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ATrayopeUeTal N avTiypa@r, amoBnikeuon Kal dlavour Tng TTapoucag £pyooiag, €
OAOKAAPOU 1 TUAMOTOG QUTAG, YIO EUTTOPIKO OKOTTO. EmmTpémmerar n  avatutrwon,
atroBrikeuon Kal dIavVor yia OKOTTO Un KEPOOOKOTTIKO, EKTTAIBEUTIKNAG I EPEUVNTIKAGS YUONG,

utté TNV TTPoUTTO0e0N va ava@EépeTal N TNy TTPoEAEUCNG Kal va diaTnpEiTal To TTapodv

MAVUHQ.

O1 atréyeig kal BE0EIG TTOU TTEPIEXOVTAI O€ QUTHV TNV EPyacia EKPPACOUV TOV OUYYPAPEA KAl
Oev TTPETTEl va €PPNVEUBED OTI QvTITTPOOWTTEUOUV TIG €TTiIONUES B€0€Ig Tou EBvIKOU Kal

KatrodioTpiakou MavetTioTnuiou ABnvwv.



2Tou¢ daoKAaAou¢ uou

Claude Monet (1840-1926) London, Houses of Parliament. The Sun Shining through the Fog
1904.



Abbreviations

AAP Ambient Air Pollution

CVvD Cardiovascular Disease

ER Emergency Room

HICs High Income Countries

IHD Ischemic Heart Disease
LMICs Low and Middle Income Countries
NCDs Non Communicable Diseases
PM Particulate Matter

CO2 Carbon Dioxide

CcO Carbon Monoxide

WHO World Health Organization




MepiAnyn ota EAAnvika

«ATpuoo@aipikry Putravon, KAhipatikp AAayry kar Xnuikry Putravon: MNapdyovteg
Kivduvou yia Kapdiayyeiakry Nooco oTmig Xwpeg Métpiou kar XaunAou Eicodrjpartog-

2UOTNPaTIK Avaokotrnon»

Aégeig kAeidia: Atpoogaipikry Potravon, KAipariky AAayr, Xnuikr Puotravon,
Kapdiayyeiakr) Nooog, Xwpeg MéTpiou kal XaunAou Eicodriuatog

MevikA Eicaywyn

H kapdiayyeiakr vooog gival n Kupiapxn airia voonpdtnTag Kai BvnoiudtnTag mTayKoouiwg.
H loxaiuiky Kapdiakrp Néocog (IKN) kai 10 Ayyeiokd Eyke@aAiké Etreicddio (AEE)
eubuvovTal yia Ta dUo TPITa Twv BavATwY TTAYKOOWIWG Kal N TTAEIOVOTNTA QUTWV TWV
BavaTwy cupPaivel o€ XWPESG PETPiIOU Kal xaunAou gicodiuatog (LMICS). H emmirTwon Tng
kapdiayyelaknig vooou oTig LMICs augdaveTtal paydaia TiG TEAEUTAIEG OEKAETIEG KAl N algnon
auTh) dev uTTopei va atmodoBei aTTOKAEIOTIKA OTOUG TTaPadOCIaKoUG, CUMTTEPIPOPIKOUG
TTapdyovTeg KIvOUVOU, OTTwG €ival 1o KATviopa, n diatpo®ry KTA. To yeyovdg autd
UTTOONAWVEI OTI EVOEXONEVWG VO UTTAPXOUV ETTITTPOCOETOI TTAPAyoVTEG KIVOUVOU, Ol OTTOIOI
0ev £xouv ueAeTNBEI €1 BABOG Kal o1 oTToioI AUEAVOUV TNV ETTITITWON TNG vooou oTIg LMICs.
H atgyoo@aipikr) putravon, n KAIPATIK aAAayr Kal i XNMIKA POAuvon emTnpeddouv
duoavdAloya TIG LMICs o€ oxéon e TIG Xwpeg uwnAou eiocodrparog (HICS), ouvettwg Ba
MTTOpOUCAV VA TEAOUV ONUAVTIKO POAO OTNV ETTITITWON TNG VOOOU. 2KOTTOG TNG £pyaaciag
gival, Jéow ouOTNUATIKAG avaokdTTnong TNG BIBAIoypaiag, va armooca@nvioTei n UTTapEn
MIOG TETOIOG OXEONG, QUTA N OXEON VO TTOCOTIKOTTOINBEI Kal TEAIKWG, va TTpoTabouv oTdxOlI

Kal TTedia yia JEAAOVTIK) EPEUVA OTO OUYKEKPIPEVO TTEDIO.

MeBodoAoyia

MpayuaTotroindnke Pia oucTNUATIKY avaokotrnon TnS BiBAloypagiag, pe paon tn péBodo
PRISMA, ot tpia o1ddia. Mo ouykekpipgéva, TTPayPaToTToIOnKe cuAAoyr dedouévwy aTTd

10 PubMed, ScienceDirect, aAAd kai ammd ykpila PBiBAloypagia, OTTWSG ava@opEéS Tou



Maykdéopiou Opyaviopou Yyeiag KTA., akoAouBbnoe diahoyy pe PBacn tov TiTAO Kal Tnv
TEPIANYN  Kal TEAOG avAyvwon Tou TIANPOUG KEIYEVOU Kal  €gaywyr) OedONEVWV.
XpnoiyoTtroimenkav apbpa, Ta otroia ekdo6Bnkav atrod 1o N'evapn Tou 2010 wg 10 MN'eEvapn Tou
2020, pe oKOTTO va avadeigoupe TN oxXEon TNG KapdIayyEIOKN G VOOOU UE TNV ATUOCQAIPIKN
putTavor, TNV KAIHaTikr aAAayr) kai Tnv géAuvon atrd xprion XNUIKWVY ouciwy, oTiG LMICs.
Mo ouykekpipéva, Ta KAIVIKG OTTOTEAECUATA TTOU DIEPEUVACANE ATAV N voonpdTNTa Kal N
Bvnoiudétnta amé AEE kai IKN, pe amwrtepo OKOTTO va ammavinBouv CUYKeKpIYEVA
EPEUVNTIKA EPWTANATA KAl TTIO CUYKEKPIPEVA, TTOIA €ival N OXEON TG CUYKEVTPWONG TWV
TTEPIBAANOVTIKWYV PUTTWYV, PE TN vOOoneOTNTa Kal TN BvnoiuotnTa amd Kapdiayyelokr vooo,
Tola €ival n oxéon TNG Ogppokpaciag PE TR voonpdtnTa Kal TN Bvnoiudtnta arro
Kapdlayyelak vOOO Kal TTola €ival N oX€on Twv XNUIKWY pUTTWV PE TN vooneoTtnTa Kal TN

BvnoiudéTnTa atmrd kapdiayyelaki vooo.

H avalntnon ¢ BiBAloypagiag éyive pe Bdon «AEEEIG-KAEIDIGy, OTIC PAOCEIS
OeDOUEVWV KOl OTN CUVEXEIQ, OI TITAOI KAl OI TTEPIANYEIG EAEYXONKavV apXIKd, yia ocuvAageia
ME TO €peUVNTIKG {NTNHA. Z€ €TTOPEVO OTADIO, £YIVE AVAYVWON TOU TTAPOUG KEINEVOU aTTO
Ta emMAeypéva GpBpa. ZTnv TeAIKA €TTeEepyacia Twv dedOPEVWY, CUUTTEPIANPONKAV PNOVO
épeuveg amd LMICs, pe Paon Ttov opiopd Tng lMaykdopiag Tpdatmelag. ETTiong,
oupTTEPIARPONKAV pévo GpBpa TTou TTapEBeTav deikTEG BvNOIuOTNTAG, APIBUS ETTIOKEWEWV
O€ TUAMO ETTEIYOVTWYV TTEPICTATIKWY Kal aplBud voonA&giwyv Kal Ta oTroia ouvodeuav Ta
ammoTeAéopaTd Toug e dlaoTAPATA aglomoTiag. AtTokAgiotnkav &pBpa, Ta oTtroia dev
TTEPIEYPAPAV AETTTOPEPWG TN HEBODOAOYIQ, TO XOPAKTNPIOTIKA TOU UTTO JEAETN TTANBUOHOU,
KaBwg Kal autd TTou agopoucav OTHOC@AIPIKA PUTTAVON €0WTEPIKOU XWPEOU, KAQCIKOUG
TTapdyovTteg Kapdiayyelakig vooou 1 BiodeikTeg. EtTiong, atrokAcioTnkav dpbpa pe auto-
avoQEPOUEVN BvNOINOTNTA, KABWG KAl MEUOVWMHEVEG AVAPOPES TTEPIOTATIKWY (case
studies). ZuvoAikd, cuAAéxBnkav 3991 dpBpa, vy 0TO TEAIKO KEiNEVO TUUTTEPIAQUBAVOVTAI

107 ka1 oTnv availuon dedopévwy, 31 apbpa.

EmdnuioAoyia tng Kapdiayyeiakng Néoou

Ta TeAeutaia 20 xpdvia, 0 guvoAiKOg apiBuds Twv Bavdtwy amd  Kapdiayyeiakn
vOoo au¢nbnke katakdpuPa, o€ 17.3 ekatouuupia BavaToug 1o Xpovo. Méxpr Tpdogara,
BewpouvTtav aoBEveld TOU QVETTTUYMEVOU KOOMOU, KABwG Kal aoBévela TTou ETTANTTE

aTTOKAEIOTIKA TOUG NAIKIwuévous. QoTéo0, Ta TeAeuTaia xpovia, oTic LMICs, Traparnpeital



TO QAIVOUEVO TNG ETTIONMIOAOYIKAG METARAONG KAl Ol XWPEG QUTEG EPPAVICouV OTAdIAKA,
EMONMIOAOYIKA TTPOTUTTA TTOU QTTAVTWVTAI OTIG XWPES uwnAou eicodruatog (HICS).

Tautdxpova, n TTTWON TNG VOOOU TEIVEI va AUEAVETAI OTIG VEAPEG NAIKIEG.

O1 xwpeg NG NoTtioavaTtoAikAG Aciag, n uttooaxdplog AQPIKR Kal Ta vnold Tng
KapadiBIKnig, cival avapeoa OTIG XWPES TTOU HACTICOVTAI TTEPICOOTEPO aTTO Ta Mn MeTadoTikd
Noorfuata (NCDs). Amd TOoug CUVOAIKA 25.3 €KaTOPPUPIAa OUVOAIKOUG BavaTtoug OTIG
TTaPATTAVW XWPEEG, Ta 14 ekatoppupia atrodidovtal o€ NCDs kal cupBaivouv o€ JIKPOTEPES
nAIkieg o€ oxéon pe TG HICS. Mevikwg, ol LMICs mARTTOVTAI 0€ duoavaAoyo Babud atrd Tnv
kapdiayyelakn vooo, oe oxéon ue TIG HICs. Mo ouykekpipéva, atmd 10 1990 wg 10 2013
onNUEIWBNKE auénon Tou ETITTOAQCHOU TNG vooou KaTé 83% oTnv uttooaxdapio AQPIKn Kai
97% otnv NoTia Acia. H Ivdia emiong, €ival n xwpa HE TNV PEYOAUTEPN ATTWAEIQ O€
TTapaywyika £1n Cwng Kai uttoAoyietal TTwg auTh N attwAela Ba gival 940% uwnAdTepn o€

oxéon Me TIc Hvwuéveg MoAiteieg TG AJEPIKAG.

H EmdnuioAoyiki MeraBaon oTig LMICs

H katakAuopigio augnon Ttng emimtwong Twv NCDs Kal OUyKeKpIPéva, TNng
kapdiayyelaknig vooou oTig LMICS, gival aTTOTOKOG YEWYPAPIKWY, IOTOPIKWY KOI KOIVWVIKWV
aAAaywv, o1 OTTOIES BIAPOPPWOAV PE TRV TTAPODO TWV XPOVWYV £va ETTIONPIOAOYIKO JOVTEAO
TTOU XapakTnpideTal atrd XaunAo apiBud yevvioewy, augnaon Tou TTpocdOKIPou £TTIRIwoNG
KAl OUVETTWG, YHpavon Tou TTANBuouou Kabwg Kail eTiIkpdtnon Twv NCDs w¢ Kupla aiTia
voonpoTtnTag Kal BvntotnTag. Mpokeiral yia 1o o1ddio Twv «manmade diseases”, cUPQWVA
ME To JovTéAo Tou Oppav. EvOeikTIKN gival n katdoTaon otnv AvatoAikr) Meodyeio, 61Tou 10
TTPOOBOKIPO €TTIRBIWONG au¢ABnke atrd Ta 65 £€Tn ota 71 £1n, o uOAIg 13 xpovia, Tnyv idia

OTIYMH O ETTITTOAQCNOG TNG KaPdIAyYEIOKAG vOoou augnonke katd 17%.

H emiTaxuvopevn aoTIKOTToINON TTOU TTapatnpeital otnv AQpPIki Kal otnv Acia, ota
TAQioI0 TNG aATmOTOUNG OIKOVOMIKAG aVATITUENG QUTWY TWV TTEPIOXWYV. TauTdxpova
OXETICETAI PE TNV ETTIOCITIOTIKI) AVOOQAAEIQ, TNV auénuévn Enpacia Adyw TnNG KAIMATIKAG
aAAayng, aAAd kai TIG Pialeg dnuUOYPaPIKEG aAAayéG, PEOW TNG METAVAOTEUONG, TNG
YEWTTOAITIKAG GOTABEIOG KAl TWV KOIVWVIKWY AVICOTATWY TTou ofuvovTal diapkwg. To 2014,
T0 54% TOU TTAYKOOUIOU TTANBUCHOU KATOIKOUOE O€ QOTIKA KEVTPA KAl TO TTOOOOTO AuTo

TTPoRAETTETAI VO pTACEI TO 66% pEXPI TO 2050, evid oTn AaTIVIKI) AUEPIKT TO TTOOOOTO AUTO



gival AN 90%. H aoTikotroinon atroteAei OUVOUIK KOIVWVIKY d1adikaoia, a@pou
SIapoPPWVEI TO TTEPIBAAAOV HECT OTO OTTOIO O AVvBpPwWTTOI (OUV Kal epydalovTal. Tautdxpova,
TTPowOei TNV UI0BETNON VOGS TPOTTOU (WG, O OTTOI0G ATTOTPETTEI TN CWHATIKA AOKNON KAl
TTPOAYEI TNV KAKK dIATPOQr], TO OTPEG, KAl TNV ATTOPNOVWON. ZUVOAIKG dnAadry, EUVoEi TV
EMPAVIOT TTAPAYOVTWY TTOU EUVOOUV TNV £U@AvIon Kapdlayyelaknig vooou. ETTITTpooBETwc,
N ACTIKOTTOINON Kal N EKBIOPNXAVION CUVOEOVTAl APPNKTA PE TV ATHOO@AIPIKA pUTTAVON
Kal TNV KAIMATIKA aAAayr, TTapdyovteg TTou TTBavwg va audvouv Tnv ETTITITwon NG
kapdiayyelaknig vooou oTig LMICs. TéAog, uttooTnpifeTal N uTtOBE0N TTWG N ACTIKOTTOINON
duvaral va eTnPeAcEl akOPN Kal TNV YOVIOIOKH EKQPAOT TTPWTEIVWV TTOU OXETICOVTAI UE TNV

UTTEPTAON KAl GAAOUG OXETIKOUG TTAPAYOVTEG KIVOUVOU.

Atpoo@aipiki Potravon kai Kapdiayyeiakrp Néoog

H atpyoo@aipikr) pUTTavaon aTToTEAEI oNPAVTIKA ATTEIAR YIA TOV TTAYKOO IO TTANBUC O
Kal Tautoxpova éva ueiCov Béua Anudoiag Yyeiag. Eubuvetal yia mapamdvw ammd 7
eKaToupUpia  €TACIOUG BavdaTtoug, ol oTroiol oxeTiovral Kupiwg pe Ta NCDs Kal
OUYKEKPIUEVA, PE TNV Kapdiayyelakn vooo. H arpoo@aipiki putravon ival eTTakdAouBo Tng
aveCEAeyKTNG aoTikotroinong kai  ekpBiounxéavions. To 80% Twv QOTIKWV  KEVTPWYV
utrepBaivouv Ta Opia Tou TTou BeoTmidel o MOY wg avwTePO ETTITPETTOUEVO ETTITTEDO

puttavong. O1 TTEPICCOTEPES ATTO AUTEG TTEPIOXES avhkouv oTIG LMICs.

