10-year diabetes risk, compared to completely inactive individuals (MET minutes/week <150). It was interesting
that no benefit was observed for high physical activity group, i.e. MET minutes/week >1484. Finally, an effort to
identify potential mediators of physical activity-diabetes inverse association was attempted. It was revealed
that changes in TAC and ox-LDL may underlie diabetes pathogenesis mechanism, suggesting that moderate
physical activity may offer its antidiabetic effect through a decrease in oxidative stress. Despite the limitations
of the present observational study, the large, representative sample, prospective design and follow-up of 10
years, as well as the detailed assessment of lifestyle information and, therefore, the ability to adjust for several
known confounders, may guarantee that the reported findings have important public health implications and
shed light into physical activity's anti-diabetic effect, as well as the level of activity that exerts the greatest
effect; thus, confirming the importance of modesty even in this aspect of diabetes primary prevention.

In line with the present findings, other studies have also reported that a physical active lifestyle can
protect against diabetes development. In a review of 20 prospective studies, high physical activity level was
associated with 20-30% decrease in diabetes risk (Gill and Cooper 2008), while in another review of 10
prospective studies, moderate physical activity was also connected to a 30% lower risk, compared to being
sedentary (Jeon, Lokken et al. 2007). In this work, moderate physical activity was found to be beneficial,
however more intense activity did not confer any benefit. This finding was recently proposed by a metanalysis
of 55 studies, which documented that the major gains for diabetes incidence occurred at lower levels of activity
and there were diminishing returns at levels higher than 3000-4000 MET minutes/week (Kyu, Bachman et al.
2016). On the other hand, two other metanalyses point towards a dose-response relationship. Specifically, Huai
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et al. concluded that moderate and high level of leisure time physical activity were associated with 21% and
31% lower diabetes risk (Huai, Han et al. 2016); while Aune et al., reported 32% and 39% risk reductions,
respectively from moderate and vigorous activity (Aune, Norat et al. 2015).

The effectiveness of physical activity against the development of diabetes lies with its ability to alter
several mechanistic factors, involved in diabetes pathogenesis. Firstly, exercise can normalize liver and skeletal
muscle insulin resistance, not only by itself but also through the weight loss process (Yeo and Coker 2008).
When exercising large changes in energy utilization occur, which require the motivation of fatty acids and
glucose in the blood. In muscles, exercise enhances insulin-stimulated glycogen synthesis via an increased
expression of glucose transporter type four (GLUT4), a transporter that plays a significant role in glucose
uptake from insulin-sensitive tissues, and increased activity of glycogen synthase. Moreover, exercise increases
muscle mass, resulting in an elevated proportion of insulin sensitive types of muscle fibers which further
improves insulin sensitivity (Goodyear and Kahn 1998). It is important to note that the aforementioned
beneficial effects last a few days, thus, the consistency in a physical activity module throughout the year is a
key concept for improving insulin resistance and delaying diabetes development (Morrato, Hill et al. 2007).

In this article, two oxidative stress biomarkers were identified as mediators of the studied association:
ox-LDL and TAC, which seems plausible since insulin production and secretion gets defective, when pancreas is
chronically exposed to high oxidative stress levels (Evans, Goldfine et al. 2003). Regular exercise attenuates
oxidative damage in the brain, liver, kidney, skeletal muscles, blood and heart (Sallam and Laher 2016), as well
as oxidative stress, derived from white adipose tissue, under obesity state (Sakurai, Ogasawara et al. 2017). Our
results for a moderate-specific effect are backed up by two studies with regard to exercise intensity. Moderate
exercise has been proven more effective in reducing the susceptibility of oxidative damage following a high fat
meal, compared to rest or high intensity exercise (Lopes Kruger, Costa Teixeira et al. 2016), while high-intensity
exercise for 12 weeks has been shown to increase indices of oxidative stress in young men (Goto, Higashi et al.
2003).

