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Diabetes and glucose abnormalities in cardiovascular disease

POPULAR SCIENCE SUMMARY OF THE THESIS

Background:

Diabetes is a strong risk factor for cardiovascular disease and increases the risk for dismal
prognosis after cardiovascular events. The aim of this thesis was to describe the prevalence
of established diabetes and newly diagnosed glucose abnormalities and how these affect the
prognosis of patients with different cardiovascular diseases, such as myocardial infarction
and atrial fibrillation. The term glucose abnormalities refer in this thesis to newly diagnosed
diabetes or prediabetes.

Aims:
The specific aims were:

1. To study the prognosis in patients with a specific type of myocardial infarction (ST-
elevation myocardial infarction) och compare those with and without diabetes. The
studied patients had been previously enrolled in a large register-based, randomised
clinical trial (Study I).

2. To study the long-term prognosis in patients with newly diagnosed glucose abnor-
malities after an acute myocardial infarction, to compare the performance of the
two screening methods for the diagnosis of diabetes, i.e. the Oral Glucose Tolerance
Test (OGTT) and HbAlc and elucidate if these methods can predict the prognosis
(Study II).

3. To report if diabetes is common in a nationwide population with atrial fibrillation
and study the importance of diabetes in prognosis regarding the risk of premature
death and the risk of being afflicted with heart failure, myocardial infarction and
stroke (Study I11).

4. To study if among individuals with atrial fibrillation, there are differences in progno-
sis between those without diabetes, those with type 1 diabetes and those with type
2 diabetes regarding the risk of death and the risk of getting heart failure, myocardial
infarction, stroke and dementia. In addition, we studied if episodes of low blood
sugar (hypoglycaemia) affect the prognosis (Study 1V).

5. To report on the percent of people with glucose abnormalities in a population with
atrial fibrillation and compare the differences in percentages if the criteria for diagno-
sis of diabetes and prediabetes from the American Diabetes Association compared to
the criteria from the World Health Organisation (WHO) were used (Study V).

Results:

Study | included patients with ST-elevation myocardial infarction from 2010-2013. Diabetes
increased the risk for death at 1-year by 60%. The risk was higher in insulin-treated patients.
This increased risk was observed when coronary artery disease severity and thrombus
burden were taken into account. The explanation for this increased risk of death needs
further investigation.
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Study Il screened 841 patients with myocardial infarction at Danderyd University Hospital
for glucose abnormalities between 2006-2013. These patients were followed for death and
cardiovascular events for a mean follow-up time of around five years. Previously undetected
glucose abnormalities were common and 80% of patients with myocardial infarction had
undiagnosed glucose abnormalities when screened with both OGTT and HbA1lc, when the
criteria for diagnosis of diabetes and prediabetes from the American Diabetes Association
(ADA) were used. These two screening methods identified different persons as high-risk
individuals. In our study population, only HbAlc prediabetes values (39-47 mmol/mol)
could predict an increased risk (30%) of premature death and cardiovascular events. These
results could however have been influenced by the fact that patients were informed of the
OGTT-results and those with glucose abnormalities according to OGTT were offered lifestyle
modification counselling and follow-up by their general practitioner.

Study lll identified and collected information on all patients with atrial fibrillation in Sweden
by using and linking data from different national registries. Around 18% of patients with
atrial fibrillation had established diabetes. The presence of diabetes led to a 30% increased
risk of premature death, 20% increased risk of heart failure, 25% increased risk of myocardial
infarction and 10% increased risk of ischaemic stroke compared to those without diabetes.

Study IV showed that in individuals with atrial fibrillation, both diabetes mellitus type 1
and diabetes mellitus type 2 led to an increased risk of premature death, heart failure,
myocardial infarction, stroke and dementia compared to those without diabetes. This
increase in risk was more pronounced in those with type 1-diabetes than type 2-diabetes for
premature death (87% vs. 51%) and myocardial infarction (149% vs. 70%) when both groups
were compared to the patients without diabetes. Among individuals with atrial fibrillation
and type 2-diabetes, a history of previous episodes of severe hypoglycaemia was associated
with a 25% increased risk of premature death and 35% increased risk of dementia compared
to those with type 2-diabetes and no previous episodes of severe hypoglycaemia.

Study V is an interim analysis of the ongoing Early Detection of Glucose Abnormalities
in Atrial Fibrillation (EDGA-AF) study, where patients with atrial fibrillation undergoing
electrical cardioversion were screened for glucose abnormalities with both OGTT and
HbAlc. A high proportion of patients had previously unknown glucose abnormalities and
the criteria for the diagnosis of diabetes from the American Diabetes Association identified
a larger proportion of patients with glucose abnormalities than the criteria from the World
Health Organisation (75% vs. 45%). If this is important for the future prognosis of these
patients is not yet studied. HbAlc and OGTT identified different phenotypes of at-high-risk
individuals, where the 2-hour postload plasma glucose of the OGTT identified more persons
with features of the metabolic syndrome.

Conclusion:

This thesis confirms that diabetes and previously unknown glucose abnormalities are
common in patients with myocardial infarction, but also in patients with atrial fibrillation
and are associated with an increased risk of premature death and cardiovascular events,
especially in those individuals with diabetes treated with insulin. Among patients with AF,
type 1 diabetes confers similar risks of adverse events as type 2 diabetes and even higher
risk than type 2 diabetes for the events of premature death and myocardial infarction. The
available screening methods for glucose abnormalities, fasting plasma glucose, 2-hour
postload plasma glucose and HbAlc, identify different at-high-risk individuals. In our
studies, the combination of fasting plasma glucose and HbA1lc identified more than 80%
of patients with undiagnosed glucose abnormalities. The best screening method to predict
cardiovascular prognosis needs to be further explored.
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POPULARVETENSKAPLIG SAMMANFATTNING

Bakgrund:

Diabetes ar en stark riskfaktor for hjartkarlsjukdom och 6kar risken fér en simre prognos
efter hjartkarlhdandelser. Malsattningen med denna avhandling var att beskriva forekomst
av diabetes och tidigare okanda blodsockerstorningar och hur dessa paverkar patienters
prognos vid olika hjart-karlsjukdomar, sasom hjartinfarkt och formaksflimmer. Uttrycket
blodsockerstorningar i denna avhandling innebar tidigare okdnd diabetes eller forstadium
till diabetes, sa kallad prediabetes.

Mal:
De specifika malen med denna avhandling var:

1. Attstudera prognos hos patienter med sa kallad ST-héjnings-hjartinfarkt och jamféra
de med och utan diabetes. Patienterna som ingick i studien deltog i en stor register-
baserad, randomiserad klinisk studie (Studie I).

2. Att studera det langsiktiga utfallet hos patienter med nyupptéckta blodsocker-
storningar efter en akut hjartinfarkt och jamféra betydelsen av tva olika
screeningmetoder for diagnos av blodsockerstorningar, oralt glukostoleranstest
(OGTT) och HbAlc (langtidsblodsocker) och om dessa kan forutsdga prognos.
(Studie I1).

3. Attstudera hurvanligt forekommande diabetes ar hos personer med formaksflimmer
i en rikstdckande population och att studera betydelsen av diabetes for prognos
avseende dod och insjuknande i hjartsvikt, hjartinfarkt och stroke (Studie IiI).

4. Att studera om det bland personer med formaksflimmer finns skillnader i prognos
mellan de utan diabetes och de med typ 1- och typ 2-diabetes for dod och insjuknande
i hjartsvikt, hjartinfarkt, stroke och demens. Vi studerade dessutom om férekomst av
Iagt blodsocker (hypoglykemi) paverkar denna prognos (Studie IV).

5. Att studera forekomst av okdnda blodsockerstérningar i en population med férmaks-
flimmer samt jamfora skillnader i andelen personer med blodsockerstérningar om vi
anvander kriterier for diabetesdiagnos fran Amerikanska diabetesférbundet (ADA)
jamfort med kriterier fran Varldshalsoorganisationen (WHO) (Studie V).

Metoder och resultat:

Studie | inkluderade patienter med ST-hdjningsinfarkt mellan 2010-2013. Diabetes 6kade
risken for 1-ars dodlighet med 60%. Risken var hégre hos insulinbehandlade patienter. Den
Okade risken observerades dven nar graden av kranskarlssjukdom och propputbredning i
kranskarlet beaktades. Foérklaringen till denna 6kade risk bor utredas vidare.

Studie ll screenade 841 patienter med hjartinfarkt vid Danderyds sjukhus for glukosstorningar
mellan 2006—2013. Dessa patienter foljdes upp avseende déd och hjartkdrlhdndelser med
en medeluppfoljningstid pa ca fem ar. Tidigare okdnda blodsockerstorningar var vanliga
och 80% av patienterna med hjartinfarkt hade odiagnostiserade blodsockerstérningar



Stelios Karayiannides

nar de kontrollerades med bade OGTT och HbAlc och kriterierna for diabetes- och
prediabetesdiagnos fran ADA anvandes. De tva olika screeningmetoderna identifierade
olika personer som hogriskindivider. | studien var det endast HbAlc i prediabetesintervallet
(39-47 mmol/mol) som kunde forutspa en oOkad risk (30%) for fortida dod och
hjartkarlhandelser. Resultatet kan ha paverkats av att patienterna med blodsockerstorning
enligt sockerbelastningstest (OGTT) informerades om resultatet och fick bl. a livsstilsrad och
uppfoljning via primarvarden for optimering av riskfaktorer for hjartkarlhandelser.

Studie Il identifierade och samlade information om alla patienter med formaksflimmer
i Sverige genom att anvanda data fran nationella register. Cirka 18% av patienterna med
formaksflimmer hade kdnd diabetes. Diabetes ledde till 30% 6kad risk for fortida dod, 20%
okad risk for hjartsvikt, 25% o6kad risk for hjartinfarkt och 10% okad risk fér stroke jamfort
med personer utan diabetes.

Studie IV visade att hos personer med formaksflimmer leder bade typ 1- och typ 2-diabetes
till 6kad risk for fortida dod, hjartsvikt, hjartinfarkt, stroke och demens jamfért med
personer utan diabetes. Denna riskdkning var mer uttalad hos de med typ 1-diabetes dn
de med typ 2-diabetes for dod (87% vs. 51%) och hjartinfarkt (149% vs. 70%) nar bada
grupperna jamfordes med personer utan diabetes. Hos individer med formaksflimmer och
typ 2-diabetes var férekomst av tidigare allvarlig hypoglykemi associerad med 25% 6kad risk
for fortidadod och 35% okad risk for demens jamfort med personer med typ 2-diabetes utan
tidigare allvarlig hypoglykemi.

Studie V &r en interims analys av den pagaende Early Detection of Glucose Abnormalities in
Atrial Fibrillation (EDGA-AF) -studien, dar personer med formaksflimmer som genomgar s k
elkonvertering screenas for blodsockerstérningar med bade OGTT och HbAlc. En hég andel
av patienterna hade tidigare odiagnostiserade blodsockerstorningar. Nar kriterier fran ADA
anvandes hittades flera personer med blodsockerstorningar jamfort med nar WHO anvandes
(75% vs. 45%). Om detta ar av betydelse for framtida prognos ar dnnu inte studerat. HbAlc
och OGTT identifierade olika typer av hogrisk personer, dar blodsockervardet vid 2 timmar
vid OGTT hittade fler individer med tecken till s k metabolt syndrom dn HbA1lc.

Konklusion:

Denna avhandling bekraftar att diabetes och tidigare okdnda blodsockerstorningar ar
vanliga hos patienter med hjartinfarkt, men visar ocksa att det ar vanligt hos patienter
med formaksflimmer, och att blodsockerstérningar ar associerade med 6kad risk for dod
och hjartkdrlhdndelser, speciellt hos insulinbehandlade individer. Hos patienter med
férmaksflimmer medfér typ 1-diabetes generellt liknande risk for negativa handelser
som typ 2-diabetes och dven hogre risk an typ 2-diabetes for fortida dod och hjartinfarkt.
De tillgdngliga screeningmetoderna for blodsockerstérningar, fasteglukos, 2-timmars-
sockervarde vid OGTT och HbA1c identifierar olika hogriskindivider. | vara studier, hittar en
kombination av fasteglukos och HbAlc mer dn 80% av patienterna med glukosstorningar.
Den basta screeningmetoden for att forutse framtida risk for hjart-kdrlhandelser bor
undersdkas vidare.
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NEPINHWH TH2 AIAAKTOPIKHZ AIATPIBH2

MAaioio:

O 8LaBnTNng eivatl £vag onUAvTIKOG TapayovTag KvEUVou yla KapSLayyELaKEG B oEeLg Kot
N OPOUGLA TOU EMNPEATEL SUGUEVWGE TNV TTPOYVWON UETA oo Kapdlayyelaka enelcodia. O
OTOX0G QUTHG TNG SLOAKTOPLKNG SLaTPLBAC NTOV VA TEPLYP A EL TOV EMUITOAACLO TOU SLapnTn
Kal mPoodATwg Slayvwopévwy Slatapaxwy HeTaBOALOHOU TG YAUKOING o aobevelg pe
KOPSLAYYELOKEG VOOOUG, OTIWE TO €UGPOYUA TOU HUOKAPSIoU Kal N KOATIKY papuapuyn,
KOBwC KoL va LEAETNOEL TNV ONUOCILA QUTWV TWV SLOTAPOXWY UETOBOALOUOU TNG YAUKOING
otV MPOyvwon twv acBevwv autwv. O 6pog Slatapaxeg petaBoAopol g YAUKOINng
avadépetal ota mAaiola autig TS SL6aKTOPLKAC SLaTpLPrg og MPoodATtwg SlayvwoUEVo
Sapntn r mpodlapnn.

Ztoyot:
OL GUYKEKPLUEVOL OTOXOL QUTAC TNG SL8aKTopLKN G SlatplBng nrav:
1. Na peletroet Tnv mpdyvwon o acBeveic pe éva GUYKEKPLUEVO TUTIO EUPPAYUATOG
Tou puokapdiou (Eudpaypo tou puokapdiou pe avaomnacn Tou ST SLOGTAUATOC) Kal
VOl CUYKPLVEL TOUG aoBeveic pe kal xwpig dtaBntn. Ta dtopa ou e€eTdotnkay eixav
OUMUETACXEL OE L LEYAAN, BACLOUEVN OE UNTPWA, TUXOLOTIOLNUEVN ENEYXOUEVN
Sokiun (MeAétn 1).

2. NOPEAETOELTNV LAKPOXPOVLA TIPOYVWON 0€ A0OEeVEIC LE TPOODATWE SLAYVWOUEVEG
Slatapayxég tou petaBoAlopol TNG YAUKOING Hetd oamd ofl £udpayua Tou
puokapbdiou, va cuykpivel Tnv amodoon 600 SladopeTikwy HeBOSwY eAEéyyou yla
v Sldyvwon dlatapaywv petaBoAlopol tng yAukolng, dnladn tng dokipaoiog
avoxng otnv yAukoln (OGTT) kal tng YAUKo(UALwUEVNG atpoodatpivng (HbAlc)
KaBwg Kal va SLeuKpLVioeL av auTtéG ol péBodol pmopolv va mpoPAéPouv Tnv
T(POYVWON O aUToUG Toug aoBeveig (MeAétn II).

3. Na pehetioel tdco cuxvog ivat o Stapntng o éva maveBviko, Toundiko mAnBuoud
UE KOATILKA LOPUOPUYH KOl VO LEAETAOEL TN onpacia tou Slapntn otnv mpoyvwaon
ooov acdopd otov kivbuvo Bavatou kat Tov kivbuvo voonong He Kapdlokn
QVETIAPKELQ, ERdpayua Tou puokapdiou kot eykepaliko enelcodio (Melétn lil).

4. Noa peletioel av n mpoyvwon os aoBevel¢ pe KoMk popuopuyn Stadépel
peTall Twv acbevwv xwpic Stafrtn, Sapntn tumou 1 kat Stafritn tumou 2 doov
adopd otov kivéuvo Bavdatou Kat tov Kivéuvo voonong Pe KapSLlaKkh avemAapKeLd,
€udpaypa Tou puokapdiou, eykedadlkod meloodLo Kal avola. Emiong va e€etdoel
Qv TUXOV €Melo0bLa urtoyAukatpiog emnpealouyv Tty mpoyvwon (MeAétn IV).

5. N0 HEAETAOELTO MOGOOTO TWV AVOPWITWY LLE TIPONYOU LEVWE ASLAYVWOTES SLATAPAXES
petaBoAlopol TG YAUKOING o€ éva TANBUGUO e KOATILKY HOpUapUY KaBwG Kat va
EVTOTLOEL TIG SLadopEG 0T TTOCOOTA AV £HAPUOCTOUV TA KPLTHPLA YLa TNV SLdyvwaon
Tou SlaBrtn Kat tpodlaPrTn TN APEPLKAVIKNG AlaBNToAoyiKNA G ETalpeiag GUYKpLTIKA
UE Ta KpLTrpla tou Maykoopiou Opyaviopou Yyeiog (MeAétn V).

AnoteAéopata:

Ytnv peétn | cuppeteixav aoBeveic pe oV éudpayua tou puokapdiov e avaomacn Tou
ST Slaothpatog petall twv etwv 2010-2013. H mapoucia dtapntn avénoe tov kivbuvo
Bavatou evtog evog €toug pe 60%. H avénon tou KwvdUvou Atav akoun LeyoAltepn ot
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aoBeveic mou eiyav Beparmeia voouAivng. Autdg o auvénuévog Kiveuvog UTTHPXE aKOUA Kol
otav cuvumoAoyiotnkav n Baputnta tng otedaviaiog vooou Kal n €ktacn Tou Bpoupou. Ta
altia yla auto tov auénuévo kivbuvo xpnlouv nmepattépw Slepelivnong.

Jtnv peAétn Il éywve éleyxog yla Statapaxeg HetafoAlopol tng yAukolng o 841 aobBeveig
META amo ofU Eudpayua Tou puokapdiou oto Mavemnotnuiakod voookopeio tou Danderyd
OTNV STOKXOAUN HETAEV Twv eTwv 2006-2013. Autoi ot acBeveic mapakohouORbnkav yla
TUXOV éAevon BAvaTou Kat LEAAOVTIKWY KopSLlayyelakwy enelcodiwv yla pia péon nepiodo
niepimou 5 etwv. MNponyoupévwe adldyvwoteg Statapaxég petaBoAlopol tg YAukOIng
ATtav CUXVEG Kal BpéBnkav o mocoaotd Tepimou 80% aUTWV TwV acBeVWVY og ENEYXO E
Sokwacio avoxng yAukolng kot YAukoluAlwpévng atpoodatpivng. Autég ol Svo puébodol
e\éyxou evromilouv Stadopetikolg acBeveic cav dtopa uPnAou Kivduvou. Itov mMAnBucud
™G MEAETNG MOG, HOVO oL TPOoSLOPNTIKEG TWEG TG YAUKOTUALWHEVNG alpoodalpivng
(39-47 mmol/mol) umopovoav va mpoBAéPouv auvénuévo kivbuvo (30%) Bavdatou kat
kapdlayyelakwyv enelcodiwv. Ta anoteAéopata tnG KEAETNG pag Ba pmopoloav wotdcoo
vaL XAV EMNPENOTEL ATd TO YEYOVOG OTL OL A0OEVELG EVNLEPWVOVTAY YLA TUXOV TTABOAOYLKO
anotédeopa NG Sokipaotag avoxng yAukolng kat §€xovtov cUUPBOUAEC yla TILO UYLELVO
TPOTMOo {WNG KOL TIAPATIEUTIKO Yla TapakoAoUBNGn armd ToV MPOCWITKO TOUG YLATPO.

Ytnv neAétn I tautomoiBnkav kat cUAEXONnKkav mAnpodopieg yla 6Aoug toug acBeveic
HE KOATUKN Mopuopuyn otnv Zoundia xpnolpomolwvtog mAnpodopiec and moAMamA£G,
€0VIKEG, Zoundikég Baoelg Sedopévwy. MNepimou 18% Twv acBevwy Pe KOATIKY HapUapuyn
elyav kat Sltayvwopévo SlaPnTn. 2Toug acBeveic Pe KOATILKA HLAPUOQUYH, N TTOPOUGLa TOU
Slapntn avénoe kata 30% tov kivbuvo mpowpou Bavdatou, katd 20% Tov kKivouvo KapdLakng
QVETAPKELAG, KATA 25% Tov Kivbuvo eudpdypatog tou puokapdiou kat katd 10% Ttov
KLvOUVO LoXaLULKOU YKEDOAALKOU ETIELGOSIOU CUYKPLTIKA LE T ATopa Xwpig Stafntn.

