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&'m.»poda Kavéuy Ew(a,«uéﬂ&s

Evyoprotieg

H napodoa perém eivarl 10 amotéhespo pakpOYpovNng opadikng epyaciog vmd
ocuveyN emiPAeyN Kal QUEPIOTN CLUTOPACTOCT TOV OVOTANPOTY KaBNyNT K. Agdovon. O
K. Agdo0oNG MG EMOTNUOVIKOG VTEVOBLVOC TNG TapovGOg HEAETNG, OAAG KOl ®G YV G106
KON UOTKOS Kot £EAPETIKOG AVOP®TOg £EAGPAAGE TV EMTLYN Kol GPTIL OAOKATP®OT)
™G epevvnTikng epyaciag. Ogeidw otov k. Aegdolon TePACTI EVYVOUOGVUVY Yo TNV
kaBodnynon kou tn PonBetd Tov, Yo TNV EUTIGTOGHVI TOV HOV £J€1EE Ko KLPImG Yo TV
TOAVETI] KOl EMOIKOOOUNTIKY] OGLUVEPYOGIOL TOL 7OV JSUOPPOGE T EPELVNTIKG OV
evoapépovta. [lapdAinia, n copfoin tov kabnynm k. Poddkn kot enikovpov kabnynt

K. [ToAvypovémovdlov MTOV GNUOVTIKY YL TNV OAOKANP®OYN NG OWO0KTOPIKNG OV

dlatppng.

Ogelho éva peydro guyoplotd e OAOLG TOLG NMKIOUEVOLS €0EAOVTEG Yo TNV
evBouG1®ON CLUUETOYN TOVG OTN HEAET, 6T0 Tpoocwnikd Tov KL A.TLH. KaAlBéac, Néag
uopvng ko Mooydtov vy v avidlotedn kot Kaboplotiky] fondeio mov mpocépepay,
KaOMOG Kot 68 OAOVE TOVG CLVAOEAPOVG TOV GUUUETEYAY KATA TEPLOOOVE GTNV TAPOVLGO

épeuval.
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YOVTOPOYPOPIES

AM.X.: Agiktng Mdlog Zopatog

ATP III: Adult Treatment Panel III, ®epamevtikn opdoda evnAikwv 111

DNA: Deoxyribonucleic acid, Aco&upiovovkieixd o0&

HDL-C: High Density Lipoprotein Cholesterol, Aumonpwteivny vyning mukvotntog
G€ YOANOTEPOAN

Homa-B: Homeostatic model assessment of B-cells function,

Opoootatikod poviého aEloAdyMNoNs e Aettovpyia TV B-Kuttdpmv

Homa-IR: Homeostatic model assessment of Insulin Resistance,

Opotootatikd HOVTEAO 0ELOAGYNONG TG IVGOVAIVOAVTIGTOONG

IFN: Interferon, Ivieppepdvn

IGF: Insulin-like Growth Factor, IvoovAwvoppuntikdc avéntikdc napdyovrag

IL: Interleukin, IvtepAevkivn

LDL-C: Low-density lipoprotein, Awmonpwteivy youUnNAng mTOKVOTNTOG GF
YOANGTEPOAN

MET: Metabolic Equivalent of Task, Metafoiikd Icodvuvaua Epyov

MCP-1: Monocyte Chemotactic Protein-1, Xnuetotaxtik tpoteivn povokvttdpwvl

MIP-1a: Macrophage  Inflammatory  Protein-lo,  ®@Aeypovaodng  mpwteivn
HoKpOQaymv-1a

MT: Metallothionein, MetaAloBeiovivn

NCEP: National Cholesterol Education Program, Efviko evnuepotikd mpdypopipo
v N YoAnotepoAn tov HILA.

RANTES:  Regulated on Activation Normal T-Cell Expressed and Secreted,
PvOulopevo amd v evepyomoinon  @uoloAoyik®v  T-Kuttapwv
exQPalOLEVO Kot EKKPLVOUEVO

RNA: Ribonucleic acid, PiBovovkieikd o&n

SGOT: Serum glutamic oxaloacetic transaminase, O&aA0EEikn TpaVGAUIVACT) 0POV
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TNF-a: Tumor Necrosis Factor-a, [Tapdyovtog vékpmong dykov-a

TKE: Tayvmra Kabilnong EpvBpokvttapmv

USDA: United States Department of Agriculture, Ymovpysio I'ewpylag Hvouévov
[ToMteidv Apepikng

Zn: Zinc, Yevodpyvpog



Iepiinyn

H gmpnxovon tov mpocdoxiyov emPioong odnyel oe cuveyn avénon tov apBpov
TOV NAKIOpEVOY maykooping. Xtnv EAAGO0 koToypd@etol ONUOVTIKY oAAOyn TNg
nAKlokng ocvvBeong, KabloTOVTOG avaykaion TNV EKTIUNON NG KATAGTAONG LYENG T®V
nukwopévov. H yqpavon elvor g etepoyevig owadikocio mov yopaktnpiletor oamod
EKTTTMOON TOV QUGIOAOYIKAV Agtovpyudv, pe oav&avopevo kivovvo voompdtnrtog kot
BvnoomTog. Xe avTIdeTOA, 01 VIEPNAKEG pPavifovy KaAd dtatnpnuévn Katdotoom
vyelag, amo@evyovtag onuavtikéc achéveteg. Ot unyovicpol mov EUTAEKOVTOL G YRPAVoN
dev elvar mAMPp®G SEVKPIVIGUEVOL, MOTOCO TepAapPdvovy TANOdpa Tapayoviwy. 1o
vevetikd vofabpo amodidetar to 15-30% tng paxpofotnroc, VO 10 VIOAOUTO TOGOGTO
neplhapPdvel TV enidpacn TEPPOAAOVTIKOV TOPAYOVI®V, OTMG 1 OWLTPOPY], 1| GLUGIKN
dpactnpLOTNTO Kot 01 GVVHBELEG TOL TPOTOL (MNG. H avayvdpion Tov KMVIK®V, YEVETIKOV
Kol TEPPOUALOVTIKOV TOPOYOVI®V TOV EMOPOVV GTN YNPOVOT Kol OTN HokpoProTnta
KpIvETOL OMNUOVTIKN YOO TNV KOADTEPN KOTOVONOT TNG YNPOVONS, OAAG Kol yio TNV
avATTLEN TOV KATAAANA®V TopEUPACEDY, e OKOTTO TNV EMITEVEN TNG VYLOVG YPAVOT|G.

2mv mapodoo peEAETN otpatoroynOnkav 843 nmAKiopévol amd TV TEPLOYN NG
AOnvag, otovg omoiovg mpoaypotomo|Onke aipoAnyio, HETPNON APTNPLOKNG TieoNG,
ocopatopeTpikég petpnoels (Papoc, Hyog), Kabmdg Kol Katoypogy 1TpKod 16TOPIKO,
ONUOYPAPIKAV GTOLYEIDV, SUTPOPIKOV GLVNOELDV, XOPAKTNPIOTIKOV TOL TpOmov (o1,
WYLYOLOYIKNG KOl VONTIKNG Katdotaong. H amopdvoon Ploloyikdv vAKOV mepleAdpfove
op0, mhdopa, kat DNA. Ot Boynmukéc kol opotoloyikeés HeTpNoels meptehdpuPovoy
emimeda Mmdiov, yAvkolng, wvooviivng, eAeypovemdomv mapayoviov (IL-6, IL-8, TNF-a,
MCP-1, MIP-la kot RANTES), wevdopyopov ot 7yevikn e&étaon  aipatog.
[IpaypatomromOnke yeveTikn avadAvon yio. TOAVHOPPIGLOVG YOVISI®OV TOV EUTAEKOVTOL GT1
QAEYHOVOON omdkpion, oto povormatt petafifaocng unvopdtov wveoviivi/IGF kat oto
petofoAtopd tov yevdapyvpov. Ta datpoeikd dedopévo ypnolpwomomOnkay yoo v
eKTiunom g MUEPNOWG TPOSANYNG WeLdapyLpov Kot yw to Pabud vioBétong g
Meocoyeakng owtpopng. Emiong, mpaypotomombnke m yopnynon OCLUTANPOUATOG
yevdapydpov (10 mg/Mmuépa yro 6 fdopddeg) o NAKIOUEVOLS TTOL YOPAKTNPICTNKAY OO
EMeym yevdapyvpov. TELog, pe ) ¥pMon KATAAANA®Y GTATICTIKOV TPOYPUUUAT®OV Kot
LOVTEAWDV EKTIUNONKOV Ol AAANAETIOPACEIS OVAUESH GTOVS PBLoyNUKoVs Kol YEVETIKOVS
oglkteg, TN STpoPn Kol TOLG TaPAyovieg Tov TPOmMOv (NG, TOL EMSPOVV GTNV

KOTAGTAOT LYEIOG TOV NATKIOUEV®V.



Ytov nMxkiopévo mAnBuoud mov peremnOnke, Katoypdenkav VYnAQL TOGOGTH
vréptaong (70,9%), vrepyoinoteporoptiog (86,7%), vaépPapov (41,7%) ko moyvoapkiog
(44,5%). H ovyvomra epedviong caxyopmdn dwpnm 2 (ZA 2) frav 15,4% ko tov
Kapdwyyelak®dv  voonuatov  19,5%, evd ovemdpkewr  Wevdapydpov  TAACUATOG
kataypaenke oto 27,7%. H adénon e niwiog Ppeébnke va emmpedlet apvntikd ta
eninedo oAkng yoinotepding, LDL-C kot ofewopévng LDL-C kot Betikd to enimedo
GLGTOMKNG aptnplakhg mieone, IL-6 kot IL-8 (P=0,039, P=0,003, P=0,005, P=2.3x107,
P=0,015, P=0,032, avtictoyya). H Mecoysloky] S10Tpo@] GYETIOTNKE OPVNTIKG HE TO
enineda A.M.X., yAvkolng vnoteiog, tprylvkepdiov kou IL-8 wor Betikd pe to emineda
HDL-C (P=0,008, P=0,003, P=0,018, P=0,005, P=0,001, P=0,038, avtictoyya). H
OWITPOPIKY] TPOCANYN WeLdaPYVPOoL CyeTiotnke OeTikd pe to emimedo yevdapydpov
TAACUOTOG KO OpVNTIKA pe To emimeda TpryAvkepdiov (P=0,045, P=0,002, avtictoya),
EVO M QUOIKY dOpactnpdtnTa apvnTikd pe to emimeda A.M.Z. (P=0,025). Apkertéc
oLoYETIoEIS PpEBnNKay aVAUESH GTOVG YEVETIKOVG OEIKTES KO TOVG UEAETOUEVOLS OETKTEC
VYelag e OMNUAVTIKOTEPES Y10 TOVG TOAVUOPPIGLOVS: TOL Yovidiov MTIA pe v gpedvion
kapdiayyelakmdv voonudtov (P<0,005), tov CRY2 pe to €Mimed0. GUGTOAIKNG OPTNPLOKNG
nieong (P=0,007), tov DGKB/THEM195 pe ta eninedo yAvkolng vnoteiog (P=0,001), tov
SOD?2 pe 1o, eninedo, tprylukepdiov kat ofedopévne LDL-C (P=3,9x10™ ko P=6,5x10™,
avtiotorya), Tov SEC63DI e to emineda IL-6 (P=4,1x10™) ka1 tov PROXT pe ta emineda
ol yohepuOpivig (P=8,7x10™). Avipeca 6Tic OMNAEMISPAGELS YEVETIKOV SEIKTOV Ka
OTPOPNG OV EPELVIHONKOV Ol CNUAVTIKOTEPEG EVIOMIGTNKAV avAESH 0T MEGOYEIOKT)
OlTPOPY] KOl: TOL TOALHOPPIGHOV 157944584 (MADD) pe 100 €Mimed0 OGLGTOMKNG
applokng mieong (P=0,041), tov moivpopeiopov rs1800629 (TNF-a) pe ta eminedo
dwotoMkng  aptnplakng wieong (P=0,018) ko1 tov moAvpopeicpov 1s2191349
(DGKB/THEM195) pe 1o eninmedo tvoovAivng wvnoteioag kot Homa-IR (P=0,023 kot
P=0,019). Ta onuavtikdOTEP ATOTEAEGLLOTO TG XOPTYNONS CLUTANPDOUOTOS YELOAPYDPOV
(10 mg/Mmpépa v 6 gfdopddeg) frav 1 onpoavtiky peiwon ota eninedo yAvkoding vnoteiog
(P=1,6x10"") kou | ovENON 670 OKOpP EEETAONG VONTIKAC KOTAGTAOTC TOV NAKIOUEVOV
(P=0,008).

H oAlotikn amotipumon g Katdotoons vYeiag Tov NAKIOUEVOVY Kot 1 aEloA0yN o
NG GUVOLAGUEVNG EMIOPACTC TOV YEVETIK®OV Kot TEPPUAAOVTIKMOV TaPpayOVIOV UTopoHV
oLVUBGAAOVY GV TPOANYN TG Voo POTNTAG KOl GTNV TPOAy®YN TG VYelag oty Tpit

nixia.



Summary

The increase in life expectancy is enhancing the continuing growth of the elderly
population worldwide. In Greece, a marked change in the age structure of the population is
documented, emerging the necessity for an assessment of the elderly health status. Aging is
a heterogeneous process, characterized by a decline in physiological functions, resulting in
increased risk of morbidity and mortality. In contradiction, centenarians exhibit a very well
preserved health status, avoiding serious illnesses. Although the exact mechanisms
implicated in the aging process are not fully elucidated, however they include a plethora of
contributing factors. The genetic background accounts for 15-30% of the variability in
longevity, while the remaining 70-85% includes the impact of environmental factors, such
as nutrition, physical activity and lifestyle. Identifying the clinical, genetic and
environmental factors that influence aging is important for clarifying the aging process, as
well as for developing suitable interventions, in order to promote healthy aging.

In the current study, 843 elderly were recruited from the Athens region. All
volunteers underwent blood sample collection, blood pressure measurements,
anthropometric measurements (weight, height), as well as an interview including questions
on medical history, demographic data, dietary and lifestyle habits, psychological state and
mental function. The isolation of biological sample included serum, plasma and DNA.
Biochemical and hematological measurements included lipids, glucose, insulin,
inflammatory markers (IL-6, IL-8, TNF-a, MCP-1, MIP-1a and RANTES), zinc and blood
cell count. Genotyping was performed for polymorphisms in genes implicated in the
inflammatory response, in the insulin/IGF signaling pathway and in zinc metabolism.
Dietary data was processed for the assessment of daily dietary zinc intake and for the
assessment of adherence to the Mediterranean diet. Furthermore, a supplementation trial
(10 mg/day of zinc for 6 weeks) was conducted, including elderly with zinc deficiency.
Finally, specific statistical programs were used for the assessment of the interactions
among biochemical and genetic markers, nutrition and lifestyle factors, that affect the
health status of the elderly.

Within the geriatric population examined, high percentages of hypertension
(70.9%), hypercholesterolemia (86.7%), overweight (41.7%) and obesity (44.5%) were
recorded. Type 2 diabetes (T2D) was prevalent in 15.4% and cardiovascular disease in
19.5% of the population, while plasma zinc deficiency was recorded in the 27.7%. The

increase of age was negatively associated with total cholesterol, LDL-C and oxidized



LDL-C levels and positively with systolic blood pressure, IL-6 and IL-8 levels (P=0.039,
P=0.003, P=0.005, P=2.3x10", P=0.015, P=0.032, respectively). Mediterranean diet was
negatively associated with BMI, fasting glucose, triglycerides and IL-8 levels and
positively with HDL-C levels (P=0.008, P=0.003, P=0.018, P=0.005, P=0.001, P=0.038,
respectively). Dietary zinc intake was positively associated with plasma zinc levels and
negatively with triglycerides levels (P=0.045, P=0.002, respectively), while physical
activity was negatively associated with BMI levels (P=0.025). Several associations were
detected between genetic markers and clinical markers; the strongest for MT/A variants
with cardiovascular disease (P<0.003), CRY2 variant with blood pressure levels (P=0.007),
DGKB/THEM195 variant with fasting glucose levels (P=0.001), SOD2 variant with
triglycerides and oxidized LDL-C levels (P=3.9x10 a1 P=6.5x10" respectively),
SEC63D]1 variant with IL-6 levels (P=4.1x10") and PROXI variant with total bilirubin
levels (P=8.7x10*). Among the investigated gene-diet interactions the strongest were
detected between Mediterranean diet and: 17944584 (MADD) with systolic blood pressure
levels (P=0.041), rs1800629 (TNF-a) with diastolic blood pressure levels (P=0.018) and
rs2191349 (DGKB/THEM195) with fasting insulin levels and Homa-IR values (P=0.023
ka1 P=0.019). The most important findings from the zinc supplementation trial (10 mg/day
of zinc for 6 weeks) was a significant decrease in fasting glucose levels (P=1.6x10") and
an increase in the score of the Mini Mental State Examination among the elderly
(P=0.008).

The holistic assessment of the health status in the elders and the evaluation of the
combined impact of both genetic and environmental factors can contribute to the morbidity

prevention and health improvement of the elderly.
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Scaupoita Kanéun [
1. Ewayoyn
1.1  Anpoypo@ikd yopokTnploTIKd TS TPITNS NAMKiag

H ovveyng avénon tov nukiopévov TANOLGHOD TOYKOGHIMG amoTeELel Evav amod
TOVG ONUAVTIKOTEPOVS Optdpfouvg, Kot Tavtdypova TpdkAnon, yw v avlpomotrta. H
EMUNAKLVON  TOV  TPOCOOKIHov  emPioong, Kvplowg A0y g  €EEMENC ¢
OTPOPAPUOKEVTIKNG, KAODS Kot 1 pelwon Tov puBRod yevwnoewv, 0dNyodV GE GNUOVTIKY

ALY TS NAMKIOKNG GVVOEST|G TOL TTOYKOGLLOL TANBVG OV .

Xoppova pe v €kbeon tov IMaykodopiov Opyaviouod Yyeiag (1), to 2000 o
TANBvoudg TV NAKlopévey (= 60 etdv) avepydtav ota 600 exatoppdpia, eved o aplpnog
avtdc avapévetar vo etdoet Ta 1,2 dioekatoppvpla o 2025 kot ta 2 SIGEKOTOUUVPLO TO
2050. IMopdAinia, ektudton tog ot vaépynpotl (= 80 €tdV) omoTeEAOVV £va GNUOVTIKO
Tuua Tov NAkiopévou tAnbvopot (11%), pe avapevopevn avénon oto 19% péxpt 1o
2050 (1). Avaueco oto 1010iTEPA OMNUOYPOPIKA YOPAKTNPICTIKGA TOV TANBLGHOV TmV
NAMKIOUEVOV, OVOPEPOVTOL ETIOTG, TO ALENUEVO TOGOGTO YUVOIK®MV EVOVTL TOV OVTPMV, LE
EKTIHOWUEVO AGYO 2 Ttpog 1, Kabdg Kot 1 paydoaio avENon Tov NMAMKI®UEVOL TANBVGHOD GTIg

OVOTTTUGOOUEVES YDOPES EVOVTL TOV AVETTLYHEVOV (1).

Ewwotepa omv Evponn, ot niwiwpévor amotelovoav 10 21% 10U GLVOAKOD
mAnBvopov 10 2006, eved cOppova pe TIg dNUOYPAPIKES TPoPoréc, to 2050 10 T0GOGTO
avtod Ba etdoet 10 34% (2). Ta avtictoyo mocooTd Yoo TOVS VILEPYNPOVS (= 80 eT®V) givan
18% 7y To 2006 kot 28% to 2050, ToL GLVOAIKOL TANBVGLOV TV NAKI®pEVEY (2). Ta
CKNAMTPO. TOV UEYOADTEPOVL TOGOGTOV NAMKIWUEVOV otnv Evponn katéxer n Itoiia, pe
1060010 24,5% 1oV GuvoAkoy mTAnBvouov to 2002, eved  EALGSa Bpioketal otnv tpity
0éon pe mocootd 23,9% (1). Tdppova pe ta otoryeie v EAAnvikng Ztotiotikng
Yrnpeoiag, to 2008 10 060010 TV NMKIOUEVOV avepydtav oto 24,3% Tov yevikol

mAnBvc oV, eved mpofAénetorl mws g o 2025, to avrtictoryo mocootd Ha gtavet to 33,2%

ko to 2050 1o 49,9% (3).
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1.2 Ocgopieg yqpavoeng

To ypag opiletar ¢ N GuocOPEVOT TOKIAWY EMPAAPOV OAAAYDV GTO KOTTOPO
KOl GTOVG 16TOVG HE TV avénon g nAkiog, ot omoieg Bempodvtar vrevhuveg yio Tov
avénuévo kivovvo voonpotnrog kot Bvnoyotrag (4). H diepedvnon tov mbavav attiov
KOL TOV UNYOVICU®V TG YRPAVONG, £XEL 0OONYNOEL OTNV aVATTLEN OPKETOV BemPldV, TOV
TAPEYOVY OTUOVTIKES OLEVKPIVICELS Y10 TV KATOVON OGN TOV QUGIOAOYIKAV CAAXYDV KOTA
mv  ynpavon. Ot onuovtikdtepeg Oempiec tOv YNPATOG TOL  €YoLV  dloTLTTMOOEL
neplhappdvovv, v elelixtikn Gewpio, ™ Oewpio twv elevbipwv pilwv, ™ wToyovopiloxn
Oswpia, ™ Ocwpio s yeverkng pobuiong, ™ Oewpio twv telouepwv, ™ Bewpio e

aVOGOYNPOVONS KO THY VEVPOEVOOKPIVIKY Ocwpia tov yrpartog (5).

H e€ehktikn Osowpia opilel v ynpavon oG amoTtéEAEGHO TG LEWWUEVNS 1GYVS TG
(QLGOIKNG EMAOYNG He TV adénon ¢ nAkiag. Atatvmmdnke apywd ot dekaetio tov "40,
énerta amd mopatnpnon acbevav pe ™ voco Huntington (5). H e€ehiktikn Bewpia g
mpavong ompileton oe peydro Padbud ot Aapfivela Bempio, Kotd v omoia 1 ELOIKN
eEMAOYN €mOpl o€ opyavicpuovg mov mebaivouv  kupiog Adyw  OMpevong kot
TEPPOALOVIOAOYIKDOV KIVOUVAV, KOl KOTO GUVETELD SIOUOPPOVOLY TN PEATIOT O1dpKrela
Cong yia 10 ovykekpipuévo mepiarrov (6). H dwdpreta (ong yio kébe 100G dlapop@dveTOL
HEG® NG PLUGIKNG EMAOYNG, LE TPOTUPYIKO CKOTO TNV avVOTOpUy®YN Kol SdVIeT) TOV
gldoovg (7). Lta miaiclo avtig g Bempiog, emonuaiveTor mmg 1 160ppomio. HETAED TV
TOP®V MOV EMEVOVOVIOL OTNV OVOTOPAYOYIKY KovotTo £vovtlt g pakpoPidtnroc,

kaBopiler T odpreta Cong (5).

H 0zopio Tov ehevdipov prlldv diutundbnke yio mpdt @opd TN deKaeTiot TOL
’50, vroBétovtag pio Kowvn Stadkacio, IOV VIOKEWVTOL GTNV EMIOPOOT] YEVETIKMOV KOl
TEPPOAALOVIOLOYIKOV TAPAYOVTWOV, KOTO TNV OOl0 1] CLGCHOPELCT EVOOYEVAOV EAELOEP®V
pllav evBivetar yww ™ yhpovon kot to Bavoto tev opyovioudv (8). Apydtepa,
cuuTEPIAPONKE 61N Bempia Kot 0 KaBoploTikdg pOAOG TV HUTOYXOVIPIOV GTIG AVTIOPACELS
mopayoyns tov eAcvfépov plav (9). H Bewpia tov elevBépov pllov AapPaver gvpeia
amodoyn, ®¢ evAoyn €€fynon Tov PBocIKOV YNUK®OV oVTIOPACEDV TOV EUTAEKOVTOL OTN
pavon, kobmg N avénon Tov oLemTIKOL oTpeg pHe TV NAkia oaivetor va givat
amotéleopa ™G EAAEWYNC 160ppOoTiog HETAED TNG Tapay®yns EAeLBépwv pildv Kot g

avTIOEEWMTIKNG Tpootaciag Tov opyavicpov (5). H Bswpio tov ehevbépov plav
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neprapPavel apketég VTOOEGELS, TOV €GTIALOVY GTO POLO GLYKEKPIUEVOV OPYOVIdI®V Kot
popiov Katd m ynpoaven. Mia amd avtég Tig vrobéoelg vrootnpilet, 6Tl HETOALAEELS GTO
piroyovoplakd DNA emtayhvouv m @Bopd and Tig ehevbepeg pileg, AOY® TG EIGOYWYNG
aAAOLOUEVAOV EVODUIKAOV GLGTATIK®V 6TV ovorveLoTiky] aivcida (10). H shattopotikn
pon mAektpoviov mpokaAel avEnuévn dwppon ehevBépov pllodv Kol aKolovBmg
HEYOADTEPO TOGOOTO pHeTOAMGEEWV oT0 ptoyovoplakd DNA  kor emdeivoon g
0&EWMTIKNG TOPAYOYNG, ONHOVPYDOVTAG VOV POVAO KOKAO HETOAAAEE®V KOl TOPOy®YNS
elevbépav pilov, mov 0dnyel telkd og kutTapikn PAAPTN kot ynpavon (10). H depedhivnon
™G vrdbeong avtg, ®g enéktacn G Oewpiog twv erevBépov pilov, odnynoe ot
ptoyovoprokn Oswpio ™c ynpavong (11). YmoompikTikd omoTeAEGUOTO OVTNAG TNG
Bewplag, mTpokvmTovy omd v perétn “Framingham”, émov n pokpofromnta Ppébnke va
oxetiCeton pe ™V nikio Bavatov TG UNTEPOS, VTOONAMVOVIOG TO POAO NG
KAnpovopkotrag Tov proyovoplokod DNA oty pakpofidtta (12). Mo AN vedOeon
vrootpilel, g or erevBepeg pileg MPOKAAOVLY TN YNPOVOT AOY® TNG CLGCMOPELONG
o&edoUévoy TPOTEIVOV ot KOTTApo, o€ cvvovacpd pe v ebivovoa wavdtnta
amolkodouNnoNg tovg kabdg avgdvetor n nikia (13). O TPocdOPIGHOG TOV AVTIOPAGEDV
Toapoy®yNg eAeLBEpmV pidv Tov AEIToLPYOoVV MG EKKIVNTEG TNG KLTTOPIKNG YNpavengs, Oa
umopovoe vo avadeiEel Tpoémovg mapiéuPaong yioo T peimorn tov pvOuod ynpavong (4).
Q061660, T0 ATOTELEGUATO TTOV TPOKVTTOLV OO TOPEUPATIKES LEAETEG LLE CLUUTATPOLLOTOL
avTIOEEWOTIKAV, Kuping PLrrapvav, dev Tapéyovv Tpog To Tapdv emapkels amodeilels yio

TNV AOTEAEGUATIKT HEIWOT) TOV 0EEWMTIKOD 6TPES 6€ avOpmdTOVG (5).

H Osopia Tng yeveTikng puOpong npoteivet T yNpavor oG ATOTEAEG O AAAXLY DV
OV TPOYHOTOTOOVVTAL 6T Yovidlakn €kepacn (6). Meléteg oe aiwvoPlovg Kol oTIg
OKOYEVELEG TOUG £YOVV TIGTOTOWGEL TNV EMOPAcN TOL YeVETIKOD VOPabpov o1
pokpoPlotro, EUTAEKOVTOG KUPIMS YOVIOOKES TEPLOYES TOL Ypwuocopotog 4 (14),

®GTOGO AMALTOVVTOL TEPIGGOTEPES LEAETES Y10 TNV TANPN TEKUNPIGT avTig TG Bewpiag.

H Ocopio tov tehopepdv oyetiCeton dueca pe v Bewpio g KOTTOAPIKNG
YNPOAVOTG, UE KUPLO YOPOKTNPIOTIKO TNV HEIOUEVT KuTTapikn dwaipeon (15). Ta tehopepn|
elvar edwég aidniovyieg DNA mov evromilovtor oto GKPO T®V  EUKOPLOTIKOV
YPOUOCOUATOV. XTOV AVOp®TO, To TEAOUEPN OATOTEAOLVTAL OO ETAVOAAUPOAVOUEVEG
aAiniovyieg TTAGGG og pnroc g 15 kihoPdoecwv katd 1 yévvnon (16). Ta telouepn

ocuvvBétovtalr  amd v Ttehopepdomn, €va  Evivpo  avtioTpoeng  HETOYPOPACTC
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PPOVOVKAEOTPMTEIV®OV, 1 oToia dlaTnpel To PKog TV ypopocsoudtov (17). Ta telouepn
SlTNPovV T YPOUOCOUIKY] 6TafePOTNTA, EVD HEW®UEVT dpdon TG TeAopUEPAoNS odnyel
og dbppnén kot ovtpetddeon tunpdtov tov DNA (18), cuopfdAloviog otnv KLTTOPIKY
mpavon (19). [HapdAinia, ce kéBe KOKAO KLTTAPIKNG SLOUPESTG YAVETOL VAL UIKPO TN LLOL
DNA and to YpOUOGOUIKE AKPO, 00N YDOVTOS € TEAOUEPT] LE OTAOIKA UEWOVUEVO UNKOGC
Kol Ol0QOpOmOMUEVT]  Ooun, He TeMKO omotéhecpa T ANEN  TOL  KLTTOPKOV

TOALOTAQGIAGILOV KOl TNV TUPOSOTNOT TG KLTTAPIKNG YHpoveng (20).

H 0zopia g avosoyfqpavong mpoteivel TNV Dmapén £vOG SIKTHOL KVTTOPIK®OV Kot
HOPLOKMOV UNYOVICU®OV Apovvag, to omoio eAéyyer t ynpavon (21). To diktvo avtd
amotereitoar  amd  évlvpo  emdopbwong tov DNA, evlopikd wor un  evlopkd
avtoedmTikd  cvotiuata  (diopovtdon  vrepoleldiov, KOTOAAOM, VTEPOEEIDAOT
yhovtaBeldvng) kat amd mpwteiveg Oepuikod ook (heat shock proteins) (22). Ot Asttovpyieg
TOV OIKTVOV EAEYYOVTOL YEVETIKA KOl GTOYXEVOLV oIV €E0VOETEP®ON TV EMPAAPDOV
EMITOCEMY OGN0  QULOIKOVG, YNUIKOLS Kot Prodoywods oTpeGOyOVOLS TAPAYOVTES.
[Mpotapyikd poéko ce avtd 10 dikTvo @aivetar va Sadpopatilel T0 AVOCOTOMTIKO
GUOTNUO. ZVYKEKPIUEVA, TO HOKPOQAyd ¢aivetor vo eivar onpovtikoi puBuotés tov
@OOAOV KOKAOD TTOL OMUIOVPYEITOL OVAUESH OTNV EMIKTNTN OVOGi0, OTN PAEYUOVY| KOl GTO
otpeg (21). H evepyomoinon twv pokpopdywv Adyw ypdviov otpec, omoteAel mbovi
eENYNON NG VIOKAVIKNG XPOVING (QPAEYLOVMOOOVS KOTAGTOONG MOV XopoKTNpilel Tovg

NAKIOUEVOLS KoL TOVTOYpOVA TOOVE YopaKTNPLETIKO TG dladtkaciag ynpaveong (21).

H vevpoevookpviki] Osmpia mpoteivel, 611 1 ynpavon oesiketor o€ oAAoy€g
VELPIKAV KOl  EVOOKPIVIKMOV  AEITOLPYIDV, ONUOVTIKOV Yo, TN GLVEPYOoia, TOV
TPOYPOUUOTICNO KOl TNV OVIOTOKPION  OWPOPETIK®OV ~ GUOTNUATOV — OTO
neporirovioroyikd epedicparta, kKabdg kot yioo T dwtypnon g PEATIOTNG KOTAGTOONG
Aertovpyiog pe okomd Vv avamopaymyn kot v emPioon (5). [dwitepn onuocio ota
mhaicw avtig ¢ Bewpiag divetor otov GEova VTOOUAGLOVL-VTOPVOTG-EMVEPPLOIOV
(hypothalamo-pituitary-adrenal axis — HPA axis), ka0d¢ Oempeiton facikdc puOuiomg e
évapéng kol AMéng kdbe otadiov g Long (6). Xvykekpyuévo, o vrobdiapog puOuilet
veupikég Aettovpyieg (CLUTOONTIKEG Kol TOPACLUTOONTIKEG OTAYVIKES AETOLPYIES),
CUUTEPLPOPESG KOl EVOOKPIVIKEG AglTovpyies (TOpay®mY] VIOPLGIOTPOTIKGV oprovedv). H
VTOPLOT|, AVTOTOKPIVOUEVT] GTA LITOBaALIKE unvopata, puOuilel onuavtikég Asttovpyieg

TOL OPYOVICUOV €ite QUECH HECH OPUOVOV, E€lTE EUUECH HEC® TNG EVEPYOTOINGNG
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TEPLPEPIKDY  EVOOKPIVAOV  adévev  (emveppidla, Bupoedng). Ot kvpidtepeg amd TIg
EMVEPPLOLOKES OpUOVES elvar ot KaTeyolapiveg emveppivn kol vop-emve@pivr, Tov dpovv
®¢ veupodaPPacTég Yo To GUUTAONTIKG TULLO TOV AVTOVOUOV VEVPIKOD GLGTHUATOG (6).
Me v avénon ™g nAkiog, n pelmon 6TV GLUTAONTIKY AVTOTOKPIOT) EVAVTIO GTO GTPES
yopaxtnpileton and pet®PEVO aplfd VITOOOYEMY KATEXOAUUIVMOV GTOVS 16TOVS, LEWOUEVO
enmineda TPOTEIVOV BEPIIKOD COK KO LEIOUEVT TKOVOTNTO TOV KATEXOAOUVAOV VO ETHYOVV
T1g mpwteiveg Bepuikod cok (5). Ta emveppidia exkpivovy emiong To YAVKOKOPTIKOELON
mov glvar vmevbvva Yoo T0 peTAPOAOUO ATV, TPOTEIVOV Kol voatavOpdkmv, T
HETOALOKOPTIKOEWON TTov pLOUILoVY TO VEPO KOl TOVG NAEKTPOAVTES, KOl TIG OPUOVES TOV
AVOTOPOY®YIKOD GLOTAUATOS. Me v avénom g nMkiog Kot oG amoTEAEGHA XPOVIOL
oTpeG, mopovoldleTor  advvapios  UOIOAOYIKNG  PUBUoNG TG €KKPONG  TOV
YAVKOKOPTIKOEW®V, To. omoia gupavilovv tofikn dpdon ota vevpikd kvttapa (6). H
EMEPYOUEVT OTTAOAELD TWV OUOLOGTATIKMOV UNYOVIGUAOV TOV EAEYXOVTOL QIO TO VELPIKO Kot
EVOOKPIVIKO oVoTNHo @aivetol vo oyetileton pe owénuévo Kivouvo voomnpotntog Kot

Bvnowomrag (5, 23).

Qotoco, kopio and avtéc T Oewpleg dev €xel amodeytel ¢ KATAAANAOTEPT 1|
€YKVPOTEPN OE GYEON UE TIG LIOAOITES, KaBMG 1 yNnpavon amotedel Wwaitepa cvHVOETN Ko
moAvmapoyovtiky dwdikacia (6). Iapd Tig dapopetikés mpooeyyicels, ot Bewpieg Tov
ypatog  dgv  oAAnAoakvpdvovtol, — 0AAG  mBovd  OAANAOGULUTANP®VOVTOL,

arocoenviovtag Kamola 1 Kot OA0 TO YOPOKTINPICTIKA TNG QUGLOAOYIKNG O1001KAGTOG

yMpavong (6).
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1.3 Tlopayovtes Kivovuvov voonpoTtnTag

Hoyvoapkio Kol GOPKOTEVIKY] TAYVOUPKIA

H adénon m¢ niwiog cvvodedeton omd peimon oto Vyog, 2-3 €kaTooTd avd
dekaetio PETA TOL 65 YpOVIO, EVAO TAPAAANAC TopoTNPEiTOL KOU KPY HElwon 61O
ocopatikd Papog, 0-0,65 xiAd/étoc petd to 65 £t nikiog (24). INUavTikée aAloy€g
ONUELOVOVTAL KOl GT] GVGTACT] TOV COUOTOC, KaBdg petd ta 20-30 £t {ong mapatnpeital
oTadlokn peimon oty dAn pnalo copatog Kot avénon oto Mmddn 1016 (25, 26). H @
pélo copatoc, kupimg okeletikol poeg, peuwveror Eog kot 40% amd v nAikio tov 20 émg
mv NAukia tov 70 etov (27). Tlapdiinia, pe v avénon g NAKiag Tpaypatomoleiton
GTOOL0KT LELMOT TOV VITOSOPLOL MITOVS KOt AENGT TOL GTANYVIKOD KOl GUVOALKOV AITOvg

(25).

O ocuvdvacuog TG oNUAVTIKNG pelmong oty dAmn pndlo cOUOTOG Kol TG aENCNG
™G Mm®oovg HAloc OTovE MMKIOUEVOVS, 00MYel OTNV KAWIKY KOTAGTOON TNG
capromevikng mayvoopkiog (28). H copromeviky mayvoapkio oyetiletor pe peumpévn
QLOIKN JPACTNPLOTNTA KOl KOKN QUOIKY Katdotaon (28). Xtnv maboloyio g vOGOU
QoAvVETOL OTL EUTAEKETOL KOl 1] ALENUEVN TTOPOYMOYN TPO-PAEYLOVMOIMV KVTTOPOKIVMV KoL
oppovev omd 10 Amddn 1016 (29). H avénuévn éxkpion TNF-a, IL-6 kou Aemtivng amd 10
M®OM 1616 ewcdleTon TOS TPOAYEL T PAEYLOVAOIN KOTAGTACN, LELOVEL TNV KATAVAAW®GCT
EVEPYELONG, EMOEWVAOVEL TNV WVGOVAIVOOVTIOTOOT Kot TPpoKoAel avtiotaon ot Aentivn (30,
31). AkoAoOBmGC, emdyeTon 1| TEPAITEP® ATMAELD PLVTKNG HALAG KO ADENCT TOV GOUATIKOD

Mmovg 6ToVG NMKIOUEVOVC.

H ovyvomra epedviong vrépPfapov (25,0<A.M.X<29.9 kg/mz) KOl ToLGoPKiog
(A.M.2.>30 kg/m?) 6T0v¢ MAMKIOUEVOVS Eivar apKeTd LEYGAT Kat cuvexde avEavopevn. Ot
TOPAYOVTEG TOL EVVOOVV TNV TOYLOAPKio TNV Tpitn MAKia mepthapfdavovy 10 OeTikd
evepyelokd 160l0Y10, T LELWUEVT] PLGIKT OPAGTNPLOTNTO, OIKOVOUIKOVG KOl KOWVMOVIKOVG
Adyovg emAoyng tpoeipmy kot v kotadinymn (32). Ot nMkiopéveg yovaikeg epeoavifovv
€ UEYAAVTEPO TOGOOTO TOYLOAPKIO GE GYECN UE TOVS AVTIPES, POVOUEVO Tov THavA
opeiletal ot peyodvTEPN TAON Yo AOENCT TOV BAPOLE KO TOL MTMOIOVG 1GTOV, KUPImG
petepunvortavotakd (27, 32). To emdnuoloyikd dedopuéva mapovstalovy peydio 0pog
EMUTOANGILOV TNG TOYVOUPKING TNV TpiTn NAkia, avdAoya e TNV YEOYPUEIKT ToToBesia.

m perémm “NHANES III”, xoataypdeetor vrépPapo M mayvcoapkia oto 64,0% tov
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yovakev kot 6to 70,0% tov avtpodv nikiog 60-69 etav (33), evod ta avtictoryo T0GooTd
etvar yopunAdtepa yo Tovg NAKIopEvovg dve tov 70 gtav (56,1% TtV yovakdv kot
61,1% tov avtpov (34). Avtifeta, apkeTd YoUNAG TOGOOTA TOYLGOPKING KATOYPAPOVTOL
o€ NAKlopévovg oty Iepovsarnu (16,0% tov avipov kot 33,0% tov yovaikov) (35),
aAhd kor oty Taifdv vy T0 ocOvoro TV VIEPPapmV Kol TayOCAPKOV MAMKIOUEVOV
(41,3% tov yovawav ko 30,5% tov avipav) (36). Apketd peydAeg d10pOPES VTLAPYOLY
Kot ovapesa otovg Evpomaikovg minbucpoic, dnwg kataypdeoviol ard po tpdceart
peAétn (37). Zuykekpipéva, to. T0GooTd TG mayvoopkiog otoug Evporaiovg ave tov 50
€10V, Kopaivovtal and 12,8% ot Lovndia wg 20,2% omv lomavia yio tovg dvrpeg Ko
ano 12,3% otv EABetia og 25,6% oty lomavia yuo tig yovaikes (37). Ztig Mecoyegtakeg
YDOPEG M CLYVOTNTO EUPAVIONG TNG TOYVOUPKING oTnV TPiTN NAKia givor apKeTd LYNAN.
Ymv ItoAia, extipdtor mog 10 48,6% tov nAKiopévov ovipov kot 1o 54,9% tov
yovoukdv éxovv A.M.E.>25 kg/m” (24), evéd ot vota Itario To 1060016 sivar vynAdTepa
(76% otovg avipeg kat 86% otic yvvaikec) (38). v lomavia, n cvyvotNTo ELEAVIONG
vrépPapov Kot mayvoapkiog vroroyiletor oe 49,0% wat 31,5% avtictoyo 6ToVS AVTPES
kot 39,8% war 40,8% avtictoya otig yvvaikeg (39). v Ovyyopic 10 TOGOGTA
dlpopomoovvToL avapesa oto Vo VA, O0mov 51,5% TV NAMKIOUEVOV YOVOIKOV Kot

70,9% tov avipav eivar vépPapot 1 waydoapiot (40).

H enidpaon g moyvoopkiog ot Bvnodmmto TV NMKIOUEVOV TOPAUEVEL
QUQIAEYOUEVT. XTIC TeplocOTeEPEg MeAETEG Ogv €xel Ppebel otaTioTIKG ONUOVTIKN
GLOYETION OVAUESO OTOV avENUEVO deiktn palo copatog kol v Bvnodtra, Topd To
peyaro apBpd maAnbucpakov detypatog (41). Emmpocheta, evd oe Kamoteg pHeAETes €xel
Bpebel onuavtiky cvoyétion, U-popeng 1 ypoppky, avapesa oto deiktn pdlo coUotog
Kol T ovvoMkn Bvnowommrta M ™ OBvnowdmro amd KopSYYEWKE VOOUOTO, T
GLOYETION NTAV GMUAVTIKY Yo TWée tov A.M.E. peyardtepec amd 28 kg/m? (42-46).
[Mapdiinio, 1 cvoyétion avt) eawvotav va e&acbevel 6ToVG NAMKIOUEVOLS dve Twv 70
etwv (43-47). Avtifeta, mpoomtikéc peréteg £xovv Ogifel Tmg o petwpévog deiktng palog
ompatog oyetiCetar pe peyaddrepo kivovvo Bvnolpndtroc, e oyeon He Tov kivouvo omd
™V TayveopKia, o€ NAMKIOUEVOLS dve tov 70 etdv (48, 49). Mg Bdon Ta amoteréopoTa
TOV HEAETAOV, KOO0l g£peuvnTéS emonuaivovy g o Péitiotog deiktng pdalog
CONOTOS Y10, TOVG NAKLONEVOLS, O mpémer va givar vynAoTEPOS OO TO LoYVOVTA

PUGLOLOYIKE OprO.
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AVoQopikd pe TN EMOPOOT TNG TOYVOOPKING GTI VOGN POTNTO, TPOCPATEG LEAETES
€xouv omodeiEel oNUAVTIKY] GLUGYETION TOL avEnuévov deiktn palog COUATOS UHE TO
ocuvopopo advvapiog (frailty syndrome) otovg nikiopévovg (50, 51). IMapdAinia, o
GLVOLAGCUOG TOYLOAPKING KOl GOPKOTEVIOG, HE OMMAEN CKEAETIKMOV HOOV Kot avénon
MI®O0VG 1670V, oyetTiletal e HEIOUEVT PLGIKTY dPACTNPLOTNTA, e ALENUEVO KiVOLVO Yo
eppavion apbpitdag, pe dlatapoyés TG AVATVELGTIKNG AetTovpyiag, pe auénuévo Kivouvo
EUPAVIONG HETAPOAKOD GLVOPOLOL Kot LE EMOEVOOT TG veovAvoavtictaong (27, 28).
Emiong, n adénon tov omhoyvikod AMmovg Kot 1 KEVIPIKOV TOTOV ToVOUPKia, amoTeELel
TOPAYOVTA KIVOUVOD Y10, TV EULPAVICT] VITEPTOONSG Kol SUCAMTIOOLIOG GTOVE NATKIOUEVOLG

7).

AvoMmmdopio

Xoupova pe 1o NCEP, og dvochmdopio yapaktnpiletor n mapovsio emmédmv
Mmdiov oto aipa: >200 mg/dl oAkng yoAnotepoing, /xor >130 mg/dl LDL-C, f/xon <40
mg/dl HDL-C, ©/xou >150 mg/dl tprylvkepidimv (52). H dSuchmidarpio eivor apkeTd cuyvi
OTOVG NAMKIOUEVOVG, UE TIC NMKIOUEVEG YuvoikeG vo. ep@avifouv vynAodTEPO Emimeda
OMKNG YOANGTEPOANG amd Tovug Avtpeg (53, 54). Evd otoug peonMKeg ol mimedo OMKNG
yoAnotepoing kot LDL-C elval amodedetypévol mapiyoviec Kivouvoy yio Kopoloyyelokd

VOGN LLALTO, GTOVS NAMKIOUEVOVS 0 POAOG TV MITOTPOTEIVAOV TOPAUEVEL AUPIAEYOUEVOG.

Ye kOmoleg peAETEG, TO EMIMEdD OMKNG YOANGCTEPOANG &xovv avaderbel oe
ONUOVTIKO TPOYVOOTIKO OEiKTN oTEPUVINiog VOGOV GTOLG NAKIOUEVOLS GvTpeg (55-58).
Qo61660, OTIG TEPIOCOTEPEG LEAETEG 1| CLGYETION AVT QaiveTon vo e&acBevel petd v
niwia tov 80 etwv (55, 57). Xe o npdoeotn HEAETN peta-avaivong PBpédnke Betikn
GLOYETION TOV EMITEI®V OMKNG YOANGTEPOANG LE avENUEVT OVICILOTNTA OO LOY ALK
KapOlKY, vOco, 0ALA dOev Ppébnke ocvoyétion pe 1 Bvmowdmro amd EYKEPAAKO
enelc6010 (59). IapdAinia, ot amoteAécHaTA LEYAA®Y TPOOTTIKAOV UEAETAOV, OTMG TO
“Honolulu Heart Programm” xot m “Framingham study”, dev éxet Bpebel onuovtiky
enidpacn TV ovénuéveov  emimedmv  OMKNG  YOANotepOANG otn  Ovnoodmta  oe
mpTptkovg mAnBuouovg (60, 61). Ocov aeopd ot MAKIOUEVEG Yuvaikeg, Ol
TEPIOCOTEPEG LEAETEG KATAANYOUV GE EALEWYT] GUOYETIONG OVALESH GTO VYNAG emimeda

OAKNG YOANGTEPOANG KO GTOV KivOUVo Kopdlayyelok®v voonudtov (55, 57).
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Opiopévol gpevvntég mpoteivouv poe oxéon U-popeng, avdpeco oto emimeda
OMKNG YOANoTEPOANG KOl Tn voonpotnta Kot Ovnoudtnto oTtovg NAKIOUEVOLS, Kot
amodidovv Vv 0o popen oyéong kot otnv LDL-C (56, 62). Yrnootpilovtag avt) v
vrdOeom, o€ apkeTES peréteg £xel Ppedel cvoyéTion TOV YOUNIOV EMAESIOV MTIdiOV
pe avénuévn OvnooTNTe KOl HE TO 6VOVOPONO AdVVONINS Kol oTd 000 QUAe (54, 56),
kaBhg Ko pe peyaAdtepn BvnodTTO OO VEOTANGTIKG VOCTUATO OTIC NAMKIOUEVEG

yovaikeg (56).

H oewdopévn LDL-C amotedel yvootd mapdyovia KivoOvVov KapOoyYELLK®Y
voonuatwv, kabmg dtadpapatifel onuaviikd poro otnv maboroyia tng abnpockAnpuvorg.
Yvykekpipeva, n o&eidwon g LDL-C gumiéketon ot dnpovpyio tov adnpopatik®dv
OALOIDCEWV, UEGM TOVL CYNUOTICUOD O@PP®MOGV KLTTAP®V. AKOA0VO®G, TO 0EE0MTIKO
otpec cLUPAALel otV afnpoyevetikn dwdwkacio (63, 64). Awtvrmvetal miong Kot M
vdOeon, Tmg N 0Eeidmon TV MTOIWV, MG AToTELEGHA TNG OpAoNS TV EAeVBEPpV pLidV,
eUMAEKETOL Ko ot dadikacio g ynpavons (65). Xe mpoceotes pehéteg, Exet Ppedel
Oetikn ovoyétion tov emnédov ofewouévng LDL-C pe tov kivouvo gpedviong
otePavVIOiog VOoOL Kol ELPPAYHaTOS pookapdiov oe TANBvonobg nAkiopévey (66-68),

OAAG KO LE TOV EMUTOANGLO TOV HETABOAMKOV GLVOPOLOL (67).

H HDL-C 6ewpeitor onpovtikdc mopdyoviog pokpofiotrag, Kabdg o porog ot
ynpavon @aivetor vo givorl apkeTd OlevKpvicpévog. Ot TPOTEWVOUEVOL UNYOVICHOL
TePAOUPAVoVY avTIoEEdMTIKEG Kol avTIPAEYHOoVOdElS Wwotnteg ¢ HDL-C, 6nwg v
napeunddon ofeldmwong g LDL-C, m peiwpévn ékppaom popiov mpockKOAAnong 6to
evooOnAlo, TV evioyvon mopaymyns &voodnilokoy vitpukoh 0&E0g Kol TN UHEW®UEV
Kuttapikn ondmtwon (69). O vyieic nMKi®pévol Tapovoldlovy vynAdTepa emineda
HDL-C o¢ oyéon pe vedtepeg nhkies (62), evd oe mocootd 90% ot nhkiopévor (>70
etwv), &govv eminedo HDL-C move ond 40 mg/dl (70). Ov nlkiopéveg yovaikes
eppaviCovv, kata 10 mg/dl, vynrotepa eninedo HDL-C and tovg dvtpeg (71). Xe apketég
peréteg, to eninedoa HDL-C @aivetor va dtadpapatiCovv mpostateutikd poOA0 EVOVTL TNG
afnpoyéveonc oty tpitn nhkia, Kabdg epeaviovv 1oYVPN APVNTIKY] GLOYETION UE TOV
Kkivduvo Bavatov and otePaviaio VOGO, EUPPAYILO. LLOKOPITIOL Kol EYKEPOAIKO EMEIGOO10

(57, 58, 72-75).
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Ta avEnpéva emimedo TPLYAVKEPOI®V QaiveTol TMOG €ivol OploKd CNUOVTIKOC
TAPAyovVTaG KvOOHVOL OTEQOVIOI®V EMEICOOIMV OTIC NMKIOUEVES YUVOAIKES Kol Ol GTOVG
dvtpeg (76), evd oe AGhheg peréteg Oev €xel Ppebel onuavtik] cvoyétion NG
VIETPIYAVKEPIOOUIOG HE TOV KIVOUVO EKONAMONG EYKEPOAMKOD EMEIGOOI0V, TEPIPEPIKNG

apTNPLOKNG VOGOL 1| aBnpooKApvveng e nAKiopugvoug (77).

Metaporko covopopo

To petafolikd cHvopopo amoterel amodedetypéva Topdyovio Kvovivoy ELOAVIONS
Kapdloyyelok®v voonuatov kot avénuévng Bvnoodmrag (78, 79). H didyvoon tov
peTafOAKOD GUVOPOIOL YiveTon pe TNV aEOAGYNON OPKETOV KAIVIKOV TOPAUETPOV. XTN
BipAoypagio Tpoteivovtal apkeTol TpOTOL d1dyVEOONS, UE KLPLOTEPOVS EKEIVOLG OO TOV
[Maykoéopo Opyaviopd Yyeloag (WHO), to NCEP xor m Awebvrp Opocmovdio Awaffn
(International Diabetes Federation - IDF) (80).

Ot nlukopévor €yovv avénuévo kivovvo 1y v gpeavion  HeTABOAKOV
ouvopopov, kaBmg 1 avénon g MAKiag oyetiletal HE OPKETO YOPOUKTNPIOTIKO TOL
ouvopouov. Extog amd v adénon 6to Mo 1610, eTdNUIoA0YIKE dedopéva EKTLLOVY
avénon tov emaédmv YAvkoing vnoteiog Kot petaysvpotikd katd 1-2 mg/dl ko 10-20
mg/dl avtictoyo, yww kaOe Odekaetia (ong perd to 30 €t (81). IMapddinia, m
vrepyAvkoipio kot o owfng TOmMOV 2 £Youv UEYAAN CLYVOTNTO EUEAVIONG GTOLG
NAMKIOUEVOVS, VD M EUOAVIOT WGOLAVOOVTIoTOONG Qaivetol mwg oyetiletar pe v
KEVIPKOD TOOL TOYLGOPKIN KO TN HElWUEVN QUOIKY Opactnpotta (82). Me v
avénon ™¢ nlkiog moapatnpeiton  emiong onuovtiky adénon TV EMmEd®V NG
GVLOTOMKNG OPTNPLOKIGS TTiEONGS, EVD 1) O106TOAKT) 6TAHEPOTOLEITOL 1] KO LEUDVETOL UETA

ta 60 £ (83).

Ta dedopéva yua T GUYVOTNTA ELPAVIOTG TOV HETAROAKOD GLVIPILOL, KOODS Kot
™V EMOPACT] TOV 4TI VOO PATNTO KOl OVIGILOTNTA TOV NAKIOUEVOVY EIVOL TEPLOPICUEVAL.
e ynplatpkd detypa g “Cardiovascular Health Study” Bpénke ocvyvotta eppdviong
oV petafoikod cuvdpdpov 21,0-28,0%, evd ot peiétn “NHANES II” 1o avtictolyo
nocooto Ntav 42,0-44,0% (84, 85). IMapdiinia, oe kamoleg peréteg emPePordveTon m
eMidopacn Tov UETOPOAIKOD GUVOPOUOL GTOV KIVOLVO  EUQAVIONG  KOPOLOYYELOKDV

voonudtov, evd oe GAleg peAéteg dev €xet Ppebel cvoyétion tov GUVOPOUOL pe TNV
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EUQAVIOT EUPPAYUATOC HVOKOPOTIOV 1) EYKEPAAKOD EMEICOOI0OV GTOVG NAKIOUEVOLS (85,

86).

Hoapdayovteg Tng supmeprpopds Kot cvviiBeies Tov TpoOmTov Lomg

AVAUESO GTOVG TTOPAYOVTEC GUUTEPLPOPAS KOl GTIG GLVIOELES TOV TPOTTOL (MNG, TO
KOTVIOUO, T QUGIKH OpaCTNPLOTNTA KOl 1 KATOVOA®GT OAKOOA amoTEAOVV OelKTEC NG
VY100¢ Ynpavong kot ¢ pakpoProtrog (87). H amoyn and to kdmvicua £xel oxetiotel pe
vym ynpotewd o€ apketés peréteg (88-90). IMa tovg mponv kamvictés, mpoodtopiletar o
eMY10TOG XPOVOG OmOYNG amd TO KATVIoUD o€ >15 ypovia, yioo TV EUEAVION OQEMUNG
emidpaong otovg NAKiopévovg avrpeg (89). H pérpla katavaiwon aikodr (< 28 yp.

a1BavoAng/ nuépa) paiveTon mmg £xEL EVEPYETIKT dpdior otV vyeia TV NAMKlouéveoy (91).

[MoapdAinia, M MmO COUOTIK ACKNOTN, KOODG Kot 1 QLGIKY OpACTNPLOTNTA
avayLyNG €YEl OLOYETIOTEL HE PeATiouévrn GLVOMKY KOTAOTOON VYElOG OTOVG
nAkiopévoug (92-94). Zvykekpyéva, oe o mopepPotikny  peAéTn  mapotnpnOnke
onuavtiky avénon g damng palog kot g HDL-C, peimorn tov oAkov kot 6Ty viKoy
Almovg, KaBd¢ Kol TV EMITEI®Y OOGTOMKNG aPTNPLOKNG Tieong, HeTd amd €61 punveg
pétpag  aepofiknig doxmong (94). EmmpooBétmg, m @uoikr] dpactnpotnte.  Exet
OLGYETIOTEL Pe pelwpéva eminedo PAeYLOVmOOV Ttapayoviav, onwg IL-6, TNF-a kot CRP,

o€ YnploTpkovs TAnbuopovg (93, 95).
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1.4  TI'evetikol dgikTeg YN pavons kKo pokpofroTnta

Ot yevetikol Oeikteg mov oyetilovion pe v ovBpdmvn pokpofrotnta Kot
ypaven mapapévouy oe peydio Baduo dyvoortotl. H poakpofiomra vroroyileton mwg etvor
KAnpovopnoun o€ 10cootd 15-30% (96, 97). Ta tedlevtaio ypovia £xovv evtotukomombel
Ol EMOTNUOVIKEC TPOCTAOEIEC YOl TNV TOVTONOINGN TV YEVETIKMOV OEIKTMOV OV

EUTAEKOVTOL GTNV OVOPOTIVY YHPOVOT).

Ot Kup10TEPEg NEBOOOLOYIKES TTPOGEYYIGELS TOV EMGTPATEVOVTOL, TEPIAAUPAVOLV
UEAETEC: ) LEEPAUMOVOPLOV o€ OUYKPlon HE vedTEpoLg ebehoviés, P) MMKIopEVOV
AdEPPLAOV, V) VEOV KOl NAMKIOUEVOV OOVU®VY, 0) OIKOYEVEIDV UE TOAD NAKIOUEVE LEAT,
KaOMg Kol €) TPOONTIKNG TOPAKOAOVONGNG TANOLGLOKAOV OEYUATOV OOPOPETIKDOV

niuuov (98).

[TapdAAnia, epappolovtol SIPOPETIKEG GTPATNYIKES YEVETIKNG AVAAVGNG, OTTMC
N UEAETN «LTOYNOLOVY YOVIOL®OV, 1 UEAETN EMAEYUEVOV TEPLOYDV TOL YOVIOLOUATOS LE
CUYKEKPIUEVOL  YOPOKTNPIOTIKA KOl  OYETIKA TPOCQOTO, 1 UEAETN  GLGYETIONG
yovidrwpotikng enéktaons (GWA — Genomic-Wide Association) (98). H metonoinon g
GLOYETIONG €VOG YOVOTLTOL HE TNV pakpoPidtnto amottel apketd otadwn. ‘Eva mpdto
otad0 elvar M ovalntmon evoeiEemv Yo Tn GLOYETION TOL YEVETIKOL OEIKTN LE
OLYKEKPLUEVO PLOAOYIKO QOVOTLTO, €V GE 0e0TEPO GTAOW0 Bo mpémel va amoderydel M

TPOGTATEVTIKT EMIOPOGT TOV YOVOTLTOL £VAVTL VOST|HLATOV Yripavong (99).

Avapeca ota yovidiw mov €xovv peretnBel oe oyéom pe TV ovOpdTIVN
LaKpoPLoOTNTO, GLYKATAAEYOVTOL YOVIOLOKES TEPLOYEG LITEVBVVEG Yo TNV EMOOPH®SN TOV
DNA «ot ywo 1 pOOmon T0v PNKOVG TWV TEAOUEPDV, YOVIOWIKEG TEPLOYES TOL
eumAékovtal 6to povordtt petafipaonc unvoudtov veovAiving/IGF kot ot eAeypovaon
amoKpion, kabmg Kot yovidla tov piroyovoprakov DNA (100). Ta vroynmela yoviola yio
GLGYETION TOVG HE TNV avOpOTIVN poKpoPloTnTa, Kabdg Kot ot ThuvEG OAANAETIOPACELS

peta&y tovg, mapovsialovror oty Ewova 1.1 (98).

ApKeETEC PEAETEG OMOOEIKVDOLV TNV EUTAOKT] YOVIdiwV amoAmonpwteivdv (ApoE,
ApoB, ApoAl, ApoA4, ApoC3) ot ynpavon, ™ pokpoPfotnta kot T voonpodtnta (98).

Yvuykekpléva, to aAAnAopopeo ApoE4 elval 1o koateCoynv peretnuévo, Le COUPOVIL GTO
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ATOTEAECUATO UETOED TMV EPELVAV, VIO TNV OPVNTIKN ETOPOCT) TOL OTNV avOpdTIvN
paxpofomra (98). Ilapdrinia, molvpopeiopol o€ yovidiw mov EUTAEKOVTIOL OTY|
QAEYHOVOON omdkpion mbavd va emmpedlovv TV vYU| ynpaven kai T pokpofiotnra.
Emonpuoroyikég peréteg €xovv ovoyetioer to avEnuéva emimedo IL-6 xou TNF-a pe
avénuévn  voonpdmta kot Bvnowdmro otovg mAkiopévovg (101). Emopévoc,
TOAVLOPPIGHOL 6TO avTioTotya Yovidla mov ennpedlovv Ta emineda TV KLTTOPOKIVAV Oa
UTOPOVGAV VO  OOTEAOVV  YEVETIKOVG Oglkteg vyohg ynpaveng 1 voonpoTnTog.
Juykekpiéva, o moAvpopeiopds -174 C/G (rs1800795) oto yovidwo tng IL-6 gaivetar va
oxetiletoan pe avEnuéva emimedo TG KvTTOpOoKivig oe MAKlopévovg dvipeg pe GG
YOVOTUTIO, €V® TOPAAANAG @oivetol vo amotedel TPoyvwotikd Oeiktn Bovdtov o€
nAkwpévous acbeveig e 0&L otepaviaio cuvopopo (102). Avtifera, oto yovidwo g IL-
10, to aAAnAopopeo G yia tov molvpopeiopd -1082G/A (rs1800896) £xel cvuoyetiotel e
avénuéva emimedo TG KLTTOPOKIVIG, EVED OTAVIATAL PE UEYOADTEPT GLYVOTNTO GTOVG
vrepotwvoprovg (103). TIpooceata, to yovidio tov Toll-like Receptor 4 (TLR-4), evdg
VTOJ0YEN TTOL GLUUETEYXEL OTNV EUPLTY avocio, Ppédnke va gumiékeTor oty avBpomvn
pakpofiotra, kabmng to Gly aAAnAopopeo vy Tov  moAvpopeopd  Asp299Gly
(rs4986790) NTav mo cuyvo otovg ynpardtepovg (104).

b s AMOKPIZH £TO ETPES

{AvooohovIKA aTTOKpIoN)

Complement
components IL-10 TGF-p1 HFE
IL-1B INF- TH SOD1
IL-1e¢  Defensins Y H-RAS1 50D2
IL-1RA N SIRT3
IGF1-R

TNF-cc  IL-6

| :ﬁ;‘ Fibrinogen ﬁpm 053
Factor VIl
PO [0y APOB PON1 )l AR 1
ceTe ::c?cT PPARy Y CHROM
- _APOA: PYRIN / \mmm
) KYTTAPIKOZ NOAMAMNAAZIAZMOZ
ZAKXAPOAH AIABHTH KAI ANOIA ANONTOZH ’

Ewoéva 1.1. Yroynoeua yovidia yuo tnv avBpomvn poakpofrotnta (98).
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[ovidie mov oyetifovion pe Vv amdKpion o10 O0EEWWTIKO OTPEG, OMMC M
dtopovtdon vrepoewdiov (SOD1 ka1 SOD2) ko n mapaocovdon (PONT), eivor onpovtikd
vIoynNEL yovidla yio ) pakpofotnta. Opoimg, yovidia mov UTAEKOVTIOL GTO LOVOTATL
petafipaocng unvopdtov veovlivi/IGF cuykevip®@vouv 18104tepo epeLVNTIKO EVOLOPEPOV
oe oyéon Me TN pokpoflotnta. Xe o TPOGPOTN HEAETN] GLGYETIONG YOVIOUMUATIKNG
enéktaong ot épevva “Framingham”, Bpébnkav onuavtikég GLGYETICES TOAVLOPPIGUOV
oe oapketd vyovidlw pe 1t pokpofidtmra (105). Avdaueca oto  yovidww  ovtd
neplhappdvovior:  FOXO1A  (petaypapucog  mopdyoviag Forkhead 1A), PONI1
(ITapao&ovéon 1), GAPDH (Glyceraldehyde 3-phosphate dehydrogenase —
Aguopoyovion G 3-eoo@o-yAvkepordetiong), KLOTHO (Kiwbw®), LEPR (Leptin
Receptor — Ymodoyéag Aemtivng), PSENI (Presenilin 1 — Ilpecevidivn 1), SOD2
(Superoxide Dismutase 2 — Awopovtdon Yrnepo&ewdiov 2) kar WRN (Werner syndrome

protein) (105).

H depedhivnon tov yeveTikdv O€IKTOV NG VYO0V YNPAVONG Kol HOKPOPLOTNTOG
amotelel avtikeipevo gvog meviaetovg Evponaikov Ipoypaupatoc. To npdypappo GEHA
(GEnetics of Healthy Aging) cvykevipavelr 25 cuvepyalduevoug @opeic Kot oToyevEL
OTNV TIGTOMOINCT TOV YEVETIKMOV OEIKTOV MOV gUmAékovtol otn pokpofiotnta (106). O
oxeOloOc TG MeAETNG mepthopfdver T OTPOTOAOYNOYN €vOC  peydAov  aplBpov
VIEPAUOVOPBLOV AOEPPLOV KOl TOV aVTIGTOLXOV aplBol vedTEP®OV LopPTOP®V, amd OAn TNV
Evpomm  (106). O oyxedlacpuds g  YeveTikng aviivong mpoPAémet T UEAETN
TOAVLOPPICUDV TTOL £XOVV 101 GLOYETIOTEL e TN pokpofrotnta 6To Yovidlo ¢ apoE, oto
ypopdcopa 4 (D4S1564), oto ypoudocopo 11 (11.p15.5) ko oto prroyovdpaxd DNA
(106). EmmAéov, mpoPArémetor Kot 1 HEAETN] GUGYETIONG YOVIOIOUOTIKNG EMEKTOONG LE
OKOTO TNV aViYVELST VE®MV YEVETIKMOV OeIKT®V TG Mokpofiotntag (106). Tapdiinia,
apmYOS GTNV £PEVVO, TOV YEVETIKAOV OEIKTAOV TNG HAKPOPLOTNTOC amoTeAel 1 O100TKTLOKN
TAOTPOPLLOL Human Ageing Genomic Resources (HAGR —

http://genomics.senescence.info). [IpoxeiTat yio o TAATEOPO TOV amoTEAEITAL ATO VO

Baowég Phoeig dedouévav, v GenAge kar tv AnAge (107). H GenAge Pdon
neprapPdvel yovidin mov oyetiCovror pe tn y\poven Kot Tn Hokpoflotnta e HOVIEAN
opyavicudv, yovidia mov mhava cyetiCovtan pe tn ynpoveon otov dvlpwmo, Kabdg Kot po
Mota yovidiov mov €xovv pedetndel o oyéon pe mv avpomivn paxpofrotnta (107). Xm
Baon meprrapPdveror eriong TAnBmpa Proloyikadv dedopévov kot TAnpogopudy. H AnAge

Baon mepriapPdver ta avtictorya dedopéva yio T ynpavon ota (oo (107).
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1.5 To povomatt petofipoong pnvopdrov veovrkivig/IGF ko

poxpofrotnrta

H woovAivn kot ot tveovAvopuntikoi avéntikoi mapdyovreg (IGF-1 ko IGF-2)
QVTITPOCHOTEDOVY U0 OIKOYEVELD OPUOVAOV/OLENTIKGOV Tapaydviev mov puBuilovv tov
peTafolopd, v ovamtuén, Tov KuTTopKd moAAAmTAoclocoUd Kot TV emPioon Tov
TEPLGGOTEP®V 16TAOV 610 Inlactikd (108). O emodpdcelg avtég pesorafovvror amd S0
ovyyeveilg vrodoyeic, Tov vmodoyéa voovAiviig ko tov vrodoyéa IGF-1, ou omoiot
eKQPALOVTOL TNV EMPAVELL TOV TEPIGGOTEPMV KLTTAPWOV 6T OnAactikd. [TapdAinia pe
TOV OKEAETIKO LVIKO 16T0, TO NIap Kot To MIdON 16T, 01 VITOJOYEIS TG IVCOVAIVIG KOl TOV
IGF-1 &ivoan Aettovpyikol kol ©TO TOYKPEOTIKA KOTTOPO, OTO OYYEWKA €VOOOMALOKA
KOTTOPO Kot 6T0 KEVTPIKO veupikd cvotnua (108). O vrodoyéag tov IGF-1 dadpapatilet
onuavtikd poro otV puBUIoN NG COUOTIKNG OVATTLENG Kol TOV  KLTTOPIKOV
TOALOTTAACIOGHOV. Xxeddv Olot ot wotol mapdyovv IGF-1, pe kvpidtepo to Mmap. O
vrodoyéag IGF-1 eivon mapdv ota mepiocdtepa €10 KLTTAP®Y TOL OPYAVIGUOL Kol M
aAAnAeniopact| tov pe tov IGF-1 kabopiler v oppovikny tov dpdon (109). H mocdtta
tov IGF-1 oty xvkhogopia tov aipatog kabopiletoar and to pvOHd TapaywyYNg TOL, TN
HETAPOAIKT] EKKOOAPIOT] TOV Kol TN OOUOPP®GCT TOL Ao €51 TPWTEIVEC GUVOEGNG GTOV
IGF, ot omoieg cuvoéovtal GTOVG VGOAVOUUNTIKOVG OENTIKOVS TOPEYOVTEG LE LYNAN

ovyyéveln kai teplopilovv T 01BecILOTNTA TOVG GTOVG avTicTol oVS VIodoyeic (110).

H woovAivn kar o IGF-1 «wnmromowovv 1tn Opdon tovg HEGH OUOAOY®V
cvotnuatov petafipoone unvopdtov. Ot vrodoyeic wooviivng ko IGF-1 avikovv oy
0IKOYEVELX TOV KIVao®V Tupocivic. Kat ot 600 vrodoyeic amotedAovvton amd dvo a- Ko fB-
vropovades. H wvoovivn kot o IGF-1 cuvdéovian 6T1g 0-umopovades Tmv avticTotymv
VTOS0YEMV TOVG, EVEPYOTOIMVTAG TNV dpacTnpdtnTa Kivdong tov B-vmopovadmy. Avtd
odnyel o€ AVTOPOGPOPLAIMGT] TOV VTOJOYEN KOl TEPOULTEP® EVEPYOTOINGCT] TOV LITOSOYEN
Kwvaong mpog evookvttapikd vrootpopota (108). ‘Exovv avayvmpiotel tovAdyiotov déka
EVOOKVTTAPIKA VITOGTPAOUATO TMV VITOSOYEWV vGovAivng kot IGF-1, coprepiiappévovrog
Kol TIG TPOTEIWVES VIOGTPAOUATO TOL LIodoyEa woovAivng (Insulin Receptor Substrate
protein — IRS), IRS-1, -2, -3 kot -4. Metd TV ¢OGPOPLAI®GT TNG TVPOGIVNG, KaBEVH amd
avTé To VTOGTPOMNTA OYeTIleTOn pHe €vol 1] TEPLOGATEPO EVOOKLTTOPIKA HOPLO, UECH

aAMAETIOpOONG TV ONUEI®V TNG POCPOPLAIMGNG TS TLPOGIVIG GTOL VITOGTPADLATO KO
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TV Bsovyov opddwv (SH2) tov evookvttapikodv mpoteivav (108). Ta onpaviikodtepa
pope  pe Oeodyeg opddeg Yoo v woovAivy etvar to  €vlopo  3-Kvdom g
QOCPATIOLVAOIVOGITOANG KOl 1 TPOTEIVN 2 oOVOEONC TOL VTOJOYEN TOV OVENTIKOV
napdyovta (Growth factor receptor-bound protein 2 — Grb2). H Grb2 cuvdéel m dpdon tng
WWGOVAIVIC 6TO povomdTt Tng Ras-mpwteivikng kivaong evepyonoinong pitwong (Mitogen-
Activated Protein — MAP) xor dwdpapoatiCer onuavtikdé poAo o1 dvvaTOTNTO TNG
WWGOLAIVIG VOl EMAYEL TNV KLTTOPIKN avdmTuén kot dtpoporoinon (108). H 3-kivdon g
QOOPATIOLAOTIVOGITOANG evepyomotel To cvumieyua Akt/mpoteivikng kivdong B (PKB) kat
mv TpoTEvViKn Kivdon C, kol akoAovBwg evepyomoteiton o p70 S6K kot n kivdon 3 g
ovvBetdong yAvkoyovou (108). Xvvendmg, kvnromoteitor 11 ocvvbheon yAvkoyovov, Almovg
Kol TPOTEIVOV, KOOMOG Kot 1 petagopd YAuKOIng HECH LETATOMIONG T®V LIOOOYEWMV
yAvkO6(ng oty kuttapiky pepPpavn. To ocdumioko Akt/PKB @oo@opvAdvel Kot Tovg
petaypaekovg moapdyovieg forkhead, g owoyéveing FOXO (111). Ymod ouvvOnkec
HEIOUEVOY  EMITEd®Y  WWGOVAIVING, o1 mpwteiveg FOXO dev owopopuAMdvovior Kot

TAPOUEVOVY GTOV TLPN VAL, OOV gival evepyEég kKat puBuilovv v yovidaxn ékepoon (111).

H wooviivn ko o IGF-1 gvepyomototv tnv Akt, odnydvtag 6€ poGPOpLAI®OT TV
FOXO petaypapik@dv mopaydvimv, He GUVETOYOUEVT] LETAPOPE TOVG GTO KUTTUPOTANGLLOL
Kot petopevn petaypaeikn dpactmpomra (112). Or FOXO mapdyovteg puBuilovv v
AMOTTMGCY, TOV KLTTOPIKO KOKAO, TN Oloupopomoinomn, TV EKepact) Yovidiov Tov
gumAékovtal otnv mdopbmwon tov DNA kot oty avtictaon oto o&edwtikd otpeg (113,
114). Yrdpyovv evoeilelg ot n evepyomoinon tov Akt/PKB evioydel v avacstoAn g
KUTTOPIKNG OvVATTUENG pEG® Tov povoratiov pS3/p21. H avactoAin tov FOXO3a ond 1o
Akt/PKB, to omoio emnpedlet ) dpactnpomnta tov pS3 pvOuilovtag ta eminedo TtV
elevBépov pllov, sivor omapoitnn Yoo TNV OVOGTOAN TNG KUTTAPIKNG OVATTLENG.
[TapdAinia, n tvoovAivy avédavel T dpacTnploOTTo TOL P53 HEC® €VOG UNYXAVIGUOV
eCaptopevov amd to Akt/PKB kot peidver m dbpketa Long oe evoodniwaxd kottopa. O
QowvoOTLTTOG YHpovong mov emdyeton omd 10 Akt/PKB evoéyeton va eumiéketor oTig
ayYEOTAOEEG, QPO 1 VIEPWVGOLAVaLio @aivetoar vo gvepyomolel to Akt/PKB ota
evdoOniaxa kottapa. (115, 116). To povordartt petapipaong umvopdtov weoviivng/IGF

napovctaletar oty Ewéva 1.2.
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- Activation

Inhibition
:'«. Translocation
<igmm. Conversion
: <= Downstream effect

Ewova 1.2. To povordrtt petafipaonc unvopdtov tveovAiivng/IGF.

H eumhokn tov povomatod petafifaong pnmvopdtov woovAivng/IGF-1 ot
noakpofiotnra mapoatpnOnke apyikd oto vnuatoewés Caenorhabditis elegans (117). Ynod
QLOIOAOYIKEG GUVONKESG, 1| GUVOEST] EVOG VITOKATAGTATN avAAOYoL ThG tvoovAivng/IGF-1
otov avtiotoryo vrodoyéa (DAF-2) mupodotel (o aAvcida yeyovotmy, Tov 00nyolV G1TN
poBuon evog petaypoeucod mapdyovto (DAF-16). Ze ocuvOfkeg KutTOpikob oTpeg M

aottiag, n amevepyomoinon tov DAF-2 kot n peiopévn petayoyn pnvopdtov HEco
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woovAivn/IGF-1, avédvel T opactnpidtnta tov DAF-16. Avtiy n dwdikacio uvoel
OLGGMPELON AlTOVG, TNV TPooTacios Amd TO 0EEWMTIKO OTPeS, TNV KoBvoTEPMUEVN
avamopoy®yn Kot tn pokpofrdtra oto vnuotoetdés (118). Ilpokoddvrog peTaAAdEeLg 6TO
yovidro tov DAF-2, n duwdpkewn Long tov C. elegans pmopel va tpimiocioctel (119).
[Tapopoimwg, ot Drosophila melanogaster, petoAAGEES oTOL YOVIOWL TOV VLTOSOYEQ
WGOVAIVIG KOl TOL VIOGTPOUATOS TOV, ov&avovy g 48,0% 1t owdpkeln Cong Tov

Onivkav (120).

Y10 OnAaotikd, To povomdtia TG veovAivng kot tov IGF-1 givar vrevBova ya
EexwploTéG Aettovpyies, Yoo TOV KLTTOPIKO UETOPOAGUO TO HOVOTATL TNG VGOLAIVIG Kot
vy v avénomn Kot dwpoporoinon to povordtt tov IGF-1. Qotdco, To povomdtio mov
pvOuilovv T dbpketa {mNG HTopovV Vo EUTAEKOLY KOt TO HOVOTATL TNG WVGOLAIVNG 1/Kait
to povomdtt tov IGF-1. Amotehécpato amd mepduoto o€ EMPVEG €YOVV GYETIOEL
UETOAAAEELG TTOL TTpoKaAOVY petwpéva emineda IGF-1 pe peyoaivtepn owbpxeto {omg (121).
Ye 10w mepapatdloma, Exel oxeTIoTel M avenapkng Ekepacn tov vrodoxea IGF-1, oe
etepoluya knockout movtikia, pe ovénuévn avtictaon oto 0LEWMTIKO OTPEC Kot

peyaAvtepn odpreta Lomg (122).

210vg avBpAdOTOVG, TA OVTICTOWO OEOOUEVE  EMONUOAOYIKOV UEAET®V  glvan
avtikpovoueva. H petopévn dpactnpomra tov IGF-1 Aoym avemndpkelog g vmoQuong,
oyxetileTton pe avEnuévn voonpotnta otnv evilkn {on kot avénuévo Kivouvo epedviong
KOPOYYELOK®Y VOO|UATOV Kot coakyopdon owfntn (123). Avtiotpoeme, oavEnuéva
eninedo IGF-1 oyetiCovran pe kapkivoyéveon, dedopévov tov porov tov IGF-1 oty 1otikn
avAmTLED, Kol 1010iTEPA HE QVENUEVT CLYVOTNTO EUEAVIONS KAPKIVOV TOV TPOCTATY], TOV
otBovg Kot Tov KATt® yootpevieptkod cwAnva (124). H péyiom emPimon otov avBpwmo
eatvetal vo e€aptdtor amd v avotnpn pvdon tov aovo VTOOUAALOV-0VENTIKNG
opudévne-IGF kot v dwpnon Bértictov emnédwv IGF-1, dote vo amotpémovtol ot
voonpotteg mov oyxetiCovtal pPe TV ovemdpkeld 1 TV meEPIGoE TOL TOPAYyOVTO.
Agdopévng g avénuévng oYETIKNG cLuyxvoTNTOS ERPAVIONS Kapkivov otnv eviiikn (on
KOl TOL OLEAVOUEVOL ETUTOAAGLOD TOV KAPOLOYYELNKMV VOST|ULATOV HE TNV TAPOO0 NG
niiog, etvor mbavo pewopéva eninedo IGF-1 katd v evijlikn (on o€ cuvovAGHO e
VYNAOTEPO PLUGIOAOYIKA EMIMESD KATA TNV YNPOVCT, VO €vol 1aiTEPO ELVOTKA Yol TNV

avBpomvn pokpofiotnta (109).

28



Scaupoila Kauéun Ecsapuyis

Ta enineda IGF-1 peidvovrot otadiokd pe v avénon e nAkiog. Xvykekpuéva,
to eninedo IGF-1, apod @tdoovv oto péyloto eminedd tovg katd v epnPeio,
vrodumhactaloviot ®g TV Tpitn dekaetio kol cuveyilovv va petdvovtal pe otafepd puoud
kabog avEdvetor N ki (109). To @ovopevo TG GYETIKNG AVETAPKELNS OVENTIKNG
oppovng ko IGF-1 xatd ™ ynpavon amodideton oty pHetopévn dpactnploTnta Tov dEova
vroBaddpov-avéntikng opuovnc-IGF, kabodg m mopaywyn g avéntikng oppovng
pewwveror katd 14% oavé dexaetio petd ) péon niwkio Cong (109). Qotdco, n Puokn
dpactnploTTa, o1 GVVNHBELEG TOV TPOTOL (WNG, Ol OAAAYEG OTO EMIMESD TOV GTEPOEWODV
OPHOVDV, TO POV VOOT|UOTO KOl 1 OTpor), @oivetal mwg emnpedlovv emiong to

enineda tov IGF-1.

21006 avOPOTOVE, £XOVV KOTUYPOPEL OVTIKPOVOUEVEG EVOEIEEIS YlOL TNV EUTAOKT)|
oV povoratiod weovAivng/IGF-1 ot ynpaven kot ) pokpofrotnta, Adym Tov cofapdv
UETOPOAKADV ETTAOKMV Kol KUPIOS TNG AVATTLENG CAKYOPDOOVS d1af1|Tn, ¢ EMOKOAOVOO
NG AVEMAPKELNG VOOVAIVIC M TNG aveEmAPKELNS TOL VIOdoyEa TG tvooviivng (108). H
WWGOLAVO-£0aIGONGI0L PLUGIOAOYIKA HEIDVETOL KOTO TNV YAPOVON KOl 1) VGOLALVO-
avtiotoon omotelel onuovtikd  mopdyovta  Kvduvov  yuo.  OpKETEG  acBévelec,
ocvumeptAapovouévng e vaéptacns, TS abnpockApuveT, NG ToYLoAPKINS Kol TOL
dwpntn, mov emnpedalovv T voonpdtnTa Kot T Bvnodta otoug nAkiopévoug (125).
Qot6c0, ot poakpoProtepor avOpwmor yopoaktnpilovior oamd Wwitepa  peToforkd
YOPAKTNPLOTIKA, OTTMS YOUNAOTEPES TIUEG TOV Ogiktn pndlag cmdpatog, yoaunidtepa exineda
WGOVAIVIC Kot YALKOING Vnoteiog, HEWOUEV WWGOVAVOOVTIOTOON, UEI®UEVO ETITESQ
erevBepng woovrivng/IGF-1 oto mhdopa, kabog kot dwnpnuévn Aettovpyio tov B
TAYKPEUTIKOV KLTTAP®V, GE GYEoN He TO avapevopevo (126, 127). Apketd dedopéva
peretdv emPefordvovy v vdOeon, TMG N EMOPKNG OTOKPIOT TNG VGOVAIVNG EVVOEL TNV

avOpomvn pokpofotnta (128).

Evprpoata o€ dopopetikovg opyaviopods vmootnpifovv v vmdbeon  OTL
UETOAAGEES ©€  Yovidlo TOL  WGOAvVOMUNTIKOD diktHov petafifocng pnvopdtov
GLVTEAOVV GTNV OVTIOTOON £VOVTL TOV 0EEIOMTIKOV GTPES, KAOMDS Kol GTNV ETUNKLVGT TNG
owapxetag Long (108). Avtd vmodnimvel, T mhova N pelopévn o&edwtikny PAAPN ota
LOKPOUOPLO, G OTOTEAECUN UETOALAEE®DY, amoTeELel TO TEAMKO KOWO HOVOTATL TOV
ocvotiuatog petafipaong unvopdtov wveoviivig/IGF-1, mov emdpd ot poakpofiotra.

Meléteg oe avBpamovg €xovv deilel, mmg o1 elevbepec pilec ddpapatiCovy oNUAVTIKO

29



Scaupoila Kauéun Ecsapuyis

poho oty moboyéveld  OPKETOV VOONUATOV, OT®G TOV  KOPOYYEINK®Y, TNG
afnpookAnpuvong kot tov ocaxyopodn Swphtn (129). EmPefordvovrog avty v
vrdbeon, ot vyielc owwvoPlot mapovoidlovv ikpod Pabuod ofeWdmTikd oTpEg Kot
avénuéves avtoEeldmtikég apvveg (129). Emmpoofitmc, £xet Bpebel 6T 1 vaovrivn kot o
IGF-1 emmpedlovv kou v kutTapikn ynpavon. Eve to copumioko Akt/PKB €yel Bpebet va
eVIOYVEL TOV TOAALOTAAGIAGHO Kol TNV €TPIOOT TV KLTTAPp®V 6T0 ONAACTIKA, TPOCEATES
peAéteg mapovcstalovv avaroyn avénon g dpactnpromroag tov Akt/PKB pe v
KUTTOPIKY YNPOVON KOl ETUAKLVOT NG Oldpkeg (oNg HE OVOGTOAY TOV GULUTAOGKOV

(108).

Yrdpyovov opketéc evdelEelg v v opUOVIK) poBUon ¢ ynpaveong amd To
oLUVTNPNTIKO EEEMKTIKG HOVOTTATL HETAPOPES unvopdtov tveovAiivng/IGF-1 otov avBpwmo
(130). O porhog TOV TOAVHOPPIGHAOV TOV povomaTiov woovAivig/IGF ot
poxpofroTnra pelembnke apyikd otnv meployn TV yovidimv tveovAivinc-IGF-2, émov
GLGYETIOTNKAV OPIGUEVOL amAdTLTTOL PE TNV poKpoPlotnta og Itadovg vrepaiwvopiovg
avtpeg (131). Qotdc0, ot perétn “Leiden” oe oydovromevtdypovoug OAlavdove, dev
Bpédnke kapio cLoYXETION AVAUESH GE TOAVUOPPIGHOVS GTO YOVIO0 TNG WVGOLAIVIG Kot TN
dapkela Long, Vo domotdOnKe TOS 01 YOVOIKEG POPELS TOL TOAVHOPPIGHOV 152665802
oto yovidowo tov IGF-1, eiyov pupdtepo Vwyog kor peyolvtepn niwio emiPioong, oe
ovykplon pe toug un @opeig (132). X ot pedétn, amAdGTLUTOL TOAVUOPPICUADV GTO
yovidlw FOXOla xor FOXO3a oyetiotmkov pe to petofoikd mpogih (eminmeda
yAvkoLoMmUEVNG apoc@atpivig) Kot Tov kivovvo Bvnolpdtrog otovg nAikiopévoug (132,
133). Avrtictoya, moivpopeiopoi oto yovidlo tov FOXOla, ardd oxt tov FOXO3a,
oyxetiomkay pe v nhkio Bovatov otn peiétn “Framingham” (105). Xe oyxéon pe 1o
yYovidlo Tov vmodoyEn TNG WGOVLAIVIG, Ppédnke cvoyétion evog AmAOTLTIOL HE TNV
paxpoPiomra oe o opdda vreparwvoPiov londvov (134). TapdAinia, Exel Ppedel ot
Itadovg vreparwvofiovg, 0Tt 0 moAvpopeiopds A/G ot 0éon 3174 oto yovidio tov
vrnodoyéa IGF-1 oyetiCeton pe pewwpéva eminedo IGF-1 yia tovg @opeic tov A
aAANAOUOPPOV, €V TO 1010 OAANAOHOPPO  €xel  HEYOADTEPN GLYVOTNTO  GTOVG
paxpoPiotepovg (135). Xmv 10w perétn, Ppédnke oAiniemidpaon ovdueco oto A
aAANAOpOPPO TOL Yovidiov Tov vodoyéa IGF-1 kot 6to T aAAnAopop@o tov yovidiov g
3-Kwvédon g eooeatidvAoivocsttoAng (otn 0éom -359 bp and t0 k®dWKOVIO Evaping), e
younAdtepa eminedo IGF-1 (135). Xe g mpoodevutikn perétn nukiopévoy, Bpédnke twog
ta ovénuéva emineda IGFBP-1  «air IGFPB-2, mov vmodnidvovv peyaivtepm
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dpaoctpromra tov IGF-1, oyetiCovrav pe younmAdtepa emimeda yAvkolng vnoteiog Kot
WWGOLAIVIG KOl YOUNAOTEPO TOGOGTH AMTAOIOVS 16TOV, OAAL Kol HE PEYOADTEPO KivOLVO

Bvnoyomrog (136).

To povomatt ¢ wwoovAivi/IGF-1 aAAniemidpd pe pio tAnfopo TpoTeivddv Kot
TAPOAANAL Stapope®VEL TV ékepact apketdv yovidiov (137, 138). 'Evag and tovg
HETAYPOPKOVG  GTOYOLS TOL  povomatiov wwooLAivng/IGF-1  eivar 10 yovidio 1ng
ptoxovoplokng — dtopovtdong  vmepoewiov  (Superoxide  dismutase - SOD).
[Tolvpopeiopoi oto yovido g SOD2 &yovv peretnBel oe mAnBuopove nAKiopévov
[taAdv kot OAMavOdV, Ywpic va £xel Bpedel kamola cuoyétion pe v pakpofiotnta (132).
Qo1660, oe avipikd mAnBvopo vrepalwvoPiwy Ashkenazi, Bpédnke avénpuévn cuyxvotnta
TV opoluywtdv yio v petdiiaén 401 Val/Val (139). Ilpdoeata, £vag TOAVUOPPIGHOG
KOVTA GTNV TTEPLOYN TOL Yovidiov Tov SOD2 cyetionke pe v nAkio Oavdtov otn pelétn
Framingham (105). Ta yovidwa g tpavopepdong yhovtabeidvng (Glutathione transferases
— GST) ko ¢ mapaoiovaong (Paraoxonase — PON) dadpapatiCovv onpoviikd poro
otov EevoPlotikd HETAPOMOUO Kol TO OEEWOMOTIKO OTPEG KOl ONMOTEAOVV  €miong
peTaypaeikd otdyo tov povoratiov woovAivig/IGF-1 (140). Xe mAnbvookég pehétec,
Bpébnke peyorvtepn cvyvotnra epedviong tov GSTT1 pn Aettovpykod oAANAOUOPPOL
oe Itoridec exatovtdypoves (141). Avtictorya, n opoluymtia yio to Asttovpywd GSTT1
aAMAOLOpPo oyetioTnke pe avénuévn Bvnowdmrta oe nAkiopéveg Aavéleg (142).
[MoapdrAinia, peréteg oe Itohkovg wor IpAlavoucovg minbvcupove, £oeiéav peyalvtepa
TOGO0TO EMPIOONG YO TOVS EKOTOVTIAYPOVOLG POPEic TOv Arg GAANAOUOPPOL GTO

Kwdwovio 192 tov yovidiov PONT (143).
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1.6 AcgikTteg QAEYROVIIC KOL GVOGOYI|pOVOT)

H ympavon yapaxtmpiletor amd ypovia, xapuniod Paduod erieypovmon katdotoom,
mov avagépetal oG avocoynpoven (inflamm-aging). H avocoynpavon oaivetor vo
amoppéEL amd TO HOKPOXPOVIO avTryovikd @optio (144-146), odnyel oe pokpompdOeseS
10TIKEG PAAPeg AOY® TG amoppHOLUGN G TOL BVOGOTOMTIKOD GUGTNUATOG Kot GYETICETOL e
avénuévo kivouvo Bvnoydmrag otovg nAkiopévoug (147). Apxetég peléteg €xovv
TPOTEIVEL TN YPOVIOL PAEYUOVI] ®G VTOKEIUEVO PLOAOYIKO UNYOVIGHO, vtevBuvo Yoo TV
EKTTTMOON TOV AETOLPYIOV KATE TN YAPAvoT. Xvykekpiuéva, acBéveleg Ommg 1 vOcog
Alzheimer, 1o Parkinson, n afnpockinpuvon, o dSwpnme tomov 2, n capkomevia, 1
00TEOTOPWGT, N Gvola Kot TOo GHVOPOUO adLVAUINS GTOVG NAIKIOUEVOLS, TVUPOSOTOVVTOL 1|
KOl EMOEWVOVOVTAL Omd TNV  TOPOLGIN CLOTNUATIKNG  QAeypovng (148-152). Ot
PAEYROVAOELS OgiKTEG OV YopakTNPilovy TNV VOGOYNPAVGeT UTOPOLV Vi dlakplBovv g

TPELG KATNYOPIES: o) ToVGS Sroynuikodg, P) T00¢ KDTTaPIKODS KL Y) TOVG YEVETIKOVS OEIKTES.