Avdueoa oTig TTAéov TTANTTOMEVEG aTTd Tn puTTavon XwpeS, Bpioketal n Kiva, pia
Taxéwg €EeAlooOuEVN TTAYKOOWIA OIKovopia, TTou Bacifetal otn Bapid Biounxavia kai
dloxeTevel oTto TEPIBAAAOV TTAvw atrd 5000 dioekaToppupla KIAG dloggidiou Tou avBpaka
eTnoiwg. Tautdxpova, n Ivdia, 1o MakioTdv, o xwpeg TNG NoTIoavaToAIKnG Aciag Kal Tou
AuTikou Eipnvikou, e€ival avAueoa OTIC TTEPIOXEG ME TIC UWNAOTEPEG OUYKEVTPWOEIG
ATMOC@AIPIKWY PUTTWY OTOV KOOUO. ZTNV TTPAYHATIKOTNTA, O AUTEG TIG XWPEEG, ATTAVTATAI
70 91% Twv CUVOAIKWYV BavAaTwy TTOU 0QEIAOVTAI GTNV ATUOCQAIPIKY pUTTavaon. MNapoAo Tou
n €MTTTWON TNG KapdiayyelakAg vooou Kal Ta eTTireda putravong oTig LMICs augdvovrtail
paydaiwg, N €pguva o€ AUTO TO TTEDIO Eival TTEPIOPIOUEVN OE AUTEG TIG XWPEGS. MapdyovTeg
TTou Ouoxepaivouv TTEPAITEPW TNV KaTAoTaon E€ival n AveTTapkns TTEPIBAAAOVTIKN

vopoBeaia, kal n duoTrpayia Twv cuoTNUATWY UYEIag.



O1 710 KOIVEG TTNYEG TWV ATHOC@AIPIKWY PUTTWV Eival Ol EKTTOPTTEG TWV AUTOKIVITWV
(25%) ka1 TnG Bropnxaviag (15%), Kupiwg 0 ToPEAG TNG TTAPAYWYNG NAEKTPIKAG EVEPYEIQG.
Emiong, o€ peydho BaBud o1 putrol TpoEpyxovtal amd Tn yewpyia Kal TRV Kauon Twv
atmmoppIgpaTwy (16). O mAéov emBAaBeic ouaieg yia Tov AvBpwTo €ival To Al0ggidlo Tou
AvBpaka, To Olov, o AvBpakag kal Ta Alwpoupeva Zwuartidla (A.Z.) Ta TeAeuTaia, ival ol
OUOIEG TTOU €XOUV PEAETNOET TTEPIOCTOTEPO, KABWG BewpouvTtal ol o eIRAABEIS yia TV

uyeia.

AvdaAoya pe Tn OIAUETPO TOUuG, Ta A.Z. eP@aviCouv BIAQOPETIK TTABOPUOIOAOYIKN
OUNTTEPIPOPA PETa oTOV avBpwTTIVO opyavioud. Oco pIKpdTEPO gival To HEyeBOS Toug, TOOO
o évrovn OIEIOOUTIKN IKAVOTNTA BIaBETOUV. ZUYKEKpPIPEva, A.Z. TTOU gival TTapdywya TnG
Bevdivng kal Tou VTIiCeA, eival 10IITEPWG BIEICBUTIKA, E€I0EPXOVTAlI OTNV KUKAOQOpIa Tou
aigaTtog Kal oxeTiCovral ye tnv eupavion AEE kai IKN. O akpIfig pnxaviopog dev givai
atmoAuTa EekdBapog. QoTOCO0, N eMKpaToUoa Bewpeia UTTOOTNPICEI TTWG N HOKPOXPOVIA
€kBeon o€ auénuéveg CUYKEVTPWOEIG A.Z., TTPOAYEI TN XPOVIA QAEYUOVI] KAl TO OZEIDWTIKO
oTpeG. Tautdxpova, Ta A.Z. TTPodyouV TNV aBnpoyEévean Kal TIG dIATAPAXEG TOUG AUTOVOUOU

VEUPIKOU OUCTAMATOG, 0ONYWVTOG OE QYYEIOKK IOXAIUIKA VOOO Kal appubuieg, avTioToixa.

H oxéon Twv atgoo@aipikwy pUTTWV PE TNV BvNTOTNTA TNG KaPdIayyEIOKN)G vOoou,
EXel peAeTnBei oTig LMICs, ot Treplopiopévo BaBud. O 1eplocdTepeG PEAETEG £XOUV
Tpaypartotroin®ei otnv  Kiva, Alydtepeg otnv AaTivikiy AUEPIKA KAl Of XWPEG TNG
NoTioavaToAkig Agiag. MNMpoKeITal KUpiwg yia dIaxpoVIKEG UENETEG, O OTTOiEG ONAQDr OKOTTO
£€XOUV VA TTapaTnNPACOUV TNV £TTIOPACT VOGS QAIVOPEVOU OE £va OEiyUa. 2TNV TTPOKEIUEVN,
OKOTTO £XOUV VO CUCXETIOOUV TNV AUgnUEVN CUYKEVTPWON TWV PUTTWY, JE TNV augnon otnv
kapdiayyelakn BvnoiuotnTa (ZXeTIKOG Kivouvog- 2.K.). Mia épeuva oTo lMekivo, pia TTOAN e
héoa emireda A.X. 96.2ug/ms, augnon TS ouykévTpwong Twv A.Z. katd 10ug/m3, Bpébnke
va TrpokaAei augnon 0.25% (95% CI: 0.16, 0.34) otnv kapdiayyeloky Bvnoiudtnra.
AvrioToixa, otnv TOAn AavtloU yia au¢non 10upg/md mapartnendnke alfnon oTtnv
Bvnoiudétnta ammd AEE, katd 1.22% (95% CI: 0.11, 2.35) Tnv T€TapTn NUEPA PETA TNV €KBEON

TOou TTANBUCHOU o€ uYwnAa etTitreda puTTAVONG.

H Kiva aviimrpoowTrevel €va PHeEYAAO TTOOOO0TO MPEAETWV TTAVW OTN OXEON TNG
KapdIayyEIaKAG vVOOOU [E TNV aTUOoPaAIPIK) pUTTavon, KABWGS TTANTTETAI coBapd aTTd auTH.
H CAPES, pia pyeydAn peAétn otnv Kiva, tmou trepIAdppave 16 TTOAEIC Ye 96 ekaToppUpIa

KOTOIKOUG, BpAKe TTW¢ pia augnon Twv A.Z. katd 10ug/m3, oxetifetal ye augnon g

10



Ovnoiyotnrtag kard 0.43% (95%ClI1:0.37,0.49%). Mo aug¢nuévog avriotoixog 2.K.
TTapatnPErRoOnke oto Megikd, XwpPIig OUWG OTATIOTIKA ONUAVTIKA aTTOTEAEOUATA, ME QUENON
otn Bvntoétnta Tou AEE katd 3.43% (95%CI: 0.10, 6.28) ka1 augnon otnv IKN katd 1.22%
(95%CI: 0.17, 2.28) (23). & pia a1 TIG TTOAUKEVTPIKEG PEAETEG TNG AATIVIKNG AJEPIKNG, N O
Kivouvog Atav 0.72% (95%CI: 0.54, 0.89). Eival gpy@avég o1 Ta atmroteAéopata atmmd TIg
OIAQOPEG PEAETEG OE DlaPEPOUV ONUAVTIKA, woTdoO, Aiyeg €ival AUTEG TTOU TTAPABETOUV
OTATIOTIKA oNUAVTIKA atToTEAEOUATA. Z€ PIa AAAN €peuva oTtnv Kiva, n otroia cuptrepIEAaRE
70.947 atopa, eAEyxOnke n oxéon TNG HOKpoXPOVIag £KBeong o€ dIAPOPOUG PUTTOUG, E TNV
Kapdlayyelokr BvnoiyotnTa, o€ éva didotnua 9 xpdvwv. Aug¢non 10ug/m3oe A.X., Aioeidio
Tou O¢iou kal Movogegidio Tou AlwTou, BPEBNKE va avTIOTOIXEI O€ augnaon TG BvnToTNTag
katd 0.9% (95% CI: 0.3, 1.5), 3.2 (95% CI: 2.3, 4.0) ka1 2.3 (95% CI: 0.6, 4.1), avTioTOIXQ.
2tnv Navyiv Tng Kivag 10 2016, 10 AEE atotehdovoe 10 44% Twv Bavatwv atd
atpoo@aipiki putravon kai n IKN 10 28%, evw oTto Bapdvaoi Tng Ivdiag atrd 1o 2003 wg 10

2015, Ta avrioTtoixa moocooTtd ATav 18% kai 29%.

ZXETIKA PE TNV KaApdIayyelaky voonpoTtnta, Hia €épguva oto [akioTdv, avédeige
2. K.=1.14 (95% CI:1.04,1.25) yia TIg augnuéveg atpoo@aipikég TINEG NikeAiou kar 1.21
(95%CI:1.03,1.43) yia To AAoupivio, evw oTo lMekivo auénon otn ouykévipwon Twv A.Z.
katd 10 pg/ms, oxetiotnke pe auv€non Tou X.K. yia voonAeia atmo IKN, katd 0.56% (95%Cl:
0.16, 0.95). AvTIBEéTWG, O pIa peyaAuTepn PeAETn oTtnv Kiva, avTtiotoixn augnon otn
OUYKEVTPWON TwV A.Z. OXETIOTNKE PE augnon Twv TTepIMmTwoewyv AEE katd 1.16 (95%Cl:
1.03, 1.30). Mapouoia atroTeAEopaTa aveDEIEE Hia aTTd TIG EAAXIOTEC TTOAUKEVTPIKEG MEAETEG
koopTrg o€ LMICs, tTou trepIAdupBave tn M'kava, tnv Ivaia, 1o Me€ikd kai Tn NoTia Apikn.
Ekei, 0 ouvOAIKOG Abyog OXeTIKWVY TIBAVOTATWY yia TNV eu@avion AEE, oTIg TTEpIMTTWOEIG

UWNARG atuooeaipikng putravong, Arav 1.13 (95% ClI: 1.04, 1.22).

MNa algnon otn ouykévTpwaon Twv A.X. Katd 10ug/ms, n adgnon oTnv Kapdiayyelakn
BvnoiudétnTa Kal voonpdtnTa Kupaivotav ammo 0.25% wg 1.22% kai atmd 0.14% wg 0.26%
avrtioToixa. H avriotoixn auf¢non otn Ovnoiydétnta kai ot voonpdétnta amd AEE
KupaivoTav a1ré 1.22% wg 3.43% kai atmo 1.16% wg 1.37% avrioToixa. Ta amoteAéopata
TWV PEAETWV TTOU CUPTTEPIAAPONKAV dev TTaPOUCIAlouv PEYAAEC QTTOKAIOEIS, WOTOCO N
yevikeuorn) Toug dev gival ao@aAng. ‘Evag amrd Ttoug KuUploug Adyoug eival OTI €XOuvV
Xpnoiuotroinbei d1a@opeTikES ueBodoAoyieg, oI TTANBUCHOI TTapoucIAlouv ETEPOYEVEIEG KAl
Ol METPAOEIG TWV PUTTWYV £XOUV YiVEl HE BIAPOPETIKOUG TPOTTOUG. ETTiong, dev atioAoyrBnkav

Ol iBI01 GUYXUTIKOI TTapAyoVTEG, OTTWG Ol HETEPEWAOYIKEG TUVONKEG, av Kai gival yvwaTo OTI
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QUTEG €TTNPEACOUV OE KATTOI0 BaBud Tnv £Tidpacn TnG €KBeoNG. ZTIG TTEPITITWOEIS TTOU
Bpédnkav TTapouola atroTEAEOUATA, AUTA APOPOUCaV CUXVA OE DIAPOPETIKEG NUEPEG META
TNV apxikn ékBeon (Lag Days). ETTpooBETwg, oTig JeEAETEG TNG BvnoiudTnNTag, OEV NTAV
¢ekabapo av n 10 JIACTNUA APOPOUCE TNV NUEPA EPPAVIONG TWV CUUTITWHATWY A TNV
nuépa BavaTou. Eival Baoikd va Toviocoupe TTwg OTIG TTEPIBAANOVTIKEG HEAETEG, Eival XPrOIWO
VO eAEYXETAI TO €VOEXOMEVO TNG OIAQOPETIKAG €KOBEONG TWV UTTOTTANBUCHWY OTO idI0
TEPIBAAOVTIKO @aivéopevo, KOBWGS Kal TO YeEyovog QUTOi PTTOPOUV Ol UTTOTTANBUCOI
duvavTal va £XouV dIOQOPETIKN avTaTToKpion oTa TTEPIBAAAOVTIKA epeliopaTta. Tautdxpova,
KOIVWVIKOi TTPOOdIOPIOTEG, OI OTTOIOI QaiveTal va €TTNPEAlouv Tnv €kBeon, aAAd kail n
ouvuttapén ndn utrdpyxouoag Kapdiayyelakng vooou, Ba tTpétrel va AauBdavovtal utroyiv

WG TTOAVOi CUYXUTIKOI TTapAYyOVTEG, TTOU dUvavTal va ETTNPEACOUV TNV TEAIK OXEON.

KAipaTikil AAAayn

Ta teAeuTtaia 130 xpovia, n péon Bepuokpacia TG 'ng €xel augnOei kata 0.85°C, ue
KAOe pia atd TIG TeAeuTaieg deKaETIEG va gival TTI0 0T ATTO OAEG TIG OEKAETIEG PETA TO
1850. Tautdxpova, o pubudg TG augnong TnG Beppokpaaiag £xel DITTAACIAOTEI Ta TEAEUTAIQ
50 xpovia. H kAigatikiy aAAayr) eivar dppnkta ouvdedeuévn ME TNV  avOpwTTIvn
OpaoTNPIOTATA, KUPIWG PE TNV MACIK) KAUON OPUKTWYV KAUCINWYV, TNV QTTOWIiAwaon Twv
daoWV Kal TOuG TaxUTaToug pubuoug yewpyikAg TTapaywyns. OAeg ol Tpoavagepbeioes
dladikaoiag, eKAUOUV TEPAOTIEG TTOOOTNTEG Aloeidiou Tou AvBpaka oTnv atudéo@alpa, Ol
oTT0iEG TTayIdeUovTal AOYW TwV UWPNAWV BepUoKpacIwy ETTITEIVOVTAG TO «PaIVOPEVO TOU
O¢ppokntriou». AnAadr}, dnuioupyeital €vag @AUAOG KUKAOG avAapeoa OTnv augnuévn

BepuoKpaTia Kal oTNV ATHOCQAIPIKT) pUTTAVON.

YTtrohoyiCetal Twg avapeoa oto 2030 kai oto 2050, n KAipaTik aAAayr Ba euBuveTal
yia 250.000 mrapatravw BavdaTtoug 1o xpovo Kal Ba TTPOoKaAE ETROI0 0IKOVOUIKA {nuia oTa
ouoTAMATa uyeiag, uttoAoyifopevn amd 2 wg 4 OIc doAdpia. Méxpr TTPOOPATWG,
Bewpouvtav TTwS n KAIMATIK aAkayy oTic LMICs oxeTifeTal Kupiwg PE TIGC PETADOTIKEG
Q0BEvVEIEC KAl TNV ETIOITIOTIKA avac@AAgia, uPe ATTOTEAEOMUA, n Oxéon TNG ME TNV
Kapdiayyelakn vooo, va €xel HEAETNBEI udvo akpoBiywe. EtTiong, TTpéTrel va uttoypapuIoTEi
n aviodétnta TTou uTtapxel avdueoa oTic LMICs kai oTig HICs, KaBwg o1 TTpwTES
OUVEIOQEPOUV EAAXIOTO OTNV KAIMATIK aAAayr], aAAG TTARTTOVTOI ducavAaAoya atrd TIG

OUVETTEIEG TNG. TAUTOXPOVA, QUTEG Ol XWPES eP@aviCouv TNV HEYAAUTEPN ETTITITWON
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KapdIayyEIaKnRG vOOOU TTAYKOOHIWG, evw dIaBETOUV ouoThuaTa uyesiag mou g duvavTal va
avtatreCEABoUV  OTIG TTOAAATTAEG UYEIOVOUIKEG TTPOKANRCEIS. XAPAKTNPIOTIKO €ival TO
Tapadeiypa Twv Npowv Tou Eipnvikou, o1 oTToieg euBuvovTal HOVo yia TNV TTapaywyr Tou
0.03% Twv OUVOAIKWV agpiwv Tou BEpPOKNTTIOU, WOTOCO PACTICOVTAI ATTO BIOPKWG AKPAIES

BEPUOKPATIES, TTOU ATTOTEAOUV TPOXOTTEDN OTNV AVATITUEN TNG TTEPIOXNG.