H pelétn IV €8elfe OTL 08 ATOMA ME KOATIKA HopUapuyr, Ttooo o Stafrtng turmou 1 éoo
Kat o StaBATNC TuTou 2 avénoav Tov Kivéuvo powpou Bavatou, KapdLakn OVEMAPKELAG,
gudpAyUATOC TOU HuoKapSiou, Loxatutkol eykedaAikol melcobiou Kot AvVoLag GUYKPLTLKA
HE Ta dtopa xwpig dafntn. O kwdUvog NTav MePLOcOTEPO auEnUévog o aoBevelg Ue
SlapnTn tumou 1 cuykpLTKA e acBevelg pe Stapntn tumou 2 éoov adopd otov Kivéuvo
npowpou Bavdatou (87% vs. 51%) kal eudpdaypatog tou puokapdiou (149% vs. 70%)
XpnoLuomnolwvtag Tty opada acbevwv xwpig SLaBATn cav HETPO CUYKPLONG. 2TO ATOWA UE
KOATULKI) LapLapuyH Ko SLaBrTn TUTIOU 2, TponyoU Leva ETELOOS L coBapn g uTtoyAukatuiog
ocuoxetilovtav pe 25% avénuévo kivbuvo mpowpou Bavatou kat 35% auvénuévo kivéuvo
AVOLOG CUYKPLTLKA LE ATopA WE SLaBnTn TUTou 2 xwplg tponyoupeva emeloodla coBapng
umoyAukatlpiag.

H peAétn V, pla evidpeon avaluon tng peAétng Early Detection of Glucose Abnormalities
in Atrial Fibrillation (EDGA-AF), otnv omoia aoBOeveic e KOATILKI] LOPLOPUYT) TIOU UTIOKELVTOL
o€ NAekTpLkn avataén, eAéyxovral yla Slatopaxég LetaBoAopol tTng yAUKoInG pe Sokiuacia
avoxnG YAUKOTNG Kat EAeyxo YAUKOQUALWHEVNG alpoodatpivng. Eva Pnhd mocootd acBevwy
Bpébnke va €xeL MPONYOUUEVWG adLAYVWOTEG SLATAPOaXEG METABOALOMOU TNG YAUKOING
oAAG Ta KpLTpLa yla Stayvwon tou SlafAtn Tng ApepLkavikng Atapntoloyikng Etalpeiag
Tautomnoincav PeyaAlTepo OCOOTO aoBevwy e Slatapaxég LETABOALOHOU TNG YAUKOTNG
CUYKPLTIKA LE Ta KpLTrpLa tou Maykooutou Opyaviopou Yyelag (75%vs. 45%). To amotéAeopa
™G YAuKkoQUAlwpEVNG atpoodatpivng kat Tng Sdokiaoiag avoxng YAUKoOIng tautonoinoav
atopa pe StadopeTikols dpalvotumou oav atopa Pniov kvduvou, omou n maboloyikn
TR YAUKOING OTIC 2 WPEG Kata tnv dokipaoia avoxng YAUKOInG toautomnoinoes mepLocotepa
ATOMO E XOPAKTNPLOTIKA TOU PETABOAIKOU CUVEPOUOU OE OXEON HE TLG TIOUOOANOYLKES TLUEG
™G yAukoQuALwpEévNG atpoodatpivng.
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JupmEpAOHOTA:

Ta anoteAéopata autng TnG Stdaktoptkng datplprg emPBefatwvouy otL o SLaBATNG Kat oL
T(PONYOUMEVWG adLAYVWOTES SlaTapayEG LETABOALOMOU TNG YAUKOTING elval cUXVEG TOOO O€
aoBeveig pe Eudpayua Tou puokapdiou 600 Kal o€ AcBEVEIG e KOATILKN LaPUOpUYH KO
ouoxetilovtal pe auénuévo kivéuvo mpdwpou Bavatou Kot KopSLayyELAKWY EMELCOSIWY,
€L6KA oTa dtopa pe dlaBrtn mou £xouv Bepameia LvooUALVNG. ZTOUG AoBEVELG LE KOATILKNA
popuapuyn, o daBntng tumou 1 kat o StaPfrAtng tUMou 2 cuvOEovtal UE TIOPOUOLEG
au€noelc otov kivbuvo avermuuntwv cupBavtwy Kot 6cov adopd otov Kiviuvo mpowpou
Bavdatou Kat epdpdypatog Tou puokapdiou n avénon tou Kvduvou atov Slapntn tumou 1
glvol okOpa peyaAUTEPN CUYKPLTIKA e TNV avénon otov StaBrtn tumou 2. OL UTIAPYOUOES
péBodol ehéyyou yla Statapaxég petaBoAiopol g YAukdlng, SnAadn n yAukolng vnoteiag,
n YAUKOTIN ot 2 wpeg Katd tnv Sokwdacio avoxng yAukolng kot n YAukoluAlwpévn
alpoodatpivn tavtonololy StadopeTikd dtopa oav atopa PnAol KvdUVoU. ITIG LENETEG
HOG O OUVOUAOUOG TNG YAUKOING vnotelag kal tNG YAUKolUAlwHEVNG alpoodalpivng
Tautomnoinoe mepLocotepo amnod 80% Twv acBevwy pe Slatapaxég Tou HETABOALOHOU TNG
YAukolnG. O kaAUtepog pEBOSOG eAéyxou yla tnv O60ov adopd oTnv TauTomoinon Twv
aTOHWV UE Tov PNASTEPO KIVOUVO EANOVTIKWY KOPSLAYYELOKWY EMELCOSIWY XPELALETAL VAL
SlepeuvnBel mepattépw.
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Diabetes and glucose abnormalities in cardiovascular disease

ABSTRACT

Background:

Cardiovascular disease and diabetes are both common chronic conditions associated with a high
disease and economic burden globally. Diabetes increases the risk of cardiovascular disease
and leads to a worse prognosis after a cardiovascular event. In order to prevent complications,
the early detection and treatment of risk factors is important. Many patients with established
cardiovascular disease have undiagnosed glucose abnormalities, both diabetes and prediabetes,
which can negatively influence the prognosis. The proposed criteria for diagnosing prediabetes
from the American Diabetes Association (ADA) and the World Health Organisation (WHO) differ,
with the ADA adopting lower cut-offs for fasting plasma glucose and HbAlc for the diagnosis of
prediabetes. There is a need for improved knowledge of the impact of the early detection of
glucose abnormalities in high-risk populations with cardiovascular disease and of the prognosis
and complication burden in patients with established diabetes and atrial fibrillation. In this thesis
the term glucose abnormalities includes both newly diagnosed diabetes and prediabetes.

Aims:
The overall aim of this thesis was to study the prognostic significance of glucose abnormalities and
diabetes in patients with cardiovascular disease. The specific aims were:

1. To investigate the baseline characteristics and prognostic differences between patients
with and without diabetes in a contemporary cohort with an ST-elevation myocardial in-
farction (Study I)

2. To investigate the association of glucose abnormalitites and long-term prognosis after
acute myocardial infarction and to compare the predictive importance of the Oral Glucose
Tolerance Test (OGTT, i.e. fasting plasma glucose and two-hour postload plasma glucose)
and HbA1c (Study I1)

3. Toinvestigate the prevalence of diabetes and its prognostic importance for cardiovascular
events and mortality in a nationwide cohort with atrial fibrillation (Study 111)

4. To investigate, in a nationwide cohort with atrial fibrillation, the prognostic differences be-
tween type 1 and type 2 diabetes, using patients without diabetes as a reference group,
and the impact of severe hypoglycaemia on mortality, cardiovascular events and dementia.
(Study 1V)

5. To investigate the prevalence of undetected glucose abnormalities in a selected cohort
with atrial fibrillation and compare the differences in prevalence when using the criteria for
diagnosis of diabetes and prediabetes from the American Diabetes Association compared
to the criteria from the World Health Organisation (WHO) (Study V).

Methods and results:

In Study |, participants in the register-based, randomised Thrombus Aspiration in ST-segment
Elevation Myocardial Infarction in Scandinavia (TASTE) trial (n=7,244) were included between 2010-
2013, of whom 13.9% had diabetes. The main finding was that diabetes mellitus was associated
with an increase in one-year mortality after STEMI (HR 1.57; 95% CI 1.23-2.00). This risk was higher
in insulin-treated patients, who also displayed a higher risk of recurrent myocardial infarction. This
risk was not explained by an increased thrombus burden in the coronary vessels or by a more
extensive coronary artery disease.

In Study Il, 841 patients with an acute myocardial infarction at Danderyd University Hospital,
Stockholm, Sweden, without known diabetes, were screened for glucose abnormalities before
discharge in 2006 to 2013 and were followed for mortality and future cardiovascular events (mean
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follow-up 4.8 years). Values for both the OGTT and HbAlc were available. When using the ADA
cut-offs for diagnosis of diabetes and prediabetes, 754 of 841 patients (89.7%) had previously
unknown glucose abnormalities. The OGTT and HbAlc identified different at-risk populations.
The combination of fasting plasma glucose and HbAlc identified 626 of the 754 (83%) patients
with previously unknown glucose abnormalities. In our population, only prediabetes identified by
HbA1c according to ADA criteria (39-47 mmol/mol) was associated with an increased risk of the
combined event of first of mortality, myocardial infarction, ischaemic stroke or hospitalisation for
heart failure (HR 1.31; 95% ClI 1.05-1.63) compared with patients with normoglycaemia. However,
individuals with glucose abnormalities according to OGTT results were referred for follow-up and
risk factor optimisation, which could have affected our results.

In Study Ill, all patients hospitalised with atrial fibrillation in Sweden (n=326,832) were included
between 2006-2012, of whom 17.7% had diabetes. Information regarding comorbidities,
pharmacological therapies and outcomes was collected from national health data registers. The
combination of atrial fibrillation and diabetes was associated, after adjustments, with a higher
risk of heart failure (HR 1.19; 95% Cl 1.15-1.24), myocardial infarction (HR 1.25; 95% Cl 1.18-1.33),
ischaemic stroke (HR 1.11; 95% Cl 1.05-1.17) and all-cause mortality (HR 1.28; 95% ClI 1.25-1.31)
compared with those without diabetes. The combination of diabetes and atrial fibrillation doubled
the standardised mortality ratio (2.06; 95% Cl 2.00-2.12) compared with the general population,
while the standardised mortality ratio in those with atrial fibrillation but without diabetes was only
slightly increased (1.33; 95% Cl 1.31-1.35).

In Study IV, using data from Swedish national registers, we included 309,611 patients with
atrial fibrillation between 2013-2014, of whom 19.5% had diabetes (n=60,294). Of patients
with diabetes, 96.3% were classified as diabetes mellitus type 2 and 3.7% had type 1 diabetes.
Diabetes, regardless of type, was associated with increased risks of premature death, heart failure,
myocardial infarction, stroke and dementia, compared with patients without diabetes. Patients
with type 1 diabetes compared with those with type 2 diabetes had a somewhat higher risk of
all-cause mortality (Type 1 vs. Type 2 respectively; HR 1.87; 95% Cl 1.73-2.02 vs. HR 1.51; 95% ClI
1.47-1.55) and myocardial infarction (HR 2.49; 95% ClI 2.17-2.85 vs. HR 1.70; 95% ClI 1.59-1.81),
when both groups were compared with the group without diabetes (HR=1). A history of severe
hypoglycaemia was associated with an increased risk of mortality and dementia, although this did
not reach statistical significance in type 1 diabetes.

In an interim analysis (Study V) of the ongoing EDGA-AF study, which started inclusion in 2019, 119
patients with AF were screened for glucose abnormalities four weeks after cardioversion. Using
the ADA criteria for a diagnosis of diabetes and prediabetes, 92 (77.3%) patients were identified
with newly detected glucose abnormalities by either the OGTT or the HbAlc, most of them
with prediabetes. The WHO criteria identified 54 patients (45.3%) with glucose abnormalities.
Individuals with undiagnosed glucose abnormalities identified by the OGTT had features of the
metabolic syndrome, such as a larger waist circumference.

Conclusion:

This thesis confirms that established diabetes and newly detected glucose abnormalities are
common in patients with a myocardial infarction but also in patients with atrial fibrillation and
are associated with an increased risk of mortality and cardiovascular events, especially in insulin-
treated individuals with diabetes. Among patients with atrial fibrillation, type 1 diabetes confers
risks of adverse events similar to those in type 2 diabetes and an even higher risk than type 2
diabetes for the events of premature death and myocardial infarction. The available screening
methods for glucose abnormalities, fasting plasma glucose, two-hour postload plasma glucose
and HbAlc, identify different at-risk populations. In our studies, the combination of fasting plasma
glucose and HbA1c identified more than 80% of patients with undiagnosed glucose abnormalities.
The best screening method to predict cardiovascular prognosis needs to be further explored.
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1 INTRODUCTION

Diabetes mellitus is a group of metabolic disorders, defined by hyperglycaemia, which is
caused by defects in insulin secretion, insulin action or a combination of both (1). The two
main types of diabetes are type 1 diabetes, resulting from B-cell destruction which usually
leads to absolute insulin deficiency, and type 2 diabetes, which is primarily caused by a
combination of insulin resistance and a relative (as opposed to absolute) insulin deficiency.
Around 90 to 95% of persons with diabetes have type 2 diabetes, while around 5 to 10%
have type 1 diabetes (1). There are also several other rare forms of diabetes, which account
for fewer than 1% of all people with diabetes. The traditional categorisation of diabetes
has been questioned and a categorisation based on patient characteristics and future
complication risks has been suggested (2). This new suggested classification has not been
widely accepted and further studies are needed before a new diabetes classification can
eventually be adopted.

The global prevalence of diabetes mellitus is continuously increasing, and this increase
predominantly affects the Middle Eastern and African countries (3). At present, more than
540 million persons worldwide have diabetes and around seven million deaths in 2021 were
attributedto diabetesandits complications, where cardiovascular disease (CVD)isasignificant
contributor to reduced longevity (3). Typical microvascular complications in diabetes are
nephropathy, neuropathy and retinopathy. The common macrovascular complications are
coronary artery disease (CAD), peripheral artery disease (PAD) and stroke. Beyond the above-
mentioned well-known diabetes complications, there is increasing awareness that diabetes
affects essentially all the organs in the body, with many other complications that are not
often discussed, such as cardiac autonomic neuropathy, non-alcoholic fatty liver disease,
diabetic cardiomyopathy, cerebral small-vessel disease, dementia and cognitive decline
(4) (Figure 1). Moreover, heart failure should also be regarded as one of the significant
complications of diabetes. In a commentary published in Diabetes Care by David Bell in
2003, heart failure is referred to as “the frequent, forgotten and often fatal complication
of diabetes” (5). A recent consensus report from the American Diabetes Association and
American College of Cardiology highlights heart failure as an underappreciated complication
of diabetes and gives guidance to treating physicians for patients with concomitant diabetes
and heart failure in order to reduce the risks of serious complications (6).

1.1 DIAGNOSIS OF DIABETES

Diabetes and prediabetes can be diagnosed using different tests, i.e. fasting plasma glucose
(fPG), two-hour postload plasma glucose (2h-PG) during an oral glucose tolerance test
(OGTT) and HbA1c. A two-hour plasma glucose value during an oral glucose tolerance test
(OGTT) using a 50g or 100g glucose load was used for the first time to diagnose diabetes
in 1965 (7). The standardisation of the OGTT to the current method using a 75g glucose
load was implemented in 1979 (8). In 1997, the American Diabetes Association (ADA)
lowered the cut-off value for fasting plasma glucose (fPG) for a diagnosis of diabetes from
7.8 mmol/L to 7.0 mmol/L, a change which was also implemented by the World Health
Organisation (WHO) in 1998 (9). In 2009, an international expert committee recommended
the addition of HbAlc as a diagnostic criterion for the diagnosis of diabetes, with a cut-off
value of 48 mmol/mol (10), a recommendation which was adopted by the ADA in 2010 (11)
and the WHO in 2011 (12). In Sweden, HbA1lc was adopted as a criterion for the diagnosis
of diabetes in 2014. A timeline showing the evolution of the criteria for the diagnosis of
diabetes and prediabetes is presented in Figure 2.
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Figure 1: Schematic figure of the traditional chronic diabetes-related complications (black font) and
some additional, often overlooked complications (grey font).

Adapted from Trends in Endocrinology & Metabolism, Vol. 31, No. 4, Mauricio, D., Alonso, N. & Gratacos, M. Chronic
Diabetes Complications: The Need to Move beyond Classical Concepts, 287-295, Copyright (2020), with permission
from Elsevier. Created with BioRender.com.
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Figure 2: Evolution of the criteria for the diagnosis of diabetes and prediabetes. HbAlc was
introduced as a criterion for the diagnosis of diabetes in Sweden in 2014.

This figure was created by the author using information from references 7-12.

WHO=World Health Organisation, NDDG=National Diabetes Data Group, ADA=American Diabetes Association,
IEC=International Expert Committee.
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The specific cut-off values which are currently in use for the diagnosis of diabetes and
prediabetes are listed in Table 1. The ADA and WHO have slightly different cut-off values
for prediabetes (13). Two pathological values or one pathological value and typical
hyperglycaemic symptoms including a random p-glucose of > 11,1 mmol/L are required
for diagnosis (14). However, as noted by Bergman, these values should not be regarded
as absolute thresholds of disease and the risk of developing complications, as well as that
of progression to diabetes constitutes a risk continuum (15). The addition of HbAlc to
the diagnostic criteria has practical advantages because this test does not require fasting
conditions, is less time consuming than the OGTT, has better reproducibility and is not
impaired by the acute inflammatory response after a myocardial infarction as the fPG tests
are (16). On the other hand, HbA1c identifies one-third fewer cases than fPG in the event of
universal screening in the NHANES data (1).

Table 1: Diagnostic criteria for the diagnosis of diabetes and prediabetes.

Prediabetes
Normal Diabetes
IFG IGT
Venog”lzzzzzrzfpzfsma <5.6 (ADA) | 5.6-6.9 (ADA) 70
(mmol/L) <6.1 (WHO) | 6.1-6.9 (WHO)
Venous two-hour postload
plasma glucose (2h-PG)* <7.8 <7.8 7.8-11.0 211.1
(mmol/L)
HbA1c <39 (ADA) 3947 (ADA) | _ o
(mmol/mol) <42 (IEC) 42-47 (IEC) | —

* after 75g oral glucose load [oral glucose tolerance test (OGTT)]

ADA=American Diabetes Association; WHO=World Health Organisation; IFG=Impaired fasting glucose; I1GT=
Impaired glucose tolerance; IEC=International Expert Committee.

Insulin, which was discovered in 1921 by a research team at the University of Toronto, was
the first available medication for the treatment of diabetes and is still the only available
treatment for type 1 diabetes. Since then, many more groups of medication have become
available for the treatment of type 2 diabetes. An historical overview of the introduction of
different diabetes medications is presented in Figure 3.

1.2 CARDIOVASCULAR DISEASE (CORONARY ARTERY DISEASE, HEART
FAILURE AND ATRIAL FIBRILLATION)

Cardiovascular diseases (CVDs) are a group of diseases affecting the heart and blood vessels.
They are categorised as CVDs resulting from atherosclerosis, such as ischaemic heart disease
(e.g. myocardial infarction), cerebrovascular disease (e.g. stroke) and diseases of the aorta
and arteries [e.g. hypertension and peripheral artery disease (PAD)] and other CVDs, such as
congenital heart disease, rheumatic heart disease, cardiomyopathies (e.g. heart failure) and
cardiac arrhythmias (e.g. atrial fibrillation) (17). The highest proportion of cardiovascular
deaths globally in 2019 were attributed to ischaemic heart disease and stroke, followed
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Figure 3: A timeline of the introduction of different diabetes medications.
NPH indicates neutral protamine Hagedorn; GLP-1, glucagon-like peptide 1; DPP4, dipeptidyl peptidase 4; SGLT2,
sodium-glucose co-transporter 2. Created with BioRender.com.

First a-glucosidase
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by hypertensive heart disease (18). Among cardiac arrhythmias, atrial fibrillation is the
most common (19), with an estimated prevalence of around 3% in adults (20). Globally,
cardiovascular disease is the leading cause of death, accounting for around 17.9 million
deaths in 2015, a 12.5% rise compared with 2005, although the age-standardised mortality
rates after CVD decreased by 15.6% during the same period in the western world (21-23).

1.3 THE RELATIONSHIP BETWEEN DIABETES MELLITUS AND CARDIO-
VASCULAR DISEASE

Among the first studies that really brought attention to diabetes mellitus as a risk factor for
cardiovascular disease in the 1970s, and possibly the most well-known regarding this aspect
from that time period, was the Framingham Study. Two publications from that study, the
first in 1974, associated diabetes with an increased risk of congestive heart failure (24) and
the second in 1979, showed that diabetes increased the risk of cardiovascular disease two
times in men and three times in women (25).