Regardless of the aforementioned findings shown in the present study, we cannot rule out the
limitations of an observational study. These include the baseline evaluation which was performed once, and
may be prone to measurement error. The diagnosis of diabetes in this study was based upon self-report and/or
physician-diagnosis, but this is common for prospective studies. Moreover, the accurate date of diabetes
development was not accessible (only the date of diagnosis was identified); as a result hazard ratios were
estimated through ORs that may have overestimated the true effect; however, it has been reported that, for
low frequency diseases, OR is an accurate estimate (converges) of the relative risk. Furthermore, physical
activity was quantified by a questionnaire-based method and not an accelerometer; which may have
underestimated the strength of the reported relationships.(Celis-Morales, Perez-Bravo et al. 2012) Another
concern in prospective studies is that associations with disease incidence are based on baseline information;
however, many lifestyle factors (i.e., physical activity, energy intake) may have changed during the 10-year time
period without timely information updates. However, this study has several strengths including a prospective
design for a time period of 10 years, a large, representative sample, the detailed assessment of physical activity
levels using a previously validated questionnaire and the assessment of numerous lifestyle factors which gave
us the ability to control for potential confounders.

Conclusions

In conclusion, the current study has provided additional evidence in the literature concerning the
benefits of physical activity levels on 10 years incidence of type 2 diabetes mellitus. The presented results
concerning physical activity levels are discouraging as two out of three participants were physically inactive, not
meeting WHO recommendations for 600 MET minutes/week, in line with global trends towards an increasingly
sedentary lifestyle. However, our results carry a hopeful public health message for individuals suggesting that
especially moderate, not high, physical activity independently of body weight and other lifestyle and clinical
factors decreases diabetes risk by more than 50%. This suggests that targeting very sedentary individuals might
be particularly important from a public health perspective. It is consequently imperative to promote strategies
to increase physical activity levels especially among inactive individuals, while it is also important to recognize
facilitators and barriers that patients with established diabetes deal with, in terms of physical activity
compliance. For example, long-term monitoring and support have been proven essential for these individuals,
not only to participate in a supervised exercise programme, but also to adhere to it after the programme's
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completion (Casey, De Civita et al. 2010). More studies are deemed necessary to define the best “physical
activity prevention module”, in terms of duration, frequency and intensity, against type 2 diabetes mellitus.
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ABSTRACT

Background: the role of inflammation in diabetes development is not fully elucidated. The aim of this work was
to investigate the independent effect of individual inflammatory markers and combinations of them on
diabetes incidence and the potential mediating role of obesity.

Methods: incident diabetes was recorded in a random sample of 3042 apparently healthy men and women 18-
89 years, under the context of ATTICA study, where Athens is a major metropolis. IL-6, CRP, TNF-a, SAA,
fibrinogen and homocysteine were measured at baseline (2001-2002). Covariates included various clinical,
demographic and lifestyle characteristics, assessed with standard procedures. Diabetes diagnosis was defined
according to American Diabetes Association criteria.

Results: 191 incident cases of diabetes were documented, yielding to an incidence of 12.9% (13.4% in men and
12.4% in women). After adjustments only elevated IL-6 increased by 2.2 times the 10-year diabetes risk (3ml Vs.
1% tertile, 95%Cl: 1.13, 4.28). After investigating combinations of inflammatory markers, combined elevated
levels of CRP and IL-6 or CRP and fibrinogen (both markers >75™" percentile vs. <75™ percentile), increased the
risk by 1.93 times (95%Cl: 1.20, 3.08) and 2.37 times (95%Cl: 1.37, 4.16) respectively. Body mass index was
found to significantly mediate the aggravating effect of inflammation.

Conclusions: the reported results underline the significant role of individual IL-6, or combinations of CRP-IL-6
and CRP-fibrinogen in diabetes prediction. Adiposity seems to be primarily responsible for an increase in
inflammatory markers, enhancing through this mechanism insulin resistance and increasing diabetes risk.

Keywords: diabetes, inflammation, IL6, CRP, fibrinogen, obesity
INTRODUCTION

Type 2 diabetes is an epidemic public health concern. The past two decades research has been
intensified towards the investigation of immune system subclinical activation and subsequent low-grade
inflammation, due to its suggested participation in various metabolic diseases, including obesity, metabolic
syndrome and diabetes (Sjoholm and Nystrom 2006, Cruz, Sousa et al. 2013, Esser, Legrand-Poels et al. 2014).
Patients with diabetes display typical features of inflammation process, including higher levels of acute phase
proteins, such as c-reactive protein (CRP) and fibrinogen and proinflammatory cytokines, such as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a) (Pitsavos, Tampourlou et al. 2007, Bertoni, Burke et al. 2010);
which raise significantly the risk for micro- and macrovascular complications (Nguyen, Shaw et al. 2012, Lowe,
Woodward et al. 2014). Elevated biomarkers of inflammation have been also reported to increase diabetes risk
(Julia, Czernichow et al. 2014).