21006 Proymuikovg OEIKTES (QAEYUOVIG GLYKATOAEYOVTOL TTPO-QPAEYUOVAOOELS
KLTTOPOKIVEG Kol 01 avTioTOL 01 VTOdOYEIC TOVS, dmwg 0 TNF-a Kot o1 vrodoyeic Tov, 1 IL-
6 Kol 0 AVTOY®VIGTNS TOL VIodoyéa g wrephevkivne-1 (IL-1Ra), mov oyetilovron pe
aLENUEVO KIVOLVO Voo pOTNTOS Kot Bvnopdtntag otovg nAtkiopévoug (153). Mapdiinia,
N oavocoyfpovon yopaxtnpiletor kot omd avénuévn mapaywyn yvpokwvov (RANTES,
MIP-1a, IL-8, MCP-1) kou tng CRP (154, 155). H pokpoypdvia, €6t kot pikpov Baduov,
EVEPYOTOINGN TOV SIKTVOV TMV KLTTOPOKIVMV Bempeiton wiaitepa emnpo yio opKeTONg
10T0VG Kol cvotiuato. H enidpacn tov eAeypovod®v Tapaydviov 6g d1dpopo VOGTLATO
Katd TV avocoynpavon ocvvoyileton oty Ewove 1.3. To enineda TNF-a kou 1L-6
AmOTEAODV  OVEEAPTNTOVS TPOYVAOOTIKOVS O&iKTeEG OvnoluoTNTaS 68 MMKIOUEVOLS KOt
vreparwvoprovg (153, 156). Ta emimedoa TNF-a oto mhdopa Bpébniov va oyetiCovrat
Betwcd pe ta emineda IL-6 kot CRP og vreparwvofrovg (157). Emmpocbitmg, avénuéva
enineda TNF-a £xovv cvoyetiotel pe peyaAdtepn cuyvotnta g vooov Alzheimer kot tov
cokyapmdn owpntn tomov 2 (158, 159). Ze po mpoéoeatn HeAETN un SfnTikdv
nAkiopévav, oxetiomkav ta avénpéva enimedo TNF-a, IL-6 xor CRP pe 1o Pobuod
wvoovAvoavtiotaong (160). v mpoontikn ynpatpikny perétn “InCHIANTI” Bpébnke
ovoyétion Tov vyniov emnédwv IL-6, CRP kot IL-1Ra pe petopévn poikn svvaun, evo
o€ GAAEG YNPLATPIKEG LEAETEG TOPOTPNONKE OPVNTIKT EMLOPACT] TOV OVENUEVOV EMTEODV

IL-6 ota enineda IGF-1, oe oyéon pe ) poikn Asttovpyia (161). Iopdiinia, o po GAAn
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TNF-a pe v gpedvion kapdiayyelokov voonpdtov (162).
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Ewova 1.3. H enidpacn tov SIkTHov PAEYHOVOOIDV TAPAYOVI®OV GE S1APOPH VOGT LT

Katd v avocoynpavon (163).

2T0UG KUTTOPIKOVG OEIKTES TNG OVOCOYNPOVONG GLYKATOAEYOVTOL TO AELKA
KOTTOPO TOV OULOTOG, KOOMG KOl GUYKEKPIUEVOL TITAOL AEUPOKVTTAP®V. ZE Uid TPOGPOTY
perétn Ppénke mwg o avEnuévog aplBpdc AEVK®V KLTTAPOV OmOTEAEL ONUOVTIKO
TPOYVAOOTIKO Ogiktn BvnodtTog 6ToVg NAKIopuéEvoug (164). Avaeopikd e TOVG LTTO-
TANOLGLOVS TOV AEUPOKVLTTAP®V, £va, omtd TO BOCTKE YOPAKTNPLOTIKE TNG 0VOGOYTPOVONG
glval 1 ovoompevon T-kuttapwv pviung (165-167). Xtovg vrepatmvoPlovg mapotnpeiton
eEavtinon tov pn eewdwevpévov (naive) T-kuttdpov, 6mwg emPePourdvetar and v
EMerym tov CDI95 popiov, og cuvovacud e ™ Tapovsio GAL®V cuvNOOV SEIKTOV TOV U
eEedkevpévov T-kuttdpov (CD45SRA ko CD62L) (168, 169). Xvvenmg, o youniog
apOuog Tov un eégdikevpévoy T-kuttdpov propel vo BempnBel og deiktng Bvnoottog

(170). IHopdAiinia, o cuvdovacuog avénuéveov CD8+, peiopévov CD4+ T-kuttdpov ko
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petopévov CDI19+ B-kuttdpov oyetileton pe avénuévn voonpotnta kot Bvnoipdtro
otovg NAiopévovg (171). Qot1d00, GTOVG KLTTAPIKOVG OEIKTEG TNG 0VOCOYNPAVONG
eatveTol va eumAgkovTol Kot 101, OTMS 0 KLTTOPOUEYaA0iog Kot 0 10 Epstein Barr (EBV)
(146). Xe mpdopatec pehéteg Exet Ppebel, mmog n e&dmiwon neprpepikav CD8+ T-kuttdpwv
OV PEPOLY LITOOOYELS YO TOV KLTTOPOUEYOA0iO Ko Tov EBV glvan apketd cvyvi otoug
NAMKopévoug kot oyetietar pe v andiew Tov tpdev T-kuttdpov pviung (146).
Téhog, 6TOVG KLTTOPIKOVG OgikTeg NG avocoynpovong Bo mpémer va avaeepBel Kot M
LEL®OT TOV UAKOVG TV TEAOUEPDV, KOONDG GYETILETAL ONUOVTIKA LLE TNV EVEPYOTOINGT TOV
OVOGOTONTIKOY GLOTHUOTOG Kot TN @Agypovn (172). Ztoug YeveTKovg OEIKTES NG
OVOGOYNPAVONG OVOPEPOVTOL Ol TOAVUOPPIGHOL OTO YOVIOIWV TMV KLTOPOKIVAV, TOL

oyetiovtor pe avénpéva eninedd tovg onv KukAogopio (163).

H pedétn g avocoynpavong ce ynpatpikovg mAnfuopods odnynoce otov
OPIGUO TOV «PUIVOTVTTOV @VOG0A0YIKOV Kivovvov» (IRP — Immune Risk phenotype)
(173). O gawdtumog avtodg nepirappdaver Pro-rapoapétpovs mov oyetiloviol He ovemapKn
OVOGOTOMTIKY] AglTovpyio kot avénuévo kivouvo Bvnodtntoag otovg nAkiopévovs. O
yopaxtnpopds tov IRP éywve pe Pdon to amoteAécpata 600 HEYOA®DV YNPLOTPIKOV
TPOOTTIKOV PeEAET®V otn Zovndia, g “OCTO study” (174) ko tng “NONA study” (175).
Ta yapoKTNPOTIKA TOL EUVOTLIIOV OVOGOAOYIKOL KwvdOvov mepthappdvovv: Adyo
CD4+/CD8+ T-xvttdpov pkpdtepo amd éva, younid enimeda B kuttdpov, avEnpévoug
tithovg CD8+, CD28- xou CD57+ T-kuttdpmv, opofeTikdOTNTA Y10 TOV HEYOAOKVTTAPOTO,

KOOGS Kol PELOUEVT) TOAAATAOGIOGTIKY amoKplon Tov T-kuttdpov oe utoydva (173).

H avédivon 1ov avocoroyik®v oAloy®v KOTO TN YHPOVOTN KOl O TPOGOHIOPIoUOS
etV ¥pdviag QAeypovig Ba pmopovcav va amodeyfodv ypNoIUol TPOYVMOTIKOL
dgikteg voonpomtag kot Bvnodmroc. H a&oddynon tov nukiopévov pe avEnuévo
kivouvo Ba enétpene T AMYN TPOMNTTIKAOV 1) BepamenTikdv PETPOV Yoo TNV eEac@diion

VY100¢ YRPOVONG Kot eTPimong.
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1.7 H Meooysrwoxi] owoTpo@n oty Tpitn nAkic

H adénon g nlkiag cvvodedetor amd peimon oty aichnon g yedong Kot g
OGUNG, OAAG KOl o€ gUEAVIoN ENPOcTOping, oL EMNPEALOVY CNUOVTIKA TNV OpeEn Kot
aKoAoVBmg ™ SwtpoPikny TPOGANYT Ttv NAMKwpévav (176). Kowvovikoouovopikol
AOYOl, OTTWG 1 EAMAELYT EMOPKOVG HOPPOTIKOV EMUTEOL 1) 1| OIKOVOLUKT advvapion ayopdic
TOLOTIK®V TPOPAV, ETOEWVMOVOLV TO TPOPANLA. O VTOGITIGUOS GTOVG NAKIMUEVOVG UTOopEl
va glvat evepYELOKOG 1] vaL apopdl LELOVOUEVE BPENTIKE GLGTATIKA Kot cVY VA emiPaphveTat
amd TN UEIWUEVT] EVIEPIKT] ATOPPOPNOT KOl TIC 0AAAYEC 0TO HeTOfoAMod Prrapivov Kot
vootolEiov mov moapatnpovvtal otnv tpitn nikio (177). Emdnuoroyikés peréteg
TPOTEIVOLV TG 1 SOTPOPT OMOTEAEL CNUAVTIKO TOPAyovTa TNG KOTAGTOONG LYElNG Kot

emPiwong otoug nAkiopévoug (176, 177).

H Meooyerwokn owatpo@n £xel kotaiwbel o to mo vylewd datpoPikd HOvTELD
Kupimg AOY® NG GLOYETION NG HE YOUNAG TOGOGTA voonpotntag kot Bvnoomrag. H
napodooctokn Mecoyelakn datpopr| yopakmpiletor and VYNAN KOTAVIA®OOCT GPOVLTOV,
AOYOVIKAV, SNUNTPLOK®V, TOTATOSC, TOVAEPIKMV, OGTPIOV, YOPIOV Kol YOAUKTOKOUK®OV
TPOIOVIMV, HIKPT KOTAVAAMOT KOKKIVOL KPEATOS, HETPLO KOTAVAAMOT] AAKOOA Kot Yp1|om
EAUOAAO0V WG KVPLaL TNYN MITOVG. ZVYKEKPIUEVA, 1] TVPOUIdA TG MECOYELOKNG O1UTPOPTC
nepllhapPdvet: Kabnuepvi] Katavdiwon pn emeCepyacpéveov dnuntpokov (8 pepidecg),
Aayovikdv (6 pepideg), epovtmv (3 pepidec), EAOAAS0L Kot YOAUKTOKOMK®Y TPOIOVTOV
(2 pepideg), efdopadioio katavaiwon yoapod (5-6 pepideg), movAepikov (4 pepideg),
eMdV, oomplwv Kot ENPav kapmdv (3 Hepideg), TatdTag, avyob Kot YAVK®V (3 pepideg) Kot
pnvioio Katavdimon kokkivov kpéatog (4 pepioeg) (178). H mupapioa g Mecoyetaxng
dwtpoeng mopovoldletor oty Ewéva 1.4. Me Bdon 1o kVplo. yOpOKTNPIOTIKE NG
Meooyelokng dwtpoenig €xovv dmuovpyndel apketol oOlatpogikol deikteg vy TNV
extiunon tov Pabuod viobémmong g (179). Tlpdkertor yoo SATPOPIKE OGKOP 7OV
cuvoyilouv v Mecoyelakn datpoen omd £va GOVOAO SUTPOPIKAV OUAOWV 1| OpENTIKOV
CLGTATIKAOV 1 KOl GLVOVAGHOVG TOVG. 21N PipAtoypagio ovapEépovial apkeTd oKOp NG
Meooyelakng datpoeng mov €yovv ypnotpomombel oe mAnBuookés perétec avd tov
KOGUO Kol Olokpivoviol o€ TPEIC HEYAAES KATNYOPIES: o) o€ exelvo, mov Pocilovior oth
Ostikn n  oapvyukny  Pabuoloynon ovoTaTIK@OV  (OUGO®YV  TPOPIUWY H/Kol OpemTiKDY

ovototikwv) ¢ Meooyeioxns datpopng, P) oe exeiva mov mpoobétovv 1 0poipody
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oraQuioUEVa TVOTOTIKG, THG GUYKEKPIUEVHS O10TPOPNS, KOl Y) g€ gkelvo, mov Poci{ovial oe

Aoyovg avdueoo o emiAeyuévo. ovatatiko. te Mecoyeiaxng orozpopns (179).
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Ta tedevtaio ypoévia mANBaivovy To. EMGTNUOVIKA O€dOpHEVA Yoo TNV O@EMUY
enidopaon g Meooyerakng dratpoPrig otnv vyeia Tov avBpdmov. [TapdAinia, apketég
UEAETEG EMIKEVTIPOVOVYV 610 pOAO NG Mecoyelokng SlaTpoeng ot YNPovon Kot o1Tr
poxpoProtra. Xvykekpiuéva, 1 Mecoyelokn oTpoPn aivetol vo eTOpa OVOGTAATIKA,
TOG0 OTOVG KUPLOVG TOPAYOVTIEC KIVOUVOL Y10 TNV EUGAVICYT] TOV KOPOLOYYELUK®V
voonudtmv, 660 Kot 6t BapiTnNTo TOV KOPOYYEWKOV TadGE®V GTOVG NAMKIOUEVOUC.
Apxetéc emdnpuoroywés (180-186) kabag ko mapepPaticés peiéteg (187-190), €xovv
ocvoyeticel ™ Meooyelokn STpoP| He YOUNAL EMITESA OPTNPLOKNG TECNG KOl OMKING
YOANOTEPOANG, LLE YOUNAT GUYVOTNTO EUGAVIONG OLOPN T, LE LELOUEVT) GAEYROVY] KOL LE
BeATiopévn  mNKTIKY  KovOTTo KOl €vO0OmAlaKY Agwtovpyia o€ YNPLOTPIKOVG
TANBvoUOVE, aKOUN KOl 6€ NAIKIOPEVOLS acBeveic pe cakyapdon dwfrtn 1 HeTafoAtkd
ouvopopo (191-193). IIpdopata, oe pa perétn nikiopévov oty Konpo, Bpédnke mwg N
peyaAvtepov Pabuod vioBétnon g Mecoyelokng O10TpoPng GVVOEETOL He YOUNAdTEPOL
EMMESN OAIKNG YOANGTEPOANG, OKOUN KOl GE NAIKIOUEVOLS TOL AAUPOVOY OVTIAMITIOOLUIKY|
ayoyn pe otativeg (184). IMapdAinia, ce 300 €AANVIKES EMONUIOAOYIKEG UEAETEG, TNV
“GREECS study” kou tqv “CARDIO2000 study”, Bpédnke pikpdtepn Papdnra tov 0&€og
oteaviaiov ovvopopov ce NAMKidpEvoug (181) kot pikpotepn mBavoOTNTO EUEAVIONG
0&£0¢ 0TEPOVIOIOV GLVOPOLOV GE HEGNAIKES, TOV akoAovBovGaV T Mecoyelakr dlaTpoen|
(183). Ta svpnuato ovtd eoaiveror mog emiPefordvovrar Kot and GAleg Evpomaikéc
peréteg (194, 195). EmmpocBétwg, ta amoteléopato G mTopeUPatikng HEAETNG
“PREDIMED” cg nAkiopévovg, £0e1&av onuavtikny PBertioon tov Mmdopukod mpo@ik
KOl HEIWON TOV QAEYHOVOOGMV Tapayoviwv, Votepa omd Tpiunvn vioBétnon g

Meooyeaxng owtpoonc (187, 196).

H enidpaom ¢ Mecsoyelaxng stotpoeng Exet peretndel emiong kot o€ oyéomn pe v
TaYVouPKio 6Tovg NAKIOUEVOLG. XT1g peiéteg “EPIC” ko “SUN” mapotnpndnke tdon
v youniotepa enineda Tov deiktn pndla codpotoc (A.M.X.) 6100 NAKIOUEVOVG TOV TV
TUTIKOTEPOL 0T Mecoyelokn SaTpoen, YOPIG OOTOCO GTATICTIKN onuovtikotnta (197,
198). Ze o €pevva pe mAKiopévovg eBeloviég amd Tic peréteg “Framingham” won
“SENECA”, Bpénke apvnrtiky cuoyétion e Mecoyelakng Slotpoeng e TNV TEPIPEPELN
péong xor tov AM.E. (199). Tt perétm “MEDIS” koataypdonke emiong peiwpévn
mBovotnTo  euedviong moyvoopkiog pHe T peyoaAvtepov  Pabuod  viobBétnom g

Meooyelakng dtaTpopns o€ nAMkiopévous omd EAAnvikd vinoid ko tnv Kompo (200).
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To peraPorkd ocvvopopo &xel emiong epevvnbel oe oyxéon pe ™ Mecoyelokn
OlTPOOPT], LUE AVIIKPOLVOUEVO MOGTOCO OMOTEAEGHOTO. XE L0 EMONUIOAOYIKT UEAETY] GTNV
Ioravia (191), kabdg kot og po pedétn pe dedopéva and mévie Mecoyelakég yopeg (201),
dev Bpénke ocvoyétion g Mecoyslokng OTpoPNG HE YOUNAOTEPO ETIMOAACUO TOL
petofoAtkod cuvopopov. Avtibeta, oe pia mopepuPatikn PEAETN pe peonAkeg Ppébnke
LEWOUEV]  CLYVOTNTA  EUPAVIONG TOL  UETAPOAKOD  GLVOPOUOL, HEIOUEVH  ETITEdN
QAEYLOVOODOV TAPAYOVTIMV KOl IVGOLAVOAVTIoTAONS, KAODS Kot BeATimpévn evoobnitokm
Aertovpyia, Hotepa amd d1eTn VwoBET oM TS Mecoystakng dtatpoeng (202). Qotdc0, avTd
ta amoteAéopota dgv emPeformdnkav o po avtictoyn tapepPatikn LeAETN achevov e

otepaviaio voco (203).

O polog ™G Mecoyelokng dlatpoeng ot veomthaoies £xel pehetnBel kKupiog oe
GY£0M HE TOV KOPKIVO TOL HOGTOD KOl TOL YOOTPEVTEPIKOD cmAnva. Ta amoteAécpato pog
peréng acBevov-poptipwv oty Itario £0e1&av xapunAotepo kivovvo epeaviong Kapkivoo
TOV TENTIKOV GCLOTNUOTOG HE avENEEVO okKop TS Mecoyswokng owtpoers (204).
[MopdAinia, Ta dedopéva g Tpoontikng peAétng “Lyon Heart study” otov tétapto ypdvo
enaveEETAONG, VTOONAMVOLY TPOGTATEVTIKY EMIOPACT TNG MEGOYEINKTG 1ATPOPNG EVAVTL
Saop®v popedv kopkivov (205). EmmpocsOétmg, pio mpdo@atn peAETn HETA-OVOAVONG
oe delypa 1.574.299 gBehovtav, cuoyétioe v vioBEtnomn g Mecoyelokng S TpoPg e

peimon katd 6,0% g Bvnoyottog and kapkivo (206).

Ymv 10w pehétn peta-avaivong Ppébnke emiong pelmwon TG GUVOMKNG
Ovnowpotntog xatd 9,0% pe tov peyadvtepo Pabud viobétnong g Mecoyelokng
dwtpoeng (206). To ebpnua avtd emPefordveTon Ko amd GAAeG peiéteg, 1060 o€
Meooyelaxéc yopeg (207-209), 6co ko oe un Meooyelokéc yopeg (210, 211).
YVYKEKPEVO, OE OVTEG TIG LEAETEG OYeTioTNKE N ahENON, KOTA pio LovAda, TOV GKOP NG
Mecoyelokng doTpoens pe Helwon Tov ToG0cTov GuvoMkNg Bvnowottag and 17,0%
(208, 210) ¢wg 31,0% (207). IapdAinia, aOENCN TOV CLYKEKPIUEVOL SLATPOPIKOD GKOP
Katd 000 povadeg oyxetiotnke pe peiwon g Bvnowdtmrog kotd 25,0% (209). Asdopéva
and 11 Evponaikés ynprotpikés peréteg “SENECA” kat “FINE” vroompilovv emiong m
cvoyétion ¢ Mecoyelokng daTpopng pHe youniod kivovvo OBvnowodtrog (89, 212).
Avrtictoyyo amoteléopato TPOEKLYOV Kol OO UEAETEG GE MAMKIOUEVOVS LE LOTOPLKO

eUEPaypaTog pookapdiov (213, 214).
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Y100g NMKlouEvoue, 1 Mecsoyelakn OTpoPn Qoivetol Twg Exel emiong emidpaon
oV KatdOlwyn, ot vonTikn Katdotaon kol ot voco Alzheimer. Zvykekpyéva, 1
Meocoyeokn SoTpo@n €xel CLOYETIOTElL e HEIWUEVO KIVOLVO €UPAvVIonG NG VOGOL
Alzheimer kol HEWOUEVT] EKTTOOTN TOV YVOOTIKOV AEITOVPYIOV G€ NMKIOUEVOLS (215,
216). Ze pio TpOCPATY LEAET LETA-OVAALONG EKTIUNONKE LUKPOTEPOS KIVOLVOS ELPAVIONC
™m¢ vooov Alzheimer oe mocootd 13,0%, pe v peyorvtepov Pabupod vioBétmon g
Meooyewaxng dwtpoeng (206). IMapdAinia, to amoteAéopata omd Tov €vato ypOvo
enoveEétaong oy Itodikn ynplatpkn perétn “Italian Longitudinal Study on Aging”,
£de1Eav Oetikn emidpaon g Meocoyslokng dtpoeng otn YvooTiky Asttovpyia (217).
Avagopikd pe v KatdbAwym, oty mpoomtiky] perétn “SUN study” katoaypdonke
avtioTpoPn SLoYETIoN TG TPOSANYNG Prrapivng B kot ®-3 AMmopdv oféwv pe v
KatdOAMyn oTIg Yuvaikeg Kol NG TPOCANYNG QUAKOV 0EE0C HE TNV KOTAOAWT GTOVG
avtpeg (197). [MapdAinia, ot perétn “MEDIS” pe delypo nhkiopévov and ta EAAnvika
vnod ko v Kompo, Ppébnke onuavtiky] GueYETIoN TG KATAVAA®ONG YOPLDV HE TNV
amovcio. cvuTTORATOV KatdbAyNg (218). H enidpaocn g Mecoyelokng datpopng ot
dtovontikn vyeia @atvetor vo, ennpedletol amd dAPOpPovg TOPAyovTIES, OTWG 1 EMAPKNG
npdéoAnyn Prrapveov tov cvumAéypatoc B, @uAikov o&fog kot -3 Amoapdv oféwmv,
Opentikd cvoTaTKd TOV EUTAEKOVTOL GT GUVOEST VELPOJAPIPACTOV Kol POCPOATIOI®V

07O KEVIPIKO veupiko cvotua (219).

Ta amoteléopoto ™G mAsloyneiog TOV HEAETOV eMPEPAIOVOVY TNV EVEPYETIKY|
opdon g Mecoyelokng dwtpoeng oty Tpit] nikio. Qotdco, oTIC 101eC HEAETEC
Katoypaeetol Heimon otnv v1oBETon g Mecoyelokng S TpoP|g, OKOUN Kol GE TEPLOYES

g Meooyeiov (220).
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1.8 O porog Tov Yyevoupyvpov otn YIijpovon

O wyevddpyvpoc (Zn) amoterel oamopoitnTo HETOAAO YO TOV OPYOVIGUO Ko
mePLEYETOL 0TO avOpOTIVO chpa oe mTocotnta 2-3 ypaupapiov. ‘Exovv Bpebel mdveo amd
300 évlopa mov mEPLEYOLY YELOAPYVPO, O OTTOI0G E1TE CLUUETEXEL AUEGO GTNV KATOAVTIKY|
ToVG dpdion ¢ ovumapdyovtag, €ite cuvtelel omn dopikn tovg otabepotnta (221). Ot
LETOYPAPIKOL TTOPAYOVTEG OMOTEAOVV EMIONG ML OUAdO TPOTEIVAOV TOL TEPIEXOVV
YELOAPYVLPO, HE TN HOPOT «OAYTLA®V yevdapyvpovy (zing fingers) kot mopOHOI®V
dopkav popimv. Extipdtor mog to 10% tov cvvolkoy avOpdTvov YOVIOIORATOS
KOOKomolel mpwTelveg mOL cuvdEovtal pHe ToV wevddpyvpo (222). H extetapévn
OVETAPKELD YELOUPYVPOL yopoktnpiletar and wkobvotepnuévn ovamTuln, OEPUATIKEG
TANYEC, UEIWUEVN EMOVAMGCY] TANY®V, VTOYOVAOIoHd, avorpia, Owdppoia, avopetia,
dwvontikn kabvotépnon, e€acbevnuévn Aettovpyia TG OPAGNS KOL TOV OLVOGOTOLTIKOV

cvotnuatog (223, 224).

Ta dedopéva oyeTikd pe TV OoTPoPIKn)] TPOcAnyn kot frodiadecipdéTnto T0V
YEL3aPYHPOL GE YNPLITPIKOVS TANBVoHOVG eivan meplopiopéva. Ztig Hvouéveg TTolreieg
Apepucng, to amoteAéopato g perétng “CFSIT” (1994-1996) mapovcialovv emopk
S Tikn TPOSANYN YELSAPYVPOL GE NAIKIOUEVOLS Kol TV 600 UA®V (225). Avtifeta,
omv épevva “NHANES III” kataypdeetor ovemapkng mpoOcAnyrn WYevdapydpov Ge
1060010 35-45% 10V NAiopévov TANBvopov (226). v Evpdnn, ot gpeuvntég g
peréng “ZENITH”, xotéypoayav avemapkn TpOGANYN yevudapydpov 6e m0cootd <5% twv
NAMKIOUEVOV, GE TEPLOPIGUEVO OpmG péyebog detypatog (227). Xe mapepuPotikés peréteg
YOPNYNONG GCLUTANPAOUATOS  WYELSOAPYOPOL GE MAKIOUEVOLS, Ppédnkav  aictodo&a
ATOTEAEGLATO MG TPOG TNV EVIOYLGN TOV OLVOGOTOIMTIKOV GLGTHUATOC KOl TN HEIMOT TOL

pLOLOY eppdviong Aopndéemv (228, 229).

AT TIKES TTNYES, 0TOPPOPNON KoL PETUPOMOHOS TOV YEVHAPYVPOV

O wyevddpyvpog Ppioketar oyxeddv oe OAa To TPOPLUN, OCTOGO Ol KUPLES
owaTpoPkég Tyég Tov EPLOUPAvouy Ta oTPEidLa, TO KOKKIVO KPENS, TOL TOVAEPIKA, TO.
yéplo, T BoAacowvd, To EUCOAD, TO QLOTIKIO, TO OAKNG GAeong dMuNTPlOKE Kot To
yohaktokopkd mpoiovta. Ztov Ilivaxke 1.1 amewoviovtal ot KuplOTEPEG OLOUTNTIKES

myés  yevdapyvpov. H ovviotdpevn Stk TpOSANYN  TOv  HUKPOOPETTIKOV
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oLOTOTIKOV gival 8 mg Yo Tig EvijMKeS yuvaikeg ko 11 mg Yo Tovg EvijAiKovg avTpec,

EVA Ol GLGTAGELS SLPOPOTOLOVVTAL YO TV PPEPIKN Ko TOUdIKT NAKia, TNV €YKLHOGHV

Kot to OnAacud, 6nwg eaivetor otov Mivaka 1.2 (230).

Mivaxag 1.1. Ot kuprotepeg drontntikég myéc Zn (mnyn: USDA Nutrient Database for

Standard Reference, Release 11).

Tpogrpo (90 yp., payerpepévo, drayo) Zn Tpooipo Zn
(mg) (mg)

Boowé ZmBog Bpaotod 8,9 Foloxtokopkéd [oovpty, Younidv Amapav, 250 yp. 2,2

XraAia ynty 7,4 I'éia, youmAov Mmapov, 250 ml 1,0

Kwoto ynuévo 6,0 Topi t6évtap, 30 vp. 0,9

Dd1iéto yntod 5,5 Topl kpépa, 125 vp. 0,4

Avo kiAo, yntd 4,7 Xvmpd  Pulaievpo, 1 pitlavt 3,0

Kovtpa piaéto ynto 4,4 Sitapevro, 1 eArtlavi 1,0

Xopwé  Quomddn ynm 3,6 Akrebpt Bpidpung, 0,5 prtlavi 0,6

Xotpopépt, 5% Aimog 2,4 Kpépa orrapiov, 1 phtlavi 0,2

d1Aéto yntod 2,2 Nupddeg karapmokiod, 1 eArtlavi 0,2

Mnpilora ynm 2,0 AnpnTprokd  Xxobvpo polL Bpacpévo, 0,5 phtlave 0,6

Apvi Mmoot yntd 4,3 OlMxng aheong voui, 1 eéta (30 yp.) 0,5

d1Aéto yntod 3,5 Agvko polL, Bpaocuévo, 0,5 phtlave 0,4

Mooyapr OuAéto ynto 4,0 Aompo youi, 1 péta (30 yp.) 0,2

KotoAéta tmyavnm 2,4 ®povte. Mmavdva, 1 pétpia 0,2

Kotomovio Zvkoti fpactd 3,7 Bepixoxoa, amoénpapéva, 7 pied 0,2

2KoVpo KpEag ynto 2,4 Aopdoknva, onoénpapéva, 3 pétpuoe 0,1

Aevko kpéag yntd 1,0 IToptokdAl, 1 pétplo 0,1

T'alomovio XKoVPo Kpéag Yntod 3,8 Mnlo, 1 pétplo 0,1

Agvko kpéag yntod 1,7 2T0opi0EG, 2 KOVTAALEG TNG GOVTOG 0,1

WYapr Toévog, kovaépPa 0,7 Aayovikd Apaxdc, poyepepévogs, 0,5 ohtlave 0,9

II¢épxa otoVv oTpd 0,5 [Hotdta, yn, yopig dépua, 1 pétpa 0,6

YoAopdg ooV atud 0,4 KoAaumok, Bpacto, 0,5 atlavi 0,4

Ooctpakoctdn Xtpeidia, 6 pétplo, opd 49,8 Mmrpoxoro, opo, 0,5 errtlavi 0,2

KoaBovpt Bpactod 6,5 Yrovaxt, opd, 1 eatldvt 0,2

Tapida Bpactn 1,3 MopoOi, 1 pArtlavt 0,2

Kapéto, opd, 1 pérpro 0,1

Oonpro.  Pacoha, Bpactd, 0,5 prrrldvt 1,8

DaPa, poyepepévn, 0,5 epartlave 1,3
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IMivakag 1.2. Zvvictdpevn dtoutntikn tpocinyn Zn (230).

Hhlkia Appeves  Oniv  Eykvpoovvny  Oniaopdg

I'évwnon — 6 unvov 2 mg 2 mg
7 unvov — 3 xpovov 3 mg 3 mg

4 — 8 etV 5 mg 5 mg
9 —13 etV 8 mg 8 mg
14 — 18 etv 11 mg 9 mg 13 mg 14 mg
19+ etov 11 mg 8 mg 11 mg 12 mg

H amoppoenon tov yevdapydpov mpayrotomoleitor and 10 AEnTO £ViEPO, KUPimg
ot VvNotwa, &ite evepynTikd HECEO TPOTEIVIKOD @opea (08 YOUNAES OLUTNTIKES
TPOCANYELS TOL 1YvOoTOlXEloL), &ite mabnTkd pe Sudyvon (o€ avENuUéEVI JALTNTIKY
npdoAnyn tov). H gviepikn amoppdenom tov yevdapydpov kopaivetal omd 12-59% ko
VLOKEWTOL GE PNYOVICUO EVIEPIKNG £KKPLONG KOl EmAvappoOenons, mov puhuiler v
ATOPPOPOVLEVT] TOGOTNTA YELOUPYDPOL OVAAOY LE TIS avAyKeEG TOL opyavicpov (231,
232). H pOBuon g opordotacns tov yeudopydpov omd TO YOOTPEVIEPIKO GMOANVA
meprapBdvel v mwoapdAAnAn Acttovpyion TOAA®V petapopémv. OAol ot petagopeig
YELAaPYHPOL £XOVV SOUEUPPOAVIKES TEPLOYESG KOl KMOTKOTOOUVTOL amd 00O OIKOYEVELES
yovwiov: ZnT (SLC30) kou Zip (SLC39) (233). Ztov avBpwmo vrdpyovv 9 ZnT ko 15 Zip
petapopeis, pe avtiBetovg podovg (234). Xvykekpiuéva, ot ZnT petagopeis peumvovy v
EVOOKVLTTOPIKY] CLYKEVIPMOT YELOOPYVPOV ETAYOVTIOS, EITE TNV EKPOTN YELOAPYVPOL O
To. KOTTOPO, €(TE TNV HETOKIVIION TOL O EVOOKVLTTOPIKA couatidl. Avtifeto, ot
petapopeic Zip av&dvouv v evOOKLTTAPIKY GLYKEVIPMOGT] YELOAPYDPOV ACKAOVTOG TNV
avtifetn opaon. O ZnT1 elvar o TpdTOC peTaPopéag YevdapyHpPov TOV TPOGOIOPICTNKE
670 AENTO £VIEPO, OTO EMBNALO TOV VEPPIKMOV GCOANVOPI®V KOl GTOV TAAKOVLVTO, LE KOPLOL
Ophon TN UETAPOPA YeLSOPYOLPOL Oamd TO. EVIEPOKVLTTAPA OTNV KukAopopio (235). H
£€Kepaot tov puluiletor amd to SouTNTIKO YeLOAPYVLPO, KABDS avénuévn TPOGANYT TOL
yvootoyetov odnyel oe avénuéva enimedo mRNA tov ZnTl. O vrmodoyéag ZnT4
exQpaletal Kuplwg 6TOVG HOGTIKOVS 0OEVES, 0 Zip4d 010 AEMTO £VTEPO KOl TO NIAP, EVO 1)

£€K@paot Tov awédvetal oe cuvOnKeg EAAEWYNC wevdapyHpov (236, 237).

To peyoAbtepo TOGOOTO TOL  WELAAPYVPOL GTOV  opyavicpd Ppioketon
amofnNKeLEVO 0TOVG OKEAETIKOVG PEG Kat To. 06Td, To 11,0% PpiokeTar 610 Nrap Kot 6To
OépUa, EVM M CLYKEVIPMOT TOL 61O TAAGHA avTioTtotyel povo oto 0,1% g cvvolkng

mocOTNTOG TOV HETAAAOVL otov opyovicpd (234, 238). Ta emineda yevdapydpov 6TO

42



Scaupoila Kauéun Ecsapuyis

mAGopo kopoivovtor amd 10-15 pmol/L kot dwtnpovvion otabepd axkoOpo Kot pe
OWIKVUAVOELG GTN OLOUTNTIKT TPOGANYN YELOAPYVPOV, EKTOG KL OV Ol SIUKVUAVOELS QVTES
elvar poakpoypdovieg /kar axpaies (239). O yevddpyvpog GUVIEETAL IGYXVPA LE TPMTEIVES
oe ovoetepo pH, evd to 80,0% tov Wevdapybpov oto TAGGCL €lval GUVOEOEUEVO LLE
aApoopivn (234). H anmmAieio. Tov yeudoapybpov yiveTonl Kupimg HEG® TOL YOOTPEVTEPIKOD
COMVO 0md TIG TOYKPEATIKEG ekkpioel kol kvpaivetor omnd 27-90 pmol/muépa. H
amEKKPION  YEVOOPYDPOL LE TO OVPO €ivol OYeTIKd KPOTEPN, KOOMG TA VEQPPA
EMOVOPPOPOVY TOV YEVIAPYVPO, UE EKTIHOUEVES amdAeleg 8-11 umol/muépa. Qotdco, N
ypnon Bewldikav dvpntikdv avéaver og kot 60,0% v VEEPIKN AmEKKPIGT TOV

yvoototyeiov (234, 238).

H evtepikry  amoppdédenon T0v  wevudapyvpov  emnpedletol  omd  OpKETOVG
o TpoPikovg mapayovres (231). H ovvolikn mocotnta TG TPOTEIVIG £VOC YELUATOC
QOAVETOL VO EDVOEL TNV amopPpOPNGT TOL YELOAPYVPOV. AAAMGTE, TO. TPOPIUA TOVL Eivol
TAOVoL0 O TPOTEIVN OMOTEAOLV Kol KOAEG TNYEG WELOAPYVPOL, OTOTE M avENUEVN
STk TpoOcANyYn TpTEIVG 0dnyel kol o avénuévn TPOGANYM Kol LVYNAQ
BrodiaBecipoTnTo TOL YeLdAPYVLPOL (240). O TOMOCg TG TPpwTEIVNg emnpedlel emiong v
BlodiabecipdTnTo TOL YVOOoTOKEIOD, UE TIG TEPIGTOTEPES LMIKEG TPMTEIVES VL TPOLyoLV
™V amoppdenon, mbavd Adym anedlevBEépwong aptvoEmyv mov dTnPovV ToV YELIAPYVPO
o dwAvty popon (231, 240). AvtiBeta, n kaleivn oL YOAOKTOC QOiveTOl TG OOKEL
OPVNTIKY] EMIOPOCT GTNV ATOPPOPNGT TOL 1YVOGTOLYEIOL., TBUVA AdY® dEGUEVLGTG TOV GTO
QPOCPOPLAIOUEVO VTOAEIPPATO ogpivng Ko Opeoviviig TtV Ament@V TUNUATOV NG
kaletvng (231). O putikég tveg kKo Kupimwg T0 UTIKO 08V, GKOVV apvNnTIKN Emidpoom
oV amoppdENoN TOL WYELOAPYLPOV, AOY® TOV GULUTAOK®V TOL ONHOVPYOVV Ol
POCPOPIKES OUAdES TNG EEAPOGPOPIKNG VOCITOANG He ToV Yevddpyvpo (231). O cidmpog
dgv  Qoivetal va  emnpedlel TNV amoppoenon  Yevudapyvpov, EVAO 1 YOpPNYNoM
CUUTANPAOUOTOS GLONPOV Kol WYELSAPYVPOL O&V eUEOVIfEl avOOTUATIKY] Opdon otnv
amoppodeNoN Kot TV 000 PETAAA®V, Tapd HOVO OTav 0 AdY0G G1O1Pov/Yevdapyhpov ivar
oAV VYNAOC. Ot ymAkoi vrokataoctdreg (6mwg to EDTA), kabag kot opiopéva apvoséa
(6mwg M 1oTdivn Kol M pebelovivn) kot opyavikd oféa (0T TO KITPIKO) (QOIveETHLl VO

avédvouy TV amoppodenon kat frodtadectpdtnta Tov yevdapyvpov (231).
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Ta Poaocwd YopokIPIOTIKA TOV  YeLAOPYLPOL TEPAAUPAvVOVY TO VYNAL
GUYKEVIPOUEVO POPTIO TOV, TNV kpy aktiva tov (0,65 A), Tnv éAhetym o0évoug (xopnAog
kivduvog mapaymyng eErevBépav pilav), tnv e0KoAn petdfocn omd tn pio GCLUUETPia oTNV
GAAN, TN YPYOPN OVTOAAOYT) VTOKATOGTATAOV Kol TN cLVOEST Kupiwg pe S- kot N-00Teg
ota Poroywd cvotiuato (241). Avtég ot 1010tTEC TPOGOHIOOVY GTOV YELAGAPYVLPO
onuovtikd Prorloyikd poro g KataivTy. O yevddpyvpoc amorteiton yio ) ProAoyikn
opdon tovAdyiotov 300 evibumv, eved mapdiinio dSadpoapotilel onuaviikd polo ot
doun|, Aertovpyia, otabepdTnTo Kot pevotdTTA TOV Propeufpavav, Adym TG GVVIESTg

TOV GTIG COVAPUIPIMKEG OUAOES LLE TO OYNUOTICUO pepranTdiov (221).

O yevddpyvpoc puBuilet emiong v wopponio avlpesa oty YOVIOLaK EKQpaon
TOV  PETOALOTPOTEACOV KOl TOV  IOTIKOV  OVACGTOAE®V  TOL  TAEYHOTOS — TOV
petaAlompwTeEac®Y, N omoia elvar omapaitntn Yoo ™ PBEATIOTH AgtTovpyio OPKETDOV
Boloywmv cvomuatov (221, 241). O yevuddpyvpog eivor mapdv GTOVG «OAKTLVAOVG
YEVOUPYOPOV» OPKETOV TPOTEIVOV, TEMTIOI®V, eviOUW®V, OPLOVOV, HETOYPUPIKOV
TAPOYOVTIOV KOl KUTTOPOKIVAV, OV EUTAEKOVIOL GTN OlOTHPNON TNG OUOLOCTOCNG KOl
duovvog Tov opyYavVIGHOV. XTIG AETOVPYieg TOv Wevdapyhpov, meptlapupdvetor eniong n

pOOon ¢ otabepdtrog Tov mMRNA kot tov e€wrvtTapikon TAgyuatog (221, 241, 242).

2UYKEKPIUEVO, O WYeLdAPYVLPOS amorteitor Yy T Otatipnon g eVOLUIKNG
dpactnpoTag g ovvleTdong Tov vitpikov o&fog (iINOS), péow ovvdeong pe 600
opdoeg KuoTeEIvNG 6To Opukd o Tov evibpov. Kabag 1o vitpikd o0& (NO) gumAiéketon
otV ékepoon Tov mMRNA tov petarliobelovivdv Kot otnv avactolr] tov eviopov PARP
(Poly ADP-Ribose Polymerase — IToAvpepdon morlv-ADP-p1folng), o dopkdg porog Tov
yevdapydpov oy mapoaywyn tov NO elvar peyding onpoaciog. IlapdAinia, to NO
eUmAEKETAL Kol otV omeAevfépmon yevdapydpov amd Tig petairoBeloviveg mpog To

avTioEedmTikd Evivpa (229, 243-246).

Ot perarrhoBgroviveg (MT) sivor por opddo TPOTEVOVY YouUNAoD poploKov Bapoug
TOL GLVOEOVTOL PE UETOAAAD, ELPOVICOVTOGC VYNAT GLYYEVELD GHVOESNG LE TOV YELDAPYLPO
Kol 0 yoAkd (247). Kabe poplo perarroberovivng mepiéyel 20 xvoteiveg kot €xet

duvatOTNTO OEGUELONG 7 ATOUWMV YELOAPYVPOV, HECH UEPKOTTIOKDOV OEGUOV (248). Xtov
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avBpwmo, €xovv evtomiotel TOLAQYOTOV Ofko. Yyovidln (oTO Ypwpocopa 16), mwov
KOOKOTO00V TEGGEPELS LIO-01KOYEVELEG peTaldoBstovivay, v MT1 ko MT2 mov
Bpiokovtatl 6yedov g 6Aovg ToVS 1oTovg, TNV MT3 mov evromiletal oTov £yKEPAAO KOL TV
MT4 nov Bpiocketon 6to mAak®oeg emBniio (249). Mia amod Tig KupldTePES AetTOVPYieES TV
MTI xon MT2 givor n pvBuion g opotdcTacng T0V YEL3aPYHPOL Kol 0 EVOOKVTTAPIKOC

TEPLOPLGHOG TOV OEELOMTIKOV GTPEG.

Ot avTogedOTIKES 1010TNTEC TV PETAALOBEIOVIVOY, UEGH TNG POBMoNG NG
EVOOKVLTTOPIKNG GLYKEVIPMOONG YELSOPYDPOV, TPocdlopilovy TOV TPOCTATELTIKO TOVG
poLlo oce ocuvvOnkeg otpec, Kotd TN veapn kot eviMkn (or. Qotdco, M PLGIOAOYIKN
Aertovpyio TV petoddoBelovivey gaivetor va petafdiietal e v mdpodo g nikiog,
emnpealovtag TNV OpolOoTOoT Kot BlodtafestdTnTO TOV YEVAAPYDPOL GTO OVOGOTOMTIKO
GUOTNHO. XVYKEKPUYEVO, OE VEAPES NAKIEG 1 TapoLGia 0EEWDMTIKOV GTPEG | PAEYUOVIG
oonyel oe  avEnuévn  mapaymyn UeETOALOBsloVivev, pe  emakOlovdn  avEnuévn
anmeleLOEPOON YEVIAPYVPOL KOl OMOTEAEGUO. TNV APTLOL AELTOLPYIOL TOV OVOGOAOYIKOV
ocvotuatog,. H oamehevBépmon wevdapyvpov amd 11 MT SwoceoaAiler v emopkn
nmapaynyn NO amd v INOS ocvvOetdon ko tv evepyomoinomn tov PARP mpog v
katevBuvon emdopbmwong tov DNA. Avtifeta, og peyordtepes nikieg m ElAewyn
YELOOPYHLPOV, AOY® TNG UEWOUEVNG OOUTNTIKNG TPOCANYNG KOl EVIEPIKNG OTOPPOPNONG,
og ovvovaoud pe v avEnpévn tapoaywyn MT, o¢ anotélecpa g ypdviag EkBeong o€
0e0WTIKO oTpeg, 00MNyel o€ avénuévn mopaywyn HETOALOOEOVIVOV LE TEPLOPICUEVT
KavOTNTO OmeEAELOEPMONG YELOAPYDPOV. LTOVE NAIKIOUEVOLS, 1 TAPOLGia 0EEWMTIKOD
OTPEG N QAEYUOVIG 0ONYel otV VAEPUETPN Tapay®y] peTarhofgrovivadv, ol omoieg
ovoloTikd eykAoBilovv tov wevddpyvpo. H peropévn amelevfépwon yevdapydpov
00NYel OTNV EKTPOTN TNG PLGLOAOYIKNG AEITOVPYING TOL OLVOGOTOMTIKOU GUGTNOTOG KO

otV gvepyomoinom tov PARP npog v kutTapikn andéntmon (241, 250).

O pdrhog TOL YELOAPYVLPOL GTO AVOGOTOWTIKO GVGTNNA £ivol TOAD oNUAVTIKOG,
kaO®OG amotedel amopaitmto HETOAAO Yoo TNV GPTIL OPYAVEOON KOl AEITOLPYIO T®V
OVOGOAOYIK®V ovTdpdoewy, onwg eaivetonr ko oty Ewkove 1.3 (244). H mapayoyn,
opipavon Kol evepyomoincn TV AEUPOKLTTAP®V €£aPTATOL GO TNV EMAPKELN
yeudapydpov, kabmg cuvoéetar ota Evivpa TG avTypaens kot petaypaens tov DNA
GTOV KLTTOPIKO KOUKAO T®OV AEUPOKLTTAP®V, CVUUETEXEL GE OOUIKES TPWOTEIVEG TNG

KUTTOPIKNG HEUPPAVIG T®V AEUPOKLTTAP®V Kol evepyomolel ) Bupoviivn. IIpokettal yio
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po. opudvn oL TOPAyETOL Ao ToL EMONAIOKE KOTTOPO TOL BOHOL adEva Kot GTNV EvEPYN
™G popen etvor cvvdedepévn pe wevddapyvpo. H BopovAivn etvan amapaitmen yo v
opipavon, odapopomoinon Kot gvepyomoinon Tov  T-kuttdpov, TV  TOpAyOYN
KUTTOPOKIVAOV Kot Tn dpdon TV Kuttdpmv euoikav eovéwv (Natural Killer cells — NK
cells). H éhdenyn yevdapyvpov cuvodeheton amd atpoio Tov Bupov adéva, Aeppomnevia,
EMTTOUEVT] KVTTAPOTOEIKY KAVOTNTO TOL OVOGOTOINTIKOD GUGTHUOTOS KOl UEWOUEV

dpaoctnprotnta g Bupoviivng (229, 251).

Ta  T-Aepgoxvttopa eivor 1dwitepa  evaicbnta otv  gmopkny  TopovGia
yevoapydpov. 'Eldewyn tov, ovvodedetar omd petopévo aplfud meprpepikov  T-
Aeppokuttapov, pelwpévn  dpdon  T-fonntikdv  AEUQOKLTIAPOV  KOU  HEWOUEV
KuttopotoéikdtTa. O yevddpyvpog eivar emiong amapaittog ywo to peilov copmieypo
otocvppatomrag (MHC I & II — Major Histocompatibility Class) kot n €éAAewym tov
GUVOOEVETOL OO EANTTOUEVN KOVOTNTA TOopOy®yns aviicoudtov (243, 251). H
aVETAPKELL  WYeLOUPYOPOL  JTOPACCEL  EMIONG KOl Tr  QUGLOAOYIKY]  TOPAYMYY|
KutTopoKIVAV omtd ta T-fondntikd koutTapa pe amotélecua v pelwpuévn topaymyn IL-2,
IL-12, IFN-a, IFN-y kou avEnpévn mapaymyn tov eAeypovodov tapayoviov TNF-a, 1L-1
ko IL-6 (229, 249, 252). H dwtapoyn otV 100ppomio. Topoymyns KVTTAPOKIVOV Ady®
EMhenyng yevdapydpov, TPOKoAEL HEIUEVT] gvepyomoinon Kol Opdcn TV KLTTAP®V
QLOIKOV PovEwV (244, 251). O yevddpyvpog gival emiong amapaitnTog yio TNV opifoven
TV B-Agppoxvttdpmv kot n EAAewym tov mpokoiet peimon Tov apfuod towv avopiuwv B-
Aeppokvttdpov (244, 251). EmmpocBétme, n EAdetyn yeudapybpov TPoKaAel petmpévn
KovoTnTo yNueotasiog Kot @ayoKuTTapmoNg 6To 0VOETEPOPILD, GTO LOVOKVTTOPO KOl

GTO IOTIKG LAKPOPAYOL.

210V AvOp®TO, TO TTO YOPUKTNPICTIKO TOAPAOELY IO TNG EMIOPOCTC TG AVETAPKELNG
YEuoapyvpov civol 1 evrepomadnTiki akpodeppartitida (acrodermatitis enteropathica).
[Ipdxkettar yo pio 6Tévic CVTOGMOUIKT VTOAEWTOUEVT] KANPOVOUIKT TdOnom mov mpokalel
Bupkn atpoio Kot avEnuévn evmdbelo o€ PaKTNPLOKES, LPUKNTIOCIKEG Kot UKES AOTUMEELS.
H maBoroyio g voocov meptlapPdvel ) OvoamoppOPNnon Tov WYeLOAPYDPOL, AOY®
HETOALAEEDV  OTO  YOVIO0 TOL KMOOWKOMOlEL TNV  EVIEPIKY] TPOTEIVN  UETAPOPAS

yevdapydpov hZip4 (251).
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2. Me0Oodoroyia

2.1 Xkom0g KoL GYEOOGNOG TG HEAETNG

YKoToOg

Yxomoc g mapovoag ynpuwtpikng perétng (GHRAS Study — Greek Health
Randomized Ageing Study) eivar m a&oddynon Poynukov (Amdiov, yivkoling,
WWGOLAMVNG, QAEYLOVOO®OV OEIKTMV KOl WYELOOPYVLPOV), YEVETIKAOV, OVOPOTOUETPIKAOV Kol
KAVIKOV TopapéTpmVv, 10TPIKoD 16TOPIKOD, SATPOPIKMY GLVNOEIDOV Kol AAA®V GTOLYEIDV
oV TPOéMOV (NG (ONUOYPOPIKA GTOUYEIM, QULGIKN OPUCTNPLOTNTO, KATVICUO, POV,
KOTAOAYNMG Kol EKTTMOY] YVOOTIKOV AEITOLPYI®dV) o€ dstypo nukiouévov EAveov. H
TapoHGO UEAETN OTOXEVEL OTNV OMOTIKY] OMOTIUNGCT 1TNG KATACTOONG VLYElng TV
NAMKIOUEVOVY Kot otV a&loddynon TG CLUVOLOCUEVNG EMIOPOONG TMOV YEVETIKOV KOl

TEPPOALOVTIK®OV TOpaydVTO®V GTNV VY YRpavon. (253)

Aglypa

To delypa amoteovv 843 niwkuiwpévor (= 60 etdv) amd TOLg SNUOVG TNG
KoaAMBéag, Néag Zpopvng kot tov Mooydtov. H ocvppetoyn tov nAkiopéveov otnv
peAétn Mrav €0ehovtiky, Emerta amd evumOypagn ovvaiveon tovc. H oviioyn tov
detyporog mpaypatomomOnke ota Kévrpa Avorymic Ilpootaciog Hukiopévov (K.ATT.H.)
TOV TOPATAVD ONUMV, £merta amd £yypoen £yKpion TV avticToy®v AnUoTikav
Zoppoviiov. O oxedlacpudc g perétng eixe v €ykpion g Emponn Bionbwng tov
Xapoxoneiov IMavemotnuiov. Tunua g mapovcag peléng meptlappdveror 6ta TAoictlo
tov Evponaikod epgvvntikod mpoypaupotog: “Nutritional zine, oxidative stress and
immunosenescence: biochemical, genetic and lifestyle implications for healthy ageing —

ZINCAGE”.

Mehétn Zincage

H peiétm  “Zincage” omotehel éva  Evpomaikd epgovntikd  mpoypappLo,
ypnuotodotobuevo and 10 6° Evpomaikd IIpdypaupo — ITAaicio (FOOD-CT-2004-
506850). v épevva ovupeteiyov 17 Evpomaikéc epevovnrikég opdoeg and 8 ydpeg
(ToAAia, I'eppavio, EALGSa, Hvouévo BaciAetro, lomavia, Itaiia, Ovyyapio kot [Tolmvia),
HE OVTIKEILEVO TN HEAETN PLOYNUK®V KOl YEVETIKMOV TOPUUETPOV KOl TOPAYOVIOV TOV

TPOTOL {ONG GTNV VYU YNPOVON, UE WOUTEPO EMIKEVIPO TOV SATPOPIKO WYELOAPYLPO, TO
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0&edWTIKO oTpec Kol TV avocoynpavon (254). To epsvvntikd mpoOypaupa “Zincage”
nepredapfave v cvirioyn mepimov 800 vyiwv nAkiopévov (60-85 etdv), 120 vyidv
gvevnvtdypovov (=85 etadv) kot 120 acBevov nAkiopévov (AotudEels, Kopkivog 1
afnpockAnpuvon) amd mévie evpomaikeés yewypoapikeés meployés (Ieppavia, oA,
EAMGOa, Ttadio kon [Todwvia). Zta mlaicio g peAétng “Zincage” otpatoroyndnkav 250
"EXnvec nMkiopévot.

O xVplog o16)0¢ NG €pevvag “Zincage” NTOV 1 OTOCAPNVICT) TOV POAOL TOL
SadpapatiCel 0 STPOPIKOS YELSAPYLPOG GTA VYU YNPATEWD Kot 6T pokpofiotnta, HEcw
™G SITPNONG TNG OVOCOAOYIKNG EMAPKENG CE KEVIPIKO KOl TEPLPEPIKO emimedo. Ot
TPOTEWVOUEVOL UNXAVIGHOL OpAong TOv WeudapyOpov meplapavouy Tov TEPLOPIoUd TOV
0&eMTIKOV OTPEC, EMIPAOVTAG GE TPWOTEIVES, EVILUO Kol QAEYLOVAIEIS TAPAYOVTES, LE
TEMKO QmOTEAEGLLOL T LTI PN ON APTLOG AVOGOAOYIKNG KOTAGTAONG. Z€ ALTO TO TAAIG1O0, 1
épevva “Zincage” eotioce Kupiwg otn Olepedivon TOV AAANAETIOPACE®Y HETOED TWV
petairofeovivov, Tov TpoTeivdv cuvodav (chaperons), g mopaywyng NO, tov pKovg
TOV TEAOUEPDV, TOV KVLTTOPIKOL KUKAOV, NG dpaoctikdtntag tov Apol kot PARP-1, tng
KutTapkng petafifaong unvopdtov kat g emotopbwong tov DNA oto Aeppokidtropa
NAMKIOUEVOV KOl DTEPNMK®OV OTOH®V, HE OKOMO TNV avadelln PloAoyik®v JeKT®V

0VOGOYNPOVONG Kot pokpoPlotnrog.

[TAqpNG meptypa®n Tov peLVNTIKOD TPOYPATOG “Zincage” TapovotdleTol 6TV

otoceAida http://www.zincage.org.

Kpuripwo otpatoroynong e0ehovrov

Ou gBehovtéc Ntav dvo tov 60 €tdv, Un TPOPOL WPVUATOS Kol Oiymg TNV
avaykodtnto  konueptvig voookoupelakng epovtidoc. IlapdAinia, dev  Adupovov
oTEPOELDN, avtikatablmtikd, aviiPinon, aviipetooAMTeG Kol CLUTANPOUATO SOTPOPTG.
Amd v épevva eEapénkay o1 NAMKIOUEVOL TOV EmOcYOV omd: VGOLAVOESOPTMOUEVO
GOKYaP®IN 0PN, LTOAVOGH VOGT|LOTO, VEDPOYEVT] VOOT|LATO, AOUAOEELS, VOG0 Crohn,
EVTEPOTOONTIKY 0KpodepUATITION, VEQPPOTADELD, NTOTOTAOELN, OPETAVOKVTTOPIKTY CVaLpLic,

ypOVIES depuatiKéc TadnoeLg Kot KapKivo.

Oocot €Belovtég mAnpodcav To TOPATAVED KPITNPLOL YOPAKTNPIoTNKAY G VYIEIS,

evdd ¢ kopdomabelg yoapaktnpiomkav ot €Beloviég mov mANpovoOV TO TOPOTAVE
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KPLTNP0 KOl TO 10TPIKO 1GTOPIKO TOVG TEPLEAdUPave KAmoleg amd T1g akoAovOeg mabnoels:
otepaviaio. vOG0, KAPOLOKY OVETAPKEWD, KOUPMOTIOKY OTEVOOT, oTnddyym, KopoloKn

appubuia, Epepaypo Lokapdiov, EYKEPIALKO, aBnPoGKApLVON.

2.2 Awypolyio Kot 0mopovemon Bloloyik®vV VAMK®OV

H opoinyia mpaypatoromdnke votepa and 12wpn vnoteio. Zta deiyparta aipotog
TpaypaTonomdnke amoudvmon opod Kot TAAGuHatog, €merta amd @uyokévipnorn (3000

rpm, 10 Aentd, 4°C). To Seiypata opod kot TAdcpatog amodnkevTnkav otoug -80°C.

[Tocoémra Sml aipatog amd kabe eBehovtr) ypnolpwomomOnke yio AmoUOVOOT
DNA, pe ™ pébodo tov yAmprovyov vatpiov (NaCl) (255). Zvvomtikd, n péBodog
nepteAdpPave ) cLALOYN TG oTOPASNS AEVK®OV KVTTAPWOV VOTEPH A0 LYOKEVTPTON
(3000 rpm, 10 Aemtd, 4°C) tov deiypotoc aipatoc kot ovauele g pe 50ml Stoldpatog
Avong I pe apaioon 1x (dudivpa Avong I 20x: 82,9¢ NH4CL, 10,01g KHCO3, 20ml
EDTA 0,5M, anectaypévo vepd wg ta S00ml, pH=7,4). AkohovOnoe endoomn oe mayo (20
Aemtd) ko euyokévipnon (2000 rpm, 10 Aemtd, 4°C). AmopakphvOnke to vrepkeiuevo,
npootédnkav 25ml SwwAdpoatog Avong I (apaimon 1x) kot akolovOnoe @uyokévrpnon
(2500 rpm, 10 Aemtd, 4°C). AmopakpOvOnke o vmepkeipevo kot mpootédnkav 3 ml
drdvpotog Avong II (0,61g TrisHCL, 11,69g NaCL, 2ml EDTA 0,5M, anectaypévo vepod
o¢ ta 500ml, pH=8,4). "Yotepa amd avokivnon, mpootédnkav 5S0ul npmrteivdong K (20
mg/ml) ko 150ul SDS 20% (Sodium Dodecyl Sulfate). AkoAovOnoe Mmia avadevon kot
endoon otovg 56°C yio 8-12 dpeg. Xtn ovvéyewn, mpootédnke 1ml NaCl (6M),
akolovOnoe woyvpn ovakivnon kot euyokévipnon (3000 rpm, 10 Aemtd, 4°C). Av 1o
VIEPKEINEVO dEV NTOV APKETE J1VYEG, EMOVOANEONKE 1 avoKivon Kot 1 QUYOKEVTPNON).
To vrepxeipevo petapépnke oe 10ml oboavoing (96%), dmov pe Nmiar KukKAKN avaxivion
éytve opatd to DNA. To DNA amopaxkpovOnke pe oipovio Pasteur kon EemlvOnke oe
dtidopo 0Bavorng 70%. Meta v e€dton g abavoing, to DNA dweivtonomOnke oe
0,5ml swAvpatog TE (0,61g Tris Base, Iml EDTA 0,5M, aneotaypévo vepd mg ta S500ml,
pH=7.4) ka1 anobnkevnke otovg -20°C.
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2.3 Apotoroyikéc Kot Broympuikég avarvoelg

Ot avoibdoelg mov mpaypatomomdnkav givor ot akdAovBeg: yeviky e&étaom
aipatog, pétpnon emmédmv AMmidiov, YALKOING, vooLMVNG, PAEYUOVOODV OEIKTOV KOl

yevdapyvpov.

Ievuc e&étaom aipatog mpaypatomomdnke oe detypato olkod aipotog and 250
ebedovtéc. H pérpnon tov emmédomv Mmdiov oto cOvoro tov eBelovidv, €ywve oe
detypata opov pe evOupatiky] ¥poUATOUETPIKY] HEB0O0 o€ aVTOHOTO PLoynuKd ovaAvTy
Kot mepleAdpfove: ok yoinotepoAn, HDL-C kot tprylvkepidia. Ta emimedo LDL-C
vroloyiomkav pe Baon v e&lowon Friedewald (256). H vrepyoinoteporaipio kot
dvoMmdaipio opiotnkay pe Paon tic TréEg avoapopdc tov NCEP (olkn yoAnotepdin
>200 mg/dl, v)/xor LDL-C >130 mg/dl, /kar HDL-C <40 mg/dl, v/xat tpryhvkepidio >150
mg/dl, H)/xon Aqyn avtilumdoipikng Oepamneiog) (52).

[TapdAinia, mpoypoatomomOnke pétpnon o&ewwpévng LDL-C (ox.LDL-C) og
detypota mAdopatog and 175 ebBeroviéc. Ta kpurfpuo emioyng tov 175 eBelovidv
nepredapfoavav: nkio >75 étn, omovcio cofoapov kKapdlayyelokod 1 EAEYLOVMOOOLG
VOONUOTOG Kot pr Afym avtiBioong, oovpnTiK®v, OVTIAITOOUK®V, OVTITNKTIKOV,
GTEPOEOMV KO LT GTEPOEODV OVTIPAEYHLOVOI®V @apuakwv. H pétpnon mmg ox.LDL-C
mpaypoatorombnke pe  ypnon eumopikov ELISA kit (Mercodia AB, Uppsala, Sweden),
oLUP®VO LE TS 00Nyieg Tov Kataokevaot. H apyr g cuykekpévng avocoevCupaTikig
puedddov ELISA, ompiletar oto povokiovikd ovticopa 4E6 ywoo évov emitomo g
oewopévng ApoB-100 kot oty aviayoviotikny obvoeon g ox.LDL-C pe aviicopota
onuoopévo pe Protivy. H odvdeon g ox.LDL-C pe 1o aviicOMOTO ovViXveDTNKE WE
3,3°.,5,5 -tetpapebBourPeviidivne, votepa amd T onpovpyios GLUTAOKOL HE GTPENTAPLOTVT.

H mocotikonoinon tov emnédwv 0x.LDL-C mpaypatomromnke QocHoToQ®TOUETPIKA.

Y10 delypato opod ToV GLVOAOL TV BEAOVTAOV Eyve LETPMNOT EMTES®V YALKOLNG
vnoteiog pe evlopatiky xpopatopeTpiky] néBodo oe avtopato Proymukd ovoivt Kot
HETPNON EMIEOWV WWGOLAIVNG voteiag e ™ pEB0do Tov avosoPHOPIGLOD GE OVTOUATO
avalutn. Q¢ dwPnTikd, yopaktnpiomkay to Atopo Tov giyov enineda yAvkolng vnoteiog
>126 mg/dl /xon AdpPoavav avidwapntiky Bepaneio, coueova pe Tig oebveic odnyieg

(257). Tw v extipnon 1tmg Aswrovpyiog TV  P-Kuttdpov kot Ttov  Pabpov
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WWGOLAIVOOVTIOTOONG €QUPUOCTNKE 1 HEDOOOC OUO0GTATIKOD HOVTEAOL OELOAOYNONG
(Homeostatic Model Assessment — HOMA 2) (258). O vrohoyiopdg tov tiuov Homa-B

kot  Homa-IR  éywve pe 1t ypnion tov Aoywopkod “Homa Calculator 27

(http://www.dtu.ox.ac.uk/index.php?maindoc=/homa/publications.php).

Ot petpnoelc TV emmEd®V KLTTOPOKIWVAOV KOl YVUOKIWVAOV Tov  peTpndnkov
nephapupdvovv: IL (Interleukin)-6, IL-8, TNF-a (Tumor Necrosis Factor-o), MCP-1
(Monocyte Chemoattractant Protein-1), MIP-1a (Macrophage Inflammatory Protein-1a)
kot RANTES. Ot avaivoeig npaypatoromOnkoav o dsiypota maidopatog 250 eBshovimv
pe 1 moAhamAr] ovlevyuévn avocoroyikn péBodo Paciouévn oe ocpopidw (multiplex
bead-based sandwich immunoassay), ce Bio-Plex Protein Array System pe ta avtictoryo
aVTIOPACTIPLO KOL GOUPOVO LE TIG 00MYieg Tov kotaokevaotn (Bio-Rad Laboratories)
(259). H pébodog emtpémel v To0TOYPOVI HETPNOT TOALATADV OEIKTMOV GTO TAACUO, LE
™ xpnon opopdiov (beads) moAvotupeviov Tov PEpovv Ta KatdAAnAo avticodpota. To
coapidla elvar ecotepikd Poppéva pe KOKKvo kot vtEpuBpa eBopoeOpa. SLOPOPETIKNG
évtaong, mov emutpémovy T dupopomoinon tovg. Kdabe thmog cpapdiov cvvdéetal
OUOLOTOAIKE e €val €100 AVTICOUOTOG KO SIOPOPETIKOL TOTTOL GPAPLITI®V avapeEyvHOVTOL
Y TV avtidpaocn. Me v oAokANpwon TG cLLELYUEVIC AVOGOAOYIKNG avTidopaoNS, To
c@opidl TOV PEPOVV TO GUUTAOKO OVTICOUATOG KOl OikT TAAGULOTOC €1GGYOVTOL GTN)
ovokevn aviyvevone. Me m ypfion dSwmAadv axtivev Aélep yivetor n tagwvounon ke

TOTOL GPALPLOIOV KOl 1| TOGOTIKOTOINOT TV OEIKTMOV TOV TAAGLOTOG,

Ta eninedo yevdapydpov mAdcpatog petprdnkay oe dstypota amd 250 eBelovtéc
pe ooaocpotopetpio palog emayoyikd ovlevypévov midopatog (Inductively Coupled
Plasma Mass Spectrometry), yia v aviyvevon tov “°Zn (260). H pébodoc emtpénet
pétpnon ovykévipwong HetdAlov kKot Poociletor 010 cuvoLACHO EVOG  EMOYWYIKA
oLleVYIEVOD TAGGLLATOG Y10 TNV TOPAYDYT WOVIOV Kol EVOS AGUATOUETPOV HALOG Yo TV
aviyvevon tov Wvteov. H avendpkeio yevudapybpov opictnke pe TV mopovcio EMmES®V

Zn mAdopotoc <10,5 uM (261).

[Mopdiinio, petpnOnkav to  emimeda oMkng yohepvOpivng, oforo&elkng
tpavoapvdong (SGOT), mupootapuiikng tpavoauvaong (SGPT), xkpeativivng kot
aAPovpivng oe detypata opod amd 250 eBehovtéc, pe evOLHATIKY YPOUOTOUETPIKT LEBOOO

6€ aLTOUOTO PLoyNUIKO OVOALTY).
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2.4  KlviKéG KOl GOUOTOUETPIKES NETPNGELG

H aptproxn mieon petpnbnke oto apiotepd ¥Ept £Xoviag ta ATOUo G€ KoOot
0éon xor oe Mpeun kotdotoon, coueove pe Tig oebveig oonyleg (262). H Ty g
GLOTOMKNG TiEoNG NTAV AVTICTOLYM TS TG OV E0ELYVE TO TMECOUETPO GTOV TPDOTO MO,
EVO M TW] S OGTOAIKNG OTaV 0 MYOG OTAUATOVCE Vo oKOVYeETal PLOUIKOS Kot
aKovyotav cvveyduevos. H mapovsio vréptaong opiotnke [e TNV KATOYPOPY] CUGTOAIKNG

aptnplakng mieong >140mm Hg, 1/kan dtactodikng >90mm Hg 1 Aqyng avtidmeptooikng
QOPUAKEVTIKTG OLy®YNC.

To Bapog petpndnke pia opd yuo kdbe eBehovtn oe niektpovikny {uyapid Seca. H
pétpnon mpoypotorodnke yopig tarovtoia kot Baphd povyiopod, cOLEOVA e Tig oedvelg
oonyieg (263). To vyog petpridnke o popd yio kabe eBedovti o avactnuopetpo Seca. H
pétpnon £ywve coppwvo pe Tig debveic odnyieg: o eBeloving otekdTaV YWOPIG TOTOVTGLO,
{olo pe v TAGTN otV KABETN KAMUOKO TOV OVOGTNUOUETPOL, T TEALOTO EVOUEVO, KoL TO
KEQAM TopAAANAO L TO oplldvTio emimedo (263). To vyog petpndnke apod (ntdnke and

tov €Behovtn va Tapet pia «Badid ovaco.

0 deike palog shpatog (A.M.Z.) vrohoyiotnke o¢ Bapog (Kg) / dyoc” (m?). Me
Baon v tun tov AM.X., ot eBehovtég yapaktnpiotnkav og MmoPapeic (A.M.X.<18,5
kg/m?), puotoroytkod Bapovg (18,5<A.M.2.<24.9 kg/m?), vrépBopot (25,0<A.M.X.<29.9
kg/m?) { moydoaprot (A.M.2.>30,0 kg/m?).
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2.5 Kotaypagn kol eKTipnon oToyEi®v TPOTov (MG Kol S10TPOPLK®OV

ovvn eV

H ovAloyn otoyeiov mov a@opohv ONUOYPOEIKA KOl KOWVOVIKO YOPAKTNPLOTIKA,
W0TPIKO 16TOPIKO, SOTPOPIKEG LV DELEG, KATVIOUO, QLGIKY OpacTNPLOTNTO, YLYOAOYIKY|
KOl YVOOTIKY] KOTAGTOOT), TPAYLOTOTOMONKE pHe TN YPNom EWIKA GYESCUEVOV
gpotnuatoroyiov. Ta epOTUATOAGYI COUTANPOONKAY ATO KAVIKOVS SIOTOAOYOVG KATH

™ O1GPKELD CLVEVTELENG e TOVS E0EAOVTEG.

ANNOYPOUPIKA YOPOKTPLOTIKG KOl 6TOLYEL0 TOV TPOTOV (NG

Kotaypdonke n niwio, To ¢OA0, 0 TOTOG OOLPOVIC, 1 OIKOYEVELNKT] KATAGTAOT), TO

LOPOMTIKG EMIMEOO KOl Ol KOTVIGTIKES GVVNOELES TV E0EAOVTDV.

H ovown dpootmpomro  KoTaypaenke ¢ ovyvotnto Kol  Oldpkeln
(Opec/efoopdda) OpacTnPOTNTOV HECH Kol YOP® OO TO OTITL KOU OPUGTNPLOTHTOV
avoyvyns. H  moocotikomoinom g €viaomg TG QUOIKNAG  OPOCTNPLOTNTOG
TPAYHOTOTOWONKE pe TNV petatpony| o€ petoforkd isodvvapa (Metabolic Equivalent of
Task - MET), ypnotipomoidvtog onpoctevpuévo chotnpa kodikomoinong (264). H povada
MET mov amoddOnke oe kabe TOTO PLGIKNG SPACTNPLOTNTAS, TOALATAACIACTNKE UE TNV
avtioTolyn oLYVOTNTO Kol OIPKEW TG QUOIKNG OpaocTNPOTNTOG Kol OKOAOVO®G
VToAoYioTNKE TO ABpOIGHA OA®V TOV TOTT®V PLGIKNG dpactnpdtrag. H ektipnon g

QLOIKNG OpaoTnPLoTTOS Yo KAOe e0edovtn ekppdotnke oe MET-Aemtd/efoopdda.

A TPoPIKES cuvi|0gieg

H «xoataypoen tov oatpo@ikdv cvuvnbeidv mpaypotorombnke pe m ypnon
EPMTNUATOAOYIOV GLYVOTNTAG KOTAVAAMONG TPOPIL®MV, OTOL KATAYPAPNKE 1 GLYVOTNTO
Kol 1 TOGOTNTO KOTAVAA®ONG 53 Tpoeipmv amd dAlovg toug eBeloviéc. Ta tpoeyLo Tov
mePAaUBAvovTaY GTO EPMTNUATOAOYIO Elval OVTITPOCOTELTIKA TV PacK®V OUAd®V
TPOPIHOV (KOKKIVO KPEAG Kol TOVAEPIKA, APl Kot OaAacsvd, YOAOUKTOKOUIKAE TPoidvTa,
EMeEEPYACUEVO KOl U EMEEEPYACUEVO ONUNTPLOKA, UG KOU LOYEPEUEVO Ao OVIKA,
QpovTa, OVYA, YAVKA, OVOYULKTIKG, €Aoto kot Tpootidépevo Almog). IMapdiinia,
KOTOYPAPNKE 1 KATOVAAWDGT OAKOOA (GUYVOTNTO, TOCOTNTA, £100G) KOl VTOAOYIOTNKE GE

ml/muépa, meptektikomrog 12g aBavoing/100ml. Ermiong, katoaypdonkav 3 avakAncelg
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STtpoPikng kotavdiwong 24-opov oamd 200 ebehoviéc. Ta dwtpoeikd dedopéva
ypMNooTomOnKay yio v extipnon tov Pabpov vioBétmong e Mecoyslokng dloTpoeng,
KaBdg Ko TG NUEPNOLUG TPOGANYNG YEVIAPYVPOV.
Extipnon padpov vio0Etnong g Mecoyeriokng o1atpoenc

H extipnon tov Pabupov vioBémmong tg Mecoyswokng dwatpoeng €ywve pe v

€QUPUOYT Ol TpOPIKoV oKop (265), OIS awTd Tapovsidaleton otov Mivaka 2.1.

Mivakag 2.1. To okop g Mecoyelokng dtatpopng (265).

Onadeg Tpoginmv ZoyvotnTo KoTovalmong (nepiosg/sfoonaon)
Mn eneCepyacutva . Mot 1-6  7-12 13-18 19-31  >32
omuntplakd, pull, Copapikd
0 1 2 3 4 5
IMaztdrteg Ilot¢ 1-4 5-8 9-12 13-18 > 18
0 1 2 3 4 5
dpovta [Toté 1-4 5-8 9-15 16-21 >22
0 1 2 3 4 5
Aayavikd IToté 1-6 7-12 13-20 21-32 >33
0 1 2 3 4 5
Oocnpio Ilot¢ <1 1-2 34 5-6 >6
0 1 2 3 4 5
Yapt Ioté <1 1-2 34 5-6 > 6
0 1 2 3 4 5
Koéxxkivo kpéag <1 2-3 4-5 67 8-10 >10
5 4 3 2 1 0
[Tovrepixkd <3 4-5 5-6 7-8  9-10 > 10
5 4 3 2 1 0
1AM pn yolokTtoKo LKA <10 11-15 1620 21-28 29-30 > 30
4 3 2 1 0

Xpnon eA0oAA00v

(©opEc/eBoouad) [lot¢ Zmavia <1 1-3 3-5  Koafnuepwa

0 1 2 3 4 5
AlkoOL (mlmpépa, ,
100ml=12¢g al(s)owékng) <300 300 400 500 600 >7001 0

5 4 3 2 1 0
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To dwtpoekd okop mov ypnowomombnke Poociletron otnv mTOPAUidL NG
Meooyetaxng dtatpoeng kot £xel eheyyBel yuo v eykvupomTd Tov 68 EAANVIKO TAnBuoud
(265). O PaBudc vobBéong g Mecoyelokng OlaTpoeng yivetar pe €vo GUGTNUO
Badporoynong g katavaiwons 11 opddwv Tpo@ipmy Kot ot THEG TOL GKOop KupaivovTot
and 0-55. o v Katavaioon Tpogitmy mov eival kovid ot Meooyslakn dtaTpoen (Un
eneEepyacpéva dNUNTPLOKA, GPOUTA, AYOVIKA, TOTATEG, OCTPLL, WAPL Kot €A0IOA0O0)
BaBuoroyeitor pe 0 n amovoio Katavdiwong kot pe 1 ®g 5 n ondvio oG Kadnpepivi
Katoviloon. Avtifeta, Yo TV KATOVOA®GON TPOPIL®V TOL OmOKAivouv Omd T
Meooyelaxn datpor] (KOKKIVO KPEAG, TOVAEPIKA KOl TANPY YOAOUKTOKOUKE TpoidvTal)
BaBuoroyeiton pe 0 og 4 N kobnuepvl ©¢ omdvia KOTOVAA®GN Kol HE 5 1 amovcia
katovirloong. [a to aikodr Pabuoroyeiton pe 5 n kotavaioon <300 ml/muépa, pe 0 n
kataviioon >700 ml/muépa N  amovcia Katavaioong kot pe 1 wg 4 n katavdiwon 300

®¢ 600 ml/mpépa. (265)

Me PBdaon 10 mopomdveo ocvotnua  Pabpordynong, to dedopéva  amd  To
EPMTNUATOAOYIOL GLYVOTNTOG KATOVOAMONG TPOPIH®OV Kodikomombnkay o KoTAAANAo
oyxedlacpuévn Pdon, vroloyiotnke m katavdiwon oe pepidec/efoopddo TtV opddwv

TPOPIPWMV KOl VTOAOYIGTNKE TO OKOP NG MEGOYEINKNG SLOTPOPNS.

Extipnon owotpo@iknig tpdsinync yevdopyvpov

Ta dedopéva amd 10 EPOTNUATOAIYIO. GLYVOTNTOS KOATAVAA®ONG TPOPIH®V
KootKomomnkay oe KatdAAnio oyedlacuévn PAcn Kot VTOAOYIGTNKE N KATAVAA®GT], GE
pepidoeg/mMuépa, TV TPOPIU®Y. XTN OCULVEXEWN, M TMUEPNOW OOTPOPIKY] TPOCANYM
yevdapyvpov (mg/Mmuépa) exktiundnke pe TN ypNon Tov TWVOKO TEPLEKTIKOTNTOG

yevdapydpov ata tpdepa omd o USDA (IMivakag 2.2).

[TapdAinio, ot 24-wpeg aVOKANGELS OOTPOPIKNG KATOVAA®ONG, amd tovg 200
efelovtég, emefepydomnkay HE TO TPOYPOUUE SOTPOPIKNG avdAivong Nutritionist Pro
(Axxya Systems) ywo TV ekTipnon g HEoNG NUEPNOLOG TPOSANYNG wevdapyvpov. Ta
ogdopéva  OlOTPOPIKNG  TPOCANYNG  WeLdapPyvpov omd TS 24-mpeg  OVOKANCELS,
YPNOHOTOMONKAV Y10 TOV EAEYYO EYKLPOTNTOG TNG EKTILAOUEVNG OATPOPIKNG TPOCANYNG
Yeudapyvpov amd TNV aSloAOYNoN TOV EPOTNUATOAOYI®V CLYVOTNTOS KATUVAA®ONG

TPOPip®V.
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IMivakag 2.2. Tlepiektikdomra  yevdapyvpov (Zn)/pepida  Ttpogipov (mg), mwov
YPTOCLOTOMONKE Yo TNV EKTIUNOT TG NUEPN OIS TPOSANYNG Zn, A TO EPMTNUATOAOYLO

GLYVOTNTAG KOTAVAAWDGNG TPOPIL®V.

Tpogpo (pepivn) Zn/pepivo  Tpogipo (pepion) Zn/pepioo
(mg) (mg)
Ytpeiowa (90yp.) 74,00 Avyo (1 tepdyro) 0,50
Mooyépt (90yp.) 5,50 YdAitoa vropdrtag (0,5 oarl.) 0,45
Yvkott (90yp.) 4,50 [Moatdra (1 errl.) 0,40
Ootpakxoedn (90yp.) 4,00 Ao payepepévo Aayoviko (1 eatl.) 0,40
Apvi (90yp.) 4,00 ‘Pdpt3 (90vp.) 0,40
Kpéag kovaépPag (90yp.) 3,00 Moywto (0,5 earl.) 0,40
Evt6c61a (90yp.) 3,00 Youi Aevkod (1 péta) 0,20
'aAomovra (90yp.) 2,80 Qua Aoyavika (1 eatl.) 0,20
Xotpwo (90yp.) 2,50 Yovuma Aoyavikov (1 eil.) 0,20
AAro kpéag (90yp.) 2,50 Xopog ppovtov (1 eAatl.) 0,20
[Maovptt (1 eAtlave) 2,00 Kéw/Zvax (1 xoppdtt) 0,13
Kotomovio (90vp.) 1,70 ®povto ppéoko (1 pérpro) 0,10
Oompia (0,5 i) 1,30 ®povto kovaépPag (0,5 eArtl.) 0,10
Apoxdg (1 pil.) 1,10 AmoEnpapévo epovto (1 pérpio) 0,10
Yapr kovaépPag (90yp.) 1,00 YoxoAdta (0,5 TAdaka) 0,10
Téha' (1 ehet.) 1,00 Avayoktiko tomov cola (1 eil.) 0,05
2KAnpo topi (30yp.) 0,90 Mmickoro (1 tepdyro) 0,02
[Titoa (1 koppdrt) 0,80 Todn (1 pAtl.) 0,02
Topi® (30yp.) 0,80 Bovtupo 0,01
(1 xovtaAd TG covmaC)
Zopopik@/Pol (1 pel.) 0,70 Zbyapn/Mén 0,00
(1 kovtaAdkt Tov YAvkoV)
AMovTiKa (2 pETec) 0,65 A6d* (1 kovtohd The covmac) 0,00
Youi olMkng dreong 0,50
(1 pétar)

Mepappavetar to Gmayo, nuimaxo kat TAipeg yoAa. “TlephapPaveror 0 Ppéoko Kol
nuickAnpo topi. “TlephoPivovion péoka kat kKateyvypéva yapa. ‘Tlephappavetat to
€ALOANO0, TO CTOPEAOLO KOL 1) pLopyapive).
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latpko votopiko

SVAAEYOMKOY TANPOPOPIES CYETIKA PE: TNV TAPOVGH POPUOKEVTIKN aywyn (&100g,
TocOHTNTA, GLYVOTNTO Kol oUToA0Yia), TNV VIapEN dyvocouéveov modncewv (vaéptao,
dwpn g, otBdyym, Kopdkn avendpkelo, Kapdlakn appuduic, octeondpwon, K.d.), T0
1OTOPIKO EUPPAYLOTOC HVOKAPSIOV, EYKEPUAIKOV, KOPKIVOL KOl TO LOTOPIKO YEPOVPYIKADV

enepPaoewv (€idog, artioroyia, ypovoroyia).

Extipnon yoyoioyikig Kol vonTikig KOTdoTU6NG

H extiunon mg yuyoroyikng KatdoTaong TPUYLUTOTOMONKE He TNV YNPOTPIKN
Kiipoka katdOiwyng (Geriatric Depression Scale) (266), 0nmg £xer petoepaoctel kot
otafotel yio eAAnvikd mAnBvoud (267). Ipoxettor yoo poe cvvropn kot afldomor
pébodo vy v a&loAdynon TV GLUTTOUATOV KoTdOAWNG otovg nAkiopévovs. H
péyiom Pabuoroyia ywo to teot givor to 15, Babporoyieg petald 0 kot 4 vwoonAmvovv
(QLOOAOYIKT Katdotaot, 5 og 9 pétpra katdabAyn kot 10 og 15 dpyueia kKatdOAlwym (136).
2tov eMnvikd mAnBoopd, Pabuoroyiec maveo omd 6/7 a&odoyobviar ®g mapovsio

KataOAymg, pe eninedo evasnoiog 92,23 ko edkodT™TOG 95,24 (267).

H extipmon g vontikng Katdotoong mpaylatomomOnke e TO EpOTNUATOAOYLO
e&étaong g vontikng katdotaong (Mini Mental State Examination) (268), émwg €xet
peta@pootel Kot otafpotel yuo tov eAAnvikd TAnBucpod (269). Tpdkettat yio po cOvToun
Ko a&omotn péBodo yio v agloAdynon g EKITOONG TOV YVOOTIKOV AEITOVPYIDOV Kol
Mg KoTdotaong pviung otovg nAkiopévous. H péyiotm Pabuoroyia etvar to 30. Ztov
eMVikd TAnBocpd, Pabporoyiec kKdtw and 24/23 afloloyovvior o¢ Hmapén Avolag, e

eninedo evasOnoiog 90,80 ko dkdTTOG 90,62 (269).
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2.6 T'svetun) avaivon

H yevetuan avaivon mepredapPove 27 moivpoppiopovg (SNP — Single Nucleotide
Polymorphism) e yovidia mov eumiékovtal o1 EAEYHLOVMOON OTOKPIOT), GTO LOVOTATL
petafifaong unvopdtov weovAivng/IGF kot oto petafoAiioud tov yevdapyvpov. H
YEVETIKN OVAALGT] TPOYLATOTOWONKE LUE AAVGLOMT OVTIOPAOT) TOAVUEPACNC KOl TEYT UE
evoovovkAedon mepopiopod (PCR-RLFP) kot pe aivowdmt avtidpaon moivpepdong

aAnBwvov ypdvov Tagman.

H olvoidom) avtidpaon moivuepdong (Polymerase Chain Reaction — PCR)
amotelel PEOOOO EKAEKTIKNG aVTIYpOPG, KOTO EKOTOUUVPLO QOPEG, OCLYKEKPLUEVMV
tunuatov DNA. H pébodog eivar e&apetikd evaioOnm kou emitpénet ) ypiyopn avaivon
neploy®v tov DNA mov mepiéyovion o€ éva TOAD Hikpd Selypa, HWUOVKEVT In Vitro Tov
TpoTo pe Tov omoio ta Evivpa tov Tupnva (DNA moivpepdoeg) avtrypdoovv to DNA oV
kuttdpov. H epoapuoyq g pebodoov mepthapfaver v mapovoio: o) 600 EW0IKOV
ocuvleTIKOV  OAryovoukAeoTdimy, unkovg 20-30 Pdoecwv, TOL YPNGLOTOLOVVTOL MG
TpOTOPYKE TUAHaTe (eKKvnTég-primers) Yoo Tty in vitro ocvvBeon tov DNA kot
op1oBetovv T dKpa TOV TEMKOV TPOIdVTOG, ) HEIYHOTOG TOV TEGCAP®V TPLPOGPOPIKDOV
deovpipovovkireotidiov (dATP, dCTP, dGTP, dTTP), y) 16vtowv payvnoiov kot d) g
katdAAnAng Taq moivpepdong (Thermus aquaticus). H teyvikn tg PCR mepilapfaver tyv
KUKAKT emavaAnym, 25-30 @opéc, Tpidv 6Tadinv og KLKAMKO OepLomoinTh: o) ToV 6Tadiov
amodtdtaéng (template denaturation), 6mov 710 JikAwvo DNA amodiatdooetal oe
povokAmveg aAvcideg oe vynin Ogpuoxpocio (94-96°C), B) tov octadiov cLVIEONG
ekkwvntav (primer annealing), 6Tov o1 600 EKKIVNTEG GLVOEOVTAL LLE TIC CUUTANPOUOTIKES
aAAniovyieg T@v aAvcidwv tov DNA, kot y) tov otadiov empnkuvong (primer extension),
omov yivetor m obvBeon tov DNA pe empmruvon Tov eKKvTOV VIO TV KOTOAVTIKN

opdon g Taq morvpepdonc. (270)

O mpoodopiopdc Tov yovotumov oto mpoidv g PCR yiveton pe evdovovkiedon
neproptopoV. H pébodog Paciletar oty 1010TNTO TV EVOOVOVKAENT®V VO avayveopilovv
ewkég OlkAwveg olAniovyieg DNA kot va ko6Bovv to poplo péco 1 Kovid otnv
aAAniovyio avayvopiong. H ovyvéomro kot n 0éom avevpeong TV oAANAOLY IOV
aVaYVOPIoNG TG TEPLOPIOTIKNG EVOOVOVKAEAON G Héca oto popto DNA, e€aptdtot amd v

axpiPn ariniovyio Tov detypatog mov e&gtaletar. Ta tuiuata DNA mov tpokvntovy amd
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MV TEYN UE 0L TEPLOPLOTIKY] EVOOVOLKAEAST €ival evOEKTIKA TNg VmapEng N Oyl £vOg
TOAVHOPPIoLOV. Me NAEKTPOPHPTON TOL TPOIOVTOC TNG TEYNG O€ TNKTOUA ayopdlng Kot

TOPOTIPTOT GTO VILEPUDOES PMGS, EXLTVYYAVETOUL O TPOGIOPIGUOG TOL YOvOTLTIOV. (270)

H pébodog Tagman eival oo moGoTIKY OAVGIOMTH OVTIOPOGCT] TOAVUEPACGNS OE
TPAYHOTIKO YPOVO, 7OV YPNOUOTOLEITAL YloL TOV TPOGOOPICUO TOAVUOPPIGUDV GE
ovykekpiévn aAAniovyio tov DNA. H geappoyn tg pebosov mepirapPdver €vav
aviyveut vPpdcpov (probe), mov @Epel G6TO €va GKPO TOL YPWOTIKY (OOPIGHOV
avaeopdg (reporter) Kol 6To GAAO AKPO YPWOTIKY TopeUTOdiong Oopiopod (quencher). Ot
YPOCTIKEG POOPIGHOD OV YpNoiomoovvTal eivar 1 6-kapPoEy pAovopeokivn (FAM) 1
ypootikny VIC wg “reporter”, kot 1 teTpapebvr-6-kapBolupodapivny TAMRA g
“quencher”. H pébodog Tagman mepthapPdvel emiong tovg mapdyovteg Tng KAOGGIKNG
PCR (exxwvmtés, tprowceopikd ocolvpifovovkieotidia, 16vto poyvnoiov kot Taq
TOALUEPAGT)) KOl TO. AVTIGTOLYO GTAdIN TG OmodATAENG, TG GVVOESG KOl EMUNKVVONG
TV eKKNTOV. O aviyventnc VPPIIG oD GLUVIEETAL e TOV £vaL amd TOVS dVO0 EKKIVITES TNG
avTIOpaoNG Kol VOPOAVETAL OO TNV TOAVUEPACT) GTO OTAOI0 TNG EMUNKVVONG, HE
amotélecua vo ekméumeton onuo eBopiopov avapopdc (FAM 1 VIC). Xe kdbe kvuxhkn
EMOVOANYN TV 6Tadiwv ToAlomlactdleTon To ofjpa Tov POopGoY, TO omoio aviyvevETal
KOl TOGOTIKOMOlEiTan e ™ ypnon oxktwvov Aélep. H apyn g pebddov mapovcidleral

otV Ewoéva 2.1. (271)

MG

Forward Primer Probe @
5 J ‘ 3

¥
5 ¥
‘_ 5

Reverse Primer

“

3 )
Q

Allele X MG3
——(®

v mu
1 ,‘/. ™ \._‘ 7~ =y \
“I. 1'f|l|||| ”i""_illlllll

Match Mismatch

: Q
Allele 0 MG \ MGE
III. {’lii III iii";llll_lll

Match Mismatch

Legend
V' Fluorescent Frobe ® Reporter
®  Fluorescent Probe CHGB>  Minor Groove Binder

@ Quencher Tag DNA Polymerase

Ewova 2.1. Xvvontikn meptrypagn g pebodov Tagman.
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IMivakog 2.3. Ot peretdpevol moAvpopeiopoi, to yovidro ko ypopdcsoue (Chr) mwov

evromilovtal, 1 PEAOOOG YEVETIKNG OVAAVLONG TOL €QUPUOCTNKE KOl O OoplBnog TmVvV

detypdtov ové tolvpopeiopd (N).

SNP Chr POS I'ovidwo Iporeivy M¢£0060g N

rs10493846 1 91497223  SEC63D1  SEC63 pe topéa 1 Tagman 800

rs340874 1 21547651  PROXI1 Prospero homeobox Tagman 800
TPAOTEIVN

rs780094 2 27652888  GCKR PvBotikn mpoteivn Tagman 800
YALVKOKIVAOTG

rs560887 2 169588655 G6PC2 dooceoatdon 6-yAvkoing Tagman 800

rs4675095 2 227477472 IRS1 Ynootpopa tov vrodoyia Tagman 800
WGOLVAVIG

rs11717195 3 124565088 ADCYS Adevolkn KukAdon-5 Tagman 800

rs11920090 3 172200223 SLC2A2  Ymodoygag yAvkolng Tagman 800
GLUT2

rs11167682 5 153802535 SAP30L Sin3A oyetillopevn mpoteivny  Taqman 800
p-30 puntikn

rs4880 6 160033862 SOD2 Awopovtéon vrepolewdiov 2 PCR-RLFP (272) 175

rs1061581 6 31892565  Hsp70-2 [Ipwteivn Beppkod cok 70-2  PCR-RLFP (273) 250

rs1800629 6 31651010  TNF-a [Hapdyovtog vékpwong Tagman 800
OyKov-a

rs1800795 7 22733170  IL-6 Ivtepievkivn-6 PCR-RLFP (274) 250

rs4607517 7 44008908 GCK ["\wkokivéon Tagman 800

1s2191349 7 14837549  DGKB/ Kwéon dwaxvroyivkepoing/ Tagman 800

THEMI195 Awpepfpavikn mpoteivn

rs7034200 9 4279050 GLIS3 GLI pypmtucodg ddyturog Taqman 800
yeLdapyvpov

156479526 9 93910190  PTPDCI IIpwteivn 1 pe meproym Tagman 800
POOEATACNC TVPOGIVIG

rs457420 9 133938815 BRD3 [Ipwteivn 3 cuvoedeuévn pe  Tagman 800
Bpoo

rs10885122 10 113032083 ADRA2A oy, adpevepywkds vodoyéag  Tagman 800

rs11605924 11 45829667  CRY2 Kpvuntoypopa 2 Tagman 800

1s7944584 11 47292896  MADD Topéag evepyomoinong Tagman 800
Bavatov and MAP kvaon

rs174550 11 61328054  FADSI Agcatovpbion Mmapov Tagman 800
o&émv

rs10830963 11 92348358  MTNRIB  Ymodoyéog peratovivng IB Tagman 800

1s35767 12 101378036 IGFl1 IveovAvopipuntikog Tagman 800
avENTIKOG TTapdyovtog 1

rs8052394 16 55231329 MTIA MetairoBeovivny 1A PCR-RLFP (260) 540

rs11640851 16 55230728 MTI1A MetorroBetovivn 1A PCR-RLFP (260) 540

rs1610216 16 55199785  MT2A MetairoBelovivny 2A PCR-RLFP (275) 540

rs10636 16 55200844  MT2A MetairoBgtovivn 2A PCR-RLFP (276) 540

POS: ®¢on o1o yovidiopa sopemva pe t Baon HapMap 35.0.



Seaupoila Koubun Medeoloyia

2.7  Xyedwoopog NG REAETIIC YOPNYNOIS CUUTANPOUATOS YEVIAPYVPOV

H yopriynon ocopuminpdpotog wevudapyvpov mpoypotonombnke oto mioico g
peAétng Zincage. O oyedlaopog g mepteddpufove v emhoyn 30 nikiopévov edeloviov
pe ovemdpkelo yevdapyopov (<10,5 pM oto mAGoMR), KOTA TN YXPOVIKN OTIYUN TNG
otpatordynong (baseline). H peAétn moapéuPaong mpaypoatomomdnke mepimov évav ypovo

LETE TNV apYIKN GTPATOAOYTON TOV E0EAOVTOV.