H emidpaon Twv akpdiwv BePUOKPACIWV OTO KAPdIayyeEIOKO oUoTnua €ival
TTOAUTTOPAYOVTIKY. APXIKA, TO KPUO TTPOKOAEI AUENON TWV KATEXOAAMIVWY, TaXuKkapdia Kal
augnon TNG apTNPIAKNG TTIECNG, VW ATTOTEAE TTapdyovTa KIvOUVOoU Kal yia aBnpwudtwon.
ATO TNV GAAN, n C€oTn TTpodAyel TNV a@uUOATWON Kal TNV AVTIOPACTIKA Taxukapdia, evw
au&dvel TNV TTNKTIKOTNTA Tou aipaTtog. daiveral JAAIoTa TTWG TO QAIVOUEVO TOU KaUuowva
€Xel dUO QvTIKTUTTA OTNV Uyeia, éva Aueco, TO OTIoi0 €gapTtdTal amd TO UWOG NG
Bepuokpacoiag Kal Eva deutepelov, avaloya pe Tn dIGPKEID TOU Qalvouévou. Evdiagépov
TTAPOUCIACEl TO YEYOVOG OTI eKTOG atrd Tnv idia Tn Beppokpacia, Ki AANoI TTapdyovTeg
emOpPOUV 0Tn Oxéon auTtAg pe TNV Kapdiayyelakr) voonpeoTtnta kal BvnoiyotnTa. Paiveral
TTwg o1 TANBuopoi Tou (Jouv O€ OUYKEKPIPEVEG TTEPIBAANOVTIKEG OUVONKES Kal
Bepuokpacieg, oTadlakd TTpocapudlovTal 0To TOTTIKO KAIPA. Zuykpivopevol pe GAAoug
TTANBuopoUg, O6Tav ekTiBevTal oe éva TTEPIBAAAOVTIKO €pEBIOUA, avTIOPOUV BIAQOPETIKAY,
EXovTag avatTugel éva €idog avioxAG OTO OUYKEKPIUEVO epEBiopa. ‘ETol, €xel @avei Ot
TTANBuo oI TToU gival AiyoTepo TTIBAVO va eKTIBEVTAI CUXVA O€ akpaia UYPnAES BEpUOKPATIEG,
gival o eudAwTol 0€ auTEG Kal gugavifouv uwnAdTepoug BeikTeG BvnTOTNTAG OTNV
TEPITITWON €VOG Kauowva. To avTioToixo 1oxUEl yia TNV €KBeon o€ akpaia XaunAég
Bepuokpaoieg. e pia peAETN 27 moOAewv oTn Bpadidia, or xaunAég kKal ol uywnAég
Beppokpacieg oxeTioTnkav Ye augnon tou Z.K. yia kapdiayyelakr Bvnoipétnta kard 26%
(95% CI: 17, 35) ka1 7% (95%Cl:1, 13) avrioToixa. 2TIG TTOAEIG pE CeOTO KAipQ, n
Bepuokpacoia TTéEpav TNG otroiag autavotav onuavTikd n BvntéTtnTa, ATAaV UYPnAOTEPN OF

OX€onN KE TIG TTOAEIG JE TTIO KPUO KAiua.

H A@pIiki ouvelo@Epel EAaxioTa oTnv KAIHATIKA aAAayr}, woTooo TTAATTETAI ATTO TIG
OUVETTEIEG TNG, E€VW €ival TAUTOXPOvVA N IO €UAAWTN ATTEIPOG, AOYW TwWV uywnAwv
BEPUOKPACIWV Kal TNG XANNAAS TNG TTPOCAPHOCTIKAG IKavOTNTag. H €peuva otnv AQPIKN)
€ival TTOAU TTEPIoPIoPEVN, HE avTIPATIKG atToTeAéopaTa. ATTo Tnv GAAn TTAeupd, n Kiva givai
€TTioNG MIa IBIITEPWG TTANTTOPEVN aTTO TNV KAIMATIKA aAAayry xwpea. H Bepuokpaacia tng
TTpoBAETTETAI va £X€El augnBei katd 6.1°C atd 1o 1900 wg 10 2100. Z¢ pia Epeuva oTo OIBET,

TIG (€OTEG PEPES N Kapdiayyelakr) BvnTétnTa augndnke kata 2.3 (Cl 95%: 1.03, 5.24). Ol

13



NAIKIWPEVOI ATAV TTIO EUAAWTOI OTIG UWNAEG BepUoKpaaieg. 210 BleTvap, ol akpaia uWwnAég
BEPUOKPATIEG OXETIOTNKAV PE AUENON OTN voonpoTtnta Katd 0.8% (95%Cl: -8.2, 3.6), otnv
emapxlokn Kiva ye augnon 1.28 (95%Cl: 1.11, 1.48) (41) kai otn Zaykdan he 8% (95% CI:
5, 11).

MapdT Ta atroTeAéopaTa ATTO TIG PEAETEG TTOU CUAAECOUE OE DIOPEPOUV ONUAVTIKA
METALU TOUG, gV €ival aoPAAEG va YiVOUV YEVIKEUOEIG, AOYw TNG ATTOUCIAG KOIVWV OPICHWYV
yia TIG UPNAEG Kal XaunAég Beppokpaacieg. ETriong, o€ TTOANEG €peuveg Oev £Xouv An@Bei
uTTOWYIV Ol idI01 CUYXUTIKOI TTAPAYOVTEG, OTTWG N WPA TNG NUEPAG, TO dIAOTNUA PETAEU TWV
QKPAIWV QAIVOUEVWY, TA ETTITTEDA TNG ATHOOQAIPIKAG PUTTAVONG, N TTIBAvI) acTeyid, TO QUAO,
n KaTdoTaon TNG uyeiag, N nuépa TnG eBOopadag KTA. OAol auTtoi ol TTapdayovTeg eTTnpedlouv
TNV €kBeon Tou TTANBUCOOU 0N Bepuokpaacia Tou TTePIBAAAoVTOG. QoTdoO0, TTapaTnEAOnKav
KOIva poTiBa, Ta otroia agicel va An@Bouv uttowiv oTo PEAAOVTIKO OXEDIAONO HEAETWV.
APXIKA, oTNV TTAEIOVOTATA TWV PEAETWYV, N KAPTTUAN BEpPoKpaTiag- BvntdTNTag £XEI OXAMO
U, utrodnAwvovTag 011 n BvntdTnTa €ival EAAXIOTN OTIGC HETPIEG BEPUOKPATIES KAl QUEAVETA
OTIG OKPAiEG. TO QACHUO AUTWYV TWV PETPIWY, ATTIWV BEPUOKPATIWY dIOPEPEI TE DIAPOPETIKES
TTEPIOXEG, EVIOXUOVTAG TNV UTTO0EON yia TO onUAvTIKO POAO TOU TOTTIKOU KAINOTOG, TOU
YEWYPAQIKOU TTAATOUG KOl TNG TTPOCAPMOCTIKOTNTAG Twv TTANBuouwy. ETTiong, KoivA
TTaPATAPENON ATTOTEAECE TO yeyovog OTI n BvnToTNTa auéavoTav aTTdTOUA OTIC NTTIOTEPES
METOBOAEG TNG Bepuokpaciag kal oTaBepoTroloUTav OTIC akpaia UWnAéG 11 XAWNAEG,
QAIVOUEVO TO OTTOI0 PTTOPEl va a1rodoBei oTnVv «ueTaKIvOUuevn BvnoiudtnTa/ mortality

displacement».

Xnuiki Putravon kai Kapdiayyeiakil N6oog
Neppotrdadeia Tng Kevrpikng AMEPIKNAG

Ev ouvexeia, Ba oxoAiaoBei éva avadudpevo nTnua Anudoiag Yyeiag oTtig LMICs.
2UYKEKPIPEVA, TTPOKEITAI PIA VOOO TWV VEQPWYV, N OTToia OXETICETAI PE OIATAPAXEG OTNV
ayYEIOK KUKAOQOpIa, OTTwG IoXuel kal aTnv Trepitrtwon Tou AEE kai Tng IKN. H véoog givai
yvwoTh ws «NeppotrdBeia TG Kevtpikng Auepiknig»(Mesoamerican Nephropathy-MEN)
«Neppikry Nooog AyvwoTtou ArmioAoyiag», AOyw TOu yeyovoTog OTI OUVOOEUETAl OTTO
augnuévn TN KPEaTIvivnG Kal TTpwTEIVoupia, €v ATTOUCIa TTPOQAVWV AITIWV VEPPIKAG

QVETTAPKEIAG, OTTWGS 0 Zakyxapwdns AlaBiTtng A n Yméptaon. H vooog kataAfyel o€ Bapia
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VEQPIKA QVETTAPKEIA, N OTToia €ival Kal n Paoiki airia Bavdarou. Evonuei oe Xwpeg TNG
Kevtpikig ApepIKAG, Kupiwg otnv Nikapdyoua kar oto EA ZaABaddp, omTou pdAioTa
QTTOTEAEI TNV TTI0 OUXVK AITia TTPOWPOU BavATou 0TOUG vEaPOoUg eVIAIKEG. To EA ZaABadop
MAOAIOTa, €xel Tov uwnAdTepo OcikTn BvnoiudtnTag ammd Xpdévia VEQPPIKA AveTTAPKEIQ,
TTaykoouiwg. H MEN ettnpeddel ducavaloya TIG TTIO QTWXEG XWPES KAl apopd KUpiwg,
VEAPOUG eVAAIKOUG AVOPEG, KATOIKOUG QYPOTIKWYV KAl ETTAPXIOKWY TTEPIOXWYV, TTOU EKTIBEVTAI
o€ UYNAEG Bepuokpaaieg kal uypaaoia. O emITTOAaouOg TNG VOoOU gival TTOAU WwnAGG oToug
EPYATEG TWV aXAPOTEUTAWY, Ol OTTOIOI KOAOUVTAI VO EPYOCTOUV KABNUEPIVA Kal adIAKOTTq,
o€ Beppokpaacics wg kal 42°C. Etriong, agopd TTANBUCPOUG TToU aoXoAouvTal PE TNV OAIEia

Kal TNV €€6pUEnN OPUKTWV.

H aimoAoyia Tng véoou d¢ev cival atroAUTWG ¢ekdBapn. QoTOC0, TTOAAOI ETTIOTANOVEG
atrodidouv TNV auénuévn eTITTTWON TG 0TN paydaia auénon Tng Bepuokpaciag. MaAioTa,
uttooTnpideTal 0TI n vooog eival eTakOAouBo NG KAIMATIKAG aANAYAG. ZUYKEKPIUEVQ,
QaiveTal TTWG KABOPIOTIKOG €ival 0 pOAOG Twv eTTavOAAPBaAvOUEVWY  ETTEICOdiWV
a@uddATwong, Katd Tn dIAPKEIX TNG TTOAUWPNG KAl KOTTIAOTIKAG £pYyaTiag, Ta oTToia 0dnyouv
O€ I0XAIJIa TWV VEQPWYV, avTIOPAOTIKA QAEYUOVA Kal TEAIKA, ivwon auTwv. ETTpooBéTwc,
n pPaBdopudAucn, n TOKTIK XPROnN OaKXapoUXwV TIOTWV KAl PN OTEPOEIdWV
avTIPAEyuovwdwyv, TTou ouvnBietal atrd Toug €PYATEG YNNG, ETTIOEIVWVOUV TTEPAITEPW TN
vEQPIKA PBAGRN. TEéAog, Kpiolun €ival kal n €midpacn Twv @QUTOPAPPAKWY, TTOU

XPNOIYOTTOIOUVTAl EUPEWG OTIG TTEPIOXES AUTEG.

21N Nikapdyouq, 29 aypoTeg (axapOTEUTAWY, XWPIG TTPO UTTAPXOUCA VEPPIKH VOO O,
ouykpiBnkav pe 25 aroua tmou dev ekTiBovTav o€ 1600 UYWNAEG Beppokpaaoies (48). H Tiun
KpeaTivivng HETPNONKE TTPIV Kal HETG TN BApdIa, yia 9 efOouddeg. 210 TEAOG TOU dIACTAHATOG
auTOU, N MEON TIMA TNG KPEATIVIVAG TwV aypoTwy {axapdTeutAwy augnonke katd 16%
(p=0.002) kai n péon Ty Tou Pubpou ZmreipapatikAg Ainbnong peiwbnke kartd 10mi/min
(p= 0.02). Z& pia TTAPOUOIa £PEUVA, N EPYOTia OTO KOWIUO (axapOTEUTAWY OXETIOTNKE ME

20% (95%CI: 13, 27) 1m0 uwnARA TIUA KPEATIVivNG JETA aTTd 12 Priveg TTapakoAouBnong.
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‘Exk0eon og Quto@dpuaka Kal XnUIKdA

Ta QuTOQApPUOKA XPENOIMOTTOIOUVTAl EUPEWS TTAYKOOMIWG Kal €I0IKA 0TI LMICs,
OTTOU ETTIKPATEI £vTOVN ETTICITIOTIKN avac@AAeia, Adyw TnG YEWTTONITIKNG aoTABEIAG Kal TNG
KAIMaTIKAG aAAayng. YTrapyxouv mmavw atmo 150.000 gutopdpuaka atrd 1a oTroia Jovo 1o
20% €xel eheyxOei yia TogIkOTNTA. AKOPA AlyOTEPN €ival N €pEuva TTOU €XEI YIVEI OXETIKA UE
ETTIOPACN TWV OUCIWV AUTWY OTO KAPDBIAYYEIAKO CUCTNUA. Z€ PIA OTTO TIG EAAXIOTEG EPEUVES
O€ auTO TO TTEdIO, N XPrON OPYOVOPWOPOPIKWY PUTOPAPUAKWY OXETIOTNKE PE augnon
Kapdiokwyv cuuBdaviwyv otnv TaiBdv kal 1o ouykekpipéva, pe Z.K. yia appubuieg kai
oTe@aviaia vooo ioo pe 1.25 (95% CI: 1.07, 1.39) ka1 1.13 (95% CI: 1.01, 1.27) avTioToIxa.

Eival atrapaitnto va trpoaxOei HeANOVTIKA, n dlevépyela PEAETWV HE OTOXO VO
avadelxBei N TTPAYUATIK) OXEoN TWV XNMIKWV PE TV KapdlayyEIakr) vooo, AauBavovTag
uTTOWIV TTApAAANAQ TNV €TTIdOPACN TWV KOIVWVIKWY TTPOCBIOPIOTWYV TNG UYEIQG O€ QUTH TN
oX£0rn, KaBwg @aiveTal 0TI TO OIKOVOUIKO Kal eKTTAIOEUTIKG €TTITTE®O TNV £TNPedlel. TEAOG,
gival onuavTiko va avadeixbei o avadudpevog pOAOG TwV PIKPOTTAACTIKWY GTNV avOpwITIvn

uyeia.
Fevikn ZulATnon Kal ZuptrepdopaTa

Méow auTAG TNG CUOTNPATIKAG avaokOTNong TnG BIBAIoypagiag, avadeixBnke o
POAOG TNG ATUHOCPAIPIKNAG PUTTAVONG, TNG KAIWATIKAG AAAAYRS Kal TG XNMIKAG pUTTAVONG.
AuToi oI TTapAyovTeG aTToTEAOUV TTIBAVOUG TTAPAYOVTEG KIVOUVOU Yia Kapdlayyeiak vooo
oTig LMICs. H avadeign tng oxéong autng ival onuavtikh yia T Anuéoia Yyeia, kaBwg
TTPOKEITAI VIO TTEPIBAAAOVTIKOUG TTAPAYOVTEG, Ol OTTOI0I OXETICOVTAI AUECT KE TNV AvOPWITIVN
dpacTNPIOGTATA KAl UTTOPOUV va TTPOANPBoUV o€ peydAo BaBud. Tautdxpova, avaipeital n
ATToWn TTWG O CUUTTEPIPOPIKOI TTAPAYOVTEG QTTOKAEIOTIKA, eTnpedlouv TNV aoBéveia Kal
dideTal N apudlouca TTPOCOXr OTO «TTEPIBAAAOVY, TO OTTOIO KAl ATTOTEAEI AdIAN@PIORATNTO
TPOOdIoPIoTH TNG uyeiag. Etiong, Ta Kpdtn kKaAouvtal va avaAdpBouv TIG euBUVEG TOUg
OXETIKA PE TN SIauOPPWON Uyloug aoTIKoU TTEPIBAAAOVTOG XWPEOU Yia TOUG TTOAITEG TOUG,

MEOW €QAPUOYAG dpATEWY TTPOANYNG.