For many years, diabetes was regarded as a coronary disease equivalent in calculating the
future CVD risk. In a study published in 1998, Haffner et al. demonstrated that patients with
diabetes without a prior myocardial infarction had a cardiovascular risk similar to that of
patients with a prior myocardial infarction but without diabetes (26). The same conclusion
was reached in a nationwide Danish study that was published ten years later by Schramm et al.
(27). However, other studies were unable to replicate these findings. Rana et al. demonstrated
in 2016, that only a subset of high-risk diabetes patients, such as those with longer diabetes
duration, had a cardiovascular risk similar to that of those with a prior myocardial infarction
(28). Nevertheless, diabetes still entails a significant excess morbidity and mortality risk.
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Recently published nationwide data by Rawshani et al. showed that, despite a substantial
decrease in the mortality and incidence of cardiovascular disease in persons with diabetes in
Sweden in the last 20 years, there is a significant remaining excess mortality and morbidity
risk in persons with diabetes compared with the general population (29).

Diabetes is associated with a higher risk of many types of cardiovascular complication and
the excess risk differs, depending on the type of investigated population and the studied
time periods. For instance, while results from the Framingham Study in the 1970s suggested
a two- to threefold increase in the risk of myocardial infarction (25) and a two- to fivefold
increase in the risk of heart failure (24), more recent data in Swedish patients with diabetes
mellitus type 2 from 2006-2013 showed that patients with diabetes had a 70% higher age-
standardised risk of myocardial infarction, a 50% higher risk of stroke, a 30% higher risk of
all-cause death, a 20% higher risk of atrial fibrillation and an 80% higher risk of heart failure
compared with the general population (30). This excess risk for cardiovascular events is not
stable across the whole spectrum of the type 2 diabetes population but varies and depends
on factors such as the age at diabetes diagnosis (31) and whether other cardiovascular risk
factors are well-treated or not (32).

The optimisation of glucose values has been shown to reduce the risk of cardiovascular
events in both type 1 (33) and type 2 diabetes (34,35). These results were mainly based
on the long-term follow-up of the Diabetes Control and Complications (DCCT) trial for type
1 diabetes (33) and the UK Prospective Diabetes Study (UKPDS) for type 2 diabetes (35),
though the results for type 2 diabetes have been somewhat conflicting, depending on the
characteristics of the studied population, with the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) study showing that intensive glucose lowering treatment increased
mortality (36). One possible complication of diabetes treatment with insulin and certain
oral antiglycaemic drugs, such as sulphonylureas, is hypoglycaemia, i.e. a below normal
concentration of glucose in the blood. Hypoglycaemia can have multiple negative effects,
including arrhythmias, impaired endothelial dysfunction and impaired cognitive function
(37) (Figure 4).

1.4 PATHOPHYSIOLOGICAL MECHANISMS BETWEEN DIABETES AND
CARDIOVASCULAR DISEASE

Diabetes is linked to the development of atherosclerotic cardiovascular disease, heart failure
and atrial fibrillation through several pathophysiological mechanisms summarised below.

The pathophysiological mechanism that leads to cardiovascular disease in patients with
diabetesis complicated and depends on both macro- and microvascular dysfunction. Patients
with diabetes have accelerated atherosclerosis depending on hyperglycaemia, dyslipidaemia
and endothelial dysfunction (38,39) and the increased inflammation of the coronary
vascular wall (40). Moreover, diabetic autonomic neuropathy causes the impairment of the
regulation of vascular tone and patients with diabetes have reduced bioavailability of nitric
oxide, which is a vasodilator, and the increased secretion of vasoconstrictor endothelin-1
(38). Persons with diabetes have a chronic state of low-grade inflammation, higher oxidative
stress and hypercoagulability (38), which manifests itself among other mechanisms as
increased platelet activation and aggregation (41), all of which have a detrimental effect on
the cardiovascular system. A detailed description of the development of atherosclerosis in
diabetes mellitus is presented in Figure 5.
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Figure 4: The consequences of hypoglycaemia.
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Figure 5: The development and progression of atherosclerosis in diabetes mellitus.

FFA indicates free fatty acids; AGE, advanced glycation end-product; PKC, protein kinase C; VSMC, vascular smooth muscle cells;
EC, endothelial cells; TNF-a, tumour necrosis factor-a; ER, endoplasmic reticulum; Akt, protein kinase B; ERK, extracellular signal-
regulated kinase; GIctNAc, N-Acetylglucosamine; IL, interleukin; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein
kinase; NF-kB, nuclear factor-kappa beta; NOS, nitric oxide synthase; PI3K, phosphoinositide 3-kinase; RNS, reactive nitrogen
species; and ROS, reactive oxygen species. Reproduced with permission from Cecilia C. Low Wang. Circulation. Clinical Update:
Cardiovascular Disease in Diabetes Mellitus, Volume: 133, Issue: 24, Pages: 2459-2502, Copyright Wolters Kluwer Health, Inc.
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Regarding the link between diabetes and heart failure, it has been suggested that diabetes
leads to a particular form of diabetic cardiomyopathy, which successively leads to systolic
and diastolic dysfunction (42). This diabetic cardiomyopathy occurs independently and
not through the mediation of other risk factors, such as atherosclerosis, hypertension or
dyslipidaemia, and, as suggested by Jia et al., begins as an early diastolic relaxation defect and
progresses to clinical congestive heart failure (43). The presence of ischaemic heart disease
and hypertension, which are common co-existing diseases in individuals with diabetes and
can lead to ischaemic and hypertensive cardiomyopathy respectively, is another factor that
increases the risk of developing heart failure in diabetes (Figure 6).

| Hyperglycemia, insulin resistance, and hyperinsulinemia

7 v } v

| ASCVD || Hypertension | Metabolic Disturbed cellular Structural alterations | | Cardiac Neurohormonal
disturbances function autonomic | |activation (RAAS)
I I I I neuropathy
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glucose FFAand calcium dysfunction and myocyte deposition hypertrophy
oxidation lipotoxicity handling increased  hypertrophy

| oxidative stress
Diabetic
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Ischemic Hypertensive
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Figure 6: Pathophysiological mechanisms of heart failure in diabetes mellitus.

ASCVD indicates atherosclerotic cardiovascular disease; RAAS, renin-angiotensin-aldosterone system; AGE,
advanced glycation end-product; FFA, free fatty acids. Reproduced with permission from Cecilia C. Low Wang.
Circulation. Clinical Update: Cardiovascular Disease in Diabetes Mellitus, Volume: 133, Issue: 24, Pages: 2459-
2502, Copyright Wolters Kluwer Health, Inc.

Several pathophysiological mechanisms have been suggested to explain the increased
risk of atrial fibrillation incidence in patients with diabetes and the poorer cardiovascular
prognosis in patients with both atrial fibrillation and diabetes. Risk factors independently
associated with increased atrial fibrillation risk and cardiovascular disease, such as obesity,
hypertension, coronary artery disease and arterial stiffness, exist more frequently in
patients with diabetes mellitus (20). At the myocardial level, diabetes is suggested to lead
to structural, metabolic, electrical and electromechanical atrial remodelling changes which
predispose the patient to the occurrence of atrial fibrillation (44) (Figure 7). In addition,
diabetic cardiomyopathy leads to the development of heart failure either with a preserved
or reduced ejection fraction, increasing the risk of atrial fibrillation and worsening the
cardiovascular prognosis (42).
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Figure 7: Pathophysiology of diabetes and atrial fibrillation.
APD indicates action potential duration. Adapted from Allen Wang et al. J Am Coll Cardiol 2019; 74:1107-1115,
with permission from Elsevier. Created with BioRender.com.

1.5 ABNORMAL GLUCOSE TOLERANCE AND PROGNOSIS IN ACUTE COR-
ONARY SYNDROME (ACS)

The prevalence of undiagnosed glucose abnormalities in patients with acute coronary
syndromes (ACS) is high, occurring in around two-thirds of all patients with ACS (45). The
latest European Society of Cardiology guidelines on diabetes, prediabetes and cardiovascular
disease recommend screening with HbA1lc or fPG and, if in doubt, with OGTT for diabetes
in all patients with established cardiovascular disease (46). The question of which glucose
test is best to use is still the subject of debate. HbAlc is less time consuming and more
convenient, while OGTT is more sensitive in detecting glucose abnormalities and is the only
test that can detect IGT (16,47). In a report from the EUROASPIRE IV cohort, it was shown
that, in patients with coronary artery disease, only 17% of patients were identified as having
diabetes by using the HbAlc criterion alone (47).

The OGTT and HbAlc seem to identify two different cohorts of patients with glucose
abnormalities (48) and which of these methods is most predictive of future cardiovascular
morbidity and mortality in these patients is still unclear.

There are not many published studies comparing the long-term prognosis in patients with
abnormal glucose tolerance diagnosed by OGTT as opposed to HbAlc. Determining whether
these markers have prognostic importance beyond other well-known risk factors for
cardiovascular morbidity and mortality, such as smoking, hypertension and hyperlipidaemia,
is important. Regarding studies examining the predictive value of the different screening
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methods in the general population, an analysis of the data from the DECODE database,
which includes more than 180,000 person-years of follow-up in 16 different European
populations, showed that the 2h-PG but not the fPG is linked with an increased all-cause
mortality risk (49). The predictive value of HbAlc was not examined in that study. On the
other hand, Selvin et al. showed that, in a population without established cardiovascular
disease, HbA1lc, but not fPG, was associated with an increased risk of cardiovascular disease
(50). The predictive value of 2h-PG was not examined in that study. In a meta-analysis by
Santos-Oliveira et al., that included over 44,000 patients, it was also shown that HbAlc
had a significant association with higher cardiovascular morbidity and all-cause mortality
in persons without known diabetes, though some the studied populations had established
coronary artery disease (51).

In patients with coronary artery disease, there are conflicting results as to whether HbAlc
is associated with a poorer prognosis, with some studies showing an association between
HbAlc and a poorer prognosis (52,53) and others showing no association (54). In a report
from EUROASPIRE IV, where fPG, 2h-PG and HbAlc were used to screen for diabetes in
around 4,000 patients with coronary artery disease, it was shown that only the 2h-PG and
thus only information from the OGTT was of prognostic significance (55). It has also been
shown that abnormal glucose tolerance (AGT), defined as either newly detected diabetes
mellitus or impaired glucose tolerance (IGT) by the OGTT, affects the future prognosis in
patients with ACS. A follow-up of the Glucose Abnormalities in Myocardial Infarction
(GAMI) study (median follow-up time 11.6 years) showed that cardiovascular events and
cardiovascular mortality were significantly more frequent in patients with AGT (56). The
predictive value of 2h-PG in patients with no previously known glucose abnormalities was
also shown in other studies in patients with stable coronary artery disease (57) and in
patients undergoing coronary angiography (58).

To summarise, the screening test for diabetes which confers the best cardiovascular
prognostic information in individuals with and without established cardiovascular disease is
still the subject of debate and further studies are needed to elucidate this.

Patients with established diabetes mellitus have a relatively poor prognosis following ACS
[non-ST-elevation myocardial infarction (NSTEMI) and ST-elevation myocardial infarction
(STEMI)], in both the subsequent short- and long-term perspectives (59—61). The underlying
reasonforthe poorerprognosisis notentirely understood, butithasbeen suggested thatmore
advanced coronary artery disease, incomplete revascularisation, higher rates of restenosis,
stent occlusions and the increased risk of heart failure are plausible explanations (61,62).
Furthermore, patients with diabetes are more prone to thromboembolic complications,
increased platelet reactivity, higher platelet turnover and resistance to platelet-stabilising
drugs (63-66). A recent meta-analysis of 139 studies (118 cohort studies and 21 randomised
clinical trials), which included patients with both NSTEMI and STEMI from 1970 to 2011
and where the proportion of patients with diabetes varied from 7.7% to 49.2%, suggested
that diabetes continues to be associated with increased mortality following a myocardial
infarction, albeit in a population without contemporary treatment (67). Acute coronary care
has improved in recent decades, with the development of more potent platelet aggregation-
inhibiting therapies alongside with favourable acute reperfusion strategies using primary
percutaneous coronary intervention (PCl) and the increased use of drug-eluting stents (DES).
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The use of potent platelet aggregation inhibitors in diabetes appears to be of particular
importance in patients with poor glycaemic control and those on insulin treatment. In the
PLATO trial, ticagrelor versus clopidogrel was compared in patients with ACS; subgroup
analyses showed that patients with an HbAlc over 42 mmol/mol had a reduced event
rate when randomised to ticagrelor compared with clopidogrel (68). The benefits of using
drug-eluting stents (DES) as compared to bare-metal stents (BMS) in patients with diabetes
undergoing PCl have been demonstrated, with studies showing that the risk of re-stenosis is
halved in these patients, with no significant difference in mortality or the risk of myocardial
infarction after four years (69).

Itis unclear whether diabetes is still associated with a similar excess morbidity and mortality
risk after a myocardial infarction in a population with modern treatment and optimal
secondary prevention and, for this reason, studies performed in a contemporary setting are
of interest.

1.6 DIABETES AND ATRIAL FIBRILLATION

Atrial fibrillation (AF) is a pathological condition that affects the heart’s electrical conduction
system and leads to an irregular and often fast heart rhythm (70). AF is present in around
3% of all adults and its prevalence is rising, mainly because of the ageing population (20). AF
is associated with a five times higher risk of stroke and a two times higher risk of mortality
(71). Diabetes mellitus is a well-known risk factor for AF and increases the risk of AF by 40%
(70). There is a similar increase in AF risk even in patients with impaired fasting glucose (72)
or the metabolic syndrome (73). Previously published retrospective studies have shown a
70-90% increase in stroke risk in patients with concomitant AF and diabetes compared this
with those with AF alone (74). In the well-established CHA DS, -VASc risk score system that
is used in clinical practice to calculate the risk of stroke in patients with AF, the presence of
diabetes adds one point (75). In large population studies, it has also been shown that the
risk of thromboembolism is not equal in all the AF patients with diabetes but increases with
longer diabetes duration (76).

In a sub-analysis of the ROCKET-AF trial (5,695 patients with diabetes and AF) published in
2015, which studied the treatment with rivaroxaban in patients with AF and diabetes, it was
shown that patients with concomitant AF and diabetes have a 30%, 50% and 90% higher
two-year risk of stroke, vascular mortality and myocardial infarction respectively, compared
with those with AF alone (77). In a cohort study from the ORBIT-AF register with 9,749
patients published in 2017, which, at the time of publication, offered the most complete
appraisal of outcomes in patients with AF and diabetes (78), it was shown that diabetes
is associated with a 63% increased risk of mortality in AF patients < 70 years and a 25%
increased risk of mortality in AF patients > 70 years (79). Patients with concomitant AF and
diabetes did not, however, run a higher risk of thromboembolism, bleeding-related events
and new-onset heart failure compared with those with AF alone (79).

There is limited information on the prognosis in patients with AF and diabetes from a
real-world population, with most of the previous information derived from clinical trials,
except for the increased stroke risk that comes with diabetes. Up-to-date information on
the complications closely related with diabetes in AF is essential to optimise our future
preventive strategies and the planning of healthcare resources.
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The prevalence of undiagnosed diabetes and glucose abnormalities in patients with AF is
unknown. A small case-control study that screened 75-year-old individuals using OGTT (46
with cases with AF and 108 controls without) reported a diabetes prevalence of 13.0% in
those with AF compared with 3.7% in those without AF (80). There is also limited knowledge
of the effects of glucose abnormalities on the recurrence of AF after electrical cardioversion
and how they affect the prognosis in general. If the increased prevalence of diabetes can
be replicated in a larger AF population, this could have significant clinical implications in the
form of introducing screening for glucose abnormalities in patients with AF, in the same way
that is recommended today in other cardiovascular high-risk groups, especially if associated
with a poorer prognosis in patients with AF.

1.7 KNOWLEDGE GAPS
The knowledge gaps this thesis aimed to address are listed below.

e Isthe presence of diabetes still an adverse risk factor, leading to increased morbidity
and mortality in patients with STEMI receiving contemporary treatment, despite
the improvement in acute coronary care in recent decades?

e  Which of the screening methods for glucose abnormalities, i.e., the OGTT or
HbAlc, has the best predictive value regarding the risk of premature death and
cardiovascular events in patients after an acute myocardial infarction?

e s the presence of diabetes an adverse prognostic risk factor in patients with atrial
fibrillation in a nationwide setting, i.e., what is the external validity of the previous
results of smaller studies that showed a poorer prognosis in patients with atrial
fibrillation and concomitant diabetes?

e Are there prognostic differences between type 1 and type 2 diabetes in patients
with atrial fibrillation and is a history of severe hypoglycaemia a further aggravating
risk factor in these patients?

e  What is the prevalence of undiagnosed glucose abnormalities in a population with
atrial fibrillation and what is the best screening method to use in these patients?
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2 RESEARCH AIMS

The overall aim of this thesis is to study the characteristics and prognosis in patients with
diabetes mellitus and glucose abnormalities in background populations with a myocardial
infarction and atrial fibrillation to acquire a deeper understanding of factors that worsen
the prognosis in these patients and identify improved screening and treatment strategies.

The specific aims are:
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To investigate the prognosis in patients with diabetes in a contemporary population
with an ST-elevation myocardial infarction (STEMI), the extent of coronary artery
disease, the thrombus burden and the prognosis for patients with diabetes after an
ST-elevation myocardial infarction (STEMI) (Study I).

To investigate the importance of newly discovered glucose abnormalities in the long-
term prognosis in a post-myocardial infarction cohort and to compare the predictive
values of the Oral Glucose Tolerance Test and HbAlc (Study II).

To investigate the prevalence of diabetes and its prognostic importance for cardio-
vascular events and mortality in a nationwide cohort with atrial fibrillation (Study Il1).

To investigate the prognostic differences between different types of diabetes (type
1 and type 2) and the impact of severe hypoglycaemia on mortality, cardiovascular
events and dementia in a nationwide cohort with atrial fibrillation (Study IV).

To investigate the prevalence of undetected glucose abnormalities in a cohort with
atrial fibrillation and compare the performance of OGTT and HbAlc as screening
methods in these patients (Study V).
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3 MATERIALS AND METHODS

3.1 SUMMARY

This thesis comprises five different studies summarised in Table 2.

Table 2: Summary of the characteristics of the studies included in this thesis.

with diabetes

Study | Study Il Study 11l Study IV Study V
Retrospective|
analysis of
. register- . Prospective
Design study based Retrospective cohort study cohort study
randomised
control trial
STERIVIT RMIIEhG U Nontvalvdlar[Lcnsxaliiaras Nonsvalvilaisth
Study . . with and after electrical
. and without known AF withand | . . .
population DM diabetes without DM without TIDM | cardioversion
and T2DM without DM
Number of 7,244 841 326,832 317,558 119
patients (n)
Admissions at Nationwide | Nationwide Outpatients at
. - Department Department
Inclusion Participants - through through all- -
. . .~ | of Cardiology, . . . . of Cardiology,
setting in TASTE trial all-inclusive inclusive
Rl registers registers PR I
Hospital g g Hospital
Inclusion
period 2010-2013 2006-2013 2006-2012 2013-2014 2019-2021
Mortality, |Mortality, Ml, Mprtallty, .Ml’ Mprtallty, .Ml' Prevalence
Outcomes Ml, stent | HF, ischaemic el e elnzisle of glucose
thro’mbosis ’ stroke SO [l el @, 15 b liti
bleeding dementia abnormafities
December March 2017
2017 for for mortalit
End of follow-| December | mortality and| December Y .
and December Ongoing
up 2014 December 2013 2015 for other
2014 for other
outcomes
outcomes
Percentage 13.9% 0% 17.7% 19.5% 0%

Descriptive statistics, hypothesis testing. Survival analysis using Kaplan-

Statistical Meier curves and Cox regression hazard analysis. Competing risk analysis in
analyses Study IV. Multiple imputation was used to impute variables with missing data
in Study I.
. Age, sex, co- Age, sex, comorbidities and
AeluEns morbidities Age, sex medication /2

Abbreviations: AMI: acute myocardial infarction; OGTT: oral glucose tolerance test; HbAlc: glycosylated
haemoglobin; STEMI: ST-elevation myocardial infarction; TASTE: Thrombus Aspiration during ST-Segment
Elevation myocardial infarction; MI: myocardial infarction; HF: heart failure; AF: atrial fibrillation; DM: diabetes
mellitus; TIDM: type 1 diabetes; T2DM: type 2 diabetes.
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3.2 DESCRIPTIONS OF REGISTERS USED AND DEFINITIONS

3.2.1 Descriptions of registers used in Studies I-1V

Sweden has a long tradition of register-based research, due mainly to the use of the unique
personal identity number that has been assigned to every Swedish resident since 1947 and
facilitates nationwide coverage, cross-linking between different registers and minimal loss
to follow-up (81).

Swedish Web-system for Enhancement and Development of Evidence-based care in Heart
Disease Evaluated According to Recommended Therapies (SWEDEHEART) register (Studies I, Il)
Web-based, nationwide register containing information on patients admitted to Swedish
hospitals with the acute coronary syndrome and those undergoing coronary angiography,
percutaneous coronary intervention or heart surgery. SWEDEHEART was started in Decem-
ber 2009 after merging four smaller quality registers (RIKS-HIA, SCAAR, SEPHIA and the
Swedish cardiac surgery register) and has 100% coverage of patients undergoing angiogra-
phy, PCl or heart surgery and almost 100% for patients admitted with ACS to coronary care
units (82).