Yotepa omd evomdypoaen ouvvaivesn TV MAKIOUEVOV, TPOYLOTOTOWONKE
alpoAnyio, omopdvmon PloAOYIKOV VAK®V, OUATOAOYIKEG Kol PBloynUiKES OVOAVGELS,
OT®OC TEPLYPAPOVTOL OTIC evOtNTeG 2.2 Ko 2.3. ZUVOnTIKA, €yve amopOveOGeT 0pov Kot
TAAOUOTOG KOl TOPAAANAQ, TpoypoTOmOmONKe yevikn e&€toon oipoTog Kot PETpnon
emmédmv oMkng yoAnotepoang, HDL-C, tpryAvkepidiov, yAvkolng vnoteiag, IL-6, 1L-8,
TNF-a, MCP-1, MIP-1a, RANTES kot yevdapydpov. EmmpocsOétwg, £yve Aqyn tpiov
OVOKANCEDV OOTPOPIKNG KATOVAA®DoNG 24-dpov and kdbe eBelovin, Yoo TNV eKTipmom g
HEOMG MUEPNOLOG STPOPIKNG TPOSANYNG Wevdapydpov, pe to mpdypappo Nutritionist
Pro. Tékog, exktyunBnke m mopovcsio KOTAOAWYNG Kol 1 EKTTOON TOV YVOOTIKOV
Aertovpyimv atovg eBelovtéc. H doxpacio g mapéppaong tepehdpave t xyopnynon 10
mg/muépa aomaptikod yevdapydbpov oe ookia (Unizink 50, Kohler Pharma Corp.,
Alsbach-Héhnlein, Germany) 7y 6 ¢gfdopddec. Metd 10 téhoc TG mapépPoong,
emovoneonke N apodnyio, n amopdvemon PloAOYIKAOV VAIKAOV, Ol OUUOTOAOYIKES Kol
Broymukée avorvoelg, kabBmg Kor M extiunon g mopovsiog koTdOAyYNg Kol NG

YVOOTIKNG AEITOVPYiog TV €0EAOVIDOV.
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2.8 XrotieTiK) avaivon

H woydg tov avoldcewv vmoloyiotnke pe to mpoypoppo Quanto (277). Ta
amoteléopato TG avdivong toxbog mapovoialoviar otnv Ewkéva 2.1. H otoatiotikn
avéivon mpaypatoromOnke pe 1o otatiotikd npoypdupatoe PASW 18.0 (mponv SPSS)
kot plink (278) vy v ektipgnon TtV ovoyeticemv UETAED TOAVUOPPICUDV Kot

SLTPOPIKAOV KOt TEPPAAALOVTOAOYIKDV TAPAYOVTWV.

Ot ovveyeig petafintéc mapovoidlovtal og pécot = Tomikn andkion (mean+SD),
EVOD 01 KOTNYOPIKEG HETOPANTEG G amOAVTA Kol GYETIKA Tocootd. H Kavovikn katavoun
TOV cLVEXOV HeTAPANTOV exTiunOnke pe to kpurnpo Kolmogorov-Sminorf, eved yio Tic
HETAPANTEG TOVL Oev  aKOAOVOOVGOV TNV KOVOVIKE KOTOVOUR YPNOLOTO|OnKayY ot
AoyapBuikés Tipéc toug (log). Ot dapopés 0TI avaroyieg TOV KATNYOPIKAOV UETARANTOV
exTyiOnKay pe to teot x” (chi-squared test). H o0ykpion Tov HEGOV TGOV TOV GOVEYDY
UETOPANTAOV OVALESO GE LTO-OUADES TOL Oetypatog £yive pe T xpnon tov Student’s t teoT,
Wilcoxon’s 1e0t kou g avéivons ocvv-dwokopavens (ANCOVA). O ékeyxoc yw 10
ouvolMkO cedAipa tomov I mpaypoatomombnke pe ™ dOpbwon Bonferroni. Ot dvadikég

ovoyetioelg petald Tv cuveydv PETaBANTOV ekTiuOnkay pe to cuviedeotn Pearson ().

H ocvyvémmra tov pHeEAeTOUEVOV TOAVUOPOIGU®OV GTO Ogiylo cuykpidnke pe v
avopevopevn cvoyvotta copeova pe v wopponio Hardy-Weinberg (HWE). T'a v
avlAVON  CLUGYETIONG TV TOAVUOPQICUOV  HE  TIG  KATNYOPWKEG  UETOPANTEG,
ypnowonombnke 1o Fischer’s exact 1eot Ko povtélo AOYIGTIKNG TOAMVOPOUNGNG,
eréyyovtag vy mBavodg ocvumapdyovtes. [ v aviAvon  cuoyETIoNG Ko
OAANAETIOPOONG TOV TOAVUOPOICU®V HE cvveyels HETAPANTES eQaprdoTKAY LOVTELD
TOAMOTTANG  YPOLUIKNG TOALVOPOUNONG, YPNOoTomvTaG T0 Tpoohetikd (additive)
YEVETIKO HOVTEAO avdAvong kot eAéyyovtag yio mbavodg coumapdyoviec. O €leyyog yio

TIG TOAATAES GUYKPIGELG TOAVLOPPIGU®V TpaypotonomOnke pe ) 010pdmon Bonferroni.

H otoatiotikny onpoaviikdmta 6e OAOVG TOLG EAEYYOLG eKTWNONKE g emimedo

p=0,05.
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A 100%
90%% |
80%
0%
Tumun Amdia
g oo | e Anieon
= £
5 so — 1
R —_ s
E son | — 10
— 20
0% | — 50
20% -
10%
0%

o 008 01 0,15 0.2 025 03 03F 04 045 05 055 06 065 07 075 0.8 055 09 095 1

Euvreiearijs b g enidpoons mepifaidovniked mapiyovre

B 100t
0%
50%

To%a o
Tuomusen Amdaiasy
— 05

60%

0,05)

—_— 3

leyig (a

40%5 — i
— 20
0% | — 50

0%

10% 4 /

0%

0 005 01 015 0.2 0,25 03 0,38 04 04F 05 055 06 0,65 07 0.7% 05 0,85 09 095 1

Twvreleonis b s exidpaang yeveriwod Selkmn

T 0%

Tumus] Amdwian
— 0.5

40%

Ly (u=0,05)

0% |

0%

10%s

0% -+ . . r - - T . .
o 0,1 0.2 0y 04 05 06 07 058 09 1 1.1 1.2 1.3 14 1.5
Evvriearis b mys aiinienidpuans yeveniked Seikty Koy mepifoiiovTikod Tapdyovra

Ewova 2.1. Extipopevn 1oy0¢ tov avaldcewv oto dsiypo tov 843 atdopmv, yioo A. €0pog
enidpaong nepParloviikov mapdyovta, B. e0pog enidpacng yevetikov deiktn (TpocsheTicd
YEVETIKO HovTéro) Kot I'. e0pog aAlnAenidpaonc yevetikol deiktn (mTpocheTikd YEVETIKO
HOVTEAD) Kol TTEPPOAAOVTIKOD TopdyovTa. Ot KOUTOAEG OVIUTPOSMOTELOVLY OLAUPOPETIKA

HeYEDN TUTIKN G amOKAIoN G TNG EEAPTNUEVNG LETAPANTNC.
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2.9

IIpooyéoro perétng

Yapatordynon 843
NMKIOPEVOV

AN

<« o —a T
Awypoyia, aTopévoecn Khwvikég kan Kataypaon Kataypaoni
Proroyik®v VAIK®OV Kot CONOTONETPIKESG OUTPOPIKAOV OTOLYEIMV TOV
onuwovpyio pro-tpamelog RETPNGELS ovvi0E1QV TpoTOv Long
A ~ \\

e X T~ M v \ 4
Métpnon | Aypatoroyikég Tovotvmikn Aptnproxi pocinyn ANpoOYpPaQIKa,
EMTEO OV Ko froymuikég avéivon 27 migon, Zn, Badpog oTovysia, TPk

Zn OVOADOELS TOAVLLODOLGLLOV Péapog vi00éTong 16TOPIKO,
mAGopaTog yog, me KATviopd, QUGTKY|
| — AM.E. Megooyslokig dpactnpromo,
oL TPOONG TAPOLCia
Katd0hMync ko
avolug
Extipnon g
\ 4 O TPOPIKNG TPOGANYNG
z Zn mpw TV évapén
Xopiiynon Y -
copTMPGORATOS XOPTWHG'?Q TOV \ E‘m‘!’wﬂm]
Zn (10mg/mpépa. cUUTAPAONATOG avaivon
Yo 6 efoopaocc) \
o€ 30 g0shovtig
HE avEmGPKELL Awyonyia, cpatoroyikés,

Broymmikéc eetaoeig, péTpnon

eMAEOOV Zn TAAGPATOS, EKTiPNON

NG TOPOVGIN KOTAO YNNG Kon dvorag
TPLY KOL PETA T1] OPNY1|O1] TOV

GUUTANDOUATOC
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3. Amoteléopara,

Avocedéspaca

3.1  Acgikteg vyeiog, olTpoPikéS ovvi0gieg Ko TapayovTeS ToOV TPOTOL

Lo oTov YnproTpiko tin0vopo

Ta ONUOYPAPIKA YOpaKTNPIOTIKA TOV Oelypatog mapovotdlovtal otov Ilivaka 3.1.

ivakag 3.1. Anpoypogikd yopoKINPIoTIKA Kol GTOYEIN TOL 1ITPIKOD 1GTOPIKOD.

XapaktnpreTiko Xvvoro INuvaikeg Avtpeg P*

N 843 605 238

Anpoypagika

Hucla (6t1) 71,9 (7,4)  70,8(72) 74,6(73) 3,7x10™"
Impaidtepor (=80 gtdrv) (N) 111 61 50 <0,001
Owoyevelokn KaTaoTOON

Adéopevtor 2,62 2,7 2,1

’AIU.CSUYLLSVOI 7,1 8,6 3,8 1,1x10°%
Eyyopot 50,4 39,1 76,4

Xnpoveg 39,9 49,5 17,7

Mopopwtikd eninedo

Kopio exkmaidevon 7,7 8,8 5,1

[Mpotofddpuia 54,4 56,0 50,6 0,001
Agvtepofadua 26,8 24,5 32,1

Tprrofadua 11,1 10,6 12,2

"Etn exnaidogvong 7,6 (4,5) 7,4 (4,5) 8,0 (4,4) 0,001
latpiko votoprko

Ynéptoon 70,9 66,9 81,1 0,004
Zaxyopmong Awpnng 2 15,4 13,6 20,2 0,046
Yrepyoinotepohopio 86,7 89,9 78,6 2,9x10™
ANYN ovVTIOTEPTAGIKNG Oy®YNS 56,5 55,2 59,7 0,94
ANYN avTdeNTIKNG oy®yng 7,8 7,6 8,4 0,77
ANYN aVTIMTOOLUIKN G 0y YN G 24,1 26,1 18,9 0,043
Kopdiayysiokd voorpota 19,5 15,0 30,7 2,3x10°
‘Epppaypa pooxopdiov 4,2 1,8 10,1 2,6x10°°
Ayyelokd eyKe@OAMKO ETELGO0 4,0 2,8 7,1 0,016

"Méon Ty} (T omdichion), opoing Yo Oreg TG cuveyeic petapintéc. “Tlocootd (%), opoing
Y100 OAEG TIC KATNYOPUKEC PETAPANTES).  EMimedo onpaviikdTTag yio T o0yKpIon avapesa oTa $Vo

@OA0, otafpicpévo Yo TNV nAKia.

Yuvolxkd, otpatoroyndnkav 843 nlkiopévol (71,8% yovaikeg ko 28,2% avtpeg),

pe péon nikia ta 71,9£7,4 € (eAdyiomn 60 xou péyiom 94,5 €tm). Ot ynpardtepol

ebehoviéc (=80 etmv) amotedovcsav 10 13,2% tov cuvolikov deiypotoc. H peyaidtepn
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mieloynoeio Tov avipov Ntav Eyyouor (76,4%), evd ot youvaikeg Ntov 6€ PEYOADTEPO
TOGOGTO YNPES 0€ oYEon Ue toug avipes (49,5% évavt 17,7% avtictorya) (Mlivakeg 3.1,
Ewova 3.1A). Avogopikd pe 10 HOPOOTIKO emimedo, t0 54,4% 10OV nAKIOUEVOV
avépepav mpotofdOuia ekmaidevon, evd to 7,7% wkapia exmaidoevon. Emiong, vanpye
ONUAVTIKY] d0pOpPd GTO HOPOOTIKO EMIMEOO KOl GTOL GUVOMKO &TN EKTOIOELONG UETAED

avtpov kot yovakov (Ilivexkag 3.1, Ewkdéva 3.1B).
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=
=
20,0 —
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o0 l.
Koppia I AsvrspofaBpra
ITpwroffadpra TprrofaBpura

Exmuidsvon
Ewoévo 3.1. Owoyevewaxn katdotaon (A) kot popeotikd eninedo (B) avd @vio oto

delypa tov nNAKIopEVOY e0gAoVTOV.

Yotepa amd TV EKTIUNGCT TOV 10TPIKOV 1GTOPIKOV, KATAYPAPN KOV VYNAG TOG0GTA
vaéptaons (70,9%) ko vrepyoinoteporopiog (86,7%) 610 GUVOAO TV NAKIOUEVOV
efeloviov, evd avtwmeptacikny aywyn Adppove povo to 56,5% tov delypotog kot
aviiamdoyukn oyoynq to 24,1% (MMivakag 3.1). Onog aiveton ko oty Ewéva 3.2, n

VIEPTOOT €lYE HEYOADTEPO EMUTOAAGUO GTOVG AVIPES £vovTl TV yovoukov (81,1% Evavtt
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66,9% avtictoyo, P=0,004), eved 1 VTEPYOANGTEPOAULLIC TV TTLO GUYVY| GTLS YOVOUKES GE

oyéon pe tovg avrpeg (89,9% évavtt 78,6% avtiotoryo, P=2,9x107".
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Yréptaon Yrepyoinoteporapic

Ewova 3.2. Zoyvomta epupdviong vréptaons (A) kot vrepyoinoteporopiog (B) ava

@OAO 670 Oetypa TV NAMKIOUEVOV €0EAOVTOV.

H ocvyvomta eppdvions caxyapmon swpnrn 2 (XA 2) frav 15,4%, evod povo to
7,8% AduPove aviidlopnTikn oyoyn Kot 1 ovxvoTnTa EUPAVIONG KOPOLOYYEIKMDY
voonuatwv ntav 19,5%, oto obvoro tov octypatog (Ilivakag 3.1). O emmoracudg tov
YA2 Kot TOV KaPOYYELLK®OV VOCT|LATOV NTAV LEYAADTEPOG GTOVG AVIPES OE GYECT LUE TIC
yovaikeg (Ilivakag 3.1 wor Ewove 3.3). TlopdAAnioa, 10 10TOPIKO EUQPAYLOTOG
LLOKOPOIOD KOl AYYELKOD EYKEPAAIKOV ETELGOSIOV NTOV TLO GLYVO GTOVG AVTPES GE TYEGM
pe 1g yovaikeg (10,1% évavtt 1, 8%, P=2,6x10'6 kot 7,1% évavtt 2,8%, P=0,016,

avtiotorya) (Mivakag 3.1).
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Ewévo 3.3. Zvyvommro eugdvions kapdiayyelak®v voonudtov (A) kot cokyopmon

dwpn 2 (B) avd eOro oto detypo Tov NMKIOUEVOVY E0EAOVIMV.
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Ot copatopetpikol, KAVIKOL, YAKopikol Kot Mmoaipikol dgikteg oto detypa tov

nAkiopévav edehoviov tapovoidloviot otov Miveka 3.2.

Mivakog 3.2. Topatopetpkoi, KAviKol, yAvkopkol Kot Amidaipikol 0eikteg 6to Ogtypa

TOV NMKIOUEVOV EBEAOVTOV.

XopoKTNpPLoTIKO Xvvolro INuvaikeg Avtpeg P

N 843 605 238
YONOTONETPIKOL OiKTEG

AM.3. (kg/m?) 29,9 (4,9)' 30,3 (5,1) 28,7 (4,0) 1,1x10™
AutoPapéc 0,2 0,2 0,4

dvororoyikd Bépog 13,6 12,6 16,1 0.007
YnrépBapo 41,7 38,8 492 ’
[Moyvoapkia 44,5 48,4 34,3

Khvikol dgikteg

2VGTOMKT apTNPLOKN Tieo 140,6 (18,3) 139,2 (18,2) 143,8 (18,1) 0,029
(mm Hg)

Al0GTOMKT 0pTNPLOKT TTEOT) 77,9 (10,4) 77,3 (10,0) 79,3 (10,9) 0,005
(mm Hg)

Iokoypikoli dgikteg

IMuokdin vnoteiog (mg/dl) 103,1 (23,5) 101,4 (20,2) 107.,4 (29,8) 0,002
Ivoovivn vnoteiag (pmol/L) 54,4 (40,8) 54,3 (41,1) 54,9 (40,3) 0,91
Homa-B (%) 74,9 (34,7) 76,6 (33,5) 70,9 (37,3) 0,005
Homa-IR 1,0 (0,8) 1,0 (0,8) 1,1 (0,8) 0,92
AT 0IKOT OEIKTES

Ol yoAnotepoin (mg/dl) 2329 (41,2) 237,1 (40,7) 222.2 (40,5) 3,6x107
LDL-C (mg/dl) 152,1 (36,2) 155,0 (36,2) 145,0 (35,3) 0,005
HDL-C (mg/dl) 55,0 (12,3) 56,6 (12,2) 51,1 (11,6) 1,3x107
Tpryhvkepido (mg/dl) 129,2 (59,8) 128,0 (55,6) 132,4 (69,1) 0,57
O&etdopévn LDL-C (mg/dl)’ 81,1 (23,7) 82,9 (25,8) 79,2 (21,3) 0,41

"Méon tiun (Tomiky oméKAMGT), opoieg Yo OAeS TIG cuveyels petafAntés. “Tlocootd (%), opoimg
Y100 OAEC TIC KOTYOPUCES HETAPANTEC). “Ze Selypo 175 atopmv (88 yuvaikes, 87 Gvtpec). *Eminedo
ONUOVTIKOTNTOS Y10 T1 GUYKPLIoN OVAUESH GTO dVO PUAN, GTAOUICUEVO Yo TNV NAKIAL.

H péon tyn tov dgiktn pdloc copotog (A.M.Z.) 6t0 cOVOAO TOL delypaTog HTaV
29,9+4,9 kg/m®, evd n ovyvotta epedvione vaéppapov (25,0 kg/m* < AM.E.< 29,9
kg/m?®) kar wayvoapkiog (AM.X. > 30,0 kg/m?) frav 41,7% ko 44,5%, avtictorya
(ITivaxag 3.2). Ta eninedoa A.M.Z. Ntav HeyoADTEPA GTIS YUVAIKEG GE GYEGN HE TOVG
dvtpeg (Ilivakag 3.2 kor Ewéva 3.4). [TopdAinio, ot nAkiopéveg yovoikeg NTov oe

UEYOAVTEPO TOCOCTO TOYVOAPKES GE GLYKPLOT UE Tovug dvpeg (48,4% Evavtt 34,3%), evod
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oL AvTpES ePEAVICOV LeyoAvTeEPa TOG0GTA VITEPPapov (49,2% Evavt 38,8%) (Ilivakag 3.2

kot Ewéva 3.5). Zvvolkd, 10 87,2% tov yovawkodv kot to 83,5% twv avipov eiyav

AM.X. > 25,0 kg/m” kon pévo 1o 12,6% ko 16,1% avtictova siyav puotohoyucd Bapoc.

30,54 E

30,0

29,5

AM.Z. (kg/m2)
[Méon tym) + Tomké epdaipa]

29,0—

28,5

28,0

I I
Toveixeg Avrpeg

Ewéva 3.4. Eninedo 1o A.M.X. netofd nAkiopévey yovakdv kot avipdv (P=1,1x107).
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Ewova 3.5. Tlocootd Amofopadv, @uoiodoyikov PBapovs, vaépfoapov Kol moyLoUPK®V

NAKIOUEVOV YOVaIKaOV Kat avipav (P=0,007).
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H péon ovotolikn aptnplokt| mieon oto delypa tov nNAKiopévov efehovidv fTov
140,6£18,3 mm Hg kot n dwactodkn mieon 77,9+10,4 mm Hg (ITivakag 3.2). Ot dvtpeg
glyav avENUEVES TIHEG CUOTOMKNG KOl OLUGTOAIKNG OPTNPLOKNG TIECNG GE GYEON UE TIC

yovaikeg (ITivakag 3.2 kot Exkova 3.6).
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Ewova 3.6. Twég ovotohkng (A) kot dwctolkng (B) apmnplokng micong peta&y

NAKIOPEVOV Yovorkav kot avipov (P=0,029 ko P=0,005 avtictotya).
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Ta eninedo TV YALKAUK®OV dEKTOV (YAukoln kat tvooviivny vnoteiog, Homa-B
kot Homa-IR) oto oVvoro tov deiypatog kot avé eOAo mapovsialovral otov Mivaka 3.2.
Ot avtpeg elyav avénuéva emimeda yAvkolng vnoteiog kot petwpéva enineda Homa-B og
oyéon pe TG yovoikeg (Ewova 3.7), evd dev vmmpye onNUOVTIKN O0popd oto emimedo

wvoovAivng vnoteiag kot Homa-IR (ITivakoeg 3.2).
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Ewoévo 3.7. Enineda yivkolng vnoteiog (A) ko Homa-B (B) peta&d nixiopévev

yovarkav Kot avipav (P=0,002 ko P=0,005 avtictoiya).

Ta eninedo Mmdiov 610 GOVOLO TV NAKIOUEVEOY KOl VA GUAO KOTOYPAPOVTOL
otov Ilivaka 3.2. Ot yuvaikes epoaviCov vyniotepa eminedo oAKNG yoAnotepoAing, LDL-
C xoau HDL-C og oyéon pe toug dvipeg (Ewkova 3.8), evd dev vanpyov onpovVTIKES

Oolapopéc ota emimeda Tprylvkepdinv katl o&ewwmouévng LDL-C.
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Ewova 3.8. Eminedo olikng yoAnotepoing (A), LDL-C (B) xor HDL-C (I') peta&oy

NAKLOHEVOVY Yovatkdv kot ovipdv (P=3,6x107, P=0,005 kot P=1,3x10" avtictoty).
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Ytov IMivake 3.3 mapovcidlovion to emineda QOAEYHOVOIDV, POyNUK®OV Kot

QLULOTOAOYIKAV SEIKTMV GTnV vIToopdda 250 nAikiopévev ebehovidv. Aev mapoatnpndnkoy

ONUOVTIKES OPOPES AVAIESH GTO dVO PUAO Y10l TOVG OEIKTEG PAEYUOVIG, EKTOC OO TIC

MCPI1 ko1 MIP1a, 6mov ot avtpeg eppdviCav avénuéva enimedo oe oYEON UE TIG YUVOUKES

(Ewova 3.9). H péon tun tov yweudopyvpov mAAGHATOG G6TO delypo TV NAMKIOUEVOV

ntav 11,4£1,6 uM, yopic oNUOVTIK) OEOPE OVAUESH O GVIPEG KOl YUVOIKEC.

Avemdpkera yevdapyvpov midopotog (10,5 uM) xataypdonke oto 27,7% tov

detypatog Tov nAkitopévev (25,6% otig yovaikes kot 31,2% otovg dvipeg). Avapopikd e

TOVG LTOAOITOVG PBLOYMNUIKOVG OEIKTEG, LANPYOV CNUAVTIKEG O10POPES avAIESH GTO. OO

@OLa Yo To emimeda oMk yorepuBpivng, SGPT, kpeatvivng kot adfovpivne, kabag yio

Kamolovg aipatoroykovg deikteg (Ilivaxkag 3.3).
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Ewova 3.9. Eninedo MCP1 (A) xou MIP1a (B) peta&h nAkiopévev yovok®v Kot avipov

(P=0,037 xon P=0,045 avtictoryo).
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IMivaxog 3.3. Emineda o@Aeypovoddv, POyMUK®OV KOl OUATOAOYIKOV OEIKTOV OE

vromAnBuoud (N=250) tov nAikiopéveov eBehovidv.
XopaktnproTiko XOvolro INvvaikeg Avtpeg pP*
N 250 157 93
Hlwia (6tn) 73,8 (7,5)" 72,6 (7,2) 75,8 (7,5) 0,001
DAreyPOVAOOELS OEIKTES
IL-6 (pg/ml) 14,3 (9,3) 13,7 (5,2) 15,2 (13,6) 0,47
IL-8 (pg/ml) 8,8 (5,1) 8,8 (4,3) 8,8 (6,1) 0,67
TNF-a (pg/ml) 59,2 (25,7) 60,1 (27,0) 57,8 (23,5) 0,51
MCPI1 (pg/ml) 90,2 (36,9) 86,8 (35,4) 96,0 (38.,8) 0,037
MIP1a (pg/ml) 90,6 (36,5) 87,3 (34,8) 96,0 (38.,8) 0,045
RANTES (ng/ml) 6,4 (4,9) 6,4 (4,4) 6,2 (5,7) 0,49
Buoynpixoi dsikreg
Zn TAdopotog (UM) 11,4 (1,6) 11,5 (1,5) 11,4 (1,8) 0,98
Avendpxewo Zn (<10,5 uM) 27,77 25,6 31,2 0,515
OA yorepvBpivn (mg/dl) 0,6 (0,3) 0,5 (0,3) 0,6 (0,3) 2,2x10™
SGOT (IU/L) 25,3 (6,8) 24,7 (5,8) 26,2 (8,1) 0,076
SGPT (IU/L) 36,1 (8,0) 34,8 (6,7) 38,1 (9.,5) 0,001
Kpeatwvivn (mg/dl) 0,8 (0,3) 0,7 (0,2) 0,9 (0,2) 9,4x10”
A\Bovpuivn (g/dl) 4,4(0,2) 4,4(0,2) 4,4 (0,2) 1,6x10™
Aotoroyikol ogiKTeg
Agvkokvttapa (10°/ml) 6,3 (1,7) 6,3 (1,6) 6,5 (1,9) 0,53
Ovdetepopira (%) 60,1 (8,7) 60,2 (8,9) 59,9 (8,4) 0,37
Agppoxitrapa (%) 31,9 (8,2) 32,2 (8.,5) 31,4 (7,8) 0,94
Movortdpnva (%) 4,8 (1,5) 4,5(1,3) 5,2 (1,8) 0,006
locwoeiha (%) 2,7 (1,6) 2,5 (1,6) 3,0 (1,7) 0,033
Boaogogpira (%) 0,4 (0,5) 0,4 (0,5) 0,5 (0,5) 0,73
EpvBporvrtapa (10/ml) 4,7 (0,5) 4,5 (0,5) 4,9 (0,5) 3,0x10™
Awometéo (10°/ml) 233,2 (63,4) 245,0 (67,6) 213,5 (50,2) 9,9x10°
Awartoxpitg (%) 41,7 (3,9) 40,4 (3,6) 44,0 (3,4) 2,1x107™
Awosapivn (g/dl) 13,8 (1,4) 13,3 (1,2) 14,6 (1,2) 2,7x107'°
TKE (mm/h) 23,1 (17,9) 26,8 (18,6) 17,0 (14,8) 2,7x10®

"Méon Ty} (tomiky omdichion), opoing Yo Oreg Tig cuveyelc petapintéc. “Tlocootd (%), opoing
Yo OAEG TIG Katnyopikég petoPfAntéc. *Eninedo onpovtikdtag yio T cOyKpIon avAapes oto 600

@OA0, oTAOUIGHEVO Yio TNV NAIKia.
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H dwtpoeiky| mpdoinyn tov NAKIOUEVOVY Yo TIG KOPIEG OUAOES TPOPILMY, O

Babudc viobémmong g Mecoyelakng SoTpoPng, N STPOPIKN TPOSANYTN YeLdapyHpov

(Zn) ko 1 gvepyelaxn tpdsAnyn napovsialoviot otov Mivaka 3.4.

IMivaxkag 3.4. Extipopevn d10tpo@ikt] TpdcAnyn 1oV NAKIOUEVOY 0EA0VIOV.

XopoKkTnpLoTiko Xovoro  Tovaikeg Avtpeg P* P§
N 843 605 238

AwTpo@ikéc ouvi0eieg

Ensepyacpéva Snpntpiokd 2,1(1,8)"  1,9(1,7)  2,5(1,9)  4,4x107 0,008
(nepidec/muepa)

OMkng dleong dnuntplaxd 1,1 (1,5) 1,1 (1,5) 1,0 (1,6) 0,53 0,07
(nepidec/muepa)

EAodrado (pepidoeg/muépa) 3,6(1,4)  3,5(1,3) 4,0 (1,4) 6,3x1077 0,012
Aoyovikd (pepidec/muépa) 1,4 (0,6) 1,4 (0,5) 1,5 (0,6) 0,005 0,17
DOpovta (pepidec/muépa) 24(1,5) 24(L5) 2,4(1,5) 0,75 0,008
loAaxtoxopkd (nepidegmuépa) 3,2 (1,5) 3,2 (L,5) 3,3(L,5) 0,47 0,001
Yapa (pepidec/efdopdoa) 23(1,4) 2,2(1,3) 2,5(1,5) 0,004 0,11
[MovAepikd (pepidec/efoopdada) 1,7 (1,1) 1,7 (1,0) 1,7 (1,2) 0,36 0,87
Oompua (pepideg/ePdopado) 23(L,1)  21(,00 262  1,7x10"  5,1x10°
IMotdteg (nepideg/efdopddn) 1,9 (1,3) 1,8 (1,3) 2,2(1,4) 0,004 0,036
Koéxkivo kpéag 3,0(2,4) 2,8 (1,9) 3,6 (3,3) 3,6x10'6 0,14
(pepideg/ePoopdon)

[wkd (pepidec/epoopade) 5448 5243 5,9 (5,7) 0,033 0,56
AMKOOM (mlmpépa 48,1 27,7 95,1 5,3x107% 0,023
mepleKTIKOTTOG 128 (94,0) (55.4) (137,9)

a1BavoAng/100 ml)

Xpnon elotoAdoov 96,22 96,2 96,2 0,95

Ykop Mecoyelokng Attpoer|g 30,0 29,7 30,8 9,8x10°° 0,73
(0-55) (3,2) (3,0) (3,4)

Awotpo@ikn TpdGAny” Zn 8912,7) 8,724 9,3(3,2) 0,001 0,07
(mg/Mmpépa)

Avemapkng mpdsinyn Zn 67,7 62,9 78,9 1,0x10*  1,1x10™"
(yovaikeg <9, Gvtpec <11

mg/Muépa)

Evepyetokm Tpooinym 2145,7 1999,9 24972 9,1x10%
(kcalmpépa) (656,6) (572,7) (711,8)

"Méon Ty} (T omdihion), opoing Yo Oreg Tig cuveyeic petapintéc. “Tlocootd (%), opoing
Yo OAEG TIG KOTNYOPIKES peTaPAntéc. *Eminedo onuoviikodtnTog yio T c0YKPIoT avAUESH 6To, VO

@OL0, otafpicpévo yio TNy nAio. §Etabicpévo yuo Ty nAwio Kot tn Oeppidikn TpOSANYM.
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H datpoikn tpdocinyn yevdapydpov (Zn) ektiundnke 6o GHVOAO TOV delyUATOG
Ao TO EPOTNUATOAGYIO GLYVOTNTOG KATOVIA®ONG Tpoeipmy. H eykupdtnta g eKTiunong
a&oroynOnke oe o vroopdda 200 Behovtdv pe T (P1oT SOTPOPIKDV AVAKANCEDV 24-
®pov. H péon dwatpoeikn mpdcinyn Zn, dnwg ekTiundnke amd T1g avakAnoelg 24-opov,
ntav 5,742,4 mgmuépa kot 1M ovtiotoyyn MHECT EKTILMOWUEVN TPOCANYN amd To
EPMTNUATOAOYIOL  SVYVOTNTAG KotavdAwong tpoeipmv, nNtav 8,7+42,0 mgmuépa. H
EKTILOUEVT] TPOGANYN amd To. EPOTNUATOAOYLI Elxe BETIKY GLGYETION HE TNV TPOCANYM
and 11§ avokAnoelg 24-opov (tvrmomompévog f=0,164, P=0,028, ctobucuévo yo v

NAKia kot 1o eUA0), Onwg paiveton otnv Ewkova 3.10.

E" N=200, p=0,164, P=0,028
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Ewova 3.10. Octikn] cvuoyétion g ektipnong g Stpoeikng tpodcinyns Zn and to
EPOTNUATOAOYIO0 GLYVOTNTAG KATOVAAWDGNG TPOPIU®V KOl TIG OIUTPOPIKEG OVOKANGELS 24-

®POV.

H péon dwatpoeikt) mpdcAnyn Zn, EKTYLMOUEVT] OO TO EPMOTNUATOAOYIO GUYVOTNTAG
KaTavaAmong tpoeipwv, Nrav 8,9+2.7 mgmuépa yio 10 6OVorlo TtV NAKiopévev. To
67,7% tov ociypatog aSoroynOnke pe avemapkn mpocinyn Zn (<9 mg/Mmuépa yo Tic
yovaikeg kot <11 mg/Mmuépa v Tovg AVTPES). LTIG YUVOIKEG 1) EKTILAOUEVY] OOTPOPIKT
npdoAyn Zn Ntav yaunAdtepn amd tovg avipeg (P=0,001), copmeprrappdvoviag tmv
NAIKio ®G cLYMTIKO TOpAyovTa, WGTOGO 1 OPOPA OEV TOPEUEIVE GTATIOTIKG GMLOVTIKY|

Otav 1 GUYKPIoN CTOOUIGTIKE KO Y10l TV GUVOAIKY| EvEPYELOKT TPOSANYT. Avtifeta, ta
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TOGOGTA AVETAPKOVS TPOGANYNG Zn NTav UEYOADTEPA GTOVG AVIPES GE GYEOT UE TIG
yovaikeg. H ovvoAikn evepyeiaxn mpdoinym ntav 2145,7+656,6 kcal ot0 cuvoro twv
NAKIOUEVOVY, v ol Gvipeg glyov vynAdtepn Oepuidikn mpdSAnyYn oe oyxéon e TIG

yovaikeg (ITivaxkag 3.4).

Ot Gvtpeg MNAwoav HEYOADTEPT KOTOVOAMOY| EMEEEPYOUCUEVOV  ONUNTPLOKADV,
€AOAGO0V, AOYOVIKOV, WopldV, 00Tpiwv, TATATOS, KOKKIVOU KPENTOG, YALK®MV Kot
aAkoOA. Otav Mednke vroyn N Oepdkn TpOSANYN, 01 S10POPES TNV KATAVIAMGT) TOV
OUAO®V TPOPIU®V OVAUESH GTO OVO VAN NTOV CNUAVTIKESG Y10 ENeEEPYACUEV AAYAVIKAL,
T0 €AOOANO0, TO PPOVTO, TO YOAOKTOKOUIKA, TO OGTPLA, TIS MOTOTEG KOL TO OAKOOA

(ITivaxag 3.4 ko Ewkova 3.10).

® luvaikeg
® Avrpeg

55

Mepideg ({mpépe, Yepdopada)
[Méon tipn £ Tomké opdaipo]
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ey
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5 ]
2 2
o
2 2]
2 2
2

1.5 L[]

Katavdimoen opdden tpopipov (pepides qpépa, *pepides/sfdopada)
Ewova 3.11. Awgpopéc otn Slotpopikn TpOGANYT TV Kupiov opudd®mV TpoPil®my avapesa
€ YOVOIKEG KOl AVTPES. *LTATIOTIKA ONUOVTIKY O0(popd oTafuiopévn yio v nAio.
*AETaTIoTIKG oNUOVTIKY] Sopopd oTOBGHEV Yoo TV NAio Kol TNV €VEPYELNKN

TPOSANYT).
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O Badudc vioBEtnong e Mecoyetakng d10TpoPng, OTMS eKTIUNONKE pe TN ypnon
Tov dtatpoPkoy okop (0-55), frav 30,0£3,2 yio 10 cOHVOAO TOV NMKIOUEVODV, LE TOVG
avtpeg va mpoceyyilovv oe peyardtepo Pabud ™ Mecoyelokr d1aTpo@n o€ oXECT LUE TIG
yovaikes. Qot1dc0, 6tav 1 cHYKPIoN GTOOLICTNKE KOl YO TNV EVEPYEWNKN TPOCANYT, M
Stapopd petalld avipav Kot yovakdv oev mapépeve ototiotikd onpoavtikn (Mivakag 3.4

kol Ewova 3.12).
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1

29,8 E

I I
Tvvaikeg Avtpeg

Ewova 3.12. Extipnon tov BabBupod viobétmong g Mecoyeiokng owatpoeng petald
NAKIOHEVOY Yovakdy kon avipdv (P=9,8x10° otabuopévo yuo v nhakic, P=0,73

GTOOGHEVO Yo TNV NAKIO KO TNV EVEPYELNKT] TPOCANY).

Avo@popikd pEe TIC VITOAOMEG OATPOPIKEG GLVNOELES TOV NAKIOUEVOVY €BEAOVTOV
(ITivaxag 3.5), 0 51,2% avépepe mog axorovbel €0kn dlowta, 10 8,6% ovépepe mmg
axolovBet dlarta younin oe Ainog, to 18,0% diorta younin o ardrt, eved 1o 21,9% dilowta
YOUNAN o€ Almog Kot o€ aAdTl. Ot NAKIOUEVES YOVOIKES ONAMOOV GE PEYOADTEPO TOGOGTO
TV TPNo”n EWIKNG dlontag Kot olontog YoUNANG € OAdTL, GE OYE0N HE TOVG AVTPES
(ITivaxag 3.5 xov Ewova 3.13). Xvvohkd, 10 19,9% tov nAkiopévov avépepe v

VTOPEN LA TIKAOV TPOPANRATOV, YOPIC SNUAVTIKY O10Qpopa aVALESH GTA SO GUACL.

79



Eravpoiia Kavéuy Avoteléspaca

IMivakag 3.5. Awtpoikég cuvnietes TV NMKIOUEVOV E0EAOVTOV.

XopoKTnNpPLoTIKo XHvoro INuvaikeg Avtpeg P*

N 843 605 238

Educn diouta 51,2 56,3 39,2 4,8x10°
Alorto younAn og AMmog 8,6 9,1 7,7

Afonto yopmAy og ahdTt 18,0 22,0 9,4 1,8x107§
Alouta yopunAn o€ Aimog Kot aAdTt 21,9 22,0 21,7

Moontikd TpoAnuoto 19,9 20,6 18,1 0,15

'Tocoo16 (%), opoing yia dAeg Tic KaTnyopikés petoPintéc). *Eminedo onpavtikdtnrog yio ™
oVyKplon avdpesa ota 600 EUAN, otabuicuévo yioo Ty nAkio. §Etabuicuévo yroo v nAkio Ko
TNV TOPOLGI0 VIEPYOANCTEPOLALING KOl VTEPTACTG.

.Tvvai:cec_,
W Avepeg
60,0 —
-
3
Z 400 -
P
=]
>
3
e
=
20,0 -
0,0
Koppie XopnAi ot ehan
Xopnhi o< Aimog Xopunh o< Aimog-oldtL

Ewdwk) dlota

Ewova 3.13. Awgopéc ommv tpnon €Wikng olotag HETaEd YuvaikoOv Kol avipov
(P=1,8x10", otofuopévo yio v mhkio, TV Topovsio vIepxoAnoTEpOdiog Kat

VIEPTAOTG).

Ta yopokmpotik@ Tov TPOMOL (WONG KOl Ol YLYOKOWMVIKOL OgikTeg TV
nAkiopévov edeloviov tapovostdloviar otov Ilivaka 3.6. To peyardtepo m0600TO TOV
ebelovtov dgv Ntav keavietés (63,6%), 10 22,2% Ntav Tpodnv KOTVicTés, v 10 14,2%
ntav Komviotés. Ot yovoaikeg NToV 6€ HEYOAVTEPO TOGOOTO ) KATVIGTPLEG O OXEON LE
toug Gvtpes (76,5% évavtt 30,8%), evd ot Avtpec Ntov o€ PEYOADTEPO TOGOGTO TPONV

KOMVIoTEG 6€ oyéom He Tig yuvaikes (53,2% évavtt 10,0%) (Ewova 3.14). Or nAkiopéveg
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yovaikeg glyov PEYOADTEPO EMIMEIN PLGIKNG JPACTNPLOTNTOS GE GYECT UE TOVG AVTPES

(P=4,8x10"%", ota®popévo yio v nhkic).

H évowa mapatnpndnke oto 27,5% 100 GLVOAKOD SEIYHOTOC TOV NAKIOUEVOV,
evad 10 19,3% tov eBeloviov epupdvile kata®ntikd copntopata. Ot yovaikeg giyov
LEYOADTEPO GKOP GTNV YNPLITPIKY] KAIpOKO KATAOAWYNG GE GYEOT LE TOLG GVTPES Kot
enpavilav o peyarvtepo nocootd katabimtcd cvpntopate (ivekog 3.6 ko1 Ewkova

3.15).

IMivakeg 3.6. Xopaxtnpiotikd Tov TpOTOL (MNG KOl YLYOKOWMOVIKOL OEIKTEG TWV

NAMKIOUEVOV €BEAOVTDV.

XopaktnproTiko Xvvolro INvvaikeg Avtpeg pP*
N 843 605 238
Tpomog Lomng kar

YOYOKOLVOVIKOL deikTeg

Konviotikég cuvnbeteg

M KOTVIGTEC 63,6' 76,5 30,8

[pdnV KomvioTég 222 10,0 53,2 3,0x10™
Koanvietég 14,2 13,5 16,0

DVGIKT pacTNPIOTHTOL 5942,8* 65743 4481,8 4,8x107%
(MET-Aentd/efoopada) (2320,3) (2268,8) (1698.,2)

E&étaon vontikng katdotaong 25,2 (4,6) 25,0 (4,7) 25,5(4,2) 0,045§
(0-30)

[Tapovoia dvorog 27,5 28,2 25,8 0,528
Improtpin KAipokao KotdOinymng 3,7(33.4) 4,0 (3,6) 2,9 @3,1) 0,0037
(0-15)

Kotablntikd copntodpota 19,3 22,5 11,8 0,025

Toc0o16 (%), opoing Y OAeS TIC KATNYOPUKES HeTafANTS). “Méon Ty (Tumiky omdkAon),
opoimg Yo OAeG TiG cuveyels petafAntés. *Eninedo onuavikdTnTag yio T o0YKPIoN AVALESH OTO
000 PUAN, oTOOUGHEVO Yo TNV NAKio. §ETabuiouévo Yoo TV NAIKIO KAl TO LOPPOTIKO MImMEdO.
TZt00opévo Yo TNV NAKio Kot TNV O1KOYEVELOKN KOTAGTACT).
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800 —
’ .l"uvuixsg
W Avepeg

60,0
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% 1OV atépov

20,0
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Mn komnetéc  Ilpomv kamnetig Komnotig

Kamviopa

Ewoévo 3.14. Awgopéc ot11g KOmVIGTIKEG ovvhdeleg HeTald YOVOIKOV KOl OVIP®OV

(P=3,0x10"", otadmopévo yio v nkio).

100,0 —
! ll'vvcixeg
W Avepec

80,0 -

600 —

% TOV aTépOV

400 -

200 —

Arnovoia Ilopovoic

KotadMrTIKd COPTTONRATY.

Ewova 3.15. Atagopéc oty epeavioT KaTaOMITIKOV GUUTTOUATOV LETAED YOVOUK®VY KoL

avtpav (P=0,0025, ctabepévo yo TNV nAKio Kot TV 01KOYEVELNKT] KATAGTOON).
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3.2 H emidpaon ¢ nMkiog o€ OEIKTES VYELOG, OLATPOPIKES oLV OELES

KOl TAPAYOVTES TOV TPOTOV (Mg

To amoteAéopato TV HOVIEA®V AOYIOTIKNG TOAMVOPOUNONG Yo TOV EAEYYO
ocuoyétiong g mbavotrtag epedviong voonudtov pe v oavénon ¢ miwiag,
napovotalovtal otov Ilivaka 3.7. Avdpeca 6ta yopaKTNPIGTIKA TOL WITPIKOD 1IGTOPIKOD,
Bpébnke OBetikn emidpaon ¢ Nikiog oty TOHAVOTNTO EUPAVIONG VAEPTAGNS KO
KOPOLOYYEWWKAV voonuatmv. Onwg eaivetal kot otnv Ewéva 3.16, o1 veptacikol iyov
neyoAvtepn péon niia oe oyéon pe tovg pn vreptracikovg (Méom tun £ Tomikn
amokAlon: 73,0£7,0 évavtt 68,9+7,5 £ avtioctoiya, P=2,5x10’12, oTafGHEVO YO TO
@OAO Ko Tov A.M.X.), evdd 10 1010 ioYvE Ko Yo Tovg Kapdlayyslokovg acheveic (Méom
TN = Tomikn andxhon: 74,0+£6,3 évavtt 71,3+£7,5 €t avtictoya, P=0,002, ctabuicuévo

YL T0 UAO Kot tov A M.Z.).

IMivaxag 3.7. Zvoyétion g nAkiag pe tov Kivouvo guedviong voonudt®y 6To GUVOAO
(N=843) tov nikiopévov efelovidv.

E&aptnpuévn perafint Aodyog mOBavotitov* (95% P
OL0CTNOTA EUTIGTOGVVIC)

latpko 1otopkod

Ynépraon' 0,925 (0,90; 0,95) 4,9x10""§
Saicyopddne Awprng 2! 0,987 (0,96; 1,01) 0,33§
Yrepyoinoteporapia 1,023 (0,99; 1,05) 0,117
Kopdiayyetokd vooripora 0,962 (0,94; 0,99) 0,002§
"Epgpaypo pookapdiov’ 0,977 (0,93; 1,02) 0,33F
Ayyelakd eyke@aAod enetodd10’ 0,974 (0,93; 1,02) 0,27%
YrépBapo' 1,001 (0,97; 1,03) 0,95+
Hoyvoapiio' 1,012 (0,99; 1,03) 0,24+

'Amovsio. évavtt mapovsioc. *Adyoc mOavothTeOv TG emidpoong e MMkiog ové o
§Xtabpicpévo yia to VAo kot Tov A.M.Z. TEZTabpicuévo yio To UAo.

A B
74,0 75,0

73,0 E
74,0
72,0 k

71,0 73,0

Hiaxia (im9)
[Méon Ty + Tumkd cpakpal

70,0~
72,04

68,0 71,0

T T T T
Yrepraowoi Mn vazpracukoi Kapbrarreiaxoi acBeveis Mn kapharraokol aebeveig

Hiukia (£17))
[Méon Tynj £ Tomké sedhpal

Ewova 3.16. Awapopéc ot péon nhikio peta&h A) LIEPTAGIKOV KOl U1 VIEPTAGIKAOV KOl
B) xapdiayyelok®my Kot pn Kopdloyyelokmy actevav.
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[MapdAinia, n avénon g NAKiag oyetioTke He avENUEVA ETIMESN GVGTOMKIG
aPTNPLOKIS TiEGTS 6T0 GHVOLO TV eBehovdv (P=2,3x107), evd 1 avtictolm cuoyétion
YL TNV OWCTOAIKT OPTNPLOKY THEST) NTAV OPYNTIKN YOPIG CTUTIOTIKY] CNUOVTIKOTNTO
(IMivaxag 3.8). Ot yAvkoyukoli ogikteg 0ev Bpednie va petafdilovion pe tnv avénomn e
nAkiog oto Oetypa Tov nAiKiopévoy. Avtifeta, ta eninedo oMkNg yoinotepoins, LDL-
C xar o&ewdvmpévng LDL-C elyav apvntikn ocvoyétion pe v avénon g mAiog
(P=0,039; P=0,003; P=0,005, avtictoyya) (ITivaxag 3.8).

Mivakag 3.8. Zvoyétion g NAkiog HE COUOTOUETPIKOVS, KAVIKOVG, YAVKOIUIKOVG Kot

Mo apkovg dgikteg 6to ovhvoro (N=843) tov nMkiopévov eBeLovidy.

ECaptnpévn perafinti p* P
YOROTONETPIKOL OiKTEG

AM.Z. (kg/m?) -0.046 0,19§
Klvikoi dgikteg

Yvotolkn aptnplokn tieon (mm Hg) 0,155 2,3x107%
AwootoMkn aptnplokn mieon (mm Hg) -0,054 0,167
IMwwkoapikoi ogikTeg

IMwkoln vnoteiog (mg/dl) 0,004 0,891
Ivoovivn vnoteiag (pmol/L) -0,025 0,30%*
Homa-B (%) -0,067 0,18%
Homa-IR -0,028 0,22%*
AT OIKOL OEIKTES

Ol yoAnotepoin (mg/dl) -0,070 0,039§§
LDL-C (mg/dl) -0,100 0,0038§
HDL-C (mg/dl) 0,004 0,90+
Tpryhvkepidwn (mg/dl) 0,054 0,127+
O&edwpévy LDL-C (mg/dl)’ -0,211 0,005§

*Turomompuévog cuvteleotng B ¢ enidpaong ¢ NAkiog avd étog. §Etabuiouévo yuoo To OAO.
TZto0opévo yio to pOAo, Tov A.M.Z. kot T Ay avtioreptactkng Oepaneiog. fXtabuicuévo ya
70 @VOX0, ToV A.M.X. ko T Ay ovTdwpntikng Oepaneiag. **Etabuiopévo yio To @OAO Kot TOV
AM.Z. §§Zt00opuévo yio to eOAO Kot T Aqu avTiMmdoutkng Oepaneiag. THEtaduouévo yio
70 PVAO, Tov A.M.X. kot T Aqym avtimdaukig Oepansioc. 'N=175 dropo.

O éleyxog ovoyétiong G MAkiog pe Oeikteg @Aeypovng oe deiypo 250
nAMKopévov ebehoviay, £€0eile Betikn enidopaon g nikiag ota eninedo IL-6 wor IL-8
(P=0,015 wxor P=0,032, avtiotoya), evd LANPYE KOL TAGN Yo oO&ENoM TOV EMTES®V

RANTES (P=0,06), 6nwg paiveton otov Ilivaka 3.9.
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Avagopikd pe tovg vrorourovg Proynuikovg doeikteg (IMivakag 3.9), Ppébnie
apvntikn emidpacn g nAkiog oto emineda oAkng yorepvOpivng, SGPT kou aiBovpivng
(P=0,001, P=0,048 xor P=0,001, avtictorya), wor Oetikny emidpaon ota enimeda
Kkpeatvivic opod (P=2,7x10™). Avapesa otovg apotoloytcong deiktes (Iivaxag 3.9), ta
AELPOKVTTOPM, TO EPLOPOKVTTOPA, O OUUOTOKPITNG KOl 1 OUUOSEAIPIv @aivoviav v
petdvovtal pe v avénon e nkiog (P=6,0x10", P=1,3x10", P=0,031 kou P=0,007,
avtioTorya), VA To 0VOETEPOPIAN Kat M TayvTnTa kobilnomg epvbpokvttapov (TKE) va

avédvovtat (P=0,001 ko P=2,8x10").

IMivaxag 3.9. Xvoyétion g NAKiog pe EAEYUOVAOOELS, PLOYNUKOVS KO OLILOTOAOYIKOVG

deikteg og vroopada (N=250) tov nAikiopévey eBehovidy.

ECaptnpévn perafinti p* P§
Dleypovaooels deikteg

IL-6 (pg/ml) 0,157 0,015
IL-8 (pg/ml) 0,139 0,032
TNF-a (pg/ml) 0,002 0,98
MCP1 (pg/ml) -0,067 0,30
MIP1a (pg/ml) -0,074 0,25
RANTES (ng/ml) 0,123 0,06
Buoynpikoi dgikteg

Zn mAdopatog (LWM) -0,100 0,12
OAucn yorepvBpivn (mg/dl) -0,220 0,001
SGOT (IU/L) -0,060 0,39
SGPT (IU/L) -0,136 0,048
Kpeativivn (mg/dl) 0,228 2,7x10*
A\Bovopuivn (g/dl) -0,220 0,001
Aotoroykoi dgikTeg

Agvkokvttapa (10°/ml) 0,057 0,38
Ovoetepopira (%) 0,209 0,001
Agpgpoxvtrapa (%) -0,258 6,0x10°
Movoropnva (%) 0,100 0,12
loowopirha (%) 0,091 0,16
Baoceopira (%) -0,017 0,80
EpvBporvrtapa (10%/ml) -0,263 1,3x107
Aworetéha (10°/ml) 0,046 0,46
Awartoxpitng (%) -0,125 0,031
Awocaipivn (g/dl) -0,156 0,007
TKE (mm/h) 0,342 2,8x10®

*Tvnomomuévog cuvtereatng B g emidpaong g NAkiog avd £tog. §Etabcuévo yuo 1o GOAO.
tZ1a0piopévo yo to uAo kot tov A.M.X.
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Ymv Ewova 3.17 ovvoyilovtor ot Oetikéc emodpdocels e mAwiog otovg

ueketdpevoug ocikteg, evdd oty Ewéva 3.18 cuvoyilovtar ot apvntikég emdpaoelg g

nAkiag.
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Ewova 3.17. Octikn enidpaomn e nAkiog oto enimeda A) GLGTOMKNG OPTNPLOKNG TEOTG
(N=843, p=0,155, P=2,3x107), B) IL-6 (N=250, p=0,157, P=0,015), I') IL-8 (N=250,
=0,139, P=0,032), A) ovdetepopiiwv (N=250, =0,209, P=0,001), E) otmv taydtrta
kabilnong epvdpokvttdpov (TKE) (N=250, =0,342, P=2.8x10"") kon ET) ota enineda
KkpeaTvivng opod (N=250, =0,228, P=2,7x10).
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Ewoévo 3.18. Apvntkn emidpaon ¢ nmhkiog ota eminedo A) OMKNG YOANGTEPOANG
(N=843, p=-0,070, P=0,039), B) LDL-C (N=250, f=-0,100, P=0,003), I') o&edmpuévng
LDL-C (N=175, p=-0,211, P=0,005), A) Aepgokvttdpov (N=250, p=-0,258, P=6,0x107),
E) epvbpoxvttdpov (N=250, B=-0,263, P=1,3x10"), ET) owpooeapivig (N=250,
p=-0,156, P=0,007), Z) owotokpitn (N=250, B=-0,125, P=0,031) xor H) aifoovuivng
(N=250, p=-0,220, P=0,001).
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Ytov Ilivako 3.10 Topovoidlovtal To amoTEAEGLATO TOV EAEYYMOV GLGYETIONG TNG
nAkiog pe TIg Oatpopkés ovvnbeleg, ta otoyyeion Tov TPOmMOv CMNG KOt TOVG
YOYOKOWV®VIKOVG OelKTEG GTO GUVOAO TV NAKIOUEVEOVY eBglovimvy. O Babuog vioBétnong
™G Meooyslokng datpoPng Kot 1 STpoPikny TPOGANYT yevudapydpov emnpedloviav
apvnTiKd, oAAG Oyt onuavTiKa amd v avénon g nAkiog. Avtifeta, n evepyslox)
TPOGANYN KOl TO EMIMEON PUOIKNG OPACTNPLOTNTOS ONueimvay onuavtiky peiowon pe

mv avénon e nikiog (Mivekag 3.10 ko Ewkéva 3.19).

Mivakag 3.10. Zvoyétion g nAkiog pe datpoikég ocuvibeies, ototyeia Tov Tpdmov {ong

KOl YOYOKOWVOVIKOVS 0€ikTeEG 6TO0 6UVOAD (N=843) TV nAKiopévev efelovimv.

ECaptnpévn perafinti p* P
AwTpo@ikéc ouvi0eieg
Xkop Mecoyewokng Awtpoeng (0-55) -0,057 0,198
AwTpo@ikn TpécAnymn Zn (mg/muépa) -0,062 0,09§
Evepyelaxn mpoéoinyn (keal/muépa) -0,097 0,005§
Tpomog LoNg Kol Yoy OKOIVAOVIKOL OEIKTES
dvoicn dpactnprotnro (MET- -0,240 3,2x10°7°§
Aemtd/efoopada)
E&étaom vontikng katdotaong (0-30) -0,175 2,0x107%
Impuatpicn kKAipoxko kotdOiwymg (0-15) 0,100 0,007}

Adyog mOavoTiTOVF* P

(95% dwotipata
ENTLGTOGVVIG)

Awatpo@ikéc ouvi0eieg

Avemapkng mpdsinym Zn 0,974 (0,94; 1,01) 0,17§
(yovoikeg <9, Gvtpeg <11 mg/Mmuépa)’

Tpoémog Log Kol Yo OKOIVOVIKOL dEIKTES

Avoa' 1,047 (1,02; 1,07) 2,4x10™*
Kotadhmtikd copntdparo 0,979 (0,95; 1,01) 0,13%

*Tonomompévog cuvtereatng B g emidpaons g nAkiog avd étog. §Etabcuévo yuo To GOAO.
TZ1a0uiopévo yio 1o UAO Kal TO LOPEOTIKO eminedo. IXtabouévo yio to eOAo, Tov A M.E. Kot
TNV OWKOYEVEWKT Katdotaorn. **Adyog mbavotitov g emidpacng tng mAkiag ovd £tog.
' Amovoia évavtt Topovesioc.
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Ewova 3.19. Apvntikn enidpaon e nAkiag (A) oty evepyslakn Tposinyn (N=843, B=-
0,097, P=0,005) kot (B) otnv puowy dpactnpotnta (N=843, p=-0,240, P=3,2x10").

H avénon g niiog oyetiotnke eniong pe pelopévo okop otnv eE€Taom g
vontikAg  kotdotaone (P=2,0x107) ko mapéAnia pe v avEnuévi mbavotnta
TopoLsiog Gvorag 6Tovg nAtkiopévong (P=2,4x10™). Emmpocdétag, 1 avénon g nhuciag
oyetioTnke OTIKA pe PEYOADTEPO GKOP GTNV YNPLOTPIKY KAlpoKa kKatdbiyng (P=0,007),
YOPIG WGTOGO Vo VITAPYEL GLGYETION TNG NAKING pe TNV avENUEVN TBAVOTNTO ELPAVIONG

KatoOMnTiKOV copntopatov (P=0,13) (Ilivekag 3.10).
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3.3  Awrpo@ikn aflohdynon koi eKTipnon mopoyovi®Mv TOv TPOTOL
Cong Tov nAaKtopévev
Avéivon g emidpaons Tov Padpod viedEéTnong T Meooyelokng STPOPS OF
ogikTeg vyEiog
Ytov Ilivaxka 3.11 mapovoidlovtal To AmOTEAEGHATE TV EAEYY®V GLGYETIONG TOL
Babuod vobétmong g Mecoyslokng OWTPOPNG UHE TNV MOOVOTNTA  EUGAVIONG
voonudtov. H adénon oto okop MeGOYEIOKNG SOTPOPNG CYETIOCTNKE CNUOVTIKG LE TN
Hetopévn TOavOTTo EPEAavions véppapov (25,0<A.M.3.<29,9 kg/m?) kat moyveapkiog
(A.M.X. >30,0 kg/m®) 6T0vC NAKIOHEVOLC.

IMivaxag 3.11. Zvoyétion tov okop Mecoyelakng Awtpopng (0-55) pe v mbavotra

Tapovciog voonudtwv 6to chvoro (N=843) tov nMKkiopévav e0eAovidv.

ECaptnpévn perapfint Aodyog mBavotitov* (95% P
OLUGTINOTA EUTLGTOGVVIG)

Latpiko wotoprko

Ynéptaon' 1,024 (0,97;1,08) 0,418
Sayophdng Awprmne 2! 0,999 (0,94; 1,09) 0,98§
Yrepyoinoteporapio 0,983 (0,92;1,05) 0,617
Kopdayyetokd vooripora’ 1,018 (0,96;1,08) 0,548
"Epgpaypa pokopdiov' 1,007 (0,91;1,12) 0,89
Ayyelaxod eyke@aikd £me160810" 1,025 (0,92;1,14) 0,65t
YnépBopo' 1,077 (1,01;1,15) 0,027+
Hoyvoapiio' 1,051 (1,00;1,10) 0,036

'Amoveia évavtt mapovsiac. *Adyog mbavothtov TG Emidpacns ToL okop Mecoyslakhc
STpoPg avd povada. §Etabucepuévo Yo To eOAo, TNV NAkio kot tov A.M.X. TEtaduicuévo yio
TO VA0 Kal TNV NAKicL.
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Ewova 3.20. Atopopég oto Babuo vioBétnong g Mecoyetokng dtatpoeng LETald A) un

vrépPapav Kot vaépPapmv kot B) un maydoapkov Kot ToydoupKov NAKIOUEVOV.
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Onwc gaiveton ommv Ewéva 3.20, ot un vrépPapot elyav vyniodtepo oKOp
Meooyelaxkng oatpopng o oyéon pe tovg vépPapovg (Méom T £ Tomikn andxkion:
30,743,5 évavtt 29,9+£3,1 avtictoyya, P=0,026, ctabuicpévo yo to OAO Kot TNV nAKia),
eve 10 1010 1oypve Kot Yo Tovg pn moyvoapkovg (Méon Ty + Tomkn andkAion: 30,343,3

évavtt 29,7+2,9 avtioctoya, P=0,037, otabucpévo yio to gUAO Kot TV nAkio).

Ytov Ilivaka 3.12 mopovcibdlovtal To OMOTEAEGUOTE TMV HOVIEAMV YPOLUKNG
TOAVOPOUNONG YIo. TOV €AEYX0 GLGYETIONG TOL Pabuov vioBétong g Mecsoyelokng
OlTPOPG HE COUOTOUETPIKOVS, KMVIKOVG, YAVKOLUIKOUS Kol AUTOopkons OEIKTEG GTO

GUVOAOD TOV NAIKIOUEVOV 0EAOVTOV.

Mivakag 3.12. Zvoyétion 1ov okop Mecsoyetakng Atatpoeng (0-55) pe copotopeTpkois,

KAMVIKOUG, YAVKOUKODG Kot Amidopkotg ogikteg 6to cuvoro (N=843) tov nAKiopévev

efelovtmv.

ECaptnpévn perafinti p* P
YOROTONETPIKOL OiKTEG

AM.Z. (kg/m?) -0,094 0,008
Klvikoi dsikteg

Yvotolkn aptnplokn tieon (mm Hg) -0,043 0,22+
AwootoMkn aptnplokn mieon (mm Hg) -0,005 0,88+
INwwkopikoli ogikTeg

IMwkoln vnoteiog (mg/dl) -0,073 0,018%
Ivoovivn vnoteiag (pmol/L) -0,004 0,91**
Homa-B (%) 0,034 0,541
Homa-IR -0,010 0,19%*
AT OMIKOL OEIKTES

Ol yoAnotepoin (mg/dl) 0,004 0,908§
LDL-C (mg/dl) 0,010 0,778§
HDL-C (mg/dl) 0,073 0,0387
Tprylvkepidwa (mg/dl) -0,102 0,005

*Tonomomuévog Guvtereatng B g emidpacng Tov okop MeCOYEWNKNG SLOTPOPNG AV LOVADQ.
§Ztafuiopévo v To OO kot TNV nhikia. TETafpopuévo Yo to oAo, TV NAkia, tov A.M.X. kot
™ Myn avtwneptactkng Oepaneiog. fXtabuiopuévo yia 1o @OAo, v nhkia, tov AM.Z. kot
AMym  avtdapntikig Oepoameiog. **Trabuopévo yuo to @OAO, TV MAKio kot tov A.M.E.
§§Ztabopévo yio To VA0, TNV NAKIQ Kot T Ay ovTIMmdaykng Oepaneiag. T1Xtabpiopuévo
Yo To OAO, TNV NAIKia, Tov A.M.Z. kat tn Afyn avtiamidoukng Oepomeiog.
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HDL-C (mg/d)

Eravpoiia Kavéuy Avoteléspaca

H enidpaom tov Babpod vioBétnong g Mecsoyelakng daTpoPng NTav apvnTikn
ota eninedo tov dgiktn pafag cdpatog (A.M.X.), Tng YAvk6LnS vnoteiog, ToV eMmEdOV
Tprylvkepdiov kot Oetikn ota emineda HDL-C. Zvykekpiuéva, ektipundnke mog n
avénon tov okop ™G Mecoyelakng dtoTpoeng avd 1 povada, Tpokalovce HEIMON KATA
0,094 kg/m® ota enineda A.M.Z. (P=0,008), kotd 0,073 mg/dl ota eninedo yALKOING
vnoteiog (P=0,018), xkatd 0,102 mg/dl ota enineda tpryAvkepdiov (P=0,038) kot avénon
katd 0,073 mg/dl ota eninedo HDL-C (P=0,005). Ot onpovtikéc cuoyeticels Tov Badpov

vioBémong ™ Mecoyelaxng dtatpoeng anetkoviovion otnv Ewkova3.21.
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Ewova 3.21. Enidpaocn tov Pabuod vioBétnong g Mecsoyeiaxng o1atpoens ota enineda

(A) AM.Z., (B) yAvkong vnoteiog, (I') HDL-C kot (A) tpryAvkepidimv.
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Avocedéspaca

Avrtiotoya, otov Iliveka 3.13 moapovcsialovtol o amOTEAEGLOTO TOV HOVIEA®DV

YPOLMKNG TOAVOPOUNONG Yoo Tov €AEyY0 ovoyétiong tov Pabuod vioBétnong g

Mecoyelokng SaTpoPng HE QAEYLOVAOELS, Proynukods Kot opotoroyikovg deikteg. H

enidpaon g Meooyelokng doTpoeng NTOV CNUAVTIKA apvnTikny Yo to eminedo IL-8,

KPEATIVIVIIG 0pOV, OVOETEPOPLA®V Kol TG ToyvTNTOS KaOilnong epvBpokvrTapmv

(TKE), eve onuovtukd Otk yio toL eninedo AEPPOKVTTAP Y.

Mivaxkag 3.13. Xvoyétion tov okop Mecoyelakng Atatpoeng (0-55) pe pAeypovadelg,

Broymuukodg kol opatoAoywkovg oeikteg o vmoopdda (N=250) tov nlkiopévov

ebelovtmv.

ECaptnpévn perafinti p* P§
DLeyPovAOOELS OEIKTES

IL-6 (pg/ml) -0,026 0,68
IL-8 (pg/ml) -0,215 0,001
TNF-a (pg/ml) 0,025 0,70
MCP1 (pg/ml) 0,120 0,07
MIP1a (pg/ml) 0,097 0,14
RANTES (ng/ml) -0,067 0,31
Buoynpikoi dsikrteg

Zn T dopotog (UM) -0,081 0,22
Ol xorepvBpivn (mg/dl) -0,053 0,44
SGOT (IU/L) 0,026 0,71
SGPT (IU/L) 0,008 0,90
Kpeatwvivn (mg/dl) -0,128 0,039
AAPovuivn (g/dl) -0,036 0,57
Alpatoroyikoi deikteg

Agvkoxvttapa (1 0°/ml) -0,098 0,13
Ovdetepopira (%) -0,133 0,040
Agpooxvttapa (%) 0,172 0,007
Movorvpnva (%) -0,038 0,56
locwopira (%) -0,050 0,44
Baocedoira (%) -0,039 0,56
Epubpokdtrapa (10%ml) 0,060 0,32
Aworetéo (10°/ml) -0,048 0,45
Awatoxpitng (%) -0,012 0,84
Awocpapivn (g/dl) 0,014 0,81
TKE (mm/h) -0,209 4,3x10™

*Tumomomuévog ocvuvteleotg B TG emidpaong Tov okop MEeCOYEIKNG SOTPOPNG avE LOVAda.
§Ztafuiouévo yuo To VA0 Kot TNV NAKia. TETafuiopévo yuo To VA0, TNV nhikia kot tov A.M.X.
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Avoteléspaca

v Ewoéva 3.22
Tapovcldlovtal ot  oYLPOTEPES
ovoyetioelg avapeca oto Padud
vwobBémong g Mecoyelaxkng
JTPOPNG KOl GE QAEYLOVADOELS

KO OUULOTOAOYIKOVG OEIKTEC.

H adénon tov okop ¢
Meooyelokng olatpoene ova 1
povado, oyetiotnke pe peimon
katd 0,215 pg/ml oto emimeda
IL-8 (P=0,001), «atéd 0,209
mm/h  otig  TWéS  TaydTTOC
kafilnong towv gpvbpokvtTdpmv
(P=4,3x10") ko ovEnon katd
0,172%  ota  Aeppokvrtropo
(P=0,007).

Ewova 3.22. Enidopacn tov Babpod vioBétnong e Mecoyelakng d1aTpoepng oto enimedo

(A) IL-8, (B) Aepgpoxvttapwv kat (I') TKE.
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Ye oyxéomn He TIC JTPoPIKEC cvvnbeteg, To otolyeia Tov TPOMOL (MNG Kol TOLG
YuYoKowmvikovg deikteg, Ppébnke Betikn emidpacn g Mecoyelokng O10Tpoeng ot
SWITPOPIKY]  APOSANYY  YELIUPYLPOL Kol  OPVNTIK  EMOpOoT OTNV  EUEAVION

kKatoOMaTikov copntopdtov (llivekag 3.14).

IMivaxag 3.14. Xvoyétion tov okop Mecoyewaxng Awtpoeric (0-55) pe dTpoPikes
ocuvnBeteg, ototyeia Tov TPOTOL (NG KOl YLYOKOWV®VIKOVG OgikTteg 6T0 GUVoAo (N=843)

TOV NAKIOUEVOV E0EAOVTOV.

Eaptnpévn petofintn p* P
AwTpo@ikég ouvi|0gieg

Alotpo@ikn TpdSANY” Zn (mg/Mmuépa.) 0,111 0,002§
Tpoémog Log Ko YoyoKovmvikoi

ogikTeg

E&&taom vontkng katdotaong (0-30) 0,012 0,727
I'mpatpicn kKAipoko katdOiwymg (0-15) -0,111 0,002}

Aodyog mOBavotTOV** (95% P
OLIGTI|NOTO EPTLGTOGVVIG)

Awtpo@ikéc ouvi0eieg

Avemapkng mpdsinyn Zn 0,973 (0,88; 1,07) 0,588
(yovoikeg <9, Gvtpeg <11 mg/muépa)’

Tpoémog Log Ko YoyoKovmviKoi

ogikTeg
Avota' 1,015 (0,96;1,07) 0,58+
Kotadlmtikd cvpntdpara 1,084 (1,02;1,15) 0,010}

*Tonomomuévog cuvtereatng B Tng emidpacng Tov okop MecoYeElKNG SLOTPOPNG AV HOVADA.
§Xtofcpévo yio To @UA0 kot TNV MAKio. TETabpicpévo Yo to @OAo, TV nAkio Kot TO
LOPO®TIKO emimedo. fXtobuiouévo yioa to @OA0, ™V NAkia, tov A.M.XZ. Kol TNV OIKOYEVELNKN
Katdotoon. **Adyog mbavotnTmv TG enidpacng Tov okop MeGoyelaKNg S10TPOPnG ava LovAda.
' AToveia évavTt Tapovsiag.
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A&oL0yN 61 TG OLTPOPIKIG TPOSANYNG YELOUPYVPOL GE GYECT] NE OEIKTES VYELOG

H dwatpoik| mpdoAnyn yevdapyvpov, Onwe ekTiuOnke ond ta epOTNUATOAdYLN
oLYVOTNTOG KATOVAAWDGONG TPOPilmy o mg/muépa, dev Ppédnke va oyetileton onUOvVTIKA
pe v mbavotnto ELEAVIONS TV VOS|UAT®V ToL agloAoynOnKav G6To 10Tpkd 16TOPIKO
TOV NAMKIOpEVOV gBghovidyv, ommg mapovstaloviar otov Hivaxka 3.15. TTapdAinia, o
ENEYYOG OGLOYETIONG TNG OTPOPIKNG TPOCANYNG WELOOPYVPOV HE GMOUATOUETPIKOVC,
KAMVIKOUG, YAVKOUKOUS Kol AMTOAUIKOVG OEIKTEG, avEdEIEE TNV APVNTIKY] EMIOPOACT TOV
STPoPKoy Yevdapydpov ota eninedo TPryAvkepdiov (Ilivakag 3.16). Zvykekpipéva, n
avénomn g SITPOPIKNG TPOCANYNG TOL 1yvooTolxeiov Katd 1 mg/muépo mpokaAovoe
peiwon kotd 0,111 mg/dl ota emineda tprylvkepidiov (P=0,002). H Ewéva 3.23

amekovilel T GLGYETION.

ITivakag 3.15. Zvoyétion ™G STPOPIKNG TPOSANYNS YELOUPYDPOL (MEMUEPA) LE TNV

mBovoTnTO TOPOVGinG Voo UdTeOV 6To 6OvoAo (N=843) twv nAikiopévaov eBeAovtdv.

E&aptnpévn perafinm Aodyog mBavotytov* (95% P
OLUGTINOTA EUTLGTOGVVIG)

Latpiko wotopikod

Ynépraon' 1,034 (0,97;1,10) 0,298
Tayophdne Awprng 2! 1,011 (0,93;1,10) 0,808
Y nepyoinoteporoupio 0,975 (0,89;1,07) 0,597
Kopdiayyetokd vooripore’ 1,008 (0,94;1,08) 0,81§
"Epgpaypa pokopdion' 1,016 (0,89;1,16) 0,817
Ayyelakd eyke@alcd enetodd10’ 0,991 (0,86;1,14) 0,90t
YrépBapo' 0,978 (0,90;1,06) 0,61t
Hocxncaplciocl 0,936 (0,88;0,99) 0,067

* AOYoc mBavOTATOV TNG EMIOPACTG TNG STPOPIKNG TPOSANYNG Zn avd mg/muépa. §ETabopévo
v T0 eOAO, TV NAkia kKot Tov A M.E. TEtafuicpévo yioo to goAo, T nAKio kot Ty Ogppudiky
npdSAyN. | Amovsia évavTt Topovsiog.
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IMivakog 3.16. Xvoyétion G SATPOPIKNG TPOGANYNS Wevdapybpov (mg/muépa) pe
COUOTOUETPIKOVS, KAMVIKOVS, YAVKOLUKOVS Kol ATdapikos 0giktes 6to ohvoro (N=843)

TOV NAMKIOUEVOV €BEAOVTOV.

ECaptnuévn perafint p* P
YOUATONETPIKOL dEIKTES

AM.Z. (kg/m?) 0,074 0,07§
Khlvikoi dgikteg

2votoMkn aptnplokn tieon (mm Hg) 0,058 0,10
AwotolMkn aptnplokn migon (mm Hg) 0,027 0,467
I'\okopikoi deikTeg

["Avkdln vnorteiog (mg/dl) -0,012 0,70%
Ivoovivn vnoteiag (pmol/L) -0,030 0,72%*
Homa-B (%) -0,018 0,61%
Homa-IR -0,022 0,53%%*
AUTIOOIIKOL OEIKTES

OAwn| yoAnotepoin (mg/dl) -0,026 0,458§
LDL-C (mg/dl) 0,009 0,808§
HDL-C (mg/dl) -0,009 0,797
Tprylvkepidwa (mg/dl) -0,111 0,002
O&edmpévny LDL-C (mg/dl)’ 0,030 0,73§

*Tomomomuévog cuvtereatng B tng emidpacng g SOTPOPIKNAG TPOSANYNG Zn ovd mg/muépal.
§Xtabpcpévo Yoo To UA0, TNV MAKio Kot TV Bgpudikn tpdoinym. TEZtabuiopévo yio to @OAO,
v nhkia, tov AM.Z. kot ™ Aqyn aviwreptacikng Oepaneioc. fXtabuopuévo yoo to @O0, TV
nAwia, Tov A.M.Z. kou t AMym avtidwfnrtikng Oepaneiog. **Zrabpiopévo yia to oo, v NAio
Kol Tov AM.Z. §§Etofiopévo yuo to @OAO, TV NAkia, v Bepdikn TPOGANYN Kot T ANym
avTIMmalikng Bepaneiag. TTEtabuiouévo yuoo to VAo, v nhikio, tov A.M.E. Kot ™ Aqym
avtiimdapkng Oepaneioc. 'N=175 dropa.

400,0— o

300,0—

200,0—

TpryAvkepidia (mg/dl)

100,01

0,0

T T T
0,0 10,0 20,0 30,0 40,0
Awatpo@iki) TpécAnyn Zn (ng/Mpipa)

Ewova 3.23. Apvntikny cuoyétion g OlTpoPikng mTpooAnyns Zn (mg/muépa) pe To
emineda tpryAvkepidiov (mg/dl).
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To amoteAéopato TOV HOVIEA®V YPOUUIKNG TOAVOPOUNONS YL TOV EAEYYO
GLGYETIONG TNG STPOPIKNG TPOCANYNG WELOAPYVPOL UE OEIKTEC PAEYLOVIG, Proynpikodg
Kol opatoloykots deikteg otnv opdoa 250 nukiopévev edelovidv, mapovcidlovtal
otov Ilivexa 3.17. H d1atpo@ikn) mpodsAnymn yeudapyvpov gavnke vo ennpedlet Oetikd o

eninedo IL-8 kot RANTES.

IMivaxag 3.17. Xvoyétion G STPOPIKNG TPOGANYNS Wevudapyvpov (mg/muépa) pe
QAEYHLOVAOEIS, Proynukods Kot opatoAoykovg Ogiktec o€ vmoouddo (N=250) tov

NAMKIOUEVOV EBEAOVTOV.

ECaptnpévn perapinm p* P§
DlreypovadELls OEIKTES

IL-6 (pg/ml) 0,039 0,59
IL-8 (pg/ml) 0,184 0,011
TNF-a (pg/ml) 0,001 0,99
MCP1 (pg/ml) -0,026 0,72
MIP1a (pg/ml) -0,019 0,79
RANTES (ng/ml) 0,181 0,013
Buoynpikoi dsikrteg

Zn mAdopotog (UM) 0,147 0,045
Ol xorepvBpivn (mg/dl) 0,046 0,54
SGOT (IU/L) -0,075 0,35
SGPT (IU/L) -0,031 0,64+
Kpeativivn (mg/dl) 0,099 0,15
AABoopivn (g/dl) 0,015 0,83
Awpatoroykoi deikrteg

Agvkoxvttapa (1 0°/ml) -0,043 0,56
Ovdetepopira (%) -0,031 0,67
Agpopoxvttapa (%) 0,028 0,69
Movomdpnva (%) -0,053 0,46
locwopira (%) 0,061 0,40
Baoceopira (%) 0,027 0,71
EpvBporvrtapa (10%/ml) 0,043 0,52
Aworetéha (10°/ml) -0,030 0,67
Awartoxpitng (%) 0,059 0,37
Ayocearpivn (g/dl) 0,045 0,48
TKE (mm/h) 0,052 0,43

*Tonomomuévog Guvtereatng B g emidpacnc ¢ SATPOPIKNAG TPOSANYNG Zn ovd mg/muépa.
§Ztafpiopévo yio To VAo, TV NAkia kot v Beprudkn Tpdoinym. FErabuicpévo yio 1o VA,
v nAio kot tov A M.Z.
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Eravpoiia Kavéuy Avoteléspaca

[MopdAdnia, Ppédnke Betikr] cvoyétion avdpeso otn ANATPOPIKN TPOGANYN
yevdapyhpov Kot oto ovtictoyo eminedd tov 610 mAdcouo (Ewéva 3.24), extiudvrog
avénon kotd 0,147 uM ota eminedo AAGORATOG ava 1 mg/Muépa SLATPOPIKNG TPOGSANYNG

TOVL YvooToyEiov.
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Zn mAaopatog (M)
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n
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I |
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Awtpogiki) ZpocAny) Zn (mg/uipa)
Ewova 3.24. Octikn cueyETIOoN TNG O TPOPIKNG TPOSANYNG Zn (Mg/Muépa) Ue T emimeda
Zn oto mAdopa (LM).

H avdAivon Aoyiotikng ToAvopOUnong yio Tov EAEYY0 EMIOPAONS TNG SUTPOPIKNG
npdSANYNS Zn oty mhovotTo ELPAVIONS KOTOOMATIKOV CUUTTOUATOV Kol EKTTOONG

TOV YVOOTIKOV AEITOVPYLOV, 0V avédelte onuavtikég ovoyetioels (Ilivaxag 3.18).

IMivakag 3.18. Zvoyétion ¢ S1TpoPIkng TPOSANYNG YELAAPYVPOL (ME/MUEPR) LUE TIG
datpoPikég cvuvnbeteg, ototyeia Tov TPOTOV LMNG Kol YLYOKOIWVMOVIKOVS OEIKTEG GTO

ovvoro (N=843) tov nAMKIouEvev 0eAoVTOV.

Adyoc mBavotiToOv* (95% P
OLIOTINOTO EUTLGTOGVVIG)

YuyoKovOVIKOL OEIKTES

Avouo! 1,002 (0,93;1,08) 0,968
Kortobimtikd cn)umo’)uaml 0,982 (0,90;1,07) 0,697

' Amoveia évavtt mapovsiog. *Adyoc mOAVOTHTOV TNC ENIBPAoS TG SOTPOPIKNAC TPOGANYNC Zn
ava mg/Mmuépa. §ETabuopuévo yio to eOA0, TNV NAKia, TV Ogpudikn TpdGANYN Kot TO LOPOMTIKO
eninedo. TEtafpiopévo yio To OAO, TNV NAKia, Tov A.M.X. Kot TNV OIKOYEVELNKT KOTAGTAOT).
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Extipnon ¢ @uoikic 0pacTtploTnTeS 6TOV yNPLoTpiko tinbuopno

H enidpaon g euokng dpactprotntog (og MET-Aentd/efdopddn) ota eninedo
COUATOUETPIKAOV, KAWVIKOV, YAVKOUIKOV KOl AMTIOUK®OV SEIKTMOV TOPOVCIALETOL GTOV
Iivaxka 3.19. Znpovtikég cvoyetioelg evromiomkay pe tov A.MLXE., T0 okop otV eE€taon

NG VONTIKNG KATAGTOONG KOl TO GKOP GTNV YNPLLTPIKn KAILoKo KaTdOiwymng.

IMivaxkog 3.19. Xvoyétion g euvowng opactnpottoag (MET-Aentd/eBoopdon) pe
COUOTOUETPIKOVS, KAVIKOVG, YAVKOUUKOVS AMTOOLUIKOVS Kol WYOYOKOWMVIKOUS OEIKTES

610 oUvoro (N=843) tov nMKIOUEVEOV EBELOVTDV.

Eaptnuévn petapfintn p* P
YONOTONETPLKOL OEIKTEG

AM.Z. (kg/m?) -0,090 0,0258
Khvikoi deikteg

2votoMkn aptnprokn tieon (mm Hg) 0,042 0,297
Awotolkn aptnplokn tigon (mm Hg) -0,003 0,957
I'\okopikoti deikteg

IMwkoln vnoteiag (mg/dl) 0,070 0,07%
IvoovAivn ynoteiog (pmol/L) 0,043 0,28%*%*
Homa-B (%) 0,010 0,80%
Homa-IR 0,047 0,24**
AT 0PIKOTL OEIKTES

Ol yoAnotepoin (mg/dl) -0,018 0,658§
LDL-C (mg/dl) -0,022 0,578§
HDL-C (mg/dl) 0,018 0,647+
Tprylvkepidwa (mg/dl) -0,023 0,561
O&edmpévy LDL-C (mg/dl)’ -0,038 0,648
Yuyokoivovikoi ogikTeg

E&étaom vontikng katdotaong (0-30) 0,226 4,7x107" 0%
I'mpuatpicn kKAipoko katdOiwymg (0-15) -0,208 9,9x1 0+

*Tomomomuévog ocuvvteleotg P g emidpaong ¢ QLoKNG dpaotnprotntag avéd MET-
Aemtd/efdopdda. §ETabopévo Yo To eOAO Kol TNV NAio. TETaOUIGHEVO Yo To OAO, TNV NAIKia,
Tov A.M.X. kot T AqYn avtneptoctkng Oepancioc. IXtabpopévo yio to goio, v nikia, Tov
AM.Z. ko T Myn avtdwpnrikng Oeponeiag. **Etabuiopuévo yoo o @O0, ™V nAkio Kot Tov
AM.E. §§Ztabuopévo yuo 10 @OAO, TNV MAKio kKot T ANyn avtiammdoyukng Oepameiog.
tiXtobuopévo yioo o @OAo, v Nlikio, Tov AM.XE. kot T ANy ovTIMTdaiknig Oepameiog.
1IZtabmopévo Yo To eOAO, TV NAKIO KOl TO HOPP®OTIKO emimedo. ***Xtabuicpévo Yo To GOAO,
mv nhia, Tov A.M.X. kot Ty otkoyevelokh katdotact. 'N=175 dropo.
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A O delktng palag copatog
60,07 (AM.X)) Bpébnike vo oyetiletan
apVNTIKG  HE TN QUOIKN
OpaoTNPLOTNTO, UE EKTYLDUEVT
neioon katd 0,090 kg/m?® tov

AM.Z. pe avénon xotd 1 MET-

AemTd/EPOOUAOO TG  PLGIKNG

dpacTnpOTOS, OE  EMIMESO
ONUOVTIKOTNTOG P=0,025
(Ewoéva 3.25 A).

10,0

To oxop omv e&étaon

E_;;‘ VOTTIKNG KOTAOTAONG

g oyetioTnKe BeTIKA Pe TN PLGIKTY

g dpactnpoTTe TV

;_"L NAMKIOUEVOV (p=0,226;

i I P=4.7x10"%) (Ewéva 3.25 B).

- o N Q To oxop oI YNPLIPIKN
00 50000 100000 150000 200000 KMpoko  xatdbAiyng  (GDS)

MET-isxri/spdopida
OYETIOTNKE OpvVNTIKA UHE TN

I
14,0 oo oo QLOIKN  dpactnpdTTa.  TOV
120+ ’ om C:mmo mo NMKIOUEVOV (B=-0,208;
0] oo w06 6 . P=9,9x10"") (Ewéva 3.25 ).

o 00 00 200@D Dom

8,0 0000 DD 00000 O

© 0000 ©OOoEDND MoD O O
6,0 O O OEOEICITDOD O@mome 0 00O

Mmpratpiki khipoxka karablayng (0-15)

T T T T
00 S000,0 10000,0 12000,0 200000
MET-isntd/efoopnada

Ewova 3.25. Zvoyétion g euoikng opactnprotrog pe (A) to A.M.Z., (B) to okop otnyv

e&étaon vontikng kataotaong kot (I') to okop ot ynpratpkn kKApoko KatdOAwnG.
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Ytov Ilivaxka 3.20 mapovcidloviorl To OmOTEAEGUOTA OO TO LOVTEAN YPOUUIKNG

TOAAVOPOUNGNGS Y1 TNV EKTIUNON TNG EMIOPOAONS TNG PUGIKNG OPAGTNPLOTNTOS GTO EMITEIL

QAEYHLOVOO®OV, PLOYNUIKOV Kol OLOTOAOYIKOV OEIKTOV. Agv Ppébnkav onuavTikég

ovoyeTioelg otnv vroopdoa Tv 250 nAKiopévev efghovimv.

IMivaxkag 3.20. Xvoyétion g @uowkng dpactnpommrag (MET-Aentd/eBoopdoa) e

QAEYLOVAOEIS, Proynuukods Kot opatoAoykovg oOgiktes o€ vmoouddo (N=250) tov

NAMKIOUEVOV E0EAOVTDV.

ESaptnpévn perapinm p* P§
Dleypovaooels deikteg

IL-6 (pg/ml) -0,009 0,91
IL-8 (pg/ml) -0,020 0,79
TNF-a (pg/ml) 0,067 0,38
MCP1 (pg/ml) 0,034 0,65
MIP1a (pg/ml) 0,031 0,68
RANTES (ng/ml) -0,026 0,73
Buoynpikoi dgikteg

Zn mAdopatog (LWM) 0,107 0,15
OAucn yorepvBpivn (mg/dl) 0,119 0,12
SGOT (IU/L) 0,025 0,75
SGPT (IU/L) -0,033 0,66+
Kpeativivn (mg/dl) 0,013 0,85
AABoopivn (g/dl) -0,073 0,31
Aotoroykoi dgikTeg

Agvkokvttapa (10°/ml) -0,065 0,39
Ovodetepopra (%) 0,038 0,61
Agpgpoxvtrapa (%) 0,004 0,95
Movoropnva (%) -0,067 0,36
loowopira (%) -0,139 0,06
Baoeopira (%) 0,012 0,87
EpvBporvrrapa (10°/ml) 0,023 0,74
Aworetéha (10°/ml) -0,081 0,27
Awatokpitng (%) 0,029 0,66
Awocaipivn (g/dl) 0,032 0,62
TKE (mm/h) -0,079 0,25

*Tomomomuévog cvvtedeotng B g emidpaong TG Quowkng dpactnpiotnrog avd MET-
Aemtd/efoopddo. §EZTabuiopévo yio To UAO Kot TV nAtkia. TETabucpévo yio to eOAo, TV NAKio

Kot tov AM.X.
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3.4 Tevetukn) avaivon
Avaivon TG ovvOTNTOS GAAAOROPPMV KL YOVOTOTOV

Ytov Hivexka 3.21 mopovcidlovior ot yevetikol deikteg mov peAeTnOnkav, ot
YovOTLTTOL, TO €Mimed0 onuavtikdTTag Yo Tov Eleyyo Hardy-Weinberg Equilibrium kot 1
oLYVOTNTO ELPAVIONG TOV GTAVIoL aAAnAopdpeov (MAF) yia kaBe deiktn. Ot cuyvotnteg
EUPAVIONG TV oTdvVioV aAnAopdopemv kopaivoviav and 0,08 (rs1800629 TNF-a) éwg
0,48 (rs7034200 GLIS3). OLot o1 TOAVLOPPICUOL NTOV GE CLUEMVIO PE TNV 1GOPPOTin
Hardy-Weinberg, ektog and toug rs11640851 (MT1A) ko rs10636 (MT24).

MMivaxkoeg 3.21. XopoknpioTiKa TOV YEVETIKMOV OEIKTMOV GTO OEIYLLO TV NATKIOUEVOV.

SNP Chr T'oviow I'ovétvmor (N) N HWE P MAF
rs10493846 1 SEC63D1 GG/GT/TT: 467/207/25 699 0,706 0,18
rs340874 1 PROXI CC/CT/TT: 213/405/180 798 0,671 0,48
rs780094 2 GCKR CC/CT/TT: 228/398/166 792 0,775 0,46
rs560887 2 G6PC2 CC/CT/TT: 400/321/69 790 0,667 0,29
rs4675095 2 IRS1 AA/AT/TT: 614/156/10 780 1,000 0,11
rs11717195 3 ADCYS5 TT/TC/CC: 483/226/34 743 0,249 0,20
rs11920090 3 SLC242 TT/TA/AA: 549/207/23 779 0,510 0,16
rs11167682 5 SAP30L GG/GT/TT: 466/270/41 777 0,838 0,23
rs4880 6 SOD2 TT/TC/CC: 63/100/49 212 0,490 0,47
rs1061581 6 Hsp70-2 AA/AG/GG: 103/110/19 232 0,226 0,32
rs1800629 6 TNF-a GG/GA/AA: 680/111/7 798 0,320 0,08
rs1800795 7 IL-6 GG/GC/CC: 163/72/9 244 0,831 0,18
rs4607517 7 GCK GG/GA/AA: 525/242/37 804 0,181 0,20
1s2191349 7 DGKB/THEM195 TT/TG/GG: 252/354/161 767 0,079 0,44
rs7034200 9 GLIS3 AA/AC/CC: 206/370/181 757 0,561 0,48
16479526 9 PTPDCI CC/CT/TT: 440/278/54 772 0,291 0,25
rs457420 9 BRD3 CC/CT/TT: 272/367/152 791 0,167 0,42
rs10885122 10 ADRA2A GG/GT/TT: 611/155/14 780 0,297 0,12
rs11605924 11 CRY2 CC/CA/AA: 272/388/135 795 0,884 0,41
1s7944584 11 MADD AA/AT/TT: 327/344/108 779 0,276 0,36
rs174550 11 FADSI TT/TC/CC: 422/298/64 784 0,279 0,27
rs10830963 11 MTNRIB CC/CG/GG: 414/317/46 777 0,166 0,26
1s35767 12 IGF1 GG/GA/AA: 482/264/35 781 1,000 0,21
rs8052394 16 MTIA AA/AG/GG: 393/139/2 534 0,002 0,13
rs11640851 16 MTIA AA/AC/CC: 215/272/35 522 2,8E-05 0,33
rs1610216 16 MT24 AA/AG/GG: 335/178/18 531 0,418 0,20
rs10636 16 MT24 GG/GC/CC: 252/251/25 528 1,1E-04 0,29

SNP: Single Nucleotide Polymorphism, Chr: Chromosome, HWE: Hardy-Weinberg Equilibrium,
MAF: Minor Allele Frequency

Ot moAvpopoeiopot rs1800629 (TNF-a), rs1800795 (IL-6), rs8052394 (MTI1A),
rs11640851 (MTIA) ko 110636 (MT2A) pehetnOnkov Le TNV EPOPUOYN TOV EMKPATOVS
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YEVETIKOD HOVTELOL (POPEIC TOV OTAVION AAANAOLOPPOL EVavTL Un GopEémV). O1 vtoAoUTOL
TOAVHOPPICUOL HEAETHONKOV LE TNV EQOPUOYN TOV TPOCHETIKOD YEVETIKOL LOVTEAOL

(emidpaon avd aAANAOLOPPO aVOPOPAGS).

Extipnon g ovoyETIOoNG TOV YEVETIKAOV OEIKTAOV UE TOV EMAOAUCUO VOGNUATOV
OTOVS NAMKIMUEVOVG

O £éheyyog oLOYETIONG TOV TOALHOPOIGUAOV pe TNV THovOTNTe TOPOVGIOG
VOONUATOV GTO Oyl TOV NAKIOUEVOV €0EAOVI®OV, TPAYUATOTOMONKE HE HOVIEAQ
AOYIOTIKNG TToAvOpoOunong, oopbopéva yioo to VAo kot v niwia (Movtého 1) kot
emmAéov yia tov AM.E. (Movtého 2), 6mov ftov anapoitnto. To oamoteAécpota TV

avaAvcewv pe eninedo onuavtikotntog P<0,10 tapovoidlovror otov Ilivaka 3.22.