However, whether the elevation of inflammatory markers precedes or follows diabetes onset cannot
be easily answered, especially because insulin resistance process is initiated many years before the diagnosis is
set. For example, a recent meta-analysis found that elevated levels of IL-6 and CRP increase significantly
diabetes risk; but 10 out of the 19 studies included had a short follow up time (<6 years) (Wang, Bao et al.
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2013), which means that glucose and insulin metabolic disorders could be present at baseline, inducing or
enhancing inflammation state. Also, very few and conflicting data exist on how inflammatory markers act in
combinations, contributing to diabetes pathogenesis. A combined elevation of IL-6 and IL-1B better predicted
diabetes incidence (Bertoni, Burke et al. 2010), whereas the associations of CRP, IL-6 and serum amyloid alpha
(SAA) with adiponectin did not improve diabetes prediction (Ley, Harris et al. 2008).

Nonetheless, findings are inconsistent with regards to the mechanism of inflammation-diabetes
relationship. Adiposity and insulin resistance may be closely associated with increased inflammation, as after
adjustment for obesity indexes, such as body mass index (BMI), or insulin resistance indexes, such as HOMA-IR,
the effects of CRP and IL-6 on diabetes risk lost their significance (Barzilay, Abraham et al. 2001, Ley, Harris et
al. 2008). However, in other cases the respective effects were attenuated but remained significant (Spranger,
Kroke et al. 2003, Dehghan, Kardys et al. 2007, Bertoni, Burke et al. 2010), suggesting an independent role for
CRP or IL-6 in the development of diabetes.

The objective of the present work was 1) to investigate associations of various baseline inflammatory
markers, namely CRP, IL-6, serum amyloid-alpha (SAA), TNF-a, fibrinogen and homocysteine individually and in
combinations, with the 10-year diabetes incidence and 2) to separately evaluate the mediating effect of obesity
and insulin resistance, in a large representative sample of cardiovascular free Greek adults, aged over 18 years
old, under the context of the ATTICA study.

MATERIALS AND METHODS

The ATTICA study is a large-scale, health and nutrition, prospective survey, which was initiated at
2001-2002 in the province of Attica, and had 2 follow up examination periods, at 5 and 10-years. Its primary
goal was to determine the incidence of cardiovascular disease in Athens greater area. 4056 subjects, free of
cardiovascular disease, were initially invited to participate in the study. After excluding n=117 subjects for
having CVD and n=107 for having chronic viral infections, 3042 individuals agreed to participate (75%
participation rate); 1514 of the participants were men (aged 46%13 y; range 18-87 y) and 1528 were women
(aged 4513 y; range: 18-89 y). This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects/patients were approved by the ethics
committee of the First Cardiology Department of the University of Athens. Informed consent was obtained
from all individual participants included in the study.

Baseline Measurements (2001-2002)

During the baseline examination, standardized questionnaires and calibrated devices were utilized by
trained personnel (i.e., cardiologists, general practitioners, dietitians and nurses) to obtain information about
socio-demographic data (age, sex, education status), tobacco usage, anthropometric data (weight, height, waist
and hip circumferences), medical conditions, use of medication, and family history of hypertension,
hypercholesterolemia, diabetes and CVD.

Smokers were defined as those who smoked at least one cigarette per day or had quitted within the
previous year; the rest were defined as non-smokers. The International Physical Activity Questionnaire (IPAQ),
an index of weekly energy expenditure was used to evaluate the level of physical activity (Papathanasiou,
Georgoudis et al. 2009). The evaluation of the dietary habits was based on a validated semi-quantitative food-
frequency questionnaire, the EPIC-Greek questionnaire, which was kindly provided by the Unit of Nutrition of
Athens Medical School (Katsouyanni, Rimm et al. 1997). Adherence to Mediterranean diet was evaluated using
the MedDietScore (range 0-55, with higher values indicating greater adherence) (Panagiotakos, Pitsavos et al.
2006).

Weight (in kilogram), height (in meter), waist (in centimeter) and hip (in centimeter) circumferences,
as well as clinical characteristics, were measured using standardized procedures. BMI was calculated as weight
(kilograms)/ height (meters)z. Arterial blood pressure was measured three times by using the right arm, at the
end of the physical examination while subjects were in a sitting position for at least 30 min. Hypertension was
defined based on the use of antihypertensive medication or average blood pressure >140/90 mmHg.