The quality of data is checked yearly and there is > 95% agreement between register data
and data from patient records (82).

Swedish National Patient Register (NPR) (Studies 1, Il, 1lI, 1V)

The register is maintained by the Swedish National Board of Health and Welfare. Data col-
lection was initiated in 1964 by registering hospital discharge diagnoses according to the
Swedish International Classification of Disease (ICD) system. The coverage was gradually
increased and by 1987 the register contained all inpatient (i.e. hospital) diagnoses nation-
wide. Since 2001, the register has also covered diagnoses from hospital-affiliated outpatient
specialist clinics coded using International Classification of Diseases 10 codes (ICD-10).

The validity of the data is generally high and the proportion of correct diagnoses in the
NPR is generally around 85-95%, comparable with similar registers in countries with well-
developed healthcare systems such as Denmark and the USA (83).

Swedish Causes of Death Register (Studies I, I, 11, IV)

This register includes information on the date and underlying cause of death, based on the
international version of ICD classification, of all Swedish residents, even those living abroad,
since 1952 (84). There is virtually complete coverage of the number of deaths and around
96% of deaths have a specific recorded cause of death (84). Since 2012, the register has also
contained information for non-residents who have died in Sweden.

Prescribed Drug Register (Studies I, lll, 1V)

Contains information on all dispensed pharmaceutical prescriptions since July 2005. The
register has complete nationwide coverage and information on all prescription medication,
classified according to the Anatomical Therapeutic Chemical (ATC) classification system, is
included (85).

Longitudinal integrated database for health insurance and labour market studies (LISA)
register (Study Ill)

Includes socioeconomic information on all Swedish residents aged > 16 years since 1990,
such as information on income, education, civil status, country of birth, foreign background,
employment and family-related variables (86).
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3.2.2 Definitions

A list of the most important definitions used in our studies follows below. A full list of ICD-
10 codes used, and descriptions of definitions divided by study can be found in the method
description and the appendix of each published study.

Diabetes mellitus: Study I: Self-reported diabetes upon inclusion in the TASTE trial or treat-
ment with glucose-lowering medication. Study II: Diabetes mellitus at baseline was defined
as self-reported diabetes registered in SWEDEHEART. Studies Ill and IV: The presence of
a registered ICD-10 code for diabetes (E10-14) or filled prescription for glucose-lowering
medication (ATC codes beginning with A10) before inclusion. Study V: Self-reported diabetes
upon inclusion.

Diabetes mellitus type 1 (Study IV): At least one filled prescription for rapid-acting insulin,
the absence of oral glucose-lowering medication (including a GLP-1 receptor agonist) and at
least one registered ICD-10 diagnosis of type 1 diabetes (E10) within two years before study

inclusion.

Diabetes mellitus type 2 (Study IV): All patients with diabetes mellitus except those with
diabetes mellitus type 1 according to the above definition.

Glucose abnormalities: Newly diagnosed diabetes or prediabetes.
Newly diagnosed diabetes mellitus (Studies Il and V): Criteria for diagnosing diabetes ac-
cording to the American Diabetes Association (ADA) or World Health Organisation (WHO)

as listed in Introduction.

Newly diagnosed prediabetes (Studies Il and V): Criteria for diagnosing prediabetes accord-
ing to the ADA or WHO as listed in Introduction.

Severe hypoglycaemia (Study IV): Primary or secondary hospital ICD-10 diagnosis of E16.0,
E16.1, E16.2,E10.0, E11.0, E12.0, E13.0 or E14.0.

Atrial fibrillation: Any ICD-10 diagnosis of 148 registered in the NPR.
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3.3 MATERIALS AND METHODS

3.3.1 Study |

The TASTE trial was a multicentre (all 29 PCl centres in Sweden, one centre in Iceland and
one centre in Denmark), prospective, register-based randomised study, including 7,244
unselected patients with STEMI from 2010 to 2013 with randomisation to manual thrombus
aspiration followed by PCl or to PCl alone (87). The inclusion criteria were the following:
PCI due to STEMI, the absence of a requirement for emergency coronary bypass grafting
(CABG) and age > 18 years. Information regarding mortality, rehospitalisation for myocardial
infarction (M), heart failure, new PCI/CABG, stent thrombosis and restenosis was collected
from the SCAAR register, which is part of the SWEDEHEART register, the Swedish National
Patient Register and the Swedish Causes of Death Register.

The primary endpoint of 30-day all-cause mortality in the TASTE study did not differ between
the two studied groups (HR:0.94; 0.72-1.22) (87), nor did one-year mortality (HR: 0.94; 0.78-
1.15) (88). The one-year mortality rate was as low as 5.4% and the composite endpoint of
mortality, rehospitalisation for Ml and stent thrombosis also occurred at low rates of 8.0% in
the PCl plus thrombus aspiration group and 8.5% in the PCl only group (p=0.48).

The TASTE database provides additional information on the findings of coronary vessel
disease distribution, target vessel, thrombus grading, Thrombolysis In Myocardial Infarction
(TIMI1) flow grading, left ventricular function by echocardiography, platelet inhibition/
anticoagulant therapy, time to PCI from symptom onset and glucose-lowering medication,
including insulin therapy.

Patients were defined as having diabetes mellitus if they self-reported the diagnosis at the
point of study inclusion or the point of discharge from hospital or if medical treatment with
oral glucose-lowering medication or insulin treatment was registered at discharge (per the
information collected from SWEDEHEART).

Primary and secondary outcomes

The primary outcome of the TASTE trial was all-cause mortality at one year and the secondary
outcomes were hospitalisation for recurrent Ml or stent thrombosis and triple event at one
year. Triple event was defined as the first of all-cause mortality, rehospitalisation for Ml or
stent thrombosis. Ml was defined according to ICD-10 codes 121 and 122. Stent thrombosis
was defined according to the Academic Research Consortium definition for “definitive and
confirmed stent thrombosis” and the diagnosis in all cases was confirmed by angiography
(89). Thrombus grade was evaluated after the passage of a coronary guidewire according
to Sianos et al. (90). In this post hoc analysis of the TASTE trial, we studied the baseline
characteristics of the individuals with diabetes among the participants in this trial and
investigate whether there are differences in outcomes in those with diabetes.

3.3.2 Study Il

Using the SWEDEHEART register, we identified, 3,417 patients with acute coronary
syndrome under the age of 80 years that were admitted to the Department of Cardiology
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at Danderyd University Hospital from January 2006-December 2013. Most patients without
diabetes were screened for undiagnosed dysglycaemia with a standardised 75-g OGTT after
an overnight fast, with plasma glucose values analysed at 0 and 120 min, no earlier than four
days after admission. HbAlc was also controlled in many patients, albeit not consistently,
especially at the beginning of our study period. We excluded 433 AMI patients with a
known history of diabetes according to registration in SWEDEHEART and 1,300 patients who
were not screened for diabetes, most of them for clinical reasons. In total, 1,684 patients
with AMI were screened with an OGTT and 841 (50%) of them also had an HbAlc taken
simultaneously, and this thus constituted our study population. A flowchart for our study
population is shown in Figure 8.

n=3,417
with AMI < 80 years old admitted
between 2006-2013

Excluded
n=1,300 not screened
for diabetes
n=433 known diabetes

v

v
n=1,684
screened for diabetes
with OGTT

Excluded
n=843 HbA1c not
taken

\4

Study population
n=841
with both OGTT and
HbA1c

Figure 8: Flowchart for the inclusion of the study population.

Created with BioRender.com.

We collected data on comorbidities, medication and all-cause mortality from four different
registers: (1) the SWEDEHEART register, (2) the National Patient Register (NPR), (3) the Pre-
scribed Drug Register and (4) the Cause of Death Register.

Outcomes

All patients were followed up for all-cause mortality until 25 December 2017 and for hos-
pitalisation for myocardial infarction, ischaemic stroke or heart failure until 31 December
2014. The primary outcome was the incidence of a combined event [CE (first of myocardial
infarction, heart failure, ischaemic stroke or mortality)] and the mean follow-up period for
our patients was 4.8 years. Information on medication at baseline was collected from filled
prescriptions from five months before admission with AMI to one month after discharge.
We also tested the prognostic significance of the combined event of different cut-offs for
glucose abnormalities according to both ADA and WHO definitions.
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Definitions

Based on the results of an OGTT, the patients were categorised into three groups according
to ADA criteria (Table 1) for the diagnosis of diabetes and prediabetes:

1) normoglycaemia (NGT),

2) prediabetes [Impaired glucose tolerance (IGT), impaired fasting glucose (IFG) or both] and
3) type 2 diabetes.

Glucose abnormalities according to the OGTT could be diagnosed by using either the OGTT
individual components, i.e., fasting glucose (fPG) or two-hour postload glucose (2h-PG).
Patients were also classified into three groups based on the HbA1lc according to ADA criteria:
1) normoglycaemia (NGT),

2) prediabetes and

3) type 2 diabetes.

Known diabetes was defined as the registration of diabetes in SWEDEHEART on admission.

3.3.3 Study Il

In this nationwide study of patients with atrial fibrillation, we included 326,832 patients with
non-valvular AF. We started by identifying 345,123 patients with a registered AF diagnosis
according to ICD-10 in the National Patient Register from 1 January 2006 to 31 December
2012. We excluded those aged < 20 years (n=409) and those with valvular atrial fibrillation
(n=17,882). A flowchart of the study population is shown in Figure 9.

n=345,123
with Atrial fibrillation ICD-10
diagnosis between 2006-2012

Excluded
»|  n=409 <20 years
n=17,882 valvular AF

4

n=326,832
available for study

/N

n=269,153 n=57,679
No diabetes Diabetes

v

n=73 with insulin
n=201 with OAD

A4 A4

n=268,879 n=57,953
No diabetes Diabetes

Figure 9: Flowchart of the study patient selection.
Created with BioRender.com.
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We merged data from four different registers: 1. The Swedish National Patient Register
(NPR), 2. The Prescribed Drug Register, 3. The Cause of Death Register and 4. The LISA reg-
ister. All patients were followed for the incidence of death, heart failure, myocardial infarc-
tion, ischaemic stroke or any bleeding until 31 December 2013. The mean follow-up period
was 3.7 years (range 0.9 to 8 years). We used freely available data from Statistics Sweden
on mortality in different age groups for 2012 to calculate the standardised mortality ratios
(SMR) for our study population.

3.3.4 Study IV

For this study, we included all the patients in Sweden that received an AF diagnosis in the
NPR from January 2013-December 2014 (n=317,558). After excluding those with mechani-
cal heart valves or mitral stenosis (n= 7,796) and those < 18 years old (n= 151), we ended
up with our final study population of 309,611 patients. A flowchart for patient selection is
presented in Figure 10.

n=317,558
with Atrial fibrillation (AF) ICD-10
diagnosis between Jan 2013-Dec

2014
Excluded
> n=151 <18 years
v n=7,796 with valvular AF
n=309,611

Total study population

N

n=249,317 _
AF without n‘—go,‘294
diabetes AF with diabetes
n=2,221 n=58,073
Diabetes mellitus Diabetes mellitus
type 1 type 2
n=1,950 n=271 "=5£v784 n=1,289
No documented Documented o Documented
severe severe d°‘;':“::r':ed severe
hypoglycaemia hypoglycaemia hypoglycaemia hypoglycaemia

Figure 10: Flowchart depicting the selection of our study population.
Created with BioRender.com.
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We defined all those with an ICD-10 diagnosis of E10-14 in the NPR or those filling a pre-
scription for glucose-lowering medication as having diabetes. Among them, we categorised
as having diabetes mellitus type 1 all those with a filled prescription for rapid-acting insulin
and the absence of filled prescriptions for medications commonly used in type 2 diabetes
and a registered E10 ICD-10 diagnosis of type 1 diabetes in the last 24 months before inclu-
sion in our study. We identified those with a history of severe hypoglycaemia by looking for
those that received a primary or first secondary ICD-10 diagnosis in the inpatient (hospital)
register signifying hypoglycaemia.

All patients were followed for all-cause death until March 2017 and for myocardial infarc-
tion, ischaemic stroke, heart failure or dementia until December 2015. For the outcomes of
heart failure and dementia, we analysed only those that did not have these diagnoses at in-
clusion, as both diseases are regarded as chronic and exist continuously from the time of the
first diagnosis. In order to have a control group completely free from diabetes, we censored
the patients that received the diagnosis of diabetes during the follow-up period at the date
of the first ICD-10 diagnosis of diabetes.

3.3.5 Study V

The Early Detection of Glucose Abnormalities in Atrial Fibrillation (EDGA-AF) is a single-
centre, prospective cohort study that aims to report the prevalence of undiagnosed glucose
abnormalities in patients with atrial fibrillation undergoing electric cardioversion and to
describe how these glucose abnormalities affect prognosis. All patients less than 80 years of
age with atrial fibrillation undergoing electric cardioversion at the Cardiology Department,
Danderyd University Hospital, Stockholm, Sweden, since October 2018 were invited to
participate in this study. We included both patients with no previously known diabetes and
patients with established type 2 diabetes, where the latter would be used as comparison
group in future planned analyses. The study was halted during the Covid-19 pandemic, but
inclusion is now continuing.

The study participants were called to a study visit approximately four weeks after the electric
cardioversion in order to reduce the stress burden from the cardioversion (an interval of
up to six weeks was allowed) and were screened for glucose abnormalities with both a
standardised 75-g oral glucose tolerance test (OGTT) after an overnight fast with plasma
glucose values analysed at 0, 60 and 120 minutes and a Haemoglobin Alc (HbAlc). The
OGTT was not performed in those with known diabetes. During the study visit, additional
blood samples were taken (lipid panel, electrolytes, creatinine, troponin-T, NT-proBNP, fS-
insulin, hs-CRP), a 12-lead-electrocardiogram was registered, and an echocardiogram was
performed. Additional blood samples were drawn and frozen for later analysis.

This is an interim analysis of 119 patients without established diabetes enrolled from
October 2018 to December 2021 and it aims to describe both the prevalence of previously
undiagnosed glucose abnormalities in these patients and the agreement between the two
screening methods used (OGTT and HbA1c). Another aim with this interim analysis was to
decide if inclusions, that had been hampered by the Covid-19 pandemic, should continue.

3.4 STATISTICAL METHODS FOR ALL STUDIES

Continuous variables were summarised as the mean #* standard deviation (SD) or the
median with interquartile range (IQR) for non-normal distributed variables. An assessment
for normal distribution was tested using the Shapiro-Wilk test or examined visually using
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histograms. Categorical variables were presented as absolute numbers and percentages.
Comparisons were made using the chi-square test for categorical variables and with the
Wilcoxon rank-sum test or the Kruskal-Wallis test for continuous variables, as applicable.
Time-to-event analysis was used in Studies I-IV to compare the risk of premature death and
adverse cardiovascular events between groups of patients. Kaplan-Meier curves were used
to present the percentage of patients free from a specific event at each time interval during
the follow-up period in different patient groups. The curves were compared using the log-
rank test. To be able to compare the risks after adjustments for confounders, we used the
Cox proportional hazards analysis. The proportional hazard assumption was either tested
using the Schoenfeld residuals or assessed visually using log-log survival curves.

In Study I, we used multiple imputation using the fully conditional specification method with
ten imputed data sets to account for missing data. The missing data were assumed to be
missing at random (MAR). Imputed variables were creatinine, body mass index, information
on complete revascularisation and left ventricular function at discharge.

In Study Ill, we determined the standardised mortality ratios in AF patients with and without
diabetes using freely available mortality data from Statistics Sweden for the general Swedish
population for 2012.

In Study IV, we used competing risk regression according to the Fine and Gray method (91),
adjusting for the competing risk of all-cause mortality, for all other endpoints.

In Study V, we used Cohen'’s kappa coefficient to calculate the agreement of the OGTT and
HbA1c in categories of glucose abnormalities.

A two-sided probability of p < 0.05 was considered statistically significant in all tests. Statisti-
cal analyses were conducted using SPSS (version 23 software from SPSS Inc., Chicago, IL) for
Study | and STATA version 14 (STATA Corp, College Station, TX 77845, USA) for Studies II-V.

3.5 ETHICAL CONSIDERATIONS

All the studies complied with the ethical principles of the Declaration of Helsinki. Approval
from the relevant regional ethics committees was obtained for all the studies. All the studies
were approved by the Regional Ethical Review board of Uppsala University, Sweden (Study 1),
and the Regional Ethics Committee in Stockholm (Studies 11-V) (Table 3).

Table 3: List of diary number (DNR) of the ethics committee approval for the studies
included in this thesis.

Study number DNR

I 2010/111, 2010/111/6

Il 2014/338-31/2, 2015/1077-32, 2015/1104-32, 2018/1321-32

1] 2014/894-31, 2016/1255-32

v 2014/894-31, 2016/1255-32

\% 2017/1878-31/2
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In Studies land V, all the included patients provided written informed consent. For Studies II-
IV, individual consent was not obtained. For Study Il, screening for glucose abnormalities was
performed in all patients after a myocardial infarction as part of the usual clinical care at
the study centre, as suggested by multiple guidelines, including those from the European
Society of Cardiology. Moreover, data for Studies II-IV were collected from Swedish national
registers which use an opt-out approach. The Swedish Patient Data Act (2008:355) states
that it is permitted to enter patient data in a register if the purpose is the improvement
of the quality of care. Before inclusion, the person is informed by the caregiver and may
oppose registration, but there is no legal requirement for signed, individual consent.
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4 RESULTS

4.1 STUDY |

Since this paper was published as a short communication, there will be additional reported
datainthis thesis section. A total of 7,244 patients were included in the original trial, of whom
901 (12.4%) were reported as having diabetes mellitus. A subgroup analysis did not indicate
any different effects of the randomised procedure in patients with diabetes (HR: 0.97; 95%
Cl: 0.63-1.49). However, for this post-hoc analysis, an additional 104 patients receiving
glucose-lowering medication but without having a registered diabetes diagnosis at inclusion
were identified and reclassified as having diabetes (n=1,005, 13.9%). Even when including
these additional patients, the effect of the randomised procedure did not reach statistical
significance (1.04; 0.69-1.58). For this reason, all patients with diabetes, irrespective of
randomisation in TASTE, were studied as one cohort. The baseline characteristics of all
patients stratified by diabetes status are presented in Table 4.

Table 4: Baseline characteristics of all patients with STEMI (n=7,244) with and without diabetes.
Characteristic n No diabetes Diabetes p-value
All patients N=7,244 N=6,239 (86.1%) N=1,005 (13.9%)

Age (years), mean £ SD 7,244 66.031£11.69 67.60£10.84 <0.001
Male sex — no. (%) 7,244 4,698 (75.3) 726 (72.2) 0.038
Body-mass index (kg/m?), mean + SD 7,042 26.79+4.33 28.68+4.9 <0.001
Weight (kg), mean + SD 7,174 80.97+15.21 86.01+16.61 <0.001
Creatinine (mmol/L), mean + SD 6,851 82.87+29.84 87.28+40.99 <0.001
Current smoking — no. (%) 7,244 1,987 (31.8) 269 (26.8) <0.001
Previous MI — no. (%) 7,244 642 (10.3) 200 (19.9) <0.001
Previous PCl — no. (%) 7,244 525 (8.4) 174 (17.3) <0.001
Previous CABG— no. (%) 7,244 111 (1.8) 33(3.3) 0.006
Previous ischaemic stroke — no. (%) 7,244 21(0.3) 5(0.5) 0.429
Previous HF — no. (%) 7,244 417 (6.7) 70 (7.0) 0.741
Killip class 2-4 — no. (%) 7,244 392 (6.3) 81(8.1) 0.034
TIMI flow grade 0-1 — no. (%) 6,365 4,854 (88.4) 778 (88.7) 0.820
Thrombus aspiration (yes) — no. (%) 7,244 3,093 (49.6) 484 (48.2) 0.405
Stent (yes) — no. (%) 7,239 5,958 (95.6) 950 (94.5) 0.141
DES — no. (%) 6,913 2,884 (48.4) 561 (59.0) <0.001
Complete revascularisation — no. (%) 7,189 3,802 (61.0) 537 (53.5) <0.001
Success PCl (open vessel) — no. (%) 7,244 6,063 (97.3) 969 (96.4) 0.136
Radial-artery approach — no. (%) 7,244 4,273 (68.5) 720 (71.6) 0.045
EF (non-imputed), during hospitalisation 6,247 <0.001
Normal > 50% — no. (%) 2,810 (52.2) 379 (44.0)

40-49% — no. (%) 1,430 (26.6) 247 (28.7)

30-39% — no. (%) 863 (16.0) 158 (18.4)

<30-no. (%) 234 (4.3) 60 (7.0)

Unknown — no. (%) 49 (0.9) 17 (2.0)

Medication at procedure

Aspirin - no. (%) 7,239 6,107 (98.0) 981 (97.6) 0.470
Clopidogrel - no. (%) 7,239 4,439 (71.2) 693 (69.0) 0.288
Ticagrelor - no. (%) 7,244 1,761 (28.2) 304 (30.2) 0.333
Prasugrel - no. (%) 7,239 969 (15.5) 131 (13.0) 0.102
Anticoagulants (warfarin) - no. (%) 7,137 83 (1.3) 29 (2.9) 0.001
MI=Myocardial infarction; PCl=Percutaneous coronary intervention; CABG=Coronary artery bypass grafting;
HF=Heart failure; TIMI=Thrombolysis in myocardial infarction; DES=Drug-eluting stent; SD=Standard deviation.
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Patients with diabetes were slightly older, were less frequently men or current smokers
and more frequently had a history of previous CVD and revascularisation, a higher body
mass index, creatinine and C-reactive protein levels. Furthermore, they more frequently had
three-vessel disease (20.9 vs. 13.6%, p<0.001) (Figure 11), were more frequently treated
with drug-eluting stents (DES) (59.0 vs. 48.4%, p<0.001) and less frequently achieved
complete revascularisation (53.5 vs. 61.0%, p<0.001).
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Figure 11: Type of coronary artery disease in STEMI patients (n=7,244) with and without diabetes.