H napoveio vrépraong oyetiotnke onuoavikd pe to C aAAnAopopeo ywo Tov
moAvpopeiopd rs780094 (GCKR) (Adyog mbavotntev: 1,293, P=0,039, ctabuicpuévo yuo
t0 (POAO, TNV NAKia kot Tov A.M.Z.). Epunvevovtag t cvoyétion, ot nikiopévol pe CT
yovotumo elyav 1,293 peyardtepn mboavotnra va givor vreptocikol oe oyéon pe toug TT
kot ot CC 2,586 oe oyéon pe toug TT (mpoohetikd povtéro). IHapdriinia, n moapovcio
VIEPTOONG GYETIOTNKE ONUAVTIKA LE TO G aAANAOLOPPO Vi TOV TOAVHOpPLopd rs8052394
(MTIA) (Moyog mBavottov: 1,670, P=0,032, ctafucpévo yo 1o A0, TV nAkio Kot
tov A.M.X.). Epunvedovtag 1t cvoyétion, ot eopeig tov G adiniouopeov (GG kot GA)
elyav 1,670 peyalvtepn mbavotmrta va givol veptacikol oe oyéon pe tovg AA (emkpatég
povtéro). Avtictoyya, M mapovcio. vaepyoinoTeporarpiog oyctiomke pe to T
aAANAOLOPPO Yo Tov moAvpoppiopd 154880 (SOD2), n mopovsio vrépPapov pe 10 T
AAANAOLOPPO YO TOV TOAVLOPPIGUO 156479526 (PTPDC1) kou 1o G 0AANAOLOPPO Y10, TOV
molvpopeiopud 1535767 (IGFI), evdd n moyvoopkio pe C  aAANAOHOPQO Yo TOV
moAvpopPiopd 15457420 (BRD3).

INUOVTIKEG CUOYETICEIS TOV YEVETIKMV OEIKTOV UE TO LOTOPIKO KUPILOYYELNKOD
VOGN LOTOS KOTAYPAPNKAY Y10l TOVG TOAVHOPOIopovS 1511640851 (MT1A4) ko rs8052394
(MTI1A4) (P=0,003 xou P=0,001 avrtictoyya). To 16TOPIKO GyYELOKOD EYKEPUAKOD
emel600iov Ppédnke va oyetiCetanr Oetikd pe to C AAANAOLOPPO Y10 TOV TOAVUOPPIGUO
rs1800795 (IL-6) ka1 pe 1o C aAAnAOpop®o yio Tov moAvpopeiopd rs11640851 (MT1A4). H
mBovotnTo gueaviens avenapkewos Zn (sninedo mAdopatog <10,5 uM) frav pikpdtepn
napovsio Tov T aAAniopdpeov Yo tov ToAvpopPiopd 157944584 (MADD) kot to 1610
toyve yio to G aAAnAdpopeo tov morvpopeiopov rs10830963 (MTNRIB).
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IMivakag 3.22. Zuoy£Tiom TOV TOAVHOPPIGHGV He TNV TavoTnTa mapovsicg voonpdtov 6to civoro (N=843) tov nAiopévov ebgloviav.

Movtého 1 (ooppetafintéc:

Movtého 2 (ooppetafintéc:

@VL0, NMKin) @vro, nkia, A.M.X.)
ECoptnpévn petafinty SNP (yovidro) Aliniopopeo  Adyog mOavoTiTOVF P Adyoc mOBavoTiTOV* P
avaQopag (95% dwotipata (95% dwotipata
(ovyvétnTa) EUTLETOCHVIG) EUMLGTOGHVIC)
latpko votopkod
Ynépraon' rs780094 (GCKR) C(0,54) 1,293 (1,03; 1,62) 0,026 1,276 (1,01; 1,61) 0,039
rs457420 (BRD3) C (0,58) 1,254 (1,00; 1,56) 0,045 1,189 (0,95; 1,49) 0,13
1s1800629° (TNF-c) G (0,92) 1,448 (0,94; 2,21) 0,08 1,401 (0,90; 2,17) 0,13
1s8052394% (MT14) A (0,87) 1,601 (1,01; 2,53) 0,043 1,670 (1,04; 2,67) 0,032
Takyapddng Awpime 2! 1s35767 (IGFI) G (0,79) 1,426 (0,98; 2,05) 0,06
Yrepyoinoteporapio 54880 (SOD2) T (0,53) 1,674 (1,01; 2,77) 0,045
rs10636° (MT24) G (0,72) 1,516 (0,92; 2,48) 0,10
Kopowayyesioka rs4675095 (IRS1) A (0,89) 1,601 (1,00; 2,56) 0,049 1,598 (1,00; 2,56) 0,050
voonfuara' rs11920090 (SLC242) T (0,84) 1,479 (1,01; 2,16) 0,043 1,503 (1,02; 2,20) 0,037
rs11640851% (MTIA) C(0,33) 1,829 (1,19; 2,79) 0,005 1,906 (1,24; 2,93) 0,003
1s8052394% (MT14) G (0,13) 1,948 (1,26; 2,99) 0,002 1,985 (1,29; 3,05) 0,001
"Engpaypa pookopdiov'  rs11717195 (ADCYS) C (0,20) 1,745 (0,98; 3,08) 0,055
rs11920090 (SLC242) T (0,84) 2,623 (0,95; 7,23) 0,06
Avyyelokd eyke@oiKo rs11167682 (SAP30L) T (0,23) 1,695 (0,96; 2,97) 0,07
Eme166810" rs18007957 (IL-6) C (0,18) 20,280 (2,80; 146,90) 0,002
rs11640851% (MT1A) C (0,33) 2,731(1,07; 6,93) 0,034

* Adyog TOAVOTHTOV TG ETIBPACTC TOL TOAVHOPPLGHOD v AAANAOLOPPO avapopdc. 'Amovsia Evavtt Tapovsiag. “Emikpotéc Yevetikd Loviéo.

SN=250.
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Movtého 1 (ooppetafintéc:

@VL0, NMKin)
ECaptnpévn petopintqy SNP (yovidro) Aliniopopeo  Adyog mOavoTiTOVF P
avaQopas (95% owotipata
(ovyvotnTa) EUMOTOGVVI|G)
YrépBapo' rs11717195 (ADCYY) T (0,80) 1,367 (0,97; 1,91) 0,07
1s6479526 (PTPDCI) T (0,25) 1,499 (1,04; 2,16) 0,029
1s35767 (IGF1) G (0,79) 1,425 (1,02; 1,99) 0,038
Hoyvoapkio rs11167682 (SAP30L) T (0,23) 1,260 (0,99; 1,60) 0,06
rs457420 (BRD3) C (0,58) 1,226 (1,00; 1,49) 0,045
Avemdpkewo Zn (<10,5 rs780094 (GCKR) C (0,54) 0,678 (0,45; 1,02) 0,06
uM) 2 1s7944584 (MADD) T (0,36) 0,590 (0,38; 0,92) 0,021
rs10830963 (MTNR1B) G (0,26) 0,607 (0,24; 0,37) 0,049
1s10636% (MT24) C (0,28) 0,569 (0,29; 0,32) 0,056

* Adyog TOOVOTHTOV TG EMIGPUTC TOV TOADLOPPIGHOD o aAMAOHOPPO avapopds. ' Amovsia évavtt mapoveioc. *Emukpotéic yevetikd poviého. "N=250.
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Eravpoiia Kavéuy Avece)iopoca

2115 Ewdveg 3.26-3.29 nopovctdloviot ot S10popES 6T GLYXVOTNTO ELPAVIONS TOV
YOVOTOT®V, Y10 TOVG TOAVHOPPIGHOVS TTov PBpébnkav va oyetiCovion pe v mbovotnto

EUGAVIOTG VOOT|ULAT®V GTO JElYUO TOV NAKIOUEVOV 0EAOVTOV.
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Ewévo 3.26. Zuyvomrta yovotimmv tov moAvpopeiopdv A) rs780094 (GCKR) kol B)
1$8052394 (MT1A) o€ vePTACIKOVG KOl LT VIEPTOCTIKOVG NAIKIOUEVOLG.
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50,0 —
Mny
_ VTEpZ0AT GTEPOATLUIKOL
W Yrepyoinotepodoyukcoi
40,0 -
% —
= 30,0
€
3
>
8
L —
X 20,0
10,00
0.0 T T T

TT TC ccC
rs4880 (SOD2)

Ewova 3.27. Zvyvomta yovotvmwv Tov  ToAvpopeicpov  rs4880 (SOD) oe
VIEPYOANCTEPOAULUIKOVS KO LT VITEPYOANGTEPOAULUKOVS NAKIMDUEVOLG.
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Ewévo 3.28. Zvyvomrta yovotdmwv tov molvpopeiopmv A) rs4675095 (IRSI), B)
rs11920090 (SLC2A42), T') rs11640851 (MT1A) kot A) 1s8052394 (MT1A) oe aocBeveig pe
KopOLoyyelokd VOO Kol VYLELS.

108



Eravpoiia Kavéuy Avoteléspana
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Ewova 3.29. Xvyvotrta yovotomav tov moivpopeicudv A) rs1800795 (IL-6) ko B)
rs11640851 (MTIA) oe MAKIOUEVOLS OTOLGIO KOL TOPOVGIO 1GTOPIKOD  OyYELKOV

EYKEPOAMKOD EMEIGOOTI0V.

A&oA0YNoN TNG ETIOPUGNS TOV YEVETIKAV OEIKTOV OE CONUTORETPIKOVS, KAIVIKOVG,

Broymuikovg Kot CpHaTOAOYIKOVGS dEiKTES

O £éheyyog OLOYETIONG TOV TOAVUOPPICUDV HE COUATOUETPIKOVS, KALVIKOVG,
YAUKOUUIKOVG KOl ATdopukovg  0eikteg o610 Oglypo TV NAKIOpEVOV  efgloviov,
TPAYULATOTOMONKE PE HOVTELD YPOAUUIKNG TOAVOpOUN NG, dtopbopéva yio To @OAO Kot
v nAkia (Movtého 1) kot emumdéov yuo tov A.M.E. Kot T AW QOPLOKEVTIKNG OY®YNG
(Movtého 2), 6mov Nrtav amopaitnto. To amoteléopato TtV avolOcE®V pe €mimEdO

onuavtikotrag P<0,10 napovsialovion otov Hivexa 3.23.

O dsgiktng palog oopatog (A.M.X.) oyetiotke apvnrikd pe to T aAiniopoppo
Y. Tov moAvpopoopd 15457420 (BRD3) (P=-0,084, P=0,017). Epunvevovtag 1
ovoyétion, ot nukimpévot pe CT yovotumo sixav katd 0,084 kg/m” yaunhotepo AM.X. og

oyéon pe tovg CC ko o1t TT katd 0,168 oe oyéon pe toug CC (mpochetikd povtéro).

AvtiocToly o, Ol M0 CNUOVTIKEG OPVNTIKES EMOPACELS OTO EMIMENA TG CVGTOAKNG
apTnpuoKiyg mieong xotaypaenkav ywo 10 C  aAANAOUOPEO TOL TOAVUOPPICUOV
111717195 (ADCYS5), to A aAAnAdpopeo tov morvpopeiopov rs11605924 (CRY2) ko to
T aAAnAopopeo tov morvpopeiopol 1s7944584 (MADD). Ta enimeda TG OL06TOMKIG

apTNPLoKNS ieong oyetiokay Betikd pe v mapovsio Tov C aAANAOUOPEOL Yo TOV
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moAvpopeiopd 1s10636 (MT24), pe tovg eopeig tov C ariniopdpepov (GC ko CC,
eMKpaTEG LovTéLD) va Exovv katd 0,112 mm Hg yaunAdtepa enineda micong oe oyéon pe
toug GG (P=0,012, otabuiopévo yioo to @VA0, v nmAkio, tov A.M.E. kot ™ Anym

OVTIVTEPTAGIKAOV QOPUAKOV.

To oAAnAdpoppo G v tov moAvpopeoud 152191349 (DGKB/THEM19S5),
OYETIOCTNKE ONUOVTIKA LE HEl®UEVa EMmedn YAVKOLN S VNoTELNGS, LVGOVAIVIIG VI OoTELOS KOt
Homa-IR (P=0,001, P=0,032 ko1 P=0,004, avtictorya). Ot tinég Homa-B ennpedlovrav
apvnrikd (P=0,035) and 10 A aAAnAopop@eo yuo tov ToAvpopeicud rs1800629 (TNF-a.).

Avagopikd pe Tovg Mmdopkovg ogikteg, 0 C  aAANAOHOpPO Yoo TOV
noAvpopeiopd rs4880 (SOD2) eiyxe onuovtikn enidpoon ota enineda o&ewwpuévng LDL-C
(B=-0,252, P=6,5x10"), tprylokepidiov (B=-0,237, P=3,9x10™*), HDL-C (p=0,147,
P=0,029) ko ohxng yoAnotepoing (B=-0,136, P=0,046). [TapdrAinia, to A aAANAOLOPPO
v tov moAvpopeopd rs1800629 (TNF-a) oyetiotnke pHe HElOUEVO EMIMEdD OAKNG
xootepding ko tpryAvkepdiov. To emimeda ofewdwpévng LDL-C Ppébnke va
avéavovtat mapovcia Tov T aAiniopdpeov yio tov moAvpopPiopod rs340874 (PROXI) ko
t0 1010 ioyve Koty 10 T aAANAOHOpPO TOL TOAVHOPPIGHOV 157944584 (MADD). Téhog,
10 T aAAnAOpoppo Yo Tov moAvpopeiopod rs11167682 (SAP30L) oyetictnKe po avEnpuéva
eninedo HDL-C.
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Avocedéspaca

IMivaxkog 3.23. Zuoy£Tion TOV TOAVUOPPICU®V UE COUUTOUETPIKOVS, KAVIKOVS, YAVKOUKOVS Kot ATdokovs oeikteg 6to ohvoro (N=843)

TOV NMKIOUEVOV EBEAOVTOV.

Movtédho 1 (copperafintéc:

Movtédlo 2 (ooppetafintéc:

@VL0, NMKio) @Vr0, nMkio, A.M.X.,
OVTIWTEPTUGIKA QPAPRUKDY)
Eaptnuévn SNP (yoviowo) AMnAépop@o p* P p* P
petopfinti avoQopdc
(ovyvoTnTO)
YOROTONETPIKOL
ogikTeg
AM.Z. (kg/m?) rs560887 (G6PC2) T (0,29) -0,060 0,09
rs11717195 (ADCYYS) C (0,20) -0,071 0,050
15457420 (BRD3) T (0,42) -0,084 0,017
1s35767 (IGF1) A (0,21) -0,063 0,08
Klvikoi dgikrteg
Yvotolkn aptmprokn  rs10493846 (SEC63DI) T (0,18) 0,074 0,07 0,074 0,053
nieon (mm Hg) rs780094 (GCKR) T (0,46) -0,075 0,046 -0,060 0,09
rs11717195 (ADCYYS) C (0,20) -0,085 0,028 -0,086 0,019
rs11167682 (SAP30L) T (0,23) 0,078 0,039 0,070 0,050
54880 (SOD2) C(0,47) -0,138 0,054 -0,135 0,053
rs1800795" (IL-6) C (0,18) 0,117 0,08 0,127 0,048
rs457420 (BRD3) T (0,42) -0,064 0,09 -0,045 0,21
rs11605924 (CRY?2) A (0,41) -0,088 0,018 -0,095 0,007
187944584 (MADD) T (0,36) -0,077 0,041 -0,077 0,032
AwoToMkn rs11717195 (ADCYY5) C (0,20) -0,071 0,07 -0,065 0,09
aptnplakn wieon (mm  rs1800629' (TNF-a) A (0,08) -0,080 0,035 -0,075 0,044
Hg) 152191349 (DGKB/THEM195) G (0,44) 0,066 0,09 0,062 0,11
r$8052394 (MT1A) G (0,13) 0,076 0,09 0,082 0,06
rs10636' (MT24) C (0,28) -0,112 0,013 -0,111 0,012

*Tumomonpévoc ouvteeoThc B TG EMidPaoTC TOV TOAVHOPPIGLOD 0vé AAANAOLOPEO avapopdc. Emtkpatés yeveticd Hovtéro.
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Movtédro 1 Movtédho 2 (coppetapintéc:
(ovppetafintéic: evio, @Vr0, NAkia, A.M.X., Kot
nikia) §avtiowpnTikd eappoxa)
Eaptnuévn SNP (yoviowo) AMnAépop@o p* P p* P
petopfinti avoQopdc
(ovyvoTnTO)
INowkoapikol ogikTeg
[Mwxoln vnortelag 152191349 (DGKB/THEM195) G (0,44) -0,107 0,003 -0,095 0,001§
(mg/dl) rs174550 (FADSI) C (0,27) -0,081 0,023 -0,057 0,052§
Iveovrivn vnoteiog rs1800629"' (TNF-«) A (0,08) -0,068 0,058 -0,064 0,07
(pmol/L) 152191349 (DGKB/THEM195) G (0,44) -0,098 0,058 -0,101 0,032
1$35767 (IGF1) A (0,21) -0,068 0,040 -0,052 0,10
Homa-B (%) rs1800629" (TNF-a) A (0,08) -0,077 0,042 -0,075 0,035§
156479526 (PTPDCI) T (0,25) 0,066 0,09 0,050 0,17§
Homa-IR 1s1800629"' (TNF-c) A (0,08) -0,068 0,07 -0,062 0,08
1s2191349 (DGKB/THEM195) G (0,44) -0,102 0,009 -0,104 0,004
1s35767 (IGF1) A (0,21) -0,081 0,034 -0,062 0,09

*TOTOMOMEVOG GUVTEAESTAG B TNG ENISPOOTC TOL TOAVLOPPIGLOD Ve CAAMAOLOPPO avapopdc. 'Emcpatéc YeveTikd HovTéro.
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Avocedéspaca

Movtédro 1 Movtédho 2 (coppetapintéc:
(ovppetafintéic: evio, @VL0, Nhkia,
nukia) OVTIMTTIO LMK QaPLOKa,
Kol TA.M.X.)
ECaptnpévn SNP (yovidwo) AlinAopop@o B* P B* P
petafinti avaQopas
(ovyvoTNTO)
AT 0IIKOTL OEIKTES
Ol yoAnotepoAn 154880 (SOD2) C(0,47) -0,146 0,034 -0,136 0,046
(mg/dl) rs174550 (FADSI) C (0,27) 0,061 0,08 0,052 0,13
rs1800629"' (TNF-a) A (0,08) -0,064 0,07 -0,067 0,045
LDL-C (mg/dl) 154880 (SOD2) C(0,47) -0,126 0,07 -0,112 0,09
rs174550 (FADSI) C (0,27) 0,071 0,044 0,061 0,07
HDL-C (mg/dl) 1s560887 (G6PC?2) T (0,29) 0,059 0,09 0,049 0,167
rs11167682 (SAP30L) T (0,23) 0,087 0,013 0,083 0,016F
54880 (SOD2) C(0,47) 0,145 0,033 0,147 0,029
1$35767 (IGF1) A (0,21) 0,078 0,025 0,069 0,047+
Tprylvkepido 1s560887 (G6PC2) T (0,29) -0,069 0,055 -0,059 0,09
(mg/dl) rs11920090 (SLC242) A (0,16) 0,070 0,052 0,072 0,043
154880 (SOD2) C(0,47) -0,227 9,7x10™ -0,237 3,9x107+
rs1800629' (TNF-«) A (0,08) -0,112 0,001 -0,106 0,002+
1s8052394' (MT14) G (0,13) -0,086 0,047 -0,078 0,07
O&ewdopévn LDL-C 15340874 (PROXI) T (0,48) 0,211 0,005
(mg/dl)* 54880 (SOD2) C(0,47) -0,252 6,5x10™
157944584 (MADD) T (0,36) 0,180 0,020

*TVmOmOMIEVOC GUVTELESTIG B TG EMISPOIOTC TOV TOAVLOPPIGLOD 0vé aAANAOHOPPO avapopds. Emtkpatéc yevettkd poviéro. “N=175.
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Eravpoiia Kavéuy Avotedispana

21ig Ewkdveg 3.30-3.34 nopovsialovtot ot Stapopég O6TIC HEGES TILES TOV KMVIKAYV,
COUOTOUETPIKAV, YAVKOUUKOV Kol MTOOUIKOV OEIKTMOV, OVALEGH GTOVG YOVOTLTOVS Y10,

TOVG TOAVUOPPICUOVG LLE CNUOVTIKY] ETIOPACT) GTOVG OEIKTEC.
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Ewova 3.30. Enineda cvotohkng (A-A) kat owactolkng (E, XT) aptnploxng mieong ava
YOVOTUTO Y10, TOVG TOAVUOPPIGHOVS A) 1511717195 (ADCYS), B) rs1800795 (IL-6), I)
1511605924 (CRY2), A) 157944584 (MADD), E) rs1800629 (TNF-a) wxor XT) rs10636
(MT24).
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Ewova 3.31. Tipég tov deiktn pdlog cdUaTog v YOVOTLUTO Y10 TOUG TOAVHOPPIGHOVG A)
111717195 (ADCY5) xou B) rs457420 (BRD3).
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Ewova 3.32. Enineda A) yAvkoing vnoteiag kat B) tveovdivng vnoteiog avd yovotumo yio
tov moAlvpopeiopnd 1s2191349 (DGKB/THEM195), T') Homa-B avd yovétvmo yio tov
nolvpopeiopd rs1800629 (TNF-a) kot A) Homa-IR avd yovdtumo yio Tov ToAVHOp@IGHO
152191349 (DGKB/THEM195).
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Ewova 3.33. Emineda A) oewdopévng LDL-C, B) 1prydvkepdiov, I') olkng

yoAnotepoing kot A) HDL-C avd yovotumo yio Tov moAvpopepiopd 1s4880 (SOD).
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Ewova 3.34. Enineda A) oMkng yoANoTEPOANG ava YOVOTLTO Yol TOV TOAVUOPPIopo 151800629 (TNF-a), B-I') HDL-C avé yovotumo yia toug
moAvpopeiopovs B) rs11167682 (SAP30L) ko I') 1rs35767 (IGFI), A) tprylvkepdiov avé yovotumo yuo Tov moAvpopeiopd rs11920090
(SLC2A42) xan E-XT) o&edmpévng LDL-C avé yovotumo yia tovg moivpopeiopots E) rs340874 (PROXT) xou XT) rs7944584 (MADD).
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O éleyyog OLOYETIONG TOV TOAVUOPPICUDV HE QAEYUOVAOOIELS, PloymuIKovg Kot
OLULOTOAOYIKOVG OglkTeG TV MMKIOUEVOV €0gAOVTOV, Tpaypatomomonke He HOVTEAQ
YPOUMKNG ToAVOpOUNong, dtopbmpéva yio 1o Ao kot v nikic (Movtédo 1) ko
emmAéov yu tov A.M.Z. 6mov frav amapaitro. Ta amotedécpato TV ovoldcE®V UE
eninedo onuaviikomrag P<0,10 mopovoialovror otov Ilivake 3.24. Ov mo 1oyvpéc
ocvoyeticelg Mrav petald tov enimedov IL-6 kot tov T aAiniopodpeov v TOV
nolvpop@iopd rs10493846 (SEC63DI) (P=0,262, P=4,1x10™), xobdc kar petal&d tov
eMIESOV OMKNGS KoAepvOpivig Kot Tov T adAnAopdpeov yia tov moAvpopeicpd rs340874
(PROXI) (p=-0,227, P=8,7x107%).

Avapeca otig vrolowmeg cLoyeTioels, To C aAANAOLOPPO Y10 TOV TOAVUOPPIGUO
rs7034200 (GLIS3) eiye onuoaviikny opvntikn emnidpaon oto emimeda IL-8, MCP1 ko
MIPla. To A aAAAOHOpeO Yia Tov TOALHOPPIoHS 1511920090 (SLC242) eiye Oetikn
enidpaon ota enimeda MCP1 xar MIPla, evey 10 C aAANAOLOPPO Y10 TOV TOALLOPPIGUO
110636 (MT2A) elye apvntikn enidpoon ota eminedo tov dewktdv. [HapdAinia, ta
enineda IL-6 oyetiomkav Oetikd pe v mapovcio tov C aAANAOUOPPOL Yio. TOV
moAvpopeiopd rs174550 (FADSI) xon ta emineda IL-8 apvnrikd pe v mapovsio tov A
aAANAOpOpPOL Yo Tov ToAVHOPPIoUO 154607517 (GCK). O popeic tov C aAAnAopodpeov
vy tov moAvpopeiopd rs1800795 (IL-6) eiyav youniodtepo eninedo MIPla og oyéon ue
TOUG U @opeic, evd to 110 ioyve Yoo to emimeda RANTES tov @opéwv tov A

aAANAOUOPPOV Yo TOV TOAVHOPPIGHO 151800629 (TNF-a).

Ta enineda YyevdapyvPoOL TAAGRATOS GYETIGTIKOV OPVNTIKA LLE TNV TOPOVGIO TOV
T aAAniopdpeov yia tov molvpopeiopd rs780094 (GCKR) kon Betikd pe v mopovsio
tov C aAAnAopdpeov Yoo tov mToAvpopeioud 1s11717195 (ADCYS). To T alAnAdpopeo
vy tov moAvpopeopd 1511167682 (SAP30L), kabmg kot 10 G aAANAOLOPQO Yot TOV
moAvpopeiopd 151610216 (MT24) oyetiomkov pe petopéva enimeda SGOT kot SGPT.
[MoapdrAinia, to emineda SGPT emmpedlovrtav oapvnTikd omd TV TOPOLGIN T®V
alAnrouopewv: T yia tov molvuopeiopd rs340874 (PROXI), T yioa tov TOALHOPQIGUO
1s780094 (GCKR) xou T yw tov molvpopeiopd rsS60887 (GO6PC2). Ot onpOvVTIKES
GUGYETIGES TV YEVETIKOV OEIKTMOV HE TOVG OLUOTOAOYIKOVS OEikTEG agpopovoav TNV
apvnTIKn enidpoon tov aAAniopdpewv T tov moivpopeicpod rs780094 (GCKR) kouw A
oV moAvpopPiopov 1s35767 (IGF1), kabng kou ™ Betikn enidpaocn tov T aAinAopdppov
TOV TOAVHOPPLGHOV 15457420 (BRD3), 6T0. eMimeEdO ALULATOKPITI KO OLOGOOLPIvIG,.
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Avocedispaca

IMivaxkog 3.24. Zvoyétion TV TOAVUOPPICUDV HE QAEYHOVMOELS, Ploynukods Kot

Ao ToA0YKoVG deikteg o voopdda (N=250) tov nAikiopévov eerovidv.

Movtého 1
(ovppetrafintéc: @vro,
nMkia)
Eaptnuévy SNP (yoviowo) AlnAdpopoo p* P
petafinT avapopdc
(ovyvoTNTX)
DALeypovaoels OEIKTES
IL-6 (pg/ml) rs10493846 T (0,18) 0,262 4,1x10™
(SEC63D1I)
rs174550 (FADSI) C (0,27) 0,141 0,026
IL-8 (pg/ml) rs2191349 G (0,44) -0,130 0,053
(DGKB/THEM195)
154607517 (GCK) A (0,20) -0,136 0,036
rs7034200 (GLIS3) C (0,48) -0,132 0,043
TNF-a (pg/ml) rs4607517 (GCK) A (0,20) -0,108 0,10
rs1800795" (IL-6) C (0,18) -0,113 0,08
MCP1 (pg/ml) rs11920090 (SLC2A42) A (0,16) 0,154 0,018
rs2191349 G (0,44) 0,122 0,07
(DGKB/THEM195)
rs7034200 (GLIS3) C (0,48) -0,163 0,012
157944584 (MADD) T (0,36) 0,115 0,08
rs1800795" (IL-6) C(0,18) -0,124 0,053
rs10636' (MT24) C (0,28) -2,249 0,025
MIP1la (pg/ml) rs11717195 (ADCYYS) C (0,20) -0,112 0,09
rs11920090 (SLC242) A (0,16) 0,149 0,022
rs2191349 G (0,44) 0,114 0,09
(DGKB/THEM195)
rs7034200 (GLIS3) C (0,48) -0,151 0,021
rs1800795" (IL-6) C (0,18) -0,128 0,046
1s10636' (MT24) C (0,28) -0,130 0,041
RANTES (ng/ml) rs4675095 (IRS1) T (0,11) -0,108 0,10
151800629 (TNF-a) A (0,08) -0,143 0,027
Buoynpikoi dgikrteg
Zn TAdopotog (LM) rs780094 (GCKR) T (0,46) -0,1334 0,039
rs11717195 (ADCYY5) C (0,20) 0,1368 0,041
Ol xorepvBpivn rs340874 (PROX1) T (0,48) -0,227 8,7x10™
(mg/dl) rs11717195 (ADCYY5) C (0,20) -0,118 0,09
SGOT (IU/L) rs11167682 (SAP30L) T (0,23) -0,194 0,0068
rs1610216 (MT24) G (0,20) -0,175 0,010§
SGPT (IU/L) 1s340874 (PROXI) T (0,48) -0,169 0,014
rs780094 (GCKR) T (0,46) -0,150 0,026
1s560887 (G6PC?2) T (0,29) -0,150 0,028
rs11167682 (SAP30L) T (0,23) -0,140 0,042
rs1800795" (IL-6) C (0,18) -0,136 0,043
rs1610216 (MT24) G (0,20) -0,144 0,028

'Enucpatéc yevetikd poveéro. *Tumomomévog Guvieeothg B TG eidpaong Tov TOADLOPOIGLOD AVEL
OAANAOLOPQPO avapopdc. §XTaBGHEVO Yo TO @UAO, TNV NAKia Kot Tov A M.X.
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Eravpoila Kby Avocedispaca
ECaptnpévn SNP (yoviowo) AlinAopopeo B* P
petafint avapopdc

(ovyvoTNTX)
Kpeatwvivn (mg/dl) rs780094 (GCKR) T (0,46) 0,119 0,053
AXPoopivn (g/dl) rs4880 (SOD2) C (0,47) -0,206 0,046
rs10830963 G (0,26) -0,108 0,09
(MTNRIB)
1535767 (IGFI) A (0,21) -0,123 0,050
Alpatoroyikoi deikteg
Agvikokvttapa (10°/ml)  rs10493846 T (0,18) 0,169 0,026
(SEC63D1I)
rs10830963 G (0,26) -0,125 0,06
(MTNRIB)
rs1610216 (MT24) G (0,20) 0,111 0,08
Agpopoxvttapa (%) rs7034200 (GLIS3) C (0,48) -0,108 0,09
rs11640851" (MTIA) C(0,33) -0,107 0,09
1s8052394' (MT14) G (0,13) -0,108 0,08
Movortdpnva (%) rs10493846 T (0,18) -0,139 0,07
(SEC63D1I)
loocwoeiha (%) rs10493846 T (0,18) 0,147 0,052
(SEC63D1I)
154607517 (GCK) A (0,20) -0,154 0,015
rs174550 (FADSI) C(0,27) -0,121 0,06
rs10636' (MT24) C (0,28) 0,111 0,08
1s8052394' (MT14) G (0,13) 0,105 0,09
Baoeogpira (%) rs11717195 (ADCYYS) C (0,20) 0,114 0,09
rs1800795" (IL-6) C (0,18) -0,125 0,05
EpvBpoxirtrapa rs340874 (PROXI) T (0,48) -0,133 0,026
(10°/ml)
Aworetéo (10°/ml) rs2191349 G (0,44) 0,169 0,009
(DGKB/THEM195)
Awotokpitng (%) rs780094 (GCKR) T (0,46) -0,127 0,028
rs457420 (BRD3) T (0,42) 0,135 0,020
135767 (IGFI) A (0,21) -0,143 0,012
Awoocparpivn (g/dl) rs780094 (GCKR) T (0,46) -0,144 0,011
rs457420 (BRD3) T (0,42) 0,141 0,012
135767 (IGF1) A (0,21) -0,141 0,012
TKE (mm/h) 154880 (SOD2) C(0,47) -0,262 0,010
15457420 (BRD3) T (0,42) -0,102 0,08

'Emikpatéc yevetikd poviého. *Tumomompévog GUVIEAESTAC P TG EMISPAOTIC TOV TOAVHOPPLOHOD AVl
AAANAOLOPPO OvapOPdc. §ETaOUIoUEVO Yo TO GVAO, TNV NAKia Kot Tov A.M.Z.
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Eravpoiia Kavéuy Avotedispana

21ig Ewdveg 3.35-3.40 napovcialovior ot Sopopég 0TI HEGES TIUES TV PAEYLOVMODV,
Bloynuk®v Kol OUATOAOYIK®V  OEIKTMV, OVAUESH OGTOVG YOVOTUTOLG YO  TOVG

TOAVUOPPIOUOVS LLE GNUOVTIKY] ETIOPACT] OTOVG OEIKTEC.
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Ewoévo 3.35. Eninedo IL-6 avd yovotumo yio tovg moAvpopeiopovs A) rs10493846
(SEC63D1I) xor B) 1s174550 (FADS1) kan IL-8 avé yovoTtumo yio toug ToAvpopeicpovg I
1s4607517 (GCK) xar A) rs7034200 (GLIS3).
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Eravpoiia Kavéuy Avotedispana
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Ewova 3.36. Eninedoa MCP1 xou MIP1a (A-I') kot eninedo RANTES (A) avd yovotvmo
Y. TOVG TOAVHOPPIGHOVS A) 157034200 (GLIS3), B) rs1800795 (IL-6), I') rs10636
(MT2A4) xou A) 1s1800629 (TNF-a).
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Ewova 3.37. Enineda yevdoapyvpov TAGCUATOS 0V YOVOTLTTO Yo TOVG TOAVUOPPIGHOVG

A) 15780094 (GCKR) xon B) 1511717195 (ADCYS).
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Ewova 3.38. Enineda A) oAkng yorepuBpivng avd yovotumo Yo tov moilvpopeiopod rs340874 (PROXI), B-I') SGOT kot SGPT avd yovotumo
vy Tovg ToAvpopPlopovg B) rs11167682 (SAP30L) kot I') 151610216 (MT24), A-XT) SGPT avd yovotumo yio Tovg TOAVHOPPIGUOVS A)
rs340874 (PROX1I), E) rs780094 (GCKR) ka1 XT) rs560887 (G6PC?2).
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Ewova 3.39. Eninedo apocearpivng A-I') avd yovotumo yio tovg moAvpopepicpovg A) 15780094 (GCKR), B) 1s457420 (BRD3) kon I') 1s35767
(IGFI) xon tyéc apotokpitn A-XT) avd yovotumo yia tovg moAvpopeicpovs A) rs780094 (GCKR), E) rs457420 (BRD3) xou XT) 1s35767
(IGF1).
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Ewova 3.40. Twég A) toyvmrag kabilnong epvBpokvttapwv (TKE) avéd yovotvmo yu tov molvpopeiopd rs4880 (SOD2), B) emimeda

aApovpivng opod avd yovotumo yio Tov ToAVHopPlopd 154880 (SOD2) ko I') emimeda aAfovpivng opod avd YovOTLTO Y10 TOV TOAVLOPPIGHO

1$35767 (IGF1).
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Avdlvon TNG OVOYETIONG TOV YEVETIKAV OEIKTOV UE TNV TOPOLGIH (VOLUS KOl

KOTOOMATIKOV COUTTONATOV GTOVS NAKIOUEVOVS

Ytov Iliveka 3.25 mopovcstalovtol To amoTEAEGLOTO TV EAEYXWV CUGYETIONG TOV
YEVETIKOV OEIKTMV HE TOL GKOP EKTIUNGONG TNG YVOOTIKNG AELITOLPYIOG Kol TNG TOPOVGing

KATAOAMYNG GTOVS NAMKIOUEVOLC.

IMivakag 3.25. XuoY£TIoN TOV TOAVUOPPIGUDY UE YUYOKOIVMOVIKOVG OEIKTEG GTO GUVOAO

(N=843) tov nAikiopévev fehovidy.

Movtého 1 Movtého 2
(ovppetrafintéc: @ovro,
LYSINT))
ECoptnpévn SNP AlinAopopeo p* P B* P
petopfinti (yoviorwo) avoQopdc
(cvyvotTa)
Yvyokovovikoi
ogikTeg
E&étaon rs174550 C(0,27) -0,074 0,036 -0,075 0,020§
VONTIKNG (FADSI)
katdotaong (0-  rs35767 A (0,21) 0,071 0,047 0,056 0,088
30) (IGF1)
I'mplatpkn rs11167682 T (0,23) -0,079 0,029 -0,080 0,0257
KAMpoKo (SAP30L)
koté®iymg (0-  rs1800795" C (0,18) 0,118 0,054 0,114 0,067
15) (IL-6)
156479526 T (0,25) -0,105 0,003 -0,104 0,003
(PTPDC1I)
Eaptnpévn SNP AlinAdpopeo Adyog P Adyog P
petapinT (yoviowo) avaQopas mOavoTTOV** mOavoTiTOV**
(ovyvotnTa) 95% (95%
owoTipoTao owoTipoTa
EUTOTOOVVIG) EPMLOTOOVVIG)
Kotofhmtikd rs7034200 C (0,48) 1,285 0,07 1,318 0,049%
GUUTTOpOTO (GLIS3) (0,97; 1,68) (1,005 1,74)
rs6479526 C (0,75) 1,337 0,08 1,317 0,10%
(PTPDCI) (0,96; 1,84) (0,95; 1,82)

'Encpotéc yevetcd poveéro. *Amovsia évavtt mopovsiog. * Tumomompévog cuvieheotic B g
EMIOPAONG TOL TOAVHOPPIGUOD aVA OAANAOHOPPO OvAPOPHS. §EZTAOMGUEVO Y0 TO HOPPOTIKO
enminedo. TZtabwopévo yio tov A.M.E. kol TNV OIKOYEVELNKN KOTAoTOoN. fXTofouévo yioo tnv
OIKOYEVELOKT] KOTAOTOON. **Adyoc mbavotitov Tng emidpaong Tov TOAVHOPPIGHOD Ovd
OAANAOLLOPPO aVAPOPAG
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Avotedispana

Ot onpoavtikdtepes emdpacels Nrav tov C aAANAOUOPPOL Y10 TOV TOAVUOPPIGHO

15174550 (FADSI) 010 GKOp YVOOTIK®V AETOLPYIHV Kot Tov T aAAniopdpeov yio tov

molvpopeiopd rs6479526 (PTPDCI) oto okop katabiwyng (Ewkova 3.41).
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Ewova 3.41. Awogopég 610 okop A) g e£€Ta0MG VONTIKNG KATAGTACTS GTOVS YOVOTUTTOVG

Y. Tov ToAVpopeIopd 15174550 (FADSI) kou B) g kMpokag ynplatpikig KotdOAymg

GTOVG YOVOTLTTOVG Y10 TOV TOAVUOPPIGUO 156479526 (PTPDCI).
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3.5 Avdlvon TG OAAMNAETIOPOONG TMOV YEVETIKAV OLIKTAOV NE T1)

Ol TPOPT] KUl TU GTOLYELD TOV TPOTOV LMNG

Agworoynen ™G oiiniemiopoons Ttov Pabdpod vwediétnong g Meosoyelokng

OLUTPOPIG KOL TOV YEVETIKMV OEIKTMOV GTNV KOTAGTAG VYELNS TOV NAMKIONEVOV

O ékeyyog ™G oaAAnAemidopacnc Tov Pabpov viobétmong g Mecoyelakng
OOTPOPYG KOl TV YEVETIKMV OEIKTMOV TPUYLATOTOMONKE o€ HOVTEAN YPOUUKNG (Yol TIC
ovveyelg LETAPANTEG) Kol AOYIGTIKNG (Yo TG KaTNYOPIKEG LETAPANTES) TOAVOPOUNONG. €2
EPUNVELTIKEG HETAPANTEG CLUUTEPIANPONKAY o KAOe HOVIELO: TO okOp MEeGOYElKNG
OITPOPNG, 0 YeVETIKOG Oeiktng, N aAAnAemidopacn Tovg (STPOPIKO Gkop * yeveTikdg
delkng), To eOAO, N NAKia Ko GALol TBavol cuumapdyovteg. Ot Edeyyol aAANAETIOpaOTC
TEPLOPIOTNKAY HOVO GTOVG YEVETIKOVS OEIKTEG LE CTUAVTIKY ENLOPOCT GTO YOPOKTIPLOTIKA
tov delypotog (Ilivaxeg 3.22-3.25), eved oev Ppébnke onpoviikn dSweopd oto Pabpo
vioBétnong g Mecoyelakng d1atpoeng HeTalD TV YOVOTOHTOV Y10 TOVG TOAVHOPPIGHOVG
mov eAéyyOnkav. To omoteAéopaTo TOV HOVTEA®V YPOUMKNG TOAVOPOUNONG YL TNV
exTiunon tov aAAnAemdpdocmy o eninedo onuaviikomrag P<0,10 mapovcidloviar ctov

Mivaxka 3.26.

Ot onpavtikotepeg aAlnAemdpdoelg mov Ppedniav Nrav peta&d ™e Mecoyelokng
SlTpoPng Kot: Tov TOALHOPPopoL 15560887 (GO6PC2) oto emimeda oeiktn palog
COUOTOC, TOL TOAVUOPPIGHOV 157944584 (MADD) pe 1o eninedo GLGTOAIKNG OPTNPLOKTG
mieong, tov moAvpopeiopov rs1800629 (TNF-a) pe to enimeda O10GTOAIKNG OPTNPLOKNG
mieong, Tov moAvpopeicpov 152191349 (DGKB/THEM195) pe ta emimedo wGOLAIVNG
vnoteiog ko Homa-IR, tov moAvpopeiopot rs340874 (PROXI) pe 1o emimedo OAKNG
xorepvBpivng, tOoL TOAvpOPPIGHOL 15560887 (G6PC2) v 1o emimeda SGPT, tov
TOAVHOPPIoHOV 15457420 (BRD3) yio ToL emimedo ailplotokpitn Kot opoc@oipivng Kot Tov

moAvpopeiopov 1511167682 (SAP30L) yio To 6KOp GTNV YNPTPIKY] KApoKo KaTtaOAnymg.
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IMivaxkag 3.26. Zvoyétion g aAAnienidopaong tov okop Meocoyetokng Awatpopng (0-55)

KOl TOALUOPPICUAOV HE GCOUOTOUETPIKOVG, KAWVIKOVS, YALKOLUIKOVS  AMTOOUUKOVG,

Bloynpikodg apatoAoyIKovg Kot WYoyoKomviKoDs OeiKTEG.

ECaptnuévn SNP (yovidwo) AMnAopopeo p* P
petafinti avaQopac
(ovyvotnTa)

Y ONOTONETPLKOL
ogikteg
AM.Z. (kg/m?) 1s560887 (G6PC?2) T (0,29) -0,684 0,056§
Klvikoi dgikteg
2V0TOMKT aPTNPLOKN 187944584 (MADD) T (0,36) -0,7082 0,041+
nieon (mm Hg)
Aweotodikn aptnplakly  rs1800629" A (0,08) -0,888 0,018
nieon (mm Hg) (TNF-o)
INowkopikoli ogikTeg
Ivooviivn vnoteiag 152191349 G (0,44) -0,826 0,023%
(pmol/L) (DGKB/THEM195)
Homa-IR rs2191349 G (0,44) -0,838 0,019%

(DGKB/THEM195)
Buoynuukoi deiktes”
Ol yorepvOpivn rs340874 (PROXI) T (0,48) 1,484 0,041°**
(mg/dl)
SGPT (IU/L) 1s560887 (G6PC2) T (0,29) -1,491 0,019**
Apatoroyikoi
88iK17£g2
Baoceopura (%) 151800795 (IL-6) C (0,18) 1,129 0,09%**
Awatokpitng (%) rs457420 (BRD3) T (0,42) -1,599 0,011**
Awocapivn (g/dl) 15457420 (BRD3) T (0,42) -1,458 0,018%**
TKE (mm/h) 54880 (SOD2) C (0,47) 1,885 0,06%*
Puyokotvovikoi
ogikTeg
I'mpuatpucn Kiipoxa rs11167682 T (0,23) 0,876 0,009§§
KataOAymg (0-15) (SAP30L)

"Emcpoté yevetikd poviého. *Tumomompévoc ouvtedeotic P g oAMAenidpacng tov okop
Meooyelokng dTpoeng ove LovAada Kol TOL TOAVUOPPIOUOD avd OAANAOLOPPO aVAPOPAG.
§Ztafuiopévo yio o VAo, TNV NAKia Kol TN QLGIKN SPAGTNPLOTNTO. TETAOUIGUEVO Yo TO POAO,
v nlkia, tov A.M.Z. kot ) Aqyn aviwneptacikng Oepaneioc. fZtabuopévo ya to @OAo, TNV
nAwia kat tov AM.Z. **Ztabuepévo yia to eOAo Kot v nAtkio. §§Xtaducuévo yio to eoro, TNy
nAia, Tov A.M.X. Kot TNV OIKOYEVELNKT| KATAGTOOT).
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Eravpoiia Kavéuy Avotedispana

Ot onpovtikdtepes OAANAETOPACELS OlepeuviONKaY HE HOVTEAX YPOUUIKNG
TAAVOPOUNONG OVAL YOVOTUTIO, GUUTEPIAAUPAVOVTOG (OC EPUNVELTIKES LETAPANTES: TO GKOP
Meooyglakng o1atpoeng, 1o UA0, TV NAkio Kot GAlovg mbavoidg cvumapdyovtes. Ta

OTOTEAECLLATO OVTMOV TOV OVOAVGE®V Topovctdloviat otic Ewkdveg 3.42-3.46.

AlepeuvavTog T oNUAVTIKY GAANAETIOpaoT TOV oKop MeECOYEIOKNG S0TPOPNG LE
Tov moAvpopPlopd rs560887 (G6PC2) ota emineda tov deiktn pdlog copatog (A.M.X.),
Bpébnke mog m peyorvtepov Pabuod vioBiétmon g Mecoyelokng dTpoPng GTOVG
nAkiopévoug pe yovotomo TT elye onuoavtikd apvntikn enidpacn oto enineda tov A.M.X.
(B=-0,353, P=0,005, otabuicpévo yo to @OA0 kot v nikia). Avtifeta, n avtiotoym
GLGYETION OEV NTOV CTOTIGTIKG GNUAVTIKY Yo Toug NAtkiopévovg pe CC i CT yovotomo
(Ewova 3.42).

rs560887 (G6PC2)
CcC CT IT

60.0-] N=377, p=-0,068, P=0,19 | N=293, p=-0,055, P=0,35 |N=63, p=-0,353, P=0,005
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Ewova 3.42. Awgopég oty emidpaon g Mecoyelokng datpoeng ota eminedd TOL

deiktn palag ocdUATOC, ova YOVOTLTO Yo TOV TOAVUOPPIoHO 18560887 (GOPC2).
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Eravpoiia Kavéuy Avotedispana

AlepeuvavTog T oNUAVTIKY] GAANAETIdpacT Tov okop Mecoyelakng Satpoeng Le
TOV TOAVHOPPIoUO 157944584 (MADD) Gto. eMImEdD TNG CLGTOAIKNG CPTNPLOKNG TECG,
Bpébnke mog M peyorvtepov Pabuod vioBiétmon g Mecoyelokng dTpoPng GTOVG
nAkiopévoug pe yovotomo AT elye onuovtikd opvntikn emidpoon oto emimedo NG
GLGTOMKNG aptnprokng mieong (f=-0,108, P=0,047, ctabucuévo yia to eOL0, TNV NAkia,
tov AM.Z. kou ™) Aymn avtmeptacikng aymyns). H avtictoyn tdon kataypdenke kot
yw ta dropa pe TT yovotumo, evd avtiBeta 1 cuoy€Tion NTav OeTIK dALL Un GTATIGTIKA

ONUOVTIKY Y10t Toug NAMKiopuévous pe AA yovotumo (Ewova 3.43).

rs7944584 (MADD)

AA AT T
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Zxop Mzooyeruxijs Aletpogijg
Ewova 3.43. Awgpopéc oty emidopacn ¢ Mecoyelokng doTpoepng oto EmImeEdH TG
GLGTOAIKNG OPTNPLOKNG TTEGNC, OVEL YOVOTLTO Y10l TOV TOAVLOPPIGUO 157944584 (MADD).

AlepevuvMVTOG TN ONUOVTIKY OAANAETIOpaoT TOV 6kop MECOYELOKNG SOTPOPTG e
tov moAvpopPiopd rs1800629 (TNF-a) ota emineda TG OLOGTOAIKNG aPTNPLOKNG TECNC,
Bpénie mwog n peyolvtepov Pabpov viobéton g Mecsoyelakng S10TpoPng 6TOVS POPEIS
T0V A OAANAOUOPPOL ElYE CNUAVTIKO OPVNTIKY EMIOPOCT OTO EMIMESN TNG OLOCTOMKNG
aptnplokng mieong (p=-0,256, P=0,013, ctabuiocpévo yio to @OAo, tv nikia, tov A.M.Z.
KOl T AQYT OVTITEPTUCIKNG aymyNg). Avtifeta, n cvoyétion Ntav Oetikny oAl un

GTOTIOTIKA ONUOVTIKY Yo Toug NAkiopévoug pe GG yovotumo (Ewéva 3.44).
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Eravpoiia Kavéuy Avotedispana

151800629 (TNF-0)
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Ewova 3.44. Awgpopéc oty emidpacn ¢ Mecsoyelokng daTpoepng oto emImedn TG
OWIGTOMKNG  apTNPOKNG mieons, avAapeco o©Tovg @opelg kot pn  @opeic Tov A

AAANAOLOPPOL Yol TOV TOAVLOPPIGHO 151800629 (TNF-ar).

AlepevvmdVTOG TIG CNUOVTIKES AAANAETIOPAGELS TOV oKOp MECOYELNKNG O1TPOPNC
ue Tov moAvpopeopod 152191349 (DGKB/THEM195) ota eninedo TG VGOLAIVNG vnoteiog
kot Homa-IR, Bpédnke mwg n peyorvtepov Pabpod viobéton e Mecoyetokng otatpoeng
6ToVC NMKIUEVOLS e Yovotumo TG elye onuovTIKA apvnTikn eTidpacn oto EMimeda TG
woovAivng ynoteiog kot Homa-IR (f=-0,101, P=0,027, xou f=-0,108, P=0,023, avtictorya,
octafcpéva yoo o eOA0, v nAio Ko tov A.M.X.). H avtictoyn tdon xatoypdenke
Kot v to dropa pe GG yovotumo, evd avtiBeta 1 ovoyétion NTav OeTikn oAAG un
OTATIOTIKA OoNUAVTIKY Yoo Tovg NAkiopévovg pe TT yovdétumo kot yioo to emimeda

woovAiivng ynoteiog (Etkova 3.44) kot yua tig Tipég Homa-IR (Ewkova 3.45).
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Ewova 3.45. Awgpopéc oty emidpaocn ¢ Mecsoyelokng doTpoepng oto emimeda TG

WGOoVAIVIC VYoTeiag, avd YovoTumo Yia Tov ToAVUOPPIopo 152191349 (DGKB/THEM195).

152191349 (DGKB/THEM]195)
TG
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Ewoévo 3.46. Awagpopéc oty emidpacn g Mecoyeiaxng datpoens otig tinés Homa-IR,
avd yovotumo yio Tov moAvpopeiopd 12191349 (DGKB/THEM195).
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INUavTikéG aAAnAemdpacels Ppeédnkov emiong avdpeca oto okop Mecoyelokng
dwtpoenc kot tov moAvpopeopd 154880 (SOD) pe v mbavotnto Topovciog
vepyoAnoteporaipiog, Kabdg kot tov moAvpopeiopd rs780094 (GCKR) pe v

mhavotnta Tapovciag avenapkelog Zn oto tAdcpo (Ilivaxaeg 3.27).

IMivaxkag 3.27. Zvoyétion g aAlnienidpaons tov okop Mecsoyetakng Awatpoeng (0-55)

KOl TOADUOPPIGHMV LE TOV EMMOAUCUO VTEPYOANCTEPOAULUIOG KOL  OVETOPKELOS

yevdapyHpov.

ECoptnpévn SNP (yoviowo)  Alinidpopoo  Adyog mBavotitev* P§

petofint avaQopac (95% owotpato
(ovyvotnTa) EUTOTOOVVIG)

latpko votopiko

Ynapxo?»ncrspokmuial 54880 (SOD) T (0,53) 1,359 (1,13; 1,64) 0,001

Averndpkewn Zn (10,5  rs780094 T (0,46) 0,836 (0,71; 0,98) 0,028

uM)'2 (GCKR)

* Adyoc mavoTNTOV TG OAANAETIOPUGTC TOV GKOP MEGOYEINKNG SATPOPNC OVE LOVADO KOl TOV
TOAVHOPPLGLOD Ve, AAANAOLOPPO avapopds. §ETaOIGHEVO Yo TO @O0 Kat TV NAtkia. 'ATovsio
évavtt mapovciog. “N=250.

Extipnon g ailnieniopoaons g ow0TPOPIKG TPOCANYNS YELOUPYVPOL KAl TOV

YEVETIKAV OEIKTAV GTOV YNPLUTPLKO TANOVGNO

O éheyyog g aAAAemidpaoNS TG OLUTPOPIKNG TPOCANYNG WELSAPYDPOL KOL TOV
YEVETIKOV OEIKTOV TPAYUOTOTOWONKE o€ HOVTEAD YPOUUIKNAG (Yo TIG ouveyelg
petoPfAnTtég) Kol AOYOTIKNG (Yoo TIC KOTNYOPlKEG HETAPANTEG) moAwvdopounong. €2
EPUNVEVTIKEG HETAPANTEG cvopmepneOnkay o€ KAOe HOVTELO: M JTPOPIKN TPOGANYN
YeLOaPYLPOV, 0 YEVETIKOG deiktng, N aAAnAenidpact] Tovg (SatpoPikds yevddpyvpog *
yeveTikdg deiktng), to @OAo, M MAkio kot dAlotr mbavoi cvpmoapdyovies. Ot €leyyot
OAANAETIOPOONG TTEPLOPIOTNKAY HOVO GTOLG YEVETIKOVS OEIKTEG LE CNUOVTIKY E€MIOpOON
ota yopoktnplotikd tov ociyuatoc (MMivaxeg 3.22-3.25), evod doev Ppédnke onuavtikn
oweopd ot SWTPOPIKY] TPOSANYN YELSAPYVPOL HETOED TMOV YOVOTUT®OV Yo TOLG

TOAVHOPPIGHOVG TTOV EAEYYOMKOV.

Ta amoTeEAEGUATO TOV HOVTEADV YPOUUIKNG TOAVOPOUNGNG YO TNV EKTIUNGT TOV
aAAniemidpdocwv o€ eminedo onpavikotnrog P<0,10 mapovcidlovrarl otov Mivaxka 3.28.
Or onuovtikotepeg aAAnAemdpacel mov Ppébnkov Mrov petald 1TNG OTPOPIKNG
TPOGANYNG YELOOPYVPOL Kal: TOL TOAVHOPPIGHOV 15560887 (GO6PC2) ota eminedo HDL-
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C, tov molvpopeiopwv 1340874 (PROXI) xou 157944584 (MADD) pe to emimedo
ofewopévng LDL-C ko tov molvpopeiopot rs340874 (PROXI) pe ta emimedo OAKNG
xorepvOpivrg.

Ta amoTEAEGLOTA TOV HOVIEA®MY AOYIGTIKNG TOALVOPOUNONG Y0 TNV EKTIUNGT T®V
aAAniemidpdocwv o€ eminedo onpaviikotnrog P<0,10 mapovcidlovrarl otov Mivaxkae 3.29.
Ot onuovtikotepeg aAANAemOpAcel mov Ppédnkav Mtav HETOEL NG OTPOPIKNG
TPOGANYNG YELHUPYVLPOL KaL: TOL TOAVUOPPIGHOV 158052394 (MTI1A) yo. tnv mbovotnta
TopoVCiog LVIEPTOONS, TOLV TOALHOPEIGHOV 154675095 (IRS1) vy v mbovotnta
TOPOVGILOG KOPIYYEWKDOV VOSUATOV Kol TOV TOAVHOPPIGpov 157034200 (GLIS3) yw

NV TOOVOTNTA TOPOVGING KATAOMATIKOV GUUTTOUAT®V.

IMivaxkag 3.28. Zvoyétion g oAAnAeniopaong e STPOPIKNG TPOSANYNS YELOAPYDPOL
(mg/Mmuépa) Kot TOAVHOPPICUDV HE COUATOUETPIKOVS, KAVIKOVS,  YALKOLUIKOOG
MBS opkoVg, Ploynpikods oLOTOAOYTIKOVG KOt WYOXOKOIVMVIKOVS OEIKTEC.

ECoptnpévn petafinty  SNP (yovidro) AlInAOpop@o p* P
avaQopac

(ovyvoTNTO)
Klvikoi dgikteg
YVGTOAKN CPTNPLOKT| rs11167682 (SAP30L) T (0,23) 0,240 0,068
nieon (mm Hg) rs1800795" (IL-6) C (0,18) -0,322 0,108
IMwwkopikoi ogikTeg
IMwkoln vnotelag (mg/dl)  1s174550 (FADSI) C (0,27) 0,198 0,07
AT OHIKOTL OEIKTES
HDL-C (mg/dl) rs560887 (G6PC2) T (0,29) 0,323 0,013%
O&ewdmpévn LDL-C rs340874 (PROX1) T (0,48) 0,695  0,018**
(mg/dl)? 157944584 (MADD) T (0,36) 0,671 0,028%**
Dheypovddag deikTeS
MIP1a (pg/ml) 151800795 (IL-6) C (0,18) -0,329 0,09%**
Buoynpuoi deikres’
Ol yoAepuBpivn rs340874 (PROX1) T (0,48) -0,460  0,043**
(mg/dl)
Yvyokorvovikoi dgikTeS
I'mpuatpucn Kiipoxa rs11167682 (SAP30L) T (0,23) 0,241 0,068§

KataOAlymg (0-15)

"Emkpatéc  yevetucd povtého. °N=175. ‘N=250. *Tvmomomuévoc ouvieAeotTic P TG
oAnAeniopoaong ¢ STPOPIKNG TPOSANYNG Zn ovd mg/MUépo Kol TOV TOAVHOPPIGLOD ava
oAnAopopeo avapopds. §XTafuicpévo Yo To @OAO, TNV MAwia, tov A.M.Z. ko ™ AfRyn
avTwneptacikng Oepameiog. TEZTabopévo yio to @eOAo, TV niwio, Tov A.M.Z. ko1 ™ Aqum
avtwPntikng Bepameiog. IXtabuopévo v to @OAo, TV MAkia, Tov AM.XE. ko ™ Aqym
avtimmdoikng Oepameiog. **Xtabuicpévo yia to VAo, TNV NAKio Kol TV Oeppidikn TpocAny.
§§Zt0bmopévo Yo to Ao, TV NAkia, Tov A.M.Z. K01 TNV OIKOYEVEINKT] KOTAGTAON.
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IMivaxkag 3.29. Zvoyétion g aAANAETIOPOONC TNG OTPOPIKIC TPOCANYNG YELHUPYLPOL
(mg/Mmpépa) Kol TOAVUOPPICUOV HE TNV TOAVOTNTO TEPOLGINS VOOUATOV GTO GUVOAO

TOV NAKIOUEVOV.

E&aptnpuévn SNP (yoviowo) AlMAopopeo  Adyog mBavotTiTOV* P

petapint avoQopac (95% owotpata
(ovyvotnTa) EPMLOTOOVVIG)

Latpiko

LGTOPIKO

Ynéptaon' 1s8052394% (MT1A4) A (0,87) 1,213 (1,01; 1,45) 0,037§

Kopoayysioka 154675095 (IRSI) A (0,89) 0,768 (0,60; 0,99) 0,041§

voon uawl

Pvyokotvovikoi

ogikTeg

Kotofhmtikd rs7034200 (GLIS3) C (0,48) 1,180 (1,05; 1,33) 0,005

GU],U'CT(i)MOL’COLl

'Amovcion  évavtt mapovoioc. ‘Emucpatéc  yevetikd  poviédo.  *Adyoc mbavothtov g
OAANAETIOpaONC TG SOTPOPIKNG TPOSANYNG Zn avd mg/muépo Kol TOU TOAVUOPPIGHOD VA
oAANAOLOPPO avapopds. §ETaOGUEVO Y10 TO A0, TNV NAKia kol Tov A.M.X. TEtafuiouévo yia
T0 VX0, TNV NAKia, TNV BepIdIKT TPOGANYT] KoL TNV OIKOYEVELNKT KOTAGTOOT).

"EAgyy0g TNG CAMAETIOPAONS TG QPUOIKNG OPUGTNPLOTNTOS KOL TMOV YEVETIKOV

OEIKTMV 6TOVS NAMKIMUEVOVS

O éleyyog TG OAANAETIOPAONG TNG PUVGIKNG OPUCTNPLOTNTOS KOl TOV YEVETIKOV
OEIKTMOV TPAYLOTOTOMONKE G HOVIEAD YPOUMKNG (Yoo TG ocvveyelg HeTaPAnTéc) o
AOYIOTIKNG (Y10 TIG KOTNYOPIKEG LETAPANTEG) TOAVOPOUNONG. L2C EPUNVEVTIKEG LETAPANTEG
ocoumepeOnkav o kdBe HOVTELO: M QLUOIKN OPACTNPLOTNTA, O YEVETIKOG OEIKTNG, M
AAANAETIOPOGY] TOVG (PLOIKN OPASTNPLOTNTO * YEVETIKOC OEiKTNG), TO VA0, N NAKia Ko
dAlor mBavol cvumapdyovies. Ot éheyyor aAAnAemidpaong meplopicTNKOV HOVO GTOVG
YEVETIKOVG OEIKTEC e ONUOVTIKY EMIOpaoT) 0TO YopakTNPIoTikd Tov detypotog (Iivakeg
3.22-3.25), evd dev Ppébnke onuavtikny O0popd oTo EMIMEIDN PLGIKNG OPACTNPLOTNTOG

UETOED TMV YOVOTOHTT®V Y10 TOVS TOAVHOPPIOUOVS TOL EAEYYOMNKAV.

Ta oamoteléopato TOV HOVIEAOV TOAVOPOUNONG Yoo TNV  EKTIUNOT TOV
aAAniemdpdocmv o eminedo onuaviomrag P<0,10 mapovoidlovrtal otov Mivaxka 3.30.
Or onuovtikdtepeg oAMNAemdOpdoel; mov  Ppédnkoav Ntav  petald TG PLGIKNG
dpaotnpdmrog kot TV moAvpopeiopumv rs10493846 (SEC63DI) xou 1s11167682
(SAP30L) oto enimeda TG GVGTOAKNG OPTNPLUKNG TEGNS, TOV TOAVHOPPIGHOV 152191349
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(DGKB/THEM195) ota emimedo yAvkolng vnoteiog, tov moilvuopeiopot rs10493846
(SEC63D1) octov apBpd tmv AeuKoKLTTAP®V, TOL ToALHOPPIoHoy 1s1800795 (IL-6) oto
TOGOGTO TOV 1OCIVOPIA®V, TOL TOAVHOPPIoHOD 15457420 (BRD3) ot1g TIéG opatokpitn,
aoceopivg Ko toyvtrag Kabilnong epvfpokvttdpmv Kol Tov TOAVUOPPICHOD

156479526 (PTPDC1I) yia. T0 6K0Op oTnV KAHOKa YNplotpiking kotaOiwymg.

Mivaxkag 3.30. Zvoyétion g aAAnAeniopacng g @uoikng dpactmpiotrog (MET-
AemTA/EPOOUASN) KOl TOADUOPPIGU®V HE COUOTOUETPIKOVS, KAIVIKOVS, YAVKOUIKOVG
MO OLUIKOVGE, BLOyMUKOVS ALLATOAOYIKOVS KO WYUYOKOIVOVIKOVG OETKTEG.

ECaptnuévn petapinty  SNP (yoviorwo) AlInAopopeo p* P
avapopdc
(ovyvoTnTa)

Kl vikol dgiktec
YVGTOMKT apTNPLOKT 1510493846 (SEC63D1) T (0,18) -0,231 0,029§
nieon (mm Hg) rs11167682 (SAP30L) T (0,23) -0,258  0,016§
IMwwkoapikoi ogikTeg
IMokdln vnotelog (mg/dl)  rs2191349 G (0,44) 0,218 0,018

(DGKB/THEM195)
AT OMIKOL OEIKTES
HDL-C (mg/dl) 1s35767 (IGF1) A (0,21) -0,215  0,051%
Buoynkoi deikteg'
AABoopivn (g/dl) 1s35767 (IGF1) A (0,21) -0,284  0,10**
Awartoroyikoi deiktec'
Agvkokbttapa (10°/ml) rs10493846 (SEC63D1I) T (0,18) -0,502  0,006**
locwoeiha (%) 1518007957 (IL-6) C (0,18) 0,385  0,022**
Awotokpitng (%) 15457420 (BRD3) T (0,12) -0,360  0,027**
Awoceapivn (g/dl) rs780094 (GCKR) T (0,46) 0,282 0,10**

15457420 (BRD3) T (0,42) -0,344  0,031**
TKE (mm/h) rs457420 (BRD3) T (0,42) 0,500  0,002**
Yvyokovovikoi dgikTeg
E&€taon vontikng rs174550 (FADS1) C (0,27) 0,181  0,053§§
kataotaong (0-30)
I'mpatpicn KAipoxo 1s6479526 (PTPDCI) T (0,25) 0,220  0,03377

KatdOAyng (0-15)

'N=250. *Emucpatéc yevetikd poviéro. *Tumomomuévog Guvtedeotic B g oAnAenidpaong g
ovoikng dpaotnprotnrog avé MET-Aentd/efdopdda Kot Tov TOAVUOPPICUOD avi OAANAOLOPPO
ovoQopas. §XTafGHEVO Yo TO @UAO, TNV nAkio, tov AM.XE. kot T Ayn OVIIWTEPTUGIKNG
Oepaneioc. TZtabpopévo ywoo 1o @OA0, TV nAkia, Tov AM.XE. kot ™ Aqyn ovtidepnTikng
Oepaneioc. fXtobuiopévo yuoo to @OAo, TV nlkia, Tov AM.Z. kol T ANYN oVTIMTIOOLUIKNG
Oepamneioc. **Erabuiopuévo yia to @O0 Kot TV nAkia. §§ETaducuévo Yo To @OA0, TV NAKio Kot
TO LOPPMTIKO emimedo. T1Etobpopévo yio to eOAo, TNV NAio, Tov A.M.X. Kol TNV OKOYEVELNKT|
KOTAGTAON.
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3.6 Awlroynon g emidpacng TNS YOPNYNONS OCULUTANPONCTOS

YELOUPYVPOV GE OEIKTES VYELNS TOV NAKIOUEVOV

H mopesppatikn perétn mepredauPave tm yopnynon 10 mg/Mmuépa acmopTikov
yevdapydpov (Zn) oe ookia. (Unizink 50, Kohler Pharma Corp., Alsbach-Héhnlein,
Germany) yw 6 &Bdouddec. Ta xpuripua ywo v emAoyn tov edehoviov ftav m
avenmdpkelo Zn (10,5 uM oto mAdopa), Katd tn ¥povikn otiypn tng otpatorodynons. H
perétn  mopépPoong  mpaypotomomdnke mepimov  €vav  ypOVO  HETE TNV OPYIKN

OTPATOAOYNON TV E0EAOVTOV.

2 pekétn ooppeteiyov cvvolikd 30 nAkiopévor (16 yovaikeg kot 14 dvtpeg) pe
péon nAakia 71,246,6 €. Ta eninedo Zn TAAGUOTOG T CTIYU| TNG OTPOTOAOYNONG MTOV
9,3+1,2 uM. H péon dwrpoeikn mpdoAnyn Zn, dmmg exTiundnke mpv v Evapén g
napépuPacns and TG NATPoPKEG avakAncels 24-opov, Ntav 7,0+3,2 mg/Mmuépa. Ztov
IMivaxa 3.31 tapovoidloviol To enimeda TOV PLOYNUKDOV, PAEYHOVOIDV, OLOTOAOYIK®OV

KOl YOYOKOIWVOVIK®OV OEIKTOV, TPV KO LETA TN YOPNYNOT TOL GUUTANPOUOTOS Zn.

Ta eninedo Zn 610 TAdopa frav 11,4+1,6 uM mpwv v évapén g xopnynongs, Evo
Ogv mopaTnPNONKE ONUAVTIKY] Slpopd HETA TN ANYN TOL GLUTANP®UOTOS. Avtifera,
nopatnprnke onuaviiky peioon ote emineda yYhokélng vnoteiog (P=1,6x10") Kot
avénon ota emimeda tpryAvkepdiov (P=0,033). Avaueco oTovg OEIKTEG QAEYUOVIC,
nopatnpnOnke onpoavtikn ovénon tov emmédov IL-6 ko RANTES (P=0,009 xou
P=0,002, avtictorya), Hetd T Ayn TOV GUUTANPOUHOTOC Yo 6 gfdouddes. TTapdAinia,
mapatnpOnke aOENON 610 6KOp EEETAGNG VONTIKIS KATAGTUONGS TOV NAIKIOUEVOV HETE

™ ANy 10V cuurAnpodpatog Zn (P=0,008).
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Avocedispaca

IMivaxag 3.31. Z0ykpion TOV emmEdOV PLOYNUKOV, PAEYHLOVOIMV, OLOTOAOYIK®V Kol

YLYOKOIWVMVIK®V OEIKTMV TPV KOl LETA TN YOPNYNOT] GLUTANPOUATOS YEVOAPYVPO.

XopaKTnproTiKo Ipw ™ Metd P*
xopnynon xopnynon
N (Tvvaikec/Avtpecg) 30 (16/14) 30 (16/14)
Buoynpikoi dsikrteg
Zn mAdopotog (LM) 11,4 (1,6)' 11,0 (1,6) 0,44
IMokdin vnoteiog (mg/dl) 113,5 (26,9) 94,4 (22,2) 1,6x10™
Ol yoAnotepoin (mg/dl) 214,7 (45,8) 221,3 (35,6) 0,20
LDL-C (mg/dl) 142.,4 (34,6) 149,0 (30,5) 0,18
HDL-C (mg/dl) 50,7 (18,3) 47,7 (9,9) 0,14
Tpryhvkepidwo (mg/dl) 108,3 (46,3) 123,0 (43,0) 0,033
DLeyPHOVAOOELS OEIKTES
IL-6 (pg/ml) 4,8 (4,0) 8,2(5.4) 0,009
IL-8 (pg/ml) 13,1 (8,4) 17,4 (6,6) 0,31
MCP1 (pg/ml) 102,7 (47,3) 97,7 (24,7) 0,96
RANTES (ng/ml) 6,7 (4,5) 9,8 (5,1) 0,002
Awpatoroykoi deikrteg
AgvkoxvtTapa (10°/ml) 6,5 (2,0) 6,2 (1,7) 0,06
Agpgoxvtrapo (%) 30,5 (7,3) 32,0 (6,7) 0,34
Movombpnva (%) 6,2 (1,5) 5,5 (1,0) 0,035
[Holvpoppomopnva (%) 63,2 (7,8) 62,5 (7,0) 0,68
EpvBporvrtapa (10%/ml) 4,8 (0,5) 4,9 (0,5) 0,33
Aworetéo (10°/ml) 208,4 (50,8) 237,1 (52,0) 0,002
Awatokpitng (%) 45,5 (4,9) 44,7 (4,5) 0,06
Ayocearpivn (g/dl) 14,7 (1,7) 14,7 (1,5) 0,30
Yuyokotvovikoi ogikTeg
E&étaom vontikng katdotaong (0-30) 24,5 (4,0) 26,3 (2,8) 0,008
I'mpratpucn K ipoko katdOAiyng (0-15) 2,1(2,6) 1,9 (2,2) 0,77

"Méon Ty (tomuer} amdichion), opoimg Yo OAEC TG ouvexeic petafintés. *Wilcoxon’s paired test.
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4. Yvintnon

Ymv mapovoa ynpatpikny perétn (GHRAS Study — Greek Health Randomized
Ageing Study) a&oroynOnkov Propopio (Amida, yAvkoOln, 1VGOLAIVI), QOAEYLOVAOIELG
delkteg Ko yevuddpyvpog), yevetikol, avlpmmopeTpikol kot kKAvikol dgikteg, To 10Tpikd
16TOPIKO, Ol JATPOPIKEG cvvibeteg Ko Ao ototyeion Tov Tpomov LwNng (SNUOYPOPIKA
otoyyelo, QLo OpoocTNPOTNTE, KOTVIGUO, TOPOLGio. KOTAOAWNG Kol EKTTOOoN
YVOOTIKOV  Agltovpyldv) oe  delypo nmikwopévov  Elvov  (253).  Xvvolikd,
otpatoroynOnkayv 843 nikiopévol (71,8% yovaikeg ko 28,2% avtpeg), pue péon nikio to
71,9+7.,4 ¢ (ehdyiot 60,0 ko péyiotn 94,5 ).

AEIKTES VYELOG KOl TOPAYOVTES VOO POTNTOS GTOVS NAMKIOUEVOVS

Yy mopovca PEAETN, Kataypdenkayv vynid mocootd vréptacns (70,9%) ko
vrepyoinoteporaipiog (86,7%) oto chivoro twv nAkiopévav edelovtav. H vréptaon elye
HEYOAVTEPO EMMOAAGUO GTOVS AvTpeg &évavtl Tv yovakov (81,1% évavtt 66,9%
avtiototya, P=0,004), evd N vIEPYOANCTEPOAOULIO TOV TTLO GLYVT OTIC YUVOUKEG GE GYEON
pe toug avrpes (89,9% évavtt 78,6% avtictoya, P=29x10"). Avtictorya avEnpuéva
TOGOOTA VLTEPTOONG KOl VIEPYOANCTEPOAAUIOG GE YNPLOTPIKOVS TANOLGHOVG €yovv
KaToypagel kol og GALEG peyaheg peréteg (184, 279, 280), evd mapdAinia eatveton mmg ot
NMKIOUEVES Yuvoikeg emaveMnUuéEvo eppaviCovy vyniotepa eninedo Mmdiov ce oyxéon
pe toug dvtpeg (53, 54, 71). H cvyvémra gpedvions cakyopmon owpn 2 (XA 2) frav

15,4% o kopdtayysiok®v voonudtov 19,5%.

H péon tyun tov oeiktn pdlog copotog (A.M.X.) 6to 6OVoLo TOL delypatog nTav
29,9+4.9 kg/m?, evd 1 cuyvoTTo Eppavionc viépPapov (25,0 kg/m’<A.M.X.<29,9 kg/m?)
ko mayvoapkiog (A.M.2.>30,0 kg/m?) frav 41,7% kat 44,5%, avtiotorya. Ot NAKIOUEVEC
YOVOIKEG NTOV € UEYOAVTEPO TOCOGTO TAYVGOPKES GE GUYKPLoN He Tovg dvipes (48,4%
évavtt 34,3%), evd ot dvtpeg eppdviCav peyaivtepa mocootd vépPapov (49,2% Evavti
38,8%). XvvoAwd, to 87,2% tov yovakdv Kot to 83,5% tov avipov ntav vrépPapot 1
noyooapkot (A.M.Z.>25.0 kg/m?). Avtictora vynié eminedo mayvoapkiog oe EAAVIKO
mptpikd mAnBooud €yxovv xoataypoapel kor amd v peiétn MEDIS (281), evo
vynidtepa emineda A.M.Z. oTig yuvaikeg Evavtt Tov avtpav Exovv Ppebel kor oe GAAN
EMMVIKT HeAéTn NAMKIOUEVOV (282). Z11g Mecoyelakég xDdPeg 1 SLYXVOTNTA ELEAVIONS TNG

mayvoapkiog otnv Tpitn nAkio ivarl apketd vynAr. Zmv Itaiio, extipdtor Tog to 48,6%
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TV MMKIOPEVOV ovIpGOY Kat To 54,9% tov yovarkdv &ovv A.M.Z>25 kg/m® (24), evd
ot votwe ItaAio o mocootd etvar vyniotepa (76% ctovg Avipeg kKot 86% GTIC YUVOIKES)
(38). Zmv Iomavia, N cvyvotta pEavions vaEpPapov Kot TayvoapKiog vroAoyileTtot o
49,0% kot 31,5% avrtictorya otovg dvrpeg ko 39,8% won 40,8% avtiotoryo oTig yuvaikeg

(39).

H avendpxela yevdopyvpov mhdopatog (10,5 pM) kataypbonke oto 27,7% tov
delypatog towv nAkiopévev (25,6% otig yovaikeg kot 31,2% otovg dvipeg). H cuyvotta
EUPAVIONG OVETAPKELNS YELOAPYVPOV TAAGHLATOS GTO Oty NAKIOUEVOY EAAM VeV, O0Ttmg
KOTOYPAPETAL OTNV TOPOVGO LEAETY), €Vl TOPOLOLN LLE TN CLYVOTITO TOL KATHYPAPNKE
ka1l o GAAovg Evpomnaikodg mAnbucspodg niikiopévey oto miaicta g peAétng Zincage
(283). AvrtifBeta, mopdpoteg oAAd pkpdtepeg pekéteg oty Evponn ektypodv yopnAdtepo

emmolac o (<5%) g avemdapkelog yevdapyvpov oe nAukiwpévoug Evporaiovg (227).

H adénon g niwiog Ppédnke vo emmpedlet apvntikd ta emimedo OAKNG
yootepoing, LDL-C kot ofewdopévng LDL-C kot Oetikd to eminedo GLOTOAMKNG
aptnplokng mieong, IL-6 won IL-8 (P=0,039, P=0,003, P=0,005, P=2,3x10'5, P=0,015,
P=0,032, avtictorya). H enidpaomn ¢ niikiog e kAMvikovg kot Broynuukong deikteg, dmmg
KATOYPAPETOL GTNV TOPOVGA HEAETN, emPePfardveror Kot and mpoontikég peréteg (83, 259,
284, 285). Tuykekpyéva, COUPOVO PE To amoteAéopato G peAétng “Framingham”, n)
avénon g NMKIOG GLVOSEVETAL LE CNUOVTIKN OVENCT TOV EMIEI®V TNG GLGTOAIKNG
apTNPLOKNG Tieons, eved avtifeta 1 0100TOAMKY oTafepomoteital 1 Kol HEIOVETOL LETE TO
60 £t (83). Hapdriinia, n avénon g NAiog cvvdéetal Kot e otadoKky peimon tov
EMMEOOV  OMKNG YOANOTEPOANG aveldptnto amd To opylKd emimedd GLOTOAKNG
apTNPLOKNG Tigong, deiktn palog cOUATOS, PLGIKNG dPACTNPLOTNTAS, KATVIoUATOG 1/Kat
MUYNG OVTI-LTTEPTACTKNG Kot avTiAMmoopukng Oepaneiog (284). H Betikn emidpaon g
nikiog ota emimeda IL-6 ko IL-8 eivoar oe ovpeovia kor pe GAleg peiéteg, Omov

TOPOTNPOVVTOL  avENUEVE  emimedo  TAACUATOG  QAEYUOVOOIMV  KLTTOPOKIVAOV  GE

nitopévoug (259, 285, 286).
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Eniopacn g o1atpo@ns Kot TS QUOIKIS OpasTPLOTNTOS 6TA EMinedo fropopiov og
YNPLTPLKOVS TANOVopHOovG

H Meocoyeoxn dwtpoen oyetiotnke apvntikd pe ta eminedo A.M.X., yAvkoing
vnoteiog, tpryAvkepdiov kon IL-8 kon Betkd pe ta eninedo HDL-C (P=0,008, P=0,003,
P=0,018, P=0,005, P=0,001, P=0,038, avtictoya). H diatpopikn tpocAnym yevdapydpov
oyetioTnke OeTikd pe ta emimedo YeLIAPYVPOL TAACUATOS KOl OPVNTIKA LE T EMimEdQL
tprydvkepdiov (P=0,045, P=0,002, avtictora), Evd 1 QLGIKY dPAGTNPLOTNTO CLPVNTIKA
pe ta eminedo A.M.X. (P=0,025). TTapdAinAa, VoTEPA OO TN YOPNYNON CUUTANPOUOTOC
yevdapyvpov (10 mgmuépa yio 6 efdouddeg) mopatnpndnke onuovtikny peioon ota
eminedo yhokoine vnotelag (P=1,6x10") kot avénon oto okop €EETOONG VONTIKNC

KatdoToons Tov nAkiopévey (P=0,008).

Apketég emonuoroyikég (180-186) kabmg ko mapepPartikég peréteg (187-190),
€yovv ovoyeticel ™ Meooyelokn O0TpoPn UE YOUNAQ ETITESQ APTNPLOKNG TIECNC Ko
OMKNG YOANGTEPOANG, LLE YOUNAT CLYVOTNTO ELEAVIONS OOPNTN, LE UELOUEVT PAEYLOV
Kot pe PBeATiopévn mMKTIKY kovoTnTo Kot €vooBnAlokn Agttovpyio. G YNpPLOTPIKOVG
ninBvcpovg. Ilpoéoeata, oe pia perén nAwiopévov oty Kompo, Bpédnke mwg n
peyoAvtepov Pabuod vioBétnon g Mecoyelokng O10TpoPnG GUVOEETOL e YOUNAdTEPOL
eMimeda OMKNG YOANOTEPOANG, AKOUT KOl GE NAIKIOUEVOLG TOV AAUBovaY OVTIAITOOUKT
ayoyn pe otativeg (184). IMapdAinAa, To amoteAéopaTo NG TOPEUPATIKNG HEAETNG
“PREDIMED” cg nAkiopévoug, £0e1&av onuavtikny PBeitioon tov AMmdopukod mpo@ii
KOl HEIOON TOV QAEYHOVOOGMV Tapayoviwv, Votepa omd Tpiunvn vioBétnon g
Meooyewaxng dwtpoong (187, 196). Xe pia €psgvva pe nAKiopévovg e0ehovtég and Tig
peAéteg “Framingham” kot “SENECA”, BpéOnke apvntikn cvoyétion g Mecoyelakng
owtpoeng pe v meppépeln péong kot tov AME. (199). X perém “MEDIS”
KOTOYpAQNKE €MioNg UEIWUEVN TOAVOTNTO EUPAVIONG TTAYLCOPKING UE TN HEYOADTEPOL
Babpov viobéton g Mecoyslokng datpopns oe nAklopévoug and EAAnvikd vnod kot

v Kbvmpo (200).

Ymv mapovca peATn Ppédnke Oetikn cvoyETIoN TG OTPOPIKNG TPOCANYNG
YELOOPYLPOL LE TO EMIMEDA TOL 1YVOGTOLKEIOV ©0TO TAGGCHA. AVTIGTOU(O OTOTEAEGUOTO
GAAoV peretdv elvarl avtikpovoueva, koBmg oe kamoleg pHeAETes emPefordveTor 1
GLOYETION TNG OATPOPIKNG TPOSANYNG WYELOAPYVPOL LE TIG TIUEG TOV GTO TAACUO, EVED GE

GAAEG LEAETEG OEV OVAOEIKVIETOL ONUAVTIKT cuoyxETion (227, 287-290). Avtéc ot dtapopég
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Bo  pmopovoav vo  o@eilovtal o€  ApPKETOVG AGYOLS, CLUTEPIAAUPOVOUEVOV TV
SLPOPETIKMV EPYOLEi®V SOTPOPIKNG AEOAOYNONG, KAODS Kot TV OAANAETIOPAGE®Y TOV
YeLduPYOPOL e AAAO BPETTIKG GLGTATIKA KOl LE OPICUEVO QAPUOKEVTIKE Ekdoya (231,

291, 292).

[TapdAinio, to amoTEAECUATO TG TOPOVCOS TAPEUPATIKNG HEAETNG XOPNYNONGS
GUUTANPAOUATOS YEVIOPYDPOL GE VITOOUAON NAMKIOUEVEOV E0E1E0V ONUAVTIKY pelmon Tov
emmédv yAukolng petd ™ Anyn 10 mg/Mmuépo aomapTikov Yevdopyvpov Yo 6
gfoopdoes. Eivar yvootd mwg o weuddpyvpog eivar amapaitntog oto B-kvtTopo yio v
KPLOTAAAOTOINOT TNG WWVGOVAIVIG o€ e€apepn Katl TV EKKplon TG amd to maykpeag (293).
[MopdAinio, o wevddpyvpog ekkpiveror palli pe v wvooviivn kot  ookel
WVGOLAMVOUIUNTIKEG Kol avTIOEEWMTIKEG OPACELS, EVA GUUUETEXEL KOl 0T pUOUIoN NG
pélog tov B-kuttdpov (294, 295). H datapaypévn opoldcstacTn Tov yevdapydpov givat
YOPOKTNPIOTIKY O€ Tepapatélma aAld kor o avOpomovg pe owfpnmm (296, 297).
2UYKEKPIUEVO, OOKIUEG LE YOPNYNOT| CLUTANPOUATOS WYELOUPYDPOL G€ TEPApaTOima
emPefoard@vouv TV TPOGTATELTIKN dPACN TOL YeLAAPYDPOL Evavtl ToL A2, VD GTOVG
avBpodmovg To emimeda yevdapyvPov TAdoUATOC oyetilovtolr pE HEIOHEVO Kivouvo
epeaviong XA2 (297). Qotd660, 1 UTUOONG OXECT AVALESH GTOV YELOAPYLPO Kol TOV A2
oToVg avOpodmovg dev givar TANPOG TEKUNPLOUEVY. Emdnpioloywd dedopéva amod
TAnBvopaKéG peAéTeg elval EVOEIKTIKA TNG CLGYETIONG TOV SOTPOPIKOV YELOAPYHPOV
(Tpoéc M/kar ovumAnpopota) pe pelwpévo kivovvo XA2 (298-300). Avrtibeta, ot
mePLOPIoUEVEG  TAPEUPOTIKEC  HEAETEC  OlEpELYNONG TNG  EMOpACNG  YOPNYNONG
CUUTANPAOUOTOS YELOAPYVPOV GTO UETABOMGUO NG YAVKOING, OTNV OHOLOCTOCT NG
WWGOLAIVNG Kot oTov kivouvo XA2 katolyovv o€ aviikpovoueva amoteléopato (297,
301). Zuven®dg, ov KOl 1 YOPNYNON OCLUTANPOUATOS YELSOPYOPOL amoterel mOAVO
BepamevTikd otOY0 Yoo Tov XA2, amOITOUVIOL TEPIGCOTEPEG WEAETEC TPOKELUEVOL VO

ototyelo00etBovv emionpes GLOTAGELS.

H yevetui] enidpaon otovg deikteg vyeiog

Ot onpavtikOTEPES GLOYETIOES OV PPEONKAV AVAUESH GTOVE YEVETIKOUS OEIKTEC
KOl TOUG UEAETOUEVOLS Ogikteg vyelog oty mopovod  UEAET NTOV Y. TOVG
moAvpopeiopovg: rs11640851 ko rs8052394 tov yovidiov MTIA pe v guedvion
Kapoayyelok®v voonuatov (P=0,005 kot P=0,002), rs11605924 CRY2 pe to enineda
6LOTOMKNG aptnplakng mieong (P=0,007), rs2191349 DGKB/THEM195 pe ta enineda
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yAokolng vnoteiag (P=0,001), rs4880 SOD2 pe 1o emimeda TPLyAvkepdi®mV Kot
o&edmpévng LDL-C (P=3,9x10™ kon P=6,5x10", avtictowya), rs10493846 SEC63DI pe
o eninedo IL-6 (P=4,1x10") ko rs340874 PROXI pe 1o emineda oMKhG yolepudpivig
(P=8,7x10™).

To 0&edmTikd oTpeg KOOGS Kot 1 EAAELYN YeLdapYHPOL PaiveTal VO EUTAEKOVTOL
otV gupdvion Koapdlayyetokav voonudtov (302, 303). Ot petarrobeloviveg eppaviCovv
KOPSOTPOSTATELTIKO POAO KLPIOG HEC® NG AVTIOEEWOMTIKNG TOVG dpdiong, pvOuilovrtag
™V opotooTacn tov yevdapyvpov (304, 305). [poceata, Ppédnke onuavtiKy cuoyETion
oV TOAVHOPPIGHOV 158052394 ToV Yovidiov MTIA pe TIg KapOlyYEOKEG EMTAOKES TOV
2A2, 6 GLVOLOGUO HE AAAUYEG GTNV EVOOKLTTOPIKT OLOOGTAGT) TOV Weudapyvpov (306).
[MopdAinia, o moAvpopeionds rs11640851 tov yovidiov MTIA Bpébnke va enmpedlel
opaon avtiogewotikov evidpmv oe acBeveic pe owpnmm (307). Qotdco, n Oetikn
GLOYETION TOV VO TOAVHOPPIGUAOV TOV Yyovidiov MTIA pe tov kivduvo ep@dviong
KOpOyYEIOKMOV VOONUATOV, OTMG EKTIUNONKE oTNV mapovca HeAETn, dev Ppébnke va
oyveL o€ delypa nAKiopévey ard v [taiia, Thové A0y TV Sl@opdv 6N S10TPOPIKY

TPOGANYTN YELOUPYVLPOL AVAUEGH G6TOVS OV0 TANBuopovg (308, 309).

H gpnhoxn tov yovidiov CRY2 omnv vréptacn dev £xet epevvnbel axdun otovg
avOpOTOVG, ®OTOGO G o TPOSPATY HEAETN GYETIOTNKE 1 EAAELYT] TOV KPUTTOYXPDHUOTOC

1 xon 2 pe véptaon oe mepapatoloa (310).

O moAivpoporopds 152191349 DGKB/THEM195 £xel cuGyeTIoTEl GNUOVTIKG [LE TOL
emimeda yYAukolng vnoteiag o€ o TpOoOOTN LEAETY] CLGYETIONG YOVIOLOUATIKNG CAPMONG
ko peta-avdivong (311). To yovidio DGKB kwowonotetl Tov B 166Tomo Tov KATOAVTIKOV
TOUEN TNG KIVAGTG OLOKLAOYALKEPOANG, I omtoia puOUIlel TNV EVOOKLTTOPIKT] CLYKEVTP®OT)
OLKLAOYAVKEPOANG. XTa TTayKpeoTkd KOTTOPO TEPOpatOlomy, 1 YAvkoln avédver ta
eMimeda SLUKVAOYAVKEPOANG LE AMOTELEC LA TNV EVEPYOTOINOT TNG TPWOTEIVIKNG Kivdong C

KoL TNV £KKpion tveovAivng (311).

O molvpop@iopdg rs4880 (SOD2) npoxadel Tnv oAhoyn ToL apvoEEog aAaviving o€
Baiivn ot Béom 16 TG HITOYOVOPLOKNG OICUOVTACNG HE OMOTEAEGUO TN HELOUEVT
Aettovpyion Tov evlopov (312). Xy mapovoa perétn Ppeédnie apvntikn cLGYETION NG

napovoiog Porivng (C aAANAOHOPPO) e TO. EMIMESD TPLYALKEPOI®V KOl OEEIOMUEVNG
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LDL-C, ev®d @oaivetalr mmg ovtn 1 emidpaon eivor ovtiBetn ond v emidpaocn mov
napotnpeital oe vedtepovg mAnBucpovg (313). e cvppovio pe To ATOTEAECUATO TNG
Tapovoos HEAETNG, Mol TpoOceatn €pevva KatéAnte ot Oetikny ocvoyétion tov T/T
(cAavivn/aiavivn)  yovotuomov pe TV mOOVOTNTO  EUEAVIONG  KOPKIVOv, TTPOQih
avocoynpavong kot avénuévng kotaoctpoenc tov DNA otovg nikiopévoug (314). H
TpoteVOpEVN vTOBeon amd Tovg epguvntég Paciletar oty Bewpio TV erevBépav plav,
npoteivovtag 0Tt ot popeic tov T aAdinioudppov mapdyovv emapkmdg SOD kot cuVET®OS
eppaviCouv oyvpn Eueutn avooia ot peonikn (on, oAAd ovénuévn avocoynpoveon

otV Tpitn nAkia.

[Mopdiinio, Betikny cvoyétion TV TPLyAvkePimv pe to emineda ofedmpuévng
LDL-C éye1 mapotmpnel kot oe peonikeg (315). Eivar yvooto 61t ta avénuéva enimeda
TPLYAVKEPISI®MV EVLVOOVV TNV TOPAY®YN HUIKP®OV Kot Tokvev popiov LDL-C, wwitepa
emppenmv oe o&eidmon (316). Anotedéopata ond 1 perétn MESA (Multi-Ethnic Study
of Atherosclerosis) vrodnidvovy 61t 1 SucAmdarpio, To AVENUEVA ETITEDD PAEYLOVOIDV
OEIKTMV, TO apceVIKO PUAO, 1 €BvikOTNTO Kot TO KATTVIGHO Bo pmopovoay va ENYyHGovY To

UEYOAVTEPO TOGOGTO TNG OOUKVUAVOTG TOV EMTEd®V NG o&ewmuévng LDL-C (317).

AMMNAETMOPAGELS YEVETIKMV OEIKTOV KO OL0TPOPNS GTOVG NAIKIOREVOLG

Ot onuovTIKOTEPEG OAANAETIOPAGELS KOTOYPAPNKAV OVAUESH OTN MEGOYELNKT
OlTpoP] Kot: TOoV TOAVUOPPIoUO 157944584 (MADD) pe to emimedo GLGTOMKNG
aptnplokng mieong (P=0,041), tov moivpopoiopd rs1800629 (TNF-a) pe 1o emimedo
dwoTtoMknGg  optnpukng mieong (P=0,018) ot Tov  moAvpopeiopd  1s2191349
(DGKB/THEM195) pe 1o eninmedo tvoovAivng wvnoteloag kot Homa-IR (P=0,023 ko
P=0,019). Ta amoterécpato avtd Bo mpémel vo emainBevtodv kol og GAAEG LEYOAVTEPES
HEAETEC.

H depegvvnon 1ov aAAAEmOpAGEDY YOVIOIOV-O10TPOPTG EIVOL CULOVTIKY Y100 TV
Katovonon tng ottiohoyiog Kot waboyévelag voonudtomv, Kobmg Kol Yoo TV avamtuén
eEatokeVUEVOV  TpoANTTIK®OV  TapepPdoemy. Qotdco, M dvokoAio 610 oYEdOGUO
TETOIOV HEAET®OV Y100 TNV €EACPAALOT] KAVOTOUTIKNG OTOTICTIKNG 10)YV0¢ Teptopilel to
mnBoc tov dwbiciuwv PiProypaeikdv dedopévmv. e po mpdoeatn peAétn 3unving
napépuPaong pe Mecoyelakol Tomov diaito Ppédniay onuovTikég aAANAETIOPAGELS Yia 23
TOAVHOPPICUOVS  HE  TOV  KIvOLVO  gupaviong kopdloyyelak®v voonudtov (318).