Biochemical measurements were carried out in the same laboratory that followed the criteria of the
World Health Organization Lipid Reference Laboratories. Blood samples were collected from the antecubital
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vein between 8 to 10 a.m,, in a sitting position after 12 hours of fasting and alcohol abstinence. Serum total
cholesterol, HDL cholesterol, triglycerides and glucose concentrations were measured using chromatographic
enzymic method in a Technicon automatic analyzer RA-1000. LDL cholesterol was calculated using the
Friedewald formulae. Serum insulin concentrations were assayed by means of radioimmunoassay. Insulin
resistance was assessed by the calculation of a homeostasis model assessment (HOMA-IR) approach (glucose
(mmol/l) x insulin (uU/mL) /22.5 (Matthews, Hosker et al. 1985). Serum total cholesterol and glucose
concentrations were measured using chromatographic enzymic method in a Technicon automatic analyzer RA-
1000. Hypercholesterolemia was defined as total serum cholesterol concentrations >200 mg/dL or the use of
lipid-lowering agents. Diabetes diagnosis was based on American Diabetes Association criteria (American
Diabetes Association 1997), i.e. the use of antidiabetic medication (hypoglycemic drugs and/or insulin use) or
having fasting plasma glucose =126 mg/dL. Inflammatory markers were assayed using the following techniques:
CRP and SAA by particle-enhanced immunonephelometry; IL-6 by a high-sensitivity enzyme-linked
immunoassay; TNF-a by the enzyme-linked immunosorbent assay method for the quantitative determination;
homocysteine levels by an automatic analyzer based on the technology of fluorescence polarization
immunoassay and fibrinogen by automatic nephelometry.

10-year follow up evaluation (2011-2012)

During 2011-2012, the 10-year follow-up was performed. Of the n=3042 participants, n=2583
completed the follow-up (85% participation rate). Diagnosis of diabetes was based on ADA criteria, as
performed in the baseline examination. Participants who did not provide biological samples—those who were
reached only by telephone—were asked whether they had been diagnosed by a physician. Participants with
diabetes at baseline (n=210) or with no information about diabetes status at the 10-year follow up (n=1347)
were excluded for these analyses, yielding to a final sample of n=1485 subjects. The working sample size was
adequate to achieve 95% statistical power to evaluate relative risk (RR) of 1.20, between the null and
alternative two-sided hypotheses, when the exposure variable was increased by 1-unit (e.g., tertile of CRP) and
with a significance level (alpha) of 0.05. Further details about the baseline procedures and the 10-year follow-
up of the study have been presented elsewhere (Pitsavos, Panagiotakos et al. 2003, Koloverou, Panagiotakos et
al. 2014).

Statistical analysis

Descriptive statistics were utilized to compare participants’, who developed diabetes, characteristics
at the 10-year follow up with those who did not. Continuous variables are presented as mean values + standard
deviation for normally distributed variables, plus median for non-normally distributed variables. Categorical
variables were summarized using frequencies. Comparisons of mean values of normally distributed variables
between those who developed diabetes and the rest of the participants were performed using Student’s t-test,
after ensuring equality of variances using Levene’s test. For non-normally distributed variables, Mann-Whitney
test was used. Continuous variables were tested for normality through histograms. For categorical variables
chi-squared test was used. Distributions of inflammatory markers were skewed, so their natural log
transformations were used in subsequent analyses when continuous, along with the tertiles of the markers,
which were also calculated. To assess baseline cross-sectional associations between inflammatory markers,
glycemic and anthropometric indexes, Spearman’s partial correlation test was used, adjusted for basic
covariates. Multivariate logistic regression analysis was performed to evaluate independent associations. This
type of analysis was preferred (instead of survival) because there were no accurate data about diabetes onset,
but only diagnosis. As previously demonstrated, the estimation of the OR approximated the relative risk given
an infrequent disease occurrence (Cornfield 1951). All known confounders were included in the models after
testing for colinearity. Interactions with inflammatory markers were checked in all steps. Nested models were
constructed, gradually adjusted for known confounders. To investigate the combined effect of cytokines (IL-
6*TNF-a), acute phase proteins (CRP*SAA, CRP*fibrinogen), and homocysteine with both CRP and IL-6
dichotomized subgroups were created. The 75" percentile was used as the cut-off point for all inflammatory
markers (setting individuals who were >75" percentile for both markers of each pair as 1 and those <75" as 0).
New variables were then constructed adding the values of the respective markers (range 0-2). Finally, BMI and
HOMA-IR were separately added in the final regression models to evaluate their mediating effect on
inflammation-diabetes relationship. All reported P-values were based on two-sided tests. SPSS software
(Statistical Package for Social Sciences, IBM Hellas SA, Greece, version 18) was used for all statistical
calculations.
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RESULTS
10-year diabetes incidence

During the 10-year follow-up period, 191 subjects were classified as having diabetes; yielding to a crude
incidence of 129 per 1000 participants (or 12.9%); 97 (13.4%) and 94 (12.4%) being men and women
respectively (p = 0.79 for gender difference) (Koloverou, Panagiotakos et al. 2014).