ATT6 600 yvwpiCoupe, N MEAETN QUTA €ival N TTPWTN TTOU TTPOCEYYICEl KOl TOUG TPEIG
TePIBAANOVTIKOUG TTapdyovTeg o€ oxéon Pe Tnv kapdiayyeiaki voco. H avadeiEn tng
OX£0NG AUTAG, £YIVE HEOW CUCTNMATIKAG avaokOTnong TNS BIBAIoypagiag Twv TEAEUTAiIwY

Oéka eTwv. Xpnoiyotroinenke avaAuTik peBodoloyia, pe auoTnpd KpIThpia TIAOYAG TwV
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apbpwv. AtmocagnviotTnke 0  POAOG  ONUAOVTIKWY  CUYXUTIKWV  TTapayovTwy,
TTEPIBAANOVTIKWYV KAl KOIVWVIKWYV. ZUVETTWG, NEOW TNG £PEUVAG QUTAG, TTAPEXETAI Eva TTIO
OAOKANPWHEVO BewpnTIKO UTTORABPO yIa TO YEAANOVTIKO OXEDIQOUO PEAETWYV OE QUTOV TOV
Topéa. O BACIKOG TTEPIOPICUOG TNG €PEUVAG HAG €ival TTwG, AOYW TwWV OIOPOPETIKWV
MEBODOAOYIWV KAl OPICHWY, TTOU XPNOIMOTTOINONKAV OTIG ETTIAEYUEVEG WEAETEG, eV gival
AOQAAEG VA YEVIKEUTOUV TA ATTOTEAEOUATA TTOU CUAAEXONKav. ETTiong, xwpes TNG AQPIKAG

OEV AVTITTPOOWTTEUOVTAI OTNV UTTApYXouoa BIBAIoypagia.

H kapdiayyelakry vooog e1rnpeddel duoavaloya TIG QTWYEG XWPES, OUWG N OXEoN
auTh dev €xel AABel TNV appolouca TTPoooX o€ eTTTTEdO £peuvag Kal TTPOANWNGS OTIG
LMICs. ZuveTTwg, €ival ammapaitnTo va TTpoaxOei Kal va utTtTooTnpIXOEi N €peuva OTIG XWPES
autég. EIBIKA, n Appikavikr ATTEIPOG TTAATTETAI IBIITEPWS OTTO TOUG TTEPIBAAAOVTIKOUG
TTapdyovTeg, ME 32% Twv AQPIKAVWY, VO EKTIOEVTAI O€ OUYKEVTPWOEIG ATHOCQPAIPIKWY
puTTwyv, ToU uUTtrepPaivouv Ta opia Tou TOY. Xpeidletar €1miong, OXESIAOUOG
TTOAUKEVTPIKWY, TTPOOTITIKWY MEAETWY, TTOU Ba PETPOUV TO aBPOIOTIKO OTTOTEAECUA TNG
augnuévng BepuoKpaciag Kal TNG ATMOOQPAIPIKNG PUTTAVONG Kal ol oTToie¢ 6a Aaupdvouv
UTTOWIV TOUG, KOIVOUG, aTTOdEDEIYHNEVOUG OUYXUTIKOUG TTAPAYOVTEG, OTTWG oulnTtrBnke

TTAPATTAVW.

O1 yeANOVTIKEG TTPOPRAEYEIC OXETIKA PE TNV KAIMATIKA aAAayr Kal TNV TTEPIBAAAOVTIKNA
MOAuvon gival duooiwves. H Beppokpaacia TG Mng TpoBAétreTal va augnBei amd 1.1° C wg
5.4° C péxpr 10 2100 kal aut) n avénon €CaptdTal OTTOKAEIOTIKA ATTO TIG EVEPYEIOKES
emAoyég TTou Ba Kavel N avBpwTTdTNTA OTO AUECO PEAAOV. Tautdxpova, N aTUOCEAIPIK)
puttavon atroteAei peydAn pdkAnon. O Maykdopiog Opyavioudg Yyeiag €xel opioel Ta
EMTPETTOPEVA OPIA OTIG CUYKEVTPWOEIG TWV ATHOCPAIPIKWY PUTTWYV, WoTOo0 98% Twv
QOTIKWV KEVTPWY, PeE TTEpIcodTEPoUs atrd 100.000 karoikoug, utrepPaivel autd Ta oOpia.
TENOG, Kal N XNMIKA pUTTAVON QAiveTal KAl auTh, va TTaifel apvnTIKO pOAO TNV EUPEAVION TNG
KapdlayyelakAg vooou. ATTO Ta QvVWTEPW, UTTOPOUME va OUVAYOUUE OTI N ZUP@wvida Tou
Mapioiou atroteAei TN onuavTikOTEPN OECUEUON TOU AIWva, Yia TNV uyeia. Eival adnpitn n
QAVAYKN VIO BECUIKES, aAAG Kal OUCIOOTIKEG AAAAYEC OTOUG TOWUEIC TNG TTAPAYWYAS Kal TNG
EVEPYEIOG, €VW TaUTOXPOVO TIPETTEI VA EVOWMATWOOUV OE QUTEG, Ol  KOIVWVIKOI
TTPOOOIOPIOTEG TNG UYEiag. Tautdxpova, TTPETTEI VA EUTTAAKOUV TOUEIG, TTEPAV TOU TOUEQ TNG

UYEIag, OTTWG QUTOI TWV PETAPOPWY, TNG EVEPYEING KTA.
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Eival dnAadr} onuavTiko va evBappuvBouv eVOANAKTIKEG TTPOTACEIG OTIG OTPATNYIKEG
TPOANYNG TNG aoBéveiag, ol oTroieg Ba eival TTPOoIOV dIATOPEAKNG Kal OIETTIOTNUOVIKAG
ouvepyaoiag oupgwva he Tnv apxn Tou “Health in All Policies”. O1 cuvoAikoi otéxol yia TNV
euNMEpPia Kal TNV uyeia Twv TTANBUo WYV, Ba TTPETTEl va dieTTovTal aTTd EEATOUIKEUMEVEG KAl
OTOXEUMEVEG TTPOTACEIS VIO KABE Ywpa, TTou Ba avTATTOKPIVOVTAI OTIG OIKOVOUIKEG Kal
TTONITIOTIKEG TNG IBIAITEPOTNTEG, AAUBAVOVTAG UTTOWIV TOUG TNV OIKOAOYIKI) TTPOCEYYION TNG

uyeiag.
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Abstract

Context: Cardiovascular Disease (CVD) is the leading cause of morbidity and
mortality in Low and Middle Income Countries (LMICs). Conventional risk factors of CVD
alone, are unlikely to justify the accelerating incidence of the disease in these countries. At
the same time, air pollution, climate change and chemical pollution affect disproportionally
LMICs. Therefore, it could be hypothesized that these environmental factors, constitute
substantial risk factors of CVD in LMICs.

Objectives: The objective of the thesis is to assess, through current literature, the
potential association between these environmental factors, and the CVDs in LMICs.
Furthermore we evaluate and suggest future fields of research.

Method/ Eligibility Criteria: We conducted a systematic review of the bibliography,
according to PRISMA guidelines and PRISMA Flowchart. We searched the literature, by
using specific pairs of terms, in multiple databases, such as PubMed, ScienceDirect, as
well as grey literature, such as WHO reports etc. We only included studies and reports from
the last ten years, on adult populations, conducted in LMICs, which reported clinical
outcomes of CVD and more specifically, mortality rates, emergency room visits and hospital
admissions, in relation to the three environmental factors (Air Pollution, Climate change
and Chemical Pollution). Only studies which presented relative risks, odds ratios etc., along

with standard deviations or p-value, were included in the data evaluation.

Results: A total of 3391 articles were identified, of which 107 articles met the
inclusion criteria. Both climate change and air pollution, were found to have a negative
impact on cardiovascular health, increasing significantly cardiovascular mortality and
morbidity in LMICs. More specifically, we found that for a Particulate Matter (PM) increase
of 10ug/m3, CVD mortality and morbidity increases ranged from 0.25% to 1.22% and 0.14%
to 0.26% respectively. Stroke mortality and morbidity ranged from 1.22% to 3.43% and
1.16% to 1.37% respectively. Extreme temperatures were also related to increased
mortality and morbidity rates, with inconsistent results, due to different median
temperatures among the countries, as well as different definitions of “heat” and “cold”.
Exposure to chemical pollution was linked to an OR= 1.25 (95%CI: 1.07, 1.39) and OR=
1.13 (95%CI: 1.01, 1.27) for arrhythmias and coronary disease, respectively.
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Limitations: Diversity on exposure assessments, lack of common definitions and
differences in the characteristics of the populations studied, limited the ability to generalize.
In comparison to the other two risk factors, the role of chemical pollution as a potential risk
factor of CVD in LMICs is under investigated and needs further investigation.

Conclusions: The results indicate that air pollution, climate change and chemical
pollution could be important risk factors of CVD in LMICs. These findings can be

implemented in public health policies.

Key Words: Air Pollution, Climate Change, Chemical Pollution, Cardiovascular Disease,
LMICs
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Introduction

Rationale of the Essay and Research Questions

Cardiovascular Disease (CVD) is the major cause of mortality and morbidity
worldwide. More specifically, Ischemic Heart Disease (IHD) and Stroke account for one
third of deaths globally and therefore, constitute a predominant issue of Global Health (1).
The majority of these deaths occur in Middle and Low Income Countries (LMICs), which
experience an epidemiological transition, mainly characterized by a rapid increase in the
prevalence of CVD (2). However, as most research in the field of CVDs is conducted in
High Income Countries (HICs), the underlying drivers of the fast-paced epidemiological
transition occurring in LMICs remain elusive.

Conventional risk factors of CVD, such as smoking and unhealthy diet, have been
studied thoroughly during the last decades. However, literature suggests that the rise of
CVD in LMICs cannot be attributed only to these factors (3). On the contrary, the
accelerated incidence and the increasing CVD death rates imply that probably, in the
context of LMICs, there are supplementary risk factors of CVD, to the classic ones, which
have been poorly investigated until now. Climate change, air pollution and chemical
pollution affect LMICs, in a disproportional way, compared to HICs. These environmental
factors have been studied thoroughly in relation to other non-communicable diseases
(NCDs) and more specifically, respiratory disease and cancer. However, there is emerging
evidence, that they might play a role as substantial risk factors in other NCDs too (4).

Therefore, the overall objective of this essay is to investigate the potential
association of the aforementioned environmental factors with CVD. We investigate whether
there is a causal relation between CVD and environmental factors, namely, climate change,
air pollution and chemical pollution in LMICs. In case such an association exists, we discuss
the extent of it and we propose future fields of research. In particular, we conducted a
systematic review of the literature, based on PRISMA methodology. We gathered and
analyzed data from multiple data bases, such as PubMed, ScienceDirect, WHO and IPCC

reports etc.
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Structure of the Essay

This essay starts with the introduction, which is followed by a chapter in which the
methodology of our research is described thoroughly. We continue with the main body of
the essay, which consists of four chapters. In the first chapter, we describe the
phenomenon of epidemiological transition in LMICs and we discuss the role urbanization
and industrialization in this process. In the next three chapters, we analyze the association
of CVD with air pollution, climate change and chemical pollution, through studies conducted
in LMICs. Each of these chapters is followed by a brief discussion on the validity of the
included studies and a short commentary on the generalizability of their results. Then, we
proceed to a chapter of overall discussion, where we present an overview of our results,
we mention the strengths and limitations of our research, we discuss the contribution of our

study to current literature and suggest possible future fields of research.
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Methodology

Research Strategy

The study was conducted in accordance with the PRISMA guidelines. We performed
this study in three stages: database search, title and abstract screening, and full-text review
and extraction. We searched PubMed, ScienceDirect and grey literature, such as WHO
reports, IPCC reports, in order to identify studies published from January 2010 until January
2020, which examined the association of Cardiovascular Disease (CVD) with three
environmental factors. In particular, we examined the relation of air pollution, climate
change and chemical pollution with CVD mortality and morbidity in LMICs. The primary
outcomes were Ischemic Heart Disease (IHD) and Stroke, as the most common clinical
manifestations of Cardiovascular Disease. More specifically, we aimed to answer the
following questions:

1. What is the association of the concentration of air pollutants with CVD mortality and
morbidity in LMICs?

2. What is the association of temperature range with CVD mortality and morbidity in MICs?
3. What is the association of chemical pollutants with CVD mortality and morbidity in

LMICs?

Published literature was searched for in PubMed with Medical Subject Headings
(MeSH), “Air Pollution AND CVD”, “Particulate Matter AND CVD”, “Climate change AND
CVD”, High Temperature AND CVD”, “Extreme Heat AND CVD”, “Chemical pollution AND
CVD”, “Agrochemicals AND CVD” etc. This search yielded 3391 published articles. We
included studies involving humans, which came with an abstract and were conducted in
LMICs. Countries were defined as LMICs, according to the World Bank. The titles and then
the abstracts of all the articles were screened for contextual relevance to our research
guestion. Those with a substantial content relevant our three questions listed above were

included for a review.
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Selection Criteria

We included studies if they met the following criteria: reported clinical outcomes of
CVD and more specifically mortality rates, emergency room visits and hospital admissions,
according to national health data or hospital data. We included studies conducted in LMICs,
according to the World Bank. The outcomes had to be associated, clearly, to at least one
of the following exposures: Temperature, PM, Oz, CO2, NO2, SO», and duration of exposure
to chemicals. Each study included a quantitative measurement of temperature or air
pollutant’s concentration, used to characterize the exposure. In the case of chemical
pollution, the studied variable was the duration of exposure. The “nonlinear model statistical
analysis” was used in the time series studies. This methods shows the effect of exposure
event to be distributed over a specific period of time, explaining the effect of the factor at
different lags. It provides a comprehensive picture of the time-course of the exposure
outcome relationship. We only included studies, which reported on relative risks, odds

ratios etc. along with standard deviations or p-value. We included studies on adults.

Exclusion Criteria

We excluded studies which did not describe the characteristics of the studied
population, did not explain the variables and their methods, did not report p-values or
presented results without statistical analysis. We also excluded studies which studied
indoor air pollution, occupational air pollutants, conventional risk factors of CVD and related

biomarkers. Case reports and studies with self-reported morbidity were not included.

Overall, we included 31 articles for data presentation and discussion and more
specifically, 16 studies for Air Pollution, 12 studies for Climate Change and 3 for Chemical
Pollution. Among the other articles, 51 of them were not used in the final synthesis, but
were included in our essay, in order to provide a theoretical background, contextualize our
findings and comment on the collected results. We also conducted a separate search on
“Epidemiological Transition in LMICs”, in order to provide an epidemiological framework to
our study. Finally, we also used 3 studies conducted in HICs, to compare the situation

among countries with different income.
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Epidemiological Transition in LMICs

The Socio-Ecological Approach

In 400 BC, Hippocrates was the first scientist to notice the ecological basis of
disease. As he said, “whoever wishes to investigate medicine properly, should proceed
thus: in the first place to consider the seasons of the year, and what effects each of them
produces, for they are not all alike, but differ much from themselves in regard to their
changes. Then, the winds, the hot and the cold, especially such as common they are to all
countries, and then such as peculiar to each locality”. The physical environment has always

been an important determinant health.