[TapdAinio, oto mAaiclo por TPOGEATNG UETO-AVAAVONG, CLUTEPIAAUPAVOVTAG KOl TOV
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NAKiopévo TANBvoUd ™ Tapodoag HEAETNG, PpEOnke oNUOVTIKY] GLOYETION AVAUESH
otov moAvpHopeopd 1780094 tov yovidiov GCKR kot tng KOTOVAA®ONG dNUNTPLOK®OV
OMKNG GAeoNG o€ oxéon e ta enineda tvooviiving vnoteiog (319).

Yto mAaiowa tov gpevvnTikov mpoypaupatog ZINCAGE, Bpédnke ompaviikn
GLOYETION TOL OATPOPIKOV YELOAPYVPOV UE TOV TOAVUOPPIoHO 151800795 TOV YoVidiov
IL-6 ko1 to enineda g IL-6 oto mAdopa (309). Zopemva pe o amoTeEAECUATO QVTNG TNG
HEAETNG, OTNV OMOl0. GLUTEPIANPONKE KOl TO TaPOV detypa NAMKIOUEVOV £0ghovIdVY, 1
SITPOPIKY] TPOSANYT Yeudopydpov oyxetilotav pe vymidtepa enineda IL-6 oTovg Popeig
tov GG yovdtumov, 6e oyéon e Toug Popeic Tov C AAANAOLOPPOL Yo TOV TOAVUOPPIOUO
rs1800795. To gbpnua avtd elval 6e GLUEMOVIOL LE TO OTOTEAEGLOTO TNG TOPEUPOTIKNG
LEAETNG YOPNYNONG CLUUTANPOUATOS WYELOUPYDPOL TOL 1310V EPELVNTIKOV TPOYPALLATOG,
VTOSNADVOVTAG TNV WPEALUT ETLOPAGT] TOV 1YVOGTOLYEIOV GTO OLVOGOTOTIKO GUGTNLLO TOV

niiopévav (320).

IMieovekTpoto Kol 0dVVOPIES TG TOPOVOUS HEAETNG

Ta KUPLOTEPO TAEOVEKTILLOTA TNG TOPOVCAG HEAETNG €lvol M OMOTIKY amoTipnon
™mg Koatdotaong vyelag oe €va apketd peydAo delypua mAMKliopévav, cuvovalovtog
YEVETIKOVS, KAVIKOVG, Ploymukons, aotoAoyikoDs Kol ovOpmTOUETPIKOVS OEIKTEG KOOMDC
emiong kol OTpoPkovs mapdyovteg kot otoryeion Tov Tpdmov Lomg. O oxedacroc e
TapoHGOG LEAETNG EMITPEMEL TOGO TNV EKTIUNGT TNG HELOVOUEVNS eMidpaoTg kabevdg amd
aVTOVG TOVG TTAPAYOVTES, OCO Kol TNV OAANAETIOPOCT) TOLG GTNV KOTAGTOGN LYElOG TV

NAMKIOUEVOV.

Qot660, Tapd ™ YPNOoN EYKLP®V KOl OTAOUICUEVOV EPYOAEI®V EKTIUNONG T®V
TopayovTwv Tov TPOmov Cong (OTpoPr], QULGIKN JPACTNPIOTNTA, YLYOKOWMOVIKA
YOPOKTNPIOTIKG), Oev umopel vo amokAelotel M VmapEn CLGTNUOTIKOD GEAALOTOG
pétpnong oty mapovoa perétn. Iapdrinia, dev pmopel va amoxielstel 1 emidpaocn kot

GAL®V YEVETIKAOV SEIKTOV TOV OEV GUUTEPIANPONGOV GTO GYESUGHO TNG LEAETC.

YopuTEPAGNATO.

Ot unyaviopol mov gumhékovior otn ynpaven dev elvon TANPOG SEVKPIVIGUEVOL,
®otH660 mEpAapfavouv TANBmpa mopayoviov. H viobétmon g Mecoysiokn dotpoen
Kol 1 OO TPOPIKY] TPOCANYN WELAUPYDPOL POIVETOL VO EYXEL EVEPYETIKN €MIOpAOT GTNV

KaTaotaon vysiog Tov NAKIOpEVOVY. Apketol yevetikol ogikteg Ppédnkav vo enmnpedlovv
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TOoV Kivouvo voonpotntag oTov NAKIOUEVO TANOLGUS, evd 1 dlatpoen Ba umopovoe va
eEacBevioel pEPOg ™G SVOUEVOVG YEVETIKNG TPOSAOEST|G.

H oMotikr amotipnon g KatdoTaong VYelng TV NAKIOUEVEOVY Kot 1 a&loldynon
NG GLVOLAUGUEVNG EMIOPACTG TOV YEVETIKOV Ko TEPIPAAAOVTIKAOV TOPOYOVI®OV UTOPOVV
va GUUBAAALOVY GTNV TPOANYT TNG VOOT)POTNTOS KOL TNV TPOOY®YN TS LYEIG otV TPith
nAwcio. Amoutodvion TEPIGGOTEPEG UEAETES He MEYOADTEPO Oelyla NMAMKIOUEVOV KOl UE
TPOOTTIKO GYEOIAGUO YO TV KOADTEPN KOTOVONOY| TOV EUTAEKOUEVOV UNYOVICUDV TOV
kaBopilovv v  Katdotoon vyeloag OTOVG  YNPTPKOLS TANBvouoVS Kot TNV

oToyEHETN O KOTAAANA®Y 0ONYLOV Yo T dNUoOcto vYEia.

147



Bipiwoypaoio

1.  Report of the World Health Organization. Active ageing: a policy framework. Aging
Male 2002;5:1-37.

2. Population Division. New York, USA: Department of Economic and Social Affairs,
United Nations Secretariat, 2006.

3. General Secretariat of the National Statistical Service of Greece.

4.  Harman D. The free radical theory of aging. Antioxid Redox Signal 2003;5:557-61.

5. Tosato M, Zamboni V, Ferrini A, Cesari M. The aging process and potential
interventions to extend life expectancy. Clin Interv Aging 2007;2:401-12.

6. Weinert BT, Timiras PS. Invited review: Theories of aging. J Appl Physiol
2003;95:1706-16.

7. Carnes BA, Olshansky SJ, Grahn D. Biological evidence for limits to the duration of
life. Biogerontology 2003;4:31-45.

8.  Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature
2000;408:239-47.

9. Harman D. The biologic clock: the mitochondria? J Am Geriatr Soc 1972;20:145-7.

10. Mandavilli BS, Santos JH, Van Houten B. Mitochondrial DNA repair and aging.
Mutat Res 2002;509:127-51.

11. Miquel J, Economos AC, Fleming J, Johnson JE, Jr. Mitochondrial role in cell aging.
Exp Gerontol 1980;15:575-91.

12. Brand FN, Kiely DK, Kannel WB, Myers RH. Family patterns of coronary heart
disease mortality: the Framingham Longevity Study. J Clin Epidemiol 1992;45:169-
74.

13.  Shringarpure R, Davies KJ. Protein turnover by the proteasome in aging and disease.
Free Radic Biol Med 2002;32:1084-9.

14. Puca AA, Daly MJ, Brewster SJ, et al. A genome-wide scan for linkage to human
exceptional longevity identifies a locus on chromosome 4. Proc Natl Acad Sci U S A
2001;98:10505-8.

15. Campisi J. The biology of replicative senescence. Eur J Cancer 1997;33:703-9.

16. Ahmed A, Tollefsbol T. Telomeres and telomerase: basic science implications for
aging. J Am Geriatr Soc 2001;49:1105-9.

17. Lingner J, Hughes TR, Shevchenko A, Mann M, Lundblad V, Cech TR. Reverse
transcriptase motifs in the catalytic subunit of telomerase. Science 1997;276:561-7.

18. de Lange T. Human telomeres are attached to the nuclear matrix. EMBO J
1992;11:717-24.

19. Artandi SE. Telomeres, telomerase, and human disease. N Engl J Med 2006;355:1195-
7.

20. Blackburn EH. Telomere states and cell fates. Nature 2000;408:53-6.

21. Franceschi C, Bonafe M, Valensin S, et al. Inflamm-aging. An evolutionary
perspective on immunosenescence. Ann N 'Y Acad Sci 2000;908:244-54.

22. Franceschi C, Valensin S, Bonafe M, et al. The network and the remodeling theories

of aging: historical background and new perspectives. Exp Gerontol 2000;35:879-96.

148



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fabris N. Neuroendocrine-immune interactions: a theoretical approach to aging. Arch
Gerontol Geriatr 1991;12:219-30.

Perissinotto E, Pisent C, Sergi G, Grigoletto F. Anthropometric measurements in the
elderly: age and gender differences. Br J Nutr 2002;87:177-86.

Hughes VA, Roubenoff R, Wood M, Frontera WR, Evans W], Fiatarone Singh MA.
Anthropometric assessment of 10-y changes in body composition in the elderly. Am J
Clin Nutr 2004;80:475-82.

Pierson RN, Jr. Body composition in aging: a biological perspective. Curr Opin Clin
Nutr Metab Care 2003;6:15-20.

Villareal DT, Apovian CM, Kushner RF, Klein S. Obesity in older adults: technical
review and position statement of the American Society for Nutrition and NAASO, The
Obesity Society. Am J Clin Nutr 2005;82:923-34.

Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V. Sarcopenic obesity: a new
category of obesity in the elderly. Nutr Metab Cardiovasc Dis 2008;18:388-95.

Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, inflammation
and immunity. Nat Rev Immunol 2006;6:772-83.

Roubenoff R. Sarcopenic obesity: the confluence of two epidemics. Obes Res
2004;12:887-8.

Schrager MA, Metter EJ, Simonsick E, et al. Sarcopenic obesity and inflammation in
the INCHIANTI study. J Appl Physiol 2007;102:919-25.

Inelmen EM, Sergi G, Coin A, Miotto F, Peruzza S, Enzi G. Can obesity be a risk
factor in elderly people? Obes Rev 2003;4:147-55.

Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight and obesity in the
United States: prevalence and trends, 1960-1994. Int J Obes Relat Metab Disord
1998;22:39-47.

Davison KK, Ford ES, Cogswell ME, Dietz WH. Percentage of body fat and body
mass index are associated with mobility limitations in people aged 70 and older from
NHANES III. J] Am Geriatr Soc 2002;50:1802-9.

Gofin J, Abramson JH, Kark JD, Epstein L. The prevalence of obesity and its changes
over time in middle-aged and elderly men and women in Jerusalem. Int J Obes Relat
Metab Disord 1996;20:260-6.

Chiu HC, Chang HY, Mau LW, Lee TK, Liu HW. Height, weight, and body mass
index of elderly persons in Taiwan. J Gerontol A Biol Sci Med Sci 2000;55:M684-90.
Andreyeva T, Michaud PC, van Soest A. Obesity and health in Europeans aged 50
years and older. Public Health 2007;121:497-509.

Barbagallo CM, Cavera G, Sapienza M, et al. Prevalence of overweight and obesity in
a rural southern Italy population and relationships with total and cardiovascular
mortality: the Ventimiglia di Sicilia project. Int J Obes Relat Metab Disord
2001;25:185-90.

Gutierrez-Fisac JL, Lopez E, Banegas JR, Graciani A, Rodriguez-Artalejo F.
Prevalence of overweight and obesity in elderly people in Spain. Obes Res
2004;12:710-5.

Kiss C, Poor G, Donath J, et al. Prevalence of obesity in an elderly Hungarian
population. Eur J Epidemiol 2003;18:653-7.

149



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Heiat A, Vaccarino V, Krumholz HM. An evidence-based assessment of federal
guidelines for overweight and obesity as they apply to elderly persons. Arch Intern
Med 2001;161:1194-203.

Cornoni-Huntley JC, Harris TB, Everett DF, et al. An overview of body weight of
older persons, including the impact on mortality. The National Health and Nutrition
Examination Survey I--Epidemiologic Follow-up Study. J Clin Epidemiol
1991;44:743-53.

Engeland A, Bjorge T, Selmer RM, Tverdal A. Height and body mass index in relation
to total mortality. Epidemiology 2003;14:293-9.

Harris T, Cook EF, Garrison R, Higgins M, Kannel W, Goldman L. Body mass index
and mortality among nonsmoking older persons. The Framingham Heart Study. JAMA
1988;259:1520-4.

Menotti A, Kromhout D, Nissinen A, et al. Short-term all-cause mortality and its
determinants in elderly male populations in Finland, The Netherlands, and Italy: the
FINE Study. Finland, Italy, Netherlands Elderly Study. Prev Med 1996;25:319-26.
Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL. The effect of age on
the association between body-mass index and mortality. N Engl J] Med 1998;338:1-7.
Diehr P, Bild DE, Harris TB, Duxbury A, Siscovick D, Rossi M. Body mass index and
mortality in nonsmoking older adults: the Cardiovascular Health Study. Am J Public
Health 1998;88:623-9.

Dey DK, Rothenberg E, Sundh V, Bosaeus I, Steen B. Body mass index, weight
change and mortality in the elderly. A 15 y longitudinal population study of 70 y olds.
Eur J Clin Nutr 2001;55:482-92.

Grabowski DC, Ellis JE. High body mass index does not predict mortality in older
people: analysis of the Longitudinal Study of Aging. J] Am Geriatr Soc 2001;49:968-
79.

Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The association between
obesity and the frailty syndrome in older women: the Women's Health and Aging
Studies. J Am Geriatr Soc 2005;53:927-34.

Villareal DT, Banks M, Siener C, Sinacore DR, Klein S. Physical frailty and body
composition in obese elderly men and women. Obes Res 2004;12:913-20.

Executive Summary of The Third Report of The National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel IIT). JAMA 2001;285:2486-97.
LaRosa JC. Dyslipidemia and coronary artery disease in the elderly. Clin Geriatr Med
1996;12:33-40.

Schupf' N, Costa R, Luchsinger J, Tang MX, Lee JH, Mayeux R. Relationship between
plasma lipids and all-cause mortality in nondemented elderly. J Am Geriatr Soc
2005;53:219-26.

Anum EA, Adera T. Hypercholesterolemia and coronary heart disease in the elderly: a
meta-analysis. Ann Epidemiol 2004;14:705-21.

Casiglia E, Mazza A, Tikhonoff V, Scarpa R, Schiavon L, Pessina AC. Total
cholesterol and mortality in the elderly. J Intern Med 2003;254:353-62.

150



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Chyou PH, Eaker ED. Serum cholesterol concentrations and all-cause mortality in
older people. Age Ageing 2000;29:69-74.

Houterman S, Boshuizen HC, Verschuren WM, et al. Predicting cardiovascular risk in
the elderly in different European countries. Eur Heart J 2002;23:294-300.

Lewington S, Whitlock G, Clarke R, et al. Blood cholesterol and vascular mortality by
age, sex, and blood pressure: a meta-analysis of individual data from 61 prospective
studies with 55,000 vascular deaths. Lancet 2007;370:1829-39.

Anderson KM, Castelli WP, Levy D. Cholesterol and mortality. 30 years of follow-up
from the Framingham study. JAMA 1987;257:2176-80.

Schatz 1J, Masaki K, Yano K, Chen R, Rodriguez BL, Curb JD. Cholesterol and all-
cause mortality in elderly people from the Honolulu Heart Program: a cohort study.
Lancet 2001;358:351-5.

Schaefer EJ, Moussa PB, Wilson PW, McGee D, Dallal G, Castelli WP. Plasma
lipoproteins in healthy octogenarians: lack of reduced high density lipoprotein
cholesterol levels: results from the Framingham Heart Study. Metabolism
1989;38:293-6.

Rosenblat M, Coleman R, Aviram M. Increased macrophage glutathione content
reduces cell-mediated oxidation of LDL and atherosclerosis in apolipoprotein E-
deficient mice. Atherosclerosis 2002;163:17-28.

Ross R. Cell biology of atherosclerosis. Annu Rev Physiol 1995;57:791-804.
Schwenke DC. Aging, menopause, and free radicals. Semin Reprod Endocrinol
1998;16:281-308.

Holvoet P, Harris TB, Tracy RP, et al. Association of high coronary heart disease risk
status with circulating oxidized LDL in the well-functioning elderly: findings from the
Health, Aging, and Body Composition study. Arterioscler Thromb Vasc Biol
2003;23:1444-8.

Holvoet P, Kritchevsky SB, Tracy RP, et al. The metabolic syndrome, circulating
oxidized LDL, and risk of myocardial infarction in well-functioning elderly people in
the health, aging, and body composition cohort. Diabetes 2004;53:1068-73.

Verhoye E, Langlois MR. Circulating oxidized low-density lipoprotein: a biomarker of
atherosclerosis and cardiovascular risk? Clin Chem Lab Med 2009;47:128-37.

Barter P. HDL: a recipe for longevity. Atheroscler Suppl 2004;5:25-31.

Nikkila M, Heikkinen J. High-density lipoprotein cholesterol and longevity. Age
Ageing 1990;19:119-24.

Abbott RD, Wilson PW, Kannel WB, Castelli WP. High density lipoprotein
cholesterol, total cholesterol screening, and myocardial infarction. The Framingham
Study. Arteriosclerosis 1988;8:207-11.

Curb JD, Abbott RD, Rodriguez BL, et al. High density lipoprotein cholesterol and the
risk of stroke in elderly men: the Honolulu heart program. Am J Epidemiol
2004;160:150-7.

Despres JP, Lemieux I, Dagenais GR, Cantin B, Lamarche B. HDL-cholesterol as a
marker of coronary heart disease risk: the Quebec cardiovascular study.
Atherosclerosis 2000;153:263-72.

151



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly individuals at risk of
vascular disease (PROSPER): a randomised controlled trial. Lancet 2002;360:1623-
30.

Weverling-Rijnsburger AW, Jonkers 1J, van Exel E, Gussekloo J, Westendorp RG.
High-density vs low-density lipoprotein cholesterol as the risk factor for coronary
artery disease and stroke in old age. Arch Intern Med 2003;163:1549-54.

Aronow WS, Ahn C. Correlation of serum lipids with the presence or absence of
coronary artery disease in 1,793 men and women aged > or = 62 years. Am J Cardiol
1994;73:702-3.

Suryadevara V, Storey SG, Aronow WS, Ahn C. Association of abnormal serum lipids
in elderly persons with atherosclerotic vascular disease and dementia, atherosclerotic
vascular disecase without dementia, dementia without atherosclerotic vascular disease,
and no dementia or atherosclerotic vascular disease. J Gerontol A Biol Sci Med Sci
2003;58:M859-61.

Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and mortality
associated with the metabolic syndrome. Diabetes Care 2001;24:683-9.

Trevisan M, Liu J, Bahsas FB, Menotti A. Syndrome X and mortality: a population-
based study. Risk Factor and Life Expectancy Research Group. Am J Epidemiol
1998;148:958-66.

Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the
metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood
Institute Scientific Statement. Circulation 2005;112:2735-52.

Kahn SE, Schwartz RS, Porte D, Jr., Abrass IB. The glucose intolerance of aging.
Implications for intervention. Hosp Pract (Off Ed) 1991;26:29-38.

Cefalu WT, Wang ZQ, Werbel S, et al. Contribution of visceral fat mass to the insulin
resistance of aging. Metabolism 1995;44:954-9.

Franklin SS, Gustin Wt, Wong ND, et al. Hemodynamic patterns of age-related
changes in blood pressure. The Framingham Heart Study. Circulation 1997;96:308-15.
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US
adults: findings from the third National Health and Nutrition Examination Survey.
JAMA 2002;287:356-9.

Scuteri A, Najjar SS, Morrell CH, Lakatta EG. The metabolic syndrome in older
individuals: prevalence and prediction of cardiovascular events: the Cardiovascular
Health Study. Diabetes Care 2005;28:882-7.

Motta M, Bennati E, Cardillo E, Passamonte M, Ferlito L, Malaguarnera M. The
metabolic syndrome (MS) in the elderly: considerations on the diagnostic criteria of
the International Diabetes Federation (IDF) and some proposed modifications. Arch
Gerontol Geriatr 2009;48:380-4.

Peel NM, McClure RJ, Bartlett HP. Behavioral determinants of healthy aging. Am J
Prev Med 2005;28:298-304.

Ford AB, Haug MR, Stange KC, Gaines AD, Noelker LS, Jones PK. Sustained
personal autonomy: a measure of successful aging. J Aging Health 2000;12:470-89.
Haveman-Nies A, de Groot LC, van Staveren WA. Dietary quality, lifestyle factors
and healthy ageing in Europe: the SENECA study. Age Ageing 2003;32:427-34.

152



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Newman AB, Arnold AM, Naydeck BL, et al. "Successful aging": effect of subclinical
cardiovascular disease. Arch Intern Med 2003;163:2315-22.

Guralnik JM, Kaplan GA. Predictors of healthy aging: prospective evidence from the
Alameda County study. Am J Public Health 1989;79:703-8.

Malmberg J, Miilunpalo S, Pasanen M, Vuori I, Oja P. Characteristics of leisure time
physical activity associated with risk of decline in perceived health--a 10-year follow-
up of middle-aged and elderly men and women. Prev Med 2005;41:141-50.

Reuben DB, Judd-Hamilton L, Harris TB, Seeman TE. The associations between
physical activity and inflammatory markers in high-functioning older persons:
MacArthur Studies of Successful Aging. J Am Geriatr Soc 2003;51:1125-30.

Stewart KJ, Bacher AC, Turner K, et al. Exercise and risk factors associated with
metabolic syndrome in older adults. Am J Prev Med 2005;28:9-18.

Colbert LH, Visser M, Simonsick EM, et al. Physical activity, exercise, and
inflammatory markers in older adults: findings from the Health, Aging and Body
Composition Study. J Am Geriatr Soc 2004;52:1098-104.

Herskind AM, McGue M, Holm NV, Sorensen TI, Harvald B, Vaupel JW. The
heritability of human longevity: a population-based study of 2872 Danish twin pairs
born 1870-1900. Hum Genet 1996;97:319-23.

McGue M, Vaupel JW, Holm N, Harvald B. Longevity is moderately heritable in a
sample of Danish twins born 1870-1880. J Gerontol 1993;48:B237-44.

Capri M, Salvioli S, Sevini F, et al. The genetics of human longevity. Ann N 'Y Acad
Sci 2006;1067:252-63.

Martin GM, Bergman A, Barzilai N. Genetic determinants of human health span and
life span: progress and new opportunities. PLoS Genet 2007;3:e125.

Browner WS, Kahn AJ, Ziv E, et al. The genetics of human longevity. Am J Med
2004;117:851-60.

Bruunsgaard H, Ladelund S, Pedersen AN, Schroll M, Jorgensen T, Pedersen BK.
Predicting death from tumour necrosis factor-alpha and interleukin-6 in 80-year-old
people. Clin Exp Immunol 2003;132:24-31.

Antonicelli R, Olivieri F, Bonafe M, et al. The interleukin-6 -174 G>C promoter
polymorphism is associated with a higher risk of death after an acute coronary
syndrome in male elderly patients. Int J Cardiol 2005;103:266-71.

Lio D, Scola L, Crivello A, et al. Gender-specific association between -1082 IL-10
promoter polymorphism and longevity. Genes Immun 2002;3:30-3.

Balistreri CR, Candore G, Colonna-Romano G, et al. Role of Toll-like receptor 4 in
acute myocardial infarction and longevity. JAMA 2004;292:2339-40.

Lunetta KL, D'Agostino RB, Sr., Karasik D, et al. Genetic correlates of longevity and
selected age-related phenotypes: a genome-wide association study in the Framingham
Study. BMC Med Genet 2007;8 Suppl 1:S13.

Franceschi C, Bezrukov V, Blanche H, et al. Genetics of healthy aging in Europe: the
EU-integrated project GEHA (GEnetics of Healthy Aging). Ann N Y Acad Sci
2007;1100:21-45.

de Magalhaes JP, Budovsky A, Lehmann G, et al. The Human Ageing Genomic
Resources: online databases and tools for biogerontologists. Aging Cell 2009;8:65-72.

153



108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Katic M, Kahn CR. The role of insulin and IGF-1 signaling in longevity. Cell Mol Life
Sci 2005;62:320-43.

Yang J, Anzo M, Cohen P. Control of aging and longevity by IGF-I signaling. Exp
Gerontol 2005;40:867-72.

Monzavi R, Cohen P. IGFs and IGFBPs: role in health and disease. Best Pract Res
Clin Endocrinol Metab 2002;16:433-47.

Van Der Heide LP, Hoekman MF, Smidt MP. The ins and outs of FoxO shuttling:
mechanisms of FoxO translocation and transcriptional regulation. Biochem J
2004;380:297-309.

Imae M, Fu Z, Yoshida A, Noguchi T, Kato H. Nutritional and hormonal factors
control the gene expression of FoxOs, the mammalian homologues of DAF-16. J Mol
Endocrinol 2003;30:253-62.

Arden KC. FoxO: linking new signaling pathways. Mol Cell 2004;14:416-8.

Tran H, Brunet A, Grenier JM, et al. DNA repair pathway stimulated by the forkhead
transcription factor FOXO3a through the Gadd45 protein. Science 2002;296:530-4.
Minamino T, Miyauchi H, Tateno K, Kunieda T, Komuro I. Akt-induced cellular
senescence: implication for human disease. Cell Cycle 2004;3:449-51.

Miyauchi H, Minamino T, Tateno K, Kunieda T, Toko H, Komuro I. Akt negatively
regulates the in vitro lifespan of human endothelial cells via a p53/p21-dependent
pathway. EMBO J 2004;23:212-20.

Kimura KD, Tissenbaum HA, Liu Y, Ruvkun G. daf-2, an insulin receptor-like gene
that regulates longevity and diapause in Caenorhabditis elegans. Science
1997;277:942-6.

Kenyon C. A conserved regulatory system for aging. Cell 2001;105:165-8.

Murphy CT, McCarroll SA, Bargmann CI, et al. Genes that act downstream of DAF-
16 to influence the lifespan of Caenorhabditis elegans. Nature 2003;424:277-83.
Clancy DJ, Gems D, Harshman LG, et al. Extension of life-span by loss of CHICO, a
Drosophila insulin receptor substrate protein. Science 2001;292:104-6.

Barbieri M, Bonafe M, Franceschi C, Paolisso G. Insulin/IGF-I-signaling pathway: an
evolutionarily conserved mechanism of longevity from yeast to humans. Am J Physiol
Endocrinol Metab 2003;285:E1064-71.

Holzenberger M. The GH/IGF-I axis and longevity. Eur J Endocrinol 2004;151 Suppl
1:S23-7.

Laughlin GA, Barrett-Connor E, Criqui MH, Kritz-Silverstein D. The prospective
association of serum insulin-like growth factor I (IGF-I) and IGF-binding protein-1
levels with all cause and cardiovascular disease mortality in older adults: the Rancho
Bernardo Study. J Clin Endocrinol Metab 2004;89:114-20.

Juul A. Serum levels of insulin-like growth factor I and its binding proteins in health
and disease. Growth Horm IGF Res 2003;13:113-70.

Facchini FS, Hua N, Abbasi F, Reaven GM. Insulin resistance as a predictor of age-
related diseases. J Clin Endocrinol Metab 2001;86:3574-8.

Barbieri M, Gambardella A, Paolisso G, Varricchio M. Metabolic aspects of the
extreme longevity. Exp Gerontol 2008;43:74-8.

154



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Paolisso G, Barbieri M, Bonafe M, Franceschi C. Metabolic age modelling: the lesson
from centenarians. Eur J Clin Invest 2000;30:888-94.

Paolisso G, Barbieri M, Rizzo MR, et al. Low insulin resistance and preserved beta-
cell function contribute to human longevity but are not associated with TH-INS genes.
Exp Gerontol 2001;37:149-56.

Mecocci P, Polidori MC, Troiano L, et al. Plasma antioxidants and longevity: a study
on healthy centenarians. Free Radic Biol Med 2000;28:1243-8.

Tatar M, Bartke A, Antebi A. The endocrine regulation of aging by insulin-like
signals. Science 2003;299:1346-51.

De Luca M, Rose G, Bonafe M, et al. Sex-specific longevity associations defined by
Tyrosine Hydroxylase-Insulin-Insulin Growth Factor 2 haplotypes on the 11pl5.5
chromosomal region. Exp Gerontol 2001;36:1663-71.

van Heemst D, Beekman M, Mooijaart SP, et al. Reduced insulin/IGF-1 signalling and
human longevity. Aging Cell 2005;4:79-85.

Kuningas M, Magi R, Westendorp RG, Slagboom PE, Remm M, van Heemst D.
Haplotypes in the human Foxola and Foxo3a genes; impact on disease and mortality
at old age. Eur J Hum Genet 2007;15:294-301.

Kojima T, Kamei H, Aizu T, et al. Association analysis between longevity in the
Japanese population and polymorphic variants of genes involved in insulin and
insulin-like growth factor 1 signaling pathways. Exp Gerontol 2004;39:1595-8.
Bonafe M, Barbieri M, Marchegiani F, et al. Polymorphic variants of insulin-like
growth factor I (IGF-I) receptor and phosphoinositide 3-kinase genes affect IGF-I
plasma levels and human longevity: cues for an evolutionarily conserved mechanism
of life span control. J Clin Endocrinol Metab 2003;88:3299-304.

Hu D, Pawlikowska L, Kanaya A, et al. Serum insulin-like growth factor-1 binding
proteins 1 and 2 and mortality in older adults: the Health, Aging, and Body
Composition Study. J Am Geriatr Soc 2009;57:1213-8.

McElwee JJ, Schuster E, Blanc E, et al. Evolutionary conservation of regulated
longevity assurance mechanisms. Genome Biol 2007;8:R132.

Russell SJ, Kahn CR. Endocrine regulation of ageing. Nat Rev Mol Cell Biol
2007;8:681-91.

Stessman J, Maaravi Y, Hammerman-Rozenberg R, et al. Candidate genes associated
with ageing and life expectancy in the Jerusalem longitudinal study. Mech Ageing
Dev 2005;126:333-9.

Bonafe M, Olivieri F. Genetic polymorphism in long-lived people: cues for the
presence of an insulin/IGF-pathway-dependent network affecting human longevity.
Mol Cell Endocrinol 2009;299:118-23.

Taioli E, Mari D, Franceschi C, et al. Polymorphisms of drug-metabolizing enzymes
in healthy nonagenarians and centenarians: difference at GSTT1 locus. Biochem
Biophys Res Commun 2001;280:1389-92.

Christiansen L, Brasch-Andersen C, Bathum L, Kruse TA, Christensen K. A
longitudinal study of the effect of GSTT1 and GSTM1 gene copy number on survival.
Mech Ageing Dev 2006;127:597-9.

155



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Rea IM, McKeown PP, McMaster D, et al. Paraoxonase polymorphisms PON1 192
and 55 and longevity in Italian centenarians and Irish nonagenarians. A pooled
analysis. Exp Gerontol 2004;39:629-35.

Franceschi C, Bonafe M, Valensin S. Human immunosenescence: the prevailing of
innate immunity, the failing of clonotypic immunity, and the filling of immunological
space. Vaccine 2000;18:1717-20.

Ginaldi L, De Martinis M, Monti D, Franceschi C. Chronic antigenic load and
apoptosis in immunosenescence. Trends Immunol 2005;26:79-84.

Pawelec G, Akbar A, Caruso C, Solana R, Grubeck-Loebenstein B, Wikby A. Human
immunosenescence: is it infectious? Immunol Rev 2005;205:257-68.

Bruunsgaard H, Pedersen M, Pedersen BK. Aging and proinflammatory cytokines.
Curr Opin Hematol 2001;8:131-6.

Boren E, Gershwin ME. Inflamm-aging: autoimmunity, and the immune-risk
phenotype. Autoimmun Rev 2004;3:401-6.

Cappola AR, Xue QL, Ferrucci L, Guralnik JM, Volpato S, Fried LP. Insulin-like
growth factor I and interleukin-6 contribute synergistically to disability and mortality
in older women. J Clin Endocrinol Metab 2003;88:2019-25.

Licastro F, Grimaldi LM, Bonafe M, et al. Interleukin-6 gene alleles affect the risk of
Alzheimer's disease and levels of the cytokine in blood and brain. Neurobiol Aging
2003;24:921-6.

Roubenoff R. Catabolism of aging: is it an inflammatory process? Curr Opin Clin Nutr
Metab Care 2003;6:295-9.

Szmitko PE, Wang CH, Weisel RD, de Almeida JR, Anderson TJ, Verma S. New
markers of inflammation and endothelial cell activation: Part I. Circulation
2003;108:1917-23.

Bruunsgaard H, Pedersen BK. Age-related inflammatory cytokines and disease.
Immunol Allergy Clin North Am 2003;23:15-39.

Bo S, Gambino R, Uberti B, et al. Does C-reactive protein identify a subclinical
metabolic disease in healthy subjects? Eur J Clin Invest 2005;35:265-70.

Tracy RP. Emerging relationships of inflammation, cardiovascular disease and chronic
diseases of aging. Int J Obes Relat Metab Disord 2003;27 Suppl 3:S29-34.
Bruunsgaard H, Andersen-Ranberg K, Hjelmborg JB, Pedersen BK, Jeune B. Elevated
levels of tumor necrosis factor alpha and mortality in centenarians. Am J Med
2003;115:278-83.

Bruunsgaard H, Andersen-Ranberg K, Jeune B, Pedersen AN, Skinhoj P, Pedersen
BK. A high plasma concentration of TNF-alpha is associated with dementia in
centenarians. J Gerontol A Biol Sci Med Sci 1999;54:M357-64.

Franceschi C, Valensin S, Lescai F, et al. Neuroinflammation and the genetics of
Alzheimer's disease: the search for a pro-inflammatory phenotype. Aging (Milano)
2001;13:163-70.

Recasens M, Lopez-Bermejo A, Ricart W, Vendrell J, Casamitjana R, Fernandez-Real
JM. An inflammation score is better associated with basal than stimulated surrogate
indexes of insulin resistance. J Clin Endocrinol Metab 2005;90:112-6.

156



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Abbatecola AM, Ferrucci L, Grella R, et al. Diverse effect of inflammatory markers
on insulin resistance and insulin-resistance syndrome in the elderly. J Am Geriatr Soc
2004;52:399-404.

Roubenoff R, Parise H, Payette HA, et al. Cytokines, insulin-like growth factor 1,
sarcopenia, and mortality in very old community-dwelling men and women: the
Framingham Heart Study. Am J Med 2003;115:429-35.

Cesari M, Penninx BW, Newman AB, et al. Inflammatory markers and onset of
cardiovascular events: results from the Health ABC study. Circulation 2003;108:2317-
22.

De Martinis M, Franceschi C, Monti D, Ginaldi L. Inflammation markers predicting
frailty and mortality in the elderly. Exp Mol Pathol 2006;80:219-27.

Margolis KL, Manson JE, Greenland P, et al. Leukocyte count as a predictor of
cardiovascular events and mortality in postmenopausal women: the Women's Health
Initiative Observational Study. Arch Intern Med 2005;165:500-8.

De Martinis M, Modesti M, Ginaldi L. Phenotypic and functional changes of
circulating monocytes and polymorphonuclear leucocytes from elderly persons.
Immunol Cell Biol 2004;82:415-20.

Ginaldi L, De Martinis M, Modesti M, Loreto F, Corsi MP, Quaglino D.
Immunophenotypical changes of T Ilymphocytes in the elderly. Gerontology
2000;46:242-8.

Zhang X, Fujii H, Kishimoto H, LeRoy E, Surh CD, Sprent J. Aging leads to disturbed
homeostasis of memory phenotype CD8(+) cells. J Exp Med 2002;195:283-93.
Franceschi C, Bonafe M. Centenarians as a model for healthy aging. Biochem Soc
Trans 2003;31:457-61.

Zanni F, Vescovini R, Biasini C, et al. Marked increase with age of type 1 cytokines
within memory and effector/cytotoxic CD8+ T cells in humans: a contribution to
understand the relationship between inflammation and immunosenescence. Exp
Gerontol 2003;38:981-7.

Semba RD, Margolick JB, Leng S, Walston J, Ricks MO, Fried LP. T cell subsets and
mortality in older community-dwelling women. Exp Gerontol 2005;40:81-7.
Franceschi C, Valensin S, Fagnoni F, Barbi C, Bonafe M. Biomarkers of
immunosenescence within an evolutionary perspective: the challenge of heterogeneity
and the role of antigenic load. Exp Gerontol 1999;34:911-21.

Effros RB. Replicative senescence of CD8 T cells: effect on human ageing. Exp
Gerontol 2004;39:517-24.

Pawelec G, Ouyang Q, Colonna-Romano G, Candore G, Lio D, Caruso C. Is human
immunosenescence clinically relevant? Looking for 'immunological risk phenotypes'.
Trends Immunol 2002;23:330-2.

Ferguson FG, Wikby A, Maxson P, Olsson J, Johansson B. Immune parameters in a
longitudinal study of a very old population of Swedish people: a comparison between
survivors and nonsurvivors. J Gerontol A Biol Sci Med Sci 1995;50:B378-82.

Wikby A, Johansson B, Olsson J, Lofgren S, Nilsson BO, Ferguson F. Expansions of
peripheral blood CD8 T-lymphocyte subpopulations and an association with

157



176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

cytomegalovirus seropositivity in the elderly: the Swedish NONA immune study. Exp
Gerontol 2002;37:445-53.

Gariballa SE, Sinclair AJ. Nutrition, ageing and ill health. Br J Nutr 1998;80:7-23.
Steen B. A "healthy" lifestyle in old age and its relation to health and disease. Age
Ageing 2003;32:365-6.

Dontas AS, Zerefos NS, Panagiotakos DB, Vlachou C, Valis DA. Mediterranean diet
and prevention of coronary heart disease in the elderly. Clin Interv Aging 2007;2:109-
15.

Bach A, Serra-Majem L, Carrasco JL, et al. The use of indexes evaluating the
adherence to the Mediterranean diet in epidemiological studies: a review. Public
Health Nutr 2006;9:132-46.

Fung TT, McCullough ML, Newby PK, et al. Diet-quality scores and plasma
concentrations of markers of inflammation and endothelial dysfunction. Am J Clin
Nutr 2005;82:163-73.

Panagiotakos DB, Arapi S, Pitsavos C, et al. The relationship between adherence to
the Mediterranean diet and the severity and short-term prognosis of acute coronary
syndromes (ACS): The Greek Study of ACS (The GREECS). Nutrition 2006;22:722-
30.

Panagiotakos DB, Pitsavos C, Chrysohoou C, Stefanadis C. The epidemiology of Type
2 diabetes mellitus in Greek adults: the ATTICA study. Diabet Med 2005;22:1581-8.
Panagiotakos DB, Pitsavos C, Matalas AL, Chrysohoou C, Stefanadis C. Geographical
influences on the association between adherence to the Mediterranean diet and the
prevalence of acute coronary syndromes, in Greece: the CARDIO2000 study. Int J
Cardiol 2005;100:135-42.

Polychronopoulos E, Panagiotakos DB, Polystipioti A. Diet, lifestyle factors and
hypercholesterolemia in elderly men and women from Cyprus. Lipids Health Dis
2005;4:17.

Serrano-Martinez M, Palacios M, Martinez-Losa E, et al. A Mediterranean dietary
style influences TNF-alpha and VCAM-1 coronary blood levels in unstable angina
patients. Eur J Nutr 2005;44:348-54.

Psaltopoulou T, Naska A, Orfanos P, Trichopoulos D, Mountokalakis T, Trichopoulou
A. Olive oil, the Mediterranean diet, and arterial blood pressure: the Greek European
Prospective Investigation into Cancer and Nutrition (EPIC) study. Am J Clin Nutr
2004;80:1012-8.

Fito M, Guxens M, Corella D, et al. Effect of a traditional Mediterranean diet on
lipoprotein oxidation: a randomized controlled trial. Arch Intern Med 2007;167:1195-
203.

Salas-Salvado J, Garcia-Arellano A, Estruch R, et al. Components of the
Mediterranean-type food pattern and serum inflammatory markers among patients at
high risk for cardiovascular disease. Eur J Clin Nutr 2008;62:651-9.

Singh N, Graves J, Taylor PD, MacAllister RJ, Singer DR. Effects of a 'healthy' diet
and of acute and long-term vitamin C on vascular function in healthy older subjects.
Cardiovasc Res 2002;56:118-25.

158



190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Sondergaard E, Moller JE, Egstrup K. Effect of dietary intervention and lipid-lowering
treatment on brachial vasoreactivity in patients with ischemic heart disease and
hypercholesterolemia. Am Heart J 2003;145:E19.

Alvarez Leon EE, Henriquez P, Serra-Majem L. Mediterranean diet and metabolic
syndrome: a cross-sectional study in the Canary Islands. Public Health Nutr
2006;9:1089-98.

Ciccarone E, Di Castelnuovo A, Salcuni M, et al. A high-score Mediterranean dietary
pattern is associated with a reduced risk of peripheral arterial disease in Italian patients
with Type 2 diabetes. J Thromb Haemost 2003;1:1744-52.

Pitsavos C, Panagiotakos DB, Chrysohoou C, et al. The adoption of Mediterranean
diet attenuates the development of acute coronary syndromes in people with the
metabolic syndrome. Nutr J 2003;2:1.

Barzi F, Woodward M, Marfisi RM, Tavazzi L, Valagussa F, Marchioli R.
Mediterranean diet and all-causes mortality after myocardial infarction: results from
the GISSI-Prevenzione trial. Eur J Clin Nutr 2003;57:604-11.

de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle N. Mediterranean
diet, traditional risk factors, and the rate of cardiovascular complications after
myocardial infarction: final report of the Lyon Diet Heart Study. Circulation
1999;99:779-85.

Estruch R, Martinez-Gonzalez MA, Corella D, et al. Effects of a Mediterranean-style
diet on cardiovascular risk factors: a randomized trial. Ann Intern Med 2006;145:1-11.
Sanchez-Villegas A, Bes-Rastrollo M, Martinez-Gonzalez MA, Serra-Majem L.
Adherence to a Mediterranean dietary pattern and weight gain in a follow-up study:
the SUN cohort. Int J Obes (Lond) 2006;30:350-8.

Trichopoulou A, Naska A, Orfanos P, Trichopoulos D. Mediterranean diet in relation
to body mass index and waist-to-hip ratio: the Greek European Prospective
Investigation into Cancer and Nutrition Study. Am J Clin Nutr 2005;82:935-40.
Haveman-Nies A, Tucker KL, de Groot LC, Wilson PW, van Staveren WA.
Evaluation of dietary quality in relationship to nutritional and lifestyle factors in
elderly people of the US Framingham Heart Study and the European SENECA study.
Eur J Clin Nutr 2001;55:870-80.

Tyrovolas S, Bountziouka V, Papairakleous N, et al. Adherence to the Mediterranean
diet is associated with lower prevalence of obesity among elderly people living in
Mediterranean islands: the MEDIS study. Int J Food Sci Nutr 2009:1-14.

Thanopoulou A, Karamanos B, Angelico F, et al. Epidemiological evidence for the
non-random clustering of the components of the metabolic syndrome: multicentre
study of the Mediterranean Group for the Study of Diabetes. Eur J Clin Nutr
2006;60:1376-83.

Esposito K, Marfella R, Ciotola M, et al. Effect of a mediterranean-style diet on
endothelial dysfunction and markers of vascular inflammation in the metabolic
syndrome: a randomized trial. JAMA 2004;292:1440-6.

Michalsen A, Lehmann N, Pithan C, et al. Mediterranean diet has no effect on markers
of inflammation and metabolic risk factors in patients with coronary artery disease.
Eur J Clin Nutr 2006;60:478-85.

159



204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Bosetti C, Gallus S, Trichopoulou A, et al. Influence of the Mediterranean diet on the
risk of cancers of the upper aerodigestive tract. Cancer Epidemiol Biomarkers Prev
2003;12:1091-4.

de Lorgeril M, Salen P, Martin JL, Monjaud I, Boucher P, Mamelle N. Mediterranean
dietary pattern in a randomized trial: prolonged survival and possible reduced cancer
rate. Arch Intern Med 1998;158:1181-7.

Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to Mediterranean diet
and health status: meta-analysis. BMJ 2008;337:a1344.

Lasheras C, Fernandez S, Patterson AM. Mediterranean diet and age with respect to
overall survival in institutionalized, nonsmoking elderly people. Am J Clin Nutr
2000;71:987-92.

Trichopoulou A, Kouris-Blazos A, Wahlqvist ML, et al. Diet and overall survival in
elderly people. BMJ 1995;311:1457-60.

Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med 2003;348:2599-
608.

Kouris-Blazos A, Gnardellis C, Wahlqvist ML, Trichopoulos D, Lukito W,
Trichopoulou A. Are the advantages of the Mediterranean diet transferable to other
populations? A cohort study in Melbourne, Australia. Br J Nutr 1999;82:57-61.

Osler M, Schroll M. Diet and mortality in a cohort of elderly people in a north
European community. Int J Epidemiol 1997;26:155-9.

Knoops KT, de Groot LC, Kromhout D, et al. Mediterranean diet, lifestyle factors, and
10-year mortality in elderly European men and women: the HALE project. JAMA
2004;292:1433-9.

Iestra J, Knoops K, Kromhout D, de Groot L, Grobbee D, van Staveren W. Lifestyle,
Mediterranean diet and survival in European post-myocardial infarction patients. Eur J
Cardiovasc Prev Rehabil 2006;13:894-900.

Trichopoulou A, Orfanos P, Norat T, et al. Modified Mediterranean diet and survival:
EPIC-elderly prospective cohort study. BMJ 2005;330:991.

Scarmeas N, Stern Y, Mayeux R, Luchsinger JA. Mediterranean diet, Alzheimer
disease, and vascular mediation. Arch Neurol 2006;63:1709-17.

Scarmeas N, Stern Y, Tang MX, Mayeux R, Luchsinger JA. Mediterranean diet and
risk for Alzheimer's disease. Ann Neurol 2006;59:912-21.

Solfrizzi V, Colacicco AM, D'Introno A, et al. Dietary intake of unsaturated fatty acids
and age-related cognitive decline: a 8.5-year follow-up of the Italian Longitudinal
Study on Aging. Neurobiol Aging 2006;27:1694-704.

Bountziouka V, Polychronopoulos E, Zeimbekis A, et al. Long-term fish intake is
associated with less severe depressive symptoms among elderly men and women: the
MEDIS (MEDiterranean ISlands Elderly) epidemiological study. J Aging Health
2009;21:864-80.

Roman B, Carta L, Martinez-Gonzalez MA, Serra-Majem L. Effectiveness of the
Mediterranean diet in the elderly. Clin Interv Aging 2008;3:97-109.

160



220.

221.

222.

223.
224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Kafatos A, Diacatou A, Voukiklaris G, et al. Heart disease risk-factor status and
dietary changes in the Cretan population over the past 30 y: the Seven Countries
Study. Am J Clin Nutr 1997;65:1882-6.

Vallee BL, Falchuk KH. The biochemical basis of zinc physiology. Physiol Rev
1993;73:79-118.

Andreini C, Banci L, Bertini I, Rosato A. Counting the zinc-proteins encoded in the
human genome. J Proteome Res 2006;5:196-201.

Ibs KH, Rink L. Zinc-altered immune function. J Nutr 2003;133:1452S-6S.

McClain CJ, McClain M, Barve S, Boosalis MG. Trace metals and the elderly. Clin
Geriatr Med 2002;18:801-18, vii-viii.

Ma J, Betts NM. Zinc and copper intakes and their major food sources for older adults
in the 1994-96 continuing survey of food intakes by individuals (CSFII). J Nutr
2000;130:2838-43.

Briefel RR, Bialostosky K, Kennedy-Stephenson J, McDowell MA, Ervin RB, Wright
JD. Zinc intake of the U.S. population: findings from the third National Health and
Nutrition Examination Survey, 1988-1994. J Nutr 2000;130:1367S-73S.
Andriollo-Sanchez M, Hininger-Favier I, Meunier N, et al. Zinc intake and status in
middle-aged and older European subjects: the ZENITH study. Eur J Clin Nutr 2005;59
Suppl 2:S37-41.

Girodon F, Galan P, Monget AL, et al. Impact of trace elements and vitamin
supplementation on immunity and infections in institutionalized elderly patients: a
randomized controlled trial. MIN. VIT. AOX. geriatric network. Arch Intern Med
1999;159:748-54.

Mocchegiani E, Muzzioli M, Giacconi R. Zinc, metallothioneins, immune responses,
survival and ageing. Biogerontology 2000;1:133-43.

Trumbo P, Yates AA, Schlicker S, Poos M. Dietary reference intakes: vitamin A,
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum,
nickel, silicon, vanadium, and zinc. J] Am Diet Assoc 2001;101:294-301.

Lonnerdal B. Dietary factors influencing zinc absorption. J Nutr 2000;130:1378S-83S.
Lee HH, Prasad AS, Brewer GJ, Owyang C. Zinc absorption in human small intestine.
Am J Physiol 1989;256:G87-91.

Liuzzi JP, Cousins RJ. Mammalian zinc transporters. Annu Rev Nutr 2004;24:151-72.
Tuerk MJ, Fazel N. Zinc deficiency. Curr Opin Gastroenterol 2009;25:136-43.

Liuzzi JP, Blanchard RK, Cousins RJ. Differential regulation of zinc transporter 1, 2,
and 4 mRNA expression by dietary zinc in rats. J Nutr 2001;131:46-52.

Kelleher SL, Lonnerdal B. Zinc transporters in the rat mammary gland respond to
marginal zinc and vitamin A intakes during lactation. J Nutr 2002;132:3280-5.

Wang K, Zhou B, Kuo YM, Zemansky J, Gitschier J. A novel member of a zinc
transporter family is defective in acrodermatitis enteropathica. Am J Hum Genet
2002;71:66-73.

King JC, Shames DM, Woodhouse LR. Zinc homeostasis in humans. J Nutr
2000;130:1360S-6S.

Cousins RJ. Theoretical and practical aspects of zinc uptake and absorption. Adv Exp
Med Biol 1989;249:3-12.

161



240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

Sandstrom B, Cederblad A. Zinc absorption from composite meals. II. Influence of the
main protein source. Am J Clin Nutr 1980;33:1778-83.

Mocchegiani E, Costarelli L, Giacconi R, et al. Nutrient-gene interaction in ageing and
successful ageing. A single nutrient (zinc) and some target genes related to
inflammatory/immune response. Mech Ageing Dev 2006;127:517-25.

Taylor CM, Bacon JR, Aggett PJ, Bremner I. Homeostatic regulation of zinc
absorption and endogenous losses in zinc-deprived men. Am J Clin Nutr 1991;53:755-
63.

Mocchegiani E, Giacconi R, Muzzioli M, Cipriano C. Zinc, infections and
immunosenescence. Mech Ageing Dev 2000;121:21-35.

Mocchegiani E, Muzzioli M, Giacconi R. Zinc and immunoresistance to infection in
aging: new biological tools. Trends Pharmacol Sci 2000;21:205-8.

Bogdan C, Rollinghoff M, Diefenbach A. The role of nitric oxide in innate immunity.
Immunol Rev 2000;173:17-26.

Zangger K, Oz G, Haslinger E, Kunert O, Armitage IM. Nitric oxide selectively
releases metals from the amino-terminal domain of metallothioneins: potential role at
inflammatory sites. FASEB J 2001;15:1303-5.

Kagi JH, Schaffer A. Biochemistry of metallothionein. Biochemistry 1988;27:8509-
15.

Maret W, Jacob C, Vallee BL, Fischer EH. Inhibitory sites in enzymes: zinc removal
and reactivation by thionein. Proc Natl Acad Sci U S A 1999;96:1936-40.
Mocchegiani E, Muzzioli M, Cipriano C, Giacconi R. Zinc, T-cell pathways, aging:
role of metallothioneins. Mech Ageing Dev 1998;106:183-204.

Mocchegiani E, Muzzioli M, Giacconi R, et al. Metallothioneins/PARP-1/IL-6
interplay on natural killer cell activity in elderly: parallelism with nonagenarians and
old infected humans. Effect of zinc supply. Mech Ageing Dev 2003;124:459-68.
Haase H, Rink L. The immune system and the impact of zinc during aging. Immun
Ageing 2009;6:9.

Bao B, Prasad AS, Beck FW, Godmere M. Zinc modulates mRNA levels of cytokines.
Am J Physiol Endocrinol Metab 2003;285:E1095-102.

Kanoni S, Dedoussis GV. Design and descriptive characteristics of the GHRAS: the
Greek Health Randomized Aging Study. Med Sci Monit 2008;14:CR204-12.
Mocchegiani E, Marcellini F, Pawelec G. Nutritional zinc, oxidative stress and
immunosenescence: biochemical, genetic, and lifestyle implications for healthy
ageing. Biogerontology 2004;5:271-3.

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic Acids Res 1988;16:1215.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem 1972;18:499-502.

Genuth S, Alberti KG, Bennett P, et al. Follow-up report on the diagnosis of diabetes
mellitus. Diabetes Care 2003;26:3160-7.

Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes
Care 2004;27:1487-95.

162



259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

Mariani E, Cattini L, Neri S, et al. Simultaneous evaluation of circulating chemokine
and cytokine profiles in elderly subjects by multiplex technology: relationship with
zinc status. Biogerontology 2006;7:449-59.

Cipriano C, Malavolta M, Costarelli L, et al. Polymorphisms in MT1a gene coding
region are associated with longevity in Italian Central female population.
Biogerontology 2006;7:357-65.

Pepersack T, Rotsaert P, Benoit F, et al. Prevalence of zinc deficiency and its clinical
relevance among hospitalised elderly. Arch Gerontol Geriatr 2001;33:243-53.
Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA 2003;289:2560-72.

Physical status: the use and interpretation of anthropometry. Report of a WHO Expert
Committee. World Health Organ Tech Rep Ser 1995;854:1-452.

Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: an
update of activity codes and MET intensities. Med Sci Sports Exerc 2000;32:S498-
504.

Panagiotakos DB, Pitsavos C, Arvaniti F, Stefanadis C. Adherence to the
Mediterranean  food pattern predicts the prevalence of hypertension,
hypercholesterolemia, diabetes and obesity, among healthy adults; the accuracy of the
MedDietScore. Prev Med 2007;44:335-40.

Yesavage JA, Brink TL, Rose TL, et al. Development and validation of a geriatric
depression screening scale: a preliminary report. J Psychiatr Res 1982;17:37-49.
Fountoulakis KN, Tsolaki M, Iacovides A, et al. The validation of the short form of
the Geriatric Depression Scale (GDS) in Greece. Aging (Milano) 1999;11:367-72.
Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975;12:189-
98.

®ovvrovraxkng K, Toohdxn M, Xatln E, Kalg A. Mini mental state examination
(MMSE): Xté40on tov 6tov EAANviKO TANBLGHO o NAIKI®UEVOLS acBeveic e dvota.
Eyképarog 1994;31:93-102.

Agkavidov P, Toumiov X, Podaxng I'. Ewoaymyn omm popwokr Proroyia:
[Mavemotiwo Adnvav-Tunue Bloioyiag., 1998.

Watson DE, Li B. TagMan applications in genetic and molecular toxicology. Int J
Toxicol 2005;24:139-45.

el-Masry TM, Zahra MA, el-Tawil MM, Khalifa RA. Manganese superoxide
dismutase alanine to valine polymorphism and risk of neuropathy and nephropathy in
Egyptian type 1 diabetic patients. Rev Diabet Stud 2005;2:70-4.

Giacconi R, Caruso C, Lio D, et al. 1267 HSP70-2 polymorphism as a risk factor for
carotid plaque rupture and cerebral ischaemia in old type 2 diabetes-atherosclerotic
patients. Mech Ageing Dev 2005;126:866-73.

Olomolaiye O, Wood NA, Bidwell JL. A novel Nlalll polymorphism in the human IL-
6 promoter. Eur J] Immunogenet 1998;25:267.

163



275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

2809.

290.

Giacconi R, Cipriano C, Muti E, et al. Novel -209A/G MT2A polymorphism in old
patients with type 2 diabetes and atherosclerosis: relationship with inflammation (IL-
6) and zinc. Biogerontology 2005;6:407-13.

Giacconi R, Muti E, Malavolta M, et al. The +838 C/G MT2A polymorphism, metals,
and the inflammatory/immune response in carotid artery stenosis in elderly people.
Mol Med 2007;13:388-95.

Gauderman WJ MJ. QUANTO 1.1: A computer program for power and sample size
calculations for genetic-epidemiology studies, http://hydra.usc.edu/gxe. 2006.

Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for whole-genome
association and population-based linkage analyses. Am J Hum Genet 2007;81:559-75.

Costa J, Borges M, Oliveira E, Gouveia M, Carneiro AV. Incidence and prevalence of
hypercholesterolemia in Portugal: a systematic review. Part I. Rev Port Cardiol
2003;22:569-717.

Psaltopoulou T, Orfanos P, Naska A, Lenas D, Trichopoulos D, Trichopoulou A.

Prevalence, awareness, treatment and control of hypertension in a general population
sample of 26,913 adults in the Greek EPIC study. Int J Epidemiol 2004;33:1345-52.
Panagiotakos DB, Zeimbekis A, Boutziouka V, et al. Long-term fish intake is
associated with better lipid profile, arterial blood pressure, and blood glucose levels in
elderly people from Mediterranean islands (MEDIS epidemiological study). Med Sci
Monit 2007;13:CR307-12.

Trichopoulou A, Gnardellis C, Lagiou A, Benetou V, Trichopoulos D. Body mass
index in relation to energy intake and expenditure among adults in Greece.
Epidemiology 2000;11:333-6.

Marcellini F, Giuli C, Papa R, et al. Zinc status, psychological and nutritional
assessment in old people recruited in five European countries: Zincage study.
Biogerontology 2006;7:339-45.

Abbott RD, Yano K, Hakim AA, et al. Changes in total and high-density lipoprotein
cholesterol over 10- and 20-year periods (the Honolulu Heart Program). Am J Cardiol
1998;82:172-8.

Krabbe KS, Pedersen M, Bruunsgaard H. Inflammatory mediators in the elderly. Exp
Gerontol 2004;39:687-99.

Pawelec G, Barnett Y, Forsey R, et al. T cells and aging, January 2002 update. Front
Biosci 2002;7:d1056-183.

Artacho R, Ruiz-Lopez MD, Gamez C, Puerta A, Lopez MC. Serum concentration and
dietary intake of Zn in healthy institutionalized elderly subjects. Sci Total Environ
1997;205:159-65.

Bailey AL, Maisey S, Southon S, Wright AJ, Finglas PM, Fulcher RA. Relationships
between micronutrient intake and biochemical indicators of nutrient adequacy in a
"free-living' elderly UK population. Br J Nutr 1997;77:225-42.

Hyun TH, Barrett-Connor E, Milne DB. Zinc intakes and plasma concentrations in
men with osteoporosis: the Rancho Bernardo Study. Am J Clin Nutr 2004;80:715-21.
Jacques PF, Sulsky SI, Sadowski JA, Phillips JC, Rush D, Willett WC. Comparison of
micronutrient intake measured by a dietary questionnaire and biochemical indicators
of micronutrient status. Am J Clin Nutr 1993;57:182-9.

164



291.

292.
293.
294.
295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

Ghayour-Mobarhan M, Taylor A, New SA, Lamb DJ, Ferns GA. Determinants of
serum copper, zinc and selenium in healthy subjects. Ann Clin Biochem 2005;42:364-
75.

Hambidge M. Biomarkers of trace mineral intake and status. J Nutr 2003;133 Suppl
3:948S-9558S.

Scott DA. Crystalline insulin. Biochem J 1934;28:1592-1602 1.

Rungby J. Zinc, zinc transporters and diabetes. Diabetologia 2010.

Wijesekara N, Chimienti F, Wheeler MB. Zinc, a regulator of islet function and
glucose homeostasis. Diabetes Obes Metab 2009;11 Suppl 4:202-14.

Wijesekara N, Dai FF, Hardy AB, et al. Beta cell-specific Znt8 deletion in mice causes
marked defects in insulin  processing, crystallisation and  secretion.
Diabetologia;53:1656-68.

Jansen J, Karges W, Rink L. Zinc and diabetes--clinical links and molecular
mechanisms. J Nutr Biochem 2009;20:399-417.

Shi Z, Yuan B, Qi L, Dai Y, Zuo H, Zhou M. Zinc intake and the risk of
hyperglycemia among Chinese adults: the prospective Jiangsu Nutrition Study (JIN). J
Nutr Health Aging 2010;14:332-5.

Singh RB, Niaz MA, Rastogi SS, Bajaj S, Gaoli Z, Shoumin Z. Current zinc intake
and risk of diabetes and coronary artery disease and factors associated with insulin
resistance in rural and urban populations of North India. ] Am Coll Nutr 1998;17:564-
70.

Sun Q, van Dam RM, Willett WC, Hu FB. Prospective study of zinc intake and risk of
type 2 diabetes in women. Diabetes Care 2009;32:629-34.

Haase H, Overbeck S, Rink L. Zinc supplementation for the treatment or prevention of
disease: current status and future perspectives. Exp Gerontol 2008;43:394-408.

Dhalla NS, Temsah RM, Netticadan T. Role of oxidative stress in cardiovascular
diseases. J Hypertens 2000;18:655-73.

Weber KT, Weglicki WB, Simpson RU. Macro- and micronutrient dyshomeostasis in
the adverse structural remodelling of myocardium. Cardiovasc Res 2009;81:500-8.
Bell SG, Vallee BL. The metallothionein/thionein system: an oxidoreductive
metabolic zinc link. Chembiochem 2009;10:55-62.

Maret W, Krezel A. Cellular zinc and redox buffering capacity of
metallothionein/thionein in health and disease. Mol Med 2007;13:371-5.

Giacconi R, Bonfigli AR, Testa R, et al. +647 A/C and +1245 MT1A polymorphisms
in the susceptibility of diabetes mellitus and cardiovascular complications. Mol Genet
Metab 2008;94:98-104.

Yang L, Li H, Yu T, et al. Polymorphisms in metallothionein-1 and -2 genes
associated with the risk of type 2 diabetes mellitus and its complications. Am J Physiol
Endocrinol Metab 2008;294:E987-92.

Giacconi R, Kanoni S, Mecocci P, et al. Association of MT1A haplotype with
cardiovascular disease and antioxidant enzyme defense in elderly Greek population:
comparison with an Italian cohort. J Nutr Biochem 2009.

165



309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

Kanoni S, Dedoussis GV, Herbein G, et al. Assessment of gene-nutrient interactions
on inflammatory status of the elderly with the use of a zinc diet score - ZINCAGE
study. J Nutr Biochem 2009.

Doi M, Takahashi Y, Komatsu R, et al. Salt-sensitive hypertension in circadian clock-
deficient Cry-null mice involves dysregulated adrenal Hsd3b6. Nat Med;16:67-74.
Dupuis J, Langenberg C, Prokopenko I, et al. New genetic loci implicated in fasting
glucose homeostasis and their impact on type 2 diabetes risk. Nat Genet 2010;42:105-
16.

Rosenblum JS, Gilula NB, Lerner RA. On signal sequence polymorphisms and
diseases of distribution. Proc Natl Acad Sci U S A 1996;93:4471-3.

Dedoussis GV, Kanoni S, Panagiotakos DB, et al. Age-dependent dichotomous effect
of superoxide dismutase Alal6Val polymorphism on oxidized LDL levels. Exp Mol
Med 2008;40:27-34.

Taufer M, Peres A, de Andrade VM, et al. Is the Vall6Ala manganese superoxide
dismutase polymorphism associated with the aging process? J Gerontol A Biol Sci
Med Sci 2005;60:432-8.

Lapointe A, Couillard C, Piche ME, et al. Circulating oxidized LDL is associated with
parameters of the metabolic syndrome in postmenopausal women. Atherosclerosis
2007;191:362-8.

Young IS, McFarlane C, McEneny J. Oxidative modification of triacylglycerol-rich
lipoproteins. Biochem Soc Trans 2003;31:1062-5.

Holvoet P, Jenny NS, Schreiner PJ, Tracy RP, Jacobs DR. The relationship between
oxidized LDL and other cardiovascular risk factors and subclinical CVD in different
ethnic groups: the Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis
2007;194:245-52.

Lairon D, Defoort C, Martin JC, Amiot-Carlin MJ, Gastaldi M, Planells R.
Nutrigenetics: links between genetic background and response to Mediterranean-type
diets. Public Health Nutr 2009;12:1601-6.

Nettleton JA, McKeown NM, Kanoni S, et al. Interactions of dietary whole grain
intake with fasting glucose- and insulin-related genetic loci in individuals of European
descent: a meta-analysis of 14 cohort studies. Diabetes Care 2010.

Mocchegiani E, Giacconi R, Costarelli L, et al. Zinc deficiency and IL-6 -174G/C
polymorphism in old people from different European countries: effect of zinc
supplementation. ZINCAGE study. Exp Gerontol 2008;43:433-44.

166



Biogerontology (2006) 7:329-337
DOI 10.1007/s10522-006-9047-5

Dposcwpéues Epjasics

RESEARCH ARTICLE

Health status, blood and anthropometrical indices
from Greek old and nonagenarian subjects

Stavroula Kanoni - George Dedoussis -
Yannis Manios - Marco Malavolta -
Eugenio Mocchegiani

Published online: 5 September 2006
© Springer Science+Business Media B.V. 2006

Abstract As the elderly population is increasing
rapidly, there is a lot of scientific interest in clari-
fying the differential life-style, genetic, biochemi-
cal and molecular factors contributing to mortality
or exceptional longevity. Within the framework of
the ZINCAGE project, 249 old (60-85 years) and
nonagenarian Greek subjects (285 years old) were
recruited and anthropometrical, blood and bio-
chemical indices as well as blood pressure mea-
surements were obtained. Based upon the
inclusion criteria, 214 of them were characterized
as healthy (136 female, 78 male), while those
characterized as non-healthy were excluded from
the statistical analysis. The findings indicated an
88.4% prevalence of overweight and obesity in
elderly (91.2% in women, 83.3% in men), while a
significant decrease in body mass index with age
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was recorded. Hypercholesterolemia was observed
in 75.3% of elderly women and in 69.2% of men.
Erythrocyte sedimentation rate value was
increased in 27.6% of all healthy elderly, while zinc
deficiency was observed in 18.7% of elderly. Over
85.0% of all healthy elderly were within normal
range for all other hematological analysis. Blood
analysis confirmed the good health status of the
elderly recruited as healthy, except for the high
prevalence of obesity and hypercholesterolemia.

Keywords Health status - Elderly - Body mass
index - Blood indices - ZINC AGE study

Introduction

The elderly still represent one of the fastest
growing segments of the population in developed
countries. The growing number of elderly over
the age of 65 years is mainly due to the increment
of life expectancy in adults and the reduction of
childhood mortality (Hazzard 1985). Among the
European countries, Italy and Greece present the
highest percentage of elderly (Eurodiet 2000). In
1995, 16.0% of the European population was over
65 years and 3.0% over 80 years (Eurodiet 2000).
According to demographic projection, in 2050 the
elderly population (>60 years of age) will reach
32.0% (11.0% over 80 years of age) (Eurodiet
2000).

@ Springer
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Ageing is a process that affects the perfor-
mances of most physiological systems and in-
creases susceptibility to disease and death. In
particular, a dysregulation of the immune sys-
tem with ageing is believed to contribute to
morbidity and mortality, due to the greater
incidence of infections and cancer, as well as
autoimmune phenomena involved in major age
related diseases, such as atherosclerosis (Wick
et al. 1999). On the other hand, elderly dem-
onstrating exceptional longevity have generally
been spared major age-related diseases, such as
cardiovascular disease, diabetes mellitus and
cancer, which are diseases that are responsible
for most deaths in the elderly (Barzilai and
Shuldiner 2001). Efforts to identify risk factors
for functional decline and mortality in older
individuals have intensified in recent years,
aiming to reduce the likelihood of subsequent
adverse outcomes. Sociodemographic and life-
style characteristics, nutritional parameters,
physical examination findings, biological mark-
ers and genetic background are candidate fac-
tors to have predictive value for mortality or
exceptional longevity in older adults. Trichopo-
ulos and co-workers have studied the role of
dietary habits regarding mortality and have
concluded that adherence to a diet relying on
plant foods and unsaturated lipids, as that
resembles the Mediterranean diet, may be par-

ticularly appropriate for elderly people
(Trichopoulou et al. 2003, 2005).
A new, large-scale FEuropean cohort,

ZINCAGE project, is studying biochemical,
genetic and lifestyle factors for healthy ageing
(Mocchegiani et al. 2004). To meet the aims of
the European project ZINCAGE, which focuses
on dietary intake of zinc, oxidative stress, immu-
nosenescence and longevity in elderly, we inves-
tigated the health status of a Greek elderly and
nonagenarian cohort. For the needs of the current
study 214 healthy elderly subjects were recruited
and anthropometrical, hematological and bio-
chemical indices were obtained. The hypothesis
tested is whether old men and women recruited
on basis of non-atherosclerotic, non-cancer and
non-major diseases inclusion criteria, have nor-
mal clinical and anthropometrical indicators of
health status.

@ Springer

Materials and methods
Subjects and study design

The study was carried out in a sample of non-
institutionalized men and women older than
60 years of age form the county of Attica. A total
of 249 subjects participated voluntarily and data
were collected between April 2004 and January
2005. The Bioethics Committee of Harokopio
University of Athens approved the study protocol
and all subjects signed a volunteer consent form.
The study was part of “‘Nutritional zinc, oxi-
dative stress and immunosenescence: biochemi-
cal, genetic and lifestyle implications for healthy
ageing—ZINCAGE”. ZINCAGE project is a
European Union 6th Framework project involv-
ing 17 European research groups, which studies
biochemical, genetic and lifestyle factors for
healthy ageing with a particular focus on nutri-
tional zinc, oxidative stress and immunosenes-
cence (Mocchegiani et al. 2004). ZINCAGE
project involves the recruitment of about 800
healthy old subjects (60-85 years old), 120
healthy nonagenarians (=85 years) and 120 old
patients (infected, affected by cancer or athero-
sclerotics) belonging to five European geographic
areas, namely, Germany, Poland, Greece, Italy
and France. The upper goal is to clarify the role of
nutritional zinc in healthy ageing and longevity
through the maintenance of immune efficiency
both at central and peripheral levels. The
ZINCAGE project mainly focuses on the estab-
lishment of a comprehensive picture of the links
among metallothioneins (MT), chaperones, nitric
oxide production, telomere length, cell cycle
kinetics, ApoJ, PARP-1 activity, signal transduc-
tion and DNA repair in lymphocytes obtained
from old and nonagenarian subjects, thus pro-
viding potential novel biomarkers for immu-
nosenescence and successful ageing.

Inclusion and exclusion criteria
for the recruitment of old and nonagenarian
subjects

Healthy subjects included in the study had to be
non-institutionalized and live independently
(without requiring special daily care and/or
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nursing support). In addition they should be
free of any kind of medication such as steroid,
diuretic, anticonvulsant, anti-depressive drug,
antibiotic, antimetabolite, non-steroid anti-inflam-
matory drug intake, as well as non-integrator
and/or vitamin supplementation. Subjects were
excluded if they had diabetes, autoimmune dis-
eases, neurodegenerative diseases, cardiovascular
diseases, infections, cancer, Crohn’s disease and
acrodermatitis enteropathica, kidney disease,
liver disease, sickle cell anemia, chronic skin
ulcerations and endocrine disorders.

For the recruitment of patients inclusion cri-
terion were respiratory and urinary infections in
acute phase as to the infected patients, breast
cancer as to women, prostate cancer as to men
and pulmonary cancer as to cancer patients,
bilateral and/or unilateral carotid stenosis,
hypertension (systolic/diastolic blood pressure >
165/95 mm Hg), cardiovascular diseases (angina,
arrhythmia), previous myocardial infraction as to
atherosclerotic old subjects.

Blood analysis

Prior to blood collection, volunteers were sub-
jected to 12 h fasting. Blood analysis included:
blood cell count and indices [leukocytes, neu-
trophils, lymphocytes, monocytes, eosinophils, red
blood cells (RBC), hemoglobin, hematocrit, mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglo-
bin concentration (MCHC), coefficient of varia-
tion of red cell distribution width (RDW-CV),
platelets, mean platelet volume (MPV)], plasma
zinc, biochemical indices [fasting glucose, total
cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C), triglycerides (TG), total plasma
proteins, albumin, globulin, albumin globulin ra-
tio] and erythrocyte sedimentation rate (ESR).
Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald equation
(Friedewald et al. 1972). DNA and peripheral
blood mononuclear cells (PBMC) were also
obtained from each blood sample.

Based upon the TC, HDL-C, LDL-C and
triglyceride levels, subjects were categorized
in groups according to the National Choles-
terol Educational Program (Expert Panel on

Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults 2001) as shown in
Table 1.

Anthropometrical and blood pressure
measurements

The anthropometrical measurements, including
weight and height, were obtained by trained clini-
cal dietitians using standardized techniques and
equipment (World Health Organization 1995).
Body weight was measured to the nearest 0.1 kg
using calibrated electronic scales, with the subject
barefoot and dressed in light clothing. Height was
measured barefoot to the nearest 0.1 cm using
portable stadiometer. Blood pressure was mea-
sured wusing a mercury sphygmomanometer,
according to the proposed guidelines (Joint
National Committee 2003). Body mass index (BMI)
was calculated as weight (kg)/height (m) squared.
Based upon the BMI values, subjects were cate-
gorized in groups: underweight (BMI < 18.5 kg/
m?), normal weight (18.5 < BMI < 24.9 kg/m?),
overweight  (25.0 < BMI < 29.9 kg/m?), obese
(30.0 < BMI < 34.9 kg/m?) and severely obese
(BMI > 35.0 kg/m?) (Table 1).

Table 1 Cut-off points for BMI and blood lipid values

Reference values Classification
BMI (kg/m?)

<185 Underweight
18.5-24.9 Normal weight
25.0-29.9 Overweight
30.0-34.9 Obesity

>35 Severe obesity
Total cholesterol (mg/dl)

<200 Desirable
200-239 Borderline high
>240 High

HDL-C (mg/dl)

<40 Low

>40 Desirable
LDL-C (mg/dl)

<130 Optimal
130-159 Borderline high
160-189 High

2190 Very high
Plasma zinc (M)

<10 Deficiency
>10 Normal
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Statistical methods and analysis

Statistical analysis was performed with SPSS 11.5
edition. Continuous variables are presented as
mean values + standard deviation (SD). Differ-
ences in proportions of variables were assessed
using chi square test. 7-tests, Mann—Whitney
tests, analyses of variance (ANOVA), analyses of
covariance (ANCOVA) and Kruskal-Wallis tests
were used to compare the variables among sub-
groups of the sample. Statistical significance was
assessed at two-tailed P = 0.05 level.

Results

A total of 249 old and nonagenarian subjects
entered the study. Thirty old subjects were char-
acterized as atherosclerotic, three males had
prostate cancer and two females had pulmonary
infection, and were excluded from further statis-
tical analysis. The remaining 214 elderly were
healthy, 136 female (63.5%) and 78 male (36.5%).
Among them, 29 elderly (7 male and 22 female)
were marked with severe obesity (BMI = 35 kg/
m?) and were further categorized in a separate
sample group. The mean age of the healthy and
severely obese subjects was 73.3 years, ranging
from 60 years to 94 years. The healthy nonage-
narians subjects (age > 85 years) were 20 (11
male and 9 female).

Regarding BMI, healthy women had significant
higher BMI compared to healthy men (P = 0.003)

(Table 2). The average prevalence of overweight
in all elderly was 37.9% (31.6% in women and
48.7% in men), while the average prevalence of
obesity was 36.9% (43.4% in women and 25.6%
in men) and the average prevalence of severe
obesity was 13.6% (16.2% in women and 9.0% in
men) (Table 3). All together, 91.2% of females
and 83.3% of males were overweight or obese.
When dividing healthy subjects into groups
according to their age (60-70, 71-84 and
>85 years), healthy nonagenarians had significant
lower BMI compared to the other age groups
(P = 0.009). Figure 1A presents the changes in
BMI across the three age groups in all healthy
subjects.

Within healthy, prevalence of obesity was
61.6% in elderly aged 60-70 years and 20.0% in
nonagenarians. Nonagenarians had the highest
prevalence of normal weight (30.0%) and the
highest prevalence of overweight (50.0%) com-
pared to the other age groups (Table 5).

As far as lipid profile concerns, healthy women
had significantly higher TC, and HDL-C levels
compared to healthy men (P =0.015 and
P =0.002, respectively) (Table 2). A percentage
of 41.0% in men occurred with TC levels bor-
derline high, while in women the percentage was
34.3%. The opposite goes as to high TC levels,
with 282% of men and 41.0% of women
(Table 3). LDL-C levels were optimal for 48.7%
of men and only for 34.3% of women, while
23.1% of men and 32.8% of women had LDL-C
levels over 160 mg/dl (Table 3). TC/HDL-C ratio

Table 2 Comparison of
selected variables within

healthy subjects by sex
and adjusted for age

Males Females P value
Number of participants 78 136
Age (years) 75579 720 £ 7.5 0.002
Systolic blood pressure (mm Hg) 143.3 + 15.9 1375 £ 179 0.055
Diastolic blood pressure (mm Hg) 81.2 + 8.7 79.0 + 8.8 0.036
BMI (kg/m?) 288 +43 313 +52 0.003
Biochemical and blood indices
Total cholesterol 215.7 + 37.6 230.6 + 38.0 0.015
HDL-C (mg/dl) 54.6 £ 12.1 60.5 £ 12.9 0.002
Triglycerides (mg/dl) 133.4 + 83.8 128.1 + 56.1 0.536
LDL-C (mg/dl) 1343 + 34.6 144.5 + 34.0 0.069
LDL/HDL ratio 2.6 0.8 25+09 0.637
TC/HDL ratio 41+1.1 40=+1.1 0.355
Fasting glucose (mg/dl) 973 +17.9 95.7 + 28.9 0.854
ESR (mm/h) 15.7 + 13.1 24.6 £ 16.7 <0.001
Plasma zinc (M) 1.2+ 1.7 114 +15 0.634

Values are presented as
mean + SD
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Table 3 Prevalence, Males % (N = 78) Females % (N = 136) P value
expressed as percentage
respect to c.ut-off points, BMI (kg/m?)
of underweight, Underweight 13 (1) 0.7 (1) 0.014
overweight, obesity and Normal weight 15.4 (12) 8.1 (11)
dyslipidemia in healthy Overweight 48.7 (38) 31.6 (43)
male and female elderly Obesity 25.6 (20) 43.4 (59)
Severe obesity 9.0 (7) 16.2 (22)
Total cholesterol (mg/dl)
Desirable 30.8 (24) 24.6 (33) 0.171
Borderline high 41.0 (32) 34.3 (46)
High 282 (22) 41.0 (55)
HDL-C (mg/dl)
Low 7.7 (6) 22 (3) 0.078
Desirable 92.3 (72) 97.8 (131)
LDL-C (mg/dl)
Optimal 48.7 (38) 34.3 (46) 0.209
Borderline high 28.2 (22) 32.8 (44)
High 16.7 (13) 23.1 (31)
Very high 6.4 (5) 9.7 (13)
Plasma zinc
Deficiency 24.4 (19) 154 (21) 0.144
Normal 75.6 (59) 84.6 (115)

and LDL-C/HDL-C ratio were similar for men
and women, and for all age groups (Tables 2, 4).
LDL-C/HDL-C ratio ranged from 0.8 to 5.5, with
values below 3.5 for 85.8% of elderly, while TC/
HDL-C ratio ranged from 1.95 to 8.31 with values
below 4.0 for 57.5% of the subjects.

A trend for decline in TC levels with age was
observed (P = 0.149), that was significant only for
nonagenarians compared to the elderly aged
60-70 (Fig. 1B). All other blood lipid mean val-
ues were similar across all age groups and there
was no significant age-dependent difference in the
prevalence of dyslipidemia (Tables 4, 5). On the
blood pressure levels, healthy men had significant
higher diastolic blood pressure than women
(Table 2).

Regarding other blood indices, 87.7% of el-
derly had normal fasting glucose levels (<110 mg/
dl). There was no significant difference in average
fasting glucose levels between men and women
(Table 2). Over 85.0% of all elderly were within
normal range for total leukocyte count and com-
ponents, while 100.0% had normal plasma protein
levels. Over 85.0% of men and 88.0% of women
were within normal range for all other hemato-
logical analyses on RBCs and platelets, except for
the ESR. ESR value was increased in 27.6% of
elderly, while women had higher ESR mean

levels than men (P < 0.001) (Table 2). In addi-
tion, there was a significant increase in ESR levels
with age (P < 0.001) (Table 4).

As far as zinc plasma levels concerns, 81.3% of
elderly (75.6% of men and 84.6% of women)
occurred with normal values (Table 3), while
there was no gender- or age dependent difference
in zinc plasma levels (Tables 2, 4).

Discussion

In our sample of healthy Greek elderly (=60 years
of age) participating in ZINCAGE project, 88.4%
(91.2% of women and 83.3% of men) were found
to be overweight or obese, whereas only 0.9% was
underweight. Healthy women demonstrated
higher BMI levels compared to healthy men
(31.3 + 5.2 vs. 28.8 + 4.3 kg/m?, Table 2). This is
in accordance with Trichopoulou and co-workers,
giving 30.3 + 5.0 kg/m* BMI value for Greek el-
derly women and 28.1 + 3.9 kg/m? for Greek men
of over 65 years of age (Trichopoulou et al. 2000).
Prevalence of overweight and obesity in elderly
populations is not well documented and ranges
widely upon geographical location and study
design. The Third National Health and Nutrition
Examination Survey (NHANES III) showed that
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Fig. 1 Changes in BMI (A) and TC levels (B) in elderly

by age group. * P < 0.050 for the comparisons with the

other age groups, ** P = 0.055 for the comparisons with
the 60-70 age group

64.0% of women and 70.0% of men aged
60-69 years were overweight or obese (Flegal
et al. 1998), while the percentages were lower for

the age group beyond 70 years of age (56.1% for
women and 61.1% for men) (Davison et al. 2002).
Low prevalence of obesity was reported in elderly
over 50 years of age (16.0% in men and 33.0% in
women) in Jerusalem (Gofin et al. 1996) and in
Taiwan, where 41.3% of women and 30.5% of
men (265 years) were overweight or obese (Chiu
et al. 2000). In the Mediterranean basin, the
prevalence of overweight in elderly populations is
higher. In a cross sectional study of 3,356 elderly
Italians (65-84 years old), 48.6% of men and
549% of women were overweight or obese
(Perissinotto et al. 2002), while in south Italy
(Barbagallo et al. 2001) the prevalence was higher
(76.0% for men and 86.0% for women). Similarly
in a Spanish cohort older than 60 years of age, the
prevalence of overweight and obesity was esti-
mated at 49.0 and 31.5% for the men and 39.8 and
40.8% for the women, respectively (Gutierrez-
Fisac et al. 2004). Factors favoring overweight
and obesity in elderly populations are multifac-
eted and include positive energy balance, inac-
tivity, economical and educational factors,
increase in adipose tissue with significant reduc-
tion in fat-free mass, depression and gender
(Inelmen et al. 2003). Old women have higher
prevalence of obesity and lower prevalence of
overweight compared to males, an observation
that could be due to the fact that women have a
greater tendency to increase weight and accu-
mulate fat, especially at post-menopausal period
(Inelmen et al. 2003).

In the present study, a decline in BMI was
observed for all healthy subjects older than
71 years of age (Fig. 1A). Similar trend has been

Table 4 Comparison of
selected variables within

healthy subjects by age
group and adjusted for
gender

Values are presented as

60-70 years  71-84 years 285 years P value
Number of participants 91 103 20
Systolic blood pressure (mm Hg) 138.0 £ 16.8 140.0 + 17.9 1462 + 16.6 0.349
Diastolic blood pressure (mm Hg)  80.8 + 7.8 79.1 £ 8.9 79.0 £ 12.6 0.276
Biochemical and blood indices
HDL-C (mg/dl) 599 +132 568 =+127  59.0+11.7 0.671
TG (mg/dl) 130.7 + 73.1  131.6 £ 65.6  119.0 + 49.0 0.616
LDL-C (mg/dl) 1454 +349 1394 + 328 126.0 = 38.1 0.153
LDL/HDL ratio 2.6 +0.8 2.6 +0.9 22 +0.8 0.138
TC/HDL ratio 40=+1.1 41 =11 3.6 0.9 0.142
Fasting glucose (mg/dl) 96.5 +264 956 +253 99.4 + 214 0.816
ESR (mm/h) 175 +131 235177 274 =+x157 <0.001
Plasma zinc (uM) 11.7 £ 1.7 113+ 15 10.8 £ 1.5 0.404

mean = SD
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:;;::sge dP;ZV;;iggziage 20—70 years 21—84 years 585 years P value
respect to cut-off points, % (N =91) % (N =103) o (N = 20)
of undqrweight, . BMI (kg/m?)
overweight, obesity and Underweight 1.1 (1) 1.0 (1) 0.0 (0) 0.022
dyslipidemia in healthy Normal weight 6.6 (6) 107 (11) 30.0 (6)
clderly by age group Overweight 30.8 (28) 417 (43) 50.0 (10)
Obesity 44.0 (40) 34.0 (35) 20.0 (4)
Severe obesity 17.6 (16) 12.6 (13) 0.0 (0)
Total cholesterol (mg/dl)
Desirable 242 (22) 245 (25) 52.6 (10) 0.075
Borderline high 34.1 (31) 412 (42) 263 (5)
High 41.8 (38) 343 (35) 21.1 (4)
HDL-C (mg/dl)
Low 33 (3) 5.9 (6) 0.0 (0) 0.424
Desirable 96.7 (88) 94.1 (96) 100.0 (19)
LDL-C (mg/dl)
Optimal 385 (35) 36.3 (37) 63.2 (12) 0322
Borderline high 28.6 (26) 363 (37) 15.8 (3)
High 22.0 (20) 20.6 (21) 15.8 (3)
Very high 11.0 (10) 6.9 (7) 53 (1)
Plasma zinc (uM)
Deficiency 17.6 (16) 17.5 (18) 30.0 (6) 0.395
Normal 82.4 (75) 82.5 (85) 70.0 (14)

documented in large elderly cohorts (Perissinotto
et al. 2002; Davison et al. 2002; Gutierrez-Fisac
et al. 2004) and this has been attributed primarily
to the reduction of lean mass and height occurring
with increasing age. Alternatively that could be
due to the selective long survival of non-obese
elderly (Elia 2001). Nevertheless, the effect of
overweight and obesity on mortality in elderly
populations remains controversial. Most studies
showed a lack of significant association between
high BMI and increased mortality, whereas BMI
values lower than 18.5 kg/m” were strongly asso-
ciated with frailty and mortality in elderly
(Grabowski and Ellis 2001). Only few studies
showed a significant J or U-shaped association
between mortality and BMI, with the right curve
rising for BMI over 31 or 32 kg/m” (Heiat et al.
2001).

In the present study, the prevalence of hyper-
cholesterolemia in elderly was found high, espe-
cially in women. High or borderline high TC
levels were observed in 75.3% of elderly women
and 69.2% of men, while 65.6% of women and
51.3% of men had LDL-C levels above 130 mg/dl.
This is line with the findings of previously con-
tacted studies, showing that elderly women con-
sistently have higher TC levels than men of the
same age (Schupf et al. 2005; LaRosa 1996).

Although, in middle-aged adults TC and LDL-C
are well-established factors of coronary heart
disease, in elderly the role of lipoproteins remains
to be clarified. Some studies have shown that TC
is an important predictor of coronary heart dis-
ease in elderly men (Anum and Adera 2004;
Houterman et al. 2002; Po-Huang and Eaker
2000), among which, this of Annum, that it is an
important predictor only for men aged up to
80 years old. Nevertheless, large prospective
studies have found no statistically significant
associations between elevated TC levels and all
cause mortality risk in elderly populations (Schatz
et al. 2001; Anderson et al. 1987). However,
regarding elderly women, most of the studies
agree on the lack of association between high TC
levels and risk for cardiovascular mortality
(Anum and Adera 2004; Po-Huang and Eaker
2000). It seems that low TC values constitute a
risk for mortality similar to very high TC values.
A U-shaped association between TC, LDL-C and
mortality has been demonstrated (Curb et al.
2004b; Casiglia et al. 2003). Furthermore, it has
been supported that low levels of TC and LDL-C
are associated with higher all cause mortality in
both elderly men and women (Schupf et al. 2005;
Casiglia et al. 2003) and with higher neoplastic
mortality in women (Casiglia et al. 2003).
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In total, elderly women had higher levels of
HDL-C compared to men. Only a small per-
centage of the elderly (7.7% of men and 2.2% of
women) had HDL-C levels below 40 mg/dl, while
all nonagenarians had optimal levels. It is well
documented, that healthy elderly have higher
levels of HDL-C than younger subjects (Schaefer
et al. 1989), the vast majority of those over
70 years (~90.0%) occurring with HDL-C levels
over 40 mg/dl (Nikkila and Heikkinen 1990). El-
derly women have approx 10 mg/dl higher aver-
age HDL-C levels than men (Abbott et al. 1998).
Large-scale studies (Curb et al. 2004a) identified
the atheroprotective role of HDL-C in old age, as
HDL-C levels were strongly and inversely related
to risk for coronary death, myocardial infraction
and stroke (Shepherd et al. 2002). Therefore,
HDL-C levels are thought to represent a lon-
gevity factor, through mechanisms involving
antioxidant and anti-inflammatory properties of
HDL-C (Barter 2004).

Concerning ESR, the majority (~70.0%) of the
elderly had average ESR levels above 30 mm/h. In
all participants, the average ESR levels showed a
significant rise with age, however in women ESR
levels were higher than those in men. Our findings
are in accordance with previous large cohort studies
(Andresdottir et al. 2003; Natali et al. 2003). Choi
and co-workers showed a significant correlation
between TClevels and ESR in elderly (Choi and Pai
2004). The authors suggested that hypercholester-
olemia could increase ESR levels in elderly. This
could be an explanation for the high ESR levels
observed in current study since equally high preva-
lence of hypercholesterolemia was also recorded.

Furthermore, the present study revealed 18.7%
zinc deficiency in elderly, while average zinc plas-
ma values were similar for both genders (11.2 + 1.7
for men and 11.4 + 1.5 for women, P = 0.634).
There was no significant age-dependent decline
in zinc plasma levels, even though nonagenarians
occurred with 30.0% of zinc deficiency. Similar
studies have demonstrated lower prevalence
(<5%) of zinc deficiency in European elderly
populations (Andriollo- Sanchez et al. 2005),
however with different evaluation methods.
Nevertheless, an increased zinc deficiency in
Greek elderly could imply genetic and nutritional
etiology.

@ Springer

Conclusively, our findings, consistently with
findings outcoming from other studies, indicate a
possible correlation between overweight, obesity
or hypercholesterolemia and well-being of el-
derly. Since there is still an unmet need to define
the anthropometrical and biochemical indices
that contribute to longevity, these findings are to
shed light upon these factors. However, further
research as to evaluate life-style, biological and
genetic factors, is needed to finally elucidate the
determinants of longevity.
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Abstract

Pro-inflammatory cytokine response and NK activity are controlled by the availability of zinc ion, whose intra-cellular transport is
regulated by metallothioneins.

In order to closely examine the importance of circulating zinc in the modulation of immune response during ageing, in the balance of
Th2/Thl equilibrium and finally in the reversibility of systemic low grade inflammation, we evaluated the changes occurring in plasma
IL-6 and MCP-1 concentrations and NK lytic activity in a healthy low grade inflamed elderly population, following zinc-aspartate sup-
plementation. In addition, we aimed to highlight the potential interaction among circulating zinc increments, changes in immunological
parameters and +647 MT1la and —174 IL-6 polymorphic alleles.

Thirty-nine healthy individuals (60-83 years) from the ZINCAGE cohort (previously typed for +647 MT1a and —174 IL-6 polymor-
phisms) were supplied with zinc-aspartate. Blood samples collected before and after supplementation underwent basal laboratory deter-
minations (circulating zinc, albumin and C-reactive protein) and immunological studies (plasma IL-6 and MCP-1 and NK lytic activity).
Zinc supplementation in subjects with low or borderline-normal circulating zinc increased the concentration of this ion and modulated
plasmatic IL-6 and MCP-1 as well as NK Iytic activity. An interactive effect of polymorphic alleles of MT1a and IL-6 genes on zinc, IL-6,
MCP-1 and NK activity was evidenced following supplementation, indicating the genetic background as one of the determinants for
identifying groups of subjects that can take advantage of therapeutic intervention.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Zinc; 1L-6; MCP-1; NK lytic activity; +647 MTla polymorphism; —174 IL-6 polymorphism; Elderly

1. Introduction Among micronutrients, zinc is one of the most important
trace elements required as a catalytic, structural and regu-

Inflammation, ageing and age-associated diseases are latory ion for the activities of more than 300 enzymes, pro-
conditions possibly characterized by zinc deficiency. teins and transcriptional factors. Therefore, zinc is a key
 corressondi thor. Add Laborat o | q element in many homeostatic responses of the body,
Genetics, Istituto di Ricerea Codivilla-Putti, IOR, Via di Barbiane 1/10,  ncluding oxidative stress and for many biological func-

40136 Bologna, Italy. Tel.: +39 051 6366803; fax: +39 051 6366807. tions, including immune efficiency (Fraker and King,
E-mail address: marianie@alma.unibo.it (E. Mariani). 2004; Ibs and Rink, 2003; Rink and Gabriel, 2000).
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In particular, zinc deficiency may be related to the
decreased functional activity of immune cells, associated
with ageing, by reducing cell-mediated adaptive and innate
immune responses (Dardenne, 2002; Shankar and Prasad,
1998) as well as adversely affecting the secretion and func-
tion of cytokines (Prasad, 2000) and possibly chemokines
(Mariani et al., 2006), thus resulting in limited immuno-
resistance to infections.

A progressive age-related increase of plasma concentra-
tion of some chemokines has been observed in healthy
elderly subjects (Inadera et al., 1999; Gerli et al., 2000;
Antonelli et al., 2006; Wieczorowska-Tobis et al., 2006).
In particular, MCP-1 chemokine levels appear closely
associated with age (Deo et al., 2004; Mariani et al.,
2006) and elevated in concomitance with low circulating
levels of zinc (Mariani et al., 2006). Also acute phase pro-
tein increases are described to accompany the ageing pro-
cess. The finding of these proteins mirrors a chronic low
grade inflammatory state (as defined by a 2- to 4-fold
increased level) (Vasto et al., 2007a), determined by differ-
ent factors such as the chronic antigenic stress (probably
the most prominent one). This progressive and prolonged
activation of the immune system is evident in the elderly
and, along with the genetic characteristics, is possibly
related to several diseases of ageing with an inflammatory
pathogenesis (such as atherosclerosis, type 2 diabetes,
osteoarthritis and alzheimer’s disease) (Mariani et al.,
2007).