Participants’ baseline characteristics

Participant’ characteristics, stratified by diabetes status as the 10-year follow up are presented in
Table 1. Unadjusted analysis revealed that, at baseline, participants who developed diabetes, compared to
those who did not, tended to be older by almost a decade, less educated, had a poorer adherence to the
Mediterranean diet, were more likely to be predisposed to diabetes and tended to have higher BMI and waist
circumference to a statistically significant extent. Similarly, they had higher values in glucose, insulin and insulin
resistance index HOMA-IR, as well as higher CRP, IL-6, TNF-a, and fibrinogen values. However, mean differences
in the prevalence of smoking and physical activity as well as SAA and homocysteine were not significant.

Slight differences in the baseline characteristics were noted between those for whom information
about 10-year diabetes status was available (n=1485) and the rest (n=1347), regarding the distribution of age
(43+13 vs. 45+13 years, p<0.001), hypertension (30% vs. 26%, p=0.036), smoking status (58% vs. 54%, p=0.028)
and fasting glucose levels (88+12 vs. 80+13, p=0.005). No differences were reported regarding the distribution
of sex, years of education, family history of diabetes, physical activity and BMI (all p,>0.05)

Table 1. Demographic, lifestyle and clinical characteristics of the ATTICA study’s participants, according to their
diabetes status at the 10-year follow up (n=1485)

Status at 10-year follow — up

Did not develop diabetes Developed diabetes

Baseline factors (n=1294) (n=191) p
Age, years 44+13 53+11 <0.001
Male sex, n (%) 629 (49) 97 (51) 0.57
Education, years of school 13+3.4; 12 11+3.9; 12 <0.001
MedDietScore (range 0-55) 2616.8; 27 2416.4; 25 <0.001
Physical activity, n (%) 552 (43) 73 (38) 0.25
Smoking status, n (%) 702 (54) 100 (52) 0.62
Family history of diabetes, n (%) 230 (20) 61 (36) <0.001
Hypertension, n (%) 333 (27) 82 (46) <0.001
Hypercholesterolemia, n (%) 475 (37) 106 (56) <0.001
Body mass index, kg/m’ 26+4.0 2945.0 <0.001
Waist circumference, cm 88+14 98+16 <0.001
Glycemic indices

Fasting glucose, mg/dL 88112 95+14 <0.001
Fasting insulin, uU/mL 13+3.4; 12 14+3.4; 13 <0.001
HOMA-IR 2.8+0.65 3.2+0.81 <0.001
Inflammatory markers

CRP, mg/L 1.7+£2.3; 0.86 2.7£2.8; 1.60 <0.001
IL-6, pg/mL 1.4+£0.49; 1.3 1.6£0.42; 1.5 <0.001
TNF-a, pg/mL 6.1+4.4;5.8 6.843.6; 7 <0.001
Fibrinogen, mg/dL 302+66; 295 336+77; 334 <0.001
SAA, mg/dL 4.4+4.6; 3.1 4.613.8; 3.8 0.05
Homocysteine, umol/L 12+6.6; 10 1245.5; 11 0.15

Data are presented as mean values and standard deviations for normally distributed variables; mean values, standard deviations and
median for non-normally distributed variables (i.e., years of school, MedDietScore, fasting insulin, inflammatory markers); and absolute and
relative frequencies for categorical variables. P-values derived from Student’s t-test for the normally distributed variables and Mann-
Whitney test for the non-normally distributed variables, or chi-square test for the categorical variables.
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10-year diabetes incidence and inflammatory markers (single effects)