The social, material, cultural and ecological context into which human societies
evolve, influences people’s physical and mental development, while external,
environmental factors perpetuate disparities in life expectancy and health status, among
the populations (5). There has always been a dynamic interaction between human activity
and local environment. This interaction is mirrored in the status of populations’ health and
well-being, both in an individual and a collective way. Globalization has forced this relation

to extend beyond borders, creating universal needs for the populations.

Even the concept of “Global Health” evolves and expands its initial definition beyond
neglected diseases. Various new concepts, such as Non Communicable Diseases (NCDs),
prevention, diagnosis and equity issues, have been addressed in the last decades, towards
a different approach of the concept of “health and disease” (6). The socio-ecological model
goes beyond individual and biological risks and provides a multilevel approach to the
identification of the determinants of health, providing an innovative framework for Public

Health interventions.

Cardiovascular Diseases and Epidemiological Transition

NCDs are the main cause of mortality and morbidity, worldwide. CVD, including IHD
and stroke, is the major causes of mortality and accounts for one third of annual deaths.
From 1990 until 2013, the global number of deaths due to CVD, rose by 41%, causing 17.3
million annual deaths (7). CVD constitutes therefore, a major public health issue, a great

challenge in a global level and an unquestionable field for research.
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Until recently, CVD was considered a “western world” disease, which affected mainly
the elderly. This statement was accurate at first, but the epidemiology of the disease
changed gradually. In fact, CVD appears in younger age groups and more specifically it
starts at the age of 40 (8). Moreover, we witness a shift of CVD’s prevalence from
developed countries, to poorer, less developed countries. For example, in 2013, CVD
contributed to 11.3% of all-cause mortality in sub-Saharan Africa (SSA), with an increase
of 83% from 1990 to 2013. More particularly, in 2013 the region contributed to 5.5% of
global CVD deaths (2). Also, the region contributes to the majority of premature, CVD
related deaths (9). In general, LMICs are presented to have lower death rates than HICs,
but this observation must be interpreted with caution, because the population in LMICs is
much younger than in High Income Countries (HICs) (10). After considering the average
age difference of the populations, with the process of “age-standardization”, death rates
are higher in LMICs than they are in HICs. This relation is very obvious in the case of certain
tropical countries (Figurel). This method applies for most diseases aggravating with aging,
but in the case of stroke and IHD, we observe the greatest gap.

The prevalence of CVD is also very high in countries of South-East Asia, sub-
Saharan Africa, Latin America and the Caribbean. Of the 25.3 million deaths in these four
tropical regions in 2016, there were 14 million deaths attributable to NCDs. In south Asia,
there was an increase of 97% in deaths due to CVD, from 1990 to 2013, while for example,
in Bangladesh, the mean age for IHD is only 51.9 years old, which is 8 years lower than
non-South-Asians (11).
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29



Therefore, we recognize that there is an unequal distribution of cardiovascular
burden among the poorest countries of the world compared to the HICs. This poses an
additional economic burden to their already stretched health systems, but it also impacts
the country’s productivity, as it affects young adults. India is considered as the country with
the greatest potential loss in productive years of life, because of deaths attributable to CVD,
in people 35-64 years old. Future projections suggest that this loss will increase in the future
and more particularly, it is estimated to be 940% higher than the corresponding loss in the
United States of America (12).

The acceleration in the epidemics of LMICs is propelled by a variety of factors,
mostly demographical, historical and social. Low fertility rates, population’s aging,
urbanization and industrialization are the main determinants of epidemiological transition,
as they change dramatically the patterns of living (6). According to Omran’s model, LMICs
have entered the third epidemiological stage, meaning the stage of “manmade diseases”
(13). In the Eastern Mediterranean region, the Arabic spring uprising, revolutions and wars
have transformed the demographic patterns. Life expectancy rose from 65, to 71 years old
in only 13 years, while during the same period of time, IHD, the leading cause of mortality
in the region, increased by 17.2% (Figure 2). The environment plays a crucial role in the
transition in the area, where extremely high temperatures are recorded, creating food
insecurity (14).

Epidemiological transition is also promoted by changes in the nutritional status
of the populations. More particularly, rates of increase in obesity’s prevalence in adults in
Asia, Africa and Latin America are 2-5 times higher than in the United States of America
(15). However, there are exceptions, as some LMICs follow the “protracted or prolonged
element”, because of the coexistence of infections and NCDs. Africa for example, bears
the double burden of Diabetes Mellitus (DM) and Tuberculosis. Moreover, we should
highlight the “epidemiologically polarized element’, caused by social inequalities.
Undermined populations could remain in the second stage, this of “The Age of Pestilence

and Famine”, with high rates of death, due to malnutrition and infections (16).

In 2014, 54% of the world’s population lived in urban regions and this percentage
is expected to rise to 66% until 2050. Accelerated urbanization is observed mostly in Africa
and Asia and is it caused by the sudden economic development combined with agricultural
insecurity and ecological disasters, due to climate change. Urbanization is also related to
population’s growth, forced migration, because of wars and political instability and to the

existence of greater economic and educational opportunities in the cities (17). All these
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contributing factors arise simultaneously, forcing the transition to happen in a massive,
rapid way. Latin America, for example faced in a relatively short period of time three
demographic shifts. There was an important increase in life expectancy combined with
population’s growth and extremely rapid urbanization, with 90% of the population living in
cities (18).

Also, urbanization is an important social process, because it establishes new
dynamics in human society, and it is undoubtedly impactful in the 21%t century. We
experience an unprecedented urbanization, especially in LMICs, which causes remarkably
big changes in human life. Urbanization not only transforms the environment people live in,
but it also urges people to alter their lifestyle, which according to many researchers, is a
key determinant of health (19). In a way, lifestyle choices represent the way people perceive
and understand their health and as a result, take decisions in order to maintain it.
Urbanization promotes changes in dietary and physical activity patterns, increases
automobile use, it encourages social isolation and overcrowding. These are well-studied,

behavioral risk factors, which derive from the modern way of living.

Behavioral factors are not the only drivers for the increasing incidence of CVD.
Urbanization and industrialization are the main characteristics of the 215t century and they
influence human behavior, as mentioned above. At the same time, they both contribute to
environmental pollution and climate change, which are recognized as major risk factors for
NCDs (20). Until now, most prevention programs focus on the four conventional, behavioral
risk factors of CVD, meaning smoking, use of alcohol, unhealthy diet and lack of exercise
(1). More particularly, CVD prevalence increase in LMICs has been explained only by
changes in lifestyle patterns in these countries, as a result of globalization (21). However,
the rapid increase in CVD mortality implies that there could be other equally important
drivers. Pollution and climate change could contribute to a percentage of the million annual
deaths from CVD in LMICs. In a global level, the risks that caused the fastest rise of NCDs
between 2010 and 2016, were the lack of physical activity, followed by ambient air pollution
(AAP) (22)

Another examples is India, one of the booming economies, which has
experienced the creation of industrial cities, which caused fundamental social and
environmental consequences (23). The average life expectancy increased from 41 years
old to 61 years old in 30 years (24). India is only one of the many examples of the
influencing role of the environment on the prevalence of CVD. Nevertheless, the situation

has not been addressed properly until now (25).
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Some researchers embrace the idea that urbanization has an effect on gene
expression, probably in the context of the environmental factors’ effect on post-translational
modifications. In some studies, populations with urban lifestyles, where found to have some
modifications of the gene expressions in the peripheral blood, compared to populations in
rural areas (26),(17). These alterations in gene expressions were attributable to biotic
factors and lifestyle and promoted several pathways, such as inflammation pathways or

hypertension-related proteins. This implies that urbanization influences transition in multiple

ways.
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Air Pollution and Cardiovascular Disease

Geography and Epidemiology of Air Pollution

Air pollution constitutes a major threat for the populations and an important issue
for Public Health, globally. Household and ambient air pollution (AAP) combined, kill almost
7 million people each year, according to the WHO. This accounts for 16% of all deaths and
more particularly, three times more than the deaths due to malaria, tuberculosis and HIV,
combined and even fifteen times more than the deaths attributable to wars (9). These
deaths are considered premature and they could have been prevented. More specifically,
the majority of the deaths attributable to AAP, are caused by NCDs. Air pollution alone was
responsible for 5.6 million NCD related deaths in 2015 (27), while according to WHO’ s
estimations, in 2016 stroke and IHD were accountable for 58% of the deaths related to
AAP. Overall, AAP constitutes the fifth major risk factor for NCDs, as mentioned in the

declaration of the United Nations General Assembly (21).

AAP is related to rapid and uncontrolled urbanization and industrialization.
According to the latest reports, 80% of urban areas of the planet exceed the WHO air quality
guidelines. Most of these areas are located in LMICs (28). China, with a booming economy
and one of the fastest growing industries in the world, is a good example of the association
between industry and air pollution. The country’s rapid economic growth has led to high
levels of industrial waste, with 5000 billion kg annual emission of carbon dioxide (C02). The
economy depends strongly on coal consumption, which is responsible for 64% of domestic

energy consumption in the country (29).

The situation is similar in other countries which have been relying on their industries
during the recent years. India, Pakistan, as well as other countries of the Southeastern Asia
and of Western Pacific are the regions where the highest levels of AAP are met. In fact,
91% of all premature deaths, attributable to AAP, occur in these regions. South and East
Asia alone, had 59% of the 4.2 million PM2s related deaths in 2015 with1.36 million deaths
(CI:1.19 million,1.56 million) in South Asia and 1.14 million deaths (Cl: 0.97 million,1.31
million) in east Asia (30). In LMICs air pollution is associated to a plethora of negative

effects, which range from increasing morbidity and mortality, to great economic damage.
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Map 1: Deaths attributable to long-term exposure to PM2.5 in 2015 (8)

In a big part of the world, pollution is increasing rapidly. Even though indoor and
water pollution, which are mostly related to extreme poverty and lifestyle, are decreasing,
AAP, mostly produced by industry, electricity generation and agriculture, rises quickly (9).
The phenomenon is more obvious in LMICs, where uncontrollable industrialization and
rapid urbanization take place. More specifically, 97% of their cities with more than 100.000
people, exceed the WHO guidelines. This percentage is twice as big as the one observed
in HICs, where only 49% of the cities don’t meet the WHO standards (27).

Particulate Matter (PM) levels increased by 8% from 2010 to 2016 (31). Global
population-weighted PM. s refers to the average level of an exposure of a population to
PM2s and it increased by 11.2% from 1990 (39.7ug/m® to 2015 (44.2ug/md), especially
during the last five years. The two most polluted countries in 2015 were Qatar (107.3ug/m?®)
and Saudi Arabia (106.2ug/m3). Between the LMICs, the highest concentrations were
noticed in Egypt (104.7ug/m3), followed by Bangladesh (89.4ug/m3), Mauritania
(85.1ug/m3), Libya (79.2ug/m3), Nepal (75ug/m?3), and India (74.3ug/m?3). At the same time,
between the countries with the largest populations, we notice that since 2010, exposure to
air pollutants increased in most of them, with Bangladesh and India experiencing the
greatest increases (Table 1) (32). Population weighted Ozone was also increased by 7.2%
during the same period, with the biggest increase being withessed in China, India, Pakistan,

Brazil and Bangladesh.
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Despite the accelerating incidence of CVD and the high exposures to air pollution,
scientific evidence from LMICs is limited. LMICs are exposed to significantly higher levels,
due to rapid and ill-regulated industrialization, while they lack inadequate enforcement of
environmental legislation. At the same time, because they share different lifestyles, cultures
and epidemiological patterns of conventional risk factors than developed countries,

generalizability of findings from HICs, is insufficient.

Description and Pathophysiology of Air Pollutants

Air pollution can be ambient or indoor Household air pollution is seen mostly in
LMICs, as a result of burning fuels in inefficient stoves or open hearths. For the purposes
of this essay, we are going to focus only on the effect of AAP, which mainly derives from
human activity. The most common human sources are fuel combustion from motor
vehicles, heat and power generation, industrial facilities (factories, mines), agricultural
waste sites and waste burning (33). Data from urban measurements, show that 25% of PM
results from traffic,15% from industry, especially electricity generation and 20% from

domestic burning of fuels (21).

The most harmful pollutants are PM, Ozone, Black Carbon, Carbon Dioxide (CO0>),
Nitric Oxide (NOXx). PM is a complex mixture of inhalable particles, which consist of nitrates,
black carbon, mineral dust and ammonia. Those with a diameter of less than 10 microns
(PM1o), also called “thoracic particles” and those with a diameter or less of 2,5 microns
(PM2.5), also called “fine particles”, have the worst impact on human health (33). PM1o and

PMzs are products of mechanical processes, like construction, while PM less than 2.5
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microns are basically produced through combustion. According to their diameter, they tend
to have different physiological behavior. PM1o cannot penetrate beyond the extra thoracic
region of the respiratory system, while PM25s enters smaller airways and alveoli and
penetrates the systemic circulation. Particles with a diameter less than 0,1microns, or else
“ultrafine particles”, are products of diesel and gasoline combustions. They also able to
penetrate the bloodstream and favour stroke and IHD. Interestingly, some regions of the
Eastern Mediterranean and Africa are often affected by natural desert dust particles, whose
impact on the cardiovascular system is similar to the impact of the ultrafine particles (20).

Ground-level Ozone is a very harmful pollutant too. It is a basic component of
photochemical smog and it is produced by a secondary chemical reaction, leading to the
creation of additional pollutants. Also, Black Carbon, apart from its contribution to global
warming, is also a component of PMzs. It comes from fossil fuels, biofuel and biomass and
compared to Carbon Dioxide, it has a very short period of life, from days to weeks, which
means that reducing its concentration, would have an immediate effect on Public Health
(33). Finally, there is also Sulfur Dioxide, a product of industrial activity, mainly produced
by generations of electricity from coal, oil, but also vehicle emissions (34).

Short term exposure to air pollutants is the exposure with duration less than 24
hours, while long term exposure is the exposure during one year. According to the duration
of the exposure, different cardiovascular outcomes occur. Generally, acute exposure
increases the incidence of myocardial infraction, acute heart failure and arrhythmias, while
chronic exposure is blamed to pose even greater risks to the cardiovascular system.
Nevertheless, the exact pathophysiological mechanisms involved are not understood in
depth. The most supported hypothesis describes the dominant role of oxidative stress and
inflammation, promoted by PM, which is the most studied of all pollutants (20). After
entering the systematic circulation, ultrafine particles combine with proatherogenic
molecules, enhancing the creation process of atherogenic plaques (35). It is well
established that atherosclerosis is a major risk factor for ischemic heart disease and

cerebrovascular events.

Long term exposure to particles induces tissue oxidative stress, through the release
of pro-inflammatory mediators from the lungs, such as IL-6 (35). As a result, inflammatory
cytokines, lipids, and macrophages “spill over” into the circulation, leading to an
inflammatory state, which in its turn, promotes hypercoagulability, dyslipidemia and
thrombosis (20). Literature suggests that short term exposure to diesel particles is directly

linked to acute myocardial infraction, because diesel particles contact directly with platelets
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and provoke rapid platelet sensitization in the vessels (36). The same mechanisms are also
involved in stroke. This exact state of increased thrombosis is the reason why short term
exposure to air pollution causes mostly myocardial infraction with “ST- Elevation”, rather
than “Non ST- Elevation” and more ischemic strokes than hemorrhagic strokes (37).
Pollutants have been also shown to provoke imbalance of the autonomous system and
more specifically, sympathoadrenal activation, in both acute and chronic settings. Some
studies even suggest there is an association of increased sympathetic tone, with ventricular
arrhythmias and sudden death (37). Moreover, particles promote alterations, which
contribute to the instability of the atherogenic plaques and to the increase of blood pressure
(38), (39).

Air Pollution and Cardiovascular Mortality

Most national studies from LMICs come from China, which struggles with very high
levels of pollution, being the world’s second largest economy and the biggest producer and
consumer of coil (40). Research has also been conducted in other countries which struggle
with high levels of AAP, such as Iran, Brazil, India etc. That being said, we will now discuss

the association between air pollution and CVD mortality and morbidity in these regions.