Pro-inflammatory cytokine response is largely con-
trolled by the bio-availability of zinc ions and some zinc-
dependent transcription factors are involved in the regula-
tion of the gene expression of pro-inflammatory cytokines
(e.g. IL-6, TNF-a) (Mocchegiani et al., 2006; Prasad et al.,
2004). Furthermore, zinc-finger proteins are necessary for
signal transduction from cytokine receptors to response
genes. All these activities are carefully regulated inside
the cells by metallothioneins (MT), a group of metal-bind-
ing proteins with high affinity for zinc, playing a central
role as intracellular zinc transporters. Human MT genes,
in turn, are up-regulated by zinc (Vandeghinste et al.,
2000) and some polymorphisms of these genes have been
correlated to chronic inflammation and may affect zinc
release (MTla sub-isoform, in particular) (Mocchegiani
et al., 2006; Richards et al., 1984). Furthermore, MT induc-
tion and expression is under the control of IL-6, a multi-
functional cytokine, major component of acute phase
response, regulating differentiation and activity of different
cell types (including lymphocytes), stress reactions and
inflammatory responses (Vasto et al., 2007b).

As a consequence, high circulating levels of IL-6
related to the chronic inflammatory status (and possibly
the —174 G/C polymorphism in the promoter region of
the TL-6 gene), influence abnormally elevated levels of
MT that, binding zinc, decrease the availability of this
ion for biological processes and immune functions, partic-
ularly in ageing (Franceschi et al., 2000, 2005; Olivieri
et al., 20006).

In order to closely examine the importance of circulating
zinc in the modulation of immune response during ageing,
in the balance of Th2/Thl equilibrium (showing a preva-
lent Th2 profile in the elderly) and finally in the reversibility
of systemic low grade inflammation, we evaluated the
changes occurring in plasma IL-6 and MCP-1 (a Th2 che-
mokine) concentrations and NK cell functional activity in
a healthy low grade inflamed elderly population, following
zinc-aspartate supplementation. In addition, we aimed to
highlight the potential interaction among circulating zinc
increments, changes in immunological parameters and
4647 MTla and —174 1L-6 polymorphic alleles.

2. Materials and methods
2.1. Study population

A sample of 39 healthy individuals, (19 women and 20
men, aged 72.7 years £ 6.40, mean £+ SD) (range 60-83
years) was taken from the cohort of the ZINCAGE project
and underwent a zinc supplementation trial, that preferen-
tially included carriers of +647 MTla C+ and —174 IL-6
C— alleles. All subjects undergoing zinc supplementation
had concentrations of plasma zinc below 11 pmol/L at least
at one check-up of two made within one year.

The sample, recruited by Mocchegiani in Italy, Rink in
Germany, and Dedoussis in Greece, was supplied with
10 mg/day of zinc-aspartate (Unizink 50, KOHLER
PHARMA Corp., Alsbach-Hdhnlein, Germany). Subjects
recruited by Jaite in Poland were supplied with an identical
form of zinc-aspartate, locally produced (Zincas, Zaklad
Chemiczno-Farmaceutyczny = FARMAPOL, Poznan,
Poland). All the subjects received the supplement for
48 + 2 days.

All participants provided informed consent according to
the procedures required by the local Research Ethics Com-
mittees, which also approved the study protocol.

Blood samples collected before and after supplementa-
tion from overnight fasting subjects underwent basal labo-
ratory determinations. For immunological studies, plasma
was separated by centrifugation at 4 °C, divided and
appropriately stored at —80 °C until used for cytokine
and chemokine determinations. Cellular pellets were
diluted with PBS, stratified on density gradient and centri-
fuged. Peripheral blood mononuclear cells (PBMC) sepa-
rated at the interface, resuspended in RPMI 1640
containing FCS and DMSO, were cryopreserved in liquid
nitrogen. Laboratory data, plasma, PBMC and DNA sam-
ples were kept anonymous.

Briefly, the selection included healthy old people, still
living independently (at their own home or in nursing
homes) not needing special daily care and not taking
any noteworthy drugs (steroids, diuretics, anti-convul-
sants, anti-depressants, chelating drugs, antibiotics and
antimetabolites, or NSADs, in the last two months
before the recruitment), nutritional integrators, or vita-
min complexes.
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2.2. Plasma albumin, C-reactive protein and zinc
concentrations

Plasma albumin and C-reactive protein (Crp) concentra-
tions, as indicators of nutritional status and of chronic dis-
eases, respectively, were measured by nephelometry
(albumin normal range: 3.5-5.3 ¢g/dl and Crp normal
range: <0.3 mg/dl). Concentration of zinc, as a micronutri-
ent involved in the immune response, was determined with
a Thermo XII Series induction coupled plasma mass spec-
trometer (Thermo Electron Corporation, Waltham, MA,
USA) as previously reported (Malavolta et al., 2006) (nor-
mal range: 10-15 pmol/L). These data were kindly supplied
by Moccheggiani’s group.

2.3. Multiplex bead immunoassay

IL-6 and MCP-1 concentrations were simultaneously
evaluated in duplicate plasma samples, using commercially
available multiplex bead-based sandwich immunoassay kits
(Bio-Rad Laboratories, Hercules, CA, USA), as previously
described (Mariani et al., 2006). Briefly, distinct sets of fluo-
rescently dyed beads (50 pl) loaded with capture monoclonal
antibodies specific for each cytokine to be tested were incu-
bated with a similar volume of plasma (1:4 diluted) or with
standards in a 96-well plate. Subsequently, 25 ul of fluores-
cent detection antibody mixture were added and then the
samples were washed and resuspended in assay buffer.

Low standard curves for each soluble factor were used,
ranging from 3952.5 to 0.24 pg/ml for IL-6 and from
2280.2 to 0.14 pg/ml, for MCP-1.

The formation of different sandwich immunocomplexes
on distinct bead sets was quantified using the Bio-Plex Pro-
tein Array System (Bio-Rad Laboratories, Hercules, CA,
USA), evaluating the fluorescent signal of a minimum of
100 beads per region (chemokine/cytokine).

Data were analysed using the Bio-Plex Manager soft-
ware version 3.0 (Bio-Rad Laboratories, Hercules, CA,
USA). In general, at least six standards were accepted
and used to establish standard curves following a five-
parameter logistic regression model (5PL).

2.4. +647 AIC MTla and —174 GI/C IL-6 polymorphisms

The first polymorphism corresponded to an A/C transi-
tion at +647 nt position in the coding region of the human
MTla gene, the second one corresponded to a G/C transi-
tion at position —174 in the human IL-6 gene promoter.

Genotyping for each polymorphism was performed by
Mocchegiani’s group. Amplification conditions were
reported elsewhere (Mocchegiani et al., 2006; Olomolaiye
et al., 1998).

2.5. NK cell lytic activity

K562 tumor target cells (1x10%) were labelled with
15 uM calcein-AM (Molecular Probe, Eugene, OR) for

30 min at 37 °C and washed 2 times with cold complete
medium. Labelled target cells (5x 10°/50 ul) and varying
numbers of cryopreserved and thawed effector cells (from
5% 10° to 5x 10° PBMC/100 pl) were incubated in tripli-
cate in V-bottom 96-well plates (Effector/Target E/T ratios
from 50/1 to 1/1). After incubation at 37 °C in 5% CO, for
4 h, 75 pl of each supernatant were harvested, transferred
into new plates and measured by a dual-scanning micro-
plate spectrofluorimeter (Spectramax Gemini — Molecular
Devices, Sunnyvale, CA).

Data were expressed as arbitrary fluorescent units
(AFU). Percent lytic activity was calculated according to
the formula [(test AFU — spontaneous AFU)/(maximum
AFU — spontaneous AFU)] x 100. Spontaneous AFU rep-
resents Calcein AM released from target cells in medium
alone and maximum AFU is Calcein AM released from
target cells lysed in medium plus 2% Triton X-100, each
measured in at least six replicate wells (Neri et al., 2001).

2.6. Statistical analysis

Concentrations were expressed as umol/L for zinc, g/dl
for albumin, mg/dl for Crp, pg/ml for IL-6 and MCP-1.
NK cell function was expressed as % lytic activity. All val-
ues were presented as means &= SD and/or SEM and as
medians and percentiles. Differences between men and
women or C— and C+ alleles were evaluated by the
Mann-Whitney U-test; differences before and after supple-
mentation were evaluated by Wilcoxon’s matched pairs
test; differences among sub-groups were analysed by Anal-
ysis of variance followed by post-tests. Correlations among
variables were assessed by Pearson’s and Spearman corre-
lation coefficients. All reported p values are based on
two-sided tests and were compared with a significance level
of 5%. ““Statistica” (release 6, StatSoft Inc.) for Windows
was used to perform statistical analysis.

3. Results

3.1. Zinc supplementation modulates circulating zinc, I1L-6
and MCP-1 and NK cell activity

There were no significant differences between men and
women regarding age, basal plasma zinc and albumin con-
centrations (Table 1), therefore they were analysed
together. Both men and women had albumin concentra-
tions within the normal range, indicating that none of the
examined subjects had clinically evident malnutrition. In
addition, all the subjects presented a systemic low grade
inflammation but did not suffer from chronic diseases, as
indicated by serum C-reactive protein, whose levels never
exceeded a 4-fold increase. In particular, 8 subjects were
Crp negative, the remaining group presented a median of
0.275 mg/dl before and of 0.31 mg/dl after supplementa-
tion (5th-95th percentiles: 0.1-1.06 mg/dl before and 0.1-
1.01 mg/dl after supplementation) without differences
between men and women and without modulation by zinc.
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Table 1
Selected characteristics of healthy old subjects
Total subjects (n = 39) Women (n = 19) Men (n = 20)
Age (years) 72.7 £ 6.40 71.9 £ 7.41 73.4+£5.46
Zinc (pmol/L) 10.5 + 1.45 (10.00-15.00)* 10.8 +1.25 10.2+1.58
Albumin (g/dl) 4.2 4-0.40 (3.50-5.30)* 4.2 +047 42+0.32

Values are expressed as means + SD. Comparisons between women and men by Mann—-Whitney U-test did not show significant differences.
& Normal range values of serum concentrations from a normal young adult population are reported in parentheses and obtained from Trumbo et al.

(2001).

Also IL-6 and MCP-1 plasma concentrations indicated a
systemic low grade inflammatory status, being within a 4-
fold increase, compared to normal values (Table 1).

Zinc-aspartate supplementation significantly increased
circulating zinc concentrations up to 11.5 4 1.85 umol/L
(mean + SD; Wilcoxon matched pairs test, p < 0.001 com-
pared to basal levels) mainly in women, allowing the subjects
belonging to the first quartile before supplementation to up-
grade to the second quartile after supplementation (not
shown). Serum basal concentrations of zinc were directly
correlated to the levels reached after supplementation (Pear-
son’s correlation coefficient r = 0.536, p = 0.0001).

Concomitantly, also IL-6 and MCP-1 plasma concen-
trations (Table 2) were modified by zinc-aspartate supple-
mentation (up- and down-modulated, respectively) as well
as NK lytic activity that increased both in men and women
(Table 3).

Basal plasma concentrations of IL-6 were proportional
to the MCP-1 basal ones (Pearson’s correlation coefficient
r=0.367, p = 0.02), whereas they showed a borderline neg-
ative correlation following supplementation (not shown).

In addition, the higher the concentration of IL-6 before
supplementation, the lower the increment observed follow-
ing supplementation was (Pearson’s correlation coefficient
r=—0.847, p = 0.000), suggesting that IL-6 could be mod-
ified in the plasma within a limited biological interval.

3.2. Influence of single +647 MTla and —174 IL-6 polymorphic
alleles

In the 39 examined subjects, the observed frequencies of
MTla genotypes for +647 A/C polymorphism were com-
pared with the expected frequencies and did not deviate from
the Hardy—Weinberg equilibrium (chi-square =4.317632,
df =2, p = 0.115463), mirroring the whole population from

which the examined subjects were taken. On the contrary,
IL-6 genotypes for —174 G/C polymorphism significantly
deviated from Hardy-Weinberg equilibrium (chi-
square = 7.693303, df =2, p = 0.021352) for a lower pres-
ence of heterozygous subjects in favour of a higher number
of the homozygous ones (mainly CC).

AC and CC genotype carriers for +647 MT1la polymor-
phism were grouped and referred to as MT1a C+ (25 sub-
jects), whereas AA genotype carriers were referred to as
MTla C— (14 subjects). Likewise, GC and CC genotype
carriers for —174 IL-6 polymorphism were grouped and
referred to as IL-6 C+ (14 subjects), and GG genotype car-
riers were referred to as 1L-6 C— (25 subjects).

Plasma zinc concentrations, both basal and after supple-
mentation, were lower in C— than C+ MTla carriers
(Fig. 1a). However, both C— and C+ carriers tended to
increase circulating zinc concentrations after supplementa-
tion, albeit not significantly, but maintained their differ-

Table 3
NK lytic activity in basal conditions and after zinc supplementation
E/T cell ratios Women (n=19) Men (n = 20)
NK lytic activity (%) NK lytic activity (%)
Basal After Zn Basal After Zn
E/T 50 23.0+1.53 29.0+3.40° 22.6+191 28.0+3.80
E/T 25 18.8+4.12 258+256° 183+1.79 26.1+2.74°
E/T 12 152+1.74 22.14+241° 15.1+1.80 22.6+247°
E/T 6 128 4+1.68 19.74+2.52° 11.94+1.65 20.242.35°
E/T 3 1094+ 1.56 18.3+2.14° 10.1+147 17.9+1.94°
E/T1 77+1.11 160+1.85  6.1+0.89 154+1.86"

Values are expressed as means + SEM. Comparisons between women and
men by Mann-Whitney U-test did not show significant differences.
Comparisons between basal and after zinc supplementation percentages of
NK lytic activity by Wilcoxon’s matched pairs test show significant dif-
ferences: “p < 0.01; ®p <0.001; °p < 0.0005.

Table 2

Plasma IL-6 and MCP-1 concentrations in basal conditions and after zinc supplementation

Soluble factors Conditions Total subjects (n = 39) Women (rn = 19) Men (n = 20)

IL-6 (pg/ml) Basal 244 +£2.79 (7.1 £5.7)° 23.4 + 3.80 253 +4.15
After zinc 333+2.11°% 34.1+3.24 32.74+2.78

MCP-1 (pg/ml) Basal 136.4 + 8.82 (43.16 & 4.92)° 146.5 + 13.40 126.8 4+ 11.53
After zinc 116.4 + 5.63° 116.4 +9.02° 116.4 +7.21

Values are expressed as means = SEM.

Comparisons between women and men by Mann-Whitney U-test did not show significant differences. Comparisons between basal and after zinc
supplementation concentrations by Wilcoxon’s matched pairs test show significant differences: %p < 0.05; ®p < 0.01.
¢ Serum concentrations from 21 normal adult donors (age range 2455 years) are reported in parentheses (personal unpublished data).
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Fig. 1. Plasma zinc, IL-6 and MCP-1 concentrations according to +647
MTla and —174 IL-6 polymorphic alleles: effect of zinc supplementation.
Values are expressed as means = SEM. Comparisons between C— and C+
alleles by Mann-Whitney U-test and between basal and after zinc
supplementation concentrations by Wilcoxon matched pairs test show
significant differences: C— vs. C+ % <0.001; ®p < 0.05; basal vs. after
supplementation p < 0.001; % < 0.005.

ences as in basal conditions (Fig. 1a). As concerning IL-6
polymorphism (Fig. 1b), C— and C+ carriers presented
similar zinc concentrations in basal conditions, whereas,
after zinc supplementation, C+ carriers displayed a border-
line significant (p = 0.06) increase compared to C—, thus
undergoing a significant up-regulation compared to their
basal concentrations.

In general, subjects displaying relatively high basal con-
centrations of zinc (e.g. MTla C+) presented on average a
low increment after supplementation (Pearson’s correlation
coefficient r = —0.5764, p = 0.005).

Basal IL-6 plasma concentrations were slightly lower in
MTla C+ carriers than in C— ones (Fig. 1c). Plasma IL-6
increased after zinc supplementation, thus showing an evi-
dent up-regulation in MT1la C+ carriers (Fig. Ic), but, in
general, without differences between C— and C+- carriers.

IL-6 C— and C+ carriers (Fig. 1d) showed trends oppo-
site to MT1a polymorphism, with C— carriers presenting
lower basal IL-6 concentrations and the most significant
increments after supplementation, but, in general, C—
and C+ carriers were almost similar.

Basal MCP-1 levels were similar before and after supple-
mentation both in MT1a and IL-6 polymorphic allele car-
riers (Fig. le and f) and a down regulation of MCP-1
concentrations of about 10% was evident after zinc
supplementation.

Lytic activity of NK cells was similar in C+ and C— car-
riers of both MT1a and IL-6 polymorphisms in basal con-
ditions and was up-regulated by zinc supplementation
(Fig. 2a—d).

The increments (differences between the values reached
after and those before supplementation) of circulating zinc,
plasma IL-6, plasma MCP-1 and NK lytic activity (at 1/1
E/T ratio, in order to evaluate activity on a per-cell-basis,
thus avoiding the amplification effect due to cell recycling)
were arranged according to circulating zinc increments. A
positive trend (Spearman correlation r = 0.272, p = 0.03)
of circulating zinc concentrations (Fig. 3a) from IL-6 C—,
to MTla C+ and C— carriers and finally to 1L-6 C+ was
observed (IL-6 C— vs C+, p <0.02). In particular, IL-6
C— and MT1aC+ carriers shared low increments of zinc,
(below 1 umol/L), high increments of plasma IL-6
(Fig. 3b) (over 70% of basal concentrations; p <0.005 at
least, compared to IL-6 C+ and MTla C—, respectively,
not shown), and limited increments of NK lytic activity
(Fig. 3c). The other two polymorphisms (e.g. MTla C—
and IL-6 C+), parallel to circulating zinc concentrations
increments over | umol/L (Fig. 3a), showed a limited
increase of plasma IL-6 (Fig. 3b) (lower than 25% of basal
concentrations) and more evident increments of NK lytic
activity (Fig. 3c), (over 80% of basal concentrations).

A general reduction in MCP-1 concentration was
observed independently of polymorphic alleles, showing
similarities between C— and C+ alleles of both polymor-
phisms (Fig. 3d).

3.3. Interactive effects of combined +647 MTIla and —174
I1L-6 polymorphisms

The potential interactive effects of polymorphic alleles
on serum zinc, plasma IL-6 and MCP-1 and on NK cell
lytic activity is shown in Table 4, where NK lytic activity
is reported at 1:1 Effetor/Target ratio.

A significant interaction of MTla C— allele with both
C— and C+ alleles of IL-6 polymorphism was observed
on serum zinc concentrations, that differed significantly
before and after supplementation (analysis of variance
p =0.05 at least).

In particular, subjects presenting C— alleles for both
polymorphisms (n.7) showed the lowest concentration of
basal circulating zinc that was not modified by zinc-aspar-
tate intake. Conversely, MT1la C—/IL-6 C+ carriers (n.7),
although their basal concentrations overlapped those of
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test: p <0.05 at least.

double C— carriers, were the only ones up-modulated by
treatment (p = 0.003, average increase 2.59 umol/L).

MTla C+/IL-6 C— (n.18) and MTla C+/IL-6 C+ (n.7)
carriers showed similar basal concentrations of zinc (over
11 umol/L) and similar increases after supplementation,
very close to the values presented by single C+ polymor-
phism of MTla (Fig. 1a) and IL-6 (Fig. 1b).

Regarding IL-6 plasma concentrations (Table 4), the
effect of the two polymorphisms was particularly interest-
ing in the MT1la C—/IL-6 C+ group, the only one showing
a decrease (about 20%) in IL-6 plasmatic concentrations
after zinc-aspartate supplementation. All the other poly-
morphic allele combinations showed similar basal and
up-regulated IL-6 concentrations, which in C—C— and
C+C+H were significantly increased after supplementation,
compared to basal ones.

Concerning MCP-1 (Table 4), all combined polymor-
phisms showed similar MCP-1 basal concentrations and
all, except MTla C—/IL-6 C—, tended to down-regulate
chemokine concentration after zinc-aspartate supplementa-
tion (MTla C+/IL-6 C+ becoming the relatively lowest,
with an approximate 25% decrement compared to basal
plasma levels).

Donors with the combined MT la C—/IL-6 C+ and MT
la C+/IL-6 C— polymorphisms showed the relatively low-
est lytic activity in basal conditions (Table 4), but they
underwent a significant increase after zinc supplementation
(p <0.01 at least for all the Effector/Target ratios exam-
ined, not shown). Conversely, C double negative and C
double positive carriers showed only a slight increase in
lytic activity (not shown). However, lytic activities after

zinc supplementation were generally comparable, with
some differences between MTla C+/IL-6 C— and MTla
C—/IL-6 C— or MTla C+/IL-6 C+ at the lowest E/T ratio
(p <0.05, not shown).

The interactive effects of polymorphic alleles on circu-
lating zinc concentrations suggested an overloading on
pro-inflammatory phenotype due to the concomitant pres-
ence of C— alleles of MTla and IL-6, as seen by the lack
of increment in circulating zinc concentrations following
zinc-aspartate treatment (Fig. 4a), the up-regulation of
plasma IL-6 concentrations (Fig. 4b), (lower and higher
than the single polymorphism ones, respectively,
Fig. 3b) and the halved increments of NK lytic activity
(Fig. 4c), compared to single IL-6 C— ones (Fig. 3c).
Conversely, the pair of MTla C+ with IL-6 C—, and
especially with 1L-6 C+, seemed to reduce the pro-inflam-
matory unbalance (Fig. 4b), improving lytic activity
(Fig. 4c) with the progressive increase of circulating zinc
(Fig. 4a). Finally, MTla C—/IL-6 C+ carriers seemed
to be the most favoured by zinc-aspartate treatment; in
fact, parallel to the increment of more than 2 pmol/L cir-
culating zinc (Fig. 4a), they showed a reversal between IL-
6 plasma concentration (Fig. 4b) and NK lytic activity
(Fig. 4c).

MCP-1 increments (Fig. 4d), despite being always nega-
tive in single polymorphism carriers, became positive in
double negative C carriers and showed an additive decre-
ment in double positive C carriers. In MTla C+/IL-6
C— and MT1aC—/IL-6 C+, MCP-1 modifications resem-
bled those of C+ allele of the corresponding single poly-
morphism (Fig. le and f).
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Fig. 3. Increments after supplementation of circulating zinc (a), plasma
IL-6 (b) and MCP-1 (d) concentrations, and NK lytic activity (c) in single
+647 MTla and —174 IL-6 polymorphic allele carriers. “Zinc concentra-
tion: IL-6 C— vs. IL-6 C+ p =0.02.

4. Discussion

In this study we evaluated the effect of zinc aspartate
supplementation on circulating zinc, IL-6 and MCP-1
plasma concentrations and on NK lytic activity in a

Table 4
Plasma zinc, IL-6 and MCP-1 concentrations according to polymorphic
allele combinations: effect of zinc supplementation

Concentrations + 647 MTla —174 1L-6 alleles
alleles C— o+

Basal circulating zinc C— 9.59 4+ 0.60 9.93 +0.37
(umol/L)* C+ 11.09+0.32  11.16 £ 0.56

Circulating zinc after C— 9.50£092 12.53+£0.38
supplementation

(umol/L) ® C+ 11.88+£0.41  12.23+0.46

Basal plasma IL-6 C— 18.92 +£5.83  28.10 4+ 5.68
(pg/ml) C+ 22.61 £5.39 22.73+7.49

Plasma IL-6 after C— 3429 +4.14 22754533
supplementation® C+ 3245+295 39.66+245

Basal plasma MCP-1 C— 111.93 +26.59 144.47 +20.59
(pg/ml) C+ 122.17 +£10.74 123.32 +15.84

Plasma MCP-1 after C— 118.29 + 18.92 128.22 + 16.25
supplementation C+ 108.09 +5.07  97.79 + 15.72
( pg/ml)

Basal NK activity (%) C— 13.69 +2.98 7.98 +2.19

C+ 649+0.84 11.53+22

NK activity after C— 16.25 +£2.77  15.80 £ 2.86

supplementation C+ 11.37+1.27  19.03 £+ 3.85

Values are expressed as means + SEM. Analysis of variance: *p < 0.05;
°p <0.006; °p < 0.06.

Basal circulating zinc: MT1la C—/IL-6 C— vs. MTla C+/IL-6 C— and vs.
MTla C+/IL-6 C+ p <0.05.

Circulating zinc after supplementation: MT1la C—/IL-6 C— vs. MT1la C+/
IL-6 C— p <0.003; MTla C—/IL-6 C— vs. MTla C+/IL-6 C+ and vs.
MTla C—/IL-6 C+ p <0.02.

Basal circulating zinc vs. zinc after supplementation: MTla C—/IL-6
C+p <0.003.

Basal plasma IL-6 vs. plasma IL-6 after supplementation: MT1a C—/IL-6
C— and MTla C+/IL-6 C+ p <0.05.

Basal NK activity: MT1la C+/IL-6 C— vs. MTla C—/IL-6 C— and MTla
C+/IL-6 C+ p <0.05.

NK activity after supplementation: MT1a C+/IL-6 C— vs. MTla C+/IL-
6 C+p =0.07.

Basal NK activity vs. NK activity after supplementation: MT1a C+/IL-6
C—p <0.003 and MTla C—/IL-6 C+ p <0.01.

healthy elderly population in relationship to some poly-
morphic allele variants.

The effect of zinc treatment on lytic activity could be due
to a conversion from the pro-inflammatory status into a
more balanced Th1/Th2 equilibrium, generally Th2 skewed
by even mild zinc deficiency (Cakman et al., 1996; Prasad,
2000; Rink et al., 1998). NK lytic activity up-modulation
after zinc supplementation was in agreement with previous
data demonstrating that zinc deficiency affects NK cells
that display decreased number and functional activity as
well (Allen et al., 1983; Keen and Gershwin, 1990; Mocche-
giani et al., 2003; Prasad, 2000; Ravaglia et al., 2000).
Recently, it has been reported that an in vitro zinc stimula-
tion mimicking doses and times of the in vivo supplemen-
tation used in this study, fostered a Thl response
probably not activating NK cell directly, but triggering
IFN-y synthesis by an increased number of CD56+ NK
cells (Metz et al., 2007).
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Fig. 4. Increments after supplementation of circulating zinc (a), plasma
IL-6 (b) and MCP-1 (d) concentrations and NK lytic activity (c):
interactive effects of combined +647 MTla and —174 IL-6 polymor-
phisms. Analysis of variance for zinc concentrations: p <0.02; post hoc:
MTla C—/IL-6 C+ vs. “MTla C—/IL-6 C— p= 0.002 and vs. "MT1a C+/
IL-6 C— p=0.02.

The decrease in plasma concentrations of MCP-1,
observed following treatment, agrees with the suggested
remodelling to a Thl prevailing immune response and with
the indication that chemokines also participate in the Th2
profile (Mariani et al., 2006). This also indicates that
MCP-1 level is influenced by zinc, as demonstrated on lung
epithelial cells (Richter et al., 2003) and that zinc supple-
mentation down modulates this chemokine.

Conversely, the effect on IL-6 was unexpected and oppo-
site to that observed for MCP-1, since the treatment with
zinc increased plasma concentrations of IL-6 in the overall
survey, suggesting an up-regulation of the pro-inflamma-
tory status, even if values remained below the ones
observed in chronic diseases. In basal conditions plasma
concentrations of IL-6 and MCP-1 were directly corre-
lated, but following zinc supplementation they modulated
in opposite ways, approaching a borderline inverse correla-
tion, thus indicating that sensitivity to zinc was probably
also dependent on other variables. In any case, the incre-
ment of IL-6 was restricted to a limited biological interval,
as suggested by the poor increases observed in subjects with
higher basal levels. This effect was not due to gender differ-
ences, because circulating zinc and IL-6 concentrations
were similar in both sexes.

As concerning a possible reversibility of systemic “low
grade inflammation”, as determined by Crp levels, we did
not find any influence of zinc supplementation (in agree-
ment with the Monica/Kora study, Scheurig et al., 2007)
suggesting that, in our experimental conditions, zinc was
able to modulate (positively or negatively) only peculiar
pathways and not the overall inflammatory process.

Many recent studies have been given up to the analysis
of possible associations among polymorphisms in genes
encoding inflammatory mediators, circulating levels of
these mediators and longevity. The —174 G > C polymor-
phism has been reported as functionally important since
it influences the rate of IL-6 transcription and IL-6 plasma
concentration (Brull et al., 2001; Terry et al., 2000). The
numerous studies focusing on this polymorphism are very
conflicting (see Krabbe et al., 2004, for a mini-review).
Some authors suggested that C allele was a risk marker
for all-cause mortality, associated with high plasma levels
of IL-6 (Krabbe et al., 2004). Other studies, including
one by our group on a large survey (Ravaglia et al.,
2005), showed no association between this polymorphism
and plasma levels of IL-6, which were increased in C—
allele carriers only in the presence of concomitant clinical
conditions. In agreement, in the present study we did not
observe differences in plasma IL-6 concentration in C—
or C+ allele carriers before and after zinc supplementation,
the only difference being the up-modulation of C— carriers.
Likewise, we did not observe different zinc concentrations
between C+ and C—, but C+ carriers appeared to be up-
modulated, suggesting that zinc responders were also able
to limit plasma IL-6 increase.

Furthermore, also MT1a polymorphism seems to influ-
ence the observed modifications, in line with the MT role as
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intracellular distrainers of zinc. In fact, the analysis of
MT1a polymorphism showed essential circulating zinc dif-
ferences between C— and C+ allele carriers, both before
and after supplementation, C— allele carriers displaying
the lowest levels of zinc without evident increases after sup-
plementation joined to the lowest up-modulation of plasma
IL-6. These data are partially in disagreement with a previ-
ous study performed on a female survey from central Italy,
describing MTla C+ carriers as characterized by a pro-
inflammatory phenotype (high IL-6, low circulating zinc,
high intracellular zinc, low zinc bioavailability) compared
to C— (Cipriano et al., 2006). Excluding gender and num-
erosity of the sample, the main difference probably explain-
ing the divergent results was represented by circulating zinc
concentrations that were normal in the previous study
(Cipriano et al., 2006) but markedly decreased in the pres-
ent. Therefore, we suggest that important determinants are
also the initial zinc concentration, the zinc/inflammation
level and the increment necessary to recover normal basal
levels. Some discrepancies might have also resulted from
the complex interaction between life style and genetic fac-
tors together with cultural, dietetic and genetic differences
across countries but also from the study of a single poly-
morphism rather than the association of more polymor-
phisms of proteins related to inflammation.

Indeed, the association of the two polymorphisms indi-
cated the C— double carriers as unable to respond to the
pharmacological treatment and, concomitantly, unable to
limit the overproduction of IL-6 and to improve NK activ-
ity. On the other side, MTla C—/IL-6 C+ and carriers
were the best responders to zinc supplementation and the
only ones able to down modulate IL-6, thus favouring
the NK-mediated response, therefore showing a lower
degree of inflammatory status, probably for a better zinc
release from MT. Thus, the inflammatory response might
be intense, long lasting or not modulated in subjects with
a given genetic background, as our data suggest for
MTla C—/IL-6 C—, indicating the opportunity to avoid
ineffective supplementation in particular patient groups.

In conclusion, in this paper we have shown that zinc-
aspartate supplementation in subjects with low or borderline
normal circulating zinc levels increases the concentration of
this ion and modulates IL-6 and MCP-1 plasma concentra-
tions and NK lytic activity that seem to be differently influ-
enced by the interaction of some polymorphic alleles.
Therefore, we suggest that, together with peak 11.-6 plasma
concentrations reached after an inflammatory response, also
the reciprocal changes undergone by the different factors
towards the Thl profile, together with the genetic back-
ground, could be important determinants for evaluating
the efficacy of zinc treatment and for identifying groups of
subjects that can take advantage of therapeutic intervention.
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Abstract

IL-6 SNP at position —174 is associated with age-related diseases characterized by an impaired Zn status. This polymorphism seems
also relevant in regulating the expression of proteins, such as Metallothioneins (MT), involved in the modulation of Zn homeostasis.
Since high IL-6 levels in elderly induce hypozinchemia, the IL-6—174 SNP may be useful to identify old subjects who are at risk for
Zn deficiency. The objectives of this study are: (1) to choose old subjects who effectively need Zn supplementation and (2) to study
the effect of Zn supplementation on Zn, immune and psychological status in genetically selected subjects. For this purpose, a baseline
study comprising 895 healthy old subjects recruited in Central-Northern and Southern European Countries was carried out by evaluating
their dietary intake, psychological and immune parameters as well as their Zn status. A Zn supplementation trial was performed in 110
old subjects selected on the basis of their plasma Zn levels and IL-6 SNP. After correcting for age and Zn intake, C— carriers displayed
higher MT and lower levels of several parameters related to zinc status (plasma Zn, erythrocyte Zn and NO-induced release of Zn in
PBMC) than C+ carriers. Better NK cell cytotoxicity and psychological functions (PSS, MMSE) were also found in C+ than C— carriers
strictly related to the zinc status. However, independently by the polymorphism, all subjects with plasma zinc <10.5 uM showed the
worst immune response and psychological functions. Supplementation was carried out in C+ and C— carriers with stable low plasma
zinc levels (<10.5 uM at baseline and at 1 year follow-up) and in C— carriers with unstable plasma zinc (<10.5 uM at baseline and

Abbreviations: Zn/Alb, Plasma Zn/albumin (molar ratio); MT, Metallothionein (protein expression); RBC-Zn, Zinc in erythrocytes; iZny, intracellular
labile zinc; iZng, intracellular NO-induced release of Zn by MT.
* Corresponding author. Tel.: +39 071 8004216; fax: +39 071 206791.
E-mail address: e.mocchegiani@inrca.it (E. Mocchegiani).
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>10.5 uM at 1 year follow-up). C+ carriers with plasma zinc >10.5 pM were not supplemented because showing the best immune and
psychological conditions. After 48 42 days of supplementation with 10 mg/day of Zn-aspartate, the NO-induced release of Zn, eryth-
rocyte Zn and NK cell cytotoxicity increased in all groups selected for supplementation, including C— with unstable plasma zinc. In
conclusion, the sole assessment of plasma Zn level is not reliable to exclude C— carriers from Zn supplementation. A possible explanation
for the conflicting data on the identification of IL-6—174G as a “risk allele” based on different dietary intake in the studied population is

also suggested.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Elderly people are commonly considered at high nutri-
tional risk for marginal zinc deficiency, which could contrib-
ute to the development and complications of age-related
chronic diseases (Tudor et al., 2005). Normal physiological
changes associated with ageing, some medications for
chronic diseases, and relatively common disorders such as
high blood pressure, obesity, malabsorption and diarrhoea
can all contribute to the manifestations of zinc deficiency
(Prasad, 1991; Das, 2001; Ozata et al., 2002; Sundaram
et al., 2002).

Social and physiological factors such as loneliness, lim-
ited income, reduced interest in food, decreased sense of
smell and taste, difficulty in chewing or swallowing as well
as reduced vision may also contribute to worsen the overall
zinc status (Ahluwalia, 2004).

However, the contribution of intrinsic genetic factors on
the prevalence of zinc deficiency has been scarcely studied,
especially in elderly, despite the fact that many single nucle-
otide polymorphisms, associated with increased risk of
developing age-related diseases may affect zinc homeostasis
by direct modulation of proteins involved in zinc buffering,
or by an indirect pro-inflammatory cytokine mediated effect
(Mocchegiani et al., 2006). In this context, interleukin-6 (1L-
6) promoter gene single nucleotide polymorphism (SNP) at
position —174 has been extensively studied in several age-
related pathologies, such as cardiovascular diseases, Alzhei-
mer disease and cancer (Licastro et al., 2003; Antonicelli
et al., 2005; Koivisto et al., 2005; Garg et al., 2006). This
seems also particularly important for modulating the intra-
cellular zinc homeostasis, which is in turn affected by specific
proteins named Metallothioneins (MT) (Maret, 2003). These
proteins act as antioxidants since zinc—sulfur cluster is sensi-
tive to changes of cellular redox state and oxidizing sites in
MT (reduced thiol groups) induce the transfer of zinc from
its MT binding sites to those of lower affinity in other pro-
teins, such as antioxidant metallo-enzymes (Maret, 2000).
Since IL-6 affects MT gene expression and production, the
interplay between MT, IL-6 and intracellular zinc homeosta-
sis is thus crucial during inflammation and ageing (Maret,
2000; Mocchegiani et al., 2006).

In this context, abnormal increase of IL-6 concentra-
tions is a reliable marker for functional disability as well
as a predictor for disability and mortality among elderly

people (Harris et al., 1999). Moreover, IL-6—174G/C
locus variability modulates on one hand the individual
susceptibility to common causes of morbidity and mor-
tality among elderly people (Olivieri et al., 2006), and
on the other hand the individual capacity to reach the
extreme limits of the human life span (Bonaf¢ et al.,
2001). Therefore, the genetic variability at IL-6—174G/
C locus is fundamental in the elderly population in order
to better understand the intrinsic causes of the longevity.
Indeed, the genetic variations of the IL-6—174G/C locus
are involved in IL-6 production and in immune response.
In particular, old subjects carrying GG genotypes (called
C—) are disadvantaged for the longevity and are more
prone to develop atherosclerosis because of the presence
of higher IL-6 production, impaired NK cell cytotoxicity,
increased MT gene expression and low zinc ion availabil-
ity in comparison with C+ carriers (Giacconi et al.,
2004). Since high IL-6 in elderly people induces abnor-
mal increments of MT gene expression leading to low
zinc ion availability (Mocchegiani et al., 2006), the deter-
mination of genetic variations of the IL-6—174G/C locus
may be a useful tool for screening old subjects at risk for
zinc deficiency and impaired immune response. This fact
is especially pertinent considering the existence of contra-
dictory data in the literature on the potential benefit of
zinc supplementation in old people (Hininger-Favier
et al., 2007; Maret and Sandstead, 2006). The discrepan-
cies may be related to an incorrect screening of old peo-
ple who effectively need zinc supplementation. Since the
intracellular zinc status is also related to the nutritional
status of each individual (Reddy and Love, 1999), the
genetic screening of IL-6—174G/C locus may be of
added value for a correct zinc supplementation in elderly
subjects. On this basis, the aim of the present paper is to
screen old subjects for 1L-6—174G/C polymorphism from
different Northern and Southern European countries with
different dietary habits and to detect the differences
between C+ and C— carriers in zinc status, in inflamma-
tory/immune response and in some psychological param-
eters, because of a close correlation between these last
parameters and zinc/immune response in elderly (Mocc-
hegiani et al., 2005; Marcellini et al., 2006; Maylor
et al, 2006). The effect of a zinc supplementation in
old subjects with specific IL-6 genetic polymorphisms is
reported and discussed.
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2. Materials and methods
2.1. Subjects

Old subjects (n = 895 with the age range of 60-84 years)
were recruited from five different European countries
(Italy, France, Germany, Poland, Greece). The study was
part of ZINCAGE Project (www.zincage.org) (Mocchegi-
ani et al., 2004). The study design comprised two parts.

1. The first part consisted of a baseline centralized
(INRCA Center) screening (genetic and zinc status param-
eters) performed in a sample of 895 (232 from Italy, 211
from France, 165 from Greece, 140 from Poland and 147
from Germany) healthy non-institutionalized men and
women aged from 60 to 84 years (488 females and 407
males) selected on the basis of the SENIEUR protocol
for immuno-gerontological studies. The participants of
the study had to be free of medication such as steroids,
diuretics, anticonvulsants, anti-depressive drugs, antibiot-
ics, antimetabolites, non-steroid anti-inflammatory drugs
and micronutrient supplementation. Subjects were
excluded if they had autoimmune, neurodegenerative, car-
diovascular, kidney or liver diseases, diabetes, infections,
cancer, chronic inflammatory bowel disease or acroderma-
titis enteropathica, sickle cell anaemia, chronic skin ulcer-
ations and endocrine disorders. Medical history was
recorded by the family doctor or through a medical exam-
ination when possible. Ethical approval was obtained by all
centers performing the recruitment and all subjects signed
an informed consent form.

2. The second part constited of a zinc supplementation
trial. Plasma zinc <10.5 uM was chosen as a cut-off for zinc
deficiency, as suggested by Pepersack et al. (2001). All sub-
jects with plasma zinc <10.5 uM at the baseline and after 1
year of follow-up were chosen for zinc supplementation
and divided on the basis of IL-6 polymorphism. In partic-
ular, independently by the recruiter Center, the groups
undergone zinc supplementation are: (1) Group A (n=
38) including C— carriers for 1L-6—174 polymorphism
and zinc <10.5 uM; (2) Group B (r = 32) including C+
carriers for IL-6—174 polymorphism and zinc <10.5 pM.
(3) Group C (n = 40) including C— carriers with unstable
plasma zinc (<10.5 pM at the baseline and >10.5 uM after
one year of follow-up). For this reason, the number of old
subjects undergoing to zinc supplementation is limited
(n =110) compared to the original recruitment number.
This is in agreement with the fact that old subjects with a
clear zinc deficiency are not more than 5-10% of the gen-
eral European elderly population (Maylor et al., 2006).
The effect of zinc supplementation was therefore evaluated
in 110 old subjects (57 males and 53 females), aged 65-85
years (mean age 72 + 6 years). The old volunteers selected
for zinc supplementation were grouped together indepen-
dently of their European country of origin as the selection
of subjects was based on centralized biological and genetic
parameters (INRCA Center). Zinc supplementation was
performed with 10 mg/day of zinc-aspartate (Unizink 50,

KOHLER PHARMA Corp., Alsbach-Hihnlein, Ger-
many) in Italy, Germany, France and Greece. In Poland
zinc supplementation was carried out with 10 mg/day of
an identical form of zinc-aspartate (Zincas, Zaktad Chem-
iczno-Farmaceutyczny FARMAPOL, Poznan, Poland)
approved by the respective local Health Authorities. The
supplementation period was 48 + 2 days. PBMC were col-
lected before and after supplementation according to the
above the protocols.

2.2. PBMC recovery and storage

Individual blood samples were drawn in a plastic syringe
containing heparin. The whole blood was collected and
centrifuged at 450g for 10 min at 4 °C to separate plasma.
The remaining blood was diluted 1:3 with phosphate buf-
fered saline (1 x PBS), pH 7.4, without Mg* " and Ca™™.
Granulocytes were purified from red blood cells through
sedimentation with 8-10% HAES (final concentration)
and the remaining cells were carefully stratified with a pip-
ette on the top of a Ficoll-Hypaque solution (d = 1077 g/
ml) at room temperature, in a 15 ml centrifuge tube. The
solution was centrifuged at 450g for 30 min at 20 °C. The
peripheral blood mononuclear cells (PBMC) were recov-
ered and washed two times with PBS. The cell pellet was
recovered, cells counted and centrifuged (450g for
10 min) in 5 ml of PBS, and the tube was left on ice for
10-20 min. The supernatant was removed and cells resus-
pended at room temperature in Fetal Calf Serum contain-
ing 5% of sterile DMSO. After 5 min, further DMSO was
added to reach a final concentration of 10%. Immediately
after, lymphocytes were placed in freezer at —80 °C within
a 1°C freezing container (Nalgene) and left overnight
before placing them in liquid nitrogen.

2.3. Dietary assessment (assessment of dietary zinc intake)

For the basal screening, a qualitative food frequency
questionnaire, designed for the needs of ZINCAGE, was
used for assessment of the dietary zinc intake (Marcellini
et al., 2006). The consumption of 53 different food items
was recorded and based on these data we determined a
“zinc score” for each volunteer. To provide a continuous
variable, representing zinc dietary habits, frequency, quan-
tity estimation and zinc content of foods consumed were all
considered for the “zinc score” calculation.

Individual food consumption was calculated as fre-
quency (1 for never or less than 1 time/month, 2 for occa-
sionally, 3 for sometimes and 4 for consumption every day)
multiplied by quantity (0 for no consumption, 1 for small, 2
for medium and 3 for abundant). Taking into account the
large variations of zinc content in foods, even within food
groups, all food items were considered separately. Euro-
pean National and USDA food composition tables were
used to define zinc content for all 53 food items included
in the food frequency questionnaire. Consumption of each
food was then multiplied by the correspondent zinc con-
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tent. A “zinc score” was calculated for each old volunteer
as the sum of all estimated zinc intakes derived from all
listed food items. The general formula used for zinc score
calculation  was: Zinc  score = Frequency x Quan-
tity x Zinc content. The calculation of the zinc score pro-
vided with a continuous variable as a comparative
estimate of dietary zinc intakes among recruited old sub-
jects. Three 24 h recalls were collected from each partici-
pant chosen for the supplementation trial. Dietary data
were assessed using the Nutritionist Pro software (Axxya
Systems) and published national food composition tables,
for the estimation of mean daily dietary zinc intake.

2.4. Determination of zinc status

2.4.1. Zinc in plasma and erythrocytes

Plasma and erythrocyte zinc were determined by a
Thermo XII Series ICP-MS (Thermo Electron Corpora-
tion, Waltham, MA, USA) as previously described (Cipri-
ano et al., 2006). Plasma samples were diluted 1:10, and
erythrocytes were diluted 1:26, respectively, with a diluent
containing 0.1% triton and 0.15% HNOs;, to ensure that
trace elements are maintained in solution and to favor
the washout of these elements between samples. External
multielement calibration solutions containing Zn (blank
to 2000 ppb) were prepared by serial dilution of a parent
multi-element solution (VHG Labs, Manchester, USA),
using the same diluent used for the samples. Rhodium
(Rh), at 200 ng/ml was used as internal standard. Data
were acquired for 66Zn. The instrument was operated with
a Peltier cooled impact bead spray chamber, single piece
quartz torch (1.5 mm i.d. injector) together with Xi inter-
face cones and a Cetac-ASX 100 autosampler (CETAC
Technologies, Omaha, Nebraska, USA). A Burgener Trace
nebuliser was used as this device does not block during
aspiration of clinical samples. The instrument was operated
in standard mode (non-CCT), using 1400 W RF power,
1.10 L min~! nebuliser gas flow, 0.70 L min~' auxiliary
gas flow, 13.0 L min"' cool gas flow, 70 ms dwell time,
30 s sample uptake 35 s wash time (2 repeats per sample).
The level of albumin was obtained by routine blood
analysis.

2.4.2. Metallothioneins determination by flow cytometry

Thawed PBMC (2 x 10°) were treated with 0.3% para-
formaldehyde and stored at 4 °C for 2 days before process-
ing. MT determination was performed as previously
reported by Yurkow and Makhijani (1998) using the
monoclonal mouse anti-horse Metallotionein clone E9
antibody (Dakocytomation, Denmark). Samples probed
with an irrelevant (isotypic) antibody (clone MOPC21,
IgGlk, Sigma—Aldrich, MI, Italy) in conjunction with the
fluorescein-conjugated secondary antibody served as stain-
ing controls. The fluorescence intensity obtained with the
isotypic antibody was subtracted to all data. Results are
expressed as mean fluorescence intensity (MFI) (Malavolta
et al., 2006).

2.4.3. Flow cytometric analysis of intracellular zinc ion
availability and zinc release by MT

“Zinc free” RPMI medium was obtained by treatment
of RPMI with 5% Chelex 100 (Sigma—Aldrich, MI, Italia).
Thawed PBMC were divided into two equal aliquots of
2 % 10° cells, at least. One aliquot was incubated with
20 uM Zinpyr-1 (ZP-1) (Neurobiotex, Galveston, Texas,
USA) for 30" at 37 °C, 5% CO, in Hepes buffered ‘“‘zinc
free” RPMI medium containing 1 mM EDTA, as extra-cel-
lular chelator, of free zinc eventually still present in the
medium and/or adsorbed to the cell membrane.

The second aliquot was always incubated in the same
conditions plus 50 uM N,N’',N'-tetrakis (2-pyridylmethyl)
ethylenediamine (TPEN) (Sigma—Aldrich, Milan, Italy),
in order to detect the autofluorescence of the zinc-free
ZP-1 probe (Burdette et al., 2001).

After incubation, the aliquots were immediately ana-
lysed by flow cytometry (Coulter Epics XL). After selecting
lymphocyte population according to the forward light and
side scatters, the Mean Fluorescence Intensity for ZP-1 was
detected (excitation wavelength 488 nm and detection at
525 £ 15) in the two aliquots. Data were reported as the
ratio of ZP-1 fluorescence/ZP-1 autofluorescence and rep-
resented the intracellular labile Zn (iZny) (Malavolta
et al., 2006).

To investigate the NO-induced release of Zn, another
aliquot was incubated with 20 pM ZP-1 plus 100 uM dye-
thilamine NOnoate acetoxymethylated (AcOM DEA/
NO) (Calbiochem, VWR International s.r.l., MI, Italy)
(Misra et al., 1996). In fact, AcOM-DEA/NO is a cell-per-
meable acetoxymethylated diazeniumdiolate compound
that donates NO “intracellularly” following the action of
intracellular esterases (Saavedra et al., 2000). Once the
incubation period was terminated, all aliquots were imme-
diately read by the Flow Cytometer. The difference
between iZny in presence and absence of NO-donor was
used to estimate the intracellular release of Zn (iZng), as
previously reported (Malavolta et al., 2006).

2.5. Genotyping

DNA was extracted from blood lymphocytes by phenol
chloroform according to standard procedures. Amplifica-
tion of the —174C/G locus was performed, as previously
described (Olomolaiye et al., 1998).

2.6. NK cell cytotoxicity

Lytic activity of cryopreserved PBMC was determined
against K562 target cells as previously described (Neri
et al., 2001). The evaluation was obtained at 12/1 Effec-
tor/Target (E/T) cell ratios. The assessment was performed
in a subgroup of 96 samples due to high number of cells
required for this assessment (5 x 10° cells/ml) and the
necessity to distribute the cell samples to all ZINCAGE
Partners. It is of note, that this number is representative
of the original entire population because the distribution
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of the IL-6 genotypes as well as for gender is similar in
these 96 samples and in the original entire sample (data
not shown).

2.7. Multiple immunoassay for chemokine and cytokine
plasma profiles

Fourfold diluted plasma samples were assayed in dupli-
cate using commercially available multiplex bead-based
immunoassay kits. IL-6, IL-8, TNF-a, MCP-1, and RAN-
TES concentrations were simultaneously evaluated using
multiplex reagent kits (Bio-Rad Laboratories, USA) as
previously described (Mariani et al., 2006).

Pre-mixed distinct dyed beads, loaded with specific
capture antibodies, were incubated with plasma samples
and subsequently with fluorescently labelled detection anti-
bodies. The entire testing procedure was performed using
96-well plates, and the formation of different sandwich
immunocomplexes on distinct bead sets was measured
and quantified using the Bio-Plex Protein Array System
(Bio-Rad Laboratories, USA). The low standard curves
were used for IL-6, IL-8, TNF-o, and MCP-1 (ranging
from 3952.5 to 0.24 pg/ml; from 3159.2 to 0.19 pg/ml; from
12,685.9 to 0.777 pg/ml, and from 2280.2 to 0.14 pg/ml,
respectively) and the high standard curve for RANTES
(ranging from 22,134 to 1.4 pg/ml).

Values presenting a coefficient of variation beyond 10%
were discarded before the final data analysis. Data were
analysed using the Bio-Plex Manager software version 3.0
(Bio-Rad Laboratories, USA). Values were expressed as
pg or ng/ml.

2.8. Psychological parameters

For the assessment of cognitive status, the “Mini Mental
State Examination” (MMSE), (Folstein et al., 1975) was
used. It assesses many components of cognitive function.
Score range is from 0 to 30 points: a score of 23 (the cut
off value) or lower is suggestive for cognitive decline.
Scores of 24-30 indicate no cognitive impairment; 18-23
indicate mild cognitive impairment whereas 0—17 indicates
severe cognitive impairment. Depressive symptoms were
measured using the “Geriatric Depression Scale” [GDS-
reduced version of 15 items (Yesavage et al., 1983; Sheikh
and Yesavage, 1986)], which identifies depressive symp-
toms in older adults using some questions related to the
previous week. It represents a reliable and valid self-rating
depression screening scale for elderly populations (Osborn
et al., 2002). Score range is from 0 to 15. A score of 04
indicates a normal situation, a score of 5-9 indicates mild
depression and a score of 10-15 indicates moderate to
severe depression.

The perception of stress was measured by the Perceived
Stress Scale (PSS) questionnaires (Cohen et al., 1983). It is
a measure of the degree to which situations in one’s life are
appraised as stressful. It is a 14-items questionnaire, asking
how often a person has felt or thought a certain way over

the last month. The score above mean indicates high stress
level.

2.9. Statistical analysis

Statistical analysis was performed with SPSS edition
11.5. (SPSS Inc. Chicago, IL, USA). Continuous vari-
ables are presented as mean values + standard deviation
(SD). The normal distribution of the investigated vari-
ables was assessed through the Kolmogorov—Smirnov cri-
terion. Due to skewed distribution, log transformed
values of Zn score, plasma zinc, zinc/albumin (molar
ratio), RBC zinc, GDS, PSS and MMSE were used for
calculating partial correlation coefficients after controlling
for age. Student’s ¢ test, Wilcoxon Rank test (for paired
not normally distributed variables), Mann—Whitney U
test (for unpaired not normally distributed variables),
analyses of variance (ANOVA) and analyses of covari-
ance were used to compare the variables among sub-
groups of the sample. IL-6 —174G/C genotype
distribution and differences in allele distribution from
Hardy—Weinberg’s equilibrium in the studied population
was evaluated by Pearson’s y* test. All reported p values
are based on two-sided tests and were compared with a
significance level of 5%.

3. Results

3.1. Genotype distribution in the participating European
countries

Table 1 shows the genotype distribution for IL-6
—174 polymorphism in the five European recruiting cen-
tres. Large differences appear in its distribution compar-
ing the Southern and the Central-Northern European
centres (y° = 128.141, df=38, p<0.001). In particular,
homozygotes for G allele (C— carriers) are more repre-
sented in Italy and Greece (about 68%) than in Poland
(about 20%), France (about 40%) and Germany (about
34%). In contrast, CC homozygotes are more repre-
sented in Poland (about 22.7%) and quite rare in Greece
(about 1%) when compared to the other European
Countries.

Table 1
IL-6 —174G/C genotype distribution in the European Centres

Italy Poland Germany Greece France
(%) (%) (Vo) (%) (7o)
Genotype
CcC 5.3 22.7 13.1 1.2 15.3
GC 26.5 57.4 53.1 31.1 44.6
GG 68.1 19.9 33.8 67.7 40.1

All populations were in Hardy—Weinberg’s equilibrium (p > 0.05). A sig-
nificant different distribution of IL-6 —174 genotype was observed among
the European centres (y>=128.141, df=8, p <0.001). A significant
increment of GG genotype was observed in Greece and Italy when com-
pared to France, Germany and Poland.
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3.2. Zinc status, Metallothioneins, immune parameters and
psychological conditions in old subjects from different
European countries at the baseline of the recruitment in
dependence of the zinc score

Taking into account that Greek and Italian populations
display a different genotype distribution than French, Ger-
man and Polish ones (Table 1), the sample was split into
Southern (Italy and Greece) and North-Central (France,
Germany and Poland) European populations.

Table 2 shows the subdivision of the old subjects on the
basis of the zinc score, herein considered and calculated as
an estimate of their daily dietary intake of zinc. Taking into
account that the median value of zinc score in the whole
sample is 134 at baseline, old subjects are divided into
two groups (zinc score <134 and zinc score >134).

In general, zinc status (plasma zinc, Zn/Alb, RBC-Zn,
MT, iZng), immune and psychological parameters display
a better condition in both Northern and Southern Euro-
pean populations in presence of higher zinc score. This
condition is more evident in France, Poland and Germany,
whereas in Italy and Greece, this condition is less evident
with some unexpected data related to pro-inflammatory
cytokines (IL-6 and TNF-alpha) and chemokines (Rantes)
(Table 2).

In the whole sample, Zn score is significantly correlated
with plasma Zn, Zn/Alb, and RBC-Zn after controlling for
age (partial correlation coefficient are r = 0.254 (p < 0.001),
r=0.246 (p <0.001) and r=0.358 (p <0.001), respec-

tively). A positive correlation was also found between iZng
or MT and zinc score (partial correlation coefficients are:
r=0.154 (p=0.043) and r=0.136 (p=0.046),
respectively).

An opposite trend is instead found between Zn score
and iZn;. A quadratic regression model was the best fit
(b0 = 1.3795, b1 =—0.0011, b2 =1.9E-06; R>=0.031;
p <0.006) between Zn score and iZng, suggesting that this
last parameter alone is not properly reliable for evaluating
the nutritional zinc status because it can be up-regulated in
the presence of either a low or a high dietary intake of zinc.

3.3. Zinc status, Metallothioneins, immune parameters and
psychological conditions in old subjects at the baseline of the
recruitment in dependence of the IL-6 —174G/C
polymorphism

No differences exist in the zinc score between C+ and
C— old subjects (167 4+ 108 vs. 170 4= 102) (Table 3), sug-
gesting that this subdivision for IL-6 polymorphism for
the zinc status and immune parameters is not impugned
by different dietary intakes of zinc. Following this subdivi-
sion, C— old subjects display some alterations related to
the zinc status when compared to C+ subjects including:
significant lower plasma zinc; higher MT production; less
RBC-zinc; lower iZng; impaired NK cell cytotoxicity. By
contrast, some crucial cytokines and chemokines related
to the inflammatory status (IL-6, TNF-alpha, MCP-1,
MIP-1a) are quite similar between C— and C+ subjects

Table 2
Zinc status, immune parameters and psychological parameters in different European Countries in dependence of the zinc score
Parameters Zinc score

Italy and Greece Germany, Poland and France

<134 >134 <134 >134

Mean SD Mean SD Mean SD Mean SD
Zn Score 100 20 178¢ 39 91 25 268 124
Plasma Zn (uM) 11.5° 1.8 1.7 1.7 12.6 2.2 13.6" 2.3
Zn/Alb 0.40° .07 0.46" .09 0.45 07 0.47" .08
MT (MFI) 62.6 23.9 7.1 28.3 65.6 34.6 75.0 26.0
RBC Zn (uM) 79 37 109™% 38 127 44 173" 76
iZng 131 21 1.24 13 131 20 1.25 16
iZng 0.18 .08 0.21" .08 0.20 07 0.22 .09
NK activity ? 19.1 8.7 19.7 10.1 17.4 7.9 23.1" 11.1
IL6 (pg/ml) 14.7% 6.1 19.1%8 8.5 214 9.4 21.7 9.3
IL8 (pg/ml) 8.8" 43 8.3 43 11.9 5.9 9.6" 53
MCP-1 (pg/ml) 93.3" 36.2 89.1° 39.6 120.6 459 115.7 443
MIP-1o (pg/ml) 18.1% 9.0 15.0 9 8.9 21.1 10.8 20.9 10.5
TNF-o (pg/ml) 61.3% 28.3 68.5" % 38.4 82.1 44.5 102.9° 40.7
Rantes (ng/ml) 7.28 6.5 10.0% % 8.9 15.4 10.0 19.1° 14.4
GDS 4.0% 3.5 3.3% 8 2.6 3.1 3.2 2.0 2.4
PSS 23,5 7.6 16.4™ 8 8.3 17.4 8.1 14.7" 6.6
MMSE 24.5° 5.6 25.4% 33 25.8 3.0 28.3" 1.9

Zn/Alb = plasma Zn/albumin (molar ratio), MT = Metallothionein (protein expression), RBC Zn = zinc in erythrocytes, iZn; = intracellular labile zinc,

iZng = intracellular NO-induced release of Zn.

* p<0.05 at least, when compared to zinc score <134. Statistical analysis was performed by Student’s ¢ test for normally distributed variables and by

Mann—Whitney U test for not normally distributed variables.

¥ p<0.05 at least, when compared to “Germany, Poland and Greece” within the same Zn score group.

& Assessment performed in a subgroup of 96 samples.
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Table 3
Zinc status, immune and psychological parameters in carriers of different
alleles for IL-6 —174G/C polymorphism
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only a trend towards a positive correlation exists (partial

correlation coefficient r = 0.169, p = 0.084).
With respect to the psychological conditions, GDS and

Parameters —174G/C IL6 carriers PSS are slightly, but not significantly, higher in C— subjects
C- C+ in comparison to C+ ones, whereas MMSE is significantly
Adjusted Mean ~ SD Adjusted Mean ~ SD higher in C+ subjects when compared to C— ones (Table
71 score 170 102 167 108 3). Of interest, GDS and PSS are positively correlated with
Plasma Zn (uM)  12.3° 2.1 12.7 2.3 MT/iZng while negatively correlated with plasma zinc
Zn/Alb 0.4 083 045 079 (Table 4), whereas MMSE score was negatively correlated
MT (MFI) 1.4 284 621 22.3 with MT/iZngr and positively correlated with plasma zinc.
il;l:f Zn (M) }‘1277 .5175 1'3268 .6178 PSS is also negatively correlated with iZng (Table 4). How-
iZng 0.19° 07 0.21 08 ever, when C— and C+ subjects are considered separately,
MT/iZng 4317 250 337 176 it emerges that only the PSS score in C— subjects remains
NK activity 18.9" 8.0 244 9.9 significantly correlated with all the three parameters related
IL6 (pg/ml) 19.5 9.2 195 8.6 to the zinc status (Table 4), suggesting the existence of an
IL8 (pg/ml) 9.2 4.8 10.2 55 . . . . .
MCP-1 (pg/ml) 103.6 440 1069 41 1nterrelat10nsh%p among IL-6 polymorphism, zinc status
MIP-lo (pg/ml)  19.6 99 184 106  and psychological stress.
TNF-o (pg/ml) 80.8 40.1  80.7 44.0 When C+ and C— carriers are subdivided on the basis
Rantes (ng/ml) 117 106 152 12.1 of their plasma zinc, it emerges that only C+ carriers with
GDS 3.0 3.0 2.9 3.0 plasma zinc >10.5 uM display satisfactory zinc status,
PSS 18.0° 8.1 17.1 8.1 . . . .
MMSE 95 7 44 263" 34 immune and psychological functions (Table 5). All subjects

Zn/Alb = plasma Zn/albumin (molar ratio), MT = Metallothionein
(protein expression), RBC Zn = zinc in erythrocytes, iZn; = intracellular
labile zinc, iZng = intracellular NO-induced release of Zn.

* p <0.05 by univariate analysis with age and Zn score as covariate. Log
transformed values were used to calculate significance for not normally
distributed variables.

with plasma zinc <10.5 uM, independently by IL-6 poly-
morphism, show the worst NK cell cytotoxicity and psy-
chological functions. However, also C— subjects with
plasma zinc >10.5 pM display lower NK cell cytotoxicity
and RBC-Zn as well as higher MT/iZng than C+ carriers
(Table 5).

;2 ig‘?g‘ Therefore, the simple assessment of plasma zinc seems
¢ po 0.9, not enough to exclude C— carriers from a supplementation

(Table 3). Of interest, despite the increase of MT in C— car-
riers, the MT/iZng ratio is higher, possibly reflecting a
reduced capability to release zinc in these subjects. After
controlling for age, a significant correlation is found
between MT and iZngr in C+ subjects (Partial Correlation
coefficient r =0.339, p =0.011), whereas in C— subjects

Table 4

trial. It is also relevant to note that the majority of C— car-
riers with plasma zinc <10.5 uM (77%) is present in Italy
and Greece. By contrast, C+ carriers with plasma zinc defi-
ciency (<10.5 uM) are equally distributed (50%) between
Central-Northern and Southern European Countries. The
differences in zinc status (plasma zinc, iZny and iZng)
observed between C— and C+ carriers within the experi-
mental groups are gender independent (data not shown).

Correlations between psychological conditions and Zn status in relationship to IL-6 —174G/C polymorphism

Log MT/iZng iZng Log plasma Zn
Coefficient® Sig. Coefficient® Sig. Coefficient® Sig.
Whole sample
Log GDS 0.197" 0.026 —0.143 0.096 —0.128" 0.001
Log PSS 0.225" 0.004 —0.248" 0.001 —0.090" 0.008
Log MMSE —0.239" 0.003 0.107 0.184 0.168" 0.000
C,
Log GDS 0.122 0.271 —0.222 0.040 —0.090 0.105
Log PSS 0.197" 0.048 —0.230" 0.017 —0.129" 0.010
Log MMSE —0.252" 0.012 0.126 0.202 0.096 0.073
C+
Log GDS 0.274 0.076 —0.034 0.821 —0.1522" 0.005
Log PSS 0.146 0.282 —0.234 0.072 —0.0621 0.193
Log MMSE —0.104 0.489 0.005 0.973 0.243" 0.000

MT = Metallothionein (protein expression); iZngr = intracellular NO-induced release of Zn.
* Correlation is significant at least at 0.05 level.
# Partial correlation coefficients were computed after controlling for age.
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Table 5
Influence of plasma zinc and IL-6 —174G/C polymorphism on zinc status, immune function and psychological parameters
Parameters Plasma zinc

<10.5uM >10.5 uM

1L-6 —174 carriers IL-6 —174 carriers

C— C+ C— C+

Mean SD Mean SD Mean SD Mean SD
Plasma Zn (uM) 9.5 9 9.5 9 12.9™ 1.8 132" 2.0
Zn/Alb 35 .05 35 04 46" 07 47" 07
RBC Zn (uM) 106 51 109 38 120 58 1427 2 70
MT (MFI) 77.8 253 62.0 20.6 69.3 29.0 63.7 25.7
iZng, 1.23 11 1.28 .23 1.28 .16 1.28 .19
iZng .19 .07 18 .09 .19 .07 22 .08
MT/iZng 483 224 451 240 415 259 307 139
NK activity 17.5 8.3 13.6 7.5 19.1 9.7 25.17¢ 11.2
IL6 (pg/ml) 19.2 9.5 18.5 9.5 19.6 9.2 19.7 8.4
IL8 (pg/ml) 9.8 5.3 10.0 4.9 9.0 4.7 10.1 5.6
MCP-1 (pg/ml) 96.7 45.6 99.9 48.1 105.3 43.5 108.3 432
MIP-10 (pg/ml) 19.3 9.8 15.5 10.4 215 19.4 23.5¢ 26.2
TNF-o (pg/ml) 72.9 42.6 58.7 40.8 82.7"" 39.3 85.2™ 433
Rantes (ng/ml) 9.7 8.9 10.9 6.0 12.3 10.9 15.8° 12.9
GDS 3.4 3.2 3.2 2.7 2.9 2.9 2.8 3.0
PSS 19.2 8.9 17.4 8.5 17.5 7.9 17.1 8.0
MMSE 24.6 4.6 24.4 4.5 26.0" 43 26.6" 3.0

Zn/Alb = plasma Zn/albumin (molar ratio), MT = Metallothionein (protein expression), RBC Zn = zinc in erythrocytes, iZny = intracellular labile zinc,
iZng = intracellular NO-induced release of Zn. Significance was tested by ANOVA with Tukey’s post-hoc comparison. Log transformed values were used

for testing significance of variables not normally distributed.
* p<0.05 with respect to C— and C+ carriers with plasma zinc <10.5.

™ p <0.001 with respect to C— and C+ carriers with plasma zinc <10.5.

a

* p<0.001 with respect to C— with plasma zinc >10.5.
p <0.05 with respect to C— with plasma zinc <10.5.
p <0.05 with respect to C— with plasma zinc >10.5.
p <0.05 with respect to C+ with plasma zinc <10.5.

b

d
3.4. Effect of zinc supplementation in selected old people on
the basis of IL-6 —174G/C polymorphism

The groups chosen for zinc supplementation are Groups
A, B, C, as reported in Section 2, and divided in Before
Supplementation (BS) and Post Supplementation (PS).

Table 6 shows the effect of zinc supplementation in the
experimental groups cited above. The subdivision in
groups A, B and C allows the evaluation of the effect of
zinc supplementation in relationship to the genetic poly-
morphism of IL-6 and zinc status. Since there are no differ-
ences in dietary intake within the old subjects chosen for
zinc supplementation, a bias due to different zinc intake
is excluded (Table 6). All groups display a mean dietary
intake of zinc (7.74, 8.56, and 8.62, respectively) that is well
below the RDI (10-11 mg/day) (Food and Nutrition Board
and Institute of Medicine, 2000). After 48 + 2 days of zinc
supplementation, an increment in the main following
parameters is observed in all groups considered. These
are: (a) RBC-Zn; (b) iZng; (¢) NK cell cytotoxicity. For
psychological parameters, a general trend to decrease is
observed for GDS and PSS scores, and to increase for
MMSE score (Table 6).

Zinc supplementation induces also a general increment
of pro-inflammatory cytokines and chemokines in all
experimental groups (Table 6). Moreover, it is noteworthy

that the values of some immune-psychological parameters
after zinc supplementation in Groups A, B and C reach
those ones present in C+ carriers with normal plasma zinc
(>10.5 puM) (see Tables 5 and 6).

4. Discussion

Taking into account the association of IL-6 —174G/C
polymorphism with some age-related disease and even with
longevity (Antonicelli et al., 2005; Ravaglia et al., 2005;
Bonafe et al., 2001), it is interesting to note a great differ-
ence in the genotype distribution between Central-North-
ern and Southern European Countries, with an increased
frequency of GG genotypes (called C—) in Italy and Greece
(Table 1). It has been reported that C— carriers seem more
predisposed to develop type 2 diabetes (Libra et al., 2006),
cardiovascular diseases (Olivieri et al., 2006) and obesity
(Dedoussis et al., 2004), that are in turn associated with
an altered zinc status (Fabris and Mocchegiani, 1995).
However, it is of interest that different dietary habits exist
between Northern and Southern Europe, largely due to a
major consumption of characteristic foods of the Mediter-
rancan Area (Southern Europe) (fish and vegetables) in
contrast to those ones of Northern Europe (meat and soft
cheese) (Bamia et al., 2005). The zinc content is different in
these foods (USDA, 1976). This fact reflects the zinc score
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Table 6
Effect of zinc supplementation on zinc status, immune and psychological parameters

Groups

A(BS)* A(PS)? B(BS)* B(PS)* C(BS)* C(PS)®

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age (y) 74 7 - - 71 7 - - 71 6 - -
Dietary intake of zinc (mg/day) 7.74 3.68 - - 8.56 2.51 - - 8.62 4.4 - -
Plasma Zn (uM) 9.0 1.4 10.2° 1.8 8.7 1.5 10.5" 1.9 12.3 1.6 11.8 1.7
Zn/Alb 34 .06 38" .07 32 05 39" .06 45 04 45 .06
MT (MFI) 104 45 98 42 114 39 113 34 92 43 90 47
RBC Zn (uM) 80.1 28.2 112.6" 537 783 22.8 105.1° 335 77.7 31.9 118.1°  64.6
iZn; 1.25 .10 1.31" 11 1.27 07 1.34" 13 1.29 13 1.33 .09
iZng 18 08 23" .10 18 05 22" .09 17 .04 24" .09
MT/iZng 583 361 398" 159 541 221 485 303 672 344 506 358
NK activity 17.7 6.5 249" 45 9.8 7.9 15.0° 8.8 15.9 8.1 20.7" 11.9
IL6 (pg/ml) 26.7 172 376" 7.9 29.4 167 41.2° 7.3 19.1 162 388" 7.8
IL8 (pg/ml) 154 45 16.8 5.4 13.1 49 19.8" 6.0 12.6 5.5 17.6" 5.6
MCP-1 (pg/ml) 1123 39.7 1107 452 109.8 467  111.6 477 1206 502 109.4 24.9
MIP-1o (pg/ml) 27.1 30.6 18.1 5.7 16.4 112 202 5.7 16.4 17.3 16.7 5.7
TNF-o(pg/ml) 64.6 412 622 15.1 69.8 433 676 172 537 51.0 645 11.9
Rantes (ng/ml) 113 6.4 9.4 438 12.8 6.1 11.5 5.1 10.2 7.0 11.5 5.1
GDS 2.8 2.8 2.5 2.5 3.7 3.2 2.7 2.3 2.3 2.3 2.0 22
PSS 17.5 7.5 14.8 7.8 14.1 6.1 13.0 6.7 18.5 8.6 17.3 7.6
MMSE 25.4 24 26.4 2.3 238 4.6 248 3.7 25.6 2.7 269 22

The old subjects selected for zinc supplementation are:
Group A includes 38 old subjects.
Group B includes 32 old subjects.
Group C includes 40 old subjects.

The dietary intake of zinc was evaluated by the 24 h recall before zinc supplementation (see material and methods for details).
Zn/Alb = plasma Zn/albumin (molar ratio), MT = Metallothionein (protein expression), RBC Zn = zinc in erythrocytes, iZn; = intracellular labile zinc,

iZng = intracellular NO-induced release of Zn.

* p<0.05, at least, with respect to the same group before supplementation by Student’s ¢ test for normally distributed variables and by Wilcoxon Rank

test for not normally distributed variables.
# BS = before supplementation; PS = post-supplementation.

that is obviously higher in presence of a dietary intake of
foods rich of zinc. However, in presence of zinc score
<134 (Table 2), plasma zinc, immune and psychological
parameters are lower in Italy and Greece, suggesting a pos-
sible functional role of IL-6 —174G allele. This role is
herein confirmed by univariate analysis correcting for two
confounding factors (age and zinc score) (Table 3).

In addition, although both C+ and C— carriers with low
plasma zinc levels display a generally impaired zinc status
as well as innate immune response and psychological
parameters, also C— carriers with satisfactory plasma zinc
show ambiguity regarding to some parameters related to
the zinc status (i. e. iZnR and RBC-Zn) and immune
response. With regard to the inflammatory profile, in
agreement with other papers in which IL-6 plasma levels
are more different between C+ and C— subjects in very
old age than in old age (Bonafe et al., 2001), no differences
exist between old C+ and C— carriers (Table 3). This fact
means that on one hand our old subjects were in good
health at the time of the recruitment and that on the other
hand they follow the concept of “inflamm-aging”, in which
the beneficial effects of inflammation devoted to the neu-
tralization of dangerous/harmful agents in adulthood
become detrimental later in life following the antagonistic
pleiotropy theory of ageing (Franceschi et al., 2000).

Moreover, these findings are very important because
they suggest that the determination of the plasma zinc
alone is not enough to test zinc deficiency in elderly, espe-
cially in establishing a possible zinc supplementation. Only
C+ carriers may be eventually supplemented with zinc con-
sidering only plasma zinc. Conversely, for C— carriers, the
sole determination of plasma zinc is not enough to detect
zinc deficiency and the consequent zinc supplementation.
Such findings are also of importance because there are con-
siderable evidences to show that an excess of dietary zinc
associated with the addition of exogenous zinc may be dan-
gerous (Fosmire, 1990; Sandstead, 1995; Shankar and Pra-
sad, 1998). On the other hand, in vitro studies suggest that
high doses of zinc are pro-apoptotic in immune cells, while
physiological doses are protective both in vivo and in vitro
models (Fraker and Lill-Elghanian, 2004). Indeed, a phys-
iological dose of zinc increases INF-y and decreases the
production of pro-inflammatory cytokines (Cakman
et al., 1997) with thus a role to keep the inflammation
under control (Mocchegiani et al., 1998). Moreover, zinc
has also a specific effect on innate immune response (Rink
and Gabriel, 2000; Mocchegiani and Malavolta, 2004).
Therefore, an adequate zinc status is crucial in elderly tak-
ing also into account that zinc deficiency in elderly is also
due to intestinal malabsorption and use of certain drugs
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(Maret and Sandstead, 2006). Moreover, an old person is a
frail individual with a high risk to contract infections, can-
cer and cardiovascular diseases: all pathologies linked to a
zinc deficiency (Fabris and Mocchegiani, 1995). Following
these characteristics, some papers report the effect of zinc
on nutritional/immune parameters in healthy old people
in order to prevent some age-related diseases, with however
contradictory data. Some authors report a beneficial effect
of physiological zinc supplementation in ageing with resto-
ration of the immune response (Prasad et al., 1993; Bou-
kaiba et al., 1993; Fortes et al., 1998); other authors
report in contrast no beneficial effect or even a toxic effect
of zinc on the immune response (Bogden et al., 1990).
These contradictory data might be due either to the zinc
dose used or to the length of the treatment (Mocchegiani
et al.,1998). However, from the findings of the present
study, the cause might be instead due to an incorrect choice
of old subjects who effectively need zinc supplementation.
The genetic screening for IL-6 polymorphism associated
with the zinc status and dietary habits are useful tools for
the choice of people to be supplemented with zinc. Indeed,
old C— subjects from all considered European Countries
are more predisposed to zinc deficiency and consequently
represent the best candidate for zinc supplementation. By
contrast, C+ carriers are more prone to reach longevity
(Bonafe et al., 2001) even though conflicting data for C+
carriers are reported from Northern European population
(Sie et al., 2006; Hurme et al., 2005). A possible explana-
tion to these conflicting data may be due to the different
intake of zinc between Northern and Southern Europe.
In other words, the C— allele in the papers of Sie et al.
(2006) and Hurme et al. (2005) might not be any more
the “‘risk allele” due to higher zinc intake in Northern
Europe.

Anyway, IL-6 genetic screening associated to a dietary
assessment or to a comprehensive evaluation of zinc status
seems the best strategy to identify old subjects who effec-
tively need zinc supplementation without risks. As a proof,
the supplementation trial herein reported, other than
improving NK cell activity and positively affecting psycho-
social parameters, was safe in all subjects. Taking into
account that these results were observed also in C— carriers
with unstable plasma zinc, it could be suggested that this
parameter alone is not a reliable test to detect the real zinc
status, as already suggested in Down’s syndrome subjects
(Fabris et al., 1984).

These beneficial effects of zinc supplementation in age-
ing are in agreement with the proposal of the need of zinc
to prolong the rate of survival in old mice (Mocchegiani
et al., 2000), to improve the immune response (Haase
et al., 2006) and to normalize psychosocial functions (Mar-
cellini et al., 2006; Maylor et al., 2006). A further interest-
ing point is the increment of some pro-inflammatory
cytokines (IL-6) after zinc supplementation. This last point
may be interpreted as a possible mechanism by zinc for a
prompt immune response against antigens. On the other
hand, increased IL-6 occurs from macrophages after LPS

stimulation in old zinc supplemented individuals (Lothar
Rink, personal communication). Further studies are in pro-
gress to investigate this phenomenon.

The presence of a less significant correlation between
MT and the capacity of zinc release by MT in C— subjects
in comparison to C+ ones is another intriguing point
which could be related to the existence of MT dysfunctions
possibly linked to irreversible oxidative damage or homo-
cysteinylation (Barbato et al., 2007). On the other hand,
C— carriers display higher MT/iZng ratio than C+ ones,
suggesting the possible presence of oxidized MT in C—
with subsequent limited zinc release by MT.

In conclusion, the present paper shows for the first time
the relevance of the IL-6 polymorphism for the screening of
old subjects who effectively need zinc supplementation.
Although a placebo group would be useful to compare
the overall effect of zinc supplementation, the comparison
between C+ and C— subjects remains valid without pla-
cebo group. Moreover, the IL-6 —174G/C polymorphism
may be a useful tool to unmask the real zinc deficiency
because the sole assessment of plasma zinc might be mis-
leading, as shown by the effects of zinc supplementation
in C— carriers with unstable plasma zinc (Group C). How-
ever, taking into account that all experimental groups
included in the supplementation trial displayed a zinc
intake well below the RDI, it emerges the problem to check
for the dietary habits and zinc status of elderly people
aimed to a possible zinc supplementation. The possible
impact of zinc rich foods, such as red lean meat, on the
health of elderly individuals should be therefore revised
especially in view of the latest results regarding to the con-
sumption of this source of zinc that does not elevate oxida-
tive stress or inflammation in humans (Hodgson et al.,
2007).
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Abstract

We investigated the association between superoxide
dismutase (SOD) Ala16Val polymorphism and the lev-
els of oxidized LDL lipoprotein-C (ox-LDL-C) in two
age-different Greek cohorts. Four hundred fifteen mid-
dle-aged (n = 147 females: 43.2 * 13 years, n= 268
males: 43.3 = 14 years) Caucasian Greek subjects
consisted the middle aged cohort. One hundred sev-
enty five elderly (n = 88 females: 79.9 = 4 years; n= 87
males: 80.6 = 4 years) were selected from the elderly
cohort. Genotype data were obtained for all of them.
Multiple linear regression analysis, stratified by gen-
der and adjusted for age, smoking habits and body
mass index as covariates, showed higher ox-LDL-C
levels for the middle aged men with the Val/Val geno-
type, compared to the other allele (Ala/Ala and Ala/Val)
carriers (65.9 = 25.7 vs. 55.7 £ 20.5 mg/dl; stand-
ardized § coefficient = 0.192, P = 0.012). On the con-
trary, elderly women with the Val/Val genotype oc-
curred with lower ox-LDL-C levels compared to the
Ala/Ala or Ala/Val genotype (74.2 + 22.1 vs. 86.5 +

26.6 mg/dl; standardized § coefficient = -0.269, P =

0.015). The same trend was also recorded in elderly
men, however without reaching statistical signifi-

cance (standardized § coefficient = -0.187, P = 0.077).
Moreover, elderly men and women with the Ala/Ala or
Ala/Val genotype presented higher triglycerides levels
compared to Val/Val (women: 145.2 + 68.7 vs. 114.3

=+ 34.3 mg/dl, P=0.027; men: 147.8 £ 72.4 vs. 103.7
£ 38.0 mg/dl, P=0.002). Additionally, middle aged
men with the Val/Val genotype had higher HDL-C levels
compared to the Ala allele carriers. The results suggest
that SOD Ala16Val polymorphism is an age-dependent
modulator of ox-LDL-C levels in middle-aged men and
elderly women.

Keywords: aging; aged, 80 and over; oxidized low
density lipoprotein; polymorphism, genetic; super-
oxide dismutase

Introduction

Aging is an inevitable, heterogeneous but inducible
process, characterized by a general decline in
physiologic function with an increasing morbidity
and mortality rate. Specific causes of aging are not
completely elucidated, although various lines of
evidence implicate random (stochastic) events as
a fundamental driving force behind this process.
The free radical theory of aging was postulated as
early as 1956 by Harman (1956) and it may explain
many of the physiologic changes associated with
aging. According to this hypothesis, different types of
free radicals are formed in aerobic organisms,
particularly due to their metabolic activity. The most
important free radicals are the reactive oxygen
species (ROS), which have been shown to dam-
age a whole spectrum of cellular key components,
during the aging process (Gutteridge and Halliwell,
2000). Free radicals and reactive oxygen and
nitrogen species (ROS, RNS) are mutagenic com-
pounds, known to cause DNA damage, favor cell
transformation, and contribute to the development
of a variety of malignant diseases.

Atherosclerosis is one of the major health con-
cerns in developed countries. It is also well-known,
that atherosclerosis is closely related to lipoprotein
metabolism. In particular, oxidative modification of
LDL is involved in the early development of athero-
sclerotic lesions, through the formation of macro-
phage-derived foam cells. Subsequently, ROS for-
mation and oxidative stress contribute to the
atherogenetic process (Rosenblat et al, 2002).
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Several studies have demonstrated the presence
of lipid peroxides and byproducts of lipid per-
oxidation in LDL-C particles and in arterial macro-
phages in atherosclerotic lesions (Mertens and
Holvoet, 2001; Rosenblat et al., 2002). Similarly, it
is assumed that lipid peroxidation, subsequent to
free-radical damage, is involved in the aging pro-
cess (Schwenke, 1998).

Several enzymes with antioxidant activity [super-
oxide dismutase (SOD), glutathione peroxidase
(GPX), catalase] comprise a fundamental system,
developed by aerobic organisms, to prevent oxi-
dative damage. SODs are the only enzymes dis-
mounting superoxide radicals. There are numerous
mechanisms by which cells defend themselves
against oxidants (Kinnula and Crapo, 2004). SODs
decompose superoxide radicals into H,O; and O
(Kinnula and Crapo, 2004). Mammalian cells, in
particular, contain a manganese superoxide dismu-
tase (Mn SOD/SOD2) localized within the mito-
chondrial matrix (Weisiger and Fridovich, 1973), a
copper- and zinc-containing superoxide dismutase
(Cu/Zn SOD/SOD1) localized predominantly in
cytoplasmic and nuclear compartments (McCord
and Fridovich, 1969), and a copper- and zinc
containing SOD predominantly found in extra-
cellular compartments (EC SOD/SOD3) (Marklund,
1982). MnSOD, a homotetramer containing one
manganese ion per subunit (Beyer et al., 1991;
Wan et al,, 1994), is essential for the vitality of
mammalian cells. The MnSOD gene is located on
chromosome 6925 (Wan et al., 1994). Total knock-
out of the MnSOD gene is perinatally lethal,
leading to neurological manifestations and cardio-
toxicity (Tsan, 2001; Van Remmen et al., 2001).
Heterozygous mice with decreased MnSOD acti-
vity present increased mitochondrial oxidative
damage (Williams et al., 1998). A polymorphic
variant of MnSQOD, with possible enhancing effect
on the risk of cancer development, has been
described. In this variant, a substitution of T to C
base results in the replacement of alanine (Ala)
with valine (Val) at position 16 of the mitochondrial
targeting sequence (16th amino acid from the
beginning of the signal sequence or 9th amino acid
from the first amino acid of the mature protein)
(Rosenblum et al., 1996). This amino acid replace-
ment has been suggested to change the mito-
chondrial targeting of the enzyme. It has recently
been shown, that the Ala MnSOD/mitochondrial
targeting sequence allows efficient targeting of
MnSOD to the mitochondria, whereas the Val variant
leads to a decreased formation of active MnSOD in
the mitochondrial matrix (Sutton et al., 2003).

To examine the influence of the SOD Ala16Val
polymorphism on the levels of oxidized low-density
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lipoprotein (ox-LDL) during the ageing process, we
studied two age different Greek cohorts.

Materials and Methods

The gene symbols used in this article follow the
recommendations of the HUGO Gene Nomen-
clature Committee (Povey et al., 2001).

Healthy adults and very old people

Middle aged cohort. The middle aged cohort in-
cluded 415 middle-aged subjects. This group was
part of the “ATTICA” study (Pitsavos et al., 2003),
which is a health and nutrition survey, carried out in
the province of Attica (including 78% urban and
22% rural areas), where Athens, is a major metro-
polis. The sampling was performed in the working
or other public places; it was random, multistage
and based on the age-sex distribution of the pro-
vince of Attica provided by the National Statistical
Service (census of 2001). The participation rate
was 68%. From the sampling we excluded 10% of
men and 7% of women with history of chronic
disease (renal failure, liver and cardiovascular dis-
ease and chronic obstructive pulmonary disease),
as well as individuals (< 2%) who were under
current or chronic use of certain drugs that in-
fluence antioxidant status, like methotrexate, trime-
thoprin, cholestyramine and cyclosporine. Also, all
people living in institutions were excluded from the
study. All participants were interviewed by trained
personnel (cardiologists, dieticians and nurses),
using a standard questionnaire.

Elderly cohort: The elderly subjects included in the
present study, were part of a large elderly cohort
called GHRAS (Greek Health Randomized Aging
Study), consisting of 800 healthy men and women
older than 65 years of age (unpublished data). The
elderly cohort selected for the present study is a
sample of 175 subjects older than 75 years of age.
The selection criteria was the equal representation
all the Ala16Val SOD genotypes in both genders of
elderly subjects. Furthermore, the oldest parti-
cipants had to be free of medication such as anti-
lipidemics, anticoagulants, steroids, diuretics, anti-
convulsants, anti-depressive drugs, antibiotics, anti-
metabolites, non-steroid anti-inflammatory drugs and
micronutrient supplementation. Subjects were ex-
cluded if they had autoimmune, neurodegenerative,
cardiovascular, kidney or liver disease, diabetes, in-
fections, cancer, chronic inflammatory bowel disease
or acrodermatitis enteropathica, sickle cell anaemia,
chronic skin ulcerations and endocrine disorders.
Medical history was recorded by the family doctor or



through a medical examination when possible.

Genotyping

Genomic DNA was extracted from whole blood
leukocytes with a DNA extraction kit (Nucleospin
Blood kit, Macherey-Nagel, Diren, Germany).
Ala16Val SOD genotype was determined, as pre-
viously described (Masry et al., 2005), for 415
subjects of the middle aged cohort and 212 of the
elderly cohort.

Biochemical analysis

Blood samples were collected after 12 h fasting.
The biochemical analysis included total choles-
terol, HDL-C, triglycerides and glucose measure-
ments. LDL-C was calculated using the Friedewald
equation. Ox-LDL-C was measured in plasma
samples using a commercial ELISA kit (Mercodia
AB, Uppsala, Sweden), following the manufac-
turer’s instructions.

Anthropometric, clinical, demographic and
lifestyle characteristics

The anthropometric measurements included weight
and height and were obtained using standardized
techniques and equipment. Body mass index (BMI)
was calculated as weight (kg) / height (m) squared.
Arterial blood pressure was measured 3 times on
the right arm with a sphygmomanometer and with
the subject in a sitting position for 30 min. Demo-
graphic (age and gender) and lifestyle charac-
teristics (smoking habits) of the middle-aged and
the elderly participants were recorded using stan-
dardised questionnaires. Current smokers were
defined as those who smoked at least one ci-
garette per day.

Statistical analysis

Continuous variables are presented as mean %
standard deviation, while categorical variables are
presented as absolute and relative frequencies.
Pearson’s correlation coefficient was used in order
to measure associations between normally distri-
buted continuous variables. Contingency tables
with the calculation of chi-squared test (with Yates
correction) evaluated the associations between
categorical variables. However, due to the small
number of observations in some cases, Fisher’s
exact test, with the calculation of exact P-values,
was applied to evaluate the association between
the investigated polymorphism and group of study.
The application of Student’s t-test evaluated the
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associations between categorical and normally
distributed continuous variables. The distribution of
the SOD polymorphism in both populations was
compared with the expected frequency through the
Hardy-Weinberg equilibrium (HWE). Testing devia-
tions from the HWE was performed by Pearson’s
chi-squared test, using the observed genotype
frequencies obtained from the data and the ex-
pected genotype frequencies obtained using the
HWE. The association of genotypes with ox-LDL-C
concentrations were tested by using multiple linear
regression models, after taking into account the
effects of several potential confounders. All re-
ported P values are based on two- sided tests and
were compared with a significance level of 5%.
Statistical analysis was performed with SPSS edi-
tion 13.0.

Results

We evaluated the prevalence of the SOD Ala16Val
polymorphism and its effect on ox-LDL-C levels in
two age different Greek cohorts, a middle aged
one (n =147 females: 43.2 = 13 years, n =268
males: 43.3 £ 14 years) and an oldest old cohort
(females: 79.9 £ 4 years; males: 80.6 = 4 years).
The allele frequency observed in both populations
of the current study was 0.54 for Ala and 0.46 for
Val. Genotypes frequency was in HWE. Table 1
presents anthropometrical, clinical and biochemical
variables of the two cohorts, according to the SOD
Ala16Val genotype. Middle aged men with the
Val/Val genotype had higher ox-LDL-C and HDL-C
levels compared to the Ala carriers (Ala/Ala or
Ala/Val) (65.9 = 25.7 vs. 55.7 £ 20.5 mg/dl, P =
0.011 for the ox-LDL-C; 47.4 = 12.7 vs. 43.5 =
10, P = 0.020 for the HDL- C). Furthermore, middle
aged men with the Val/Val genotype had lower total
cholesterol/ox-LDL ratio compared to the Ala
carriers (Table 1). On the contrary, elderly women
with the Ala/Ala or Ala/Val genotype presented
higher ox-LDL-C levels and lower total cholesterol/
ox-LDL ratio compared to the Val/Val genotype
(86.5 £ 26.6 vs. 74.2 £ 22.1 mg/dl, P = 0.042 for
the ox-LDL; 2.9 = 0.7 vs. 3.2 = 0.8, P = 0.029 for
the total cholesterol/ox-LDL ratio). Both elderly
men and women with the Ala/Ala or Ala/Val geno-
type occurred with higher triglycerides levels com-
pared to the Val/Val group (147.8 £ 72.4 vs. 103.7
+ 38.0 mg/dl, P=0.002 and 145.2 £ 68.7 vs.
114.3 £ 34.3 mg/dl, P = 0.027, for men and women
respectively). Multiple linear regression analysis
(Table 2), stratified by gender and adjusted for age,
body mass index and smoking habits as covari-
ates, confirmed the dichotomous age effect of the
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Table 1. Characteristics of the participants by genotype for the Ala16Val mutation of the SOD gene.
. Women Men
Middle aged cohort
Ala/Ala, Ala/Val Val/Val P Ala/Ala, Ala/Val Val/Val P
n 124 23 216 52
Age (y) 389 =115 38.7 = 11.3 0.924 457 = 9.8 46.0 = 9.2 0.834
BMI (kg/m?) 238 = 44 257 £ 57 0.075 27.8 = 4.1 273 + 34 0.409
Systolic Blood Pressure (mmHg) 113.6 = 16.4 113.3 £ 15.7 0.932 1279 = 17.3 128.7 = 19.0 0.772
Diastolic Blood Pressure (mmHg) 76.7 = 14.0 78.0 = 13.6 0.661 84.7 = 15.8 97.0 £ 948 0.365
Total Cholesterol (mg/dl) 179.6 £ 39.3 184.1 £ 375 0.612 1974 + 33.7 1957 £ 366  0.749
HDL-C (mg/dl) 526 = 10.9 51.3 = 125 0.619 43.5 = 10.0 474 =127  0.020
LDL-C (mg/dl) 1104 £ 35.3 108.6 £ 35.8 0.828 1275 + 314 1226 £ 341  0.329
Triglycerides (mg/dl) 84.6 = 449 1209 = 111.0  0.136 130.2 + 74.3 1304 = 61.8 0.986
Oxidized LDL-C (U/L) 61.3 = 32.3 65.9 = 29.0 0.532 55.7 = 20.5 65.9 = 257 0.011
Total Cholesterol/Oxidized LDL-C 37 £22 33113 0.207 40 =14 34t 15 0.029
Glucose (mg/dI) 872+ 113 101.2 = 57.8 0.260 97.0 = 241 104.3 £ 359  0.169
Current smokers (%) 42.0 39.0 0.800 48 46 0.790
Elderly cohort Women Men
Ala/Ala, Ala/Val Val/Val P Ala/Ala, Ala/Val Val/Val P
n 62 26 65 22
Age (y) 80.5 + 4.4 78.3 = 35 0.023 80.7 = 4.3 80.3 = 5.3 0.750
BMI (kg/m?) 293 £ 43 30.1 = 46 0.454 28.1 = 3.6 287 £ 40 0.553
Systolic Blood Pressure (mmHg) 1470 = 214 139.2 £ 20.9 0.147 150.6 £ 171 1436 £ 180 0.128
Diastolic Blood Pressure (mmHg) 76.7 = 10.8 79.1 = 12.0 0.384 79.1 £ 10.7 775 =125 0.585
Total Cholesterol (mg/dl) 2351 £ 345 226.5 + 40.8 0.321 2274 + 36.4 210.8 = 458  0.087
HDL-C (mg/dl) 55,5 = 124 60.1 = 12.3 0.112 52.3 = 10.7 51.1 = 9.0 0.646
LDL-C (mg/dl) 150.6 £ 32.5 143.5 £ 39.2 0.389 1455 + 324 1389 £ 389 0434
Triglycerides (mg/dl) 145.2 = 68.7 1143 = 34.3 0.027 1478 = 724 103.7 £ 38.0  0.002
Oxidized LDL-C (U/L) 86.5 = 26.6 742 + 221 0.042 81.3 £ 218 73.1 = 19.1 0.119
Total Cholesterol/Oxidized LDL-C 29 £ 0.7 32+ 08 0.029 29 = 0.7 3.0 05 0.817
Glucose (mg/dl) 104.2 = 29.0 95.0 = 129 0.127 110.2 = 33.6 102.0 £ 20.7 0.288
Current smokers (%) 8.1 1.5 0.689 15.4 45 0.277

Table 2. Results from multiple linear regression models that evaluated the association between oxidized LDL-C concentrations and SOD

genotype stratified by gender*.