In Table 2, results of multi-adjusted analysis are presented, in order to control for potential
confounding. Diabetes incidence was twofold and fivefold higher among participants whose baseline levels of
CRP and IL-6 were in the third versus the first tertile respectively. In age-sex adjusted models, a significant
positive association was observed between the highest versus the lowest CRP and IL-6 tertile with diabetes
development (OR = 1.88; 95%Cl: 1.21, 2.94 and OR = 2.74; 95%Cl: 1.56, 4.81, respectively) (Model 1). These
associations were slightly attenuated, but remained significant, after adjusting for lifestyle behaviors, smoking
status and family history of diabetes, for both markers (Model 2). When adjusting for hypertension and
hypercholesterolemia status, relationship between IL-6 and diabetes was further attenuated, but still
significant (OR = 2.20; 95%Cl: 1.13, 4.28), whereas CRP slightly lost its significance (OR = 1.46; 0.89, 2.40,
p=0.08) (Model 3). For all other inflammatory markers their individual effects were not significant even in age-
sex adjusted models (results not shown). Sex differences in inflammatory markers — diabetes link have been
suggested (Thorand, Baumert et al. 2007). However, in our sample interactions between the studied markers
and sex, in age-adjusted models, were not statistical significant (p>0.05).

To investigate the potential mechanism through which inflammation is linked to diabetes
development, firstly, the baseline partial correlation coefficients between inflammatory markers with
anthropometric and glycemic indexes were calculated. Significant positive associations existed between CRP
and IL-6 with BMI (r=0.38 and r=0.22, p,<0.001) and a slight correlation between fibrinogen and BMI (r=0.23,
p<0.001), adjusted for age and sex. Similar results existed between the three markers and waist circumference
(WC) (r=0.33, r=0.16 and r =0.21 respectively, p,<0.001). Significant but slight relationships existed between
CRP and IL-6 with insulin, blood glucose and HOMA-IR (r,<0.1, p,<0.05), adjusted for age, sex and BMI. All other
associations were not significant. Next, the role of insulin resistance and BMI in inflammation — diabetes
relationship was further examined, by separately adding HOMA-IR and BMI in the fully adjusted models. A
significant loss in statistical significance for IL-6 was observed, especially with the addition of BMI (OR=1.30;
95%Cl: 0.65, 2.60), while CRP further lost statistical significance with the addition of both BMI and HOMA-IR
(OR=0.82; 95%Cl: 0.47, 1.41 and OR=1.18; 95%Cl: 0.70, 1.97 respectively). These results indicate a potential
mediating effect of both variables, but mostly BMI, underlying inflammation — diabetes link (Table 2).

Table 2. Results from multiple logistic regression models that evaluated CRP and IL-6 levels, in relation to 10-year incidence of
diabetes: the ATTICA study

Per 1-unit increase* Tertile 1 Tertile 2 Tertile 3 p
n = 1225 (n=159 cases)
CRP (mg/dL) 0.01-0.58 0.59-1.60 1.61-15.9
Cases; incidence 35; 8.5% 44; 10.9% 80; 19.5% <0.001
Model 1 2.15;1.48-3.13 1 (referent) 1.07;0.66-1.76 1.88;1.21-2.94 <0.05
Model 2 1.88;1.25-2.81 1 (referent) 0.99; 0.59-1.68 1.63;1.01-2.64 <0.05
Model 3 1.66; 1.09 - 2.53 1 (referent) 0.87;0.51-1.50 1.46;0.89 - 2.40 0.078
Model 3 +HOMA-IR 1.41;0.90-2.19 1 (referent) 0.83;0.48-1.46 1.18;0.70-1.97 0.40
Model 3 +BMI** 1.02; 0.64-1.62 1 (referent) 0.61; 0.34-1.09 0.82;0.47-1.41 0.23
n = 1254 (n=160 cases)
IL-6 (pg/mL) 0.3-1.25 1.26-1.46 147-71
Cases; incidence 21; 4.9% 39;9.8% 100; 23.4% <0.001
Model 1 5.69;1.43-22.7 1 (referent) 1.40; 0.80 - 2.47 2.74;1.56 - 4.81 <0.05
Model 2 3.97;0.78 - 20.0 1 (referent) 1.19; 0.64 -2.25 2.32;1.23-4.40 <0.05
Model 3 2.65;0.48 -14.6 1 (referent) 1.07;0.55-2.08 2.20;1.13-4.28 <0.05
Model 3 +HOMA-IR 1.56; 0.28 —8.59 1 (referent) 0.99; 0.51-1.95 1.84;0.94 -3.63 0.034
Model 3 +BMI** 1.08; 0.19 -6.09 1 (referent) 0.87;0.44-1.70 1.30; 0.65 - 2.60 0.30

Data are ORs; 95%Cl. Model 1 is adjusted for age and sex; Model 2 = model 1, plus family history of diabetes,
smoking, adherence to the Mediterranean diet and physical activity; Model 3 = model 2, plus hypertension and
hypercholesterolemia status. P value for trend across tertiles is noted.