There was no difference in thrombus grade (Grade 0 to Grade 5, p=0.909) and the type
of affected coronary vessel did not differ between patients with or without diabetes (left
anterior descending artery; 44.5 vs. 44.5%, p=0.992) (Figure 12).
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Figure 12: Thrombus grade (Grade 0-5) in STEMI patients (n=7,244) with and without diabetes.
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A history of previous heart failure at the point of inclusion did not differ significantly in those
individuals with or without diabetes (7.0% vs. 6.7%, p=0.741). However, patients with diabetes
were less frequently found to have a normal ejection fraction (EF) in the echocardiography
examination performed during hospitalisation (EF > 50%; 44.0 vs. 52.2%, p<0.001). The
administered antiplatelet therapy did not differ between the patients with and without diabetes.
Patients with diabetes were more frequently treated with warfarin (2.9% vs. 1.3%, p=0.001).

Among the patients with diabetes, 39.5% were treated with insulin and 60.5% with other
glucose-lowering treatments. Insulin-treated patients with diabetes had more frequently
had a previous Ml and three-vessel disease (25.4 vs. 17.9%, p<0.001) (Figure 13), compared
with non-insulin-treated patients with diabetes.
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Figure 13: Type of coronary artery disease in patients with STEMI and diabetes (n=1,005) stratified
by the type of diabetes treatment.

They were also more frequently treated with drug-eluting stents and less frequently
achieved complete revascularisation. Within the diabetes group, thrombus grade (Grade 0
to Grade 5, p=0.774) (Figure 14) and the affected coronary vessel did not differ, irrespective
of the type of diabetes treatment.
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Figure 14: Thrombus grade (Grade 0 to 5) in patients with STEMI and diabetes (n=1,005) stratified
by the type of diabetes treatment.
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We did not observe significant differences in pharmacotherapy between those with and
without insulin treatment. The baseline characteristics of the patients with diabetes
stratified by diabetes treatment are listed in Table 5.

Table 5: Baseline characteristics in patients with STEMI and diabetes (n=1,005) stratified by
the type of diabetes treatment.
Characteristic Diabetes p-value
All patients N=7,244 N=1,005 (13.9%)

Without insulin ~ With insulin

treatment treatment

N=608 (60.5%)  N=397 (39.5%)
Age (years), mean £ SD 67.21+10.77 68.2+10.94 <0.001
Male sex — no. (%) 458 (75.3) 268 (67.5) 0.002
Body-mass index (kg/m?), mean £ SD 28.51 (4.81) 28.95+5.02 <0.001
Weight (kg), mean + SD 85.86+£16.93 86.25+16.11 <0.001
Creatinine (mmol/L), mean £ SD 84.05+32.94 92.31+50.73 <0.001
Current smoking — no. (%) 180 (29.6) 89 (22.4) <0.001
Previous Ml — no. (%) 118 (19.4) 82 (20.7) <0.001
Previous PCl — no. (%) 101 (16.6) 73 (18.4) <0.001
Previous CABG — no. (%) 18 (3.0) 15 (3.8) 0.024
Previous ischaemic stroke — no. (%) 0(0.0) 5(1.3) 0.004
Previous HF — no. (%) 47 (7.7) 23 (5.8) 0.462
Killip class 2-4 — no. (%) 46 (7.6) 35(8.8) 0.078
TIMI flow grade 0-1 — no. (%) 472 (88.6) 306 (89.0) 0.959
Thrombus aspiration (yes) — no. (%) 304 (50.0) 180 (45.3) 0.249
Stent (yes) — no. (%) 576 (94.7) 374 (94.2) 0.313
DES — no. (%) 331 (57.5) 230 (61.3) <0.001
Complete revascularisation — no. (%) 334 (55.0) 203 (51.1) <0.001
Success PCl (open vessel) — no. (%) 585 (96.2) 384 (96.7) 0.168
Radial-artery approach — no. (%) 434 (71.4) 286 (72.0) 0.131
EF (non-imputed), during hospitalisation <0.001
Normal > 50% — no. (%) 239 (45.0) 140 (42.4)
40-49% — no. (%) 147 (27.7) 100 (30.3)
30-39% — no. (%) 98 (18.5) 60 (18.2)
<30-no. (%) 34 (6.3) 26 (7.9)
Unknown — no. (%) 13 (2.4) 4(1.2)
Medication at procedure
Aspirin - no. (%) 597 (98.2) 384 (96.7) 0.218
Clopidogrel - no. (%) 422 (69.4) 271 (68.3) 0.619
Ticagrelor - no. (%) 194 (31.9) 110 (27.7) 0.370
Prasugrel - no. (%) 70 (11.5) 61 (15.4) 0.119
Anticoagulants (warfarin) - no. (%) 12 (2.0) 17 (4.3) <0.001
MI=Myocardial infarction; PCl=Percutaneous coronary intervention; CABG=Coronary artery bypass grafting;
HF=Heart failure; TIMI=Thrombolysis in myocardial infarction; DES=Drug-eluting stent; SD=Standard deviation.

46



Diabetes and glucose abnormalities in cardiovascular disease

Outcomes

Patients with diabetes had a poorer one-year outcome with higher rates of all-cause mortality
(9.0vs.4.9%, p<0.001) and triple event (incidence of all-cause mortality, rehospitalisation for
Ml or stent thrombosis; 12.5 vs. 7.5%, p<0.001). Within the diabetes group, insulin-treated
patients had a significantly higher all-cause mortality (12.6 vs. 6.6%, p<0.001), triple event
(17.6 vs. 9.2%, p<0.001) and MI (5.8 vs. 2.9%, p<0.001) at one year when compared with
patients without diabetes. No significant difference in the occurrence of stent thrombosis
between the groups was observed.

Following adjustments, diabetes was independently associated with an increased risk of all-
cause mortality (HR:95% confidence interval (Cl); 1.57;1.23-2.00, p<0.001) and triple event
(HR:95% Cl; 1.40;1.15-1.72, p=0.001). The mortality risk was more pronounced in those
treated with insulin (2.04; 1.46-2.78, p<0.001), as was the triple event (1.83; 1.41-2.37,
p<0.001). Insulin-treated patients had an increased risk of recurrent Ml (1.72; 1.08-2.73,
p=0.023). Kaplan-Meier curves for the cumulative rates of all-cause mortality, triple event,
MI and stent thrombosis stratified by diabetes status and treatment are shown in Figures
15 and 16.
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Figure 15: A. Cumulative rate of mortality, myocardial infarction or stent thrombosis (%) stratified by
diabetes status, B. Cumulative rate of mortality (%) stratified by diabetes status, C. Cumulative rate
of myocardial infarction (%) stratified by diabetes status, D. Cumulative rate of stent thrombosis (%)
stratified by diabetes status. HRs adjusted for age, sex, smoking status, previous Ml, previous PCl,
creatinine level, body mass index, complete revascularisation, radial-artery approach, Killip class, type
of disease (one- or multivessel coronary artery disease) and ejection fraction during hospitalisation.
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Figure 16: A. Cumulative rate of mortality, myocardial infarction or stent thrombosis (%) stratified by
diabetes status and treatment, B. Cumulative rate of mortality (%) stratified by diabetes status and
treatment, C. Cumulative rate of myocardial infarction (%) stratified by diabetes status and treatment,
D. Cumulative rate of stent thrombosis (%) stratified by diabetes status and treatment. HRs adjusted
for age, sex, smoking status, previous M, previous PCl, creatinine level, body mass index, complete
revascularisation, radial-artery approach, Killip class, type of disease (one- or multivessel coronary
artery disease) and ejection fraction during hospitalisation.

4.2 STUDY Il

When using the ADA criteria for classifying glucose abnormalities and the OGTT as the
screening method, 139 (17%) individuals had normal glucose tolerance, 398 (47%) had
prediabetes (IGT and/or IFG) and 304 (36%) had newly discovered diabetes. If the HbAlc
was used as a screening method, 320 (38%) individuals had a normal HbAlc (< 39 mmol/
mol), 461 (55%) had a HbA1lc in the prediabetes range (39-47 mmol/mol) and 60 (7%) had
diabetes (HbAlc =48 mmol/mol). The numbers (and percentages) of individuals in the
different glucose status groups according to the OGTT and HbA1C results are illustrated in
Figure 17.
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Figure 17: Number and percentage of patients with normoglycaemia and glucose abnormalities
according to the OGTT and HbA1c results (ADA criteria).

Patients with diabetes were older and had a higher BMI than those in the other two
groups, regardless of using the OGTT or HbA1c for classification into groups. No significant
differences in comorbidities were observed between groups. Patients with diabetes
according to the OGTT were less frequently treated with ticagrelor compared with patients
with normoglycaemia and prediabetes (Table 6).

Those with diabetes according to HbAlc were less frequently treated with angiotensin
Il receptor-blockers and ticagrelor compared with patients with normoglycaemia and
prediabetes (Table 7).

Agreement between the OGTT and HbAIc in classifying glucose abnormalities

There was only a modest agreement between the OGTT and HbAlc in classifying glucose
abnormalities, with only 62% of patients having glucose abnormalities with both screening
methods.

Only 87 (10%) patients had normoglycaemia according to both the OGTT and HbAlc.

Of the 754 patients classified as having glucose abnormalities by one or both screening
methods, 425 (56%) were identified by afPG, 636 (84%) bya2h-PGand 521 (69%) by an HbAlc.
The OGTT (fPG and 2h-PG) identified 702 patients (93%) as having glucose abnormalities and
the combination of fPG and HbA1c identified 626 patients (83%). A Venn diagram showing
proportions and their overlap for the 754 patients with glucose abnormalities (prediabetes
or diabetes) according to the OGTT and HbAlc results is presented in Figure 18.
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Table 6: Baseline characteristics of our study population stratified by presence of glucose
abnormalities according to OGTT (ADA criteria).

. Available Prediabetes .
Characteristic . NGT (IFG/IGT) Diabetes p-value

Study population - no known

0, 0, 0,
diabetes, n= 841 139 (16.5%) 398 (47.3%) 304 (36.2%)

Age - yr [median (IQR)] 841/841 63 (54-69) 64 (58-71) 66 (58-71) 0.019
Male sex 841/841 104 (74.8%) 304 (76.4%) 212 (69.7%) 0.133
Body-mass index [median (IQR)] 796/841 25 (23-28) 27 (24-30)  28(25-30) <0.001
Smokers 801/841  38(29.5%) 142 (37.3%) 118 (40.5%) 0.054
Snuff users 560/841 2 (2.0%) 23 (8.4%) 12 (6.5%) 0.083

eGFR (mL/min/1.73 m2) - MDRD
equation [median (IQR)] 769/841 81 (69-89) 83(72-97) 83(70-96) 0.177
Medical history

Previous myocardial 841/841  40(28.8%) 101(25.4%) 63 (20.7%) 0.143

infarction

Hypertension 841/841 36 (25.9%) 88(22.1%) 71(23.4%) 0.658
Heart failure 841/841 3(2.2%) 5 (1.3%) 3(1.0%) 0.598
Atrial fibrillation 841/841 8 (5.8%) 14 (3.5%) 13 (4.3%) 0.520
Previous PCl or CABG 841/841  32(23.0%) 84 (21.1%) 58(19.1%) 0.612
Stroke 841/841 5 (3.6%) 8 (2.0%) 12 (3.9%) 0.291
Peripheral artery disease 841/841 2 (1.4%) 6 (1.5%) 3(1.0%) 0.825
Chronic kidney disease 841/841 2 (1.4%) 2 (0.5%) 2 (0.7%) 0.523
Chronic obstructive pulmonary g/ /g, 3(2.2%) 3(0.8%) 3(1.0%) 0377
disease

Medications at discharge

Aspirin 841/841  121(87.1%) 342 (85.9%) 246 (80.9%) 0.121
Clopidogrel 841/841 79 (56.8%) 225 (56.5%) 188 (61.8%) 0.334
Ticagrelor 841/841  44(31.7%)  95(23.9%) 46 (15.1%) <0.001
Prasugrel 841/841 0 (0%) 4 (1.0%) 3(1.0%) 0.497
ACE-inhibitors 841/841 89 (64.0%) 257 (64.6%) 189 (62.2%) 0.802
ARB 841/841  25(18.0%)  65(16.3%) 54 (17.8%) 0.845
Beta-receptor blockers 841/841 126 (90.7%) 341 (85.7%) 251(82.6%) 0.08

Statins 841/841 122 (87.8%) 342 (85.9%) 252 (82.9%) 0.338
Dihydropyridines 841/841 22 (15.8%) 70(17.6%) 69 (22.7%) 0.129
Diuretics 841/841  15(10.8%)  65(16.3%) 59 (19.4%) 0.076
Warfarin 841/841 7 (5.0%) 21(5.3%) 14 (4.6%) 0.921

eGFR=Estimated glomerular filtration rate; MDRD=Modification of Diet in Renal Disease; PCl=Percutaneous
coronary intervention; CABG=Coronary artery bypass grafting; ACE=Angiotensin converting enzyme;
ARB=Angiotensin Il receptor blocker.
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Table 7: Baseline characteristics of our study population stratified by presence of glucose
abnormalities according to HbAlc (ADA criteria).

Characteristic Av;;lfable NGT Prediabetes Diabetes  p-value
Z::SZtZS,p:la;f; -no known 320 (38.1%) 461 (54.8%) 60 (7.1%)
Age - yr [median (IQR)] 841/841 63 (56-70) 66 (59-71) 66 (57-72) 0.026
Male sex 841/841 242 (75.6%) 334(72.5%) 44(73.3%) 0.610
Body-mass index [median (IQR)] 796/841  26(24-29)  27(25-30) 29 (25-32) <0.001
Smokers 801/841 103(33.1%) 169(39.1%) 26(44.8%) 0.035
Snuff users 560/841 11 (4.9%) 26 (8.9%) 0 (0%) 0.034

eGFR (mL/min/1.73 m2) - MDRD

equation [median (IQR)] 769/841 85 (71-96) 81 (71-94) 85(76-98) 0.104

Medical history

Previous myocardial infarction 841/841 82 (25.6%) 108 (23.4%) 14(23.3%) 0.769
Hypertension 841/841 72(22.5%) 110(23.9%) 13(21.7%) 0.869
Heart failure 841/841 3 (0.9%) 7 (1.5%) 1(1.7%)  0.756
Atrial fibrillation 841/841 10 (3.1%) 21 (4.6%) 4(6.7%) 0.371
Previous PCl or CABG 841/841 64(20.0%) 99 (21.5%) 11 (18.3%) 0.791
Stroke 841/841 7 (2.2%) 17 (3.7%) 1(1.7%) 0.395
Peripheral artery disease 841/841 3(0.9%) 6(1.3%) 2 (3.3%) 0.325
Chronic kidney disease 841/841 2 (0.6%) 4 (0.9%) 0 (0%) 0.733
Chronic obstructive pulmonary /1,001 5 (0.6%) 6 (1.3%) 1(17%)  0.59
disease

Medications at discharge

Aspirin 841/841 271(84.7%) 391(84.8%) 47(78.3%) 0.418
Clopidogrel 841/841 175 (54.7%) 282 (61.2%) 35(58.3%) 0.195
Ticagrelor 841/841 92 (28.8%) 82 (17.8%) 11(18.3%) 0.001
Prasugrel 841/841 2 (0.6%) 5(1.1%) 0 (0%) 0.599
ACE-inhibitors 841/841 218 (68.1%) 278(60.3%) 39(65.0%) 0.08
ARB 841/841 44 (13.8%) 96 (20.8%)  4(6.7%)  0.003
Beta-receptor blockers 841/841 278 (86.9%) 394 (85.5%) 46(76.7%) 0.121
Statins 841/841 276 (86.3%) 393 (85.3%) 47(78.3%) 0.285
Dihydropyridines 841/841 60(18.8%)  88(19.1%) 13 (21.7%) 0.870
Diuretics 841/841 49 (15.3%) 80 (17.4%) 10(16.7%) 0.752
Warfarin 841/841 11 (3.4%) 26 (5.6%) 5(8.3%)  0.178

eGFR=Estimated glomerular filtration rate; MDRD=Modification of Diet in Renal Disease; PCl=Percutaneous
coronary intervention; CABG=Coronary artery bypass grafting; ACE=Angiotensin converting enzyme;
ARB=Angiotensin Il receptor blocker.
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Figure 18: Venn diagram showing proportions and their overlap for the 754 patients with
glucose abnormalities (prediabetes or diabetes) according to the OGTT and HbA1c results
(ADA criteria).

Event rates and primary outcome

Of a total of 841 patients, 108 (12.8%) died. Regarding cardiovascular events, 175 (20.8%)
patients had a myocardial infarction, 19 (2.3%) patients had an ischaemic stroke, and 120
(14.3%) patients were hospitalised for heart failure. The total number of combined events
(first of mortality, myocardial infarction, stroke or heart failure) was 372 (44.2%).

When stratifying glycaemic status according to the OGTT, 58 (41.7%) patients with
normoglycaemia had events, 174 (43.7%) events occurred in the prediabetes group
and 140 (46.1%) events in the group of patients with newly discovered diabetes. When
stratifying according to the HbA1lc, the combined event occurred in 121 (37.8%) patients
with normoglycaemia (HbAlc < 39 mmol/mol), in 223 (48.4%) patients with prediabetes
(HbA1c 39-47 mmol/mol) and in 28 (46.7%) patients with newly discovered diabetes (HbAlc
>48 mmol/mol).

We did not observe an increased risk for the combined event in those with newly diagnosed
glucose abnormalities according to OGTT, both unadjusted and adjusted for age and sex.
Patients with prediabetes according to the HbAlc had an adverse prognosis, with a significantly
higher risk of cardiovascular events and mortality. When adjusted for age and sex, the HR for
the combined event was 1.31 (95% Cl:1.05-1.63) compared with the group with a normal
HbA1c. Figure 19 illustrates Kaplan-Meier curves with freedom from the CE between the three
patient groups according to the OGTT (Figure 19A) and HbA1c (Figure 19B).
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Figure 19: Kaplan-Meier curve showing time to freedom from combined event (CE; first of mortality,
myocardial infarction, ischaemic stroke, hospitalisation for heart failure) for different categories of

glucose abnormalities according to A. OGTT and B. HbAlc.

Regardingthe prognosticsignificance of different proposed cut-offs for glucose abnormalities,
a forest plot with sex- and age-adjusted HRs for the combined event using different cut-offs
according to WHO and ADA criteria is presented in Figure 20.

Categories HR (95% CI)
FPG (mmol/L) [ADA]

<5.6 (n=348) 3 1,00 (1.00, 1.00)
5.6-6.9 (n=414) ———— 1.13 (0.91, 1.40)
7.0 (n=79) — e 1.17 (0.82, 1.66)
FPG (mmol/L) [WHO]

<6.1 (n=618) > 1.00 (1.00, 1.00)
5.6-6.9 (n=144) —— 1.16 (0.89, 1.52)
7.0 (n=79) —_—— 1.13 (0.80, 1.58)
2h-PG (mmol/L)

<7.8 (n=205) 3 1.00 (1.00, 1.00)
7.8-11.0 (n=345) —_—— 0.94 (0.72, 1.23)
=11.1 (n=291) —_—r 0.95 (0.73, 1.26)
HbA1c (mmol/mol) [ADA]

<39 (n=320) 4 1.00 (1.00, 1.00)
39-47 (n=461) ——— 1.31(1.05,1.63)
248 (n=60) —— e 1,20 (0.81, 1.78)
HbA1c (mmol/mol) [WHO]

<42 (n=564) > 1.00 (1.00, 1.00)
42-47 (n=227) ——— 1.26 (1.01, 1.57)
248 (n=60) —_—— 1.09 (0.75, 1.59)
FPG (mmol/L) [ADA]

<5.6 (n=348) 3 1.00 (1.00, 1.00)
5.6 (n=493) B e — 1.13 (0,92, 1.39)
FPG (mmol/L) [WHO]

<6.1 (n=618) 3 1.00 (1.00, 1.00)
26.1 (n=223) B . — 1.15 (0.92, 1.44)
2h-PG (mmol/L)

<7.8 (n=205) 3 1.00 (1.00, 1.00)
27.8 (n=636) —_—— 0.95 (0.74, 1.21)
HbA1c (mmol/mol) [ADA]

<39 (n=320) 3 1.00 (1.00, 1.00)
239 (n=521) ——— 1.30 (1.05, 1.61)
HbA1c (mmol/mol) [WHO]

<42 (n=554) k3 1.00 (1.00, 1.00)
242 (n=287) ———— 1.22 (0.99, 1.50)

HRs adjusted for sex and age.