Middle-aged cohort Women Men
Variable Standardized {3 coefficient P Standardized {3 coefficient P
Val/Val vs. Ala/Ala, Ala/Val 0.071 0.410 0.192 0.012
Age (y) -0.045 0.640 0.100 0.195
BMI (kg/m?) -0.094 0.341 -0.137 0.076
Non-smoking vs. current smoking 0.071 0.175 0.016 0.832
Adjusted R? 0.3% 0.361 4.2% 0.025
Elderly cohort Women Men
Variable Standardized {3 coefficient P Standardized {3 coefficient P
Val/Val vs. Ala/Ala, Ala/Val -0.269 0.015 -0.187 0.077
Age (y) -0.186 0.093 -0.337 0.003
BMI (kg/m?) 0.061 0.568 -0.099 0.364
Non-smoking vs. current smoking -0.032 0.759 0.092 0.396
Adjusted R? 4.4% 0.102 8.9% 0.020

*Significant genotype X sex interaction for both cohorts (P < 0.05).



Val/Val genotype on ox-LDL-C levels (standardized
B coefficient = 0.192, P = 0.012 and standardized
B coefficient = -0.269, P = 0.015, for middle aged
men and oldest old women, respectively). Further-
more, a trend for lower ox- LDL-C levels in old men
with the Val/Val genotype was also recorded, with
a nominal significance (standardized B coefficient
=-0.187, P = 0.077).

Discussion

In this study we evaluated the effect of SOD
Ala16Val polymorphism on the ox-LDL-C levels in
two age-different groups, a middle aged and an
oldest old one. The allele frequency recorded in
our populations was inversely distributed, compar-
ing to Asians populations (current study: Ala 0.54
and Val 0.46; healthy Chinese: Ala 0.13 and Val
0.87, healthy Korean: Ala 0.12 and Val: 0.88) (Lee
et al., 2006; Mak et al., 2006). On the other hand,
the recorded prevalence of the Ala16Val polymor-
phism in the current study is similar to other
Caucasian populations, like Turks (Akyol et al.,
2004) and Brazilian residents (Gottlieb et al.,
2005).

As oxidative stress is considered to play a critical
role in senescence-associated changes, it is con-
ceivable that antioxidant enzymes are important
anti-aging agents. Surprisingly, the investigated
polymorphism was found to have an inverse effect
on ox-LDL-C levels in our two age-different po-
pulations. In middle age men, the presence of the
Val allele, which according to the literature results
to a less active SOD enzyme, was positively
associated with ox-LDL-C and HDL-C levels. A
possible explanation of the higher HDL-cholesterol
levels observed in middle aged men with the
Val/Val genotype could be a feed-back mechanism
in these subjects where the anti-oxidant properties
of HDL might compensate the high oxidative stress
represented by the elevated ox-LDL levels (Lee et
al., 2005). Our finding of increased HDL cho-
lesterol levels in middle-aged subjects with the
Val/Val genotype is in accordance with the results
of other studies (Kakko et al., 2003; Lee et al.,
2006), where Val/Val subjects present higher HDL-
C levels compared to the other genotypes, how-
ever without statistical significance. Evidence for
the existence of a feed-back mechanism among
HDL-C levels and antioxidant enzymes has been
demonstrated in subjects with low HDL-C levels
(Savor-Blat ef al., 2007), as well as in studies with
Glutathione peroxidase-1 deficient mice (de Haan
et al., 2006). On the other hand, it is well docu-
mented, that healthy elderly have higher levels of
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HDL-C than younger subjects (Schaefer et al,
1989), the vast majority of those over 70 years
(~90.0%) occurring with HDL-C levels over 40
mg/dl (Nikkila and Heikkinen, 1990). This incre-
ment in HDL-C levels in healthy oldest old subjects
(survivors), also recorded by our previous study
(Kanoni et al., 2006), could have overshadowed
the potential impact of the SOD genotype.

The opposite was recorded in elderly women,
where the Val allele was associated with de-
creased ox-LDL-C, as well as triglycerides levels. A
positive correlation of triglyceride with ox-LDL
levels observed in elderly has been previously
shown for middle aged people (Lapointe et al,
2007). It is well established that higher TG levels in
plasma enhance production of small, dense LDL
particles, which are known to be more susceptible
to oxidation (Young et al., 2003). Data from the
Multi-Ethnic Study of Atherosclerosis (MESA) sug-
gest that, dyslipidemia (adverse levels of cho-
lesterol, HDL-cholesterol, triglycerides), inflamma-
tion markers (elevated fibrinogen), male gender,
ethnicity (black) and current smoking, could ex-
plained the most variation in ox-LDL-C levels, in
multivariate analysis model (Holvoet et al., 2006b).
The same investigators provide evidence, that
ox-LDL-C is a proinflammatory stimulus, inhibiting
the expression of the antioxidant SOD1 (Holvoet et
al., 2006a). Results (Mocchegiani, 2007) from the
large European elderly study (Zincage) suggest
that erythrocyte’s SOD activity (eSOD) significantly
and progressively increase with age, while women
exhibit higher eSOD activity compared to men in all
age groups. Previously reported results regarding
the activity of red blood cell (RBC) SOD, plasma
GPX, and, to a lesser extent, plasma SOD are
contradictory. Some investigators claim an increase
from the youngest to the oldest age groups, which
has been correlated with a parallel increase of free
radicals (Mecocci et al., 2000; Cheynier, 2005).
However, in a cross- sectional study (Andersen et
al., 1998) conducted in 41 Danish centenarians
and 52 control subjects, Cu/Zn-SOD activity de-
creased in the centenarians group. In the area of
endogenous antioxidant defenses, excess amount
of ROS leads to the depletion of the protective
GSH and SOD (Kaliora et al., 2006). Very old
people represent a highly selected group of suc-
cessfully aged people. They have apparently es-
caped the major age-related diseases and exhibit
special immunologic or metabolic features (Ander-
sen et al., 1998; Biesalski, 2002). In several stud-
ies involving young and elderly groups, some
investigators have detected a positive association
between age and increased LDL-C oxidation and
decreased ox-LDL-C antibodies (Mertens and
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Holvoet, 2001), while others (Nakamura et al.,
2006) not. These contradictory results could be
attributed to the different population size.

The promoter of MnSOD gene contains binding
sites for several transcription factors such as AP-1,
AP-2, SP-1, and NF-kB (Harris et al., 1991; Das et
al., 1995). In line with this, MnSOD is induced by
multiple stress conditions both in vitro and in vivo.
MnSOD induction occurs after exposure to cyto-
kines (TNF-o., IFN-y, IL-1, IL-6) (Ono et al., 1992),
cigarette smoke (Gilks et al., 1998), chronic hypo-
xia (Clerch et al., 1998), asbestos fibers (Janssen
et al., 1992), radiation (Guo et al., 2003) and
modulators of intracellular redox and/or thiol state
(Das et al., 1995). Most of these parameters are
age dependent factors and adding smoking as a
cofactor in our model, the effect of SOD poly-
morphism on ox-LDL-C levels remained statisti-
cally significant.

Ox-LDL-C appears to be a stimulator of NF-xB
and AP-1, which are thought to play a predominant
role in endothelial cell activation, resulting in
atherogenesis. It has been recently shown (Lin et
al., 2007), that overexpression of Cu, Zn-SOD
and/or catalase suppress the ox-LDL-induced in-
crease in AP-1 and NF-xB activity, providing
information on a mechanism potentially explaining
the antiatherogenic and antiproliferative activities
of antioxidant enzymes. Overexpression of MnSOD
inhibits, in vitro, the oxidation of LDL-C by end-
othelial cells (Fang et al., 1998) and ox-LDL-C is
able to induce the expression of MnSOD in
macrophages (Kinscherf et al., 1997).

Many SNPs have a significant effect only in the
presence of heterozygosity of a second SNP. This
type of interaction would not be detected using
single-SNP analysis, because SNP genotypes
could have a limited effect on a subset of the
population, or even antagonistic effects when in-
vestigated in combination with a second SNP
genotype. These observations are consistent with
the hypothesis, that interactions between genetic
variants and environmental exposure are the pri-
mary causes of phenotypic variability, and not the
genetic variants alone (Dedoussis et al., 2007).

An age-dependent effect of a single gene poly-
morphism was recently shown in a Finish study
(Fan et al., 2007). The results suggested that HL
C-480T polymorphism is a strong age-dependent
risk factor of sudden cardiac death in middle-aged
men. We have no evidence of the underlying
mechanism, which could explain the inverse effect
of the SOD polymorphism on ox-LD-C levels in the
oldest old women. If the decrease in SOD activity,
as previously reported, is more evident in the SOD
Ala carriers, then this could partially explain the
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higher ox-LDL-C levels in these subjects. In line
with our results and our hypothesis, a recently
published study (Taufer et al., 2005), demonstrated
that in elderly, the Ala/Ala genotype was associ-
ated with increased risk for cancer, immunosene-
scence profile and DNA damage. The proposed
hypothesis for these results by the investigators is
based on the free radical theory of aging, concisely
suggesting that Ala carriers effectively produce
SOD and thus presenting strong innate immunity in
their middle-age life, but increased immunosene-
scence in their latter life. An age related decline in
gene expression was recently (Ling et al., 2004)
reported for a common Gly482Ser polymorphism in
the transcriptional co-activator PGC-1a in muscle
biopsies. Insulin resistance in skeletal muscle
increases with age, and since skeletal muscle is a
major site of insulin stimulated glucose disposal,
aging is a risk factor for type 2 diabetes (Petersen
et al., 2003).

The limitations of our study include the cross-
sectional design, the absence of multiple antioxi-
dant compounds measurements and the evalua-
tion of other genetic markers related to antioxidant
enzymes.

Longitudinal studies in both of our populations,
as well as the study of other genes known to affect
the levels of ox-LDL-C, will add new evidence on
the age specific variation in ox-LDL-C levels and
the predisposing genetic markers. To our knowledge
this is the first report of a dual effect of a poly-
morphism on ox-LDL-C levels depending on age.
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Background and aims: Superoxide dismutase (SOD) is part of a fundamental system,
developed to prevent oxidative damage, with potential impact on the atherosclerotic and the
ageing process. We sought to examine the effect of superoxide dismutase (SOD) AlaléVal
polymorphism on the levels of ox-LDL-C in two Greek cohorts of middle-aged and elderly
participants.

Methods: We obtained sociodemographic, genotype and biochemical data from 495 middle-
aged (n=127 females: 43.2+13 years, n=268 males: 43.3+14 years) Caucasian Greek
subjects and 88 elderly (n=44 females: 81.745 years; n=44 males: 81.4+4 vyears).

Results: Multiple linear regression analysis, stratified by gender and adjusted for age,
smoking habits and body mass index as covariates, showed higher ox-LDL-C levels for the
middle aged men with the Val/Val genotype, compared to the other allele (Ala/Ala and
Ala/Val) carriers (65.9+25.7 vs. 55.7+20.5 mg/dl; standardized 3 coefficient=0.192, P=0.012).
On the contrary, elderly women with the Ala/Ala or Ala/Val genotype occurred with higher ox-
LDL-C levels compared to the Val/Val genotype (77.3+£16.1 vs. 66.4+15.8 mg/dl; standardized
3 coefficient=0.324, P=0.044). Additionally, middle aged men with the Val/Val genotype had
higher HDL-C levels compared to the Ala allele carriers, while elderly men and women with
the Ala/Ala or Ala/Val genotype presented higher triglycerides levels compared to Val/Val
(women: 165.0+77.2 vs. 108.5+24.7 mg/dl, P=0.001; men: 143.2+65.7 vs. 101.9+36.8 mg/dI,
P=0.015).

Conclusions: The results suggest that SOD Alal6Val polymorphism is an age-dependent
modulator of ox-LDL-C levels in middle-aged men and elderly women.
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Summary

Background: | The “GHRAS” study is aimed at investigating the interactions among socioeconomic, lifestyle, di-
etary, psychological, and biochemical factors determining the health status of elderly Greeks. The
design and baseline sociodemographic, clinical, and dietary characteristics of the participants are
presented here.

Material/Methods: | A total of 782 elderly (>60 years of age) Greeks were randomly recruited in Athens. Standardized
anthropometric, biochemical, and clinical procedures and extensive questionnaires were used to
assess health parameters and lifestyle factors.

Results: | A high prevalence of hypercholesterolemia was found in both men and women (78.7% vs. 90.1%,
£<0.001) as well as hypertension (81.3% vs. 71.8, p=0.005). Obesity was found in 43.6% of all par-
ticipants and 42.7% was overweight. Elderly women demonstrated higher mean BMI values than
the men (30.2+5.0 vs. 28.7+4.0, p<0.001). Only 13.4% of all subjects reported current smoking. The
majority of the women (77.5%) had never smoked, while most of the men (53.4%) were former
smokers. The women appeared more physically active and less adherent to the Mediterranean diet
than the men. 36.2% of the women and 21.0% of the men had mild to severe depressive symptoms
(p<0.001), while 28.4% of the women and 25.4% of the men had cognitive decline (p=0.430). A
history of cardiovascular disease was present in 19.9% and diabetes in 13.9% of all participants.

Conclusions: The prevalence of morbidity risk factors in this population is high. Further investigation is required,
including the interaction of compromising factors, to clarify their impact on the health status of
the elderly.
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BACKGROUND

The increase in life expectancy and decreases in birth rate
and childhood mortality are enhancing the continuing
growth of the elderly European population [1]. Greece, like
other developing countries, is experiencing a marked change
in the age structure of its population [1]. Consequent to
these altering population demographics, the necessity for an
assessment of the health status of the elderly is emerging.

Aging is a heterogeneous process characterized by a gener-
al decline in physiological functions, resulting in a growing
risk of chronic diseases, cognitive impairments, and mor-
tality. Although the exact mechanisms involved are not ful-
ly elucidated, the aging process appears to be largely sus-
ceptible to a wide range of factors. Genetic background is
considered to account for 25% of the variability in human
longevity [2]. The remaining 75% is attributed to environ-
mental influences. Socioeconomic characteristics and life-
style factors such as diet, physical, activity, smoking habit,
and alcohol consumption have been associated with health
status, morbidity, and mortality in older adults [3,4].

Healthy aging is described as a lifelong process optimizing
opportunities for improving and preserving health, physi-
cal, social, and mental wellness, independence, and quali-
ty of life [5]. Therefore the recognition of clinical, genetic,
and environmental risk factors for morbidity and mortal-
ity in the elderly is essential for a better understanding of
the aging process. Moreover, modifiable risk factors could
be subjected to positive interventions, promoting healthy
aging. In order to assess the associations between sociode-
mographic, dietary, clinical, and genetic factors and the
risk of morbidity in an elderly urban Greek population, we
conducted a cross-sectional health and nutrition study, the
GHRAS. Here we present the study design and the status
of various characteristics of the participants.

MATERIAL AND METHODS

Aims and study design

The main objectives of the GHRAS are: 1) to record the
prevalence of cardiovascular disease, diabetes, and cardio-
vascular disease risk factors such as hypercholesterolemia,
obesity, and hypertension in old and very old subjects, 2) to
record the dietary habits of the elderly, and 3) to investigate
potential interactions among socioeconomic, lifestyle, di-
etary, psychological, biochemical, and genetic factors influ-
encing the health status of the elderly. To meet these aims
we randomly selected Centers of Open Protection for the
Elderly in the Athens region and invited their members to
participate in the study. Centers of Open Protection for the
Elderly are public entities that provide assistance from social
workers, first-degree medical care, and recreational activi-
ties for the elderly. The Bioethics Committee of Harokopio
University of Athens approved the study protocol and all
subjects signed a voluntary consent form. Between February
2005 and December 2006, 782 volunteers were recruited.

Blood sampling

Prior to blood collection, the volunteers were subjected to 12-
hour fasting. Blood samples were collected from the antecu-

bital vein between 9 and 11 a.m. Serum and plasma samples
were isolated and stored at-80°C for future measurement. The
blood samples were also used for DNA and RNA isolation.

Clinical, anthropometrical, and biochemical measurements

Blood pressure was measured using a mercury sphyg-
momanometer according to the proposed guidelines
[6]. Hypertension was defined as blood pressure levels
>140/90 mmHg or the use of antihypertensive medication.
The anthropometrical measurements, including weight and
height, were obtained by trained clinical dietitians using
standardized techniques and equipment. Body weight was
measured to the nearest 0.1 kg using calibrated electronic
scales with the subject barefoot and dressed in light cloth-
ing. Height was measured barefoot to the nearest 0.1 cm
using a portable stadiometer. Body mass index (BMI) was
calculated as weight (kg) /height (m) squared. Based upon
the BMI values, the subjects were categorized into groups of
underweight (BMI <18.5 kg/m?), normal weight (18.5 <BMI
<24.9 kg/m?), overweight (25.0 <BMI <29.9 kg/m?), and
obese (BMI <30.0 kg/m?). Biochemical measurements in-
cluded total cholesterol, HDL-C, triglycerides, and blood
glucose. LDL-C levels were calculated using the Friedewald
equation. Hypercholesterolemia was defined as total choles-
terol levels greater than 200 mg/dl or the use of lipid-low-
ering agents, while diabetes was defined as blood glucose
above 125 mg/dl or the use of antidiabetic medication.

Investigated parameters

All participants were interviewed by trained personnel us-
ing a standard questionnaire. The questionnaire included
questions about demographic and lifestyle characteristics,
detailed medical history, dietary habits, and psychological
and cognitive status evaluation.

Sociodemographic and lifestyle variables

Information about the marital status of the participants (single,
married, divorced, widowed) was recorded. Their educational
level was measured by the years of schooling and was defined
as no education, primary education (1-6 years), secondary
education (7-12 years), and tertiary education (>12 years).
Smoking habits were also recorded and the participants were
accordingly characterized as current smokers, never smokers,
and former smokers. Physical activity was evaluated using a
questionnaire which included questions about the frequen-
cy and duration (hours/week) of household and recreation-
al activities. To quantify the intensity of physical activity, each
activity was assigned a value for metabolic equivalents (MET)
using a published coding system [7]. The MET unit assigned
for each activity was multiplied by the average number of min-
utes performing each activity in a seven-day period, providing
a value of physical activity in MET-min/week. Tertiles of the
MET-min/week values were calculated. The participants were
then categorized in one of the following groups: low physi-
cal activity (first tertile), medium physical activity (second ter-
tile), and high physical activity (third tertile).

Medical record

A complete medical and surgery record was obtained. All
participants who reported a diagnosed history of angina,
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heart failure, coronary heart disease, stroke, myocardial in-
farction, or surgeries such as heart bypass and angioplasty
were characterized as cardiovascular patients. Subjects with
acute illness, cancer, autoimmune diseases, inflammatory
bowel disease, kidney and liver failure, or neurodegenera-
tive disease were excluded from the study protocol.

Dietary assessment

A quantitative food-frequency questionnaire was used for
the dietary assessment. All participants reported their dai-
ly, weekly, or monthly average intake of several food items
that they consumed during the last year. Then the frequen-
cy of consumption was quantified approximately in terms
of the number of times a week this food was consumed.
Alcohol consumption was also assessed and calculated as
ml per day.

A dietary pyramid has been developed to describe the
Mediterranean dietary pattern [8]. According to this di-
etary pattern we calculated each participant’s special diet
score, which assessed adherence to the Mediterranean diet
(range: 0-55), as described elsewhere [9]. In brief, for the
consumption of items presumed to be close to this pattern
(unrefined cereals, fruit, vegetables, potatoes, legumes, fish,
and olive oil), we assigned a score of 0 for no consumption
and scores of 1 to 5 for rare to daily consumption. On the
other hand, for the consumption of foods presumed to be
away from this diet (red meat and red meat products, poul-
try, and full-fat dairy products), we assigned the opposite
scores (i.e. 0 when a participant reported daily consumption
to 5 for rare or no consumption). For alcohol we assigned
a score of b for consumption of <300 ml/day, a score of 0
for consumption of more than 700 ml/day, and scores of
4 to 1 for consumption of 300, 400, 500, and 600 ml/day
(containing 12 g of ethanol per 100 ml). Additionally, par-
ticipants reported the presence of mastication problems.
Following a special diet (e.g. low salt, low fat, or other) was
also recorded.

Psychological and cognitive status evaluation

Symptoms of depression were assessed with the use of the
Geriatric Depression Scale (GDS) questionnaire [10], as it
is translated and validated for the Greek population [11].
The Geriatric Depression Scale is a well-known and reli-
able method for the measurement of depression in the
elderly. Furthermore, cognitive functioning was evaluat-
ed in all participants with the use of the Mini Mental State
Examination (MMSE) [12], as it is translated and validat-
ed for the Greek population.

Statistical analysis

Statistical analysis was performed with SPSS ver. 11.5.
Continuous variables are presented as mean values + the
standard deviation (SD), while qualitative variables are pre-
sented as absolute and relative frequencies. The normality
of the distribution of the continuous variables was assessed
by the Kolmogorov-Smirnov criterion. Differences in the
proportions of categorical variables were assessed using chi-
squared tests. ttests, Mann-Whitney tests, analyses of vari-
ance (ANOVA), and analyses of covariance (ANCOVA) were
used to compare the variables among subgroups of the sam-

ple. Because of multiple comparisons, Tukey’s correction
was used to control for overall type I error. Correlations
were evaluated by calculating the Pearson coefficient (7).
Multiple linear regression models were applied after con-
trolling for several potential confounders. Statistical signif-
icance was assessed at a two-tailed p=0.05 level.

RESULTS

The sociodemographic and lifestyle characteristics of the
elderly participants are presented in Table 1. In total, 782
elderly subjects were recruited (69.9% women and 30.1%
men) with a mean age of 72.2+7.2 years, ranging from 60
to 95 years of age. The oldest participants (over 80 years of
age) comprised 15.7% of the overall elderly cohort. The
majority of the men were married (76.5%), while a larg-
er proportion of the women were widowed (49.3%) com-
pared with the men (17.5%). In order to further elucidate
differences in the demographic characteristics between gen-
ders, we divided our cohort into three age groups (60-69,
70-79, and 80-95 years of age). As shown in Figure 1A, larg-
er proportions of men in all the age groups were married
compared with their female counterparts, while the oppo-
site was found for the widowers. The majority of the elder-
ly subjects reported primary education (53.8%) and only
a7.7% of the participants were illiterate. There was no sig-
nificant difference in educational level between men and
women (Table 1). However, when the total years of school-
ing were considered, men had significantly more years of
education than women (8.0+4.5 vs. 7.4+4.5 years, respective-
ly, p=0.001 adjusted for age). Furthermore, when investigat-
ing the educational level of the participants per age group,
we found a significant gender-specific difference within the
69-70 years age group. As presented in Figure 1B, more
women reported primary education than men (58.7% vs.
47.8%), while more men reported tertiary education than
women (16.5% vs. 8.5%).

Considering smoking, 13.4% of all subjects reported cur-
rent smoking, equally distributed in both genders. However,
the majority of women (77.5%) had never smoked, while
the majority of men (53.4%) were former smokers. Women
appeared more physically active than men. The majority of
women reported medium (36.2%) and high (43.3%) phys-
ical activity level. In contrast, most of the men (63.1%) re-
ported low physical activity. This difference was apparent
between men and women in the age group of 60-69 years
of age (x*=78.36, p<0.001) and in the age group of 70-79
years of age (3?=85.21, p<0.001), as illustrated in Figure 1C.
Nevertheless, this difference was reduced among the oldest
participants (80-95 years old) (Figure 1C).

High prevalences of hypercholesterolemia (86.7%) and
hypertension (74.7%) were documented in our cohort. As
presented in Table 2, hypercholesterolemia was more prev-
alent in women (90.1%) than in men (78.7%), while hyper-
tension was more prevalent in men (81.3%) than in wom-
en (71.8%). Among the hypercholesterolemic subjects only
27.7% received antilipidemic medication and 39.2% re-
ported following a low-fat diet. Both hypercholesterolemic
men and women reported similar compliance to lipid-low-
ering medication (24.3% and 29.0%, respectively, p=0.248).
However, more hypercholesterolemic women were on a low-
fat diet than men (42.0% vs. 31.9%, respectively, p=0.017).
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Table 1. Sociodemographic and lifestyle characteristics of the Greek old cohort.

Sociodemographic variables Women Men p
N 235
Age (years) (Mean £5D) 71.2+6.9 746173 <0.001
Oldest old (=80 years) (n,%) 65 (11.9) 58 (24.5) <0.001
Marital status
Single (n,%) 15 (2.8) 5 (2.1m
Married (n,%) 216 (39.5) 180 (76.5)
Divorced (n,%) 46 (8.5) 9 (3.8) <0001
Widowed (n,%) 270 (49.3) 4 (17.5)
Education
No education (n,%) 49 8.9) 12 (5.1
Primary (n,%) 305 (55.8) 120 (50.9) 0,070
Secondary (n,%) 136 (24.8) 74 (31.6)
Tertiary (n,%) 57 (10.5) 29 (12.4)
Smoking habits
Current smokers (n,%) 68 (12.4) 37 (15.8)
Former smokers (n,%) 55 (10.1) 126 (53.4) <0.001
Non smokers (n,%) 424 (77.5) 72 (30.8)
Physical activity
Low (n,%) 112 (20.5) 148 (63.1)
Medium (n,%) 198 (36.2) 63 (26.6) <0.001
High (n,%) 237 (43.3) 24 (10.3)

Among the hypertensive subjects, 76.5% used antihyperten-
sive medication and 31.7% reported adherence to a low-salt
diet, without significant differences between genders.

The women had higher mean plasma levels of total cho-
lesterol, HDL-C, and LDL-C compared with the men
(Table 2). However, after dividing our cohort into three
age groups, differences in blood lipid levels between gen-
ders were significant only for the age groups of 60-69 and
70-79 years of age (Figure 2A-D). On the other hand,
men had higher blood pressure and fasting plasma glu-
cose levels than women (Table 2). Interestingly, when in-
vestigating blood pressure and plasma glucose levels with-
in age groups, only diastolic blood pressure measurements
were significantly higher in the men than in the women
in the age groups of 70-79 and 80-95 years of age. These
results are illustrated in Figure 2E-G. Diabetes was prev-
alent in 13.9% of all participants, but higher percentag-
es of diabetics were recorded among men (20.0%) than
among women (11.3%) (Table 2). A history of cardiovas-
cular disease was reported by 19.9% of the participants,
mostly men (31.1% of the men and 15.2% of the wom-
en) (Table 2).

Levels of total cholesterol negatively correlated with ad-
vancing age (standardized B=-0.083, p=0.018, after con-

trol for sex and antilipidemic medication), as illustrated in
Figure 3A. In contrast, systolic blood pressure levels were
significantly increased with age (standardized =0.146,
$<0.001, after control for sex and antihypertensive treat-
ment) (Figure 3B).

Obesity was prevalent in 43.6% of all the elderly and 42.7%
of the study population was overweight. Altogether, 86.3%
of our cohort had BMI levels above 29.9 kg/m?, while only
13.5% had normal weight and 0.3% was underweight. Elderly
women demonstrated higher mean BMI values than the men
(30.2+5.0 vs. 28.7+4.0, p<0.001). Obesity was more prevalent
among elderly women than men (47.7% vs. 33.9%), while el-
derly men demonstrated higher percentages of overweight
than women (49.8% vs. 39.7%) (Table 2). There was no sig-
nificant correlation between BMI level and age in the over-
all cohort. However, the group of the oldest participants
(>80 years of age) demonstrated significant lower BMI lev-
els than participants aged 60-79 years (28.1+4.0 vs. 30.1+4.9
kg/m?, p=0.001, after sex adjustment).

The weekly frequency of several food groups consumed
by the participants is illustrated in Table 3. The elderly
men had greater consumption than women of most of the
food groups, except for similar consumption of unrefined
grains, fruits, poultry, and dairy products. Furthermore,
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Figure 1. Differences in marital status (A), educational level (B), and physical activity (C) between women and men, stratified by age group.

96.1% of the participants used olive oil in their food.
A total of 19.9% (20.8% of women and 17.9% of men,
$=0.379) of the participants reported mastication prob-
lems. Adherence to the Mediterranean diet as assessed
by the diet score was significantly greater among the men
than the women (Table 3). Married participants had sig-
nificantly higher mean Mediterranean diet scores than
widowers (30.5+3.2 vs. 29.4+2.9, p=0.027, after age and
sex adjustments).

The elderly women had significant higher values of
the geriatric depression scale than the men (4.0+3.5 vs.
2.83+3.0, p=0.040, after age and marital status adjustment).
Consequently, the distribution of the depression catego-
ries differed significantly between women (63.8% normal,
26.2% mild depression, and 10.0% moderate to severe de-
pression) and men (79.0% normal, 15.0% mild depres-
sion, and 6.0% moderate to severe depression) (p<0.001).
Depression (higher scores in the depression scale) was pos-
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Table 2. Clinical characteristics of the participants stratified by gender*.

Clinical variables Women (n=547) Men (n=235) p
BMI (kg/m?) 30.2+5.0%* 28.7+4.0 <0.001
Total cholesterol (mg/dI) 237.9+40.8 222.0+40.6 <0.001
HDL-C (mg/dI) 56.7£12.1 51.0£11.6 <0.001
LDL-C (mg/dI) 155.6%36.3 144.94+35.4 0.003
Triglycerides (mg/dI) 127.7£54.1 132.2+69.3 0.536
Glucose (mg/dl) 101.1£22.2 107.4£29.9 0.003
Systolic blood pressure (mmHg) 139.1£18.2 143.7+18.1 0.033
Diastolic blood pressure (mmHg) 77.2£10.0 79.3£11.0 0.006
Underweight (%) 1 0.2) 1 (0.4)
Normal weight (%) 68 (124 37  (15.9) 0.005
Overweight (%) 217 (39.7) M7 (49.8)
Obesity (%) 261 (47.7) 80  (33.9)
Hypercholesterolemia (%) 493 (90.1) 185 (78.7) <0.001
Diabetes (%) 62 (11.3) 47 (20.0) 0.002
Hypertension (%) 393 (71.8) 191 (813) 0.005
Cardiovascular disease (%) 8  (15.2) 73 (311) <0.001

* Age adjustment was performed for all comparisons between genders; ** Mean £5D.

itively associated with advancing age (=0.097, p=0.010, af-
ter control for gender and marital status). Referring to the
MMSE questionnaire, there was no significant difference
between men and women after adjusting for age and ed-
ucation level (25.6+4.2 vs. 25.0+4.8, p=0.078). Scoring in
the MMSE was indicative of normal cognition for 71.6% of
the women and 74.6% of the men (p=0.430). Low scores
in the MMSE (declined cognition) negatively associated
with age (B=-0.201, p<0.001, after control for gender and
education).

DiscussIioN

Here we presented the design and sociodemographic, life-
style, dietary, clinical, and psychological characteristics of
the Greek Health Randomized Aging Study (GHRAS). The
majority of the men were married (76.5%), while a greater
proportion of the women were widowed (49.3%) compared
with the men (17.5%). The majority of the elderly subjects
reported primary education (53.8%) and only a 7.7% of the
participants were illiterate, while the men had significantly
more years of education than the women. The sociodemo-
graphic characteristics of our elderly cohort are in accor-
dance with previously published data [13,14]. Only 13.4%
of all the subjects reported current smoking. The majori-
ty of the women (77.5%) had never smoked, while the ma-
jority of the men (53.4%) were former smokers. The wom-
en appeared more physically active and less adherent to
the Mediterranean diet than the men. A history of cardio-
vascular disease was present in 19.9% of the participants
(31.1% of men and 15.2% of women). Diabetes was preva-
lent in 13.9% of all participants, similar to previously pub-
lished results [15].

We recorded a high prevalence of hypercholesterolemia
(86.7%) in our elderly cohort, with only 27.7% of the par-
ticipants being treated with lipid-lowering agents and 39.2%
following a dietary treatment. A high prevalence of hyper-
cholesterolemia in elderly populations has been well docu-
mented in other large-scale cohorts [16-18]. Furthermore,
the elderly Greek women had higher total cholesterol and
HDL-C levels than the men. This finding is in accordance
with other studies, suggesting that elderly women consistent-
ly have higher total cholesterol and HDL-C levels than their
male counterparts [19-21]. Additionally, we demonstrated
an age-related decline in total cholesterol levels (Figure 1A),
as has been previously shown [22,23].

A total of 74.7% of our elderly population was accounted
as hypertensive. A higher prevalence of hypertension was
found among the elderly men than the women (81.3% vs.
71.8%, respectively). The majority of the hypertensive par-
ticipants received antihypertensive treatment (76.5%), while
only 31.7% reported following a low-salt diet. Similar per-
centages of hypertensive elderly persons were reported in
another Greek study [24]. We also demonstrated an increase
in mean systolic blood pressure levels with advancing age
(Figure 1B). Data from the Framingham Heart Study in-
dicated that systolic blood pressure increases continuous-
ly with age [25]. The age-dependent rise in systolic blood
pressure is largely determined by progressive stiffening of
central elastic arteries, which reflects the biological aging
of the arterial system [26].

Obesity was prevalent in 43.6% of all the GHRAS participants
and 42.7% of the study population was overweight. Altogether,
86.3% of our cohort was overweight or obese, while only 13.5%
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had normal weight and 0.3% was underweight. These results
are in line with recently published data from the ‘MEDIS’ study
[14], documenting 42% obesity among the elderly on Greek is-
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Age group 65 years of age [28]. Obesity was more prevalent among the
elderly women than men (47.7% vs. 33.9%), while the elderly

men demonstrated higher percentages of overweight than the
women (49.8% vs. 39.7%). The prevalence of overweight and
obesity in elderly populations varies widely with geographical
location and study design. It has been recently documented
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Figure 3. Negative correlation between age and total cholesterol levels (A) and positive correlation between age and systolic blood pressure levels

(B) in the elderly participants.

Table 3. Weekly frequency of food groups consumed by the recruited elderly women and men.

Dietary variables Women (n=547) Men (n=235) p
Refined grain (servings/week) 13.1£12.2% 17.4+13.0 <0.001
Unrefined grain (servings/week) 7.7£10.3 6.5£11.2 0.291
Fruits (servings/week) 17.1£10.2 16.7£10.8 0.711
Vegetables (servings/week) 9.8+£3.8 10.3+4.2 0.005
Potatoes (servings/week) 1.8+1.3 22+14 0.003
Legumes (servings/week) 2.1£1.0 2.6+1.2 0.032
Fish (servings/week) 22413 2.5%1.5 0.004
Poultry (servings/week) 1.7£1.0 1.7£1.2 0.367
Red meat and products (servings/week) 2.8+19 3.6+3.3 <0.001
Dairy products (servings/week) 22.2+10.2 23.1+10.5 0.388
Sweets (servings/week) 53443 59+5.8 0.032
Alcohol (ml/day) 27.9455.6 94.6+138.7 <0.001
Mediterranean diet score (1-55) 29.7+3.0 30.7+3.4 <0.001

* Mean £5SD.

that in Europe the prevalence of obesity in the elderly ranges
from 12.8% in Sweden to 20.2% in Spain for men and from
12.3% in Switzerland to 25.6% in Spain for women [29]. In the
Mediterranean basin, the prevalence of overweight and obesi-
ty in elderly populations is generally high. In a cross-sectional
study of 3356 elderly Italians (65-84 years old), 48.6% of the
men and 54.9% of the women were overweight or obese [30],
while in southern Italy [31] the prevalence was higher (76.0%
for men and 86.0% for women). Similarly, in a Spanish cohort
older than 60 years of age, the prevalence of overweight and
obesity was estimated at 49.0% and 31.5% for the men and
39.8% and 40.8% for the women, respectively [32].

Depression symptomatology was present in 36.2% of the el-
derly women and 21.0% of the men, while cognitive decline

was determined in 28.4% of the women 25.4% of the men.
These findings are in accordance with a previous investiga-
tion in an elderly Greek population [33]. Furthermore, ad-
vancing age strongly correlated (after control for potential
cofactors) with higher scoring on the Geriatric Depression
Scale and lower on the MMSE in the present study. Age and
female gender have already been documented as risk fac-
tors of depression in the elderly [34].

CONCLUSIONS

The GHRAS is aimed at investigating the interactions among
genetic and environmental factors determining the health
status of elderly Greeks. Here we presented the design and
sociodemographic, lifestyle, dietary, clinical, and psycho-
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logical characteristics of the participants. Further investi-
gation of possible interactions among these factors would
reveal their impact on the health status and well-being of
elderly Greeks.
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Abstract

Background: Aging is associated with low-grade ele-
vation of circulating inflammatory markers, leading to
increased risk of morbidity and mortality. The Medi-
terranean diet has been suggested as a determinant
of longevity. In the current study, we investigated the
impact of the Mediterranean diet on inflammatory
status in old subjects.

Methods: Within the ZINCAGE study, 957 healthy old
subjects (>60 years old) from five European countries
were recruited. Plasma interleukin (IL)-6, IL-8, mono-
cyte chemoattractant protein, tumor necrosis factor-
a, high-density lipoprotein cholesterol (HDL-C) and
erythrocyte sedimentation rate (ESR) were measured.
Dietary data were collected applying a food frequency
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questionnaire and were used to estimate adherence
to the Mediterranean diet.

Results: The ltalians presented the greatest adher-
ence to the Mediterranean diet, while the Polish the
poorest. In females, higher diet score was significant-
ly associated with lower body mass index and ESR
and higher HDL-C levels (B=-0.127, p=0.003;
B=-0.144, p=0.001; 3 =0.144, p=0.029, respectively).
In males, diet score was negatively associated with
IL-8 levels (3=-0.101, p=0.044). The Mediterranean
diet was associated with reduced IL-8 concentrations
in Greeks (3=-0.213, p=0.007).

Conclusions: There were significant effects of the
components of the Mediterranean diet on inflamma-
tion markers. The Mediterranean diet score is useful
in assessing nutritional influence on immune status.
Clin Chem Lab Med 2008;46:990-6.

Keywords: elderly; inflammatory markers; Mediterra-
nean diet; ZINCAGE study.

Introduction

Ageing is characterized by phenotypic and functional
changes of the immune system, leading to increased
systemic inflammation and thus to increased risk of
infectious, autoimmune and neoplastic diseases and
mortality. Moreover, a dysregulation of the acute
phase response has been suggested as an important
contributor to immunosenescence (1-3).

Age-related inflammation also involves elevation of
circulating cytokines and chemokines (1). Among the
cytokines, interleukin-6 (IL-6) and tumor necrosis fac-
tor-a (TNF-a) have been positively associated with
advancing age in several studies (4-9). Regarding
chemokines, studies have shown that IL-8 and
monocyte chemoattractant protein-1 (MCP-1) levels
also increase with age (8, 10-13). Low-grade elevation
of inflammatory mediators is associated with frailty,
cardiovascular disease and all-cause mortality in the
elderly (1, 6).

The association of nutrition with chronic diseases
has gained large scientific interest. While several
nutrients have been suggested to have anti-inflam-
matory effects (14), there is growing evidence that
certain dietary patterns, such as the Mediterranean
diet, may contribute to decreased inflammatory mark-
ers (15) and longevity (16-19). It is suggested that due
to the interrelated effect of nutrients on health and
disease, the overall dietary pattern evaluation would
be more efficient in investigating associations
between nutrition and health status (14, 20). The Med-
iterranean dietary pattern has been associated, in
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large cohorts, with reduced cardiovascular disease
risk, incidence of cancer and overall mortality (16, 19,
21-24).

Within the ZINCAGE project, biochemical, genetic
and lifestyle factors for healthy ageing are studied in
a European cohort (25). For the purpose of the current
study, healthy elderly subjects (>60 years) were
recruited, and dietary data and inflammatory markers
were evaluated. We applied a Mediterranean diet
score, representing adherence to the Mediterranean
diet, to investigate its impact on inflammatory status
in European old subjects.

Materials and methods

Subjects and study design

The study was carried out on a sample of 957 (209 from
France, 163 from Greece, 143 from Germany, 301 from lItaly
and 141 from Poland) healthy non-institutionalized men and
women >60 years of age. Moreover, the participants of the
study had to be free of medication, such as steroids, diuret-
ics, anticonvulsants, anti-depressive drugs, antibiotics,
antimetabolites, non-steroid anti-inflammatory drugs and
micronutrient supplementation. Subjects were excluded if
they had autoimmune, neurodegenerative, cardiovascular,
kidney or liver disease, diabetes, infections, cancer, chronic
inflammatory bowel disease or acrodermatitis enteropathi-
ca, sickle cell anemia, chronic skin ulcerations and endocrine
disorders. Medical history was recorded by the family doctor
or through a medical examination when possible. Smoking
habits were also recorded using a standardized question-
naire. Current smokers were defined as those who smoked
at least one cigarette per day. Ethical approval was obtained
at all of the centers of recruitment and all subjects signed an
informed consent form. The study was part of “Nutritional
zinc, oxidative stress and immunosenescence: biochemical,
genetic and lifestyle implications for healthy ageing -
ZINCAGE" (25).

Anthropometric and biochemical measurements

The anthropometrical measurements, including weight and
height, were obtained using standardized techniques and
equipment. Body mass index (BMI) was calculated as
weight/height squared (kg/m?). Also, blood samples were
collected after 12 h fasting. Plasma concentrations of IL-6, IL-
8, MCP-1 and TNF-a were simultaneously evaluated using
commercially available multiplex bead-based sandwich
immunoassay kits (Bio-Rad Laboratories, Hercules, CA,
USA), as described elsewhere (8). Additionally, erythrocyte
sedimentation rate (ESR) and high-density lipoprotein
cholesterol (HDL-C) values were also measured.

The Mediterranean diet score

A food frequency questionnaire, designed for the needs of
ZINCAGE, was used for the dietary assessment. The ques-
tionnaire included all major food groups and food items with
high zinc content. All participants reported their daily, weekly
or monthly average intake of several food items that they
consumed during the last year. Then, the frequency of con-
sumption was quantified approximately in terms of the num-
ber of times a week this food was consumed. Alcohol
consumption was also assessed and calculated as mL/day.

A dietary pyramid has been developed to describe the
Mediterranean dietary pattern (26). According to this dietary
pattern we calculated each participant’s special diet score,
which assessed adherence to the Mediterranean diet (range
0-55), as described elsewhere (27). In brief, for the con-
sumption of items presumed to be close to this pattern (non-
refined cereals, fruit, vegetables, potatoes, legumes, fish and
olive oil), we assigned a score of 0 for no consumption and
scores 1-5 for rare to daily consumption. On the other hand,
for the consumption of foods presumed to be away from this
diet (red meat and red meat products, poultry and full-fat
dairy products), we assigned the opposite scores (i.e., 0
when a participant reported daily consumption to 5 for rare
or no consumption). For alcohol, we assigned a score of 5
for consumption of <300 mL/day, a score of 0 for consump-
tion of more than 700 mL/day, and scores of 1-4 for con-
sumption of 300, 400, 500 and 600 mL/day (containing 12 g
of ethanol per 100 mL).

Statistical methods and analysis

Statistical analysis was performed with SPSS version 11.5
(Leed Tools, Chicago, IL, USA). Continuous variables are pre-
sented as mean values*standard deviation (SD). The nor-
mal distribution of the investigated variables was assessed
through the Kolmogorov-Smirnov criterion. Due to a skewed
distribution, log-transformed values of diet score, plasma IL-
6, IL-8, MCP-1, TNF-a and ESR values were used. Correla-
tions were evaluated by calculation of Pearson r coefficient.
Student’s t-test, analyses of variance and analyses of covar-
iance were used to compare the variables among subgroups
of the sample. Because of multiple comparisons, Tukey's
correction was used to control for overall type | error. Mul-
tiple linear regression models were applied, after controlling
for several potential confounders. All reported p-values are
based on two-sided tests and were compared with a signif-
icance level of 5%.

Results

A total of 957 old and oldest old subjects (209 from
France, 143 from Germany, 163 from Greece, 301
from ltaly and 141 from Poland) participated in the
study. Demographic, biochemical and diet character-
istics of the participants are shown in Table 1. Current
smoking was recorded only in 9.0% of all elderly
subjects.

Among the groups examined, those in Italy had the
highest Mediterranean diet score, followed by the
German, the French, the Greek and lastly the Polish
groups (Figure 1A). Multiple comparisons showed
similar diet score values for Germany, France and
Greece (p=0.441, adjusted for age and gender). ltaly
had the highest diet score values compared to all
other centers (p <0.020, adjusted for age and gender),
while Poland had the lowest diet score values
(p<0.015, adjusted for age and gender).

The same order of magnitude was observed among
males (Figure 1B). Italian males had the highest diet
score compared to all others (p<0.004, adjusted for
age), while German, French and Greek males had
similar diet score values (p>0.997, adjusted for age).
Polish males had the lowest diet score compared to
all others (p<0.020, adjusted for age), except for
Greek males (p=0.061, adjusted for age). Concerning
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Table 1 Characteristics of the healthy old and oldest old participants of the ZINCAGE study.
France Germany Greece Italy Poland
n Male 98 100 60 115 52
Female 111 43 103 186 89
Age, years Male 68.4+6.2° 69.7+4.8 73.31£6.2 77.2£9.1 72.7+6.2
Female 68.416.1 70.3+4.9 71.0+6.3° 79.9+10.0° 71.0+£7.2
BMI, kg/m? Male 25.7+2.8 25.3+25 28.2+3.5 25.5+3.3 25.8+3.1
Female 23.6+3.3° 23.9+3.2° 30.1+£3.4° 24.2+3.9° 27.2+3..7°
IL-6, pg/mL Male 118.2+396.9 21.2+£17.2 12.8+4.6 21.3+£13.1 27.8t24.4
Female 74.3£159.8 22.0£20.9 13.6+4.6 20.7+£10.9 23.9+14.0
IL-8, pg/mL Male 129.8+286.8 8.7t4.8 8.2+3.6 9.2+7.0 23.5+37.7
Female 196.2+485.9 8.8+5.5 8.4+4.2 13.3+18.5¢ 37.5+£142.0
MCP-1, pg/mL Male 119.3+£68.2 140.1+£74.2 93.9+37.8 85.91+39.7 136.9t73.5
Female 135.91+208.6 124.7+49.0 91.1£35.2 82.2+42.4 174.8+372.8
TNF-a, pg/mL Male 119.8+70.2 92.5+48.0 57.0+24.0 64.3+40.1 80.2+66.8
Female 119.0+43.9 93.5+44.7 60.6+25.2 56.9+42.5 72.9+44.1
HDL-C, mg/dL® Male 59.2+12.2 59.9+13.0 54.7+12.3 56.6+12.8 47.8+9.8
Female 70.9+13.4° 75.84+17.3° 61.0£13.4° 57.4+17.5 57.0+11.7°
ESR, mm/h Male 9.6+8.4 5.6+4.5 14.1£12.0 14.3+12.1 12.1+13.7
Female 16.1+£9.6¢ 8.8+6.0¢ 245+17.1¢ 18.0+12.5¢ 20.5+11.1¢
Diet score Male 29.1t4.4 29.31+4.8 29.0t4.2 31.3+3.2 26.9+3.1
Female 29.1+4.0 28.8+5.7 27.7+£3.4° 29.6+4.0° 26.6+3.0

aMean £ SD, all such values, significant difference between genders, after age adjustment, “after age and BMI adjustments,

¢conversion factor: 0.026.

only females (Figure 1C), those in Italy and France had
higher Mediterranean diet score values compared to
Poland (p<0.001, adjusted for age), and similar to
each other and to German females (p>0.531, adjust-
ed for age). Females in Greece had significantly lower
diet score values compared to Italian females
(p=0.002, adjusted for age) and had similar score val-
ues to French, German and Polish females (p>0.094,
adjusted for age).

Adherence to the Mediterranean diet, as estimated
by the diet score, was significantly different between
genders for Greece and ltaly (Table 1). Greek and
Italian old females had lower mean diet score values
compared to their male counterparts (p=0.002 and
p<0.001, respectively, adjusted for age).

The Mediterranean diet score was significantly
associated with lower BMI values in females (stan-
dardized B=-0.127, p=0.003, after control for age,
smoking habits and country of origin) (Figure 2A).
Furthermore, the diet score was associated in female
subjects with higher HDL-C levels (standardized
B=0.144, p=0.029, after control for age, BMI, smok-
ing habits and country of origin) and lower ESR val-
ues (standardized B =-0.144, p=0.001, after control
for age, BMI, hematocrit, smoking habits and country
of origin). These findings are illustrated in Figure 2B
and C. As regards male subjects, diet score was neg-
atively associated with IL-8 levels (standardized
B=-0.101, p=0.044, after control for age, BMI, smok-
ing habits and country of origin) (Figure 2D).

The Mediterranean diet score was significantly
associated with lower plasma IL-8 levels in the Greek

subjects (standardized 3 =-0.213, p=0.007), after con-
trol for age, sex, BMI and smoking habits (Figure 2E).
No other significant associations were found between
inflammatory factors and the diet score in the other
ethnicities. When we investigated potential correla-
tions among the components of the Mediterranean
diet score and the inflammatory markers, several
associations were revealed. These results are pre-
sented in Table 2. Higher levels of all investigated
inflammatory markers (IL-6, IL-8, MCP-1 and TNF-«a)
were negatively associated with olive oil use and pos-
itively with red meat and products consumption, for
all European elderly, after control for age, gender, ori-
gin, BMI and smoking habits (Table 2). Interestingly,
non-refined cereal consumption was positively asso-
ciated with higher MCP-1 and TNF-a plasma levels
(Table 2).

Discussion

The Mediterranean diet has been suggested to pro-
mote health and longevity; therefore, during the last
years, a large number of diet scores have been cre-
ated to assess adherence to the Mediterranean diet
(28, 29). In the present study, we adopted a validated
Mediterranean diet score (27), which had already
been used in other cohorts (23, 27, 30-32). We inves-
tigated adherence to the Mediterranean diet within
the ZINCAGE European elderly cohort and its impact
on circulating inflammatory markers and other health
parameters.
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Figure 1
groups.
(A) Mediterranean diet score mean values in healthy old and
oldest old across European countries (p <0.001, adjusted for
age and gender). (B) Mediterranean diet score mean values
in healthy males across European countries (p<0.001,
adjusted for age). (C) Mediterranean diet score mean values
in healthy females across European countries (p<0.001,
adjusted for age). ®”°Bars with different lower case letters
are significantly different.

Mediterranean diet scores in different population

We demonstrated different degrees of adherence to
the Mediterranean diet among the European centers
examined. In particular, Italians had the highest
scores for adherence to the Mediterranean dietary

pattern, while the Polish had the lowest scores,
compared to all others. Old participants from France,
Germany and Greece had similar adherence to the
Mediterranean diet. On the contrary, data from other
studies investigating dietary habits among European
countries suggest higher compliance to the Mediter-
ranean dietary pattern in elderly subjects residing in
Greece and ltaly, and to a lesser extent in elderly sub-
jects in France (33, 34). In the same studies, elderly
subjects from Germany appeared to adhere less to
the Mediterranean diet (33, 34). However, in contrast
to our study, no health criteria were used for the eld-
erly recruitment in the above-mentioned studies. In
accordance with our results, French elderly subjects
are considered to be close to the Mediterranean diet,
as assessed by a diet score (35). Additionally, data
derived from a nutritional study conducted in 10
European countries, investigating dietary patterns,
suggest a progressive narrowing of dietary differenc-
es between North and South European countries (36).
Regional-related differences in dietary patterns within
countries, as well as different diet score tools applied
in the studies and different recruitment criteria could
account for some of the contradictory data.

A significant finding of the current study is that
greater adherence to the Mediterranean diet was
associated with lower BMI values, higher HDL-C lev-
els and lower ESR values in European old females
(Figure 2A-C). It has been previously shown that the
Mediterranean diet has been inversely associated
with prevalence of overweight and obesity, as well as
with BMI levels (27, 31, 37, 38). Taking into account
the increasing prevalence of obesity in older adults
and its clinical complications on health status (39),
adherence to the Mediterranean diet could be bene-
ficial for ageing populations. In accordance to our
findings, previous studies have also underlined the
association of the Mediterranean diet with a favorable
lipid profile (27, 37), also in elderly populations (40).
Considering HDL-C as an important factor of longevity
(40, 41) with significant anti-inflammatory properties
(42), the adoption of a healthy diet could augment its
role in ageing. Furthermore, we demonstrated an
inverse effect of the Mediterranean diet on ESR val-
ues of ageing females. ESR is suggested to reflect
plasma concentration of acute phase response pro-
teins, resulting in a compound index of both viscosity
and inflammation. Furthermore, ESR has been asso-
ciated with an increased risk of coronary heart dis-
ease (43).

In the present study, we demonstrated a significant
association between adherence to the Mediterranean
diet and lower IL-8 levels in overall ageing males (Fig-
ure 2D). This finding was confirmed only in ageing
participants recruited from Greece (Figure 2E). Data
from other studies support that adherence to the
Mediterranean dietary pattern attenuates inflamma-
tory markers production (23, 24, 44-46); however,
there is no published data on diet and circulating
IL-8. The lack of association between the Mediterra-
nean diet score and the other inflammation markers
investigated in our study could be attributed to a
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Figure 2 Associations of the Mediterranean diet score with biochemical markers.

(A) Mediterranean diet score and BMI values for females (n=532, standardized 8 =-0.127, p=0.003). (B) Mediterranean diet
score and HDL-C levels for females (n=532, standardized §=0.144, p=0.029). (C) Mediterranean diet score and log-trans-
formed ESR values for females (n=532, standardized g =-0.144, p=0.001). (D) Mediterranean diet score and log-transformed
IL-8 levels for males (n=425, standardized 3 =-0.101, p=0.044). (E) Mediterranean diet score and log-transformed IL-8 levels
for Greek elderly subjects (n=163, standardized 3 =-0.213, p=0.007). Conversion factor: 0.026.

number of reasons. It could be speculated that differ-
ential genetic background and lifestyle habits across
European countries may influence diet-inflammation
interactions. Another aspect to consider is that the
Mediterranean dietary pattern may unevenly affect
the widely ranged inflammatory markers of the ethnic
groups examined.

Considering the other inflammatory markers eval-
uated in this study, we found several associations
with some components of the Mediterranean diet. As

expected by previously published data (47-49), olive
oil was associated with lower IL-6, IL-8, MCP-1 and
TNF-a levels. Furthermore, all investigated inflam-
matory markers were positively associated with
higher red meat consumption. This finding is in accor-
dance with previously published data, suggesting that
increased red meat consumption (46) and saturated
fat intake (50, 51) are associated with elevated levels
of inflammatory markers. Interestingly, we found a
positive association of non-refined cereal consump-
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Table 2 Correlations of inflammatory markers with the consumption of food groups and characteristics of the Mediterranean

diet in healthy old subjects®.

Dependent Predictors Standardized p

parameter coefficient

IL-6, pg/mL Red meat and products® 0.161 <0.001
Olive oil use® -0.113 0.001
Alcohol? 0.065 0.059

IL-8, pg/mL Red meat and products® 0.115 0.001
Olive oil use® -0.139 <0.001
Alcohol? 0.045 0.187

MCP-1, pg/mL Non-refined cereals® 0.194 <0.001
Red meat and products® 0.079 0.020
Olive oil use® -0.170 <0.001
Alcohol? 0.041 0.212

TNF-a, pg/mL Non-refined cereals® 0.086 0.007
Red meat and products® 0.154 <0.001
Olive oil use® -0.061 0.050
Alcohol? 0.027 0.388

“Results from separate multiple linear regression models after control for age, gender, BMI, country of origin and smoking
habits. >*“9Food groups are presented as "servings/week, ‘times/week and YmL/day. Data in bold: statistically significant.

tion with increased levels of MCP-1 and TNF-« in eld-
erly subjects. Whole-grain consumption has been
associated with decreased levels of homocysteine
and C-reactive protein in previous studies (52, 53);
however, there are no bibliographic data on MCP-1
and TNF-a status.

In conclusion, we assessed adherence to the Med-
iterranean diet in a European ageing population using
a validated diet score. We demonstrated significant
effects of the Mediterranean diet on BMI, HDL-C, ESR
and IL-8 levels. Furthermore, several associations
among components of the Mediterranean dietary pat-
tern and inflammatory markers were revealed. The
Mediterranean diet score is useful in assessing nutri-
tional influence on immune status of older adults.
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Abstract

Although zinc plays an important role in health status of the elderly, their dietary habits in relation to zinc intake are not well documented. The main
objective of the current study was the assessment of dietary zinc intake in European old populations and the investigation of its impact on plasma zinc and
inflammatory cytokines concentrations, in relation to genetic markers. Within the ZINCAGE study, 819 healthy old Europeans (260 years old) were recruited.
Plasma zinc, interleukin-6 (IL-6) and interleukin-8 (IL-8) were measured. Genotype data were obtained for the -174G/C polymorphism in the IL-6 gene. Dietary
data were collected with a food frequency questionnaire and were used to calculate a zinc diet score. Zinc score was validated using additional dietary data (24-h
recalls), in a subsample of 105 subjects. Zinc score was different among most of the European centres (P<.001), while an age-dependent decline was documented
(P=4.4x10""?). Plasma zinc concentrations were significantly correlated with the zinc score (standardized 3=0.144, P=8.8x10™°). The minor allele frequency for the
-174G/C polymorphism was f(C) 0.31. There was a significant interaction of zinc diet score and GG (-174G/C) genotype on higher plasma IL-6 levels (3+S.E.=0.014
+0.0, P=.008). The main finding of our study was the detection of gene-nutrient and biochemical-nutrient interactions in a multiethnic cohort based on a

common dietary assessment tool.
© 2009 Published by Elsevier Inc.
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1. Introduction

Ageing is a process that affects all physiological systems and
increases susceptibility to disease and death. In particular, a
dysregulation of the immune system with ageing is believed to
contribute to morbidity and mortality, due to the greater incidence of
infections and cancer, as well as to inflammatory phenomena involved
in major age-related diseases, such as atherosclerosis [1].
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Nutrition is a strong modulator of risk factors for chronic diseases.
This is especially important for the elderly, as proper nutrition plays a
crucial role in maintaining good health and functioning. Epidemio-
logical studies suggest that nutrition influences longevity [2-5],
cardiovascular events [6,7], neoplastic diseases [8,9] and cognitive
function [10,11] in the elderly. Thus, dietary habits of the elderly, both
in terms of dietary patterns and of single nutrient intake, need to be
taken into account in order to clarify the relation between nutrition
and health or disease in advanced age.

Zinc is an essential trace mineral for human health. It is a catalytic,
structural and functional component of many proteins, enzymes,
hormones and hormone receptors. Especially in elderly populations,
zinc is of great importance due to its impact on immune functions
[11,12], bone mass preservation [13,14], antioxidant defence [15], DNA
repair [16] and cognitive function [17]. While the importance of zinc
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ion bioavailability in the elderly is well documented, there is limited
data on the relationships between dietary zinc intake, zinc status and
healthy ageing [18,19]. Providing information about dietary habits of
the elderly and their possible impact on zinc and inflammatory status
would be useful for the determination of specific needs and dietary
guidelines in relation to zinc.

On the other hand, low-grade elevation of inflammatory mediators
has been recognized as a risk factor for age-related inflammation,
frailty, cardiovascular disease and all-cause mortality in the elderly
[20,21]. Amongst the inflammatory markers, IL-6 and IL-8 have been
positively associated with advancing age in several studies [21-24].
Nevertheless, genetic background also has an evident contribution to
immunosenescence [25]. Among the potential genetic markers of
inflammation, the -174G/C polymorphism in the promoter of the IL-6
gene has been shown to affect cytokine production, therefore
modulating susceptibility to age-related diseases and mortality
[26,27]. Several studies support that GG genotype is associated with
elevated IL-6 levels, impaired innate immune response and high
prevalence of inflammatory pathologies in the elderly [15,27,28].

Within the ZINCAGE project, biochemical, genetic and lifestyle
factors for healthy ageing are studied in a European cohort [26]. For
the purpose of the current study, healthy old subjects (260 years old)
were recruited and dietary and genetic data, plasma zinc, IL-6 and IL-8
measurements were obtained. We designed and calculated a zinc
score, representative of zinc dietary habits, in order to assess the
differential dietary intake of zinc in European old populations and to
investigate its impact on zinc and inflammatory markers concentra-
tions, in relation to genetic background.

2. Materials and methods
2.1. Subjects and study design

The study was carried out in a sample of 819 (272 from Italy, 163 from Greece, 137
from Germany, 128 from France and 119 from Poland) healthy noninstitutionalized men
and women older than 60 years. Moreover, the participants of the study had to be free
of medication such as steroids, diuretics, anticonvulsants, antidepressive drugs,
antibiotics, antimetabolites, non-steroidal anti-inflammatory drugs and micronutrient
supplementation. Subjects were excluded if they had autoimmune, neurodegenerative,
cardiovascular, kidney or liver disease, diabetes, infections, cancer, chronic inflamma-
tory bowel disease or acrodermatitis enteropathica, sickle cell anaemia, chronic skin
ulcerations and endocrine disorders. Medical history was recorded by the family doctor
or through a medical examination when possible. Ethical approval was obtained at all
of the centers of recruitment and all subjects signed an informed consent form. The
study was part of the ZINCAGE study [26].

2.2. Anthropometric and biochemical measurements

The anthropometrical measurements included weight and height, and were
obtained using standardized techniques and equipment. Body mass index (BMI) was
calculated as weight (kg)/height (m) squared. Blood samples were collected after 12 h
of fasting, using trace element-free vacutainers. Plasma zinc levels were analyzed by
induction coupled plasma mass spectrometry (ICP-MS) according to the manufacturer's
instructions (Thermo Electron Corporation, Waltham, MA, USA). Plasma concentrations
of IL-6 and IL-8 were evaluated using commercially available multiplex bead-based
sandwich immunoassay kits (Bio-Rad Laboratories, Hercules, CA, USA), as described
previously [23].

2.3. Genotyping

Genomic DNA from peripheral blood was extracted with phenol/chloroform using
standard protocols. IL-6 -174G/C (rs1800795) polymorphism was screened, as
described elsewhere [27].

2.4. Assessment of dietary zinc intake

A qualitative food frequency questionnaire, designed for the needs of ZINCAGE, was
used for the assessment of dietary zinc intake. The food frequency questionnaire
included 53 food items, representative of the major food groups (red meat and poultry,
fish and seafood, dairy products, refined and nonrefined grains, raw and cooked
vegetables, fruits, eggs, sweets, beverages, and oil and added fat). The consumption of
all food items was recorded in terms of frequency (never or less than once a month,
occasionally, sometimes, daily consumption) and quantity (no, small, medium,

abundant consumption). Based upon these data, we determined a “zinc score” for
each volunteer. To provide a continuous variable, representative of zinc dietary habits,
frequency, quantity estimation and zinc content of foods consumed were all considered
for the zinc score calculation.

Individual food consumption was calculated as frequency (1 for never or less than
once a month, 2 for occasionally, 3 for sometimes and 4 for consumption everyday)
multiplied by quantity (0 for no consumption, 1 for small, 2 for medium and 3 for
abundant). Taking into account the large variations of zinc content in foods, even within
food groups, all food items were considered separately. European National and USDA
food composition tables were used to define zinc content for all 53 food items included
in the food frequency questionnaire. Zinc content of all food items used for the zinc diet
score calculation is presented in Table 1. Consumption of each food was then multiplied
to the correspondent zinc content. A zinc score was calculated for each old volunteer as
the sum of all estimated zinc intakes derived from all listed food items. The general
formula used for zinc score calculation was: Zinc score=FrequencyxQuantityxZinc
content. The calculation of the zinc score provided with a continuous variable as a
comparative estimate of dietary zinc intakes among recruited old subjects.

Avalidation study of the developed zinc score was conducted in a subsample of 111
old subjects (51 males and 60 females), because of the high cost of complete dietary
assessment in all subjects of the ZINCAGE study. Three 24-h recalls were collected from
each old participant of the validation study. Dietary data were assessed using the
Nutritionist Pro software (Axxya Systems) and published national food composition
tables, for the estimation of mean daily dietary zinc intake.

2.5. Statistical methods and analysis

Statistical analysis was performed with SPSS edition 13.0. Continuous variables are
presented as mean valuestS.D. The normal distribution of the investigated variables
was assessed through the Kolmogorov-Smirnov criterion. Due to skewed distribution,
log-transformed values of zinc score, plasma IL-6, IL-8 and zinc levels were used.
Correlations were evaluated by calculation of Pearson r coefficient. Student's ¢ test,
analyses of variance (ANOVA) and analyses of covariance (ANCOVA) were used to
compare the variables among subgroups of the sample. Because of multiple
comparisons, Tukey's correction was used to control for overall type I error. The
distribution of the investigated polymorphism was compared with the expected
frequency through the Hardy-Weinberg equilibrium (HWE), using Pearson's chi-
squared test. Multiple linear regression and univariate analysis of variance models were
applied, after taking into account the effect of potential cofounders. All reported P
values are based on two-sided tests and were compared with a significance level of 5%.

Table 1
Zinc content of all food items used for the zinc diet score calculation

Food item (serving) Zn content/

serving (mg)

Food item (serving) Zn content/

serving (mg)

Qysters (3 0z) 74.00 Whole-wheat bread (1 slice)  0.50
Calf (3 0z) 5.50 Egg (1 item) 0.50
Liver (3 0z) 4,50 Tomatoes cooked (0.5 cup) 0.45
Shellfish (3 o0z) 4.00 Potatoes cooked (1 cup) 0.40
Lamb (3 0z) 4.00 Other cooked vegetables 0.40
(1 cup)
Horse (3 0z) 3.00 Fish?® (3 0z) 0.40
Canned meat (3 0z) 3.00 Ice cream (0.5 cup) 0.40
Offal (3 oz) 3.00 Wheat bread (1 slice) 0.20
Turkey (3 0z) 2.80 Raw vegetables (1 cup) 0.20
Pork (3 0z) 2.50 Vegetable soup (1 cup) 0.20
Other meat (3 0z) 2.50 Fruit juice (1 cup) 0.20
Yoghurt (1 cup) 2.00 Cake/snack (1 piece) 0.13
Chicken (3 0z) 1.70 Fruits (1 medium) 0.10
Legumes cooked 1.30 Canned fruits (0.5 cup) 0.10
(0.5 cup)
Peas cooked (1 cup) 110 Dried fruits (1 medium) 0.10
Canned fish (3 o0z) 1.00 Chocolate (0.5 bar) 0.10
Milk® (1 cup) 1.00 Cola-type beverage (1 cup) 0.05
Hard matured cheese 0.90 Cookies (1 item) 0.02
(1 0z)
Pizza (1 slice) 0.80 Tea (1 cup) 0.02
Cheese€ (1 0z) 0.80 Butter, lard (1 tablespoon) 0.001
Pasta/rice (1 cup) 0.70 Sugar/honey (1 teaspoon) 0.00
Cold meat/salami 0.65 0il? (1 teaspoon) 0.00
(2 slices)

2 Includes codfish/bluefish, frozen fish and other fresh fish.

b Includes full-cream, semi-skimmed and skimmed milk.
Includes fresh and soft cheese.

Includes extravirgin olive oil, olive oil, seed oil and margarine.

c
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3. Results

A total of 819 subjects (128 from France, 137 from Germany, 163
from Greece, 272 from Italy and 119 from Poland) entered the study.
Demographic, biochemical and diet characteristics of the recruited
subjects are shown in Table 2.

In the subsample of 105 healthy older subjects, who enrolled in
the validation study, the assessed mean daily dietary zinc intake was
8.2+3.5 mg/day and the calculated mean zinc score was 126.9+54.6.
Zinc score was significantly associated with daily dietary zinc intake
(mg/day) (standardized (3=0.260, P=.007, after controlling for age,
sex and country of origin). This finding is illustrated in Fig. 1A.
Plasma zinc values showed significant positive correlations with
dietary zinc score in all elderly (standardized 3=0.144, P=8.8x107,
after controlling for age, sex, country of origin and BMI), as
illustrated in Fig. 1B.

Amongst the overall healthy old populations examined, those in
France had the highest zinc scores, followed by the Italian, German,
Greek and, lastly, the Polish (Fig. 2). Multiple comparisons showed
significant differences in mean zinc score for all counties (P<.001,
adjusted for age and gender), except between Germany and Italy,
occurring with the same zinc score values (P=.408, adjusted for age
and sex). The same order of magnitude was observed when only
females were considered, with all multiple comparisons statistically
significant (P<027, adjusted for age), except between German and
Greece female populations (P=.767, adjusted for age). Among healthy
male populations, the French had the highest zinc score, followed by
the German and the Italian, who had the same zinc scores (P=.111,
adjusted for age). Polish and Greek male populations presented with
the lowest zinc scores and were not different from each other (P=.287,
adjusted for age). Mean zinc score values were significantly different
between males and females for Italy and Poland (Table 2). Italian and
Polish old males had higher mean zinc scores compared to their
female counterparts (P=.012 and P=3.3x107%, respectively, adjusted for
age and BMI).

There was a significant decline in zinc score with age in the
majority of the healthy old volunteers. A significant negative
correlation between zinc score and age was observed in the Italian,
Polish, German and Greek old population (P=5.3x10"'2, P=9.4x1077,
P=.044, P=.004, respectively, adjusted for gender). When all

Table 2
Characteristics of the ZINCAGE study subjects, stratified by country of origin and gender
France Germany Greece Italy Poland
n
Male 62 96 60 107 41
Female 66 41 103 165 78
Age (years)
Male 68.3+5.9° 69.7+4.8 73.346.2 77.4%9.2 72.446.1
Female 68.6+6.0 70.2+4.9 71.046.3° 79.7+10.0 71.0+7.3
BMI (kg/m?)
Male 26.0+2.8 253425 28.2435 254433 25.6%3.1
Female 23.5¢3.2° 239#3.3 30.143.4° 24.4+4.0° 27.53.6"
IL-6 (pg/ml)
Male 22176 19.0£11.2 12.8+4.6 19.8£8.9 22.849.2
Female 21.8+6.4 18.8£11.0 13.624.6 19.749.1 22.1+8.6
IL-8 (pg/ml)
Male 9.7+5.2 8.4+4.4 8.2+3.6 8.5+4.2 14.6£5.5
Female 10.5£6.3 8.3#4.3 8.414.2 9.9+4.3¢ 14154
Plasma zinc (M)
Male 13.3+4.0 12.4£1.6 11.2+1.7 11.4+2.7 12.5£2.4
Female 13.1+1.9 12.1+1.5 11.4£1.6 11.4£2.2 12,523
Zinc diet score
Male 296.8+136.8  168.9+96.9  109.9+25.8  166.9+54.0 104.8+35.4
Female  251.8+1304  140.0£94.0 1043255  146.4#455° 87.1+26.3°

aMean#S.D., all such values. "Significant difference between genders, “after age
adjustment, %after age BMI adjustments.
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Fig. 1. Positive correlation between zinc diet score and dietary zinc intake (A) in healthy
old subjects (n=105, standardized 3=0.260, P=.007, after controlling for age, sex and
country of origin), and plasma zinc values (B) in all old subjects (N=819, standardized
B=0.144, P=8.8x1075, after controlling for age, sex, country of origin and BMI).
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Fig. 2. Zinc score mean values in healthy old subjects across the European countries
(P<001, ANCOVA test adjusted for age and gender). *Significantly different from all
other countries (P<.001, ANCOVA test adjusted for age and gender).
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Table 4
300 Results from univariate analysis of variance models, which evaluated the association
among plasma IL-6 and IL-8 levels, ~176G/C polymorphism of the IL-6 gene and zinc
\ diet score in the ZINCAGE cohort
250 France Covariates Plasma IL-6 (pg/ml) Plasma IL-8 (pg/ml)
= P coefficient+S.E. P 3 coefficient+S.E. P
13
“35 Age (year) -0.075+0.1 107 0.042+0.0 .013
200 BMI (kg/m?) -0.146+0.1 104 0.027+0.1 733
a Female vs. male 0.229+0.6 .034  0.820+0.4 .029
2 L Nonsmokers vs. current smokers — 0.564+1.1 981 1.327+0.7 .023
] Country of origin -0.915£0.2 .001 -0.210£0.1 .261
GG vs. GC/CC genotypes -2.371£1.2 006 -1.751x0.7 488
150 Italy Zinc diet score 0.0070.0 .067 -0.003:0.0 203
Germany GG genotypexZinc diet 0.014£0.0 .008  0.004+0.0 .668
score vs. GC/CC
% genotypesxZinc diet score
- x — (Greece
100 \
Poland
| | ' with higher plasma IL-6 levels compared to GC/CC genotypes, with
60-70 years 71-84 years >=85 years increasing zinc diet score (3£S.E.=0.014+0.0, P=.008) (Table 4).

Years of age

Fig. 3. Age dependent decline in zinc score in healthy old and very old subjects.
*Significant different from all other age groups (P<001, ANCOVA test adjusted for
gender).

healthy old subjects were divided into two age groups (60-70 and
71-84 years of age), there was a significant decline in zinc score
throughout these age groups (P=4.4x10"'2, adjusted for gender and
country of origin). A decline in mean zinc score values was significant
in subjects aged 71-84 years compared to elders between 60 and
70 years in Germany, Greece and Poland (P=.026, P=.042 and
P=2.1x10"7 accordingly, adjusted for gender). In contrast, no
significant decline in zinc score between the age groups was
observed in the French (P=.361 adjusted for gender). A decline in
zinc score was also significant across all Italian age groups, including
the oldest ones (P=6.4x10""°) (Fig. 3).

The minor allele frequency of the -174G/C polymorphism in the IL-
6 gene was 0.31 for the C allele. Genotype frequency was in HWE.
Demographic, biochemical and diet characteristics of the subjects,
according to their genotypes, are presented in Table 3. Old subjects
carrying the C allele for the —174G/C polymorphism in the IL-6 gene
presented with significant higher plasma IL-8 levels (P=.019)
compared to GG old subjects (Table 3).

In order to evaluate the impact of the =174G/C polymorphism and
zinc diet score on plasma IL-6 and IL-8 levels, two models of univariate
analysis of variance were applied (Table 4). Plasma IL-6 levels were
negatively associated with the presence of the GG genotype (B+S.E.=
-2.371101.2, P=.006), while the impact of the zinc diet score was only
borderline significant (Table 4). However, the -174G/C genotype-zinc
diet score interaction was significant, as GG genotype was associated

Table 3
Differences in biochemical and dietary factors of the old subjects, stratified by the
-174G/C IL-6 genotypes

IL-6 -174G/C

GG GC/CC P
n 405 414
Male/female (%) 46.3/53.7 43.0/57.0 354
Age (year) 73.6£8.5% 72.618.2 .093
BMI (kg/m?) 26.2+4.2 25.913.6 236
IL-6 (pg/ml) 19.0£9.0 19.248.8 .520
IL-8 (pg/ml) 9.3+4.7 10.3£5.4 .019
Plasma zinc (uM) 11.9+2.2 12.1£2.5 144
Zinc diet score 159.4+94.2 152.6294.0 .065

? MeantS.D,, all such values. Values in italics represent statistically significant
P value.

Plasma IL-8 levels were positively associated with advancing age
(%S.E.=0.042£0.0, P=.013), while the impact of either the -174G/C or
the zinc diet score was statistically significant (Table 4).

4. Discussion

In order to assess the dietary zinc intake in old Europeans, we
designed a zinc score based upon data collected by a qualitative food
frequency questionnaire. To provide a continuous variable, represen-
tative of zinc-related dietary habits, frequency, quantity estimation
and zinc content of foods consumed were all considered for the zinc
score calculation. Delineating associations between nutrition and
health status is quite challenging in elderly populations, since dietary
behaviour is largely modified by age-related difficulties in mastica-
tion, gastrointestinal function and psychosocial factors [28]. Further-
more, basic difficulties in nutritional assessment of the elderly and the
complex influence of dietary habits on health and disease justify the
use of “diet” scores. Various diet scores are used in nutritional
epidemiology, providing an overall view of dietary habits. Mediterra-
nean diet score [5,29], dietary pattern analysis [30], healthy eating
index scores [31] and nutrient density scores [32] have all been
developed and used in large-scale elderly cohorts, in order to reveal
risk factors of morbidity. Furthermore, dietary scores have been
successfully applied on single nutrients, like folate, providing a valid
estimate of dietary intake in the elderly [33].

In the present study, we found a positive association between
plasma zinc levels and zinc score for the overall old cohort (Fig. 1B).
Other studies, investigating relations between dietary zinc intake and
plasma zinc levels, reported contradictory results [13,18,34-36]. These
discrepancies could be attributed to the lack of their employment of a
zinc-specific dietary assessment tool, as well as to the variety of
factors influencing zinc bioavailability. It is well documented that
dietary sources and other components of the diet [37,38], as well as
physiological factors, medications [39] and genetic background [40],
are strong modulators of zinc bioavailability and plasma zinc
concentrations. In particular, a recent study has shown a significant
effect of food phytate content on zinc absorption and bioavailability
[41]. However, it was not feasible to consider dietary factors
implicated in zinc absorption in our study design.

Our analysis revealed a significant gene-nutrient interaction
concerning the -174G/C IL-6 polymorphism and IL-6 plasma levels.
In particular, GG old subjects occurred with higher plasma IL-6 levels
compared to C allele carriers, with increasing zinc diet score. This
finding is in accordance with previously published data from a zinc
supplementation trial within the ZINCAGE study [42]; nevertheless,
it is contradictory to previously published data on zinc-regulated
gene expression in cultured peripheral blood mononuclear cells with
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a 50 uM zinc dosage [27]. This last effect may be attributed to the
pharmacological effect of large doses of zinc on pro-inflammatory
cytokines production [43]. However, when supplementing with a
physiological dose of zinc (10 mg/day), an increment in IL-6 levels of
GG old individuals was observed [44]. This finding supports the
hypothesis that zinc may have a role in stabilizing inflammation and
modulating the immune response, especially in GG subjects, with
subsequent prompt immune response against external noxiousness
[44]. On the other hand, experiments in lymphocytes from aged
donors, stimulated with LPS, have shown an increment of IL-6 levels
after zinc addition (15 uM) in vitro [45]. These data suggest the
importance of zinc as an immunomodulatory agent, while underlining
that increased dietary zinc intake in GG elderly could be beneficial
against external noxiousness, with subsequent good healthy status.
Such a consideration could be important, taking into account that the
GG genotype is considered detrimental for longevity [40].

Additionally, we found significant country-dependent differences
in zinc scores across Europe, with the French having the highest zinc
intake, then the Italian, followed by the German, while the Greek and
Polish old subjects had the lowest zinc intake. To our knowledge,
there are no published data to compare the dietary zinc intake of the
elderly among different European countries, applying a common
nutritional assessment tool. However, differential dietary habits
across Europe are well documented [31] and could account for this
country-dependent difference in zinc score. Interestingly, we have
also documented several differential consumptions in food groups,
within the ZINCAGE cohort [46]. Higher consumption of oysters in
France, as well as fish and red meat in France, Italy and Germany,
compared to Greece and Poland, could explain the large differences in
zinc score [46].

Furthermore, a decline in zinc score with age was recorded for the
majority of the investigated European old populations, except for the
French (Fig. 3). Results from other studies are contradictory, as some
investigators demonstrate a decline in dietary zinc intake with
advancing age [47], while others do not observe any age-related
change [18]. Unfortunately, the difficulty in recruiting very old
subjects from European countries other than Italy is inhibitory for
further comparisons among several age groups. However, it is well
documented that the elderly are at nutritional risk as a result of
multiple physiological, social, psychological and economic factors,
which adversely affect dietary choices and eating patterns [48]. On the
other hand, previously published results from the ZINCAGE study
indicate a progressive age-related increase of plasma IL-6, IL-8, MCP-1
and TNF-alpha concentrations in concomitance with low circulating
levels of zinc [23].

To sum up, we used a zinc diet score to assess gene-nutrient
interactions on the inflammatory status of the elderly. With the
application of a zinc score, different zinc intake on a gender-, age- and
country-dependent manner is revealed. A dietary assessment tool,
like zinc diet score, would be useful for the evaluation of gene-
nutrient and biochemical-nutrient interactions. Additional statistical
analysis, also including more genetic, biochemical and lifestyle data
along with the zinc score, would provide a substantial database for
gender- and country-specific dietary guidelines for the elderly.
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Abstract

Metallothioneins (MT), the antioxidant zinc-binding proteins, seem to mediate cardioprotection. It has been postulated that zinc homeostasis and MT
function may be altered, as a consequence of oxidative stress, in cardiovascular disease (CVD), with a potential implication of MT genetic polymorphisms. The
present study explores the role of +647A/C and +1245A/G MT1A polymorphisms on the susceptibility to CVD, zinc status and enzyme antioxidant activity, in
the Greek and Italian populations. The country selection was based on the lower zinc status and the reduced zinc dietary intake in Greece than in Italy despite the
similar Mediterranean dietary pattern. A total of 464 old, healthy control subjects and 369 old CVD patients more than 70 years of age were studied. Logistic
regression model indicated that +1245 MT1A G+ genotype significantly increased the risk of CVD in Greece (34.4% vs. 23.2%; odds ratio=1.88, 95% confidence
interval=1.14-3.08; P=.013) but not in Italy. Haplotype analysis showed an increment of CG haplotype frequency in CVD Greek patients (17.4% vs. 10.6%,
P<.05). Differential country-related frequency distribution was also recorded. Applying a multivariate regression model, +647/+1245 MT1A haplotype was
associated with a modulation of enzyme antioxidant activities in both countries. Decreased plasma zinc and reduced intracellular Zn release, as well as increased
enzyme antioxidant activity, were more apparent in Greek healthy donors than in Italy. In conclusion, +1245 MT1A polymorphism and +647/+1245 MT1A

haplotype are implicated in CVD in Greece but not in Italy, suggesting a role of gene-diet interaction in the disease predisposition.

© 2010 Published by Elsevier Inc.

Keywords: Metallothionein polymorphisms; Zinc; Cardiovascular disease; Enzyme antioxidant activity

1. Introduction

Experimental and clinical studies have suggested an implication of
increased oxidative stress in the pathophysiology of atherosclerosis
and cardiovascular disease (CVD) [1-4], and oxidative stress may also
result from an imbalance between oxidant production and antiox-
idant defenses [5]. Metallothioneins (MTs), low molecular mass zinc-
binding proteins, exert an antioxidant function by regulating
intracellular zinc availability and protecting heart tissue from
damages induced by reactive oxygen and nitrogen species [6,7].
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Several investigators report hypozincemia in atherosclerosis and CVD
[8,9] or a zinc dyshomeostasis during myocardial ischemia-reperfu-
sion model [10]. In addition, longitudinal or nested case—control
studies, within a prospective population, describe the general
involvement of zinc deficiency in increased CVD mortality [11],
especially in the presence of concomitant dysmetabolism of other
trace elements [12]. Zinc is also an important cofactor of two isoforms
of Cu/Zn superoxide dismutase (SOD1 and SOD3 with cytoplasmatic
and extracellular localization, respectively). Alterations in antioxidant
defense mechanisms are correlated with CVD and atherosclerosis
severity [13,14]. Furthermore, a dyshomeostasis of other micronu-
trients that are essential cofactors of SOD and glutathione peroxidase
(GPx), such as copper and selenium [15], induces oxidative stress and
modulates endogenous defenses that combat it [16]. Interestingly,
zinc supplementation at physiological doses improves both zinc
status [17] and plasma and erythrocyte superoxide dismutase (pSOD
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and eSOD, respectively) levels, in a trial of healthy elderly participants
from ZINCAGE study [18]. Supplementation with a high dose of zinc
has also been suggested as a therapeutic strategy in terminating
angina pectoris [19]. Moreover, the use of zinc ionophore pyrithione
in ischemia-reperfusion model improves myocardial recovery,
promoting the increment of intracellular labile zinc in response to
oxidative stress [10]. Recent investigations suggest a strong associa-
tion among +647A/C MT1A polymorphism (rs11640851) and zinc
homeostasis in DM2 patients, affected by CVD complications [20],
while +1245A/G MT1A polymorphism (rs 8052394) appears to
influence serum SOD activity in diabetic Chinese patients [21]. The
analysis of these two polymorphisms, characterized by an amino acid
transition, may be useful to better elucidate the implication of MT1A
isoform on CVD susceptibility. Hence, the aim of the present study is
to investigate the potential impact of +-647A/Cand +1245A/G MT1A
polymorphisms on CVD susceptibility, in a Greek and Italian
population. The selection of these two countries was based upon
the evidence of lower plasma zinc levels in Greek elderly donors than
Italian ones (age range, 60-84 years) [22], despite the similar
Mediterranean dietary pattern [23]. Antioxidant enzyme activity
(pSOD, eSOD, CAT and GPx), zinc status and plasma levels of some
trace elements were also assessed.

2. Materials and methods
2.1. Patients and controls

The study population consisted of four groups of subjects: 244 Italian and 220
Greek healthy control subjects (Groups A and B) and 215 Italian and 154 Greek CVD
patients (Groups C and D).

Patients and controls recruited from Italy were born in Marche, a region in
Central Italy. Patients (n=215) (mean age=774+10 years) were enrolled from the
Department of Surgical Pathology, INRCA Geriatric Hospital during the 2005-2008
period, upon diagnosis of ischemic heart disease by clinical history and by resting
electrocardiogram and/or carotid artery disease by Doppler ultrasonography period.
The clinical features of the patients are summarized in Table 1. The control group
consisted of 244 free-living individuals (mean age=75410 years), characterized as
healthy, on the basis of their clinical history and blood tests. In particular, they did
not suffer from diabetes or any other clinical symptoms or history of cardiovascular
and carotid artery disease.

Greek participants were randomly selected in the Athens region between February
2005 and December 2006 [24]. A complete medical and surgery record was obtained.
All participants who reported a diagnosed history of angina, heart failure, coronary
heart disease, stroke, myocardial infarction or surgeries such as heart bypass and
angioplasty were characterized as cardiovascular patients (n=154, mean age=744-6
years). The control group consisted of 220 free-living healthy subjects (mean age=72
47 years), based on their clinical history and blood tests. The descriptive
characteristics of the Greek subjects are summarized in Table 1.

The INRCA Hospital and Harokopio University Ethics Committees approved the
project. Informed consent was obtained from each individual in compliance with
Italian and Greek legislation.

2.2. Laboratory measurements

Venous peripheral blood samples, collected after an overnight fast, underwent
basal biochemical laboratory determinations. Serum total cholesterol, HDL cholesterol,
LDL cholesterol and triglycerides were measured by automated enzymatic methods
with reagents from Boehringer-Mannheim (Germany). Fasting glucose and serum C-
reactive protein (CRP) levels were determined using standard laboratory methods. The
erythrocyte sedimentation rate (ESR) was determined by the classical Westergren
method. Plasma was collected and frozen at —80°C until used. Peripheral blood
mononuclear cells (PBMCs) were separated by conventional density gradient
centrifugation, collected, washed and immediately used and/or in part cryopreserved
in liquid nitrogen aliquots of 2x10° cells in 1 ml of RPMI (GIBCO) with 10% of fetal calf
serum. Genomic DNA of PBMC was extracted by the phenol chloroform method,
according to the standard procedure.

2.3. Genotyping of +647A/C MT1A and +1245C/G MT1A polymorphisms

We screened for two single-nucleotide polymorphisms (SNPs) found in dbSNP
database (http://www.ncbi.nlm.nih.gov/SNP/) (PubMed Reference rs 8052394 and rs
11640851) corresponding to an A/C transition at +647 nt position and to an A/G
transition at +1245 nt position, respectively, in the coding region of the human MT1A

Table 1
Clinical characteristics of CVD patients and controls

Controls CVD patients
Italy Greece Italy Greece
(n=244) (A) (n=220) (B) (n=215)(C)  (n=154) (D)
Age (years) 75+10 72+7% 77+10 74464
Male (%) 409 296 60" 4617
Hypertension 51 70™*** 727 84T
(%) Hokok
Diabetes 0 0 25 204
mellitus (%)
Fasting glucose ~ 92.3+13.0 91.849.1 10874385  105.1427.4%
(mg/dl)
BMI (kg/m?) 25.2+3.6 288+4.1" 24.4+4.1 29,9448+
ESR (mm/h) 12.2410.0 17.9+11.7%  167+13.6™ 29.4422.9HT
CRP plasma 0.38x/+048 032x/+052 0.78x/+2.19%  0.93x/+2.24%"
levels
(mg/dl)
LDH (UI/L) 168.84+26.3 175.0425.3  164.4+40.2 23294104457
Total 21144383 22034308  200.1+413%  2295+42.6%
cholesterol
(mg/dl)
HDL 56.1+14.8 58.4+12.5 59.74+21.5 53.54+12.8H1
cholesterol
(mg/dl)
LDL cholesterol ~ 135.14+35.3 13934285  130.3+44.4 149.14£37.1%
(mg/dl)
Triglycerides 112.84805 11244519  130.7+67.0%  134.3+60.6"
(mg/dl)

LDH, total serum lactic dehydrogenase.
Univariate analysis (using age and gender as covariates) or y? test for categorical
variables were reported.

* P<.05 versus Group A.

H p<.01 versus Group C.

*#% P<,001 versus Group A.

T P<.05 versus Group B.

HE p<.001 versus Group C.

gene. The first SNP results in the Asp27Thr amino acid substitution, while the second
one corresponds to Lys51Arg amino acid change. PCR-restriction fragment length
analysis was performed, as previously described [25].

2.4. Zinc, copper and selenium concentrations in plasma

Plasma zinc, copper and selenium concentrations from Greek and Italian
samples were measured in the Laboratory of Nutrigenomic and Immunosenescence
(Ancona, Italy) with Thermo XII Series ICP-MS (Thermo Electron Corporation,
Waltham, MA, USA), following the manufacturer's instructions (AN_EO604) with
slight modifications. Plasma samples were diluted 1:10 with a diluent, containing
0.1% Triton X-100, to maintain a stable emulsion with the diluted sample, and
0.15% HNO3, to ensure solubility of the trace elements, in order to achieve washout
of these elements between samples. External calibration solutions containing Zn,
Cu (blank to 2000 ppb) and Se (blank) were prepared by serial dilution of a parent
multielement solution (1000 ppm for Zn, Cu and Se) (VHG Labs, Manchester, NH),
using the same diluent as for the samples. Rhodium, at 200 ng/ml, was used as
internal standard. Data were acquired for 56Zn, 5°Cu and %2Se. Quality of the
analysis was assured by assessment of “quality standard samples” (SERONORM™
TRACE ELEMENT SERUM, Sero AS, Billingstad, Norway). Zinc levels of the quality
standard samples were within 10% of the certified levels, as previously
reported [17].

The instrument was operated with a Peltier cooled impact bead spray chamber,
single piece quartz torch (1.5 mm i.d. injector) together with Xi interface cones and
a Cetac-ASX 100 autosampler (CETAC Technologies, Omaha, NE). A Burgener Trace
nebulizer was used as this device does not block during aspiration of clinical
samples. The instrument was operated in standard mode (non-CCT), using 1400 W
RF power, 1.10 L min~! nebulizer gas flow, 0.70 L min~! auxiliary gas flow, 13.0 L
min~! cool gas flow, 70 ms dwell time, 30 s sample uptake and 35 s wash time
(2 repeats per sample).

2.5. Flow cytometric analysis of intracellular zinc ion availability, zinc release by MT and
MT determination

Flow cytometry assessments were carried out in the Laboratory of Nutrige-
nomic and Immunosenescence. “Zinc-free” RPMI medium (zinc concentration less
than 1 ppb) was obtained by treatment of RPMI with 5% Chelex 100 (Sigma-
Aldrich, Milan, Italy), adding EDTA and HEPES buffer at the final concentrations of
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1 and 25 mM, respectively (pH 7.4). Thawed or fresh PBMCs were divided into two
equal aliquots of 2x10° cells, at least. One aliquot was incubated with 20 uM
Zinpyr-1 (ZP-1) (Neurobiotex, Galveston, TX) for 30 min at 37°C and 5% CO, in
HEPES buffered “zinc-free” RPMI medium containing 1 mM EDTA, as extracellular
chelator, of free zinc eventually still present in the medium and/or adsorbed to the
cell membrane.

The second aliquot was always incubated in the same conditions plus 50 uM N,N’,
N'-tetrakis (2-pyridylmethyl)ethylenediamine (Sigma-Aldrich), in order to detect the
autofluorescence of the zinc-free ZP-1 probe.

After incubation, the aliquots were immediately analyzed by flow cytometry
(Coulter Epics XL). After selecting lymphocyte population according to the forward
light and side scatters, the mean fluorescence intensity for ZP-1 was detected
(excitation wavelength, 488 nm; detection at 525+15) in the two aliquots. Data were
recorded as the ratio of ZP-1 fluorescence/ZP-1 autofluorescence and represented the
intracellular labile Zn (iZng) [26].

To investigate the NO-induced release of Zn, an additional aliquot was
incubated with 20 pM ZP-1 plus 100 pM diethylamine NONOate acetoxymethy-
lated (AcOM-DEA/NO) (Calbiochem, VWR International s.r.l., Milan, Italy). In fact,
AcOM-DEA/NO is a cell-permeable acetoxymethylated diazeniumdiolate compound
that donates NO “intracellularly” following the action of intracellular esterases.
Once the incubation period was terminated, all aliquots were immediately read by
the flow cytometer. The difference between iZn, in the presence and absence of
NO donor was used to estimate the intracellular release of Zn (iZng), as previously
reported [20].