*Per 1- unit increase in the natural logarithm of CRP or IL-6 **Results were similar when adding WC in the fully
adjusted model, however there was a significant correlation between waist circumference and sex (r=-0.496),
which might have led to unwanted multi-colinearity. That is why BMI was chosen for the final model.
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10-year diabetes incidence and inflammatory markers (combined effects)

In Table 3, results of the combined effect of increased inflammatory markers on diabetes incidence
are presented. In order to evaluate the composite outcome, new variables were constructed, as described in
Methods section. The combined effect of CRP and IL-6 was tested, as they were found to be the most potent
predictors of diabetes risk in above analyses, as well as the combined cytokines effect (IL-6 — TNF-a), acute
phase protein effect (CRP — fibrinogen, CRP — SAA) and homocysteine effect with both CRP and IL-6. In the fully
adjusted models, when elevated values of CRP, i.e. >75" percentile=2.16mg/L, were combined with either
elevated values of IL-6, i.e. 275" percentile=1.57 pg/mL, or fibrinogen, i.e. >75" percentile=343 mg/dL, the 10-
year risk to develop diabetes was increased by 93% (OR= 1.93, 95%Cl: 1.20, 3.08) and 137% (OR=2.37, 95%Cl:
1.37, 4.16) respectively. Finally, and in order to confirm the mediating effect of insulin resistance and BMI,
model 3 in both cases was further adjusted for HOMA-IR and BMI. Again, insulin resistance was found to exert
a small mediating effect, whereas BMI was found to be a significant mediator of the relationship.

Table 3. Results from multiple logistic regression models that evaluated the combined effect of inflammatory markers on
diabetes incidence

Both markers At least one marker Both markers

<75™" percentile > 75" percentile > 75" percentile p

CRP*IL-6 (n=1225; 159 cases)

Cases; incidence 76;9.1% 27; 16% 56; 26% <0.05
Model 1 1 (referent) 1.04;0.61-1.78 2.30; 1.52 -3.50 <0.05
Model 2 1 (referent) 1.01;0.56-1.82 2.10; 1.34-3.30 <0.05
Model 3 1 (referent) 1.13;0.63-2.05 1.93;1.20-3.08 <0.05
Model 3 + HOMA-IR 1 (referent) 1.05; 057-1.93 1.67;1.02-2.73 0.10
Model 3 + BMI 1 (referent) 0.97;0.53-1.77 1.25;0.75-2.08 0.62
CRP*fibrinogen (n=1059; 129 cases)

Cases; incidence 55; 8.3% 36; 14% 38;28.1% <0.05
Model 1 1 (referent) 1.27;0.79 -2.05 3.32; 2.02-5.46 <0.05
Model 2 1 (referent) 1.16;0.70-1.92 2.53;1.48-4.33 <0.05
Model 3 1 (referent) 1.26;0.76 —2.12 2.37;1.37-4.16 <0.05
Model 3 + HOMA-IR 1 (referent) 1.29;0.75-2.19 1.95;1.07-3.54 0.09
Model 3 + BMI 1 (referent) 1.14;0.67 -1.92 1.37;0.74-2.53 0.60

Data are ORs; 95%Cl. 75" percentiles are for CRP = 2.16 mg/L, IL= 1.57 pg/mL and fibrinogen = 343 mg/dL

DISCUSSION

In the present work, the single and combined effects of various inflammatory markers on diabetes
incidence were evaluated. The only marker which could individually predict diabetes risk was found to be IL-6.
Participants with elevated baseline levels of IL-6 (3rd vs. 1" tertile) were found to have more than twofold
increased 10-year diabetes risk, whereas the single effect of CRP was not significant in the fully adjusted model.
With regards to the combined effects, participants with a combined elevation (>75th percentile) of either CRP
and IL-6 or CRP and fibrinogen, had a substantial increase of their diabetes risk, of 93% and 137% respectively,
indicating that increased CRP becomes an important predictor, if combined with IL-6 or even better with
fibrinogen. Body mass index and insulin resistance were found to be linked with inflammation state. It is
suggested that increased adiposity is primarily responsible for an increase in inflammation status, enhancing
through this mechanism insulin resistance and increasing diabetes risk.