Figure 20: Forest plot with HR (95% Cl) for the prognostic value of fPG, 2h-PG and HbA1c for the combined
event (first of mortality, heart failure, ischaemic stroke and myocardial infarction) using different cut-offs
for glucose abnormalities according to ADA and WHO definitions. HRs adjusted for age and sex.
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4.3 STUDY I

In total, 326,832 patients with atrial fibrillation were included, of whom 57,953 (17.7%) had
diabetes. Among those with diabetes, 28.9% had no glucose-lowering treatment, 35.4%
were treated with oral glucose-lowering medication (or GLP-1 receptor agonist) and 35.7%
had insulin, probably combined with other glucose-lowering medication in most of the
patients with type 2 diabetes. Patients with diabetes were generally older, had comorbidities
to a greater extent and were more frequently treated with cardiovascular medication and
anticoagulants compared with those without diabetes. Of those with AF and diabetes
(n=57,278), 99% had a CHA,DS -VASc score of > 2, but only 27,435 (47%) were treated with
anticoagulants. Insulin-treated patients with diabetes generally had more cardiovascular
co-morbidities. The baseline characteristics of our study population stratified by diabetes
status and treatment are shown in Table 8.

Table 8: Baseline characteristics for our study population stratified by diabetes status and diabetes treatment.
Characteristic No diabetes  Diabetes DLaobgtas- Dia(;:)Aelt)es- D:i?jltiis-
All patients n= 268,879 n=57,953 n=16,733 n= 20,507 n=20,713
n=326,832 (82.3) (17.7) (28.9) (35.4) (35.7)
Age —yrs, mean £ SD 74.5%£12.7 75.819.9 76.8£10.1 75.5£9.7 75.319.9
Male sex — no. (%) 147,213 (54.7) 33,648 (58.1) 9,275 (55.4) 12,214 (59.6) 12,159 (58.7)
CHA2DS2-VASc score, mean = SD 3.3+1.8 4.9+1.7 5.0t£1.7 4.7+1.6 5.0+1.7
HAS-BLED score, mean + SD 1.7+1.1 2.2+1.1 2.3+x1.1 2.1+1.0 2.3+1.1
Previous diseases
Hypertension — no. (%) 119,422 (44.4) 39,212 (67.7) 11,741 (70.2) 13,379 (65.2) 14,092 (68.0)
Ischaemic heart disease —no. (%) 73,320 (27.3) 25,014 (43.2) 7,163 (42.8) 7,953 (38.8) 9,898 (47.8)
Previous stroke — no. (%) 42,808 (15.9) 12,677 (21.9) 3,811(22.8) 4,013 (19.6) 4,853 (23.4)
Previous any bleeding —no. (%) 34,064 (12.7) 9,146 (15.8) 3,043 (18.2) 2,759 (13.5) 3,344 (16.1)
Previous heart failure —no. (%) 72,745 (27.1) 23,681 (40.9) 6,662 (39.8) 7,290 (35.6) 9,729 (47.0)
Eer:;?*(‘;r)a' artery disease 15,115 (5.6) 6,030 (10.4) 1,744 (10.4) 1,485(7.2) 2,801 (13.5)
Chronic kidney disease — no. (%) 9,763 (3.6) 5,399 (9.3) 1,690(10.1) 854 (4.2) 2,855 (13.8)
Socio-economic factors
Living alone — no. (%) 146,270 (54.4) 33,109 (57.1) 6,819 (40.8) 9,309 (45.4) 11,997 (57.9)
Qf’;z;‘fa';zg‘;“ggaggé°gé’ffﬂgf‘(%) 65,456 (26.1) 10,659 (20.2) 3,139 (20.8) 4,133 (21.6) 3,387 (18.3)
Medication
Aspirin — no. (%) 127,592 (47.4) 32,449 (56.0) 9,317 (55.7) 11,268 (55.0) 11,864 (57.3)
ACEI or ARB — no. (%) 117,851 (43.8) 40,153 (69.3) 10,706 (64.0) 14,338 (69.9) 15,109 (72.9)
Beta-blockers — no. (%) 187,914 (69.9) 43,266 (74.7) 12,217 (73.0) 15,501 (75.6) 15,548 (75.1)
Dihydropyridines — no. (%) 50,552 (18.8) 17,843 (30.8) 4,984 (29.8) 6,441(31.4) 6,418(31.0)
Statins — no. (%) 71,784 (26.7) 29,326 (50.6) 7,534 (45.0) 10,573 (51.6) 11,219 (54.2)
Diuretics — no. (%) 123,240 (45.8) 37,547 (64.8) 10,393 (62.1) 12,391 (60.4) 14,763 (71.3)
r':if(lé)recepmr antagonists—  13594(4.9) 4,733(82) 1,300 (7.8) 1,497 (7.3) 1,936 (9.3)
Anticoagulants — no. (%) 116,176 (43.2) 27,345 (47.2) 7,256 (43.4) 10,660 (51.2) 9,429 (45.5)
ACEI=Angiotensin-converting enzyme inhibitors; ARB=Angiotensin Il receptor blocker. All differences diabetes treatment
subgroups were significant with p-values <0.001 for all comparisons except for dihydropyridines where p=0.003.
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Outcomes — long term prognosis in patients with and without diabetes

We compared the absolute number of events and incidence rates between patients with AF
and diabetes and those without diabetes. All events occurred significantly more frequently
in those with AF and diabetes (Figure 21).

[ AF without diabetes [l AF with diabetes
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Figure 21: Proportion of events (%) in patients with (red) and without diabetes (blue) after a
diagnosis of atrial fibrillation. All differences in event proportion between those with and without
diabetes are significant (p<0.001).

Figure 22 presents the incidence rates per 100 patient-years (PY) for all events in AF patients
with and without diabetes. In those with diabetes, the incidence rates for all events were
generally higher than in those without diabetes. The highest incidence rates were observed
for mortality, followed by HF, ischaemic stroke, Ml and bleeding. The incidence rate for
combined events was 22.3 per 100 patient-years for those with AF and diabetes compared
with 13.6 per 100 patient-years for those without diabetes.
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Figure 22: Incidence rates of events per 100 person-years in AF patients with and without
diabetes.
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Among those with diabetes, insulin-treated patients had the poorest prognosis. Kaplan-
Meier curves showing the time to freedom for all events stratified by the presence of
diabetes and type of diabetes treatment are shown in Figure 23.

The presence of diabetes was independently associated with a poorer prognosis for all
the studied outcomes and for the combined event even after adjustments for age, sex, co-
morbidities, medication and socioeconomic parameters. A forest plot with adjusted HRs for
all events stratified by the presence of diabetes and the type of treatment compared with
patients without diabetes is presented in Figure 24.

We calculated the standardised mortality ratio (SMR), using freely available mortality data
from Statistics Sweden for 2012, in patients with AF with and without diabetes, both in the
whole population and stratified by age groups. The SMR in patients with AF and diabetes
was 2.06 (95% Cl: 2.00-2.12) and, in those with AF but no diabetes, it was 1.33 (95% Cl:
1.31-1.35). The SMR was consistently higher in all age groups in those with AF and diabetes
as compared to those without diabetes and was especially high in younger age groups, as
illustrated in Figure 25.

We also listed mortality causes for our study population stratified by the presence of
diabetes and the type of diabetes treatment. The most common causes of death in patients
with AF, regardless of the presence of diabetes, were cardiovascular disease and cancer.
Patients with AF and diabetes had more frequently listed death from endocrine/metabolic
disease as the cause of death compared with those without diabetes (10.2% vs. 0.7%). In
those with AF and diabetes, death from cerebrovascular disease was a less common cause
of death compared with those without diabetes (8.7% vs. 9.5%) (Figure 26).
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Figure 23: Kaplan-Meier curves showing the time to freedom from A. Combined event [CE] (first
of mortality, heart failure, ischaemic stroke, myocardial infarction), B. Mortality, C. Heart failure, D.
Ischaemic stroke, E. Myocardial infarction and F. Any bleeding stratified by the presence of diabetes

and type of treatment.

GLT=glucose-lowering treatment, OAD=oral antiglycaemic drugs.
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HR  95%Cl

Combined event

Diabetes — all - 122 1.20-1.25

Diabetes - no GLT - 120 1.18-1.23

Diabetes - OAD — 1.31 1.25-1.36

Diabetes - insulin - 154 1.50-1.58

Mortality
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Diabetes — OAD - 141 1.34-1.47
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Figure 24: Forest plots with HRs (95% ClI) for combined event (first of mortality, heart failure,
ischaemic stroke, myocardial infarction), single events and any bleeding, adjusted for co-morbidities
and medication, stratified by diabetes status and treatment as compared to patients without
diabetes (HR=1.00). HRs are adjusted for age, sex, the presence of heart failure, stroke, venous
thromboembolism, bleeding, platelet or coagulation defect, anaemia, myocardial infarction or
ischaemic heart disease, peripheral artery disease, valvular disease, pacemaker/ICD, hypertension,
chronic kidney disease, liver disease, hypothyroidism, thyrotoxicosis, previous revascularisation
(CABG or PCl), chronic obstructive pulmonary disease, alcohol overconsumption, dementia, cancer
within three years before inclusion, income, education, working or not, living alone or not, use of
anticoagulants, antiplatelets, antiarrhythmics, beta-blockers, digoxin, calcium channel blockers,
diuretics, ACE inhibitors or angiotensin ll-receptor blockers, statins, NSAID, insulin or other diabetes
medications, PPl and SSRI at baseline.
GLT=glucose-lowering treatment, OAD=oral antiglycaemic drugs.
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SMRs in AF patients with and without diabetes by age group
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Figure 25: Standardised mortality ratio in AF patients with and without diabetes stratified by 10-year
age groups.

Cause of Death in patients with AF without (blue) and with diabetes (red)

Cancer Cancer

Cardiovascular disease Cardiovascular disease
Endocrine/metabolic disease Endocrine/metabolic disease
Gastrointestinal disease Gastrointestinal disease
Infections Infections
Other Other
Respiratory disease

Respiratory disease

Urinary tract disease Urinary tract disease

Percentage Percentage

Figure 26: Cause of death as listed in the Cause of Death Register for our study population in those
with (red bars) and without diabetes (blue bars).
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4.4 STUDY IV

Our study population comprised 309,611 individuals with AF, of whom 60,294 (19.5%) had
diabetes mellitus. Among those with diabetes, 2,221 (3.7%) were classified as having type 1
diabetes and 58 073 (96.3%) as having type 2. In general, patients with diabetes had more
comorbidities and were more frequently treated with cardiovascular medication than those
without diabetes. Patients with type 1 diabetes were younger (median: 70 vs. 77 years) and
had generally a longer diabetes duration (77.0% vs. 23.6% with duration >10 years) than those
with type 2 diabetes. Patients with type 1 diabetes had chronic kidney disease (22.2% vs.
10.1%; p<0.001), peripheral artery disease (22.3% vs. 11.3%; p<0.001), previous myocardial
infarction (29.2% vs. 26.8%; p=0.013) and hypothyroidism (14.7% vs. 7.9%; p<0.001) to a
greater extent and were more frequently treated with aspirin (50.6% vs. 43.4%; p<0.001)
and statins (68.3% vs. 59.7%; p<0.001) than those with type 2 diabetes. Patients with type
2 diabetes more frequently had heart failure (38.6% vs. 34.9%; p<0.001), dementia (4.6% vs.
2.2%; p<0.001) and previous stroke (23.4% vs. 21.1%; p=0.011) and were more frequently
treated with beta-blockers (73.3% vs. 68.9%; p<0.001), diuretics (58.6% vs. 54.7%; p<0.001)
and warfarin (44.8% vs. 35.1%; p<0.001) than those with type 1 diabetes (Table 9).

Outcomes

Incidence rates for different events in patients with AF and diabetes

Patients with diabetes type 2 had a higher mortality rate and a higher event rate for incident
dementia than patients with type 1 diabetes. The incidence rate of myocardial infarction was
higher in those with type 1 compared to those with type 2 diabetes. The event rate for incident
heart failure and ischaemic stroke was similar in type 1 and type 2 diabetes (Figure 27).

When comparing within the diabetes groups, between those with and without previous
severe hypoglycaemia, we found that the mortality rate was almost doubled and the incidence
rate of heart failure, ischaemic stroke and dementia was higher in those with type 2 diabetes
and previous severe hypoglycaemia than in those with type 2 diabetes and no documented
previous severe hypoglycaemia. On the other hand, among those with type 1 diabetes, those
with a history of severe hypoglycaemia did not have significantly higher event rates compared
with those without previous severe hypoglycaemia (Figure 27).

Hazard ratios after adjustments stratified by type of diabetes compared with those without
diabetes (HR=1)

The observed risks for mortality, heart failure, myocardial infarction and ischaemic stroke
were significantly increased in both type 1 and type 2 diabetes, compared to those without
diabetes. Those with type 1 diabetes had a higher risk of all-cause mortality [HR: 1.87 (CI
1.73-2.02) vs. 1.51 (Cl 1.47-1.55)] and myocardial infarction [HR: 2.49 (Cl 2.17-2.85) vs. 1.70
(C11.59-1.81)] than those with type 2 diabetes, when using as baseline (HR=1) those without
diabetes. The risk of dementia was significantly higher in both type 1 [HR 1.46 (1.15-1.85)] and
type 2 diabetes [HR 1.28 (1.18-1.40)] (Figure 28).

Hazard ratios after adjustments in those with a history of severe hypoglycaemia in type 1 and
type 2 diabetes compared with those without a history of severe hypoglycaemia (HR=1)

A history of severe hypoglycaemia in those with type 2 diabetes was associated with a higher
risk of mortality [HR; 95% Cl: 1.26; (1.17-1.36)] and dementia [1.37; (1.08-1.73)] but with a
lower risk of myocardial infarction [0.79; (0.63-0.99)], compared with type 2 diabetes individuals
without hypoglycaemia. When we limited the analysis only to those patients without a previous
myocardial infarction and adjusted only for age and sex, the association between severe
hypoglycaemia and myocardial infarction disappeared (HR: 1.03; 95% Cl: 0.75-1.43).

In type 1 diabetes, a history of severe hypoglycaemia was not significantly associated with an
increased risk of mortality, cardiovascular events or dementia (Figure 29).
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Table 9: Baseline characteristics of the study population stratified by presence and type of

diabetes.

Characteristic

No diabetes
[N= 249,317
(80.5%)]

Diabetes mellitus [N=60,294 (19.5%)]

All patients with diabetes
N=60,294 (100%)

Female sex - no. (%)

Age - yr [median (IQR)]

Diabetes duration >10 years
CHA2DS2-VASc score, [median (IQR)]
Previous diseases

Hypertension - no. (%)

Previous Ml - no. (%)

Previous PCl or CABG - no. (%)
Previous any stroke - no. (%)
Previous heart failure - no. (%)
Peripheral artery disease - no. (%)
Chronic kidney disease - no. (%)
Dementia - no. (%)

Cancer within 3 years before
inclusion - no. (%)

Hypothyroidism - no. (%)
Medication at inclusion
Aspirin - no. (%)
ACEI! or ARB - no. (%)
Beta blockers - no. (%)
Statins - no. (%)
Diuretics - no. (%)
Anticoagulants
Warfarin - no. (%)
NOACs - no. (%)

Digoxin - no. (%)

110,866 (44.5)
76 (67-84)
n/a

3(2-4)

133,031 (53.4)
37,495 (15.0)
25,754 (10.3)
44,524 (17.9)
60,991 (24.5)
17,054 (6.8)
9,882 (4.0)
9,580 (3.8)

26,043 (10.4)

16,058 (6.4)

84,287 (33.8)
117,053 (46.9)
150,259 (60.3)
74,671 (29.9)
95,344 (38.2)

91,684 (36.8)
4,507 (1.8)
25,669 (10.3)

Diabetes mellitus
type 1 [N=2,221

(3.7%)]

822 (37.0)
70 (63-77)
1,711 (77.0)
4 (3-6)

1,764 (79.4)
648 (29.2)
531(23.9)
468 (21.1)
775 (34.9)
496 (22.3)
494 (22.2)

49 (2.2)

255 (11.5)

326 (14.7)

1,124 (50.6)
1,622 (73.0)
1,530 (68.9)
1,517 (68.3)
1,216 (54.7)

780 (35.1)
37 (1.7)
222 (10.0)

Diabetes
mellitus type
2 [N=58,073

(96.3%)]

23,083 (39.7)
77 (70-83)
13,690 (23.6)
5 (4-6)

45,523 (78.4)
15,562 (26.8)
11,704 (20.2)
13,580 (23.4)
22,412 (38.6)
6,538 (11.3)
5,851 (10.1)
2,650 (4.6)

6,625 (11.4)

4,571 (7.9)

25,228 (43.4)
42,315 (72.9)
42,585 (73.3)
34,684 (59.7)
34,018 (58.6)

26,016 (44.8)
907 (1.6)
9,598 (16.5)

p-value

(T1IDM v
T2DM)

0.01
<0.001
<0.001
<0.001

0.245
0.013
<0.001
0.011
<0.001
<0.001
<0.001
<0.001

0.915

<0.001

<0.001
0.864
<0.001
<0.001
<0.001

<0.001
0.698
<0.001

S.

MI=Myocardial infarction; PCl=Percutaneous coronary intervention; CABG=Coronary artery bypass grafting;
ACE=Angiotensin converting enzyme; ARB=Angiotensin Il receptor blocker; NOACs=Non-vitamin K oral anticoagulants.
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Figure 27: Incidence rates per 100 person-years and their 95% confidence intervals for mortality,
cardiovascular events and dementia stratified by the type of diabetes and a history of severe hypoglycaemia.

Event HR (95% Cl)
All-cause mortality

No DM (ref) * 1.00 (1.00, 1.00)
T1DM —_—— 1.87 (1.73, 2.02)
T2DM -+ 1.51 (1.47, 1.55)

Heart Failure*

No DM (ref) * 1.00 (1.00, 1.00)
T1DM —_—— 1.59 (1.42,1.78)
T2DM —- 1.41 (1.34, 1.48)
Myocardial infarction

No DM (ref) * 1.00 (1.00, 1.00)
T1DM —_—— 2.49 (2.17,2.85)
T2DM —— 1.70 (1.59, 1.81)
Ischaemic stroke

No DM (ref) * 1.00 (1.00, 1.00)
TIDM —_—— 1.59 (1.35, 1.87)
T2DM —— 1.31 (1.22, 1.40)
Dementia*

No DM (ref) * 1.00 (1.00, 1.00)
T1DM —_— 1.46 (1.15, 1.85)
T2DM —_—— 1.28 (1.18, 1.40)

*In patients without previously known heart failure and dementia respectively

HRs adjusted for sex, age, diabetes duration, comorbidities and medication use
Competing-risks regression analysis was performed for heart failure, myocardial infarction,|
ischaemic stroke and dementia with all-cause mortality as competing risk.

DM type 1 defined as filled prescription of rapid-acting insulin and not filled prescription
of oral antidiabetic drugs (incl. GLP-1 receptor agonists) from 2010 until inclusion and
at least one E10 ICD-10 diagnosis in the last 2 years before inclusion.

I I I L
1.0 1.5 20 25 30 35

Figure 28: Forest plot with hazard ratios and their 95% confidence intervals for all-cause mortality,
cardiovascular events and dementia stratified by the type of diabetes. HRs adjusted for age, sex, diabetes
duration (<5 years, 5-10 years, >10 years), the presence of hypertension, previous stroke, transient ischaemic
attack (TIA) or systemic embolism, heart failure, chronic kidney disease, peripheral artery disease, dementia,
valvular disease, presence of pacemaker/ICD, previous myocardial infarction, cancer diagnosis within three
years from inclusion, overconsumption of alcohol, use of anticoagulants, antiplatelets, statins, beta-blockers,
ACE inhibitors, angiotensin Il-receptor blockers, antiarrhythmics, diuretics and digoxin at baseline.
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Event HR (95% Cl)

All-cause mortality
T1DM (ref) *
T1DM+severe hypoglycaemia ——

T2DM (ref) ¢
T2DM+severe hypoglycaemia -

Heart Failure*
T1DM (ref) Ps 1
T1DM-+severe hypoglycaemia ——— 1

T2DM (ref) *
T2DM-+severe hypoglycaemia ———

Myocardial infarction
T1DM (ref) ¢ 1
T1DM+severe hypoglycaemia ——t—— 0.