Nanjing is a city of 8.27 million habitants, located in the Yangtze River Delta and it
is one of the most polluted areas in China. In a study conducted from 2014 to 2016, long
term exposure to PM was associated to health burden (41). As expected, PM levels where
higher than the WHO guidelines (45ug/m®) and their peaks where observed during rush
hours. In this study, stroke was the leading cause of mortality, followed by IHD, lung cancer
and COPD. In 2016, stroke contributed to 44% of the PM2 s related deaths and IHD to 28%.
Death rates in the elderly were higher. In a study with similar methodology, in Varanasi,
India ambient PM2 s exposure caused 5700 premature deaths from 2003 to 2015, of which
29% was attributed to IHD and 18% to stroke (42).

In a cohort study, conducted from 2010 to 2012, in Beijing, the daily mean PM;s
concentration was 96.2ug/m?, ranging from 3.9ug/m?to 493.9ug/m3. The results showed a
non-linear dose-response relationship, with a steeper function of the mortality curve at
lower concentrations (Fig.3) Overall, a 10ug/m?increase of PM2s was found to cause an
average increase of 0.25% (95%CI: 0.16, 0.34) in IHD morbidity and 0.26% (95%CI: 0.03,
0.49) in IHD mortality (43).
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Fig 3: Association of PM concentration with CVD Mortality (43)

Lanzhou is an industrial city, which hosts many metallurgical and petrochemical
industries. It is one of the most polluted cities in the China. A times-series study was
conducted, where PM levels were related to CVD deaths on different days. The effects of
exposure to environmental factors change with time. Mortality rates can be different
throughout a period of time, after the initial exposure. This is why, the effect of the studied
variable is recorded in different lag days. A 10ug/m? increase in PM levels was related to
an increase of stroke mortality per 1.22% (95%CI: 0.11, 2.35) at lag4, where the delayed
effect reached the maximum. The only statistically significant result was observed at lagO,
where a 10ug/m?increase of PMs levels, was associated to a rise of IHD mortality by
0.47% (95%CI: 0.06, 0.88). Again, the curve of dose-response was steeper in low

concentrations (44).

In a study conducted in Mexico, daily mortality records for cardiovascular and
cerebrovascular causes were obtained and compared to PM2s levels, from 2004 to 2013
(45). An increase of 10ug/m? was associated to increased cardiovascular mortality by
1.22% (95%CI: 0.17, 2.28) and cerebrovascular mortality by 3.43% (95%CI: 0.10, 6.28).
The results were not statistically significant for neither of the studied variables. Moreover,

the writers underline the fact that when they defined the lags, unlike other studies, they
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used the date of death rather than the day of the apparition of the first symptom. Moreover,
they also mentioned that meteorological conditions were not taken into account.

A multicity cohort study, with 70.947 middle aged participants, took place in China
from 1991 until 2000 (46). Long term exposure to several pollutants was studied in relation
to CVD mortality, using proportional hazards regression models and after adjusting for
many individual risk factors. During the nine years, the average concentrations of PM, SO
and NO were 289, 73 and 50 pyg/m3, respectively. An increase of PM, SO, and NO by
10ug/m3 corresponded to 0.9% (95%Cl: 0.3, 1.5), 3.2 (95%Cl: 2.3, 4.0) and 2.3 (95%CI:
0.6, 4.1) respectively in CVD mortality (Chart 1).

Air Pollution and Cardiovascular Morbidity

Pakistan’s population grows rapidly. It has increased by 97millions from 1990 until
2017. Most of the people live in urban areas, such as Karachi, an industrial city, which is
the fourteenth largest city in the world, with more than 3 million vehicles on its streets. In a
time-series study, PM constituents were related to the number of admissions, due to
cardiovascular disease, from 2008 to 2009 (47). Nikelium and Aluminum were associated
with an increase in the risk of CVD hospitalization. The retalive risk was 1.14
(95%CIl:1.04,1.25) for Nikelium and 1.21 (95% CI:1.03,1.43) for Aluminium.

In Beijin, pollution sources are mainly the industries of the suburban areas, the rapid
rhythm of coal burning and vehicle emissions. In 2013, the number of vehicles was almost
5.43 million. In a study conducted in Beijing, data on Emergency Room (ER) visits were
selected from 10 hospitals and were associated to daily PM2s concentrations (48). The
daily mean concentration of PM25 was 101.1ug/m? and the total number of cardiovascular
visits was 56.221. Results showed that an increase of PM2.s per 10 ug/m?, was associated
to an increase in ER visits by 0.14% (95%CI: 0.01, 0.27) at lag3. More specifically, IHD’s
risk increased by 0.56% (95%CI: 0.16, 0.95), while the risk for arrhythmias increased by
0.81% (95%CI: 0.05, 1.57). The results did not change when they were evaluated in two-
pollutant models, meaning when they were adjusted to concentrations of Oz, CO, NO>, and
S0.. This fact strengthens the hypothesis that PM has an independent impact on
cardiovascular morbidity. In another study from China, 24.845 adult Chinese residents of a
heavy industrial area, participated in a large population-based, cross sectional study, in

order to examine the association of air pollution with stroke (49). Increases on PMio and
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S0, by 10ug/m® caused an increase of ischemic stroke by 1.16 (95%CI: 1.03, 1.30) and
1.14 (95%CI: 1.01, 1.29) respectively.

Even though there has been some research on the association of air pollution with
stroke morbidity, the results of the studies are not consistent. Some studies failed to find
significant results on CVD mortality, such as the BAPHE study in Lebanon (50). A
nationwide time series study was conducted to analyze the effect of air pollution on
ischemic stroke morbidity in China (51). China bears the greatest burden of stroke (52).
This study used data from 0.28 billion people from 172 cities. A 10 yg/m2increase in PMzs,
S0z, NO2, 03 and a 1 yg/m3increase in CO were associated with 0.34 (95%CI: 0.20,0.48),
1.37 (95%CI: 1.05, 1.70),1.82 (95%CI: 1.45, 2.19), 0.01 (95%CI. -0.14,-0.16) and 3.24
(95%CI: 2.05, 4.43) increase in stroke morbidity, respectively. The associations of S0, and
NO> remained significant in two-pollutant models (Chart 2). An interesting observation is
the fact that there were smaller effects of air pollutants in cities with higher levels of
pollution. One possible explanation could be “harvesting mortality” or else called, “mortality
displacement”, which means that in cases of extreme conditions, vulnerable groups die
soon before the peak of the phenomenon. In this case, more vulnerable individuals would

die before the concentration levels reached really high levels.

In one of the few cohort studies conducted in LMICs, long term exposure to air
pollutants was associated with stroke morbidity. Six LMICs were included in the study and
more specifically, Ghana, India, China, Mexico, Russia and South Africa (53). The mean
PM. concentration in the six countries was 23.09ug/m? with China having the highest
level, of 32.79ug/m?3, followed by India with 30.69ug/m3. Africa had the lowest level, with
5.93ug/md. After adjusting for possible confounding factors (age, sex, physical activity,
etc.), the Odds Ratio score was 1.13 (95%CI: 1.04, 1.22) for an increase of PM2s by
10ug/m3. PM contributed to 6.55 (95%CIl: 1.97, 12.01) of all stroke cases. The overall dose-

response curve was steeper in lower concentrations (Fig 3).
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Fig 3: Concentration-Response Curve for the effects of ambient PM2.5 on stroke for overall

population in six LMICs (53)

The next study attempted to examine certain modifiers, which are some of the
conventional risk factors for stroke. The modifiers which were evaluated individually were
physical exercise, smoking and consumption of fruit. The study revealed higher Odds
Ratios for stroke morbidity, among people who exercised a lot and were not smokers. The
Odd Ratio was OR=1.20 (95% CI: 1.07, 1.35) and 1.16 (95% CI: 1.05, 1.27) respectively.
These results should be interpreted with caution. One possible explanation would be that
people with higher levels of outdoor physical activity are more exposed to air pollution, in
the same way that non-smokers are more likely to have higher physical activity levels,

hence more time of exposure to AAP.

Results from Reviews

There are not many multicity, large-scale studies on the association of air pollution
with CVD mortality. APHENA is a combined European and North American study. It is
interesting to compare its findings with those derived from studies in LMICs. The study uses
data from the European APHEA (Air Pollution and Health: A European Approach) and the
United States (“National Morbidity, Mortality and Air Pollution Study”) studies, along with
data from Canada. It is one of the biggest recent studies conducted in HICs. The results on
CVD mortality were significant among people older than 75 years old, where a 10ug/ m?3
increase on PM10, increased the number of deaths by 1.30% (95% CI, 0.19-2.40%) in
Canada, 0.47% (95% ClI, 0.23-0.70%) in Europe, and 0.51% (95% CI, 0.29-0.73%) in the
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U.S.A. The estimates for CVD mortality among people under 75 years old, were positive
but not statistically significant (54). It is also important to underline that cities with higher
percentage of unemployment were associated with a greater impact of PM1o on all-cause
mortality.

CAPES on the other hand, is a large multicity study in China, which combines data
from sixteen cities and 96 million people (40). A 10ug/m? increase in PM1o was associated
to an increase of all-cause mortality by 0.32% (95%CI: 0.28—0.35%) and of CVD mortality
by 0.43% (95%CI: 0.37-0.49%). People over 65 years old, as well as people with
preexisting cardiopulmonary disease and diabetes, were more vulnerable. Higher mortality
risk estimates were also linked to low educational status. Now, most of the Latin American
capitals exceed the WHO standards for PM2s and PM1g, with Bogota and Lima having the
highest annual concentrations of 35.1ug/m® and 31.5ug/m? respectively (55). The ESCALA
project is a study conducted in Latin America. Mexico, Chile and Brazil and includes data
from nine cities (56). The results of the meta-analyses confirm the significant relationship
of PM and CVD. The percentage increase in CVD mortality was 0.72% (95%CI: 0.54, 0.89).

In a review in LMICs, which includes 5 countries, long term exposure of PM.s was
associated with cardiometabolic morbidity and mortality in LMICs. Data from Brazil,
Bulgaria, China, India, and Mexico were included (57). Of all the studies on mortality, six
were conducted in China, and the others were carried out in Mexico, India, and Brazil. In a
national prospective study in China, for every 10ug/m3 increase in PM.s, the hazard ratio
for CVD mortality increased by 1.09 (95%CI: 1.08, 1.10) for a six year period. In a time-
series study in Guangzhou for every IQR increase (meaning an increase by 12.4ug/m3)
the excess risk was 6.11% (95%CI: 1.76, 10.64). In Beijing, they found that for every
10pg/m3 increase in PM25, CVD mortality increased by 0.24% (95%CI: 0.05, 0.43), and
more specifically, IHD mortality rose by 0.22% (95%CI: 0.06, 0.50), while stroke mortality
rose by 0.23% (95%CI: -0.03, 0.50). In Shenyang the CVD mortality increased by 0.42%
(95%CI: 0.10, 0.73).

The Mexican study reported that for every 10ug/m? increase in PMas, there was a
3.4% (95% CI 0.67, 6.18) increase in CVD mortality, while the only study from India
reported 5700 (95% CI 2800, 7500) annual premature deaths attributable to
PM2s exposure, of which 29% and 18% were IHD and stroke, respectively. The study from
Brazil showed that every 10ug/m? increase in PM. s, the relative risk was 1.81% (95% CI
0.03, 3.61) for CVD mortality. As for morbidity, in the Brazilian study the relative risk was
2.64 (95% CI 1.60, 3.69) for hospitalizations related to PM2s over a period of 10 days.
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Discussion

Most of the studies included, are time-series studies. PM2s and PMzo are the most
studied variables. All of the studies found a positive relationship between pollution levels
and CVD morbidity and mortality and some of them presented statistically significant
results. For a PM increase of 10ug/m?3, CVD mortality and morbidity increases ranged from
0.25% to 1.22% and 0.14% to 0.26% respectively. Stroke mortality and morbidity ranged
from 1.22% to 3.43% and 1.16% to 1.37% respectively. The results from reviews and
metanalysis where in accordance with the results from original data. Furthermore, the
exposure-response curves had the same pattern, that of a steeper line in lower
concentrations, suggesting that increases in the lowest levels of PM have a greater effect

on CVD mortality. This observation could apply to the theory of “harvesting mortality”.

Even though the Odds Ratios of mortality and morbidity do not differ substantially
between the selected studies, generalizing the results would not be safe. More specifically,
the ORs represented mortality rates from different lag-days. Moreover, for mortality rates,
it was not clear in all studies, whether the lag corresponded to the day of the apparition of
the first symptom or to the day of death. Furthermore, there were some studies, which did
not take into account the meteorological conditions in the studied region, such as humidity
or temperature, even though there is strong evidence that they both alter the effect of air
pollutants (58). Finally, the studies used different analysis methods. In some cases, the
original results were also run on two-pollutant models and the initial positive association
between PM and CVD mortality remained significant, supporting the knowledge on the
strong impact of PM on health. In other studies, such an analysis was not presented,

harshening the ability to generalize findings with safety.

In addition, pollutants’ levels were estimated from monitoring-stations in specific
spots of the cities. It is known that because of interurban variability and spatial
heterogeneity even among small regions, the bias of “exposure misclassification” exists
(59). More particularly, subpopulations, even within the same city, could be exposed to
different pollution levels. Also, populations are proven to have dissimilar levels of
responsiveness to environmental factors (60). This matter should be taken into
consideration in future studies, because it implies that individuals respond differently when
exposed to pollution. Furthermore, aspects of lifestyle, cultural, personal characteristics, or
pre-existing medical conditions, may enhance the adverse effects of AAP on health and as
a result, they should be taken into account in future studies, as potential confounding

factors (40). Finally, some studies found different ORs for subpopulations with lower
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socioeconomic and educational status. Socially vulnerable groups were found to present
higher risks of mortality, when exposed to the same pollution levels with people with higher
socioeconomic status. This finding suggests that social determinants of health could play
an influencing role on air pollution’s impact on CVD health and therefore, they should be

taken into consideration in future research.
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Climate Change and Cardiovascular Disease

Climate Change as a Public Health Issue in LMICs

In the last 130 years, Earth temperature has risen by 0.85°C, with each of the last
three decades being warmer than all the decades since 1850. The rate of the temperature’s
increase has doubled in the last 50 years (61). Climate change and Global Warming
describe the same environmental pattern, this of the consistent rise of temperature and the
increasing number of extreme weather events, with short duration of climatic stability

between them.

The rise of temperature in the lower atmosphere is related to the “greenhouse
effect”. In a way, the phenomenon is necessary, as it helps maintain the appropriate
temperature on the surface of the Earth, in order to preserve life. However, at the moment,
a rapid escalation of the situation is taking place, with unpredictable consequences on
Earth’s living creatures. Climate change is directly linked to human activity, especially to
the massive burning of fossil fuels, to deforestation and to high rhythms of agricultural
production. These procedures release high concentrations of carbon dioxide and other
gases, which trap additional heat on the surface of the earth. It also crucial to underline that
high temperatures also raise the level of air pollutants (62). Therefore, a vicious circle

between air pollution and climate change is created, with a plethora of negative effects.
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Fig. 4. NASA: Global average surface temperature, 0.5 degrees Celsius, above the long term (1951-
1980) average (61)
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Climate change poses multiple threats for humans, including food insecurity, water
shortage, and other public health issues. It is estimated that between 2030 and 2050,
climate change will cause 250.000 additional annual deaths from heat stress, malaria,
malnutrition and diarrhea. This number has tripled since the 1960s and it is expected that
83.000 of these deaths will result from heat stress and will affect mostly the elderly. Annual
economic damage to health systems is anticipated to be from 2 to 4 billion US dollars (63).
It is well established that climate change poses great risks for Public Health, as it facilitates
the spread of infectious diseases. What is less communicated, is that it also contributes to
deaths from cardiopulmonary causes. The elderly, people with preexisting medical
conditions, residents of megacities, of mountainous regions and people living in small
islands, are among the high risk populations (64).