Similarly to our study, Thorand et al. (Thorand, Baumert et al. 2007) and Duncan et al (Duncan,
Schmidt et al. 2003), reported a significant independent effect of IL-6, but not CRP, on diabetes risk, among
German and US men and women respectively. However, most prospective studies have reported an
independent aggravating effect of both markers on diabetes incidence, which was confirmed by a recent meta-
analysis (Wang, Bao et al. 2013). In relation to the composite effects of inflammatory markers, to the best of
our knowledge there are only two relevant studies. A simultaneous increase in IL-6 and IL1B has been found to
predict diabetes risk, even better than isolated IL-6 (Spranger, Kroke et al. 2003), while combinations of leptin,
CRP, IL-6 and/or SAA did not improve diabetes prediction (Ley, Harris et al. 2008). In our study, the CRP-IL-6
combined effect was expected, due to the single aggravating effect of both markers, however, this is the first
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study to document the potential combined action of two acute phase proteins, CRP and fibrinogen on diabetes
incidence.

Various biological mechanisms are postulated to be involved in inflammation-diabetes relationship. In
this study, the main mediator was found to be BMI, which is in line with the recent study of Shimoda et al, who
demonstrated that BMI is an important predictor of CRP only among obese patients with diabetes (Shimoda,
Kaneto et al. 2016). Obesity-induced insulin resistance begins in adipose tissue. Under obesity state
triglycerides are firstly accumulated in adipocytes and then also in hepatocytes inducing a process of cellular
stress and JNK, IKKB/NF-kB signaling, which lead to elevated levels of proinflammatory cytokines, including IL-6,
TNF-a and other adipokines. Recruited macrophages are also involved in this process. The produced cytokines,
further activate JNK and IKKB/NFkB pathways, through a feed-forward mechanism (Shoelson, Lee et al. 2006).
IL-6 also downregulates PPAR-y expression (Tanaka, Itoh et al. 1999). Fat, liver and associated immune cells
finally create a systemic inflammatory diathesis, promoting insulin resistance in insulin dependent tissues,
which can further lead to hepatic cell apoptosis (Civera, Urios et al. 2010), aggravating the whole process.
Following stimulation by cytokines, acute phase proteins are released. CRP has been thought to be produced
exclusively in the liver (Moshage, Roelofs et al. 1988); however extrahepatic synthesis of CRP has been
demonstrated to occur under similar proinflammatory conditions in adipose tissue, too (Calabro, Chang et al.
2005); suggesting a new link between obesity and inflammation and further strengthening our findings of the
mediating role of obesity in inflammation-diabetes link. Finally, fibrinogen is involved in clotting but is also an
acute phase reactant, and has been previously linked to diabetes (Festa, D'Agostino et al. 2002), however
similarly to the present study it is not considered an independent predictor of diabetes by most studies
(Barzilay, Abraham et al. 2001, Bertoni, Burke et al. 2010). As mentioned above, our finding for a combined
effect with CRP has not been stated elsewhere.

Limitations

Despite the importance of the presented findings, a number of limitations warrant consideration.
Fasting plasma glucose was measured once, not twice as recommended by ADA, and was used as the only
method for the screening of diabetes, thus misclassification is inevitable; however, this screening procedure is
common for large epidemiological studies. Also, as the exact time of diabetes onset was not accurate in some
cases, hazard ratios were estimated through ORs that may have overestimated the true effect; however, it has
been reported that, for low frequency diseases, OR is an accurate estimate (converges) of the relative risk
(Cornfield 1951). For patients interviewed by phone, there is always the possibility of misclassification of T2DM
status, which may have led to an underestimation of the associations. Finally, by design, ATTICA study excluded
subjects with prevalent CVD, potentially limiting the generalizability of these results. The strengths of this work
include a large, representative sample, a prospective design for a fairly long time period of 10 years, as well as
the assessment of lifestyle information, and, therefore, the ability to control for potential confounders

Conclusions

The reported findings are of considerable public health importance, as they shed light into the
optimum inflammation indexes to be incorporated individually or in combinations in screening programs, in
order to identify individuals at risk of diabetes. Further studies are needed to investigate whether the
combined reduction in the proposed inflammatory markers may be of benefit, especially for high-risk
individuals. Lifestyle strategies to combat or better prevent obesity are of utmost importance, as this work
confirmed its significant underlying role in initiating and/or sustaining inflammatory process and increasing
diabetes risk.
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