T2DM (ref) * 1
T2DM+severe hypoglycaemia ——| 0.

Ischaemic stroke
T1DM (ref) *
T1DM-+severe hypoglycaemia —

T2DM (ref) *
T2DM-+severe hypoglycaemia ————

Dementia*
T1DM (ref) *
T1DM+severe hypoglycaemia

*

T2DM (ref) * 1.
T2DM-+severe hypoglycaemia —— 1.

*In patients without previously known heart failure and dementia respectively

HRs adjusted for sex, age, diabetes duration, comorbidities and medication use
Competing-risks regression analysis was performed for heart failure, myocardial infarction,
ischaemic stroke and dementia with all-cause mortality as competing risk.

DM type 1 defined as filled prescription of rapid-acting insulin and not filled prescription

of oral antidiabetic drugs (incl. GLP-1 receptor agonists) from 2010 until inclusion and
at least one E10 ICD-10 diagnosis in the last 2 years before inclusion.
I I I T

0.7 1.0 15 20 25 3.0

Figure 29: Forest plot with hazard ratios and their 95% confidence intervals for different events
and mortality stratified by a history of severe hypoglycaemia. HRs adjusted for age, sex, diabetes
duration (<5 years, 5-10 years, >10 years), the presence of hypertension, previous stroke, transient
ischaemic attack (TIA) or systemic embolism, heart failure, chronic kidney disease, peripheral
artery disease, dementia, valvular disease, presence of pacemaker/ICD, previous myocardial
infarction, cancer diagnosis within three years from inclusion, overconsumption of alcohol, use of
anticoagulants, antiplatelets, statins, beta-blockers, ACE inhibitors, angiotensin Il-receptor blockers,
antiarrhythmics, diuretics and digoxin at baseline.
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4.5 STUDY V

In total, our study population (n=119) had a median age of 65 (59-72) years and among
them we had 78 (65.6%) men and 41 (34.4%) women. They were a relatively healthy cohort
with a dominant comorbidity of hypertension in 56 (47.1%) of these patients.

According to the ADA criteria, 67 (56.3%) of the 119 patients screened had prediabetes (IFG/
IGT) and nine (7.6%) had diabetes if the OGTT was used, whereas the respective numbers
using HbA1lc were 52 (43.7%) with prediabetes and six (5%) with diabetes. The absolute
numbers and percentages of patients that had a normal glycaemic status and prediabetes
or diabetes according to the OGTT and HbAlc results are presented in Figure 30.

Number and percentage of patients in different glucose groups according to OGTT and HbA1c results
Using ADA criteria
=]
S

80

67 (56.3%)

60
|

Percentage (%)
40
L

HbA1c OGTT
I Normal Glucose Tolerance [ Prediabetes
I Diabetes

Figure 30: Number and percentage of patients in different glycaemic groups in our study population

of patients with atrial fibrillation undergoing electric cardioversion according to OGTT and HbAlc
results using ADA criteria.

Using the WHO criteria identified fewer patients with glucose abnormalities (n=54, 45.4%).
Of those patients, 35 (29.4%) had prediabetes (IFG/IGT) and nine (7.6%) had diabetes
according to OGTT results and 18 (15.1%) had prediabetes and six (5.0%) had diabetes
according to HbAlc values (Figure 31).

Number and percentage of patients in different glucose groups according to OGTT and HbA1c results
Using WHO criteria

84

S 6 (5.0%) 9 (7.6%)

18 (15.1%)
35 (29.4%)

Percentage (%)

HbA1c OGTT
I Normal glucose tolerance [l Prediabetes
I Diabetes

Figure 31: Number and percentage of patients in different glycaemic groups in our study population
of patients with atrial fibrillation undergoing electric cardioversion according to OGTT and HbAlc
results using WHO criteria.
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Patients with undiagnosed glucose abnormalities (IFG/IGT or diabetes) according to the
OGTT had a significantly higher median weight, waist circumference, hip circumference and
body mass index, i.e., features of the metabolic syndrome, compared with those without
glucose abnormalities, regardless of whether the ADA or WHO criteria were used for
classification (Table 10).

These differences were not observed in those with undiagnosed glucose abnormalities
screened with HbAlc compared with those with normal glycaemic status (Table 11).

Of the 119 patients screened using the ADA criteria for the diagnosis of diabetes, only 27
(22.7%) had a normal glycaemic status with both screening methods (OGTT and HbA1c), i.e.
had normal fasting plasma glucose (fPG), normal 2-hour postload plasma glucose (2hPG)
and normal HbAlc. Of the 92 patients with identified glucose abnormalities according to
either the OGTT or HbAlc, 88 (96%) would have been identified using the combination of
fPG and HbA1c. A Venn diagram showing proportions and their overlap between fPG, 2hPG
and HbA1lc when classifying glucose abnormalities (prediabetes or diabetes) in the 92 of
119 patients who had glucose abnormalities according to either OGTT or HbAlc result is
presented in Figure 32.

When the WHO criteria were used, the combination of fPG and HbAlc would have identified
44 of 54 patients (81%) with glucose abnormalities, illustrated by a Venn diagram in Figure
33.

The overall agreement between the OGTT and HbAlc when categorising glucose
abnormalities was low, with an observed agreement at 51.3% and a Cohen’s kappa
coefficient at 0.137. The respective figures using the WHO criteria were slightly better, but
still low, with an observed agreement between the OGTT and HbAlc at 62.2% and a Cohen’s
kappa coefficient at 0.157.
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Table 10: Baseline characteristics stratified by glycaemic status according to OGTT results (ADA criteria).

Prediabetes

Normoglycaemia Diabetes p-value

(IFG/IGT)
N=43 N=67 N=9
Age (years), [median (IQR)] 67.0 (59.0-72.0) 64.0(59.0-70.0) 68.0 (63.0-71.0) 0.78
Female sex, no. (%) 21 (48.8%) 19 (28.4%) 1(11.1%) 0.027
Height (cm), mean + SD 175.9+9.3 178.4+9.6 179.6%£11.0 0.34
Weight (kg), mean + SD 80.9+15.1 92.3+16.0 105.3+19.7 <0.001
Waist circumference (cm), mean + SD 92.3+14.0 103.1+11.3 118.249.0 <0.001
BMI (kg/m2), [median (IQR)] 25.7 (23.3-27.8) 28.3 (26.0-31.0) 32.5 (30.5-35.1) <0.001
Smoking, no. (%) 0 (0.0%) 2 (3.0%) 0 (0.0%) 0.82
Snuff use, no. (%) 4(9.3%) 12 (17.9%) 4 (44.4%) 0.14
Education (university/college), no. (%) 24 (55.8%) 32 (47.8%) 4 (44.4%) 0.83
Exercise (3-5 times/week), no. (%) 19 (44.2%) 27 (40.3%) 2 (22.2%) 0.003

Estimation of physical health (0-100),

[median (IQR)] 75.0 (60.0-75.0) 70.0 (50.0-75.0) 57.5(37.5-72.5)  0.28

AF symptoms according to EHRA scale 0.018

No symptoms, no. (%) 2 (4.7%) 14 (20.9%) 2 (22.2%)

Mild symptoms, no. (%) 13 (30.2%) 27 (40.3%) 4 (44.4%)

Severe symptoms, no. (%) 22 (51.2%) 16 (23.9%) 1(11.1%)

Disabling symptoms, no. (%) 3 (7.0%) 7 (10.4%) 1(11.1%)

Missing, no. (%) 3(7.0%) 3 (4.5%) 1(11.1%)
Hypertension, no. (%) 16 (37.2%) 33 (49.3%) 7 (77.8%) 0.078
Previous myocardial infarction, no. (%) 1(2.3%) 2 (3.0%) 1(11.1%) 0.49
Previous PCI/CABG, no. (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Heart failure, no. (%) 4(9.3%) 3 (4.5%) 2 (22.2%) 0.10
Previous any stroke/TIA, no. (%) 1(2.3%) 4 (6.0%) 2 (22.2%) 0.11
ECG rhythm (at OGTT visit) 0.015

Sinus rhythm, no. (%) 28 (65.1%) 30 (44.8%) 3 (33.3%)

Atrial fibrillation/flutter, no. (%) 11 (25.6%) 34 (50.7%) 6 (66.7%)

Other, no. (%) 4(9.3%) 1(1.5%) 0 (0.0%)

Missing, no. (%) 0 (0.0%) 2 (3.0%) 0(0.0%)

Use of anticoagulants 0.16

No anticoagulants, no. (%) 0 (0.0%) 4 (6.0%) 0(0.0%)

NOACs, no. (%) 39 (90.7%) 62 (92.5%) 9 (100.0%)

Warfarin, no. (%) 4(9.3%) 1(1.5%) 0 (0.0%)

Statins, no. (%) 5 (11.6%) 16 (23.9%) 1(11.1%) 0.24
Beta-blockers, no. (%) 37 (86.0%) 54 (80.6%) 8 (88.9%) 0.80
ACEi or ARBs, no. (%) 12 (27.9%) 35 (52.2%) 6 (66.7%) 0.017
E:t“a/gg‘;?;rs'dr'%e (i,Z')Ci“m channel 4(9.3%) 14(20.9%)  4(44.4%)  0.037
Diuretics, no. (%) 9 (20.9%) 9 (13.4%) 4 (44.4%) 0.053
Antiarrhythmics, no. (%) 10 (23.3%) 16 (23.9%) 2 (22.2%) 1.00

EHRA=European Heart Rhythm Association; PCl=Percutaneous coronary intervention; CABG=Coronary artery
bypass grafting; OGTT=0ral glucose tolerance test; NOAC=Non-vitamin K oral anticoagulants; ACEi=Angiotensin-
converting enzyme inhibitors; ARB=Angiotensin Il receptor blockers.
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Table 11: Baseline characteristics stratified by glycaemic status according to HbAlc results (ADA
criteria).

Normoglycaemia  Prediabetes Diabetes p-value
N=61 N=52 N=6

Age (years), [median (IQR)] 64.0 (56.0-70.0) 67.5(60.0-74.5) 69.5(63.0-71.0) 0.076
Female sex, no. (%) 18 (29.5%) 21 (40.4%) 2 (33.3%) 0.48
Length (cm), mean = SD 179.449.2 174.949.5 182.2+10.8 0.022
Weight (kg), mean + SD 90.1+17.7 88.3+16.4 87.4+24.0 0.83
Waist circumference (cm), mean + SD 100.4+14.5 100.6+13.7 98.0+15.6 0.92
BMI (kg/m2), [median (IQR)] 27.7 (25.1-30.0) 27.8(25.7-31.6) 25.0(22.9-25.6) 0.14
Smoking, no. (%) 1(1.6%) 1(1.9%) 0 (0.0%) 0.75
Snuff use, no. (%) 11 (18.0%) 9 (17.3%) 0 (0.0%) 0.34
Education (University/college), no. (%) 27 (44.3%) 29 (55.8%) 4 (66.7%) 0.015
Exercise (3-5 times/week), no. (%) 28 (45.9%) 20 (38.5%) 0 (0.0%) 0.34

Estimation of physical health (0-100),

[median (IQR)] 75.0 (50.0-75.0) 72.5(50.0-75.0) 50.0(50.0-50.0) 0.040

AF symptoms according to EHRA scale 0.34

No symptoms, no. (%) 9 (14.8%) 7 (13.5%) 2 (33.3%)

Mild symptoms, no. (%) 23 (37.7%) 21 (40.4%) 0 (0.0%)

Severe symptoms, no. (%) 19 (31.1%) 16 (30.8%) 4 (66.7%)

Disabling symptoms, no. (%) 5(8.2%) 6 (11.5%) 0 (0.0%)

Missing, no. (%) 5(8.2%) 2 (3.8%) 0 (0.0%)
Hypertension, no. (%) 29 (47.5%) 25 (48.1%) 2 (33.3%) 0.83
Previous myocardial infarction, no. (%) 2 (3.3%) 1(1.9%) 1(16.7%) 0.29
Previous PCI/CABG, no. (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Heart failure, no. (%) 2 (3.3%) 5(9.6%) 2 (33.3%) 0.034
Previous any stroke/TIA, no. (%) 1(1.6%) 6 (11.5%) 0 (0.0%) 0.097
ECG-rythm (at OGTT visit) 0.049

Sinus rhythm, no. (%) 33 (54.1%) 23 (44.2%) 5(83.3%)

Atrial fibrillation/flutter, no. (%) 24 (39.3%) 27 (51.9%) 0 (0.0%)

Other, no. (%) 3 (4.9%) 1(1.9%) 1(16.7%)

Missing, no. (%) 1(1.6%) 1(1.9%) 0 (0.0%)

Use of anticoagulants 0.48

No anticoagulants, no. (%) 3(4.9%) 1(1.9%) 0 (0.0%)

NOACs, no. (%) 56 (91.8%) 49 (94.2%) 5 (83.3%)

Warfarin, no. (%) 2 (3.3%) 2 (3.8%) 1(16.7%)

Statins, no. (%) 6 (9.8%) 13 (25.0%) 3 (50.0%) 0.013
Beta-blockers, no. (%) 52 (85.2%) 42 (80.8%) 5(83.3%) 0.84
ACEi or ARBs, no. (%) 23 (37.7%) 28 (53.8%) 2 (33.3%) 0.19
E;nggi’l’s‘fs'd:;e (C,,Z')C'“m channel 11 (18.0%) 9 (17.3%) 2 (33.3%) 0.58
Diuretics, no. (%) 9 (14.8%) 10 (19.2%) 3 (50.0%) 0.12
Antiarrhythmics, no. (%) 16 (26.2%) 11 (21.2%) 1(16.7%) 0.87

EHRA=European Heart Rhythm Association; PCl=Percutaneous coronary intervention, CABG=Coronary artery
bypass grafting; OGTT=0ral glucose tolerance test; NOAC=Non-vitamin K oral anticoagulants; ACEi=Angiotensin-
converting enzyme inhibitors; ARB=Angiotensin Il receptor blockers.
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Figure 32: Venn diagram showing proportions and their overlap between the fPG, 2hPG and HbA1lc
in classifying glucose abnormalities (prediabetes or diabetes) in the 92 of 119 patients who had
glucose abnormalities according to either the OGTT or HbA1c result when using the ADA criteria for

the diagnosis of diabetes.
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Figure 33: Venn diagram showing proportions and their overlap between fPG, 2hPG and HbAlc
in classifying glucose abnormalities (prediabetes or diabetes) in the 54 of 119 patients who had
glucose abnormalities according to either the OGTT or HbAlc result when using the WHO criteria
for the diagnosis of diabetes.
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5. DISCUSSION

The overall aim of this thesis was to study the prevalence and prognosis in patients with
different types of cardiovascular disease and established diabetes or newly detected glucose
abnormalities. From the studies in this thesis, it can be summarised that the proportion of
established diabetes is around 14% and 18% in ST-elevation myocardial infarction and atrial
fibrillation, respectively, but in addition to that up to 70-80% of the patients, depending on
which screening method used, have previously unknown glucose abnormalities. Further,
there is an increased risk of cardiovascular events in those with newly detected glucose
abnormalities. The presence of diabetes in individuals with atrial fibrillation, not only puts
the patients in risk of future stroke, but also increases the risk of heart failure and other
cardiovascular events and mortality. This is also true for type 1 diabetes. Below these results
will be discussed in more detail.

In Study I, we showed that, in a population with ST-elevation myocardial infarction receiving
contemporary treatment, diabetes was still an independent adverse prognostic risk factor,
resulting in an almost doubled one-year mortality. This mortality risk was more pronounced
in insulin-treated patients who also ran an increased risk of a new MI, while non-insulin-
treated patients did not have a higher complication risk at one year.

In Study I, we showed that more than two thirds of patients with AMI have undiagnosed
glucose abnormalities and that the available screening methods for glucose abnormalities
(OGTT and HbA1c) identify different at-risk populations. We found that the HbAlc values
in the prediabetes range (39-47 mmol/mol) had prognostic value regarding the risk of
premature death and cardiovascular events.

In Study Ill, we found that, in a nationwide unselected cohort with atrial fibrillation, the
presence of diabetes was associated with an increased morbidity and mortality risk,
especially in those with insulin treatment.

In Study IV, we investigated the prognostic effect of different types of diabetes and severe
hypoglycaemia in patients with atrial fibrillation and we found that both type 1 and type 2
diabetes were associated with a higher risk of premature death, cardiovascular events and
dementia. This increased risk was generally more pronounced in those with type 1 diabetes,
especially for premature death and myocardial infarction. A history of severe hypoglycaemia
was associated with a higher risk of premature death and dementia among those with type
2 diabetes.

In Study V, we showed that, even in a selected, generally healthy population with atrial
fibrillation, the proportion of patients with undiagnosed glucose abnormalities is high, with
the criteria for the diagnosis of diabetes from the American Diabetes Association identifying
a larger proportion than the criteria from the World Health Organisation (75% vs. 45%).
As in the population with myocardial infarction, OGTT and HbA1c identify different at-risk
populations and have low agreement.

5.1 PROGNOSIS IN PATIENTS WITH DIABETES AFTER A MYOCARDIAL
INFARCTION

Our findings are in line with previous reports on an excess mortality risk after an Ml in
patients with diabetes compared with those without diabetes (67,92), despite decreasing
cardiovascular mortality in the western world in the last few decades (93,94). The current
European Society of Cardiology guidelines for the management of STEMI highlight the fact
that patients with diabetes have a higher mortality risk and more complications post-STEMI
and that they should receive special consideration (95).
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We observed no difference in thrombus grade or thrombus burden in patients with diabetes
when compared with those without diabetes in Study I. These results corroborate the
findings of a previous study by Sebben et al. in patients with STEMI, where thrombus material
was obtained by aspiration thrombectomy, and the morphological and histopathological
characteristics of coronary thrombi were not found to be significantly different in those with
diabetes compared with those without (96).

Furthermore, a higher rate of stent thrombosis associated with diabetes or insulin use
after one year was not observed. This contradicts the findings reported by Dangas et al.
(100% STEMI) and Ritsinger et al. (34% STEMI) where the risk of stent thrombosis in insulin-
treated patients was increased by around three times (97) and 1.6 times (61) respectively.
One possible explanation might be the low absolute number of stent thromboses observed
in the TASTE study, the use of only first-generation DES in the study by Dangas et al. and
the fact that our cohort included only STEMI patients. As a result, the diabetes-associated
excess mortality risk following STEMI is unlikely to be explained by an increased risk of
stent thrombosis and possible mechanistic explanations consequently need to be sought
elsewhere.

Suggested mechanisms for the high event rates in patients with diabetes and ACS are
more widespread coronary artery disease (59), incomplete revascularisation (59,61) and
a tendency towards increased thrombosis and platelet dysfunction (63), with resistance to
platelet-stabilising drugs such as aspirin (64,65) and clopidogrel (66).

Our findings suggest that, despite the improved prognosis in recent years for patients with a
myocardial infarction due to advances in available treatments, those with diabetes still run
an excess risk of adverse outcomes. This illustrates the need for further improved and novel
treatment strategies in patients with diabetes after a myocardial infarction. The inclusion
of our study population took place before newer diabetes medications, such as SGLT2-
inhibitors and GLP-1 receptor agonists, which have been shown to have a cardioprotective
effect, were made available. Their wider use, as well as improved secondary prevention
with multifactorial risk factor control, will hopefully improve the prognosis in these patients.
As discussed in the limitation section, we lacked information on type of diabetes, diabetes
duration and presence of microvascular complications. Therefore, we cannot rule out that
some of the observed increased risk is attributed to these factors.

5.2 SCREENING FOR GLUCOSE ABNORMALITIES IN PATIENTS AFTER A
MYOCARDIAL INFARCTION — CHOICE OF SCREENING STRATEGY

Both diabetes and prediabetes are associated with a higher risk of cardiovascular events
and mortality in individuals with and without established cardiovascular disease (98-101).
The current ESC guidelines on diabetes and cardiovascular disease that were developed in
collaboration with the European Association for the Study of Diabetes recommend screening
all patients with established cardiovascular disease for unknown glucose abnormalities
using HbAlc and/or fasting glucose and only when in doubt completing the screening
process with an OGTT (46). While there is consensus that it is important to screen this high-
risk population for undiagnosed glucose abnormalities, the choice of screening method has
been, and still is, a matter of debate (16,47).
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Asusing the HbA1cis less time consuming and simpler for both the patient and the healthcare
personnel, the question of whether the use of the OGTT is still justified has arisen. One
important aspect when answering that question is which of these two screening methods
gives the most prognostic information, since the purpose of the screening is to identify high-
risk individuals and initiate timely interventions to mitigate future risks of morbidity and
mortality.