We should highlight at this point, that there is an asymmetry between HICs and
LMICs regarding climate change. Even though rich, industrial countries are responsible for
most of the carbon emissions, poor, less developed countries suffer the most from the
consequences. LMICs have been always experiencing extreme weather phenomena, long
periods of drought, and extreme temperatures, initially, due to their geographical location
and characteristics. Nonetheless, in the recent years, they bear the burden of even more
unpredictable and intense climatic conditions, because of climate change. An example of
the situation in the Pacific Islands illustrates this inequity. The region is responsible for only
0.03% of the total greenhouse emissions, yet it is deeply affected by extreme weather
events. At the same time, 80% of deaths in the region, were attributable to NCDs in 2017
(65). The combination of extreme climatic conditions and accelerating incidence of CVD in

LMICs, as described in the first chapter, challenge their already stretched health systems.

The Effect of Temperature on the Cardiovascular System

The body reacts in multiple ways to the changes of the temperature, in order to
preserve its homeostasis. The mortality induced by extreme temperatures is not always
caused by hypothermia or hyperthermia, but it also relates to other, indirect causes. First
of all, exposure to cold temperatures leads to high levels of catecholamine. The
cardiovascular systems responds with tachycardia, vasoconstriction and elevated blood
pressure. As a result, we have an increase of stroke volume, which that can lead to

myocardial ischemia, especially in cases of preexisting heart condition. Additionally, it has
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been proven that persistent exposure to low temperatures is an independent risk factor for
the creation of atherosclerotic plaques, but also for plague disruption (66).

Heat on the other hand, can cause great dehydration, vasodilatation and secondary
acceleration of heart rate and as a consequence, increased cardiac needs in oxygen.
Furthermore, heat can cause “heat stroke”, which is defined as “a form of hyperthermia
associated with systematic inflammatory response, which leads to a syndrome of multi-
organ dysfunction, in which encephalopathy predominates” (67). Heat stress can also
induce a potential increase in blood cells counts and lead to increased blood viscosity (38).
Regarding heat waves, there are two effects that have been described in literature. The
first, main effect on the body is caused by the independent effect of daily temperatures,
while the second, added effect, depends on the duration of the high temperatures (68).

When studying the effect of climate change on CVD mortality and morbidity, we
should also take some other factors into account, except air temperature. The time within
the year, the duration of the cold spells or heat waves, the interval between the extreme
weather conditions, as well as other features of the surrounding environment, are all
important determinants of the final health outcomes. For example, urban spaces can modify
the impact of temperature on the population, due to the creation of the “urban heat island”.
Urban spaces are particularly vulnerable to extreme conditions. More particularly, the
surfaces of pavements and of buildings tend to absorb great amounts of heat during the
day. As a result, it is possible that in such spaces, there could be a rise in urban air
temperature of 2-5°C during the day and a rise of 8°C at night (69). Moreover, we should
note that in cities we meet the highest levels of air pollution. Climate can affect air quality

and via versa, but the combined effect of those parameters remains unclear (58).

At this point, it is critical to underline some additional factors, which should be taken
into consideration, when interpreting the results of existing research. More particularly,
acclimatization appears to play an influencing role. Acclimatization means that, populations
used to live under certain climatic conditions and within a specific range of temperatures,
gradually adapt to their local climate and respond differently to climatic stimulus, than
others. In this context, local climatic conditions and characteristics could affect the mortality
rates of CVD (70). Epidemiological evidence shows that populations less likely to be
exposed to extreme temperatures, are more vulnerable to such changes (60). Current
literature also emphasizes the role of the latitude of the studied region. In fact, latitude
appears to play an important role in the process of defining the threshold temperature for

the different regions of the world. For example, in the boreal hemisphere, northern countries
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seem to have higher mortality rates in high temperatures, while the opposite happens with

the southern countries (38).

Climate Change and Cardiovascular Mortality

LMICs suffer the most by the consequences of climate change. On top of the
reemergence of infectious diseases and food insecurity, their already stretched health
systems must face CVD, as an additional outcome of climate change. However, despite
the imperative need for action in LMICs, most research on this topic comes from HICs.

Many studies have been conducted, in an attempt to emphasize the association
between climate change and CVD mortality. One of the main issues that rise, is that are no
standard technical definitions for “cold spells” and “heat waves”. For this reason, many
different definitions of cold and hot are met in literature. In a study in a tropical urban city,
in Puerto Rico, heat episodes were described as air surface temperature above the 90
percentile of all recorded temperatures, with a mean annual temperature at 27.2°C. For
elevated temperatures, the relative risk (RR) for stroke mortality was 16.8% (95% CI: 6.81,
41.4) and for cardiovascular mortality the RR was 16.63% (95%CI: 10.47, 26.42) (71).
Other studies presented different definitions. One of them, is a time series study in
Thailand, where during the last 30 years, an increase of ambient temperature by 1°C, was
recorded. Extremely low and high temperatures were defined according to the 15t and 99"
percentiles, respectively. Temperature’s impact on cardiovascular mortality was studied for
lags 0-2, 0-13 and 0-21. Extreme temperatures had a lag effect on CVD mortality, meaning
that the impacts of temperature changed in different lag-days (72). The effect of extreme
cold was higher at lags 0-13 and 0-21, while the effect of heat peaked earlier, at lags 0-13
and after that point, it was stabilized (Chart 3) (73). This observation suggests that heat’s

effect fades with time.

In the following study, the effect of temperature on CVD mortality was studied in
Brazil, in a multicity study, which included 27 cities, with 24% of the country’s population
(74). The results showed a U-shaped exposure-response curve. Cold, defined as the 1%
percentile, was associated to an increased RR for mortality, by 26% (95%CI: 17, 35).
Accordingly, heat, defined as the 99™ percentile, was related to an increase of 7% (95%
Cl: 1, 13). Itis worth mentioning that the minimum temperature, linked to an increase in
CVD mortality was higher in cities with warmer climate. At the same time, the opposite was

observed for colder locations, implying that local climate and latitude play a significant role
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in the definition of threshold temperature. Moreover, hot effects were found to be more
immediate, but cold effects lasted longer.

Africa contributes very little to climate change, yet it is suggested that it suffers the
most from its effects. In fact, it contributes to 34% of the global DALYs attributable to
consequences of climate change. The Intergovernmental Panel on Climate Change (IPCC)
recognizes the African continent as the most vulnerable to climatic conditions, because of
its high exposures and its low capacity for adaptation (75). Few studies have been
conducted in Africa and their results are contradicting. A lot of them found no association
between rising temperature and cardiovascular mortality. One study, conducted in the
Democratic Republic of Congo, found that temperatures above 28°C cause an increase of
stroke mortality by 21%. Another study observed that a 1°C increase in temperature after
the 75™ percentile, is associated to 1% increase of total NCD mortality (76). A similar study
in Iran though, showed 4.27% (95%CI: 0.91, 7.00) increase in CVD mortality (77).

China is also one of the countries which suffer deeply from extreme temperatures.
Its mean annual temperature is projected to rise by 6,1°C from 1900 to 2100, if immediate
measures for emission reduction are not taken (78). Temperatures in Tibet have been rising
by 0.16°C annually, with winter temperatures increasing more rapidly than in any other
region in China. A time series analysis was conducted, in order to illustrate the relationship
between daily temperatures and daily mortality from cardiovascular disease (79). Low
temperatures were defined by 15 percentile of temperature, relative to the 25" percentile
and high temperatures were defined by the 99" percentile, relative to the 75™. For hot days,
there was an increase in CVD mortality by 2.3 (Cl 95%: 1.03, 5.24). The effect of cold days
was not significant. Males and the elderly were found to be more vulnerable to extreme
temperatures. Finally, as observed in other studies too, the effect of high temperature on

mortality was found to be more immediate, but the effect of low temperatures lasted longer.

In a national assessment study in China, the effect of low temperatures on a
subtropical region was studied. It is a region already vulnerable to climatic conditions. In
2008, the coldest winter of the last 100 years occurred, with temperatures 2-4°C lower than
in the usual winter period. During the cold spell days, the authors observed an excess risk
of 52.9 (96% CI: 42.1, 64.5) for CVD mortality and an excess risk of 54.3 (95%CI: 36.5,
74.4) for cerebrovascular mortality (80). The elderly and the females appeared to be in
higher risk. A probable explanation could be that males have better thermoregulatory

system, because of their hormones.
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Temperature and Cardiovascular Morbidity

Vietnam is one of the countries, which is very affected by climate change. Its climate
is tropical, with two seasons, one dry and one wet. Its annual temperature is projected to
increase from 1.1 to 3.6°C by the end of the century. Heat waves are becoming quite
common, however such weather events are not usually studied in tropical climates. The
first multicity study, conducted in 25 cities in Vietnam, studied the effect of heat waves on
cardiovascular morbidity (81). In this case, heat wave was defined as a temperature above
the 90™ percentile. The threshold was higher for the Southern cities. Heat wave was
associated to an increase in cardiovascular morbidity in Northern and Southern cities by
(6.8, 31.3) % and (-7.9, 3.3) % respectively. The overall morbidity was 0.8% (95%CI: -8.2,
3.6). The result is not significant, but it is worth underlying again the influencing role of the
latitude. Other similar studies conducted in Vietnam, failed to reveal a relationship between
high temperature and the risk of hospitalization for cardiovascular causes (82).

Other studies on the association between CVD morbidity and climate change are
conducted in China. The first study is one of the few studies conducted in rural China.
Ningxia Hui Autonomous Region is one of the most undeveloped regions of the country,
where cardiorespiratory diseases were accountable for 30% of the total hospital
admissions. The average temperature in the 203 villages that exist in the region, is 8.5°C
and annual temperatures range greatly, from -18.6 to 29.7°C. Extremely low temperatures,
defined as 1% percentile of temperature, were associated to an increase of 1.55 (95%CI:
1.26, 1.92) in hospital admissions. On the other hand, high temperatures, defined as 99%
percentile of temperature, were associated to an increase of 1.28 (95%CI: 1.11, 1.48) of
hospital admissions (83). The sharpest increase of cardiovascular admissions was
observed in moderate, rather than extreme temperature changes. More specifically,
moderate deviations were linked to 12.5% of total cardiovascular visits, while extreme
deviations were responsible only for 0.6%. This observation could probably be attributable
to the harvesting effect, even though we do not have adequate evidence from other studies,

in order to support this claim.

Finally, in the urban region of Shanghai, in China another study on morbidity was
conducted (84). This time, heat wave was defined as a period of at least 7 days, with daily
temperature above the 97" percentile. Respectively, cold spell was defined as

temperatures less than the 3 percentile. Heat wave caused an increase in cardiovascular
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morbidity by 8% (95% CI: 5, 11) and the cold spell increased hospital admissions by 33%
(95%CI: 28, 37).

Discussion

We presented the association between extreme temperatures and CVD mortality
and morbidity, through studies conducted in LMICs, in an attempt to illustrate the situation
during the last ten years. To our knowledge, there are only a few reviews focusing on LMICs
in this context. Until now, most research was directed towards climate change and
infectious diseases, rather than NCDs. Moreover, most studies focus on all-cause mortality,
rather than CVD mortality.

One limitation to our research was that many of the included studies had inconsistent
results. This problem derives from many causes. At first, since there are no standard
technical terms, different definitions for cold and heat were used in almost every study.
Moreover, the threshold temperature, as well as the duration and the intensity of the
extreme phenomenon, vary among the studies. These inconsistencies prohibit the
generalization of the results. However, we can identify some common patterns. In general,
temperature- mortality curves are U-shaped, implying that mortality is typically lower in mild
temperatures and it increases at more extreme ones. Another commonly shared
observation was that the effect of high temperatures was more immediate, but the effect of
low temperatures lasted longer. Finally, we observed that the dose-response curve was
steeper in the beginning. This observation could be attributed to harvesting mortality.
However, regarding this matter, there is no clear consensus. Some researchers support
that all deaths at the beginning of a heat waves are contributed to harvesting mortality,
while others found no mortality displacement (85). It is possible that the wide variation
between studies is due to different preparedness of public health systems, among different
countries. Also, the intensity and the duration of the heat wave, could affect the
phenomenon of mortality displacement.

Additionally, it is important to highlight the fact that in most of the studies, we
observed the influencing role of latitude and populations’ ability to adapt to local climate.
Populations in tropical and sub-tropical climates were found to be more vulnerable to low
temperatures, but more resilient to extremely high temperatures. For southern countries of
the boreal hemisphere, the U-shaped curve shifts to the right, because threshold

temperatures are higher, than in the northern countries. This fact implies that the effect of
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acclimatization needs to be taken into consideration, when evaluating the effect of climatic
conditions. Moreover, most studies have found higher mortality and morbidity risks for the
elderly. One possible explanation could be the fact that the thermoregulatory system
deteriorates with age, aged people are more frail, due to pre-existing medical conditions
and at the same time this population is more likely to live alone (86).

Discussion, Limitations and Future Research

There are several limitations to the included studies and the results must be
interpreted with caution, mostly due to the lack of control for possible confounding factors.
Most researches present the association of temperature with CVD, without taking into
consideration variables, which are proven to be related to CVD mortality and morbidity,
such as the air pollution levels in the studied region. Only one study controlled for air
pollutant levels and humidity (73). This limitation poses a great problem to the interpretation
of the results, because it is probable that there is a cumulative effect of temperature and
air pollution on cardiovascular health (4). Other potential confounding factors include the
seasonal Influenza, preexisting medical conditions, occupation and daily life habits, such
as smoking status, exercise or even potential homelessness. All of the above, could affect
the amount of time spent outdoors and therefore, increase the duration of the exposure to

extreme temperatures.

There are also other modifying factors, which were not thoroughly analyzed in
current literature, such as sex, comorbidities, and educational status. For instance, in some
of the studies, males were found to be more vulnerable to temperature changes than
women (79), while other studies support the opposite association (80). Furthermore, since
our studied variables are mortality and morbidity, we should also control for potential
comorbidities, as well as for the general health status of the studied population. For
example, Tibetan men have been found to be less healthy than women and this fact could
affect the interpretation of the final results (79). A great limitation is that it is not safe to
generalize the collected results, as only a few of existing studies provide statistically
significant results.

Future research should focus on the combination of multicity, times-series analysis
and ecological studies, in the purpose of clarifying the role of potential modifying factors
and being able to provide safe results on CVD mortality and morbidity. Local climate and

acclimatization are undeniable factors, which affect temperature’s impact on CVD mortality
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and morbidity. Therefore, they should be taken into consideration and evaluated in a
systematic way. There is also great need for an agreement on common technical
definitions, in order to comprehend the precise association between climatic conditions and
human health. Common terminology is also needed, to draw universal strategies of
prevention and control. Finally, it is urgent to encourage more research on the African
continent, as it is estimated to be profoundly affected by climate change, but stands

helpless because of structural inefficiencies.
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Chemical Pollution and Cardiovascular Disease

Mesoamerican Nephropathy

In bibliography, the term “Cardiovascular Disease” entails Ischemic Heart Disease
and Stroke. Both, are clinical manifestations of underlying angiopathy, among other
causes. For the purposes of this essay and in order to enlighten an important, yet poorly
addressed Public Health issue in LMICs, we will elaborate on a medical condition, known
as “Mesoamerican Nephropathy” (MeN). Similarly to Stroke and IHD, MeN could be
associated to a disorder of blood perfusion in the arterial vascular system, even though the
exact pathophysiology remains unclear. The term “Mesoamerican” derives from the
geographical distribution of the disease. It is also known as “Kidney Disease of Unknown
Etiology” (CKDu), because even though it involves findings of elevated creatinine and
proteinuria, it is not attributable to conventional risk factors, such as hypertension, diabetes
mellitus etc. (87). The clinical image of the disease consists of asymptomatic elevation in
serum creatinine, while some subjects complain of dysuria. Blood pressure can be slightly
high (88). Gradually, MeN leads to end stage renal failure, which is the cause of death
among the patients. The available data show that in some LMICs, more specifically in El
Salvador and Nicaragua, the disease constitutes the most common cause of premature

death among young adult males (89).