MT determination was performed as previously reported by Malavolta et al.
[26], in thawed PBMC (2x10°) treated with 0.3% paraformaldehyde and stored at
4°C for 2 days before processing using the monoclonal mouse anti-horse MT clone
E9 antibody (Dakocytomation, Denmark). Results are expressed as mean
fluorescence intensity.

2.6. Antioxidant enzyme activity determinations

The assessments of antioxidant enzyme activity in frozen samples from the Greek
and Italian population were performed at the Institute of Gerontology and Geriatrics,
University of Perugia (Italy). SOD3 (pSOD) (U/ml), CAT (umol/min/mg protein) and
GPx (nmol NADPH/min/ml) activities in plasma were measured, according to the
methods of L'Abbé and Fisher [27], Beers and Sizer [28] and Flohé and Gunzler [29],
respectively. To determine SOD1 activity in erythrocytes (eSOD), red blood cells were
hemolyzed with cold distilled water. The enzymatic activity (U/g Hb) was measured in
the supernatant, according to Winterbourn et al. [30], following the extraction with
ethanol/chloroform mixture (1:1).

2.7. Assessment of dietary zinc intake

A qualitative food frequency questionnaire, designed for the needs of ZINCAGE
project [31], was used for the assessment of dietary zinc intake in healthy elderly
subjects. The consumption of 53 food items was recorded and, based upon these data, a
“zinc score” for each volunteer was determined. To provide a continuous variable,
representative of zinc dietary habits, frequency, quantity estimation and zinc content
of foods consumed were all considered for the “zinc score” calculation (zinc
score=frequencyxquantityxzinc content). A validation study of the developed zinc
score has been previously reported [32].

2.8. Statistical analysis

Data were analyzed with SPSS/Win program (version 15.0; SPSS Inc., Chicago, IL).
Differences among groups were compared by univariate analysis using one-way
analysis of variance for continuous variables and 4? test for categorical variables. Post
hoc tests were performed when appropriate. The frequency distribution of +647A/C
and +1245A/G MT1A polymorphisms and the differences in allele distribution from
Hardy-Weinberg's equilibrium in control and patient groups were compared by
i test.

Armitage's trend test and multiple logistic regression analysis were used to
evaluate the association between +647A/C and +1245A/G MT1A polymorphisms and
the study groups, after adjustment for potential cofounders, with the calculation of
odds ratios (ORs) and 95% confidence intervals (Cls). Haplotype frequencies were
estimated by using an expectation maximization algorithm, implemented with
Arlequin package.

Pairwise linkage disequilibrium (LD) between the two SNPs was also assessed.
Bonferroni correction was used to adjust for multiple testing, with the single test
significance level established as a=.05, divided by the number of tests. Multiple
regression analysis for cardiovascular biochemical markers was performed, accord-
ing to the CG haplotype of the MT1A gene after controlling for age, gender, body
mass index (BMI) and hypertension. The calculation of partial correlation
coefficient, corrected for age, was performed after the log transformation of
variables with skewed distribution. A probability value less than .05 was considered
statistically significant.

3. Results
3.1. Clinical characteristics and biochemical parameters

Table 1 presents the clinical profile of the participants. Hyperten-
sion was more prevalent in Greece than Italy, both in healthy subjects
and in CVD patients (P<.001 and P<.05, respectively). Greek subjects
had a higher mean BMI value than the Italian participants (P<.05). An
increased inflammatory status (ESR) was observed in Greek healthy
controls and CVD patients, when compared to the Italians (P<.05).
With regard to CRP, a significant increment was observed exclusively
in the CVD group for both countries, compared to healthy controls
(P<.05). Total serum lactic dehydrogenase was enhanced in Greek
CVD patients in relation to their Italian counterparts (P<.01). No
country-dependent difference was recorded in the lipid profile of the
healthy elders. Significant differences in total cholesterol, LDL and
HDL cholesterol levels were observed between CVD patients from
Italy and Greece (P<.05) (Table 1). CVD patients showed higher
triglyceride and fasting glucose levels than healthy subjects in both
countries (P<.05).

Table 2 reports the biochemical parameters of the subjects. A
decrease in plasma zinc levels was observed in Greek healthy
controls, as compared to the Italian ones (P<.05). A higher prevalence
of subjects with a mild zinc deficiency (cutoff <11 uM) was observed
in Greek healthy subjects when compared to Italian ones (47.3% vs.
32.4%; P<.01). Moreover, a zinc deficiency was found in Italian CVD
patients compared to the Italian healthy controls (P<.05). The
determination of zinc ion availability (iZn;) and the in vitro NO-
induced zinc release (iZng) was performed in a subpopulation,
including 40 CVD patients and 40 healthy subjects, randomly selected
from each country using cryopreserved PBMCs. In order to verify if the
methodology [26] could be applied in frozen samples, we have
previously evaluated the correlations between iZn; and iZng in fresh
versus frozen PBMCs in 28 Italian elderly controls (13 males and 15
females). A significant correlation between frozen and fresh samples
(iZny, fresh and frozen PBMCs: r=.661, P<.001; iZng fresh and frozen
PBMCs: r=.4, P<.03) was found. iZn; values were lower in Italian CVD

Table 2
Metal trace elements, zinc status and antioxidant enzymes
Controls CVD patients
Italy Greece Italy Greece
(n=244) (A) (n=220) (B) (n=215) (C) (n=154) (D)
Zn plasma 11.8+18 112414 107425 % 11.1£2.2
levels (uM)
Se plasma 1214044 1.4540.50 12240537 1.43+044%
levels (uM)
Cu plasma 175434 18.0+£3.8 18.6+5.0 18.845.0
levels (uM)
izn,? 1.3440.12 1.3340.22 1.24+0.10%  1.35+0.15%
iZng? 0.2140.07 0.16£0.08* 0.1840.06 0.1440.17#
MT 21.7495 21.348.1 23.7+121 2654897
(pmol/mg prot)
MT/iZng 3684202 3654165 468+160" 4804907
pSOD (U/ml) 224+43 225438 223440 23.1+29%

2970.3+£660.3 3365.6+7603" 3094317163 3207.5+780.6
0.099+0.014 0.104+0.010*  0.100£0.008  0.101+0.011

eSOD (U/g Hb)
GPx (nmol
NADPH/
min/ml)
CAT 19.243.2
(umol/min/
mg prot)

229429" 19.442.6 23.5+4.0%

Univariate analysis (using age as covariate) was performed.

* P<.05 versus Group A.

T P<.05 versus Group B.

¥ P<05 versus Group C.

? Tested in a subgroup of 40 CVD patients and 40 healthy controls randomly
chosen.
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Table 3
Correlations between antioxidant enzyme activity, zinc score and Zn status in Greek and Italian healthy controls

LogMT/iZng iZng Plasma Zn

Coefficient?® Significance Coefficient?® Significance Coefficient® Significance
Italy
pSOD 0.027 0.8 -0.1 0.6 —0.16 04
eSOD —0.24 0.1 04% 0.045 —0.07 0.6
GPx 0.12 0.5 —0.16 04 0.15 04
CAT 0.08 0.9 —0.1 03 —0.27 0.1
Zn score —0.1 06 0.1 0.09 017" 0.002
Greece
pSOD —0.25 0.1 0.11 0.5 —0.11 0.6
eSOD —0.38" 0.021 0.32* 0.009 0.21 0.3
GPx 0.02 0.6 —0.03 0.8 0.07 0.6
CAT 0.1 0.8 —0.12 0.5 —0.05 0.8
Zn score —0.21 0.09 03* 0.015 0.1 0.1

@ Partial correlation coefficients were computed after controlling for age.
* Correlation is significant at least at the .05 level.
** Correlation is significant at least at the .01 level.

than controls (P<.05), whereas no difference was observed in Greece,
as well as between Greek and Italian healthy controls. iZng values
decreased in the presence of disease in Greece (P<.05), while a slight
downward trend was observed in Italy. In addition, iZng values were
significantly lower in the Greek population than the Italian one
(P<.05) (Table 2).

No country-related differences in MT levels were recorded.
However, MT levels were significantly increased in CVD Greek
patients, compared to their healthy counterparts (P<.05), while MT/
iZng increased concomitantly to the pathology, in both populations
(P<.05) (Table 2).

With regard to other trace elements, no significant disease-related
differences were recorded in copper and selenium levels, although
Greek subjects presented higher selenium plasma concentrations,
compared to the Italians (P<.05).

Antioxidant enzyme activity was not affected by the disease state,
but differences were observed in relation to country. In particular,

Table 4

eSOD, GPx, and CAT activities were increased in Greek controls, as
compared to the Italian ones (P<.05), while CAT and pSOD activities
were higher in CVD Greek patients than Italians (P<.05).

Partial correlation coefficients, among enzyme antioxidant activ-
ity, zinc parameters and zinc score, are reported in Table 3. In Greek
healthy controls, an inverse correlation between MT/iZng and eSOD
was found (r=-—0.38, P<.05). Positive correlations were observed
between iZng and eSOD in Greece and in Italy (r=.32, P<.01 and r=.4,
P<.05, respectively). Moreover, significant correlations were observed
between zinc score and iZng in Greece (r=.3, P<.05) or plasma zinc
levels and zinc score in Italy (r=.17, P<.01).

3.2. +647A/C and +1245A/G MT1A genotype distribution
The genotype frequency distributions for +1245A/G polymorph-

ism were in Hardy-Weinberg's equilibrium, in cases and controls in
both countries. The +647A/C MT1A polymorphism genotype

Genotype distribution of +647A/C and +1245A/G MT1A polymorphisms in CVD and healthy controls

(A) Italy

Controls (n=244) CVD patients (n=215)

P value (Pearson 4 test)
[Armitage’s trend test]

OR (95% CI) [P value]
(logistic regression model)

+647A/C MT1A genotype

AA 47.5% 55.3%
AC 45.5% 37.7%
cC 7.0% 7.0%
+1245A/G MT1A genotype

AA 75% 80%
AG 22.9% 18.7%
GG 2.1% 1.3%
(B) Greece

21 0.83 (0.39-1.75) [.62%]
[OR=0.851, *=1.80, P=.17969]

47 0.68 (0.31-1.48) [.34"]
[OR=0.775, y*=1.67, P=.19683]

Controls (n=220) CVD patients (n=154)

P value (Pearson y? test)
[Armitage's trend test]

OR (95% CI) [P value]
(logistic regression model)

+647A/C MT1A genotype

AA 44.5% 34.2%
AC 48.2% 58.6%
cC 7.3% 7.2%
+1245A/G MT1A genotype

AA 76.8% 65.6%
AG 23.2% 33.1%
GG 0% 1.3%

12 1.25 (0.75-2.13) [.38%]
[OR=1.243, y* =2.48, P=.11567]

021 1.88 (1.14-3.08) [.013"]
[OR=2.103, *=6.66, P=.00989]

Logistic regression analysis was performed with adjustment for age, gender, hypertension, BMI and diabetes.
ORs for genotypes were calculated, grouping *A/C+C/C (C+ genotype) versus A/A (C— genotype) and "A/G-+G/G (G+ genotype) versus A/A (G— genotype).
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Table 5

Haplotypic frequencies in CVD and healthy controls

(A) Italy

+647 MT1A +1245 MT1A Controls, CVD patients, P value
allele allele frequency (%) frequency (%)

A A 63.9 69.5 .085

C A 22.7 20.3 40

C G 6.7 5.7 51

A G 6.7 45 15

(B) Greece

+647 MT1A +1245 Controls, CVD patients, P value
allele MT1A allele frequency (%) frequency (%)

A A 67.4 63.2 .26

C A 21.1 19.0 43

C G 106 17.4 .007**
A G 0.9 0.4 33

For (A): likelihood ratio=3.9, df=3, P=.27 by Pearson j*> when comparing all groups.

For (B): likelihood ratio=8.1, df=3, P=.04 by Pearson »*> when comparing all groups.

Each Pvalue is referred to the comparison between one haplotype versus all other ones.
** P<,05 after adjusting for multiple comparisons, using Bonferroni correction.

frequency was consistent with Hardy-Weinberg's equilibrium in the
various groups, except for the CVD Greek patients.

No significant different genotypic distribution of +647A/C MT1A
and +1245 MT1A polymorphisms was observed between CVD
patients and healthy old controls in Italy (Table 4A).

Similarly, no differences were observed in +647A/C MT1A
genotype distributions between healthy controls and CVD patients
in Greece. However, a significant association was found in Greece
between +1245A/G MT1A polymorphism and CVD, with increased
G+ frequency (AG and GG genotypes) in the patient group, with
respect to healthy controls (P<.05 by Pearson x> test) (Table 4B).
Multiple logistic regression analysis, corrected for age, gender,
hypertension, BMI and diabetes, indicated, however, that the +1245
G+MT1A genotype was an independent risk factor for CVD (P=.013;
OR=1.88, 95% CI=1.14-3.08) (Table 4B).

3.3. Haplotype determination

Two single nucleotide polymorphisms of MT1A cluster were
determined, and the frequency of haplotypes was analyzed using the

Arlequin software package. The polymorphism of +647 MT1A was
in strong LD with the 41245 MT1A one, as indicated by the D’ value,
which was estimated in all subjects for both countries (D’=0.34,
P<.00001 and D’=0.92, P<.00001 for Italy and Greece, respectively).
Moreover, a significant difference in haplotype frequency distribu-
tion between CVD patients and control subjects was evident
in Greece (likelihood ratio=8.1, df=3, P=.04 by Pearson y?)
(Table 5B), but not in Italy (likelihood ratio=3.9, df=3, P=.27 by
Pearson y?) (Table 5A).

MT1A CG (Thr/Arg) haplotype was more prevalent in Greek CVD
patients, as compared to old individuals (17.4% vs. 10.6%; P=.007),
and these differences remained statistically significant after Bonfer-
roni correction for four comparisons. Haplotype frequency distribu-
tion between Greek and Italian populations, within the same subject
group, displayed significant differences in both controls and CVD
patients (controls: likelihood ratio=13.4, P<.01; CVD patients: like-
lihood ratio=18.5, P<.001).

3.4. Phenotype assessment according to +1245A/G MT1A
polymorphism and MT1A haplotypes in Greek and Italian participants

We evaluated the influence of MT1A haplotype on phenotype
markers (antioxidant enzymes and zinc homeostasis) in Greek and
Italian populations.

Multiple regression analysis of enzyme antioxidant activity
and iZng according to the CG haplotype of the MT1A gene,
including age, gender, BMI and hypertension, as covariates,
was performed.

The Greek participants with CG haplotype (both CG+/CG— and
CG+/CG+, labeled as CG+) had higher GPx activity in healthy
donors (P<.001) (Fig. 1B) and lower CAT activity (Fig. 1A) and iZng
in CVD patients (Fig. 1C) than subjects without CG haplotypes
(labeled as CG—/CG—) (P<.05). No differences in relation to CG
haplotype were observed for CAT activity and iZng in the control
group and for GPx activity in CVD patients. In Italy, CG haplotype
was associated with higher pSOD in the control subjects and
increased eSOD in CVD patients (P<.01 and P<.05, respectively)
(Fig. 2A and B). No significant differences were found for GPx, CAT
activity and iZng. Using the same multiple regression model, we
found that none of the other haplotypes was associated with

g a0, A 5 0131 B =
e =0,
262 ET o
Z 200 =<0
g E ZEO
25 5o
Sgo <9
Es kS
0
controls CVD patients controls CVD patients
0,3 c
0622 [ cG+ haplotype
) *ok
So.15 M CG-/CG- haplotype
50
0,1
0,05
0

controls

CVD patients

Fig. 1. Catalase, GPx activity and intracellular zinc release according to +647/+1245 MT1A haplotypes in the Greek cohort. **P<.001 as compared to CG—/CG— haplotype; *P<.05 as
compared to CG—/CG— haplotype, using multivariate regression analysis correcting for age, gender, BMI and hypertension. CG+ haplotype identifies heterozygous and homozygous

subjects with CG haplotypes, while CG—/CG— represents subjects without CG haplotype.
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Fig. 2. **P<.01 as compared to CG—/CG— haplotype; *P<.05 as compared to CG—/
CG— haplotype, using multivariate regression analysis correcting for age, gender,
BMI and hypertension. CG+ haplotype identifies heterozygous and homozygous
subjects with CG haplotypes, while CG—/CG— represents subjects without
CG haplotype.

antioxidant enzyme activity or other clinical and biochemical
markers (data not shown).

4. Discussion

Oxidative stress and zinc dyshomeostasis have been implicated in
CVDs [33,34]. A cardioprotective role has been suggested for MT
[6,35], zinc-binding proteins regulating zinc homeostasis and anti-
oxidant response [36,37]. Recently, an involvement of +647A/C
MT1A polymorphism in DM2 CVD complications coupled with altered
modulation of intracellular zinc homeostasis has been demonstrated
[20], whereas +1245A/G MT1A polymorphism seems to influence
the antioxidant enzyme activity in diabetic Chinese patients [21]. In
the present study, a logistic regression model revealed an association
of +1245 MT1A polymorphism with CVD in Greece, but not in Italy.
The variable LD among the Italian and the Greek population, as well as
the different lifestyle and environmental factors, including diet, could
explain the lack of association between + 1245 MT1A polymorphism
with CVD in the Italian cohort. Several studies demonstrated that
gene—environment combinations may modify the disease risk with a
particular relevance for dietary habits [38-42].

No association between the +647A/C MT1A polymorphism and
CVD was observed. However, haplotype analysis showed a signifi-
cant association of the MT1A CG haplotype with CVD in the Greek
sample, as well as a different country-related haplotype frequency
distribution, suggesting heterogeneity in the frequencies of MT
variants in different European populations (unpublished data from
ZINCAGE study).

CG haplotype modulated enzyme antioxidant activity in Greece
(CAT and GPx) and in Italy (eSOD and pSOD), and it was associated
with decreased iZng in CVD Greek patients (Figs. 1 and 2). All these
findings are relevant because they show for the first time the
implication of MT1A gene variants in antioxidant efficiency and CVD
susceptibility. In the Greek cohort, we have also observed a higher
prevalence of healthy subjects with mild zinc deficiency (cutoff <11
UM in the plasma) than Italian ones (47.3% vs. 32.4%; P<.01). The
choice of this cutoff has been previously suggested to identify subjects
with a “potential zinc deficiency”, taking also into account a variability
of 10% in plasma zinc concentrations [17,43]. The lower zinc status in
Greece was also supported by impaired iZng, which, in turn, reflects a
more reduced zinc intake in elderly Greek population than in Italy, as

previously reported [32]. The presence of a positive correlation
between iZng and the dietary zinc intake in Greece confirms this
assumption. A moderate zinc deficiency may predispose to CVD
development or mortality, as also suggested by epidemiological
studies in other countries [11,44,45]. Zinc plays an antiatherogenic
role through the inhibition of both oxidative stress and endothelial
cells apoptosis during inflammation [46,47]. Moreover, zinc enhances
the activity and expression of antioxidant proteins, such as MTs [48]
and SOD [18]. Therefore, chronic zinc deficiency affects the antiox-
idant response determining susceptibility to oxidative stress and
modulation of inflammatory parameters [49,50], increasing, as such,
the risk of CVDs. In addition, since one of the protective effects of MT
on CVD may be attributed to their capacity to release zinc [51], Greek
subjects with impaired iZng may be more vulnerable to the pathology
occurrence or progression. On the other hand, the Greek cohort
presents high prevalence of CVD risk factors, such as hypercholester-
olemia and hypertension [24], and increased BMI and ESR levels than
Italian ones (present study). The increment of enzyme antioxidant
activity (pSOD, eSOD and CAT) in Greece might be, in part, promoted
by areduced zinc intake [52] or by the presence of atherogenic stimuli
[53,54]. Finally, the decreased zinc dietary intake in Greek healthy
elderly cohort [32] may be the main cause of the different results
between Greece and Italy, further supporting the relevance of the
gene-dietary habit interaction for CVD predisposition [41]. Interest-
ingly, the Mediterranean diet is widespread in both countries and is
associated with lower incidence of CVDs [55]. However, the
Mediterranean diet score is lower in Greece than in Italy and is
associated with increased circulating levels of pro-inflammatory
cytokines [56].

In conclusion, our data support +1245A/G MT1A polymorphism
and +647/41245 MT1A haplotype as susceptibility markers for CVD
in the Greek population and suggest a possible influence of MT1A gene
variants on antioxidant enzyme activity and intracellular zinc release.

However, a study with a large sample size is needed to
validate or replicate our association results, especially from other
ethnic populations.
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New genetic loci implicated in fasting glucose
homeostasis and their impact on type 2 diabetes risk

Levels of circulating glucose are tightly regulated. To identify new loci influencing glycemic traits, we performed meta-analyses
of 21 genome-wide association studies informative for fasting glucose, fasting insulin and indices of beta-cell function (HOMA-B)
and insulin resistance (HOMA-IR) in up to 46,186 nondiabetic participants. Follow-up of 25 loci in up to 76,558 additional
subjects identified 16 loci associated with fasting glucose and HOMA-B and two loci associated with fasting insulin and HOMA-IR.
These include nine loci newly associated with fasting glucose (in or near ADCY5, MADD, ADRA2A, CRY2, FADS1, GLIS3,
SLC2A2, PROX1 and C2CD4B) and one influencing fasting insulin and HOMA-IR (near IGF1). We also demonstrated association
of ADCY5, PROX1, GCK, GCKR and DGKB-TMEM195 with type 2 diabetes. Within these loci, likely biological candidate genes
influence signal transduction, cell proliferation, development, glucose-sensing and circadian regulation. Our results demonstrate
that genetic studies of glycemic traits can identify type 2 diabetes risk loci, as well as loci containing gene variants that are
associated with a modest elevation in glucose levels but are not associated with overt diabetes.

Impaired beta-cell function and insulin resistance are key determinants
of type 2 diabetes (T2D). Hyperglycemia in the fasting state is one of
the criteria that defines T2D, it can predict definitive clinical end-
points in nondiabetic individuals?? and, when corrected in subjects
with T2D, may help prevent microvascular®> and long-term macro-
vascular®’ complications. To date, there are nearly 20 published loci
reproducibly associated with T2D®; most of these are also associated
with decreased insulin secretion® due to defective beta-cell function
or beta-cell mass. Association studies for diabetes-related quantitative
traits in participants without diabetes have also identified loci influ-
encing fasting glucose levels, whose effects appear to be mediated by
impairment of the glucose-sensing machinery in beta cells'%-17.

We recently formed the Meta-Analyses of Glucose and Insulin-
related traits Consortium (MAGIC) to conduct large-scale meta-
analyses of genome-wide data for continuous diabetes-related traits
in participants without diabetes!>. We aimed to identify additional
loci that influence glycemic traits in individuals free of diabetes and
investigate their impact on related metabolic phenotypes. We were
also interested in understanding variation in the physiological range
of glycemia and evaluating the extent to which the same variants
influence pathological fasting glucose variation and T2D risk. The
initial MAGIC collaboration identified the fasting glucose- and
T2D-associated locus in MTNRIB'?, which was also reported by
others!®17; this finding demonstrated that studies of continuous gly-
cemic phenotypes in nondiabetic individuals can complement the
genetic analyses of diabetes as a dichotomous trait and can improve our
understanding of the mechanisms involved in beta-cell function and
glucose homeostasis. Here, we extend our previous approach by per-
forming meta-analyses of ~2.5 million directly genotyped or imputed
autosomal SNPs from 21 genome-wide association studies (GWAS).
These 21 cohorts include up to 46,186 nondiabetic participants of

European descent informative for fasting glucose and 20 GWAS includ-
ing up to 38,238 nondiabetic individuals informative for fasting insu-
lin, as well as the surrogate estimates of beta-cell function (HOMA-B)
and insulin resistance (HOMA-IR) derived from fasting variables by
homeostasis model assessment!8. Follow-up of 25 lead SNPs in up to
76,558 additional individuals of European ancestry identified nine
new genome-wide significant associations (empirically determined as
P < 5% 1078)!9 with fasting glucose and one with fasting insulin and
HOMA-IR. Five of these loci also demonstrated genome-wide signifi-
cant evidence for association between the glucose-raising allele and
T2D risk in up to 40,655 cases and 87,022 nondiabetic controls.

The wealth of loci newly discovered to be associated with fasting
glucose and HOMA-B contrasts with the single new locus identified
for fasting insulin and HOMA-IR and suggests that there is a differ-
ent genetic architecture for beta-cell function and insulin resistance.
Furthermore, our data support the hypothesis that not all loci that
influence glycemia within the physiological range are also associated
with pathological levels of glucose and T2D risk.

RESULTS

Genome-wide association meta-analysis of glycemic traits

We conducted a two-stage association study in individuals of European
descent (Online Methods, Supplementary Fig. 1 and Supplementary
Tables 1a,b). Because we sought to identify variants that influence fast-
ing glucose in the unaffected population, hyperglycemia in the diabetic
range exerts deleterious effects on beta-cell function?®?! and treat-
ment can confound glucose and insulin measurements, we excluded
individuals with known diabetes, those on anti-diabetic treatment,
and those with fasting glucose 27 mmol/l. We combined data from
21 stage 1 discovery GWAS for fasting glucose (n = 46,186) and
20 GWAS for fasting insulin (n = 38,238), HOMA-B (n = 36,466)
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Table 1 SNPs associated with fasting glucose-related or insulin-related traits at genome-wide significance levels
Glucose/HOMA-B selected SNPs Fasting glucose HOMA-B
Alleles 12 estimate Joint 12 estimate Joint
SNP Nearest gene(s) (effect/other) Freq Discovery P (P) Global P analysis n Discovery P (P) Global P analysis n
rs560887 G6PC2 C/T 0.70 4.4 x 1075 0.31(0.18) 8.7 x 10218 119,169 2.0x 1028 0.54 (0.01) 1.5 x 106 94,839
rs10830963 MTNRI1B G/C 0.30 1.2 x 1068 0.00 (1.00) 5.8 x 10175 112,844 1.8 x 10722 0.45 (0.03) 2.7 x 1043 90,364
rs4607517 GCK AG 0.16 4.5x 10736 0.19 (0.46) 6.5 x 10792 118,500 7.5%x 108 0.36 (0.12) 1.8 x 10716 94,112
rs2191349 DGKB-TMEM195 T/G 0.52 7.8x 10717 0.10 (0.68) 3.0 x 1044 122,743 5.4 x 10711 0.09 (0.71) 2.8 x 10717 98,372
rs780094 GCKR C/T 0.62 2.5x 10712 0.00 (1.00) 5.6 x 1038 118,032 0.25 0.32 (0.18) 3.2x10% 93,990
rs11708067 ADCY5 AG 0.78 8.7x10°° 0.04 (0.89) 7.1x1022 118,475 2.2x10% 0.37 (0.10) 2.5x 1012 94,212
rs7944584 MADD AT 0.75 1.5x 109 0.00 (1.00) 2.0x 10718 118,741 1.1x10* 0.16 (0.51) 3.5x10°° 94,408
rs10885122 ADRA2A G/IT 0.87 8.4 x 10711 0.00 (1.00) 2.9x 10716 118,410 3.7x 106 0.11 (0.66) 2.0x 10° 94,128
rs174550 FADS1 T/IC 0.64 1.5x 108 0.00 (1.00) 1.7 x 10715 118,908 4.5x 105 0.01 (0.99) 5.2 x 10713 94,536
rs11605924 CRY2 A/C 0.49 1.5x 109 0.00 (1.00) 1.0x 10714 116,479 5.2x10° 0.03 (0.94) 3.2x10° 92,326
rs11920090 SLC2A2 T/A 0.87 1.9x 10° 0.00 (1.00) 8.1x 1013 119,024 1.4 x 104 0.36 (0.11) 4.5x%x10° 94,629
rs7034200 GLIS3 AIC 0.49 1.2x 104 0.00 (1.00) 1.0x 1012 106,250 1.9x 10 0.19 (0.46) 1.2x 1013 83,759
rs340874 PROX1 C/T 0.52 7.1x10%8 0.00 (1.00) 6.6 x 10712 116,882 3.7x10°° 0.00 (1.00) 5.3x10° 92,942
rs11071657 c2Cch4B AG 0.63 2.8 x 107 0.00 (1.00) 3.6x 108 114,454 0.23 0.08 (0.73) 0.002 90,675
rs11558471 SLC30A8 AG 0.68 2.6 x 10711 - - 45,996 1.4 x10°® - - 36,283
rs4506565 TCF7L2 T/A 0.31 1.2x 108 - - 46,181 1.4 x 10°° - - 36,461
Insulin/HOMA-IR selected SNPs Fasting insulin HOMA-IR

rs780094 GCKR C/T 0.62 1.1x 104 0.14 (0.57) 3.6 x 1020 96,126 9.9 x 107 0.25(0.32) 3.0x 1024 94,636
rs35767 IGF1 G/A 0.85 1.0x 1077 0.17 (0.50) 3.3x 108 94,590 7.8x 108 0.26 (0.28) 2.2x10° 93,141

Directly genotyped and imputed SNPs were tested for association with fasting glucose, fasting insulin and homeostasis model assessment of beta-cell function (HOMA-B) and
insulin resistance (HOMA-IR). Twenty-one discovery cohorts with genome-wide data were meta-analyzed (stage 1 discovery), and 25 SNPs were promoted for replication of the same
trait in a set of 33 additional cohorts with in silico (n=7) or de novo (n = 26) genotype data (n = 31 for fasting insulin, HOMA-B and HOMA-IR; for stage 2 replication P values and
effect sizes, see Table 2). A joint analysis was then performed (global). Heterogeneity in the discovery sample was assessed using the /2 index#®. Replication was not attempted for
SNPs in two known T2D-associated genes (SLC30A8 and TCF7L2) that achieved genome-wide significance for fasting glucose in stage 1. Freq denotes the allele frequency of the
glucose-raising allele. n = sample size. Note that the previously reported GCKR SNP has associations with glucose-related and insulin-related traits.

and HOMA-IR (n = 37,037) and analyzed associations for ~2.5
million autosomal SNPs directly genotyped and imputed?>?? from
HapMap CEU sample data, assuming an additive genetic effect for
each of the 4 traits.

Inverse variance-weighted meta-analyses revealed 12 inde-
pendent loci associated with fasting glucose and/or HOMA-B at
genome-wide significance levels (Table 1, Supplementary Table 2
and Supplementary Fig. 2a,b). These included five newly discov-
ered associations for loci in or near ADCY5, MADD, ADRA2A,
CRY2 and FADSI (Table 1 and Fig. 1a—j), four previously reported
fasting glucose-associated loci in or near GCK, GCKR, G6PC2 and
MTNRIB, the recently reported24 locus in DGKB-TMEM195,
and two loci in the T2D susceptibility genes TCF7L2 (rs4506565,
r2 = 0.92 with the previously reported SNP rs7903146) and
SLC30A8 (1511558471, r* = 0.96 with the previously reported SNP
rs13266634). Seven additional loci had reproducible evidence for
association with fasting glucose and/or HOMA-B across stud-
ies at the arbitrary summary threshold of P < 2 X 107>, chosen
to prioritize SNPs for follow-up (Table 1 and Supplementary
Table 2). After excluding SNPs within the four previously discov-
ered genome-wide significant fasting glucose loci in GCK, GCKR,
G6PC2 and MTNRI1B, we still observed an excess of small P values
compared to the distribution expected under the null hypothesis
(Fig. 2a,b), suggesting that some of these additional loci are likely
to represent new fasting glucose— and/or HOMA-B-associated loci
that merit additional investigation.

Stage 1 analyses of fasting insulin and HOMA-IR revealed no loci
that reached genome-wide significance, but there were six loci with
consistent evidence for association across study samples at P < 2 X
107> (Table 1, Supplementary Table 2 and Supplementary Fig. 2c,d).
Comparison of the observed P values with the distribution expected
under the null hypothesis showed an excess of small P values that
warrant further investigation (Fig. 2¢c,d).

Replication studies and global meta-analysis for 25 loci

We carried forward to stage 2 all independent loci with association
to any of the four traits at P < 2 X 107%; we did not include SNPs in
the known T2D genes TCF7L2 and SLC30A8, for which no further
validation was sought (Table 1 and Supplementary Table 2). We also
included the nominally associated top SNP from a likely biological
candidate (IRSI, P = 104 for HOMA-IR) and a locus with P values
that approached genome-wide significance in several stage 1 discovery
cohorts (PLXDC2-NEBL), even though their overall stage 1 P values
were > 2 X 107> (Table 1 and Supplementary Table 2). In total,
25 loci were chosen for replication.

We directly genotyped 25 variants in 26 additional stage 2 studies
with up to 63,850 nondiabetic participants of European ancestry for
fasting glucose and 25 studies and up to 52,892 participants for fast-
ing insulin, HOMA-IR and HOMA-B (Supplementary Table 1b and
Online Methods). We also obtained in silico replication data for 12,708
additional individuals from 7 studies for fasting glucose (9,372 partici-
pants and 5 studies for fasting insulin, HOMA-IR and HOMA-B), for a
total of up to 76,558 individuals for fasting glucose and 62,264 for fast-
ing insulin, HOMA-IR and HOMA-B in stage 2 association analyses.

Our combined stage 1 and 2 meta-analysis, including a total of up
to 122,743 participants for fasting glucose (98,372 for fasting insu-
lin, HOMA-IR and HOMA-B), established genome-wide significant
associations for nine new loci for fasting glucose and/or HOMA-B (in
or near ADCY5, MADD, CRY2, ADRA2A, FADS1, PROX1, SLC2A2,
GLIS3 and C2CD4B) and one for fasting insulin and HOMA-IR
(upstream of IGFI) (Table 1 and Fig. 1a—j). Here, we replicate the
recently reported associations of the loci DGKB-TMEM]195 (with
fasting glucose)?* and GCKR (with fasting glucose, fasting insulin
and HOMA-IR)!11225 at levels that exceed the threshold for genome-
wide significance. Loci that had previously achieved genome-wide
significant associations with fasting glucose (G6PC2, MTNRIB and
GCK) were also confirmed (Table 1).
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We further conducted a global meta-analysis of cohort results
adjusted for body mass index (BMI) to test whether these diabetes-
related quantitative trait associations may be mediated by associations
with adiposity. The adjustment for BMI did not materially affect the
strength of the associations with any of the traits (data not shown).

Effect size estimates for genome-wide significant loci

We restricted our effect size estimates (Table 2 and Supplementary
Table 2) to the stage 2 replication samples (up to n = 76,558) to avoid
inflation introduced by the discovery cohorts (the so-called ‘win-
ner’s curse’2%). The previously identified loci in G6PC2, MTNRIB
and GCK showed the largest effects on fasting glucose (0.075, 0.067
and 0.062 mmol/l per allele, respectively), with the remaining loci
examined showing smaller effects (0.008 to 0.030 mmol/l per allele;
Table 2). The proportion of variance in fasting glucose explained by
the 14 fasting glucose—associated loci with replication data (that is,
all fasting glucose loci except for those on TCF7L2 and SLC30A8)
ranged from 3.2%—4.4% in the six replication studies providing this
information. Because results from our largest unselected commu-
nity-based cohort (Framingham) were on the lower bound of these

estimates (3.2%), we felt reassured that the winner’s curse was not a
major concern in this instance and selected the Framingham cohort
to estimate the proportion of heritability explained and the geno-
type score. With a heritability estimate of 30.4% in the Framingham
cohort, these 14 loci explain a substantial proportion (~10%) of the
inherited variation in fasting glucose. Given the possibility that these
same loci harbor additional independent variants (for example, those
due to low-frequency alleles not captured by this analysis) that also
influence fasting glucose?’, this estimate of the heritability attribut-
able to these loci is likely to be conservative.

We estimated the combined impact of the 16 loci associated with
fasting glucose (the 14 loci included in the effect size estimates plus
those on TCF7L2 and SLC30A8) in some of the largest cohorts
(Framingham, the Northern Finland Birth Cohort (NFBC) of 1966
and the Atherosclerosis Risk in Communities (ARIC) study) by con-
structing a genotype score equal to the sum of the expected number
of risk alleles at each SNP weighted by their effect sizes (see Online
Methods). Fasting glucose levels were higher in individuals with
higher genotype scores (Fig. 3), with mean differences of ~0.4 mmol/l
(5.93 versus 5.51 mmol/l in NFBC 1966; 5.36 versus 5.03 mmol/l in
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Figure 2 Quantile-quantile plots. (a) Fasting glucose. (b) Beta-cell
function by homeostasis model assessment (HOMA-B). (c) Fasting insulin.
(d) Insulin resistance by homeostasis model assessment (HOMA-IR). In
each plot, the expected null distribution is plotted along the red diagonal,
the entire distribution of observed P values is plotted in black and a
distribution that excludes the ten newly discovered loci shown in Figure 1
is plotted in green. For fasting glucose and HOMA-B, the distribution that
excludes the four genome-wide significant fasting glucose—-associated

loci reported previously (in GCK, GCKR, G6PCZ2 and MTNR1B) is plotted
in blue. A comparison of the observed P values for each trait shows that
fasting glucose and HOMA-B associations are much more likely to be
detected than fasting insulin and HOMA-IR associations.

Framingham; 5.70 versus 5.29 mmol/l in ARIC) when comparing
individuals with a score of 23 or higher (5.6% of the sample) to those
with a score of 12 or lower (2.9% of the sample). The 0.4 mmol/l
(7.2 mg/dl) difference between the two tails of the distribution of risk
score in the population (top 5.6% compared to the bottom 2.9%) is of
clinical relevance, as it represents a shift of approximately 25 centile
points in the distribution of fasting glucose. Prospective evidence
has shown that a difference of this magnitude in fasting glucose is
associated with a relative risk of 1.54-1.73 for future T2D, account-
ing for other risk factors?®. The impact of individual SNPs on fasting
glucose in the combined discovery and replication samples is shown
in Supplementary Figure 3.

We also analyzed data from 1,602 self-reported white European
children aged 5.9-17.2 from two studies. Though directionally con-
sistent with observations in adults, some effect size estimates in these
children were of smaller magnitude (data not shown). As in adults, the
largest effect sizes were observed for risk alleles in GCK (8 = 0.085,
P=1.2%10"%,n=1,602), GGPC2 (B =0.062,P=1.9%x 10~4,n = 1,582)
and MTNRIB (8=0.033, P =0.058, n = 1,309).

Impact of reproducibly associated loci on additional glycemic traits
We sought to investigate all 17 loci associated with fasting glucose,
HOMA-B, fasting insulin or HOMA-IR at genome-wide significance
for their effects on other continuous glycemic traits. Whereas most
of the 16 loci associated with fasting glucose are also strongly associ-
ated with HOMA-B (Tables 1 and 2), the associations between fasting
glucose loci and fasting insulin were weak at best; GCKR is the only
locus reaching genome-wide significant associations for both fasting
glucose and fasting insulin or HOMA-IR, with the glucose-raising
C allele being associated with increased fasting insulin (global P= 3.6 X
1072%) and HOMA-IR (global P = 3.0 X 1072%). These patterns are
consistent with the gross trait correlations obtained in Framingham
for fasting glucose and HOMA-B (r = —0.43) and for fasting glucose
and fasting insulin (r = 0.25).

Impairment of glucose homeostasis may be characterized by ele-
vated fasting glucose or fasting insulin, elevated glucose or insulin
at 2 h after oral glucose tolerance test (OGTT), or elevated glycated
hemoglobin (HbA, ). We tested associations of each of the 17 loci of
interest in a subset of MAGIC cohorts with GWAS data informative
for these traits. Because HbA | is a measure of average glycemia over
the preceding 2-3 months, we hypothesized that if an association of
these loci with additional traits was present, it should be direction-
ally consistent. The three loci with the largest effect sizes on fasting
glucose—G6PC2, MTNRIB and GCK—all showed genome-wide sig-
nificant and directionally consistent associations with HbA, ; DGKB-
TMEM195, ADCY5, SLC2A2, PROX1, SLC30A8 and TCF7L2 showed
nominal (P < 0.05) evidence of directionally consistent association
(Table 2). The fasting glucose—raising alleles at TCF7L2, SLC30AS8,
GCK and ADCY5 were associated (P < 0.0002) with increased 2-h
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glucose (Table 2); a parallel MAGIC project reports the genome-wide
significant association with 2-h glucose of another ADCY5 SNP in
strong linkage disequilibrium (LD) with our lead SNP (r2=0.82)%°. In
contrast, and consistent with previous reports that the fasting glucose—
raising allele of GCKR is associated with greater insulin release during
OGTT!H12:30 this allele was associated with lower 2-h glucose.
Testing of these loci for association with T2D as a dichotomous trait
in up to 40,655 cases and 87,022 nondiabetic controls demonstrated
that the fasting glucose—raising alleles at 7 loci (in or near ADCY5,
PROX1, GCK, GCKR and DGKB-TMEM195 and the known T2D
genes TCF7L2 and SLC30A8) are robustly associated (P < 5 X 1078)
with increased risk of T2D (Table 2). The association of a highly
correlated SNP in ADCY5 with T2D in partially overlapping
samples is reported by our companion manuscript?®. We found less
significant T2D associations (P < 5 x 1072) for variants in or near
CRY2, FADS1, GLIS3 and C2CD4B (Table 2). These data clearly show
that loci with similar fasting glucose effect sizes may have very different
T2D risk effects (see, for example, ADCY5 and MADD in Table 2).
Given that several alleles associated with higher fasting glucose
levels were also associated with increased T2D risk and that the T2D-
related genes TCF7L2 and SLC30A8 showed association with fasting
glucose, we systematically investigated association of all established
T2D loci with the same four fasting diabetes—related quantitative traits.
We found directionally consistent nominal associations (P < 0.05) of
T2D risk alleles with higher fasting glucose for 11 of 18 established
T2D loci, including MTNR1B (Supplementary Table 3). These data
demonstrate that a large T2D effect size does not always translate to
an equivalently large fasting glucose effect in nondiabetic persons, as
clearly highlighted when contrasting the remarkably small effects of
TCF7L2 on fasting glucose compared to MTNRI1B (Table 2).

Impact of new glycemic loci on other metabolic traits

Next, we used available GWAS results for additional metabolic
phenotypes (BMI from GIANT?!, blood pressure from Global
BPgen?? and lipids from ENGAGE??) to assess the impact of the
newly discovered glycemic loci on these traits. None of the newly
discovered loci had significant (P < 0.01) associations with BMI or
blood pressure (Table 3). Notably, the FADSI glucose-raising allele
was associated with increased total cholesterol (P = 2.5 x 1079),
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Table 2 Association of newly discovered SNPs with glycemic traits in MAGIC and type 2 diabetes replication meta-analyses

Alleles Fasting
Nearest (effect/ glucose Fasting 2-h glucose 2-h insulin Type 2
SNP gene(s) other) (mmol/l) HOMA-B insulin (pmol/I) HOMA-IR HbA; . (%) (mmol/l) (pmol/1) diabetes?
rs560887 G6PC2 (72) Effect? 0.075 (0.003) -0.042 (0.004) -0.007 (0.004)  0.006 (0.004)  0.032 (0.004) 0.017 (0.020) -0.031 (0.013) 0.97 (0.95-0.99)
P 8.5 x 107122 7.6 x 10729 0.11 0.16 1.0x 10717 0.41 0.01 0.012
rs10830963  MTNRI1B G/C Effect? 0.067 (0.003) -0.034 (0.004) -0.006 (0.004)  0.004 (0.004)  0.024 (0.004) 0.056 (0.022) 0.034 (0.015) 1.09 (1.06-1.12)
P 1.1 x 107102 1.1 x 1022 0.14 0.37 3.0x 107 0.01 0.02 8.0x 10713
154607517 GCK AG Effect? 0.062 (0.004) -0.025(0.005) 0.004 (0.006) 0.015(0.006)  0.041 (0.005) 0.097 (0.026) -0.012 (0.015) 1.07 (1.05-1.10)
P 1.2 x 1044 1.2x10°® 0.46 0.01 6.3 x 10719 2.0x 107 0.42 5.0x 1078
152191349 DGKB- T/G Effect? 0.030 (0.003) -0.017 (0.003) -0.002(0.003)  0.002 (0.004)  0.008 (0.003) 0.000 (0.019) -0.006 (0.012) 1.06 (1.04-1.08)
TMEM195 P 5.3 x 1022 6.4x 108 0.48 0.61 0.01 0.98 0.60 1.1x 108
rs780094 GCKR cT Effect? 0.029 (0.003) 0.014(0.003) 0.032(0.004) 0.035(0.004)  0.004 (0.004) -0.091 (0.019) 0.000 (0.011) 1.06 (1.04-1.08)
P 1.7 x 10724 1.4 x10° 3.6 x 10719 5.0 x 10720 0.32 1.4 x 1076 1.00 1.3 x 1070
rs11708067  ADCY5 AG Effect? 0.027 (0.003) -0.023 (0.004) -0.011 (0.004) -0.006 (0.005)  0.015 (0.004) 0.094 (0.023) 0.008 (0.015) 1.12 (1.09-1.15)
P 1.7 x 10714 3.6x 108 0.01 0.16 5.1x 107 6.6 x 107° 0.60 9.9 x 10721
157944584 MADD AT Effect? 0.021 (0.003) -0.007 (0.004) 0.002 (0.004)  0.005 (0.004)  0.001 (0.004) -0.017 (0.022) -0.019 (0.013) 1.01 (0.99-1.03)
P 5.1x 10711 0.07 0.60 0.26 0.84 0.44 0.15 0.30
rs10885122  ADRA2A G/T Effect? 0.022 (0.004) -0.010(0.005)  0.001 (0.005)  0.004 (0.005)  0.007 (0.005) 0.004 (0.030) -0.051 (0.019) 1.04 (1.01-1.07)
P 9.7 x 108 0.03 0.90 0.47 0.21 0.89 0.007 0.020
rs174550 FADS1 T/C Effect? 0.017 (0.003) -0.020 (0.003) -0.011(0.004) -0.008 (0.004)  0.007 (0.004) 0.013 (0.019) -0.003 (0.012) 1.04 (1.02-1.06)
P 8.3x 1079 5.3x 10710 2.7 %1073 0.03 0.053 0.49 0.82 2.3x 10
1s11605924  CRY2 A/C Effect? 0.015 (0.003) -0.005(0.003) 0.001 (0.004)  0.003 (0.004)  0.001 (0.003) 0.023 (0.018) 0.006 (0.011) 1.04 (1.02-1.06)
P 8.1x 108 0.13 0.73 0.34 0.72 0.20 0.62 1.7 x 104
rs11920090  SLC2A2 T/A Effect? 0.020 (0.004) -0.012(0.005) 0.002 (0.005)  0.005 (0.005)  0.017 (0.005) 0.015 (0.027) -0.022 (0.016) 1.01 (0.99-1.04)
P 3.3x10°% 0.02 0.77 0.37 5.8x 107 0.58 0.19 0.34
rs7034200 GLIS3 A/C Effect? 0.018 (0.003) -0.020 (0.004) -0.014 (0.004) -0.011(0.004)  0.003 (0.003) 0.037 (0.018) 0.010 (0.011) 1.03 (1.01-1.05)
P 1.2x 1079 8.9 x107° 2.7x 107 4.6x1073 0.32 0.04 0.36 1.3x 1073
rs340874 PROX1 cT Effect? 0.013 (0.003) -0.008 (0.003) -0.002 (0.004)  0.001 (0.004)  0.009 (0.004) 0.030 (0.020) -0.007 (0.012) 1.07 (1.05-1.09)
P 6.6 x 10 0.02 0.68 0.74 9.5x 1073 0.13 0.56 7.2x 10710
1511071657  C2CD4B AG Effect? 0.008 (0.003) -0.013(0.004) -0.009 (0.004) -0.008 (0.004)  0.001 (0.004) -0.065 (0.020) -0.006 (0.013) 1.03 (1.01-1.05)
P 0.01 8.1x 104 0.03 0.07 0.79 0.001 0.65 2.9x 1073
113266634  SLC30A8 C/IT Effect? 0.027 (0.004) -0.016 (0.004) -0.004 (0.005) -0.0002 (0.005) 0.016 (0.004) 0.093 (0.022) -0.011 (0.015) 1.15(1.10-1.21)°
P 5.5 x 10710 2.4 x10° 0.44 0.97 3.3x10° 2.0x 10°° 0.47 1.5x 1078
17903146 TCF7L2 T/C Effect? 0.023 (0.004) -0.020 (0.004) -0.012(0.004) -0.010(0.005)  0.013 (0.003) 0.118(0.021) 0.010(0.013) 1.40 (1.34-1.46)°
P 2.8x 108 1.4 x 107 0.004 0.03 1.8x 104 2.6x 108 0.42 2.2x 105!
1535767 1GF1 G/A Effect? 0.012(0.005) 0.009 (0.005) 0.010(0.006) 0.013 (0.006)  0.010 (0.005) 0.027 (0.025) 0.015 (0.016) 1.04 (1.01-1.07)
P 0.01 0.09 0.10 0.04 0.050 0.28 0.33 6.6 x 1073
Sample size 45,049- 35,435- 37,199- 35,901~ 33,718- 15,221- 7,051- 40,655
for each trait 76,558 61,907 62,264 62,001 44,856 15,234 7,062 cases/87,022
controls

3Per-allele effect (SE) for quantitative traits was estimated from stage 2 replication samples for fasting glucose, homeostasis model assessment of beta-cell function (HOMA-B),
fasting insulin, and homeostasis model assessment of insulin resistance (HOMA-IR), and from discovery meta-analyses of MAGIC GWAS for glycated hemoglobin (HbA;.), 2-h
glucose after an oral glucose tolerance test (BMI-adjusted) and 2-h insulin (BMI-adjusted). For the first four traits, the regression coefficients are obtained from the replication
cohorts so as to avoid an overestimate of the effect size caused by the ‘winner’s curse’. Results from replication samples were unavailable for rs7903146 and rs13266634; thus,
discovery meta-analysis results are shown for both SNPs for fasting glucose (n = 45,049-45,051), HOMA-B (n = 35,435-35,437), fasting insulin (n = 37,199-37,201) and
HOMA-IR (n = 35,901-35,903). PReplication genotyping was undertaken in 27 independent type 2 diabetes (T2D) case/control samples for all except the TCF7L2 and SLC30A8
signals. ¢Association with T2D for SNPs in TCF7L2 and SLC30A8 loci was estimated from the DIAGRAM+ meta-analysis for a total of 8,130 cases/38,987 controls. For these loci,
we have included data on the most commonly associated SNPs with T2D in previously published data.

low-density lipoprotein cholesterol (P = 8.5 x 107°) and high-
density lipoprotein cholesterol (P = 2.9 X 107°), but was associated
with lower triglyceride levels (P = 1.9 X 107%) (Table 3); a consist-
ent association of this locus with lipid levels has been previously
reported?%. The fasting glucose—associated variant in MADD was

not associated with lipid levels and is not in LD (72 < 0.1) with
a previously reported high-density lipoprotein cholesterol SNP
(rs7395662)%, suggesting two independent signals within the same
locus, one affecting lipid levels and the other affecting fasting glu-
cose levels (Table 3).

Potential functional roles of newly discovered loci

r 54 We investigated the likely functional role of genes mapping closest to
800 . . . .
I I I the lead SNPs using several sources of data, including human disease
I - 5.3
600 1 I Figure 3 Variation in levels of fasting glucose depending on the number
() L 50 of risk alleles at newly identified loci, weighted by effect size in an
400 I [} aggregate genotype score for the Framingham Heart Study. The bar plots
I I show the average and standard error of fasting glucose in mmol/I for
200 I F 5.1 each value of the genotype score based on the regression coefficient
(right y axis), and the histogram denotes the number of individuals in
{ L s each genotype score category (left y axis). Comparable results were
0- obtained for the NFBC 1966 and ARIC cohorts. On average, the range
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spans ~0.4 mmol/l (~7.2 mg/dl) from low to high genotype score.
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Table 3 Association of newly discovered SNPs with related metabolic traits in other GWAS datasets

Nearest Alleles Diastolic blood Systolic blood
SNP gene(s) (effect/other) BMI (kg/m?)  pressure (mm Hg) pressure (mm Hg)  Hypertension HDL LDL Total cholesterol  Triglycerides
rs560887 G6PC2 cIT Effect? -0.013(0.010) -0.146 (0.091) -0.105(0.135) -0.023(0.028) -0.004 (0.004)  0.01 (0.011) 0.019(0.011)  0.004 (0.005)
P 0.18 0.12 0.46 0.41 0.32 0.35 0.10 0.52
rs10830963 MTNR1B G/C Effect® 0.002 (0.010) 0.034 (0.098) 0.088 (0.146) -0.003 (0.030) 0.005 (0.004) -0.015(0.013) 0.002 (0.014) -0.004 (0.007)
P 0.86 0.74 0.56 0.91 0.26 0.25 0.88 0.58
rs4607517 GCK AG Effect® 0.004 (0.011) -0.136(0.111) -0.128(0.165) -0.013(0.033) -0.006 (0.005) 0.012(0.014) -0.002 (0.015)  0.013 (0.007)
P 0.75 0.23 0.45 0.70 0.21 0.38 0.87 0.054
rs2191349 DGKB-TMEM195 T/G Effect® 0.001 (0.009) -0.075 (0.082) -0.046 (0.122) 0.007 (0.025) 0.002 (0.003) 0.009 (0.01) 0.015(0.011)  0.004 (0.005)
P 0.95 0.37 0.71 0.79 0.64 0.40 0.18 0.44
rs780094 GCKR C/IT Effect® 0.012(0.009) 0.052(0.084)  0.006 (0.124) 0.020 (0.025) 0.009 (0.003) 0.007 (0.01) -0.019 (0.011) -0.055 (0.005)
P 0.17 0.55 0.96 0.45 8.7x103 0.51 0.08 9.6 x 10727
rs11708067 ADCY5 AG Effect?  -0.010 (0.011) -0.056 (0.104)  0.047 (0.156) 0.028 (0.031) 0.0004(0.004) -0.014(0.013) -0.013(0.013) -0.003 (0.006)
P 0.35 0.60 0.77 0.37 0.92 0.26 0.32 0.62
1s7944584 MADD AT Effect?  0.023 (0.010) -0.208 (0.093) -0.170(0.140) -0.038(0.028)  0.007 (0.004) -0.013(0.012) -0.016(0.012) -0.007 (0.006)
P 0.02 0.03 0.24 0.18 0.06 0.27 0.18 0.26
rs10885122 ADRAZA G/T Effect? -0.021 (0.014) -0.079(0.131) 0.168 (0.193) 0.073 (0.039) 0.01 (0.007) -0.019 (0.02) -0.02 (0.021) -0.02(0.01)
P 0.14 0.56 0.40 0.07 0.15 0.34 0.33 0.04
rs174550 FADS1 T/IC Effect® 0.003 (0.009) -0.208 (0.086) -0.108 (0.128) 0.013 (0.026) 0.014 (0.003) 0.046 (0.010) 0.052 (0.011) -0.025 (0.005)
P 0.73 0.02 0.42 0.62 2.9x 107 8.5x 1076 2.5x 106 1.9x 10
rs11605924 CRY2 AIC Effect® 0.011 (0.009) 0.123(0.082) -0.003 (0.123) 0.004 (0.025) 0.005 (0.004) 0.005 (0.011) 0.008 (0.011) -0.009 (0.005)
P 0.21 0.15 0.98 0.87 0.13 0.62 0.46 0.10
rs11920090 SLC2A2 T/A Effect® 0.010(0.012) -0.034 (0.117) -0.023 (0.174) -0.030 (0.036) 0.003 (0.005) -0.004 (0.014)  -0.009 (0.015) -0.015 (0.007)
P 0.42 0.78 0.90 0.41 0.60 0.81 0.57 0.04
rs7034200 GLIS3 AIC Effect?  -0.002 (0.009) 0.093(0.082) 0.087 (0.122) 0.006 (0.025) 0.0002(0.003)  0.015(0.01) 0.028 (0.011)  0.005 (0.005)
P 0.86 0.27 0.49 0.80 0.94 0.15 8.3x 1073 0.37
rs340874 PROX1 cIT Effectt  -0.007 (0.009) 0.113(0.085) 0.093 (0.127) 0.029 (0.026) -0.007 (0.003) 0.009 (0.01) 0.003 (0.011)  0.007 (0.005)
P 0.46 0.20 0.48 0.27 0.04 0.39 0.81 0.19
rs11071657 c2cD4B AG Effect?  -0.006 (0.010) 0.132(0.091) -0.007 (0.135) 0.020 (0.028) -0.004 (0.004) 0.012 (0.011) 0.002 (0.011)  0.006 (0.005)
P 0.54 0.16 0.96 0.49 0.22 0.28 0.86 0.30
rs13266634 SLC30A8 C/IT Effect? -0.026 (0.011) -0.081 (0.094) -0.072 (0.139) 0.010 (0.029) 0.003 (0.004) 0.016 (0.011) 0.013(0.011)  0.005 (0.005)
P 0.01 0.40 0.62 0.74 0.47 0.13 0.24 0.33
rs7903146 TCF7L2 T/IC Effect?  -0.033 (0.009) 0.026 (0.091)  0.025 (0.137) 0.003 (0.028) 0.005 (0.004) 0.007 (0.012) 0.007 (0.012) -0.006 (0.006)
P 4.4 %104 0.78 0.86 0.92 0.22 0.53 0.55 0.31
rs35767 IGF1 G/A Effect® 0.003 (0.012) -0.102 (0.113) -0.078(0.167) -0.005 (0.034) 0.003 (0.005) -0.009 (0.015) -0.012(0.015) -0.002 (0.007)
P 0.81 0.38 0.65 0.87 0.56 0.52 0.43 0.84
n 28,225- 28,591- 28,557 8,145- 21,045 17,521 17,529 21,104
32,530 34,130 34,135 9,553 cases
8,175-9,749
controls

aPer-allele effect (s.e.m.). Results for BMI, blood pressure traits and lipid levels were kindly provided by the GIANT3!, GlobalBPGen32 and ENGAGE33 consortia, respectively.

databases, evidence from animal models and bioinformatic analy-
ses (see Box 1, Online Methods and Supplementary Table 4). The
newly discovered and previously established glycemic loci represent
various biological functions: signal transduction (DGKB-TMEM195,
ADCYS5, FADS1, ADRA2A, SLC2A2, GCK, GCKR, G6PC2 and IGF1),
cell proliferation and development (GLIS3, MADD and PROX1),
glucose transport and sensing (SLC2A2, GCK, GCKR and G6PC2)
and circadian rhythm regulation (MTNRIB and CRY2). All of these
pathways represent further avenues for physiological characterization
and possible therapeutic intervention for T2D. However, we note that
other genes could be causal (Box 1 and Supplementary Table 4), and
further experimental evidence will be needed to unequivocally link
specific genes with phenotypes.

Expression analyses

We measured expression of the genes mapping closest to our lead
SNPs (in DGKB-TMEM195, ADCY5, MADD, its neighboring gene
SLC39A13 (a member of a family of zinc transporters mapping ~45 kb
from the MADD lead SNP), ADRA2A, FADS1, CRY2, SLC2A2, GLIS3,
PROX1 and C2CD4B) in human pancreas and other metabolically
relevant tissues (Supplementary Fig. 4a). Although there was evidence
of expression in human islets for nearly all genes tested (with the
sole exception of TMEM195), we found that DGKB and MADD were

most strongly expressed in brain, SLC2A2, FADSI, TMEM195 and
PROXI were most strongly expressed in liver and ADCY5 was most
strongly expressed in heart, whereas SLC39A13, ADRA2A and CRY2
were broadly expressed. Notably, C2CD4B was highly expressed in
the whole pancreas with lower levels in isolated islets, suggesting
that it is also present in exocrine cells. A duplicate experiment in a
different laboratory obtained similar results (Supplementary Fig. 4b).
We further examined expression of these transcripts in flow-sorted
human beta cells from two separate individuals and documented
beta-cell expression for all but TMEM195, with SLC39A13, CRY2,
GLIS3 and PROX1 being particularly highly expressed in these cells
(Supplementary Fig. 4c). Expression levels in metabolically relevant
tissues for DGKB (beta cells) and TMEM195 (liver) provided equally
credible evidence for their respective candidacies as the causal gene at
these loci. Furthermore, based on its relatively high expression levels
in beta cells, SLC39A13 (neighboring gene to MADD) constitutes a
possible candidate gene that may merit further investigation.

Potential causal variants, eQTLs and copy number variants

Our results interrogate only a fraction of the common variants in
any given genomic region; we therefore expect that for the major-
ity of the loci here described, the underlying causal variant has yet
to be identified. Nevertheless, for some loci there are possible SNP
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Box 1: Genes nearest to loci associated with fasting diabetes-related quantitative traits

The DGKB-TMEM195 locus was recently reported to be associated with fasting glucose?4; here we report genome-wide significant replication of that finding and
evaluate the genes mapping closest to the lead SNP in further detail. DGKB encodes the B (1 of 10) isotype of the catalytic domain of diacylglycerol kinase, which
regulates the intracellular concentration of the second messenger diacylglycerol. In rat pancreatic islets, glucose increases diacylglycerol#®, which activates protein
kinase C (PKC) and thus potentiates insulin secretion®0. TMEM195 encodes transmembrane protein 195, an integral membrane phosphoprotein highly expressed in liver.

ADCY5 encodes adenylate cyclase 5, which catalyzes the generation of cAMP. Upon binding to its receptor in pancreatic beta cells, glucagon-like peptide 1 (GLP-1)
induces cAMP-mediated activation of protein kinase A, transcription of the proinsulin gene and stimulation of insulin secretory processes®!.

MADD encodes mitogen-activated protein kinase (MAPK) activating death domain, an adaptor protein that interacts with the tumor necrosis factor o receptor to
activate MAPK. Both PKC and MAPK have been implicated in the proliferation of beta cells induced by GLP-1 (ref. 51), suggesting that DGKB and MADD may
contribute to beta-cell mass and insulin secretion in this manner as well. Also in this region, SLC39A13 encodes a putative zinc transporter required for connec-
tive tissue development and BMP/TGF-B signaling®2. NRIH3 encodes the liver X receptor alpha (LXRA) protein, which contains the retinoid response element.
Glucose stimulates the transcriptional activity of LXR, which acts as a molecular switch that integrates hepatic glucose metabolism and fatty acid synthesis®3.

ADRA2A encodes the o, adrenergic receptor, which is expressed in beta cells and whose activation leads to an outward potassium current independent of the
islet potassium-sensitive ATP (Karp) channel, thus possibly modifying insulin release®*. Mice with null mutations display abnormal glucose homeostasis in
addition to cardiac hypertrophy and abnormal heart rate and blood pressure.

FADS1 encodes fatty acid desaturase 1, which catalyzes the biosynthesis of highly unsaturated fatty acids from precursor essential polyunsaturated fatty acids.
One such product is arachidonic acid; in rodent beta cells, arachidonic acid liberated by phospholipase A, augments glucose-mediated insulin release®®. Two
other members of the same family, FADS2 and FADS3, also reside in this region. By directing fatty acids down this metabolic pathway, increased activity of these
enzymes may lower circulating triglyceride concentrations.

CRY2 encodes cryptochrome 2, an integral component of the mammalian circadian pacemaker®®. Mice with null mutations in this gene present with abnormal
circadian rhythmicity and several metabolic abnormalities including impaired glucose tolerance, increased insulin sensitivity, decreased body weight and adipose
tissue, and abnormal heart rate. Together with MTNR1B5-17  this is the second circadian gene associated with fasting glucose in humans, contributing further
evidence to the emerging idea that this pathway regulates glucose homeostasis®’. In the same region, MAPK8IP1 encodes the scaffolding protein JIP1. Cross-talk
between JIP1 and JIP3 has been implicated in the regulation of ASK1-SEK1-JNK signaling during glucose deprivation®8. A missense mutation in this gene (lead-

ing to a S59N amino acid substitution) segregates with diabetes in one family affected with a Mendelian form of the disease®®.

SLC2A2 encodes the GLUT2 transporter responsible for transporting glucose into beta cells and triggering the glucose-mediated insulin secretion cascade. In
humans, recessive mutations in this gene lead to Fanconi-Bickel syndrome, a rare disorder characterized by hepatorenal glycogen accumulation, proximal renal
tubular dysfunction and impaired utilization of glucose and galactose®?; mouse mutants also show hyperglycemia and abnormal glucose homeostasis®?.

GLIS3 encodes the transcription factor GLIS family zinc finger 3 isoform, a Kriippel-like zinc finger protein that both activates and represses transcription and
participates in beta-cell ontogeny®2:63, Functional mutations in this gene cause a syndrome of neonatal diabetes and congenital hypothyroidism®3. Polymorphisms
within this gene have recently been associated with type 1 diabetes risk (t1dgc.org).

PROX1 encodes the prospero homeobox protein 1, a novel co-repressor of hepatocyte nuclear factor 4064 that plays a crucial role in beta-cell development; muta-
tions in its target gene HNF4A cause maturity-onset diabetes of the young, type 1 (ref. 65).

C2CD4B (formerly FAM148B) encodes the nuclear localized factor 2 (NLF2). It is expressed in endothelial cells and upregulated by proinflammatory cytokines®®.
As shown here, it has a high level of expression in the pancreas, although its putative molecular connection with glucose homeostasis is presently unclear.

IGF1 encodes the insulin-like growth factor 1 and is the sole genome-wide significant locus associated with HOMA-IR in our study. Humans and mice null for
IGF1 display abnormal glucose homeostasis, with insulin resistance, increased circulating insulin and insensitivity to growth hormone®7.

candidates; in SLC2A2, the lead SNP (rs11920090) is in perfect LD
(r? = 1.0) with rs5400 (stage 1 discovery association P =5.9 x 107°),
which codes for the amino acid substitution T110I, predicted to be
“possibly damaging” by PolyPhen3> and PANTHER (Pdel = 0.92)3.
In GCKR, the lead SNP is in strong LD (r? = 0.93) with rs1260326,
encoding P446L, a nonsynonymous variant previously associated with
fasting glucose and HOMA-IR!112:30 and predicted by PolyPhen to
be “probably damaging.” A recent functional study has demonstrated
that this variant indirectly leads to increased GCK activity, resulting in
the observed effects on fasting glucose and triglyceride levels®”. Both
the SLC2A2 T1101 and GCKR P446L substitutions were predicted to
be “tolerated” by SIFT38, highlighting the difficulties in obtaining con-
sensus functional predictions from different informatic approaches.

We used publicly available expression quantitative trait locus (eQTL)
datasets for liver®®, cortex?” and Epstein-Barr virus—transformed lym-
phoblastoid cell lines*! to explore additional possible causal mecha-
nisms by testing for association between replicated loci and mRNA
expression levels of nearby genes (Online Methods). The lead SNP
in FADSI, rs174550, is in strong LD with (r2 = 0.80) and is in close
proximity (130 bp) to rs174548, a SNP highly associated with FADSI

mRNA expression levels in liver (P = 1.7 X 107>) and with FADS2
mRNA expression levels in lymphoblastoid cells (P = 3.1 x 1074).
The SNP rs174548 has also been associated (up to P = 4.5 x 1079%)
with a number of serum glycerophospholipid concentrations in a
GWAS investigating metabolomic profiles*?, and rs174550 also
showed strong associations (P < 5.2 x 1077) with the same metabolites
(data not shown). These results are substantiated by previous work
associating SNPs in this region with the fatty acid composition of
phospholipids*’. The latter data suggest that the minor allele variant
of rs174550 results in a reduced efficiency of the fatty acid delta-5
desaturase reaction?2, Finally, bioinformatic analysis identifies a
perfect proxy, rs174545 (r? = 1.0 with rs174550), whose glucose-
raising allele abolishes a predicted target site for the miR-124
microRNA (see Online Methods). Taken together, these data support
the hypothesis that not only the abundance of fatty acids, but also
their precise composition and degree of desaturation, may influence
glucose homeostasis.

Although our study was not designed to explicitly investigate the
impact of copy number variation on glycemic traits, we took advan-
tage of existing data** to investigate whether any of our lead SNPs are
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in LD with common, diallelic copy number polymorphisms (CNPs)
mapping within a 1-Mb window. Of the fasting glucose loci, only
DGKB-TMEM195 has a validated, common CNP affecting sequence
within 1 Mb of the index SNP#4, Despite the proximity of this CNP to
the associated SNP (~25 kb), the CNP is essentially uncorrelated with
the index SNP (r% = 0.01 in HapMap CEU) and is therefore unlikely
to explain the observed association with fasting glucose level.

DISCUSSION

In this meta-analysis of 21 stage 1 discovery GWAS cohorts followed
by targeted stage 2 replication of 25 loci in 33 additional cohorts (tota-
ling up to 122,743 nondiabetic participants), we report new genome-
wide significant associations of SNPs in or near ADCY5, MADD,
ADRAZ2A, CRY2, FADS1, GLIS3, SLC2A2, PROX1 and C2CD4B with
fasting glucose and one SNP near IGF]I associated with fasting insulin
and HOMA-IR. We have also confirmed associations of variants in
GCK, GCKR, G6PC2 and MTNRIB with fasting glucose and achieved
genome-wide significance for the recently reported DGKB-TMEM195
locus?* and for variants in the known T2D-associated genes TCF7L2
and SLC30A8. All of the fasting glucose—associated SNPs showed
consistent nominal associations with HOMA-B, and those in GCK,
G6PC2, MTNR1B, DGKB-TMEM195, ADCY5, FADS1 and GLIS3 did
so at genome-wide significant levels. As previously reported! 1230,
GCKR is also associated with fasting insulin and HOMA-IR.

Notably, in addition to the established T2D-associated loci in
TCF7L2,SLC30A8 and MTNRI1B, five of the loci that are associated with
elevated fasting glucose levels in nondiabetic individuals (in ADCY35,
GCK, GCKR, PROX1 and DGKB-TMEM195) also increase the risk
of T2D in separate T2D case-control studies. However, this overlap
is incomplete and highlights the fact that the magnitude of the effect
on fasting glucose is not predictive of the effect on T2D risk, as shown
when comparing fasting glucose and T2D effect sizes for MTNRIB
and TCF7L2, or for ADCY5 and MADD (Table 2). Loci on the latter
two genes have similar effect sizes on fasting glucose and have similar
allele frequencies, and yet the former is robustly associated with T2D
risk (OR 1.12, P = 5.5 x 1072!) whereas the latter is not (OR 1.01,
P =0.3) in the same samples. This suggests that not all loci associated
with fasting glucose within the ‘physiological’ range are also associated
with ‘pathological’ fasting glucose levels and T2D risk. Thus, variation
in fasting glucose in healthy individuals is not necessarily an endo-
phenotype for T2D, which posits the hypothesis that the mechanism by
which glucose is raised, rather than a mere elevation in fasting glucose
levels, is a key contributor to disease progression. On the other hand, we
cannot rule out the existence of separate T2D-protective variants within
loci for which elevated fasting glucose does not progress to manifest
T2D; we also cannot rule out the effect of cohort selection in the detec-
tion of the loci with variable effects on fasting glucose and T2D risk.
Nevertheless, this work shows that targeting quantitative traits in GWAS
searches can help identify genetic determinants of overt disease.

With regard to insulin resistance, our analyses resulted in only one
new genome-wide significant locus associated with fasting insulin and
HOMA-IR. The associated SNP rs35767 is 1.2 kb upstream of IGF1,
raising the possibility that it may influence IGF1I expression levels (we
have found no direct support for this notion in the limited eQTL data
available). Although not reaching genome-wide significance, we note
that SNP rs4675095 in IRSI (the insulin receptor substrate-1 gene)
was also associated with HOMA-IR (P = 4.6 x 1073), which, given
IRSI’s excellent biological credentials, will warrant further investiga-
tion. This SNP is not in LD with the widely studied missense SNP sub-
stitution G972R (rs1801278), nor is it in LD with the newly discovered
T2D SNP 152943641 (ref. 45), whose C risk allele was only nominally
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associated with increased fasting insulin (P = 0.02) and HOMA-IR
(P = 0.04) in our discovery dataset. The previously reported asso-
ciations of SNPs in PANKI with fasting insulin?* did not receive
strong support in our discovery cohorts (P = 0.04 and P = 0.17 for
rs11185790 and rs1075374, respectively).

Notably, our large-scale meta-analyses produced more than a dozen
robust associations with fasting glucose and only two with fasting
insulin and HOMA-IR (GCKR and IGF1I). Although the somewhat
smaller sample size for the insulin analysis may have contributed to
this discrepancy, a comparison of the similarly powered HOMA-B
and HOMA-IR analyses reveals associations with HOMA-B several
orders of magnitude more significant than those seen with HOMA-
IR (Fig. 2). Because insulin itself is a component of the numerator
in both measures, one cannot attribute this discrepancy to technical
differences in insulin measurements across cohorts. Similarly, because
the quantile-quantile plots are very similar for fasting insulin and
HOMA-IR, we do not believe that the use of a mathematical formula
(as was used with HOMA-IR) rather than a direct measurement (as
was used with fasting insulin) has affected our analyses substantially.
HOMA-B and HOMA-IR have comparable heritability estimates
(0.26 and 0.27 in the Framingham Heart Study, respectively), and
their correlation is substantial (r = 0.55 in the Framingham Heart
Study). Thus, not only may there be a difference in the identity of
specific genetic determinants for each trait*®, but the genetic archi-
tecture may be distinct for each trait, with more modest effects, fewer
loci, rarer variants, or a stronger environmental modification under-
lying HOMA-IR. In addition, HOMA-IR (which is composed of fast-
ing values) is an imperfect estimate of global insulin resistance, as it
addresses mostly hepatic sensitivity to insulin and is partially affected
by beta-cell function. The heritability of HOMA-IR is lower than the
heritability for insulin sensitivity derived from the minimal model*’.
Exploration of gene X environment interactions and analysis of
datasets that include 2-h glucose and insulin values may reveal other
genetic factors that increase insulin resistance in humans?’.

In conclusion, our large-scale meta-analysis of GWAS has identified
ten new loci associated with glycemic traits whose in-depth physiological
investigation should further our understanding of glucose homeostasis
in humans and may reveal new pathways for diabetes therapeutics.
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ONLINE METHODS

Cohort description. The consortia participating in MAGIC contributed a
maximum total of 122,743 individuals. The stage 1 discovery set included
36,466—-46,186 individuals (depending on trait) from 17 population-based
cohort studies and four case-control studies. The stage 2 replication set
included up to 76,558 individuals from 33 sample collections, including
28 population-based and 5 case-control collections. Detailed information on
all studies is provided in Supplementary Tables 1a (stage 1 discovery) and 1b
(stage 2 replication). All participants were adults of white European ancestry
from the United States or Europe. Individuals were excluded from the analysis
if they had a physician diagnosis of diabetes, were on diabetes treatment (oral
or insulin) or had a fasting plasma glucose 27 mmol/l. Some individuals with
fasting glucose <7 mmol/l but who would have tested abnormally after an oral
glucose challenge could have been included; we estimated this number to be as
low as <1% in the Framingham Heart Study and 1.6% in Inter99, two popula-
tion cohorts in which all relevant data were available. Individual studies applied
further sample exclusions, including pregnancy, non-fasting individuals, type 1
diabetes, or outliers +3 s.d. of distribution for either fasting glucose or fasting
insulin, as detailed in Supplementary Tables 1a and 1b. Individual stage 1 dis-
covery cohort sizes ranged between 458 and 6,479 samples; stage 2 replication
cohorts ranged between 554 and 8,010 samples. All studies were approved by
local research ethic committees, and all participants gave informed consent.

Type 2 diabetes association. The association analysis of lead SNPs with
T2D as a dichotomous trait was carried out under the additive genetic
model in 27 case-control cohorts totaling 40,655 cases and 87,022 controls
of European descent. These included 8,130 cases and 38,987 controls from
eight DIAGRAM+ Consortium studies and 32,525 additional T2D cases
and 48,035 additional controls from 19 cohorts genotyped de novo, listed
as cohort (n cases/n controls): FUSION_stage2 (1,203/1,261), METSIM_CC
(854/3,469), Addition/Ely (892/1,612), Cambridgeshire Case Control Study
(541/527), Norfolk Diabetes Case Control Study (6,056/6,428), deCODE
(1,465/23,194), DGDG (690/730), DGI (1,022/1,075), ERGO (1,178/4,761),
EUROSPAN (268/3,710), FUSION (1,161/1,174), KORA S3 (433/1,438), T2D
Wellcome Trust Case Control Consortium (1,924/2,938), HPFS (1,146/1,241),
Nurses’ Health Study (1,532/1,754), Danish (3,652/4,992), KORA_replication
consisting of cases from KORAS1-S4 and the Augsburg Diabetes Family
Study (ADFS) and controls from KORA S4 (1,047/1,491), OxGN_58BC
(UKRS2) (612/1,596), UKT2DGC (4,979/6,454), Framingham Heart
Study_CC (674/7,664), NHANES (289/1,219), Partners/Roche (534/649),
Umea (1,327/1,424), French_CC (2,155/1,862), GCI Poland_DGI_Stage2
(969/969), GCI_US_DGI_Stage2 (1,191/1,171) and MDC_MDR_DGI_Stage2
(2,814/3,234). According to the best sample-specific model, in some cohorts,
age and BMI were used as covariates for adjustment of the case-control asso-
ciation. The meta-analysis of the cohort-specific summary statistics (odds
ratios and 95% confidence intervals) was performed using a fixed effects
inverse-variance approach with GWAMA (see URLs).

Quantitative trait measurements. Fasting glucose (in mmol/l) was measured
from fasting whole blood, plasma or serum or a combination of these. Whole-
blood fasting glucose levels were corrected to plasma fasting glucose using a correc-
tion factor of 1.13. Fasting insulin was measured as described in Supplementary
Tables 1a and 1b for each of the cohorts. Indices of beta-cell function (HOMA-B)
and insulin resistance (HOMA-IR) were derived from paired fasting glucose and
insulin measures using the homeostasis model assessment!8,

Genotyping, imputation and quality control. Genotyping of individual
cohorts was carried out using commercial genome-wide arrays as detailed in
Supplementary Tables 1a and 1b. For genome-wide SNP sets, different crite-
ria were used to filter out poor-quality SNPs and samples before imputation.
Criteria generally applied for exclusion of samples were (i) call-rate <0.95,
(ii) individuals with heterozygosity outside the population-specific bounds
and (iii) ethnic outliers. Criteria generally applied for exclusion of SNPs were
(1) minor allele frequency (MAF) <0.01, (ii) Hardy-Weinberg equilibrium
P < 107 or 107® and (iii) call-rate <0.95. Imputation of additional auto-
somal SNPs from the HapMap CEU reference panel was performed
using the software MACH?3, IMPUTE?? or BIMBAM®® with parameters and
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pre-imputation filters as specified in Supplementary Tables 1a and 1b. SNPs
were also excluded if the cohort-specific imputation quality as assessed by
r2.hat was <0.3 (MACH) or proper-info was <0.4 (IMPUTE) or observed/
expected dosage variance was <0.3 (BIMBAM), or if their mapping and/or
strand annotation was ambiguous. In total, up to 2.5 million genotyped or
imputed autosomal SNPs were considered for meta-analysis. SNPs were consid-
ered for meta-analysis if they were available for at least 20% of maximum avail-
able sample size or if 210,000 individuals were informative for each SNP.

Statistical analyses. We excluded from analysis people with diabetes (those on
diabetes treatment or with fasting glucose =7 mmol/l), non-fasting participants
and pregnant women. In each cohort, we used log-transformed trait values
for fasting insulin, HOMA-IR and HOMA-B and untransformed fasting glu-
cose as the dependent variable in linear regression models that included terms
for sex, age (except NFBC 1966, where all subjects were 31 years old), study
site (if applicable), geographical covariates (if applicable) and age squared
(Framingham only) to assess the association of additively coded genotypes
with trait values. Association testing was performed using software that takes
genotype and imputation uncertainty into account, using a missing-data
likelihood test implemented in SNPTEST?? or by using allele dosages in the
linear regression model in MACH2QTL??, GenABEL®’ or Imekin from the R
kinship package’’. Regression estimates for the effect of the additively coded
SNP were pooled across studies in a meta-analysis using a fixed effect inverse-
variance approach’!. The individual cohort results, but not the final meta-
analysis results, were corrected for residual inflation of the test statistic using
the genomic control method”2. Final GC values were 1.05 for fasting glucose,
1.046 for HOMA-B, 1.04 for HOMA-IR and 1.041 for fasting insulin.

Replication SNP selection and analysis. Twenty-five lead SNPs from among
the most significant association results in the stage 1 discovery meta-analyses
were selected for replication. To account for the correlation between traits and
to ensure independent signals, highly significant associations detected in two
or more traits were selected only once. All selected loci had an 72 < 0.5 with the
nearest other selected loci. From each unique locus, the SNP with the smallest
P value was chosen. All SNPs had a minimum sample size of at least 80% of
the overall discovery sample. Variants known to be associated with T2D (in
SLC30A8 and TCF7L2) and reaching the genome-wide significance threshold
(P< 5% 1078) were not included in the replication list. SNPs were also selected
on the basis of low heterogeneity between studies, although loci with biologic
plausibility were selected even if there was some evidence of heterogeneity.
Seventeen SNPs from the glucose and HOMA-B analyses and eight SNPs from
the insulin and HOMA-IR analyses were taken for stage 2 replication. Although
previously described, variants in G6PC2, GCK, GCKR and MTNRIB were
selected for replication to serve as ‘positive controls’ in all study samples. Up to
four alternate proxy SNPs (maximizing LD with the index SNP) were selected
for each locus to accommodate the capacities of different platforms. In the
cases where index SNPs failed in the initial stage of genotyping, replication
results were obtained for proxy SNPs in strong LD with the original index SNP
whenever possible. SNPs with Hardy-Weinberg equilibrium P values <0.001
were excluded. In cases where more than one proxy SNP was genotyped but
the index SNP was unavailable, the proxy SNP’s LD with the index SNP and
its call rate was used to select the SNP with the best-quality genotyping to be
included in the meta-analysis.

Genotype data for 25 signals or proxies were obtained from 33 independent
replication cohorts, including both in silico data from pre-existing GWAS (8)
and de novo genotyping (25). Phenotype definition and association testing
between fasting traits and these 25 SNPs was performed in the same manner
in each cohort. The inverse variance method was then applied to derive
pooled effect estimates from the stage 2 replication samples using METAL
(see URLs) and GWAMA software. We then carried out a pooled analysis of the
stage 1 discovery cohorts and stage 2 replication samples to determine which
SNPs reached genome-wide significance, as determined by a P < 5 x 1078.
Heterogeneity was assessed using the I? index?8,

Notes on replication genotyping. Amish. The Amish trait data is reported
for the Heredity and Phenotype Interaction Heart Study (HAPI), Amish
Family Longevity Study (LS), Amish Family Diabetes Study (AFDS), Amish
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Family Calcification Study (AFCS) and Pharmacogenomics of Anti-Platelet
Intervention (PAPI) Study. All studies genotyped 15 SNPs (rs10830963,
154607517,1s11605924, 1511708067, rs1416802, rs588262, rs4675095, 156947696,
rs4912494, rs11920090, rs174550, rs7034200, rs4243291, rs457420, rs1881413).
Other SNPs were typed on different sample subsets: AFDS only (rs2191349,
rs10493846); HAPI only (rs560887); HAPI, LS and Pharmacogenomics of
Anti-Platelet Interaction study (PAPI) (rs780094, rs6479526, rs340835,
rs11167682); HAPI, LS, AFDS, PAPI (rs4918635, rs855228); HAPI, LS and
AFCS (rs11039149). The genotyping statistics in Supplementary Table 1b are
reported for the AFDS + HAPI + LS cohorts.

FUSION stage 2. The FUSION stage 2 cohort includes some Health 2000
samples, none of which overlap with the Health 2000 cohort.

SNP score. For the 16 SNPs reaching genome-wide significance of association
(either in the discovery stage alone or in the combined replication and discov-
ery meta-analysis), we defined a risk score as the weighted sum of the number
of expected risk alleles, where the sum of the weights was set to the number of
SNPs (16) and the weights were proportional to the estimate of the effect size
for each SNP. Mean fasting glucose levels according to the number of weighted
risk alleles were computed in some of the largest cohorts (Framingham, ARIC,
NFBC 1966) with all 16 SNPs available (genotyped or imputed).

Bioinformatic analysis and functional annotation. To perform a prelimi-
nary assessment of the underlying functionality at the associated loci, we
first expanded the set of SNPs to include those in strong LD with the index
SNP (defined as pairwise r2 >0.8 according to HapMap Phase II CEU data).
We then mapped the genomic locations of all the SNPs in this expanded set
to several non-mutually-exclusive genomic annotation sets: nonsynony-
mous sites, splice sites, intergenic regions, 5" UTR, 3" UTR and introns from
dbSNP version 129 (see URLs section for URLs of this and other software
mentioned in this paragraph); 1-kb and 5-kb regions upstream of transcrip-
tion start sites from Ensembl version 49; intergenic predicted transcrip-
tion factor binding sites, CpG islands, ORegAnno elements, Encode region
ancestral repeats, EvoFold elements, multispecies conserved sequences
and positively selected gene regions from the University of California
Santa Cruz human table browser; predicted microRNA target sites from
TargetScan 4.2; validated enhancers from the Vista Enhancer Browser; pre-
dicted cis-regulatory modules from the PreMod database; and validated
noncoding RNAs from RNAdb. The potential functional effect of nonsyn-
onymous substitutions were evaluated using three prediction programs:
SIFT, PolyPhen and PANTHER.

GRAIL. We used GRAIL (see URLs) to examine the putative relationship
between candidate genes at validated loci based on concomitant appearance in
published scientific text. GRAIL is a bioinformatic annotation tool that, given
several genomic regions or SNPs associated with a particular phenotype or dis-
ease, searches for similarities in the published scientific text among the associated
genes’>. It scores regions for functional relatedness by defining associated regions
based on the interval between recombination hotspots flanking furthest neigh-
boring SNPs with 72 >0.5 to the index SNP, and identifies overlapping genes in
that region. Based on textual relationships between genes (as determined from a
download of PubMed abstracts on 16 December 2006), GRAIL assigns a P value
to each region suggesting its degree of functional connectivity, and picks the best
candidate gene after taking into account multiple comparisons.

We considered the following SNPs and candidate genes: rs10830963
(MTNRI1B), 152191349 (DGKB), 154607517 (GCK), rs11920090 (SLC2A2),
rs11708067 (ADCY5), rs560887 (G6PC2), rs780094 (GCKR), rs11605924
(CRY2), rs7034200 (GLIS3), rs340874 (PROXI), rs10885122 (ADRA2A),
rs7944584 (NRI1H3), rs174550 (FEN1, FADSI, Cllorf9, Cllorfl0, FADS2)
and rs11071657 (C2CD4B). In addition, the following keywords describing
functional connections were used: “glucose”, “diabetes”, “islet”, “diacylglycerol”,
“circadian’, “insulin”, “drosophila’, “liver”, “clock”, “cyclase”, “pancreatic”, “ade-
nylyl”, “memory”, “beta”, “mice”, “islets”, “phosphatase”, “camp”, “light”, “activ-
ity”. A total of 7 genes (MTNR1B, DGKB, GCK, SLC2A2, ADCY5, G6PC2 and
GCKR) out of 14 had a significant association with functional connectivity
(at P<0.1) compared to 1.4 expected under the null, demonstrating that this
gene set is enriched in relationships with each other.
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eQTL analysis. The validated association signals were searched for previ-
ous evidence of expression quantitative trait loci (eQTLs) using several data
sources. Liver eQTL association results were obtained from Schadt et al.3°.
Cortex eQTL association results were obtained from Myers et al.4?. Epstein-
Barr virus-transformed lymphoblastoid cell eQTLs from ref. 41 were retrieved
using the mRNA by SNP browser (see URLSs). For each region, we limited our
analysis to cis eQTLs given the difficulty of reliably interpreting trans effects.
Genes or SNPs within 1 Mb from the lead SNP were considered. The r? values
between the lead SNPs and eQTL SNPs were retrieved from the HapMap Phase 2
data (CEU Panel), and only SNPs with 12 >0.6 were considered.

Of the 12 SNPs showing association with liver and located at < 1 Mb from
the lead SNP, five had no r? data in HapMap and were located at large distances
from the MAGIC lead SNP (mean 320 kb, range 48-725 kb). Of the remaining
seven, rs174548 at the FADS] (fatty acid desaturase 1, Poqyy = 1.74 X 1075)
locus was located 130 bp away from the lead SNP rs174550 and in strong LD
(pairwise r2 = 0.8). All the remaining SNPs did not fit our criteria for selec-
tion, although we note that a second lead SNP (rs780094 at GCKR) was also
moderately associated (r> = 0.49, distance = 74 kb) with a strong effect eQTL
(rs4665969 at IFT172, Pyqry. = 3.97 X 1072). For circulating lymphoblastoid
cells, the only cis effect fitting our criteria was observed for the MAGIC SNP
rs174550 (FADS1), which was located 24 kb from a known eQTL centered on
the FADS2 gene (Pqyy, = 3.1 X 107%). Finally, for cortex, the only eQTL was
found at four SNPs within LOC131076 (rs6769837, rs7648255, rs12636058,
rs6438726), all located >870 kb from the MAGIC lead SNP (rs11708067 at
ADCY5, LD metrics not available).

Gene expression studies. Adult total RNA samples, except pancreatic islets
and flow-sorted beta cells, were purchased from Clontech (Clontech-Takara
Bio Europe, Saint-Germain-en-Laye, France). Adult human islets (n = 2)
were available through existing collections at Oxford University and were
obtained with full ethical consent. Flow-sorted beta cells were obtained from
two brain-dead adult donors (preparations >92% insulin-positive cells), in
accordance with French legislation and the local ethical committee, as previ-
ously described”4.

Tissue panel (Oxford). Samples were treated with DNase I (Ambion) to
ensure that residual genomic contamination was removed. For each tissue,
1 pg of total RNA was used to generate cDNA by random primed first strand
synthesis (Applied Biosystems) according to the manufacturer’s protocol.
Reverse transcription was also performed on all samples in the absence of the
enzyme reverse transcriptase, and these samples were used as negative controls.
Primers were designed to cover all RefSeq transcripts. Resulting cDNA for each
tissue was diluted 1:100 and 4 pl used in a 10 pul qRT-PCR reaction with 5.5 ul
gene expression master mix (Applied Biosystems) and 0.5 pl gene specific assay
(Applied Biosystems). All samples were run in triplicate. A standard curve was
generated by pooling 1 pl of each cDNA and serially diluting (1:50, 1:100,
1:200, 1:400, 1:800) and running as above. Expression levels were determined
with respect to the mean of four endogenous controls (B-actin, B2M, HPRT,
TOP1) and normalizing to the mean of the 1:100 standard for the assay of
interest. For ease of presentation, the maximum gene expression has been set
to equal 1 and all other tissue expressions reported as a fraction of this.

Tissue panel (Cambridge). Adult human total RNA samples (cerebellum,
cortex, spleen, pancreas, lung, kidney, liver, skeletal muscle, heart, testes,
adipocyte and total brain) were obtained from Clontech. Random-primed
first-strand cDNA synthesis was performed with 100 ng RNA using Super
Script II (Invitrogen) according to manufacturer’s instructions. Primers
were design to cover the majority of protein coding transcripts. For the
standard curve, 200 ng of a pool of all RNA samples was amplified using
the same protocol. The resulting cDNA for each tissue was diluted fivefold
and 5 ul of each sample were used in a 12 ul SYBR Green PCR Master Mix
(Applied Biosystem). The cDNA for the standard curve was diluted twofold
and used as above. Primers (SIGMA) were designed to anneal to all anno-
tated isoforms of any given gene. Quantitative PCR reactions were done in
triplicate on an ABI 7900HT (Applied Biosystems). Expression levels were
calculated from their average crossing points, expressed relative to the con-
trol gene Top! (encoding topoisomerase 1), and normalized to gene-specific
expression in pancreas. For the purpose of presentation, for each gene the
maximal expression was set to equal one and the rest reported as fraction

NATURE GENETICS

doi:10.1038/ng.520



of this number. The results of these duplicate experiments, which largely
confirm those reported in the text, are shown in Supplementary Fig. 3.
Flow-sorted beta cells (Lille). Samples were treated with DNase I (Ambion)
to ensure that residual genomic contamination was removed. For each tissue,
1 pg of total RNA was used to generate cDNA by random primed first strand
synthesis (Applied Biosystems) according to the manufacturer’s protocol.
Reverse transcription was also performed on all samples in the absence of the
enzyme reverse transcriptase, and these samples were used as negative con-
trols. Total RNA was extracted using Nucleospin RNA II kit (Macherey Nagel)
according to the manufacturer’s instructions. Resulting cDNA for each tissue
was diluted 1:10, and 4 pl was used in a 20-pul QRT-PCR reaction with 10 ul
gene expression master mix (Applied Biosystems) and 1 pl gene-specific assay
(Applied Biosystems). Data is presented with the most expressed gene (GLIS3)
normalized to 1 and all other genes reported as a fraction of this number.

URLs. GWAMA, http://www.well.ox.ac.uk/gwama/index.shtml; METAL,
http://www.sph.umich.edu/csg/abecasis/Metal/index.html; dbSNP version
129.http://www.ncbi.nlm.nih.gov/projects/SNP/; Ensembl version 49, http://
www.ensembl.org; University of California Santa Cruz human table browser,
http://genome.ucsc.edu/cgi-bin/hgTables; TargetScan 4.2, http://www.
targetscan.org; Vista Enhancer Browser, http://enhancer.lbl.gov; PreMod
database, http://genomequebec.mcgill.ca/PreMod; RNAdD, http://research.
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imb.uq.edu.au/rnadb/; SIFT, http://blocks.thcrc.org/sift/SIFT.html; PolyPhen,
http://genetics.bwh.harvard.edu/pph/; PANTHER, http://www.pantherdb.
org/tools/csnpScoreForm.jsp; GRAIL (Gene Relationships Across Implicated
Loci), www.broad.mit.edu/mpg/grail; mRNA by SNP browser, http://www.
sph.umich.edu/csg/liang/asthma/.

68. Servin, B. & Stephens, M. Imputation-based analysis of association studies:
candidate regions and quantitative traits. PLoS Genet. 3, e114 (2007).
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70. R Development Core Team. R: A Language and Environment for Statistical Computing
(R Foundation for Statistical Computing, Vienna, 2007).
. Petitti, D.B. Statistical methods in meta-analysis. in Meta-analysis, Decision
Analysis, and Cost-effectiveness Analysis (ed. Petitti, D.B.) 94-118 (Oxford
University Press, New York, 2000).
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