In Study Il, we sought to add some information to the current state of knowledge regarding
this question, as the results from previous published studies regarding the prognostic value
of these two screening methods have been conflicting. We showed that, in our single-centre
cohort of patients with AMI, only the HbAlc in the prediabetes range was of prognostic
importance for the combined endpoint of all-cause mortality, myocardial infarction, heart
failure or ischaemic stroke. Strengths of our study include that the patients were screened
early after a myocardial infarction, we had no individuals lost to follow-up for our outcomes
of interest and the study was performed in a more recent time period than other studies.
Mahendran et al. reported that, in a similar population of individuals with acute coronary
syndrome, the HbAlcin the prediabetes range according to ADA criteria (39-47 mmol/L) was
not associated with an increased risk of recurrent acute coronary syndrome or premature
death, however during only 12 months of follow-up (102). In a report from EUROASPIRE IV
in patients with stable coronary disease, it was shown that, when comparing the fPG, 2h-
PG and HbA1lc, only the 2h-PG played an important part in the prognosis regarding the risk
of future cardiovascular events (55). Chattopadhyay et al. showed that the 2h-PG, but not
the fPG, had predictive value for the risk of reinfarction and mortality in patients with AMI,
although the HbA1lc was not compared (103). On the other hand, studies of both a general
population and patients with established coronary artery disease have suggested that the
HbAlc is a better predictor of mortality compared with the fPG (50,52).

It should be noted that one important limitation of our study is that, according to clinical
practice at our hospital during that time, individuals with prediabetes according to the OGTT
were referred to their general practitioner for follow-up with a new OGTT and risk factor
optimisation. This intervention was not offered consistently to patients with prediabetes
according to the HbA1c, which could have affected our results, although a recently published
study has shown that individuals who were made aware that they had prediabetes did not
make any changes to their diet or physical activity patterns (104). During our inclusion period
(2006-2013), the HbA1c had not yet been established as a diagnostic criterion for diabetes
and, as a result, HbAlc values in the prediabetes range probably received less attention than
OGTT values in the prediabetes range.

The answer to the question of which screening strategy gives the best prognostic information
regarding the future risk for cardiovascular events in patients is yet not fully answered and
further studies are needed.

5.3PROGNOSISIN PATIENTS WITH CONCOMITANT ATRIAL FIBRILLATION
AND DIABETES

In patients with atrial fibrillation, the presence of diabetes is an independent adverse
prognostic factor (105). Several previous studies, most using register-based data, from
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different continents such as the USA (79), Europe (106,107) and Asia (108-110) have
consistently shown that the presence of diabetes is associated with an increased risk of
all-cause and cardiovascular mortality. Results relating to other studied endpoints were not
consistent with some of these studies, even showing an increased risk of ischaemic stroke/
TIA (107,108), major bleeding (108) and heart failure (108,109) in those with diabetes
compared with patients without diabetes and some showing similar risks of thromboembolic
events (79,109,110), heart failure (107) and bleeding (107). These discrepancies could
be partially explained by short follow-up periods and the low number of studied patients
not giving enough statistical power to study these events, but they could also be due to
differences in baseline characteristics in the studied cohorts. For example, the utilisation of
oral anticoagulants in these studies ranged from around 12% to 85%.

In Study Ill, as we used unselected data from a nationwide register and had a longer follow-
up period than most of the other studies, we had enough statistical power and were able to
show that the presence of diabetes in patients with atrial fibrillation is associated not only
with a higher risk of mortality and stroke but also with a higher risk of myocardial infarction,
heart failure and bleeding, thereby adding to the current state of knowledge on the subject
of prognosis in patients with atrial fibrillation and diabetes.

Suggested mechanisms for the poorer prognosis in patients with diabetes are the increased
burden of atrial fibrillation and the clustering of comorbidities such as ischaemic heart
disease, hypertension, heart failure and chronic kidney disease in these patients (105)

We were also able to show that insulin-treated patients with diabetes had the poorest prognosis
among those with diabetes. This result was partially replicated in a recent analysis of the
ARISTOTLE trial which showed that, in patients with atrial fibrillation receiving anticoagulation,
regardless of type, patients with diabetes treated with insulin ran a higher risk of myocardial
infarction and CV mortality compared with patients without diabetes, while the risk in non-
insulin-treated patients with diabetes was not significantly increased (111).

This poorer prognosis could be explained by different mechanisms. Patti et al. showed
that insulin treatment in patients with atrial fibrillation and type 2 diabetes treated with
anticoagulants led to increased thrombin formation (112). Moreover, the use of insulin
confers a risk of hypoglycaemia and is a proxy for longer diabetes duration. Andersen et al.
showed that cardiac arrhythmias were frequent in insulin-treated patients with diabetes
mellitus type 2 and were associated with the glycaemic variability in these patients (113).
Longer diabetes duration was found to be associated with a higher risk of mortality and
thromboembolism in patients with atrial fibrillation (76). The question remains if the excess
risk in insulin-treated individuals with diabetes is an effect of insulin itself or if insulin use is
a proxy for frailty, more progressive diabetes disease with longer duration, more diabetes
complications and more comorbidities.

Most of the published studies regarding atrial fibrillation and diabetes investigated diabetes
as one group of patients and did not make a distinction between type 1 and type 2 diabetes.
We attempted to address this knowledge gap in Study IV, where we showed that both types
of diabetes are associated with a higher risk of premature death, myocardial infarction,
heart failure, stroke and dementia. Patients with type 1 diabetes have a more pronounced
increase in the risk of premature death and myocardial infarction than patients with type
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2 diabetes. To our knowledge, only one other study (114) has assessed the differences in risk
between patients with type 1 and type 2 diabetes in patients with atrial fibrillation, although
that study evaluated only the risk of thromboembolism and did not include other endpoints.
Fangel et al. showed that, in a Danish cohort of patients with atrial fibrillation, those with
type 1 and type 2 diabetes had a similar risk of thromboembolism, which we also showed in
our study (114). However, we also assessed differences between type 1 and type 2 diabetes
regarding other endpoints such as premature death, heart failure, myocardial infarction and
dementia, which adds to the current state of knowledge of the prognosis of patients with
atrial fibrillation and diabetes. Regarding dementia, a recently published study using the
Atherosclerosis Risk in Communities (ARIC) cohort assessed the risk of dementia in a similar
setting, i.e., risk in those with concomitant atrial fibrillation and diabetes compared with
those with only atrial fibrillation and found that the presence of diabetes increases the risk
of dementia by 45% even after adjustments for cofactors, a result similar to that in our study
(115). It should be noted, however, that, in that study when adjusting for the competing risk
of death, the association between the presence of diabetes and an increased risk of dementia
disappeared.

The mechanisms behind the excess cardiovascular risk in type 1 diabetes are not completely
understood. One proposed model is a combination of autoimmune factors with the formation
of cardiac autoantibodies that contribute to increased inflammation and atherosclerosis
(116) and long-lasting hyperglycaemia which leads to increased oxidative stress which,
in turn, leads to tissue hypoxia, inflammation and microcirculatory damage (117). These
effects are augmented by the presence of traditional risk factors such as hypertension and
chronic kidney disease.

In Study IV, we also showed that a history of severe hypoglycaemia among individuals with
type 2 diabetes is associated with an increased risk of premature death and dementia. Our
results agree with several previous published studies that showed that severe hypoglycaemia
is associated with adverse events and mortality (118—120). Due to the observational design
of these studies, it is difficult to draw inferences relating to causality and the question of
whether hypoglycaemia is the causal factor or merely a risk marker identifying frail, high-risk
individuals has not been completely answered. Regardless of this, it could be valuable for the
clinicians treating patients with diabetes to consider treatment strategies that minimise the
risk of hypoglycaemia, especially in patients with a high cardiovascular risk (120). Indeed, in
the very recently published guidelines for the management of hyperglycaemia by European
Association for the Study of Diabetes and ADA, the avoidance of hypoglycaemia is identified
as one of the variables that should be considered in the choice of pharmacological therapy
for high-risk individuals in type 2 diabetes (121).

5.4 SCREENING FOR GLUCOSE ABNORMALITIES IN PATIENTS WITH
ATRIAL FIBRILLATION — CHOICE OF SCREENING STRATEGY

In Study V, we show that there is a high prevalence of glucose abnormalities, mainly
prediabetes, among individuals with atrial fibrillation undergoing electrical cardioversion.
More than two thirds of our patients had undiagnosed glucose abnormalities (prediabetes
or diabetes) according to either the OGTT or HbAlc. Our results agree with the results of
previously published studies that reported a high prevalence of glucose abnormalities in
different populations with cardiovascular disease (45,122,123) and confirm the current
guideline recommendation of screening for diabetes in patients with cardiovascular
disease (46).
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Regarding the screening method used to detect glucose abnormalities, the current
recommendation is to use a combination of the fPG and HbAlc and when in doubt to
continue with the OGTT (46), which is a recommendation supported by our data, as, in
our AF study population, a combination of the fPG and HbAlc identified 96% of patients
with glucose abnormalities if the ADA criteria were used and 81% if the WHO criteria were
applied. Other published studies of patients with ischaemic heart disease suggest that the
OGTT should be used as a screening method, as we would have failed to identify many
patients with glucose abnormalities by using only the fPG and HbA1c (124,125).

To our knowledge, there is only one other study from Norway that has assessed the
prevalence of undiagnosed glucose abnormalities in patients with atrial fibrillation (80). In
that study, Johansen et al. showed that, among 46 screened 75-year-old individuals with
atrial fibrillation, 13% had diabetes and 26.1% had prediabetes, according to OGTT results
using the WHO diagnostic criteria (80). The number of individuals with prediabetes was
similar to that in our cohort, but the percentage of patients with diabetes was almost
doubled. This difference could depend on the fact that our cohort was much younger, with a
median age of 65 years. Age is one of the most important risk factors for diabetes, as glucose
intolerance increases progressively with advancing age (126).

5.5 ADA VS. WHO CRITERIA FOR THE DIAGNOSIS OF PREDIABETES

The ADA has decided on lower cut-offs for the diagnosis of prediabetes, for both fasting
plasma glucose (5.6-6.9 mmol/L) (127) and HbA1c (39-42 mmol/mol) (128) compared with
the WHO prediabetes criteria for fasting plasma glucose (6.1-6.9 mmol/L) (129) and the
HbA1c criteria for prediabetes suggested by the International Expert Committee in 2009 (42-
47 mmol/mol) (10). It is thus understandable that, using the ADA criteria for the diagnosis
of prediabetes results in many more individuals being classified as having prediabetes and
thus becoming eligible for a follow-up/intervention. When applying the lower ADA cut-offs
to the NHANES 2009-2010 cohort, the prevalence of prediabetes increases three-fold when
using the lower cut-off for fasting plasma glucose and five-fold when using the lower cut-
off for HbA1c (130). In Study I, we found that only HbAlc in the prediabetes range with
both ADA (39-47 mmol/mol) and the criteria recommended by the IEC (42-47 mmol/mol)
was predictive of premature death and cardiovascular events in a post-myocardial infarction
population.

Davidson and Kahn reported on the predictive value of the lower and upper intervals
for prediabetes in terms of the incidence of cardiovascular disease (130). They reported
that, in 13 studied cohorts, there was no increase in incident cardiovascular disease with
fasting plasma glucose values of 5.6-6.0 mmol/L compared with persons with values of <
5.6 mmol/L (130). Regarding the HbA1c, they reported that HbA1lc values of 37-41 mmol/L
were not predictive of incident cardiovascular disease in nine of 12 studied cohorts and
were predictive in three compared with persons with an HbA1c of < 37mmol/mol. Lind et al.
reported that in almost 300,000 subjects without previous cardiovascular disease who had
a mean follow-up time of more than 19 years, increased fasting glucose at prediabetes levels
according to the WHO criteria, i.e., 6.1-6.9 mmol/L, was associated with an increased risk of
heart failure and atrial fibrillation (131).
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Another important aspect is the risk of progression from prediabetes to diabetes. This
risk increases in a curvilinear fashion as the values for fasting plasma glucose and HbAlc
approach the cut-off for diabetes, with an almost five-fold increase in risk in individuals
with fasting plasma glucose of 6.1-6.9 mmol/L compared with those with values of 5.6-
6.0 mmol/L and an almost four-fold increase in those with an HbAlc of 42-46 mmol/mol
compared with those with an HbAlc of 37-42 mmol/mol (13).

When considering all the above, concentrating our preventive efforts in those individuals
with fasting plasma glucose and HbA1c values closer to the cut-off for diabetes, i.e. use the
WHO criteria for the diagnosis of prediabetes, would perhaps constitute a more efficient use
of healthcare resources.

5.6 STRENGTHS AND LIMITATIONS

The main strength of Study I is the large number of diabetes patients from all the hospitals in
Sweden performing PCI, all with a STEMI diagnosis, and the inclusion of detailed information
on coronary angiography findings, coronary artery disease distribution, thrombus grade,
ejection fraction, type of intervention and pharmacological treatment. The study cohort is
consequently unselected and likely to be highly representative of a contemporary diabetes-
STEMI population. In Study Il, we used a standardised method of performing the OGTT and
all the samples were analysed in one accredited laboratory, thereby helping to improve
the internal validity of our results. Moreover, the patients were screened early after the
myocardial infarction, and we had no subjects lost to follow-up. The main strength of Studies
Il and IV is the use of high-quality, Swedish, nationwide data registers, allowing for the
inclusion of all AF patients in Sweden and essentially a complete follow-up, thereby reducing
the risk of selection and misclassification bias and allowing a high level of generalisability in
our results. The prospective nature of Study V makes it less susceptible to bias and improves
the quality of our collected data regarding data on exposure, outcome and confounding
variables.

There are also important limitations that should be mentioned. Because of the observational
design of our studies, we are unable totally to exclude residual confounding and we are only
able to show associations between exposure and outcome and not draw any inferences
on causality. Another limitation in Studies I-IV is the lack of information on diabetes-
related metabolic variables, such as the values of HbAlc and information on the presence
of diabetes microvascular complications. In addition, we do not have any information on
exposure to medication during follow-up, which could modify the effect on outcomes
that depend on exposure to specific medications, such as anticoagulants. Moreover, the
Prescribed Drug Register gives information on filled prescriptions and not actual adherence
to medication. Specific limitations in Study I are the lack of information on mortality causes
and events, such as heart failure or severe hypoglycaemia, which in themselves are known
to be associated with increased mortality in patients with diabetes, the lack of information
on the type of diabetes and the fact that this is a post-hoc analysis where the original trial
was not powered for event analysis in patients with diabetes. In Study Il, a follow-up via the
primary care physician was offered to all patients with prediabetes according to the OGTT
but not to patients with prediabetes according to the HbA1lc, which could have helped to
improve the secondary prevention in these patients and could have affected our results. An
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even more structured intervention was offered to individuals with diabetes according to the
OGTT but not to those with diabetes according to the HbAlc, as the HbAlc had not been
implemented as a diagnostic criterion for diabetes in Sweden during our inclusion period.
In Study Ill, we lacked information on type of diabetes. Our results showed that insulin-
treated patients have a more pronounced increase in risk of cardiovascular events which
raised the question if some this excess risk could be explained by the presence of individuals
with type 1 diabetes among the insulin-treated patients. Indeed, the presence of persons
with type 1-diabetes among the insulin-treated population could partly explain the excess
cardiovascular risk because Study IV showed that individuals with type 1 diabetes have
a more pronounced increase in risk for premature death and myocardial infarction than
individuals with type 2 diabetes. In Study IV, the definition of type 1 diabetes was arbitrary
and was based on ICD-10 diagnoses and prescribed medication instead of clinical judgment.
In Study IV, we used hospital ICD-10 hypoglycaemia diagnoses to identify patients with a
history of severe hypoglycaemia and may thus have missed patients with episodes of severe
hypoglycaemia outside hospital. Further, we also lack information on the severity or total
number of hypoglycaemia episodes.
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6 CONCLUSIONS

Based on the studies included in this thesis, the following conclusions can be drawn:

Despite the advances in medical and interventional treatments in recent decades
that have led to the continuously improving one-year survival after STEMI, diabetes
is still independently associated with an increased risk of premature death.

A large proportion of patients with acute myocardial infarction have undiagnosed
glucose abnormalities, necessitating the need for screening in this population. The
available screening methods, the fPG, 2hPG and HbAlc, identify different at-risk
populations and which of these tests gives the most valuable prognostic information
is still an unanswered question. In our single-centre study cohort, where patients
were informed of the OGTT results, only HbAlc values in the prediabetes range (39-
47 mmol/mol) were associated with an increased risk of mortality and cardiovascu-
lar morbidity.

The presence of diabetes in patients with atrial fibrillation is associated with an in-
creased risk of heart failure, myocardial infarction, stroke and mortality, especially in
insulin-treated individuals with diabetes. Therefore, we believe that it is important
for these individuals to be carefully followed-up, treated with evidence-based ther-
apy, actively screened for undiagnosed heart failure and to achieve their treatment
targets.

Among individuals with atrial fibrillation, type 1 diabetes confers risks of adverse
events similar to those in type 2 diabetes and an even higher risk than type 2 diabe-
tes of the events of premature death and myocardial infarction.

Severe hypoglycaemia appears to be an important risk factor for adverse events,
such as premature death and dementia in patients with atrial fibrillation and diabe-
tes type 2. The treating physician of these patients may consider a treatment strat-
egy that minimizes the risk of hypoglycaemia in this group.

There is a large proportion of undiagnosed glucose abnormalities not only in patients
with ischaemic heart disease but also in patients with atrial fibrillation undergoing
electric cardioversion, raising the question of whether screening for diabetes should
be included in standard care for this group of patients.
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7 FUTURE PERSPECTIVES

Diabetes is still an independent risk factor for adverse cardiovascular events and mortality,
despite advances in cardiovascular treatment during the last few decades. Novel diabetes
medications, such as SGLT2-inhibitors and GLP-1 receptor agonists, have, in addition to
glucose-lowering effects, been shown to have a cardioprotective and nephroprotective
effect on specific subsets of patients with diabetes mellitus type 2 (132). In a post-hoc
analysis of patients with heart failure, SGLT2-inhibitors have been shown to reduce the
atrial fibrillation burden in patients with diabetes mellitus type 2 (133). Prospective studies
are needed to explore whether SGLT2-inhibitors have a preventive effect on recurrent
atrial fibrillation in patients with atrial fibrillation and diabetes. Since undetected glucose
abnormalities are common in patients with atrial fibrillation, it would also be of interest to
study this concept in individuals without established diabetes and perhaps even in patients
with normoglycaemia.

The LEGACY study has shown that weight loss in patients with atrial fibrillation may
reduce the recurrence of atrial fibrillation (137), while the Steno-2 study has shown that
multifactorial intervention in patients with diabetes may reduce the risk of developing
diabetes complications (134). For this reason, it would be interesting to study the effect
of lifestyle and multifactorial interventions in patients with atrial fibrillation and diabetes,
including the use of medication such as GLP-1 receptor agonists, which have been shown to
facilitate weight loss (135). Moreover, since we showed that the standardised mortality ratio
is much higher in younger patients with atrial fibrillation and diabetes, it is important that
the young, high-risk population of patients with atrial fibrillation and diabetes is prioritised
in intervention studies in order to improve their prognosis.

Our results suggest that episodes of severe hypoglycaemia are an adverse risk factor which
could be associated with an increased risk of premature death and cognitive impairment. The
technological advances of recent years, with the availability of glucose sensor technology,
could enable the design of studies looking into the effect of the avoidance of hypoglycaemia
in the preservation of cognition or prevention of other adverse outcomes. It would also be
interesting to test the prognostic value of measures for glycaemic control other than the
HbAlc, such as time in range (TIR), i.e., the amount of time with glucose values within the
target range between 4-10 mmol/L, not only in diabetes type 1 but also in diabetes type 2.

We show that there are significant differences in prognosis in patients with atrial fibrillation
and different types of diabetes. Further research is needed to explore the mechanisms
behind this unfavourable prognosis in patients with atrial fibrillation and type 1 and type 2
diabetes (136), in order to implement timely preventive measures.

There are significant differences in predisposing factors, clinical presentation, epidemiology
and prognosis, as well as structural and electrophysiological differences, between men and
women with atrial fibrillation (137). Regarding prognosis, it is suggested that female sex is
associated with an increased risk of stroke, and this is reflected in the CHA,DS_-VASc score.
Previous studies have shown conflicting results for the sex-specific mortality risk in atrial
fibrillation, but a meta-analysis, which included 30 studies, showed that women have a 12%
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higher relative mortality risk than men (138). Because of the conflicting results relating to
the sex-specific prognostic differences in patients with atrial fibrillation and the lack of this
information in an unselected population with concomitant atrial fibrillation and diabetes,
further studies are needed to help offer sex-targeted care to patients with atrial fibrillation
and diabetes and possibly improve outcomes.
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