Mesoamerican Nephropathy affects unevenly the LMICs and more particularly,
subgroups of populations exposed to high temperatures. The prevalence of MeN is high in
rural, agricultural regions, but also in communities involved in activities, such as mining and
fishing. All these regions share one common characteristic, which is high temperatures
and humidity (89). The disease is most common among adult, male, agricultural workers,
mostly sugarcane workers in Central America and more patrticularly, in Nicaragua, Costa
Rica and Ecuador (90). There are also other “hotspots” of CKDu in Sri Lanka and India. In
these regions, sugarcane workers are expected to work up to 12 hours a day, in
temperatures that range from 34°C to 42°C (91). In El Salvador, chronic renal failure is
unexpectedly high among adult farmers too, with a prevalence of 12.7% (92). It is also the

country with the highest mortality rate from kidney disease in the world (91).
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The common histological characteristic of most cases is the tubulointerstitial
nephritis (93). However, the pathophysiology of the disease is not clarified. There are three
suggested pathways in literature. The first major causative pathway involves recurrent
episodes of dehydration, repeated heat stress and loss of potassium and sodium from the
kidney. A hard working person might lose more than 5 liters of sweat per shift. Since access
to clear water in such working places is not always a given, recurrent dehydration causes
diminished renal perfusion and glomerular ischemia. Repeated episodes through the years,
cause continuous damage to the tissue, increase localized inflammation and finally lead to
fibrosis and renal impairment (89). Added to this process, subclinical rhabdomyolysis, due
to harsh work, causes additional damage to the kidney. Finally, the “fructokinase induced
pathway” is suggested to aggravate the renal damage. More specifically, workers’ habit to
use drinks with high fructose and sugar in order to rehydrate, seems to increase the
nephrotoxic effect of heat stress (91).

Another possible pathway involves the long term exposure to chemicals and
pesticides (94). Many categories of agrochemicals, banned in developed countries, are still
in use in LMICs. Among them, there are many, which are blamed to have a potential
nephrotoxic impact, such as silica. However, no specific substance has been identified as
accountable for CKDu until now (95). Moreover, the theory of exposure to chemicals fails
to explain the prevalence of the disease in other groups, such as miners and fishers. Finally,
infectious agents, such as Leptospira and hantavirus could be also associated to the
disease (89). What is most probable though, is that all the above factors have a cumulative
impact to the kidney, with the heat-induced angiopathy having a predominant role in renal

damage.

Defining the exact prevalence of MeN is challenging. Many of the countries, where
the entity is present, do not have formal patient registries or adequate epidemiological
systems of surveillance. Thus, there are only limited publications from LMICs and the extent
of the burden, imposed by this disease, is unknown. In a study in Nicaragua, 29 sugarcane
cutters with no existing nephropathy, were included in a longitudinal study, which aimed to
reveal an association between working in extreme temperatures and renal function
impairment. 25 non- sugarcane cutters where used as control group. Pre-shift and after-
shift renal function were examined for 9 weeks. At the end of the study period, there was a
16% (p=0.002) increase in mean serum creatinine and the mean GFR had decreased by
10ml/min (p=0.02) (88). In the same context, sugarcane workers, with no pre-existing renal

conditions, were compared to a control group. The control group included people, whose
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occupations did not demand long hours of work in extreme heat. Sugarcane workers were
examined before harvesting period and they were followed up in 6 and 12 months. Working
as a cane worker, was related to a 20% (95%CI: 13, 27) higher creatinine level at the end
of the study period (96).

Mesoamerican Nephropathy constitutes an epidemic, not only in Central America,
but also in other regions of the world, all exposed to extreme heat and humidity. Thus, some
researchers consider MeN to be a direct outcome of global warming and recommend the
term “heat stress nephropathy” to define it (95). Even though research in this field is limited,
it is evident that the disease affects, disproportionally, young adults, in marginalized and
poor communities in LMICs. Therefore, it is urgent to address the problem and mitigate it
through prevention and control policies.

Pesticides, Agrochemicals and Cardiovascular Disease

Agrochemicals and pesticides are widely used in the world. Food insecurity in
LMICs, due to political instability, wars and climate change, increase their necessity. Only
in the database of the European Chemicals Agency, there are more than 150.000 different
substances registered, yet only 20% of them have been properly evaluated for their risks
on human health (97). In many of the LMICs, economy is often based on agriculture, but
the legislation on the use of chemicals, is still underdeveloped. As a result, thousands of
people, mostly in agricultural regions, are exposed to agrochemicals, never tested for
toxicity. Current literature provides information on the effect of chemicals on the nervous
and blood system, as well as their impact on carcinogenesis. However, limited research
has been conducted regarding their association with Cardiovascular Disease (98). The
National Health and Nutrition Examination Survey (NHANES) is one of the few national
studies, showing a positive association between the concentration of pesticides and CVD,

among farmworkers in USA (99). However, national studies from LMICs do not exist.

The use of Organophosphates (OPs) is an important public health issue in LMICs,
because OPs are widely used for the control of agricultural and industrial pests. The basic
mechanism of their toxicity involves the inhibition of the acetyl-cholinesterase (AChE)
enzyme. Acetylcholine’s accumulation in the autonomic system causes alterations to the
circulatory system and damages the cardiac tissue. In a retrospective cohort study in
Taiwan, poisoning by OPs was associated to a rise of cardiac arrhythmias and coronary

disease. The risk of arrhythmia and coronary disease was higher among the OPs exposed
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group, with an OR= 1.25 (95%Cl: 1.07, 1.39) and OR= 1.13 (95%Cl: 1.01, 1.27)
respectively (100).

Discussion

Chemical pollution is an emerging threat for human health in a global level.
Concentrations of substances produced by industrial procedures, agrochemicals and
pesticides increase. People are exposed to these chemicals in many ways and more often,
through agriculture, consumption of fruit and vegetables or drinking water from polluted
sources. Nevertheless, research on the long term effects of such exposures on human
health is limited, especially in LMICs. More particularly, the association of chemicals with
CVD is unclear, even though there is emerging literature from studies conducted in HICs,

suggesting that there is a strong causal relation.

Future research should focus on the association of widely used chemicals with CVD.
It is an essential need to address this matter through the conduction of national studies.
Moreover, we should underline the fact than race, ethnicity, poverty and low socioeconomic
status are related to higher levels of exposure to environmental pollutants (101). Therefore,
it is also important to address the social determinants of health in this context. Finally, we
should raise awareness in relation to micro plastics. Micro plastics enter the ecosystems
from a variety of sources, such as clothes, cosmetics, and industrial processes.
Nevertheless, because of the absence of population-wide studies, their impact on human
health is uncertain (102). Overall, chemical pollution’s impact on CVD is underestimated
and future research should focus on ways to uncover this impact and find ways to mitigate
it.

57



Overall Discussion

Key Findings, Limitations and Strengths of the Study

By conducting this review, we found evidence suggesting that air pollution, climate
change and chemical pollution constitute substantial risk factors of CVD in LMICs. More
specifically, we found that for a PM increase of 10ug/m3, CVD mortality and morbidity
increases, ranged from 0.25% to 1.22% and 0.14% to 0.26%, respectively. Stroke mortality
and morbidity ranged from 1.22% to 3.43% and 1.16% to 1.37%, respectively. The results
are in accordance with multicity studies conducted in HICs, such as the APHENA study
(103). We must underline again that the concentration of air pollutants is much higher in
LMICs, therefore the overall effect of these factors on CVD mortality, could be is higher in
LMICs. As for climate change, increases of temperature resulted to an increase from 1%
to 7% for CVD mortality in many LMICs, as described before. Respectively, increased
temperatures in Europe were associated to an increase of CVD by 1.84% to 3.2% (85).
Moreover, we found evidence, supporting that the combination of high temperatures and
use of chemicals, increase the incidence of CVD in some regions of the world, such as
countries of Central America. Finally, we found that exposure to pesticides and chemicals

could be related to an OR from 1.13 to 1.25 for cardiovascular events.

Our study has several limitations. Firstly, different local climatic conditions, different
technical definitions of hot and cold, as well as different PM distribution models and
populations’ characteristics, all together, forbid the generalization of the selected data.
Among the studies, there was heterogeneity between population samples, methodologies
and use of confounding factors. Therefore, despite the fact that their results do not differ a
lot, further investigation is needed. Moreover, the fact that Public Health in LMICs lacks
preparedness, could affect the impact of extreme conditions, such as heat waves, on the
community. Moreover, environmental conditions could cause higher mortality rates in
LMICs, compared to HICs, due to their less developed health systems. Finally, some of the
most vulnerable regions, such as Sub-Saharan Africa, are poorly represented in literature,
even though 32% of Africans are exposed to pollution levels higher than WHO standards
(55).

To our knowledge, this is the first study which focuses on the association of CVD
with all three environmental factors. We managed to elucidate an under-investigated Public

Health issue in LMICs, through a thorough and detailed review of the existing literature, of
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the last 10 years. We included studies, which complied with strict selection criteria and
provided detailed information on their methodology and results. We also revealed some
important, yet poorly addressed confounding factors, which could affect substantially the
effect of the environment on the cardiovascular system. This is the first study which
illustrates the role of these factors as a whole, contributing to the creation of a more solid
background for the design of future studies. Overall, even though our study does not
provide concrete numeric results, we managed to raise awareness about a critical issue in

LMICs, while providing a useful theoretical feedback for future research.

Suggestions for Future Research

Throughout the three main chapters of this essay, we suggested fields of future
research, in a technical and detailed way, independently for each one of the three
environmental factors. Now, we will present a broader spectrum of existing needs and gaps

and we will suggest ways to fulfill them.

Evidence from LMICs is limited. Most studies are conducted in China and fewer in
Latin America and India. In general, there is need for national, prospective studies, in order
to reveal the exact association of CVD with the concentrations of the various pollutants, the
duration of exposure to them and with short and long-term exposure to different
temperature ranges. Moreover, most of the existing studies on air pollution and climate
change, examine these variables separately. However, there is adequate evidence
suggesting that in fact, these factors have a cumulative effect, not quantifiable for the
moment. As a result, future research should focus on the use of multi-variable models,

which examine both factors at the same time and in a prospective way.

Furthermore, since there are different exposure profiles, such as PM size distribution
and composition, different regional climate, population characteristics and acclimatization,
future research should have as a goal to enlighten these different patterns among countries.
Additionally, social determinants of health, such as educational and economic status should
also be investigated in this context, as it is unclear if and to what extent, these factors are
effect modifiers. Insights into the factors mentioned above, could create different guidelines
for different places of the world.

Between 2000 and 2016 the number of people exposed to extreme heat increased
by 125 million. Evidence from a variety of climate models shows that Earth’s temperature

could increase from 1.1° C to 5.4° C by 2100 and that this increase depends completely on
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the energy choices that the humanity will make in the next years (104). At the same time,
air pollution constitutes a major Public Health issue, globally. WHO suggests specific
guidelines for the concentration of the various air pollutants. More specifically, the
guidelines suggest that the annual and daily, mean concentration for PMzs is below
10ug/m?® and 25ug/ms3 respectively, while the maximum concentration for Ozone should be
below 100ug/m?3every 8 hours. According to the 2016 Urban Air Quality database, 98% of
urban areas with more than 10.000 habitants in LMICs, are exposed to concentrations of
air pollutants, which are higher than the WHO guidelines (33). Furthermore, chemical
pollution could be a potential, novel risk factor of CVD. It has an unclear impact on mortality
and morbidity, but evidence shows that it affects the cardiovascular system in a negative
way.

All these environmental factors cause an accelerating increase of the incidence of
CVD in LMICs. Thus, the Paris Agreement is clearly one of the most important health
agreements of the century. On top of this effort, a new global strategy on health was
approved at the 72" Annual World Health Assembly in 2019, which outlines the
transformation needed in order to improve health and well-being through climate action
(105). In this context, ambitious mitigation initiatives are necessary, in order to decrease
air pollution levels worldwide and limit warming to 1.5°C, while trying to achieve sustainable

development (106).
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Conclusions

The association between the environment and CVD, proves that human behavior
and lifestyle alone, fail to explain the whole spectrum of the disease. On the contrary, there
is an urging need for the states to claim their responsibilities, which among others, is to
maintain and promote the health of their citizens, by contributing to the creation of healthy
environments. To achieve this goal, states should take action towards the development of
sustainable urban planning, adoption of strict environmental legislation and compliance
with world standards of environmental health. Applying CVD prevention programs, which
target only the four conventional risk factors, meaning tobacco, unhealthy diet, alcohol and
physical exercise, is ineffective. If others, equally important drivers exist, but are not
addressed, no long-term improvement will be achieved. Therefore, it is an indispensable
necessity to face the physical environment as an undeniable determinant of health and to
address it equally to other, conventional determinants, such as behavior, biology and social

influence.

The negative health impacts of environmental factors are largely preventable with
specific health actions (105). Multiple sectors must be urged to shoulder their share of
responsibility and get involved in the process of tackling CVD in LMICs, but also globally.
Sectors beyond the health sector, such as energy and transportation sector, should be
implicated in action. Solutions on energy saving, and reducing of emissions, alternative
sources of energy and investments on eco-friendly technology should be encouraged,
towards the desired balance between the technological evolution and the preservation of
the populations’ health status. At the same time, it is critical to embody equity issues into
global policies. Environmental threats are concentrated in the less developed countries of
the world, even though in most cases, these are the regions that contribute least to pollution
and climate change. Overall, mitigating the effect of the environmental factors, is highly
complicated and demand an action plan, deriving from multisectoral cooperation, enforcing
the concept of “Health in All Policies” (107).

In this concept, the role of prevention and health promotion should be enhanced and

expanded. At the moment, prevention campaigns and guidelines are vertical. All countries
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are expected to adopt similar targets and implement similar health policies, despite of the
underlying economic gaps and the wide developmental and cultural differences among
them. Little attention has been paid to understanding what LMICs can do differently, so that
personalized, cost- effective preventive strategies, are implemented and adapted to
different country-profiles and needs. Overall, it is critical to incorporate more population-
based prevention programs to the health promotion agenda, because CVD, as most NCDs,
has not been properly addressed in LMICs (12). At the moment, there is no global health
institution dedicated to NCDs and there is no public donor with an agenda on tackling CVD
in LMICs. Even though NCDs are accountable for the majority of deaths worldwide, they
receive only 2% of the global health funding, leaving poor countries to confront the problem
alone (4).

Current prevention strategies should be replaced with sustainable targets, which
comply with ecosystem function, in order to include the ecological aspect of health in policy
making. An ecological approach needs to be incorporated in our scientific methods, when
addressing CVD as a Public Health issue. Such an approach, contributes to the
understanding of the interactions between biological, social, cultural and material
dimensions of health and therefore, favors a holistic, multidimensional approach in line with

the concept of “Planetary Health”.
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Charts

Chart 1

Percent increase (and 95%Cls) of mortality associated with 10pg/m? increase in air pollutants’ concentrations.
Cause of mortality TSP S0, NO,

Basic model® Adjusted model® Basic model* Adjusted model® Basic model* Adjusted model®

All-cause 0.2(-0.1,05) 0.3(-0.1,0.6) 1.8(14,22) 1.8(13,23) 12(02,22) 15(04,25)
Cardiovascular 1.3(0.7,08) 09(03,1.5) 4.8(4.0,56) 32(23,40) 2.7(1.0,43) 23(06,4.1)
Respiratory -0.1(-1.1,09) 0.3(-06,1.3) 1.5(0.3,2.8) 32(18,4.7) 1.7(-1.3,48) 26(-0.2,5.6)
Lung cancer 0.6(-06,1.7) 1.1(-0.1,2.3) 40(24,56) 42(23,62) 16(-2.0,5.3) 2.7(-0.9,6.5)

? Covariates included age and sex.
b Covariates included age, sex, BMI, physical activity, education, smoking status, age at starting to smoke, years smoked, cigarettes per day, alcohol intake, and hypertension.
" p<0.05.

Chart 1: Percent increase of mortality associated with 10mg/m? in air pollutants (46)
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Fig 2. PC and 95% Cl in daily hospital admissions for ischemic stroke associated with increases of 10 pg/m® in PM, 5, 505,
NO,, and O, and 1 mg/m® in CO concentrations at different lag days. CI, confidence interval; PC, percentage change.

Chart 2: PC and 95%ClI in daily hospital admissions for stroke with increases of 10mg/m3 in PM2s, SO> NO2,
Os in different lag days
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Chart 3
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Chart 3: Temperature’s impact on cardiovascular mortality was studied for lags 0-2, 0-13 and 0-21 (73)
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Chart 4
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OPs poisoning, No.
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Arrhythmia events 0 87 139 189 222 243 253
Non-OPs poisoning, No.
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Arrhythmia events 0 174 335 501 627 714 734

Chart 4: The association of exposure to OPs with incidence of cardiovascular events (100)
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